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Abstract 

Agenda, attendees, and presentations of the first GEM Neutron Task 
Force Meeting held at the SSC Laboratory on October 21, 1992. Agenda 
items are: Status of Simulations and Neutron Fluences; Verification of 
Simulations; Discussion of Neutrons Sources and Mitigation; Shielding 
Strategies; Chamber Sensitivity and Lifetime; And What About Gammas?; 
and Plans for Work and Next Meeting. 
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Aging of GEM muon chambers 

Y.Fisyak, A.Golutvin, Y.Kiryushin, A.Korytov, 
G.Mitselmakher, L.Waters 

The goal of this document is to estimate a confidence level for hit 
rates and muon system lifetime in the GEM muon barrel based on the 
following list of assumptions. Our estimations are presented for discussion 
only. The point is the confidence levels for parameters which used in this 
calculations. The list of our assumptions is the following: 

• Design luminosity: 1033cm-2s-1. 

•Modified luminosity: 1034cm-2s-1. 

• Neutron flux in GEM muon barrel in the Base 1 design: 

1012.0±0.5 n/cm2/SSCy[l]. 

• Neutron flux reduction factor in the Base line "X" design respect to 
the Base line 1: 102·5±o.5. 

• Efficiency for neutron registration by the muon chambers[2]: 

10-2·4±o.l hit/n/2.2 cm = 10-2·74±o.io hit/n/cm. 

• Total no. of hits = no. of hits from neutrons: 

1012·0±0·5n/cm2/SSCy x 10-1sscy/s 
6 • +406 = 102.2 ±0.51 hit / cm3 /s = 182 

-126 

x 10-2·74±0.l hit/n/cm 

Hz/cm3• 

• Wire lifetime[4]: 0.1+1 C/cm = 10-o.5±o.5 C/cm. 

• Collected charge per hit in proportional mode[4]: 
0.1+1pC/hit=10-12·5±0.5 C/hit. 
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• Collected charge per hit in streamer mode[4]: 
100±50 pC/hits ~ 10-10±0-24 C/hit. 

•PDT 

- volume[3]: ?r42/4x400cm3 ~ 5000cm3 

- Hit/channel: 105·95±0·51 Hz/channel= 10-.o5±o.51 MHz/channel; 

- Hit/lcm of wires: 103·36±0·51 Hz/cm 

- Collected charge in proportional mode: 
103.36±0.51 Hz/cm x 10-12.5±0.5 C/hit = 10-9.14±0.71 C/cm/s 

+29.2 
= 10-2-14±o.71 C/cm/SSCy = 7.2 mC/cm/SSCy. 

-5.8 

- Lifetime in proportional mode: 

- Collected charge in streamer mode: 
103.36±0.51 Hz/cm x 10-10±0.24 C/hit = 10-6.64±0.56 C/cm/s = 
100.36±0.56 C/cm/SSCy. 

* at design luminosity in Base line 1: 
(10-o.5±o.5 C/cm) / {lo-2-14±o.71 C/cm/SSCy) = 1oi.54±o.97 SSCy 

= 44 + 280 SSC -38 y 
i.e. 53 of wires {below 1.64 s.d.) will have some aging problem 
after 1.63 years of running. 

* at design luminosity in Base line "X": 
{101.64±0.87 ) SSCy xl02.5±o.5 = 104.14±1.oo 

- +124 3 - 13.8 _
12

.4 xlO SSCy 

i.e. 53 of wires will have some aging problem after 316 years 
of running. 

* at modified luminosity in Base line "X": 
10L64±0.s1 SSCy x 102.5±0.5 x 10-1 = 103.14±1.oo 

= 1.38 +i~2: x103 SSCy 

i.e. 53 of wires will have some aging problem after 31.6 years 
of running. 

- Lifetime in streamer mode: 
6 
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* at design luminosity in Base line 1: 
(10-0.5±0.5 C/cm) / (100.36±0.56 C/cm/SSCy) 

+0.64 = 10-o.s5±o.75 SSCy = 0.14 -O.ll SSCy 

i.e. 53 of wires will have some aging problem after 1 day of 
runmng. 

* at design luminosity in Base line "X": 

1oi.54±o.9 SSCy = 43.6 +:~.; SSCy 

i.e. 53 of wires will have some aging problem after 1.5 years 
of running. 

* at modified luminosity in Base line "X": 

4 36 +
30

·
3 SSC . -3.82 y 

i.e. 53 of wires will have some aging problem after 15 days of 
running. 

• LSDT 

- Volume: 2.52 x 700 cm3 = 4375 cm3. 

