
GEM TN-92-192 

Muon Group Meeting - SSCL 

September 2, 1992 

Abstract: 

Agenda, attendees and presentations of the GEM Muon Group 
Meeting held at the SSC Laboratory on September 2, 1992. Agenda items 
are: General Issues; Big Wheel Versus Sector Recommendation; Discussion 
of Recommendation; Engineering Input to Technology Decision; Status of 
Reports of R&D Efforts; Technology Decision Process; R&D for FY93; 
Electronics Issues; Report of Muon Neutron Committee; Update on 
Simulations; and Discussion/Review. 



,ession Name: sscvxl 

'raft Agenda of 9/2/92 (Wednesday) GEM Muon Group Meeting: 10:30 AM to 6:00 PM 
·---------------------------------~-------------------------------------------

:) c-eneral Issues: (Marx/Taylor) 
Short ter:n goals and schedule 

:2l Sig Wheel versus Sector Recomendai:ion: 
(Ni~hlett/Sawicki/Eumphreys) 

:3l Discussion of Recommendation (Group) 

.unch 

10:30 AM - 11:00 ~.M 

11:00 AM - 11:45 AM 

11:45 AM - 12:30 ?M 

;4) Engineering input to technology decision: 1:30 PM - 2:00 PM 
(Marx and Group) 

- uniform critique of alignment, manufactoring 
- cost estimation 

:sl Status Reports of R&D e-fforts: 2:00 PM - 3:00 PM 
(BRIEF update of progress and schedule) 

- csc-endcap {Whitaker) 
- CSC-L angle {Prokofiev) 
- CSC-UH (Lau) 
- CSC-barrel {AtiyaJ 
- RPC {Pless/Wuest) 
- PDT {Bromberg/Miller) 
- PDT-Oubna (Golutvinl 
- LSDT (Osborne/Korytov) 
- TTR status (Mitselmakher) 

16) Technology Decision process: (Taylor and Group) 3:00 PM - 4:00 PM 

17) R&D for FY93 (Mitselmakher and Group) 4:00 PM - 4!30 PM 

18) Electronics issues: (Marlow/Atiya) 4:30 PM - 5:00 PM 

19) Report of Muon Neutron Committee (Osborne> 5:00 PM - 5:15 PM 

110) Update on simulations: (coordinated by McNeil/Yanagisawa/Dingus) 

- hit level Monte Carlo 5:15 PM~ 5:45 PM 
- pattern recognition in CSC 
- effect of dead J lamda 
- background in EC (Ostopchuk) 

Ill) Discussion/Review: (Group) 5:45 PM - 6:00 PM 
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Technology Decision Process 

F. Taylor 
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F. E. Taylor 
9/2/92 

STATUS OF GEM MUON SYSTEM 

Issues: 

• Big wheel or separate sector? 
- sectors slightly favored 
- finish analysis 

bending of sector 
cost of installation tooling 

- final recommendation by 10/1/92 

• Which technologies? 
- ch'ambers for tracking 
- alignment scheme 
- chambers for trigger 
- reports due 9/28/92 
- presentations 10/6/92 

• R&D plan for FY93 
organize by tasks not institutions 

chamber R&D 
chamber prototype fabrication 
engineering support for chambers 
TTR and test beam 

- first draft due· 9/11/92 
final draft due 10/1/92 
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• Engineering plan for FY93 
- tasks 

prototype support sector 
alignment technology 

- first draft due 9/4/92 
- final draft due 9/11/92 

• Cost Revision and Schedule 
- due 10/30/92 

• TDR "Yr1t1ng 
- draft due early November 
- semifinal due 12/24/92 
- final due 1/31/93 

, 
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Expect from this meeting: 

• muon group input to Big Wheel vs Sector 

• engineering input to technology decision 

• review of detector R&D 

- description of what bringing to TTR 

- progress (only highlights please) 

- shipping schedule 

• discussion of R&D plan 

• update on simulations 

- what is needed for tech-decision 

- uninstrumented 3 A. in calorimeter 

- neutron backgrounds 
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Technology Decision Process: 

• Appoint 3 to 4 outside reviewers 

• Inputs 

- Proponent Reports due 9/28/92 

- Engineering Report due 9/28/92 
will provide a uniform appraisal 
of alignment, mechanical design, 
costs 

- Comments of outside reviewers 

• Open presentations 10/6/92 
- Each advocate 1 hr talk 0.5 hr Q&A 

• Muon Steering Committee meets with 
outside reviewers 10/6/92 

• Steering Committee makes a rating 
morning 10/7 /92 

• Rating presented to Muon Group 
afternoon 10/7 /92. 

