
GEM TN-93-299 

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. 
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Presentation by: 

V. Gavrilov 
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• Afbedo ? 

• Ph.o-f.0111 BG? (Pb Sh-ie fd ) 

• A YHf f/tude di)fr-ibu-lion ? 

• FnerJ:; de.fende~c.e..? 

• Set1sltt'vlfy fo pJ..o-fons ? 
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NEUTRON BACKGROUND 

Neutron F/uence at L=20m and R=2m per the SSC year 

• pp-colllslons (1033 @ 20 m): · 2x1012 cm-2 

(can be significantly reduced @ 35 m) 

•Local Beam Loss (Normal Operation): 1x109 cm-2 

•Beam-Gas (cold+10·8 torr In warm): 

around beam pipe: 

5x1010 cm-2 

3.5x1012 cm-2 

........ "''' ........ J ... ,.,_,,....., 

N.Mokhov 
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SEGMENTATION 

PROBIO - 2/ 3/93 13 04 54 
BASIS 
( 0.000000. 0.000000, 
( 0.000000, 1.000000, 
ORIGIN 
( 0.00, 0.00, 
rxTENT = ( 300.00, 

C.11 
0 

1.ooooool 
0.000000 

500.00) 
300.00) 

1111 Jill JI 

'1111 11 

'J-

~ 

I I 
...--

I--

L__J~ oo 

t 
b 

-- Do 
1111 11111 11 I I I 

-~Dill II 11 I 
Q_u.;:\ 0 0 

S\-\ \~L 



llllf 

~ 

~ 

-- --

= 

-

- -~ -

~ ~ 

00 o~ 
00 00 ... 00 ·0 
00 0 

~o 
00 00 

N 00 ,.,0 
0 ..,0 

Z< -o -i5 O> 
0 

"' 00 0 
"'"'0 ,., 00 00 ... ,.., O> 00 •O 

... c ' 00 0 ,,, _, 
"' 00 0 

0 w 00 0 
z- ' 0 

O>O:I: "' o- -0-Ul ... ,.,< 00 o~ 

°'-'"' 00 0 
,~._ 00 . a 
"' - 00 0 51 --11. c ooz ... 
'"'"' -U')OO- :z: 

"' < ai- ·<> w 
"'"' ocnoo- ... 
"'"' ir< "' )( 

" c..m--o~ 



.. ... ·-~ 
':'' 

'· .. 

...... 

rl 
0 
.J 
\ol -

~·. ·. · .. 
.·:. 

·. : ;-, ·: .... ·:-. 

: : .. 
. :: : : . 

·.:·--~·- · .. . .. 
·. · ..... . ... 

.· .. 

:.··-.. 
. '•.: .. . . ·: .... ·. ' . ... .... ·. ·.·· 

·: . -·~ .· ·. ·.· ... :: _._ ~ 
··. :. .. ... . 

: .. · .. 
. .. . ·. : ";·: .:· .. 

. ·.· .. 
. . :· -... 

.· 
... 
··.:· 
·· .. · 

· ... .·. . ' .. 

.. ,:-: '·.·:- ··:. .. . . . .··--. .. {· ... :· :-: ' . 

.··· :·.' . · .. · . .::·· .. -
. ··. 

..····-: . ·-. . ; . 

. ;_·.: ..... : .. ·. 
.... ~- ... : .. ··:· 

.. :-. ·.· . : ·· .. ... -· .. . ..: .· .. -~ 
:. ~ -. ": .· .. .. 

·.· ._ ... 
. : ., 

... 

·· ... ·· ..... 

···: 

., 

.. · . ·: . .. . ~ . . .. 

~;:;,~;~~~~~~-~~-~ .. ~~4~~~''.i; 
• . • . .. ... :~ ... "-~.-.:::;; .. ;.. . . . ··.1:-;J: 

b 
0 
N 

0 
0 
0 

. ::-.·.~ .. ,~;::;i.-r.<.!IO;!·%',.;.:.::t::·.:\·~~:.:: .·:t~ -r: _ i..;;,: • : •. -~:;G': 
.. . ·~·:::.~~~~.-{_;~~ 

· .. 

0 
0 
CX) 

' -~ 

... ;. 

