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Abstract: 

Attendees and presentations of the GEM Neutron Task Force 
Meeting held at the SSC Laboratory on November 17, 1992. 
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XII INT. ~OlNJ!'ERENCE 2 - 5 November 1992 

N:kolQ._; Hofcl,nv UNT,DE 

SOURCE TERM IN INTERACTION REGIONS 

• 

• 20x2Q TeV pp colllslons at 100 Hz (1033 cm·2s-1) 

Three components: XF < 0.8 secondaries 

XF > 0.8 charge particles (protons) 

XF > 0.8 neutrals 

~ Beam. Halo - Low-beta quads are a b.Otttleneck for halo particles, so even with 
scrapers and collhnators in the system on, they will experience 
increased beam loss, being a source of background to detector 

At ~· = 0.5 m ~peak = 91.80 m. For 50 mm bore quadrupoles 
with 42mm beam pipe, LB .. Q aperture is +/- 30 a. So, at maximum 
one can expect .... 107 Hz beam loss rate at these locations 

. •Accidental Beam Loss (1.3 - 4) x 10,1.4 PPP 
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SSC Labo.(~.tory 12 November 1992 

20x20 TEV EVENT IN THE SSC LOW-BETA IA 

• 

C o.m,n .o n ~ n t LenPth lm) Eu.e_r11v f % l v I tot <El v I tot fNo) 
Detector 0 - 18 1.6 0.3 0.5 
Col:limator 18 - 20 4.2 

I - J2 20 - 45 18. 0 0.5 0.4 
-..J 3- )LI. 45 - 81 13. 7 

BVl-- BVl+ 81 - 244 15.0 
Leak Proton11l > 244 24.0 
Leak Neutral > 81 23.5 0.6 0.8 
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SUPER COl,.Lll>EH 7 October 1992 

. PARTICLE BACKGROUND 

• 

Annual Particle Fluence in GEM Detector (ptcl per cm2) 

l 1 a rt,i,cl e Point 1 Po.lo,t 2 Point 3 Point 4 
h10 1(>14MeV) 7.7xl09 4.4x I 011 4.7xlOI0 2.7xlOI I 

heh (>14MeV) 3.6xl09 3.9xI06 2.8x107 3.7xI010 

e (>IMeV) 1. 9x I 011 6.8xIQ5 5.0xI06 7. 9x I 01 O 

n (<14MeV) 7.lxlQlO 6.0xIQl 1 8.6xI012 2.9xlQl2 
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SSC Labor.ntory 16 November 1992 

LBQ BACKGROUND REDUCTION 

®~!Ml~ !f>©~l1il1l ® 

MEASURE FACTOR 

• Collimator ID: 25mm --> 42mm 1. 7 

• Optimal collimator/LBQ shielding with 20m detector space 20 

~ • Increasing of detector space: 20m to 35m l tJ. ?-6 ~ ) 
• Ac.>ce~~ -lo J.e.t(?ett>r f; N f),/.- {;' Rjh,,. 
• /l,qJ. ltot co~oN~u.ts ~ b' ) 
• a~kriuu.ot -tf>U/11 foe~ o/ i o r? 
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L LA) ot_ \-.er 5 

fr ..z 'I c., ~ e cl b 7 D. L e .e--
Hi Hike, 
I am nov faxing you 18 figures aloni vith this note on the studies for 
the progr&111 outlined in the minutes of the neutron task force ~eetini ot 
10-21. Vassily Korgunov has implemented the geometry for the hybrid 
option of K&myshkov. 

Fii\lres 1-4 give details of the geometry. Just some comments. 
Althollfh there is a beampipe shown all the var throuih, it is actually 

present only up to and including the pump boxes juat before the FCAL. The 
rest of tbe structure is a void. Therefore, you can consider the data 
for the drift chambers as having been simulated vithout beampipe. 

In firure l, you can see nov the concrete halls are positioned. 
The inner taper of the PC.U. is eta•S.2. The inner taper of the ffs is 

etaa5.0. 
On fisures 2 and 3 I shaded in black the areas filled vjth borared poly. 