• Collaboration Council Meeting 10/8/92 

• Rating presented to GEM EC 10/8/92 

10 



Boundary Conditions: 

• Rating made on 10/6/92 defines Baseline 2. 

• Final decision follows TTR tests and 
completed FY92 R&D program. 

• No new Chamber R&D funds until above are 
completed. 
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TO: GEM Muon Group 
FROM: F.E.Taylor 

8/16/92 

SUBJECT: Swmnary of Discussion on 8!4192 Pertaining to the Technology Decision 

At the last GEM Muon Meeting held at the-SSCL on 8/4/92, there was a discussion 
of the progress of the various technologies and the process by which the muon 
chamber technology decision will be made. 

C:ach technology proponent was asked when and what will be delivered to the TTR 
for testing. The following is a swmnary of the discussion: 

Technology Chamber size TTR delivery date 
------------------------------------------------------------------------------

PDT - Dubna lmx4mx8layers 7/28/92 delivered 
PDT - MSU l.29mx3.8lmx4layers 9/ll/92. 

LSDT lmx4mx4layers 9/l/92 

RPC lmx2mx2layers 9/1/92 

csc - BU&BNL 0.6mx0.6mx4layers 8/25/92 
csc - UH 0.5mxlmx3layers 8/25/92 
csc - BU&BNL lmx2mx4layers 10/15/92 
csc - Oubna 0.5mx4mx8layers 10/15/92 

According to this schedule, the full-scale (defined as the size of a typical 
middle superlayer chamber) prototypes of the CSC technology will not be 
available for testing at the TTR until mid-October, past the October 7, 1992 
deadline for the technology decision. 

I 

~iven our baseline design, the questions we must answer are: 

Barrel Issues: 

(l) Which is the more attractive drift technology for the barrel - LSOT or PDT? 
(2) Will the RPCs perform in terms of background sensitivity, time jitter, 

longevity, noise generation, multiple scattering ? 
(3) In case the RPC are not accepted, is there an alternative trigger scheme 

for the drift technologies ? The burden of this question lies with the 
drift proponents. -

e:ndcap Issue: 

(l) Does the CSC technology work in the endcap environment as measured by the 
layer resolution, background sensitivity, trigger resolution and jitter, 
pattern recognition capability, and cost. 

System Issues· (Barrel and Endcaps): 

(l) Will the CSCs work in the barrel? cost and alignability are especially 
important in this question. 

(2) Can the LSDTs be made to work in the endcaps ~ith a trigger scheme which 
will operate in the high rate environment. Will the LSOTs live long enough 
in the high background environment? 

At our meeting we discussed several ways to proceed: 

(l) Make a crisp decision on October 7. The LSDT, POT, and RPC technologies will 
be tested as full-scale prototypes, but the CSC decision will be made on the 
basis of a 0.6mx0.6m chamber (typical size of an endcap inner superlayer 
chamber). The verification of operation oC the largest chamber (for the 
endcap l.7mx3m - a scale-up factor of 3 in width and 5 in length) would have 
to be obtained later. 
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(2) Delay the decision until all full-scale prototypes are tested. This option 
will extend the R&D program as it is presently consituted by at least 
another 2 months (October and N9vember) . A stronger case for the decision 
would probably result, but would le~e less time to fully engineer the new 
baseline for the TOR. 

(3) Rate the technologies on October 7 and define the muon system baseline for 
concentrated engineering for the TOR. Maintain a committment to the most 
attractive alternative as a backup until approximately mid-November. Review 
the decision in approximately one month when the full scale CSC prototypes 
are tested. 

