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Abstract

　　Cluster　of　galaxies　is　the　largest　gravitational　bomld　system　in　thc　univcrse　alld　the

brightcst　x{ay　emiUel≒From　thc　velodty　dispersion　of　mcmh(･rga�xies　in　clustersjt　htts

bcen　clcar　that　clusters　colltain　th(jargc　mnoullt　of　invisible　mass､so　called　'dark　matter≒

which　is　about　ten　times　largcr　than　the　visible　nmss｡Sincc　the　intrachlster　m(,dium　is

dissipative,contrary　to　galaxies　in　the　dustcr,　thc　()I)serva↑ioll　of　th(jntraduster　medium

by　x-ray　is　useful　tool　to　investigate　the　gravita､tiolml　mass　and　daFk　nmUcr　distljl)ution

and　hence　to　understand　the　large　scale　strudurc　of　the　univcrsc

　　The　observation　of　clusters　of　gjaxies　has　anothcr　iml)ortance　n)r　the　cosnlology,

This　is　the　observational　and　traditional　al)proa(:hR)r　cosmology/the　Hubble　constimt

measurement≒The　Hubble　constant　determines　both　the　expansion　times(411c　and　thc

size　of　the　universe,　However,　in　spite　of　the　fundamentj　l)ammder　of　the　cosmology,　the

mcasurcd　values　aR　dispersed　within　fador　2;　50　km　s('(TI　MI)(yl`100　km　s('(yl　MI)(yl,

This　disl)ersion　has　been　caused　hy　the　vari()us　unccrtainty;　I)ecuhar　motioll,　al)solutc

magnitude　of　stmi(lard　calldles,thc　ca111)lution　oPdistance　lad(I(･r'mdh()d,ullderlyillg

physical　process　and　sooll｡

　　The　derivation　from　the　x-ray　and　radio　clust(t　observation　using　the　Sunyaev-

ZePdovichefFed　has　advantag(!s;　smalhlncert4illty　of　l)(･(mliar　motion､　d(4tF　undeFlying

physicaI　Process,　RIrthcrmore,　the(listanc(do　th('(11st('r　at　th('cosmologi(J(hsG1llce　is

available.

　　XVc　analyzed　6　distant　dusters　of　galaxies　observed　with　/iS(TTM　and　ol)tain(,d　,tccum{ie

averaged　tenlperatures　and　】uminosities,　Furthcrmore,w(･dev(4oped　the　mdhod　of　thc

image　analysis　using　the　βmodcl　ntting　in　2　en(･rgy　l)ands　inclu(11ng　th(･dFcd　of　the　xl{T

PSF,and　obtjned　the　strudura1　1)&rameters(&,μ)f()r　each　dust(t

　　using　the　complde　radio　data　()f　the　Sunyacv-Z(･Pdovidl　em･d　()btain(･d　with　OVI{O

40m　single,dish　radiometer　and　x-ray　data　obtailled　with　only　/IS(TM　we()btaincd　the

'g1()baP　vahle　of　the　Hub1)le　c()nstant　in　the　univ('rse　t()b('68±22　km　se(TI　Mp(Tl　from

the　distances　of　the　clusters　of　gjaxies,　A2218,　A665　and　C10016+16　ill　the　redshift　rallge

from　Oj7　to　O.54(597　MPc　-　1,3GI)c　assuming　#o=68　km　8(･(T1　MI)(TI),

　　lt　is　the　nrst　time　that　thc　tcml)erature,X{ay　nux　and　the　sl)atially(listribllt､ion　of

temperature　and　density　obtained　with　sillgle　missioll　are　u8cd　for　th(,Hubblc　constant

determination｡
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Chapter　1

lntroduction

Since　the　earth's　atmosphere　is　highly　opaque　f()rx-ray,()hservations　of(tiestiai　x{ay

sources　must　be　carried()ut　above　most　of　thc　atmospher(h　Thc　nrst　ddcdion　of　th(･

celcstial　x-Iヽay　cmission　from　the　sun　xvas　in　1949　hy　the　s()undillg　rockd('XPerimellt

([Friedman　d　al　1951D,　Aftcr　1　3　years　the　improvemellt　oDt　r()ckd　tcchnology　and　a
scllsitivity　of　x-ray　ddedor,　pr()Porti()nal　counter,　made　it　posJ)1(do　dd(odhe　x-ray

sourccoutsidc　our　so�1･　systcm､　Sco-X1([GiEconi　d　a1　1962D,
　　X-rayastronomy　has　l)een　develoPcd(lui(tkly　from　l970y　The　nrst　x{ay　4stFoiloill-

i(:al　sittcllite　μ#μμμwas　lmHlched　i11　1970.　Tll(･μ#μμax{ay(Mhtl()gll(･col1Utills　339

o1)jcds,　Thcse　are　binary　stars,　supcrnova　remllants､　S(Wf(･rt　galaxi(･s　4ll(｢‘un(･xpcdc(Hy

detcded-dusters()f　ga,�xies,　Aftely　that,　it　be(;mne(;1(･aF　that　thc　ol≒hlol{missio11

hom　dusters　is　thermal　emission　hom　a　()1)ti(M11y　thill　h()tl)lasma(107~1　08　K　､　~10y{

(■n ‾3)and　it　is　an　intrinsic　property　of　clusters　of　ga1&xi(ls,

　　Cluster　of　galaxics　is　the　larg(,st　gravitatiolmH)oulld　systcm　iH　tll(,univ(Ts(umd　t,hc

brightest　x-nW　cmittel≒FFom　the　velocity　disl)er8ion　of　m('mh('r　galaxi('s　i11　Jlst･('rsjL

has　been　clear　that　dusters　colltain　the　14rge　amount　of　invisible　lmss,　so　called　'd4rk

mattG≒whi(:h　is　ab()11t　ten　tilnes　largeIUhan　the　visil)lc　nlass,Sillc('th(Ontmcluster

medium　is　dissil)ative,contl゛ary　to　galaxi(s　in　a　clustcr,　the　obs('rvation()f　t･h(jntntclustG

medium　by　x-ray　is　usenll　tool　to　invcstigate　the　gravitatiollal　mass　and　dark　matt(,I･

distribution　and　hence　to　understand　th(Harge　scale　stHldlire　()fth(nlniv(,rs(n

　　Strudures　ill　the　universe　secms　to　have　been　bom　from　initi41　density　perturba‘

tion　and　grown　up,　Though　how　th(N)Gtul↑)ati(m　waJ)《)m　alld　how　the　pertuFlmti()n

mndion　was　cxl)r(lssed　4re　never　known､　the(4Fol{s　havc　bc(･n　colltilmcd　to　solv(4hose

l)ro1)lems　hy　the　thcordi(:al　simulation　of　the　P('rtull)aG(mμowth　based　oll　the　cmTent

dark　matter　distributiolL　The　simulations　also　havc　del)c11(lcll(:yonc()sHlol()gica11)amm-

etcrs(no,μo,A),Therefore　thc　8tudy　of　the　(:uITcllt　dark　nmtter　(listriblltion　in　galaxics

1



and　chlsters　givc　us　the　duc　for　the　chlster　cvolution　and　thc　cosmologiGd　modd

　　Thc　x-ray　()bscrvation　of　clusters　of　ga�xies　nmkc　anothcr　al)I)roach　6F　c()slnology

possil)I(y　This　is　the　ohservational　and　traditional　al)1)roadl　for　cosmology/the　Hul)1)1('

constant　measuremellt≒Usually　the(ヽonshmt　is　used　n)Fth(Mlistancc(,stillmtioll　fFom　the

redshift　of　objcds　of　whidl　distancc　cml　not　bc　m(･asured(Huhhle　l4w,　s(･(･scdion　3).

HowevcFjn　sPite　of　th(dulldamental　collstallt　of　thc　cosmology,　thc　measuFcd　values　nrc

distributcd　within　fador　2,　This　dispersioll　has　been　caus('d　hy　th('various　unccFtainties;

peculiar　motion,　�)sohlte　nmgnitude　()f　standard　candlcs,　und('11ying　Physical　process　alld

SO　011.

　　Thc　derivatioldl゛onl　th(･X{ay　and　radio　dust(･r　ohs(･Fvatio11　1ms　advallUtg(･s;　smnll　mF

certainty　of　peculiar　motion,　dear　un(lerlying　1)hysical　l)roc('ss.　Fm{hGmoF(≒thc　disUmce

to　a　cluster　is　available　at　the　cosmol()gical(1istall(t

　　y1SC4　has　a.capabihty　t･o　investigate　the　a(yumt(4('mpe14tture　and　spa{i41　distril)ution

whkh　is　iml)ortant　R)r　the　Hld)ble　constallt　m(4sur('m(mt　with　clusters　of　g;=1laxi('s,

　　hl　this　thesis,　we　analyzed　the　hlminous　distant　(tlust(･rs　of　galaxies　alld　measure(l　th(･

distances　t(}those　dustcrs,　and　nllally　shows　th(･Hu1)I)lc　constallt　ill　the　cosmoloφGd

scale｡
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Chapter　2

Overview　of　Clusters　of　Galaxies

2.1　Dennision　and　Classmcation

2.1.1　Catalogue

Optical　study　of　large　scalc　strudurc　is　nminly　illvestigatcd　hy　oht411nillg　tih('distTil)utioH

of　galaxies　and　disUmces　calculated　by　the　FcdshifL　and　thc　Huhl)le　law,　Although　on

tlle　largest　scal(≒the　aITa11gcm('nt　of　matt('I{n　thc　HllivcFsc　is　(tuit(]111in)Hn,　oll　;tll

intermediitte　scal(≒galaxiesarcfound　iil　aggF(･gatcs　bounded　gl4tvitati()nally,so　Gdlcd　as

chlster　of　galaxies｡Thcy　are　the　largcst　8ystems　l)oullded　l)yμ4vity　iln,he　ulliveFse/〕Ph(,y

contain　the　galaxi(?s　ranging　a　f(･w　to　thousall(ls　mld　tll('ir　tyPiGd　sizc　is　r(mghly　H)2%m.

Their　total　masses　(?xceed　1048&

Th(,nrst　systcmatic　study　of　dustcrs　of　galaxics　was　d()11e　l)y　AI)(,1 I(㈲�19㈲)
and　statistically　comPlct(･catalogllc　was　mad(y　AI)ell　dust('Fs　of　galaxi('s　aF(mlsed　to

be　nam(.,d　by　giving　A　and　then　thc　Gttal()gu(,lmm})(t　of　the　AI)clPs　lisL　This　ol≒ilml

Abe11　Gttalogue　have　collhn(,d　to　its　sky　(:ovel･ag(,hmited　to　d(yliHaGons　north　or-27゜

which　is　thc　southern　limit　of　thc　Palomar　Sky　Surv(y　ln　1989,　Abdl､Corwi　lomd　01win

Published　the　rcvised　catalogue(hereaft(?r　ACO　catjogu()which　indud(･d　the　southGn

l)all　of　the　sky([Abc11,　Corwin　&01()win　1　989D,　lt　llasb('('n　also　Fevis('d　ml(l　coIT('ded

the　northcm　l)art()f　the　origilml　(:atalogu(h

　　The　duster　sdcdion　criteria　are　a8f()Ilow,

●The　clustcr　contains　at　lcast　50　galaxies　in　th(,magliitud(,intcrval　m3　G)m3+2,

　wh(･re　m3　is　the　magnitud(･of　the　thil‘d　l)right(･st　chlster　membel≒

●These　galaxies　have　to　be　colitaincd　within　&(jrdc　of　radius　μ4=L7/z　arcmin≒

　z　is　the　redshift　of　a　duster,　For　the　chlster　whose　rcdshift　ha8　not　bccn　obtained,

　　Iln　this　paper,　the　Hubble　constant　win　be　paramderiz･e#o゛50&o　km/sec/MI)c　According　to　this

dennition,μ4　corresponds　to　3/£JMI)c･(see　chapter　3　about　μo)
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　　　lt　is　cstimatcd　hom　thc　m£tgnitud(ヽof　the　tcnth　l)ljghLcst　dust(,F　mcmhe1≒

　　●Th(?cstimated　chlstcr　redshift　2　has　to　bc　in　thc　Fange　Oj2　to　Oj｡

　　Thc　ACO　catal()gue　cont4ins　4076　(tlustelx　ln　that(‘atal()gue,the　galaxy　llmnl)G

count　within　μj　Jnd　ill　the　nmgnitudc　intcrval　m3　to　m3　+2,mcasunヽdlヽ(ヽdshirt　nnd

morPhol()jcal　tyl)({n　the　Bauts-Molym　system(see　2･L2)also　list(ML

2.1.2　　M〕orphological　dassincation

SI)4tial　distribution　of　gahtxi('s　in　dustGs　shows　widc　varidy,　For　statistiGd　shldy　of　cius-

tcr　morl)hology,various　systems　R)r　thc　morl)hological　dassincat1()nw(･r(･I)uhhshed,　Most

of　them　adol)t　armllgemcnt　of　bl≒htest　meml)er　g41axies　to　classiW　Th('dnssin(4ltion

schelneof　Roo(FSastry　system(μood&Sastry　1971】devised　hy　【StHd)1(･&Rood　l987D

alld　Bautz-M()rgan　system([Bautz&M()I々m　1970D　aF(Histtd　in　Tltl)1e　2』〕md　2,2/Γh(･s(･

two　and　oth({not　l)1‘esented　hcre)(:1assincation　syst(･lns　aFe　highly　coIT(･lat('d　m1(I(‘an　hc
conn(ytcd　by　4　siml)1(≒onc(hm{msiolml　se(lucncc　as　showll　in　Tahl(･2　j　,　mWlhtr　dusters

show　highly　symmdrical　shape　nnd　concentmt1()11　of　g414xy　distl`ibuLion　at　th(･(tllt(･1≒

hTegular　dusters　sh()w　llUle　symmdry　ill　shal)('an(1(tcnLFal　conc(･ntIJtion,　Th(･s(･clus-

tcrs　often　indi(mtc　sigllincant　subdustcrin&Rcpllar　dust(,Fs　ar(9onsid(,F(,dtobeF(,lax(,d

systems　dynamically.　0n　the　c()11tlury,iIT(yuhr　chlstcrs　scem　lcss　cvolvcd　sy8tcms,

2.2　0ptical　obser'vation　-　Galaxy　distribution

The　exiMence　of　the　morphological　scqucnce　of　clust('rs　liom　ilTcgulaF　to　r(lgula･F　Clus-

ters(2↓2)'suggested　th;1t　l･egular　dusters　nmy　hav(Nm(lergonesolncsoFt　of　dynMniGtl

rclaxati()11,　The　dcgree　of　relaxation　can　l)(utlso　testcd　by　tjlc　vdodty　disp(t81()n(G),

　　The　mdial　coml)()ncnt　of　the　velocity　(I‘adial　vd()dty;　w)of　a　gal4xy　is　o})Ljned　aom

the　redshift｡　The　recession　velocity　of　a　(;hlster　is　dcnned　as　the　mean　of　th(M･a(hj　vclo･

itics　of　galaxics　in　the　duster　≪wyTh(,radial　velodties　onndivi(hlal　memb(,r　gala,xi(,s

are　distributed　around　thislnean.　The　disl)crsioll　of　thc　r4dial　velo(jty　distril)ution　or

ch18ter　mcmber　g4laxi(s　is　denlle(las　the　radial　vdodty　(hs1)ersion　G･　G　111Gtlls　the　root

mean　square　of　the　radial　coml)onent　of　the　velocity　of　th(jntemahnotion　or(m(th　gitlnxy

in　the　duster　rcst　frame.

　　TI1(･radial　vel()(jty　distribution　(also　velocity　disp(jrsl()ilonmlial　vcl()(:ity　about　this

mean)is　useful　to　study　dynamics　and　kincmatics　()f　thc　galaxi('s　in　the　()I)ti(:al()bsGva-

tion,　ln　many　clustcrjt　is　known　that　the　consistent　ht　to　the　observed　total　dist,HI)ution

nmdi()n　is　available　ad()pting　the　Gaussian　dist�)ution　with　some　limitation((･xdu(hng

high　velo(:ity　galax1(･s)and　some　excel)tions(sul)chlsterillg),　The　Gaussiall　ve】odty(1k

tributi()nf()und　in　dusters　suggests　that　they　are　not　n111y　r(1�xcd　to　thGmodyllalnical

　　　　　　　　　　　　　　　　　　　　　　　　4



Table　2↓Rood-Snstry　mor cal　class

RStyl)c
-

cD

B

L

C

F

I

DescriPtion

The　dustcr　dominated　l)y　a　c('ntTal　cD

gjaxy.　cD　galaxi('sw(･re　denned　by　MatlF

exVS3 Morgan&Schmidt(1964)as　ga14xies

Examl)le
　　　　　―

A2199

with　the　nucl(JMls　of　a　very　luminous　eml)ti(:al

gahtxy　emhedded　in　an　extended､　amorPhous

ol)tical　halo　of　a　low　surfa{:(H)I≒htness,　Th(W

arcgenerally　f()und　near　the　center　of　d(ms('

chlsters　and　gr()u1)s　of　galaxics,

(hilmry)The　dtlster　containing　a　pair　onu-　A1656(Coma)

minous　supcrgiant　galaxies

(hnO　The　duster　containing　at　least　thrce　of　A42G(P(?rs(,Ils)

thc　ten　brightest　galaxies　ahgllcd　in　a　li11(,

(corO　Th(Mtlustcr　with　four　or　more　()f　thc　A2065(COFOlla　BorG11is)

ten　bl≒htest　gahtxics　sdthllg　in　th(,c(mtelヽ

d()sely

(nM)The　chlst(?r　with　th('mtt　pFODded　A2i51(HCFcul(O
gahtxy　distl･ilmtiol1

(irregulaO　IITegu14r　distril､)ution　on)I≒htcst　A400
alaxi(?s　with　no　obvious　ce】lter　or　core

BMtyl)e

　　l

I-11

H

H-III

　III

Table　2,2:　B;mtz-Morgall　morl)h()logi(ml(hss

　　　　　　　　　　　　　　　　　　〃〃　　　%%　　　　〃rrj　　jj♂　rj　　　〃
Des(Til)ti()n

The　duster　dominatcd　by　a　single　central　cD

galaxy

lntermcdiat(1

ー

Examl)|('

A2199

The　clustcr　containing　the　hrightest　galaxy　A1656

hltermediat(o)dween　cD　alld　normal　giant

elhl)tic�s

lntermediate

Thc　cluster　colltailling　no　domimmt　galaxi(,s　virgo

Table　2.3:　Correlation　bdween　Ro()d-Sa8t and　Bmltz,Mor Hnorphological　dass

Prol)erty　　Regular　　lntGmediat(･Irregular

BMtype　　l{II､H　　　H､IHH　　IHII,III

RStype　cD,B,L,C

5
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cquihbrillm　bd　at　least　l)arti“11y　rclnxed　systems,ln　thellnodynalnic�('(luihl)riumd1II

comPoncnts　of　thc　dustcr　(int　racluster　gas　and　galaxjcs)would　hav('e(lnal　tcinpenlture

£T=mμ,(T　is　the　'galaxy　teml)eratuFO　and　are　is()thermaL　The　ol)s(･rvatjon()f　galaxy
vdocities　in　Colnaduster　shows　the　two　modal　coml)oncnt()f　vdocity　disPersio11([?D,

Though　tota1()bs(?rved　vdocity　distrihution　is　not　collsistellt,　with　thc　sinμc　Gaussia,n

fundion　because　of　double　l)(mk　strudure　of　the　distrihutioll)t　giv(･s　a　convcn1(mt　nt

to　it　using　the　double　G4ussian　fundiolL　This　snggcsts　that　therc　are　two　coml)onclJs

in　Coma　dustG　bccMlse　of　dustcr　merging　or　falh11&　Each　of　thcm　is　in　th(ヽthcrmo-

dynamical　equilibrium　with　dim7cnt　galaxy　t(mlPemtur(y　Th('n　the　Coma　clustG　is　4t

least　l)artially　relaxcd　systeln.

　　R{?gular　clustcrs　have　synnndljc　smooth　slmtial　distFibution　of　galaxics　ml(l　conc('IF

tratedcorc｡　　U11f()rtunately,n(me　of　isothcrmal　modds　(41n　wpr(`s(･nt　th(･distribution

exadly　in　terms　of　simple　analytic　�ndions,　H()wevei≒Kiiig(1962)show('d　tlmt　li)1lowing
analytic　fundion　is　a　reasonable　approximation　to　th(Omler　l)orti()lls　of　an　is()t,h(･rlmd

distribution､

zQ�(7')=?'Q�,0(≪{)〒 (2｣)

　　　　　　　　φ)=･7o(1+({)2)‾‘
where‰�(O　is　the　sP“tial　volume　dcnsity　of　gjaxics　“t　a　dist411c(9JI`om　th(9(mter

of　duster､　4　1s　the　radius　of　duster　core(core　radius)alldμ&)is　thc　pr9jeded　surfaec

density　at　a　projeded　radius　b,

　　Using　the　distribution　of　gjaxies　and　velo(jty　disl)cFsion,t()tal　mass　of(:lust(･F(4ul　be

ddermined　by　the　virij　thcorem.　Tyl)iGtl　totai　mass　is　estimaO(l　to　})(･~1015　Aμ)md

about　10　times　larger　than　the　visible(sum()f　the　galaxi(,sma8s　in　a　dusteF)11mss,FFom

the　compari8on　bdween　thc　virial　mass　4nd　visible　mass,　th(j(･xist(mcc　onmol)seFvai)1(･

bin(hng　mass　is　necessaly　This　unobservable　mass　is　so　cjled　'ditrk　mattei･≒

2.3　X-ray　observation

Bek)rc　launch　of　£4sld7£satemtc､1nstHlments　foF　X{ay()bsel･vatiollsxver{?　thc　non-

1maging　gas　ProP()rtional　colmtclx　Then　the　x-ray　astronomy　l)roμcssed　mainly　by　thc

x-ray　spedros(:opy　with　low　energy　rcsolutiolL

　　The　nrst　detedion　of　x-ray　from　thc　dllst{'r　of　galaxi(･swasl)(･1foHn(･d　in　1971　with

μ#IL/μa　The　l)rol}erties　of　the　x-ray　clnission　associated　with　chlstcrs　ohtailied　with

μμμ/?μfrom　1971　to　1976　are　as　f()11()w,

　　　　　　　　　　　　　　　　　　　　　　　6



　　･Clusters　of　galaxies　are　the　most　common　bright　cxtragaladic　x-ray　s()urces

　　･Clustersarc　extremcly　luminous　in　their　x-ray　cmissioll　with　lumin()siti(s　Fanφng

　　　~1043　゛　104‰jl゛gs　F≒

　　●X-ray　emission　associatcd　with　dust(･Fs　are　extendc(L　Th(･siz('f()und　fr()m　thc

　　　μ7EμLμ?μobservations　rangcs　from　200　to　300　kl)(≒

　　●Xray　spedra　show　no　strong　cvidencc　for　photo-ahsorl)tion　unhke　the　spedra　()f

　　　the　coml)adsources　associated　with　(1is(Tdesourcescitheljll　mlciei　of　galaxies　or

　　　stdlar　sources　within　our　own　galaxy,

　　●X{ay　cmission　is　not　time　variabl{y

　　These　last　three　results　suggested　that　the　emission　was　tjruly　(hmlse,and　not　the

emission　from　discrcte　sources｡　Howeverjll　thosc　(･arly　days,　the　distindion　hdw(･en

thermal　and　non-thermal　spedra　can　not　be　made　unambip1()usly,

　　The　discovery　oHine　emission　from　highly　iollizcd　ir()n　in　the　x{ay　spcdra　of　clus-

ters　suggested　that　th(･ol≒ln()fx{ay　emission　is　thermal　l)F()c(`ss([Mit(thcll　d　aL　19761､

[SeFlemitsos　d　a】.1977]),Thdin(･feah1r(･can　l)(･r(･1)r('s('no(l　hy　the　blend　or　II(ylik('(14･2tt)

and　H-likc(F('25+)R,　emissioll　hn(･s　at　th(･(･nergy()f(E7kev　and　6jk('vd(･sl》(uiv('(　Fm`

thennorc)ron　Kβnn('was　also　d('t('d('d.　Rd4tjvc　iiltensities　or　vaFi()us　hn(s　fF()m{･h(

saln(?(?1(?lnerlt　l‘ll£Lk(?it　l)()ssi1)le　t()(11agl゛lose　tl1(･I)11ysi(tltl　sl;;1{･('all(1('11vil゛()11111('llll()∩･}t('11()|;

plasrn&.　Then　the　x-ray　emissionxvas()I≒ilmted　l)y　hot　al1(1　oPti(Jly　thin　plasma8　tiII('d

in　thc　intra(tluster　sl)ac(≒so　ealled　intrachlster　m(･dium(ICM),

　　0SO-βylzjd　j　and　//〕£40-j　o})servations　of(;lustclヽs　mad(,larg(,mml,le　of　th(,X-

ray　hlminosity　and　teml)(･rature,4nd　showed　that　the　x{ay　luminosity　is　highly　colT('-

lated　with　th(dCM　teml)eratur(･;££~ÅT3([Mit(th('1i　d　aL　1977]dMitth('11({al.　19791,

[Mushotzky　et　aL　1978])･
　　After　1970゛s,　the　satelhte　with　the　x-ray　telescol)es,such　as　£i7･Md71,μXOSj7≒md

μ0£4T,enabled　us　to　mal)the　morl)hology　of　emissioll　in　thc　x{ay　balld　bcl()w4k('V

and　mMle　gr(mt　progress･　EsPccijly　£mMd7dmHlched　ill　1978　was　thc　nFst　sMemte　with

f()cusing　ol)tics　and　mad(･quite　large　saml)le　of　thc　bl≒ht11(･ss　mal)of　chlst(･lxμOS/1Tlms

cxcellent　spatial　resolution　and　ohserved　thc　substnldur(,in　thc　hrightll(,ss　distFibutiolE

But　with　these　imaging　missions､　the　spcdral　inf()mmtion(et　teml)Gaturc,;tl)undanco

wasn()t　availal)le　accuratdy　1)c(mlse　of　the　limitcd　cncrgy　balld,　Jal)allcs(･X{ay　satelhtc

GμVG/1　which　was　ol)cl`at('d　during　1987‘i991,　had　Largc　Alut　l)rol)ortiolml　CounteFs

(LAC)･Since　that　detedor　had　quite　low　bM:kground　alld　high　(lmcl(mcy　ill　thc　broa(Hmnd
of　2-20kcv,　6WVa4　obs('rvatiolls　of　clustGs　of　galaxi(s　providcd　the　av(･mged　tcml)Gatur(･

with　g()od　a(t(11ra(;y('ven　though　that　ha8　no　8lmtial　inR)rmatioll.　6WVG/1　also　l)rovid(･

the　accuratc　metal　abundallce,　The　metj　abundallce　of　ljch　chlstGs　is　O｡2~Oj　timcs　of

7



solar　vjue,　The　heavy　dements　ar(H)roduc('d　by　nucleo-synthcsis　ili　lhc　coFe　of　tlle　sta1≒

This　suggests　that　ICM　is　the　mixture　oO)rilnordial　gas　an(hjcda　fFoln　gnlaxies,

　　The　sha1)e　of　the　gravitational　p()t'('ntinl　of　th(0)I≒ht　dust('Fs　were　F()ughly(`stimat('d,

using　the　siml)1e　models　of　dcnsity　distTil)ution　of　intl41duster　gas､　d('(luced　fF()mx{ay

imagcs　below　4kev　alld　avcraged　tem1)emtur(y　The　mass　ofth('X-ray('mitting　intracluster

mattcr　is　e(lllal　to　or　greatcr　than　the　hlminous　nmss,

　　0bscrvations　with　x-ray　k)cusing　ol)tics　en&hled　us　to　clnssiry　clust,ers　by　the　x{ay

morl)hology.　SI)edralol)servatiolls　with　nolljmaφng　d('vic('add　inf()rmatiolls　or　ICM

state　to　that　dassincatio11.

　　Jones　and　Forman　(1991)analyz('d£m4c&o1)servations　of　2(}8(tlustGs　and　pFol)()s('d
the　dassification　scheme　for　thc　x-ray　morl)hology　based　on　th(dr(･(iucncy　alld　sizc()μh(･

suhstructure,　Thcy(1(ln('d　sevcn　clusteF　morl)h()logiG11(11asscs,　Six　of　thes(umjllustrated

in　Figure　2j,　Thc　sev(mth(4ass　is　on(jn　which　the　x{ay('mission　is　FdaGV('ly　w('ak　and

dominated　from　galaxies｡

　　Tablc　2,4　shows　thc　name　of　thc　dass,　thc　numbG　of　clusters　in　each　classμh(M)crccilt

of　the　sample　in　that　(jlass　and　the　m(･anx{ay　lumino8ity　fol!　th('class,　ClusteFs　wit　h

the　smooth　an(l　collcentFatcd　brightlless　distriblition　(S､0　4nd　E)hav(,lal･g(,luminos-

ity,Thcy　ar(?considered　as　the(･volvc(l　syst(m'1,H()wev(･l≒th(t(Os　a　largc　rmdioll　of

clusters(~20%)with　colnl)I{'x　and　nmltil)lc-peaked　stnlctuFcs　(typc　C,　D　ltnd　PE　Clus-

ters　dassmed　as　the　tyl)(･E　and　O　with　high　teml)(utturc(Å;T≧5kev)show{;h({aFge

core　ra(lius,　lf　dusters　with　the　smooth　pronlc　alld　the　larg('core　lwlius　aFe　pr('s(･IUly

undcrgoing　mergers､　thc　l)ercentage　of　chlsters　with　suhstm(ttuF(!s　ris(･s　to　j)ollt　40%

(【Joncs&Forlnan1991EμThey　indicate　that　the　chlster　l)()t(mtij　is　stin　cvolvin&

Tablc　2j:　Fr uencies　of　duster　mo )holo cal　claMses

Examl)ie　N11ml)eF　Perccllt

　A401

A2319

A2256

A514

　A98

　A85

A2666

{
U
　
^
U
　
'
1
　
7
1
　
9
J

2
1
3
2
1
7
ー
　
7
1

n
5

14

9
J
　
p
U
　
9
J
　
Q
U

I

<£X≫

((･rg/s)
---

2jxl　014

　4,5

　3』

　1.0

　2.2

　2,0

　0j4

Class

S(sillgle　symmetric　l)(Mk)

O(ohet　center)

E(dlil)tical)

C(complex,multil)l(･stnldurcs

D(double,roughly　e(llml　coml)oncllts)

P(primary　with　a　snmll　sc(:olldary)

G(primarily　galaxy　emission)
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2.4　Physical　process　of　Clusters　of　Galaxies　observed

　　　in　the　x-ray　band

2.4.1　　Enlission　nlechanisnl

An　x-ray(mergy　sl)edrum　hom　dusters　consists　or(tontinmlm　emission　and　hne　emissiolL

T()cxamine　th(4)hysiG11c()ndition　of　intradustcF　m('diuln(ICNI)aomth('X{ay　sp(`drum,

it　is　necessary　to　study　emission　pFocesses　of　thin　hot　l)msm;t,

　　Thc　contilmum　emissioll　fr()m　a　thin　hot　phmnm　is　duc　t()three　Process('s,thcrmal

br(mlsstrallhmg(f1゛c(･-h'('('('11'1iss1()ll),I゛cc()1111~ji11&t･iol1(n゛t?('-I)()1111(IDtll(11,w()-l)ll()t″,()ll(1('(t･1y　of

meta-stable　lcvds,　At　th(･high　teml)emtures　such　as　ICM　(λΥ≫a　h･w　k(･V),th(･majoF

I)ro(yss　is　the　thermal　hremsstrahhmg･The　sPcdnlm　oF　th('Fmal　br('msstrahhHlg　from

eledrons　which　ob(･y　a　Maxwcllian　dist�)utj()nis1)r(･s(･11ted　as([Ka↑o　1978D

　　　　　　　　　　‰=4Z‰μQWy(F､T)cμ(ms/sec/kev/cm3　　(22)
　　whel'e£and£Tar(!the(mergy　of　all　emitted　photon　and　t,he　eledron　temp(tature

in　kev,　r(･spedively,u,)md　nz　ar(!　the《･ledr()n　numb(･r(1(･nsity　;md　thc　i()nd(･n8ity､

respedively,　Z　is　the　iollic　dlarge,　§y　is　the　avcrag('Gmint　hdoF　which　c()iT('ds　11)F

quantum　meclmni(:al　encds,　and　A　is　a　constallt　vahi(≒　Using　th(〕'(luation　22,　th･･

cledr()n　temperature　A:Tcan　be　obtained　by　ntting　thc　colltinuum　shal)c　oDt　()bs(･rv(･d

energy　spcμΓum.

　　ln　the　case　oHow　teml)crature　ICM　bd()w　a　Rw　kev,　the　lin(･(･missi()n　from　vmious

elements　in　solne　ionizatioll　state　comes　into　l)romincllc('.Sinc(Uh('int(msity　onin(･
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　-1

emission　is,Prol)ortional　to　the　ion　density,　Th(ml)()Pulations　of　iolliz�jon　statcs　ar(･

important,　The　ion　density　of　ionic　stage　Z　is　()btain(･(1　by　solving　a　8d　of(･(luations､

―

- SZ-1μj£Z-1‾SZ7lcμZ‾azμ,j£Z+aZ+lμμ£Z{I

ΥΞ √

10

‰&

(2j)

(2j)

&£Z
-

a

whcre　Sz　is　the　total　ionization　cocmcicnt　inchlding　dired　collisioHal　ionizati()n　and

autoionization　from　ionic　stage　Z　to　stage　Z+1,and　az　is　the　total　rccomhination

c()emdent　including　radiative　mld　dieledronic　recombimttion　from　stage　Z　to　stage　Z+1,

