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Abstract; 

Agenda, attendees and presentations of the GEM SBC (Scintillating 
Barrel Calorimeter) meeting with CIS Collaborators held at ITEP, 
Moscow, Russia on June 7-8, 1993. 
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Workshop on Calorimetry 
ITEP, Moscow, Russia, June 5-8, 1993 

Agenda for June 7 

June 6 Free day ( The tour to Zagorsk) 

June 1 9:00 at ITEP, Chair-Yuri Kamyshkov 

+SBC system. An introduction. 
+ Jet resolution in GEM and SBC 
+Missing Et and SBC 
-t-Muons in SBC (for Yu.Efremenko) 
.+- PMT readout and cal/mon system 
~ Alternative readout schemes 
-f- Light collection, uniformity etc. 
-f- General GEM construction schedule 
-j-Tilas/Fiber Rl:D program t schedule 

Discussions 

Yu.Kamyshkov 
A.Savin 
K.Shmakov 
Yu.Kamyshkov 
R .Akchurin 
D.llinn 
E.Tarkovsky 
B.llisnievski 
J.Reidy 

20' 
20' 
15' 
15' 
20' 
15' 
20' 
20' 
30' 
30' 

Lunch at ITEP 12:30 pm - 1:30 pm 60' 

--l- Quality control and acceptance tests R.C.Shang 20' 
-+- SBC production schedule S. Chae 15' 
-f-Design, re~uirements, construction options, 

passive absorber, central det. support M Rennich 60' 
- Belarus status report 
~ Kurchatov Inst. status report 

- IRR status report 
+ Discussions 

Adjourn at 5:30 pm 

June 8 9:00 

Visit to IRR and/or Kurchatov 

??? 
??? 
??? 

30' 
30' 
30' 
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AGENDA 

of Executive Committee Meeting, !TEP, 

1. Introduction 

2. GEM Overview 

3. Moscow State University 

4. Lebedev's Institute 

5. MI Ph I 

6. Inst.Nucl.Physics(Minsk) 

7. Powder Metallurgy Inst. (Minsk) 

8. Kurchatov Center 

9. Kazakhstan 

10. Erevan Phys.Institute 

11. Novosibirsk Inst. Nucl. 

12. Discussion 

Lunch 

Tour !TEP 

13:00 - 14:00 

14:00 - 15:00 

13. PNPI (Gatchina) 

14. JINR (Dubna) 

15. ITEP 

16. Discussion 

Adjourn 17:00 

Phys. 

4 June 1993, 9:30 - 17:00 

B. Barish. 10· 

G. $anders 15' 

P. Ermolov 20· 

A. Shmeleva 15' 

B. Dolgoshein 15' 

N. Shumeiko 20· 

0. Roman 15' 

v. Man'ko 20· 

E. Boos 15' 

G. Bayatian 15' 

V. Sidorov 15' 

30' 

A. Vorobiev 30' 

I. Golutvin 30' 

A. Golutvin 30' 

30' 
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Yu. Kamyshkov 
ITEPIORNL 



Purpos'lS of .JUne 1-8 JTEP . mee t.·hg 

SBC collt:tbC1rR.ft?rJ in CI .S; 

Su.~1"11 co/IR.J,or1t-fors w.·+J, Jm?Jf nc:eJtt 

cnformPL-f•o1'' Oh SBC j 
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1yuu1e LLQYIO L,alonmeter Overview 
All dimensions are in mm. 
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Junction &xes 
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GEM External Calorimeter 

Conailtl of : 

a) Sclnt. Barrel Calorimeter (SBC) 

b) End-cap Pual.e Ablorber (PA) 
. 

c) Forward Hadron Calorimeter (PRC) 

It is assumed that Russian institutions 

will play an important role in the . 
construction of these systems 

Durla1 the GEM I CIS • 1roa .. meetla1 oa 
Jane 4, 93 pa111•1e coarllnatlon1 m GBll BC 

- wlll .. dfecaae4 
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• Fi rt t G-E M Jd~ctor s11b.s7I+~m .' 
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c.ooperA+•ol't ,..._ frEM 

• F1'r't moclul~~ tv.-H /,~ b«•'lt ,j,, US 

• ProJ,,,.c+ ;011 sc:cn"rio 

• R a l) issu«-s 
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Presentation by: 

A. Savin 
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Sein tillating Barell 
Calorimeter 

A.So..vin rreP/orRNL /UA=c-

How can it improve 
Jet Energy resolution "! 

A.S~vin 06/07/93 

JT£~ MosCeJt.N 
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Segmentation 

1) EM section - Parallel Plates 
analog of Accordeon. 

1.4mm Pb + S.7mm LKr 

3 segments: 4XO + 8XO + 13XO 

2) HC section - 9mm Pb + 2mm LKr 

3 segments: 1.2SL + 1.25 L + 2.SL 

3) Scintillating Barrel : 

10 La,ers 57mm Cu + 3.Smm Scint. 



Jet simulation (A.Savin) 

3.IS' 
o PYTHIA + GEANT\/ at 90 degree 

o Energy resolution prediction with GEANT ??? 
The task -> study SB instrumentation effect on resol. 

o Pb/LKr EM : 3 sections 
Pb/KKr HC : 3 sections 

---> 1 section · 
---> I section 

Cu/Scint TC : N sections : 0- 10 sections 

in R2 - RI = 60 cm 

o If SB is not instrumented -> longitudinal segmentation 
in EM and HC should compensate for missing energy 
--> weighting scheme 

---------

... 

... 

... 

... 

... 

... 

.. 

... 

... 
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9.3/04/19 15 . .36 

5, 10, 1 5,20 GeV pions 
1 mm Sc.Fibers/Cu 2.25% vol. 1.5 degree 

0 GEANT.3. 15/GHEISHA 
RMS• 49.67. 

RMS• 48.77. 

" - 39.57. 

4 8 
Measured Energy, GeV 

0 GEANT.3. 15 GHEISHA 
RMS = 29.6l!O 
as 23.3?. 

15 GeV 
BNL92 Doto 

10 
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10 

1 

0 

0 GEANT.3.15 GHEISHA 
RMS • 34 • .37. 

" - 28.77. 

10 20 
Measured Energy, GeV 

.1 GHEISHA 
RMS• 26.87. 
a• 22.37. 

20 GeV 
BNL92 Doto 

RMS• 29.47. 

0 20 4 0 20 
Measured Energy, GeV Measured Eoergy, GeV 

Figure 1: Comparuon of MC ruvlU 1l1iUa 6eam fat data 
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Pion resolution 

3 Segments in HC Borell 
3 Segments in EMC Borell 
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?;"I . . 

Scint. Bsrell Colormeter 
HC Borell os single segment 
EMC Borell as single segment 
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,,.'/ 
? I' ).~ 

t~ 0 Non - n~rnented SBC =ef' (56.4:!:1.1 sqrt(E)O 
(8.2::1:0.2} 

:@ ,Ji o Non - instrumented SBC 

-'Ii~ {7.5:1:0.2) 
·;· ~ 3 Scinl. lfecrs ~n SBC ~ 3 Sci~. loye(lr SSC 

55.1:1:0.9) sqrt E)O 
5 

58:!;0.9 /sqrt( 0 
(6.9:!:0.1) 5 (6.4:1:0. 1) 

~ 5 Scint. ~ · sec ~ 5 Sein!. I rs • SBC 
54.1:!:0.9) sqrtcQo 56.7:l:0.9)~rtc'E>o 
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0 10 Sein~ !O>'e[(i in SBC 0 ·· 10 Sein~= in SBC 
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Figure 22: P11TCZmetrizdicm of pion ruoltdicm 
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0 2 

10 GeV jets at 7]=0. 
Entries 2272 
Mean .036 
RMS .265 

4 8 10 
Weighted SB Response / Jet E11e1 ~ 

(i.,,__{, . 

Figure 3: SB/TC rpectrum for 10 Ge V ;eta 
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Figure 4: SB/TC apectrum for t5 Ge V ;eta 
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Cf) 

10 3 _, 
c 
CV 
> w 

10 2 

10 
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100 GeV jets at 77=0. 

Entries 724 

Mean 1.36 
RMS 3.63 

20 40 60 80 100 
Weighted SB Response I= 'e' [ber95; 

ueV 

Figure 5: SB/TC qec:trum for 100 Ge V jeta 
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Figure 7: SB/TC apectrum far 1 Te V jeta 
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Weighting procedure 

I. Linear weighting with 
Energy -depending weights 

II. Procedure : 
1) Minimum RMS + linearity 
2) Repeat step 1 without events 

out of 3 Sigma. 

III. 50%/50% test : 
Weights were calculated· on 50% of 
events and then applied to other 50%. 

Result same as for 'self-weighting' 

IV. Regular behavior of weights vs Jet Energy -
possibility for correct Energy reconstruction 
procedure. 

2'7 
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E-M Calorimeter sections 
- 6 6 .s::. 0 1 0 layers in TC "' ·;;; 0 5 layers in TC 

... 
3: 5 5 a 6 3 layers in TC 

a ., Kli 
¢ None-Instrumented TC 

4 a 4 

3 1 0 lay!'rs in TC 3 
0 5 layers in TC a -
6 3 layers in TC a a a D 

2 ¢ None-Instrumented TC 2 

Sectjon EM I Section EM II 
0 0 ... 

0 0. 1 0.2 0.3 0 0. 1 0.2 0.3 
Jet 1 ./Sqrt(E) Jet 1 ./Sqrt(E) -.s::. 6 6 

"' ·;;; 
3: 5 a 5 EM as one section 

D -4 a a 4 

a 
3 10 layers in TC 3 a a l!l O 5 layers in TC 

2 6 3 layers in TC 
2 1 0 layers in TC ¢ None-Instrumented TC 0 5 layers in TC ... 

6 3 layers in TC 

Sec ·on EM Ill ¢ None-Instrumented TC 

0 0 0 0 0.1 0.2 0.3 o. 1 0.2 0 . .3 
Jet 1 ./Sqrt(E) Jet 1 ./Sqrt(E) , .. 

