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Neutron Task Force Meeting - SSCL

November 17, 1992

Abstract:

Attendees and presentations of the GEM Neutron Task Force
Meeting held at the SSC Laboratory on November 17, 1992.
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Presentation by:

Nikolai Mokhov



Xn lNT CONFERENCE ' | _ 2 - 5 November 1992

N ’Co[ Mofc’am/
SOURCE TERM IN INTERACTION REGIONS

® 20x20.TeV pp collisions at 108 Hz (1033 cm-2s-1)
Three components: X < 0.8 secondaries
xr > 0.8 charge particles (protons)

Xg > 0.8 neutrals

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

Atp*=0.5m [peak = 9180 m. For 50 mm bore quadrupoles

with 42mm beam pipe, LBQ aperture is +/- 30 o. So, at maximum
one can expect ~ 107 Hz beam loss rate at these locations

® Accidental Beam Loss (1.3 - 4) x 1014 ppp
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SSC Laboratory

20x20 TEV EVENT IN THE SSC LOW-BETA IR

12 November 1992

Component | __Length (m) Energy (%) Y 7 tot (E) y / tot (No)
Detector 0 - 18 1.6 0.3 0.5
Collimator 18§ - 20 4.2
- Q2 20 - 45 18.0 0.5 0.4
Q3-Q4 45 - 81 13.7
BVi-- BVi+ | 81 - 244 15.0
Leak(Protons)] > 244 24.0
Leak(Neutral) > 81 23.5 0.6 0.8




40 TeV pp (DTUIET)

Theta < 0.4 mrad
One semisphere

E(TeV)
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Energy Deposition @ r=2.5cm (mW/g)
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Heat Load to Cold Mass (W/m)
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Hadron Fluence (h/cm2/yr)
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Low-energy Neutron Fluence (n/cm2/yr)
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(particle/cm2/yr)

Fluence
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GEM DETECTOR ELEVATION
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SUPER COLLIDER

'PARTICLE BACKGROUND

7 October 1992

Annual Particle Fluence in GEM Detector (ptcl per cm?2) |

Particle

Point 1

et Point 2 Point 3 Point 4
n hia(>14MeV) 7.7%x109 44108 4.7x1010 2.7x1011
hen(>14MeV) | 3.6x109 3.9x106 2.8x107 3.7x1010

e (>IMeV) 1.9x1011 6.8x105 5.0x106 7.9x1010

n (<14MeV) 7.1x1010 6.0x1011 8.6x1012 2.9x1012




Neutron Fluéncc {(n/cm2yr)
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Beta* (m)

Beta* vs Detector Free Space.
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SSC Labor_‘alory 16 November 1992

LBQ BACKGROUND REDUCTION

GEM: Point

MEASURE FACTOR
¢ Collimator ID: 25mm --> 42mm 1.7

* Optimal collimator/LBQ shielding with 20m detector space 20
* Increasing of detector space: 20m to 35m ( 0. 76 L )

. Access do deteetor YN R/Ar
. Rad. hot Com/o«eul's —> P
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Hi Mike _
I am no; faxing you 18 figures along wvith this note on the studies for
the program outlined in the minutes of the neutron task force meeting of
10-21. Vassily Morgunov has implemented the geometry for the hybrid

option of Ramyshkov.

Figures 1-4 give details of the geometry. Just some comrents.
Although there is a beampipe shown all the wvay through, it is acrually
present only up to and including the pump boxes just before the FCAL. The
rest of the structure is a void. Therefore, you can consider the data
for the drift chambers as having been simulated without bgappipe.
In figure 1, you can see hov the concrete halls are positioned.
The inner taper of the PCAL is eta=5.2. The inner taper of the ffs is

Qtaﬂs-o.
O figures 2 and 3 I shaded in black the areas filled with borared poly.