52 

0 
0 
<D 

. . .. .,.::'.: '~::.;.::.!:';~·~::,... 
. .~:.:.:l!k"::.~""": ¥ ~:..{~~-~;::"~ "'v • • .. . 

·' . .. :·· . . . ·. 

0 
0 ... 

· . ,-

0 
0 
N 

. . 

·i 
. I 

l 
i 
~ 
~ 
·{ 
~ 

.{ 

i . . 
• ·\ 
• \ 
•• 
.! 

0 
0 
0 
II) 

0 
0 
0 ... 

0 
0 
0 
r'") 

0 
0 
0 
N 

0 
0 
0 
~ 

0 

0 

0.. 
0 

E 
~ 

u 
0 .... 
Q) 
~ 

.!:: 



0 
0 
N 

.· 

a 
..J 

"" -

.f 

.1 
:I 
•• 

I 
1 ' .. 

8 
0 

0 
0 co 

0 
0 
IO 

53 

0 
0 
v 

0 
0 
N 

0 
0 
0 
L[) 

0 
0 
0 

""" 

0 
0 
0 
I") 

0 
0 
0 
N 

0 
0 
0 

0 

-Cl) 
Q) -



c:n 
~ 

2 

1.5 

1 ~ ~- LI fj_;- ... , _.... '• 
- IJ L 

0.5 

0 

0.75 

0.5 

0.25 

0 

0.8 

0.6 

0.4 

0.2 

0 

-80 -40 0 40 80 

vertex barrel radius 17pt 1 

' 
I 

1, 
I ,,_ -------------- .. _ 
-400 0 400 

barrel dc1 radius 377 

1' 
' , 

- .... -----... L.J _,, ___ .1 ... ~ 

1 L._... _ _,z" ....... , . ,-.1 ... 
-1000 0 1000 

barrel dc3 radius 855 

4 

2 

0 
0 

0.8 

0.6 

0.4 

0.2 
, ... ---...... _ 

0 

10 20 

vertex sides z 50 

' .... , ... ___ , ------
• J 

30 

...... -- ... _ 
J 

J 

-1000 -500 0 500 1000 

barrel dc2 radius 616 

ruos tt 1 t:..Loa-



CJ1 
CJ1 

2 

1.5 

0.5 

0 

0.8 

0.6 

0.4 

0.2 

0 

4 

3 

2 

0 

-"""-..,. __ _ 
&...,..__, 

-..... _ ... -- .......... _, 
,., _____ ... 

1 50 200 250 300 350 

chamber z 566 

~---~t-'~-1--r..,.~-~, ... ,,..--,-----""'-

LI 

400 600 

chamber z 1440 

1 I 
-, 

--·-----·--~ 

1.2 

0.8 

0.4 --""-- ... _____________________ _ 

0
100 200 300 400 500 

0.8 

0.6 

0.4 

0.2 

0 

0.3 

0.2 

0.1 

chamber z 985 

.__. .. - -.,, _..,, ...... -- ,,.._ - ,.---.,.r-""',,.. .,, _____ _,, ... 

250 300 350 400 450 

chamber z 1580 

"~ ..... .,,. .. 11, J" ,. ....... ,_ ...... ,. ..... _,, __ ., .. ,_ .. - ... , 

900 
0 

1000 1000 1200 1400 1600 1800 800 700 

shield radius 72pt9 field shaper theta 8.7 deg 

IJOSt+IELO~ 



c.n 

°' 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

0.28 

0.24 

0.2 

0.16 

0.12 

0.08 

0.04 

0 

-400 0 400 

barrel de 1 radius 377 

• 

•. r•·'l:'_51··· 

.. 

-1000 0 1000 

barrel dc3 radius 855 

0.8 

0.6 

0.4 

0.2 

0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

I 

J1 
0°''3 t-\-1£.LD d-

..... :···•.: .. ·: ... :·······:····~.:·· 

-400 0 400 

barrel de 1 radius 377 

.......•. /····· 

-1000 0 1000 

barrel dc3 radius 855 



c:n 
"'1 

2 

1.5 

1 

0.5 

0 

1 

0.75 

0.5 

0.25 

0 

0.8 

0.6 

0.4 

0.2 

0 

-80 -40 0 40 80 

., 
I 

vertex barrel radius 17pt 1 

... __________ _ _______ .... 

