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OoMPPCOOODOOOOD APDOODOOODOOODO

O00o0o00ooooooMPPCOODOOO(DOOODOOO C10507-11-100U) O
O05170000MPPCOO0D00OOOOODOOOO 1mm?0 MPPCOI-VOOOOO
gbobobooboobooboobobbooboobooboboboboobon
O0000000000000000320~90nm 000000000045 %00

0517 0000000 MPPCOODDOO C10507-11-100U
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53. MpPPCOOOOODOOOODOOOODO

100 | oy,

> :
\E/ o
E;D 50 | * .
S .
>

0 et :

10 5 0 5 10

Time (ns)

0518 1000000 MPPCOOOOODOOOODO

440 nm) 000000000000 USBOOOOOOOOOOOOOOOOOOO
oooooooooMpPCOOODOOOLVODOOODOOOOODODOODOO

OoooOoooos8b01ooooooMpPPCODODOOODODODOODOODO

obooboooolbobooo oomVooooolibobobooobobobooo

Os5ns00000000O0 150ns0000

O0D00O0O TiSaDOOOooOoOoooD1ioooooooo MpPCODOOODOOO

gboboogboobbodbobbobabbobooboboobgs2rbgbon
OooooboooooboOooOooobooooboooooboooMPPCOOOO
gbbbuoogbbbuooobobboooobbbogobbbuoogbbboo
O000lkHz.OOOOOOOOOOOOooOOoooooooooooooboooo
OO0000b00b0obooboobooboo0oooboobOon ‘Phistogram’ 00000
MpPCOOUODOOODOODOOAM+0 mVOODOOODODOOOODOOOODO

ooooooon
Os51900000000b000b000bbobbobb1obooboobo

0000000000000 000000O00NO0ooOooooDO477£7 ps(FWHM)
OO00ooooobooobboouooo2000bbo0oooooboOooMPPCOOOO
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050 0O00bOO00bOOobbOobbOOoboobooboon

60

40

two photons

20

Counts per 10 ps bin

Time (ns)

0 519 MPPCOOODOOOOOOODOODOOOOOODOOODDOODOOOO
gboboboogon

gbog2000000b0bo2omVOo00ooooobobobobon 50 mV
goboboboobbboulgoooooobb200000bbbobobbbogd
O0000000bO00o0oOoboOOobOoooooMPPCOOODOODOODOODO
gbbobooodgbbbuooobbbuoooobbbooobbbooobboboo
OoboooboooobooooboooMpPCOOODOODOODOODODO
gooboogooooo

5.3.2 MPPCUOUOOUOUOUODOOODDOOOO

MpPCOOOODOOOOODOOODO4TrpsUDOO0ODOODLDOODOOOOODOO
gbobbuoogoboboooobbboooobbbuogobbboogbobboo
OoooooboooooboooooboooooMPPCOOOOOODOOOODOO
gbbbuoogobboooobboooobbbuooobbboooboobboo
gbobobuooooboboooobboooobbbogobbboogbobboo
gbobboobboobooboobuooboo 7, 00bo0booboobon

T2 =T+T;+1T" (5.17)
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53. MpPPCOOOOODOOOODOOOODO

Oooor,oboooooooooor,oooooooodni;ooooooood
gobboooobobooooboboooobbbooobbbooobobooboo
gbbbuodgbbbuoooobboooobbbuooobbbuoodobbboo
gobboooobboouooooboo

OO0000000047rpsO MPPCODOOOODDOODOODODODODODO
OobooboobooboooboobooooboooobooooboMPPCO
gbbboooobbobuoooobboooobbbogobbboooboboboo
gsh2000ddbuooogoobbobboodg&psdgdgonnooboogd
OOoooooboooooMpPPCOODOOOOODOODA4ATT£7ps0 0000
OOobOoooobooooooobooobobobooooboooooboooMPPCO
gbodbbggbogobuoobbogbooobuogbbaspsdggbog
Oo0ooOOoobOooMpPCOOOOOOOODOOODOOODOODOODOODO
OoboobooboobooboooobooooobooooobooMPPCOODOO
O00000000000D00Db0DbO0bOO0obDobO 25 psd MicroChannel Plate

484

477

Error range of
time resolution

470

Width of timing distribution, 7, (ps)

0 20 40 60
Pulse width of gamma rays, T, (ps)

o0
e

100

0520 00000DOO0ODOOODOOOODOOOMPPCOOOODOODOOODO
00000000000ooooooo0o0oU0U0UUoOo (bobooo)boooooo
MpPCOODOODOOODOODODODODODO4Tr+£7ps0000O0ODOODO MPPC
gbobbooogbbboooobbbooodgd
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050 0O00bOO00bOOobbOobbOOoboobooboon

PhotoMultiplier Tube (00O OO OO R3809U-50) 0000000

5.3.3 UUOOoggdag

Dbooobos2100b0boobbog20000b00b0b00bbo
obodboboz240000000000Db0O0OOLDOOODDOODDOODLDbDOn
gbobboogobbbuooobbboooobobbooogobs2bbboood

oooddddooooouoooouoooobo 4200000000040
g bobbbbbbbbbbbbbbbbbbbos
ps(FWHM) DO OOMPPCOOODODODOODODOOOOOOOODOODOOODODOOO
gboobon

MpPCOOODOODOODOOODOOOODODOOOOODODOOSS S mmOOOO
OO0obOo0o0oobOobobo0obobobOobDoobOobooobOoboOoobO MPPCO
Oobooboobo3adsmmd UVOOOOOOOOOOOODOOO0OoO0ooOo0ooO0
oo MpPPCOOOODOOOODOOOODLOODOODLDOODLOODOODOODO
gbobobooooobbbooooobbboggssmbbooooobobogad
MpPCOODOOODOOODOODOODOOMPPCOOODODOODODOODOODODOODO

Phase shifter Synchro lock
90.1 MHz Feedback
1/16 divider Mode-locked
5 63 MHz Ti:Sapphire laser
RF bucket selector 90.1 MHz
1/5632 divider CW laser _>| Photodiode I
_‘ 1 kHz
Wi 1 kHz A 4
| Q-switch pump laser | > Regenerative
RF cavity amplifier
pick-up

Pre-trigger Trigger
UVSOR-II YV

Electron storage ring Digital
Oscilloscope
1 kHz
PC
Electron beam “57 1 13 ray pulse , -
MPPC

Tungsten plate

0 521 MPPCOUODOOOOOOOOODODODLDOOODOOODODODO

122



53. MpPPCOOOOODOOOODOOOODO

0 5.2 MPPCOOOOODOODOOOOODOOOODOOODODOODODOOO
goo

00000
00000 (MeV) 750
000 (mA) 15
00000000000 (mm) 0.62, 0.035(rms)
0ooa (ps) 320(FWHM)
0000

00 (nm) 800
oog (W) 2.4
0000 (Hz) 1000
00000000000 (mm) <0.01(rms)
oooag (ps) 0.7(FWHM)
0000

0000000 (MeV) 6.6
00 (photons s™) 1.2x108
o000 (ps) 5(FWHM)

OOooooMpPPCOOODOUODODOOOODOOODODODODOOODOS3.100
gobobooggbbobuoooobbbouoooobbooooooboon

534 UUOOLOUOOOOOUOLOUOOOOObDOO

EGSSO00D0000noobooboobobobobooboooooooooooon
gbooboogoobood

OOO0OOEGS S OO0DO0OD0LCSO00O0O0OO0DOOobOOobOoboboooooonoo
O0ob0o0obOobobooobobobooboooobobobd lmradd OO0
gbbogobbuooobboobbboobbooogbbos20dbabod
gobgbogbogboobogbuogbbogbuogbooboobuooobaon
gbbbuoodgbobbuoooobbboooobbbooubbboodabbboo
00000000000 DDODODODODO0O000 044 %0 015%000000000
1000000000001.2x10% photons pulse ! 00000000 100000
Ovrodboobooboobon

O00000000D0D0DOO0O0O0O0OC0C0CO (OOOoOooUOoOoO)yooooooo
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050 0O00bOO00bOOobbOobbOOoboobooboon

electrons

0.5 f positrons

Intensity (a.u.)