- Hit/channel: 105·90±0·51 Hz/channel 

- Hit/cm: 103·06±0·51 Hz/cm 

- Collected charge in streamer mode (Base line 1 at design lumi-
nosity): 
10-6.94±0.56 C/s/cm = 100.06±0.56 C/cm/SSCy 

- Lifetime: 

* the Base line 1 design: 

10-.55±o.75 SSCy = 0.26 +1.2 SSC 
-0.23 y 

i.e. 53 of wires will have some aging problem after 1.6 days of 
running. 

* at design luminosity in Base line "X": 

1oi.94±o.9o SSCy = 87.1 +:~.~ SSCy 

i.e. 53 of wires will have some aging problem after 1.64 years 
of running. 

7 
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* at modified luminosity in Base line "X": 

1oo.94±o.9o SSC = 8 71 +60·5 SSC y . -7.61 y 

i.e. 53 of wires will have some aging problem after 29 days of 
runrung. 
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Figure 5: Differential neutron fluence is compared for the no shield, 5 cm and 5/20 cm 
cases. Results are per SSC minimum bias event. waters/4-4-92 
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Proposals 

1. Low-Betta Quads ==} 35m. Factor 5 - 10. 

2. Borated Poliethylene shield (lOcm). Factor 30. 

• Lead to supression gammas. 

3. Reactor concrete shields. Factor ? . 

4. FCAL 

• Make from concrete. Factor ? . 

• Push FCAL further into endcap. Factor ? . 

• "Redesign FCAL". Factor ? . 

5. Hall. 

• Borated Poliethylene shield at the walls? Factor ,.., 3. 

6. Beam pipe. Factor 3. 

1 
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V. Morgunov 

Neutron sources in GEM setup 

All calculations are made by program GEANT. 
Only hadrons component of events was used. 

Parameters for calculation: 

1. Mini-bias events from DTUGET (N.Mokhov) - 900 

2. Luminosity - 1034cm-2sec-1 

3. SSC year - 107 sec 

4. Total cross section - lOOmbarn 

5. Interactions per year - 1016 

6. Forward calorimeter : 

• material - Tungsten + Quartz 

• inner radius - 2.5cm 

• face distance from interaction point - 3.5m 

•length - 1463cm 

7. Field shaper : 

• material - Iron 

• inner radius - 21cm 

• face distance from interaction point - lOm 

8. Collimator: 

• material - Iron 

1 
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• inner radius - 2.5cm 

• face distance from interaction point - 33m 

• length - 200cm 

9. LBQ: 

• material - Iron 

• inner radius - 2.5cm 

• face distance from interaction point - 35m 

Space distributions of hadron stars density in different parts 
of GEM setup are shown in fig. 1,2,3. 

In fig. 4 are shown linear stars density in Forward calorime­
ter, Field shaper, Collimator and in First Low-betta quadrupole. 
Linear density is an integral of histograms along radius. 

The whole integral for this curve (fig. 4) is neutrons yelded 
during year - 6.45 · 1020 neutrons. The fractions are FCAL 
- 323; FLSH - 143, Collimator + LBQ - 523, 23 from the 
beam tube. One can see the stars density has the same order 
in FCAL and Collimator but for the neutron fluxes it will be a 
big difference becaurse the sources in FCAL are shilded by the 
calorimeter ( endcup) body in oposit the sources in Collimator 
and LBQ arn't shilded by it's body. 

Another interesting point is factor 2 difference between neu­
tron yield in Tungsten and in Iron which is given by GEANT. 

At the fig. 5 are shown difference in neutron yield from LBQ 
with and without magnetic field in it. There is difference in 
neutron yield from LBQ ,..., factor 2. 

Next step of calculations will be to calculate fluxes from 
this neutron sources in muon chambers and tracker by LAHET 
code. 
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Stars density in Forward Calorimeter cm••3/year 
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Ste rs censity in Fie!d shaper/ cm**3/year 
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Stars density in Collimator and LBQ/cm**3/year 
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Beam-Plug Design for BNL's E871 

- Description of E871 at Brookhaven 

- Beam-plug design and CALOR89 

- Neutron and photon detectors 

- Comparison of data to Monte Carlo 

- Comparison of data and Monte Carlo 
to actual drift chamber rates 

- Conclusions 
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AGS PROPOSAL 

A '.'<E'V SEARCH FOR VERY RARE Kr DECAYS 

September 25. 1990 ~L. -"') /Ae_) e_~ t 
A. Heinson. \\'. R. \!olzon - Cnfrersity of California. lr>·in• 

'.\I. Diwan. G. '.\!. Irwin. K. Lang, D. A. Ouimette. 
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W. F. Vulcan. R. E. Welsh, R. G. Winter, :\I. Witkowski 

• College of IVilliam and .\fary 

B5 beamline. upgraded for 2 x 1013 protons/pulse 

Target moved. new longer vacuum decay volume, thin window. 