The 'shield' after the FCAL is co~posed of tvo cylinders; the in.~er has 
20 ca of poly vith a layer of 10 Cll lead on the outside. 

On fi11.1re 3 I have shollll hov the inner tracker region has been subdivided 
into cylinders of 9 cm and 20 cm radius, so some flu~es can be taken there. 

Figure 4 is a cross section of the ffs shaper. This, along vith the 
positioning of the halls, makes the simulation qui ta asymmetric. 

There are 3 versions of the setup. 
1. Tungsten+lOX scintillator in FCAL with magnets at 20 meters 
2. Copper+l0% scint in FCAL vith magnets at 20 meters 
J. Tungsten+10% scintillator in rcAL with magnets at 35 meters 

FiiUre 5-8 are tvo-d plots shovin& the pattern of various types of neutrons 
along the plan Z·lS.84 meters (forward vire chambetl5 - fwS). These shov 
some interestini behavior. Please note that the actual chamber has a 
radius of 275 cm to 488 cm in this plane. 

plot 5: neutrons vi:h kinetic energies Jteater than 20 Hev. Alsc 
require that they be 'outvarc• ~irected cw~cos(angle between 
particle dir•ction and surface normal) 

plot 6: neutrons with ke> 20 Kev, inward directed. Note the sttiking 
shadow pattern caused by the support of the field shaper. 

plot 7: same as plot 5 but for neutrons with ke<lOO keV 
plot 8: same as plot 6 but for neutrons vith ke<lOO keV. 

No evidence of the shadowilli is seen for the lower energy 
neutrons. The effect phases in between 100 kev and 20 Mev. 

The rest of the plots show then neutrons aloll( various surfaces for the 3 
versions of the setup. As ususal, the top curve represents all neutrons, 
the bottom one neutrons with ke< 100 kev. The units on :hey axis are 
#lcm·21SSC'/r x 10.12 (1·10.33). I am just countinr neutrons, NOTE THESE A.l\E 
NOT Ft.IJENCJ?S. 
Have fun studying them. Maybe you can give n• a call 
before the meetin& and we can discuss thin1s. Just a few comments more: 

plot 9: No I don't knov what this spike is for the •vertex barrel 
radius 36 cm' histoirams. 
The peak in the 9 cm plot also shows up 1n the SOC simulations. 
Ve think it might be a numerical abberation; if you start 
vith an event ~enerator flat in eta, it would tra..~slate into 
a peak when plotted in z. 

plot 10: The dip seen in dc2 and dc3 seems to be a pure shielding 
effect of the central part of the calorimeter. 

21 



plot 11: The shieldini efect of the fts support does not seem to be 
very important for chambres 1-3. In these plots I have indicated 
vhere the chambers start and end in the simulation. 

Plot 18 is the simulation vhich I did for Kate some months aio, vhich I 
think forsnadovs the probable design nov beini circulated. I vill be easy 
to adapt this. It ha.a lkr in the EM sections, a hadronic cu/scint barrell 
and lar in the hadronic endcaps. I just need some details from GEM. 

Look this over and call me. Nov I am going back and ti;y to finish off this 
leftover stuff from the BASELINE! simulation, and will send you some more 
in a little while. 
Laurie 
505-665-4127 •· 
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REFERENCE MONETARY VALUE 
OF THE MAN-SIEVERT 

AT EDF 

0-1 mSv/year - 0,1 MF/h.Sv 

1-5 mSv/year - 0,5 MF/h.Sv 

5-15 mSv/year - 2,3 MF/h.Sv 

15-30 mSv/year - . 6, 7 MF/h.Sv 

30-50 mSv/year - 15 MF/h.Sv 
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Reactor Experiments. Inc. ~ 1275 HAMMERWOOD AVL. SllNll\'VlW, Ct. 9..alf.2231 

l40ll 1-no • FAX: "°'' 1•101> • 111.EX: u IS05 

T:EPJ:INICA!- CATA SHEET 
POLYEnM.ENE..aASE SHIS.OING 

Bulletin~ 
June, 1991 

f>D!yalhylene is an exceDent base maledal IDT DllUll'On shielding malerials b!!ca• ise cl lls ""' epllc:udy 
bigb bytlmgan eoulailL Of all prac1fcal llllUl'llls, l ccntains more hydregen soms In a gMln volume 
llW'I q Clhar subslance, is chernicaly Inert. and has excellent machining and fabricalfng characteristics. 

