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Abstract: 

Agenda, attendees, and presentations of the GEM Neutron Task 
Force Meeting held at the SSC Laboratory on April 28, 1993. 
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Discussion Agenda: 

1) Yuri Fisyak's hit rate study. 

2) Los Alamos studies: 

a) Neutron, photon fluxes 

b) Activation calculation 

3) Central tracker discrepancy. 

4) FCAL shielding optimization. 

5) Critical details of shielding: Barite, Albedo trap, thickness around quads. 

6) Beam gas pretty pictures. 

7) SSC report from Chapter 12. 

8) Discrete ordinate calculations. 



Reminder: Neutron Task force meeting is to be held on 
April 28th in the Morning. I will send out an 
agenda when we are closer to the meeting date. 

Please send me requests for time if you would like to show some new 
results. 

======================================================================= 

The TDR Chapter on the radiation environment is complete except for a few 
details. It has gone through several readings and consistency checks 
with the rest of the TOR. The consensus is that we have done an 
excellent and comprehensive job without leaving any obvious gaps. 

We do need to finish some studies, recheck some calculations, and gain 
more detailed understanding of some processes. In the following I have 
tried to categorize what we need to finish by the PAC meeting. 

1) Yuri Fisyak is going to compute hit rates in the entire detector 
with his simulation pogram. He has to start soon to get sufficient statistics 
by the end of May. The question is: are there any changes to the shielding 
geometry between now and the PAC meeting that he should include in his 
simulation. My personal feeling is that the design in the TDR should be 
used for three reasons: 1) The design in the TDR has been proven to be 
good enough for high luminosity. 2) The hit rates calculated in the 
TDR need to be checked with his simulation. 3) I doubt if we have 
enough time between now and the end of May to come up with a significantly 
improved design. Hopefully Yuri will complete his calculations and produce 
a GEM-TN with neutron, photon fluxes, and the resulting hit rates from his 
simulation. 

2) The Los Alamos effort needs to be completed. This has two parts: 

a) Complete description of the neutron and photon fluxes. 
b) Complete calculation of activation. 

Again I feel that Los Alamos should continue with the TDR design and 
produce two GEM-TNs addressing each of the above. 

3) The discrepancy between Los Alamos calculations and the GEANT-CALOR 
calculations in the central tracker needs to be understood. And more 
importantly, the various effects in the tracker due to changes of material 
need to understood. I suggest breaking up the problem into 
simpler problems: 1) Number and energy spectrum of albedo neutrons from 
single particles impinging on the calorimeter, with and without the 
polyethylene in the front. 2) History of single neutrons bouncing around 
in the cavity. 

There is considerable conceptual information about the 
central cavity in the Groom report. It needs to be applied to our 
specific geometry to understand differences at the level of a 
factor of two, and make specific recommendations about 1) the hydrogen 
content in the EM calorimeter, 2) thickness of the polyethylene. 
This is an important topic because the polyethylene is limiting the 
EM resolution (and thus the Higgs sensitivity) of our calorimeter. 

4) Brent Moore has studied the forward calorimeter shielding in some detail. 
He has varied the Barium and hydrogen content of the shielding, and 
categorized the particle fluxes. This effort should be completed 
over the next month and a GEM-TN produced with specific recommendations 
to the forward calorimeter group. · 



5) Certain critical details of our shielding need to be understood: 
1) How important is the Barium? 2) How important is the thickness 
in front of the collimator and behind the collimator? 3) How important 
are the albedo traps ? 

Brent's work shows that the barium helps because (it has a high 
atomic number) it has subtantial cross sections 
for {n,n'), (n,2n), and (n,3n) processes and is effective in degrading 
neutrons fast. But the difference between barium and iron is not large. 
The most effective part of the shield appears to be the hydrogen combined 
with the boron. 

The other two issues for the collimator have not 
been addressed in detail yet. It is important to answer these because the 
accelerator group has jumped in this game (I have started attending 
another set of interminable meetings) to determine the increased load on the 
floor of the GEM hall. The cost of this shielding, which no one wants to pay 
for, is also important. 

6) We should like to make some pretty pictures of the 
beam gas rate using the GEANT-CALOR program. This is not very high on the 
list because I believe the rates are now well understood from Nicolai's 
work. But we should make sure there are no surprises. 

7) There is considerable interest in our radiation work outside the 
GEM group. I intend to turn our Chapter into an SSC report. During that 
process we may want to change a few things; perhaps add some new results. 

8) What can the Los Alamos finite element guys do for us ? 

If I have omitted any items from this menu please tell me; I would like to 
focus the discussion during the April 28th meeting on these items. 

Regards, 
Mil ind 

, 
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Co 56 0.0 O.O 0.0 0.0 0.0 0.0 a.O 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 
Co 57 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.4 0.4 0.5 0.8 1.1 
co 58 o.o o.o a.o o.o a.o o.o a.o o.o o.o 0.1 0.3 0.5 0.6 0.1 0.1 0.8 o.8 0.9 1.1 1.5 1.7 1.6 1.6 t.6 1.4 
co 5e• a.a o.o o.o 0.1 0.3 a.s o.9 o.9 0.8 o.8 o.6 o.6 0.1 o.8 o.8 0.8 0.8 a.6 0.2 o.o o.o o.o o.o o.o a.a 
cu 62 a.a 0.1 0.1 o.4 a.4 a.4 o.3 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.1 o.a o.o a.a a.a o.a a.o o.o a.o o.o a.a 
Cu 64 0.0 0.0 0.1 0.2 0.6 1.0 1.9 2.1 1.9 1.9 1.5 1.4 1.7 1.8 1.9 1.9 1.9 1.6 0.6 0.1 0.0 0.0 0,0 0.0 O.a 
Cu 66 0.0 a.2 0.9 0.9 a.9 0.8 a.6 0.5 0.4 0.4 0.3 0.3 0.4 a.4 0.1 0.0 0.0 0.0 0.0 0.0 a.O O.a a.a a.O 0.0 
Lu165 a.a o.o 0.1 a.1 a.1 a.1 a.1 0.1 0.1 0.1 o.o o.o a.1 0.1 a.o o.o a.o a.o o.a o.o a.o a.a a.o o.o a.a 
Lu166 0.0 0.1 0.1 a.1 0.1 a.1 0,1 0.1 0,1 a.1 O.a 0.0 O.a 0.0 a.O 0.0 0.0 0.0 a.a a.O 0.0 0.0 O.a O.a a.a 
Lul67 0.0 0.0 0.0 0.1 0.1 a.1 0.1 0.1 a.1 a.1 a.O 0.0 a.1 a.1 0.1 a.O a.o 0.0 0.0 0.0 a,o O.a a.a O.a a.a 
Lu168 a.a 0.0 0.2 a.2 0.1 a.1 0.1 0.1 a.1 0.1 a.1 a.1 0.1 a.1 0.0 0.0 a.O a.O a.J a.O a.O O.a O.a 0.0 0.0 
Lul69 a.o o.a a.a o.o a.o a.o 0.1 0.1 a.1 a.1 a.1 0.1 0.1 a.1 a.1 0.1 0.1 a.1 a.1 a.a o.o o.a a.o o.a a.o 
tu111 o.o o.o a.a o.a o.o a.o o.o o.a o.a a.1 a.1 0.1 0.1 a.1 a.1 a.1 a.1 0.1 a.1 a.1 0.1 0.1 o.o o.o o.o 
Lu173 0.0 0.0 0.0 a.O 0.0 a.O 0.0 0.0 a.O 0.0 O.O 0.0 0.0 0.0 0.0 0.0 0.0 a.a a.O 0.1 a.l a.l 0.1 a.2 0.3 
Hf166 0.0 0.0 0.1 0.1 0.1 0.1 
Hfl67 0.0 0.1 0.1 0.1 0.1 0.1 
Ht16B a.o a.a 0.1 0.2 0.2 a.2 
Hf169 a.a a.l 0.2 0.2 0.2 a.2 
ut110 a.o a.o o.o a.a o.a a.1 
Hfl71 O.a O.a 0.0 o.a o.a 0.1 
llf172 a.a o.a o.o a.a o.a a.o 
Hfl73 a.a o.o a.o a.a a.a a.a 
ur11s a.a o.a a.a o.a a.a o.o 
11c1e1 a.a o.o o.o a.a o.a o.o 
Tal69 O.a 0.0 0.2 0.2 0.2 0.1 
Ta17a O.a 0.1 0.3 0.3 a.3 0.2 
Ta171 a.a o.a a.2 0.4 0.4 0.4 
Ta172 O.a a.O 0.1 0.3 0.4 0.4 
Tal73 a.a a.a a.a 0.1 o.3 0.4 
Ta174 0.0 a.O a.I a.3 0.5 0.5 
Ta175 o.o a.o a.a 0.1 0.1 0.2 
Ta176 O.O a.a O.a 0.1 0.2 O.J 
Ta177 0.0 0.0 0,0 a.a a.a O.a 
Tal78 0.0 0.2 0.8 1.1 l.a 0.9 
Tal79 0.0 0.0 0.0 0.0 O.a 0.0 
Ta182 0.0 0.0 0.0 0.0 O.a 0.0 
Tal83 0.0 0.0 0.0 a.a O.a a.a 
Ta184 O.a 0.0 0.0 a.a 0.1 0.2 
Tal85 0.0 a.o a.2 0.4 0.6 0.5 
w 172 a.a 0.0 0.1 0.2 0.2 0.1 
w 173 a.o a.a a.2 a.2 0.2 a.2 
w 174 0.0 0.0 0.2 0.4 0.5 0.4 
w 175 a.o 0.0 a.2 a.5 0.6 0.6 
w 176 o.o a.o 0.1 a.4 0,7 a.9 
w 177 o.o o.o 0.2 a.5 1.0 1.2 
w 178 o.o a.a o.o a.a o.o a.o 
w 179 o.o 0.2 1.5 3.4 4.4 4.2 
w 181 o.o o.a 0.0 o.a o.a a.o 
w 183~ 99.2 95.8 86.3 79.0 71.2 65.1 