-400 0 400 

barrel dcl radius 377 

,, ....... -.... , u ,,. ...... ---.... -..... ~.,.- t L .J 

----, _,,-..,j 
I 

-1000 0 1000 

barrel dc3 radius 855 

6 

4 

2 

0 
0 

0.8 

0.6 

0.4 ,.----L 

0.2 

0 

10 20 

vertex sides z 50 

'• ', 
--- L..J ,.,. --1 ____ .,. ... -

1. I 

30 

,,--_,, 
·' . 

-1000 -500 0 500 1000 

barrel dc2 radius 616 

c Oyy\._ r C)....\_Q_ 

o...9-JL 

l'\0$ '* IE:-1... D d. 

Qu.A 0S\-\1t.L t - -
)...~ \O"?t~ 

-tt: I CVl'"(l 't 

/ss ~'Te >< ,o,, 



C11 
00 

2 

1.5 - ...... _l 

0.5 

·­--, 
LI-.. ---..... _ ... -----__ 

- .. ___ ,, _ 
0 II I I I I I I I I I I I I I ! ! ! I I I I I I I 

0.8 

0.6 

0.4 

0.2 

0 

4 

3 

2 

0 

1 50 200 250 300 350 

chamber z 566 

---~--~---~-----------.;-----

400 600 

chamber z 1440 

-, 
,"'--...... ~ 

-'"----~ 

1.2 

0.8 

0.4 

0
100 

L •, 
--- L --... _-. - ... 1 ---- ... ._ - ... - .. - - -- -

200 300 400 500 

chamber z 985 

0.8 

0.6 

0.4 

0.2 - ... r - ---- .,_ -- - .I"'- -- - ... ..,;._ ___ -.,,..._- ...... _, 

0 Cl I I I I I I I I I I I I I I I I I I I I I I 11 

250 300 350 400 450 

chamber z 1580 

0.3 

0.2 
• I • 

-. .,, ----....... ,, ---·---.-. .,,,_.,_, 0.1 

0 
700 800 900 1000 1000 1200 1400 1600 1800 

shield radius 72pl9 field shaper theta 8. 7 deg 

c. <YVV'- \' ~. 
Q._Sl.J] 

'I\= 'i\:LLQ d '; 
~o.__d ~w 

- - - -



1.2 

0.8 

0.4 

0 
-80 -40 0 40 80 

vertex barrel radius 17pt 1 

4 

3 

" 2 .. -. __ ..... -:1 ~1_;--i_,~ ....... ~ .. ·~~·-.. -,. 
ll ... ,. ,, 

,, ' . ' 1 

0 
-400 0 400 

barrel dc1 radius 377 

4 

2 -. 
L .... ' "'4., __ ,, __ ... 

0 
-1000 0 1000 

barrel dc3 radius 855 

1.2 

0.8 

0.4 

0 
0 

3 

2 
·--.. -- · --

1 

0 

10 20 

vertex sides z 50 

, .. .. 
, . . ' -: -,~-

-1000 -500 0 500 

barrel dc2 radius 515 

59 

30 

1000 



2 

1.5 

1 

0.5 

0 

4 

2 

0 

1.2 

0.8 

0.4 

0 

- .. ·---'"•'"l1":..1 

b-~r-__ -,.-.. "'"-: ... "ll ____ .. - .. _.-.. __ .. - -- .... -.. -

150 200 250 300 350 

chamber z 566 

__ , .. _,,1 •_-

' - ' _,_ .. - ..... r .... -- 11 

. ---· " -- -...... -

400 

--- --

600 

chamber z 1440 

--- .. , .... --

700 800 900 

shield radius 72pt9 

1000 

60 

~(.\-c:!..,\O e.._~ 

-- - "> \00 'e.'C..\J 

2 

- __ -- ... --···------_-_,,_--,.--
_ .. 111 .. -

1 

0 
100 

4 

200 300 400 

chamber z 985 

~: .. -.. ··~~I-.. - .-- '-· 
11 ..... : • .:

11

~·--
2 

0 

500 

250 300 350 400 450 

chamber z 1580 

0
1000 1200 1400 1600 1800 

field shaper theta 8. 7 deg 



0.0005 

0.0004 

0.0003 

0.0002 

0.0001 

o.ooool__J__1_0_.l.-...d{..~~1~of_::=:::::::=1~0J_~-'---'--1-o~~ 
2.4736628E-{bl.4428120E-03 l.4811922E ·03l.3750455E-O!> 