The ’shieid’ after the FCAL is conmposed of tvo ¢ylinders; the inner has
20 com of poly with a layer of 10 cm lead on the outside.
On figure 3 I have shown hov the inner tracker region has been subdivided
into cylinders of 9 cm and 20 ¢m radius, so some fluxes can be taken there,
FPigure 4 is a cross section of the ffs shaper. This, along vith the
positioning of the halls, makes the simulation gquite asymmetric.
There are 3 versions ¢f the setup.
1. Tungsten+l0¥ scintillator in FCAL with megnet=z at 20 meters
2, Copper+10% scint in FCAL vith magnets at 20 meters
3. Tungsten+10% scintillator in FCAL with magnets at 35 meters

Figure 5-8 are tvo-d plots showving the pattern of various types of neutrons
along the plan Z=15.84 meters (forwvard vire chanmbex$S - fw5). These show
some interesting behavior. Please note that the actual chaxber has a
radius of 275 cm to 488 cm in this plane.
plot 5: neutrons with kinetic energies greater than 20 Mev. Alsc
require that they be ‘outvari’ <directed (wwcos{angle between
particle direction and surface normal)
plot 6: neutrons with ke> 20 Mev, inward directed. Note the striking
shadov pattern caused by the support of the field shaper.
plot 7: same g8 plot 5 but for neutrons with ke<100 keV
plot 8: same es plot & but for neutrons with ke<100 keV.
No evidence of the shadowving is seen for the lover energy
neutrons. The effect phases in betveen 100 kev and 20 Mev.

The rest of the plots shov then neutrons along various surfaces for the 3
versions of the setup. 4s ususal, the top curve represents all neutrons,
the bottom one neutroas with ke< 100 kev. The units on the y axis are
#/em”2/88Cyr x 10°12 (1=10"33). I am just counting neutrons, NOTE THESE ARE
NDT FLUENCES.
Have fun studying them. Maybe you can give e s call
before the meeting and we can discuss things. Just a fev comments more:
plot 9: No I don’t knov vhat this spike is for the 'vertex barrel
radius 36 em’ histograms.
The peak in the 9 cm plot also shovs up in the SDC simylations.
Ve think it might be a numerical abberation; if you start
vith an event generator flat in eta, it would translate inte
a peak when plotted in 2.
plor 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 shielding efect of the ffs support does not seem to be
very lmportant for chambres 1.3, In these plots I have indicated
vhere the chambgrs start and end in the simulation.

Plot 18 is the simulation which I did for Kate some months ago, vhich I
think forshadows the probable design nov being circulated. I will be easy
to adapt this. It has lkr in the EM sections, a hadromic cu/scint barrell
and lar in the hadronic endcaps. I just need some details from GEM.

Look this over and call me. Now I am going back and try to £inish off this
leftover stuff from the BASELINE1 simulation, and will send you some more
in a little while.

Laurie
505-665-4127 ..
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GENERAL APPRECIATION OF RADIATION DAMAGLE TO MATERIALS
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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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OCT 29 782 12:32 REACTOR EXPERIMENTS, INC. P.5712

4275 HAMMERWOOD AVE. SUNNYVALE, CA 940862234

Reactor Experiments, INC. L R/ X | ion i« tax o rasoo0s » watt. su scos

Builetin S-€7N
June, 1991

TECHNICAL DATA SHEET
POLYETHYLENE-BASE SHIELDING

Po&ﬂyiembmmaﬂembmmwmmmsmmmmdsw
memﬂpWthmwmmhaw@m
than any other substance, is chemically inert, and has excellent machining and fabricating characteristics.
This bulletin presents selected tests and data on the different available types of shielding that use
polyethylene as a base material for a variety of additives.

Cal. No. Description Typical Applications
201 5% Boron-Polyettwiene Research, fraining and power reactues.
202 1% Boron, 80% Lead- Where It is necessary o shield against combined
Polysthylane thermal neutrons, fast neutrons and gamma rays.

206 76.5% Lead-Polyethylene  LIGMT-LEAD® gamma shielding for radicisotope
_ and nuclear medicine fabrications.

207 Sell-Extinguishing Borated  Power reactors or where fiame-resistant material

Polyethylene is imponent.
210 30% ' Boron-Polyethylene Reduction of very high thermal neutron fiux levels,
213 Pure Polysthylens Moderator for neutrons.