This tx.-in presents selected teSIS and dala an the different available typeS of shielding that use 
polyelhylene as a base material tor a variety of addllives. 

cm. No. o.crtptlon ..;Typ~lca=l...:Ap.=p;;;;llcatl=.;:.;ona;;.;... _________ _ 

201 5"' Soran-Poly~ 111 Pl s 0 Cl 1, training and powe1' rNCtors. 

202 i'lb Bcron. 80% LeacJ. Wham It is necmay ID shield aigaiust c.uulblnect 
Polyethylene 1hermal neutrons, fast nautmns il!ld gannna rays. 

206 76.5% Lead.Polyethylene LIGHT-LEAD" garmna shield"ing for nidlolsotope 
and nuclear medicine fabrlcatlons. 

Self-Extinguishing Borated Power reactors or whare ftame..reslslan ITilla ill 
Polyethylene is 1mpDnant. 

210 30% · Boron-Polyethylene Redi 1cti0n of very high thannal neutron flux levels. 

21S Pure Polyelhylene Moderatcr for neu17ons. 

215 7~ l.ltlllum-Polyelhyle11e Slillldhag gamma senstliY9 c:'et• tuis or ·acpe1i111ei11S 
llglir1lt l'llUIQnS wtilOla producing capbn-gmnma 
rays. • 

lllSCC! t •NEOUS DATA 

erm No. 201 

Effed of Heating: 9 days @ 2DIJ'F: MlllBrial lost 2.5% of Its original l'ftdl og&t L 

Calculaled Heal of Combustion: 15,SDO BTU/lb - 8425 cal/g. 

Exposure to 100% Relative Humidity tor s Years: No ellect. 

C!!a!og- No. 207 

As1M Test ~ -~. d Self-suppaitlug Plastics) shows catalog No. 2r1T 10 be com
pl8taly self-exllrlguishi No t11irne tEiSults after removal cl a torch held to the material for 30 
88cOnds. AS'TM Test ~ gives a Lhlllng Oxygen Index or 30.2. 
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OCT ;?'3 '92 12:31 RE:ACTOR EXPERIMENTS· INC. P.4/12 

Reactor Experiments, Inc. ijZtl 1275 HAMMDWOOD AVL SUNNYVAll, CA MOlf.2Z3t 
111BHOftE: lolllll 1-7711 • MX: 1o11111 1•1ou 

Element Weight Percent 

0 511.65% 
Al ZUl1 
ca 8.83 
H S.37 
SI 2.1S 
B 1.56~ 
Na 0;59 
Mg 0;50 
Fe 0.27 
s 0.19 

Total 100.00% 

Denstly • 1.68 WCC (105 lbll/CU f) 

HJdiugau Atoma par er: .. S.4 x 10'" 

Boron ~parc: .. 1.43 x 10"'
0

# 

• 
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OCT ZS •92 iz:30 REACTOR EXFERIMEJ'!TS, INC. 

Reactor Experiments, Inc. L}!°X I '1275 HAMMERWOCD NE.. SUNNYVAIL ~ 941111'-2231 
(41111 7.45-<5770 • FAX: (.cDll 7U.70'13 • mEC: 34 $505 

c: ENE 
(Catalog No. 202) 

Eiement Weigh! Pa cent 

Pb 
c 
0 
H 
Ca 
8 
SI 
Na 
Mg 
Al 

Total 

81.33'll. 
1C.2B 
3..60 
1.70 
1.06 ~ 
1.04 
0.41 
0.'34 
0.19 
0.05 

100.00% 

Hyclluga1 Atcms.per cc - 4.3 x 1IJlll 

Soron AlllmS per cc - 2.40 x 1 ~ , . 