0.0003----------'---~-~--~ 

0.0002 

r 
0.0001 

o.00001-..-'--1-o·..1,....~c.__._:1~0~-~...L.---'-1-o~-~-'---'--1-o~!ll.l.,j 

Tot<11l• B.Q644821E-04 l.OQBQ254E-03 1.1766985E-03 

61 



I 

....= 0.000020 

:> 

"' ,_ 
.,., 0.000015 
I-) 

~\ vj~ 
-ol-o~ 0.000010 ,., 
\.J ~ 

cJ 
- 0.000005 

~ 

UOl..U..M £ U ~~Tl2of..J 

~LU.t. 

} 
j 

. . 
.. .. 

t 

o. oo o o o o L---'--
1
-
0 

_J,.9,---'---=1""0~-,,,---'--'--
10
--""3-"'----'--

10
-'roc="'"-'M. -e. \J 

Total• 3.6236650E-04, 4.4343324E-04, 3.9463912E-04 

0 . 
I-
~ 0.00010 

f-
; 0.00008 

":> 

2 Jc.)~ 0.00006 , .,,_ 
w 'E o.00004 

ti -0.00002 

.. . . . . 

u e 1... u. M. ~ u t...u 1" ct o fol 

f- l.I> ~ 

Q.U.A Os ~\f...I.. 0 

-- -
6W~ 

"2. . 'i"il 

.. 
: . 

0. 00000 L_..__1 o __ J,.....__._ _ _,__1_0 _.J,.6~....:i~;:1:::0 _~::_..-...._::::::1oi.J;O~}..j 

1.7789785E-03 6.3941162E-04 3.164719LE-04 2.7190172E ·04 
- . . . 

62 

- - - -
4 .lots ::J! - .. 

5 .o'-



0.00003 

0.00002 

0.00001 

... 
~ 

I 

r .. , ··1 
! . 

r 1 

I I 
[. i 

0. 0 0 0 0 0 '---'--'--'-'-'-1.u.Ou,._ ~'-""""-'-u.10.L.U·~l --'--'-L..J...J..1.u.04.---'--'--'--'-'-'-1.L.UO l!---l 

Tota 1- 1.5876081E-04 1.90029BBE-04 2.0968712E-04 
ew 1 ~1.t.>1. ta w3 

• • • -- -

0.00005 ! 
>· 

..., 
0.00004 

.. 
0.00002 

.. 

0. 00000 '---'--.L...1..JL...L.l..L ........ _._ __ u....u..w,...~-'-'U-1..l"-'i<----'-'-.J..J..lu..Lll,___i 
10· 10- 10 10 

3.8906489E-04 :2.B239B6BE-04 :2.905Bl23E-04 :2.7235126E·04 

F-w 1 Fw1- Fw3 f=:w<./ 

• • • • -·---
63 



0 

1-· 
:; 

"' 

0.000008 

,_ 0.000006 
UI 
t) 
j ... 
0 0.000004 -,., r 
~ 0.000002 -

IJGC..U.M£... ?t-\eTCIU E=Ll.A..~ 
:·: ~('C."'("'·~) ... -. . 

· ~: Q.1..\.A O 
S \-\ l'i. L 0 

... . .·. 

... 
0. 0 0 0 0 0 0 '---'--L-..1...J"";';!-:1?--'-LL...l.."-';':;':';-~-'-'...LI...14--'--'--w...l=l-~ 

10· 10-1 ioO iol Mc\J 
Tot<:1l• 4.3555010E-05 4.8381084E-05 4.179529BE-05 -

i3 u.> I 

3 _r..;. 