I suggest that we proceed by Plan (3). Please make your opinion known if you 
have differences with this plan. We can discuss them at the next Muon Steering 
:ommittee meeting (suggested time - late afternoon September 3, ·1992) and the 
Muon Meeting on Friday September 4, 1992. 
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Memorandum 

To: F. Taylor/M. Marx 

Superconducting Super Collider Laboratory 
2550 Beckleymeade Avenue, Mail Stop 2005 

Dallas TX 75237-3946 
(214) 708-6325 

Fax: (214) 708-6088 

From: 

Subject: 

Date: 

R. Humphreys, C. Johnson, F. Nimblett and R. Sawicki 

Engineering Evaluation of Muon Chamber Technology Options 

September 2, 1992 

The effort to complete a mechanical engineering evaluation of the muon chamber technology 
options has commenced. Criteria have been developed to be used as a basis for evaluating the 
different options. These criteria are as follows 

Design 
General design concept 
Weight 
Wire or strip support 
Gas systems 
Chamber structure 
Impact on truss structure design 
Superlayer configuration 
Electronic packaging requirements 
Size limitations 
Utility routing 
Failure tolerance 

Manufacture/assembly 
Manufacturing approach/philosophy 
Component fabrication 
Precision requirements 
Manufacturing technology development requirements 
Vendor availability 
Assembly procedures 
Fixturing and tooling requirements 
Size limitations 

Alignment 
Internal - wire/wire, plane/plane 
External - superlayer/superlayer 
Fiducialization 

Structural performance 
Stiffness requirements 
Dimensional stability - thermal and vibration 

Coverage 
Acceptance - phi and theta 

14 



Cost 

Phi overlap potential 

Assumptions, basis 
Equipment, material and labor 
Development, engineering, procurement/fabrication, and installation/assembly 
Cost uncertainties 

Schedule 
Long lead components/material 
Component fabrication time 
Assembly time 
Installation time 
First availability 

In order to complete the process in the shon time available regular meetings will be held at the 
SSCL. The first meeting will be Sept 9 and 10. At this meeting each of the technology leaders 
must present all data available (in vugraph form) on the above listed subject matters. This 
information will be reviewed and evaluated. Areas that have not yet been addressed or need 
additional evaluation will be identified and resources assigned to complete the effon. Per your 
direction it is expected that C. Bromberg (PDT· Sept. 9 AM), L. Osborne (LSDT • Sept. 10 
AM), S. Whittaker (CSC ·Sept 10 PM) and C. Wuest (RPC ·Sept. 15) will be present at this 
first meeting and provide the initial database of information for this evaluation. Subsequently, 
technology leaders must provide written reports which summarize their engineering design and 
will be used for the final evaluation repon. This must be submitted by Sept 21 in order for the 
process to be completed by Oct. 1. 

Follow-up meetings will be held according to the following schedule 
Sept. 15 Status 
Sept. 22 Draft reports due from technology leaders 
Sept. 29 Review final report and appraisal 

cc: M. Atiya 
H.Baker 
C. Bromberg 
I. Golutvin 
C. Johnson 
M. Harris 
K.Lau 
M.Marx 
G. Mitselmahker 
L. Osborne· 
I. Pless 
V. Polychronakos 
S. Whittaker 
C. Wuest 
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Big Wheel vs. Sectors 

F. Nimblett 
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STRUCTURE OPTIONS 
CONSIDERED 

• MODULAR {SECTOR) 
With No Phi Overlap 

• MONOLITHIC {BIG WHEEL) 
"" With No Phi Overlap 
0 

• MODULAR 
With Phi Overlap 

• MONOLITHIC 
With Phi Overlap 



CATEGORIES EVALUATED 

• Structural Performance 
• Coverage 
• Alignment 

~ • Prototyping 
• Assembly 
• Transportation 
• Installation 
• Facilities 
• Cost 
• Schedule 



N 
N 

RECOMMENDATIONS 

• Recommendation to proceed with Modular Sueport Stucture 
concept should be "Preliminary" pending additional information 
with a Final Recommendation due on 01 October '92. 

• Complete work on vibration analysis of Modular and Monolithic 
Structure option to determine effects on performance. 

• Continue efforts on costing of support equipment to validate costs 
and procedures for assembly and installation for both Modular and 
Monolithic Support Structures. 

• Continue work on Phi Overlap Options to better understand effects 
on alignment and technology options. 

