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QMD(Quantum Molecular Dynamics) model has been proposed at the latter 80’s and widely
used to analyze various aspects of the heavy-ion reactions. We have developed the original
QMD code (JQMD; JAERI QMD) in Advanced Science Research Center of JAERI and applied
it not only to the heavy-ion reactions but also to the proton-induced reactions of the energy
range from several 10 MeV up to 3 GeV per nucleon. Many important results obtained by using
JQMD code, which have been already published in the several papers of nuclear physics and
nuclear data, show that JQMD has its originality and good quality. In this report, we summarize
physical models included in JQMD, explain the source code of JQMD, and describe the method

to run JQMD in computers showing some examples.
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1. [IU®HIC

QMD(Quantum Molecular Dynamics) €7 JWZ & BEERIEOBBRRTSARITE . 80 FABK¥EN S
wED. BEETEEFDRTETVWS, BiC. B4 KIS (B RFRRIE) TR, BHR
REMTHDEDIT. ZOL I BMENTET )V OFENSBLNSHEERN. EREROMT. ¥
BOBRC KERBTER>TERL, 51T, BHTINF DK 10MeV NS H GeV LAV T
DD, F—DEFINT. BEGEH MBI TEDRENIRENHD . BTFARRIETOK
R Ry O EREMESE . BT —5 OBRHEREITHEDNTND,

ER AR ERIAE ¥ — T3, MEICZO QMD I—F OBEEEDTETNS. TORH
B QMD I —R 2 WA TIR, BEETIC. BYWE,. &5 —FDNHTES DRFEEFREL .
ZOMBEMEENNERL TER., HROBMEOMAETIX. £< 0O QMD I—RBFEL.
ZOEONT. NEI—R ER->TWBAH, FEPR QMD J—F. JQMD 1.00 (Jaeri Quantum
Molecular Dynamics, ver. 1.00) A—R @OV —ZX3—K, ¥=a 7V 2L, £< DIL—Y—D
FIRICHT A&, TACERDDIEEEXS.
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2. ¥MEEFIN

JQMD (Jaeri Quantum Molecular Dynamics) DEARMZHEETT VT, QMD DEFVE
SDM (Statistical Decay Model) €7 V5 % 5. BI& . BMRILOBNERZBREE | FIZT7 5
FAVMERFERICELBEENCRRT S, QMD EFVTREOPOI—FARFEINL TS
A, FRFNHESRE > T0D, ADI—FIE, ENLORT, FRNRTVAFT VY —
FREFVEBIRL TV, §ito T, HxROER S, FRHEER OV THANGRHHIER
ANT-HaERb D, T, BFOHRBIREL LT, A & N*(1440), FEFRI A+ U2 ETh
% . SDM(Statistical Decay Model : #&HA33E) €7V & L TiE, p,n,d,t, 0 OB THER LS
Bho 2 HELOFRAL

2.1. QMD EF /L

QMD EF Vi, $HAWEY I 2V -2 a YOFET, BT, BLOT T ARERTRD
LRI NG, \

¢i(r) = mexp —% + %r‘ P,-] , (1)
ZZT.R; P, - HHOBTFOMNEL EHEOHFMETH S, 2ROEBHEHT. Zh b
DEROEFRTPT 5 LIRET %o #o T\ MAEHTO—AKIMEEKIT. Wigner BT AW T
ROELIZRIND,

p) = Zfi(rvp)v (2)

: _a. _(r—Ry)*> 2L(p-Py)?

fi(r,p) =8 exp[ 5T ) . (3)
R; & P, OBHRER. —2— Py FERE AKOFHRETEREINS, =2 — PV HERI,
BRI T A2 ESER D poROLN, KDL 52k b,

. OH . o0H
R; = 3P’ P; = “IR (4)

ZZTNINM=T Y HiZ, BRBEEZEAZKFIANE — & _ROMEERL AV — L
bbb, _MKOBAMEEAERLLTE., 2—v i, JIBREEEA Skyrme ¥ 4 7 O EAEH
YHVL, FYAROBEREAVLOT, FNLIRIDTOLIIT% 5%,

+——Z<pz>+ Z <pi>

Z CiCj |R R3| erf (|Rz~ —Rj|/\/éi)
1] (#7)

Cs
> (1= 2lei - ¢) pij, (5)
PO ; i(#i)

+




JAERI—Data/Code 99-042

ZZT
E,’Z\/W?%’P?, (6)

I, erf i, LI —HBTH D, T ¢ ik, BFICHLTE 1 RAEFICHLTZ 0TS
Do < pi> i3, BFRLOBEDA —IN—F v THEET,

<pi> = Y pi =X [dra) e

i i
= Y (anL)"?exp [-(R: - R;)?/4L], (7)
J#

v
(v
~A

pi(r) = /(;T%)S fi(rap)
= (27r[,)'3/2 exp [— (r— Ri)Z/ZL] . (8)

HEMERONT 2 — % —i, MWL ORMGEET b LEMERE p = po = 0.168 THEL AL T —
25 16MeV THU/NZ 2 2 &GP L O LN, 7OV T AT, A¥ V¥ —FRfEEL T, A=-2194
MeV, B = 165.3 MeV, r = 4/3 #5ffibiL 2, o+t Md, FEEME K = 2373 MeV 252 %o
CHALOfEE. AT Y MIEoTEALNS, H Y ABBEROE L. L=20fm® TH2,

2.2. fHEIR

Y AFAOBEREL. X @) 02—y HFRAMA T, ZHROHERFAT DRI L. &
CIEOMESIE. HL D DT, ZITR, BMEEXRT,

FF. TROEHREITEREED Y ) PO T 7 24— (1 - f(r,p,t)) 2 & T,

QRFOBEOHER, U—V VY {ERHRERE . ZOIRIVF —TOWHEE o 20 2R
END bpax = Vo T DANCE o THEND, HHRIIWFOMEMEMELZL . HRAXY T
FEEEO 2 ATERINLOT, QMD ORICHBEOREE L RET 2 HER], n—L YV HEK
RO LIIEEL VW, 2T, HROIALAT v TERET S0, HRAOTFHELNZ A
HZEIZT B,

BT 3OV E —OBE R SR T A 7012, 4D QMD ETIVICIE, N (BT), A(1232), N*(1440),
ENAFUHEEND, AL N id, SHREEZRCTEFERCMEEREZL . SMF Vi 77—
OVHEERZT 2T A ERET S, SO DR TOER. HEBE ZARBRETHR ). LLTFIC,
Fh DEF VTR TVEHEF ¥ Y AVERT, 2IT, BENYAY | N @BEFERT,
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1. B + Bj —- B; + B;
2. N+ N - N + A
3. N+ A -5 N + N
4. N + N - N + N~ 9)
5. N + N* > N + N
6. N + = — A
7. N + = — N~
8. A + © —= N~
ER(9) DF % VAV 1O F YN G VEEEEOBMERC I DTOL )BT A-5 -
THw5,
o= _ 9 + C3 (mb), (10)
1+ 100/s’
ZZT
Vs ' =max(0,v/s — M; — M; — cutoff) (GeV), (11)

FRT. cutoff i3 BF-EFIZHL T 0.02 GeV UKL TiE, ¥uTh S, T OBEIL, Cugnon
DIEBOE Y T, BAld. ThE /5 = 04286 (GeV) TTHE ). Shid, TRALVF L TH &)
Y 1GeV Th %, 1GeV BLETIE . EERD p-p and p-n HHEBELMERE 45 2 UTFTOL )27 4
b Lff.o

oc=Cjs [1 - %tan'l (1.5¢/s' — 0.8)] + C4 (mb). (12)

& (10) &K (12) 2HES RNICHEHET 572012, Cugnon D/NT A —F — 8 RHAEEL 2, KB
DIST A—F — C; DEIZ, LTOFK1LIZRT, EEBHELOASTHFIX. Cugnon D/¥T7 X —5F — 3)

% 1. BHEEWEREONT A —F —

p-n  others
Cy (mb) 28.0  35.0
C, (mb) 27.0 20.0
C5 (mb) 1234 9.65
C4 (mb) 10.0 7.0

ERLTH Do

K (9) DF ¥ ¥ RV 2 & 4 OBTF HBREOERUC DTk, VerWest and Arndt &) D2 J
RRALTVWAS, oIt 1.5GeV FTHT 49 P DT, AR INE 3GeV TTHIRL 720 &
. WEHEY . AR RIREEDTAVAEY i & fIZEoTRDEHIZEKT,

oif(s) = 7 (ho)” o <p">ﬁ m(zil_‘z(‘}‘/‘l’o)3
ST Topt po/ (s* —md)? +mdr?’

(13)
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ZZT
2 1 2 2
Po = o my.  So= (my +mo)*,
. s — (my — (MY)3[s — (my + (M))?
pi(s) = [s = (my ~ (! Wi[@ (ma + ¢ ))], (14)
2 [s* = (mn = mz)?)[&" = (mn + mg)?]
q (3 ) = 4% !
4S5
¢ = (M), q= q(m?),

ERT. (M) 1. ATHL T, My = 1220 MeV, Ty = 120 MeV &L 72& &, N* (2L T,
M, = 1430 MeV, T = 200 MeV & L 72& &, Breit-Wigner 774 206 1551 % HIBREDF
WERE S Thib, TOFEIY ., ADEKEHEL.

p + p = n + AT oo+ o,

p + p = p + AF So11,

no+ p o= p 4+ A° o Jon+ jo, (15)
n + p = n + AT %011 + %0.0,

n + n = p 4+ AT i o+ o,

n + n - n + A° : %n“.

st BIKEED nd THLHWIHIAE Y . ERIZ 09 ILEEETH D,
T4t WS 00 12 N* BRI FESTHENET % 2T, og & oy EHEE, N*
ERMERAIIUTOL HIZET S,

p + p = p + Nt : Sone,
n +p = p + N Son-, 16)
n + p = n + Nt ‘:—iaNn
n + n — n + N %UN*

(13) KD/ A= —% | K2R, INHDNT A= — LHPEHEMERED/ T 2 -5 —

7 2. JEMME AL D /YT XA — & —

011 TJ10 ON*
v 3.0 14.0 23.0
3 09 -03 15

mo (MeV) 1188 1245 L1772
I' (MeV) 99.02 120.0 300.0

RPGET B0 EBRD pp. pn WD 2740 L7z, TORKREN L VIR, 22
Tik. pp (). pn (b) WIHR. ERSSRITHRE, BV EIERELRTRR ., — BRI
PEWELMTEAE CH 5 o JEPEEELITImAGRIL . A (BB & N= (RR) OFITH Y X (10, 12,

_5_
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13,15, 16) 2 HEtEEN 5, HERIE Y 13, AV RWTHER. A MERELRT AR, PUMAH IR
HEBTEETH Do pp 1L Td, 1GeVIHETERE TR TN LY, JHd, EIERELETIE R
DT 1y M BHFEFNRLLNVDTHL, LEALEDS, TOTHEREHERIZIZLALZELS
A, — . prn L TR, O AL F T, HRZEEOKEFTIZZ <. Cugnon ¥ 47
maﬁﬁﬁiﬂﬁﬁ@%%ﬁéﬂa LTwb,

M2 12, B2 THAONINT A= 5 —TatEEND pn — annt +ppr~ FX 2 RNV D34
ﬂ‘/’¥biﬁﬁﬁfﬁ7&7 1= I N O3 (?t{;f?c) FUEICRENTZ L A OBRIAKRIE VerWest and Arndt

6 DAY IFNRITA—FIZEBODTHS, EBETF— 713D LV Ro72,
TTTTTTT T | TTTT [ TTTT ] rTTrTTTroeT T grrr ] TTTT | TTTTTTTTU TTTTTTTUY
60 k- (a) p-p Cross Sections ] 60 H (b) p-n Cross Sections i

total
. 3 i /-total

40 {f

1 i inelastic T ,
8 S % |\ 389 ¢ ya elastic §
{ ...... l—t “§-—...~\‘
o elastic T e r———
e ﬂ\ _____ 20 |- inelastic~___ T

20 o
L A T T Tl L =Tl NI
\ : l VS TR N
N A T T, —e ol
0 L Lllul"r.l.llllllllllllllIIII 4_141ll:«?ilnllljjlllllllnlll

00 05 10 15 20 25 3.0 00 05 10 t5 20 25 3.0
T (GeV) T, (GeV)

o(mb)

4 1. p-p (a). pn (b) WIEFE, EHAEREME, ROBHAHIERELRNER, — S8R0 M
FEMTERECH 5 o FEEMRELNTERIL . A (BOBW) & N© (RR) OfITH Y, K (10, 12, 13,
15, 16) »HElB &N %, EBRIE ) (3, AP ERTERRE. A2 M aELE i, WA et ek
AT TH % o

20"llll’Ill”llTIllillllll',;‘f‘

- =i \erWest and Arndt :

15:- pnonnnt +pp 7

2 T ]
EfF -
- L .
I ]
SF ]

A AEERE EER T RN NN N

05 10 15 20 25 3.0
T, (GeV)

B 2. 1844 2 EHMiEE. Fvy 2k, pn = nnrt + ppr™ (E#)e 7L 1 DIRILHRIZ
VerWest and Arndt © @A) S F N85 A—212L53DThbH, EBTFT— 7135 LYE-7,
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20 —r'lllllllllllllIllllllililll—

L —— NN NN -NAnNNrn (0w .