Lead Alams per cc • 10.00 x 10"' 

4'- "fr 1. DZ. ~~ a. ~ eiJJ.~ ~di, k "'-
,._,fwiJ ~~ k~. ~ ~-fJIAei-f '"15 
,,...: .. -;-t..a ~ f~ 4 ¥~ c:.4~f- o. !Cf;( J rk 
I~ ;l:;-o/oc. ,c.; a.4:/ 7( 'X/Dz

0
• • ~~ 
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·--· 

Total Neutron Flux as a function of shielding material 
and thickness for a cylindrical slab. 

·SHIELDING 1 [cm] 5 [.cm] 1.0 [.cm] 15 [cm] 
MATERIAL 

LI-Poly. 7.60 ± .003 1.73 ± .005 0.249± .014 

Cement 6.804 ± .003 1.115 ±.007 0.138 ± .019 

B-Pb-Poly 6.456 ± .003 0.951 ± .007 0.110 ± .021 

5".4 B-Poly 4.953 ± .003 0.217 ±.ens 0.0057 0.0001 

20%8-Poly 3.158 ± .005 0.631 ± .0270 0.0023 0.0001 

• The errors have not been given because are larger than the value reported. 
If needed, we will run a larger number of particles than the 20000 used in 
these calculations 
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J Type of Reaction I final state particles I 
elastic scatt. n 

{nA,n'A) n 
{nA,2n'A') 2n 
{nA,n'aA') n,a 

{nA,2n'aA') 2n,a 
{nA,n'pA') n,p 

{nA,n'3aA') n, 3a 
(nA,1A') I 
(nA,pA') p 
(nA,DA') D 
{nA,TA') T 

{nA,aHeA') a He 
absorption -
{nA,aA') a 
{nA,2aA') 2a 
{nA,3aA') 3a 
{nA,2pA') 2p 
(nA,paA') p,a 

{nA,T2aA') T, 2a 
{nA,D2aA') D, 2a 

fission n, p, a 
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Isotope j charge number Z j kBytes j 

Hydrogen H 1 6 
Hydrogen H20 bound 1 6 
Lithium -6Li 3 29 
Lithium 7Li 3 31 
Boron roB 5 47 
Boron uB 5 11 
Carbon c 6 58 
Nitrogen N 7 126 
Oxygen 0 8 122 
Fluorine F 9 96 
Sodium Na 11 492 
Magnesium Mg 12 73 
Aluminum Al 13 202 
Silicon Si 14 365 
Chlorine Cl 17 104 
Argon Ar 18 17 
Calcium Ca 20 156 
Chromium Cr 24 289 
Iron Fe 26 591 
Nickel Ni 28 237 
Copper Cu 29 129 
Molybdenum Mo 42 104 
Cadmium Cd 48 68 
Barium Ba 56 21 
Tantalum Ta 73 225 
Tungsten w 74 386 
Lead Pb 82 123 
Uranium ...... u 92 173 
Uranium :.i~au 92 649 

""" . . 



c.o 
00 

-,-" c 

£1'(i)F(1J :l. % -lo wa111ce. 

---+-€ .. 
102 

10 

1 

-1 
10 '==' I ttcwl I I llUUI I, cuud I 11111111 I I,,,,,, I I'"'"' ', 11111d I 111111d I I,,,,,, I I'""" I 11111111 I I 11111• I 

10 -s 10 - 4 10 -J 10 - 2 10 -l 1 10 1~ 1~ 1~ 1~ 1~ 1~ 
neutron energy CeVJ 



1 2- GEA-NT su6n;uhues have .fo be. 
chOVIJe.ef. 