Beam stop in spectrometer ma_Jnet 

Two dipoles, scintillating fiber trackers, drift chambers, gas 

Cerenkov counter, scintillation counters, lead glass, muon rangefinder 

Link requested • 

TI!\fE REQUEST: Beam test in B5 • Spring 1991, 5 ·x 1012 protons/pulse, 800 hours 

Test run. 1992, 5 x 1012 protons/pulse, 800 hours 

Engineering run · 1993, l x 1013 protons/pulse, 800 hours 

Physics data . 1994 and 1995, 2 x 1013 protons/pulse, 4000 hours 

IV 2 "- 10, Kc.. d.'-c.ffli{ 'f'; IJ 
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CALOR89 Monte Carlo 

- HETC/FLUKA 
Uses Bertini intranuclear-cascade­

evaporation model for nonelastic NN, 
irN collisions up to 5 GeV. Uses an 
extrapolation for higher energies. Also 
calls FLUKA f-0r particle production. 

Transports protons,~jl'down to 1 MeV; 
stores 1f> for transport by EGS4; neutrons 
below 20 Me V are stored for MORSE. 

- MORSE 
Transports neutrons from 20 Me V to thermal. 
Includes elastic, inelastic, and capture cross­

sections. Photons are produced but are 
transported by EGS4. 

- EGS4 
Transports the photons produced by HETC 

and MORSE. Low-energy limits are 
0.1 Me V for photons and 0.5 Me V for 
electrons. (Monte Carlo does not include 
magnetic field which would trap almost 
all electrons). 

\ <"-?\k 'i.f!_C./e->-.T ~ SL#&C.VI 

S Cf>U,. ~ec. 

I 0 C. 'PU ~c. 
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5.929£-04 1.327£+01 
1.234Z-03 2.103!!+01 
2.613E-03 3.993!!+01 
5.531£-(13 7.781£+01 
1.171E-02 1.551!!+02 
2.47111H>2 3.080£+02 
5.247E-G2 6.203£+02 
1.111£-01 1.22611:+03 
2.237E-G1 1.684£+03 
4.508£-01 1.171E+OJ 
11.072£-01. 3.324£+02 

Calculated 
Counts 

Per Cent 
Diffaranc:a 

284.8 
165.2 
895.1 
773.2 

1598.2 
200.0 
1114.7 

674.3 
419.5 

282.5 
163.5 
935.9 
767.2 

1561.5 
2025.6 
1139.J. 
667.7 
419.4 

-o.a 
-1.0 

4.6 
-0.1 
-2.3 
-0.9 
2.2 

-1.0 
o.o 

1.007ll+04 5eutrona/c:a•2 
6. 445£+00 MeV 
2.254£-05 llad 
1.337£-04 rea 
5.933 ra~rad 

68.000 
0.015 

flu•nc:e haliua drift chamber 
n,'ca"2jHeV hit•/ca·2 hita111·2 
7.605£+09 9.611£+03 5.250£+01 
1.261£+09 5.681£+03 O.OOOE+OO 
1.051£+09 6,691£+03 0.000£+00 
1.1192£+07 1.565£+02 0.000£+00 
9.8531!+06 1.392£+02 0.000£+00 
1.&15E+O& 3.364£+01 O.OOOE+OO 
3.1311!+05 1.174E+01 1.&52E+02 
1.3341!+05 5.97511:+00 1.215£+02 
C.115£+04 4.462E+OO 1.315£+02 
4.117£+04 3.934£+00 1.611£+02 
3.215£+04 4.596£+00 2.864£+02 
2.458£+04 5.011E+OO 4.537£+02 
2.224£+04 &.57tE+OO 1.616£+02 
2.049£+04 1.818£+00 1.680!!+03 
1.927£+04 1.201£+01 3.347£+03 
1.801£+04 1.HllE+Ol 5.318£+03 
1.72011:+04 2.212£+01 9.371£+03 
l.605E+o4- 3;1ooz+o1 1.5i7z+64 
1.0HE+04 2.1165£+01 1.636!!+04 
3.687E+o3 1.453£+01 8,8411£+03 
5.197£+02 1.101£+00 1.436£+03 