• Consider structure options for the endcap as well which is 
currently configured as being assembled on the surface with no 
designation of structure type. 



CSC Effort 

M.Marx 
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RPC 

I. Pless 
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Dubna PDT 

I. Golutvin 
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STATUS OF 1 METER X 4 METER CHAMBER 

Part or Stage 

''.~ Al boxes:machined and welded 

~ Cathode planes (Lincoln Lab.) 

,J Hexcel bottom and top 

material 

preparation 

~Bridges 

blanks 

·machining 

'Posts 

. ·~ vVire(lOO µm Au platted wire) 
' 

. material 

Sept. 2, 1992 

soldering( courtesy of LLNL) 

9 Electronics: 

HV cards 

delay lines 

discriminator cards 

Assembly: • Start 

0 Finish 
.. -... ·.;. ·.· ·;::-· .· ·.: 

Test: 0 Start 

0 Finish 

0 Delivery to SSCLab 

.- .. :· .. -.:-;. 
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Delivery Date 
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9/19 
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A.Korytov, L.Osbome (M.l.T.) 
R.Sunmer (LeCroy) 

September 2, 1992 

MOMENTUM and TIME 
TRIGGER 

based on LSDT's 

. ·.· :.· . 
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SL3, 

I I 
SL2 

! 
l . 

- ... · ... : 

~ ; : 
. . 
! 
~ ; 

p: i.S! : 
Gl(m): I l 

' ~ = 4.4" .for r~ ~o <>~~le 
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ml 
m2 

Chisq 

R 

250 

Ill c:: 
Cl) 

e 200 ·-..... .. .... -I.. 
Q 

150 

100 

so 

··a· 

0 

Y • m1 •MQ + nlZ•MIJ•MO 
Value Error 

17.357073062 0.09'17ZS 

0.28546071821 0.0104131 

13.306709135 NA 
0.99994534341 NA 

I 
! 

T •a*X + b*X"2 
(Points are calculated 
from accurate fit of LASER DATA), 
Ar+IB •25+75 

l = a..·X .+ b · X?.. 

.. i··· ··-··-··---·+··- -·······r·--·-···········t··········-----

! 

···r-··-·-····-··---·+-·····-·-·-· 

I· 
l 

---;-----

' I 
I 

I 
I 

2 4 6 8 10 12 

Distance, mm 
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ml 

m2 

ml 
Chisq 

R 

200 

"' c 
Q) 

e ·-I- 150 ... .... ·-c.. 
i::i 

100 

·······:. 

y .. ml+m2•MO + m3•MQ•MO 
v .... Error 

3,3417585497 0.484641 
5.031063318 0.23408 

1.4116950994 0.0239047 

2.9760939244 NA 

0.99995388072 NA 

-

! ( 

CF + CO +C H • 69 +20 + 11 
4 z .. 10 

U • 5.4 kV 
laser Data 

I: Cl· X ~ b·X2 

! 
·-··-·--!----·---!-

. 
--··--···----L--··-···-··--··--··-t-··-··--··----

0-1--------J.--------J.---................ -J.-...................... -+~..;.......;....;;_+ ...................... 

0 2 4 

Distance from wire, mm 

66 



"' c: 
~ a ·-I-... -·-... 

Q 

400 

300 

200 

0 . 

0 

T •b*xAZ 

v-b S.3277617937 

O>so 199.899 I I 477 
R 0.99973685403 

i 

Error 
0.0214464 

NA 

NA 

Ar+C02+C4HIO - 2_.s + 88 + 9.5 

Laser Data 

-···· .. ·····-··-··-·-·-: -··-------l'·-------···~r-·····----·-·--. 

-----·-r-----·-·--r-~-----

2 4 6, 8 10 12 

Distance from wire, mm 
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'fa s:: ...... 
Ill ..... 
s:: = 0 
u ...., 
0 

ta 

10000 tracks (Ntot=12*10000) • P=l o GeV/c l 
MCl-IB(.00, 0., .000).DATA 

8.000 104 

7.000 104 

' ' 
6.000104 

5.000 104 

' ' ------·-··--=· . ·-·····-·+--------·---·-··-r-----······----

1 i ---+--+--- ·--+---- . ----------r-----------·r--
.! ! 