0.1 0.1 
0.1 0.1 
a.1 0.1 
0.1 0.1 
0.1 0.1 
0.1 a.1 
o.a o.o 
0.1 a.1 
o.o o.o 
o.o o.o 
a.1 0.1 
0.2 0.2 
0.3 0.3 
0.3 0.2 
0.4 0.4 
0.4 0.3 
0.4 0.5 
0.4 o., 
0.1 0.2 
0.7 0.6 
o.o o.o 
o .. o 0.0 
0.1 0.2 
0.3 a.3 
0.4 0.4 
0.1 0.1 
a.2 0.1 
0.3 0.3 
o.• o.• 
0.9 a.7 
1.1 0.9 
0.1 0.1 
l. 2 2. 7 
0.1 a.1 

49.4 42.3 

0.1 0.1 
0.1 0.1 
0.1 0.1 
0.1 0.1 
0.1 0.1 
0.1 0.1 
o.o a.a 
a.1 0.1 
a.o o.o 
o.o o.o 
0.1 0.1 
0.1 0.1 
0.2 0.2 
0.2 0.2 
0.3 0.3 
0.3 0.3 
0.4 0.4 
a.4 a.4 
0.3 a.3 
0.5 0.5 
o.o o.o 
0.0 a.a 
a.4 0.5 
0.3 0.2 
a.3 0.3 
0.1 0.1 
a.1 0.1 
0.2 0.2 
a.3 0.3 
0.6 0.6 
a.8 0.8 
a.3 0.6 
2.3 2.2 
a.J 0.6 

36.3 34.8 

o.o 
o.o 
0.1 
0.1 
0.1 
0.1 
o.o 
O.J 
0.2 
o.o 
0.1 
0.1 
0.2 
0.2 
o.J 
0.2 
o.6 
0.8 
0.9 
l.. 
0.1 
0.1 
O.> 
0.2 
0.2 
0.1 
0.1 
0.2 
0.2 
O.> 
0.6 
1.2 
1.8 
1.8 

28.3 

o.o 
o.o 
0.1 
0.1 
0.1 
0.1 
o.o 
0.1 
O.l 
o.o 
0.1 
0.1 
0.2 
O.l 
0.2 
0.2 
O.l 
o. 7 
0.8 
1-> 
0.2 
0.2 

o.• 
0.2 
0.2 
0.1 
0.1 
0.2 
0.2 
o.• 
0.6 
1.2 
1.6 
2.7 

25.4 

o.o a.o o.o o.o o.o o.o 0,0 
0.0 a.o 0.0 o.a a.o a.o 0.0 
0.1 a.1 a.1 a.o a.o a.a o.o 
0.1 a.1 a.a a.a a.a a.a a.a 
0.1 a.1 0.1 a.1 a.l a.1 0.1 
0.1 a.1 a.1 a.1 a.1 a.1 o.o 
o.o a.a o.o a.a a.o a.a o.o 
0.1 a.t 0,1 0.1 a.l a.1 0.1 
0.4 0.4 a.4 a.4 a.4 a.s 0.6 

o.o o.o o.o o.o 
a.a a.a a.a o.o 
a.a a.o a.a 0.0 
a.a o.a a.o o.o 
a.a a.a a.a o.o 
a.o a.a a.o o.o 
a.a a.o a.a 0.1 
a.a a.o a.a o.o 
a.8 a.9 a.9 0.9 

a.o o.a 
a.a o.a 
o.o o.a 
a.a o.a 
a.o o.o 
a.a o.o 
a.1 0.2 
a.o o.o 
a.9 o.8 

a.o o.o o.a a.o a.1 a.1 0.1 0.1 0.1 0.1 
a.1 a.1 0.0 a.o 0.0 a.o 0.0 a.a o.a o.a 
0.1 a.1 o.o o.a a.o a.a 0.0 a.a o.o a.o 
a.2 0.2 0.2 a.1 a.o o.a o.o a.a o.o o.o 
a.2 a.2 a.2 a.1 0.1 0.0 0.0 a.o 0.0 o.a 
a.J O.J 0.3 a.3 0.3 a.1 0.0 0.0 0.0 a.O 
0.2 0.3 0.2 a.2 0.2 o.a 0.0 a.o o.o a.a 
a.4 0.4 0.4 a.4 0.4 0.3 0.1 0.0 0.0 0.0 
0.9 1.0 1.0 1.0 1.0 0.7 0.2 0.0 o.o 0.0 
1.a 1.1 1.1 1.2 1.2 1.3 1.3 1.0 0.4 o.a 
1.9 1.9 1.0 a.2 a.o o.o o.o o.o o.o 2.7 
o.J o.J o.J o.J o.J o.t o;s 0.1 o.e o.s 
a.3 a.3 0.3 a.J a.3 0.4 a.5 0.6 0.7 0.7 
0.5 0.6 0.6 a.6 0.6 0.7 0.8 0.8 0.6 0.2 
a.2 0.2 0.2 O.l 0.2 0.2 0.1 0.0 0.0 0.0 
a.3 0.3 0.3 a.2 0.1 a.a a.o o.o o.o 0.0 
a.1 0.1 o.o o.a a.a 0.0 0.0 0.0 0.0 a.o 
a.1 a.1 o.o a.o a.o a.a o.o o.o o.o o.o 
a.2 0.2 0.2 0.1 0.1 a.o o.~ o.o o.o o.o 
o.J o.3 a.2 0.2 a.1 o.o o.~ a.o o.o o.a 
0.5 0.6 a.6 a.6 0.5 0.1 o.o o.o o.o o.a 
0.7 0.8 0.8 a.7 a.6 0.1 o.a 0.0 0.0 a.o 
1.5 1.6 1.7 1.7 1.8 2.0 2.4 3.2 3.3 2.7 
2.0 2.2 1.9 1.4 a.8 a.o o.o o.o o.o o.o 
3.3 3.6 3.8 3.9 4.0 4.5 5.7 7.8 e g g 1 
8.3 a.a a.a o.o a.o a.o 0.0 a.o 0.0 a.o 

0.1 a.a o.o 
a.o o.o a.a 
a.o 0.0 0.0 
a.a a.a a.o 
a.o a.o a.a 
a.a 0.0 a.a 
a.a o.a a.o 
a.a 0.0 a.o 
a.o o.a a.o 
a.o a.o a.o 
1.a a.o a.a 
1.2 2.a J.1 
a.9 1.0 1.2 
a.a a.a o.a 
a.a o.o a.a 
0.0 o.a a.o 
a.o 0.0 a.a 
a.o a.o a.a 
0.0 o.o a.a 
o.a 0.0 0.0 
a.a 0.0 0.0 
a.a a.o o.a 
1.a 0.2 0.1 
a.o a.a o.o 

lQ.JL u.2_1s.L 
0.0 a.a a.a 



c,; 
~ "' , 

' 

w 165 0.0 o.o o.o o.o 0.1 0.2 0.7 1.1 3.4 6.2 17.8 24.7 30.4 33.4 34.9 36.1 37.0 41.2 52.0 70.6 80.1 79.5 8a.9 79.3 75.5 
w 185* a.3 1.1 3.1 2.9 2.6 2.4 1.8 1.5 1.3 1.3 1.0 o.9 1.1 o.8 a.a o.o o.o a.a o.o o.o a.o o.o o.o o.o o.o 