215 7.5% Lthium-Polyethylene  Shisikding gamma senslive detectors or -axperiments
mwmmm
rays. .

MISCELLANEOUS DATA
Catalog No. 201
EMfect of Heating: § days @ 200°F: Material lost 2.5% of s original hyrogen.
Calculated Heat of Combustion: 15,300 BTU/b - 8425 calfg,
Exposure to 100% Relative Humidlity for 8 Years: No effect
M'Tummmasw&um) shows Catalog No. 207 to be com-

pistely self-extiniguishing. No fidme results after removal of 2 torch held to the material for 30
seconds. ASTM Test D-2863 gives a Limiting Oxygen index of 30.2.
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OCT 29 "92 12:31 RERCTOR EXFERIMENTS, INC. P.4s12

Reactor Experiments, INC. [ R/ X | 2 o s o !

EA-2T7
May, 1991

HEAT RESISTANT SHIELDING
(Catslog No. 277)

‘Element Welght Percent

(o] 58.65%
Al 3.
Ca 883
H 37
8 213
B <1.56
Na 0.88
Mg 0:50
Fe 0.27
] 0.19
Total 100:00%

Density = 1.68 g/ce (105 js/cu #)
Hydrogen Atoms per cc = 3.4 x 102
Bamméporcca*l.ds 110""‘_

ponloper S bbuidion . T2 p%—pquhf B pn Fe
itersl o Dostre olbod 0.29% od e "B alona fec
» M2.7x/o"°.
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OCT 29 g2 12:38 REACTOR EXFERIMENTS, INC. P.2/12

Reacior Experiments, Inc. I V X ] T A A e, o 5208

May, 1981

BORON-LEAD-FOLYETHYLENE
(Catalog No. 202)

Eiement Weight Percert

Po 81.33%

c - 10.28

o) asd

H 1.70

Ca 1.0

B 1.04 ¥

Si 41

Ne 0.34

Mg 0.19

Al 0.05

Total 100.00%

Hydrogen Atoms. per cc = 4.3 X 108

Boron Atoms per cc = 240 x 107 ¥ -
Lead Atoms per ¢cc = 10.00 x 100

f—’,’?flzoz m%aww%ﬁbq
Hﬁwx oo lope aa;m;‘,ﬂ TZa Q,a?zf-,w‘.f "B
on 12 maTend 4 mwéxe_- ot 0./9% od 1Ha

"’3 aﬂmﬁc o 2ot 4 éx./o Co FRCHRE TR IFERMGTEN
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Total Neutron Flux as a function of shielding material
and thickness for a cylindrical slab.

'-réHIELDING 1 [em] 5 tcm] 10 [cm] 15 [cm] 20 fem)
MATERIAL
Li-Poly. | 7.60 +.003 | 1.73:.005 | 0.249:.014 0.0037+
Cement | 6.804 +.003 | 1.115 +.007 | 0.138 +.019 0.0022
B-Pb-Poly | 6.456 +.003 | 0.951+ .007 | 0.110 + .021 0.0015
5% B-Poly | 4.983 +.083 | 0.217 +.015 0.0057 0.0001 0.0000
20%B-Poly | 3.168 +.005 | 0.631 +.0270 0.0023 0.0001 0.0000

* 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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Neutrons transmitted (percent)
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Total neutron flux a function of shielding material and thickness for a cylindrical slab (MCNP)
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Shielding factor relative to 5% borated poly
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L9

20% Borated Polythyelene (/Ocmn)

file runlpl02 —-- talty 2
L L L menp 4.2
3 F y 11-09-92 13:46:29
] [ lally= 2
o of n ‘
l ~ nps 200000
10 L bin normed
] F runipe = runipl02
. [ dump 2
o - 1 - suriace 1
%" " 4 ttag/dir f
“:5': L v user 1
%3 - s segmen| !
] l C m mult 1
y - c cosine !
T I [ e on'ergy ¢
0.1 S Lime 1
] e FUR1p102
] .
0.04

T
ID-IEO-—I!0-—!00-9!0-—8!0-710-610-510-0.000.01‘3.i 1. 10,100,

Heutren Lnorgy [Mev]
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Neutrons transmitted (percent)
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Total neutron flux a function of shielding material and thickness for a cylindrical slab (MCNP)
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MeNelL

GEM Barrel Muen “Fa,ke”Tr‘ngger rate mn
the presence of o High nevtron hit rate .