L & pnoppn®n x15 4

15 - & pnopnn'mw x12/5 i
—_ r & ppopprim X3 .
o i 7
E1wf .
- i i
© L i
S ]
IP||11||1||1|||||||1_

05 t0 15 20 25 3.0
T|_ (GeV)

3. 984 v R EAE. B one 2 E T EBRT -5 D 3, XU KHE-T, AT —l
LTdh b,

%wl$w¥—@u\N*®&%ﬁ§¥kééoﬁtﬁﬁmﬁﬁﬁﬁm\2”4*V$&%E%
i1, oy EFDHEDF X v ANIEVRESN D BIZIE . KDL 3T x v RIVORTHEE .

o(pn — pprnT) = ia
pn pr = 15 N*,
5
o(pn = pnrtnT) = BN (17)
_ 1
o(pp— pprtTT) = Jon-.

LRIND,

3. 12, one 270 v bL 7z, FEERH 5) 13, FORKTAY—LVLThb, BT AVF—
ST . N* O, 28 B, L) EVRIBIREE B S LENH HHT, 3GeV LT DOEUL
THNEI I TIRALA7 17 P TORELMEEIZNTHS ),

SNAF Y HERICEL Tid. EE0% sstate /S 4 F Y AEBRIZEZ ZWVo 0T, &TH/I A~
1. FEREIRAEO A S AR SN B, HISIKEED K Bl EBEARAE O Breit-Wigner 5472 & fil

HMahbd, $abb,
0.250?

M) = .
f(M) (M — M,)2 +0.25T'2’

= () 5 () o "

FRTC qld. aN Fr Y ALTO cm. EHETH S, ¥/, ATy 2 Arid, HE M, TD
iz &,

(18)

(4
(4
A

olg) = =

v= /’33 +q2'
COEHEKEONREE A 22T TR, NT(1M0) b #HTh, 22T/ A—5 —DfEk,
% 3125,

(20)
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% 3. HBIREDIRD/NT A — % —

M, (MeV) T, (MeV) f, (MeV)
A 1232 110 300
N* 1440 200 523

SRR (R () DT v Y AN 2 L 4) DLV EDDERELRIFERL. TOATHTH L,
Wolf i£i3 V) £B7— % 8 & p+p—on+ At IIHL TROLHTT7 12 LT

gr(s,cos8) = ap(s) [a1(s) + 3as(s) cos? 4], (21)

(1
(R
~A

1
4 (a1 (s) + aa(s))

(22)

ag(s) =

ay(s) & az(s) DEIZ, T4 1IRT,

# 4. fr(s,cos8) D/37 XA —5 —

Vs(GeV) /s <214 2.14 < /s <24 2.4 < /s
a (s) 0.5 29.03 — 23.75s + 4.8655 0.06
as(s) 0.0 —30.33 4+ 25.53s — 5.301s? 0.4

V5 > 2.4 GeV OEWI AL F — IR, ERERT 1.2 GeV ML TR, ERIED L2720
SR —REEIREL TV, LOLARES, SOREFRLBVWI LGN THED I, Fald,
KROE I, DA 2 ODES gr. gp ORI EREL 2o

ga(s.cos0) = 3 [gn(5,c086) + g(s.cos ). (23)

zzT
gp(s,c0s8) = bo(s) exp [=2p*(s) by (s) (1 - cos )|, (24)

ZLT
bo(s) = P() bi() (25)

7 (1 —exp[~4p(s) bi(s)])’

0.14 s2[3.65 (/5 — my — mg) |°
1+[3.65(y/s —my —mp) ¢’

])2(.5') =

gp DIEIE . Cugnon @ NN GEHEELO A ) 206 B 7205 gkt X2 D
BAEL DL DT> T D, 2Ok A L N (1440) 22 A VF - HELLZT L 7 b

[s — (mn — TTLR)?[S — (mn + an)z]. (@7

S

_8_
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1.5 IH\ (a) Two components of Ang. Dis. [[7] (b) Angular Distribution of A
- e e Wolf et al. i e WoIf et al.
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= 1.0 \ : 1.8 GeV 11/ 2
a Hya sl
o - 0.5 GeV JIA ]
o \ § o
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0 . O 1 1) 11 — 1l 11 1 O . 0 :
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5 4. LBIREEER DA o (a) Ty 7L ADKVEAIE gr. D gp « (b) T, 7L ADOK
WL gr. FEHRIE ga TH Do

LCHWL, ZORMOIANF —KIEMER 4. 128 T, M (a) T, 7L 4 OKCEHRIE gr.
FEH g L [ (D) T, 7L A DOKVEARIL gr EMIL gy Th Do THHOMT, FPEREE
ORGAIELSL 2TV E I, WHRIZL Twb, T4b 5, Lgp(s,cosb) +gp(s, —cosb)] T
H5b,

£ (9) OF ¥ AV 3, 5 OWFEIL. T ¥ AV 2, 4 OWTEAED S MY G0 Ellrs
BOLND, FOR, LEREOHBERFUHLEERL Td,

28 A F IR E RS (3R (9) O F v » AV 6. 7)) Id., particle data table 4 5 KO E
%Y . 2R % Breit-Wigner K25 A7 =ML THW L, K (9) DF vl 8 D AIZX LN
£ Ay RILOWTEREE . A EBTOREDEYEEL T 7 M S8 F v V4L 7 OER#E T H
Wb,

BREOIIPIC, DTO L) 2 EBIKEDHIRE ZET 5,

9 A - N + =
10. N* - N + 7 (28)
11. N* - A + =

BRI . IR EE BARAOME, X (19) 2V TERERRIC X > TRET 2. IR
Matilt. FNLOBILZRTEHET L, A (28) OF v v ) 10, 11 OTUHEFIL . particle
data table ¥ &0 Tnesasn/[Cnesasr + Tneasngs] = 0.4 &L 72 £2OMHBOT £V AKX IZH
1%L 7o 5 HERIE . Clebsch-Gordan fRELL DV RET 4.
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2.3. HEMEFRIVELE

FaDEFNVTIE, EBFERX 5) O AVE —0FRRT, HREZRAL T 20°, EBF
RAEEIE, RO THE, ZOMET, BOIAIVEF—THEEIIZ > TET, Sorge FiZ &
H RQMD (Relativistic Quantum Molecular Dynamics) 9 5318 STV 245, BMEMEEDS &
D, Held, X 6) DERICO—LYYRIT—DBEEAL., 20—V Y VIR DHRE
OF —A b SREEFRICERTAZ LX), M RNMROEE LIS & ELEICIY AA
TWHEEZ D,

& (5) OHMEEHOEHIZ. ETHHERD 2ROETEHEIT TN,

R} = (R - R;)". (29)

RQMD 10 1) ¢t ZH & D&% squared transverse four-dimensional distance —-q%'_] TEX®R

ATW5h, $hbb, )

(Qij 'Zpij) , (30)
pij

Z :VC"“ q,'j li\ 4&%@?@5@1‘ q; — qj\ i fC\ P'i.’i zi\ 2&?‘@ 4*%@@@%@*[‘ P +pj ’6&)

%o 2K F ik j @ cmsRTIE, squared covariant transverse distance —q%‘,j . EEOBRSE

D2FeLn b, toT, K (5) PEKRE % 2HT D cms. FCOHRED 25k R CEE R

o ZIZT, FNFIE, 2HFD cms RTOEERT

~ - 2
R?j = R?j + ’)’,-2]- (R,‘j -ﬂ,'j) , (31)

v
(v
o)

Go_BitPi 1

CEAE T E

COBEXBRIZEoT, NINF=T Y[R G OHEERL, EFPRICIEETLII LR
%, EEHEX X (W] B, RDIXHiT% %,

(32)

. : 9 R2.
R, = ——t 1+ YDy o, (33)
ymi+P: oP;
. o R2
ij
i = ii R 4
P 2 DGR (34)
ZZT,
1A 1
D;; = “Ep_oﬁpij
1 B r T—1 N T-1 1 .
—1+T;E'2—(<pt> +<p.7> )ﬁpz]
e? 1 IR 1
—CC 8 ——= f 2 487l pi; p =—
T3 ]{ Rol (V4L T R%
C, 1
- 2—;; (1 =2lei = &) 57 Piis (35)
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EQAN
IR, - 2R; + 275 (Rij -[hg) Bij (36)
o R 2v2 -
RN R tJ R
OP; E;+ E; (R” ﬂ”>
N[/~ P
X {Rij + 755 (Rij 'ﬁij) (ﬂij - E)} ; (37)

ERT, pi; L X (7) TERSINL TV S,
", ¥/ O—L YV AANT—0RY —ROMAEHSHEE X (3) KOEAT L,
1

fij = 8-exp [—
:ZT\?%H\2ﬁ¥ikj@cms%f@ﬁﬂ@ﬁ%@?%ﬁ%éoChﬁ\@ﬁﬁ%®%
HERDE )RS D,
PL =P} - (Ei- Ej)*, (39)
ZIT,

P, =P, - P;. (40)

2.4. “HEERE” OEK

QMD EFVOBELBEEOV LDk WM ASHHE & RO MANZERIT O A5 4 & R5E
FRPEVNI I hH D, REREL L T AT —BEREERAT A LEIOQMD £7
VTHTERG, 2¥%5. 2O QMD EF LTI, 7x VIt OREEH#HAZL TW2VEDL
THhb, LHELLEES ., FEIAVE -2, BEE, SOUNEYBRT S L) B30 “BK
R # SR T A LRBETH D, FOLDIC, UTFEBRRD LI %RT VT b8y XV T DFIE
12) % “HJRIRAE” 21EZ HEE L THRAT %,

¥4 %4E Ry = 1.124 A3 - 0.5 fm, KE/¥7 X —% — a = 0.2 fm O Woods-Saxon i4%)
DA BAEL., FORICH Y ARBEROPLR,; &7 V¥ MO &5, Woods-Saxon DFED
#y ATty Roag = 1.124 A3 fm L L7o SO, HHOELDEN DR BB LT, 2
FF- oL RO R/MEDS . FEAFT 1.5 fm, BEKFT 1.0fm L&REL 7

Ko COZEESH LY, BES . K7V Vv VIRVF —REET S (ZORANRIELE
EZEL %2\) . BFMIC Thomas-Fermi ElZ HVWT7 =)V 3 BEEAEEL . KHROEEED
i P; %7 2V 3LEEE pr(R) TTOBTT V¥ AICHBT 5,

COR VT VTR, BLANVE N ETHo72Y  MAREELSMBER f(R;,P;) (3N (2). (3))
5.8 Y EBEE#HAL ChiELE JICRRA A Z W 1D,

BRI, BIANVE—A, UTOEEAROME P ML T02 28 )Ty 7T %,

Epin= — 15.56 A+ 17.23 A%/3
(N-2)* 3 2%

tASTTRT S T

(41)
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DL, BFH7-YOFRELANVFE =P, Eint 05 ICA>TWIUE, 2OV 7)) 7% “FRIEIR
B &L THRET A,

2.5. SDM 7L

WEtBRET TV EL TiE, BN FEO I - FBIEET 505, 4k, p,n,d t, o OBRTHE
REBOEPL L AEELLORRAL. 72V IFTAEFLT, BF 2 ORHER P, 1T,

Py =(2J:+ 1) mgpeo(e) p(E) de, (42)

EETD, TIT, Jyymgy, e i3 T 2 DAEY | HE, EHIAINF —Thb, T2, o5(e),
p(E) . HBEOWER, REBOBUFEETH 5. p(E) &,

p(E) = wo exp (2\/& E’) , (43)
ZZT,.a=A/8MeV! T2, wo FEHTH 5. HBFEOKHEIFIL.
1-U, R? : U,
oz(€) = ( fo) = i (44)
0 e < Ug

TIT. R, BICEE, U & BT o WY B2 -0 VBB, K (43) ORI AVF — E
I
E:Eo—é—Q, (45)

ZZT, Ep i, BHOBEIALVE -, Q i, HEARK (41) »oFIEINS QETH L, KT
T DEBHHEE R, I, X (42) 3 T AVF—THRIL RN D,

R, = (2J;+1)m,
Ey—Qz
X /U €0, (€) p(Eo — Qg — €) de. (46)

CORDIIBITENCTET, BB SN AR FDOARY i,

N(ez) dey = —7 - eXp {— T } de,, (47)

x
ZZT,
aT?=Ey—U, - Q.. (48)

EDEFVTIE, v BE, AEHRIEIZREL TV,
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3. A7 L4
3.1. 7935 LV—2X

JQMD % EATT 2 DI LELEBEN—F 4 Y EBFOZ0DNV =T 4 Vi, DTk 7 7 A4
ViZEEThTnwab,

jqmd00.f qmdinit.f ground.f mfield0O.f c0l100.f sdm.f
gqmdoutl.f qmdout2.f qgmddflt.f utl00.f mdp-hp.f

FRENDT 7 ANDAF =21k, #0 7 7 A ViZ& T 5 subroutine (s), function (f), block
data (b), entry (e) ') X b L fHHLFHHTEPNL TV S, RIZET 7 ANVEDNY T —%RT,

# 5. jqmd00.£f

T I T T e R PR Rl S e AL LS L % PR
* *
* PART 1: Main steering routines *
* *
* s jqmd0O to control total JQMD code *
*+ s gmdevent to simulate one event by QMD *
* s finsumry to summarize the overall events *
*+ s gmdjudge to determine the weight of one event of QMD and *
* to judge the elastic or inelastic reaction type *
* s gmdsum to summarize one event of QMD *
* s sdmsum to summarize one event of SDM *
* s qmdreadd to read one event result of QMD from the file *
*+ s gmdvrite to write one event result of QMD on the file *
*» s qgmdreadc to read and check QMD results from the files *
* *
ERERRRE AR RERRRRRREREE %