Percent of Total 

Irradiation Ti111e Cooling Time 

nucl 10 s E2 s E3 s 1 h 3 h 6 h 1 d 2 d 1 d 14 d 60 d Et7s 10 s 1 a 10 m 30 m 1 h 6 h 1 d 3 d 1 d 15 d 6a d 120d 180d 

w 187 o.o """"Q.1 ---0-:S 2-:7 7.0 12.3 29.2 37.4 42.f 40.9 33.4 29.9 36.9 40,5 42.1 43.1 43.6 
Re179 0.0 0.0 a.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.0 
Rel60 0.0 0.1 0.1 0.1 0.1 a.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
all 779 

42.1 31.7 10.9 0.8 0.0 o.o 0.0 0.0 
o.a o.o o.o 0.0 0.0 o.o 0.0 o.o 
o.o o.o o.o o.o o.o o.o a.a o.o 

others a.3 1.0 2.8 3.6 3.9 3.9 ).4 3.1 2.9 2.9 2.S 2.3 2.7 2.8 2.2 1.9 1.7 1.3 1.1 1.1 a.8 a.6 0.4 0.4 0.4 

-1100100~1~100100~-~100-=~--100 
1 

100 100 100 100 100 100 100 1ao 100 

Major Nllclide Cohtributors to Dec8y ~ower ln F~ard ~alorimeter, Region 4 
of the GEM Detector for the SBC with l.E+DB DTUJET Minimum Bias Events/sec 

for 1E7s (-116d) Calculated with CINDER'90 using April '93 Libraries, 
Spallation Product Yields from SUPERHET, and Neutron Fluxes from HMCNP 

Percent of Total 

Irradiation Time cooling Time 

nucl 10 s E2 s E3 s 1 h 3 h 6 h 1 d 2 d 7 d 14 d 60 d E+7s 10 s 1 m 10 m 30 m 1 h 6 h 1 d 3 d 7 d 15 d 60 d 120d lBOd 

Cl )8 
Cl 39 
Cl 40 
Ar 41 
v 48 
Mn 52 
Mn 54 
Fe 53 
Co 56 
Co 57 
Co 58 
Co 6a 
Co 62 
Co 63 
Ni 57 
cu 61 
cu 62 
cu 64 
Cu 66 
As 73 
As 74 
Br 77 
Rb 82 
y 88 
Agl04 
Agl05 
Agl06 
Sbll4 
Sb116 
I 120 
I 122 
Cs124 
Csl26 
Bal27 
La129 
I.a130 
Prll6 
Pm139 

a.o a.a 0.1 0.2 0.2 0.2 0.1 
o.a a.a 0.2 o.4 a.6 o.6 0.4 
o.o 0.1 0.2 0.2 0.1 0.1 0.1 
a.a 0.0 0.1 a.2 0.4 0.4 0.3 
o.a a.a o.a o.a o.a o.o o.o 
o.o 0.0 a.o o.a o.o o.o o.o 
o.o o.o a.o 0.0 o.o o.o o.o 
0.0 o.o 0.1 0.1 0.1 0.1 0.1 
o.o o.o o.o o.o o.a a.a o.o 
a.o 0.0 a.o a.o a.o a.o o.o 
o.o o.o o.o 0.0 a.a a.o o.o 
o.o o.o o.o o.o o.o o.o o.o 
o.o 0.1 a.1 0.1 0.1 0.1 o.o 
0.0 0.1 0.1 0.1 a.1 a.1 o.o 
o.o o.o a.o a.o o.o 0.1 0.2 
0.0 0.0 0.1 0.2 a.4 0.6 0.5 
0.1 0.4 2.a 2.4 2.1 1.8 1.2 
a.a o.o a.1 0.2 o.4 o.6 1.1 
0.1 a.a 2.a 2.6 2.2 1.9 1.1 
o.a 0.0 o.a o.o a.o o.a o.o 
a.o o.o a.a o.o o.o o.o o.o 
o.o o.o o.o 0.0 0.0 o.o o.o 
o.o 0.1 0.1 0.1 0.1 0.1 0.1 
0.0 0.0 o.a 
o.a a.a a.a 
0.0 o.o o.o 
0.0 o.o 0.1 
o.o 0.1 a.2 
0.0 o.o 0.1 
o.a o.o a.a 
o.o 0.0 a.1 

o.o 0.0 0.0 o.o 
0.1 a.1 0.1 0.1 
o.o a.a o.o o.o 
0.1 0.1 0.1 0.1 
0.2 a.2 0.1 0.1 
0.1 0.1 0.1 0.1 
0.1 0.2 0.2 0.1 
a.1 0.1 0.1 o.o 

0.1 
0.3 
0.1 
o.3 
0.0 
o.o 
0.0 
0.0 
0.0 
o.o 
0.0 
o.o 
o.o 
o.o 
0.2 
0.4 
1.0 
1.2 
I. I 
o.o 
0.0 
o.o 
o.o 
o.o 
0.1 
o.o 
0.1 
0.1 
o.o 
0.1 
o.o 

o.o 0.1 a.1 a.1 0.1 0.1 o.o o.o 
o.o a.2 0.2 a.2 0.2 0.1 0.1 0.1 
o.o o.o 0.1 0.1 a.1 a.1 0.1 0.1 
o.a a.o 0.1 a.1 a.1 a.1 0.1 o.o 
a.o 0.0 a.2 0.2 0.2 0.2 0.1 0.1 
a.o o.o 0.1 0.2 a.1 0.1 0.1 0.1 
o.o 0.1 a.2 0.2 a.1 0.1 0.1 0.1 

0.1 
0.3 
0.1 
0.2 
o.o 
0.1 
0.0 
o.o 
0.1 
o.o 

0.1 
0.3 
0.1 
0.2 
o.o 
0.1 
o.o 
o.o 
0.1 
o.o 

o.o 0.1 

0.1 
0.2 
o.o 
0.2 
0.1 
0.1 

0.1 
0.2 

0.1 
0.3 

o.o a.a 
0.2 0.2 
0.1 
0.1 

0.1 
0.1 

o.o o.o o.a 
o.o o.o 0.0 
0.3 0.5 
o.o 0.0 
0.6 

o.o o.o o.o 
1.1 
o.o 

0.6 
0.0 
1.3 
o.o 

o.o o.o 0.0 o.o 0.0 
o.o 0.0 0.0 0.0 o.o 

0.3 0.3 
0.3 O.J 
o. 7 0. 7 
1.0 0.9 
o.s o.e 

0.3 
0.4 
0.8 
!. 0 
0.8 

0.1 
0.3 
o.o 
0.2 
0.1 
0.2 
o.o 
0.0 
0.6 
o.o 
!. 4 
o.o 
0.0 
o.o 
0.3 
0.4 
0.8 
1.1 
0.8 

o.o 
o.o 
o.o 
0.0 

o.o o.o 0.0 
o.o o.o 
o.o 
0.0 

0.0 0.0 
0.0 o.o 
0.0 0.1 
o.o o.o 
0.1 0.1 
o.o o.o 

0.1 
o.o 
o.o 
0.1 
0.1 
0.1 
0.1 
o.o 

0.1 
0.0 
o.o 

0.1 0.1 
o.o o.o 
0.0 o.o 

0.1 0.1 0.1 
o.o o.o o.o 
o.o o.o 
0.1 0.1 
0.1 o.o 

0.0 
0.1 
0.0 
o.o 
0.1 
0.1 
0.1 
0.1 
0.0 
0.1 
0.0 
o.o 
o.o 
o.o 
o.o 
0.1 
0.1 