Figure 8: Wright. fer EM aediona ... 
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Hadron Calorimeter sections 
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Figure 9: Weights for HC aectiona 
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93/04/19 10.17 -
TC as single section 
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Figure 10: Weight for Scintillating Borell calorimeter .. 
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- 1 TeV jets at 71=0. (1 EM + 1 HC + 1 TC Segments) 

.. c 1 0 scint. layers 8JO 
!i!10 2 1000.0 
w 57.65 

1.421 
P1 79.64:t: l.493 
P2 1000.:1:: 1.902 
PJ 5US" 1.J 

0 200 400 600 1000 1200 1400 1600 1800 2000. 
. Reconstructed jet energy /GeV / .. c 5 scint. layers ISJO 

~10 2 Ill.I 
51.11 
0.8511 ., 
I0.70" "'" P2 1000.:t: ,_.,, 

PJ !14.58" 1.532 

0 200 400 600 1000 1200 1400 1600 1800 2000 
Reconstructed jet energy /GeV / . ., 

c scint. layers 
ISJO 

~10 2 119.7 
59.11• 

1.718 
P1 77.47:t: 3.427 
P2 1001. :t: 1.104 
PJ 52.11 :t: 1.375 

0 200 400 600 BOO 1000 1200 1400 1600 1800 2000 
Reconstructed jet energy /GeV / 

" - ISJO c Non-instrumented ~102 1000. 
w 77 

1.717 

84.26" J.824 
1004.:t: 2.280 
59.tHI :t: ·-0 200 400 1000 1200 1400 1600 1800 2000 

Reconstructed jet energy /GeV / 

Figure 11: Ruponae apectnim for 1 Te V jet "(no aegmentation in EM and 
HO) 
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-1 TeV jets at TJ=O. (3 EM + 3 HC + 1 TC Segments) 
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Conclusion on jet detection 

1. Instrumented SB improves constant term in 

jet resolution from 4.8% to 3. 7 % 

2. Longitudinal segmentation of EM and HC is 

as helpful in jet energy resolution as whole 

instrumented SB 

3. 3-4 active layers in SB looks appropriate 
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Muons in the calorimeter. 

1. Muon Pt. 
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3. Noise ·in calorimeter. 
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5. Endcap region. 

6. Conclusion 
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calorimeter influence on the muon resolution 
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for the Higgs detection. 
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CONCLUSION 

. 1. Barrel calorimeter is strongly af feet on the 

resolution of muons with Pt less than 30 GeV. 

2. Influence of the Endcap calorimeter on 
the muon is low. 

3. Increasing of the pileup noise at the 
high luminosity will strongly affect on the 

efficiency or resolution of ~he low Pt muons. 

· 4. For the low momenta muon there is almost 
no difference how many sensitive layers 
(from 7.ero to 1en) are in SBC. 

The real improvement will appear if SBC 
would have more than 25 sensitive layers. 
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HAMAMATSU 
TENTATIVE DATA 

Oct. 1992 

MULTIANODE 
PHOTOMULTIPLIER TUBE 
ASSEMBLY 

H4140-20 

Position Sensitive 256 (16 x 16 Matrix Array) Multianod~ 
Very Low Crosstalk Less than 2~ 

Stable Operation In High Magnetic Fields beyond 1.5 Tesla 
3 Inch Square, Bialkali Photocathode, Proximity 16- stage Fine Mesh Dynodes 

Multi- pin Connector Output with Built- In Voltage Divider Circuit 

GENERAL 
{El 1::-f f'r f)fM 7 

Parameters Rall~ Unlta 
Spectral Response 3001o nm 
Wavelenath of Maximum Response 420:!:50 nm 

Material ..; ...... -Photocathode 
Minimum Effective Area 40 x 40 rsquareJ mm 

Window Material Borosilicate alass -
Shape PJano-plana -

Dynode Structure Proxlmnv ftne mesh -
Number of Staaes 16 -
Number 256(16x16) -

Anode Pixel Size 1.8 mmdia 
Pitch 2.54 mm 

MAXIMUM RATINGS (Absolute Maximum Values) 
Parameters Ratlnaa Unlla 

Supply Voltage I Between Anode and Calhode 2700 Vdc 
I Between Anode and Last uvnoae 250 Vele 

Averaae Anode Current r 0.1 mA 
Ambient Temperature -30to+50 "C 

CHARACTERISTICS (at 25 't) 
Pllrametere Min. ·-. Max. Units 

Ouanlllm Etficlen.,. at 400llm - 20 - " Cathode Sensitivity Luminous 12856~. - 60 - ,.,.,,. 
Blue !CS No. 5-58 filterl - 7 - ll Allni-b 

Anode Sensitivity • Luminous (28561() - 80 - """' Current~cation • - .... - -
Anode Dark Current ratter 30mln. lloraae In darkness\ • - 300 - nA 
Time Response • I Anode Pulse Rise Time - .. 7 - llS 
Crosstalk at One Adlacent Anode - .. - " * At -2500V and no magnetiC foolcl * * Anocle DerkCunent: atcannecting wlloltanodel 

tnfonNtion furnished by HAMAMATSU ii btli9wed to be Nlilble. HowwMw. ftO NIOOftlibility ii auumed tw ...... in''OI ... or onwu ····=na. 
Specificlt~ .,. IUbiw:ted to d\tnae without notiot. No Dttent rilhta .. .....-:t to IM'rf of thrt cirauita delCribld hlr9in. 
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-IOTOMUL TIPLIER TUBE R2490- 05 

=igure 1 : Typical Spectral Response 
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Figure 2: Dimensional Outline and Basing Diagram (Unit:mm) 
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HAMAMAISU 
TENTATIVE DATA 

June 1990 

PHOTOMULTIPLIER TUBE 
R2490-05 
FOR HIGH MAGNETIC ENVIRONMENTS 

Stable Operation In High Magnetic Fields beyond 1 Tesla(Gain:2.7 x 10" at 1T.l 
2 Inch Diameter, Proximity Photocathode and Mesh Dynodes 

Regrade of R2490- 01 with Same Configuration 

GENERAL 
Parameters Ra~ Units 

Spectral Respanse .IAJ to :XI nm 
Wavelength of Maximum Respanse 420±50 nm 

Pbotocathode Material 
Minimum Useful Diameter 36 mm dia. 

Window Material Borosilicate oo .. c -
Shape Plano-piano -
Seconrl•~ Emitting Swiace Bialkali 

Dynode Structure -
Number of St>- 16 

Base 21 - pin 01M!O base -
Suitable Socket E678-21A (supolied) -

MAXIMUM RATINGS (Absolute Maximum Values) 
Parameters Ratinoc Units 

Supply Voltage: Between Anode and Cathode 2700 Vdc 
Between Anode and LaSt Ilynode 250 Vdc 

Average Anode Current 0.1 mA 
.-\mbient Temperature -80 to +50 °C 

CHARACTERISTICS (at 25 ·c) 
Parameters Min. Tvo. Max. Units 

Cathode Quantum Efficiency at 390nm - 20 - % 

Sensitivity Luminous (2856KJ 50 60 - /J A/Im 
Blue (CS No.5-58 filter) 6 7 - /J A/lm-b 

Anode 
Luminous (2856K) 50 180 A/Im Sensitivity -

Current At 0 tesla - =~n x 10" - -
At 0.5 teslas 2.2 x 10' - -

Amplification At I tes1a 2.7 x 10' - -
Anode Dark Current (afttt 30min. storage in darkness) - 2000 nA 
Time 

Anode Pulse Rise Time 2.1 Resnnnse - - 115 

VOLTAGE DISTRIBUTION RATIO AND SUPPLY VOLTAGE I Electrode I K I or I ry21j3I0y4 J 0y5 Ji, ................... . 
Ratio I 2 I I I I I I I · .. · .. · .. · · · .. · • · · · · I 

Supply Voltage : 2500Vdc. K : Cathode. Dy : i)ynode. P : Anode 

- ..,f°""at'°" furnished bv HAMAMATSU ;. btliewd to be '91iab&e. Howevs. no ~tv is .......... for oouible ineccur.o.s or ommiaion. 
>oecificr.ions .,. subilcted to change without notice. No ~ nattt .. orAMed to .nv of the cirQ.lits dMctibecl hertiin. 
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Copper Absorber 
Muon Shield 

Tile (4 Layers) 
Outer Support Tube 
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Noble Liq. J-boxes 

G.TC.009 
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Fiber Alignment Sleeve / I 
PMT Electronics 
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Figure 3: Typical Current Amplification and Dark Current in Magnetic Field (Parallel to Tube Axis) 
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Figure 1: Typical Spectral Response Figure 2: Current Amplification in Magnetic Field 
(Parallel to Tube Axis) 
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HAM"Mfil&U 
TECHNICAL DATA 

Oct 1992 

PHOTOMULTIPLIER TUBE 

R3432-01 

Stable Operation In High Magnetic Fields beyond 1 Tesla 
1 Inch Diameter, Proximity Photocathode and Mesh Dynodes 

GENERAL $ /'J.f"O It' PMT 
hrametera . Ratlnae Units 

Spectral ResDOnse - nm 
Wavelanmn o1 Maldmum R"""""se 420±50 nm 

Material -
Photocalhocle Minimum Ellec:tive Araa 17.5 mmdia. 

Material llonlslllcate glass -Window 
5"- Plano·- -
Secondary Emltllnn SUrlace m.Jkall -

Oynode S1ructure -
Number o1 S•...,_ 15 -

Base 17- ftlft ntatt base -
Sultable Sodcet E878·17A -

MAXIMUM RATINGS (Absolute Maximum Values) ,..,.,,,_,. Ratlnaa UnllS 

Supply Voltage I Between Anode and Cathode 2500 Vdc 
I Between AnOde and Last uvnode 250 Vele 

Av•""" Anode Currant 0.01 mA 
Amb4anl T.,_ature -BOID +50 'C 

CHARACTERISTICS (at 25 "C ) ,..,._,. Min. ·~ Mu. Unlla 
Quantum EfftCMlrtCV et 420nm - 20 - " Cathode Sensitivity luminous 50 60 - v.AJ/Jlt 
Blue <CS Na. 5-58 man 6 8 - p.A/i..-b 

Anode SansllMty LUn*laua (2856K) - 30 - A/bit 

current N.Otesla - :t.U X IU - -
AmpllficaUon At 1 tesla - .,nx1n4 -
Anode Dark Currant after 30mln. In dattcness1 - 10 100 nA 

Time Response Anode PulH Rise Time - 1.5 - ns 
Transit Time"""""" (I .T.S.) - n - ns .. 