.,,~ 
t~T• 

o"t ~ 
clue "'le 

22 1.87l&f.00 1.411£+02 1.136£+02 3 ;·ust+oo- -4~797E+Ol 
?"le v'""t t~ ~ \\ 23 3.679£+00 1.501£+02 5.711£+01 3.368£+00 3.241£+02 

24 7.408£+00 2.900£+02 5.555£+01 8.871£-01 3.132£+02 
25 1.492£+01 4.106£+02 4.572£+01 1.037£+00 3,633E+02 
26 2.581£+01 2.570£+02 1.310£+01 4.057£-01 1.110£+02 
27 4.465£+01 2.141£+02 6.328E+o0 2.576£-01 4.'35£+01 
28 7.725£+01 1.733£+02 2.951£+00 1.580£-01 3.739&+01 
2' 1.336£+02 1.337£+02 1.316£+00 11.284£-02 1.442£+01 
30 2.312£+02 9.992£+01 5.685£-01 5.273£-02 5.420£+00 

He • 2.321£+04 Heed• 
Counts in H• peak • 2. 316£+04 counts in Heed peak • 
21>• .... la • 1.320£+04 Counts above peak • 
Total nu.ber of hita/11·2 in a DC • 6. 617&+04 
Total nwnber of n,'ca•z in a BC (FERD) • S.111£+02 
Total nwnber of hits in straw 9as • 1.245£+02 
Total nwnber of hits in straw wall • 6.023£+00 

~ttt-
loo~V <. ~ ~Zf'~-' 

ft 

1.001£+04 
t.951t:+03 
S.612£+01 

'J'abl• l. Typical llutna output. All data in this tabla are par 10 000 
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UP':>~ l>-:r ?k(>. Metal only plug 
~ 

DC3 rate - pre-plug 3315 

Manti: Ca.da 
from charged particles 987± ~I 
from neutrons 1125 ~ '~ 
from photons 235 1 IL> 

Sum 2347 

Liquid scintillator and 
BgnDci: as12bc[c:1 min11:1 12Ic-12luc 

charged particles 401 
neutrons 432 
photons 205 
Sum 1038 

\)~" .;t:"r-... ~ ,~ t>).-... Metal only plug 
' ·' 

DC4 rate - pre-plug/2 2542 

Manti: Cida 
from charged particles 215 .t 2:2. .. 

from neutrons 1025~15 
from photons 187 i\Z. 
Sum 1427 

Liquid scintillator and Bonner 
~12hs:r= wi11:u11 120::12lmi l2 

charged particles 409 
neutrons 263 
photons 240 
Sum 912 
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Shielded plug 

772 t~~~ 

339G- ~> 
247l~ 'I.SJ 
137(.r 1.1) 

783(!:3 

158 t 2.5) 
99 ( ;.'/.</) 

lOOl-: 2) 
357/ ~ ~.) 

Shielded plug; 

654 (!-lf~ 

202 ')A~\C 

195~75") 

1101 : 1.1) 
507 '.;.~) 

504 lx \ ,2-J 
48 (+..-.S" 
781.~ ).f) 

630 ~ 1.5) 

( c lu\Ters \ 
'8S"T'' j 

Extra I" W and poly 

545 (-:- L'I) 

242 Ci [.'f) 
70 ( ~ ~.~".) 
94 [_ ~ I·'.>"' 

406 ( :- \.~) 

195 (_xl,2._) 

31 ( :- 3.2.) 
53(-;i..) 

279 (!- \.'b) 

Extra l" W and poly 

624 <?l\~e.) 

114 '~7 {.t) 
55 l .. ~ ?,.5") 

59 l7 [ .C\) 
228 l-7 2) 

263 ~l.'1) 
21 (;. 2.. !, } 

38 l~ 2., l) 

322 (~ Z) 

t . 



Conclusions 

• The expected drift chamber rates from 
CALOR89 calculations and measurements 
usin~ Bonner spheres and liquid 
scintillators generally agree to better 
than a factor of two . 

• The Monte Carlo tends to predict 3-4 
times as many neutrons compared to the 
neutron measurements but the spectral 
shapes are similar . 

• The Monte Carlo accounts for the 
actual drift chamber rates to within a 
factor of two for three very different 
plug configurations. 
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Figure 2. ADC spectrum Crom the Germanium detector from Lhe early part of lite experiment 
when the detector was operated with low gain. With a high discriminator level several lines 
are visible aud ientatively identified; 847 keV 56 Co, 2.22 MeV from neutron capture 011 

hydrogen, 7.65 MeV neutron capture on Hfe, 7.1 MeV neutron capture on Pb. Several liues 
"'" not identified. The inset shows that when the discrimiuator level is lowered there appear 
to be a large number or low-energy events. 
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