0.1 
0.2 

0.0 o.o 
0.2 a.o 

o.o a.a o.o 
0.2 0.2 o.o 

0.1 
0.2 

0.0 
o.o 
o.o 
0.0 
0.2 
0.3 

0.1 
0.2 
o.o 

0.1 
0.2 
o.o 

o.o a.o 
o.a o.o 
a.a a.o 

o. 7 o. 7 
0.0 0.0 

o.o 
o.o 
o.o 
o.o 
0.3 
o.s 
0.1 

o.o o.o 0.0 
o.o 0.0 o.o 
o.o 
o.o 
0.4 
o.s 
0.2 

0.0 o.o 
0.0 0.0 

0.1 
o.o 
0.2 
o.o 
4.6 
o .• 

o.o 
o.o 
0.0 
0.0 
o.o 
o.o 
0.4 
o.o 
4.9 
o. 7 

0.1 
0.3 
o.o 
0.2 
0.1 
o. 2 
o.o 
o.o 
o. 7 
o.o 
1.5 
o.o 
o.o 

1. 6 
o.o 
o.o 

1. 7 
0.0 
o.o 

0.9 
0.1 
2.0 
0.0 
0.0 
0.0 
o. 4 

1. 4 
0.1 
3. 1 
0.0 
o.o 
o.o 
0.4 

o.o o.o 
2.9 4,5 
a.2 0.3 
6.5 10.1 

0.3 
0.2 
0.2 
o.o 
3.9 
0.3 
8.8 
0.1 

9.9 10.1 

o.o o.o o.o 
0.1 o.4 o.4 
0.4 0.4 0.4 
o.s 0.1 o.o 
1.2 1.3 1.3 
0.3 o.o o.a 
o.o o.o o.o 
0.0 o.o o.o 
0.1 0.1 0.1 
0.0 o.o 0.0 
0.0 o.o o.o 
0.1 o.o a.o 
0.1 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
o.o 
0.0 
o.o 
o.o 
o.o 

0.1 0.1 
o.o o.o 
o.o o.o 
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o.o o.o o.o o.o o.o o.o a.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 a.1 0.1 0.2 0.1 a.o a.a o.o a.a o.o o.o 
o.o a.1 0.1 0.1 0.1 0.1 0.1 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.u a.a o.o a.a o.o o.o o.o 
0.1 0.1 o.o o.o 0.0 0.0 o.o o.o o.o 0.0 0.0 0.0 o.o o.o o.a o.o 0.0 0.0 0.0 0.0 o.o o.o o.o 0.0 0.0 
0.2 0.1 o.o o.o 0.0 o.a 0.0 o.o o.o o.o 0.0 0.0 0.0 0.0 o.o o.o o.o 0.0 0.0 0.0 0.0 0.0 o.o a.o 0.0 
0.2 0.1 o.o 0.0 0.0 o.a o.o 0.0 o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.a o.o o.o o.o 0.0 o.o o.o 
o.4 0.2 a.1 o.o o.o o.o o.o o.o a.o o.o o.o o.o o.o o.o a.o o.o a.a o.a o.o o.o o.o o.o o.o o.o o.o 
0.0 a.o o.o o.o o.o a.a o.o 0.0 0.0 a.o a.1 0.1 a.1 a.1 a.1 0.1 0.1 0.2 0.2 a.2 0.2 a.3 0.3 0.3 0.3 
0.1 o.o o.o a.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o 0.0 0.0 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
a.2 0.1 o.a 0.0 o.o a.a o.a o.o 0.0 0.0 0.0 o.o o.o o.o o.o o.o 0.0 o.o o.o o.o a.o a.a 0.0 o.o o.o 
0.2 0.1 o.o o.o o.o o.o o.o o.o o.o o.o a.a o.o o.o o.o o.o o.o o.o o.o o.o a.a a.a a.a o.o o.o o.o 
0.2 0.1 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.a o.o o.o o.o o.o o.o o.o a.o a.a o.a a.a a.a 
2.1 1.0 0.3 0.1 a.1 0.1 o.o o.o o.o o.o o.o o.o o.o a.o o.o o.a o.a o.o o.o o.o o.o a.a o.a o.o o.o 
a.a a.a a.1 a.2 o.3 o.3 o.4 o., o.3 o.3 a.2 0.2 0.2 a.2 a.2 a.2 0.2 0.1 o.a a.a a.a a.a o.a a.o a.o 
0.1 0.1 l.o 1.1 2.4 2.8 3.4 3.3 2.9 2.6 2.0 1.e 1.8 1.8 1.8 1.8 1.8 1.1 0.1 o.a o.o o.a a.a o.a o.o 
a.o o.o a.a o.a a.o o.o a.a o.o 0.1 a.2 a.6 o.8 a.8 o.e a.9 a.9 1.a 1.4 1.1 1.8 1.9 2.1 2.1 1.6 1.1 
o.o o.o o.a a.a 0.1 0.1 a.3 o.5 1.0 1.1 a.9 a.a o.8 o.8 o.9 0,9 1.0 1.3 1.4 l.a o.5 0.1 a.a a.o a.o 
a.o o.a a.o o.a o.o o.a a.1 0.2 a.3 a.3 0.2 a.2 0.2 a.2 0.2 a.2 0.2 0.1 o.J 0.1 o.a a.a o.a a.a o.a 
o.a a.o 0.1 a.1 a.1 a.1 a.1 0.1 a.1 a.1 a.1 o.o o.o a.o a.o a.o a.o o.a a.a a.a o.o a.a o.a a.o a.a 
0.1 0.1 o.o a.o o.o o.a o.o o.o o.o a.a a.o o.o o.o a.a a.o o.o o.o o.o a.a a.o o.a a.o a.o o.o o.o 
0.2 0.1 a.o o.o o.a a.o o.o a.o o.o o.o a.a a.o a.a o.a a.o a.a o.a o.o o.o o.o a.a o.o o.o o.o o.a 
0.1 0.1 o.o a.o o.a a.o a.a o.o o.o o.o o.a o.o o.a o.a o.o a.a o.o a.o o.o o.o a.o o.o o.o o.a o.a 
0.2 0.1 o.o o.o a.o o.a a.o o.a a.a o.o o.a o.a a.o o.a o.o a.a a.o o.o o.a a.a o.o a.o o.a o.a a.o 
o.4 a.2 a.1 o.o o.o o.a a.a o.a o.o o.o o.o a.a a.o o.o o.o o.a a.o o.o o.a a.o o.a a.a a.o o.o a.a 
o.o 0.1 a.3 o.5 a.7 o.8 o.8 a.8 o.7 o.5 o.5 o.4 a.4 a.t o.4 a.c o.4 0.2 a.o o.o o.o a.o o.a a.o o.a 
o.a 0.2 0.2 0.1 0.1 0.1 o.o a.a o.o o.o a.o a.o o.o o.a o.o o.o a.o a.a a.o a.o a.o o.o a.a a.a o.a 
a.1 0.1 o.a o.a a.o o.a a.o o.o a.o o.o a.o o.a o.o o.o a.o o.o o.a a.o o.o o.o a.a a.o a.o o.o o.o 
0.2 a.1 o.a o.a a.o a.a a.o o.o o.o a.a o.o a.o o.o a.o o.o a.a o.a o.o o.a a.o a.a o.a a.a o.a o.o 
0.2 0.1 a.o o.o a.a a.o o.a a.a o.o a.a a.a a.a o.o o.a a.o o.o a.o o.a a.o a.a a.o o.o a.o o.o a.a 
0.2 a.1 o.a o.o a.a o.o o.a o.o a.o o.o o.o o.o a.a o.a o.o o.a o.a o.a a.a a.a a.o o.a o.o o.a o.a 
4.1 1.8 a.6 a.3 0.2 0.1 a.1 0.1 a.1 a.1 a.1 o.o o.a o.o a.a a.o a.a o.o o.~ a.o o.o o.o o.o a.a a.o 
0.1 a.6 1.7 2.a 1.5 1.1 a.9 o.9 o.8 0.1 a.5 o.5 a.5 o.5 o.4 a.l 0.2 o.o o.o o.o o.o o.o a.a a.o o.o 
a.a o.o a.a a.o a.1 0.1 a.1 a.5 1.5 2.c 1.1 3.5 3.5 3.6 3.7 3.9 4.2 s.9 6.9 6.8 6.3 5,2 1.1 0.1 o.o 
o.o a.a o.a o.a a.o a.o a.a a.o a.1 0.2 o.8 1.2 1.2 1.1 1.3 1.4 1.5 2.1 2.~ 2.1 3,a 3.4 4.5 5.0 5.1 