0.00004 ~02..W fl\ e O . 
...... 
:> 
"' 
';; 0.00003 
I') 
:) 
.... 
0 2 - 0.00002 

. . . - - -
1'?> ........, '). 13W 3 

3. Cj .5" 0 .,_ 

C..\"\AM3S:~ uo1.. u fl.{ £.. 

t't\O,.OIU FLV."' 
, ~ f'O"ft'\ ( (\ ,"(} 

..,, "! 
- 0.00001 

..... ·. . . 
~ • • . . ... ·- -

o.oooooL .................... ~~~~....i,._..:;:~~¢~Xi....ki.4-.J 
10· 10-1 io 101 r--i~v 

2.1959380E-04 7.4150215E-05 4.0895025E-05 3.5575451E-05 

z-: St.<. -..- °' ~ ~ ~ '"""'o c.- 1'S'~ o _._ - -- • . • • lccuc t" 

~f'te"" ~.....,) '2. F..._.~ ~ \.&.) '\ 
;:uJ\ 

I."\, 
3 .5'-\ 64 -, . I 7. c,o{ 



• \I) LO 
0-,.. 

• o . 
c 

7 0 

In ...... 
.µ 

\/l (.) 
::> 

~ 
-0 

II ~ Q) 

L 

.r> VJ c 
:2 2. 0 

0 L 
0 ~ .µ 
I- (- ::> 
0 ~ Q) 

:t:. w z 
a.. 2 

(I) 
~ > 

-7 
(Y) c • 0 

...... 
.µ 
(.) 

::> 
-0 

• Q) 
• L 

c 
• 0 

.µ 
0 

[\J ..c. 
Cl.. 

• 

co [\J 

65 



2/2J/9J 11 28 25 
GEM SIMULATION 4 JB 

UNSHIELDED QUAD UNSHIELDED 
FCAL REAL BEAIM'IPE 

PROBID - 2/2J/9J II 1J 48 
BASIS 
< 0.000000, o.oooDoo, 1.ooooool 
( 0.000000, 1.000000, 0.000000 
ORIGIN 
( o.oo, 0.00, 0.00) 
EXTENT = ( 700.00, 700.00) 
POSSIBLE CAUSES OF DOTTED LINES 

ERRORS IN THE GEOMETRY. 
COOKIE-CUTTER CELL IN THE SOURCE. 
A PROBLEM PLANE COINCIDENT WITH 

THE PLOT PLANE. 
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er cryostat wall: 
uminum 5083, density - 2.66 g/cc) 
.ius - 12 . 0 to 12 . 9 cm 

221.4 cm to 230.0 cm .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 cm to 270.0 cm .4788 +/- .076 
270.0 cm to 280.0 cm .4828 +/- .075 

:es: I missed the region from z - 200.0 to 221.4 in this calculation, 
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: 
a2, density - 1.032 g/cc) 
jius - 12.9 cm to 18.8 cm 
= 202.0 cm to 210.0 cm .9164 +/- .137 

210.0 cm to 220.0 cm 1.0943 +/- .257 
220.0 cm to 230.0 cm 1.3339 +/- .274 
230.0 cm to 240.0 cm 1.6627 +/- .267 
240.0 cm to 250.0 cm 1.7289 +/- .3 
250.0 cm to 260.0 cm l.7007 +/- .253 
260.0 cm to 270.0 cm l.6808 +/- .249 
270.0 cm to 280.0 cm l.4432 +/- .355 

tes: Latest radial figures are 14.7 cm to 19.7 cm. I am also informed 
by designers that this will be vacuum. 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: 

.l 5083, density - 2.66 g/cc) 

.dius - 18 .8 cm to 20.0 cm 
- 206.0 cm to 210.0 cm .2359 +/- .045 

·210.0 cm to 220.0 cm .2788 +l- .045 
220.0 cm to 230.0 cm .3318 +/- .047 
230.0 cm to 240.0 cm .3823 +/- .069 
240.0 cm to 250.0 cm .3941 +/- .061 
250.0 cm to 260.0 cm .4056 +/- .065 
260.0 cm to 270.0 cm .3851 +!- .069 
270.0 cm to 280.0 cm .3877 +/- .078 

ltes: Latest radial figures are 19. 7 cm to 22.5 cm. 