VOLTAGE DISTRIBUTION RATIO AND SUPPLY VOLTAGE 
5 p 

1 
Supply Voltage : 2000Vdc, 

llE R4722 (UV window) la also aY11llable. 

lnfonnl'tion futnilhtd bit" HAMAMATSU ii belieWd" to be .....,.._ H~. no *DDnlibilih ii auurNd for DOUllle in1ee1 r1CiM or ornmiuionL 
--UioctodlOcNnoe--No-ri;hta--to-oftho ___ _ 
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£.TA-R~OV SKY 

IT-E'P/oR tJ L 

LIGHT COLLECTION IN BARREL SCI CAJ;a 

Size of tiles is approximately · 9 x so-a·o 

sq.cm to match segmentation in Liquid Barr~l 

Calorimeter ( /;{ x 6 'f = 0 .16 x 0 .16) { 6 t;Le9 

Question to' be answered 

1. How thick have to be tiles to have high 

efficiency (number of photoelectrons/MIP)? 
- ~-­.. 

2. Bow uniform is the response over all the 

tile· area? 

3. If WLSF readout - how many fibers per tile, 

haw arrange fibers to tile? 

111 
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2 variants of coupling of WLSF fibers to 

tile.have been considered: 

1) at side facets, 

2) at top facet 

The advantages of t"he second method are: 

1) Less dead space at the edges of a tile. 

2) One can use one tile per physical tower 

(increasing number of fibers) . 

3) Fibers distributed more uniformly over 

the area. 
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1.lonization losses in media (dE/dx). 

2.Scintilator efficiency (dE/dNphoton)· 

3.Up to 3 components of emitted light with relative weights and 

different emission time constants. 

4.Spectral light absorption in scintillator, in the cor~ and cladding 
, 

of WLS and clear·(transport) fiber. 

5.Spectral light reemission in WLSF. 

6.Absorption at different surfaces. 

7 .Secular and diffuse reflection of painted and mirror surfaces. 

8.Refl.ection/refraction at the boundary of two transparent media 

9.Light propagation through WLSF and clear fibers. 

IO.Response of the PMT photocathodes. 

11.Time devc:lopment of light propagation. 
-----··- .. -· ···----·-·--



Light Collection in Barrel Sci Tiles 
Materials 

1. Plastic scintillator BC-412 
- light output - 60% of anthracene 
- decay time - 3.3 ns 
- refraction index - 1.58 
- light attenuation length - 50 cm 

2. WLS fiber BCF-'91 A (400 ppm dye 
concentration) 
- decay time - 12 ns 
- core refraction index - 1.58 
- cladding refraction index - 1.49 

3. Clear fiber BCF-28 
- core refraction index - 1.58 
- cladding refraction index - 1.49 

4. The green extended photocathode was 
used as photodetector 
q.e. • 66 mA/W <i> 525 nm 

E. Tarkovsky /ORN L/02-02-93 
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Scintillating tiles with WLS fiber 
Spectral properties of materials 

Emission (a.u.) Transmission (cm) 
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-
Geometry Glue Transversal 

description ID Efficiency nonUDiformity 
grooves (%} R.M.S.(%} . 

tile: 50 • 9 • 0.6 cm3
, 

configuration # I yes I.IO 7.9 .. , 
tile: 50 • ·g • 0.6 cm1 , 

configuration # 1 DO 0.60 13.9 

tile: 50 • 9 • 0.6 cm1 , yes 1.20 3.2 ~·.: .~-. . -
2 fibers in configuration # 2 

tile: 50 • 9 • 0.6 cm1, DO 0.56 6.8 
2 fibers in configuration # 2 

tile: 50 • 9 • 0.6 cm3 , DO 0.78 5.3 
i fillet un:onnpntion 1/i-z- · - - .. ---- ----

... 
Tab~ 3: Ligid collection efficiency for different Ule//ikr configunlliona 

-
26 

... 
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Tra.nsvenal 
Wrapping Efficiency non uniformity 

(x10-2) R.M.S.(%) 

perfect aluminized mylar 1.21 3.2 
with 1003 efficiency 

aluminized mylar 0.93 4.2 
with 803 efficiency 

, 
aluminized mylar 0.77 3.5 

with 603 efficiency 

aluminized mylar 0.65 4.5 
with 403 efficiency 

aJumini-1 mylar 0.55 3.7 
with 203 efficiency 

aJuminir.ed mylar 0.46 4.6 
. 

with 0% efficiency 

white cillfuse wrapping 1.15 5.4 

Table 4: Light collection efficiency for tli/ferent tile "'' appings. Tile nu: 50 
z 9 z 0.6 crri", t WLS fi6er• of 1 mm diameter glued in the gt'OOflU at the top 
of the ti.le. Clear fiber length ia J 00 cm. 

27 
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Al mirror at WLS fiber Clear fiber EWLSF*Ei. Longit· • dina.1 
the WLS fiber length (cm) length (cm) (3) Donmr.iformity 

far end R:M.S.(3) 

DO 50 100 2.35 18.4 

yes 50 100 3.58 7.0 

DO 65 100 2.06 12.6 

' 
~ 

yes . 65 100 3.10 4.7 

yes 65 200 2.91 4.3 

yes 65 300 2.77 4.2 

yes 65 400 2.61 4.0 

yes 65 500 2.47 4.0 

DO 80 100 1.78 9.9 

yes 80 100 2.76 3.7 

Table 5: WLS antl tnmqort fihera efficiency EWLSF •Ei. for different WLS 
and clear tnmaport fiher lmgtha. Tile 1.mgth: 50 cm. 
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Average 
Photocathode quantum 

eftic:icmcy 
(%) 

, 
standard 6.6 
bialbli 

green 12.3 
extended 

trialbli 12.6 

Table 6: C.,,,....UO. of caladated ~ efficimciea of different photo­
ct&14odea /OT Clae lifld emilled ., WLS fiM" of 65 cm length. Fiber glued in a 

-tile of 50 s 9 • 0.6 c:i# aize-dhqpe;l ftlilla-petftdaluminized mrlar;-ig/&tia- -
traruported along the 100 cm long clear jiMs. Fiber diameten ID"t: 1 mm. 
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Figure 33: Numller of photona per MIP collected at photodetector 11.1 tile 
thicineaa. Tile area aize; 50 z 9 cni'-, f WLS jibef"6 of 1 mm diameter glued 
in groovu, oluminized mylar wropping, 1 m long clear fiber. 
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Figure 34: Light collection efficiency v• fiber diameter. Tile aize: 50 z 9 z 
0.6 cf1il, fl WLS jiffr" glued m groovu, aluminizetl mylar ~g, 1 m long 
clear fi6u-. • 
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Figiue 35: Light collection efficiency u num6a- of WLS fiben. Tile .size: 50 
:z: 9 :z: 0.6 crri', WLS fiben of 1 mm diameter glued in groove.s, aluminized 
mylar vrropping, .1 m long clear fiber. 
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Figure 36: 7hmnenal nonuniformity of tile ruponae for ! flier -readout. 
Tile sue: 50 z 9 z 0.6 mi', WLS fibers of 1 mm diameter glued in grooves, 
Bluminuetl mylar "'"'PJling, 1 m long clear fiier. 
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,!. 35.4 p.e. 
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I 4 layers C1I tiles 
tile: 50 x 9 x 0.6 cm' 
1 x !111 mm fiber I tile 

Number of photoelectrons per MIP 
200 

Figure 37: Rupo1&11e of -I layer tOVJer to 50 Ge V /c mucma 1l1ith 1 glued in 
WLS flier of 1 mm Gia. 
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.!. 52.1 p.e. 

30 

, 

10 

4 layers tiles 
tile: 50 x 9 x 0.6 cm3 
2 x ¢1 nm fiber I tile 

.. 

00~ ......... ........,.40.,........_.-'-="=-"-'._._~,........ ........ ~ .................. 200~ 

Number of photoeleclrons per MIP 

Figure 38: Reirporue of -I layer tower to 50 Ge V /c muona with !l glued in 
WLS fi6era of 1 mm dia. 
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Figure 40: Reqonae of -4 layer t0111er to 50 Ge V/c muon.t with 1 WLS fi6er 
of e mm tlia gluetl in .. 
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Figure 39: RupotUe of 4 lmyer to.er to 50 GeV/c muana mith ! not glued 
in WLS fiien of t mm dia. 
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Tile/fiber Avera.ge Arriva.l time Total respoDJC 
geometry reaponse r.m.s.(ns) non uniformity 

(p.e./ µ} (threshold 4 p.e.) (3) 

1 fiber 1 mm dia 44.3 1.6 7.6 
glued in 

' , 
~ 

2 fiben 1 mm dia 77.5 1.4 4.5 
glued in 

1 fiber 2 mm dia 79.5 1.1 7.4 
glued in 

2 fibers 1 mm dia 26.9 1.9 9.7 
not glued in 

Table 7: Renlta of simulation of 4 layer to111er response to 50 Ge V muons 
for different tile/fil>er geometriea. Tile aize: 50 z 9 z 0.6 arr. WLS fiber 
length: 65 cm. Clear fiber length: 5 m. < llE,. > = 6.4 Me V. 
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• 2 fibers glued in 
0 2 libers not glued in 
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Figure 41: Efficiency of MIP regiatration wa tl&reaholtl. fM" different reodout 
schemu fr- 4 laytr tower. 
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Schedule/Milestones 
'1992 1993 1994 1995 I ~96 ': 9?7 I 199B I 

GEM Milestones 
1. PACReview-------- --"f.Dec 
2. MagnetRFP-------- --"fDec 
3. Muon Option Choice - ___ _ 
4. Technical Design Report - - - -
5. Magnet Prime Contract - - - -
6. PAC Review·-------

Jan 

~Mar 

yMar 
-"fJul 

7. DOEReview-------- -"fSept 
8. JOO South Assembly Building - -
9. BOD South Assembly Building :... - - - -

10. BOD North Assembly Building - - -
11. BOD Underground Experimental Hall 
12. Start Detector Installation - - - -

YApr 
-"fJUI 

-"f ct 

"f Apr 
yApr 

I 
I 

13. Complete Deteclor Installation (Start S C Collid r eomm· ioning) --------.--- 4Apr 
14. Detedor Ready for Physics • - - -

Installation Sequence Requirements 

15. Underground Hall Ready - - - - "f Apr 
16. Install Cemtal Datactor Support - - "f Apr 
17. Install Scintillating Barrel Calorimeter - - - - - - - - - - - - - - "f Jun 
1 a. Install South Magnet Half - - - - - "'Sep 
19. Install North Magnet Half - - - - - - Nov 
20. Close & Test Magnet & Map Field . - - - - - - - - "f Feb 
21. Install Noble Liquid Barrel Galorimeter "f Apr 
22. Install & Align South Muon Barrel - - - "f A 
23. Install & Align North Muon Barrel - - - "f 
24. Install Tracker - - - - - - -

ct 
TFeb 

I 
I 

I 

- "' 