. 1,9 7.6 e.s 4.4 2.3 1.1 1.4 1.l 1.2 1.1 0.8 a.1 0.1 o.6 0.1 o.a o.a o.o o.o o.o a.o a.a o.o o.a o.o 
1.1 3.8 2.3 1.2 o.6 a.5 a.4 a.4 a.J 0.3 a.2 0.2 a.2 a.1 o.o o.a a.o a.o o.a a.a o.a a.o o.o a.o o.a 
0.2 o.6 0.2 0.1 a.1 a.a o.a a.a a.o a.o o.a a.o a.o o.o o.a o.a o.o a.a a.o o.o a.o o.a o.a a.a o.a 
a.1 a.o o.o o.o a.o a.o a.o a.a o.a a.o o.o a.o a.o o.o a.o a.o a.a a.a a.a o.o o.o o.o o.o o.o o.a 
0.1 0.1 a.a a.a a.a a.o o.o o.o a.o a.a a.o a.o a.o a.o o.o o.o o.o o.a a.o a.o o.a a.o a.a a.a o.a 
a.1 a.1 a.o a.a o.o a.o o.a a.o a.o a.o o.o o.o a.a a.o o.o o.o a.o o.a o.o a.o o.o o.a a.a o.o o.a 
0.2 0.1 o.o o.o o.o a.a o.a a.o a.o a.a a.o a.a a.a o.o a.o o.o a.a a.o a.a o.a o.a o.a a.o o.o a.a 
0.2 0.1 a.a a.o a.o a.o a.a a.a a.a o.a a.o o.a o.o a.o o.o o.a a.a a.a a.a o.a a.o o.o a.o o.a a.a 
a.a o.a o.o a.a a.o o.o a.1 a.1 0.1 0.1 0.1 a.1 0.1 a.1 a.1 a.1 a.1 0.1 a.1 a.a a.a a.a a.a o.a o.a 
0.2 a.1 2.0 2.6 2.1 1.6 1.1 1.3 1.1 1.0 a.8 0.1 0.1 0.1 a.6 a.5 a.1 a.a o.a a.a a.a o.a a.o o.a a.o 
0.0 o.o o.o 0.1 0.1 0.2 0.5 1.0 3.0 5.0 la.1 10.7 10.8 10.9 11.4 12.0 12.7 18.2 21.6 22.0 22.l 20.9 9.9 2.8 0.7 
a.9 3.2 J.4 1.1 a.9 a.1 a.5 o.5 a.5 0.4 o.3 o.3 a.3 a.2 o.o o.a o.o a.o a.a a.a a.o o.a a.a o.a o.a 
a.o 0.1 a.1 0.1 a.a a.a o.o o.o a.o a.o o.a a.o o.o o.a o.o a.a o.o a.o a.o a.o a.a a.o a.o o.a a.a 
J.4 1.5 a.5 0.2 a.1 a.1 0.1 a.1 0.1 a.1 a.o a.a a.a o.a a.a a.o o.o a.o o.o o.a o.a o.a a.o a.a o.o 
0.2 a.1 2.0 2.6 2.2 1.1 1.4 1.3 1.2 1.1 o.9 0.1 a.1 0.1 0.1 0.5 0.1 a.o a.o a.a o.a o.o a.a o.o o.a 
o.a a.a a.1 0.2 a.4 o.6 t.8 3.2 7.5 9.6 9.a 7.9 7.9 9.o 8.4 9.9 9.J 13.o 14.4 12.a e.1 3.5 a.a o.o o.o 
a.o a.o o.o a.a a.o 0.1 0.2 o.t 1.3 2.3 1.2 11.3 11.4 11.5 12.a 12.1 13.5 19.3 23.4 24.9 27.4 31,1 41.1 45.o 45.o 
2.6 11.1 35.3 51.1 11.1 76.5 76.3 73.6 65.4 59.l 45.e 39.8 40.2 40.4 4a.6 39.1 36.4 11.6 a.1 o.a o.a o.o o.a a.o a.a 
2.a 6.7 3.8 1.9 1.0 a.1 o.6 a.6 o.5 a.5 a.4 o.3 a.3 a.2 o.o a.a a.a o.o o.o o.o a.a o.o a.o o.o o.o 
0.2 a.1 o.a o.o a.a o.o o.a a.o a.o a.o o.a a.a a.a o.a a.o a.o a.o a.a o.o o.a a.o o.o o.o a.a a.a 
0.2 0.1 o.a o.a a.o o.o o.a a.o o.o o.o o.o a.o o.o o.a a.a a.o a.a o.o a.o a.o a.a a.a a.o o.a o.a 
a.a a.o o.o a.o a.1 0.1 0.2 a.2 0.2 0.1 a.1 0.1 a.1 0.1 0.1 a.1 0.1 0.1 o.a o.o o.a o.a a.a a.a a.o 
1.1 7.3 13.3 9.8 4.7 1.5 2.8 2.1 2.4 2.2 1.1 1.5 1.4 1.4 a.1 0.1 a.a o.a a.o o.a a.o a.a o.a a.o o.o 
o.o o.o o.a a.a a.a a.a 0.2 o.3 o.9 1.6 5.4 8.B 8.9 9.a 9.4 9.9 1a.5 t5.1 18.3 19.5 21.6 24.8 35.2 42.2 46.2 
a.o o.o o.o a.a o.o a.o 0.1 0.1 o.4 0.1 1.6 1.9 2.a 2.a 2.1 2.2 2.3 1.1 3.9 4.1 4,3 4.4 3.2 1.6 a.7 
a.1 0.1 o.o a.o a.o o.o o.o o.o o.o o.o a.o a.o a.o a.a o.a o.o o.a a.a a.o o.a o.a o.o a.o a.o o.o 
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co 54 1.1 o.e 0.2 0.1 0.1 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
Co 55 0,0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.0 0,0 0.0 0.0 0.0 0.0 
Co 56 o.o o.o o.o o.o o.o 0.0 0.0 0.0 0.0 0.1 0.2 O.J 0.3 O.l 0.3 0.3 0.4 0.5 0,6 0.7 0.7 0.8 o.7 0.5 0.4 
all 349 
others 5.8 3.5 1.4 0.8 0.5 0.4 0.4 0.t 0.4 0.3 O.l 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0,1 0.1 0.1 0,1 0.1 0.1 0.1 

Total 100 loo 100 100 100 100 100 100 100 100 10o 100 10o 100 100 100 100 100 loO 100 100 100 10o 100 loo 
1 ~~~ 

Major Nuclide Contributors to Decay Power in Collimator, Region 12 
of the QEH Detector for the SSC with 1.E+OB DTUJE'l' Minimum Bias Events/sec 

for 1E7s (-116d) Calculated with CIHDER'90 using April '93 Libraries, 
Spallation Product Yields froa SUPERHET, and Neutron Fluxes from HMCNP 

Percent of Total 

Irradiation Ti• Cooling Time 

nucl 10 s E2 s El s 1 h 3 h 6 h 1 d 2 d 7 d 14 d 60 d B+7s 10 a 1 a 10 • JO m 1 h 6 h 1 d 3 d 7 d 15 d 60 d 120d 180d 