• G l f T- .!-! ).7J - g e,I- /Y.116-t:tt. ~,'~ v.1 /7 r~ f;a /, ! !:1 ··'r 
, 9 ~ t!-!-.P f.!_ - co.I /"(.A l~ck /y1~ 0. sf,'~ t.!a~'.1 t~ .. .1 

lv1~,'0.C. ~,rt"'·' 

1 1J:tJt?1parhC!e s1~rode_ dPne o/ 

• N{) dlferewc~ fr -fC,e user CCJJ//Upt:'recf 
-1-o {-t,e. us~ ~ GllEl~#,,4 

6 2- seruee-., hal AS<;:Il f1,·t..es ore ne~~a1 

l J_ ··1' ,., ' • c -1€. • c. o...c.~ -:-· - 1v1~,-:_::,1":'~<-:.:.£~. ·· 0.'..e:-:.:, ~ ~ .. ,.:-
. I i i' / ,"' I . .. ... ,,.. _ _ _ _ e. ,,, r1;Jc, "6: ·,_. ~- r. / ~= ~r.~ ( /'.. r-: . : . 

! { ~ I . 
t;; >:.-:. t:~.~ 1.r-C{.C::·- J!~'...! ;..--r-.fl,;: ~,-:;--:-..~-.::i:".". .·:c '- .. ~ 

( fv 1n h'f1,,,J,) 0 ,,, I"{ ~ ,e;,.~ I •I'} .,o;, .. J_., c./,·: ;.,.~·/, \., ~ IC L) l "-. ,. _, ._ .__.. ;,,-. -" .. -'! .. ~ • • • .. • -r •..• 
/"1,...,,,,._._T'l .' - . 
·,.I. -"·. 

99 



• cu_+(!) fl evieo ,e;, rou... ~ IJA._ ~ E;{-vr 

- 10ke11 ,·s w..itA/!,.V.al Ct....+dJ II eul!I// 
r'Vl G? EA/...! r . 

- SE. J CU..TNEU 'iO des/red ~w.~ 

~;t 1~-:..:.,~J·.~ .. ~ ;.,, J' £,,f.~/ / 3.1.~-95 
/ -

• neuh-on crcss-secha111s and sea:;~do.r· 
. dlshlhuU~"'.t s.~red. 1V7 2£BRA-- ··· 

--- -- -- .... G!PflY7Mt!Jt/t _ G_C E A-1'1 IC. ... 
.. ---- ·----- ··---·--------- ·---··· 

-------------··- -·- ·-·· 

100 



GEANT 

I I 
U.rSallnullne u.r- d" 

GUPHAD GUHADR 

I I 
la1arface la CAI.OR .... ., ..... CAI.OR 

CALSIG GCALOR 

I I 
.. ....- ....... 1117 -lcbteroclioo -· .. - ri~>l.S'~( V" .. ,,>~$ n.UltAblerllClloe 

pnllobllllf ~.ra,tl CALOR 11:1~, - o/.4t-s -
FLDIST FLUFIN 

111>< 15ClcV Jlnl Clll Ill'< 15 OcV a<J>?tkV 
pioa<:UO.V pioa<:UO.V 

ID&eractlon IAlllallJa-
Probablllly MI CAP GETXSC CALINI 

_,,.-/ "" Read neutron Read NMTC 
cross-sections dm file NMTC 

ISllCllt.dat cherc.dat 

101 



S'ummar 
• G£;4-IVT-C/l-(.tJR. 1u~c:.e 1$ ea~ lo use 

.. • NO rf;tre~ fo 'l<e 1,t<e t:Pf G!IE1r;µ.;. ... ur UkA-

-• ;ll wc;_W:n_q_:~ 1u ~rwo /,'iJ'-"_ +c;~e4 fr.;~ 
. ... c..., G A-IY r i' 

•· ~w eI11~y netth'0'-1. ec~ -lak.e'-1 f.rou.c 
... f1 l CAP (to~ £,~/ ... c Jl.o ile/j 
·-·- • EN7F/Z ·ctDss-s·ecft'~V! doh 

102 



ruYute e__{gu~---
• b eucJtma~k vi ll,, 

• hawgth} f;& 
- JJff r./'es//:;eaU< ofc;./q 

-2GU.S YeJfb~~ dar/q 

-. N eG.oJ Ut~cfg l ~r f rou s1 'h~ ~ 
-·~LC.A Nt7TC ./-e; ~eA-
. - ( Ebt,, == 3 - lt:J c::;e~ 
... 