# 6. qmdinit.f
*x AEEREE R RE R ERRREE ERERRERE
* *
* PART 2: Initialization of QMD part *
* *
* s readcfg to read the input parameters from configuration file *
* s qmdint to initialize the QMD part *
* s kcomp to determine the parameters of the interactions *
* s idname to identifies the particle or nucleus *
*+ s chname to give the particle and Nucleus name as character *
* f ulmass to give the mass of the partilce from kf code *
* f luchge to give the charge of the partilce from kf code *
* *

ttt*#tttt#ttt#itt**ttttt*‘t“i‘ttttttttt"#tt*“#tt*****.#‘#t*tttt#‘#t.t
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3 7. ground.f

e P A S Sl L L L Rl e s b LT
* *
* PART 3: Ground State and Boost *
* *
* s ground to make the ground state *
*+ s packqmd to make the ground state by random packing method *
* s gcmang to kill cm motion and angular momentum of the nucleus *
* s rboost to boost the ground state *
* s bcoul to determine initial position and momentum *
* according to coulomb trajectory *
* *
ERREREEREAKRARRRREREEE hah ERRERRERRRERRRERRERRRE RS RREXRRXRE

mfield00.f ¥ 8. mfield0O.f

T e e e L L e S s e FEERER *
* *
* PART 4: Mean Field Part *
* *
« s caldisa to calculate the two-body quantities for all particle *
* s caldis?2 to calculate the two-body quantities for il and i2 *
* s gradu to calculate the graduate of e.o.m for rkg *
*+ s rki2 to propagate particles by 2th order Runge-Kutta-Gill =*
* s rkg4 to propagate particles by 4th order Runge-Kutta-Gill =
* s pauli to calculate the Pauli blocking factor *
* s epotall to calculate total potential energy *
* s etotal to calculate total energy of cluster *
* s pcmcl to calculate energy and angular momentum of cluster *
* s cldist to determine nuclear cluster *
* *
EXERRRREE X% % ARARRERR -
# 9. coll00.£

RRRRRRRRRRRERRR R RRR KRR R KRR KRR KRR *

* *
* PART 5: Collision Term *
* *
* s relcol to calculate the kinematics between two particles *
* s crosw to determine collisoin channel and final state *
* s pionem to calculate the decay of delta or N+ *
* s pionab to calculate pion absorption *
# s fpidecay to calculate final decay of the resonances *
* s resmas to calcurate the mass and width of Delta and N# *
* f pideno to calculate the correction factor *
* of inverse cross subsection *
* f soo to calculate delta, H* cross subsection *
* *
EARRERER KRR AR R R AR R R R R RN AR ERERE
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sdm. f # 10. sdm.f

R Ak AR KRR K KRR R R kR kK Rk Rk ok

* *
* PART 6: Statistical Decay Model *
* *
* s sdmtest a short main for test of SDM *
* s sdment to entry of SDM from QMD results *
* s sdmint to initialize SDM *
+ s sdmexec to execute statistical particle decay / fission. *
+ s sdmwid0 to calculate decay width and decay products *
* without angular momentum. *
« s sdmwidl to calculate decay width and decay products *
* with angular momentum. *
* f sdmlev to calculate level density *
* s sdjsum to sum up angular momentum. *
* s sdmfisw to calculate fission width *
* s sdmfiss to determine the mass and charge of fission fragment ¥
* f sdmfisb to determine the fission barrier. *
* 8 sdmlist to list event record and particle data *
* f bndeng to give binding energy per baryon (MeV) *
* f eliq to calculate liquid drop binding energy (MeV) *
* s sdmtable to read mass table from block data *
* *

e T T T TTITTT I I L 2 S L LSS 2 L L L L Ll it

gmdouti.f

¥ 11. qmdoutl.f

TR R et L e EEREEE k% kE
* *
* PART 7: Output on file

* *
* s sm_sumo to write final output on file *
* sm_hedo to write header, input echo and summary *
* s sm_coll to sum up the collision number and *
* to write collision history *
» s sm_grdo to write ground state properties for masspr = 0 *
* s sm_cpuo to write cputime on screen and/or file *
*+ s sm_init to initiallize the summary and input echo *
% s sm_evnt to initialize the summary at each event *
* s sm_timd to output the phase space information for QMDDISP *
* s sm_timc to output the phase space information for summary *
* s sm_timq to store some values at the time steps for summary *
* s sm_lstp to count the last pion number for summary *
« 5 sm_coln to count the number of collisions for summary *
+« s sm_mdis to write mass and charge distribution of QMD / SDM *
*+ s sm_mass to store the mass distribution of the clusters *
+ s sm_norm to normarize the cross subsection by total event number#*
* s sm_clse to close files for summary *
* *
P e T L L L St d i bt bt bt P
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F 12. gqmdout2.f

L L e e e L LT
* *
* PART 8: Display Utilities 1 *
* *
* s disp01 to write all particle position and cluster contour *
* for ground state properties. *
* s disp02 to write all particle position and cluster contour *
* for reactions *
* s disp03 to write particle position or momentum on file *
* s disp04 to write color cluster plot of density for reactions =*
* s disp0S to write 2-d matrix on the file *
* s disp06 to display particle position on terminal *
* g disp07 to write all particle momentum position and *
* Fermi sphere for ground state properties *
* s disp08 to write all particle momentum position and *
* Fermi sphere for reactions *
* s densrr to calculate spacial density *
* s cntdrw to write contour line *
*# s cntsudb to make contour data and write them on file *
* s cntout to write contour data on file *
* *
LE L EREERERE % * %

% 13. qmddflt.f
P TSI T I T TR Y Y xx *
* *
* PART 9: Default Values *
* *
* b qgmddata to give default values for switches and parameters *
* *
ERRERRRRRRREARRRRRE EERRRERERR R

#* 14. utl00.f
RRERRRRRERRRRERRERRRERRRRERRARRRRAERRRRRR KR RERER
* *
* PART 10: Utilities *
* *
* s jbooki to initialize one-dimentional histogram *
* e jfilll to fill one dimensional histogram *
* e jscalel to scal one dimentional histgram data *
* e jprintl to print one dimensional histogram *
* e jftot to give total particle production cross subsection *
* e jfddx to give the double differential cross subsection *
* for one angel *
* s ranint to initialize the random number *
* s jqmdver to store JQMD version and last reviced date *
* 5 datetime to detect date and time *
* s cputime to detect cpu time -
* s howmany to control multi-event runs *
* f pcmsr to determine the cm momentum from energy and mass *
* s trfram to determine energy and momentum by Lorentz transform *
* f erf to calculate the eror function *
* *
L P PR (LT




JAERI—Data/Code 99—042

: % 15. mdp-hp.£

‘tt‘t##*#"ttt“‘######t‘t‘t‘tttt‘t#‘###‘

*
* -
* PART 11: Machine dependent routines for HP Fortran 77 -
* *
« £ rnQ) to get random number *
* s date_a_time to get current date *
* f sect_a to get elapse time *
« f cput_a to get cpu time *
* *
ST sk hEa .

3.2. AIEH

AHEEIL, I—F—BAHT 7 ANOH, L IE, T—F—HEB A —F 4 2 OFT
T 5, A (proj). BRI (targ). FHE X b E (event), BERIA T 7 H (tstep). EHER
(fram). ARIFIVF— (win), H/MERFHE (bmin). BAE A (bmax), BHAT Y7 (dt)
i3, character R— A TIEETE B, TNUANOEKIE, BEED mstql (i), FKEED parql(i)
OHTEETS. UTIC. ANEE (mstql, parql) &7 07 5 AR® common B ([]W). X
7. F74 )V kO (D= ) D—EEERT.

[ ANER—% | % 16. ANEER—K
* Input subsection
proj = 12C [mstq1(1-3)] projectile

#
targ = 40Ca # [mstql(4-5)] target

event = 1 # [mstq1(7)] total number of events

tstep = 200 # [mstq1(8)] total number of time steps
frame = cm # [mstq1(9)] reference frame ( lab, cm, nn )

win = 50mev # [parq1(1-2)] beam energy ( mev, gev, mevc, gevc )
bmin = 0.0 # [parq1(3)] minimum impact parameter [fm]

bmax = 3.5 # (parq1(4)] maximum impact parameter [fm]

dt = 1.0 # [parqi(5)] time step [fm/c]

Note: for proj and targ, p, n, pi+, pi-, pi0 are available.
non for proj means the check of the ground state properties.

™ -

* Basic Input [1-9]
mstql (1) : [idnpr] (D=0) projectile ID
( nucleon, nucleus = 0, pi+ = 211, pi- = -211, pi0 = 111 )
mstq1(2) : [masspr] (D=12) projectile mass number
mstql(3) : [msprpr] (D=6) projectile charge
mstql (4) : [idnta ] (D=0) target ID
( nucleon, nucleus = 0, pi+ = 211, pi- = -211, pi0 = 111 )
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% 16-2. AWEH—K

mstql(5) : [massta] (D=40) target mass number

mstql(6) : [mstapr] (D=20) target charge

mstql (7) : [iprun]l (D=10) total number of events

mstql(8) : [ntmax] (D=100) total number of time steps

matql (9) : [insys] (D=1) reference frame ( O=lab, 1=cm, 2=nn )
parqi(1) : [elab] (D=0.5) beam energy in lab [ GeV per nucleon ]
parqi (2) : [plab] (D=-1.0) beam momentum in lab [ GeV/c per nucleon ]

you can specify the one of elab and plab.
The other should be negative.

parq1(3) : [bmin]  (D=0.0) minimum impact parameter [fm]
parq1(4) : [bmax] (D=3.5) maximum impact parameter [fm]
parq1(5) : [dt] (D=1.0) time step [1/fm]

* Numerics and Control [10-29]

*

mstq1(10) : [iseed] (D=12345) seed of random number
0 -> from date&time

mstqi(11) : [ibch] (D=0) choice of impact parameter

0 -> bmin-bmax proportional to b#%2

1 -> bmin-bmax uniform, devided by ibin

2 => only for ifin > O,

bmin-bmax random, count events in each bin

mstq1{(12) : [ibin] (D=20) number of impact parameter bin

for ibch = 1 case,

if iprum < ibin, ibin = iprun.

iprun = iprun / ibin * ibin

mstq1(13) : [irkg] (D=2) choice of the method for time integration
2 => second order of RKG
4 -> 4th order of RKG

mstq1(14) : [imany] (D=0) multi run control
0 -> no,
1 => write event control
on fname(4) (D='howmany.dat’)
for ibch = 1 case, call howmany each ibin.

mstql(15) : [ifout] (D=0) write QMD results on fname(10)
0 -> no,
1 -> write QMD results
on fname(10) (D=’gmdout.dat’)

mstq1(16) : [ifin] (D=0) import QMD results from files
0 -> no,
n -> read QMD results from n-files
fname (10+1)-fname(10+n), n < 50
mstql(17) : [ielst] (D=2) judgement of elastic reaction
smaller cases than ielst are considered as elastic
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# 16-3. AWEE %

0 : elastic without collision
1 : elastic with collision
2 : inelastic without collision
3 : inelastic with collision
.- e m————
* Interaction [30-59]
. e ——————————
matql(30) : [ipot] (D=1) choice of interaction
1 -> soft, rpot = 0.33333
2 -> medium, rpot = 0.66666
3 -> hard, rpot = 1.00000
matql (31) : [icoul] (D=1) Coulomb interaction
0 -> not include
1 -> include
mstq1(32) : [irelcr] (D=1) relativistic correction
0 -> not include
1 -> include
mm e
parqi(30) : [¥1] (D=2.0) width of wave packet (fm)
parqi(31) : [rpot] (D=-1.0) power of demsity dependent part
< 0.0 : default value determined by ipot
> 0.0 : rpot
parqi(32) : [esymm] (D=25.0) symmetry potential (MeV)
* Collision [60-89]
mstq1(60) : [icolt] (D=1) include collision term or not
0 -> not include
1 -> include
mstq1(61) : [iavoid] (D=1) avoid collision in ground state
0 -> allow all collisions
1 -> avoid the collisions inside the ground state
*
* Ground state [90-119]
. -
mstq1(90) : [ipchs] (D=1) method of creation of ground state
0 -> not adjust
1 -> adjust the energy
mstqi(91) : [mntry] (D=1000) max try for sampling

parq1(90)* : [saa] (D=0.2) the diffuseness parameter for the initial
Woods-Saxon shape (fm)
parqi(91)* : [ro0] (D=1.124) radius parameter radO=r00*A**(1/3) (fm)
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% 16-4. ANWER—E

parq1(92)=* [r01] (D=0.5) radius parameter for the initial
Woods-Saxon radius rt00O=r0O+A+#(1/3)-r01 (fm)
parq1(93)* [rada] (D=0.9) cutoff parameter for radius (fm)
parql(94)* [radb] (D=0.3) cutoff parameter for radius (fm)
radm = rad0 - rada # ( gamm - 1.0 ) + radb
parql(95)* [dtg] (D=1.0) time step for frictional cooling (1/fm)
parq1(96)* : [fric] (D=-0.04) the coefficient for friction
parq1(97) : [rdist] (D=-1.0) initial distance of two nuclei
<0.1:
elab < 200 MeV
rmax0 = radta/gamta + radpr/gampr + 6.0
200 MeV < elab < 1 GeV
rmax0 = radta/gamta + radpr/gampr + 4.0
elab > 1 GeV
rmax0 = radta/gamta + radpr/gampr + 4.0
elab > 10 GeV
rmax0 = radta/gamta + radpr/gampr + 2.0
> 0.1:
rmax0 = radta/gamma + radpr/gamma + rdist
* SDM [120-149]
mstq1(120) [issdm] (D=1) Statistical Decay is Included or not
0 -> not include
1 -> include
mstqi(121) : [iswids] (D=0) choice of decay width
0 -> simple decay width
without gamma nor angular mom.
mstql(122) [isevap]) (D=1)
0 -> without particle evaporation
1 -> with particle evaporation
mstql (123) [isfiss] (D=1)
0 -> without fission decay
i -> with fission decay
mstql (124) [isgrnd] (D=1)
0 -> without ground state decay
1 => with ground state decay
parq1(120) : [sdmemin] (D=1.0) minmum energy for decay (MeV)