~~0.9~0.2~~0.1~~~0.oo.o~o.oo.o~~o.oo.00.00.oo.o~o.oo.o 
Li a 8.5 4.2 1.4 o.e 0,4 o.3 0.1 o.J 0.2 0.2 0.2 0.2 o.o o.o o.o o.o o.o o.o o.o o.o o.a o.o o.o o.o o.o 
Be 11 0.1 0.1 0.0 0.0 0,0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 Q,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
e 12 1.4 1.1 o.6 o.3 0.2 0.1 0.1 0.1 0.1 0.1 a.1 0.1 a.a o.o o.o o.o a.o o.o a.o o.a o.a o.a a.o a.o o.o 
e 11 a.4 0.2 0.1 a.a o.a o.o a.o a.o o.o o.o a.a o.o o.o o.a o.a a.a o.o o.o o.o o.a o.o o.o a.o o.a o.o 
c 11 o.o 0.2 o.4 o.5 a.3 0.2 0.2 0.2 a.2 0.2 0.1 0.1 0.1 0.1 a.1 0.1 a.a o.o o.o o.o o.o a.o o.o o.o o.a 
c 15 0.2 0.1 o.o a.o o.a o.o o.o o.o a.a o.o o.o o.a o.o a.a o.o o.a o.o o.a o.o o.a o.a o.o o.o o.o o.o 
N 12 a.4 0,2 0.1 0.0 o.a 0.0 0.0 O.O 0.0 0.0 0.0 a.o 0.0 a.O a.o 0.0 0.0 o.a O.a 0.0 o.a O.O 0.0 O.O 0.0 
N 13 a.O 0.1 0.1 0.1 a.1 O.O 0.0 a.O 0.0 0.0 O.a 0.0 0.0 O.O O.a 0.0 0.0 0,0 0.0 0.0 0.0 0.0 a.O a.O a.O 
N 16 1.5 1.2 o.4 0.2 0.1 0.1 0.1 a.1 0.1 a.1 0.1 0.1 a.o a.o o.o o.a o.o o.o o.o a.a o.a a.o a.o o.o o.o 
o 1s 0.1 o.3 0.2 0.1 0.1 o.o o.o o.o o.o o.a a.a o.o o.a o.o o.o a.a o.o o.o o.o a.o a.o o.o o.o o.o a.o 
r 18 o.a o.o 0.1 0.2 o.3 o.3 0.2 0.2 0.2 0.2 0.2 a.2 0.2 0.2 0.2 0.2 0.2 o.o o.o o.o o.a o.o o.o o.o a.a 
r 20 4.8 5.1 1.7 o.9 o.5 o.c a.J a.J o.3 0.1 0.2 0.2 a.1 o.o o.a o.o o.o o.o o.o a.a o.o o.a o.a o.a o.o 
F 21 6.9 4.3 1.4 a.8 0.4 a.3 O.J a.3 0.2 0.2 a.2 0.2 0.0 0.0 0.0 0.0 O.O O.a O.O 0.0 0.0 0,0 0.0 O.O a.o 
F 22 10.7 6.6 2.2 1.2 0.7 0.5 0.4 0.4 0.4 O.J 0.3 O.J a.1 o.o o.a o.a o.a 0.0 a.a o.a o.o 0.0 o.o 0.0 a.o 
r 21 9,2 4.3 1.4 a.e o.4 o.3 a.J o.J 0.2 0.2 0;2 0.2 o.o o.o o.a o.a o.o o.o o.o o.o o.o o.o o.o o.a o.o 
Ne 19 0.1 a.2 0.1 o.a o.o a.o a.a a.a o.a o.a o.a a.o o.o o.a a.a o.o o.a o.o o.o o.o o.a o.a o.o o.a o.o 
Ne 25 3.4 1.7 0.6 0.3 0.2 0.1 0.1 a.l 0.1 a.1 0.1 0.1 0.0 O.a 0.0 0.0 0.0 O.a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Na 22 o.o o.o o.o o.o o.o o.o o.o a.a a.a o.o o.o o.a o.o o.o a.a o.o o.a 0.1 0~1 0.1 0.1 0.2 o.4 o.5 a.5 
Na 24 O.a 0.0 0.0 O.a 0.0 0.0 0.1 a.1 0.1 a.l 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.0 O.a 0.0 0.0 0,0 0.0 
Mg 23 0.1 0.1 O.a a.a O.a 0.0 0.0 O.a 0.0 0.0 0.0 O.a 0.0 O.a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 
Al 28 1.a 4.1 3.3 1.8 1.0 a.8 0.6 0.6 0.6 0.5 0.5 0.4 0.4 O.J 0.0 0,0 0.0 a.O 0.0 O.a a.O O.a 0.0 a.O a.O 
Al 29 0.2 1.1 1.8 1.2 0.1 o.s o.~ o.4 o.4 0.3 o.3 0.1 o.3 o.3 0.1 a.a a.a o.a o.o o.o o.a o.o o.o o.o o.o 
Al 3a 2.9 1.1 o.6 o.3 a.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 o.a a.a o.o o.o a.o a~o o.a o.a o.a o.o a.a o.o o.o 
si 21 0.2 0.1 o.o a.a o.o o.o o.a o.o o.a o.o o.a o.o o.o o.o a.a a.a a.o o.o o.o o.a o.o o.o o.o o.o o.o 
P 28 0.2 0.1 o.a a.a o.a o.o o.o o.o a.a a.a o.a a.a o.o o.o a.o o.a o.o o.a o.o o.o o.o a.o o.o o.o o.o 
p 29 0.1 0.1 o.o 0.0 o.o o.o o.o o.a o.o 0.0 o.a o.o a.o o.o o.o o.a o.o o.o o.o a.o o.a o.o 0.0 a.o 0.0 
p 30 0.7 3.0 2.7 1.4 0.8 0.6 0.5 0.5 0.4 0.4 0.4 0.4 0.3 a.3 o.o 0.0 o.o o.o o.o o.o a.o 0.0 0.0 a.o 0.0 
p 32 o.o o.o o.o 0.0 o.o o.o 0.0 o.o 0.1 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.7 1.0 1.1 1.2 1.1 a.3 0.0 0.0 
P 34 1.1 1.1 0,4 0.2 0.1 0.1 0.1 a.1 0.1 0.1 0.1 0.1 a.o o.o o.o a.a o.o o.a o.o o.o o.o o.o o.o o.a o.a 
p 35 a.o 0.1 o.o 0.0 o.a o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o 0.0 
P 36 0.1 0.1 o.o o.a o.a o.o a.a o.a o.o o.o a.o a.o o.a o.o ·o.o a.o a.o ·o.o o.o a.a o.o o.o o.o o.o o.o 
P 39 0.2 0.1 a.o a.o o.a o.o a.o a.o o.a o.o o.o o.o o.o o.o o.o o.a o.o o.o o.o a.a o.o o.o o.a o.o o.a 
P 40 0.1 0.1 a.o o.o o.a o.o o.a o.a a.a o.o o.a o.a o.a o.o o.o o.o o.o a.a o.a o.o o.o o.o o.o o.o o.o 
s 2e 0.1 0.1 o.o o.o o.o a.o o.o o.a o.a o.o o.a a.a o.o a.o o.o o.o a.a o.o o.a o.o a.o o.a a.o a.a o.o 
s 31 0.8 0.4 a.1 0.1 0.0 o.o a.o 0.0 o.a o.a 0.0 o.o o.o o.o a.o o.o 0.0 o.o o.o o.o a.o o.o o.o a.o a.o 
s 41 0.1 0.1 o.a o.a o.o o.o a.o o.o o.o a.o o.a o.o a.a o.a o.o a.a o.o o.o a.o o.o o.o a.o o.a o.o o.o 
s 42 0.1 0.1 o.o o.o o.a a.o a.a o.o o.o a.a a.a o.o o.o o.o o.o o.o a.o o.o o.o o.o a.a a.a a.o a.a a.o 
c1 JO 0.1 0.1 o.o o.a o.a o.o a.a o.o o.o a.a o.a o.o o.a a.o o.o o.o o.a o.o o.o o.a o.o a.o o.o a.a a.o 
c1 32 a.2 0.1 o.o a.a o.o o.o a.a o.a a.a o.o a.o o.o o.o a.o o.a o.o o.o o.o o.o o.o o.o o.a o.o o.o a.o 
c1 33 0.2 a.1 o.o o.o o.o o.o o.a o.o o.o o.a o.o o.o a.a a.a o.o o.a a.a o.o a.o o.o o.a o.o o.o o.o a.a 
Cl 34 4.J 2.2 0.7 0.4 0.2 0.2 0.1 a.1 0.1 0.1 0.1 a,l 0.0 0.0 0,0 0.0 0.0 0.0 O.O 0.0 a.O 0.0 0.0 0.0 0.0 
Cl 38 0.0 a,1 0.2 0,l 0.2 0.2 a.2 a.1 0.1 a.1 a.1 a.1 0.1 a.1 0.1 a.1 0.0 a.o 0.0 0.0 0.0 0.0 a.a 0.0 a.O 
c1 39 a.a o.o 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 a.1 o.o o.o o.o a.o o.o o.o o.o a.o o.o o.a 
c1 40 0.1 o.3 0.1 0.1 o.a a.o o.a o.o a.a o.a o.a o.a o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o a.a o.o 
c1 41 0.1 0.1 o.o o.o o.o o.o o.o o.o o.a o.o o.o a.o o.o o.o a.o o.o o.o o.o o.a a.o o.o o.a o.a o.o a.a 
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~-e M/ hr 'f?.y:fdr 
~ "'-._(.'-'..'-A 