Kinetic energy (MeV)

0 522 LCSOOO0O0OOO0OODOOOOOOOOOOOOOOOODOOOODOOO
gboboboogobood

OO0 AtOD00DOO0O0AtODO0D0O0bOobooooogo

A#:<1—1>l:( Be 4 mec” —1)l (5.18)
Be c \/ B2 4 2E.mec? ¢

00004 =v/c(v., 00000000)0I000000000000E, 0000
0000000000mA000000000000000000N0000n0on
00000 522000000000000000 2MeVOODOAtD 36500
0000000000000000000000000000000000000
000000000000000000000000000000000 UVOD
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000
0000000000000 0000000000000000 000000
000000000 ADDOOOO0DO0D000000000000000000

dN, 2« 1
= 1 5.19
dx 137N ( n2ﬁ§> (5.19)

gooo

= cos b, (5.20)
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53. MpPPCOOOOODOOOODOOOODO

oooobe 00000000 DODOOOOOODODObDODOOODODODO
gobogobodbogobuodobboboboobbbobuoobbooboobo
000000 UVOOO (n=14)00000 (5.2000000000000000
OoOooboooo21 MeVO 018MeVUDOUODOOODOODODOODODODODODOO
vvobooobooboboboboooboooobg

EGSSO000000000DODODOOOODOOOOODODODODODOODODODODDOOMPPC
OO00oooooouvbOooooooooboooooooooobbooOOUOUEGSS
OOo0o0obooO0ob0o0ob0oobooboboOobcoboobooobooooDooboOooDo
O0000OMPPCOODOOODODO 320~900 nmO0000MPPCODOO (1 mm?)
0000000000000000000000 100000000.3 photon pulse™!
goooo

5.3.5 UUOOOoooobod

052300LCSO00000000MPPCOO00O0O0O0OOONONONOOOOOO
00000000000000000100000000000000000000
0000000720430 ps(FWHM)OOOOOOO0DO0OO0000000O0O0OOOOO
00000 (5.17)00000

VT2 4 T? = 540 + 40 ps.

goodgboggbogbbs32ubboouboobbobboobagng 82
psOOO0O0DO0O0O0O0OO0OO0OOO0OOLOO0ObLbOo0bLbOoOo0bLobOoOn
gobboobobobdsombooobooboboboboboobuonbon
obobooboboobooobobobooboboboobuoboeomvVOOD 2ns
gobogbbboooobobuoooobbboooobbboooonobbdd 100 ps
ooobbobobobgboooooobbobobobobobuobobogs2o
psUOOO0O0O0OO0OOO0OO0OOO0O0OOO0O0bLDbOO0o0bDbOoboOo0bobOon
gbobogooobooooboo
gbbbuoodgbbbbooogbbbuoodobbboooobbbooobon
gboboobooboobdborrpsd0boboobonoObs32000000
goddoood psbbO00O0O00O00O0O0O0O0O0OO0O0OOOUOOUOLOOO
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050 0O00bOO00bOOobbOobbOOoboobooboon

40 1

single

/ photon

two photons K

20

Counts/(10 ps bin)

Time (ns)

0 523 LCSOO000OOO0ODO MPPCOOOOOOOODOODOOOOODODODOO
oboboboboobooobuoobuooboobbboboobooon

MpPCOUOUOOODOODODOOOOOODUODODOZpsUOOOODODOODO
gbooboogon
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54, DOODOOOOLOOODLOOOLOOO0ODLOO0

54 UUOUOUOOOOOOOOOOOOOON

Os5200000000000000000000D00O000O0O0O0O0DOODLDDO
O13psO000D0O0ODO0ODOODOOO0OLCSODODODOODOObDObOOOO
gboboguogbbodbooobogobuoobboobooboooboong 5.3
OoOoobuobo4mpsd 0000000 DLO0ODOOODODOODODO0OD 82 ps
gbobbuoooboboboooobbboooobbbooobbbooobobboo
gbobgsopsdDugobboobbogboobnbooobboognoog
gobbobbbbbbbbbbobbbbobbboobbbbbbbbbbbbbboo
gbobbuoooboboboooobboooobbbuooobbbuoooboboboo
gboobooogooobooo

DoooLCcsoooooooooooboooooooooboobooooooooo
gbbbuooobboboooobboooobbbooobbbuooobbboo
gbgboogbuogbobooboobobooboobobuoobobougobo
gboboboobooboobobobobboobooboobobooboobon
gbbbuooobbbuooobbbuoooobbbooobbboooobobboo
gboogbbogbuoggbboobuooboobobodboobbooboobn

Obhoobobooboobboobboobuoobboobbobs24b00n
gbbbuoogbbbuooobobboooobbbuooobbbooonoobboo
gbobboodgbboboooobboooobbbuogobbboogbobboo

Tungsten E|eCtI’0n,
plate Positron

Gamma ray

J Cherenkov
radiation

0524 0000000000000 b00bOobbOobOo0obOo0Dg
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Os0 OObOO0bO0booooboobobdoboooood
O00000CS, (000 1.63)00000000000O000O0O énDO0O
on = nol (5.21)

O0000D0O0D000On,00000D00000/00000D00D0O00OD0OCS,
000 n,=3x10em> MW ' OOODOOOODODO0DO0O0O00O0O00OO00DOO0OO
000000000000 00 Hidra-100 (0000 0.13 ps(FWHM) OO OO OO
000 100m))00000000000000000DO00O0O0OOOOCS, 0000
001%00000000000000000000000000O0O0OOO0O0
00000 2ps0000 [64, 65]0
gbobooboguobgbobogbobobooobobuooboboobogn
obobobooboobooobobobooboboboobobobob 5.34
gbobbuoooboboboooobbboogbbbuooobbbooobbboo
gbobbuoogbobobuoooobboooobbbogobbboogooobooo
gbbbuoodobobbtoooobbboooobbbuooobbboooobbboo
gbbbuoodgbbbuooobbbuooobobboooobbbooobbboo
gbobbuooooboboooobboooobbbogobbboooooboboo
obobboobooboobooboobobbobooboobooboobo
Ooboobooobo cs;,0boobobooooooooobobobooouoboooboog
goodgboodbogbboobooboobooboobobbobboobbo
gboboobooboobobbobboobooboboboboboboobon
gbbbuooobobobuoooobboooobbbooobbbooobbboo
gbobboooobobooooboboooobbboogobbboogboboboo
gboboboobooboobobboobooboobobbobooboobon
gbbbuoodgbbbuooobobboooobbbuooobbbooobbboo
gbobooboboobouboobobos24apobobooboobobon
O000000000000LCSO00000000N0N0ooooooooon (O
O00)0o000000000000000000O0O0O0ODOOOOOOOOOO-
gbobboogobbbogobboboooobobobuoooobboooon
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5.5. 000

5.5 U U0

oo00oLCcsooobboooboooobbo0obboooboobboOooDD Les
gbbooggboogobooobooobooobabgsouobboobogbooo
O0O05ps(FWHM)OOOOOOOOOOOOOOODODOOO0OOOO0O0oOoOO0O
gooooooooooboobobobobobobobobobobOdBak, 00
gbobbuooooboboooobbbooobbbuooobbbuooobobboo
gboboboogobboogoobobod
OO0b00o0oobooobooboBak,00000O00O0ODOOODLDOOODOOODOOO
oboobooopoo4~06MeVODODOODOOODODOODOODOODDOO
gbbbuoogoboboooobobuoooobbbogobbbuoogbooboooo
gbbboooobbbuoooobbbuooobobbbuooooooobbooo
gbobboooobbobuooobbobuoooobbobbboooobbooo
gboboboogoboboooobbboooan
OO000000b00bOobOob0ob0obobobobOob BaF,00OO0OOO
gbbbuoooboboboooobbbooobbbuoobbboogbbboo
obodo3~07MeVOUOUODOOODDOODOOODODOODOODOODDOO
gbobobooboobooboobobooboobobbobooboobon
gbooboodbboodgbdbbDi1Bpsibboogboogboooooonbn
gboboboog20psgddbbooooobobosgbbbooggbooon
gboboobooboobobooboobobboboobd192+9pstdd
gbbboogbbbuoooobbuoooobbbooobbboogbbboo
OO0 250ps00 206 ps000000OOOOOOOOOOODOOOLCSOOOODOO
gbobboboobooboobobobobbooboobod
gobbboobobbobouodooooooobbbbbooo200000bboon
gbobbuoogobobooooboboooobbbogobbboogbobboo
gbobboboobooboobooboobob
lggggbobbbbbouoooooobbbbbbouooooobboon
OO0DOO0bo0oOobogbOo20ps0dooLCSO00boboboooobDbOonoonDO
gbobogbobo40psddboobboobbooobboobnbooobo
gbgobodbdoobobuoobobbobuogbobboobuoobobbobobo
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050 0O00bOO00bOOobbOobbOOoboobooboon

gbbbooobbobuooooboboooobbbogobbboooboboboo
gobbooooboboooobbboooobbbuooobbboooboobooboo
U013 psO000O0O0OO0ODOOODOO