4.000 104 

...... 
~ 3.000 10

4 

-----~- ! -·---·--+---------j!1.·--·--··--f-

.I -- ------+- -~.--···-·-------.... ,:----·-··-· ·-·--------r-· i 

! i 

Z.000 104 i ----------~----·--r--·--·--
1.000 104 -1~----i-----+l __ I -----+ ---r-

! 
0 .................... -1---------+--------i--------+--------+-

-so 0 50 100 150 zoo 
TO,ns 
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am 17.35707 b- 0.2854607 
KEY=l 
eps-.ooo Terror(ns)-0.0 Aerror(rad)-.000 

- 10. GeV: Nyes-Nno-Nwrong= 9998 0 2 
= 20. GeV: Nyes-Nno-Nwrong= 10000 0 0 

40. GeV: Nyes-Nno-Nwrongs 10000 0 0 
= 80. GeV: Nyes-Nno-Nwrong= 9998 0 2 
=160. GeV: Nyes-Nno-Nwrong= 9999 0 1 
=320. GeV: Nyes-Nno-Nwrong= 10000 0 0 

0 0 0 0 0 0 0 
1 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 0 0 0 0 0 .0 
5 0 0 0 0 0 0 
6 796 1003 1162 1199 1239 1245 
7 2293 2593 2639 2642 2656 2716 
8 5104 4673 4596 4510 4449 4417 
9 1640 1565 1426 1468 1444 1447 

10 165 162 171 176 208 166 
11 2 2 5 5 4 7 
12 0 2 1 0 0 2 

Co '1 IAfAl.bu. 
La.11el 

f:IO =20 =Yo .:.8o ={6'>. =~ZO 

······ .... -·.· .· -~ ·.· 
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10000 tracks (Ntot=l2*10000) P•lO GeV/c I 
MCl-18(.05, 0., .000).DATA 

7.000 104 

'VJ 6.000 104 ... _____ .. ____ __, 
= i 

....... 
tll 

104 -s.ooo ---------i = ::s i 0 
u 4.000 104 ...., ------r 

~ 
i 
' 

3.000 104 -·--__J ....... I 2: ,, i 
2.000 104 ------! 

I 
1.000 104 ! 

---- t---·······-+····-·-·-·-·--···----·1--------
!·--·-··-·······-·----~---------·-r--·---

--- ! _______ ;______ ! 
' ' 
, I 

·-·--··-· .. -·-
I 

-----·--··-···1··-·-----··--t-·-------
1 ; I . 

-!--·-·-·--+-~---+-

' 
0 -f-------+-------r-----~1-------+-------+-

-so 0 50 100 .. 150 200 

. .. ·.· TO, ns . 
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-· 

E = o. o5 /at I ( ~-ef~o1t. f'Ocl.ue'7o~ 
ST= 2 n5 -

ool = , oos r±·:s 0) 

10000 tracks (Ntot=12*10000) • p .. 10GeV/c I 
MCl-IB(.05, 2., .005).DATA 

2.000 1 o4 ..+...~~..,.......1-...~~,....4.,...,..,..,..........,..,..h-...,...-rT"..,.......1-... ................ .....+ ........ ..,..,.,..,........+-

UJ = 1.600 104 
....... .s = 
~ 1.200 104 

0 
f; 
....... 

~ 
8000 

I . 
I , --·.·.· . ___ .;.,._ ____ +·-----··--1'------··---·-.i.------. ; i I : 

•!• 
! . 

-·---·-~·~--+--·-·---\ --·--··········---t··-----t--------
; I 1 i ' 
' j • i ·• . 

I ; 
! ; 

I i i : ! i : I -----+·--- ·'---- -~-·--·-···--t··--··---t---·---
;I.: . ! . ; . ; 

4000 ~---J ·---i----1 --·--·-t---·-- !----
i,: • I . ' 

. :,1. . ·. ..1 

! • • • •• •·•••• •••••.••••••••• 0 -'----...... -.i--............. ...,.:.....~~ ...... .:.:.::.:i:.:::.:.:.:.:.:.u.:.=i:.:.:o:.:.::.:.:.:~ 

-30 -20 -10 0 10 20 30 

··.- .·.·. TO. ns. · ... · 
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Lawrence Uvennore National Laboratory 

TART Calculations of Neutron Attenuation and Neutron-induced 
Photons on 5% and 20% Borated Polyethylene Slabs 

Cnug R. Wuest 

Lawrence Livermore National Laboratory 

August 28, 1992 

Abstract 

The coupled neutron/photon transport code TART has been used to calculate 
the attenuation of neutrons and the production of induced photons for neutrons 
incident on 5% and 20% borated polyethylene slabs. The neutron anenuation 
lengths are found to be 2.4 cm and 2.9 cm for 5% and 20% borated polyethylene, 
respectively. 