This value is used also for the judgement
of the elastic reaction of QMD.
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% 16-5. AWER—%&

* Analysis [150-200]
Mmmmmmmm
mstql (150) [jdsp(20)] (D=1) Output on fname(4) and Screen

mstql (151)

mstq1(152)

mstq1(153)

1 -> output
0 -> hinder all output
file name is fname(4) (D=’jgmd’) + ’-allO.ang’

[jdsp(21)] (D=1) display Header and Second Page
0 -> no, 1 ~-> output
file name is fname(4) (D=’jgqmd’) + ’~head.ang’

[jdsp(22)] (D=1) display Collision History
0 -> no, 1 -> output
file name is fname(4) (D=’jgmd’) + ’-col0.ang’

[jdsp(23)] (D=1) display Ground State Properties
0 -> no, 1 -> output
file name is fname(4) (D=’jqmd’) + ’-grd0.ang’

.
mstql(154)

[jdsp(1)-jdsp(13)] (D=5) display R and P distribution
0 -> Non

1

10

11

12

13

->

->

->

->

->

=>

->

->

Snapshot of R-space in Threee Directions
for Ground state.

file name is fname(4) + ’-gr00.ang’
Snapshot of P-space in Threee Directions
for Ground state.

file name is fname(4) + ’-gp00.ang’
Snapshot of R and P-space in Threee
Directions for Ground state.

file name is fname(4) + ’-grpO.ang’
Snapshot of R-space

file name is fname(4) + ’-r000.ang’

Time Evolution of R-Space

file name is fname(4) + ’-rt00.ang’
Snapshot of P-space

file name is fname(4) + ’-p000.ang’

Time Evolution of P-Space

file name is fname(4) + ’-pt00.ang’
Snapshot of R and P-space

file name is fname(4) + ’-pr00.ang’

Time Evolution of R and P-Space

file name is fname(4) + ’-prtO.ang’
Snapshot R-Space with Color Plot

file name is fname(4) + ’-rc00.ang’

Time Evolution of R-Space with Color Plot
file name is fname(4) + ’-rtcO.ang’
Snapshot R-Space with Contour and Color Plot
file name is fname(4) + ’-rrc0.ang’

Time Evolution of R-Space

with Contour and Color Plot

file name is fname(4) + ’-rrtc.ang’
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% 16-6. ANWEE—%E

.- - -
mstql(165) [jdsp(24)] (D=1) Display JQMD Logo CPU Time on Screen
0 -> no, 1 -> output
mstql (156) [jdsp(25)] (D=1) Display Reaction on Screen
0 -> no,
1 -> r-space
2 -> p-space
mstq1(157) [jdsp(26)] (D=1) Display Reaction on file(4) + ’-allO.ang’
0 => no,
1 -> r-space
2 -> p-space
mstql(158) [jdsp(27)] (D=1) Number of Event for Display
for jdsp(25), jdsp(26)
mstq1(169) : [jdsp(30)] (D=1) Display Mass Distribution of QMD
0 -> no, 1 -> file name is fname(4) + ’-mqmd.ang’
mstq1(160) [jdsp(31)] (D=1) Display Mass Distribution of SDM
0 -> no, 1 => file name is fname(4) + ’-msdm.ang’
mstql (161) [jdsp(32)] (D=1) Display Mass Distribution of fission
0 -> no, 1 -> file name is fname(4) + ’-mfis.ang’
mstql (162) [icdp(1)] (D=1) Display Nucleon on the Color Culuster Plot
0 -> no, 1 -> output
mstq1(163) : [icdp(2)] (D=1) Display Delta on the Color Culuster Plot
0 -> no, 1 -> output
mstq1(164) [icdp(3)] (D=1) Display N+ on the Color Culuster Plot
0 -> no, 1 => output
mstql (165) [icdp(4)] (D=1) Display Pion on the Color Culuster Plot
0 => no, 1 => output
mstql (166) [iefw] (D=0) One File or Each File
0 -> one file, 1 -> each file of one time.
mstq1(167) [ised] (D=1) Direction of Display
1 ->2z2-x
2 => z-y
3 -> x-y
mstq1(168) : [mulg] (D=0) Number of Graphs in One Page

0 -> default number

n -> number of graph in one page
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#16-7. AWK~

mstql1(169) : [icpus] (D=1) detect cpu time
0 =-> no, 1 -> detect
mstql(170) : [idatm] (D=1) detect date and time
0 -> no, 1 -> detect
mstql (171) [nfreq] (D=5) time interval for time step analysis
mstq1(172) [nfrec] (D=10) time interval for reaction display
mstq1(173) [nfred] (D=1) time interval for QMDDISP
mstql (174) [jdsp(33)] (D=0) number of events for QMDDISP
0 -> no,
n -> data on fname(4) + ’-disp.shn’
mstql (175) [ianal]l (D=0) call user anal or not in main
0 -> no, 1 -> call
-
parq1 (151) [rdimg] (D=10.0) coordinate size of display (fm)
for ground state
parql(152) [fdimg] (D=2.0) momentum size of display (1/fm)
for ground state
parql(153) [xrmin] (D=-25.0) minimum x-coordinate of display (fm)
for reactions
parql (154) [xrmax] (D= 25.0) maximum x-coordinate of display (fm)
for reactions
parq1(155) [yrmin] (D=-15.0) minimum y-coordinate of display (fm)
for reactions
parq1(156) [yrmax] (D= 15.0) maximum y-coordinate of display (fm)
for reactions
parql(157) [xpmin] (D=101.0) minimum px of display (1/fm)
>100.0 : default value
parql(158) [xpmax] (D=101.0) maximum px of display (1/fm)
>100.0 : default value
parql(159) [ypmin] (D=101.0) minimum py of display (1/fm)
>100.0 : default value
parqi (160) [ypmax] (D=101.0) maximum py of display (1/fm)
>100.0 : default value
parqi(161) [scalo] (D=1.0) global scale for angel
parq1(162) [scald] (D=1.0) global scale for terminal
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33. XA I—T41r

JQMD 2—F i3, QMD & BRI LV AVRA LT —F FBY LR (T 2D, AV —
F AV ERL—F—PEHET L LI oTVEY, UTOEK 17 1R T & ) %4 I —® subroutine,
entry NEENLETH S, CDL—F—EHRDMLE A VIV —F 4 Y TOETL HizonT
. RETHEHET S,

[ A Avv—7471] F£17. ALYV —F 471
1 ** SRRRRR R
2 * main-00.f *
3 T T S P T T R Y 2 ] -
4 common /swich2/ icfg, imany, icpus, idatm
5 * _—
6 * icfg = 1; read input file of default name
7 icfg = 1
8 call jgqmdOO
9 end
10 ETIT IR 22 P2 2SR SR 22 R 2R St bl Lty %
11 subroutine anal_int
12 * Purpose:
13 * user subroutine for analysis
14 ERERRE AR R RE % » *En
15 include ’param02.inc’
16 *
17 common /summQ04/ ianal
18 common /constl/ elab, rdist, bmin, bmax, ibch, ibin
19 common /const2/ dt, ntmax, iprun, iprun0
20 common /vriab3/ qmdfac, sdmfac
21 common /swich3/ ielst, jelst, kelst
22 *
23 dimension wi(10), wt(10)
24 h———
25 if( ianal .eq. O ) return
26 hm———
27 return
28 T LT T e T e S R R ] ERERRERRERE
29 entry anal_qmd(ik,jj,iz,in,id,is,ic,iq,im,
30 & bi,px,py,pz,et,rm,ex)
31 * Purpose: *
32 * user entry for analysis of QND *
33 Ll e S e e ] RERREERRRRE
34 if( ianal .eq. 0 ) return
35 *-
36 * inelastic frag and detection frame
37 A
38 if( kelst .eq. 0 ) return
39 c call trfram(px,py,pz,et,rm,0)
40 L Dttt
41 * nucleus( ik = 0 )
42 e
43 if( ik .eq. 0 ) then
44 end if
45 K==
46 * proton( ik = 1 ) and neutron( ik = 2 )
47 il bttt ————
48 if( ik .eq. 1 ) then
49 end if



50
51
52
53
54
55
56
57
68
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
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F17-2. AAVIV—FT 41

if( ik .eq. 2 ) then

end if
PO - - e —————————
* pions( ik =5 )
PU— -

if( ik .eq. 5 ) then
if( ic .eq. 1 ) then
else if( ic .eq. 0 ) then
else if( ic .eq. -1 ) then

end if
end if
e m e m——————— -
return
T e e S S T ERERRE
entry anal_sdm(ik,jj,iz,in,id,is,ic,iq,im,
4 bi,px,py,pz,et,rm,ex)
* Purpose: *
* user entry for analysis of SDM *
L T T P P A S S s e Exx *kk
if( ianal .eq. 0 ) return
* inelastic frag and detection frame
if( kelst .eq. 0 ) return
c call trfram(px,py,pz,et,rm,0)
P -—
* nucleus( ik = 0 )
R -
if( ik .eq. 0 ) then
end if
* proton( ik = 1 ) and neutron( ik = 2 )
-
if( ik .eq. 1 ) then
end if
if( ik .eq. 2 ) then
end if
-
* pions( ik = 5 )
if( ik .eq. 5 ) then
if( ic .eq. 1 ) then
else if( ic .eq. 0 ) then
else if( ic .eq. -1 ) then
end if
end if
.- e
return
T e PR S SR R Ll L L EREREEREERRRRR R AR
entry anal_fin
* Purpose: *
* user entry for analysis of weight *
L S T 2 * x%

if( ianal .eq. 0 ) return

Rr———m—— ————-

return
end
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FROF ITIRERTVRE LI, A YV —F 4 Y TRIELEZZ LI, idg DIEEL sub-
routine jqmd00 * I —)V4 5 Z LT ThH B, icdgid, ANTF—5DA Y7 v b DHEEERET
BINT A=Y —Td b, iclg DFEBX. 7 7 4V qmdinit.f DH O subroutine readcfg D~ & —
BICaA AV IEHHDT, LTIZERERT,

ictg OFH % 18. icfg DHH
* —— *
* icfg should be defined in user program. *
* icfg = 0; no input file *
* icfg = 1; read input file of default name *
* icfg = 2; read input file name from unit § *
* icfg = 3; no input file and *
* take input data from main by characters *
* icfg = 4; no input file and *
* take input data from main by variables *
Dt et *
* icfg =1, 2, 4 *
* input : content ; variables *
* *
* 'proj’ : projectile ; mstql(1) *
* ; mstqi(2) *
* ; mstql(3) *
* ‘targ’ : target ; mstql(4) *
* ; mstql(5) *
* ; mstql(6) *
* ’event’ : number of events ; matql(7) *
* ’tstep’ : total number of time step ; mstql(8) *
* >frame’ : reference frame ; mstql(9) *
* ’win? : incident energy or momentum ; parql{(1) *
* ; parql(2) *
* ‘bmin’ : minimum impact parameter ; parq1(3) *
* ’bmax’ : maximum impact parameter ; parqi(4) *
* 'de? : time step ; parql(5) *
* *
* ‘fname(i)’ : file name ; fname(i) -
* 'mstql(i)’ : integer parameters ; mstql (i) *
* 'parqi (i)’ : real parameters ; parql(i) *
ke m————— *
* icfg = 3 *
* projc : projectile (a80) *
* targc : target (a80) *
* framec : reference frame (a80) »
* winc : incident energy or momentum (a80) *
* bminc : minimum impact parameter (a80) *
* bmaxc : maximum impact parameter (a80) *
* dtc : time step (a80) *
* tstepc : total number of time step (a80) *
* eventc : number of events (a80) *
o - *




A4 Vv —F 4 ¥ TS subroutine jqmd002SJQMD ® a2 —F &% 2> b u— VT 5 ERY
TN —F 4 Thbo ZOFNS ., F 17127RL 72 subroutine anal_int 2FFA TS, @ anal.int
T, BT 72dDN —F 4 ¥ OHHLEIT ) o FFMIE . REOETHOL Z HTRT, subroutine
anal_int ® entry & L T, entry anal_qmd, entry analsdm, entry anal fin *LETH 2, b
it. Z1LF 1. subroutine gmdsum, subroutine sdmsum, subroutine finsumry % 5FHI L, QMD
W TIHOMNT. SDM B THROMT, Fh & BERHLHEIMBLHENZIELIDTH S,

subroutine gmdsum, subroutine sdmsum O3 [# & LU T SN B KK, ik, jj, iz, in, id, is, ic, ig,

im, bi, px, py, pz, et, rm, ex i

JAERI—Data/Code 99—042

KDL I BREETHb.

qmdsum, sdmsum Z#DFH

®

AARRRERKEE ALK R ERR KRR KRR RN

ik

ij
iz
in
id
is
ic
iq
im

px
Py
Pz
et
rm
ex

MO T B T 2N TEE T N T R NEE N RER N L S I I L R

19. qmdsum, sdmsum ZZHDFHH

: kind of cluster or particle

= 0 : Nucleus
=1 : proton
= 2 : neutron
=3 : delta
=4 : K star
=65 : pions
=6 : gamma

: angular momentum

: number of proton in cluster
: number of neutron in cluster
: number of Delta in cluster
: number of N star in cluster
: charge of cluster