3 (S r
Neutron Rate n barrel cx.pcd?.d-"o be ?ID - 18" Hz/cm

agtimistie ™ Fessimizlic
1033 rate 103% rate
- Flu
De-‘;‘mz pato meter R = Neytron x
lo"' H'i/tm“

Want to determine (CSC, RPC +*rigqqer rate vs R

e L3 w\‘\""\hs 137 Leve)l Muen 4rigaer rate is ]O..‘H% (Barre.\ +Endecp)

39 2.
e Rote of P.YSoGevlc muons S0 e s s ~Sewx loe Ra

in Barrel

9 20

3
Primary Geal: Robust trigaering@l0 os™ => Rate < 0! He

Commo n p\S‘SUMP‘HonS .

e Nestron Hux uniform in Fime and space in Barrel reglow
Expressed in units of R,

* Neuvtron response ?ro\:qu'\\i'\-v., s 0.5 7% indepe ndent of technology,
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RPC Trigger: SLL«SLL*SL3 + Bond % nonBoud Plane

s Eaclh SL has 2 RPC \age.rs which are ORed
SL Bend-plane strips are ORed alonq Z

SL1 Triaaer element Size: 1.3cm ¥ 330em X 2 = 358 e
SL2 o '\ u u

5‘—3 " it v n

360w ¥ 3z WOHem
380cm ¢ K = 1970 e =

* RPL siqnals are Fast; with mean Hming Dt < 20ns

: 4 S W3
> Rate of n Mis in SL3 element: Rxl0 ,_%_ %005 * 2% [QTbew = RxZ0X10 el

* B0Gevle Py trigger = tlatripisidths in SLZ, T G widtls 1w SLL

X
. Pro\:q\iii'\-g ot caimcidence (areq) &'&) _ + sign of charae.

SLL: Rx 0765  SLL: Rx.0H2Z  Total: 2xRx.0265% ouz

- R%*x4Y.cxt0™ "

3
« Rate of BendPlane tricner per barrel sector :

S -4 3
2.53elen/sec+°f v Rx .0%1D :"fu ¢ R x4.6xl0 = R7x 2.3x16° Hz/sechr
> Projo_c:\—?ue, non Bend Play\e_ fec\ui rement !
i - - -4.
S Tlfés:“'lps % lbstrips - NM1lO

e Total Rate of neutrown ConsSpitacy trigqers:

R.3x 2.3"-10"‘ E_‘_“ = \_uqo""‘ x lx]&;sr.c:‘cors =

R31 SLHz

-1
v



Bend-Plane sirips only con Sideced

CsC: SL2x SL3

e Tack SL(2,3) hes Ulayers of €s¢ @ 3 evtef Y required for +rigqer

e 4 Steips %m\ged > Tr"ﬁ&tf' ekment gize: Zem X 300 cm = W00 cws

* Time wWindow g'or Cowmcrdencey Z B{Jr‘.‘H = 21 x S0ns

- G Ha
Rx]gg.*mcﬁm = Rz Lx10 Slemn

RaXe of n per element

P\Q‘}E ol 3ovt 4 pm- elew ent (u)'\*hm 7_'&5-{,\

Hz

r
H o H2 - Y- 3 Ak
HxRx L.utlos flem * 005 X (R"foﬁﬂ tlem ¥.005 x L x5xj0 s\' R7x 1Y clem

Rote of 3out 9 pen sector

\ - > H¥
Sue 0 cste::.;-ef x R.x"- 1.\ H%/Lku - R™ * Y sector

\ He
SL3: B0 Soher X R xliMefelem = R * 85 sector

56Gevfe Py triqaer = L element Wdths m S12 ecut of L0 pen sector

L]