- t'r1s./a!J.ah ~vt cu f'l?~re. QJ?»pe.. h ./.~ 
.... - - .. - .. --- . . . - . --

103 



THE GEANT-CALOR INTERFACE 

C.ZEITNITZ 
D•JOGriment of Pli.r•ic•, Uni11erntr of Arizon4, BUg. BJ 
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ABSTRACT 

The simulation of lafge ocale high energy physics e:i:periment1 is hued mainly 011 
the GEANT package. ID the cunent version 3.15 the simulation of hadronic inter
acting pariicles is hued 011 GHEISHA or FLUKA. Both program. miu an accnrate 
simulation of the interaction o!low energetic 11eutro111 (E/ri,, < 20 M eV) with the 
materials of the detector. The CALOR89 program package co11tailll a low energetic 
11eutro11 code. All interface between the CALOR. program parts and the GEANT 
package has been developed. 

l. Introduction 

The Monte Carlo package GEANT1 is the most widely used program to study large 
acale detectors. In the current version 3.15 two difi"erent hadronic interaction mod
els are implemented. The GHEISHA2 program is well tuned to reproduce the av
erage shower shape and energy resolution of standard calorimeters. The FLUKA3 

program calculates the single hadronic interaction in more detail (fragmentation 
model), but provides no information about particles with energies below 50 MeV. 
For these low energies GHEISHA is called. 
The CALOR894 program package simulates hadronic interactions down to 1 MeV 
for nucleons and charged pions and into the thermal region for neutrons. For high 
energies (10-15 GeV) the FLUKA model is used. 
The low energetic neutron code makes CALOR superior for studies, where neutrons 
play an important role for the detector response. One eu.mple is a lead- or uranium
scintillator calorimeter, where part of the invirible hadronic energy, carried by low 
energetic neutrons, is converted into a visible signal by collision with hydrogen in 
the plastic scintillator. 
For future collider experiments like the SSC or the LHC, with very high luminosity 
and the resulting high particle fluxes, predictions of the charged particle and neu
tron flux in the area of muon chambers is an important issue. In order to carry out 
as accurately as possible such calculations and others, an interface of the CALOR 
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code to GEANT was the aim of the work reported here. 

2. The Program CALOR89 

The program CALOR89 consists of the following simulation programs: 

• HETC - (High-Energy-Transport-Code) hadrons up to 10-15 GeV 

• FLUKA - hadrons above the HETC limit 

• MORSE - (Multigroup-Oak-Ridge-Stochastic-Experiment) neutrons below 
20MeV 
or 

• MICAP - (Monte carlo Ionization Chamber Analysis Package) a point cross
section neutron code. This program is similar to MORSE and will be imple
mented in the CALOR package in the next version 

• EGS 4 - electrons,positrons and gammas 

In addition some programs are analysing the results of the different simulation 
codes. The relation between the different program parts are shown in figure 1. The 
monte carlo code HETC5 consists of two parts. The Nucleon-Meson-Transporl
Code (NMTC), which is calculating the interaction of nucleons below 3.5GeV and 
charged pions below 2.5GeV, based on the intranuclear-cascade-evaporation-model 
as implemented by Bertini.s.7 For Hadron-Hydrogen collisions a special model is 
used. 
Above the NMTC limit a Scaling Model is used to get a smooth transition to the 
FLUKA model (particle multiplicities, types and energies). 
The program MORSE8 is using an energy binning for the neutron cross-sections. 
Neutrons are generated only with these discrete energies. MORSE does account for 
particle multiplicities by assigning a weight to the generated neutron or photon. 
The MICAP program uses ENDF /B cross-section data and the number of energy 
points is not fixed, but depends on the isotope and the available cross-sections for 
this isotope. For details about the MICAP program see the user's guide.11•12 

The program EGS Version 49•10 is called after HETC and MORSE to simulate the 
interaction of the generated photons with the material of the setup. 