20000000iooggooooooboobbbbboboboboobooboO MPPC
OO0bO0oOooLCcSOobooooooobooboooooooboMPPCOOODO
O1goobbgoobbooobbboobbuoogb 4rmmps 00D OO0
gboboboooboboboooobbboooobbbuooobbboooobooboo
OO0000O00obO0o0obOo0ooboooMPPCODOODOOODOOODOOODOODO
gbd&psbOdbgboooobooboboobboboboboooboboboon
gbobboooboboboooobboooobbbooobbbooobbboo
gobobobouggsdsopsddbbbogoobbobbooooonbbbod320 ps
gbobugbobobobboboobouodoboobboobodgbuooboobo
gboogogbbogbogbobodgboobooboobobooboooboobn

gbbobuogoobboogobboooooboboooobbbuooooon
ooLcsooopooooooooobboooboooooooooDbbooooboo
gbbbuoogbboboooobboooobbbuooobbbuooobobboo
gbbbuoogobobuooooboboooobbbogobbbuoogbobooboo
gbbbbuooodgboboboooobobbbooooobbbbooooobbo
gbdoboobobuoobobuogbobuogbobodboboobobodgobo
OO0bOO00obOobOoboboobogo Cs,boboooobobooboobobobooooDo
gbobboobooboobobbobbooboobobbobooboobon
gbbbuoooboboboooobbboooobbbuooobbbooobbboo
gbobbuoogobobooooboboooobbbogobbboogboobooboo
gboobon
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el OO

gilgbooboggobobobbuoooobbbooooobbbooooonbon
OoOooOoOoooOoobLcsgoooooooooooooobooobooOoooDo
gbbbuoodbbbuooobobboooobbbooobbbuoogobbboo
gbobbooogoogbbboogobbobuoooobbbuoooobbooo
Oo00ooooOoOooooOo0o0obObo0ooboboooooooooDoboOoobooOoLesHo
gbbbuooobobbuooobobboooobbbuooobbbuooobbboo
gbogboboggbbuooib 1opsbbggbooobbooobboognoon
goboboooboboboooobbboooobbbooobbbooobbboo
gbbbuoodgbobobuoooobboooobbbooobbbooobbboo
gboogbobuodgbboooobboobuobooboobbooboonoboobn
googbogobbooboobodboobbobboboboobuooboonbo
gbbogbobuobogbboobosouubbuodbbooboobnbdadgboo
gbbboogbbobooobboboooobbbooobbbooobobboo
goboboogoboood

gbuoboobudgbboobuoobbbuobboobuoobbooboabo
gbooooog

1.90000 LCSO0O0ODOO0OO0OoooooooooDO (o 30)

0000000000000000000000000 100 ps(0d 10 mm)
goboobbbbtodoodb 10 pm ~ 0O 100 pmOO000oooooOn
OOooooobob LcSsoooooobobobobobooooobooog
goobobbobobobobbbodddodooooooooobobbbn 100 ps
gbogbuobgbobuodgobbodboobbooboobbooboobb
goddoooogoogooooooooggoonoobobbbbbDb
goboboooobosotodbbobuogoobbboooobbbuoooonoon
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gogoooooooobobbobobbbbobbbbbbbbbobbobbbbDb
gobobbobobbooogooooooboboobbooooonbooobbn 120
fs(rms) 000 0000000000000 O0O0O0O0OOOOOODODOOOO
gboogbbogobbobobobuooboobbuoobooooboobn
gbogbdooboobooboobooboobooboobobobonon
gbuoudgbuodgbudgboobbobboobuodobooboobbobb
gbboogobbuooobbbuooobbbooobobooobobbooon
0000000000000 00000000O0000O0OO0O0OOD 3700
gboodbbuodbuodgbbobbobboobuodobooboobbobb
gbooubodbogboobbogbuooboobboobooboobn
gbooboogooboood

O0000000000o000 (040)

LcSoboooooboooboboboooobooooobobobooo
oooboooooboboboboobobobobobobooooooboon
OooboobOobooooobobuooo40b0obgooooLcsonoonog
gooooobobobobobbbbbbbbboboboboboobbbbbbbDb
gooogboboboboooooooooobooooboboboooon
gouodbogboobbobboobdoobuooboobboobbobb
gboodgboobboboboobuodgboobboobobobooboonbn
0000 1900000000 Lcsoooooooooooooooooo
goooooboboobobobbobbbbbobbbbbbbobbbbbbbD
gboodgboobboobogoudgbooobbooboobooboonbn
googobooboobboobobobobobooobbooboonbn
gbobobooobbooogbbbugobobbuoooobbbuoobbn
ooooooobboobOooooooooboLcSsooobooobbooboog
UVSOR-IIOODOOODODOOOODOOO OO0 11o000b0bo0obooooo
OO000b0oboboooog Lcsoboboonoobobobononog Nald
gboboboooobboobooon

OO00000D00O000o0o0obDooovuvsoR-Ioooooogooooon
gbobboosotbuooboobobobobbobboobooboobon



goboboboogooobbobbodgggopsbboooooooon
gboogobuogboobbboobooboobboobboooboboon
gbodbuogbuogbuoobobuoobuoobuoobooboobbobb
Ooooooboobobobobobobuobobuob0obOobOobO Nall
gooooobobobobobobbbobbbbbbobobobboboobbobbbbbb
gbobobooodoon

oo boobbobbobbobobiboDbn
OO00obOobo0o0obOobOoobOobooboboobOobObO0obOoDOg EGSS OO
gbobogboobobobuogbbodbboboooobobboobuoobn
Oooooobobo Lecsgooooobooboboboboooooooog
gogbuogbobuogbbobobuooboobboobooobaobon
OO00LCSOO00O00bOobOOooUoobobOobDoboboobOobooooo
gbboodgbobbuodobbbooobbooobbooobbbooon
LcSsoboooooooobooboboboooobobobooobooboon
0000000000000 00000O00OoooO(io,13,50000000
OO00bobobOoONaIlObOobOgoooooobobobobobonoon
gboodgbbobobodbuoobboogboboobboobooboobn
googbboobbooboboobuouogbobobboobooboboonbon
gbbboogobbbooodod

.00000000ooooO(o40)

LcsoooooooooooOoOoOoOobD w0 %0o00o0Do00000O0O0O0
gbouodgbbobobodbuoobboogbuooboobbbooboobb
googobbbbbbbbbbbbobbbbbbbbbbbbbbDbDbD
OO00O0O0bO0o0ooO0oooOOobooo0obooOoDbooLcsooooooDo
Ooboobooboobobobobobooooooo Lesoooooooog
googooobooobbbobobobbbobobobobobobbbobbbbbbbbD
700000009 0000000000000DO0O0D0OODO0O0O0ODbOD
g3ugbbogbogobubogbooobuoobbboooboabb
gboogbobogbboobboobuogobobobboobooboonbn
obogbbooobooboooosbbooboobboobuoobbon
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gbobobooobobboooobbbooobboboooobboodgoeobb
goodbooboobboobobobboobuoobooboobbonon
gbbbuoodgbobboooobbbuooobbbooobosouodobbn
gboodgbobobobodbuoobbobobuouoboobbooboobbn
gboggbogoboobboobobbuoobbooboooboobood
gboodogobuoobbogbobudgoobuoobboobobooobb
gboogbboobuodgboobbooboobobobibbooboobb
OO00O00bO0o0ooOoboboOoEGSSO0oOoboooobooooobooboo
gbuotuogbbotobuodgboobboobuoobobobboooboobb
O0000000000000000O000000ooooooooog 88 %0
goobooogbbobuoooobobobuooooboood

LCSOO0O000000000000000000N0O0NONNooNononooon
00000000000000000000000000000000000
000000000000000000000000000000000000
00000000 1%000LCSO0000000000000LCSO000
00000000 7mO0000005mm000000000000ONall
000000000000 00000000000000000000EGSS
00000000000000000000000000000000 LCS
0000000000000000 EGSs0000000000000 12~
17%000000000000000000000000000000000
0000000000000 0000000000000 lmmO0000
0000000000UVSORIIOODOOO0O00000000 1 %(FWHM)
00000000000000000000000000000001.4 %0
000000000000000000 107 photons s~ 000000000
0000000 10° photons s~ 0000

0000000000000 0000000ooOD (0s50)

oooboboboboboloobobbobobobooooobog
OooOoLcsobobobobobooooboooooobooooobooonog
ooobobobobobobobooboooboboboboboooboooon
Oo0obOoobOoOobOoOooooboooboLcsgoobooooooboonoon



gboogbooobodbooobboobuoobobobbboobt 10 pm
googbbooboboobougbooboboobuoobonoooboboonon
gbbodgbbuoobbuoobididemugbbogobboooboooabn
gboogbobodgboobgbogobbooboboobogoboobon
goodbogboobbobobooboobooboobboobboonob
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C.1 NallOOOOoOoooooobbooooooooo
Joogd

C.1.1 0000000 Nal.f

!