: collision history of particle
: sdm history of particle

: impact parameter (fm)
: x-momentum of cluster or particle (GeV)
: y-momentum of cluster or particle (GeV)

z-momentum of cluster or particle (GeV)

: total energy, E = sqrt(mss2+p**2) (GeV)
: rest mass of particle (GeV)
: excitation energy of cluster (MeV)

I SR SR ST N T T T K SN A S K DK RN R N IR RN I I S R

ARERERRERRREERRERR AR RR AR R R R AR R KRR R R RK

p— 27 p—
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34. FBHIN—FT 1>

ZITH,JQMD 2—FOEBF TV —F 4>, JQMD I—F &% a v hu—L T 547
V—F4>ijqmd00 &, QMDIZX A1 ARV Iab—Yarxarybu—va37v—71
v gqmdevent ¥ ') A M EHITRFHT S,

3.4.1. jqmdO00 (subroutine)

JQMD 4% 3% b= FBHTN—F 4 VT, LEOMIHE. ARV F Y Ialb—Yavo
DOW—7‘$¢®ﬁ70~#%&%OCC#EWATW5#7W—?4Vﬁ\@%WK@LT\

jgqmdver readcfg gqmdint sdmint anal_int sm_init
AR Ialb—Ya VIZBL T,

gmdevent gmdreadd gmdwrite gmdjudge qmdsum sdment sdmsum
<y —IZBL T,

finsumry

ThHbo

subroutine jqmd0oo ' A b

7 20. subroutine jqmd00 ') X b

1 * --

2 * Initialization

3 * -

4 call jqmdver( Version, Last Revised )
5 call readcfg

6 call gmdint

7 call sdmint

8 call anal_int

9 call sm_init

10 *

11 * Many Events

12 * ——— - -—=-

13 do 5000 11 = 1, iprun

14 llnow = 11

15 #o——————meeeecm———— -—
16 * one event by QMD or from Files

17 - _— -

18 if( ifin .eq. 0 ) then

19 call gmdevent

20 else if( ifin .gt. 0 ) then

21 call gmdreadd

22 end if

23 D e L L L B -—
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24 * write one event on file

25 K mm e m— e — e m— - ———

26 if( ifout .gt. 0 ) then

27 call gmdwrite

28 end if

29 R mmmm e -—— --
30 * one event weight and judgement of inelastic reaction

31 * and summary of QMD

32 Ao mmmm e - -
33 call gqmdjudge

34 call gmdsum

35 B e e e L L L

36 * SDM (statistical decay) of clusters and summary of SDM

37 -

38 if( issdm .gt. 0 ) then

39 do iss = 1, issdm

40 call sdment

41 call sdmsum

42 end do

43 end if

44 LEbbds - -

45 5000 continue

46 * - -
47 * Final Summary

48 * - -

49 call finsumry

50 mmmmm e e -—

51 return

52 end

3.4.2. qmdevent (subroutine)

QMDK;%14N7b951V~Vay%:y}u—w?5%7w—%4yf‘14N7F®
ML, BERE. 1 /XY POFT) =025,

14~y F OMPALTIR, HEEROWE. REREORE, 7 —A b, ¥ —OmHHE
HRLBY, ROLIBRF TV —F 1V, LV P —%FE,

ground rboost

sm_evnt sm_timq sm_timc sm_timd

BRREORSE. B AT v 7D DO W—TFhb% Y, FOHRTIE, BEES. 314 V8
W, N4 VIR, BEAT Y 7O¥ ) —OUTOL ) YT V=T 1Y TV Y-
IS,

rk12 rkg4 pionem relcol pionab

sm_coln sm_timq sm_timc sm_timd

14X b OB Y —iE. BREOSAF VB, 7T A —HEP LR, BTOL ) 2YT
V=7 4 VRS,

fpidecay cldist
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subroutine qmdevent ') A }

# 21. subroutine gmdevent ') X b

1 * ——— -—- — ———
2 * event number, initial time, and initial randum seed
3 * total collision flag
4 * -
5 ntnow =0
6 iseedl = iseed
7 iccoll = 0
8 *
9 * impact parameter and multi run control
10 *
11 if( ibch .eq. 0 ) then
12 call howmany(1)
13 b = sqrt( max( 0.0,
14 3 bmin#*2 + ( bmax**2 - bmin*#2 ) *x rn() ) )
15 else if( ibch .eq. 1 ) then
16 ibsf = ibsf + 1
17 if( ibsf .gt. ibin ) then
18 call howmany(1)
19 ibsf = 1
20 end if
T 21 b = bval(ibsf) - bdef / 2.0 + bdef * rn()
22 end if
23 *
24 * make ground state and boost
25 *
26 call cputime(4)
27 call ground
28 call rboost
29 call cputime(4)
30 ==
31 * Summary for the initial time
32 | et
33 call cputime(5)
34 call sm_evnt
35 call sm_timq
36 call sm_timc
37 call sm_timd
38 call cputime(5)
39
40 Time Evolution
41
42 do 100 nt = 1, ntmax
43 ntnow = nt
44 *
45 * time integration
46 *————e -
47 call cputime(2)
48 if( irkg .eq. 2 ) then
49 call rk12(dt)
50 else if( irkg .eq. 4 ) then
51 call rkg4(dt)
52 end if
53 call cputime(2)
54 - -—-= -
55 * collision term
56 L it
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3 21-2. subroutine gqmdevent ' A }

57 if( icolt .eq. 1 ) then

58 call cputime(3)

59 call pionem(dt)

60 call relcol

61 call pionab

62 call sm_coln

63 call cputime(3)

64 end if

65 = i - -
66 * summary at the certain time interval

67 *=== -

68 call cputime(5)

69 if( ( ntnow / nfreq ) * nfreq .eq. ntnow ) then
70 call sm_timq

71 end if

72 if( ( ntnow / nfrec ) * nfrec .eq. ntnow ) then
73 call sm_timc

74 end if

75 if( ( ntnow / nfred ) * nfred .eq. ntnow ) then
76 call sm_timd

77 end if

78 call cputime(5)

79 * e m————————— e e e e e
80 100 continue

81 Fmmemroee— e ——mm—ee—cem s o=

82 * Final pion decay and Final analysis of clusters

83 *

84 call cputime(6)

85 call fpidecay

86 call cldist

87 call cputime(6)

88 L -

89 return

90 end

3.5. TOMOYTIN—FT 1>

TR, I - —DE NV —F 4 VERRY <) —OF TV —F 1 | qmdsum, sdmsum,
finsumry ¥ BT %o KIT. EBM T OWHEHROKE LT 2LOOY TV =T 4~ LFDOIY b
1) —. jbookl, jfilll, jscalel, jprintl, jftot, jfddx ZEHT %«
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3.5.1. gmdsum (subroutine)

SOHTN—=F 4TI, QUD D1 ARV FORTEROY < —%av bu—VvT5b, BES
FNTWBOIR, QMD RTHOERBEOER, WEMi L 1—F -7 s 7600 —-VTH
o ENBZH TN =T 4, TV —iE,

sm_mass anal_gmd o

subroutine gmdsum 'V A b

% 22. subroutine qmdsum 'J X b

1 * -

2 call cputime(5)

3 * - -

4 * do loop for the clusters and particles of QMD

5 *-

6 do i =1, nclst

7 ik = iclust(i)

8 jj = jclust(0,i)

9 iz = jclust(i,i)

10 in = jclust(2,i)

11 id = jelust(3,1)

12 is = jclust(4,i)

13 ic = jclust(5,i)

14 iq = jclust(6,i)

15 im = jclust(7,i)

16 bi = qclust(0,i)

17 px = qclust(1,i)

18 py = qclust(2,i)

19 pz = qclust(3,i)

20 et = gqclust(4,i)

21 ™m = qclust(5,i)

22 ex = qclust(6,i)

23 -

24 * store the mass distribution of the clusters

25 * after QMD calculation only for inelastic reaction
26 *

27 if( kelst .eq. 1 .and. ik .le. 2 ) then
28 call sm_mass(1,iz,in,qmdfac)

29 end if

30 B o e e e e e e e e e e s sssssssmes
31 * call user subroutine for summary of QMD

32 ko= -

33 call anal_qmd(ik,jj,iz,in,id,is,ic,iq,im,
34 & bi,px,py,pz,et,rm,ex)

35 ' -—- - -
36 end do

37 L ettt ot

38 call cputime(5)

39 * - - --
40 return

41 end
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3.5.2. sdmsum (subroutine)

TO¥ TN —F 4 YTk SDMD 1 ARY FORTHOY< ) —%a3~ bu—v§2, BER
FNTWVDLDIE. SDMETEOABBEOL R, WHEMML 1—F—70r 7403 -V Thb,
MEN YTV —F 4>, T M) —id,

sm_mass anal_sdm o

Fubroutine sdmsum J A b |

3% 23. subroutine sdmsum ' X b

1 * -——

2 call cputime(5)

3 * e

4 * do loop for the clusters and particles of SDM
5 * mmmmmommmmmmemen -

6 do i = 1, nclsts

7 ik = iclusts(i)

8 jj = jclusts(0,i)

9 iz = jclusts(1,i)

10 in = jclusts(2,i)

11 id = jclusts(3,1)

12 is = jclusts(4,1)

13 ic = jclusts(5,i)

14 iq = jclusts(6,1)

15 im = jclusts(7,1i)

16 bi = qclusts(0,i)

17 px = gqclusts(1,i)

18 py = qclusts(2,i)

19 pz = qclusts(3,i)

20 et = qclusts(4,i)

21 rm = gclusts(5,i)

22 ex = qclusts(6,i)

23 *

24 store the mass distribution of the clusters
25 * after SDM calculation

26 - -

27 if( kelst .eq. 1 .and. ik .le. 2 ) then
28 call sm_mass(2,iz,in, qmdfac * sdmfac )
29 end if

30 e mmmmmem _— -

31 * call user subroutine for summary of SDM

32 fmmmmeem—aa ———

33 call anal_sdm(ik,jj,iz,in,id,is,ic,iq,im,
34 4 bi,px,py,pz,et,rm,ex)

35 * -

36 end do

37 k-

38 call cputime(5)

39 * - ==
40 return

41 end
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3.5.3. finsumry (subroutine)
JQMD £ DFEME %Y~ ) =% 2 b O—=VTEF TNV =T 4V T, ROL ) BHFTNV—7 1
:/\ l‘:/ ]‘ ]) ”%W'S;O

sm_norm sm_grdo sm_coll sm_mdis anal_fin sm_hedo

Sm_cpuo sm_sumo sSm_clse

subroutine finsumry ') X b

3 24. subroutine finsumry Y A b

1 e aiahdehie bttt ——-
2 * normal summary

3 * -——
4 call cputime(5)

5 call sm_norm

6 call sm_grdo

7 call sm_coll

8 call sm_mdis(30)

9 call sm_mdis(31)

10 call sm_mdis(32)

11 call cputime(5)

12 *

13 * Final Total CPU time, Date and Time

14 *

15 call datetime(iyer1,imoni,idayl,ihorl,iminl,isecl)
16 call cputime(1)

17 *

i8 * final summary

19 * -
20 call howmany(1)

21 call sm_hedo

22 call sm_cpuo

23 call sm_sumo

24 call sm_clse

25 *

26 * call user subroutine for summary

27 *

28 call anal_fin

29 *

30 return

31 end
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3.5.4. jbookl (subroutine)

SOV TN—F 4 ViE. 1RTE AN T ARPDOMPILEATINV =T 1V,
BIBMOBEHRITRD L )l oTWVA,

subroutine jbooki Y Ak

3% 25. subroutine jbooki J A b

EER AR RRRR R kAR RR R AR SRR R R R R EKE *EXEEE
* *

subroutine jbook1(id,title,

4 tfac,ilog,inum,ifac,nx,xmin,xmax,nw,wi,vt)
* *
* Variables: *
* id : histogram id =< 100 *
* title : title of the histgram ( character ) *
* tfac : total factor *
* ilog : 0=> x-linear bin, 1=> x-log bin *
* inum : =0 ; without event number *
* =1 ; with § event number *
* =2 ; with 1/sqrt(¥) *
* =3 ; with Y/sqrt(m) *
* ifac : =0 ; without implicit scaling factor *
* =1 ; with scaling factor 1/dx 1/dw *
* nx : number of x-bins *
* xmin : minimum x-value *
* xmax : maximum x-value *
* nw : number of windows =< 10, or 20 *
* vi : edge values of window, wi(20) *
* wt : edge values of window, wt(20) *
* *
- EEEXER Ty *

72, 2D jbookl LY P Y=L T, jfilll i, 1RTLER M T ANDANEIT )NV =T 4
V. jscalel . 1RTCEA VS FADF—F DAy =Y Y7 k4TI V=7 4 7, jprintl i, 1K
TEANT SADF—7% T 7 ANVICEERTV—F 14 7, jftot it BHER FOEMHEEET
w—%aw\ﬁﬁxu\ﬁ&ﬁ%@vaomﬁ@wﬁﬁ@%%ﬂ?w~?4Vf@éo

IS OEBOFERTER . REOETHDOELE I ATRT,
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4., ZFE{TH
4.1. EiThl1

FF. L—HF N —F A VBT EEINTOEVE 1TDORA [ VIV —F 1 T, ELELHR
%RT o
RDAVT Y PF—=FT, DAL VNV—T 4 2ELED,

[ 4> 7y r7-511|

®26. A7y b7T—%11

proj = 40Ca # projectile

targ = 208Pb # target

event = 10 # iprun : total number of siumulation run
tstep = 90 # ntmax : total number of time step.
frame = cm # insys : cm, nn, lab, collider

win = 800mev # incident energy

bmin = 4.5 # bmin : minimum impact parameter (fm).
bmax = 4.5 # bmax : maximum impact parameter (fm).
dt =1.0 # dt : time step size(fm/c)