The　condition　y　=O　is　th((colhsional　ionizati()n　cquilibrium　(CIE)≒
　F()r　dlaraderizing　the　i()11ization　degl`ec,　followiilg　palmndcr　ale　used,

　　whereTis　a　time　passed　h()m　the　timc　wh{mah(Mtillg　is　occulT({The　colhional

ionization　statecall　bc　a£hicved　with　T~101y　For　a　tyl)ical(;hlst(･rjt　tak('s　30　Myr　to

become　CIE　in　the　central　rcgi()n(≒~0.001(tm-3E　Since　this　is　mudl　lcss　than　the



agc　of　dustcrμhe　PlasTla　wilH)eassumed　to　be　in　CIE{Jnder　the　condition　()f　CIE,　the

dedron　density　del)endence　ca11　1)e　ehminated　hom　th(`e(1uation　2.3,　Th('11　th(jonization

stat(M)fa　CIE　1)lasma　dcpends　()nly　on　thc　('I('dron　temPcratur(',

　　The　enlission　nlod(･1　of　thin　hot　plasma　in　CIE　inchlding　linc　emission　has　hcen　(u1(tu-

lated　by　various　authors;　Raymond　and　Smith　(1977)j{aastra　and　Mcwc　(1993),Masai

(1984)､a,nd　so　()ll｡Thcse　modcls　are　4blc　to　dcscrihc　the　emission　lille　rdMcd　to　the

K-shell　eledron　of　various　elcments,　H()weverμh(?rc　is　aml)lgllity　in　t　hc　pre(11djon　of　th('

(･missi()n　lines　relaOd　to　the　L-she11　('l(ytrons　l)e(4ulse　of　the　(limculty　of　cal(lnlatiolL　Th(･

plasma　in　a　high　tcmpemtur(HCM(≧a　n･w　k(,V)shows　the　lack()f　L　hnc　cmission　b｡

cause　ions　are　highly　ionizcd　ajld　only　l{-shcH(･1(?drons　aFc　lcn≒Thcl゛('IUr('th(･ambigHity

is　not　eritical　in　ouTstudy　of　ICM､

2.4.2　1CIMI　Dynamics

The　time　requircd　R)r　a　soulld　wav(Hn　th(dCM　to　(Toss　thc　duster　sizc　is　`109　yr　alld

shorter　than　the　Hubble　timc　(~101o　yO.　Thell,　Unl('ss　the　ICM　cxl)eFi('nc('th('ral)id

gravitationaI　I)otential　challg(≒heatiilg　or　coolingμh('ICM　wm　h('ill　thc　hydrodyllami(:

(■ulllbmml,

　　Assuming　sudl　e(1uili!)rium　and　sl)heri(Ml　symmdry　in　ICM,　thc　dynaln1Gd　('(iuation

is　descrihed　as,

1
-

μ

,Tμ)
-

&

―

―
-

GMO
r2

whereμ(O　is　the　mass　dcllsity　oHCM,　/)is　the　pressllr(Qnd　A7(O　is　tl

　　　(m)

binding　mas8

　`i

l(1

within　th(,ra(lius　r　froln　thc　c(mtG　of　dust(,r(1n(1t(hllg　th(,daFkmatt(,l{lf　th(,ga8　is　al1

ideal　ga8μhee(1uation　2j　can　bc　m()dined　to,

MO=-R /
t
x

　　whereμls　the　mean　mass　per　l)artid(jnt

wcight))mp　is　the　Proton　mass.

dZ9μ
‐

dZOF

£/Z9T

dZ9『

N
J
/

(26)

he　gas　in　unit　of　the　prot()ll(m(MHm()le(tula1'

　　AI)I)ar(mtly　fr()m　equation　2j,　thoλ)titl　mass　cstimatioi1　18　very　scn8itivc　t()th(uem

perature　distributioll　rathcr　than　thc　(hmsity　l)r()nl(n

　　The　member　galaxies　are　bounded　in　the　samc　gravitatiolml　potcntiaL　Assuming　th(?

orbit　of　galaxy　in　t11(,clust(,r　is　not(lish�)cd　by　other　galaxies(the　galaxies　are　l,,ss

intera(:tive　with　eajh　other),thc　eqllation　2j　can　bc　rewritten　n)r　thc　galaxies　(sedioll

2,2),

　　　　　　　　　　　　　　　　　　　　　　　H



1　dO‰�y)_

7≒�　　　t/｢
‐

-

GMO
r2 (2≒7)

　whcre　G　is　the　velocity　dispersion　of　m(･ml)(･r　gahtxi(･s　in　thc　clustcl≒Combining　th(･

equatioll　2,5　and　2.7,　mld　assuming　the　isotheHnal　con(htion､th(･sl)atij　distFi})uGollor

gas　call　be　exPrcssed　using　galaxy　distribution　fundion,
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　　　　　　　　j｡≠
　whereβis　the　squal‘e　of　the　ratio　of　galaxy　to　mass　spe(lihc　ellergy,

　Using　the　equation　2.8　and　isothennal　c()11dition,it　is　l)ossibl(dol)Fedid　th(･X-　ray

surface　1)rightness　distribution.　The　volume　emissivity　of　ICM　is　exl)ressed　as,

-j A(T) (D)

　　where　A(T)is　the　x-ray　emission　at　unit　(4edroll　dellsity,　Thc　sulltce　brightn･s£,

at　the　l)roDded　ra(lius&nleasured　fr()m　the　c(mter　of　dusteljs　as　ty)1lows,
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　　The　c(1uation　2j0　1s　commonly　use(ln)r('valuation　of　the　obscrved　surth(t(d)I≒htlless

distribution　and　most　of　thc　dustcrs　with　smooth　b1≒htness　Prom('1trc　relativdy　wdl　ht

by　this　m()de1,　How(･vcrjn　the　case　of　l‘cgul&r-XD　chlsL(fsμherc　4rc　signihGmt　r(･sidmlls

from　the　model　around　the　central　strollg　P(jak　in　th(0)1≒htness　distrH)uU()n,

2.5　Evolution　and　Cosmology

The　comparison　of　various　p&rameters　bdwecn　n(m11)y　and　disLant　dust(ts　may　im)Vid(1

the　information　of　cluster　evo111tion｡　Efr()rts　to　nnd　the　evohltiollaFy　em,d　of　dustGs　by

the　comPalison　has　been　made,　Howcv(･l≒any(･volutionary(･mft　has　llot　b(･(･11　rcPOI'ted

excePt　for　the　t()tal　x-ray　luminosity　fundion(XLF),since　the　tcml)(?raturc　alld　41)undancc
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of　distant　dusters　have　nevcr　l)een　ohtaincd　because　of　th(jow　s{msitivity　4nd　thc　narrow

bmld　Pa,th　of　the　ddcdion　systcnL

　　Somc　groups　havc　rcp()rtcd　a　decr('as(jn　thc　aml)htudc　of　the　x{4y　luminosity　func-

tion　with　l･edshift､　in　other　words､the　lmmb(ヽF　of　luminou8　clusteFs　d(,cr(mse　with　lTd-

shim　This　mcans　thc　x{ay　chlster　is　still　in　the　(,volving　stagc　([Edg(,etaL　19901､

【Hcnry　ct　aL　19921dCastander　d　aL　1995D,

　　The　Pr6ent　x-ray　morPhology　of　dusters　also　used　R〕)rth(Hcst　of　cosmologi(ml　modek

Becausethe　initial　dcllsity　nuduation　in　thc　carly　universe　has　grown　up　to　the　hieFar(lhi-

cal　stHlduFc　in　the　culTent　universeμhex{ay　moFI)hology　and　darkmatter　moFphology

is　the　key　leading　to　the　solution　of　thc　cvolutiolL　Thcn　models　with　various　hmdiolls　�'

the　initij　density　nuduatioll,　V&rious　killds　of　datkmatt(?r(cold　dark　llmtter;　CDM,hot

dark　mattcr;　HDM　4nd　so　oll)and　various　cosmoloφcal　mod(4(no　and　A;　sce　dlitpt('r3)

ha8　be(m　tested　by　comi)4rison　of　th(･simulated　evolved　dust(･rs　with　the　obscrved　(thlstcF

m()rl)h()logy([Crone､EVrard&Richstol1((L994]dKaiscr　1991a]dKaiser　1　991　hD,

　　The　x-ray　o1)scrvation　of　dusters　of　galaxies　l)rovides　thc　an()th(t　and　mor(o‘un(h1

mental　approach　t()the(:osmology　iHtro(hlc(!d　ildhc　llcxt　(thaptcl≒
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Chapter　3

Hubble　Constant

3.1　VV゛hat　is　the　Hubble　Constant?

Most　of　galaxies　lmvc　the　redshift　rath(,r　than　bhlcshitt　This　mcalls　t,lmt　lHost　of　objtUs

are　running　away　fr()m　us,　This　is　dlle　to　th('('xlmnsion　onjh(]Hliv(･rs(≒　Edwin　Hul)ble

measured　distanc(s　various　ol)j(･ds　induding　the　extFagaladic　FealnL　Ilubl)1(Ps　approach

was　generally　a　three　stcl)proccss:　1,　nnd　distallccs　to　locj　gFoul)gahtxies　fFom　Cel)h(jds,

2.usethc　brightest　stlt1゛　(1rit('I'i()11,xvlli(:ll11(･(ti1･lil)･1'ilt1('(1　ill　tlle　l()(t;1･ln;t゛()111),t()('xt'･('11(11'･11('

scale　to　more　distant　neld　galax1(･s　and　the　virgo　dustel≒and　3,　us(4h(･t()tal　magllitHd(!of

thc　galaxy,　together　with　the　luminosity　fundi()n　cahhmt(･d　ill　stel)2,t()MTive　statisG(:ally

at　distances　for　galaxies　with　mea8ured　r(､,dshifts｡This　is　cal1(,d　as　'distancc　laddG≒ndhod

M1(1　the　objed　of　which　anabsolutc　magnitudc(;4n　be(1(･dllce(l　such　as　the　Ceph(jd　is

called　as　'the　standard　(2n(11({Th(?y　ar(qlsedfor　the　(hshmc('m(MsuF(mWnt　at　Pr('scnlλ

Finany,hef()und　the　velocity　-　distance　relati()IL　This　relMio11　(Mn1)e　cxl)F(･sscd　as､

μ･mμOy (3｣)

　　wher(m4　is　the　recessi()n　vcl()dty(or　the　Huhble　now)､r　is　a　distallce　froln　us　to　a

objed　and　μo　is　the　Hubl)le　c()nstant,

　　Xvhile　thc　rcccssion　vclocity　is　easy　to　mcasur({)y　the　rcdshift　of　emission　lincs≒the

lncasurerncnt()f　a　distance　to　a　objed　is　dimcult　(s(･e　scdion　3.4),Usually,th(･dishmcc

t()a()bjcd　of　which　di8tance　can　11()t　be　l11(msur(･d　is　(･stillmt('d　h‘()mth('e(luatiol13↓

The1･efore　the　Hubble　constant　detcrmincs　thc(hstallcc　to　obydE

　　The　Hubble　constant　also　give　us　the　t､ime　scale　of　thc　;1ge　and　th(,8iz(μ)f　thc　univ(,rs(h

Assnming　the　r('(:('ssion　velocity　lllts　be(･ll(:onstant　duFillg　the　(･XFmsion､the　tim(H)asse(l

froln　the　beginning　of　expansiold　is,

　　1The　Hubble　now　velocity　of　the　objed　which　is　extremely　dose(l　to　lls　is　very　smali　in　coml)arison

to　the　peculiar　nlotion　or　the　locjly　systematic　motion　(e,g,　virgo　inhLH),Then　the　recessioll　vclodty

has　a　ambiguity　for　the　(:losest　objeds,　(see　sedion　3.4)
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I`=-―
　　μ『

-

‐

1
-

μ)
(32)

　　Assumingμo=50　km/s('c/MI)(≒th('tim(･s(4thns2XIOlo　yl≒Usillg　this　timescalc､

the　size　of　the　universe　is　M　=2(j/#o~L8×1028　cm　(~6　GpO,

　　Adually,the　distance　to　a　o1)jcd　at　4　cosmoloφcal　distanc(,μhe　age　and　the　size　of

universe　have　the　dcpendency　on　thc　cosmologiGtl　model　as　shown　in　the　next　s(･ss1()n.

3.2　Cosmological　model

ln　ordcr　to　obtain　μo,the　distallce　7゛　4nd　reccssion　v(4ocityμhitve　to　hc　ln(Msured　illd(y

Pendently,　Corrcdly,　sincc　thc　exl)ansion　sp('cd　c()uld　bc　ch4ng('d　with　tim(um(ld('l)('nd

oll　the　cosmologicj　nlodel　,　we　have　to　tF(Mt　thcm　with　thc　cosmological　mod(,ltod(,riv(,

#o　using　the　distantO　`1)obEds･

　　ln　the　isotrol)ic　and　homogelleous　universe,the　lille　clcmcnt　can　l)ed(s(Tibed　as　the

fulldion　oD{n　the　1)olar　co()rdinate(rj､φ)､

　　　　　　y=c2/　―　y(0(☆≒{Ξ+r2(/+sil12㈱㈹)　　　　　　(3,3)
wher(H　is　cosmi(:time,μ(O　is　the　radius　of　curv41,uF(,or　sGtle　nldor　of　thc　mlivcFs(,

and£is　thc(:urvature　index;　£=-1,0,L　This　is　ca11(･d　thc　l{o})GtsoH　itnd　NV;tlk(･F

mdri(y　NVlien　the　Rol)ertson　alld　xvJk(f　lnetrl(t　is　us('d　with　Eillst('i11≒tid(le(PlaGons､

following　equ&tions　ale　ohtaill(･d､

3y
-

μ2

　
　
=‥
μ
{
μ

3Gt2　　　87rG　　｡
j(2{Eμ/ +A/

Ay　hG　　　37)

‘〒‾‾E(β+y)

(3,4)

　　whcreμis　the　dellsity　(μ(0),μis　thc　prcssure　of　llmtt('l{m(I　Fa(liMion(7)(0)mld　A
is　the　cosmologi(�l　constalit.　CustomM･ily　th(Hollowing　ddinitionsaTcuscd,
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87rG

　　whcre　subscriPtion　O　d(m()te　th('I)Fes(mt　vahl(≒μo　is　th('Hubblc　colistant,　9o　is　th('

dccderation　paramd(y　Qo　is　called　thc　d(msity　l)ammder　and　μc　is　cnllcd　th(9Titical

density,　According　to　this　dennition,　#is　thc　ratc　of　exl)ansion　and　is　varial)I('゛jLh　time

(the　valuc　at　th(n)rcscnt　time　is　#oE
　　Using　these　l)ar4mdcrs　alld　assuming　P=O､eqnation　3､4　Gm　he　expresscd　as,

3μJ

jw?(》o〕oy
Xvhen　A　=0,the　rdati()11　1)etwcen㈲andμo　is　('asily　cxl)r('ssed　as

　　　　　　　　　　　　　　　　　　　9o=WQo　　　　　　　　　　　　　　　　　　(3j)
　　Thenμ(0(and　the　distance　derived　with　7･?(0)c41d)e　expr(sscd　with　#o　and　no,

　　Thc　dlaraderistics　of　the　univcrse　(so-(mlled　FljedmaiHmiversO　in　the　Gs(,()fAto

are　listed　in　Table3.1　and　Figure3,L

　　Xvhen　A　≠O,　the　decelelution　l)arametel{)ec()mes,　　　　　　　　　　,

㈲
-

―

μA
―

3μJ

ln　thiscase､to　dd(mnineμ(0(and　dist4n(Ojt　is　ncc(･ssmy　to　d(0(1(･#0,9otn(IA



Figure　3↓The　scje　fador　μ(O　of　the　Friedman　uni゛erse{o　is　the　age　of　the　universe
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Table　3j:　Charadelヽlstics　of　Frieclnan　uIHverse

£ R(0 ㈲ QO Agc

+1 elliptical

osed　space

7R)tj　energy　≪O)

OsciHating(OsciHat-

g　unlverse)

≫Oj ≫1 ≪{々

0 nat

uclidean　space

Totj　energy　=O)

continuously　expand-

ing(Einstein,de　Sitter

niverse)

=Oj t==1 -2μ‾1
-j　o

-1 hyPerbohc

pen　space

lbtj　energy　≫O)

continuously　expandヽ

ng(M11ne　universe)

≪Oj ≪1 ≫4#(F1,≪#P
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3.3　Distance

xvhile　the　r(,dshift　can　hc　obtained　siml)1y,t.h(,distance　has　several　dchnitiolls　h)F　i.h(,mG1-

suring　mdhod｡Among　th(,sc､two　dehllitions　of　disUmce　arc　us(,d;　Lulnlllosity　distan(y

and　Angulaiヽdiametcr　distance　(see　chaPter　3j).
　　Dcnnitions　of　the　hlminosity　distancc　7〕〕)E　alld　t,h(･angular　dimlld(･r(hshnc(,£)4　are

as　foHows,

μ
―

― (D)

　　　　　　　　　　　　　　　μ4=≧
　where£is　the　luminosity,　y　is　the　ohscrved　Hux､　/is　the　diamdelumd　Aθis　th(,

angular　size　of　Z｡　Th(,distMlc(do　the　objcd　closed　to　us　(･≪1)is　aPploxilnnt(,ly,

£)£~μ4~R (3jO)

　　How(･ver,R)r　dishmt　objeds,　£~1,thc　encrgy　rc(hldioll　d　uc　t(dh('Fcdshirt(htdoF

(1+z)‾1),the　time　intervj　dim･renc(H)dwe('n　at　cmitt(･r　and　at　obseFver(fadol‘(1+z(1),

and　the　efrcd　of　sl)ace　curvature　μ((

　　Consid(･ring　thesc　emfts､　£)£is　exl)r('sscd　as,

　　　　CZ

£)£=―--
　　　　#0 E

z(|-㈲

1+9oz+(1+2{/o2)I/2 ｣ (3　1　1)

　　For£)‰the　cfect　of　thc　energy　redudion　and　diflercncc　of　the　tim(H11terval　do(s　llot

exist,　Thcn,

£)z1 -

-

―

―

(1

�
―

+z )2

　　　cz　　　　　　　　　　2(1-㈲)

μo(1+･)d1{∩%･+(1+2y)'/｣
3.4　Review　of　derivation　methods

There　are　threc　ways　t()m(･amre　thc　(h8tan(:ctoaol)jed,

L　Paralhtx

2.Absolute　hlminosity-observed　nux　relatioll

　　　　　　　　　　　　　　　　　　　　　　　　18
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3.Ahsolutc　size　-　ol)st,rved　angular　sizc　rdation

　　　The　lst　method　is　the　m()st　reliable　dircd　disntace　mcasurement.But　it　is　only

4)pli(mblc　t()a　cl()sest　ol)j(゛ct　t⇔th(`s()I゛lr　syst(゛lm　us111g　the　211(hmd　3･Fd　meth()dsjt　is

necessary　that　the　j)solute　luminosity　or　ahs()hlt(･sizc　of　ohjed｣14ve　bepll　kn()wlL　Then

the　distml(4?　meis111ヽcm(mtmlldh()d　is　cqlliw11(111t　t⇔　the(,stillmtioll　metlmd　or　nbsc,hm,

luminosity　or　size　from　other　ohs(,rvable　Parameters｡

Cepheid　variable

The　m()staccuratemeann〕jr　thc　estimation　of　ml　al)solute　hlminosity　is　'Pcriod　-Lnmi-

nosity'　relation　(P-L　Fclation)of　Cel)hci(k　Cephcids　4re　massive　yonng　and　varij)1e　stars

of　which　hlminosities　are　1　03　~105　brighter　thall　thc　Su11,　Th(･I)(･Fiod　of　valhl)ility(4m

be　convcFted　to　the　luminosity,　The　rclati()nshil)is　well　calibrat(ML　Though　it　is　('asy　to

nnd　out　it　because　of　its　vaTiability､Cel)h(･ids　am　llot　lmnillou8　to　ol)s(･FV({t　in　galnxies

at　thc　distance　of　s(･VGal　tells　MP(≒

SNe　la

The　way　which　is　al)I)11(MI)le　f()r　the　(listance　ln(MsuFcmellt]lsing　a　more　(hsUult])hyd

is　the　use()f　TyP(･la　sllper　ll()vae(SN('h)(〔BFallch&Tammaml1992Dmd　F(OF(゛llc('s

th(･rciny　SN　la　is　observa↑)I(4o~400　MI)(λIOs　kllowldrom　ol)sGVMions　thaGh(N)(Jo)f

the　absolute　magnitude　of　SNe　la　is　almost　(;onsmnL　Thell　if　th(･I)cak　appaT(mt　nmgllihld(･

is　obtained　by　the　light　(:urve　ntting　to　th(deml)lat(?curv(',the　disUmce　(4ull)c　ol)taincd

&onl　the　coml)arisoll　bdw(･en　thc　al)lmr('11t　an(htl)solut('lmtgni　tud(≒Th(EpGI.k　j)sohllyc

magnitude　of　SN(da　caH　not　be　m(msurcd　dircdly.　Th(,nth(9d)sohlt(NnagllitHd(jl;s　l)e(,ll

calibrated　usillg　the　distaltce　()f　the　host　gal4xy　of　SN　la　ohUlin(･d　with　C(･Ph(jd　valjia})1('s.

Rec(mtly,　som(wulthors　sugg(?stcd　that　thc　l)Gtk　a})sohltc　nmgnihlde　is　noL　conshlllt　and

del)endson　the　ddails　of　the　shal)e()night　curv('({Riessμ)ress&KiITshncr　1995D)IE

trinsic　color　of　an　individuaI　SN　([H6nich&Khokhlov　1996D､coloF　or　Hul)|)I(dyl)conJI(･

par(mt　galaxy　([Branch,　R()nlanishins&Baron1996D,

Tully-Fisherrelation

There　is　thc　relation　betwc(m　thc　absolutc　magnitudc　and　the　21(tm　lillc　width　of　th(･sl)iml

galaxy　mld　it　is　used　k)r　distance　measurcmelt　The　rehttion　is　call(,das　'th(,Tully-Fisher

rdation≒This　is　also　aPphcable　to　~100　MI)(y　Though　it　is　necessary　to　(:al11)r4t(dh('

zer()level　of　thc　T1111y-Fish(･r　relation　usillg　C(･pheids　distall(tR)r　the　41)s()lut(･distall(:(･

measuremelltjt　is　the　bcst　method　njr　thc　ddcrmilmtion　of　thc　r(!】at,ive　distanc(n
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Current　status

l{ccelltly､FIllbbl(j　SPa-ce　m゛lcsc()I)c(HST`)de(`p()hscrwlti(ms　hiwe　(゛lmhle　lls　to　ln(msllr(?

Cephcid(hshn(1('s　of　m11“xies　ill　th('V1Fgo　mld　F()Fn“x　dllstcl゛s({E9(IHmn　d　“L　1994D･

Freedman.daL(1994)ohservcd　12　CCPheids　in　thc　vilヽgo　clustcF　galaxy　M100　by　HST｡
Theyassumed　tllat　M100　is　at　the　samc　dista11(y　as　virgo　dustcr　coF(9md　d(ヽFiv(ヽ(l　t,h(,

Hubble　constallt　of#o=80±8　km　se(TI　Mp(Tlwith　th('r(t('ssi()n　vcl()city　of　virgo　chlst(･F

;1404　km/s,　H()wev('r　the　l)e(mliar　v('lo(lity　of　the　ol)scFvcd　g41axi('s　is　not･　n('gliφhl('in

coml)arisoll　t･o　the　Hubble　rc(lessi()nvd()(jtyjca(hllg　to　a　additiolml　uncertainty　in　μo,

　　hl　ct()11tmry　to　the　(⊇?(?I)h(jds　distml(c(≒SI＼Je　la　dimualice　pF(wide　th(t　mm111　Vithle　or　the

Hubhle　constant;　#o~50([Sandagc　d　aL　19961dScha(i,r(,t　aL　199qE

3.5　　Sunyaev-ZePdovich　efred

3.5.1　0utline

The　Sunyacv-ZePdovich(4Fed　aljscs　fFom　illv(,Fs(9Coml)ton　sGdt(･1ヽ1ng　of　thc　cosmic　mE

crowave　ba{:kgroun(l　ludiation　by　thcFnml　eled〕I･olls　ill　a.　illtFa-dllstcr　gas　a{t,cml)(,FahlFc

μ(cqual　to　thc　eledron　tcmperatuFe　E)([Slmyacv&Z(Tdovich　1981D｡
　　On　averag(!､all　inversc-Compton　scatteringcausesa　photoll　cll(?rgy　to　illclGts(0)y　an

amount　l)roportional　to　£7{/mμA　wher(?£is　th('BOltzmalm　c()nsumt,　mjs　thc　r('st　nnss

of　the　elcctron,　c　is　the　sl)ecd　of　light　4nd　{is　thc　(jectron　temPCFatuF(?which　is　c(lmd　to

7V　lf　the　numbG　of　s(:attering　is　largeμhe　sl)edrum　ofth(?c()smic　mi(Towav(j)ackμound

is　distorted　by　the　(mergy　gain　du(yto　the　inv(･rse-Coml)ton　scatt(ting　ddillitely(tigllr(･

3≒

　　This　emtt　is　observed　asth(?r(,dudi()11　in　the　l)1‰htlless　of　the　mi(T()wavc　l)ackgrolm(1

ra(hati()n　in　the　Rayl(jgh-J(Mns　r(yion　as　sc(m　in　th(How　fF(Mu(mcy　l)mld　in　figurc　3,2,

　　The　de(Tcment　of　th(o)rightn('ss　tclnl)('raturc(△E)is　l)Fol)()I'tiollal　to　th('I)Fodud

of　th({nverse-ComPton　scatt('ring　d(1)th　through　th('dust(t　4nd　mcall('n('rgy　chmlg('

ofas(mtt('ring　photon　whidl　is　l)roPorti()11al　to　thc　dedron　tcml)endur(≒and　is　h('11(:('

expresscd　with　the　eledron　density　‰and　t(?mPeraturcas

~-

£X

-

○々£μR/ (3,13)

(3j4)

△{
-

£

4(x

　2
⇒

μZ｡C2

　　whereTr　is　the　temi)eraturc　of　thc　microwavc　hackgroulld,　and　4μR　is　th(wtverage

value　of‰£%Rlong　that　line　of　sight　and　Hs　tl1(,diamdG　of　the　(thlst(,t≒TII(HIli(,1･mal
bl?nlsstrjlhmg　x-my　flux　Fx　froln　th(,chlstcr　s{lalcsas

a

W

j(‰)l/2

mm
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　　whcrc　u　is　th(･volume　of　the　cluste1≒nμW/≒sth(d)FemsstFahlung　cmissivity　4vcmged
ovcr　the　dust(･r　vohlme　F　and　£)£ls　th('lmninosity　distanc('､The　volum(0{(x(D4μ)2/,

whcrc£)4　is　thc　angular　diamet(,r　distdnce　and　a　is　th(ヽangular　size　of　the　chlsterμhen　w,ヽ

w111　have　£‰(/=£)｡φ)flヽom　thc　equation　3.13　and　3j4　with　iso4hGlnahmd　sl)h(,FiG111y

symmetric　mssuml)ti()11･Assuming　Qo　and　9o･　tThc　#o　can　h('derived　froln　th('F(4“tion

bdween£)4　and　R

　　The　motion　of　the　scattering　medium　rdative　to　the　rderence　rmme　dcnned　hy　mi-

crow4vc　ba(kground　also　causc　the　clmnge　of　th({)1≒Iμllcss　tempcrah1F(≒

A7‰

{
~‐

μΓ　　__｡

‾‾μ7jGj/
　C

(3｣5)

　　where　A7{A･　is　th(･d(trement　of　1)l‰lit,n(･ss　t,cml)erahn･　du(01o　the　kin(,lmd,ic(,ilU4

mld　G　is　thc　l)cculi4r　mdial　vdodty,Thc　obscrved　Aμinchldcs{;h('kinenmti(tdF(･d

△{w　and　th(dhermaldFed　describ(･d　abov(n　Th(･kil1(･llmtic(4IFd(4ms(･s　th(･c1Hmg(･()｢

the　temPeraturc　of　tl1(?1,jl}tcl{1}(,)(1y　l‘ad､i4ti()1゛i　il･1‾1d(1t)s('11()0゛:llllllg('t11('s11}tl'(･()t゛　sl)('('t,I゛II111,

Then　tll({r(･(luency　dcl)en(len(y　of　kin(mmti(:('mtt　is　dim･r(･llt　fFom　the　d(?cndenc('which

th(･theHnal　emft　has　(ngurc　3jE　Thcn　the　multip1(dF('(1u(mcy　obsGvation　or　AE　nmk(`
it　l)ossib1(･to　distinguish　l)oth('m'ds,　How('V('I≒sinc('th('ratio　oDJle　kin(･mati(Uo　themml

(･mtt　is　Ojl(Wμ000km/scc)(£%/8k(･V)in　th(･1{ayleigh-JGms　lilnitμhe　kiH(･matic(jWt
is　sllmller　thall　the　thermal　('mtt,('sPecia]ly　f()r　hot　chlst('Fs,

　　The　use　of　Sunyacv-ZCPdov1(:h(�cd･(【Sunyaev&ZePdovi(41　1981D　is　a　fund4m(mtnny

dimjr(mt　way　to　derive　the　Hubble　constant　by　'standard　Gm(Ilcs'　an(l　th({dishnl(,(jadd(,P

lndhod　b('caus(Ot　relies　oll　the　use　of　th(o)asic　l)hysi(JI)F()(t('ss　illsl･ead　of　the　l()cal

cali})r4tion　of　cml)il'lcj　r(φ1tionshil)s,

3.5.2　Previous　results

A(:1(Mr　de(Tem(mt　of　bl≒htlles8　t(mlpG4ture　w('r(dolmd　hom　scvel`nl　clust('rs

et　CL0016+16,A665､A2218,　A2163､　A773　4nd　A1413

(【Birkinshaw　l9911,[Birkinshaw､Hugh('s&Arnaud　199‰

[Birkinshaw&Hughes　19941,[Xvilbanks　d　�｣994],[Graillge　d&19931,

[Grjngc　d　�,1996]EX{ay　ol)s(･rvations()f　A665　and　A2218　11;s　1)c(ml)Gn)Fm(･d　with
£‰Mcm　for　the　sl)atial　distribution　of　the　dcllsity　and　with　6WVG4　for　thc　spatiallyav-

eraged　teml)eratuR　of　hot　plasnla,　They　gave　#o　of　51　±17　and　65　±25　km　se(TI

Mp(yl([Birkinshaw､Hughes&Arnaud　19911,【Birkinshaw&Hughcs　1994D.　Anothcr
.4SC4　obsel‘vatio11　()f　A2163　also　gav(,411　e8tiHlation　ofμo　nmging　bdwc(m　42　alld　l00

km　sec‾I　Mpc‾I([Markevitch　d�,19941,[Markcvitch　d　4£1996D,
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Chapter　4

ASCA　satellite

4.1　0verview

jSC4　is　the　f()urth　Japancse　x{ay　8tFonomy　sntellitc　subscquent　to　llakucho/mnm

an(I　Ginga　([Emaka,lnoue&HOlt　1994D｡　y1SC4　wH　launchcd　from　the　Kagosh

SPace　C(?ntel'(KSC)by　thc　M-3S-11　rockd　on　F('bruaFy　20,　1　993　nlld　kick('d　111to　a　ol

a

Ilna

ll1L

Thc　orbit　is　4　near-cilTuhtr　with　a　l)el‰ec　of　520　kln　an(l　all　apoge('()r625　kmd)crio(hd)ont

mDlj11.al1(1　1nclille(l　with　31≒　/1　SC/1　calTies　h)ur　identical　x{ay　tel(,8col)es(XHTs)aly

thc　toP　of　an　ext(mtcllsiblc　oμ1(4l　ben(th(EOB)μw()Cns　lmaφng　SPcdFomd゛'Fs　((jSO

and　two　Sohd　sUttc　lmaging　Sp(ttrom('t('rs(SISs)oldhat　li)(゛al　plall('(tigHF(9L2)･DHrillM

the　launch､　EOB　was　Fdr;tded　mld　sola1　1)addl('s　4thlchcd　to　thc　spacccF�l　h()dyw`cFe

n)ldcd　ul),　y1SC4　with　ext(mding　EOB　and　lmn)ldcd　sohtr　l)addles　ill　the　ol'})it　has　a11

111)pealm1(mhk(/ny111g-I)ird≒whi(jl　is　th(t()riφ11()f　th(!　mtlll(t()f　"/L9C≒4y　ili　Jalmlies(j

(ngure　4.1);

　　The　spacccraR　wcight　is　417　kg　and　its　l(mμh　is　4,7　m　alollg　thc　tdcscol)(Ntxis,　lt　is

three-axis　stabiliz(XL　The　coordil14tc　systcm　on　the　satdhte　is　d(lned　as;　Z　axis　is　th(,

diredion　of　xRT,　Y　axis　is　the　Perpcn(licular　dir(ytioll　to　Lhc　solm‘　Pad(He　mld　x々xis

is　t.hc　Perl)en(hcular　axis　to　oth(･lulxes,　λ9C4　has　t｣le　n)uFaxis　momellhlm　wh(Os　aHd

three{txis　nmgndic　tor(iuers　alld　the　Mtitudc　hasbc('n　contro11('d})yth('s(u[dlla↓orM　Thc

attihld('s(msor8;　2　st4r　tr&ck(?1's､HOI1-sPill　tyl)c　slm　mlgle　sen8ol',three　4×1s　μ?omagndic

asl)edsensor8and　nvc-axis　redundant　gyros､have　lnonitolul　the　sl)a(te(Taft　attihld(･dmd

stabilize　the　Z-axis　()f　the　sateHite　ab()vc　a;tl14tolx　Thc　al)sohlt('1)oillting　ac(mm(ly　is

apl)roximatcly　l　arcmi11.　and　8tability　is　j)out　a　fcw　tcllsarcsc(≒

　　From　AI)�to　Odol)er　1993,　/tSC4　in　thc　pelhrnmnce　v(?rihcation　i)has(!(Pv　plmse)

observed　o'|)jeds　R)r　scielltihc　importan(:e　and　thc　in-nigllt(Jibmtion()fth(･sl)lu:(m'an

and　th(Hnstruments･　After　this　term､　/1SC4has()1)(41(j　to　guest　obsGV(･rs,

　　IThere　is　another　statement　that　4S01　is　the　amollym　of　"Advance(I　Satellite　for　Cosmology　and

