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GEM Neutron Task Force Meeting -
SSCL

February 24, 1993

Abstract:

Agenda, attendees, and presentations of the GEM Neutron Task Force
Meeting held at the SSC Laboratory on February 24, 1993.



This is an update to the Neutron task force agenda.

I could not get the GEM conference room for the afternoon, and
therefore the meeting will be in Bldg 1 Upstairs in room 285I.

Enter Bldg 1 from the Beckleymeade Ave. entrance. Go Upstairs.

Turn left. Go to end of hall. Turn right into suite 285, Go to
the end of hall.

Neutron Task Force Meeting
Wed. 24th February

Bldg. 1 Upstairs conference room 285 T

1300 Neutren and Gamma sensivity V. Gavrilov
measurements at ITEP

1340 Background from accelerator N. Mockhov
components

1410 Shielding studies L. Waters

1440 FCAL leakage studies B. Moore

1510 Muon chamber singles rates I. Fissyak
using GEANT and CALCR

1600 TDR chapter progress Everyone
Discussion
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Newtrorn and Gamma
sensitivity of RDOT

ITEP Data
(Jan.- Feb, 93)
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Previous resulls

LSDT GEM TN-92-122
2.2 cm 102 Ar + 907 1C4H o
‘off" = 4.3x40°%  (1.9510 /cm)
CcSC GEM TN-92-199
O.5cm 50/LCR, +507 CO,

oy = 47%10% (9440 fem)
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Questions

o Atbedo ?
o Photon BG? (P Shield )
® /Jm/of’:'r(uc/e distribution ?

A [herjy a/epende{ace?
° Sens;ﬁ‘vi{f To /voz‘ohs.P
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Features lo{ heutron

measuirements

o lUnde f,‘ned
'frczjecfo ry

g WTCJQ S/DQC‘I(FMVH)
Uhdefr‘heJ eherjg

o Door h/g
SQPQFQ'/?'Oh o

wire chamber

Isolation of
abbedo contribution

(n&p!1)
Com P?c'meu'/ng

measurements :
- moderator
- absorbers (P, Cd)
- different distances

- Flux meagurements
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Aims

Deve Zof Mc? methods

Neutron sensitividy of R£DT
- af different energies
- for wvarious '(7ases (ond mixtures)
-~ for various wall ma.‘fera'a/:
Aw;;-ﬁiéua/e distributions
Gamma senstivity of KIT

Provide data +for veri Aication
o,l _heufrovv/jammc‘ cngcafa,‘ﬁ‘ahs
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ITTEP nec Z‘ron groap .

V.@avrigot/

L. Kondratiev
S, Kuleshov

4 RaSthoV

M Szlo ér p

I. 79 Khomirov
V. Vassibrev
+ 2 Students

ZAHZ:T calee o 7‘/‘0/4_(‘.-”
4 Morgunot/
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Neu{ron spectrum
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Neutron spectrum

: Cf-252 (36 cm) |

i ITEP

N Tr. (4 wawn C) Sef—tgo

E- .‘~... / ’ qu y 3

. . . . V. Morqunov
‘4':.45‘ . . LAH
53L 6t

- ot En<025eV

| Tr <1078

Moderator and Walls
w210 %0710 %10 %1010 1021071 10 10

E, MeV
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RDT pam/me'/ers'
Tube T | Tubeld
Watf Stainf '
maferial S.,c:e;” Aluminum
Wa 0¢ |
thickness (mw) 1.0 0.7
Trner
diameter (mm) 18.0 | 26.5
Length (mm) | 442. |180.
W;re p/ 30/\;-;4
X :(.4/usec
Threshold” = 0.2 keV™
Collected e~ 0.
i ed:arge. (5Fe) 0 :{/DC
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DT rate VS R
Cf-252, CF4, 108mm Pb

Counts/200sec

RDT (Fe)

4000

3000 |-

2000 -

0

R2m2 -
Gc,mm frac)(, - IT;; 0'113/93
L, com [orgatpates L tluxer
36 447 | 507 | 5.8
~ —
72 +0/% 764 | 1644
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Albedo neutrous

Afb edu quma_s‘

V/“ldjunol/

LAHET
(£y~0.5-5per)
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N= A, .expé-gifl).;./qz_exlb(_gzh) L