WHEREL T, DTo 6207 7 AVEEL 5,

jgmd-allO.ang jgqmd-colO.ang jqmd-head.ang
jgmd-mqmd.ang jqmd-msdm.ang jqmd-rt00.ang

F9, jqmd-allo.ang 7 7 AVIZIE. RD X ) R HABE/OLN S,
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jqmd-all0.ang 7 7 AV 1

#* 27. jqmd-allO.ang 7 7 A1)V 1

1

2 J3J QQQQQ MMM MMM DDDDDDD

3 JJJ  GQQRQQQQQQ MMMM  MMMM DDDDDDDD

4 JJJ QQQ QQQ MMMMM MMMMM DDD DDD

5 JJJ QQQ QQQ MMM MMM MMM DDD DDD

6 JJJ QQQ QQQ MMM M MMM DDD DDD

7 JJJ QQQ QQQ MMM MMM DDD DDD

8 JJJ QQQ QQQ QQQ MMM MMM DDD DDD

9 JJJ JJJ  QQQQQQQQQ MMM MMM DDD DDD

10 JJJI3311) QQQQQQ MMM MMM DDDDDDDD

11 JJJJ QQQ MMM MMM DDDDDDD

12

13

14 Jaeri Quantum Molecular Dynamics

15 for Nuclear Reactions

16

17 Version = 1.00

18

19 made by

20

21 Japan Atomic Energy Research Institute

22

23 Last Revised 1998 12 03

24

25

26 e it Input Echo -======m-==== *

27

28 proj = 40Ca

29 targ = 208Pb

30 event = 1000

31 tstep = 90

32 frame = cm

33 win = 800mev

34 bmin = 0.0

35 bmax = 4.5

36 dt = 1.0

37

38 hommormmme e Input Echo --===-=====m- *

39

40

41 Ll T S R R L 2 RO RRE
42 * *
43 * Reaction : *
44 * *
45 * ~{40}Ca on ~{208}Pb *
46 * *
47 * mass 40( 20, 20) ==> mass 208( 82,126) *
48 * *
49 * Beam energy = 800.00 A MeV *
50 * Beam momentum = 1463.31 A MeV/c *
51 * NN CM energy = 364.58 MeV *
52 * *
53 * Calculated in C.M. frame : *
54 * *
55 * Beam Target *
56 * Velocity / ¢ : 0.7626409 -.2211289 *



57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

JAERI—Data/Code 99—042

% 27-2. jqmd-allO.ang 7 7 )V 1

* Gamma factor : 1.54602 1.02538 *
* p-z (MeV/c) : 1106.310 -212.752 *
* r.z (fm) : -10.887 2.094 *
* *
* Impact Parameter Range : *
* *
* 0.000 < b < 4.500 (fm) *
* *
* Time Evolution : *
* *
* Number of Events = 1000 *
* Humber of Time Step 90 *
* Time step (fm/c) 1.000 *
* Seed of random number = 12345 *
* *
* Date : *
* *
* Calculated at 1999-03-30 16:17:39 *
* *
B EEREERRRER

Kz, RICORHRBENELINS, £0—FZ1T % TIZRT,
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jqmd-all0.ang 7 7 AV 2 ]

3 28. jqmd-allO.ang 7 7 AV 2

- e e e e o e e
Event = 1th b= 2.005 (fm), iseed = 12345

-
-0 ©® 0 N W N

2611
4331
4152 1
231 1

= e
w»oWwoN

[
wn
-
N N
NOW W bd W

BN N N N = e e

W N = O W o NO®
NN AW NN
R NN W NN
W Wk 0D W N W
BN O W N 0
oA N W R W

o~
W

«+ T = 0.00 (fm/c), Edif = 0.0000 (MeV/A), [ B, R, P ] (248, 0, 0)

[ ]
o n

1 [208] ( 82,126, 0 ) { 0.000}
2[40] (20,20, 0){ 0.000}
of 11 C o, 0, O, O ) Free Particles

W W W W W w N NN
b W = O O N
-
N
[

3211
7111 2

11 9 6 610
267831

124435
114987
132143
1562
12

W W
~N o
(]

41
23

o WoWw
=~ O ©
-

12

L -
W 00 NN e W
[ S
s
Lo S & B S o N« S ]
N

#x T = 10.00 (fm/c), Edif = 0.0094 (MeV/A), [ H, R, P ] (239, 9, 1)

[SA By
- O

1 [248 ] ( 98,141, 16 ) { 85.472 }
1{ 13C o, 0, 0, 1) Free Particles

< »n o n 0
DN W



57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
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3% 28-2. jqmd-allO.ang 7 7 )V 2

** T = 20.00 (fm/c), Edif

1 [242 ] ( 96,129, 30 )
8 11(C 4 2, O,

-
NN W N

** T = 30.00 (fm/c), Edif
1 [221 ] ( 85,131, 10 )
2 31C 1, 2, 0)
3[ 21¢C 2, o, 0)
32 [ 1] (17, 5,

(M)

e )
W o =W
N =W

M

[

= oD 0N Wb

21
366
6 412 6
36931
43361
79641
712 4 3
772 1
41 1
431

= 0.0073 (MeV/A), [ M, R, P ] (231, 17, 2)

{ 70.119 }
2 ) Free Particles

12

33
15
12
37

11

=-0.0041 (MeV/A),

DN RO R WNNN e

w 0 BN =D W
0 W e
=N W e = WWw

w
=
W N e
NOW e e
o W -
N R N N R e
(8] =Y
-

=N WU b Wb
o N W N e

[H, R, P] (243,

{ 59.685}

{
{

11.169 }

0.000 }

0, 10 ) Free Particles

5, 10)
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Kiz, EHEREOY <) — 2D 57 OERSFEPNL L

jqmd-all0.ang 7 7 AV 3

# 29. jqmd-allO.ang 7 7 1)V 3

1 LTI TS * kR

2 * Omd Calculation is Finished Normally *
3 - - *
4 * Starting time = 1999-03-30 16:17:39 *
5 * Ending time = 1999-03-30 20:15:40 *
6 * *
7 * Elapse time = 3 h 58 1.91 sec *
8 * TOTAL CPU = 14266 .48 sec *
9 * *
10 * Mean Field = 53 % 7657 .86 sec *
11 * Collision = 41 % 5905.82 sec *
12 * Ground State = 4 Y 591.73 sec *
13 * Summary = 0 % 100.40 sec *
14 * Final Decays = 0 Y% 7.95 sec *
15 * Others = 2 % 2.73 sec *
16 AEREREREEERRRRRERRRREE

17

18 * -

19 * Header, Input Echo and Summary

20 *

21 infl: {jgmd-head.ang}

22 *

23 * Collision History

24 * -—-

25 newpage:

26 infl: {jqmd-col0.ang}

27 *

28 * Time Evolution of R-Space

29 e mm e ——me——eeo-—

30 newvpage:

31 infl: {jqmd-rt00.ang}

32 * - === --

33 * Mass Distribution of QMD

34 *

35 newpage:

36 infl: {jqmd-mgmd.ang}

37 * -

38 * Mass Distribution of SDM

39 * - -

40 newpage:

41 infl: {jqmd-msdm.ang}
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Z® jqmd-all0.ang 77 A V% ps 77 A VY 2 AL —F — AnGel2 Hedrib &, 2knT7 Y
NSy hDeps 77 ANVHBEND, BETER—TT, TTEFBRIROL IR, tho
B oT, 1,23, 48— EFHSECHP T, 5,6,7,8 =Y Thb,

o
o L0 Mo Pt Gt P B I
T ; o T e S
I | &
= Sy Comeersion 2 . I . -u
o] }: TE ]_ 3 E=
UNSSETY hatd e -
= ——- B e S )
st A P g 1.
—— —— *
o
) = 1 =
| =N
St T
2 e it e o 1
i P = N —n
RIS 3
| e '
=4S
- - NI 1
~ -
Mase Disiounion of OMO Aase Distrdution of SOM
0 10
w0 10t
e e
FE ] 3 (]
= o =0t
" 1
0 M 0 0 80 100 120 40 o 20 40 @ ®
ol »
-
~
[
Charge Distribution of OMD Charge Distrbtion of SOM » -
1 T T 2
| " |
| e ®
3 [k ] guf [and - = b
= e Aot
L R I
1 " M Murrbar &
o 10 > % &
z

X 5. 7 1-0

Ko, TS E1IR=TVTEIZRT,

1752+ 77 ANVBEERANZX I VT 77 A VEERT 2707 T b, HARCARAEN L FRE, e % FI A
Sz 4R (niita@hadron03.tokai jaeri.go.jp) ¥ T#E#L T< AR-ATRIN



JAERI —Data/Code 99—042

JOMD plotted by ANGEL Header

—

JQM

Jaeri Q o

for Nuclear Reactions
Version = 1.00
made by
Japan Atomic Energy Research Institute
Last Revised 1998 1203

9Ca on 2%8pPb

Py = 146331 AMeV/ic

E,» = 800.00 AMeV,
= 364.58 MeV

Calculated in C.M. frame :

Impact Parameter Range :
0.000 < b < 4.500(fm)

Beam Target
Velocity / ¢ 0.7615024  -.2203806
Gamma factor 1.54282  1.02521
p. (MeVk) 1102.375  -211.995
r; (fm) -10.887 2.094

Time Evolution : { Calculation is Finished Normally ]
Input Number of Events = 1000

Number of Time Step = 90
Time step (fm/c) = 1.000
Seed of random number = 12345
Date and Elaspe time:
Starting ime = 1999-03-30 16:17:39
Ending time = 1999-03-30 20:15:40
Elapsetime = 3h 58m 1.91sec
CPU time:
Total CPUtime = 1426648 sec
MeanField = 53 %: 765786 sec
Collision = 41 %: 590582 sec
Groundstate = 4 %: 591.73 sec
Summary = 0 %: 10040 sec
Final Decays = 0 %: 795 sec
Others = 2 %: 273 sec

ES AP EAT
FABRT Y

X 6. HiJ1-1

TVBIZE., IQMD ou T X BNV AT A, TRVE —, HEER. 1 XV ML
7, BLEOBE. BHEREOY <Y —REPEIN 5,
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JOMD plotted by ANGEL Input Echo and Summary

Input Echo Mean Field Ground State Energy

proj = 40Ca A = -219.39 (MeV) Energy (MeV/A) | Target | Projectile
arg = 208Pb B = 16531 (MeV) Potential 27073 -23.180
event = 1000 To= 1333 Kinetic 19.262 | 14.689
tstep = 90 C, = 2500 (MeV) Binding 7811 8491
frame = com K = 237.69 (MeV)

win = 800mev L 2.00 (fm?) i
s = 00 ¢ Energy Conservation
bmax = 4.5
= 42114E.03 (MeV/A
& = 10 Ear ¢ ﬂ

Number of Collisions

All Collisions | 707.874 | Blocked | 148.963
Inelastic 91.096 | Elastic | 467815
NN - ND 40.789 | ND 5 NN | 31743
NN = NR 3.083 | NR—> NN 3.518
NN - DD 0.000 | DD 5 NN 0.000
ND - DD 6.216 | DD —» ND 4.986
NR - DR 0.366 | DR - NR 0.266
ND - RD 0.348 | RD —» ND 0348
NR - RR 0.020 | RR = NR 0.011
Do N+x 67896 | N+x—> D | 57.142
R-N+=m 2923 [N+®x—R 3.729
RoD+7%® 191 [ D+t >R 1.611
Final © 10.328

Reaction Cross Section

Reaction Type # of Events
Elastic. without Coll. 0
Elastic. with Collision 0
Inelast. without Coll. 0

Inelast. with Collision 1000
Input total b-range (mb) 636.17
Beam X-section (mb) 636.18
Reaction X-section (mb) 636.18

Statistical Decay is included

SDM /QMD 1
decay width | without angular mom.

particle decay n,p.d,t’He, &
gamma decay not included
ground decay included
fission included
cutoff energy 1.00 MeV
Decay Mode #/ inel. events
particle decay 35.030
gamma decay 0.000
ground decay 0.827
fission 0.040

X 7. Hi771-2

oR—THICH. AV Ty 8T A—F— WEERDIT A—5 - BERKEOLFNVE —,
LRDI R X —RFE. BHFHTEROBEHEOF <) —, RBKEE, FILT00LHH
tHEOY <) = EgEn b,

I

il
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JOMD plotted by ANGEL

Total Time Evolution

Collision History

Collision History

100 YT T T T T
80 - ]
60 | ] g
by - 4 e Em [ —al
2 40 4 - mass E M= blocked
= [ M inelastic
< 2f § S
0 o g
~20 |-
[
Time (fm/c) Time (fm/c)
NN tnelastic Collision and inverse = Production and Absorption
8 T T T T
26 - 2
E [M— NNND E M DosNax
= 4 '— NNoNR - [ — Rohex
@ 4 | - N0 Py "t~ AaDex
S .e. ND-NN s |7t NexoD
K] 1 NA-NN K] [~ Mx-R
82 J - opann 8 .. DR
0 1S vl " 1 n 1
40 60 80 [} 20 40 60 80
Time (fm/c) Time (fm/c)
ND and NR Inelastic Collision and Inverse
= T T T ¥ T v T F v T
15 - 1 .15 - B
°® F 1 rm— no-op ; L ]
E + 1 [— NR-DR & N ]
gioer E v B D e
- r ] - NRo ¢ N ]
s F DD-ND s r ] I'"- :r
a o b DR-NR 5 L 4 N
S05[ . B R ) a S5F .
o [ vt ] ;~mswve 5[ ]
oo Laet®™ulbmu 1 4 g 1 i) ok 3 Soered]
0 20 40 60 80 0 20 40 60 80
Time {fm/c} Time {fm/c)
-3-