25. Install Noble Liquid Endcap Calorimete - - - ------YJun 
26. Install South Muon Endcap/Forward Fl Id Shape - -
27. Install North Muon Endcap/Forward Fie Sh 
28. Globally Align Muon System - - -
29. Install Detedor Beampipe . - - -
30. Close Magnet & Test Systems - - -
31. Collider Commissioning - - - - -
32. Deledor Ready for Physics - - - -

GJm;sarv• PAC Program Advisory COmnittea 
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DOE Department al Enelgy 

JOO Joint OCcupancy Date 
BOD Banllllclal Occupancy Date 
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SBC R&D Program : 

(schedules are subject to change} 

I. Studies of scint. tile/fiber optical assemblies 

(Iowa, LSU, UMiss, ORNL, UT, MSU; Coordinator: J.Reidy) 
(activity period : April 93 • October 93) 

2. Selection of PMT and study of PMT perfonnance in mag.field 

(BU, Iowa, Fairfield, ORNL; Coordinator: Y.Onel) 
(activity period : April 93 ·October 94) 

3 Readout electronics 

(BU, ORNL; Coordinator: Yu.Kamyshkov) 
(activity period : April 93 - October 94) 

4. Study of longevity of components in the rad. environment 

(ORNL, FU, UMiss, UT, TA&M; 
(activity period: April 93 - June 94) 

Coordinator : K.Y oung) 

5. Study of n-activation of absorber and constr. materials 

(ORNL, UT, TA&M; Coordinator : ff.Cohn) 
(activity period : April 93 - June 94) 

6. Monitoring/calibration system 

(BU, Iowa, Fairfield; Coordinator N.Akcburin) 
(activity period : April 93 - October 93) 

7. Construction and test of TfR SBC prototype 

(all Institutions; 
(activity period : April 93 - April 94) 

Coordinator : J .Reidy) 

15'( 



8. Construction of scint. module end mock-up 

(UMiss, BU; Coordinator : J.Reidy) 
(activity period : May 93 - December 93) 

9. Construction of the full size pre-production prototypes 

(US institutions and international collaborators; 
Coordinator : M.Rennicb) 

(ac?_yity peri~ : August !!4 - March ~5) . ______________ _ 

I 0. Development and construction of quality control equipment for 
mass production -

(US institutions and international collaborators 
Coordinators : J.Reidy, L.Sulak) 

(activity period : April 93 - October 94) 

11. Beam tests at fNAL 

(US institutions and international collaborators; 
Coordinator : J .Sullivan) 

(activity period : March 94 - August 95) 

12: SBC and passive absoiber ~onte Carld simulations 

(BU, ORNL, UT, UMiss; Coordinator: Yu.Kamysbkov) 
(activity period : April 93 - January 94) 
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Fiber test setup 

.. 
Blue light diode Step motor 

--------------·-······---···---~-----·-·-···-·-···----·-·-------------------------i::::=::J -WLS Fiber Clear fiber 

__ .___F-"--ib'-"e_r_h'--o_ld_e_r __ ,__ ___ ___, / I/ 7gMg 1 

Splice / ... 
Optical connector 

Pump 

, 
Test Ref. 

Vacuum 
• 

1. WLS fiber test 

2. Clear fiber test -
3. Splice test 

4. Mirroring test -
-
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Complete GEM Baseline II concept and TDR - April 1993 

Complete DOE and SSCL Reviews of GEM detector - October 1993 

Receive DOE approval to begin fabrication 

Begin Installation of GEM in experimental hall 

GEM detector commisioning 

SSCL Beam Line commissioning 

May 1994 

- October 1996 

- February 2002 
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Discuss Production Plans with Collaborators • January-June 1993 

Complete Final Production' Plans with Collaborators. • June-December 1993 

Co1nplete Manufacturing Pre-Prod. Module • November 1994 

Install Module Prototype for Fermi test 

Complete Manufacturing Design 

Begin Full Scale Manufacturing 

Begin Barrel Structure Asse111bly @ SSCL 

' 
• March 1995 
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• May 1996 

Complete Scintillating Modules and Darrel Fabrication • August 1996 

Begin Module Installation 

Complete Scintillating Barrel Assembly (at SSCL) 

Install Barrel in Experimental Hall 

• • • 4 • 

• August 1996 

• July 1997 

• September 1997 

• 4 4 • 



Presentation by: 

M. Rennich 
ORNL 



(DRAFT- Five) 

GEM Detector 

Superconducting Super Collider Laboratory 
Dall~s, Texas, USA 

External Calorimeter Collaboration 

Preliminary Desi2n Packa2e 

June 1, 1993 

CDRAFT- Five) 

18'7 



.. 

... 
Index 

... 
Introduction 

1. System Description 

2. Milestones and Schedule ... 
3. Conceptual Design Figures 

4. Material Specifications -5. Assembly Procedures 

6. Quality Control Procedures 

Communications 
( 

7. -
8. Engineering 

Appendix A. ASTM Specifications -Appendix B. Work Breakdown Structure 

.. 

-
t • 

... 
188 



Draft Five 

Introduction 

The GEM Collaboration recently completed the Technical Design Report for the 

GEM Detector which is proposed for installation in the Superconducting Super Collider 

Laboratory (SSCL) in Dallas, Texas. The collaboration is also developing an overall 

procurement plan for the final design and fabrication of the detector systems. The 

External Calorimeter subsystems discussed in this document are among the earliest 

components to be installed in the experimental hall, consequently, there is a strong 

motivation to proceed as quickly as possible with the development of a collaborative 

organization capable of designing and fabricating these systems. Our goal is to determine 

a proposed construction team and procedure befor August 1993. 

GEM is a subatomic particle detector, consequently, physics requirements are 

paramount in the design and construction of the external calorimeter . Thus, the 

engineering and physics interact, primarily in two ways. First, the physics requirements 

are determined in a study of all the GEM Detector subsystems in a computational 

analysis based on 'monte carlo' techniques. Second, the computer software required to 

process signals from the detector is based on the physical characteristics of the detector. 

As a result of this interrelationship, external calorimeter physicists will be involved 

throughout the design and fabrication phases to insure that the subsystem is capable of 

the optimum performance. 

In the next two months, institutes which express an interest in significant portions 

of the external calorimeter subsystems will be invited to participate in the development of 

a comprehensive physics analysis, engineering·design and manufacturing plan. We are 

ready to answer questions and take suggestions on the attached information to aid with 

the development of this plan. We are also ready to visit institutes or receive visitors to 

discuss specific plans for involvement in this project. 
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Several fabrication and assembly scenarios have been proposed for the external 

calorimeter systems. The procedure which is finally selected will be based on two 

requirements. First, the arrangement shall be efficient and cost effective in order to make 

the best use of the resources of the SSCL and the collaborating institutes. Second, the 

direct involvement of the calorimeter physicists in the monitoring of all aspects of the 

design, fabrication and assembly must be included in all scenarios. 

Of the many proposed scenarios three appear to be the most promising: 

1. United States institutes and the SSCL assume responsibility for significant 

portions of the final assembly of the subsystems at the SSCL. Components and material 

would be provided by collaborators according to specific skills and availability. The US 

and other collaborators would provide students to perform appropriate assembly 

operations such as fiber bonding and installation. 

2. A single institute or country commits to the fabrication and assembly of a 

complete subsystem (scintillating barrel, passive end caps or scintillating forward). This 

scenario assumes that a single organization would take responsibility for all fabrication 

aspects of the project from design through final assembly including material procurement. 

The responsible institute would coordinate activities with the SSCL and collaborating US 

institutes via formal documentation and communications established at the beginning of 

the project. It is assumed that the responsible institute would include the involvement of 

physicists with an oversight and analysis capability. 

3. A single institute or country assumes responsibility for most of the assembly 

operations while other organizations provide material or components based on specific 

availability or skills. The responsible institute would coordinate activities with the SSCL 

and collaborating US institutes via formal documentation and communications 

established at the beginning of the project. It is assumed that the responsible institute 

would also include the involvement of physicists with an oversight and analysis 

capability. This scenario emphasizes the use of the strengths of many organizations. It 

has the disadvantage of requiring complex coordination by the SSCL. 
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Several international partners have already expressed an interest in aspects of the 

external calorimeter project. In addition to US collaborators they will be provided with 

· this package. Specific international partners which arc potential material and components 

sources arc listed below: 

Copper: 

Stainless Steel structures: 

Scintillating tiles: 

Photomultiplier Tubes: 

Tungsten: 

Electronics: 

Calibration and Monitoring: 

Albania and China 

China, Czech Republic and Russia 

China, Czech Republic and Russia 

China, Czech Republic and Russia 

Belarus, China and Russia 

China, Ecuador and Russia 

India, China and Russia 

International partners with possible interest in the assembly and manufacturing of 

subassemblies arc: 

Scintillating Barrel Modules: 

Scintillating Barrel Ass. (at SSCL): 

Passive end caps: 

Forwani Hadron: 

Albania, China and Russia 

Albania, China and Russia 

Albania, China and Russia 

Belarus, China and Russia 

Final decisions concerning cost, schedule and sources will be undertaken in 

cooperation with the SSCL and GEM management. The final procurement and 

production plan will reflect a realistic use of the resources offered by potential 

collaborators as well as the management and oversight capabilities of the US institutes 

charged with the successful completion and operation of GEM. 