I X 2.043
< . P1 A, 0.1891E+05 | ITEP
2 P2 &, 0.49756—01 |Jan- 93
. P3 4, 2335.
oF P4 8, 0.4682E—02
- 4 . ° Lc:igrm-sz-:zz MIT
m CSC - | May 92
GEM TA-92-199 .
| . F (10%) =063
F©y
10 expl-b, 108] =
) o L =0.60
[ 25 50 75 100 125 1580 175

~ Pb absorber thickness, mwm



P/‘e&'mii@ry

RDT  sensitivity
Zo Jast peutroms (uunids o 167> )

Tube ¥ | Gas eft. Q,ff/»i Cw QxPe.c;t‘.

I CFe |0.94 1] 0.64 | 0.37

(Fe) |iC H, [2.36 | 1.63 | 1.34

E CF.Q 0.88 0.42 0.37

(PO | 3CeH, [2.30 | 1.1 | £.34
LSOT |*ClHetdrt 4.3 | 1,95 | 1.2

CSC | eS| 47 | 9.4 22| 037

PL house = Rate-albedo
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R’DT (Fe) | prefim;ha/y
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| P‘“e?t'miharg
RDT sensitivity
% Hhermal amd
éo
Gammas (“Co source , £= 117,133 MeV)
n o wunits of Jp73

newtrons

Toube #

Gas

e (n)

eff. (()

I
(Fe)

CFq

244

10. &

aCZHM

2.54

9.1

b
€19

CH

| 0.90

11.3

iCQHm;

0.68

&3
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GEANT (£, = 10keV)
-3
sr = (64-2.0)x10



RDT (re) ITeP

Jan. 93
AN _
4‘50 ‘qu H|o
400 %
350 ¢ 117
500 433
250 |
200
150 |
100 E
50 1
0 N T
20 £, KeV
v E T 100
720 | —_ Entries 637 .
. Mean 0.8290E-05
60 | RMS 0.5286E~05
GEANT
80 1osr
or ﬂwr: .{01’¢V

! 1 Pl EFE AT SrES SV ST B B

0.075 6.1 0.325 015 0175 0.2 0.225 0.25

] 10-4
30 E.GeY .

0 PP B PR
.O 0.025 0.05



COM/&#OM 227 ﬂ/f Mmeasuremenys .

o Neutron /fa ymeter calibrat on
o Gamma fluxes [spectra measuremen?s

0 Data for different gas mixtures
omd pressure

0 Hfg‘ stadistical AL S)Decf/"c?
oh ﬂ}-e w:'c/e I‘anje af Cof/ec%ec{

charge
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COHCpC/S/‘OM.S’

SQIJS/'%/‘Vf?:y % 765‘% peusrons
O\f wile chamdber J[/‘/(e/ 63

Ct, CO,, Ar mix tures ~ 0.570"3‘/cm

SehS‘lZ(; (/l'/y 740 Y%e/‘ma/ heafrons'
c’epehafs oh c/)amée/" mater/ a/s
(Fe: 2546°  A:0.8-10° )

Seus;# Vr*rfy o 1 Ne( gammaf

~10°°

Good Oj/'eemeh/_ between date
and LAHET caleabatons

- Spec/ro S/m/bes

— abbedo fl‘écﬁbh

- 9amma  fluxes (1)
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4 cquired future measure ments:
o Mu Hyé?je/' CcS¢C /Dro/o {JL//OQ

o Study of [/n ablbedo off various
ma\g{n‘a@‘ : Fe, Cu, A, R{y@}% J//ebe (8) efc.

© n/fy BGE af hedron collicler
(D ?) ond Comparision of ﬁ-uz_ clats
W ?l/\ The cafca/a//‘ons Aé/ codles z(;g'mj
for GEM  n /7 //aA'e: evaluations
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Low Beta Interaction Region.
| Detector Free Space 2 z 20 m. |
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Path Length (m)
Medium Beta Interaction Region. Alternative Design.
_ \ Detector Free Space 2 x 100 m. }
~-800 -800 ~—400 -200 O 200 406 600 800
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Vertical Position (m)

] ; ] * i

-600

T ] 3
-400 =200 0 200

Path Length (m)
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l.ow-energy .Neutron Fluence (n/fcm2/yr)