Bend -Plane neuviron c.onsv‘wa.c.ﬁ tTeisner rate pen sector
Helem M -5 Rz

-3 - —_—
=R*T310 geder

W =tn
RB* 35 Hr/act * R3$L‘* ;"3.4--* 2x5%0 § *  4Qelemfsector ¥

- Tata) Bend-Plane neutrom comspracy trisaev fate im barpel

-SH
4x Tx |l sector-chambers % Rb 13RI geler chanber

e
= R =* 0.0093 Uz nevtrons omly .
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We orev\"\ finiched \je'\"...

* Charged parficle fate in SLZ,SL3 is about .AHz/ca® ,.0S HE/u"
6 10%%cws” :

Lumino sity

. —— A
Define H = PEEECRS

Requifing chwarged Yracks 4o bedMadial g SL =2 P, 22 GeVie

=2 Jaeter ~\0 redeehien in fate
Bote of “54"1‘“‘ C\uo.r3ed *raclkes pen ¥riaaer element

S\ Wy A G:H?:/Cle» x W } 3ovt 4 always
SL3: 3H2 /elem * H

v -

Rate of faxe Yeiqaers cavsed Ly +fL Charged track /sechs
e 3Hz Q0elew  LRhe&lern -%
HxGaem * H Gem * B36r  Belemfecor * XS0 S

3

z - -
= H o x Lixi0 Hz/Stc:\'of'qun o SL3

Total €S fake Triqger rate in barcel

3
Rt'-;. 00938z * R *Wx .08 4 Hz x .18 Ha

Mevkron: tm\-\) } c,'.\u.\.beé }‘:.‘:“." + nestroiag . C.“.f\fat'.‘ rarticl o s
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Fake Trigaer Rates in GEM Darrel Muon
System satisdying s0&eV/c Py Threshold

RpPC: Bend- % nonBend- Plane info used
Cs : On\\i Bend-PNane mfo used

10° sy —
— RPC Trigger /
104 [— OSC Trigger 10%¥cm %! / !L*."' |::uel Trig
- . €SC Trigger 10*em %! . et
~ 103 //
& By y,>506eV/fe W
o 108 g fate @ |6 34
I g / o~
g b oS-~ — I\ P> S0 GeVe W
. 10l P - vate @ 032
o E
% | ]
= 100 _
= 5
v 10-! P T . D0 cTades .
E 3
g - :
@ 10~2 . !
0.1 0.5 1 5 10

R (10* Hz/em® Neutron Flux

Figure 1. Comparidon of fake—trigger rates from
RPC (polid) and OSC (dashed and dot-daghed)
ag a function of neutron flux R X 10*Hz/em?
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GEMN Beam.?-f-e_. Issues
l) \/Bc_u.u.m ﬂc?mumug
In Jml,,_ regien
Bedusen dracker and Feal
Bedwess Feal and FFO  collimator
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J- Kuthertoore|
GEM Cn"al)ora\llm ﬁ”ﬂ
BNL ufs]ea

M fl‘{jﬂ:”fﬂ_ﬂ ‘”qﬁ_ Ne.u.'lr-ons
in $he Muen Charmbens

Newlren J-GSL. \Qrca_ — chaired Ly M. Marx

SScL  tofujea

F'u\.sJ' a-\u\‘.mpJ' \Ln Nﬂlu.cn.. \du. Sources ep neul-rons

Plan of Adack
For luactmns \E'c-m IP ui\d'n |
[rU <b?
Bury them in c.alonch.r.g
(Mast wake end-cap and Feal docper)

Inl > 67

Led Hom go Ja..l, bo end of ball
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THE GEANT-CALOR INTERFACE

C.ZEITNITZ
Department of Physics, University of Arizona, Bldg. 81
Tucson, AZ 85721, USA

and

T.A.GABRIEL
Oak Ridge National Laboraiory, Bldg. 6025
Oak Ridge, TN 37831-8364, USA

ABSTRACT

The simulation of large scale high energy physics experiments is based mainly on
the GEANT package. In the current version 3.15 the simulation of hadronic inter-
acting particles is based on GHEISEA or FLUKA. Both programs miss an accurate
simulation of the interaction of low energetic nentrons (Egin < 20 MeV') with the
materials of the detector. The CALORSS program package contains a low energetic
neutron code. An interface between the CALOR program parts and the GEANT

package has been developed.