X 8. Hi7J1-3

SRR, ROBERE. SRTFHRTHROBHEREDS 779 R3IN %,
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x {fm)

x (fm)

x (fm)

x {fm)

x (fm)

-10

-10

-10

JOMD plotted by ANGEL

Time Evolution of R-Space of 1 th Event

x {fm)

x (fm)

x (fm)

x (fm)

x (fm)

4_—Y B2, ROZEBEETORBREREYFY 77 TRIN L,
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JOMD plotted by ANGEL Mass Distribution of QMD

Mass Distribution of QMD

[— aMD

Yield (mb)

PR N S NN N N |

0 20 40 60 80 100 120 140

Ay
Charge Distribution of QMD

10*
= 10°
£
o 102 - amp
o
> 10

10°

10. Hi771-5

5~—JHICIE, QMD B EROEESH L BROMELA T 5T TREND,
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JOMD plotted by ANGgL 2-Dim. Mass Distribution of QMD
A B S 1T+~ I}
50 50 . =
- [l n -
N 40 - a® o —]
= ™
é i . S = T
200 wd—k _ ]
S B . A = 82
S20 20 ok -
a | [ ] 50 i
=
10 B . -
0" 28 i
o4 LI . | X ! . |
0 20 40 60 80
Neutron Number N
-6-

11. 77 1-6

62—V B2z, QMD S EBZOEBSA LBEMOAN 7 FA I —T 0y FTREN D,
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JOMD plotted by ANGEL Mass Distribution of SDM

Mass Distribution of SDM

[1— sbM

Yield (mb)

Charge Distribution of SDM

105 T T T T T T T

104
10°

1 02 [ 1— sSDM

Yield (mb)

10°
10°

B 12. 57 1-7

TR—JHIZIE, SDMEEROERSA EBMOMBP LA NS T TREING,
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JOMD plotted by ANGgL 2-Dim. Mass Distribution of SDM

Proton Number Z

0 20 30 40
Neutron Number N

X 13. H771-8

§_X—JHIZIZ, SODMEtEBOEESM L BRESMII I FRA I —T 0y FTREN S,
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4.2. ¥RIEOHT

RO 4 _—TOMPIE. F7 4V O mstql(154)=5 DHIITD 54, D mstql(154) DA
VI RNRTA—F =l Lo TUTOL ) R HAVBLN S,

mstql(154)
3 30. mstq1(154)
1 mstqi(154) : [jdsp(1)-jdsp(13)] (D=5) display R and P distribution
2 0 -> Non
3 1 -> Snapshot of R-space in Threee Directions
4 for Ground state.
5 file name is fname(4) + ’-gr00.ang’
6 2 -> Snapshot of P-space in Threee Directions
7 for Ground state.
8 file name is fname(4) + ’-gp00.ang’
9 3 -> Snapshot of R and P-space in Threee
10 Directions for Ground state.
11 file name is fname(4) + ’-grpO.ang’
12 4 -> Snapshot of R-space
13 file name is fname(4) + ’-r000.ang’
14 § -> Time Evolution of R-Space
15 file name is fname(4) + ’-rt00.ang’
16 6 -> Snapshot of P-space
17 file name is fname(4) + ’-p000.ang’
18 7 => Time Evolution of P-Space
19 file name is fname(4) + ’~pt00.ang’
20 8 -> Snapshot of R and P-space
21 file name is fname(4) + ’-pr00.ang’
22 9 -> Time Evolution of R and P-Space
23 file name is fname(4) + ’-prt0.ang’
24 10 -> Snapshot R-Space with Coler Plot
25 file name is fname(4) + ’-rc00.ang’
26 11 -> Time Evolution of R-Space with Color Plot
27 file name is fname(4) + ’-rtc0.ang’
28 12 -> Snapshot R-Space with Contour and Color Plot
29 file name is fname(4) + ’-rrcO.ang’
30 13 -> Time Evolution of R-Space
31 with Contour and Color Plot
32 file name is fname(4) + ’-rrtc.ang’

mmmﬂMWW@§L23®ﬁﬁEEﬁ%®&ﬁf\%hﬁﬁﬁﬁﬁ@&ﬁﬁﬁtfw6oC

:fqumuw@:4&%unomf&ﬁ%%ﬁ?“mmuw®@@ﬁ4&%6%&@%@
B, 2OROBEMBREOB DRI 1 R—YVORMIL b 0%0T, 22 TIRERT
%o mstql(154) = 5 1t BUCRL AT 74V FOWRID 4 R=VBDOYDTH %o
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JOMD plotted by ANGEL Time Evolution of P-Space of 1th Event 331115
T T T T
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K 14. mstql(154)=7

X 14. i3, EHEEHTORMRBELRT. BFr R, AL L CRBARIERED 7 L 3
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JQMD plotted by ANGEL Time Evolution of R and P-Space of I th Event 291121
T T T T T T v
4f ]
10k T=0 | T=0
2 P
P 3 r
o0 1 2o W
= z
& R
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-10 4
1 N L 1 " 1 1 -4 L i ]
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10k T=20
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15. mstq1(154)=9

B 15, V3. EEEEZeR X EEREM COBMRBA AR RO NTURLAZLOTH 5.
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JOMD plotted by ANGEL Time Evolution of R-Space of 1th Event 431129

x {f)
x (e}

x ()

x (i

x {frry)

x (fm)

x (i

x (fm}

x (imj
x (i)

X 16. mstql(154)=11

X 16. i, BAEZHTOBMREREZ AT DI IAY—-70y FTRLAEDDTHE, ZOL
BT OMBAATRTIELTEL, 20X 7Y a3 ik, mstql(162), mstql(163), mstql(164),
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JOMD plotted by ANGEL Time Evolution of R-Space with Contour and Color Plot of 1th Event 51133

x (fm)
x (fmyj
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B 17. mstql(154)=13
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4.3. EEKEOHA

ATy N AJI28F A—F —T. proj=non &£ ¥ % L EEWHEOEEKRKEOEHESHLONL, £0
B, BRIGORLES>TUTO2200MNPR/LN L,

JOMD plotted by ANGEL Ground State Properties (1)
(M= 3703 fm
[ T T T N T T T T T l"—‘-
3 —
T L 1
= o L | - (A"
g/\ — Ou
< i
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0 1 | 1 1 1 1 1 1 1
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18. 19Ca FJKIREE (1)

IF. 1=V B, ERBOTE 2 REE, RIBETR, ORBERE ., X 0 F -, &
FIANF - RF VY Y VI RANVF —ORBIRBWRENS,
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JOMD plotted by ANGEL Ground State Properties (2)
0.3
0.2 —J— QMD smeared
= [t~ QMD Particle
a —-— HF (“Ca)
——— Matter
0.1
0.0
0
Ewn= 1553 MeV
— T T T T l T T T Rl ] v T T ¥ l
12 B
= N 4
10 i s 4
__ 8F 4 r— awmp
= i 1 —-— HF(*Ca)
o 6 _— __ —— - Matter
4 S ettt - ) I -
2 f— —
0 [ 'S ST SR R NN S W SN SO N i
0.0 0.5 1.0 15
p (1/fm)
-2

19. 49Ca FJKIKTE (2)

2 R—TEICIE. EHEOBES L EHESAVPRENS, °Ca DAL, AT, HF Ok
RIREIN5,
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mstql(154) 251, 2, 3 T THEEREOHNCEL T b, SO Z2OBEUTICRT.

JOMD plotted by ANGEL Snapshot of R-Space in Three Directions of 1 th Event 491023
T= 0
10 TT T T T T Ty rTrTory
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X 20. *°Ca HJEIKEE, mstql(154)=1

ThiE, mstql(154)=1 DK T, ENBOEEEBTOLSMA L 3 HEP O RIHTH 5,
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JOMD plotted by ANGEL Snapshot of P-Space in Three Directions of 1 th Event 591055

py (14m)
o
T

p, (1/fm)
o
I

Py (1/tm)
(=)
T
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ZiLid. mstql(154)=2 DEFT, ENHOEBBEMTONAZ 3 AP LRLHTH L,
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JOMD plotted by ANGEL Snapshot of R and P-Space in Three Directions of 1 th Event 411033
T=0 T=0
10 T 2 ————7— 7
- ] I -
[ 3
5+ - 1+ -
L ] i ]
_ r 1 £
£ of 4 = of -
> r ] < i |
-5 C ] -1+ -
-10 T NN e 111 -2 1 | 1 1 1 1 1
-10 -5 0 5 10 -2 -1 0 1 2
X (fm) px (1/fm)
10 LALELELES BLELELELE BLELALEL AR BN 2 T T T T T T T
s . 1E .
= [ 1 | ]
£ of . s of -
> o 7 >
r N a - -1
3 ] s ]
-0 HEEES TS NS RS -2 | ! | 1 1 1
-10 -5 0 5 10 -2 -1 0 1 2
z (fm) p, (1/tm)
10_||||||||r|vvvvl|u|1_ 2 T T T T T T T
5L ] L i
= [ 1 EF | ]
g of . S of -
> B N x
L 4 a | i
N 3 4k i
_10-111111||1111111111|- -2 L ! 1 ] 1 1 L
-10 -5 0 5 10 -2 -1 0 1 2
Z (fm) P; (1/fm)
-1-

[ 22. 9°Ca ZJEIKEE, mstql(154)=3
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4.4. EiThHi 2

KiT . RIS S h 2 T o 2 EEOWEEORNEBL AL V=T 1 VERIT %o
YR EKRIIRT,

[A4vn—54v2]

F 31 AL UNV—=F 42

1 EXRERRRFERERRERR * ERRAREEREEEREREE
2 * main-01.f *
3 P T T T T TT T I TP R S AL 2 L L S 2 SEREREERERRRRRREE
4 common /swich2/ icfg, imany, icpus, idatm

5 * -

6 * icfg = 1; read input file of default name

7 T o e o -

8 icfg = 1

9 call jqmdOO

10 end

11 P e e E T e ] EXEEERRRRRERRK
12 subroutine anal_int

13 * Purpose: *
14 * user subroutine for analysis *
15 (2223 1124 *Ex *¥ Xk
16 include ’param02.inc’

17 * ——
18 common /summ04/ ianal

19 common /constl/ elab, rdist, bmin, bmax, ibch, ibin

20 common /const2/ dt, ntmax, iprun, iprun0

21 common /vriab3/ gmdfac, sdmfac

22 common /swich3/ ielst, jelst, kelst

23 *

24 dimension wi(10), wt(10)

25 * -—-

26 if( ianal .eq. 0 ) return

27 *

28 inum =1

29 ifac =1

30 nw =4

31 wi(1) = cos( 2.5 * pi / 180.0)

32 wt(1) = cos( 12.5 * pi / 180.0 )

33 wi(2) = cos( 25.0 = pi / 180.0 )

34 wt(2) = cos( 35.0 * pi / 180.0)

35 wi(3) = cos( 55.0 * pi / 180.0)

36 wt(3) = cos( 65.0 * pi / 180.0 )

37 wi(4) = cos( 115.0 * pi / 180.0 )

38 wt(4) = cos( 125.0 * pi / 180.0 )

39 tfac =1.0

40 ilog =0

41 ix = 30

42 xmin = 0.0

43 xmax0 = elab * 1000.0

44 xmaxl = xmax0O * 1.3

45 dx = ( xmax0 - xmin ) / float( ix )

46 nx = nint( ( xmax1 - xmin ) / dx )

47 xmax = xmin + dx * float( nx )

48 call jbook1(1,’SDM linear’,



49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
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[ ] tfac,ilog,inum,ifac,nx,xmin,xmax ,nv,wi,ot)
ilog =1
ix = 30
xmin = 1.0

xmax0 = elab * 1000.0

xmaxl = xmax0 * 1.3

dx = log( xmax0 / xmin ) / float( ix )
nx = nint( log( xmax1 / xmin ) / dx )
xmax = xmin + exp( dx * float( nx ) )
call jbook1(2,’SDM log’,
t 4 tfac,ilog,inum,ifac,nx,xmin,xmax,nw,ii,wt)
return
EEEEE - *x EERERERE

entry anal_qmd(ik,jj,iz,in,id,is,ic,iq,im,

& bi,px,py,pz,et,rm,ex)
* Purpose: *
* user entry for analysis of QMD *
L T P e T T EEERR A

if( ianal .eq. 0 ) return

*
* inelastic frag and detection frame
if( kelst .eq. O ) return
call trfram(px,py,pz,et,m,0)
* nucleus( ik = 0 )
.-
if( ik .eq. 0 ) then
end if
———m
* proton( ik = 1 ) and neutron( ik = 2 )
*
if( ik .eq. 1 ) then
end if
if( ik .eq. 2 ) then
end if
mmmmmm - —
* pions( ik = 5 )
e -
if( ik .eq. 5 ) then
if( ic .eq. 1 ) then
else if( ic .eq. 0 ) then
else if( ic .eq. -1 ) then
end if
end if
.