10e+14 A 1 i 1 A 1 " 1 A 1 i ] A ]

SSC Low-beta IR, 20 m
1.e15 int/yr f
42mm ID Collimator

8.0e+13 -

6.0e+13 15<r<35 cm

2.0e+13 -

0.0e+0 +—— = = : T v . =———
20 30 40 - 50 60 70 80 90 100
Path Length (m)
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(particte/em2/yr)

Fluence

1

A, L. 2 1 P 1 P

SSC Low-beta IR, 20 m
1.el5 int/yr
42mm 1D Collimator

QL1 Peak

™rerererT

LEL B ALY |

‘
Hadrons, E »>14 MeV
—a
¥ 1 9 b 1 o
25 30 35

Radius (cm)
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Fluence (n/cm?2/yr)

Neutron

. A

8.0e+12

6.0e+12

4.0e+12 4

20e+124

2<r<2.5m

SSC Low-beta IR. 20 m
l.el5 intyr

42mm ID Collimator
3m OD, 2m Long

Path Length (m)
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(particlescmziyr)

Fluence

© 1.0e+11 4

] - .

3.0e+11

20e+11 4

0.0e+0 -

SSC low-beta IR, 20 m
l.e4 Beam-Gas
42mm ID Collimator

1.5<r<2.0m

Path Length (m)
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Low-Energy - Neutron Fluence {(n/cm2/yr)

1 i I i 1 A 1 - 1 T []

SSC lLow-beta IR, 20 m
42mm ID Collimator

1.5<r<2.0m

L s

30 40 50 60 70 80
" Path Length (m)
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SAKE YWUKNAdHUY
SANTA FBa< |

NEUTRON BACKGROUND

lllllllllllll

Neutron Fluence at L=20m and R=2m per the SSC year

_ eppcollisions (103 @ 20m): - 2x1012 cm-2
= (can be significantly reduced @ 35 m)
o Local Beam Loss (Normal Operation): 1x109 cm-2
- Beam-Gas (cold+10-8 torr In warm): 5x1010 cm-2

around beam pipe: 3.5x1012 cm-2



Contact Dose Rate (mrem/hr)

M 1 2 1 2 [ b 1] ke ] 3 [l " | I

1000

2 2 b Al

o SSC Low-beta IR, 20m
1.e8 int/s
42mm ID Coliimator B

& Ends

Cryostat

QL1 QL2_1 QL2_2 QL3 BVic

T

e

T T rrey

20

T L2 T — T —— T Y T T T y

30 40 - 50 60 70 80 90
Path Length (m)
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Alpha (T.)

100 t PEPEPEIPN | ——ta szl A ssiagal

T rrr——r—r—r—rrrrT
10° 10l 102
Cooling Time t (hours)
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2/23/93 11 28 25
GEM SIMULATION 4 3B
UNSHIELDED QUAD  UNSHIELDED
FCAL REAL BEAMPIPE
PROBID = 2/23/93 11 13 48
BASIS
0.000000, 0.000000, 1.000000
0.000000, 1.000000, 0.000000

ORIGIN

é 0.00, 0.00, 0.00)
XTENT = (700,00, 700.00)

POSSIBLE CAUSES OF DOTTED LINES
ERRORS (N THE GEOMETRY.
COOK | E-CUTTER CELL IN THE SOURCE.
A PROBLEM PLANE COINCIDENT WITH
THE PLOT PLANE.
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2/23/93 11 25 55
GEM SIMULATION 4 38
UNSHIELDED QUAD  UNSHIELDED
FCAL  REAL BEAMPIPE
PROBID =  2/23/93 11 12 13
BASS
0.000000, 0.000000, 1.000000
05000000, 1.000000; ©.000000

0.00, 0.00, 0.00
XTENT = { 220.00, 220.00)
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er cryostat wall:
uminum 5083, density = 2.66 g/cc)
dus = 12.0 to 12.9 cm

+ 221.4 cm to 230.0 em .3746 +/- .050 Megarads
230.0 cm to 240.0 cm .4373 +/- .080
240.0 cm to 250.0 cm .4596 +/- .069
250.0 cm to 260.0 cm .4783 +/- .066
260.0 em to 270.0 cm .4788 +/- .076
270.0 em to 280.0 cm .4828 +/- .075
:es: I missed the region from z = 200.0 to 221.4 in this calculatlon,
but will pick it up next time.
I now have the latest figures on the cryostat dimensions, the
radius actually goes from 13.7 to 14.7 cm.
sullation:

12, density = 1.032 g/cc)
dins = 12.%9 cm to 18.8 cm

= 202.0 cm to 210.0 cm .9164 +/- .137
210.0 em to 220.0 cm 1.0943 +/- .257
220.0 em to 230.0 cem 1.3339 +/- .274
230.0 cm to 240.0 cm 1.6627 +/- .267
240.0 cm to 250.0 em 1.7289 +/= .3
250.0 cm to 260.0 em 1.7007 +/- .253
260.0 cm to 270.0 ¢cm 1.6808 +/~ .249
270.0 cm to 280.0 cm 1.4432 +/- .355

tes: Latest radial figures aze 14.7 cm to 19.7 cm. I am also informed
by designers that this will be wvacuum. The gal I got the figures from
was very surprized that any insulation was contemplated for this
area. Apparantly she has build such devices at CERN.

ner cryostat:
1 5083, density = 2.66 g/cc)
«dius = 18.8 cm to 20.0 em

= 206.0 cm to 210.0 cm .2359 +/- .045
210.0 cm to 220.0 cm .2788 +/- .045
220.0 cm to 230.0 ecm .3318 +/- .047
230.0 em to 240.0 cm .3823 +/~- .069
240.0 cm to 250.0 em .3941 +/- .061
250.0 em to 260.0 em .4056 +/- .065
260.0 cm to 270.0 cm .3851 +/- .069
270.0 em to 280.0 em .3877 +/- .078

tes: Latest radial figures are 19.7 em to 22.5 em.
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2/ 3/93 13 21 34
GEM SIMULATION FINE
SEGMENTATION

PROBID o 2/ 3/93 13 11 01t
BASIS
0.000000, 0.000000, 1.000000
0.000000, 1.000000, O.000000
ORIGIN

é 0.00, 0.00, 0.00)
XTENT = ( 700.00, 700.00)
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Dose Rate [rem/hr]
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February 24, 1993

Hit rates in GED/I track systems

Simulation conditions

The presented results are based on the SIGEM calculations based on GEANT
v3.15 + GCALOR v 0.93/06 930215 (C.Zeitnitz):

o Cutoff for neutrons: Epi, = 107! GeV = 0.01 eV,

o Cutoff for v's : 100 keV,

e Geometry : GEM base line 2 design (GEM-TN-92-231)
— GEM experimental hall

— No. of absorbtion lengths in the calorimeter system

— Description of detector elements in Central track and Muon systems

e Statistics ;: 20 DTU events
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GEXW: Marble

/MGHEI Helium

CS2P: Cu/Scintillator/PolB
B3HC! Kr/Pb mixture for HD

B2HC: Kr/Pb mixture for HD
BACC: Kr/Pb mixture for EM
CBMD: Ar/Cu mixture for HD

CACC: Ar/Pb mixture for EM

C4HD: Ar/Cu mixt. for Cors

j
/ MEMB! Thick Iron
, :
/ | MBDH: Nomex for CSC
' s MBAP: Air
: / ,‘l !
/ ! f
! a4
—

PABS: Copper
CFEE: Ar/W mixt. for E.M.

CFHD: W /Sci spaghetti mix
FEAK: Marble

: > 2 bl
|
: e QSHL: Marble
A+ FFSH: Thick Iron /
N V4 /
-~ i
I‘_____._______=_ ~ _
‘; ] QCOL: Thick Iron/ QUR1: Thick Iron
i 4 ’ [ ’ [} [ o L L] n'