Engineering will be performed under the guidance of Oak Ridge National 

Laboratory, acting on behalf of the SSCL, with the full participation of collaborating 

institutes. This will permit the use of the most efficient available manufacturing methods 

and cquipmenL 

A preproduction prototype module of the scintillating barrel will be constructed in 

advance of the full scale fabrication effon to develop the working arrangements and plans 

for the final production of the calorimeter. The prototype may also be used in beam tests 

to demonstrate the functional characteristics of the detector. 
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37831-6353 
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Mike Harris; 
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Bill Wisnewski 
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Dallas, Texas; 75237 

Personnel 
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FAX: 615-576-2822 

EMail: Sulak::BUPHYC 
Phone: 617-353-9454 
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EMail: BITNET%"REN@ORNl.STC" 
Phone:615-574-0298 
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I-' Rutherroord, John 602-621-2657 UAZHEP::RUTHERFO Univ or Az 

~ Sulak, Larry 617-353-9454 617·353-9393 SULAK@BUPHYC BOSTON UNIV. Lead ExL Cal. Physicist 
~ . ..... Sulllvan, Jim MIT: 617·253·7537 617·258-8700 MIT 

BU: 617·353·6034 617·353·9393 Sulllvan@BUPHYC BU 
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Worstell, Biil 617·353-9884 617·353·9393 WORSTELL@DUPHYC BOSTON UNIV 
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DRAFT- Fjye 

1. System Description 

A. Scintillating Barn;! Calorimeter 

The scintillating bane! calorimeter sunounds the liquid calorimeter system increasing 

the system absorption length (up to 10.5 lambda at eta-=0) and providing structural 

support for three noble liquid cryostats and two end cap passive absorbers with embedded 

forward hadron units. As a detector the scintillating barrel serves as an outer hadron 

calorimeter providing tail catching far the hadron jets with modest improvement of jet 

energy resolution and missing Et measurements. The role of the scin ti!!ating barrel 

becomes more significant for the detection of very high, rear Pt (5-10 TcV) jct events. 

The detection system of the scintillating barrel calorimeter can also distinguish the 

minimum ionizing particles above the level of noise and neutron background with the 

resolution time of 12 ns. 

The mechanical design is based on the available radial space, assembly procedures 

and structural rigidity requirements. Brass was chosen as an absorber material to provide 

maximum absorption length at minimal cost. Modular construction has been proposed to 

provide a means of manufacturing the scintillating calorimeter in collaborating institutes 

distant from the SSCL. Absorber plates will be will be rolled to the correct thickness at 

the mill then sized to fit the modular assemblies prior to shipment to the assembly site for 

installation into the modular assemblies. The forty-four modules are of a size and weight 

which can be handled and shipped via conventional means. 

The scinti!!ating barrel is mounted in the Central Detector Support (CDS) and is 

equipped with rails which are used for the support and installation of the liquid system 

and the passive end-caps. A round stainless steel tube provides the foundation for the 

scintillating barrel. The tube will be a single welded tube which will be attached to the 

CDS with bolted joints. The suppon tube will be manufactured off-site in shippable 

pieces which will be delivered to IR-5 at the SSCL where the pieces will be welded 

together in an assembly stand prior to installation of the modules. Major characteristics 

and parameters of the scintillating bancl calorimeter are give in the Table 1. 
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Table ! . Characteristics and Parametm of the Scintillator Barrel Calorimeter 

Inner radius of the system 
Outer radius of the system (including Pb and BPE) 
Total z-extension (including readout) 
Z-extension of absorber 

Barrel Sections 
Mechanical modules (total) 

(in phi projection) 
(in theta projection) 

Total weight (support and modules) 
Weight of outer suppon tube 
Weight of inner suppon shell 
Weight of outer barrel passive absorber 
Weight of 40 modules 
Weight of the largest module 
Thickness of Scintillator/Copper stack 
Number of Copper layers in module 
Thickness of each Copper layer 
Weight of one Copper layer 
Number of Scintillator layers 
Gap for scintillator in the absorber 
Thickness of scintillator tiles 
Number of tiles in one module layer 

Tile size 
Eta coverage (scintillating barrel) 

Number of WLS fibers per tile 
Distance between fibers in one tile 
Average WLS fiber length 
WLS fiber diameter 
Total number of WLS fibers 
Total length ofWLS fibers required 
Transpon fiber length (average) 
Transport fiber diameter 
Total number of transport fibers 
Total length of transport fibers required 

Number of longitudinal readout sections 
Total number of readout channels 
Required photomultiplier tube gain 
Time resolution for single 3 mm 50 x 50 cm2 tile 
MIP seen in one readout channel as minimum 

as maximum 
Tile response uniformity for 50 x 50 cm2 area 

Hadron jct energy resolution 
(with 4 layer instrumented scintillating. barrel) 
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2923 mm 
3800mm 
±5300mm 
±4820mm 

2 Halves 
40 
20 
2 

1240T 
I40 T 
80 T 
130 T 
890 T 
24 T 
6fJ7 mm 
8 
69mm 
approx. 2.0 T 
4 
9mm 
5mm 
2 (phi)x8 (theta) 
O. I 6 (phi) x O. I 6 (theta) 
-50cm x50-87cm 
± 1.28 (3I-I49 degrees) 

5 
-I8cm 
70cm 
Imm 
I2,800 
9km 
350-4850(2600)mm 
Imm 
12,800 
33.3km 

I 
640 
Ix loS 
12 ns (MC) 
22 p.c. (MC) 
35p.e. (MC) 
10% (phi) (MC) 
15% max (theta) (MC) 
60%N<E) + 3.5% 
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B. Passiye End Cap 

The passive end caps will be are bolted stacks of copper plates with a central 

support tube for the forward hadron calorimeters. The. end caps will be assembled at the 

SSCL. The forward hadron assemblies will be fitted inside the end caps prior to 

installation of the combined systems in the GEM detector. Major characteristics and 

parameters of the passive end caps are given in the Table 2. 

Table 2. Chmctcri5tics and Parameters pf the pa5sive End Caps; 

Number of Passive End Caps 

Inner radius of the system 

Outer radius of the system 

Front Z-extension 

Back Z-extension 

Total weight (sLsL support and absorber) 

Weight of Forward support tube 
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3800mm 

:±5210mm 
:±5690mm 

73T 

: 20 T 



C. Forward Hadron Calorimeters 

The forward hadron calorimeters (FHC) will use liquid scintillator as a sense 

media. The liquid scintillator will bC contained in small tubes which will be lined to 

improve reflectivity. The scintillating light will be U"ansported to PMTs via quanz fibers. 

The stainless steel tubes will be parallel to the beam axis. [Note: An alternative design 

based on quanz rods or fibers and cherenkov light is also under consideration. The 

alternative design is very similar to the baseline configuration, consequently, it is 

assumed that it can be substituted at a later date following a comparison of test results]. 

The front face of the FHC will be located at 5, 124 mm from the interaction point 

and will be approximately 2 meters in total length. The active length will be 

approximately 1315 mm (11.53 cm per lambda) and the total weight will be 

approximately 35 metric tons per side. With the inside diameter of 80 mm and the 

outside diameter of 1412 mm, the FHC will cover eta from 2.82 to 5.68 at the middle of 

the active section of the module. Each FHC side will consist of 960 channels. The 

readout section (readout fibers, light mixer, PMTs and cables) will require additional 600 

mm. The segmentation will be adjusted to keep the dimensions in the eta and phi 

direction approximately the same. 

The forward calorimeter design is based on commercially available 3 mm OD 

(0.15 mm thick) stainless steel tubes within an absorber matrix of tungsten heavymet. 

The inner wall of the tubing will be lined with 0.1 mm thick glass tubing to enhance the 

total internal reflection (TIR). . Tungsten heavymet which contains about 92 - 95% 

tungsten and 5 - 8% non magnetic material (by weight) will be used as absorbing 

material. The tungsten absorber will make up 80% (by volume) of the active material of 

the forward calorimeter module. Each forward calorimeter will be contained in a 

stainless steel shell. 

The scintillating liquid from each forward calorimeter module will be circulated 

through a filtration and purification system continuously to prevent excessive degradation 

of the liquid due to radiation damage. Each module will have a inlet manifold at the front 

end (facing the interaction point) and a discharge manifold at the back end. The filtration 

and purification systems for the scintillating liquid forward calorimeter will be placed in a 

utility room in the experiment hall. The scintillating liquid will be BC-5172 which has a 
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light mineral oil base with 5-15% pseudo cumine and a number of chemicals for further 

wave length shifting, Bis-MSB @0.1 % and as a preservative. 

The scintillation generated light in the capillaries will be collected at the back end 

of the super tower by the UVT pfastic optical fibers across a small gap from the 

capillaries. Each tube will be extended into separate bore to prevent light mixing 

between the adjacent tube positions. Taper-end plastic optical fibers will be used for 

readout fibers at the end of each super tower. The large end (3 mm diameter) of the 

optical fiber will be aligned to each tube end to collect the scintillated light in the tube. 

The smaller end (1 mm diameter) of the optical fibers for each physics tower will be 

bundled into clusters and connected to the light mixers and/or photomultiplier tubes at the 

back end of the calorimeter. The readout fiber bundles will be designed to allow easy 

replacement of relatively small sections of radiation damaged fibers without draining the 

liquid from the forward calorimeter module. 
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Table 3. Characteristics and Parameters of the Forward Hac!ron Calorimeter 

One Side Only 

Inner radius of the system 

Outer radius of the system 

Length (including readout) 

Length of absorber 

Total weight (one side) 

Weight of outer suppon tube 

Weight of outer barrel passive absorber 

Weight of the Tungsten 

Tube Spacing 

Copper tube Inside Diameter 

Glass tube inside diameter 

Number of tubes 

Tube length 

Total length of tubes required 

Transpon fiber length (average) 

Transpon fiber diameter 

Total number of transpon fibers 

Total length of transpon fibers required 

Number of longitudinal readout sections 

Total number of readout channels 

Required photomultiplier tube gain 

Time resolution 
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706nun 
-2000 nun 
-1314nun 

40T 
4T 

-2 T 

-31 T 

6.39 ± 0.13 mm 

2.7±0.013mm 
2.5mm 
43,500 ca. 

1380±.8 mm 

60.1 km 

350 mm 

Tapered 1-3 mm 
43,500 ca. 

15.3km 

1 

960ea 
2000V 

2.5 ns 
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p. Interface System Descriptjons 

A finite element analysis of the scintillating hadron barrel indicates that the 

constraining structural criteria is the amount of deflection resulting from the suppon of 

the liquid system and passive end caps. The predicted, maximum absolute deflection of 

the system is currently expected to be approximately 0.5 cm. This deflection will occur 

at the ends of the rails. 

Connection of the suppon tube to the CDS will be accomplished via stand-off 

frames which are designed to accommodate the large cabling and piping bundles which 

will be routed through the CDS. The standoff frames will be welded to the scintillating 

barrel and bolted to the CDS in order to reduce the complexity of the assembly 

operations. 

All the utilities and readout cabling for the tracker, noble liquid, forward and 

scintillating barrel will be routed around the outside of the barrel. The piping and cables 

will be embedded in grooves in a 100 mm layer of brass and covered with a stainless steel 

sheet metal shield. Final placement of the utilities will take place in the experimental 

hall. 
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MATL;BARREL;List ... 