Astrophysics"
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Figure4,2:　Connguration of　instHHnents
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4.2　Gas　lmaging　Spectrometer　(GIS)

4.2.1　0verview

Thc　GISs　w(?rc　dcveloped　mainly　by　th(,Tokyo　U11iversity,　ISAS,Tokyo　MdFOI)ohum

univcrsity　with　colla1)onttors　at　lnstitute　of　Physical　alld　ChemiG11　1{eseaFch(ヽs(I{IKEN),

Kyoto　universitydmd　GSFC｡Thc　gas　scin　t　illati(}11　PI･()I)ortiollal　countG　was　succ(,ssn111y

carried　on　Tenma　named　SPC(Sdntillatiol1　Prol)ol{ionaI　CountGjK()yanm]t]tL　1984D
and　opened　thc　new　willdow　of　Fe　L1lie　AstronomyヽTh('GIS　consists　of　two　dded,oFs

(GIS-2　and　GIS-3)with　th(,Hmin(,ledroni｡Gdl(,d　GIS-E｡

　　The　advantage　of　GIS　is　it,s　large　FOV　(~P)d,x(:cllent　tim(,F6()hltjon(Gl　s)dmd

high　sensitivity　above　5kev　cnergy　regioIL

4.2.2　Structures　and　x-ray　Detection]V[echanism

Figulヽc　4,3　sh()ws　the　crossscdion　of　t,he　GIS/Fhe　length　and　wt‰ht()D)ll　sellsor　is

58　cm　and　4,2　kg,　rcsPedively,　Figure4j　shows　the　schemaGc　vicw　onlh(,GISsellsoF

system　and　l)hoton　dd('diom　The　x{nys　eolledcd　by　th(･XIFI≒mul({('d('dl)y　a　gas　cdl

colltjllillg　xe　gas,　F()r　the　(･ntra11(:c　w111dow　()f　thc　gas　(tcll,thcy　adol)t('d　4n　ilmovatjv('

solutions　in　adlieving　a　largc　(�ediv(wtF('aan(1　a　much　iml)F()ved　son･　X{ay　dli(4('n('y:

10μm　thi(tk　Be　R)ils　of　65　mm　diametel≒　Prillmry　dcdrons　produced　hya11　X{4y　dF1Ft

t()wM･d　the　middle　mcsh　und(,raw(Mk　el{OTic　ndd,　The　eledrons　th(ヽn　ellt4T　th(,cmission

region&nd　a(jceleratcd})ya　str()11g(･rl)arallcl　dedljc　tield､　φving　ri9　{,os(jntilhUioll

Uv　photons(λ~1770Å)1)y　rcl)eatedly('x(:iting　xellon　at()ms.　Unhk('Fls　l)Foi)()diol1;11

countersμhe　elcdr()n　lmlltiPlicanon　does　not　tak('1)la(t(≒F('sulting　the　cH(ylly　Fcsohltiol1

to　be　twice　better　tlmn　that　of　the　gas　l)rol)ol{ional(tounter(£/A7?~7Mlk('V),
　　The　ultravi()ld　l)hotons　l(mve　the　gas　cell　thi'ough　it　nlsed　(lual{z　w1Hdow,　to　bc(hy

t(tted　by　thc　imaging　l)hot()-11mltipher　tul)('(IPMT),Thc　l)ulse　h(‰ht　illfoHIlaGoll　i8

extra:ted　from　thc　last　dynode　of　thc　IPMT,　whi】('thc　l)osition　inn)Fnmtion　is　calTied　l)y

()utputs　from　two　sets　of　multiw1rc　an()des(16f()r　x　dir(･dion　aHd　1　6　Y　d1rcdion　y　A

dmrgc-sensitive　amPlincr　is　athtchcd　to　each　d　the　32　allodes.　h　oFdG　to　cal(:ulat(Uh(･

1)osition　fl‘om　thcse　32　anodc　signals､　on1)oard　CPU(80C286)is　us(4L

4.2.3　Background　Rejedion

hl　orbit　,　the　background　r(jedion　is　cmTied　out　vi;ut　rise-time(RT)dis(Tilnination　and　a

spread(SP)discriminatiolL　Thc　SP　dis(Timilmtion　was　enablcd　on　May　28　1993.　Therc-
k)re,wc　should　take　care　the　date　of()bserv4tioIL　lt　Gm　reduce　the　n()nx{ay　cvcnts

aPpearcd　the　edge　of　the　ddcdors　an(hs　iml)ortant　t()))esdf()r　thc　studies　of(･xtcnded

()r　dimlsesources｡　The　onl)oard　RT　ax:(:(4)tan(:e　willdow　is　sd　to　b(･rath(･I{oose,whidi

　　　　　　　　　　　　　　　　　　　　　　　　　25



Tabl(,4.1:　Time　rcsohition　4nd　llmximum　tlヽansnヽral)l(ヽsonr(4ヽint{ヽnsit onhe　GIS

Mode　Bit　rate

PH

PCAL

MPC

H
M
L

H
M
L

H
M
L

　Timc　resohltion

　Timing　lm8

　OI)it　　　10　1)ut

62jlns　　　61μs

500　ms　61　μs

　2s　　　　61μs

　　3L25　ms

　　250　ms

　　　h
　　　　　　―

O｡5　s　L95　ms

4j　s　15,6ms

16　s　62,5　1ns

Max,　souF(t　intensity

256　c/s

256　c/s

256　c/s
‐

32　c/s

4　c/s

l　c/s
---

1024　c/s

256　c/s

64　c/s

can　bc　tightcned　nlrthcr　on　μoulld　in　thc　course　of　dahomitlysis,　By　using　this　t㈲lt　l〕{T

window,thenonx-ray　ba(lkμound　cal1　1)e　rcduccd　t()he~10%wllih･　th･'　X{41y　is　lost

only　l　%(【Ohashi　d　aL　1996D,　AI)I)lylllg　SP　(hs(Timilntt　ioll　a　a(･r　RT　discrimilmtion,~

85%of　non　x-ray　blt(/1{g1･oul･l(1(〕a】11}e　l･tjc(:t(j(huld　its　(t()llll､|,1･ltl,(,､x･i{･,11i11　,t　l･;t(.lills()1･‘　17'　ls

(5-9)×10‾14　c/sμm2　/kev　in　1-10　kcv([Makishima　d　a1,　1996D

4.2.4　0bservation　JMTode

Therc　are　dim?rent　telemdry　lllodes　k)r　the　GISμh(･I)uls('h('ight(PHDn()(1(･,th('IlmIG-

dlannd　l)ulse　count(MPC)mode,thc　l)ositi(m(talibration(PCAL)m()d(･､and　thc　nl(mloFy
check　mod(y　xv(nlsually　use　PH　m()(I(Hn　th(qlomml　ol)s(･rvation,　PH　m()(1(js　n111y　CPU-

bascd　data]nod(E　Aftcr　calculating　the　ev(mtl)osition　and　aPI)lying　th('SP　and　so　on,

the　CPU　assigns(mdl　ac(M)ted　event　32　telemdry　bits.　Th('32})lts　aF({tc()mhinatiollof

sensor　ID,　pulse　height,　x　alld　Y　I)ositionsdise　time,　sl)rcad　of　hght　sigmddmd　dle　(w(mt

alTivaL　timi】lg　measured　by　thc　lml‘d-wired　h)gi(λTh(0)it　a8sigllln(mt　is　adj　ust,a})】e;　th(･

nominj　assignment　is　1-10-8-8-5-o-O　bits.　Time　resoluti()lomd　n14ximum　somT(jntensity

for　various　observation　modcs　arc　sunmmrizcd　i.n　Tabl(0↓

4.2.5　JEnective　Area　of　xRT/GIS

Figure　4,5　8hows　the　em?dive　area　of　the　combination　of　xln≒md　GIS/Fh(,dd(ttiol1

emcicncy　at　】ow　energy　part　is　d･dcrmined　with　the　thickness　of　Be　entmncc　window,

m()w　O,7　kev　energy　regi()ns､th(･emcien(ty　is　lcss　than　10　%and　almost　all　the　flux
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are　due　to　a　loNv-energy　tjl　conling　down　from　higherenergy　regions　caused　by　l)artial

absorption　of　primary　eledrons　at　the　Be　windo``7([lnoue　et　al,　1978D,

4.2.6　Gain　Corrections

Eachsensorhas　the　55Fe　isotope　(~Oj　c/s/GIS)attadled　to　the　edge　of　the　entrance
window　to　nylonitor　the　stability　of　the　gain･　The　gain　exhibits　a　temPerature　dependence

of　about　1　%Per　degree　and　a　position　dependence　uP　to　20　%･These　have　been　cahbrated

in　orbit　doxvn　to　1　%([Makishima　et　aL　19㈲E　Wedlsually,coITed　the　GIS　by　using
temP2gain　to　compensate　the　gajn　challge　due　to　the　detedor　temperaturch　The　gain　is

correded　for　the　peak　of　Mn-K.to　be　500　channeL

Figure　4･3:　Cross　sedion　of　the　GIS
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Figure　4･5:

GIS(Bottom)

Quantum　emciency　of　GIS　(lop)and　Effective　area　of　the　xRT　+
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4.3　Solid-state　lmaging　Spectrometer　(SIS)

4.3.1　0verview

The　Solid-state　lmaging　SPedrometer　(SIS)experiment　is　the　nrst　x{ay　detedor　in

orbit　that　utilizes　CCDs　(chargecoupled　devices)in　the　photon　countingrnode､lt　was

jointly　developed　by　Massachsetts　lnstitute　of　Technology　(MIT),Pennsylvania　State

universityjSAS　and　Osaka　university｡The　exPeriment　consists　of　two　detectors　(SISO

and　SIS1),　an　analog　eledronics　unit(SIS-AE),and　a　digitj　Processing　unit(SIS-DE)
whkh　is　combined　with　the　sPacecraft　data　processor､

4.3.2　Structure　and　x-ray　Detection〕M〕echanism

Each　SIS　detector　is　made　uP　of　R)ur　CCD　chiPs　of　ll　mm　s(luare　each　develoPed　in　the

MIT　Lincoln　laboratoryμo　achieve　a　22　mn4　×22　mm　squaFe　area　for　x{ay(‾ldediolL

This　covers　a　22'　×22'　square　rejon　on　the　sky･Each　chil)has　4096　by　4096　Pixels　of

27μms(iuareeach,and　a　depletion　layer　about　30μm　thick　whichensuresaldmproved

emdency　fDr　harder　x‘rays　than　conventional　CCDs,　Figurc　4,6　shows　the　cross　sedion

of　the　SIS｡
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Figure　4,6:　Cross　sedion　of　the　SIS

camerabod
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　　Figure　4y7　illustrates　the　quantum　emciency　of　the　SIS　as　a　function　of　x{ay　ellergy,

Thus　the　SIS　sensitivity　covers　approximately　Oj　~10kev,　ThGmal　lloise　in　the　SIS
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detedors　is　suPP2ssed　by　electronically　and　r“diati゛ely　cooling　the　CCD　chiPs　and　Pre‘

amPliners　do゛n　to　-60゜C.　Thlls　the　SIS　4chie`'es　“11　FWHM　enGgy　Rsohltion　of　about

150　ev　over　the　wholeenergy　range;　this　is　the　best　enel{y　resolution　ever　achieved　by

non-disPersive　x-ray　sPedrometers　so　far　Put　into　orbit･
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Figure　4y7:　Quantum　emciency　of　the　SIS

1

Energy(kev)
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4.3.3　0bservation]X/lode

ln　order　to　perform　Proper　photon-counting　spcdroscopyμheCCDrmme　musO)es(mmled

and　read　out　fast　enough　so　that　event　pile　uP　(i･e.one　Pixe1　receivillg　rnorc　than　one

x'r4ys)ls　virtually　negligible,　Since　the　read　out　cyci(js　"slljly　limitcd　by　the　tdemdry

c“pldty,　the　SIS　PerSrms　aji　extensive　on-board　CPU　Processing　to　comprcss　the　illfo1゛“

mation･　lnstead　of　sending　data　from　all　the　Pixds　to　groundμhe　SIS　basicjly　picks　ul)

only　thosc　pixels　in　which　the　ch4rge　exceeds　a　certain　threshold,　and　sends　oltt　their　ad-

dresses　and　pulse　heights.　Moreover　to　handle　targets　with　dihrent　x,my　intcnsities　alld

angular　sizes　under　diflercnt　telemetry　ratcs,　the　SIS　uscs　6llr　diffcrcllt　docking　modes;

1゛CCD,　2'CCD,　and　4-CCD　modes,　ln　the　n-CCD　mode　O　==1,2､4),data　from　n(:hips
fore“{h　detector　ale　read　out,　ln　the　1-CCD　mode,　etμhc　usj)1e　neld　of　view　becomcs

hmited　to　a　quarter　of　the　detector,　but　thc　event　pile　upbecomes　least　scvere　so　that　we

can　use　slower　telemetry　rates　and　observe　brighter　sources　than　in　other　docking　modes･

Fig11re　4･8　sho゛s　the　source　position　in　the　1-CCD,2ヽCCD　and　4,CCDdocking　mo(E
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Figure　4,8:　TOP　view　of　SIS　chips
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esUmated　derault　PosltiQns　ror

and　4　CCD　rltodes(lp　and　2p　are
61d　deraults)｡Circles　showestimated　opUcaL　axes　or
the　4　telescopes.　Chip　bound“ries　dre　shown　for　SIS-･0

SIS-　1　is　displaced　`l　mm　Lo　negdtive　DETY.

　　The　eledrons　Produced　in　the　depletioll　layer　byan　x-ray　Photon　may　be　spht　into

several　adjacent　Pixels.　The　pattern　of　chargc　sl)11tting　over　3　by　3　pixds　is　called　cevent

grade≒(X/Vhen　the　charge　is　sPread　o゛er　more　than　3　by　3　Pixels,the　e゛ent　is　rejedcd

by　the　on-board　CP　U　as　a　background　cvent,　)ln　order　to　copc　with　the　sPlitting　of

nornlaI　X-ray　events,　the　SIS　incorPorates　several　dat&s('1edion　modcs,For　examPlc

in　so　called　‘faint　mode≒infommtion　oll　a　certjlO)ixd　with　cvent　ddcdion　is　always

accompanied　by　similar　inforlnation　on　thc　cight　surrounding　pixds･　Wc　can　th(m　examine

ae　e゛ent　ground　on　ground,　and　restore　the　total　Pulse　heighOf　llccess&ly　ln　so　cjled

‘bright　lnode≒the　on-board　CPU　&utomatically　recognizes　thc　charge　splitting　pattern,

and　sends　the　tota1　1)ulse　height　only　for　events　with　spedned　evengrades,　Figu　re　4　.9

shows　the　dennition　of　the　grade　coITesPonded　to　the　charge　sl)litting　patterns,　The　faint
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mode　requires　a　larger　telemetry　capacity,　but　Provides　more　information　than　the　bright

mode,　Aduany　we　can　con゛ert　the　hillt　mode　data　into　the　bright　mode　data　oll　ground,

butthe　reverse　is　impossiblc

S

Grade　deanition

Perfect　Single

　　(Grade　O)

Figure　4j:　Grade　dennition
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P+=S㎞gle‘Sided　SPlit

　　　wi1　Touched　Comers
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�　A　maximum　le゛el　pixel　larger　thaJl　an　event　threshold

[J　A　pixel　larger　than　a　split　Lhreshold　゛hich　is　included　for　the　pulse　heigh【compuullion

EI　A　pixel　larger　than　a　spli{threshold`゛hich　is　nol　included　for　the　pulse　heigh【compu【ation

4.3.4　Hot　Pixels

Lattice　defed　in　the　silicon　substrate　causes　a　lower　resistance　in　the　insulation　of　elcdrode

of　particular　pixels,　lt　leads　to　a　supurious　background　sl)ectrum　similar　to　a　real　x{ay

event,Such　defeded　pixels　are　called　as　hot　pixels,　Discarding　of　the　hot　pixcl　cvent

can　be　easily　done　because　number　ofreadout　is　abnormaHy　frequent　from　hot　l)ixels

comPared　with　norma1　X-ray　events,After　the　launch　or　the　satellite,　lmmber　of　hot
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pix(?ls　4re　increasillg･　This　is　thought　to　b('du({(mm　in(T(゛sc　onμ{i(yddFdjnduced

by　the　chaFgcd　pal{idcs　ill　od)it･

4.3.5　Echo

"Echo"　is　the　Phenomenon　where　some　sl)ecinc　fradion　of　a､　I)ix(,Ps　Pulse　h(%ht(PH)le,tks

to　the　PH　of　thc　next　rcadout　pixel.　Because　PH　and　grad(,of　al1　(,vent　is　calculated　usillg

the　PH　of　event's　in　3　×　3　1)ixds,　edlo　amtts　both　the　grade　and　(･nergy　of　cach　photol1

cvcnt　in　a　nolFlin(mr　fashiolL　The　cdlo　values　are　dim,r(,110)dwcen　the　twosensorsand

ranging　l-2　%(Otani&D()hmi　1994E

4.3.6　Dark　Frame　Error

"Dark　Frame　Error"(DEF)is　t　he　dim･rcll(;(d)dwe(mth(･r(mlz(･ro　levd　()lj)ixcls　and　tha{
cstimated　by　thc　on-board　softwarc　On-board　softwalc　cal(:uiahP‰(,n)levcP　r()F(,ach　1G

X16　1)ixels　subsedion　hy　averaging　thc　P　H　of　l)ixds　whose　P[{lics　hdwecn　-40　ADU　and

40　ADU(1　ADU　~3.5cv)｡DEF　mainly　arise　from　a8ymnldric　diμΓil)u{.iol1()r　PH　aFomld
Zero dmd　is　innuenccd　l)y　the　charges　genel'atcd　hy　x{ayl)hot()ns,　dmrged　l)artich'sdmd

ol)ticj　hght　leakagc　on　the　CCD　ch11)s(Otani&D()tmli　1994),

4.3.7　Corrections

Corredions　fol･　ehd8　of　ca(lh　and　DEF　Gn　be　done　foF　only　Faint　mode　daUE　Fol･

th(?Bright　and　Fast　m()d(?daU1,colTcdions　n)r　th()se　is　iml)ossible,sinc({n　thes(Nn()dc,

data　were　already　l)r()(:ess(･d　ond)()ard　ddermining　th(･glwle()f(･V(･llt　b(φ)re　th(･daht

4c(luisiti()nλt　the　gr()und　sation.　Howcver,　wc　(MIl　estimat(dh(?({eds　in　th(Nnod({1om

thc　Fjnt　mode　observat,ions　and　incorp()rate　it　in　the　res1)olls(Mnatriccs,

4.3.8　　Light　leakage

The　light　leaked　fl`onl　oPtical　blocking　nlter　shiH('th('1)art　of　dlil)2　nnd　dlip3　for　SISO,

lt　l)resunmbly　caused　by　a　dalnage　in　the　ol)tical　blocking　nltcl≒　This　atr('ds　thc　(htrk

(mlTent　of　the　CCD､　and　callses　a　subtle　chang(jll　th(μmGgy　to　l)ulsc-hdght　RIitGm,
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4.4　XRT

Before　y1SC4,　three　major　astronomicj　satelhtes;　R7�dn([van　SPeybroeck　19791,

£X∂Mμ[de　Korte　et　aL　19㈱)and　ROMmAschenbach　1988D　arecquiPPed　with　x-
ray　telescoPes　and　have　in゛estigated　the　x゛ray　imaging　study･　Howe゛er,　these　observations

were　restrided　within　nalrow,　and　low　energy　band｡Then　these　instruments　have　no

capability　to　obser゛e　iron　K　line　enlission　around　7　kev　and　obtain　accurate　sPedral

Parameters,　especially　temperature　above　a　few　kev･　ln　order　to　enable　to　covel'　the　iron

K　lineenergy,　the　incident　angle　of　photon　should　be　twice　smaller　than　that　of　previous

mirrors　and　the　aperture　of　the　mirrors　should　be　large　to　colled　enough　photons,

　　y1SC4　XRT　was　fabricated　in　collaboration　between　NASA　Goddard　SPace　Flight

Center(GSFC),Nagoya　university　and　ISAS･　Though　the　xRT　has　nloderate　spatial

resolution,about　3　arcmin,　in　half　power　diameter　(HPD)jt　covers　wideenergy　range　uP

to　10　kev　with　large　collecting　area　of~120　cm2　at　7　kev　(ngure　4　j　O,　Table　4,2),Thus,

4SG4　makes　it　possible　to　investigate　the　sPatially　resolved　spedrum　for　the　mapping　of

iron　line　intensity,　and　temperature　for　the　nrst　time,

Figure　4jO:　Effective　Areaof　xRTs　in　verious　mission
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b (?t2:　Param({

　　　　Xveight

　　　Focallength

lnner(Outer)Diamder

　Mirror　fal)rication

　　Mirror　substrat(?

　　Mirror　thickness

　　MiITor　surface

　　Number　of　nest

　　lncident　angle

Efledive　area(1kev)

　　　　(7kev)

　Spatial　resolution

Rn4cm

500　kg

　3.4m

330(560)mm

　　l)olish

　　Glass

　~20mm

N
　
4

0,7~L20

~400cm2

　　　-

6arcse(t

4　of　xRTs　in　vari

　　£XOSylT

　14kg(2s({)

　　　1.1m

　220(278)mm

　　　replica

　　　　Bc

　　　3.5mm

　　　　Au

　　　　2

　　L5,1.80

~70cm2(2sd)

5ar(js{?(n

) jμ1.sslon

μOSy1T

　　2jm

466(835)mm

　　l)ohsh

　　Glass

　~30mm

　　　Au

　　　4

　L3､2j゜

　~300cm2

3alTse(≒

　　　4S(TTM

　40kg　O　sd)
　　　3jm

　120(3↓1)mm
lnulti-llested　thin

k)ii　milTor

　　　AIr()il

　　O｡135mm

　　　　Au

　　　　120

　0j4~0.700

~1200cm2(4sd)

~450cl�(4sd)

　　180nrcs(ヽ(≒

4.4.1　X-ray　renector　and　telescope

Thcre　is　a　(Titical　reHection　anglc　d(4)(mdingoll　the　suFface　material　or　a,　miITOlmuld

l)hoton(mergy,　Sum(jellt　renedivity　cal1　1)(･(･XI)('ded　wh(m　the　illdd(mt　411g】c　or　photons

(measured　from　milTor　surface　so-(MHed　grazing　anglO　is　snmlleIUhan　the　(TitlGd　angl｡

The　x-ray　reHedivity　decreasesral)1dly　j)ove　the　critical　allg1(n

　　The　interadion　of　x-rays　with　matter　can　be　cxPresscd　by　th(?complcx　index　of

refradion　of　renedor　in　classical　descr11)t1()n;

　　　　　　　　　　　　　　　　　　　　7z=1-δ-zμ　　　　　　　　　　　　　　　　　　　(4j)

　　whereδdescrihes　a　pha8e　dlange　and　βis　a　nftor　rclatcd　to　abs()rl)tio11,δandμ

aredePendent　on　thc　photon　energy　mld　thc　surace　matcriaL　For　thc　rdlcdion　4t　the

boundary　betwecn　materials　of　the　r(φ゛adion　indices　?zl　an(1712μhere　is　the　(t()ITdation

between　the　in(lidence　angleβl　and　r(■m41on　allgl(･β2m(usuMd　hom　smfa(:c(SndPs

law);

μl　cosθ|=z£2　cosβ2 (42)

And　renedion　coemcicnts　RI｣)and　s　l)olarizatioll　ar(･jvcll　by　Frcsn(･l　cquations;

7j

G

-

-

‐

-

m　sillβ2　-　Qsinμ|

nl　sinβ2+Q　siIJI

nl　sin191　-n2　sin　β2

nl　sin　βl+n2　sin　β2
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　　The　renedivity　is　given　l)yμ･2u7{“11d　/?,･　2　'yy　゛her({11e　ilstcrisk　dcnotes　th('

comPlcx　conjugate･　For　u11POlarized　x{aysμh('reH(ytivity　is　μ=(7i≒+R･)/2･

　　Now　we　collsider　the　l{ledi()n　at　th(o)oundaFy　l)dwecn　vacuulll　(ni=m1)and　thc

smhce　material　mattc1{○=4　E　Sinc･e　thc　r('al　Part　of　tl1(･r(φw゛tioll　ind(`x()f　the

nmtter　is　less　than　ullity　as　in(hcated　in　the　equatiol1　4j　i,11　the　x{ay　hand,　6　is　less

than　19D　Then　when　al　is　smaller　than　criti(jal　angle　((),61)ecomcs　zero.　lgnoring　th(,
absorption,the　eqllati()n　4.2　1s　modined　as,

　　　　　　　　　　　　　　　　　　c()s&=1-5

Sincc　･5　is　mudl　less　than　unity,　cos&~1　-　C/2,　Then,

　　　　　　　　　　　　　　　　　　　･9.=､/R

(t4)

(45)

　　where(is　the　(Titical　angl(y　For　exampleμhc　critical　4ngl('of　gold　at　6　kev　is　ah(mt

O｡75(≒

　　Thusμo　focus　on　x-rays,　it　is　nccessary　to　us(?th(･gmzing　in(jdcnce　rcHcdi()n,　S(･V-

eraI　X-ray　grazing　inddence　focusing　systems　have　b(tn　l)rol)oscd　and　r(･aliz(･d　8o　n1r;

KirkPatrick-Baez　tyl)c　systems,　the　Woltcr　tyP('systems　andso　oIL　Alnollg　th(,s(≒m()st

us(φ11　for　the　x-ray　astronomy　is　the　xvoltcr-typ('systems.　There　ar('thr('('typcs　of

xvolter　system.　A1l　systems　consist　of　two　asphcFical　rdledors　mld　phot()ns　al(yn)(nls('d

1)y　two　r(■edi()ns,　Xvalter　type　l　and　ll　both　utmzcd　a　P4luboloid　and　a　hypeFboloid

with(jomnlon　f()cus,　For　type　l,　the　renedions　takc　l)lace　on　the　i118i(|(･slll‰(tes　onMch

mi1To】≒and　f()r　tyPe　H,　the　r(1('di()n　occurs　on　the　insi(le　of　the　lmraboloi(l　mi1Tor　and

outside　of　the　hyl)(?rboloid　miITOI≒Xvaltcr　tyl)c　IH　consists()f　conk)(4tll)aml)o mi(I

dipsoid(ngure　4,11).These　systcms　have　small　colledingarcaheGmse　of　grazing　in({

dence.　ln　order　to　gai11　1argc　(Jedive　arcaμhe　incidcnt　allglc　should　l)('larg(!ol4('lescol)e

sd　should　be　neste(LTh(mn)r　the　astn)nomy,neso(I　Nvoltcr　type　l　t(･1(･scol)(･s　of　coaxial

andcoln】Tlonfocus　mirror　shclls　lmv(H)ecn　us(ML　/?0£47≒md£mμdn　httv(dlmF　n(?sts

of　telescope　shells,　and　£L¥0&4Tcarricd　a　l)alr　of　tw()t('lcscopes　ne8t(4　Howcvcrdh('se

telescoPes　have　limitation　oHow　energy　band　hccausc　of　still　htrg(Oncidencc　mlglc

　　The　in(Teasc　of　the　numbcr　of　ncst　is　not　emcicnt　bccallsc　of　the　ol)scumtion　by　thc

edges　of　thick　mirror　substrates,　For　jSC4　XRT,　whidlisiml)roved　versi()Ilofthe　BBXI{T

(Broad　Band　x-ray　Telcs(:ol)e)nown　on　a　US　SI)ace　Shuttlc　missi()n　in　Dc(:(･mber　1990,

the　alumilmm　thin　foil　substrate　has　been　adoPted　to　avoid　cxccssive　edge　o})scul‘ation

by　mult1-nesting,　Sinc(Ht　is　ilnl)ossiblc　t()hold　concave　ngure　of　thin　f()iljt　is　the　conical
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aPProximation　of　the　Wolter　tyPe　l　oPtics･　While　the　xRT　has　large　decti゛e　area　in

broad　bandjt　has　moderate　sPatial　resolution　([Serlemitsos　1988}y

Figure　4j　1　:　Wolter　type　l,　H,　and　IH　telescope　systems
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Figure　4j2:　Sdlematic　view　of　the　xRT
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4.4.2　Structure　of　/L9C/t　xRT

The　xRT　apertur({s　an　ammhls　with　ilmer　and　outer　diamders　of　120　and　345　mm

resl)cdivdy　mld　nHcd　by　120　R)ils.　Thc　conicj　foil　shM)cd　by　hcat　lUrming　is　('oated　with

10μm　Acryh({ac(luer　layer　txj　Fcdllce　the　sulhc('roughncss　and　with　500　AAu　laycr

above　it　on　thc　rcnedion　slH4ke｡　The　xRT　collsists　offour(luadrants(ngulヽe　4j3).ln

ea(h　quadrant　housin‰the　k)ils　are　supl)ortcd　at　top　an(ll)()ttom　cdgcs　by　th('gFoove8　on

the　1　3　radial　suPI)ornmFs(alignment　bars).Eadl　sidc　of　(1uadrmlt,a.re　dosed　hy　the　side

walL　A　part　})etwecn　2　ahgnment　bars　or　alignment　l)M　and　housing　side　wall　is　Gdlcd

as　'sedor'　and　identincd　by　thc　number　&om　l　through　14,　The　sedor　N(E　landN(),

14(each　side　edge　of　qu4drant)are　maskedj)ccause　the　both　sides　cdge　of　h)ils　are　not
supported　and　shows　bad　imag('quality･　Gaps　bdween(1uadrants　ale　alsonlasked/1`hen

xRT　produces　the　Point　source　image　with　cusp-like　peak　and　broad　skirt　which　looks

like　four　leaves　(ngure　4j4E

　　ln　front　of　the　xRTμhermal　shield　is　attache(L　lf　the　xRT　is　exposed　to　cold　simee､

the　tcmperaturc　of　xRT　1)ecomes　coolcr　than　othG　instrument8,　This　nmy　inducc　coIF

taminating　on　the　rencdor　surface　hy　the　volatile　material　from　the　rcst　of　the　sl)ace(Taft,

This　may　alsocause4　tol)4o-bottom　temperatuFe　μadi(mtjll　thc　xRT,　Th('s(N)rohlcms

would　degr4de　th(?rcnedivity　4nd　image　(luality,T()l)revent　themml　ludi;1tion　dt　v(ty

thin　nlm　has　})e(ml)14ce(1､which　is　namcd　as　thc　thcrHml　shi(･ld(ngur(Oj3)/Fh(dhcmml

shidd　is　aluminized　Polyethylene　Terq)hthalate(PET)mm　supl)oll('d1)y　a　O.15　nml　thick
stainless　stcel　support　mesh　with　3　mm　pitdi,　it　is　specially　(levd()pcd　l)y　TORAY　Co,

Ltd,to　thl(:kness　of　022　and　Oj4　μmk)r　thc　SISs　and　GISs　resl)('divc¥Oll　the　()11t(･｢

sulh(t　of　the　nlm､　the　300　Ajumimlm　has　been　coated　R)r　the　redudion　of　thcmlal

emissivity　and　l)rotecting　from　atomic　oxygen　bombardnlent,

　　The　thickness　of　alumimlm　coating　was　mcasured　using　tran8mission　of　Hc-N(Oas(,I≒

Thc　thickncss　of　PET　was　cvaluated　by　the　the　weight　mm8uremellt　of　nhIHuld　the　x-ray

transmissk)11.
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F㈲moL13:　/1SC4　xnT/mp　l({t　shows　ovcFlookiHg　onho　colllpl(ojM≒1　×1{T/1np

1≒ht　is　thc　toP　view　ont(1uadl･ant｡BOH.om　shows　{h(o()P　vic､v　or　thc　comPI(4c　xIFI≒
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4.4.3　　XRT　calibration

To　speci4　tlie　xRT　perR)rmance,the　responsefundion　of　xRT　should　be　obtaine(1.The

response　fundion　can　be　exprcssed　by　foll()wing　fundions,　　　　　　　　　　､,

&μRI?,φ)×4yJd/;R∂,φ)

y X4/(Jd/;£,β,φ)=1

(4j)

　　゛hele&//is　the　ehcti゛e　area,　44　is　thc　point　sPI゛e�nllldi()n(PSF),0J)ar(1

position　on　the　focal　plalle,　(a,φ)areofaxis　angle　of　an　objcd　mea8ur(ld　from　te1(!scol)c
axis　and　phase　anglenlcasured　fronl　the　boundary　of　quadrants　rcspcdivdy,　mld£is

incident　photon　energy,

　　Measuring&μand　44　for　the　all　situations　of(£j･φjrd/)is　iml)ossi1)le.　Then

the&μalld　FPsF　are　given　by　the　ray゛tlw;ing　simulation　which　is　a1)lc　to　l･('I)r()ducc　the

measured(lata.