1. Introduction 

The roupled neutron/photon transport Monte Carlo transport code TARTl has bceri 
used to examine the effects of neutron shielding thicknesses for neutron attenuation and 
neutron-induced photons. Slabs of borated polyethylene were modeled with cylindrical 
geometry. Slabs 100 cm in radius and variable thickness from 1 to 20 cm were studied. In 
addition, two different mixtmcs of borated polyethylene were modeled. These mixtmcs 
were provided by Reactor Experiments, Inc.2 and are listed in Table L 

200,000 neutrons histories were generated for each calculation. Neutrons were inci­
dent along the axis of the cylindrical slabs in a beam of zero radius. The neutrons were 
sampled from an energy spectra provided by L. WatcrS for neutrons cmincd from a model 
calorimeter. Figure 1 shows the neutron spccmun. 

2. Results 

A. 5% Borated Polyethylene 

Figure 2 shows the results of calculations for 5% borated polyethylene of thicknesses 
from 1 - 20 cm. The figure shows the percent of neutrons and neutron-induced photons 
transmincd and reflected from the slabs as a function of thickness. The percentage is cal­
culated with respect to the number of incident source neutrons and is integrated over all 
energies. A fit to the curve for neutrons transmincd gives an attenuation length of 2.94 
cm. Figures 3 and 4 show the photon and neutron energy spectra for both reflected and 
transmincd photons and neutrons. 

Anft/ull ~~•tiMnilYOf Galbrill • 1!08alr80ll l.Mllllln,c.tft:mill~ • TelejJoe~}4Zl-1100 • '1Wlr910-3811-8339 UCW. LI/MR 
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B. 20% Borated Polyethylene 

Similar calculations were performed for the case of 20% borated polyethylene. Figure 
5 shows the percent of neutrons and photons reflected and transmitted from slabs of vari­
ous thicknesses. From Figure 5 the neutron attenuation length is calculated to be 2.4 cm. 
Figures 6 and 7 show the photon and neutron energy spectra, respectively. 

3. Discussion 

In general, borated polyethylene is seen to reduce the amount of transmitted neutrons 
in an exponential fashion as a function of thickness. On the other hand, transmitted and 
reflected photons and reflected neutrons tend to approach constant values for slab thick­
nesses greater than about 5 cm. 

Surprisingly there is little difference between the 5% and 20% mixtures of borated 
polyethylene. This is presumably because of the decreased moderating of neutrons in the 
20% mixture. There is a difference in the energy spectra of neutrons transmitted and re­
flected for the two mixtures, with the 20% mixture attenuating more of the low energy 
neutrons below about 100 eV. The reduction is about a factor of 10 between 10 and 100 
eV and about a factor of 100 below 10 eV. There is little difference in the neutron-in­
duced photon energy spectra. 

4. Conclusions 

These calculations show that the effectiveness of neutron attenuation is a complicated 
function of the amount of boron loading in the shielding material. There appear to be 
competing effects of neutron moderation provided by carbon and hydrogen. and neutron 
capture provided by boron. These calculations will be continued for other mixtures (10% 
and 15%) of borated polyethylene as well as boron mixtures in non-flammable binders. 

References: 

1. J. Kimlinger, N. Monson, and E. Plechaty, "TartNP, A Coupled Neutron-Photon 
Monte carlo Transport Code,"UCRL-50400 vol.14, 1976. 