return
Ly T T T R R e 2

entry anal_sdm(ik,jj,iz,in,id,is,ic,iq,im,

& bi,px,py,pz,et,rm,ex)
* Purpose: *
* user entry for analysis of SDM *
ERERRERRRRRAER R R KR SREERE EREREERRERE

if( ianal .eq. 0 ) return

M - -

* inelastic frag and detection frame

Ao mm————— ——— ————— ———
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if( kelst .eq. 0 ) return
call trfram(px,py,pz,et,rm,0)

e S ——————— o e
* nucleus( ik = 0 )
P - —
if( ik .eq. 0 ) then
end if
- - — —
* proton( ik = 1 ) and neutren( ik = 2 )
—— —- ———
if( ik .eq. 1 ) then
end if
if( ik .eq. 2 ) then
ekin = ( et - rm ) * 1000.0
Pl2 = px**2 + py**2 + pz*#2
if( pl2 .eq. 0 ) then
cosa = 1.0
else
cosa = pz / sqrt(pl2)
end if
call jfilli(1,ekin,cosa,sdmfac,1.0/2.0/pi*qmdfac)
call jfill1(2,ekin,cosa,sdmfac,1.0/2.0/pi*qmdfac)
end if
* pions
if( ik .eq. 5 ) then
if( ic .eq. 1) then
else if( ic .eq. O ) then
else if( ic .eq. -1 ) then
end if
end if
return
e T T PR R L P S S S Pr EEEE
entry anal_fin
* Purpose: *
* user entry for analysis of weight *
TERREERREARERREA KR AEERRER TS
if( ianal .eq. 0 ) return
open( 90, file = ’pal-sdml.dat’ , status = ’unknown’ )
open( 91, file = ’pal-sdmg.dat’ , status = ’unknown’ )
fac = 1.0 / float(iprun)
call jscalel(1,fac)
call jscalel(2,fac)
call jprint1(1,90)
call jprint1(2,91)
close(90)
close(91)
- —- _— _—
return
end
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ﬁ)al_sdmg.dat }

#* 32. pal_sdmg.dat

1 *

2 * JBOOK: SDM log

3 ¥

4 * Histgram ID : 2

s * No. of entries :@  93570.59

6 * Date: 1999-04-06 17:21:46

7 #

8 * x yo1 n01 yo2 n02 yo3 no3 yo4 no4

9 *
10 1.000 5.246 23.50 4.764 B84.60 4.624 134.4 3.790 111.8
11 1.203 4.946 26.50 5.263 110.1 4.369 160.9 3.337 120.0
12 1.448 4.205 31.60 4.584 119.5 4.147 187.6 3.468 149.8
13 1.742 4.844 37.60 4.129 128.4 3.910 204.8 2.833 154.3
14 2.098 4.123 40.30 4.127 1589.7 3.694 240.0 2.965 186.8
15 2.521 3.787 45.60 3.699 165.2 3.377 274.8 2.649 211.6
16 3.033 3.060 49 .40 3.413 187.6 3.213 302.1 2.227 211.8
17 3.650 2.905 47.60 2.988 211.1 2.621 318.7 2.050 225.9
18 4.391 2.581 56.10 2.521 209.0 2.322 332.9 1.776 238.9
19 5.283 2.167 59.40 2.321 230.7 1.983 347 .4 1.444 231.9
20 6.356 1.650 55.80 1.840 234.5 1.7583 3585.7 1.173 231.2
21 7.648 1.520 63.90 1.538 236.7 1.198 314.9 0.8127 209.5
22 9.201 1.222 58.40 1.127 216.8 1.001 310.7 0.6359 190.6
23 11.07 1.038 60.80 0.9704 212.3 0.7899 299.5 0.4818 166.6
24 13.32 0.8710 60.70 0.7673 214.3 0.7533 337.1 0.3537 147.7
25 16.03 0.6536 §5.20 0.8016 261.0 0.5439 291.2 0.2677 126.8
26 19.28 0.5661 61.90 0.5796 234.5 0.4973 324.5 0.2088 121.2
27 23.20 0.5785 75.80 0.6000 289.0 0.4116 316.0 0.1435 106.3
28 27.91 0.5913 71.90 0.5562 286.9 0.4219 371.4 8.0117E-02 75.20
29 33.58 0.4674 80.50 0.4902 311.2 0.3878 391.4 7.0532E-02 85.70
30 40.40 0.3897 74.00 0.4206 308.7 0.3138 388.9 4.4382E-02 55.40
at 48.61 0.3079 67.10 0.4066 343.1 0.2823 389.0 2.3132E-02 35.00
32 58.48 0.3208 84.00 0.3490 369.0 0.2244 411.0 2.12076-02 33.00
33 70.37 0.2492 95.00 0.3212 382.0 0.2171 424.0 7.2659E-03 16.00
34 84.66 0.1719 78.00 0.2953 421.0 0.1585 384.0 2.9961E-03 9.000
35 101.9 0.1624 76.00 0.2625 405.0 0.1223 340.0 9.6078E-04 3.000
36 122.6 0.1480 85.00 0.2863 521.0 6.4944E-02  217.0 6.5207E-04 2.000
ar 147 .4 0.1259 77.00 0.2545 617.0 2.1631E-02 $7.00 0.000 0.000
38 177.4 0.1768 111.0 0.1744 426.0 2.3528E-03 17.00 0.000 0.000
39 213.4 0.2856 186.0 6.1425E-02 166.0 6.0811E-04  3.000 0.000 0.000
40 256.8 1.9712E-02 18.00 4.0412E-05 1.000 0.000 0.000 0.000 0.000
41 309.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
42 *
43 * total = 93.07 # = 93570.59
44 1] under = 8.319
45 * over = 0.000
46 *
47 3 win yo1 #01 y02 #02 yo3 #03 yo4 204
48 *
49 * total = 94.87 2122. 98.55 8370. €0.03 9166. 26.29 3986.
50 2 under = 5.044 108.9 5.044 415.0 4.730 666.7 3.696 627.6
51 * over = 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
52 *

SOMIHL T, KDL 7% AnGel 77 ANVEAET S &, EBRMERLHBL LHAIRHL
ns,
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pal-256.ang

# 33. pal-256.ang

¢: Differential Cross subsection for Al at 256 MeV

1

2

3 »~{27}A1 (p xn) E_{p} = 256 MeV’

4

5 X: E_{n} (MeV)

6 Y: d"{2}\sigma/d\OmegadE (mb/sr/MeV)

7

8 p: ylog ymin(1.e-10) xmax(500) ymax(100) nosp xleg xmin(1)
9 p: legx(2) legy(8.e-9) legs(1.2)

10 w: 7.5"{\circ}/ x(5) y(5) s8(1.2)

11 w: 30"{\circ} \(\times10-{-2} \)/ x(5) y(5.0e-2) s(1.2)
12 w: 60"{\circ} \(\times10~{-4} \)/ x(5) y(5.0e-4) s(1.2)
13 w: 120"{\circ} \(\times10~{-6} \)/ x(5) y(3.0e-6) 8(1.2)
14

15 p: form(1.7) scal(0.6) xorg(0.15) yorg(0.05) afac(1.) nofr noms
16

17 C: 7 .500E+00 3.000E+01 6.000E+01 1.200E+02

18

19 h: x y(QMD+SDM),1hO n y#0.01,1hO n y#0.0001,1h0 n y*1.e-6,1h0 n
20 infl: {pal-sdmg.dat}

21

22 infl: {pal-mei.dat}

23

24 c

25

26 z: xorg(1.4) yorg(0)

27

28 »={27}A1 (p xn) E_{p} = 256 MeV’

29

30 X: E_{n} (MeV)

31 Y: d“{2}\sigma/d\OmegadE (mb/sr/MeV)

32

33 p: ylog ymin(1.e-10) xmax(300) ymax(100) nosp xlin

34 p: legx(50) legy(15) legs(1.2)

35 w: 7.5"{\circ}/ x(30) y(8.0e-2) 8(1.2)

36 w: 30"{\circ} \(\times10~{-2} \)/ x(50) y(1.0e-2) s(1.2)
37 w: 60" {\circ} \(\times10~{-4} \)/ x(50) y(7.e-5) 8(1.2)
38 w: 120"{\circ} \(\times10~{-6} \)/ x(50) y(1.0e-7) 5(1.2)
39

40 Cc 7 .500E+00 3.000E+01 6.000E+01 1.200E+02

41

42 h: x y(QMD+SDM),1h0 n y+#0.01,1h0 n y#0.0001,1h0 n y*1.e-6,1h0 n
43 infl: {pal-sdml.dat}
44

45 infl: {pal-mei.dat}
46

ZZT. palmeidatid. EBRT—F W DA-ET7 N THS, ZN% AnGel THUET S &
eps 77 TIESH., TORZERITRT,
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4.5. ET63

TITE, B S B E N 58F . 1~ @ invariant cross subsection (Ed%c/dp?) 255 X 4
YN=TAVEBRT D, TV AN ERIIRET

[ x4vn—571v3]

F34. AAVN—F 43

1 EREXE % LIRS * *rk
2 * main routine *
3 REEE -k R hkk
4 common /swich2/ icfg, imany, icpus, idatm

5 Femcmmccceasncana -
6 * icfg = 1; read input file of default name

7 L LT -

8 icfg =1

9 call jqmdOO

10 end

11 EREREEREREN EREE FEERRR T
12 subroutine anal_int

13 * Purpose: *
14 * user subroutine for analysis *
15 *k% &% HEEERRRE RN
16 include ’param02.inc’

17 -

18 common /summO4/ ianal

19 common /constl/ elab, rdist, bmin, bmax, ibch, ibin

20 common /const2/ dt, ntmax, iprun, iprun0O

21 common /vriab3/ qmdfac, sdmfac

22 common /swich3/ ielst, jelst, kelst

23 *

24 dimension wi(10), wt(10)

25 L il e L DL S e DL e b et
26 if( ianal .eq. 0 ) return

27 B e e e e e - —————————————————
28 inum =3

29 ifac =1

30 nv =4

31 wi(1) = 0.8

32 wt(1) = 0.6

33 wi(2) = 0.6

34 wt(2) = 0.4

35 wi(3) = 0.4

36 wt(3) = 0.2

37 wi(4) = 0.2

38 wt(4) = 0.0

39 tfac =1.0

40 ilog =1

41 ix = 30

42 xmin = 1.0

43 xmax0 = elab * 1000.0

44 xmaxl = xmaxO * 1.3

45 dx = log( xmax0 / xmin ) / float( ix )

46 nx = nint( log( xmaxl / xmin ) / dx )

47 xmax = xmin + exp( dx * float( nx ) )

48 call jbooki(i,’pprt log’,



49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
g5
96
97
98
99
100
101
102
103
104
105
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3 tfac,ilog,inum,ifac,nx,xmin,xmax,nn,wi,wt)
call jbook1(2,’ppim log’,
£ 3 tfac,ilog, inum,ifac,nx,xmin,xmax,nv,wi,vt)
fmm e ——m———am————————— - —
return
B S S e R 2 AEERERE kx
entry anal_qmd(ik,jj,iz,in,id,is,ic,iq,im,
[ 9 bi,px,py,pz,et,rm,ex)
* Purpose: *
* user entry for analysis of QMD *
*xkE AR P T e L L i L
if( ianal .eq. 0 ) return
* inelastic frag
if( kelst .eq. O ) return
call trfram(px,py,pz,et,mm,0)
* nucleus
Fmmm— e ——— —
if( ik .eq. 0 ) then
end if
* nucleons
if( ik .eq. 1 ) then
end if
* pions
if( ik .eq. 5 ) then
if( ic .eq. 1 ) then
else if( ic .eq. 0 ) then
else if( ic .eq. -1 ) then
end if
end if
e e e
return
T T e P PR R R R L A s s * xx
entry anal_sdm(ik,jj,iz,in,id,is,ic,iq,im,
& bi,px,py,pz,et,rm,ex)
* Purpose: *
* user entry for analysis of SDM *
L e e e B T EERREE -
if( ianal .eq. 0 ) return
* inelastic frag
PR —— _—
if( kelst .eq. O ) return
call trfram(px,py,pz,et,m,0)
M —mmm——am————————
* nucleus
M mm————e——e—————————
if( ik .eq. 0 ) then
end if
e mme—cmes——e———————m———
* nucleons
e e m e eem————————————————
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107 if( ik .eq. 1 ) then

108 ekin = ( et - rm ) * 1000.0

109 P12 = px**2 + py**2 + pz**2

110 pla = sqrt(pl2)

111 if( pl2 .eq. 0 ) then

112 cosa = 1.0

113 else

114 cosa = pz / sqrt(pl2)

115 end if

116 call jfilli1(1,ekin,cosa,sdmfac,1.0/2.0/pi*qmdfac/pla)
117 end if

118 if( ik .eq. 2 ) then

118 end if

120 *

121 * pions

122 * -

123 if( ik .eq. 5 ) then

124 if( ic .eq. 1 ) then

125 else if( ic .eq. 0 ) then

126 else if( ic .eq. -1 ) then

127 ekin = ( et - rm ) * 1000.0

128 P12 = px*#*2 + py**2 + pz**2

129 pla = sqrt(pl2)

130 if( pl2 .eq. O ) then

131 cosa = 1.0

132 else

133 cosa = pz / sqrt(pl2)

134 end if

135 call jfill1(2,ekin,cosa,sdmfac,1.0/2.0/pi*qmdfac/pla)
136 end if

137 end if

138 * -

139 return

140 * * LI T T 1] k%
141 entry anal_fin

142 * Purpose:

143 * user entry for analysis of weight *
144 *hhEE EERRRE -
145 if( ianal .eq. 0 ) return

146 * - —_—
147 open( 90, file = ’ppbdgprt.dat’ , status = ’unknown’ )

148 open( 91, file = ’ppb4gpim.dat’ , status = ’unknown’ )

149 fac = 1.0 / float(iprun)

150 call jscalel(1,fac)

151 call jscalel(2,fac)

152 call jprint1(1,90)

153 call jprint1(2,91)

154 close(90)

155 close(91)

156 * --
157 return

158 end
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