GEM Detector 
Scintillating Barrel Calorimeter 

... 
20. 3. 2. Structural Tubes Quantity Units 

20. 3. 2. 2. 1. 2. 1 . Outside Tube $T" 132,000 Kg 
20. 3. 2. 2. 2. 2. 0. End Flanges $T" 12,370 Kg 
20. 3. 2. 2. 3. 2. o. Center Flanges $T" 12,370 Kg 
20. 3. 2. 2. 4. 2. o. CDS Attachment $T" 30,680 Kg ... 
20. 3. 3. Modules 

20. 3. 3. 2. 1. 2. o. Absorber Plate Brass 948,000 Kg 

20. 3. 3. 2. 2. 1. 0. WLSFiber WLS 1,280 M ... 
20. 3. 3. 2. 2. 2. 0. Trans. Fiber Fiber 51,000 M 
20. 3. 3. 2. 2. 3. 0. Plastic Tile Scintillating 770 M•2 
20. 3. 3. 2. 2. 4. o. Mylar Aluminized 1,540 M•2 
20. 3. 3. 2. 2. 5. 0. Tile Trays Stainless St. 800 M•2 

20. 3. 3. 2. 3. 1. o. Fasteners Stainless ST 960 
.. 

ea 
20. 3. 3. 2. 3. 2. 0. Banding Straps Stainless ST 2,240 Meter 
20. 3. 3. 2. 3. 3. 0. Side Plates 16 GA. Stain. 4,500 Kg 
20. 3. 3. 2. 3. 4. o. Spacers Brass 756 M 

( 20. 3. 3. 2. 3. 5. o. Protective Film Mylar 1,540 M•2 .. 
20. 3. 4. Readout 

20. 3. 4. 2. 1. 2. 1. 0 Photomultiplier Tubes 640 ea 

20. 3. 4. 2. 1. 2. 2. 0 Individual PMr Structure 640 ea 
1 Tube Aluminum 1 ea .. 
2 Spring Stainless Steel 1 ea 
3 Camp Aluminum 1 ea 
4 Light Mixer Acrylic 1 ea 

20. 3. 4. 2. 1. 2. 3. 0 PMr Group Framing so ... 
ea 

1 Fiber Align. Fixture Aluminum 1 ea 
2 Square Tube Aluminum 1 ea 
3 Collet Jaws Aluminum 9 ea 
4 Alignment Flange Aluminum 1 ea ... 
5 J-box Stainless Steel 1 ea 
6 Collet Screw #6-32 9 ea 
7 Clamp Screw #3-48 9 ea 

1-
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MATL;BARREL;Ust 

20. 3. 4. 2. 2. 0. 0. 0 Electronics 
20. 3. 4. 2. 2. 2. 1 . 0 Local Electronics 640 ea 
20. 3. 4. 2. 2. 2. 2. 0 Base 640 ea 
20. 3. 4. 2. 2. 2. 3. 0 Cabling/conn. 640 ea 

20. 3. 5. Out. Barrel Pass. Absorber 
20. 3. 5. 2. 0. 0. o. Material Brass 223,490 Kg 

20. 3. 6. Noble Liquid Install. Ralls 
20. 3. 6. 2. o. 0. 0. Material Tool Steel 14,310 Kg 

ORNL 2·11 ·93 
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GEM Detector 
Calorimeter Passive End Caps .. 

20. 6. 2. Passive End Caps Quantity Units 

20. 6. 2. 1 . North -
20. 6. 2. 1 . 1 . 1 . Absorber Plate Copper/Brass 73.600 Kg 
20. 6. 2. 1. 1. 2. Center Tube Copper/Brass 6.620 Kg 
20. 6. 2. 1. 1. 3. Fasteners Stainless Steel 120 ea 

20. 6. 2. 2. South .... 
20. 6. 2. 2. 2. 1 . Absorber Plate Copper/Brass 73,600 Kg 
20. 6. 2. 2. 2. 2. Center Tube Copper/Brass 6,620 Kg 
20. 6. 2. 2. 2. 3. Fasteners Stainless Steel 120 ea 

-
( -

.. 

.... 

... 
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Hadronic Forward Calorimeter Materials 
(for 2 Scintillating Liquid Forward Calorimeters) 

Scintillator Section 

Material Quantity 

3 mm Copper Tubes 390,415 
2.7 mm Glass Tubes 390,415 
Tungsten Absorber 132,276 
Inlet Manifold End Plates 2 
Exit Manifold End Plates 2 
Inlet Manifold 2 
Exit Manifold 2 
Manifold Flanges 736 
Fused Quartz Window 736 
SS Jacket 2 

Readout Section 

Material Quantity 

Readout Fiber End Plates 736 
Quartz Readout Fibers (300 micron CO) 696,760 
Light Mixers 736 
Photomultiplier Tubes (PMT) 736 
PMTBase 736 

. PMT HV Power Supply & Cabling 736 
Preamps 736 
PMT Compartment 736 
Fastener 5,952 

ORNL I 2/11/93 I 1 
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Units 

ft 
ft 
lbs 
ea 
ea 
ea 
ea 
ea 
ea 
ea 

Units 

ea 
ft 
ea 
ea 
ea 
ea 
ea 
ea 
ea 



Hadronic Forward Calorimeter Materials 
(for 2 Scintillating Liquid Forward Calorimeters) 

Structural Comconents 

Material 
Structural Ring 
Studs 
Liquid Piping on FCAL Ring (5 cm OD) 
Elbows for 5 cm Pipe 
Flanges for 5 cm Pipe 
PMT Support Structure 
Thermal Dome 
Passive Absorber(Cu) 
fastener 

!1.1xiliar~ ~~=u~m 

Material 
Scintillating Liquid 
Liquid Piping in Hall (1 O cm) 
Elbows for 1 O cm Pipe 
Flanges for 1 O cm Pipe 
V8Jves 
Liquid Handling Pumps (complete set) 
Storage & Monitoring Equip 
Filtering & Purification Equip 
Bolts 
Thermal Control Air Duct 

Calibration System 

Material 
Calibration Drive Assembly 
Calibration Electronics 

Quantity Units 
2 ea 

128 ea 
1,000 ft 

128 ea 
40 ea 

2 ea 
2 ea 

3,946 lbs 
300 ea 

Quantity Units 
6,600 liters 
3,000 ft 

40 ea 
20 ea 
10 ea 

2 ea 
1 ea 
1 ea 

240 ea 
300 ft 

Quantity Units 
2 ea 
1 ea 

ORNL I 2111193 I 2 
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DRAFT-Five 

2. Milestones and Schedule 

The following list of milestones arc based on the CUJTCnt GEM schedule. As the 

design of the GEM detector progresses the milestone dates will be adjusted. Of particular 

concern arc DOE budgetary constraints which may effect the Stan-up date for the SSC. 

Collaborating institutes will be requested to provide detailed manufacturing and 

assemlby schedules for inclusion in the overall GEM schedule which will be maintained 

by the SSCL. Sec Section 7. Communications, concerning schedule reporting. 

A. Oyerall GEM Schedule MjJestones 

Complete GEM Baseline Il concept and 1DR 

Complete DOE and SSCL Reviews of GEM detector 

Receive DOE approval to begin fabrication 

Begin Installation of GEM in experimental hall 

GEM detector commisioning 

SSCL Beam Line commissioning 

B. Production Milestones 

Scjntillating Barrel: 

Discuss Production plans with collaborators 

Complete final production plans with collaborators 

Complete manufacturing pre-prod. module 

Install module prototype for Fermi test 

Complete Manufacturing Design 

Begin full scale manufacturing 

Begin Barrel Structure Assembly@ SSCL 

Complete scintillating modules and barrel fabrication 

Be gin module installation 

Complete scintillating barrel assembly (at SSCL) 

Install barrel in experimental hall 

June I, 1993. 11:55 Page 2.1 
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April 1993 

October 1993 

May 1994 

October 1996 

February 2002 

March 2002 

January-June 1993 

June-December 1993 

November 1994 

March 1995 

November 1994 

Apri11996 

May 1995 

August 1996 

August 1996 

July 1997 

Sepcmber 1997 



Passjye End Cans: 

Begin preproduction fabrication 

Begin Full-scale Manufacturing 

Complete Passive End Cap Component Fabrication 

Compete Passive End Cap Assembly (at SSCL) 

Insert forward hadron in passive end caps 

Install Passive End Caps/Forward in Experimental Hall 

Forward Hadron; 

Complete manufacturing design 

Begin PteProduction Manufacturing 

Begin full scale manufacturing 

Co~plete two forward hadron systems 

Complete Beam Test Assembly at Fermi 

Complete Final Assemlby @ SSCL 

Install Forward Systems (with Passive End Caps) 

June !, 1993, 11:55 Page22 
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January 1997 

June 1997 

June 1998 

September 1998 

October 1998 

July 1998 

May 1996 

June 1996 

December 1996 

December 1997 

March 1998 

June 1998 

July 1998 

.. 

.. 

-

-

-
( 

... 

.. 

... 

( ... 
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Draft Five 

3. Conceptual Design Figures 

Conceptual design drawings of the GEM detector and the external calorimeter 

subsystem are attached. The figures define the current status of the detector design 

development and represent the GEM detector configuration as shown in the Technical 

Design Report (May 1993) which is the first major design report to the SSCL and the 

United States Department of Energy. Future changes in the detector design will be made 

through a formal change control process. The drawings are being converted to the SSCL 

format and will be filed at the SSCL as part of the design control system. 

Collaborators involved in the manufacturing and assembly of the external 

calorimeter systems will be expected to participate in the completion of the final design 

of the detector. Consequently, these organizations will be required integrate their design 

activities such as drawing production and specification review into the overall GEM 

engineering organization. Engineering is discussed in more detail in Section 9. 

June I, 1993 11:58 Page 3.1 
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Scintillating Hadron Calorimeter Barrel 

Conceptual Design Drawings 
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DRAFT-Fjve 

4. Material Specifications 

Preliminary specifications have been prepared for all significant materials to be 

used in the scintillating calorimeter system. The final versions of the specifications will 

be prepared in cooperation with the collaborating institutes involved in the fabrication 

and assembly of the detectors. It is assumed that changes can be made in the detail 

design of the calorimeters to acco1I11_11odate some variations in many of the items; 

however, cenain aspects of the specifications which are fundamental to the performance 

of the detectors are noted. The material specifications will be placed in the SSCL 

document control system as final drafts are prepared. The controlled documents will be 

changed using the established SSCL change control system. 