3. CALOR in the GEANT frame 

Since the FLUKA system is already available in GEANT 3.15, only the HETC and 
the low energy neutron code had to be adapted to GEANT. Instead of the MORSE 
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program, the MICAP neutron program is used in the frame of GEANT. 
CALOR in the frame of GEANT consists of: 

• NMTC - nucleons below 3.5 GeV, charged pions below 2.5 GeV 

• MICAP - neutrons below 20MeV 

• FLUKA - nucleons above 3.5 GeV and charged pions above 2.5GeV, and {or 
all energies for particle types not implemented in CALOR 

The Scaling Model has not been implemented, because it works mainly with particle 
weights in order to get a smooth transition between NMTC and FLUKA. Particle 
weights are not usable in the GEANT frame. 

3.1. The Nueleon-Meaon-Tranaport-CoJe 

A slightly modified NMTC version has been implemented into the GEANT frame 
for low energetic nucleons and charged pions. This part of the program needs some 
input data for the intranuclear cascade and evaporation model. These data are 
provided by an ASCII file. This file is read only once during initialization. 

3 .l. The Iota energy neutron coJe 

Interactions of neutrons with an energy below 20 MeV down to the thermal 
energy range (down to io-5eV) with a nucleus are calculated by the NEUTRON 
code taken from the MICAP program. The program works similar to the MORSE 
program implemented in CALOR, but has the advantage not to use particle weights 
in the main part of the interaction. Slight changes were necessary to get rid of 
weights in some special processes (for example fission neutron production). Another 
advantage of this program is, that it can read in preprocessed ENDF /B neutron 
cross-section data and is not restricted to a limited number of energy bins and 
thus uses all information given in the cross-section file (secondary neutron,photon 
energy and angular distributions). The cross-section data and secondary energy 
and angular distributions are thinned to an accuracy of 2%, which means that 
the original ENDF /B data are reproduced by an extrapolation with this precision. 
Figure 2 shows the used cross-section for iron. 
The type of processes which are implemented into the MICAP neutron code are 
listed in table 1. If the residual nucleus A' is after the interaction in an excited 
state, deexcitation photons are generated. A specific process can only happen, if a 
partial cross-section for it is stored in the cross-section file. 
The cross-sections are stored in an ASCII file. From this file, depending on the 
problem, the needed isotope data are extracted during initialization. The cross-
1ection data are stored in the GEANT common GCBANK via ZEBRA. The needed 
amount of space in the ZEBRA common depends on the number of isotopes used. 
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Figure 2: Micr01COpic ueutrou crou-aectio11 for iron 
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Table 1: Proceu t)'JMI for 11eutro11-11udeu reaction impleme11ted ill the MICAP 11eutro11 code 

I Type of Reaction I final state particles I 
elastic scatt. II 

nA,n'A II 

{nA,2n'A'} 2n 
(nA,n'aA') n, a 

(nA,2n'aA') 2n, a 
(nA,n'pA') n,p 

(nA,n'3aA') n,3a 
(nA,7A') ,. 
nA,pA') p 
nA,DA') D 

(nA,TA') T 
(nA/HeA') ~He 

absorption -
nA,aA') a 

(nA,2aA' 2a 
nA,3aA' 3a 
nA,2pA' 2p 

(nA,paA') p,a 
{nA,T2aA') T, 2a 
(nA,D2aA') D, 2a 

fission n, p , a 
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3.3. How to uae CALOR in GEANT f 

The only changes in the GEANT code have to be done in the user subroutines 
GUPHAD and GUHADR. Here the CALOR subroutines CALSIG and GCALOR 
have to be called instead of the GHEISHA routines GPGHEI and GHEISH. In fig
ure 3 the flow chart of the interface is shown. The following Fortran lines give an 
example how to call the GEANT-CALOR interface subroutines. 