! main code

|

! Step 1: Initialization

implicit none

! EGS5 COMMONs

include ’include/egs5_h.f’ ! Main EGS ”header” file

include
include
include
include
include
include
include
include

include/egs5_bounds.f’
include /egs5_brempr.f’
include /egs5_edge . f’
include/egsb_media . f’
include/egs5 _misc.f’
include/egs5_thresh.f’
include /egs5_uphiot . f’
include/egs5_useful . f’

9
)
)
)
)
9
)
)
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Dok ok

include ’include/egs5_usersc.f’
include ’include/egsb_userxt.f’
include ’include /randomm. f’

Auxiliary —code COMMONs

include ’auxcommons/aux_h.f’ ! Auxiliary—code ”header”

include ’auxcommons/edata.f’
include ’auxcommons/etalyl.f
include ’auxcommons/instuf.f
include ’auxcommons/lines.f’
include ’auxcommons/nfac.f’

include ’auxcommons/watch.f’

)

)

cg related COMMONs

include ’auxcommons/geom_common.f’ ! geom—common file
integer irinn

common/totals/ ! Variables to score
* depe, deltae ,maxpict

realx8 depe,deltae

integer maxpict

real x8 I Arguments

real *x8 totke

real *8 rnnow,etot

real *8 esumt

real %8 I Local variables
* availke ,wtin , wtsum,
* xi0,yi0,zi0 ,E,E_1,r02 ,E_e, beta ,gamma, dt, deltath ,E_g,
* E_1.ER,co.ER,R,A,ds_do,ds_dt ,ds_T ,phi,alpha,
* ran,s_E_e s_.dy_e,s_dz_e ,s_.y_e ,s_z_e,
* dydx,dzdx,rr0 ,E_gamma

real ! Local variables
* phs(82),eup

real
x tarray (2),tt,tt0 ,tt1 ,cputime,etime

integer
% 1,icases ,idin ,ie,ifti ,ifto ,ii ,iiz ,imed,ireg ,isam,

% izn ,nlist ,j,k,n,ner ntype,C,ncases_n

character*24 medarr (7)

Open files
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Units 7—26 are used in pegs and closed. It is better not
to use as output file. If they are used, they must be opened
after getcg etc. Unit for pict must be 39.

open (6 ,FILE="egs5job .out’ ,STATUS="unknown ’)
open (4 ,FILE="egs5job .inp ’ ,STATUS="0ld )

open (39 ,FILE="egsb5job .pic’ ,STATUS="unknown’)
open (80 ,FILE="E _spec.dat’ ,STATUS="unknown ")

call counters_out (0)

Step 2: pegsb—call

Define media before calling PEGS5

nmed="7
call block_set ! Initialize some general variables
medarr (1)= ’NAI ’
medarr (2)= ’
medarr (3)= ’QUARTZ ’
medarr (4)="AIR-AT-NTP ’
medarr (5)="PB ’
medarr (6)= ’FE ’
medarr (7)= ’
do j=1,nmed

do i=1,24

media(i,j)=medarr(j)(i:i)

end do
end do
chard (1) = 12.7d0 ! automatic step—size control
chard(2) = 0.1d0
chard (3) = 0.8d0
chard (4) = 1.0d0
chard (5) = 5.0d0
chard (6) = 0.15d0
chard (7) = 1.5d0

write (6 ,fmt="("chard =’,5¢12.5)”) (chard(j),j=1,nmed)

Run KEK PEGS5 before calling HATCH
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100

!

write (6,100)
FORMAT( ’PEGS5—call comes next’/)

call pegsbh

! Step 3: Pre—hatch—call—initialization

write (6 ,%) ’Read cg—related data’

Initialize CG related parameters

npreci=3 I PICT data mode for CGView in free format
ifti =4 ! Input unit number for cg—data
ifto = 39 ! Output unit number for PICT

write (6 ,fmt="(" CG data’)”)
call geomgt(ifti ,6) ! Read in CG data
write (6 ,fmt="(" End of CG data’,/)”)

if (npreci.eq.3) write(ifto ,fmt="(’CSTA-FREE-TIME’)” )
if (npreci.eq.2) write(ifto ,fmt="("CSTA-TIME’)”)

rewind ifti
call geomgt(ifti ,ifto)! Dummy call to write geom info for ifto
write (ifto ,110)

110  FORMAT( 'CEND’)
!
! Get nreg from cg input data
!
nreg=izonin
write (6,115) nreg
115  FORMAT(/,’ nreg=’,112 ,5X)

172

Read material for each refion from egsb5job.data
read (4,%) (med(i),i=1,nreg)

Set option except vacuum region
do i=1,nreg—1

if (med(i).ne.0) then
iphter(i) =1 ! Switches for PE-angle sampling
iedgfl(i) =1 ' K & L—edge fluorescence
iauger (i) =1 I K & L—Auger
iraylr (i) =1 ! Rayleigh scattering
Ipolar(i) =0 ! Linearly —polarized photon scattering
incohr (i) =0 !' S/Z rejection
iprofr(i) =0 ! Doppler broadening
impacr(i) = 0 ! Electron impact ionization

end if

end do
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Random number seeds. Must be defined before call hatch
or defaults will be used. inseed (1— 2731)

luxlev =1
inseed=1
write (6,120) inseed
120  FORMAT(/,’ inseed=’,112,5X,
* ’ (seed for generating unique sequences of Ranlux)’)

call rluxinit ! Initialize the Ranlux random—number generator

! Step 4: Determination—of—incident—particle —parameters

! Define initial variables for incident particle normally incident
! on the slab

iqin=0 ! Incident particle charge — photons
ekein=14.0 ! Incident particle kinetic energy
xin=-650.0 ! Source position

yin=0.0

zin=10.0

uin=1.0 ! Moving along z axis

vin=0.0

win=0.0

irin=0 ! tarting region (0: Automatic search in CQG)
wtin=1.0 ! Weight = 1 since no variance reduction used

! pdf data for many source
deltae=0.131 ! Energy bin of response

! Get source region from cg input data

if(irin.le.0.or.irin.gt.nreg) then
call srzone(xin,yin,zin,iqin+2,0,irin)
if (irin.le.0.or.irin.ge.nreg) then

write (6,fmt="(" Stopped in MAIN. irin = ’,i5)”)irin
stop
end if
call rstnxt(iqin+2,0,irin)
end if

! Step 5: hatch—call

! emaxe = 0.D0 ! dummy value to extract min(UE,UPHRM).
emaxe = ekein +RM
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write (6,130)
130 format (/> Call hatch to get cross—section data’)

! Open files (before HATCH call)

open (UNIT=KMPI, FILE="pgs5job . pegsbdat > ,STATUS="old 7)
open (UNIT=KMPO, FILE="egs5job .dummy’ ,STATUS="unknown ")

write (6,140)
140  FORMAT(/,’ HATCH-call comes next’,/)

call hatch

! Close files (after HATCH call)

close (UNIT=KMPI)
close (UNIT=KMPO)

! Print various data associated with each media (not region)

write (6,150)
150 FORMAT(/,’ Quantities associated with each MEDIA: ")

do j=1,nmed
write (6,160) (media(i,j),i=1,24)
160 FORMAT(/ ,1X,24A1)
write (6,170) rhom(j),rlem(j)
170 FORMAT(5X,’ rho=’,G15.7,’ g/cu.cm rle=",G15.7,’ cm’)
write (6,180) ae(j),ue(j)
180 FORMAT(5X, > ae=',G15.7,” MV  ue=’,G15.7,  MeV’)
write (6,190) ap(j),up(j)
190 FORMAT(5X,’ ap=',G15.7, MeV up=",G15.7,” MeV’ /)
end do

!