The following detailed material specifications are attached: 

General: 

No. STC-001 Absorber Plates (Bam:l and Passive End Caps) 
No. STC-002 Structural Stainless Steel (All Systems) 
No. STC-013 Structural Fasteners (All Systems) 
No. STC-014 Electronics (Bam:l and Forward) 
No. STC-015 Structural Welding (All Systems) 

Scintillating Bam:l: 

No. STC-008 Photomultiplier Tubes 
No. STC-003 Scintillator Ttle 
No. STC-006 Wave Length Shifting Fiber 
No. STC-004 Transmission Fiber 
No. STC-010 Light Mixing Prism 
No. STC-022 Aluminized Mylar Film* 

Forward Hadron Calorimeter: 

No. STC-007 Tungsten Absorber 
No. STC-016 Stainless Steel Tubing 
No. STC-005 Liquid Scintillator 
No. STC-009 Photomultiplier Tubes 
No. STC-023 Light Mixing Prism 
No. STC-017 Liquid Seal* 
No. STC-018 Quanz Window• 
No. STC-01 l Quanz Transmission Fiber 

* Not currently available 

June 1, 1993, 12:17 Page 4.1 
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SPECIFICATION NO.: 

Sectjon l.0 - SCOPE 

This specification covers the production of absorber plates and spacers for the 
GEM detector calorimeter. The plates.and spacers shall be manufactured to specified, 
final dimensions for installation into the scintillating calorimeter modules. The plates 
will be assembled into modular stacks prior to shipment. 

Sectjon 2.0 - APPLICABLE QOCUMENTS 

Paragraph 2 J - Government pocuments 

The following documents of the exact issue shown form a pan of this specification to the 
extent specified herein. In the event of conflict between the documents referenced herein 
and the contents of this specification, the contents of this specification shall take 
precedence. 

Drawings: 

X3E-l 7048-A832 GEM Detector;Scintillating Barrel; Absorber Plates 
X3E-l 7048-A828 GEM Detector; Passive End Caps; Absorber Plates 

Copies of specifications, standards, drawings, and publication required by supplien in 
connection with specified procurement functions may be obtained from the SSCL!URA 
Subcontract Administrator. 

Section 2.2 - Non-Government Documents 

The following documents of the exact issue shown form a pan of this specification to the 
extent specified herein. In the event of conflict between the documents referenced herein 
and the contents of this specification, the contents of this specification shall take 
precedence. 

AS1M B36; Brass Plate, Sheet. Strip and Rolled Bar 
AS1MB193; 
AS1M B248M; General Requirements for Wrought Copper and Copper-Alloy Plate, 
Sheet, Strip and Rolled Bar (Metric] 
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Section 3.0 - REOUJREMENTS 
' 

Paramph 3. 1 - Genc;ral Material Requirements 

The absorber plates and· spacers shall be either copper or copper alloy. 
The plates have the primary function of absorbing subatomic particles. Since the plates 
are configured in stacks of eight the flatness and thickness requirements are important to 
maintain final assembly dimensions. The GEM scintillating plates are non-structural 
thus, the chemical and metallurgical composition are to be determined by manufacturing, 
magnetic and physics requirements. 

Paramph 3.1.1 - CharacterorOualirv 

The absorber plates and spacers shall meet all requirements of ASTM B36; Brass Plate, 
Sheet, Strip and Rolled Bar and ASTM B248M; General Requirements for Wrought 
Copper and Copper-Alloy Plate, Sheet, Saip and Rolled Bar [Metric] 

Parampb 3. 1 2 - founuJation 

Alloy content shall have copper content in excess of?% by weight . TBD .....•..... 

Paramph 3 1 3 .. Product cbarac;rcristics 

Paramph 3, 1 ,4 - Chemical. Electrical and Mechanical Properties 

3.1.4.1 The absorber plates and spacers shall have an magnetic permeability of 
less than 1.05 as defined by ASTM B 193. 

3.1.4.2 The absorber plates and spacers shall have the following minimum 
mechanical properties: 

Tensile Strength: 
Hardness: 

40,000 PSI (2,800 Kg/cmA2) 
50 Rockwell B 

3.1.4.3 The amount of annealing shall be determined in cooperation with the 
manufacturer and documented in the final specification. Specific mechanical testing 
methods will be determined in cooperation with the manufacturer and documented in the 
final specification. 

Paramph 3 I 5 - Enyjronmeotal Conditions 

In the GEM detector, the absorber plates will be exposed only to conventional 
interior ambient conditions; Temperatures will range from 20 to 50 C' and humidity will 
range from 10% to 90%. If the plates are exposed to exterior conditions they shall be 
protected from direct exposure to moisture and chemicals. 

Paragraph 3 1.6 - Stabmty 
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This paragraph is not applicable to this specification 

Paramph 3, l ,7 .. Toxic Products and Saferv 

This paragraph is not applicable to this specification 

Paramph 3. l ,8 - ldenrifigrion and Marlcing 

Each absorber plate shall be identified by stamped marks on each end. The 
marking letters shall be 0 5 cm high and clearly legible. The marking code is shown in 
the reference drawings. 

Paramph 3.1.9-Wmkmanship 

The completed absorber plates shall be clean. Specifically the surface shall be 
free of slag, oil or other foreign materials. The edges of the plates shall be free of defects 
and burrs. 

Paramph 3 2 - Oualificarinn Inspection 

A complete assembly of each modular stackup will be made to verify the fmal form of the 
plates. The modular stacks will be dimensionaly measured for determination of fitup 
requirements for the complete scintilating barrel detector. 

Parampb 3 3 - Differentiating Requirements 
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-
Section 4.0 - QUALITY ASSURANCE PRoyISIONS 

Paragraph 4, l - Re:wonsjbilities for Inspection and Iestini 

All testing shall be performed by the vendor in accordance with the requirements of this 
specification. · 

Paramph 4,2 - Special Tests and Examinations 

This paragraph is not applicable to this specification 

Paramph 4 3 - Quality Cnnfonnance IQspection 

Quality control testing shall include the following: 

4.3.1 Alloy testing of each material batch 
4.3 •• 2 Saength testing of each material batch 
4.3.3 Hardness testing of each material batch 
4.3.4 Dimensional inspection of all finished plates and spacers 

Paramph 4.4 - Test Methods 

Test procedures shall be proposed by the vendor in the form of written documents. The 
procedures shall be approved by the Company prior to use. 

Section 5 0 - pREPARATION FOR DELIVERY 

5.1 The absorber plates and spacers shall be adequately packaged for shipment to 
insure arrival in specified condition. The arrival condition of the plates shall be the 
responsibility of the absorber plate manufacturer. 

5.2 The addition of handling and tic-down features (holes or brackets) will be 
acceptable with the approval of the SSCL. 

Section 6 0 - NOTES 

Paragraph 6, 1 - Intends;d l Tse 

The absorber plates will be installed in a physics detector where they will absorb 
particles produced by collisions in the SSCL collidcr system. In the scintillator barrel the 
plates will be stacked with spaces such that four layers of particle detector material can be 
inserted at regular intervals. The plates will be "passive" and serve only to shield the 
muon end caps from the relatively high energy particle generated at low angles. 

paramph 6,2 - Qefinjrions 

This paragraph is not applicable to this specification 
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February 18, 1993 

Material Specification No. SCT-001 

GEM Detector 
Scintillating Barrel and Passive End Caps 

Absorber Plates 

Reference Drawings: 
X3E-l 7048-A832 GEM Detector;Scintillating Barrel; Absorber Plates 
X3E- l 7048-A828 GEM Detector; Passive End Caps; Absorber Plates 

Reference Documents: 
ASTM B36; Brass Plate, Sheet, Strip and Rolled Bar 
ASTM B248M; General Requirements for Wrought Copper and Copper-Alloy Plate, 
Sheet, Strip and Rolled Bar [Metric] 

1.0 Introduction 

This specification covers the production of absorber plates and spacers for the 
GEM detector calorimeter. The plates and spacers shall be manufactured to specified, 
final dimensions for installation into the scintillating calorimeter modules. The plates 
will be assembled into modules prior to shipment. 

2.0 Plate Description 

The absorber plates and spacers shall be either copper or copper alloy. The plates 
have the primary function of absorbing subatomic particles. Since the plates are 
configured in stacks of eight the flatness and thickness requirements are important to 
maintain final assembly dimensions. 

2.1 Material Requirements: 

The plates are non-structural thus, the chemical and metallurgical composition are 
to be determined by manufacturing, magnetic and physics requirements. 

2.1.1 Alloy content shall have copper content in excess of 90% by weight • 

2.1.2 The absorber will be subjected to very high neutron irradiation; therefore, the 
following elements should not be present in quantities greater than .001 % by weight: 
Cobalt 
Arsenic 

2.1.3 The absorber plates shall have an magnetic permeability of less than I.OS as 
defined by ASTM Bl93. 
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2.2 Form: 

Dimensions for the absorber plates are shown in the reference drawings. 
Tolerances for the plates shall be in accordance with ASTM B248. If alternative plate 
dimensions, specifically length of width, offer manufacturing or assembly advantages 
these should be suggested by the plate manufacturer. The method of plate sizing should 
be recommended by the plate manufacturer. 

2.3 Surface Finish: 

The completed absorber plates shall be clean. Specifically the surface shall be 
free of slag, oil or other foreign material~. 

2.4 Mechanical Properties 

The absorber plates shall have the following minimum mechanical properties: 

Tensile Strength: 
Hardness: 

40,000 PSI (2,800 Kg/cm"2) 
50 Rockwell B 

The amount of annealing shall be determined in cooperation with the 
manufacturer and documented in the final specification. Specific mechanical testing 
methods will be determined in cooperation with the manufacturer and documented in the 
final specification. 

3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreemenL 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements are 
proposed for inclusion in the final agreement: 

3.1.1 Alloy testing of each material batch 
3.1.2 Strength testing of each material batch 
3.1.3 Hardness testing of each material batch 
3.1.4 Dimensional inspection of all finished plates and spacers 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 
collaborative agreement. The inspection procedure should provide for both regular 
progress reports and periodic on-site reviews of the manufacturing process. 

3.3 The final acceptance of the plate/spacer assemblies tiles will be made at the site of 
manufacture by representitives of the SSCL. 