1. Introduction

The Monte Carlo package GEANT! is the most widely used program to study large
scale detectors. In the current version 3.15 two different hadronic interaction mod-
els are implemented. The GHEISHA? program is well tuned to reproduce the av-
erage shower shape and energy resclution of standard calorimeters. The FLUKA?
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 encrgies GHEISHA is called.

The CALORS9* 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 example is a lead- or uranium-
scintillator calorimeter, where part of the invisible 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 CALORS®

The program CALORBS9 consists of the follbwing simulation programs:
¢ HETC - (High-Energy-Transport-Code) hadrons up to 10-15 GeV
e FLUKA - hadrons above the HETC limit

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

o 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

o 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 HETC® consists of two parts. The Nucleon-Meson-Transport-
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.%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 MORSES 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.l!+12

The program EGS Version 4% is called afier HETC and MORSE to simulate the
interaction of the generated photons with the material of the setup.

8. 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:

e NMTC - nucleons below 3.5 GeV, charged pions below 2.5 GeV
e MICAP - neutrons below 20MeV

e FLUKA - nucleons above 3.5 GeV and charged pions above 2.5GeV, and for
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 Nucleon-Meson- Transport-Code

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.

3.2. The low energy neutron code

Interactions of neutrons with an energy below 20 MeV down to the thermal
energy range (down to 10~%eV) 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-
section 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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Table 1: Process types for nentron-nucleus reaction implemented in the MICAP nentron code

i Type of Reaction | final state particles |

[ elesticscatt. | 2 - |
(nA,;p’A) n
(nA,20’A’) 2n
(nA,n’aA’) n, a
(nA,2n’aA’) 2n, a
(nA;n’pA’) n,p
(nA,n’3ad’) n, 3a

(nAqA%) i
(nA,pA’) P
(nA,DAY) D
(oA, TAY) T
(nA,°HeA’) - “He
absorption -
(nA,aA’) a
(nA,2aA’) 2a
(nA,3aA’) 3a
(nA,2pA’) 2p
(nA,pad’) P,
(A, T2aA’) T, 2a
(nA,D2aA%) D, 2a
fission nLp,a
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5.5. How to use CALOR in GEANT ¢

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.

SUBROUTINE GUPEAD

c
C get free path length to next badronic interaction
c
C use CALOR interaction probability
CALL CALSIG
RETURN
SUBROUTINE GUHADR
c
C hadronic interaction takes place
c
C call CALOR
CALL GCALOR
RETURN

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:
e 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 :

e Try to use only elements listed in the table 2. If the selected isotope is not
availabie 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: Isotopes for which neutron cross-section data ate available and the amount of memory
needed to store them in the GEANT common GCBANK

| Isotope | charge number Z | kBytes |

Hydrogen H 1 6
"Hydrogen H;0 bound 1 6
Lithium LiF} 3 29
Lithium TLi 3 31

Boron Ry 5 47
@ron TR 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
[ Tron Fe 26 501

Nickel Ni 28 237

Copper Cu 29 129

Molybdenum Mo 42 104
"Cadmium Cd 48 68
| Barjum Ba 56 21

Tantalum Ta 73 325
r-_T\;.ngsten W 74 386
Lead Pb 82 123

Uranium T3y 92 173

Uranium IR 92 649
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e Don’t use COMPOUNDS or MIXTURES of COMPOUNDS !!

e 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 contzins 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 consiani.
In the case of & runtime error a message is writien 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 CALORS9 package; the Scaling Model is not implemented in
the GEANT frame.
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