FDC: Silicon Detector

) 1 [ ] [
S PBH2: Graph.Epoxy Sup. Cy!
] g ot 1o 1] a [ ] [] a ] i
-] T - PBIZ: Borated Polyethylen y
H
’I GEMH . Air
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No. of absorbtion lengths in GEM calorimeter
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Neutron and v fluxes

o Neutron fluxes in GEM experimental hall, Central traéker,Muon sys-
tem 7

e v Hux in GEM
¢ v to neutron flux ratio

s Neutron production region definition. Neutrons produced in the region
are tagged together with all their “descendants ”

o “Tagged” neutron fluxes
o v fluxes from “tagged” neutrons

¢ Neutron energy distribution at each step.
Thermal peak at 1-10 eV 7

e v energy distribution.
Cut at 100 keV?
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Flux of neutrons with E,, > 1 eVin 10" (cm™s™)
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neutron flux (Eg > 1 eV)in 10" (cm™s™)
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v flux (Eg > 100keVz) in 10" (cm™ s )z
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v /neutron ratio (linear scale)
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Neutron energy spectra
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Y energy spectra
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v energy spectra cut 10 keV
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Hits from 20 minimum bias event
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Hit rates

¥

;}
' ,,-'-/'" Table 1: Hit rates
' SVIB SVID PADB PADC MBAR MBAR
Hit per 20 ev 4777 8368 4097 4714 1317 610
Hit rate (GHz) 23.8 41.8 20.5 23.6 6.6 3.
from et 5.7 5.8 7.6 13.1 15.6 11.8
from e~ 6.8 9.4 14.4 18.7 77.0 61.0
from 7% 72.9  63.7 59.8 49.2 1.5 8.6
from p 5.0 7.5 7.6 6.5 4.5 12.0

The sensitivity to neutron (for Muon barrel)can be estimated by the
following way:

e The average flux of neutron in muon barrel: 4 x 10%cm™2s~!

e The total sensitive area : 1.2 x 108¢cm?

e Total number neutron crossing muon barrel chamber per bunch :
(1.2x108cm?) x (4% 10%cm~2571) /(10%bunch/s) = 4.8x10%*neutron/bunch
e Sensitivity :

hit/neutron = 1317/20 / (4.8 x 10%neutron/bunch) = 1.4 x 1073
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Overview of the CALORS9 - Unix Version 3 Package

Hadronic Analysis
HETC
Elec;&ronic
Analysis
LIGHT hete.d PEGS
EGSEP
light.17 pegs.12
egsep.10
MORSE | - EGSP
SPECT . | —
. mog-se.lo ' egsp.10
MEGS EGS
SPECT.7 MORSE.7 MEGS.7 EGS.7 EGSE.7
FINAL.6
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Diwan Modifications — Escaopes out Surface at R = 114.0
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Diwan Modifications — Escapes out Surfoce at R = 170.0
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13. GEM RADIATION ENVIRONMENT

3.1 INTRODUCTION
We have performed in depth simulation studies cf the neutron, photon and

harged particle fluxes in GEM, and the resultant doses and radiocactivation of

1]l major subsyvstems and neighboring accelerator components, as an integral
art of the detector design process. As a result of these studies, we have been

ble to develop a shielding and ceollimator configuration, and an overall layout

f the experiment that will ensure that the detector will be able to cperate
ith its design performance, over a period of not less than 10 vears of running
t the standard luminesity of 10733 cm”-2 sec”-1 (see Sections 5.x.v, 6.a.b,

nd 7.v.w). This configuration also will allow the detector to function
tficiently, accerding to its specifications, for several years at high
uminosity (10734 ecm”*~-2 sec”-1), with the exception of the inner Silicon

racker (see Section 6.c.d).

The main concerns which have been addressed by these studies are:

]

=]

The charged particle, neutren and photon fluxes, and the hit
rates generated in the inner tracker and the muon spectrcmeter.
The singles rates, trigger rates and data flow have been kept
within the design limits of the data acgquisition system

(Section 7.e.f). The coccupancy in the jinner tracker and in

the muon spectrometer is below the limit where the

pattern recognition efficiency, particle ID efficiency, or track
reconstruction precision would be substantially degraded.

The particle fluences, and the doses delivered, especially to

the inner tracker layers, the endcap and forward calorimeter
components and electronics, the forward field shaper, and the beam
line components within and adjacent to the experiment. The integrated
fluences and doses over the lifecycle of the experiment have been kept
at levels that allow for long term component survival. Examples of
the survival limits which have dictated design choices in GEM are:
10714 n/cm”2 for Silicon detectors, 10~X Rads for the forward
calorimeter readout, 10°Y Rads for standard cables; 1l0~Z Rads

and 10*W Joules of thermal energy dissipated in the nearest minibeta
guadrupole.

Radicactivation of the inner and forward parts of the detector,
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