　　The　investigation　of　the　xRT　performanceon　the　ground　was　caITied　out　at　variou8

facilities,　The　renectivity　(and　optical　constants)aroulid　the　Au　M　absorPGon　edge　en-

ergy(near　2.2　kev)of　fbil　mirrorslvas　nleasured　at　the　Ultra　viold　Synchrotr()n　Orbital
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Radiation　facinty(UVSOR｡)of　thc　lnstitute　6r　MOlecular　S(4ence(OkazakiJalmn),The

of　them)was　measured　at　the　30m　bcam　hne　at　ISAS　(Sagamihara,Japall)300　m　h(mlll

line　at　xvhite　San(1s(N･　M･,　USAE　The　ddails　of　l)re-night　cahbration　have　b(･(`n　p111)･-

11shcd　clsewhcrc　([Kunicda　ct　al.19931､[Scrlemitsos　et　aL　1　995】､{Tsusaka　eOIL　1993]､

【Tsusaka　d　aL　1995D.　Thcn　in　this　l)al)G,wc　deser1})c　the　injlight　Gdil)mtiolGmd　ray,
trM4ngs1rnulatlon.

Ray-tracing　Program

To　reproduce　the　xRT　perk)rmance,t　he　following　l)ammders　l)r(･viously　dcscrih(･d　ltr(･

1nduded　in　theray-tracing　Proμam,

1,　XRT　design　parameters

(a)XRT　housing　shM)e

(b)F()il　thickness

(c)Foil　length

(d)TOP　and　hottom　ra(lii　of　all　k)il　mirrors　(the　design　vahlc　oljroov('posi{jon)

(e)Masked　l‘egion

2.　Foil　mirror　parameters

(a)Foil　positioning　error　(groove　l)ositioo
　　ltcauses　the　image　shift　and　the　peak　l)roadelling　with　limikti()n()f

　　゛groove　width,

(b)Micro-roughness
　　ltcausesthe　cnergy　dcl)cndcnt　s(:atterillg　tjl　of　R)(ml　phm({nmg('s.

(O　mnTI-scale　Figure　error
　　lt　cmlses　th(Harge　sca1(tl)('itk　broad(ming　due　to　th(?thldllation　of　noF

　　mal　ved()r()n　thc　miITor　surfac(h

(d)sub-mm-scje　Figul`e　crror

　　lt　causes　the　peak　bro&den111g(in　snmll　s(MI(y

3,　Renedivity　l)ammder

(a)Optical　constants　(δ,β)

　　These　Parametcrs　ha{l　been　tuned　usingμound　based　mca8uremcnt　daut.　Tlle　l)ur-

poses　of　in-fright　calibration　were　the　connmlation　whdhcr　thc　the　xRT　I)crf()Hn411c(･has

been　changedornot,　and　the　adjustment　of　the　opti(:al　collstants,

42



Eflective　area　adjustment

There　is　no　rehable　optical　constant　,5　in　the　whole　energy　range　of　Oj　-　10　kev　because

of　the　dimcultics　of　absohde　lヽenedivity　measurcments｡Below　2　kev,　most　r(,1iablc　5

has　been　pubhshed　by　Henkc　d　j･(1982)2　and　in　the　rallge　of　2　-　4　kev,　β　xvas

obtaincd　from　tlle　ahsolute　renedivity　measurement　at　UVSOR｡　For　the　highcr　encrφes

(>4　kev),wc　used　･5　obtained　from　thc　s(･mi-em1)irical　r(･1atio11　R)I{d(･rivcd　from　Henk(Ps

tablejnterPolating　mcasurements　2　-　4　kev　and　rencdivity　measuremcllts　at　the　discrde

cnergies;　1,49(AI-K),4･5(Ti-K)and&O(Cu-K)kev,　we　have　pFel)arcd　a　sd　()f　ol)ti(411

constants　for　the　ray-tracing　program,　0n　the　eontmryjt　is　e6y　to　obtain　the　rehal)1({j

since　the　measurement　ofμis　diredly　ol)tained　from　al)sorption　co-emciel1K　Then　the　μ

in　the　Published　data　1)y　Henke　d　j,　(1982)were　used　in　the　ray{lwting　proμam　excq)t

O｡2-0.35　kev.

　　To　adjust　the　optical　constant　･5　at　the　(mergies　above　4　k('vjh('high(iuality　obs('Fved

Crab　nebula　spedrum　has　been　used｡The　Crab　nd)ula　ha8　bcen　kllown　that　it　has

~3　arcmin,extension,　constant　nux　4nd　a　simple　(m(?rgy　sl)(ytrum,　That　sl)edrnm

canbe　explained　by　a　l)ower　low　fundion　with　l)hoto-eledric　absorption　with　l)rcvi()us

observations.The　Crab　nebula　is　too　bl≒ht　to　observc　l)y　SIS/rherdore　thc　aljustm(mt

ofxRTresponsehad)een　done　using　GIS　data,

The　adjustment　procedur(l　is　as　n)11ows

L　Calculatc　expedcd　spedrum　with　GIS　and　xRT　resPOllsc3　f()r　the　CI4t})spedrmn

　　determined　by　Prcvious　experiments　　　　　　　　　　　　　　　　　　　　　　　　‥

2,　Makeδchange　to　climinate　the　llesiduals　of()|)scrved　sPedrum　froln　exP(･d('d　one

3.1terate(I)an(1(2)

　　The　details　of　thc　a(φ1stment　have　rel)ortc(11)y　Tsusak4(1994?)and　Watan41)(･

(1995E　At　l)resent､the　residuals　have　b(･en　less　than　2%using　th(･em･div(･nl4(μt　ta-

ble;　xrt-ea-V2-Lnts,　Howeverμhc　am1)iguity　due　t()the　uncertaillty　of　the　extensi()n　of

the　Crab　nebula　and　ofr-axis　angle　during　thc　obsGvation　is　st111　remaincd｡　This　may

cause5%discrepancy,　Then　this　is　the　accuracy　of　the　efFediv('arca　ta})1(FI(ngure　4j5),

　　2Recently､these　constant　has　been　revised　([llenke,Gullikson&Davis　1993D.Ilowever,M　Pr6ent,

the　revised　constallts　has　not　been　used　in　the　ray-tra£11tg　l)rogranE

　　3　Xve　assumed　the　point　source,

　　4At　thecurrent　statusof　the　standard　analysis　tools,　xrtJa-V2-Lnts　has　not　been　released　yd　omdally･

Then　guest　observers　uses　the　nlter　caJled　゛ARFFILTERi　has　been　usML　This　nlter　make　the　efkdive

area　table　change　to　eliminate　the　strudure　appeared　in　the　residujs　obtained　by　the　Crab　spedrum

ntting　with　the　current　version　of　the　efedive　area　table;　xrtJa-V2Jjits,
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Figure　4JL5:　The　results　of　the　Crab　sl)edrum　nttin&T()p:　b�()r(Nldjustmellt,Middle

after　lst　adjustment　(xrt_ea_Vlj　lts),Bottom:　after　211d　adjustmcllt　(xlt(M_v2_1.nts)｡
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PSF　adjustment

Since　the　ray-tracing　l)rogranl　for　/1SG4　XRT　had　been　develoPecμoIM)1ヽodu(tc　the　nv-

crage　Perforlnan(lcof　xRT,　azimuth“hlel)clldence　of　PSF　was　n()t　eollsi(lel`('(I(･xc(1)tn)｢

the　quadrant　boundaries　and　masked　“TGI･　As　th(?nrst　stel),the　l)nmmetel's　or　imag('

bhHTing(paramcters　2　-(|)),2-(c),2-(d))had　bccn　t･uncd　by　thc　radial　distF1lmtion

of　nux　averaged　ovcr　the　azimutha1　4ngles,　H()wev('I≒high(luality　GIS　ilnag(･s　of　Cyg

x-l　obtjned　in　Pv　phase　rcvealed　the　('xt(mded　l)Fonle　at　both　sides　of　thc　(p14drmlt

boundaly,　so-caned　‘HOH�(hgure　4yL6E　The　azimuthal　illf()nnation　l)ecomes　necessary

to　investigate　an　asymmetric　intensity　(hstribution　of　dimls(･souFc(?ssu(ヽh　ns　clustcrs　of

galaxics･

　　Sedor　No･　2　and　13　in　ea{;h　quadrant　mainly　contribute　t()PFodudng　the　image　at

both　sides　of　thc　qu,adrant　boundary,As　noted　in　sedion　4　t2､　thc　foils　hav(dr(･e　ends

and　the　imag(lproduced　in　the　sedor　No,　1　and　14　are　much　broadeF　than　those　of　ot,heF

sedolx　Since　the　ngure　error　is　sti11　1argc　ev(m　in　the　sedol7　No,　2　and　N(),　13jh(PHOFns'

seernto　appeal≒　This　ngul'eeITor　seelnsto　be　se(m　in　large　scal(?,Thell　the　l)aFalndeFs

of　mm-scale　ngure　error　(2-Ointh(,sedor　N0.2　and　13　have　heen　giv(,n　to　be　6　times

larger　tlmn　thosc　of　othcr　scctors,　Thc　l)aramder　tmling　was　dolle　us111g　th(Omag(･of

GROJ　1008　observ(･d　near　the　optical　axis　of　the　xRT,　For　tuningμhe　GIS　inmg(･sxvcFc

used　becauscGIS　has　larger　neld　()f　vi(･w　and　cal)a1)ihty　to　observ(0)I≒ht　smHu･s/〕111c

o}axis　angles　of　observati()ns　are　listed　in　Table　4λ

　　After　'Hom'　tulling,　while　the　discl･cpancy　of　mdial　Pronle　oPHoly　still　r(,mainsjt

R(luced　to　20　~40%(ngure　4.16).For　hlrthcr　illv(,stigations[o　repr()dllce　th(yLloFIP

I)ronlcjt　seems　to　l)e　necessary　to　c()nsid(･r　the　charadcristi(:s()f　cach　xRT,　Thi8　tmling

also　inll)roved　the　radia1　1)r()nle　av(･rag(･d　ov(･r　whol(々tzi　lml　t　h　al　allgl('s.　Thc　systematic

dis(:Fel)an(:y　bccame　less　tllm1　10　%(ngure　4,17),

　　Next　,　we　compared　the　simulated　l)rome　with　the　Cyg　x-1　imngE)})servcd　'tt　l4rg('roF

axis　angle　than　GROJ　(6　arcmin,　~17　arcmiiL,　table　4,4).Cyg　x-1　had　b(yn　ol)8(･rvcd　at
six　dim?rent　Positions　in　the　neld　of　vicw　till　the　tullillg　l)hase,　The　attitlldc　of　sl)ac('cFaft

was　stable　when　Cyg　x-1　was　observed　at　i)osition　0,　4　and　5,　whilc　the　attitude　is　llot

stal)le　and　systematically　shifted　&t　the　l)osition　1,　2　and　3　()bsGvati()ns,　Thcn　w(･us(?d

the(lata　of　positi()n　0,4　and　5　()hservati()n8,　The　ofaxis　angle　of　o1)servation8　ar(disted

Tablc　4j:　Ofaxis　an e　of　th･(H

Targds

　　3C273

GROJ1008

d8£IPHol�tuning

GIS-3
-

9y

4.6゛

GIS-2
-

5f

Oj'

45



Figurc　4j6:　'Horn'　tunin&　TOI):　GROJ1008　GIS　inmg(≒Middl(m　Simulated　image

belorc　tuning､　Bottom　:　Sim111a.ted　image　aaer　tuning
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Figure　417:　Ra(hal　pronle　of　GROJ1008　(G2)aaG　hllling,　The　1)('rpen(h(tulal〕1×1s

shows　the　b1≒htness(counts/pixd)and　thc　holjzontal　axis　shows　th(ヽradius　from　th(,

imagc　pcak,Crosscs　are　the　observed　(hlta　and　dashcd　lill(?s　al`e　the　simulatcd　l)ronlcs,

TOP　:　Oj　-　2　kev　band　Middle　:　2　-　6　k(?v　band,　Bottom　:　6　-　10　kev　l)and
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in　Tablc　4t

　　ln　coml)arison　to　thc　Cyg　x-　1　r4d1“I　I)Fome　cxduded　th(〈HOH1≒thc　discFepancy

bdwcen　the　data　and　thc　simulation　is　l｡s　thal1　10　%within　thc　radius　onO　aF(lnilE　at

all　enel`gics　and　ofaxis　angles･　At　largeF　radii　than　10　arcmin.μhe　o1)scrved　Pron1('s　show

the　systcmatic　excess　from　simulated　pronles　4nd　thc　systcnmtic　cxc(,ss　bec()m(,larg(,at

】arger　radii　from　10　%at　1　5arcmin　､　to　20　%at,20arcmilL(nmlre　4.18)f()r　the　Position　o

observation｡At　larger　ofaxis　allgles　(1)ositioll　4　alld　5),thc　systcmatic　cxc(,ss　l)(,comes

large　at　the　radii　larger　than　10　arcmilE　(30~50%)in　the　aH　cllergy　hand　(㈲urc↓19).

Thell　we　re-tuned　the　paramcter　2　-　(c)for　the　sedor　N0.3　-　12.AnL(,1･　th(,second

tuning,the　systematic　('xcess　seen　ill　large　()faxis　anglc　obseFVMions　(positio114,5)has

becn　reduced　to　20%at　radii　smalle1{hall　15　arcmin{ngllrc　420､4,21､4j2E

　　For　SIS,　we　used　3C273　data　obtained　by　1　CCD　mod｡　Xvhile　the　r(,liahl(,Fndial

prome　isavailable　only　within　6　altmin　(for　1CCD　modO　due　to　the　small　ncl(l　or　vi('w

of1CCD(11　mm　xllmm),thcrc　isnobroadeiling(?m,d　dllc　to　l,h(,dd(ttoljll　dilld(ヽll{,

to　GIS,　The　observed　radia1　Pronleaveraged　over　alhlzimuthal　angl(,s　is　good　agFe(m1(,nt

with　the　simulation　of　3C273　within　the　radius　of　6　arcmin.　The　discrcpancy　is　lcss　tlHm

10%㈲ul'c　t23),

Tahle　t4:　Ofr-axis　an eofC

Position
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Figure　4･18:　Radial　pronle　of　Cyg　x-1　1)osition　O　and　simulati()nlヽ)en)re　2nd　tuning.Top

Left　:　GIS2　2　-　6　kev　band,　Bottom　Left　:　GIS2　6　-12　kev　band,　TOI)Right　:　GIS3　2　-

6　kev　band,　Bottom　Right　:　GIS3　6　-12　kcv　balld
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Figure　4j9:　Radij　pronle　of　Cyg　x-1　position　4　and　silmllation　bd‰Fe　2lld　tuning｡　T()p

Ldt　:　GIS2　2　-　6　kev　balid,　Bottom　Left　:　GIS2　6　-　12　k(,v　band,　Top　Right　:　GiS3　2　-

6　kev　band,　Bottom　Right　:　GIS3　6　-　12　kev　band
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Figurc　4.20:　Radij　pronle　of　Cyg　x,　1　position　O　n,nd　simulatioll　an(,F　2nd　tlming.Tt)l)

Left　:　GIS2　2　-　6　kev　lmnd､　Bottom　Lcft　:　GIS2　G　-　12　kev　l)and､Top　Right　:　GIS3　2　,

6　kcv　l)and､Bottom　Right　:　GIS3　6　-12　kev　l)mld
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Figure　4.2　1　:　Radial　Pronle　of　Cyg　x-　1　position　4　alld　simulat,ioll　aR(4　2nd　tmlillg.　Top

Ldt　:　GIS2　2　-　G　kev　band,　Bottom　Left　:　GIS2　6　-　12　kev　l)and､})p　mght　:　CIS3　2　,

6　kev　band,　Bottom　Right　:　GIS3　6　-　12　kev　band
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Figure　4.22:　Radial　pronle　of　Cyg　x-1　1)ositioll　5　and　simulation　a　a(,r　211d　tunin&TOI)

Left　:　GIS2　2　-　6　kev　band,　Bottom　L({t　:　GIS2　6　-　12　kev　band,　T()I)mght　:　GIS3　2　-

6　kcv　lmnd,　Bottom　Right　:　GIS3　6　-　12　kcv　lnmd
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Figure　423:　Radial　pronle　of　3C273　obtained　by　SISO　and　sillml“tion　aftcF　2lld　tuning
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Chapter　5

Analysis　of　x-ray　emission　from

Clusters　of　Galaxies

We　analyzed　/tSC4　data　of　6　(11stant　clusters　of　9�xi(,s　by　th(,id(,llti(4d　metho(L　ln　this

scdion,　we　describe　thc　4nalysis　mdhod,

　　XSELECT,XSPEC　and　FTOOLS　which　are　the　standard　ullalysis　tools　dev(`lol)ed　4t

Goddard　SI)acc　Flight　CCIltcr(GSFC),NASA,ar(･use(lf()r　data　r(･dudiol1,coITcdioll

ofs{)ftwares　llsed　herc　ar(Histed　in　Table　5　2

5.1　Data　reduction

x-ray　photons　are　observed　one　byone｡　The　outl)ut　l)uls(!ofdd(ytoljs　caUcd　as　cvent　or

count｡Thc　raw　data　after　on-board　data　redudion　indudc　non-X-ray　events　otheF　than

the　x-ray　events.

　　The　non-X-r4y(?vents　arc(;aused　by　l)articl('sofl)ljmaFy　cosmic　nW　nnd　of　s(tolldaFy

produced　by　high　energdic　phot()ns/〕Ph('counting　ratc　of　non-X-ray('vents　is　well　co1T('-

1ated　with　the(tut-off　rigidity　(COR)R)r　GISI,　COR　is　denned　4s　the　dmrg(･dl)al{1(y】(Ps

minimum　momentum　for　rea£hing　to　the　sulTa(le()f　the　eaTth　4gainst　th(9,1edro,lmtgndic

forccof　terrestrialnlagndism　at　a　satellite　l)osit1()IL　Th(m　COR　is　descFil)e(l　as　the　fmi(y

tion　of　a　satellitc　PositioiL　Xvhen　the　sateHite　passcs　through　th(How　CORr(joll　in　th('

o11)it､thc　counting　rat(lof　non-X-ray　cvents　})ec()m(･s　hiJL　Morc()vcr,　thcrc　is　()n(･rcgion

called　as　'South　Atlantic　Anomaly　(SAA)≒n　which　the　dcnsity　of　thc　dmrg(?d　lmrticl(Gs

extremely　high,　Around　this　region,　the　counting　rat(u)f　nol1-X-ray　evcllts　i8　also　hiJL

　　The　x-ray　evcnts　include　the　solar　emission　scattered　by　the　carth'8　&tnlosl)herc　wh(m

the　earth　rim　is　contained　in　thc　ncld　of　view,FurthG111or(･,h)r　SIS0,　thc　lcakage　or

　　IFor　SIS,　there　is　little　correlation　between　COR　and　the　(:oullting　rate　of　noll-X-ray{･velits,|)e(jtlls(t

CCD　has　smaller　volume　than　GIS｡
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optica1　11ght　has　been　seen　on　the　detedor　plmle　whcn　the　angl('bdw('cn　thc　dir('di()nof

the　xRT　and　that　of　hl≒ht　earth　rim　is　slna1L

　ln　order　to　4void　thc　c()ntamination　desGibed　above{h({TOIlowing　datn,　hitv(o)cen

scleded　accor(hng　to　the　scicdi()n　critclh,

･The　data　ol)tailled　at　the　outsidc　of　SAA　for　both　of　GIS　and　SIS｡

･The　data　obtained　wh(m　COR　is　less　thall　6　GCV/c　for　both　of　GIS　mld　SIS

･The　data　obtained　during　thc　devatioll　is　great(,1uhall　y　n)r　hot,h　CIS　and　SIR

　The　elevati(m　is　the　angle　hdwcen　the　dircdion　of　xRT　and

　that　of　the　carth　surface｡

･The　data　obtained　duljng　th(,elevatioll　h･om　th(,hright(,a1{h　is　glmtter　t,hal1　25゜　h)F

　SIS｡

　　The　resultant　exl)()sure　time　after　above　rcdudioll　wil1　1)c　shown　in　scdioII　6　n)I〕Meh

target　and　summarized　in　Tablc　6jO｡

5.2　　Spectral　analysis

ln　ordcr　to　obtain　the　plasnla　Pal'ameters　of　the　h()t　intrach18tcr　mcdium､thc(mergy

spedrum　was　integrated　within　a　radius　centered　at　th(H)I'1ghtll('ss　l)eak　ol{lust(･r　alld

ntted　by　the　model　sPedrum,　T()1nvestig&te　the　azimuthally　£tvcntgcd　t(?IUI)elut　u　re　vaFi-

ation,　the　results　obtaine(1　with　the　scveral　anmllar　intcgratl(m　regions　were　coml)ared

with　ea£h　otller,　Adopted　boundary　mdiiarcL5,3,6,9　and　1　2　1fGllin　,　f()r　GIS　and　L5,

3,6mG�n,f()r　SIS.　Howcver,Rjr　CL0016+16,3,6,and　8　ar(IIlin.njr　GIS　and,　3　and

6　arG1'iin,f()r　SIS　have　1)een　alol)ted　becallse　of　thc　poor　stntistics　ill　th(･8mall　wφoll,

C()rresPonding　radii　in　Mpc　ullits　Rjr　eadl　targd　are　hst('d　in　Tablc　5↓

Table　5.1:　Adol)ted　lntegration　radius　(Assun}illg#o　2　50　and　㈲=1=O)
Targd Redshift ra(hi(MI)(⇒

　　AI413

　　A2218

　　A665

　　A773

L0016+16

Oj43

0j71

j82

0j17

.545

Oj,0j,L2､L8,2j

j,0y　L4,21　2j

oj,0,7､L5,2j,3.0

,4,0,8,L7,2,6,3,4

　　　　　　L5､3j,4j
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　　The　integrated　sPednlm　includes　the　cosmic　x-ray　hackμound(C?XB)an(l　detedoF
iliterllaH)a£kgroun(L　To　obtain　the　x-ray　sl)edrum　ofthe　targ({th(･s(d)ackμoulld(･vents

have　to　be　subtraded.　Since　the　distant　clust('rs　arc　faint　an(l　ditFusc　x{ay　source,　ins

Possible　that　the　results　ale　del)cndellt　on　the　ba(tkμound　subtl‘4dioll　m(4hod,('sl)c(゛ially,

for　CL0016+16.There　are　two　difrerent　methods　to　get　backFound　sl)cdra､One　is　thc

way　to　use　the　background　spedTa　int(?grated　within　a　ciFCle　of　64adius　in　the　sollrc({I゛('('

sky　region　of　the　Present　neld　of　view･　XV(?I)kked　three　dim'1'ent　(tnt(t　positiolls　at　th('

same　off　axis　angle　as　that　of　the　source　deteded　positi()11.　A11other　killd　on)ackgFoulld

spedrum　is　obtaincd　from　superl)osed　several　dim'rcnt　blank　ndd　accmmllM('d　in　lmlch

longer　exPosure　R)r　the　CXB　o1)servati()11s･

　　Totally,four　ba(tkground　sPedra　were　adol)ted;　one　of　tllese　is　inteμatcd　in　the　su‘

perl)oscd　blank　neld　and()thcrs　are　intcgmted　in　source　fr('('r(j()n　of　thcsalnc　ncld　of

view　of　ea(jh　targd.　Then　we　compared　the　result　with　(mch　othei≒

　　The　sl)cdrall)aramders　arc　obtaine(H)y　ntting　the　silmllat(･dsl)ednlmf()r　ai)prol)1‰tc

x-ray　emission　model　to　the　obscrvcd　sPcdrum,　ln　this　th(･sis,Raymond-Smith　mo(I(4　il1

XSPEC　were　used　as　the　cmission　modcl　and　abun(lance　units　[Fe】/[H]=4j8×10-5　weF(,

used,　ln　this　fitting　l)roccssμhe　modehPcdrum　is　produced　1)y　llmltiplying　th(jlltFinsic

intensity　of　emission　nlodd　by　thc　xRT　em･div(utrea(which(I(?(mds　oldhe　�)scrved　olF

axis　angle,sourcebrightness　distributi()n　and　intcgration　rej()n)mld　ddedor　(■icl(mcy

(which　depends　on　the　position)in　each　en(,rgy　bilL　For　exten(|(,d　sour(y　th(,XI{T

response　is　comphcated　1)ecause　the　directions　of　in(jd(mt　photons　arc　not　l)antllel(8ee

Sedion　4,4)･　　　　　　　　　　　　　　　　　　　　　　　　　　　　　,,
　　Xve　used　the　softwalle　'ASCAARP　inchlded　in　FTOOLS　for　making　thc　energy　r(F

sl)onse.　This　software　cal(mlates　the　xRT　and　ddedor　em(nllcy　n)r(ueh　l)ix(･linaφV(m

l)rightness　distribution　and　the　av(jl'age　of　these　emc1(mcies　to　givc　the　total　rcsPons(E

Howeverjn　this　process,　the　observed　bl≒htl1('ss　distril)utioll　wa8　uscd　f()r　thc　(:jcuhttio11

of　the　emciencies,　The　observed　inmgc　sufF(･red　the　energy　del)cnd(mt　broadenillg　dl‰4

due　to　the　xRT　PSF.　Then　the　total　cmdcncy　l)u1IO)y　al)ov(･I)Fo(:css　is　oveF(stim4t(XL

　　For　thc　distant　clusters　wc　allalyzed　here,　the　angu�IJizcs　are　hr　smjler　than　that　of

the　nearby　clusters　and　similar　to　the　point　sour(n　Then　we　comPal'cd　the　rcsults　obtjllcd

with　the　extended　sourcc　resPonsc　to　that　obtaincd　with　the　point　sourc('rcs1)()nscy　Th(?

temperature　and　abundancc　obtjned　with　the　cxtelldcd　soul'(:c　rcsl)ons(･arc　consistcnt

with　those　ohtained　with　point　source　respons{E　For　the　x{ay　nux,　thc　ext(mde(1　sourc(!

resl)onse　givc　us　about　10~15%highG　vahle　than　thc　point　sol1rce　resl)onsc　systcmati(411y,

　　2We　used　the　softwale　゛ASCAARP　and　゛JBLDARP　for　making　the　poillt　source　response　and　also

compared　the　results　with　each　other/JBLDARP　has　been　develol)edl)y　the　hardware　c4lil)ratioll　team

in　Japa11(【?D　and　distributed　from　ISAS,
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Since　it　seems　that　the　true　value　is　in　hdweell　thosc　vahles､　wc　derived　the　median　of

those　values　as　the　x-ray　nux　and　15%of　this　value　as　the　e1Tor　of　it,

　　VVc　jso　deduced　thc　dustel`rcdshift　from　the　line　center　ellcrgy　of　Fe-K　linc　For

high　tcmperature　dustcrs　(kT≫5　kev)､thc　hght,　clcments(low-Z　dcmcnO　arc　4lmost

n111y　ionized　and　the　iron　bccomes　He-like　and　HJike　i()11.Then　the　x{ay(Mnission　is

wcll　dcscribed　as　the　hremsstrahhmg　and　Fe-K　hnc　emissiolL　Tll(,11　we　nttcd　the　ohscrved

sPedra　to　the　model　which　(:ollsists　of　bremsstrahhmg　emissi()n　and　gaussians　alld　dcl･lv(,d

the　line　center　encrgy.

5.3　1mage　analysis

For　the　spedral　analysis,　sillce　the　distant　clusters　is　faint　x{ays()11rce　an(hts　sl)edml

data　is　statistically　l)oor,　8ystematic　cITor　due　to　the　(lhange　of　thc　otFaxis　mlitl(Osl('ss

than　the　statisticalcrroL　For　examl)1(≒thc　systcmatic　eITor　of　th(Hieml)eratlm{s~01

kev,　Therefor(Hh(Hnstabmty　of　attitude　contr()l　is　not　scrious　f()r()ur　sl)('drahmjysk

Howcvcr,f()r　image　almlysis,　it(tan　amft　the　evahlati()noH)rightll(･ss　pF()nl(･,　Th(

exduded　the　data　whidl　obt&incd　durillg　the　teHn　ill　which　thc　altitudc　was　systemat

shifted　from　theaverage　above　O･2≒

i
i
　
i
ー
ー
ー
ー

n　We

(Jly

　　Nextjn　order　to　examine　the　energy　dependenc6　of　brightnessdistri!)ution,xv(!c()ln-

I)ared　the　radial　proUlcs　bdwcen　dimjtent　encrgy　lmn(k　Consid(ting　thc　Photon　st4tis-

tics､vveseleded　thc　two　energy　t)ands;　O,5-2jkev　an(1　2jdO,0k(･vf()r　SIS､　O.7‘2,5kcv

alld　2,5-10jkcv　for　GIS｡　　　　　　　　　　　　　　　　　　　　　　　　　.,

　　For　th(y　chlsters　analyzed　in　this　thesis,　most()f　all　show　thc　symmdrical　sh41)(･on

the　ylSC4　sl)atial　rcsolution　.3　Then　thc　azimuth　ally　av('r4gcd(onc　dilnens1()nal)lylial

l)ronlexvereMloptcd　f()r　the　image　analysk　T11(?pcak　position　()f　int(msity(hstribution

were　dcnned　as　the　center　of　circle　(7ヽ=F)in　whidl　nux　became　maximulm

　　Sinc(Hhe　brightllcss　hecomcs　about　one　hlm(IF(･dth　of　l)eak　l)l≒htncssal　thc　l)osmo11

8'-10'　apart　from　the　cellter　and　is　coml)arable　to　the　baekgFound　sulhcc　hl≒htllcss,

the　background　subtradion　is　hnportant,　Assalne　asthe　mdhod　adol)ted　n)r　sPcdml

analysis､xve　comPared　the　rcsult　obtained　by　tl1(･suhtradioll　of　sul)erl)os{･d　blallk　sky

image(normalized　with　the　exp()sure　time)with　that　obtjne(11)y　suhtrading　th(Mtvcragcd

brightness　in　the　source　frce　rcgi()n()fth(･1)rcsent　ncld　()r　vicw,

　　T()evaluatc　the　radial　l)r()nle,βmodcl　were　uscd　(scdi(m　2t2,cquati()112jO),Be-

callse　the　observed　brightncss　l)romearc　(hstorted　by　thc　cxtended　xRTI)oint　sPread

　　3μOS/17　has　better　spatial　resolution　thaJl　that　of　.,4SG4The　bl≒htness　distrihutions　obtjned　by

RO£4?　show　thesnlall　scale　asymmetry･
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fulldion　whidl　has　compli(Mt{?d(mGgy　and　on≒1xis　angle　dcP('ndellcc　as　shown　in　s(Ttion

4A3､the　obsel･ve(1　1-1tdial　ljlヽc)nle　ctal1　1･.ll)0)(､,tlol111,aiヽ(,cl{.o　tllc　l)l･()nl(,ol`μlllodc,l　i111111t',(1i-

atcly,　Then　wc　madc　the　t(mlplatc　prohlcs　ofμmodd　Passed　through　the　xRT　using　th(･

ray-tradllg　simulation　(scdjon　4･4λThe　teml)14tc　l)ronl('s　are　madc　for　the　each　l}aram-

der　sd　;　Energy　(L　2　,　4　･O,　7･Okev),ofaxis　4ngle(O,　5,　1015arcmilOd)has(≒mgle(0,45

dcgree),t(Oj　arcmin　･　piteh　,　0j　`5･O　arcmin〈)andμ㈲02　Pitch,　0j~LOE

　　Wc　calculated　the　x2's　in　the　(βoμ)1)lalle　at　aPProplhte　cnGgyd)n≒txis　angle　and

Phase　angle　for　the　targets,　and　searched　k)r　the　lmramcter　sd　at　which　x2　hecame

minimum.Assuming　the　bremsstrahhmg　emiss1()n　at£T=8kev､intensity　w(,ighted

average　photon　encrgy　at　rest　aamc　is　l.4　kev　in　O,5-2,5kev　band　and　5,7kev　in　2,5-

10kev　bmid,　resPedively.　Then　the　template　pronlcs　of£t==1,2kev　n)rOjE2j　kev　hand

im4gc　and　that　of£=4.0　kev　k)r　2,5-10　kev　band　image　w(･re　uscd/Γh(･I)ropridy　and

uncertjnty　in　this　Pronleevaluation　w111　1)e　dis(jussed　in　scdion　8､
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7[a.ble　52:　S()Rxvareand　Filesfor　dat4　analysis

Software　versiolls

Calibration　nl｡

M{LT

　　EA､PSF xrtJa-V2-01ts,xrt-Psf-V2-01ts(with/withouO�lilteo

xrtJa-V1-Lnts,xrt-I)sf-V1-Lnts

GIS

　　Tel｡d(f　nle

　　　　Be　mal)

　　　　Grid　maP

　　Gjn　history　nle

　RTl　boundary

gis2-ano-onJL1802951ts,　gis3-allo-o11』[180295jits

2bcvLnts,s3bcvljits

s2gridv31ts,s3gridv31ts　,

jnhist_93UOLghf｡V2(for　th(,targds()hservc(lbdor(H993/11/01)

ile　made　by　teml)2gain　vcrsion　3,6(4ft(･r　1993/1　1/01)
ti4is-1024-040693jits

SIS

　　TeL　deE　nle

　　Edlo　corredion

HA　to　Pl　conversion

sO-teldeL0702941ts,　s1　-tdd(£070294.nts

iscchos2902961ts

isl)h2pi2902961ts

Detedor　Resl)onse　Matl゛ix　(RMF)

　　　　GIS

SIS(Faint　mode)

(Bright　mode)

gis2V4-Oj゛mf,　gis3V4-O-rmf

sOc?g02341)40eO-512VO･ー8h･rmf,　s　l　c?g0234‘i)40eO-512VO-8h,rmf

sOdg02341)40eOj512VO-8i･rmf,　slc3902341)40(?O-512VO-8ijl�

sOc?g0234p40e1-512VO-8h･Hnf,　sl(;?g02341)40(4-512VO-811.Fmf

sOdg02341)40('1-512VO-81,rmf,　s1(t3902341)40(H　-51　2VO,81j‘mf
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6.1　CL0016+16

6.1.1　　1ntroduction

CL0016+16　at　redshift　0.541±0.001({Koo　1981])is　notable　6r　its　extremc　lヽiehn(,ss　and

its　absencc　of　a　d()minallt()I)ticj　galaxy,　The　galaxy　distrihution()f　CL0016+16　shows

NE-SIW　elongation　withanaxial　ratio　of~Oj　and　corc　radius　of　46arcsc(≒　lt　is　dassined

as　Bautz-Morgan　tyl)e　II-IIl　from　its　galaxy　distribution　([Koo　198il)｡This　clustelヽis
one　of　the　best　studied　clusters　at　this　high　redshift　in　comledioll　to　th(,Butcher-Oemler

efled([Butdler&Ocmler　19781)｡This　dllster　had　l)e(,nc()nsidercdas　the　countcr　exmn-

ple　for　the　Butcher　&Oemler　eH〕ed,since　nlost　of　galaxies　within　3'　are　very　rcd　and

old(【Koo　19811､　[Butcher&Ocmler　1984])｡Rec(.,nt　observations　rcvca】ed　that　th(o〕his

duster　contains　a　large　fradion　of　E+A　galaxies　([Fabricant､MCClintock&Bautz　19911,

[Bellonl&R6ser　1996D.　Since　these　gahLxies　are　considered　to　have　1)een　l)ast　a　n･w　Gyr

after　synd1ronous　star　R)rnmtion(starburst)jtl)roved　that　this　dustcr　is　n()t　th(･c(mllt('｢

exan1Ple　for　the　Butcher-Oemler　efred.