2. P. LiDk, faxed communication, Reactor Experiments, Inc., 1275 Hammerwood Ave., 
Sunnyvale, CA 94089, (408) 745-6770. 
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Table I: 

Element 

H 
c 
llB 
IOJJ 
Si 
0 
Al 
Mn 
Fe 

Borated Polyethylene Mixtures as provided by Reference (2) 
numbers are given as weight fractions 

5% Borated Polyethylene 

0.116 
0.612 
0.040 
0.010 
NIA 
0.222 
NIA 
NIA 
NIA 
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20% Borated Polyethylene 

0.105 
0.680 
0.150 
0.050 
0.0068 
0.005 
0.0003 
0.0001 
0.0025 



-e = O.I) 

u: 

"'o ..... 
"'o ,... 

"'o 'O ,... ,... 

JU8A3 ieres1~vWO/J\8r4/SUOJJn8N 

108 

"'o ,... -'o ..... 

-0 ..... 

"'o 
..... 

-' 0 ..... 

N 
'o ,... 

.., 
' 0 ,... 

.... 
'o ,... 

"' 'o 
N ,... 

'o ,... 

-> 
CD 
~ -
>. 
e> 
CD 
c: 
w 
c: e -::I 
CD 
z 



1 o0 

1 0· 1 

'tJ 
G> -u 
G> = ! 
:0 
G> 

1-&E 
oE 10·2 
c.c fl) 

i .. --c 
G> e 
G> 
0. 

1 0·3 

1 0·4 

-o---- -:-

Photons reflected 

Neutrons reflected 

Neutrons transmitted 
attenuation length • 2.94 an 

Photons transmitted 

Neutrons Incident on So/o borated polyethylene slabs of 
various thicknesses from 1 cm to 20 cm. Data Is given 
In terms of percent photons/neutrons transmitted/ref­
lected per souce neutron. Neutron energy spectrum is 
taken from calculations by L. Waters. 

5 10 15 

thickness (cm) 

20 



Figure 3 
0 1 Q r= i I I I I I I I I I I i I I I I I I I I I I I I I F:1 

1 0·1 

c 
0 ~ 10·

2 

G> 
c 

~ 
::I 

1--" 0 ..... ~ 10·3 

o~ 

~ 
c 

~ s::. 1 ·4 
D.. 0 

10·5 

Photons induced by neutrons Incident on 1 O cm of 5o/o borated polyethylene 

········ photons reflected 
- photons transmitted 

........ :······ ...... . 

1······ • • • • • • • 

r········ • • 

• ......... . ................... ! -... ...... J 

.. .. • 

1 o•& h I I I I I I I I I I I I I I I I I I I I I I I I 11 I hi 

0.01 0.1 1 10 

Photon Energy (MeV) 



1<·1gure 4 

1 o
0 r-.,-----r;;:::::::=~~---.-~----.-~-

Neutrons Incident on 10 cm of 5°/o borated polyethylene 

1 0·1 

c e s 10·2 

CD 
c 
CD 
E:? 

..... :I ._.o 
...... ~ 10·

3 

CD 

~ 
g 
i 10·4 

z 

1 o·S 

neutrons reflected 
- neutrons transmitted 

r·····--z-----, ,..... r······; 
I ••••• I I I I . .. ;··""··· . ...... : 
I : I •••• I 

••••••••• .! • • ...... . : .. , : : 
• • ... •• J • j IJ I I • t. ...• 
• lf'•I : 

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

·, .. . . , 
; 
'·. ~::: 

:•'- .. :: :.-;:: 
~: ::~: 
~~= " . , . 

• . • • : 

108 ~~---L~~...L..::~--L~~-L-:.--~L--~......L.....-~....L-~--l-:-~-'-~~~~-L-'-~-
1 0·10 1 o·8 1 o·8 1 0·4 1 0·2 1 o0 1 02 

Neutron Energy (MeV) 



1 o0 

-1 
10 

'C s u 
CD 

;;:::: 
! 
:0 
CD = -2 .._. E 10 ...... Cl> 

l\:)C 

e! --c 
CD u ... 
CD 
a. 

-3 
10 

10·4 

Neutrons transmitted 
attenuation length • 2.4 cm 

Figure 5 

Photons reflected 

Neutrons Incident on 20o/o borated polyethylene slabs of 
various thicknesses from 1 cm to 20 cm. Data is given 
In terms of percent photons/neutrons transmitted/ref­
lected per source neutron. Neutron energy spectrum Is 
taken from calculations by L. Waters. 