r=4.l-75 ~z=512.4-643.8 FCAL hadronic region 4 

0.0 0.0 450.0 l. 4 7693E-03 .0641 5.6 864E-04 . 0 e2 
0.0 0.0 512.4 8.68532E-Ol .0376 5.78 5E-Ol 87 
0.0 0.0 575.0 8. 53213E-Ol .0326 6.034 E-01 0295 
0. 0 0.0 645.0 2.68798E-0l .0532 l. 90610 -01 .0460 
0.0 0.0 750.0 6.l8778E-04 .0521 3. 25392 0 . 0462 
0.0 0.0 999.0 4. 71289E-05 . 0913 l. 58345E- .0576 
25.0 0.0 645.0 l. 72498E-03 .3105 l. 26964E7 3 .2639 
50.0 0.0 645.0 5.61062E-04 .6075 4. 77:!85:1-0 . 7122 
74.0 0.0 645.0 l. ll623E-04 .3853 7.60587 -05 .5479 
25.0 0.0 750.0 9.0062lE-04 .0501 5. 572l9E-04 .0405 
50.0 0.0 750.0 l.Ol410E-03 .2173 4. 896ls'E-04 .0420 
74.0 0. 0 750.0 6. l4016E-04 .0584 3. 77435E-04 0442 
25.0 0.0 999.0 8.80414E-OS . 0777 4. 267e/9E-05 .p453 
so.a 0.0 999.0 l.03040E-04 .1088 4.96399E-OS 413 
74.0 0.0 999.0 l.00612E-04 .1269 5.138 9E-05 08 
76.0 0.0 450.0 l. 78158E-09 .4637 l. 43 91E-09 . 4 92 
76.0 0.0 511. 0 l.80846E-04 .6377 l. 3 l2E-04 .80 7 
76.0 0.0 575.0 S.56894E-09 .7523 5.5 126E-09 .753 
25.0 0.0 511. 0 2. 83ll4E-02 .2183 l. 6676E-02 .255 
50.0 0.0 511. 0 7.48833E-03 . 3113 S.33562E-03 .3694 

FFSl-iron abbreviated region 8 r=60.0-154.0 z=l000.0-1646.0 

7.40000E+Ol O.OOOOOE+OO 6.45000E+02 3.84818E-05 .0182 1. 4120E-05 .00 
7.40000E+Ol O.OOOOOE+OO 7.50000E+02 7.55590E-05 .0213 3.2 329E-05 . 0 7 
7.40000E+Ol O.OOOOOE+OO 9.99000E+02 l.35504E-03 .1223 7.45 82E-04 009 
5.00000E+Ol O.OOOOOE+OO 6.45000E+02 5.21440E-05 . l 717 l. 715 E-05 .0253 
5.00000E+Ol O.OOOOOE+OO 7.SOOOOE+02 8.03367E-05 .0097 3.3758 -05 .0057 
5.00000E+Ol O.OOOOOE+OO 9.99000E+02 l.79775E-03 .0141 9.64881 -o .0138 
2.SOOOOE+Ol O.OOOOOE+OO 6.45000E+02 4.25694E-05 .0319 l.70201E Op .0060 
2.SOOOOE+Ol O.OOOOOE+OO 7.50000E+02 8.l6602E-05 .0088 3.48978E 5 .0057 
2.50000E+Ol O.OOOOOE+OO 9.99000E+02 l. 71909E-03 .0061 9.ll079il- 4 .0056 
O.OOOOOE+OO O.OOOOOE+OO 6.45000E+02 3.87760E-05 .1900 l.33363 -o .0068 
0.00000E+OO O.OOOOOE+OO 7.50000E+02 6.62067E-05 .0102 2. 92664E-0 .0060 
O.OOOOOE+OO O.OOOOOE+OO 9.99000E+02 l.63759E-03 .0086 8.4476JE-04 .0047 
O.OOOOOE+OO O.OOOOOE+OO 1. 20000E+o3 2.55281E-03 . 0098 l. 3068.8E-03 .0039 
O.OOOOOE+OO O.OOOOOE+OO l.20000E+03 2.55281E-03 .0098 l. 30688E-03 0039 
O.OOOOOE+OO O.OOOOOE+OO l.40000E+03 2. ll337E-03 .0093 l.08958E-03 -~43 
O.OOOOOE+OO O.OOOOOE+OO l.60000E+03 l.46240E-03 . 0119 7. 60374E-04 .0,53 
O.OOOOOE+OO O.OOOOOE+OO l.80000E+03 6.66819E-05 .0259 2. 87Il3E-05 .00\74 
5.90000E+Ol O.OOOOOE+OO 9.99000E+02 l.92429E-03 .0590 l.03682E-03 . 07(}5 
5.90000E+Ol O.OOOOOE+OO l.20000E+03 3.06528E-03 .0576 l. 71097E-03 .0699 
S.90000E+Ol O.OOOOOE+OO l.40000E+03 2.61676E-03 .1746 l.53037E-03 .1863" 
5.90000E+Ol O.OOOOOE+OO l.60000E+03 l.79894E-03 .0685 l.l0250E-03 .0932 

barium concrete cylinder region ll r=85. 01-110. 0 z=675.0-l000.0 

7.40000E+Ol O.OOOOOE+OO 6.45000E+02 3.35815E-06 .0467 8.9Q855E-07 .OS~ 
7.40000E+Ol O.OOOOOE+OO 7.SOOOOE+02 l. 45150E-05 .1312 4. 82'703E-06 .04 
7.40000E+Ol 0.00000E+OO 9.99000E+02 5. 87108E-06 . 0798 l. 993~-06 ;mg 
l. ll000E+02 O.OOOOOE+OO 5.68500E+02 5.28884E-07 .1058 4.2115 -10 . 59 
l.55000E+02 0.00000E+OO 5.68500E+02 3.52681E-06 .0492 l.329198.:-06 0381 
2.00000E+02 O.OOOOOE+OO 5.68500E+02 3. 89llOE-05 .8420 2.53865E~Q6 .0226 
l. ll000E+02 O.OOOOOE+OO 6.06000E+02 8.76045E-07 .1846 2. 93888E-09/. 4643 
l. ll000E+02 O.OOOOOE+OO 6.4SOOOE+02 l.35389E-06 .0887 8.31469E-08 .3903 
l.21000E+02 O.OOOOOE+OO 7.80000E+02 3.93448E-05 .1265 l. 75332E-·J5 .0551 
l. 31000E+02 O.OOOOOE+OO 8.85000E+02 5.18651E-06 .0931 2.54957E~06 .0568 
l.42000E+02 O.OOOOOE+OO 9.99000E+02 8. 9l447E-07 .2980 2.46365E-07 .0730 
l.7500CE+02 0.00000E+CO l. 20000E:+03 :.20925£-0/ .0528 2.65085E-lQ .4613 
2.08500E+02 0.0COOCE+OO :.40000E+03 8. 9000/E-08 .0426 3.32592E-10 .3321 
2.42000E+02 O.OOOOOE+OO l.600002+03 7.26436::-08 .0888 3.16548E-i0 . 2607 • 
2.SOOOOE ... 01 0.00000E+OO 9.99000E~02 2.. 38351.:S.05 .09Q4 4.59600S-06 . l.410 
5. OOOCOE·~J: '.J. '.JCCCOE+-;c 6. 45000:::-:-,J.2 6. :::.353S-06 .0848 :. . 93546:::-06 .2076 
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. 2.SOOOOE+Ol O.OOOOOE+OO 6.45000E-02 l.01439E-05 
5.00000E+Ol O.OOOOOE+OO 7.50000E+02 2.84427E-05 
2.50000E+Ol 0.00000E+OO 7.50000ET02 3.57564E-05 
5.00000E+Ol O.OOOOOE+OO 9.99000E+02 l.17558E-05 

PAl-copper 

7.40000E+Ol 
7.40000E+Ol 
7.40000E+Ol 
l.ll000E+02 
l.55000E+02 
2.00000E+02 
l. ll000E+02 
l. ll000E+02 
l.21000E+02 
l. 31000E+02 
l.42000E+02 
l. 75000E+02 
2.08500E+02 
2.42000E+02 
2.67000E+02 
5.42000E+02 
l.1€000E+02 
l.56000E+02 
l.96000E+02 
7.60000E+Ol 

region 5 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

r=75.0-200.0 

6.45000E+02 l.71172E-17 
7.50000E+02 l.85958E-16 
9.99000E+02 5.35922E-15 
5.68500E+02 l.65362E-04 
5.68500E+02 2.58986E-05 
5.68500E+02 3.54324E-06 
6.06000E+02 5.86828E-05 
6.45000E+02 2.05093E-05 
7.80000E+02 5.00634E-06 
8.85000E+02 2.41778E-06 
9.99000E+02 l.52797E-06 
l.20000E+03 8.57283E-07 
l.40000E+03 5.13715E-07 
l.60000E+03 3.27571E-07 
l.74900E+03 2.60711E-07 
2.02000E+02 2.ll449E-08 
5.ll000E+02 2.84647E-03 
5.11000E+02 6.69557E-04 
5.ll000E+02 5.77433E-05 
5.ll000E+02 3.32543E-03 