　　CL0016+16　has　beenknoxvn　asextrcmcly　lumin()usx{ay　duste1≒Th(demp(tatur{'of

ICM　in　this　duster　has　not　been　known,　becausc　this　duster　dctedcd　by　instnmmlits　with

tclescoPcs　only.　These　instruments　have　limitcd　enel･gy　band　and　a　dimculty　to　d(?(jdc

the　temperatur(EGμVGyl　whidl　has　a　go()d　ability　to　obtain　th(demp(,rature　c(mld　not

deted　this　chlster,The　imaging　instruments　provided　thc　lower　limit　of　t(!ml)erature

from£in4dnIPC([XVhite　d�∠L981D　and　the　range()f　6　to　10　kcv　from　μθSL/1TPSPC

([Neurnann&Bohringer　1　996LE

　　£mμdn([xvhite　d&1981D　observation　obtained　a　soft　x-ray　imagc｡　Nvhitc　d
a£(1981)dgrived　c()rem(lius&=30"　and　central　surntc(H)I≒htlless　/o　=3,7×10‾‰'rgs

s‾】cm‾2　from　£i714cm　HRl　data　using　βmodeL　How('VG　be(:ause　of　the　l)()or　statisti(:s

they　nxed　β=Ot　Recent　/?0&4Tobservation　obtained　the　palmneters;　(&､μ)z(O｡7≒

074)([Hughes&Birkinshaw　1995]),(O｡83≒0,80)(【Ncumann&Bohringer　1996Eμ

6.1.2　0bservation

The　observation　of　CL0016+16　was　carried　out　from　July　19　thr()ugh　20　il1　1　993　at　thc

2CCD　nominj　PosiUOIl　where　thesourceimagecol'nesto　th(d)oundary　of　2　of　Rμ1r　chips

of　each　SIS　detedor.　The　angular　distanc(･of　this　s()urcc　n'om　Gch　optical　axis　of　xRTs

ranges　is　3.4≒8,4≒6,0'　and　(E2'　for　SIS0,　SIS1,GIS2　and　GIS3,　rcsl)cdivcly,　GIS　workcd

in　the　PH　mode　alld　SIS　worked　in　the　4CCD　Fjnt　and　Bright　modc.　Aft('r　thc　data

reduction,the　resultant　exposuretime　was　~36000secR,r　GIS　alld　~24000secR)r　SIS｡

Source　e()unting　rates　wcrc　~O,05　ds　s‾IR)r　GIS　alld　~O,06　ds　s‾Jk)r　SIS　within　thc

cirde　of　3≒radius　centered　oll　the　dustcr｡　Dctails　are　listed　in　lable　6jO｡
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6.1.3　Results

x-ray　spectra

The　sPedrum　obtained　from　eadl　detedor　(energy　hand;　O｡7-10　kcv　f()r　GISs,　0.5-10

kev　for　SISs)are　ntted　with　Raymolld&Smith　model　incorporated　with　thc　neutral

hydrogcn　absorption　on　the　linc　of　sight　(ngure(E1)se1)arately.The　obtained　l)aramders

are　consistent　with　ead1　SIS　and　GIS　ddedors･　F()r　next　stel)μhesamc　modcl　is　a1)I)1i(･dt()

ea£h　pair　of　detedors,　GIS2+GIS3　and　SISO+SIS1,　Though　thc　best　nt　y/μ)GL4±LO)×

1021　cm‾2　for　GIS2+3　is　slightly　larger　than　that　for　SISs,　thc　value　of　(5,8±2j)x　1020

cm‾2　obtained　with　SISO+SIS　l　is　very　close　to　the　galadic　value　of　5,0　×102o　cm‾2

decided　from　radio　data,　Since　SIS　has　better　sensitivity　to　yμ､th(lal)sorptioll　cohmm

density　is　nxed　at　the　gja£tic　value　in　the　f()11owing　nttings,　Then　the　t(･ml)emture　an(I

al)undanceobtjned　from　simultaneous　ntting　f()r　GIS2+3　and　SISO+1are　8,0{M　kev

and　O,11{n　relative　to　the　cosmic　(cosmic　:　71(Fe)μ(#)=4.0×10-5)(90%co�1dencc
uncertainties)｡

　　Our　result　is　slightly　dependent　on　thc　background　subtradion　lnethocL　Howevcr,

the　temperatures　from　one　of　the　dded()rs　with　four　dim2r(mt　background　nles　showed

3,5%stalldard　deviation｡Xve　used　tlle　background　sl)edra　from　the　CXB　o1)servati()11s

for　the　sl)edral　analysis　mentioncd　al)ovcj)('caus(jt　has　th(d)cst　statisti(:8　alld　the　other

methods　also　show　essentiany　consistent　results,

　　Xvhen　we　extend　the　radius()f　integration,　ther(1　is　a　small　dccrease　in　the　averaged

temperatute(Table　6,　1　E　lt,　howevcr,　call　not　be　collcluded　that　ther(Os　teml)erature
gradient　because　of　relatively　large　error　bars　in　the　l)rcsent　data　sd･Furtheljnv('stigation

of　the　temperature　distribution　re(iuire　longer　cxposure　obscrvations･F()F　th('R)11owillg

spedral　al1゛alysis､　we　use　thc　data　integrated　within　6'　radiusj)ecaus(lof　good　statistics

and　thc　wcll　calibrated　response　of　thc　telcs(:()Pc　syst(lnL

　　As　far　as　line　features　arc　conccme(I,thc　l)oor　statistics　still　prev(mt　us　fr()m　ob　htill　i　l　lg

a　dennitive　answers.　For　examl)1ejron　linc　featurc　exPeded　at　6.7kcv(rcst　frame)is　n()t

clearlyseen｡　Since　iron　is　the　only　elcment　which　is　not　f1111y　ionize(l　ill　sudl　a　hot　plasma

of　several　kevjts　abundanceis　cssentially　decided　by　the　equiva】ent　width　of　the　114)nK

line　feature,　However　the　upl)er　limit　of　the　Fc　abundallce　quoted　a1)ov(Hs　not　il1(:()nsistcnt

with　that　derived　for　othcr　high　rcdshift　clustGs　of　galaxies([Mush()tzky　199GD｡

X-ray　images

Figure　6,2　shows　the　x-ray　image　obtained　with　SISO,　This　image　is　not　background

subtraded,　Note　that　the　vjley　like　strudurc　in　Hgure6,2　running　from　NW'　to　SE　is

due　to　la£k　of　data　at　the　boundary　of　2　CCD　chips,　Figure　6,3　i8　the　azimuthal　averagcd

8urface　brightness　distribution　of　SIS0　1mage　after　ha(:kgl゛ound　subtradion,　bas�oll　th(･
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background　map　from　the　superPosed　blalk　neld　accumulated　in　muddonger　exl)osures

for　the　x-ray　backμound　observations｡　lt　is　dear　that　thc　CL0016+16　is　more　extended

than　the　distribution　expeded　for　a　l)oilltsource　asshown　in　hgure　6.3　with　s()lid　lin(y

　　An　additional　p()int　sourcc　isseenat　3j'　away　from　thc　chlster　ccntcr,　which　c�llddcs

with　the　QS0　0015+162.30　photonsarcfound　within　the　circle　of　P　diamder　centered

at　the　AGN,　Assuming　that　all　these　photons　com(Hiom　the　AGN,　th(･illtensity　of　thc

AGN　is　less　than　O,003　ds　s‾I,　Xvhen　we　integrate　the　duster　nux　within　6'　radius,　thc

contamination　fr()m　this　l)oint　source　is　estimatcd　to　b{15%bascd()ll　a　ddailed　ray-tm(;ing

of　the　/1SC4　XRT　spatij　response　fundion　alld　tllus　th(･AGN　dos(･n()t　give　4　scrious

impa(jt　on　the　x-ray　sPedra　or　structure　of　the　dustel≒

　　For　lnost　x-ray　bright　clusters　of　galaxies,　the　x-ray　sulhce　bl≒htlless　distribution

looks　rclatively　axially　synlIT11dric　and　the　radia1　1)ronle　is　well　nUed　1)yth('iso-thernml

βmode1.

　　1nspedion　of　the　ardliva1　μ0&47　PSPC　ilnage　of　CL0016+16　shows　that　it　is　shghtly

ellipticaL　A　detailed　analysis　of　the　duster　by　Neunlannand　Bohringer(1996)c()nnnn　this

impression,　However,　Thc　eccentricity　is　sma11　(018)and　also　wcll　ntted　to　the　sphcrical

symmetricβmodeL

　　For　this　duster,　we　could　not　divide　into　tw()encrgy　ban(lin(1im･rcllcc　t()other　clustGs

xve　analyzed　becauseof　the　l)oor　statistics,　Then　we　ntted　thc　radia1　1)rom(μ)I)taincd　by

ytSC4　in　thc　energy　range　O｡5　-　10　kev　to　the　iso-themml　μmodeL

　　ln　ngure　6{　the　conndence　level　contours　R)r　90　and　99%ar(H)lotted　agjnst　the

parameters　of&e　and　β,The　best　nt　values　obtaincd　with　/1SC4　61c　=゜Oj≒mdβ゜O.70

are　collsistent　with　those　obtjned　from　7?　○&4TPSPC,

　　The　dispersion　oH)est　nt　vahles　due　to　the　different　background　subtrudion　mdhod8

(using　supdrposed　blalik　sky　and　sourcc　fre(,region　ill　thc　hl(l　of　view､　s(･sediol15)is

very　sma11　Mld　within　the　statistical　enol≒

6.1.4　Discussion

Averaged　gas　temperature

The　1)est　nts　teml)erature　of　8.0%l　kcv　in　the　l)res(mt()hscrvation　is　well　a1)ove　the
lower　limit　of　6　kev　obtained　from　pRvious　()bserv&tions　with　£m4d7z,　hl　g(meral,

I)1asllla　teml)erature　of　dust('rs　is　highly　c()rrclatcd　with　x{ajy　llHninosity;　£z(x£Tt

lf　we　use　the　2-　10kev　luminosity　of　3,5　×1045　crgs　s‾|(μo=50　km/sec/MI)c,　9o　=O),
the　l)1asma　temperature　of　CL0016+16　is　l)rcdidcd　to　bc　about　10kcv,　ac(:ording　to

the　correlation　established　n)r　low　redshift　(z≪Oj)dusters　by　£XO&4TME　ol)scrvF

tions(【Edge&Stcwart　19911,a=3,57)and　by　R7ald71　MPC,　£X∂&4TME,GμVG4

alldμ£4　0-Lobservations　([David　d�,1993]μ=3.45).　m･ccntly,a　8imilar　corrcla-
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tion　between　teml)craturc　mid　lumin()sity　of　duster　(z<O,21)has　bcen　obtained　with

λSadata([Tsuruet　al･　1995]dKunlada　d　aL　1996],a~3.5).lts　extrapolati()n　also
suggests　about　10kev　lor　CL0016+1(E　Preliminary　4SCj4　results　n)r　distant　dusters

ale　not　sumcient　in　the　nurnber　of　samples　at　l)resent･to　d(4ermine　if　t,he　£J　vs｡　£T

relationship　is　the　same　at　high　redshift({Kumada　et　al.19961,[Mushotzky　1996D｡

Spatial　distribution

The　core　radius　is　strongly　coupled　with　βfor　y1SC4　data　due　to　the　m()deratc　sl)atia1

resolution　ofASC4　XRT　alld　the　low　S/N　ratio　at　the　large　radii　(~1atr≫6'　E　Thc
RO&4Tbest　nt　valueare　very　consistent　with　the　ASC4　vahle,　while　the　valuc　hom

Rjnμdn　HRl　is　not､　probably　because　the　HRl　image　is　rather　Poor　(see　Fig　la　of　th('

PaPer　by　{Xvhite　d�1　1981D･　The　R∂&4Tdata　are　much　more　(:onsistentas　we11.NV(1
will　use　the　βc　and　βcontours　by　4SC4　oΓ　μ0&4Tfor　the　density　distribution　to　derive

the　Hubble　constant.　For　the　x-ray　nux　/1SG4　results　will　be　used､　sillce　it　d()sc　n()t

depend　strongly　on　the　βc　and　βin　difrerent　to　the　central　surfaee　bl≒htness,　The　Grolj

of　the　x-ray　nux　due　to　thc　uncertainty　of　the　intrinsic　surface　l)rightness　distribllti()n　is

dennitely　smjler　than　the　nux　callibration　clTor　l)ecausc　of　its　small　ext('nd('dd)()intJikc

image　in　the　case　of　CL0016+16･

　　The　detailedanalysis　ofμ0&4TPSPC　an(I　HRl　image　shows　that　there　is　the　sulhc(･

brightness　excess　region　at　L5'　west　from　the　cluster　(;(mter([Neulnann&Bohringcr　1996D｡

The　authoys　concluded　that　there　is　an　extended　sourc(jn　th(Hine　of　sight　an(l　this　might

be　a　subgroul)falling　into　the　cluster　mjn　body･　lf　this　clustcr　is　a　strong　mGger　one

might　exped　the　system　t()show　a　non-isothermal　tcml)erature　strudur(!([Markevitch　1996D
Un&)rtunμcly,the　image　could　not　be　divided　int()sevGal(mergy　bands　du(4()th(diml“

tation　of　ph()ton　8tatistics.　Thus　th(HcmPcrature　gradient　mentiollcd　in　the　sedion　6↓3

hs　not　bccn　collnrm(XL　Thc　l)res(mt　data　are　n()t()fsumcicnt(1uality　or　of　sl)atial　lm()lu-

tion　to　show　sudl　efreds,　There　is　no　evi(lcnce　of　a　tcmperature　gradicnt　in　thc　μOS/1T

PSPC　data([Neulnann&Bohrillger　1996D,

Table　61:　ICM　tcm rature　and　x-lu nux　of　C10016+i6

lntcgration　radius　(arcmin｡)

≪3

≪6

≪8

£T(kcv)
〃

1o｡om

8　o　m
　　　+L2
7･4　-|｡0

2-10　kev　nux　:　(1,64±O,16)×10‾12　crgs　s‾1(:m‾2
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Figure　6j:　CL0016+16　sPcdrunL　Tol):GIS,　Bottom:　SIS
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FiguR　6.2:　CL0016+16　X-ray　bnghtness　colltour　map　placed　on　tll(ヽoPtical　imagc.　Left

GIS､Right:　SIS､Top:　0.5-2.5　kev､　Botto11E2.y10､Okev
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1.5

Figurc　6,3:　RadiaI　I)ronle　of　the　observed　sulh(1(o)1‰htn(･ss　n)r　CL0016+16　1)y　SISO,

Solid　line　is　thc　simulated　Pronlc　wi,th　the　b｡tnt　PanmldeFs　ofμmodeL　Thc　Dashed

hnc　shows　the　exPcded　radiaI　I)ronle　k)r　a　point　sourc(y
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Figure　6y1:　Connd(,llce　level　eontours　for　(&,μ)obtained　by　thcμm()dcl　ntting　h)the

SISO　mdial　pronl(≒　90%alld　99%connden(te　1('V(･lc()lltours　alld　th(･I)(･st�valu(･sol)htili(･d
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6.2　A773

6.2.1　　1ntroduction

The　Distant　chlster　A773　1s　at　a　redshift　of　O｡217(【Crawford　d　al.1993D　a,nd　dassincd

6　ridmessdass　2,　Bautz-MOIlan　tyl)e　H-II　(【Ahell,Corwin&01()win　l989D　and　Rood-

Sastry　type　'B'　([Struble&Rood　1991]E　This　chlster　has　coml)ad　galaxy　dist�)utioll
and　no　central　dominant　gahxy,

　　This　duster　has　not　been　studie(1　111　all　wavelcngths.　ln　thc　x-rayjt　was　not　obscrvcd

by　RnMeh　and　μ0&4nll　the　l)ointing　obscrvations　but　obscrved　during　the　Ry4jn

slew　survey　and　μ○&4Tall　sky　survey,　From　R71sk4　slew　survey　data,　th(Ouminosity

in　2-10　kev　band　is　6　×　1044　ergs　s‾≒

6.2.2　0bservation

y1SCj4　observed　A773　from　November　22　to　23　in　1994Jt　was　obsGved　at　1　CCD　llomimll

Position｡The　instrllments　were　working　in　thc　PH　normal　mode　for　GIS　and　1　CCD　Faint

modc　R)r　SIS,　The　()fFaxis　angl(js82≒10j≒9,6‰nd　6j8'f()r　SIS0,　SIS　1　,　GIS2　and　GIS3,

Thcdredive　exposure　time　after　data　redudion　wns　43000　sec　for　GIS　and　39000　s(,({or

SIS｡

6.2.3　Results

x‘ray　Spedra

The　integrated　spedra　R)r　each　circular　reφon　were　ntted　to　th(H〕Uymond-Smith　ln()(|('I

with　photo　absoHjj)IL　Xvhile　the　ntting　results　from　the　individuj　instnlm(mts　ar(,

slightly(liflerent,the　r(･sults　sh()w　no　systematic　diff(･rence　and　4re　distljl)utcd　l4mdomly,

Thcll　the　simultane(ms　ntting　n)r　GISs　and　SISs　sp(･dra　hH　I)c(m　done　(ngur(･6.5)alld
resultsare　sunnTn&rized　in　ta1)le　6,2,　Thc　sour(je　sl)(･dra　subtraded　the　several　dim･rcnt

ba(tkgroulld　sl)(･dra(illtegrat(･d　in　thc　sul)(･rl)osed　blank　sky　alld　threc　somud】u'r('gions

in　the　held　of　viewjn(lependently)shows　the　collsist(mt　rcsults,　Then　it　is　connHned　that

obtained　values　do　n()t　del)('11d　oll　the　backμound　subtradi()n　mdhods　w(utdol)t(XL

　　The　nttcd　hydrogen　cohmm　dellsity,　4.1×1　02o　cnE2　is　high{?r　than　th(･galarti(;vahl(･

()htailled　l)y　Stark　et　11L　(1992)y1,8》〈102o(tm‾2Wh(m　the　(=()lmml　dellsity　is　fixed　at→he

gala£tic　value,　the　ntted　temperat11rc　becomes~1　kcv　lliji,　0thG　I)ammdeljs　aFe　not

changcd(Table　62),Thc　l)arameters　has　no　strong　dcl)clld(m(;c　oll　th(jntcgrat1()IHadills,
However､thc　valuc　of　tcml)craturc　becomcs　largc　with　incrcasing　th({11teμation　radius

(from　8£kcv　t()9.5　k,ev).Th,e　change　of　thc　abundancc　s(Hns　to　be　colmeded　with

th({11crea8e　of　the　ntted　temperature,　becausethc　Fe　Ka　linc　emissivity　(illdudillg　the

69



H(ylike　and　H-hke　Ka　lines)de(Tease　with　increasing　the　temP(,FatuFe　at　this　teml)cFatuF(

rangc(the　emissivity　l)ecomes　llmximum　aFound　6jkcv).

X-ray　image

Figure　6j　show　thc　x-ray　imagc　obtained　with　GIS2　4nd　SISO　fFom　which　th(jjackgF()ulld

is　not　subtrMjtc(､L　Folヽtheβmodel　ntting､　the　hackgroulld　has　to　hc　subtlヽad(,d｡Figur(,

6.7　show　the　Oj-2j　kev　and　2j-10　kcv　hand　radiaI　I)rohles&ftcr　hackμound　suhtl4ftion､

　　Since　this　duster　observed　1　CCD　modejt　is　llot　l)oss11)le　to　estilmlt(dh(d)ackgFound

brightness　from　the　source　frce　region　in　t､he　neld　of　view　be(muse　of　cxt(mding　dustcr

emission　by　PSF.　Then　we　cstimated　thc　avcraged　backgroulld　bl≒htn｡s　fronμhes()mヽ(y

frec　regions　in　thc　various　observations　of　distant　chlsters;　~O,05　ds/pixeL　Th(oμt(↓

ground　subtraded　radial　pronle　within　th(･radius　of　5'　was　nttcd　to　the　μm()del　and　n　Hled

x2　distribution　as　a　fundion　of((,β)werc　obtain(･d　as　showll　in　ngure　6X　Though　th(,

averaged　background　hl≒htness　has　large　dm1)igtlityjt　is　not　innuelit　t()th(,nUed　rcsult,

becausc　of　limitation　of　rallge　of　ra(1ius　R)r　ntting　(Atr=5'μhc　siglml　to　noisc　Fati()is

about　4),Figure6j　show　the　ntte(1　rcsults　using　the　dim･r(mO)ackground　levels､　which

are　the　minimum　and　nmximum　levcls　obtain(,d　from　the　somT(dl･c(,F(%ions　ill　th(,va.1ヽious

observations　of　distant　clustcrs｡For　2.5-10　kcv　band､　Figure　6.8(bottom)wGe　ohtaincd｡

The　best　nt　μin　2j,10kcv　band　is　lcss　than　that　il1　0.5-25k{,v　ban(L

6.2.4　Discussion

ln　sedion　6t3,　the　integration　radius　del)end(mce　of　the　si)cdFal　paramders　h4vc　be(m

shown,　Furthermore,βmodd　ntted　results　show　that　hard(highG(m(･IldiO　I)h()tons

has　broadcr　distri1)ution　than　the　soft　photons　and　th(ucml)craturc　in　thc　outer　r(‰()n

may　be　highcl･than　tlmt　in　the　imlcr　r(,j()n｡As　noted　a1)()V(≒in　th(,chlst(,r　which

c()ntains　strong　merging　conlponent(m('rger),there　might　hc　the　non-isothGmal　alld

asymmetri(:al　tcml)erature　structurc.Howcver,　at　thc　out('r　region　(≫nldius　of　6')jt

is　dimcult　to　ddeHnine　the　temperature　with　a(:cura{:y20%,which　is　necessary　to　r('veal

thc　tempcmture　difTdellce.Further　ba{:kground　study　f()r　low　source　hl≒11tlless　F(,gioll　is

needed.Thc17adial　dcPcndcnce　of　hardn(?ss　ratio　(ngurc　6jO),suggcsts　thc　t(m11)emtur(･

distribution　can　be　well　describcd　by　iso-thermal　model　within　the　radius　of　6　arcmill≒11

thc　scalc　of　the　sl)atial　rcs()hltion()f　the　/1SG4　XRT,
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Tj)1(･(E2:　Reslllts　of　SI)cdral　nttillg　f()r　A773　(/V//　nxcd　nt　the　Ola(l　ic　valuc　of　L8　×　1020
　　-9

cin　‘)

lntcgration　l7(jon(alTmiloÅ;T(kev)

O｡O<r≪3j)

0.0≪r≪6.0

0.0≪r≪9j

Oj<r≪12,0

)｡+0.6
8106

9j!n
　　+0.7
9j-oj

　　+0.8
9j-0,5

yT≒y
　oj7A%

　o,18〕tW
　,　+0.08
0.21-0.07

　9　+o･08
0･-O-OJ8

2-10kev　nux　:　(6,77±L02)×1『12　ergs　EI　(

　　　　　　redshift　:　023±0,02

　　-9

1n‘

lntegration　region　(arcmin.)yv//(102o　cm‾2　A:T(kev)Abun(lanc('

0.0≪7ヽ≪3.0

0.0<r≪6.0

0.0<r<9j

10≪r≪12.0

　　+1.5
4,5-l.7

　　+I｡2
4j-L5

　　+L4
4･1-I.3

　　+1.4
4j-1.3

　　　+0.8　　　　　　　　+O{8
7･7-0.6　　　0j7-Oj7

8mm
)　+0,7
8,7-06

　　+0,8
&7-0,7

2-10kev　thlx　:　((E66±L00)x　10‾12　eFgs　El　cm‾2

　　　　　　　redshift　:　O｡23±O｡02
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FiguFc　6,5:　A773　sl)('dlt　T()p:　GIS,　BOU()ln:　SIS
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Fimre　6.6:　A773　X-ray　brightness　contollrmap　overlmd　on　t,he　optical　Hnage.　The

background　is　not　subtractcd.　Left:　GIS､Right:　SIS､Top:　0.5-2.5　kcv､　Bottom:　2.5-10.0

kev
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Figure　6･7:　A773　Radij　Pronle　of　s11rfacebl･1ghtn(,ss　obtaincd　with　SISO｡　The　best　ntt111g

βmodel　pronle　also　shown　with　solid　lin(hT()I):O,5-2jkev,BOHTom:2jdOkev
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2

2

Figurc　6j:　Conndence　lcvel　contours　for　(&,μ)obtaincd　by　thcμm()dd　nuing　to　thc

SISO　radial　pronl(y　Thc　background　levehs　Oj5　ds/pix(,1､vhich　is　avcrag(,d　aom　valヽious

observations　of　distant　clusters.　90%and　99%eonndence　levd　eontoulヽs　an(1　the　h(,stnt

values　obtaincd　by　/1SC4(cross)/TOI):Oj-2.5kev､Bottom:2.5-iOk(,V
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Figllre　6j:　C()nnd(,11ce　level　colltours　f()r(&nj)()htain(,dl)y　thc　μmodel　nttillg　h)th(1

SIS0　0j-2.5　kev　radial　l)ronle　with　dim,Fent　baekglヽound　1(,vcL　The　hestnt　valucs　ol)tail1(,d

by　jSC㈲yrossE　Top:　b゛nlkground　levd　°　O.03　ds/1)ixel,　Bottom:　h゛1ckμou11(11e`″el　2

0j7　ds/pixel
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+

Figurc　6jO:　Radial　dcl)endenc(･of　thc　har(hiess　ratio　(2.5-10　k('V)/(O,5-2j　k(･V)
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6.3　A665

6.3.1　　1ntroduction

A6G5　is　a　distant　at　redshift　0.1　82　alld　ridl(,st　among　clustcFs　in　th(,A　beIPs　catyalogu(y

This　duster　has　be(m(:1assin('d　as　richness　dass　5　ml,d　Bmltz-Mo1々m　tyl)e　III

(〔Abc11,　Cor゛in　&Olo゛in　19891)･ln　the　Rood-Sastry　morphol()gical　dassincation　sys-

tem,its　dassined　as　'C　(corO'(【Strublc&Rood　1991D　alld　the　galaxy　(tollcentration　is

r(htively　high　in　comi)arison　to　other　BM　ty1)e　Hl　clustGs､

　　GμVG/1ol)servcd　this　clustcr　and　obtaili(?d　;tvclag('d　tcml)clJuF(ymd　ahuHdallc(･;

£T=8,2　kev,　abundance　O,42　([F(･】/[H]=4j8×10‾5)([11ughes&I　Tanaka　1992]E　The

x{ay　luminosity　of　this　chlster　is　L5　×1045　ergs　s-1　(㈲ughes&T41μtka　19921E　While

thc　obtained　temper&ture　is　(:onsist(!nt　with　the　tempeFature　l)rcdytcd　from　the　Fdation

bdwecn　the　lumin()sity　and　tcmperatur(≒abun(hnce　is　mudl　laFgG　tIHm　(λh(･Fh()t　dus-

ters.From£mμcmIPC　obs(･rvation,th(･re　are　thr(･(･X-nty　sourccs　neaF　thc　AI)cl1665､~

15'　aPart　from　the　duster　celltel≒These　were　illchlded　in　the　ncld　of　vi(,w　of　G7/V6≒4　LAC

and　it　was　iml)oss11)1(Ho　avoid　these　som℃cs,　Sinc('thc　one　of　thes('has　vcFy　soft　sl)cdHlm

found　by　IPC　sl)edrum,　this　is　not　aEdive　to　the　teml)erature　ddeHnilmtioIL　OthG　two

sourccs　xvereidentmcd　with　adive　galadic　ml(11ei(AGNy　Because　th(Nlormahzation　of
powcr-law　component　turned　out　to　be　zcro　using　the　sum　of　the　Raymolld-Smit｡h　modei

and　Power-1aw　model　as　the　modcl　sl)edrum,　the　4uthors　c14imed　that　the　souFces　did

not　contributc　to　the　G,/TyVG/t　sPednml,

　　The　observati()n　of　x-ray　brightness　distribution　of　A665　hmi　becn　don(d)y£&Md4

andμ0£4　7These　instruments　can　not　decid(Hhc　tempellature　pre(jsely,　Th(H)aram('ters

ofβmode1,wcre　o1)tained;&=Lyandβ=O,66([Birkinshaw,　Hugh{'s&Anmud　1991D･

6.3.2　jSC4　0bservation

This　cluster　has　h(･en()hsGved　from　S('I)t(4nl)('r18t()19　in　1993,　Th(･ohsGvatiolllnodc

()finstruments　wcrc　PH　nornml　mod(4()r　GIS　and　4CCD　BI≒ht　mod(,h)r　SIS/Γh(,soult(,

were　l)1aced　at　the　2CCD　nominal　Positi()IL　Th('angular　distanc(μ)f　this　sourcc　fr()m　xRT

OPtical　axis　is　4,7',　9.3≒7Tand　7,3'　f()r　SIS0,　SIS1,CIS2　and　GIS3,　resl)ediv(･¥　NV(･

have　to　note　that　for　SIS　the　l)eak　of　bl≒htness　distril)utioli　might　l)e　ill　th(･ga1)ofCCD,

　　After　data　redudi()n,the　resultant　exposure　tim(･wa8　about　42000　se(tf()r　CIS　and

40000　sec　for　SIS｡　Details　are　hsted　in　Ta1)le　6jO｡
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6.3.3　Results

x-ray　Spectra

For　this　cluster,　Raymond&Smith　model　incorl)()ratcd　with　the　n('utral　hydrog(m　absorl)-

tion　on　the　hne　of　sight　has　beenused　for　the　spedral　nuing,　The　sl)edra　ol)taincd　with

both　SISs　and　GISs　have　been　ntted　to　that　model　simultaneously　(ngllre　6j　l　E　The

resulting　paramders　are　yvzz　=(5,0±2,0)2o　em‾2,£T=8j±0,4　kev　and　the　abundance

=O,2±O,06([Fel/[H]=4,68×10‾5)within　the　rKlius　of　9≒Ohtjned　hydrogen　cohmm

density　is　well　consistcnt　with　the　galadic　vahle　of　4　j　x102o　em‾2([Stark　et　aL　1992D,

Then　the　hydrogen　column　density　was　fixcd　at　the　gjadic　valuc　in　the　Rjllowing　nuin&

Thc　integrati()n　radius　dePcndence　of　thcse　parameters　are　listed　in　Tahle　6,4,　The　(iuot(･d

errors　in　the　Table　6,4　are　included　the　statistical　eITor　only｡lt　nmsO)(,11ot(,d　that　these

results､with　the　exccption　f()r　the　abun(1ance　and　2‘10　kev　nux､　havc　r(･1atively　large　dc-

pendence　on　thc　background　subtradion　method　in　coml)m4son　to　the　rcsults　&om　othcr

clusters　we　analyzcd,　The　palameters　obtain('d　ind(?p(mdcntly　aom　(Mch(ld('d()1≒csi)c-

cially　from　SIS,　are　also　dispersed　in　the　range　of　7.5　-　9,5　kev　n)r　the　teml)Gatur(･even

if　the　background　spedra　integrated　()ver　the　sourcc　free　r(jon　in　th('nel(t　of　vi('w(lu6ng

thc　A665　observatio11.Thisseelns　caused　by　the　nux　dim,renc(On　th(,cncrgy　rangc　of

O,5-O,7　or　7,0-　1　0　j　k(jv　of　the　background　spedl゛a,　Then　they　arc　thc　valu('s　whichxv(?use

below　to　rel)resent　the　uncertainties　for　each　1)4r4md('I≒lf　this　(tror　hasbe(m　consi(1er('d,

the　dependence　on　thc　illtegration　region　could　not　be　dis(4lsscd･

　　Fol`this　cluster,　iron　Ka　lines　are　clearly　seen　and　Kβlinesarcalso　ddeded　assalne
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　･I

as　A1413‥We　analyzed　the　line　intensities　in　ddaiDs　shown　ill　the　sedion　6,7Th(,

un(jertainty　of　the　background　discussed　above　is　not　afredive　foljr()n　hne　almlysis　showll

in　sedion　6j｡

X-ray　lmage

Figure6.12　show　the　x-ray　image　obtaincd　with　GIS2　and　SISO,　Sillc(･R)r　SIS,　the　peak

of　the　surface　brightllcss　is　very　close　to　the　boundal'y　of　2　CCD　chiPs　in　coml)alison　to

other　clustcr,　thc　l)eak　Positioll　f()r　SiS　was　dccidcd　fr()m　the　l)cak　of　GIS　ilnagcs,　Figure