SUBRDUTIBE GUPlllD 
c 
C get free path length to next hadronic interaction 
c 
C use CALDR interaction probability 

CALL CALSIG 
RETURll 

SUBRDUTIBE GUBADR 
c 
C hadronic interaction talc•• place 
c 
C call CALDR 

CALL GCALOR 
RETURll 

The particles which are generated in an inelastic hadronic interaction are 
stored in the GEANT stack. For the user it makes no difference, if GHEISHA, 
FLUKA or CALOR is called for the interaction. 
The NMTC code and the neutron code need input data provided in two files: 

• chetc.dat : intranuclear cascade and evaporation data used in NMTC 

• xsneut.dat : low energetic neutron cross-section, energy and angular distri
butions used in the MICAP code 

The CALOR package is automatically initialized when either CALSIG or 
GCALOR is called the first time. The input files are read in only once. After 
selecting the isotopes needed for the problem, the neutron cross-sections are mixed 
corresponding to the material descriptions stored in the GEANT structure JMATE. 
The total neutron cross-sections of all elements and mixtures are calculated during 
initialization. 
Here are some recommendations how to describe materials : 

• Try to use only elements listed in the table 2. I! the selected isotope is not 
available in the neutron cross-section file, the data of the isotope with the 
closest charge number Z will be used 
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Table 2: botopeo for which neutron crou section data are awilable alld the amollllt of memory 

needed to 1tore them m the GEANT common GCBANK 

Isotope I charge number Z I kBytes I 
Hydrogen H 1 6 
Hydrogen H20 bound 1 6 
Lithium vLi 3 29 
Lithium 'Li 3 31 
Boron •vB 5 47 
Boron .. B 5 11 
Carbon c 6 58 
Nitrogen N 7 126 
Oxygen 0 8 122 
Fluorine F 9 96 
Sodium Na 11 492 
Magnesium Mg 12 73 
Aluminum Al 13 202 
Silicon Si 14 365 
Chlorine Cl 17 104 
Argon Ar 18 17 
Calcium Ca 20 156 
Chromium Cr 24 289 
Iron Fe 26 591 
Nickel Ni 28 237 
Copper Cu 29 129 
Molybdenum Mo 42 104 
Cadmium Cd 48 68 
Barium Ba 56 21 
Tantalum Ta 73 225 
Tungsten w 74 386 
Lead Pb 82 123 
Uranium -u 92 173 
Uranium -u 92 649 
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• Don't use COMPOUNDS or MIXTURES of COMPOUNDS !! 

• The results of simulations for isotopes not available in the neutron cross
section file might be wrong 

For the isotopes listed in table 2, cross-section data are available. The num
ber of kBytes needed to store the data are only estimates. If the isotopes are used 
in mixtures, more memory is needed in order to mix the partial cross-sections. 

The interface is creating an output file named calor.out, which contains in
formation about the material parameters used in the neutron code and how many 
locations were used for the cross-section tables in the ZEBRA division con.riant. 
In the case of a runtime error a message is written to the output file. Only in case 
of program abortion due to an error, a message informs the user where the error 
occurred. 
The standard GEANT ( with GHEISHA or FLUKA) does not work with cutoff 
energies below 10 keV. In order to simulate neutrons down to thermal energies its 
possible to set CUTNEU to the desired value. GEANT will complain, that the 
cutoff energy must be greater than 10 keV, but does not overwrite CUTNEU with 
the default value. 

4. Conclusion 

The GEANT-CALOR Interface allows everyone familiar with the GEANT package 
to use the CALOR program without being an expert for it. Only two GEANT 
user subroutines have to be changed in order to get the interaction probability from 
CALOR and calculate the hadronic interaction with this program package. The 
CALOR code in the version 1.0 of the interface is missing only a single program 
part compared to the CALOR89 package; the Scaling Model is not implemented in 
the GEANT frame. 
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