5 10 15 

thickness {cm) 

20 



c 

~ 
CD 
c 

~ 
~::::s 

1-4 51 
c,.., :> 

CD 

i .c 
ll.. 

1.·15u1\.t v 

10° -----r--..--r--r--.--T"""T""T""T---r-----.-....-....--r-r-.-.--.----..--.--.--,--,,-,--,,~ 

1 0·1 

1 0·2 

1 0·3 

1 0·4 

10·5 

Photons Induced by neutrons incident on 1 o cm of 20o/o borated polyethylene 

········ photons reflected 
-- photons transmitted 

........ 

.·-···· • • • • • 

:········ • • • • t • 

;····· 

····---.. ......... . 

·8 L__ 1 0 II I I I I I I I I I I I I I I I I I I 1 I I I II 1 L..f 

0.01 0.1 1 10 

Photon Energy (MeV) 



c e -::I 
CD 
c 
CD e 

...,.5 

..... ~ 
~> 

CD 
:::e 
(a 
c e :; 
CD z 

r1gure '· 
1cf --~-,.~~-.-~~..--~-,.~~--.--~~~~--.~~-r~~-.-~~..--~---.~~--

1 0·1 

·2 
10 

10·3 

.4 
10 

1 o·S 

Neutrons incident on 10 cm of 20o/o borated polyethylene 

neutrons reflected 
neutrons transmitted 

r··--···· 
r•••• I I I I I I 

.... r••\. I 
1
•••-' : ' ..... . ....... 

' ' 

, ••••• ;--·1 : : ' ' ' ' ' .. ,.... ' : ·: ,.. : ...... . 
. ' " . . . :-·······= ... : .... : : : •• "" ! .. 

' i 
i • ........ : 

........................... 

....... 
• 

: • • • • • 
' ' • 
' .., • • .... i 

• .. 
:i• ::: :: 
"''' :· .. I 1••1 '· . • '• ' •• •• '• 

~· • • • • • 

108 ........ ~-'-~~...a...,,.---.-a.~~....&...,,...---''--~-'-..-~...__~ ......... -=-~-'-~---'L..:--~-L.;L-__ 
1 0·10 1 o·8 1 o·8 1 0·4 1 0·2 1 o0 1 02 

Neutron Energy (MeV) 



AUG-24-92 MON 12:39 

Hi Muon Neutron Committee, 

Here are a fev miscellaneous plots. The GEM run I hope vill be finished 
by tomorrov, but I can't guarantee it. I am running DTUJET events into 
the BASELINE 1 confi1uration and getting fluences for most of the chambers, 
including the barrel region. The results can then be compared vith the 
ISAJET TVOJET events I have already rur •• 

Here are vhat this set of plots is: 

pa1e 1 and 2. 
tvo pages of comparisons of DTUJET, ISAJET TVOJET and KINBIAS. The 
TVOJET by far 1ives the lar1est dN/dy and dN/deta in the central region. 
The reason that the ISAJET events do not get out to as high rapidities as 
DTUJET is that ISAJET is a single precision code, vhile the OTUJET events 
Nikolai Hokhov wrote out for me are all double precision. 

pqe 3 
This is a study just completed for the GEM central tracker, shovin1 the 
spectrum of photons and neutrons around the silicon tracker. The photons 
all result from (n,gamma) reactions in nearby materials, most of vhich is 
borated poly. (note these are not the regular shover photons, these are just 
the component coming from neutron capture). 
Note the big peak at .48 HeV from the capture on boron 10. Although this 
is done for the central tracker region, I think the spectrum vill be typical 
of what would 10 into a muon chamber if you start puttins borated poly close 
by. 

pqe 4 
This is a fi1ure shovilll' the effect of various thicknesses of shieldins 
111aterials on the thermal neutron flux for 2.6 KeV neutrons. I am not 
entirely sure vhat the 2.6 HeV neutrons vere incident on, maybe just the 
b-poly. Anyvay, be careful, because the is the effect on the thermal 
neutron component only. I include paie 5 vhich shovs a study again done 
for the gem central traker which shovs that above about 10 KeV, b-poly 
doesn't do much for neutron supression. 

Laurie 
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