6j3　were　the　azimuthal　avcragcd　sulhcc　bl≒htlless　distrilmtioll　of　SISO　imag(jn　thc　0.5-

2j　kev　and　2,5‘10.0　kev　ban(l　after　background　subtmdion､　b8ed　on　th(Omckμound

map　from　the　superposcd　blank　neld　accumulatcd　in　much　l()ng(!r('xl)osur(sn)r　thc　x{ay

ba(tkground()bservatiolls,　Those　ralial　pronles　of　SIS　wcre　ntted　to　the　βmo(lel　and

Figm‘e　6j4xvereobtained　ml(1　bcst　nt　valu(ls　arc&=i.1≒mdβ=O,6(E　Th('disper8ion

of　thc　best　nt　values　due　to　the　difldent　ba(:kgroun(l　subtl･adion　mdhods　is　withill　the

79



90%conndence　rallg(y

　　The　ntted　rcsults　shghtly　del)end　on　th(,the　l)(,ak　posih(mf()r　SIS　imag｡Wll(,11　the

cellter　to　derivc　thc　radial　pronle　are　shifted　ahout　O,5≒th(0)est　ht　Positi(m　on　the　Rヽ-μ

I)h111(j　mTe　shiftcd　“I(mg　th(゛d1r(゛(lti()ll　of　t｣1e(4ollg゛1ti()11　c)f　coldidellc(゛c()11t(mr　withiil　the　99

%conndence　rangc.　lf　the　distancc　betweell　the　center　we　dGivcd　and　thc　tnlc　ccnteljs

largcr　than　Oj≒the　l)est　nt　value　go　out　aom　cmT(･11t　99%rallg(,.Howev(ヽrjt　is　haFd　to

collsiderj)ecause　the　accuracy　of　Peak　position　n)r　GIS　is　less　thall　l　pixel　(=O,25mm),

6.3.4　Discussion

From　comhined　analysis　of　/tSC4　and　μ0£4Tdata､Markcvitch　d　aL　(19961))hH　daimed

that　there　is　the　strong　tempcraturc　(1rop　at　the　6≒2'　almulus;8,3　k(･vntr≪6≒≪4j

kcv　at　6″≪r≪12}　F()r　our　results,we(:ouldn't　discuss　t,he　tcml)erah1rcμadi(･nt

hasedon　the　sl)edral　ntted　results　bec4usc　of　largc　systcmatic　(･1TOF,cven　though　th(･

salne/tSC4　data　were　used,　From　the　Prohle　ntted　results､　whidl　hav(d)dt(･r　statjstiGd

qujity　than　the　spedmm　and　is　less　dcpen(1ent(m　the　un(t('Ftainty()f　th(o)4ckgFomld

nux　in　the　energy　range　of　Oj‘O,7　and　7,0-10j　kev,　the　large　dim4en(te　bdwcen　the

soft　and　hard　energy　bands　couldn't　be　seelL　Sillce　this　method　is　1(,ss　s(msitiv(do　th(,

ten11)eraturc　chang(dhan　the　sl)cdral　apl)r()ach　and　th('radial　promc　within　t}i(q゛adius　of

7'　were　used　for　ntting,　thesc　is　the　dim(mlty　to　inv(･stigMc　th(Hcml)cmture　dFOP　daim(･d

by　Markevitdl　(1996bE　However,our　nued　rcsult　of　pronl(Os　not　consist(mt　with　that

obtained　with　£jlJd71,　Birkinshaw､Hughes　and　AHmu(I(1991)obtail1(･d　th(o)(･st-lit(

andβby　ntting　RnJdn　image　to　the　μmodel(θ｡=1,5‰ndμ=Oj6).　A(tording　t()

this　result,　the　radiaI　Pronle　obtained　with　Rn4d7'　is　br()ader　than　thμw('ol)tainc(L

Since　the　cmciency　weighted　mean　encrgy　of£VnMdn　observation　is　mudi　lowG　than

that()f　/1SCL･4　the　dim･rence　of　the　l)ronles　betwcen　/tSCL/Dmd　Rn�G7Hnay　suggest　the

existencc()f　thc　teml)erature　drol)in　thc　outer　skirt　of　L)1≒htness,

Table　6j:　SI)('dlJ　ntting　rcsult　f()r　A665(lnt(･gmti()11　1ylius　d('1)endellc(')

lntegration　region(arcmiIO

0.0≪r<l.5

0.0≪r≪3.0

0.0<r<6.0

0.0≪r<9j)

0.0<r≪12.0

£T(kev)
　　8+0‘88･-Oj

　　+o｡5
8･8-Oj

　　+0.3
8y7-o

　　･+0.4
8･6-Oj

　　+Oj
8,6-0.3

Abundallce

　　　+0.1j
　Oj7-o｡lo

　　　+0.07
　026-007

　oj20{%
　20+m㈲-m

o,2o!㈹
2-10kev　nux　:　(L24±019)×10‾H　ergs　s‾lcm‾2

　　　　　　　　rcdshift　:　Oj9±0.01
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Figure　6.12:　A665　X-ray　brightn,?ss　contour　sllpel'Postヽd　by　the　opti(ヽal　image.　Thc　back-

gT(mld　s　not　subtractd.　Left:　GIS､Rjght:　SIS､TOP:0.y2.5　k,ヽV､Bottom:2.5-10.0　kev
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Figurc6.13:　A665　Radial　Pronlc　of　sulhcc　bl≒htncss　obGtill(,d　with　SISO｡Th(,h(,st,nttillg

βmodd　Pronle　also　sho゛11　゛ith　sohd　lin(≒Top:O･5t5k(Λ≒Bot{om:2λ10kev
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Figurc　6,14:　Conhdence　lcvd　(:ontours　f()r(&,μ)obtaill(･d　by　th(nhllodcl　htting　to　th('

SISO　radial　pronlc　90%alld　99%collndellce　lev(,l　contouFs　alld　the　bestnt　valu(,s　obtaincd

by　/tSC4((7ossE　n)p:O･5“2.5kcv･　Bottol11:2j-10kev
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6.4　A2218

6.4.1　　1nt,roduction

A2218　hcs　at　a　rcdshift　of　Oj　7L　lldhe　Aben　Gltalogu(≒this　dustcl`has　compad　gahtxy

distribution　and　dassin(,das　Bautz-Morgaldypc　H　([Abcll､Corwill&Olowin　1　989D　alld

Rood-Sastl‘y　typ(yC'([Struble&Rood　1991D･　lt　has　becn　well　studied　in　thc　x{ay､op-
tical　and　radio.A(1etailcd　l)h()tometric　and　sl)edroscol)ic　study　of　chlsteF　(:cnteF　suggests

that　there　alc　two　galaxy　concentrations,　There　is　th(･cD　gahtxy　at　thc　c(mt(･r　oOaFgcr

conccntration,　whil('the　smaller　on({s　about　P　apaFt　from　thc　ccnte1≒FFom　thc　optieal

deep　observationjt　was　R)und　that　this　chlsteIUndudcs　the　arcs　an(l　ardds,　which　aF(･

collsidered　as　image　of　b&ckμoundμound　galaxy　distol{ed　by　gntvit41thmd　1(w㎡4DjWt･

(【Squlres　et　j･　1996D･　The　location　and　morph()logy()f　the　arcs　in(hcate　tlmt　the　l)ulk
gravitational　potential　is　associatcd　with　th(Oafg(･Γμoul)cellt(t(4hlt　cD　galaxy,

　　ln　the　radio　baild､　this　du8ter　also　8hows　the　strong　Sunya(,V-ZePdovich(,mOL　obse1ヽV(,d

by　various　instnmlents　({Birkinshaw&Gul1　1984h]､

[Birkin8haw,Gu11&Hardeback　1984a]dPartridge　d　aL　1987],[Jones　et　4L　1　993･j　,
【Birkinshaw&Hughcs　1994D‥ln　the　x-my,　7W7uz�7,　and　μ∂S/17≒)htain(,d　th(,smooth

and　symmetric　surface　brightness　distribution　whidl　is　centered　at　the　cD　gahtxy｡　The

obtained　Paramctcrs　are&゜1.0　arcmin,andμ゜O･65.　G7yvG/1“]so　ol)ailled　the

temperat11re　of　ICM;　6,7　kev　([MCHardy　et　aL　1990D･

6.4.2　0bservation

/1SC4　observed　A2218　from　AI)ri1　30　to　May　l　ill　1993　4t　thc　2CCD　nolilinaO)osiUon.

Thc　angular　displacemcnts　k()m　the　optical　axisare　2,43,6,60,4,72　alld　4　j7　f()r　SIS0,

SISI､GIS2　and　GIS3､　resl)edivey　The　obs(･rvaGon　m()des　ar('PH　nonnal　ln()d(d()r　GIS

and　4CCD　Faint/Bright　mode　R)r　SIS,　The　drediv('exl)osur(dime　wns　42000　sec　for　GIS
and　24000　sec　njr　SIS.　Detai18　are　listed　ill　Tablc　6j0.

6.4.3　Results

X-ray　Spectra

Thc　integrated　sPcdra　wcrc　nued　to　thc　Raymolld‘Smith　m()dcl　with　photo　absorl)timl･

At　nrst　,　the　spedrum　()btained　with　each　dctedor　wa8　nttcd　t(dh('mo(ld　illdivi(hlally,

The　di8persion　of　the　rcsults　obtjned　abovearcsman　and　within　th(,statistical　errol≒

Then,as　the　next　stel),thc　k)ur　sl)edra　obtained　with　2　GISs　and　2　SISsxv(1.″cnttcd　to

the　same　modcl　simultancously,　Th(･nttc(II)aramdcrs　are　yv/z　=○.0±L5)XH)2o　cnFA

&T=6,7±o,3　kev,　Abundance　=O.22±0.05　and　2-10　kev　nux=(8,0±L2)x10‾12　ergs　FI
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cm‾y　The　following　rcsults　werc　o14ail1('d　with　nx('d　yV//　at　thc　guladic　vahle,　since　tlhe

hydrogcn　columll　density　is　in　good　aμeement　wiih　the　yl･hldie　valuc　of　3j　x　102o　cm‾2

(【Stark　et　al.　1992D｡Thcse　rcsults　alld　integration　ra(hus　del)endellce　of　t　hose　l)aFalllt,t,ers

a-re　listcd　in　Ta1)le　6λG7yGj])hs('rvMion　also　l)rovid('d　thc　sp('draI　I)aramd(･FsμΥ=

6.7±0,5　kev,　abundance　=O･2±02　and　2-10　kcv　Hux=(&8±Oj)×10‾12(･rgs　s‾l

cm-2.0ur　results　arc　well　consistent　with　GjWGyl　results｡

　　As　shown　in　Table　6.5,the　temPerature　shows　the　decreasc　with　large　illtcgrat,iol1

radius(7jkev　within　the　radius　of　3'　and　(E8　kev　within　thc　ra(hus　of　12{　On　the

contraly,the　iron　abundanccis　jmost　constant　n〕r　thc　jl　integl4ttion　radii,　thou�l　thc

temperature　dechnes･

X-ray　lmage

Figure　6j　6　show　the　O･5-2･5　kev　and　2.5-101,0kev　band　x‘ray　illmge　of　A2218,　Th(･

brightness　distri1)ution　is　smooth　and　sylnmetric/Fhc　1)eak　oH)rightness　was　ddermined

by　searching　the　position　at　whidl　the　enclrclcd　photon　eounts　(the　radius　of　that　circle　is

O,5mm~O,5')bccome　maximum,　Thc　peak　positions　thus　dctermincd　foHmeh　ddedor

are　well　consistcnL　After　the　ba£kgr(mnd　subtmction,　wcd(･rivcd　th(utzimuthahtverag(･d

sur�ee　brightness　distribution　as　shown　in　ngurc　&17,Next,thc　r4(hai　l)romcsxvcre

fitted　to　theβmodel　within　the　radills　of　8≒　Rcslllts　arc　showll　ill　ligHr(,6j&　Thc

best　nt　vahle　in　the　O.5-2,5　kev　lmnd　is　(=O,y　andμ=Oj4)ldh(･2,y10　k(･v　hand

βc=1.1　aJldμ=O.70,　Th()ugh　the　l)ronle　in　thc　O.5-2j　kev　1)mld　is　sligh　tly　l　)Foader

than　that　in　the　2,5-10　kev　ba11(1,the(lifrcrcllce　is　small　ill　comParison　to　the　statiμical

error　and　they　are　consistcnt.　VV(?applicd　th(Hwo　dim'rcllO)ackFotlnd　subtmdioldo　th('

pronles　to　Qstimate　the　crror　of　l);tramd(･rsj)ut　thcre　is　no　d(･pend(mc('(mth(･1)a(tkμound

8ubtra£tion　nTlethods,

6.4.4　Discussion

The()I)ti(;al　study　of　μlaxy　distri1)utioll　and　kinematics　suggests　that　the　sm411　gFoul)

is　falling　to　the　nmin　ho(ly　of　this　duster　([Pcllo　d　aL　1992D,　ln　this　con(htioll､th(Gtz-

inmthal　tcmPerature　strudul･e8celnsto　he　exl)edcd　GSchilldlcr&Muller　1993D,　Morc‘

over,Markevitch　et　aL(1996a)and　Markcvitch(1996b)has　rel)ortcd　thc　cxist(m(:e　of

radial　tempcrature　distribllti()n｡

　Though　the　cxistence　of　azimuthal　tcmperature　strudllre　could　noO)c　cxduded　,　thc

ntted　results　of　radial　pronle　show　that　it　is　al)I)roximate】y　iso-thcrmal　within　t}1･･　radius

of　6'　at　least,　radially.　The　del)endencc　of　the　aver4ged　tcml)erature　on　thc　intqmljon

radius　might　in(hcate　the　exist(mce　of　the　radial　teml)crature　drop　in　the　outcl'　skirt　of

the　duster｡
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Figure　6.15:　A2218　spedra,　Top:GIS,　Bottom:SIS

l
々
g
々
j
§
8

n
o

S
d

?
9

?

1
0
●=㎜

々
N

N
　↓
　|

¶'-

○

　
　
S
6
　
　
?
9

`
y
!
＼
u
9
?
､
､
､
s
t
｣
3
o
u

L
f=

　　々

　　rSI

XO
　　CN

　　↓
　　|

Å←‰‰
0.5 1 　　　2

Ener9y(kev)

5 IO

→y≒㈱㈱4㈲-
o､5 1 　　　　2

[ner9y(kev)

87

5 IO



●･

1.

Figure　6.16:　A2218　X-ray　brightlless　contoul･　map　placed　oll　the　opti(･al　ilnage,　The

ba{,kμound　is　not　subtracted.　Left:　GIS､Righl:　SIS､　Tbp:　0.5,2.5　kcv､　B�tom:　2.5-10.0
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Figure　6j　7:　A2218　Radij　pl`oUle　of　surhce　brightness　oly)tjncd`゛ith　SISO･　The　best

nttingμmodd　Pronle　also　shown　with　solid　line.T()p:O･5'2.5kev,　B()ttom:2j-10kcv
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Table　6,5:　A2218　sl)edral　nttin result

lntegration　region(arcmiIO

O≪r<L5

0≪r<3.0

0<r<6j

O≪7･≪9.0

0≪7'≪12.0

hltegr4tion　radiu8　dcl)cndcn(O

ÅT(kev)　A1)undancc
　　+0.6
7j-0.5

　　+o｡4
7j-oj

　　　+O｡11
0･28-0｣0

o2olm
ヽ　+0.3　　　　　　　　+0.05
(E8-oj　　　O･2i　-o｡o5

　゛+O'3　　　0　22+0`066.7-0.3　　　　　-O｡05

　　+0.3　　　　022+O‘05(E8-o｡3　　　･-o.o5

2-10kev　nux　:　(8,1　1　±1.22)×10‾12　ergs　Fl　cm‾2

　　　　　　　　reds111ft　:　O　j　8　±0.02

90･

･i



○
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Figure　6,18:　Conndence　levd　contours　f()r(19oβ)obtained　1)yth(njmo(I(･l　ntting　to　the

SISO　ra(hal　pronle｡　90%an(199%conndence　level　cont()urs　and　thc　1)cstnt　vnlues　obtained

by　/tSCU4(crossE　UjP:Oj-2jkcv･　Bottom:2.5-10kev
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6.5　A1204

6.5.1　　1ntroduction

A1204　is　the　distant　Abell　clustG　Classined　as　ljchlless　dass　i　and　Bautz-MorganEyp('

mIH,　This　clustcl゛　had　not　heen　stu(hed})cfore　d('t('dioll　in　th('μOS/1TA11　Sky　SuFV('y

(RASS),ln　this　duster,　a　dominallt　(tntral　galaxy　has　heen　R)und　at　the　x{ay　bl≒ht

corc　by　an　optical　R)Ilow-up　study　of　RASS　chlstcrs　with　Faint　OI)yd　SPedroμal)h　on

thc　lsaac　Newt()n　TClescol)e([AIlen　et　al｡　1992D　and　the　redshin　was　ol)tained　l)y　this

f1)Ilowup　observatiol1.　F()r　this　duster,　the　optical　lin(Mnnission(Ha+【NII】comp】ex)lms

been　deteded.　Most　of　chlsters　containing　a　central　dominant　galaxy　in　the　cGlt(,Iヽ()f

x-ray　image　shows　this　phenomenon･

6.5.2　0bservation

/1SC/1　obscrved　A1204　from　May　21　to　22,　1994.The　source　eent(,rwas　sdtled　at　thc

1CCD　nominal　Position　alld　obs(,rvcd　hy　GIS　PH　noHnal　mode　and　SIS　1CCD　Fainl,

m()de,　According　to　thc　standard　mdhod　previously　n()t(･d,the　data　w(･r(･8eled(`d/Fhc

resultant　cxposur(Hs　about　35000sccR,r　GIS　an(1　3600{}sec　lk)r　SIS　Th(,coHnljllg　ratc

wereOj3　cts　s“‾lf()r　GIS,　021　ds　s‾lk)F　SIS,　Tll(qldails　ar(･11stcd　in　Tal)le　6Jn

6.5.3　Results

This(tluster　has　extremely　compad　bl≒htness　distribution　in　compaFison　to　othcr　clust(･I≒

Then　the　only　sPedmm　integrated　within　the　ra(husof61was('xtrad(4L　The　x{4y　image

of　this　duster　shows　the　strudurc　likes　4　lcav(?s,This　is　very　simih1r　t()a　Point　soHlt(･

image(see　ngure620　and　l)oint　sour(:e　im4e　4y14y　This　iml)lies　that　the　targd　shows
strong　p(mk　and　thc　imag(lextellsi()n　is　vel゛y　smnll　or　w(Mytk,　From　the　x-Fay　sl)('dra,ir()11

Kjμ/m　emissioll　hnes　lmv(o)e(m　detcd('d　411d　lin(?cellter(mGgy　is　ill　good　aμeelnellt

with　the　(:enter　energy　deduced　hom　tlleHnj　plasma　('mission　ill　collisiol14h･(luili})Fium

(msmning　the　redshift　is　Oj　70),Furthermor{≒the　x-my　sP(ftm　is　well　(les(Tibed　by　the

Raymond-Smith　model　with　single　teml)《'rature(Tahle　6,G,　the　obtained　t(ml1)eratur(Os

cx(:(4)tionjly　l()wer　thRn　oth('r　distant　clust{'rs),Then　though　th(jmag(j8　1ess　('xt(md(･d,

the(1eteded　emissi()11　are　th(Hhemlal　emisi()n　fr()ln　thc(4ustcl≒H()w(･ver,since　thc　inmge

is　extremely　compad,　th(H/･dQ　and　βcould　noO)(･obutin(･dby&d4　model　�ting(the

best　nt　values　were　obtaincd,　hut　thc　lowcr　limit　ofβjlas　1)celHlot　obtjn(XL　ngur(･6,2　1　E

ln　ordcr　to　investigate　the　ext(msioll　of　thc　illmge,the　imag(twas(hvided　into　2　cnGgy

ban(1;　O.5-2,5kcv　mid　2,5d　Ok('v　and　th(qwha1(1epen(1(m(:c　of　haF(hl(･ss　Fatio　was　l)I()tt(?d

(㈲ure　6.22),
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6.5.4　Discussion

The　ngure　622　may　in(hcate　the　existcnce　()f　cxcess　of　soft　x{4y　within　the　radius　of

l　arcmin･At　aJe(lshift()f　Oj7,　1　“1`clllilL　coITesl)onds　to　~240　k1)c≒　Sill(y　the　/1SCj

xRT　has　moderate　sl)atial　resoh.ltiol{the　spatial　stHldure　has　been　(hstort･L　How(,V(,r,

the　sharP　strudurc　hasr(mmined｡Then　the　size　()f　240　kl)c　is　upper　limit　of　the　sizc　of

this　strudur(E　As　mentiolled　bcfoFejrom　this　clustcrμhe　ol)ti｡1　1illc　emissi()11　has　l)c(m

detedc(L　The　optical　line　emission　hk(,this　are　(jommonly　ddeded　in　t.he　cluster　with　(X-

ray)cool　component　and　celltral　domina.nt　galaxy　in　thc　ccntl4d　Fegion　([Fμ)ian　1994D,

A11cn　et　aL　(1992)suggested　the　cxistellc(M)f　thc　cooling　now　ildhe　(mltFa｡l　reφon.Using

the　luminosity　and　the　best　nt　values　of&andμ,the　derive(l　cooling　tim(,sGdc　is　ollly

a　few　times　of　109　yr,　whidl　is　mudl　shorter　than　thc　H�)bl(dim(≒Agaillst　the　coohllg

How,lkebe(1996)f()und　the　coexistence　of　h()t　alld　cool　gas　ill　t　hc　c(mtTal　reφon　fr()m

j　SCL/1　observation　of　Fornax　alld　Centaurs　clusters,　and　suggests　tlatt　the　ol≒in　or　the

cool　component　is　central　dominant　galaxy　and　the　central　excess　of　emissi()n　com(dF()m

the　central　d()minant　galaxy,　hl　the　case　of　A1204jt　is　hard　to　considel{hat　th(,o1≒in

of　this　central　excess　(,mission　is　the　central　donlinant,galaxy,hecause　For　8uch　disumt

chlstcr､the　emission　from　ICM　are　dominant　rathcr　than　the　galaxy　coml)oncnt.

　　　　　Table　O:　Spedral　nt　results

　Parmleter

Λ‰(102o　cm‾2　　　　　　　7j±1,0

　£T(kev)　　　　　　　　3j±Oj

　Abundance　　　　　　　　　Oj5±0.06

2-10　kev　nux　:　(3.85±O,58)×10‾12　crgs　s‾1(;m‾2

　　　　　　　redshift　:　Oj　7　±0.010
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F㈲1re　6,19:　A1204　SI)edrum　Top:　GIS,　Bot･tom:　SIS
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1.5

Figure　6･21:　Conndence　level　contours　for　(&,β)obtjned　by　the　βmodcl　ntting
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Figurc　622:　Radial　depcndence　of　hardness　ratio
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6.6　A1413

6.6.1　　1ntroduction

A1413　is　at　the　redshift　of　Oj427　and　dassined　as　Abell　ridm(･ss　class　3､　Bautz-M()lyan

tyPC　l　and　Rood`Stastry　tyl)e(jD･　This　dust('r　us　neither　w('11　known　in　x{ays　no1→tt

oPtical　wavclcngths･

　　G£/VGj　observed　this　cluster　and　obtailled　the　t(･ml)(･rature　of　8,85　±0.50　kev　and

the　2‘10　kev　nux　of　2j　x10‾H　ergs　s‾lcm‾2(it　coIT('sPonds　to　the　2｣Ok(･V　lumillosity

of　2,1　×1045　ergs　s‾1)([Ditvid　d�.1993D,μ0&4Talso　ohservcd　this　cluste1≒Thc　x{ay

brightncss　distribution　shows　thc　elongati()11　signin(Mntly　as　se(･n　in　galaxy　(listTihdion

([A1lcn　d　aL　1995D｡However,　since　it　has　nlirly　smooth　looking　and　t,hG(,is　llo　st　Fong

substrudure　as　secll　in　e1(mgated　clustcrs　fre(luclltly([Slezak､DuITd&GGhal　1994D　at
the　scje　larger　than　30arcse(1

　　AIlen　d　aL(1995)obtained　the　radial　distri1)utioll　or　thc　(lensity　and　tcml)GatuF('

hy　the　deProjedion　te(jh111(lu(dTromμ0£4TPSPC　imag(≒T}le　c‘'lltlMl　teml)erahlr(uhey

ol)tained　is　~6j　kev　alld　illcreasing　to　thc　8.8k(,v　with　thc　Fadius.　Thcy　cs6111a　tcd　l,hc

c()oling　timc,　which　18　mudl　less　than　thc　Hubhle　timc　(2　×　101o　μ)within　thc　Fadius

of　O,2　Mpc,　Then　they　suggested　the　cxisten(je　of　the　cooling　How　in　th('ccnt14tI　F('φon

withlll　the　radius　of　O.2　Mpc　(coITcsl)ollds　to　P　E　The　intcμated　llmss　d(?osiljon　lJy('

(Ay)was　derived　to　be　2001　Mo　yr‾≒

6.6.2　0bservation

/tSC4　was　pointing　to　the　A1413　from　Decembcr　l　l　to　12　in　1993,　Th('clust(Tc('ldG　was

placed　at　2CCD　nomilml　p()sition,　The　instrum(mts　wel'(jn　thc　PH　ll()mmlmod(･n)r　GIS

and　4CCD　Faint　mode　R)r　SIS,　The　distance　bdw(･cn　the　chl8tcr　center　nlld　oPG(J　axis

is　L97≒5,44≒3,54'　an(1　3j4'　f()r　SIS0,　SIS1,GIS2　and　GIS3,　F(･sl)(uivcly,　Th(･(･m･dive

(･XI)osure　time　aft(･r　the　data　seledion　are　39000　scc　f()r　GIS　and　35000　s(･(H()r　SIR　Th(･

counting　rates　are　O｡42　ds/sec　within　the　radius　of　9'　f()r　GIS　and　0.52　ds/s(,c　within　the

radius()f　6'　&)r　SIS,　and　this　cluster　is　the　bright(･st　dustcr　among　th(?ehiμeF8　Hscd　in

this　thesisl｡

6.6.3　Results

x-ray　Spectra

As　the　model　spedrum,　the　myymond-Smith　modcl　with　phot()al)sorptioll　hE　been　usc(L

Th(H)aramdcrs　o↑)taincd　with('a(:h　ddedor　show　disl)('rsion　in　the　tcml)clutuF('range　d

Iln　sedion　6.7,the　results　of　A1689　has　been　shown　l)rieny,　lt　is　brighter　than　A1413　aduaJly
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7j-8.5　kev　and　thc　teml)eraturc　obtailled　with　SISs　is　al)out　Oj　kev　smaneluhan　that

obtained　with　GISs･　As　the　Hext　stel),the　silnuIGm('ous　sl)ed　ral　nttillg　ror　the　s1)(･dra

obtaincd　cadl　detedol▽has　hcen　done,　The　results　are　yvμ=(33±0.8)×102o　cm-≒

£T=&O±Oj　kev,�)undancc　s　O･23±0,04　alld　2dO　kcv　x{ay　tlux　=(L8±Oj)×1『JI

crgs　s
-1 cm-y　The　galadic　vahle　of　yvμls　22　×102o　cm-2　and　it　is　smallcr　than　oul!

result,　When　a　cohlmn　density　is　nxed　at　the　gahwtic　value,　only　the　t('ml)crat･ure　is

changed　to　7j　kev　and　other　parametersarenot　changed,　Thc　results　and　dcpcndcnce

of　Parametcrs　on　the　integratiol1　ra(1ius　;1R　hste(l　il1　Table　6♀ill　whid1　1)amlnd('rs　was

obtained　with　nxcd　ΛQ/at　the　galadic　value　and　the　(ploLed　elTors　are　statistical　elTor

with　90%(tonndenc(n　The　parameters　are　jmost　c()nshmt　n)r　alhntegration　m(hus.

　　For　this　duster,　iron　Ka　lines　are　clearly　seen　and　Kβ1ines　are　also　dd('d(4　M4

anjyzed　the　line　illtellsities　in　detail　as　shown　ill　thc　scdion　6{

X-ray　lmage

Figure　6.24　show　the　Oj‘2,5　kev　and　2j-10,0kev　hand　x{ay　image　of　AI413,　Thc

brightness(hstribution】ooks　smoot}L　Whil(,thcμ0&4Timage　shows　the　Holth-sonth

dollgat1()n,the　dongation　is　not　sc(m　stF()ngly　in　/1S01　imag(≒lt　sc(･ms　to　l)(･dH(･to　th(･

PSF　broadening　and　viglldting,

　　Figure　625　were　the　azimuthal　averaged　smhcc　bi≒htness　distril)ution　or　SISO　imag(,

in　thc　OjL2.5　kev　and　2.5-10.0　kev　l,and　4ftel･　hackgrolHI(l　subtradion,　b4scdon　t,hc

background　mal)hom　the　supcrposed　blallk　ncld　ac(mmulat('d　ill　nm(:hl()11gcl〕xpo8mts

f()r　thc　x-ray　background　o1)servations｡The　dust(,1･　celltcl･　wasn)und　hy･s(Mrchillg{ih(,

Position　aF　whidl　the　nux　within　the　(jrcle　of　O,5mm　is　maxmmm,　Thes(N゛adial　pljonl('s

xvcrcnttcd　to　theβmodel　withildhc　10　arcmin　and　the　corc　radius　alld　μwerc　o})ljlined;

β｡=O,6≒β=O,58　in　the　oj-2.5　kcv､　G=O.7≒μ=O,64　ilμhe　2λ10,0　kcv(㈲ure　6,26)

　　The　del)endencc　on)anunders()n　thc　l)4ckground　b1≒htness　were　(!stinmt('d　by　sul)-

trading　the　various　1�ckground　bl≒htnessμh(･8ul)('FPosed　l)lank　sky　;uld　8evcIJ　sonF(:(･

frce　rejons　in　the　ndd　of　vicw,　Th(Mlisl)cal(moH)est　nt　vahles　al゛e　wit}lildhc　sl;aGsljGt】

error　shown　in　ngurc　(E26,

6.6.4　Discussion

While　the　existencc　of　strong　cooling　now　in　this　(:1ustcr　has　be(m　sugg(,sted　1)y　A11elH4　aL

(1995)fromμ○&4TPSPC　imageμhe　x-ray　sl)ednlm　obtained　by　/1SC4　i8　wcll　htt《?dto

thc　single　tcmpcrature　Raymond-Smith　modcl　in　all　int(,μation　radius｡　Theil　thc　x-ray

sl)edrum　wcrc　nmdc　from　the　simulati()nassuming　th(･t(･ml)(･rature　alld　dcllsity　distri-

buti(m　derived　by　A11en　e　aL　with　y1SCj4　XRT　PSF,　and　nucd　to　thc　singi(･teml)('raturc
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lhymond-Smith　modcL　The　resulting　teml)eraturc　is　7,2　kcv　within　the　radius　of　1､5≒

Our　result　is　slightly　hi�1･　Howeverμhe　tcmPCFatuFe　ohtaincd　with　SISs　only　is　snm11G

than　that　ohtained　by　simultaneous　ntting　and　that　ohtained　with　GISs　ollly/Γhcll　at　the

prescntμhc　existen(lc(J　thp　cool　comPon('nt　in　the　c(mtF4I　Feφon　couldlPt　he　cxclud("L

　Though　AI413　is　thc　nearest　onc　among　thc　dusters　pFcsented　in　t,his　thcsis,　this

cluster　has　the　smallest　core　14Etdius　among　t.llenL　lf　the　bl≒htness　distFibution　collsists

of　the　strong　cusp-11ke　peak　at　thc　center　of　broad　(alld　low　b1≒htness)outer　sklrt　which

is　represented　by　μlnodd,the　radial　pronl(d)lulTcd　hy　xRT　PSF　has　much　smaII(･r　cor(･

radius　than　the　intrinsic　one｡　Thcn　it　sccms　to　be　consistcnt　with　/?0&4Timagt≒

Tahle　6,7:　Fitting　rcsult　(lntegration　mdius　dcl)cllden(☆)

lntegration　radius(arcmilO　AT(k('V)Ahund4ncc
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Figure　625:　A1413　Radij　pronle　of　smhce　b1≒htness　obtained　wit,h　SIS0.Thc　bcst

nttingβlnodel　pronle　also　shown　with　sohd　hne,　Top:0,5t5kev,　Bottom:2j-10kcv
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Figure　626:　Conndcncc　l('vcl　colltours　for　(&､μ)o1)tained　by　th(‰j　model　nttillg　to　thc

SISO　radial　pronE　90%and　99%conndence　level　contouFs　and　the　1)cstnt　vnlues　obtain(,d

by　/ISC/t(cross)∠rol):o･5-2jkcv,　Bottol11:2.5-10kev
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6.7　Fe､-K　line　ana,iysis　-　Ka/KβΓatioanonlaly　?

6.7.1　　1ntroduction

Tn　thccascof　high　temperature　dustG　gasjligheF　than　5kevμhe　abun(hulce　is　mainly

deteHnined　by　the　sum　of　H-1ikc　and　He-11ke　FGIGOine　intellsitj(･s.　0t,hclJincs､such　as

Kμ,are　not　sellsiti゛e　R)r　the　abundallce　determinatioll,　F()rnG�)y(jhlst(Ts　of　gahtxi('s､

virgo,Perseus　chlstcrsjt　is　reported　that　the　intcnsity　｡tio　of　Fc-Ka　to　F｡Kμis　smaHeF

than　model　predidion　assuming　the　coUision4honiz4tion　e(luimfim11,

　　The　resonance　scattcring　emyt　on　the　Fe‘Ka　hllcs　may　exl)rain　sllch　a　small　ratio.