69 



2/ 3/93 13 21 34 
GEM SIMULATION FINE 

SEGMENTATION 
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February 24, 1993 

Y. F;{yak 
,. 
' • 

Hit rates in GE~tl track systems 

Simulation conditions 

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

• Cutoff for neutrons: Ekin = 10- 11 GeV = 0.01 eV, 

•Cutoff for 1's: 100 keV, 

• Ge01netry: GEM base line 2 design (GEM-TN-92-231) 

- GEM experin1ental hall 

- No. of absorbtion lengths in the calorimeter system 

- Description of detector elements in Central track and Muon systems 

• Statistics : 20 DTU events 
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GEXW: Marble 

MGHE: Helium 
I 
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I 
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.MEMB: Thick Iron 

i 
I 
I 
I 

MBDH: Nomex for CSC 

iMBAP: Air 

I 0 

CS2P: Cu/Scintillator/PolB 

B3HC: Kr /Pb mixture for HD 

B2HC: Kr /Pb mixture for HD 

BACC: Kr/Pb mixture for EM 

C6HD: Ar /Cu mixture for HD 

CACC: Ar /Pb mixture for EM 

C4HD: Ar /Cu mixt. for Co rs 

PASS: Copper 

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

CFHD: W /Sci spaghetti mix 

FEAK: Marble 

/QSHL: Marble 

QCOL: hick Iron OUR 1 : Thick Iron 

FDC: Silicon Detector 

PBH2: Graph.Epoxy Sup. Cyl 

PBl2: Borated Polyethylen y 

L. 
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No. of absorbtion lengths in GEM calorimeter 
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Neutron and '"'f fluxes 
_/ ,. 

' t 

• Neutron fl.u.xes in GEN! e::-..-perimental hall, Central trad.:er'1\'Iuon sys-
tezn , 

• I fl.u.x in G ElVI 

• -y to neutron fl.u.x ratio 

• Neutron production region definition. Neutrons produced in the region 
are tagged together with all their "descendants " 

• "Tagged" neutron fiu.xes 

• "( fiu.xes from "tagged" neutrons 

• Neutron energy distribution at each step. 
Thermal peak at 1-10 eV ? 

• 'Y energy distribution. 
Cut at 100 keV? 

ii 

86 



Flux of neutrons with Ekin > 1 eV in 1 O" (cm-2 s-1
) 
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y /neutron ratio (linear scale) 
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Region definition 
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Neutron energy spectra 
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Hit rates 
' . 

' 
• 

;/ /.. ' Table 1: Hit rates i 

SVTB SVTD PA.DB PA.DC rvIBAR lVIBAR 
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 e+ 5.7 5.8 7.6 13.1 15.6 11.8 
from e- 6.8 9.4 14.4 18.7 -- 0 I I. 61.0 
from 7r± 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 lVIuon barrel)can be estimated by the 
following way: 

• The average flu.'< of neutron in muon barrel: 4 x 104crn-2.s-1 

• The total sensitive area : 1.2 x 108crn2 

• Total number neutron crossing muon barrel chamber per bunch : 
(1.2x 108crn2) x ( 4x 104crn-2.s-1 )/(108b-unch/.s) · 4.8xl04neutron/bunch 

• Sensitivity : 
hit/neutron= 1317/20 / (4.8 x 104neutron/b-unch) = 1.4 x 10-3 
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Diwan Modifications - Escapes out End at Z = 690 cm 
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We have performed in depth simulation studies of the neutron, photon and 
barged particle fluxes in GEM, and the resultant doses and radioactivation of 
11 rilajor subsystems and neighboring accelerator components1 as an integral 
art of the detector design process. As a result of·these studies, we have been 
ble to develop a shielding and collimator configuration, and an overall layout 
f the experiment that will ensure that the detector will be able to operate 
ith its design performance, over a period of not less than 10 years of running 
t the standard luminosity of 10A33 cmA-2 secA-l (see Sections 5.x.y, 6.a.b, 
nd 7.v.w). This configuration also will allow the detector to function 
fficiently, according to its specifications, for several years at high 
uminosity (10A34 cmA-2 secA-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: 

o The charged particle, neutron and photon fluxes, and the hit 
rates generated in the inner tracker and the muon spectrometer. 
The singles rates, trigger rates and data flow have been kept 
within the design limits of the data acquisition system 
(Section 7.e.f). The occupancy in the inner 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. 

o 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: 
10Al4 n/cmA2 for Silicon detectors, lOAX Rads for the forward 
calorimeter readout, lOAY Rads for standard cables; lOAZ Rads 
and lOAW Joules of thermal energy dissipated in the nearest minibeta 
quadrupole. 

o Radioactivation of the inner and forward parts of the detector, 
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