! Print media and cutoff energies assigned to each region
|

do i=1,nreg
if (med(i) .eq. 0) then
write (6,200) i

200 FORMAT(’ medium (’,I3,’)=vacuum’)
else
write (6,210) i,(media(ii ,med(i)),ii=1,24),ecut(i),pcut(i)
210 FORMAT(’ medium(’,13,’)=",24A1,
* "ecut=",G10.5,’ MeV, pcut=’,G10.5,’ MeV’)

! Print out energy information of K— and L—-X-rays

if (iedgfl(i) .ne. 0) then ! Output X—ray energy
ner = nne(med(i))
do iiz=1,ner
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izn = zelem (med(i),iiz) ! Atomic number of this element
write (6,220) izn
220 FORMAT(’  X-ray information for Z=’,13)
write (6,230) (ekx(ii,izn),ii=1,10)
230 FORMAT(’ K—X-ray energy in keV’, /,
* 4G15.5,/,4G15.5,/,2G15.5)
write (6,240) (elx1(ii,izn),ii=1,8)
240 FORMAT(®  L-1 X-tay in keV’,/,4G15.5,/,4G15.5)
write (6,250) (elx2(ii,izn),ii=1,5)
250 FORMAT(’ L-2 X-ray in keV’,/,5G15.5)
write (6,260) (elx3(ii,izn),ii=1,7)
260 FORMAT(® L-3 X-ray in keV’,/,4G15.5,/,3G15.5)
end do
end if
end if
end do
write (39,fmt="("MSTA’)”)
write (39,fmt="(i4)”) nreg
write (39,fmt="(15i4)") (med(i),i=1,nreg)
write (39, fmt="("MEND’)” )
!
! Step 6: Initialization —for—howfar
!
1
I Step 7: Initialization —for—ausgab
!
ncount = 0
ilines =0
nwrite = 10
nlines = 10
idin = -1
totke = 0.
wtsum = 0.
iwatch=0
!
call ecnsvl(0,nreg,totke)
call ntally (0,nreg)
|
write (6,270)
270 FORMAT(//,’ Energy/Coordinates/Direction cosines/etc.’,/,

*

6X, e’ ,14X, 'x7,14X, 'y’ ,14X, 'z
14X, 'u’, 14X, v’ , 14X, "w’, 11X, "iq’

Energy bin width
deltae=0.131

Zero the variables

depe=0.D0

do j=1,82
phs(j)=0.D0

,3X, ir

771X77

iarg

/)
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end do

! Set maximum number for pict
maxpict=_82

tt=etime (tarray)
ttO=tarray (1)

|

! Step 8: Shower—call
!

! Write batch number
write (39,fmt="("0 1))

! Set initial wvalue

alpha = 0.5xPI I Collision angle
C = 1000000
E = 750.0 ! Electron beam energy
E_1 = 1.55/1000000.0 ! Laser energy of 800 nm
E_e = 0.511 ! Electron energy at rest
beta = dsqrt(Ex(E4+2.0xE_e))/(E+E_e)
gamma = (E+E_e)/E_e ! Lorenz factor
deltath = 1.0/ dble(C)
ds.-T = 8.0%xPI/3.0 ! Thomson scattering cross—section
ncases-n = 0
s_.E_.e = 0.03 !Energy resolution of Nal at rms %
s.dy-e = 0.052 !Horizontal divergence of electron beam mrad
s.dz_e = 0.023 !'Vertical divergence of electron beam mrad
s.y.e = 0.062 !Horizontal spatial spread of electron beam cm
s_.z_e = 0.0038 !Vertical spatial spread of electron beam cm
!
do j=1,20000 I Start of deltath loop
|

ncases = 1000000

dt = dble(j)/dble(C)

! Gamma ray energy

E_g = (1.0+betaxdcos(alpha))xE_1/
* (1.0—betaxdcos(dt)+E_1/E_e/gammax(1+dcos (alpha+dt)))

! Differential scattering cross—section
E_1.ER = gammax(1.0+betaxdcos (alpha))*E_l

co.ER = —1.0+(1.0+dcos (alpha+dt))/
* (1.0+ betaxdcos(alpha))/(1.0—betaxdcos(dt))/(gammax=+2.0)
R = 1.0/(1.0+E_1.LER/E_e(1.0+co_ER))

A

(1.0+betaxdcos(alpha))/((1.0 —betaxdcos(dt))**2.0)/
(gammax%2.0)/ dsin (dt

ds_.do = A/2.0%xR«R*(R+1.0/R—1.04+co_ER*co_ER)

ds_dt = deltath*2xPIxdsin(dt)xds_do

(

(betax(dsin(dt)—dsin (alpha))+dsin (alpha+dt))/
)
)

ncases = idint (ds_dt/ds_Txdble(ncases))
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ncases.n = ncases_n -+ ncases

if (ncases.1t.0) stop
!

do i=1,ncases ! Start of shower call—-loop
!

Select incident energy

ran = 0.0

do n=1,12
call randomset (rnnow)
ran = ran -+ rnnow

end do

ran = ran —6.0

E_gamma = ranxs_E_exE_g+E_g

ekein = E_gamma
wtin = 1.0
wtsum = wtsum 4+ wtin Keep running sum of weights

etot = ekein + iabs (iqin)+RM
if(iqin.eq.1) then
availke = ekein + 2.0xRM

Incident total energy (MeV)
Available K.E. (MeV) in system
for positron

else Available K.E. (MeV) in system
availke = ekein for photon and electron

end if

totke = totke 4+ availke ! Keep running sum of KE

ie=ekein/deltae + 1
if (ie .gt. 82) ie = 82

Select incident angle

call randomset (rnnow)
dp = rnnowx2xPI

uin = dcos(dt)

vin = dsin(dt)*dcos(dp)

win = dsin (dt)*dsin (dp)
ran = 0.0
do n=1,12
call randomset (rnnow)
ran = ran -4+ rnnow
end do
ran = ran — 6.0

dydx = ranxs_dy_e /1000.0

ran = 0.0

do n=1,12
call randomset (rnnow)
ran = ran -+ rnnow
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280

178

end do
ran = ran — 6.0
dzdx = ranxs_dz_e /1000.0

dydx = dydx + vin/uin
dzdx = dzdx 4+ win/uin

rr0 = dsqrt (1.0 + dydxxdydx + dzdxxdzdx)
uin = 1.0/rr0

vin = dydx/rr0
win = dzdx/rr0

Select incident position

ran = 0.0
do n=1,12
call randomset (rnnow)
ran = ran -+ rnnow
end do
ran = ran — 6.0
yin = ranxs_y_e + 0.0
ran = 0.0
do n=1,12
call randomset (rnnow)
ran = ran -+ rnnow
end do
ran = ran — 6.0
zin = ranxs_z_e + 10.0

Print first NWRITE or NLINES, whichever comes first

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1

write (6,280) etot ,xin,yin,zin ,uin,vin,win,iqin ,irin ,idin

FORMAT(7G15.7,315)
end if

Compare maximum energy of material data and incident energy

if (etot+(l—iabs (iqin))*RM. gt .emaxe) then
write (6 ,fmt="(" Stopped in MAIN.’
’ (Incident kinetic energy + RM) > min(UE,UPHRM).’)")
stop

end if

Verify the normarization of source direction cosines

if (abs(uin*uin+vin*vin+winxwin—1.0).gt.1.e—6) then
write (6 ,fmt="(" Following source direction cosines are

not ’,
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1 ’ normarized.’,3el2.5)”)uin,vin ,win
stop
end if

call shower (iqin ,etot ,xin,yin,zin ,uin,vin,win,irin ,wtin)

! If some energy is deposited inside detector add pulse—height

! and efficiency .

if (depe .gt. 0.D0) then
ie=depe/deltae + 1
if (ie .gt. 82) ie = 82
phs(ie)=phs(ie)+wtin

depe = 0.D0
end if
ncount = ncount + 1 I Count total number of actual cases
!
end do ! End of CALL SHOWER loop
!
!
end do ! End of deltath loop
|

call plotxyz(99,0,0,0.D0,0.D0,0.D0,0.D0,0,0.D0,0.D0)

write (39,fmt="(’9")") ! Set end of batch for CG View

tt=etime (tarray)
ttl=tarray (1)
cputime=ttl—tt0
write (6,300) cputime
300 format (’ Elapsed Time (sec)=’,G15.5)

!

I Step 9: Output—of—results
!

write (6,310) ncount,ncases ,totke
310 FORMAT(/,’ Ncount=’,110,’ (actual cases run)’,/,
’ Ncases=",110,’ (number of cases requested)’,/,
" TotKE =’,G15.5,  (total KE (MeV) in run)’)

if (totke .le. 0.D0) then
write (6,320) totke,availke ,ncount

320 FORMAT(//,’ Stopped in MAIN with TotKE=",G15.5,/,
x » AvailKE=’,G15.5, /,’ Ncount=",110)
stop
end if

! Pulse height distribution
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385

do ie=1,82
eup=deltaexie
write (80,385) eup,phs(ie)
FORMAT(F6.3 ,1X,F6.0)

end do

nlist=1

call ecnsvl(nlist ,nreg,totke)
call ntally (nlist ,nreg)

call counters_out (1)

stop

end

|

! Version: 080708 —-1600
! Reference: SLAC—265 (p.19—-20, Appendix 2)

|

ausgab . f

last line of main code

123456789|123456789]|123456789(123456789(123456789]123456789|123456789|12

Required subroutine for use with the EGS5 Code System

!
!
!
!
!
!
!
!
!

!

[IENEUCRN N

—_— — — —

A AUSGAB to:

Score energy deposition

Score particle information enter to detector from outside
Print out particle transport information

call plotxyz if imode=0

180

subroutine ausgab (iarg)
implicit none

include ’include/egsb5_h.f’
include ’include/egs5_epcont.f’
include ’include/egsb_misc.f’
include ’include/egsb_stack.f’
include ’include/egs5_useful .f’

include ’auxcommons/aux_h.f’

include ’auxcommons/etalyl.f’

!