Since　the　optical　depth　for　Fe,Ka　line　with　respcd　to　the　rcsonance　scatt(,ring　is　】aFgeF

than　that　f()rFe-Kβline,F('-Ka　is　sul)rcssed　at　th(･(lens(･corc　of　dusty(･rs　much　morc　thall

Fe-Ky　Hen(le　the　intensity　ratio　of　Fe-Ka　to　F｡Kβbecome　small　in　the　central　rcφolE

Howcver､considering　theconservation　of　Photon　mlml)er　of　hlle　emissionjhis　dF(yt　should

not　bc　seen　in　the　spedrum　sl)atially　integrated　over　the　dust('r　cmissiolL　R)r　noFhy

chlstcrs､Fc-Kβlincsarc　scenat　8kev,　The　xmP　dIWtiv(･arca　ral)i(Hy　de(Tcnses　ill　this

cnergy　band｡　Then　the　uncertainty　of　Kβ11ne　intcnsity　is　consi(le14thly　large　duc　to　th(,

unccrtainty　of　continuum　emissioll　alld　Poot　statistics,

　　For　distant　dusters　of　gjaxies,　the　photoll　statistics　arc　p()or　in　coml)4risoll　t()thc

nearby　chlsters　of　gjaxies,　How(lvcr　thcrcare　soni(?Jlv411mgcs　as　follows｡

　　●The　Fe　lines　are　redshifted　at　the　cnergy　band,　5　t()7　kev,　wherexve　cangd　go()d
　　　　　　S　　　　　　　　　　　　　　　　　　　　　　　　　　1

　　　(luantum　em(jency　and　intrinsic　backgromld　spedHHn　hasn()str()llg　strudur('/IPh('

　　　nux　nuduation　oH)ackground　sl)edra　is　n('ghφblc,be(Mus(Hh('nux　from　th('somT(･

　　　is　mudl　larger　thall　that　of　the　b&ckground　spcdFa　ill　th(･(m(･rgy　lWng('of5to7

　　　kev.

　　●The　inlage　size　of　the　distant　dusters　is　slnalle14han　E0.V､

　　●lt　is　easy　to　()btain　the　averagcd　values　of　temperatm`(',ahulldailcc　and　hlminosity

　　　accurately,

6.7.2　Analysis&Results

Averaged　temperature,　abundance　and　luminosity

xv6　have　analyzed　1　6　distant　dusters　of　galaxics　in　the　redshift　rangc　from　O,　1　t‘()0.54,

Among　them､　we　seleded　A665　and　A1413　because　th(･y　show　cl(Mr　R･-Kμ1111(･n･at11r(･s,

F()r(:omParison,　we　also　seleded　A1689　with　no　strong　Fe　KβRatlH`(n　At　h8t,　the

values　of　luminosity,　temperature　and　Fc　&bun(hllcc　averaged　in　the　whol(M･cgioll　of　the
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dusters　werc　obtained　using　the　l{aymond-Smith　ln()deL　These　thF(,e　dustcFs　hav(,similal

tempCratUre(⌒J8k('V)and　abUIldanCc(`Oj5)･

　ln　different　to　the　rcsults　showll　in　sedion　6.6,　th(･PaFam('t('rs　w(?(･llot　ohtailicd　hy

simultenious　ntting　the　spedra　of　GISs　and　SISsj)ut　wer(,ol4jn･11)y　nt{ing　scl)aTately.

Line　intensities　-He-1ike　and　H-1ike　KG　lines(SIS)

As　the　next　steP,　to　sel)4rate　the　lines　&om　the　continmlm,　w(･used　the　models　consistcd

of　bremsstrahlung　and　2　Gaussians　njr　GIS　and　SIS,　Thc　Gaussian8　rcl)rcs(･nt　th(･Fc-I{a

and　Kβk)r　GIS,　aud　He-likc　and　H-hke　of　Ka　lines　for　SI&For　SIS,　the　poor　Photon

statistics　prevent　us　to　cvahlate　the　Kβlines,　Th(mw(･int(･lld　u)analyze　the　H(Oike　and

H-1ike　Ka　lines　with　SIS.　The　best　nt　values　n)r　SIS　are　listed　in　Tahle　6λ

　　The　line　cent(･r　encljes　agrec　with　the　eneljcs　cxp(tted　fFom　the　r(･dshiFL　hl　th('

comgional　ionization　c(1uilibrium,the　ratio　of　H({ik(uoH｣lke　lヽjt　line　illt(･11sity,which

implies　the　ionization　tcml)eraturejs　th(?mndion　of　thc　plasma　tcm1)enltur(E　The　ion-

ization　teml)eraturc　derivcd　fronl　the　intellsity　ratio　using　the　M4sai　cod(,is　also　li8ted

in　Tablc　(E8(lonization　Teml)craturO,　Thc　ionizatioll　t('ml)cFaturc　or　th(･se　dust･eFs　of
galaxies　is　slightly　large.　The　GIS　spcdra　show　slightly　high(･r(!oHt11HHHn　t(mli)(tahlr(s

(This　discrepancy　lnay　due　to　thc　systematic　eITor　of　ddedor　and/or　tchscoP(1resPons(')

Then　the　ionization　teml)eratur(js　agr(?cs　with　the　el('dr()ldcml)('FatuF('(1eriv(x1　rFom　thc

contimmm　emissio11.

Line　intensities　-Ka　and　Kβlines(GIS)　　　　　　　　　　　　　　‥

GIS　has　the　1)eucr　cmci(mcy　in　thc　high　cnergy　llange(6≫kev),t}l(･ll　K/hntcnsity　cou】d
be　evahmte　with　high　conndcllc･Thc　htLing　results　n)lヽGIS　are　listcd　in　Tabl(,6.9.

　　1ntensity　ratio()fKatoKβis　also　thc　fundi()11()f　the　l)laRillat(mlpemtuFe　/ヽ;7≒Th(･

ratio　derived　fronl　the　(･ledron　teml)Gature　using　Msai　m()dd　is　also　liste(L　Nvithin

4　arGnim,　th(Ont(･nsity　ratio　of　Ka　to　Kμis　collsistcllt　with　thc　modd　Prcdidion　n)j'

th(･se　all　dusters　()f　galaxics.　H()wcver,thc　intensity　of　KμI)ccomes　8trollg　as　the　mdius　is

increasing　in　c()mpari8on　to　thc　Ka　intensity　f()r　A665　and　A1413,　R)r　A1689μhe　intensity

ofKβis　not　clearly　deteded　even　in　the　spcdrum　illt('･grated　ill　thc　larg(･integl‘Mi()ll

regloIL

　　EsPecially,R)r　A665,　Kβ1ine　intensity　is　2j　times　largcr　th4n　the　prc(lid('d　value

deduced　from　the　intensity　of　Ka　line,　Accordillg　to　the　K(ldin(jnt(msity,the　al)lm(hulc(･

1s　O,3　Solar　value　for　the　sPedra　integratcd　in　(･ach　mdills､　not　del)cn(lellt　on　the　radius,

But　using　the　intensity　of　Kβ,the　abundance　is　O,4　So14r　within　4mfHlin,　radius,0yZ5

so】ar　within　8aRnlin｡　radius.
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6.7.3　1)iscussion

Assuming　thc　iso-themml　゛md　optically　thin　phtsma　with　coHisiollal　ionisation　('(plihb‘

rium(CIE)jt　is　imPossihle　to　descrihe　the　obtaincd　intensity　ratio,

　　For　A66y　Markevitdl　d　al･(199G)has　rel)orted　the　8trong　tcmperature　droIOn　thc

outer　region･　ln　our　results,the　depend(mcc　of　thc　hest　nt　tcmPcratuFe　on　thc　intcgra-

tion　radius　indicates　thc　existcnce　of　the　Oml)eraturc　gradicn‘L　Thjs　】cads　t}lc　Fadinl

dependency　of　thc　linc　intensity｡　As　mentioncd　ahove､　thc　1･esolmncc　sGlttcFing　eH‰l　also

changes　the　brightness　Pronle　of　Fe-Ka　line.

　　ln　ordcr　to　estimate　the　deviation　from　the　iso-thcrmal　and　ol)ticjly　thill　ICM､wc

simulated　thc　projcd(･d　spcdra　f()r　two　collditions,　0n(Os　the　iso4hel`maIICM　orλ;T=

&3kev　withresonanccscattcring,　Anothcr　condition　is　that　the　ICM　temPerMunOIl　thc

outer　rejon　is　lower　than　thc　centr�tempcratulyAjT=9kev(7゛≪5μc)､£T=4kcv　O　≧

5μj(ngure　G.30).hi　both　casesμh(Hntcnsity　l･Mio　incrcascs　with　thc　illtlcgration　lヽadius,

Vve　can　negled　the　rcsonancc　scattering　en‰:t　with　htFger　111teμdtion　radius(r≫3μ{

assuming　the　conservation　of　the　number　of　ph{)t(m8,　The　temPeratuFc　μa(h(mt　makes

dis(Tepancy　hdwecn　the　obscl゛vc£1(?ledヽI゛olHλ?ll゛11》(･l‘atlil゛(･;111(l　tll(･t('1111)('l`}14･lll`{j(1('l゛iv('(l　rl`()lll

the　line　ratio.　A8suming　the　collisionahonization　equihhriumjn　the　outcF　podiondhc

emissivity　of　Ka　line　hecomcs　strong　rdative　to　that　of　Kμlimn　Thell　dle　exist(,ncc　or

temPerature　gradient　makes　the　ratio　of　Ka　to　Kμlargc

　　Based　on　the　assumption　of　co111sional　ionisatiQn　e(1uihbljum,this　snm11　ratio　nlld

radial　dep9ndence　can　not　be　descrihμd.　lf　ICM　in　the　o�cr　rcj()H　is　not　in　the　CTE

but　recombining　l)lasma,　this　sma11　ratio　nmy　be　l)ossibl(≒　Howcvel≒the(1uantiUttive

simulation　and　analysis　have　never　been　atteml)ted､I)ecmls(?the　collisiolnll　i()nisntioll
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　q

e(iuilibrium　timescje　for　the　ICM　is　consid('rd　to　h(Mnuch　short('r　than　the　Hubl)1('tim(',

　　0n　the　other　hands,　Abc111689,which　has　similalヽteml)craturc　alld　luminosity(F(,lativcly

higher　than　others),dose　not　(･xhi1)1t　sudl　small　hne　rati(),Though　this　hll('ntti(hmomaly

is　llot　common,　s{?vel`al　of　16　distallt　clustcrs　show　thc　sam(Hcnden(y

6.7.4　　Sunlnlery

　　●F()r　inner　region､　within　the　5　μ｡th(Hntensity　ratio　of　Ka　to　Kμis　w(･11　descljl)ed

　　　by　CIE,

　　●The　intensity　of　Ka　is　not　del)end　on　th(･integration　mdius　strongly､　thcll　th(･

　　　average　valuc　of　the　a1)undanc(μ1(,riv(,d　from　Ka　hne8(tnlsrdi41)I･

゛The　intensity　of　Kβline　is　2　to　3　times　larger　than　the　l)rcdidcd　vahlc

　Portion　of　A665　and　A1413,

in　lhe　()utcr

●This　couldn't　be　discribed　by　teml)erature　gradi(mt　and　resonancc　s(mttcring,
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●Other　process　has　to　he　considered　to　discrib(uhis　l)hcnomolla,
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Table　6.8:　lntensity　ratio　of　He-hke　Ka　to　H-hkc　l{rE　Spedmm　modd　consists　of

hremsstrahlung　alld　t゛o　Gaussians　(Hc-hk(≒H-hk('F('-Kd)n)r　SI&Th('se　Paramdcrs
were　obtained　from　SIS　sl)edrum　only,
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Table　6.9:　lntensity　ratio　of　Ka　hne　to　Kβhnc　with　GIS,　Mod(4　spednHn　(tonsists　or

bremsstrjlhmg　al1(l　two　Gaussians(F(･-Ka　alld　F(yKβ),These　pai4unders　wGc(lcrived

from　the　GIS　s
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Figure　6･27:　A665　spedrum･　Up:GIS,　Bottom:　SIS
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Figure　628:　A1413　spedrum･　Up:GIS,　Bottom:　SIS
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Figure　6.29:　A1G89　spedmnTI･　Up:GIS,　Bottom:　SIS
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Figure6,30:　Simulated　integration　radius　del)cndence()f　the　illtensity　ratio/Fhc　silmllatcd

conditions　are　thin　is()-th(･rlnj　ICM(solid　hne))so-theHnaI　ICM　with　resommce　sccat―

tering(dottcd　line)and　ICM　with　temperature　gradient　andresonallc(?scattering(dashed

liney　The　data　l)oints　with　eITor　l)ar　are　obtailied　vahles　aom　A665.
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Table　6jO:　Emytive(,x osuFe　tilne　and　conntin Fate　n)r{ヽach　chlst(ヽl

Target　　　Scnsor　Enediv(･exPosure

　　　　　　　　　　　　　　　　　(scc)

C10016+16　　GIS2

　　　　　　　GIS3

　　　　　　　SISO

　　　　　　　SIS1

　　A773　　　GIS2

　　　　　　　GIS3

　　　　　　　SISO

　　　　　　　SIS1

　A665　　　GIS2

　　　　　　　GIS3

　　　　　　　SISO

　　　　　　　SIS1

　A2218　　　GIS2

　　　　　　　GIS3

　　　　　　　SISO

　　　　　　　SIS1

　A1204　　　GIS2

　　　　　　　GIS3

　　　　　　　SISO

　　　　　　　SIS1

　A1413　　　GIS2

　　　　　　　GIS3

　　　　　　　SISO

　　　　　　　SIS1

36580

36550

26400

21500

43248

43240

39030

38082

42256

42240

40127

40192

41955

41953

23651

37268

35170

35170

36292

36298

39466

39484

35186

34922
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Chapter　7

lmplication　R)r　the　Hubble　constant

7.1　Derivation　of#o

As　described　in　sedion　3.5,to　derive　the　Hubble　constant;　μojt　is　necessary　to　obtain　the

spatial　distribution　of　the　eledron　dcllsitydhe　teml)craturc　h()m　the　x‘ray　()hsGvntion

and　thc　decrement　of　the　brightness　tcml)er4tur(drom　th(4adio　observatiolL　For　thc　l)F(y

viousμo　derivati()ns([Birkinshaw,Hughes&Arlmud　19911dBirkillshaw&Hughes　1994D,

the　central　density　was　derived　fronl　the　ccntml　surfac(d)1≒htllcss　obtaincd　l)y　nttillg　th(･

brightncss　distrit)uti()nt()thcβmodd　with　iso-theHilal　assuml)tiolL　Th(･ll　th(･V41ue　or

the　centrj　brightness　has　a　model　dependence;　(βoβ)(1)aramder　coui)ling　l)dwc(mth(･

central　surfa(je　brightness　and　(&,β))
　　ln　this　thesis,　we　denne　the　parameters　Cx　and　Z)r　for　μo　derivation　her(≒Th('de(T(･-

m(mt　index;　Cx　and　the　pronle　corredion　index;　μ7'　are　()btain(･d　hom　x-nW()I)s(･rvatioll,

Under　the　basic　assumPtion　of　sl)herical　symmdry,　Cx　is　indep(m(lcllt･　oll　thc　spatij　dis-

tribution　modcl　and　indicate　the　avera,ged　strength　of　dccrelncnt｡　μΓ　is　deljved　liom　th(,

distribution　fundion　of　the　temperature　and　density,　alld　dosc　not　(:onccrncd　with　thc

absohlte　value　of　the　tcml)erature　and　density,　This　is　the　l)ronle　coITcdion　fador　to　th(･

averaged　strength　of　decrcment,

　　Using　these　parameters　instcad　of　the　(:(･11tral　surface　bl≒htn(?ss　and　strudural　p4mnF

eters(&,β)jt　is　l)ossiblc　to　compare　and　combinc　data　obtailled　with　various　missiolls

without　considering　the　l)aramcter　couPling　hdxveen　the(.mltral　sulh(:e　bl≒htness　and

stnldurj　i)aramdel゛sl,

　　Assuming　the　spherical　symmetric　distribution　of　the　teml)emtlH'c　and　density･　the

distribution()fteml)Gaturc　mld　density　arc　describcd　as,　≒(0°≒oAjOj;2‰oμjo

　　1ln　some　literatures,　wrong　set　of　the　centralsurfa£e　brightlless　alld　stnldurltl　paramders　alt　llsed

for　the　Hubble　constant　derivMion　ignoring　the　l)arameter　coupling･
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where　r　is　the　distanee　from　the　cent(y‰o　is　thc(lcntral　density,ΛλOisa(nol1-

dimensionj)distribution　fundion　of　the　dellsity､　7｣o　is　thc　teml)erat　urc　at　the　cent(･｢

andμ(r)is　a　(noll-dimensiona1)distribution　fulldioll　of　the　tcmpelutllln　using　thesc

fundions､the　ccntral　decrcmcnt　of　the　b1･1gllt,ness　tcmi)eratur(91nd　the　x-my　nux　aFc

exprcss{?d　asi
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m(1+wR(£1,£2)

(`)　,,2A(μy{£2')
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J

　
9
`

/
1
1
ー
ー
X
､

47Γμt/7

xk(0μ(oo

　　　E

R(£1､£2)

　　where　F(X)is　thc　term　of　thc　fre(lu(mcy　dependcllce　of　the　d(･crem(･nt,D£is　the

hlminosity　distance,　FX(£1､£2)is　thc　observed　x-ray　nux　ill　thc　(meFgy　14mge　of£|-

£2　and　A(71;£1≒£2D　is　the　thermal　bremsstrahlung　cmissivity　in　the　ellcrgy　mllgc　()f

FF―£y　kev　(£1″=(1+0£1,£?=(1+z)£2E　F(X)havc　the　valucs　oDOj94　r()r　15

GHz,-Oj89　for　20.3　GHz　alld　-O｡979　Rjr　28.7　GHz｡

　　Eliminating≒o　fronlabove　equati()ns,　we　obtaine(l　as　followillg　e(luatioll,

m)y
　μ4C

△{
-

7{ A(Ro;EP,£2') 　
‰

∞

f
!
'
{
J

where£)4　is　the　angular　dinmd(lr　disunc(h

Rel)lacing　dr　with　p/ljβ,the　equation　of£)4　can　hc　d('rivcd,

/
ー
ー
X

　
　
=　
　
p

2£RO
-

7ncc2
r7T

△E

EF(X) )
2

CyPFI

(1+4)Tv(n､£2)
　　　　-

　A(‰o;£1'､E2')

2√‰μ)μ㈲�)2

゛μ㈲2‰;W{WμJ
　　　　　　　　　　　　　　　　　　　　　　　-

　　Hcrejf　the　averaged　teml)eraturcT,/

a　model　invariant　valu(E

OdHE⊇
(/　　AμΥ1　.rl-

,£y)2
--T=Γφ

A(‰oy1≒E2')
(72)

(D)

(7,4)

(7.5)

is　used　instead　of%o,thc　Cx　is　observahle　alld

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　-

　　Since　the　xRT　response　dcpclld　on　th(o)rightllcss　l)ronle,μ¥mld　7≒has　the　(1{y
pendcnce　oll　the　distribution　modcL　The　del)clld(mcc　is　mudl　important　R)r　th(･htrg(･ly
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ー
ー
j
/(Ξ{F(x)#0

　　Xvhcn　the　density　distributioll　of　thc　intl゛aduster　m(･(lium　call　be(?xl)F(･sscd　with　μ

model(see　sedion　2.4,2)and　ther(Hs　no　temPeraturc　stmduFe　Oso4hermal),μΓ　lms　Hlc

k)11owing　R}rmula,

―

―

J(1　-　･/0)

』1+Qoj+(1+㈲oOI/2

GP7WO､9o)

the　above　exPr(?ssions､the　Hubhle　constant　(Mll　he　d(･rived　as

･1

(7,9)

　　Figure　7.1　shows　vahlcs　ofμ7`‘in　the　(&,β)1)lmt(n　Nvc　assumcd　the　is()4hermal

intra(:1ustcr　medium.　The　em?d　of　the　temPerature　strudurc　wiH　be　dis(tuss(･d　in　sedi()ll

8.

7.2　X-ray　data

We　summarized　the　x-ray　d&ta　and　CX,　rr　in　the　table　7yL,　For　A665　and　A1413,　the

result　obtained　with　free　yVμntting　is　listcd.

　　Figure　7j　shows　the　valucs　of　?r　in　the　&,βI)1ane,　Th(･error　ofμΓ　also　listed　iH

table　7j　were　obtained　from　the　ngure7,1　and　90%connd(m(tc　r(φoH　ili　(β,μ)I)lane　of

each　clustG　ddennined　with　the　O,5-2j　kev　ban(I　ra(11a1　1)rolile(chal)tcr　6,　figure　6λ

6,8,6j4,6j8),
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F=4φF
Γ(L5β-O｡5)

　Γ(L5μ)

N
ー
7
/

　　Γ(3β)
←

Γ(3β-L5)

/
ー
ー
ー
x
､

extended　nearby　clusters,　Howeverjt　is　not　innucnt　f()r　thc　distant　dustelx　Sillcc　the

distant　dustcr　shows　the　sma〕11　extended　image　similaF　UUh(H)oint　source　ilHtom1)aFison

to　n(Mrl)y　clusters､　the　crror　due　to　thc　uncertainty　of　th(d)l≒htll(`ss(hst�)u　tion　is　less

than　the　statistical　cITol≒

The　angular　diamder　distance　£)4　can　be　exprcssed　as,

£)4
―

-

‰(z,㈲)=

λμ1,9o)
CZ

(1+z)2 E

(7,6)

(7,7)

(7㈲

Using
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Figure　7j:　(&,β)depclldcncc　of　7)『

0 Oj 　　1

ac((】r(�n･)

1.5 2

Table　7j:　y1SC4　X-ray　data　and　CX,　μΓk)r#od(･termilmtion

Target 4(2-lom/)

(10‾1%rgs/s/cn12)

　　G　　　　(
(10‾15　MI)(71)(arcmilo

β

C10016+16

　A773

　A665

　A2218

　A1413

　A1204

　q

　(kev)

8j±LO

8.7±0.7

8j±Oj

6.7±Oj

7.5±Oj

3.6±Oj

L64±O｡16

6.66±L00

12.4±L9

8j1±L22

17.0±2£

3.85±O｡58
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L65±Oj5

2.74±O｡53

4jO±0.85

2j2±Oj3

4j8±0.74

0.543±OJL06

Oj

O｡8

1,1

0.9

0.6

0.2

{
O
　
M
)

?
1
　
4
D

』
0
　
0

0

0

0

0

6G

64

58

70

　　Pr

　(101)
ー

　　{2.2
　7･87-　L5

5j1±0.9

　㈲+o403･　J-Oj5

　39+0.504･-Ojo

　　+(L20
4･75-0.20

　23£0



7.3　Radio　data

Decrement　data　have　becn　obtained　l)yth(･sin�c　dish　an(1　intclf(･romd(T　maillly｡Thc

table　7j　shows　the　Publishcd　decrcmcnt　data　o1)tained　with　the　401n　tcles(tol)e()f　th(`

Owens　vallcy　Radio　Obser゛atory　(OVR040)with　20,3　GHzμh('Ryle　U4csc()1)(･(RT)of

thc　Mulhrd　Radio　Observ4tory　with　1　5　GHz　alld　thc　millimeteluuTdy　of　the　Owens　val1(`y

Radi()Ohser゛atory(OVR010)with　28･7　GHz･　The　OVR040　is　thc　sing1(ydish　t44esc()I)(･

,and　the　RT　and　OVR010　are　the　intelT('romet('rs･　The　ddails　or　thes('tel(sc()1)('sarc

listed　in　table　7.2.

　　For　the　single　dish　observation,　△711s()1)tained　by　the　(･mciency　calculation　with　thc

telcscope　response　4nd　the　ra(li41　1}ronle　model　of　the　(le(T('m('nt　dcdue('d　froln　th('X-ray

imag(y　Previously､(&,μ)obtained　E)m£Ms&jn　HRl　imagc　or　assumcd　paramdeFs　wer(･

used　for　the　ddermination　of△E([Birkillshaw　19911,

[BIrkinshaw,Hughes&Arnaud　19911dBirkinshaw&Hugh('s　199jE
　　F()r　the　intelferometric　observations,the　dccrcment　image　ar(･observ�)lc　diredly　und

△E　is　obtjned　by　ntting　the　imag(!to　thc　model　imagc　produccd　hom　th(d(･lcsc()I)(･s

connguration　and　dccrement　model　image,For　OVR010　data　of　C10016+1　6　alld　A　773,

((,β)were　derivcd　from　the　measured　decrcment　imagc　(mly　,　h()wevci'､which　havc　l;Ilgc

eITors　in　comparison　to　the　x-ray　determinatioll　([Carlstrom　d�｣996D｡

　　Sillce　tighter　constraints　on　l)arametcrs&,μGtn　1)('()btail1(jd　using　the　x{ay　;md　th('

measured　decrement　image　rather　than　using　the　measured　dccrem(mt　image　ollly,　(β,μ)

obtained　with　x-ray　ilnages　are　used　in　some　cases,　For　RT　(lah　of　A2218,　(&,μ)d(･riv�

fromμ0&4Tim4e　were　used　([Jones　1993D･
　　((β)k)r　A773　RT　data　listed　in　table　7jxverco})tain(･d　from　/1SC4　imag(0)y　usillg

Ridlardson`-Lucy　mdhod　([Matsuura　d　al.　1996D.This　is　the　way　to　Fcstor(?thc　collvo“

luted　image　by　a　Point　sl)read　function　of　a　telescoP(E　This　mdhod　has　the　(limculty　to

evaluate　theerrorof　model　i)aramdcrs,

　　△μlisted　in　table　7j　are　the　value　at　(∂c,β)and　its　error　contains　a　random　cITor

only.The　systematic　err()r　due　to　the　modehm(:crtainty　is　not　iliclud(,d.

n)r　S-Z　detcdion

Observatory

　　OVRO

　　OVRO

MRAO　RT

　Tahle　7.2:　Radio　Telesco

tdescoPe　　T(jchni(1ue

　40　m　　　Singlc　Dish

10　m　x　5　lntelhromcter

13mx8　lnterRromder
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Fmlucncy

20.3　GHz

2&7　GHz

　15　GHz

　　　　　not(1

　　　noIFmlagmg

Baschlle　10j　m-75m

Ba8clinc　18　m　-4.8km



　Targd　　TClescoPe

d0016+16　0VR040

A773

A665
-

A2218

OVR010
-

OVR010

　　RT

OVR040

0VR040

RT

RT

　Us�imagc　n)r(&,μ)

Assumed　pam｡(LO≒O,8)

　ovRo10,(oyo£6)

　OVR010,(Oj6≒O,65)

y1SC4　RLmethod,　㈲83≒O｡62)

　R7�cm　PsPc,　(L6≒O.66)

　ZWnμ�£PSPC､(LO≒O,65)

　7?OMTPSPC､(LO≒Oj4)

　　　AT/{

O｡85±㈲1mK

O｡717±0.065　mK

Oj90±Oj77　mK

　O｡89±O､10　mK

Oj36±O｡083　mK

Oj2±0.08　mK

ojom‰K
Negative　d{4cdion

Rd

1

2

2

3

4
―

5

6

A1204
-

A1413
-

Re£

RT-----‐　　　　　　　---

　　　　　　　　　　　　　　　　　､licat�(1{msit
　　　　　　　　　　　　　　　　　　　　　　―

dist�mtion　in　μ0&4Tdatn

1:[Birkinshaw　19911,2{Carlstrom　d&19961

3:[Matsuura　d　al,　19961,4:[Birkinshaw,Hughes&Amaud　i991]

5:[Birkinshaw&Hughes　1994],6:{Jolles　l　9931

7.4　Results

7.4.1　7EZo　determination　with　the　published　((β)and　/1SC/1　C≒

For　deriving　the　Hubble　constant　fronl　the　l)aramders　listed　in　ta1)1(?7.3,wc　h4d　to

calculate　7)r　corresl)()nded　to　th(H)ublishe(1(t,β)listed　in　t41)le　7j　l)(･causc((､μ)1istied

in　table　7.1arediffer(mt　f1゛onl　them　in　7.3.　0therwise,　sillcc　Cx　has　no　model　del)(md(mce,

Cx　hsted　in　table　7.1c&ld)(MlsecL

　　Thc　Hub1)le　const&nt　obtained　with　th(H)ublishcd　l)(･st-nt(&､β)ar(･listed　in　Tal)1(!
74.

　　The　errors　of　/)r　couldn't　be　obtained　bccaus(Hhc　90%conndcncc　rcφon　ill　the　(μc,μ)

I)lane　is　not　available,　△7{has　thc　(&,β)del)cndcnce　but　is　llot　considered　helu

　　ln　the　table　74,　quoted　errors　were　derived　by　combiningerrorsof　Cx　and　△Ein

(lua(1rature.

　　0btained　Hubble　constants　are　disPcrscd　in　the　rangc　of　40　to　65　excel)t　for　the

CL0016+16　0VR040　data　and　CL0016+16､A773　0VR010　(lata,

　　0VR010　data　for　A773,　CL0016+16　show　a　consideIJ)1y　larger　value　than　othG

results｡Carlstrom　et　aL　(1996)state　that　thelr　m1(:rovvavedeGcmclit　results　are　in　good
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A773

A665
-

A2218

Table　7j1:　Th{?Hubblc　constants　obtained　with　l)uhhsh(･d(μ｡μ)

　Targd　　　?『

　　　　　　(104)

C10016+16　5.66

6

6

4

2

4

05
-

20

38

65

09

　　R4

　(Gpc)

1.1±O｡3

0.72±Ojo

O｡28±O｡09

0.86±0.25

1.02±027

0.63±0JL9

M(9o=O)

(km/s/MI)c)

Datn　Sol1rce

82.5±2L2　0VR040(Aμ)+Assum(･d1)ronl(･(μ｡μ)

　121±34

　176±57

5･6.2±16j

4L7±10.9

64､1±19.4

3.95　0j9±0.27　4L4±1L4

　　OVI{010(△≒(μ)

　　OVR010(△E(μ)

　　RT(△7{)+jS01(μ｡μ)

with　Ridlmlson-Lucy　mdhod

OVR040(∠XE)+R7�d･((μ)

OVR040(AE)+M7�d･((μ)

RT(A7y)+μos4m9｡μ)

Cx　used　for　｡/7o　determination　here　are　our　rcsults　listed　in　table　7j　k)r　an　ehls-

tcrs,　For　C10016+16　0VR040　data,　thc　integration　in　μΓisn()t(t()nvergaL　Th('n

the　integratiOn　prOCCdUrC　WaS　trUI1Cated　at　1　0191.WhC11　We　makC　the　illtCgmtion

range　large,　Pr　decrease　to　O･

agreement‘with　the　x-ray　image　and　temPerature　(lu()ted　by　H11gh(･s　et　a1　0995)huolo

not　state　the　vahle　of#o　used　in　the　comParis()rL　At　l)resent　wc　4rc　not　certain　as　to　thc

origin　of　the　diHjrence　between　the　Carlstrom　d　d　and　Birkinshaw　d　μΓesults,　olle

possibility　is　that　the　interferomdric　data　are　missing　inR)rmation()il　lalヽge　scal(,s,

　　0thcr　results　are　consistent　with　each　othcll　H()wever､the　best,nt　valu(,sofβdtndμ

are　somewhat　difFerent　from　our　results｡

7.4.2　μo　determination　with　complete　data　set　of　our　results

　　　　　of　Pr,　Cx　and　△{

For　OVR040　data,　it　is　casy　to　obtain　△7;.　M　the　dim･r(･ntμc　and　βfr()m　pul)1ish(･d(1ata

because　of　the　siml)1e　telcscoPe　resl)onsc(Gaussiall　b(Mln　with　the　haln)eam　width　=107

arcseO,　ln　contrary,　for　the　interfer()mdric　data　as　obtained　with　OVR010　mld　RT,　they

have　comphcated　telescope　resPonse　and　it　is　dimcult　to　obtain　∠XW　at　dim,ltnt　Q　mld

y　Then　for　OVR040　data,　we　dcrivc　the　Hubble　con8tant　using　thc　convertcd　ceiltral

decrement　to　that　at　the　our　best-nt　βe　and　y

　　Figure　7.2　show　the　values　of△ljn　the　(&,β)planc　f()r　CI0016+16,A665　and　A22i8

calculated　from　the　published　radio　data　and　the　telescope　response　of　OVR040.
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65.0±19.7

　　For　the　x-ray　data､　the　model　del)cndent　tcrm　alld　the　ohservahle　illvariant　value

could　be　sel)arated　by　the　cxl)ressi()ns　as　equation　7j､Howc､yF､thc　modd　del)elldcnc(,of

∠X{is　still　remaine(1,　1n　order　to　sel)aratc　the　model　del)(mdent　tGIH　alld　illvaFiant　tcFm

in　the　e(plation　7･8,　the　sl)atial　res1)onse　of　the　Fadio　teles(ol)({s　neccssaly　At　pF('scnt,

the　telescope　resPons(,of　OVR040　is　only　availablc　Thcn　wc　calculatcd　t,he　valuc　of　7)/

in　the　((､β)Plane　R)r　the　OVR040　observations,　μμis　as　follows,

y≡(jvF(x))≒)『 (7.10)

　　Using　this　expression､　the　equation　7,8　is　sei)arated　into　the　modcl　del)elld{･nt　term

alld　indePendent　term,

μo=7y(L40､9o) (7jl)

　　Figure　7j　show　the　value　of　?μin　the　(βoβ)planc　for　cach　chlstcr　l)roduced　fFom

ngure　7,2　and　7,1/We　can　estimate　the　90%c()nndcncc　ranμ'ofμμin　thesalne　lnann(T

as　estimating　the　rangc　of　/)r(sedion　7jy

　　The　Hubbleconstant　obtained　by　above　proce(hlFe　are　listcd　ill　tj)I('7,5,

Table　7.5:　Hubble　constants　obtaillcd　with　our　b(st-nt(&､μ)

△{

(mK)

/)j

(1011)
―

3.52

£)4

(Gpo
-

1.08

4)G/o=o)

Gm/s/MI)0

80.8±20.8

(2,40　-　t00)(L4←Oj8)　(60,0±15.5-102=E㈱
3.04 o｡748 57j)±15.0

3,60)㈲874　-　Oj31)(48,8±12,3　-　67j　±17j)
7.92

Target

C10016+16　　L05±Oj2

A665 O｡965±O｡086

A2218　　0.638±0.082

(2jo

Oj25

(5,2o-Ho)(oJ52→｡576)(4z7±12,9　-　m5=L=2L3)

Quoted　eITors　are　randomeITorscom1)in(!d　in　quadratur(t　Thc　mnge　of　valu('

11oted　in　the　()is　thc　90%collndence　rangc　considcring　the　elTor　of　P7y

　　The　value　of　the　Hubble　c()nstant　obtained　with　our　best-nt　(yβ)ar(l　well　agre(y

mcnt　with　each　oth(t　using　A665　alld　A2218､　thc　HIlb1)1e　collstallt　ddcmlin(･d　with

R7£sldg　image,　GμVGylg　tcml)el'ature　and　OVR040's　lwlio　data　has　})(tl1　r(･Portcd

(【Birkinshaw､Hughes&Arnaud　19911,　[Birkinshaw&Hughes　1994D　and　it　is　weH　con-
sistent　with　our　rcsults　of　/1SC4　and　OVR040　observatioIL
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Figure　7,2:　㈲β)dePendence　of△71　for　OVR040　data｡　Top:　C10016+i6,Middle:　A665,

Bottom:　A2218

4

4

4

9
0

9
0

f=゜

9
0

9
0

1=゛

9
0

9
0

?=

1.5

1.5

1.5

2

2

2

0

0

0

o｡5

o｡5

Oj



2

2

2

FφΓe　7,3:　㈲β)dePendenee　of　Pr'　for　OVRO40　data.　Top:　C10016+16,　Middle:　A665,

Bottom:　A2218
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Chapter　8

Dlscusslon

Our　sample　of　S-Z　cluster　has　great　adv&lltagc　f()r　the　ddcrmination　of　the　H�)hk(ton-

stant　because　of　using　thc　targds　at　cosmologicai　distmlces　and　in　the　la1々,dishmcc

range;　Oj7　<z≪O.54,　The　targd　in　that　range　has　a　rcccssion　velo(jty　of(5~12)×104

km/s,whidl　scems　mudl　larger　than　thc　Peculiar　velocity,

　　Xvc　dcljved　the　Hubblc　constant　n)rca{:h　chlster　with　th(･1)u　blished　radio　(hlt4　using

both(&､β)in　the　literature　and　ollr　b(st-nt(ac,β)in　the　previ(ms　dml)te1≒Th(･ol)tjn(･d
Hubble　constant　is　in　the　range　of　50　to　80　km　s(･(yI　MI)c‾1　,　R　is　somewlmt　low('r　thml　th(･

vah1(･determined　by　the　optical　ohservation　bas(･d　on　Cepheid　valhhles,　B(i)F(･discnssillg

that　dim2rence,　the　uncertjnty　of　our　results　has　to　be　exalnin(4L

　　The　cqmplete　results　including　the　(βc,β)dependence　of　A7;.　ar(!o1)taill(,d　from
OVR040　data　for　C10016+16,A665　and　A2218.0therutrgds　and　radio　data　has　the

((β)dependenceimPlicitly　and　the　dePendency　is　unknown,　Then　w(･conc(･ntrat(MDlt
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　q

the　results　pf　OVR040　data.