.1711 

. 0443 

.0361 

.0914 

za517.4-567.4 

.32:6 

.9302 

.2875 

.3734 

.2552 

.2625 

.0566 

.0529 

.0450 

.1037 

.0410 

.0403 

.0435 

.0662 

.1052 

.1766 

.2684 

.2434 

.1132 

l. 7 769E-16 
5.35 82E-15 
1.033 7E-04 
1.3388 -05 
1.05879 06 
2.25476E 
9.25637E-
2.10820E­
l. OlOOOE70 
5.6368llj1-07 
3. 32279,£-07 
l. 9160BE-07 
l.180fl'9E-07 
8. 70~84E-08 
4.45~79E-37 
6. 3J/731E-04 
l. 51604E-04 
l. 87984E-05 
l. 02320E-03 

6 
03 

3821 
.5254 
.4209 
.0618 
.0483 
. 0372 
.0361 
.0356 
.0318 
. 0313 
. 0315 
0316 

990 
436 

.0 4 

.18 5 

.0338 

PA2-copper region 6 r•75. 0-110. 0 z•567.4-675.0 

7.40000E+Ol O.OOOOOE+OO 6.45000E+02 6.73865E-03 
7.40000E+Ol O.OOOOOE+OO 7.50000E+02 7.32753E-04 
7.40000E+01 O.OOOOOE+OO 9.99000E+02 5.22148E-05 
l.11000E+02 O.OOOOOE+OO 5.68500E+02 2.97544E-04 
l.55000E+02 O.OOOOOE+OO 5.68500E+02 7.46765E-05 
2.00000E+02 O.OOOOOE+OO 5.68500E+02 3.77884E-05 
l.ll000E+02 O.OOOOOE+OO 6.06000E+02 5.42463E-05 
l.ll000E+02 O.OOOOOE+OO 6.45000E+02 3.01219E-04 
l.21000E+02 O.OOOOOE+OO 7.80000E+02 3.28046E-06 
l.31000E+02 0.00000E+OO 8.85000E+02 l.50910E-06 
l.42000E+02 O.OOOOOE+OO 9.99000E+02 8.49592E-07 
l.75000E+02 O.OOOOOE+OO l.20000E+03 5.61448E-07 
2.08500E+02 O.OOOOOE+OO l.40000E+03 3.72474E-07 
2.42000E+02 O.OOOOOE+OO l.60000E+03 2.65922E-07 
2.67000E+02 O.OOOOOE+OO l.74900E+03 l.99385E-07 
5.00000E+Ol O.OOOOOE+OO 6.45000E+02 5.28431E-03 
2.50000E+Ol O.OOOOOE+OO 6.45000E+02 4.35688E-03 
5.00000E+Ol O.OOOOOE+OO 7.50000E+02 l.03100E-03 
2.50000E+Ol O.OOOOOE+OO 7.50000E+02 l.27032E-03 
5.00000E+Ol O.OOOOOE+OO 9.99000E+02 6.ll351E-05 

.0691 3.7·024E-03 .08 4 

.0353 3.09 lE-04 .0 46 

.0187 2.057 E-05 063 

.3648 9.79309 -05 .2442 

.1766 2.66099E 05 / .0326 

. 0354 l. 55940E- 5/ . 0219 

.2396 3.38625E-0 .3131 

. 3454 l. 20525E-,04\ . 2695 

.0648 6.69429E~07 \.1096 

. 0712 2 .19080E-07 ' .. 0997 

.0419 l.05039E-07 .0947 

.0441 9.l346'8E-08 .·.0608 

.0390 6.19618E-08 .0541 

.0522 4.3a757E-08 .0504 

.0638 3.40715E-08 .a487 

.0104 2.62942E-03 .0052 

. 0108 2 .. 14203E-03 . Oa34 

.0057 4.87866E-04 .0042 

. 0068 6. 07449E-04 . 003'8 

.0171 2.20520E-05 .0062 

PA3-copper region 7 
in process 

r=75.0-85.0l z=675.0-1000.0 

collimator-steel region12 r=l.25-100.0 z=3200.0-3500.0 

0.00000E+OO 
O.OOOOOE+OO 
0.00000E+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
2.50000E+Ol 
2.50000E+Ol 
5.00000E+O: 
5.00000E+Ol 

O.OOOOOE+OO 3.20000E+03 8.39003E+OO 
O.OOOOOE+OO 3.21500E+C3 5.3109lE+Ol 
O.OOOOOE+OO 3.30000E+C3 3.34836E+Ol 
O.OOOOOE+OO 3.40000E+03 3.41582E+OO 
O.OOOOOE+QQ 3.SOCOOE+CJ 5.97750E-01 
O.OOOOOE+OO 3.19900E-J3 3.79867!-0l 
O.OOOOOE+OO 3.50100E+C3 l.45115E-02 
O.OOOOOE+00 3.19900!-~3 5.2113:E-03 
O.OOOOCE-~0 3.50100E-:3 2.:6836!-03 

.0469 

.0187 

.0232 

.0750 

.1451 

.5219 

.4127 
.., ... a .... 

.,;. I_, I 

.5523 

4.91759E+OO .044a 
3.28 "E+Ol .01~4 
l.98401- 01 .OZ37 
2. 03601E+ . 0"721 
5.l3607E-Ol '"-~~59 
5.92618E-02 ."\J.!J53 
9.l6888E-03 .34'&3 
2.Q5785E-03 .1967-
:.04513£-03 .7031 

45 



7.50000E+Ol O.OOOOOE+OO 3.19900E+03 6. 50721E-04 .6376 5.70129E-04 .~04 
7.50000E+Ol O.OOOOOE+OO 3. 50100E+o3 5 .18913E-04 .8403 4. 841E-04 / 958 
9.90000E+Ol O.OOOOOE+OO 3.19900E+03 2.12034E-06 .4965 1.93 lE-06 .5371 
9.90000E+Ol O.OOOOOE+OO 3.50100E+03 3. 00541E-06 .7002 9.852 E-07 .. 7033 
l.01000E+02 O.OOOOOE+OO 3.30000E+03 6.01537E-04 . 8311 5.24048 -o,4 .9422 
l.01000E+02 O.OOOOOE+OO 3.40000E+03 2.13679E-04 .7369 2.12795E- .7379 
2.50000E+Ol O.OOOOOE+OO 3.10000E+03 l. 78272E-02 .0468 7.53133~03 .0162 
5.00000E+Ol O.OOOOOE+OO 3.10000E+03 l. 58723E-05 .0806 l. ll45:0E-05 .0476 
2.50000E+Ol O.OOOOOE+OO 3.00000E+03 3.91880E-03 .2542 l. 258S7E-03 73 
5.00000E+Ol O.OOOOOE+OO 3.00000E+03 l.70489E-07 .44~1 5. 67!{78E-08 .11 l 
5.00000E+Ol O.OOOOOE+OO 3.54900E+03 4.20839E-03 .0795 2.13261E-03 .0647 

1() 
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. ' . 
GEM NEUTRON SHIELD (18 m - 29.5 m) 

BASE PLATE 
Z Dimensions Width Height Thick Volume Density Mass (Mg) 

18m-29.5m 4.40 2.20 1.00 80.96 3.20 259.07 
Mass per Linear Meter 22.53 

CAP 
Z Dimensions Outer Rad Inner Rad Thick Volume Density Mass (Mg) 

18m-29.5m 2.20 1.20 1.00 61 .42 3.20 196.54 
Mass per Linear Meter 17.09 

Total Mass per Linear Meter 39.62 

jng DRAFT 4/27/93 
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. ' 

Z-Dimensions 
18.0 m - 29.5 m 
29.5 m - 31.0 m 

TOTAL MASS 

31 .0 m - 32.0 m 

jng 

LOW-BETA QUAD SHIELDING 

Outer Ra di us ... 1 n ... n,,.e..._r_.R'""a,..d,..j..,u,,.s 
1.75 1.25 
2.25 0.30 

2.45 0.50 

Length 
11.50 

1.50 

1.00 

DRAFT 

Volyme 
54.19 
23.43 

18.07 

Densjty 
3.20 
3.20 

3.20 

Mass <Mal 
173.42 

74.98 

248.40 

57.83 

4/21 /93 
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