!

!

!

Main EGS ”header” file

COMMONs required by EGS5 code

Auxiliary —code ”header” file

Auxiliary —code COMMONs
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include ’auxcommons/lines.f’
include ’auxcommons/ntalyl.f’
include ’auxcommons/watch.f’

common/totals / | Variables to score
* depe, deltae ,maxpict

real*8 depe,deltae

integer maxpict

integer I Arguments
* iarg

real 8 ! Local variables
* edepwt

integer

* ie ,iql ,irl ,ntype

Set some local wvariables

irl = ir(np)
iql = iq(np)
edepwt = edeps*wt(np)

Keep track of energy deposition (for conservation purposes)

if (iarg .1t. 5) then
esum(iql+2,irl ;iarg+1) esum(iql+2,irl ;iarg+1)
nsum(iql+42,irl ,iarg+1) = nsum(iql+2,irl ,iarg+1)
end if

depwt

+ e
+ 1

Score energy deposition inside Nal detector

if (med(irl). eq. 1) then
depe = depe + edepwt
end if

Print out stack information (for limited number cases and lines)

if (ncount .le. nwrite .and. ilines .le. nlines) then

ilines = ilines + 1
write (6,100) e(np),x(np),y(np),z(np),u(np),v(np) ,w(np),
* iql ,irl Jiarg
100 FORMAT(7G15.7,315)
end if

Print out particle transport information (if switch is turned on)

it (iwatch .gt. 0) call swatch(iarg ,iwatch)
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Output particle

information for plot

*

if (ncount.le.maxpict) then

call plotxyz (iarg ,np,iq(np),x(np),y(np),z(np),e(np),ir(np),

end

wt(np),time (np))
if

return

end

C.1.2 O00O0O0O0O0O0O Nal.data

RCC
RCC
RCC
RCC
RPP
RCC
RCC
RCC
RCC
RCC
RCC
RCC

RCC

710
711
712
713
714
715
716
717

182

03O Ui Wi+

—
o ©

11
12
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14
15
16
17
18
19
20
21

0.0 —3.45
0.0 —3.45
0.0 —3.45
0.0 —3.45
-5.9 7.0
—61.7 3.15
—61.7 5.3
—61.7 5.3
6.7 7.55
10.4 7.55
10.4 7.95
12.9 7.95
-5.9 4.1
-5.9 7.55
—128.5 —-127.0
—-104.3 3.1
—-105.0 —102.0
—101.3 3.1
—101.5 -99.0
—1000.0 0.0
—1005.0 0.0
+1
+2 -1
+3 -2 —4
+4 -2
+5
+6 -7
+7 -8 —11
+8 —11
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+11
+12
+13 —14 -7
+14 -3 -7
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718 +18 -19
719 +19
720 +20 -3 -5 —6 -7 -8 -9 -10 —13
—14 —15 —16 —-17 —18 —-19
721 +21 —20
END

C.1.3 PEGSOUOODOOOOOO Nal.inp

COMP

&INP NE=2 RHO=3.67, PZ=1,1 IRAYL=1 /END

NAT NAI

NA 1

ENER

&INP AE=0.611,AP=0.100,UE=20.0,UP=20.0 /END

PWLF

&INP  /END

DECK

&INP  /END

ELEM

&INP IRAYL=1 /END

AL AL

AL

ENER

&INP AE=0.611,AP=0.100,UE=20.0,UP=20.0 /END

PWLF

&INP  /END

DECK

&INP  /END

COMP

&INP NE=2 RHO=2.20, PZ=1,2, IRAYL=1 /END

QUARTZ QUARTZ

SI O

ENER

&INP AE=0.611,AP=0.100,UE=20.0,UP=20.0 /END

PWLF

&INP  /END

DECK

&INP  /END

MIXT

&INP NE=3 RHO= 1.2050E—03,RHOZ= 0.755,0.232,0.013,
GASP=0.93174 ,JRAYL=1 /END

AIR-AT-NTP ATR-GAS

N O AR

ENER

&INP AE=0.611,AP=0.100,UE=20.0,UP=20.0 /END

PWLF

&INP  /END

DECK

&INP  /END

ELEM

&INP IRAYL=1 /END

PB PB
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PB
ENER
&INP
PWLF
&INP
DECK
&INP
ELEM
&INP
FE
FE
ENER
&INP
PWLF
&INP
DECK
&INP
ELEM
&INP
CU
CU
ENER
&INP
PWLF
&INP
DECK
&INP

184

AE=0.611,AP=0.100,UE=20.0,UP=20.0 /END
JEND
JEND
IRAYL=1 /END

FE
AE=0.611,AP=0.100,UE=20.0,UP=20.0 /END
JEND
JEND
IRAYL=1 /END

CU
AE=0.611,AP=0.100,UE=20.0,UP=20.0 /END
JEND

JEND
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C2 0JU0bObOUuooooooooon
C.2.1 OOooooog Ipft

main code

! Step 1: Initialization

implicit none

! EGS5 COMMONs

include ’include/egs5_h.f{’ ! Main EGS ”header” file

include ’include/egs5_bounds.f’
include ’include/egsb5_brempr.f’
include ’include/egs5_edge.f’
include ’include/egs5_media.f’
include ’include/egs5_misc.f’
include ’include/egs5_thresh.f’
include ’include/egs5_uphiot.f’
include ’include/egsb_useful.f’
include ’include/egsb_usersc.f’
include ’include/egsb_userxt.f’
include ’include/randomm. f’

! Auxiliary —code COMMONSs

include ’auxcommons/aux_h.f’ ! Auxiliary —code ”header” file

include ’auxcommons/edata.f’
include ’auxcommons/etalyl.f’
include ’auxcommons/instuf.f’
include ’auxcommons/lines.f{’
include ’auxcommons/nfac.f’
include ’auxcommons/watch.f’

! cg related COMMONs

include ’auxcommons/geom_common.f’ ! geom—common file
integer irinn

common/totals / ! Variables to score
* nump, maxpict

real *8 nump

integer maxpict

Ixxxx real*8 ! Arguments

real*8 totke
real *8 rnnow, etot
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real *8 esumt

real 8 ! Local variables
% availke ,wtin , wtsum,
x xi0,yi0,zi0 ,E_e,r02,dt,phi ,E,E_ph(82),E_1,beta ,E_g,
* E_1.LER,co.ER,R,A,ds_do,ds_T ,alpha,deltae,
% ran,dp,
* s_E_e,s_dy_e,s_dz_e,s_.y_e,s_z_e,
* gamma, ds_dt ,deltath ,rr0 ,
* deltap ,
* dydx, dzdx
real x8

* phs(82),eup

real
x tarray (2),tt,tt0 ,tt1 ,cputime, etime

integer
% 1,icases ,idin ,ie,ifti ,ifto ,ii ,iiz ,imed,ireg ,isam,

% izn ,nlist ,j ,n,ner ,ntype,C,ncases_n ,k

character*24 medarr (7)

! Open files

! Units 7—26 are used in pegs and closed. It is better not
! to use as output file. If they are used, they must be opened
! after getcg etc. Unit for pict must be 39.

open (6 ,FILE="egs5job .out’ ,STATUS="unknown ")
open (4 ,FILE="egsb5job .inp ’ ,STATUS="0ld )

open (39 ,FILE="egs5job . pic ’ ,STATUS="unknown ")
open (80 ,FILE="Photon . dat ’ ,STATUS="unknown ")
open (81 ,FILE="Electron .dat’ ,STATUS="unknown ")
open (82 ,FILE="Positron.dat’ ,STATUS="unknown ")

call counters_out (0)

I Step 2: pegsb—call

! Define media before calling PEGS5

nmed=6
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call block_set ! Initialize some general variables
medarr (1)="AL ’
medarr (2)="AIR-AT-NTP ’
medarr (3)="PB ’
medarr (4)="FE ’
medarr (5)="CU ’
medarr (6)="W ’
do j=1,nmed

do i=1,24

media(i,j)=medarr(j)(i:i)

end do
end do
chard (1) = 0.1d0 ! automatic step—size control
chard (2) = 0.05d0
chard (3) = 5.0d0
chard (4) = 0.15d0
chard (5) = 1.50
chard (6) = 0.05d0

write (6 ,fmt="("chard =’,5¢12.5)”) (chard(j),j=1,nmed)

Run KEK PEGS5 before calling HATCH

write (6,100)
FORMAT( ’PEGS5—call comes next’/)

call pegsbh

! Step 3: Pre—hatch—call—initialization

write (6,*) 'Read cg—related data’