8.1　　Source　of　the　uncertainty

8.1.1　　0fr-axis　angle　uncertainty(Positional　uncertainty　of　the

　　　　　　optical　axis)

Xve　ddermined　the　density　distribution　from　thc　sulhce　bl≒htncss　distribution　ohljaillcd

with　/1SC4　using　the　sPhcrical　symmdricjso-theHnal　μmodeL　Thc　stnldural　Pal゛mll('‘

ters　havc　unccrtainties　duc　to　the　l)ositionahmcertainty　of　ol)tl(tal　axis　of　the　xRT,

　　The　systematic　error　due　to　the　optical　axis　ullccrtaillty　can　bc　examined　by　tlle　ntting

with　dim?rcnt　o&axis　angle　from　tlmt　wc　deriv(XL　Th(Mn()d(･l　teml)1ate　ra(hal　l)rofil(･sfor

βm()(1el　ntting　wercPrel)al゛ed　at　the　ofFaxis　allglc　of　O'､　5≒10'　alld　15'(8cdion　5,3E　Thc

target　is　observed　at　the　ofaxis　angle　of~2j　arcm11L　for　thc　SISO　on　&2CCD　mode

observation.　Then　the　radial　pronle　obtained　with　SISO　was　ntted　to　thc　βm()dd　tcml)late
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Pronle　at　the　ofaxis　angle　of　O≒md5≒Using　the　temPlate　at　the　otFaxis　angle　of　O'

givcs　a　Oj4　1owcrvah1('()fμthall　usiHg　t(･lnplate　at　t　he　ofFaxis　angl(･ofyf()lutll　clust(Ts､

According　to　the　((､μ)dePendellce　ofμd〕)T,its(`olT(･sponds　to　th(`10%111(T(ヽas(,o｢

7々£)Tfor　CI0016+16　alld　A665.　For　A2218,　since　A7}　is　relativ(,1y　snmll(,r　than　othclヽs,

μΓ£)Thas　strong　dePendcn｡onβ(c(luation　7jO　and　ngulヽe7j)｡Thcn　O｡04　illcrcnse　of

βmake　7)r£)Tlalge,　about　30‰

　　However,the　Position　of　the　oPtical　axis　was　determine(l　with　accuracy　≪1　4rGnin,

Thcn　tlle　syst(mmtic　cITor　of　30%R,Γμo　is　ovcrestimatc(L　lt　is　ncccssary　to　Fcducc　thc

uncertainty　ofβalld　to　examine　thc　un(trtainty　duc　to　the　1)ositional('ITor　or　l　ammh1,

Here,we　alopt　the　10%systematic　crroF　ofμo　for　jl　three　clustcl･s｡

8.1.2　Density　and　temperature　distribution　ullcertainty

The　spherical　symmdry　and　iso,thermal　condition　has　heen　assum(,d　for　the　derivation

of　density　distrihution｡Hoxvever,　from　our　image　analyses　in　th(･two(mergy　band　(0,5

-2,5,2j　-　10,0　kev)and　spedral　analyses,　and　the　detailed　spatial　inn)ljmations　from

/?OS/tTobservations,somc　dnstcrs　shows　thc　Hymmetrie　distrihution　of　thc　eledroll

tempcraturc.　Thcn　we　should　considcr　the　emtts　of　rclaxing　the　as8umPtions,

Elongation

Excel)t　for　A1413,　the　bl≒htness　distril)ution　obtained　with　/L9(TM　shows　the　ciFcular

symmetry,£jlJd7i　and　μ0&4Tohservations　of　the　clusters　givc　high　(luahty　inlag(･s､

whidl　show　no　strong　d()ngation　and　sul)strudure.Neulnan11&B6hFing(,r(1996)illv(,st,i,

μt(･d　thc　el()110ti()n　of　x-ray　isol)h()tes　f()r　CI0016+16(axij　rati()~Oj2)jYom　ddail(･d

analysis　with　μ0&4?　data.They　obtaincd　the　results　both　of　azimuthal　averaged　one

dimensional　and　two　dimcnsionj　βm()dd　nt　;md　collnrmcd　that　thccore　Fadiifor　th(,

major　and　minor　axis　are　within　thc　eITor　of　thc　core　radius　with　one　dimensional　nt　(thc

dim･rencc　of　central　density　is　less　than　1%dNcumann&Bohrillgel'1996D｡Th(,nn)r()uF
samplcs､thc　error　()f　thc　Hubb1(?(:onstallt　duc　to　thc　('1ongation　sccll　in　th(H)rojcded

ima,g(Os　lcss　than　the　error　duc　to　thc　core　mdius　ullcertainty　which　has　a1F(wlyl)ee11

included.

　　Evcn　if　the　gas　distribution　is　dongated　or　contraded　a1()ng　the　linc　of　sight,　thc　l)ro-

je(led　image　has　cir(ullar　symmdry｡Howcver,that　distr11)ution(:ause8　a　mldcrestimation

()r　ovcrestimation　of　thc　Hubblc　c()nshmt　using　the　Sullyaev-ZCPdovich　dkd　becaus(yof

theassumption　of　the　spherical　symmdric　distribution　(thc　diamder　of　thc　chlsLG　along

the　line　of　sight　should　be　thc　salnc　as　thc　tlmlsverse　diamdcl}Whcll　the　ratio　of　the
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diamdcr　along　the　line　of　sight　to　thctransverse　diamdcljs　denlled　asGμ7js　cxl)rcssed

as,

P7･ =4､/Ff
P(3β)

P(3β-L5)

/
1
1
ー
ー
x
､

P(L5β-Oj)

　Γ(L5μ)

N
ー
ー
/

(8j)

　　(equation　7,9E　Then　Hubble　constant　is　proportiolml　to　c　Therek)rejf　the　chlster　is

highly　prolate　(elongatcd　along　the　line　of　sight),thcn　f　≫1,the　tnlc　Hubhle　constant　is

mudl　smaner　than　the　derived　vahle,　For　cxamplc､　A1413　shows　thc　(･longation　with　the

axial　ratio　~1　j,　lf　this　cluster　is　l)rolate(and　shows　thc　circular　symmdric　l)roj(yted

image),the　true　Hubhle　constant　is　largcr　hy　a　fador　L3　than　thc　del4ved　Hubble　(lollstant

with　the　assumption　of　the　s1)herical　symmdry),Birkinshaw　Hugh('s&Arnaud(1991)
state　that　the　hkely　error　of　the　Hubble　constant　due　to　thc　d()ngajon　will　be　a　fador　2

dcdueed　from　the　statistical　study　of　the　galaxy　distributio11.　UnRrtulmtelyjt　is　dilm･ult

to　estimatc　this　value　from　the　observatiol1.The　vahle　may　l)e　o1)tjncd　by　shttistiGd

audy　of　nearhy　clustcrs　with　projcded　image･

Temperature　distribution

jSG4　has　heen　investigated　the　tempcrature　strudur(nll　several　dust('rs,　Though　th('

Coma　cluster　(A1656)had　been　consid(ted　as　a　tyPi(jtl　iso-thermal　dustcr,　multil)lc　Po111t-

ing　ohservations　with　/1SC4rcvealcd　the　strudure　of　the　pro､j(ftcd　teml)(･rat11r(･(wi(l(･11tly

(fHonda　et　a1.　1996D,For　A665　and　A2163,　the　tem1)erature　dFol)in　the()11tcr　l)ortion

was　reported　([Markevitch　d�,19941,[Markevitch　d�,1996]dMarkcvitd11996D･

　　Our　results　for　some　dusters　dose　not　indicate　the　strong　radial　stnlctur(,of　the

temperature　becauseof　the　limitation　of　a　radial　rangc　f()r　the　brightncss　Pronle　ntting

and　the　large　systematicerrorfor　the　spedral　ntting,　Considerillg　tll('m4ximum　Pronle

dihrence　of　the　radial　bl≒htness　distribution　betwccll　the　higher　(2,5　-　iOkcv)&11d　l()wer

(Oj　-　2j　kev)energy　band,　the　radial　pronl(jll　highcr　(mergy　balld　could　h&ve　O,06　1arger

βthan　the　lowcO)and(Oj-2j)(ngu1゛e　6j4,　6,18).Thc　a11()wed　rallge　of(()f2,5　-　10k(･V

range　pronle　with　90%conndence　level　is　too　l&rgc　to　invcstigatc　thc　dindcnc(drom　thc

∂c　fol`O,5　-　2j　kev　bal1(L　Theβdiner(mce(:olT61)onds　to　the　thntdimcnsional　mdial

temperature　strudur(≒9　kev　&t　the　c(mter　and　decr(msing　t()3　kev　at　7‘　=21『f()I'　A2218

and　1L5　kev　at　the　c(mtcr　an(ldc(:rca8illg　to　5kcv　f()r　A665.　The　(mlt1J　tGnl)emtur('

was　decided　from　the　obtained　tcml)erature　averaged　()VG　the　radi41　rallge　of　Oy　1,5≒

Assuming　the　decrease　of　the　temperature　(lescribed　a1)ov(･,wc　simulated　thc　averaged

projeded　temperaturcs　within　thc　several　radii　and　the　results　are　hstcd　in　table　8j

with　the　observed　av(?ragcd　projeded　temperatures.　F()r1)oth(:ase　of　A2218　4n(I　A665,

the　coml)uted　teml)erature　decrease　with　the　illtegration　radius　fa8ter　than　the　ol)sGved

temp'erature,Then　even　if　a　teml)erature　drop　exist　in　the　outer　l)art　of　cluster,　thc
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slopc()f　decreasc　may　bc　smaller　than　the　assumed　teml)eratureμadi(mt　for　A221&F()F

A665,since　the　observcd　temPcraturc　with　sevcrj　illtegFatioll　radii　is　nliFly　conshmt,　thc

tcmPcrature　may　hdld()`゛11　sh4rl)ly　at.“1“1々'Fadius;≫6j【Mnrkevitch　1996D･
　　ln　sl)ite　of　using　the　strong　temPcraturc　gradi(mt　in　comParison　to　the　obs('rved　dMa,

rr　changcs　lO%slna1L　This　leads　to　1　0%sma11μo｡Then　the　systematic　eITor　dmUO

the　temPerature　gradient　seems　to　be　less　than　10%,

Table　8j:　Com uted　aver erature　with　thc　tem )crature　gradi(mt

E
　　　z(1-9o)

1+w+(i+2w)

128

(8,2)

Targd　lntegration　region ComPuted　t･cmperaturc

A2218　　(y≪r≪1.y　　　　　　　7.3　kev

　　　　　{y<r≪3y　　　　　　(E6　kcv

　　　　　(y<r≪6jy　　　　　　　6j　kev

　　　　　(F<r<9�　　　　　　6j　kev

A665　　　(y≪r<Ly　　　　　　　　8.8　kcv

　　　　　CF<r≪3{y　　　　　　7j　kev

　　　　　(y<r<6.(y　　　　　　　7,4　kev

　　　　　(y≪r<9f　　　　　　　7.2　kev

Thc　temperaturcs　listcd　here　are　l)rojeded　teml)erature,

Measured　teml)emture

7y〕3T2　k(!x/
　　+Ojl
7≒3-071

　　+Oj
6･8-Oj

　　+Oj
(E7-0.3
-

　　+0.8
8･8-o｡7

　　+0.5
8j-0.4

　　+0.3
8.7-Oj

　　+o｡4
8£-Oj

kev

kev

kev
-

kcv

kev

kev

kev

8.2　　Sumnlary　of　the　derived　7EZO

The　vahle　of　the　Hubblc　constant　is　obtjlled　fr()m　a　disance　of　sour&o11(?by　on{n

The　angular　diameter　distances　o1)tained　aom　allsources　are　l)1()tted　with　tll(･valuc　or

μ(z,{/o=o)(equation　8,2)1n　ngure　8↓F()r　OVR040　data,　(1uoted　eIT()r　bals　indud(･
systematic　error　discussed　ab()V(EF()r　RT　and　OVR010　daht,　sil1(:(4hcc(･ntIMl　de(TClncnll

with　our　best-nt　(βc,β)could　not　be　cal(mlated　because　of　the　unknown　telescope　resp()ns(･､
the　vahles　obtjned　R()m()ur　results　of　th(M'ledron　teml)eratul`e,X-ray　nux､　alld　l)ublish(･d

△�with(&､β)derived　from　other　data　(£i714d7dmag(lor　decrcment　inmge;　sce　chal)t(･｢

7)arePlotte(1.　Theerrorbarsof　RT　and　OVR010　do　n()t　inchldc　thc　systcmati(4,rrol≒

The　diamder　distallce　can　be　cxl)rcssed　ajs,

=
　
　
　
　
=

p
　
　
　
/

W‰(z,㈲)

CZ

(1+z)2



Figure　8j:　Summary　of　the　derived　#o,vertical　axis　cxprcsses　the　measured　diamder

distance　and　horizontal　axis　is　thc　value　of　£O､㈲=0).Solid　hn(Os　th(d)est-ht　with

μo=68.Dashed　hnc､dot-dashed　linc　and　dotte(1　1ine　eo1Tcsponds　to　#o=50,μ)=85

andμo=100,resl)(ftively,　Though　th('results　from　th(Oncolnl)lete　data　f()rRT　and

OVR010arealso　plottedμhey　were　not　used　for　m4illg･
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　　(equation　3j2)･

　　Then　using　yd　and　obtjned　7λ4f()r　eadl　duster　alld　inchlding　all　the　systematic　cITors,

#ocanbe　obtained　by　ntting　to　the　linear　fundiolL

　　Figure　8,1　shows　the　ntted　results　of　∬o　using　the　OVR040　data　(A2218,A665　alld

C10016+16)as　solid　line.　We　obtain�the　hest-nttcd　Hubble　constant　=68±22　km

Se(t ‾I　MPc‾linchlding　the　systemati(:Gror(11scuss('d　al)ovc(only　th('syst('matio'ITor　du(

to　the　elongation　is　not　included)｡

8.3　Diflerence　from　other　methods

The　distance　mea8urement　using　the　standard　candles　hasl)cell　improvcd　by　HST　obseF

vation,　Thc　distance　measurem(mt　bascd　on　the　P-L　rclatioll　of　Ccpheids,　The　Cel)h(･ld

in　the　virgo　chlster　galaxy　M100　have　becn　observed　and　thc　derivcd　Hubblc　constallt　is

around　82±17　km　sec‾I　Mpc‾1(Reedmall　et　al　l994､　Pierce　et　al　1994E　Though　it　is
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consistellt　with　our　rcsult,　somewhat　largcr　than　oursヽThcre　Rre　several　way　to　des(Tib(

that　discrepallcy　as　follows,

1.Systematic　error　in　the　S-Z　em,cL

2.Systematic　error　in　the　distan(:e　measurement　tovirgo　cluster,

3.The　Hubble　constallt　is　not　'co7£Ma�'｡

4.Tlkk　of　the　cosmologicahnodcL　The　Hubble　constant　is　really　'amμa�'｡

8.3.1　Systematic　error　in　the　S-Z　efrect

The　systematicerrorsf()r　the　ddermination　with　S-Z　dkd　has　becn　(lis(tussed,thongh

the　efect　of　a　elongation　of　intraduster　medium　hH　not　beell　indlld(9L　lf　the　Hu1)ble

constant　is　really　'constant'　and　80　km　sec‾I　Mpc‾1,all　chlsters　of()ur　samplc　should　l)e

elongated　along　thc　line　of　sight　and　its　axia1　ratio　should　l)e　L3　`L6,　Thc　vjue　of

the　axial　ratio　is　not　unhkey　But　it　is　hard　to　consider　that　all　four　dusters　show　the

el()ngation　jollg　the　same　diredion　and　sudl　a　larg(utxial　ratio/H()wcver､w(･should　wait

to　discuss　it　until　the　increase　of　S-Z　dust('r　saml)1(t

　　Then　next,　we　examine　thc　rchability　of　the　distallc(･nl(･aMlrcmellt　tovirgo　chlstcF

brieny,

8.3.2　Systematicerrorin`the　distance　nleasurenlent　to　virgo

　　　　　　duster

Freedman　et　aL　(1994)assllm(ld　that　M100　is　locatcd　at　thc　same　distancc　as　the　vlFgo
cluster　core　fronl　us,　The　virgo　chlster　has　large　extent　cv(,n　ill　the　(lir(,di()n　alollg　the

line　of　sight.lf　M100　is　l()(:atcd　4t　the　ncar-sidc　of　th(,virgo　chlst(,r,it　may　l･td　to

undercstimate　the　distallce　to　the　virgo　dust(t　This　uncertainty　is　coml)aml)I(M)F　larg(･

with　their　quoted　error　of　the　distance｡Furthermorc,there　is　dimculty　to　cstimate　th(,

recession　velocity()f　thc　virgo　chlstel≒The　virgo　chlster　ha8　two　maill　coml)()nents　of

galaxy　concentration　and　additional　c()ml)onent　whi(:h　is　mor(MIistant　than　the　tw()mai11

components｡Since　thcse　subdu8tel･sseelnsto　show　th('systcmatic　motion　r(?sl)cdivcly,

the　averaged　virgo　recession　velo(jty　should　be　estimatcd　caren111y｡　Thc　dcduced　rcces-

sioll　velocity　of　the　virgo　dustcr　are　lungillg　1　1　00　~1600　km/s　([Eunmann　d　j.　19961,

【Freedlmm　et　aL　1994D,　C()nsidering　the　systemati(:cITor,the　Hubl)lc(:onstant　is　in　the
range　of　65　-100　km　scc‾I　MI)c‾l.

　　The　distimccnleasurc】ynent　with　SNe　la　is　aPPlicable　to　⌒･400　MI)c　and　the　uncer-

taillty　noted　above　is　not　serious　at　large　distance　because　of　large　recession　vclocity｡

The　distance　measurements　using　the　peak　magnitudc　of　SNC　la　alld　the　(:alibllati(m
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with　the　Cepheid　distance　has　beendeveloped([Sjla　et　al･　1994],[Sa11(lagc　ct　aL　19961,

[Schader　et　aL　1996D｡　Howevcr,thc　peak　j)solute　magnitudc　dcl)cndene(9),n　the　d(,clille

rate　of　the　magnitudc　is　suggcstcd　by　Rkss　ct　aL(1995E　They　estimat(･d　the　Hu1)bl(`

constant　without　limitation　of　the　constant　peak　magnitudc　and　o1)taincd　67±7　kln　s(･(y1

MI)c‾I(with　limitation　of　the　c(mstallt　Peak　magnitudc､derivedμo　is　53±H　kln　sec‾1

Mp(TI}

　　Though　the　Hubble　constant　obtjned　with　nearby　objeds　tcnd　to　pren･r　the　8hort

distallt　scje　(≫65　km　se(yl　MP(71)to　the　long　distant　scje　(≪65　km　se(TI　Mpc‾l)

excePt　for　the　value　from　SN　la　mdhodjt　is　impossiblc　to　dccidc　a↑1)rcsent,　lt　nmsO)e

noted　that　the　large　vjue　of　μo　lead　to　thc　paradoxica1　1)r()blcm　on　th(･age　oOmiv(･rs(y

According　to　the　age　estimation　of　globulat　clusters　lmsed　on　the　coml)ariilg　th(･stcllaF

I)opuhtions　and(mlibrate(l　stellar　modelsμhe　oldest　globular　dustel`has　th(utge　d　15･8　±

2j　Gyr([BOlte&Hogan　1995])｡For　Einstein　-　de　Sittcr　universc､　the　agc　of　ullivers({s
8　Gyr　with　#o=80　km　scc‾I　MI)(yl　and　13　Gyr　with　μo250kms('(TI　MI)(TI,　T()

avoid　the　l)roblem,thc　univcrse　should　be　low　dcnsity　with　μo<65　km　s{?c‾IMp(Tl　oF

non　zero　A　universe.　Acc()rding　abov(Mliscussions　and　om4csults,　the　Hub1)1e　collstant　is

likelyaround　this　valu(t

8.3.3　Local　and　Global　value　of　the　Hubble　constant

S-Z　method　has　al)I)lied　to　mudl　nlrther　obyds　than　thc　Cel)heid,Tully-Fish('r　mdho(k

lf　annleasurelnent　are　corredjt　is　considerable　that　the　H11bblc　c()nstant　is　ll()Ccollstant'

and　it　has　a　distancc　dcl)endcnc(y　lf　there　is　low　density　rejon　in　coml)arisoil　to　the　global

density　and　our　local　μouP　is　in　that　rcgi()nμhe　Hubble(;()11stant　has　dist4nce　del)('11d('uee

because　of　the　dinerent　deceleration　rate　of　expaa㎡)n,　Nvu　et　aL　(1995)cal(411ated　the

distance　depcnd(mcc　of　th(yl()caP　Hubble　constant　with　thc　siml)1c　dcnsity　modcl　which

is　the　Kingl゛nodel　with　the　core　radius　is　several　tcns　MI)c　and　the　(tentral(lelisity　a.s　smaH

as　Oj125　tinles　of　th�gl()bj'　dellsity｡　This　cmlsc　that　th�locaP　Huhbl(,conshmt　within

the　distancc　of　100　MI)(js　largcr　than　thc　'gl()1)aP　on(･,Though　it　is　only　demonst141tionjt

is()ne　of　thc　model　to　cxPrcss　the　(hstan･ce　dependcllc(･of　thc　lll('asur('d　Hubl)lc　constallt,

　　More　sophisticated　mdhod　to　cxamille　thc　dkd　of　dcnsity　nuduatioll　has　bcen　dcvd-

ope(H)y　Turncr,　C(m&Ostriker(1992)using　the　N-body　simulatio11,　Suto,Sugin()hal';t&

lnagaki(1995),Nakamura&Suto(1995)using　thc　anjyticaHblmulatioll.Th(?y　assumcd

the　density　nuduati()n　ili　the　cold　dark　nmtter　(CDM)modehmd　o})tain(･d　the　l)r�)abil-

ity　distribution　fundion　(PDF)of　the　global　Hu1}blc　collstant　with　thc　lo(MI(obscrved)
vahle　of　μo=80　km　se(7I　MI)c‾I,　According　their　results　of　PDF,　th(H)robal)ility　of　the

globul　Hubble　constallt　being　1)elow　50　km　scc‾I　MI)(yl　is　6%with　no　=1　mld　4%with
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no=0,2,　This　s(゛mst()1)(Hlleollsistellt　゛lth　oul`reslllts/Fhis　l`(`sult　has　the　CDM　m()del

d(1)elld(mcy　im(l　th(`I)rol)114y　of　CDM　mod('l　is　still　not　reli“1)I(ult　preself

8.3.4　Dependence　on　the　cosIIlological　model　(9o　9o)

We　derived　the　H11bblc　constant　assulning　‘/o　=0.　1f　no　4nd/or　A　is　not　zcro,　the()btaincd

Huhblc　collstant　shows　the　al)I)arcnt　del)endence　on　the(hstallc(H)ccause　of　the　dilFer(ult

cxl)rcssio11()fth(M111guhr(hamder(listan(te　Zλ4(e(luMi()n　3,12).ln　this　Gs(≒th(･Hubble
consUmt　is　rcally　'(:onstant≒　Figure　8,2　shows　the　aplmr(mtd(1)elld(･ncc　of　thc　Huh1)le

constant()btaillcd　with　9o　=O　on　redshifts　with　constmlt　#o　mld　threc　cosmological

mo(lcl(nojo)=(1,0､O,0),(O,0,　0,0)and(Oj,　0,9)(【Sasaki　1995D,　Thc　ca8e　oO〕Oj､

O｡O)corr(,sl)()nds　to　9o　=0.According　to　this　nguF(≒t,he　low　d(,nsit,y　4nd　non　z(y)A
univcrs(Hs　favor　to　des(Til)e　the　difrerellce　bdween　th(Hlubl)le　consUmt,　obtained　with

nearby()bEd　and　that　()btained　with(1istallt　dust(･rs,　H()wcvel‘μhc　elTor　of　the　mcasured

Hubble(:()11stant　is　t()o　large　to　examine　the　cosmologicj　m()(I(･ld('Pend(mc(y

Figure　8,2:　AI)1)arellt　distance　del)cndcnce()f　thc　Hubl)lc　collsUmt　due　t()the　use　of

difrercnt　cosmological　m()deL
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Chapter　9

Conclusion

Xve　analyzcd　6　distant　dustcrs　of　galaxics　o1)served　with　/L9C/1　data　Mld　ohtained　accumte

averaged　tcml)eratures　m1(1　1uminositics,　Furthcrmorc,　wed('V('loPcd　th(･mdh()d　or　th(･

image　analyscs　using　th(･μmodel　ntting　in　th(･2　energy　bands　induding　th(･(㈲(yt　of　the

xRT　PSF,　and　obtained　the　struduraI　I)arametcrs(&,β)f()r(4ch(tlustcr.

　　ASC/1　observation　of　C10016+16　1)rovide　us　the　ten11)enttur(･and　lumillosity　f()r　th(･

nrst　time,　This　is　th(durthest　duster　of　which　temp('rature　has　bc(･11obtaincd,

　　XV(?found　the　point　like　emission　from　A1204.　Ddailed　sl)edral　analysisjt　is　idcntincd

as　the　thermal　emission　assoeiat(!d　with　A1204　by　thc　rcdshincd　iron　lin(umd　continuum

emiss1(nL　The　l)oillt　lik(o)l≒htncss　distril)ut1()n　is　produce(l　by　the　strong　l)eak　at　th(･

center　of　Ule　clustcr　and　the　radial　distyibution　of　the　hardness　ratio　suggcsts　thc　existcncc

of　a　cool　componcnt　in　the　ccntral　region,

　　F()r　A665　and　A1413,　the　strong　iron　Ka　an(IKβ1ine　emission　are　se(m　in　the　x{ay

sl)cdra,　We　k)und　the　allomaly　of　the　ratio　of　Ka　to　Kβlin{Hntensity,　This　mlomaly

can　noO)e　descri1)ed　with　the　comsionah()nization　c(1uilil)riunL　Xvc　made　it　s11re　tlmt　the

anomaly　of　the　ratio　occuljn　the　outer　skirt　of　the　cluster　and　suggest　the　breakdown　of

the　condition　in　the　collisional　ionizatioll　e(luihl)rium　in　the　outer　low　d(msity　r(･gion()f

the　chlster｡

　　F()r　the　previous　ddcHnination　of　the　Hubble　constant　usillg　the　Sunyaev-ZePdovich

dk(jt,the　combincd　x-ray　(laUt　with　£&Md7Gmd　G/yvG.44r(Mls(･d.　G/yG/l　alld　Rsμjλ

whidl　is　the　imaging　and　non-imaging　instrumcnt　r('sl)edivcly,　lmvc　mudl　dim?rellt　ill　the

energy　range,spatial　res()hltion　alld　inmφng　caPability,

　　VVe　derive　the　Hubble　constant　using　the　Sunyaev-ZePdovi(:h　cm･d　with　the　coml)1d(･

radio　data　obtained　with　OVR0　40m　single-dish　radiomet(･r　and　x{ay(1ata　o1)tained

with　only　4　SCM　f()r　th(･thre(･dusters　of　galaxies,　A2218,A6G5　and　C1001616+16jn,

complete　radio　data　obtained　with　OVR0　10m　and　MRAO　Ryle　t(!l(scol)c　interf(･romder
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and　complete　x{ay　data　n'r　A2218,　A773　alld　C10016+16.

　　1n　the　process　of　the　dcrivation,　we　introduccd　thc　ohservj)le　physical　paraln({(･Fs

as　'tlle　decrement　illd(･x'(CX)which　is　il1(lePendent　of　thc　distributi()n　fundion　of　the

temPerature　and　density,　&nd　jhe　l)rofile　colTedion　illd(?x'(PO　which　dependson　thc

distribution　fundi(m,　Thesc　Pal゛amdcrs　mak(Htl)ossihle　to　comPar('oIUo　com1)in(･with

the　data　obtained　with　the　difFerent　missions　(ct£V71μdnμ0£4TG7/VG4　and　jSCj4)
without　the　imnmn(mt　parameter　couPhng　l)roblem　su(lh　its　th(･coul)ling　l,)dweelHtc(?ntral

dcnsity　and　strudural　parameters　(&e,μ)･

　　lncluding　the　considerable　systematic　clTors　ex(n)tf()r　thc　elollgation,　th('Hu1)1)1e

constallt　was　obtailled　68±22　km　sec‾I　Mpc‾I,　Since　the　targets　are　in　thc　cosmolog1(ml

distance　range　(017≧z≦Oj4),the　obtaincd　Hubblc　constant　is　noClo(laP　but　ylo1)aP
value　in　the　universe,The　incon1Pleteradio　data　excel)t　the　radio　data　of　OVR0　10m

also　Provide　≪80･　km　scc-I　MI)c-　E　The　radio　data　obtaill(,d　with　OVR0　10m　show　t,h(,

considerably　higher　value　≫120　km　sec‾I　MI)(Tlthan　oul4estllts　and　any　prcvious　r('sult

including　the　results　from　thenearby　objeds,

　　0ur　result　from　c()ml)lete　data　of　A2218,　A665　and　CI0016+1　6　is　rclativcly　l()we14hall

the　'1ocaP　value　()f　the　Hubble　constant;　80　km　se(TI　MI)(TI()btain(･d　fronl　C(･pll�ds　HST

observ&tion　in　virgo　chlsteL

　　At　Present,　though　therc　are　several　id('as　t()describc　such　4　dim'r(me(≒it　is　hard

t()condude　bc(:ausc　thcre　is　still　uncertainty　ill　t,he(lerivalioll　of　th(ylocaP　vjue　of　the

Hubhle　constant　(50　km　se(TI　Mpc‾l(lerivcd　with　SNe　la　ol'　80　km　s('({I　MI)(ylviIW)

Cel)hcids)j

　　The　best　way　to　deriv(Hhe　precise　Hubble　constant　is　t()m(?asure　distan(ts　to　obj(tts

in　the　wide　redshift　mng(Hneluding　th(,(listancc　to　the　virg()and　C()n14(:lustG‰1sed　on

the　l)ur(?ly　l)hysical　mdho(ls　such　as　the　Sunyaev-ZePdovich　emtL　lf　the　acculutc　l4tdio

d&ta　of　near1)y　chlsters　m゛e　&vailahle,/1SC4(M11　dcriv(dh(ytrue'　Hub})le　collstallt　h゛()m

the　'locaP　to　'gi()hal≒
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