Initialize CG related parameters

npreci=3 I PICT data mode for CGView in free format
ifti =4 ! Input unit number for cg—data
ifto = 39 ! Output unit number for PICT

write (6 ,fmt="(" CG data’)”)
call geomgt(ifti ,6) ! Read in CG data
write (6 ,fmt="(" End of CG data’,/)”)

if (npreci.eq.3) write(ifto ,fmt="("CSTA-FREE-TIME’)” )
if (npreci.eq.2) write (ifto ,fmt="("CSTA-TIME’)”)
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rewind ifti
call geomgt(ifti ,ifto)! Dummy call to write geom info for ifto
write (ifto ,110)

110  FORMAT( ’CEND’)

! Get nreg from cg input data

nreg=izonin
write (6,115) nreg
115  FORMAT(/,’ nreg=’,112,5X)

! Read material for each refion from egs5job.data
read (4,+) (med(i),i=1,nreg)

! Set option except vacuum region
do i=1,nreg—1

if (med(i).ne.0) the

) n
iphter(i) =1 ! Switches for PE-angle sampling
iedgfl(i) =1 ! K & L—edge fluorescence
iauger (i) =1 I K & L—Auger
iraylr (i) =1 ! Rayleigh scattering
Ilpolar(i) =0 ! Linearly—polarized photon scattering
incohr (i) =0 ! S/Z rejection
iprofr(i) =0 ! Doppler broadening
impacr(i) = 0 ! Electron impact ionization
end if
end do
Random number seeds. Must be defined before call hatch

or defaults will be used. inseed (1— 2731)

luxlev =1
inseed=1
write (6,120) inseed
120  FORMAT(/,’ inseed=’,I112,5X,
* ’ (seed for generating unique sequences of Ranlux)’)

call rluxinit ! Initialize the Ranlux random—number generator

! Step 4: Determination—of—incident —particle —parameters

! Define initial variables for incident particle normally incident
! on the slab

iqin=0 ! Incident particle charge — photons
ekein=14.0 ! Incident particle kinetic energy
xin=-553.0 ! Source position

yin=0.0

zin=10.0

uin=1.0 ! Moving along z axis

vin=0.0
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win=0.0
irin=0 ! Starting region (0: Automatic search in CGQG)
wtin=1.0 ! Weight = 1 since no variance reduction used

Get source region from cg input data

if(irin.le.0.or.irin.gt.nreg) then
call srzone(xin,yin,zin,iqin+2,0,irin)
if(irin.le.0.or.irin.ge.nreg) then

write (6,fmt="(" Stopped in MAIN. irin = ’,i5)”)irin
stop
end if
call rstnxt(iqin+2,0,irin)
end if

! Step 5: hatch—call

140

emaxe = 0.D0 ! dummy value to extract min(UE,UPHRM).
emaxe = ekein +RM

write (6,130)
format (/> Call hatch to get cross—section data’)

Open files (before HATCH call)

open (UNIT=KMPI, FILE="pgs5job . pegsbdat > ,STATUS="o0ld ’)
open (UNIT=KMPO, FILE="egs5job .dummy’ ,STATUS="unknown ")

write (6,140)
FORMAT(/,’” HATCH-call comes next’,/)

call hatch

Close files (after HATCH call)

close (UNIT=KMPI)
close (UNIT=KMPO)

Print various data associated with each media (not region)

150

160

write (6,150)

FORMAT(/,’ Quantities associated with each MEDIA: ")

do j=1,nmed
write (6,160) (media(i,j),i=1,24)
FORMAT(/ ,1X,24A1)
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write (6,170) rhom(j),rlem(j)

170 FORMAT(5X,’ rho=’,G15.7,’ g/cu.cm rle=",G15.7,’ cm’)
write (6,180) ae(j),ue(j)
180 FORMAT(5X,’ ae=’,G15.7,  MeV ue=’",G15.7,’ MeV’)
write (6,190) ap(j),up(j)
190 FORMAT(5X,’ ap=’,G15.7, " MeV up=",G15.7," MeV’,/)
end do

!

! Print media and cutoff energies assigned to each region
!

do i=1,nreg
if (med(i) .eq. 0) then
write (6,200) i

200 FORMAT(’ medium (’,I3,’)=vacuum’)
else
write (6,210) i,(media(ii ,med(i)),ii=1,24),ecut(i),pcut(i)
210 FORMAT(’ medium (’,13,’)=",24A1,
* "ecut=",G10.5,’ MeV, pcut=’',G10.5,’ MeV’)

! Print out energy information of K- and L—X-rays

if (iedgfl(i) .ne. 0) then ! Output X—ray energy
ner = nne(med(i))
do iiz=1,ner
izn = zelem (med(i),iiz) ! Atomic number of this element
write (6,220) izn
220 FORMAT(’  X-ray information for Z=’,I3)
write (6,230) (ekx(ii,izn),ii=1,10)
230 FORMAT(’ K—X-ray energy in keV’, /,

* 4G15.5,/,4G15.5,/,2G15.5)
write (6,240) (elx1(ii,izn),ii=1,8)
240 FORMAT(’ L-1 X-ray in keV’,/,4G15.5,/,4G15.5)
write (6,250) (elx2(ii,izn),ii=1,5)
250 FORMAT(’ L-2 X—ray in keV’,/,5G15.5)
write (6,260) (elx3(ii,izn),ii=1,7)
L-3

260 FORMAT(’ X—ray in keV’,/,4G15.5,/,3G15.5)
end do
end if
end if
end do
write (39, fmt="("MSTA’)”)
write (39,fmt="(i4)”) nreg
write (39,fmt="(15i4)") (med(i),i=1,nreg)
write (39,fmt="("MEND’)" )

I Step 6: Initialization —for—howfar

! Step 7: Initialization —for—ausgab

ncount = 0
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ilines = 0
nwrite = 10
nlines = 10
idin = —1

totke = 0.
wtsum = 0.
iwatch=0

call ecnsvl(0,nreg,totke)
call ntally (0,nreg)

write (6,270)

FORMAT(//,’ Energy/Coordinates/Direction cosines/etc.’,/,

6X,’e’,14X,'x’,14X, 'y’ ,14X, 2",
14X, 7w’ , 14X, ’v’ 14X, "w’ 11X, 7iq ’,3X, 7ir 7 ,1X, Yiarg ', /)

Set maximum number for pict
maxpict=100

tt=etime (tarray)
ttO=tarray (1)

!
!

Step 8: Shower—call

!

Write batch number
write (39,fmt="("0 1))

Set initial wvalue

alpha = 0.5xPI I Collision angle

C = 100000

E = 750.0 ! Electron beam energy

E_1 = 1.55/1000000.0 ! Laser energy of 800 nm

E_e = 0.511 ! Electron energy at rest

beta = dsqrt(Ex(E4+2.0xE_e))/(E+E_e)

gamma = (E+E_e)/E_e ! Lorenz factor

deltath = 1.0/ dble(C)

deltap = 1.0/100.0

ds-T = 8.0%xPI/3.0 ! Thomson scattering cross—section

ncases_-n = 0

s_.E_e = 0.00042 !Energy spread of electron beam

s.dy_-e = 0.0515 'Horizontal divergence of electron beam mrad

s.dz_e = 0.0230 !Vertical divergence of electron beam mrad

s.y.e = 0.0616 !Horizontal spatial spread of electron beam cm

s_.z_e = 0.00354 !Vertical spatial spread of electron beam cm
!

do j=1,100 I Start of deltath loop
|

dt = dble(j)/dble(C)

! Gamma ray energy
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E g = (1.04+betaxdcos(alpha))+xE_1/
* (1.0—betaxdcos(dt)+E_1/E_e/gammax(1+dcos (alpha+dt)))

! Differential scattering cross—section of linearly polarized
E_1.ER = gammax(1.0+betaxdcos (alpha))xE_l

co.ER = —1.04+(1.0+dcos(alpha+dt))/

* (1.0+betaxdcos(alpha))/(1.0—betaxdcos(dt))/(gammax=*2.0)

R = 1.0/(1.0+E_1.LER/E_e*(1.04+co_ER))

A = (betax(dsin(dt)—dsin (alpha))+dsin(alpha+dt))/
(1.0+betaxdcos(alpha))/((1.0—betaxdcos(dt))**2.0)/
(gammax**2.0)/ dsin (dt)

!
do k=0,628 I Start of deltapsi loop
|
ncases = 10000000
dp = dble(k)/100.0
ds_.do = A/2.0xR«Rx
* (R+1.0/R—2.0%dcos (dp)*dcos (dp)*(1.0 —co_.ER*co_ER))

ds_dt = deltathxdsin(dt)«ds_doxdeltap

ncases = idint (ds_dt/ds_Txdble(ncases))
ncases_n = ncases_n + ncases

if (ncases.1t.0) stop

!

do i=1,ncases I Start of shower call—loop
!

! Select incident energy

ran = 0.0
do n=1,12
call randomset (rnnow)
ran = ran -+ rnnow
end do
ran = ran —6.0
ekein = ran*2.0xs_E_exE_g+E_g
wtin = 1.0
wtsum = wtsum + wtin
etot = ekein + iabs(iqin)«RM
if (iqin.eq.1) then
availke = ekein + 2.0xRM

Keep running sum of weights
Incident total energy (MeV)
Available K.E. (MeV) in system
for positron

else Available K.E. (MeV) in system
availke = ekein for photon and electron

end if

totke = totke 4+ availke ! Keep running sum of KE

! Select incident angle

uin = dcos(dt)

192



280

C2. 0OO0O0OOO0OODOOODOOOD

vin = dsin (dt)*dcos(dp)
win = dsin (dt)=+dsin (dp)

ran = 0.0
do n=1,12
call randomset (rnnow)
ran = ran -+ rnnow
end do
ran = ran — 6.0
dydx = ranxs_dy_-e/1000.0
ran = 0.0
do n=1,12
call randomset (rnnow)
ran = ran -+ rnnow
end do
ran = ran — 6.0
dzdx = ranxs_dz_e /1000.0
dydx = dydx + vin/uin
dzdx = dzdx 4+ win/uin
rr0 = dsqrt (1.0 + dydx*xdydx + dzdxxdzdx)
uin = 1.0/rr0
vin = dydx/rr0
win = dzdx/rr0
Select incident position
ran = 0.0
do n=1,12
call randomset (rnnow)
ran = ran -+ rnnow
end do
ran = ran — 6.0
yin = ranxs_y_e
ran = 0.0
do n=1,12
call randomset (rnnow)
ran = ran -+ rnnow
end do
ran = ran — 6.0
zin = ranxs_z_e + 10.0

Print first NWRITE or NLINES, whichever comes first

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
write (6,280) etot,xin,yin,zin ,uin,vin,win,iqin ,irin ,idin

FORMAT(7G15.7 ,315)

end

if

193



O0C EGSSO0000C00

! Compare maximum energy of material data and incident energy

if (etot+(1—iabs(iqin))+RM. gt .emaxe) then
write (6 ,fmt="(" Stopped in MAIN.’
1 * (Incident kinetic energy + RM) > min(UE,UPHRM).’)”)
stop
end if

! Verify the normarization of source direction cosines

if (abs(uin*uint+vin*vintwinxwin—1.0).gt.1.e—6) then
write (6,fmt="(" Following source direction cosines are not’
1 ’ normarized.’,3el2.5)”)uin,vin ,win
stop
end if

call shower (iqin,etot,xin,yin,zin,uin,vin,win,irin ,wtin)

ncount = ncount + 1 I Count total number of actual cases
!
end do ! End of CALL SHOWER loop
!
!
end do ! End of deltapsi loop
!
!
end do ! End of deltath loop
!

call plotxyz(99,0,0,0.D0,0.D0,0.D0,0.D0,0,0.D0,0.D0)
write (39,fmt="(9")") ! Set end of batch for CG View

tt=etime (tarray)
ttl=tarray (1)
cputime=tt1—tt0
write (6,300) cputime
300 format (’ Elapsed Time (sec)=',G15.5)

|

I Step 9: Output—of—results

!
write (6,310) ncount,ncases ,totke
310 FORMAT(/,’ Ncount=’,110,’ (actual cases run)’,/,
’ Ncases=’',I10,’ (number of cases requested)’,/,
» TotKE =’,G15.5,  (total KE (MeV) in run)’)

if (totke .le. 0.D0) then
write (6,320) totke,availke ,ncount
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FORMAT(//,’ Stopped in MAIN with TotKE=",G15.5,/,
» AvailKE=",G15.5, /,’ Ncount=",110)
stop
end if

nlist=1

call ecnsvl(nlist ,nreg,totke)
call ntally (nlist ,nreg)

call counters_out (1)

stop

end

!

last line of main code

!

ausgab . f

Version: 080708 —-1600
! Reference: SLAC—265 (p.19-20, Appendix 2)

123456789|123456789|123456789(123456789(123456789]123456789|123456789|12

!
!
!
!
!
!
!
!
!

!

Required subroutine for use with the EGS5 Code System

A AUSGAB to:
1) Score energy deposition
2) Score particle information enter to detector from outside
3) Print out particle transport information
4) call plotxyz if imode=0

subroutine ausgab (iarg)

implicit none

include ’include/egs5_h.f’ ! Main EGS ”header” file
include ’include/egs5_epcont.f’ I COMMONs required by EGS5 code
include ’include/egs5_misc.f’

include ’include/egsb_stack.f’

include ’include/egsb_useful.f’

include ’auxcommons/aux_h.f’ I Auxiliary—code ”header” file

include ’auxcommons/etalyl.f’ I Auxiliary —code COMMONs
include ’auxcommons/lines.f’
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90

91

92

196

include ’auxcommons/ntalyl.f’
include ’auxcommons/watch.f’

common/totals/ ! Variables to score
* nump, maxpict

real *8 nump

integer maxpict

integer ! Arguments
* larg
real =8 I Local variables

* edepwt , ec

integer
* ie ,iql ,irl ,ntype

Set some local wvariables

irl = ir (np)
iql = iq(np)
edepwt = edepxwt(np)

Keep track of energy deposition (for conservation purposes)

it (iarg .1t. 5) then
esum(iql+2,irl ;iarg+1) = esum(iql+2,irl ,iarg+1) + e
nsum(iql+2,irl jiarg+1) = nsum(iql+2,irl ;iarg+1) + 1
end if

depwt

Score particle information inside Region 15

if (irl.eq.15.and.irold .ne.irl) then ! enter to region 15
if (iq(np).eq.0) then
write (80,90) iq(np),e(np),x(np),y(np),z(np),u(np),v(np),w(np)
FORMAT(13 ,1X,F7.3,1X,6F9.5)
else if(iq(np).eq.—1) then
ec = e(np)-RM
write (81,91) iq(np),ec,x(np),y(np),z(np),u(np),v(np),w(np)
FORMAT(13 ,1X,F7.3,1X,6F9.5)
else
ec = e(np)-RM
write (82,92) iq(np),ec,x(np),y(np),z(np),u(np),v(np),w(np)
FORMAT(13 ,1X,F7.3,1X,6F9.5)
end if
end if

Print out stack information (for limited number cases and lines)

if (ncount .le. nwrite .and. ilines .le. nlines) then
ilines = ilines + 1
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write (6,100) e(np),x(np),y(np),z(np),u(np),v(np),w(np),
iql ,irl ,iarg

FORMAT(7G15.7 ,315)

end

if

Print out particle transport information (if switch is turned on)

if (iwatch

.gt.

0)

call swatch(iarg ,iwatch)

Output particle

information for plot

if (ncount.le.maxpict) then

call plotxyz (iarg ,np,iq(np),x(np),y(np),z(np),e(np),ir(np),

3
end

wt (np) , time (np))

if

return

end
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710 +10 —11

711 +11

712 +12 —13

713 +13

714 +14

715 +15

716 +16

717 +17

718 +18 -1 -2 -3 —4 -5 —6 -7

-9 —10 —11 —12 —13 —14 —15 —16 —-17
719 +19 —18
END

C.2.3 PEGSUOUOOOOOOODO IP.np

ELEM

&INP IRAYL=1 /END

AL AL

AL

ENER

&INP AE=0.521,AP=0.010,UE=20.0,UP=20.0 /END

PWLF

&INP  /END

DECK

&INP  /END

MIXT

&INP NE=3,RHO= 1.2050E—03,RHOZ= 0.755,0.232,0.013,
GASP=0.93174 ,IRAYL=1 /END

ATR-AT-NTP AIR-GAS

N O AR

ENER

&INP AE=0.521,AP=0.010,UE=20.0,UP=20.0 /END

PWLF

&INP  /END

DECK

&INP  /END

ELEM

&INP IRAYL=1 /END

PB PB

PB

ENER

&INP AE=0.521,AP=0.010,UE=20.0,UP=20.0 /END

PWLF

&INP  /END

DECK

&INP  /END

ELEM

&INP IRAYL=1 /END

FE FE

FE

ENER

&INP AE=0.521,AP=0.010,UE=20.0,UP=20.0 /END

PWLF
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DECK
&INP

&INP

&INP
PWLF

&INP
DECK

&INP

&INP

&INP
PWLF

&INP
DECK
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JEND
JEND
IRAYL=1 /END
CU
AE=0.521,AP=0.010 ,UE=20.0,UP=20.0 /END
JEND
JEND

IRAYL=1 /END

AE=0.521,AP=0.010,UE=20.0,UP=20.0 /END
J/END

JEND

199