4.0 Shipping Requirements 

4.1 The absorber plates and spacers shall be adequately packaged for shipment to 
insure arrival in specified condition. The arrival condition of the plates shall be the 
responsibility of the absorber plate manufacturer. 
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4.2 The addition of handling and tie-down features (holes or brackets) will be 
acceptable with the approval of the SSCL. 
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SPECIFICATION NO.: 

Section 1 0 .. SCOPE 

This specification covers the production of a structural suppon assembly for the 
GEM detector calorimeter. The assembly shall be manufactured in subsections for final 
assembly at the Superconducting Super Collider Laboratory in Dallas, Texas. 

Section 2.0 - APPLICABLE DOCUMENTS 

Paragraph 2 l - Government Document_s 

The following documents of the exact issue shown form a pan of this specification to the 
extent specified herein. In the event of conflict between the documents referenced herein 
and the contents of this specification, the contents of this specification shall take 
precedence. 

Drawings: 

X3E-l 7048-A839 GEM Detector; Scintillating Barrel; Support Tube 
XJE-17048-xxxx GEM Detector; Scintillating Barrel; Suppon Tube Details 
XJE-17048-xxxx GEM Detector; Scintillating Barrel; Assembly Fixturing 

Copies of specifications, standards, drawings, and publication required by suppliers in 
connection with specified procurement functions may be obtained from the SSCLJURA ( 
Subcontract Administrator. 

Section 2.2 - Non-Goycmmcnt Documents 

The following documents of the exact issue shown form a pan of this specification to the 
extent specified herein. In the event of conflict between the documents referenced herein 
and the contents of this specification, the contents of this specification shall take 
precedence. · 

ASTMt Al67; Standard Specification for Stainless and Heat-Resisting Chromium­
Nickel Steel Plate, Sheet and Strip 
ASTM B 193; Standard Test Method for Resistivity of Electrical Conductor Materials. 
ASTM A480M, General Requirements for Flat-Rolled Stainless and Heat-Resisting Steel 
Plate, Sheet and Strip. 

t American Society of Testing and Materials 

Alternative, comparable standards may be suggested for substitution with the approval of 
the Company. 



Section 3.0 - REQUIREMENTS 

Paramph 3. 1 - General Material Requjrements 

The plates have the function of'fonning structural suppons for the modules and 
the calorimeter assembly. In addition the material shall not interfere with the magnetic 
field in the GEM detector. Thus, structural (strength) and metallurgical composition arc 
of primazy concern. Welding specifications arc provided in a companion documenL 

Paramph 3 1 1 - Character or Quality 

The structural suppon material shall 'be ASTM A 167 type 304L (UNS Designation: 
S 30403) Plate. 

Parampb 3 1 2 .. fonnularion 

The structural suppon material shall be formulated in accordance with ASTM Al67 type 
304L (UNS Designation: 530403) Pan 8. 

Paramph 3. 1.3 - Pmciuct characteristics 

The plate used to form the suppon structure shall conform to the requirements of ASTM 
A480M. The plate finish shall be a Ne;>. 1 finish. 

Paramph 3. J 4 .. Chemical. Electrical and Mechanical Properties 

3. 1.4. l The structural support shall have a magnetic permeability ofless than 1.05 
as defined by ASTM Bl93. 

3.1.4.2 The structural suppon material shall have mechanical propenies in 
accordance with ASTM Al67 Part 9. 

paramph 3. 1 ,5 .. Environmental Conditions 

In the GEM detector, the suppon structure will be exposed to conventional 
interior ambient conditions; Temperatures will range from 20 to 50 C' and humidity will 
range from 10% to 90%. If the plates arc exposed to exterior conditions they shall be 
protected from direct exposure to moisture and chemicals. 

Para mph 3 1 6 - S tabilitv 

This paragraph is not applicable to this specification 

Paramph 3. 1.7 - Toxjc Prnciucts and Safetv 

This paragraph is not applicable to this specification 
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Parazrapb 3, 1 ,8 .. Identification and Marlcjng 

This paragraph is not applicable. to this specification 

Paramph 3 1 9 .. WnrlcnJansbip 

The completed assembly shall be clean and free of defects. Specifically the 
surface shall be free of slag, oil or other foreign materials. The edges of the plates shall 
be free of shape comers and burrs. 

Paramph 3,2 .. Oualjficatiop Inspection 

Welding qualifications and a documented quality assurance program will be 
minimum requirements for ........ ???????????? 

Parampb 3 3 - Diffen;ntiatin1 Requirements 

Sectjon 4 0 - QUALITY ASSlJRANCB PRoyJSIONS 

paramph 4 1 - Responsibilities for Inspection and Iesrin& 

All testing shall be performed by the vendor in accordance with the requirements of this 
specification. 

Parampb 4 2 .. Special Tests and ExaJDinations 

Prior to the inception of fabrication all welders and welding equipment shall be 
qualified in accordance with the conditions of???????????? 

Paramph 4 3 .. Oualjrv Confonnancc Inspecriop 

Quality control testing shall include the following: 

4. 3.1 Alloy testing of each material batch 
4.3.2 Strength testing of each material batch 
4.3.3 Hardness testing of each material batch 
4.3.4 Dimensional inspection of all finished subassemblies prior to shipment 
4.3.5 Dimensional inspection of the completed assembly 

Paramph 4 4 - Test Methods 

Test procedures shall be proposed by the vendor in the form of written documents. The 
procedures shall be approved by the Company prior to use. 
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Section 5.0 - PREPARATION FOR DELIVERY 

5.1 The structural support subassemblies shall be adequately packaged for shipment 
to insure arrival in specified condition.· The arrival condition of the subassemblies shall 
be the responsibility of the manufacturer. 

5.2 The addition of handling and tie-down features (holes or brackets) will be 
acceptable with the approval of the SSCL. 

Section 6.0 - NOTES 

Paramph 6, 1 - Intended Use 

The structural support tube will support the scintillating absorber modules which 
are directly bolted to the interior of the tube. The modules will weight approximately 
1000 metric tons. In addition, the GEM liquid calorimeter (1800 metric tons), two 
passive end caps (100 metric tons each) and two forward calorimeters ( 47 tons each) will 
also be positioned on the rails inside the tube. The support tube itself will be supported 
on the Centtal Detector Support (CDS). 

Paramph 6.2 - pefinjtioos 

This paragraph is not applicable to this specification 
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February 17, 1993 

Material Specification No. SCT -003 

GEM Detector 
Scintillating Barrel and Passive End Caps 

Scjntjllatoc Tjles 

Reference Drawings: 

X3E-l 70408-A830, GEM Detector, Scintillating Barrel, Scintillator Tile. 

1.0 lnttoduction 

This specification covers the requirements for scintillator tiles for the GEM 
detector calorimeter. The tiles shall be manufactured to specified, final dimensions for 
installation into the scintillating calorimeter modules. 

2.0 Plate Description 

• 

2.1 The scintillator plates have the primary function of registration of subatomic f 
particles. In order to accomplish this function the quality of the surface finish and the 
chemical composition arc critical. 

2.2 The tiles will be fabricated from Bicron Corp. Type BC-404 or eqivalent material. 

2.3 Physical properties 

2.3.1 Base Material: 
2.3.2 Emission spectrum: 

2.3.3 Transmission length: 
2.3.4 Light output: 
2.3.5 Emission time: 
2.3.6 Refraction index: 
2.3. 7 Radiation tolerance: 

2.4 Dimensions 

Polystyrene, 
Matched to absorption spectrum of WLS fiber (max at 430 
- 450 nm for K27 WLS dye), 
> 50 cm for 60% of emitted light, 
<:: 60% antracene, 
2-3 nsec, 
>1.58, 
Transmission and light yield properties should not change 
more than 10% over a 10 year period in a radiation 
environment of 1 Krad/Y ear and 1012 Neutrons/cm2-Year. 

Scintillator tiles shall be manufactured in accordance with reference drawing 
number X3E-17048-A830. If alternative tile dimensions (length or width) offer 
manufacturing advantages these should be suggested by the tile manufacturer. 

2ol -·' 



2.5 Manufacturing Technologies 

The preferred manufacturing techniques for the tiles are either extrusion from 
totally polymerized granules or mold injection. Both techniques provide superior long­
term surface stability. In addition, it is pref=d that the fiber grooves be molded into the 
tiles. 

2.6 Surface Finish: 

All six surfaces of each scintillator tile must be clean, smooth and transparent for 
light at normal incidence. The surfaces must be protected with paper film for handling 
and shipping. The paper adhesive must be evaluated to insure that it does not have a 
detrimental effect on the tile surface before use. 

3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements are 
proposed for inclusion in the final agreement: 

3.1.1 Light output testing of each material batch, 
3.1.2 Light output testing of each material batch, 
3.1.3 Chemical Composition testing of each material batch, 
3.1.4 Surface quality inspection of all finished plates, 
3 .1.5 Dimensional inspection of all finished plates, 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 
collaborative agreement The inspection procedure will provide for both regular progress 
repons and periodic on-site reviews. 

3.3 The final acceptance of the scintillator tiles will be made by reprcsentities of the 
SSCL at the site of manufacture. 

3.4 A system of material tracking will be established prior to the start of production. 
Tracking will include the identification of the base material in each tile and the 
designated position in the detector of each tile. An identification method which does not 
interfere with the performance of the tiles should be used. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of tiles in specified condition. The arrival condition of the tiles shall be the 
responsibility of the manufacturer. 
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February 18, 1993 

Material Specification No. SCT -004 

GEM Detector 
Scintillating Barrel 
Transmjssjon Fjbers 

Reference Drawings: 

X3E- l 7048-A818; GEM Detector, Barrel Scinlillating Calorimeter, Ttle Configuration 

1.0 Introduction 

This specification covers the requirements for plastic transmission fibers for the 
GEM detector calorimeter. The fibers shall be manufactured to defmed lenghts for 
installation into the scintillating barrel and forward calorimeters. 

2.0 Fiber Description 

2.1 The transmission fibers serve as light guides for the light emitted by the WLS 
fibers to the photomultiplier tubes. The fiber is covered with a thin layer of material 
(cladding) having a smaller index of refraction than the fiber core. The difference in the 
indices of refraction trap light by internal reflection. The outer surface of the cladding is 
covered by a buffer to protect the fiber from mechanical damage and to minimize light 
transfer between neighboring fibers. 

2.2 The fiber shall be cccccccccc or equavalent 

2.3 Physical properties 

2.3.1 Core Material: 
2.3.2 Cladding Material: 
2.3.3 Cladding Thickness: 
2.3.4 Buffer Thickness: 
2.3.5 Light Attenuation: 
2.3.6 Numeric Aperture: 
23. 7 Core refraction index: 
2.3.8 Cladding refraction index: 

Polystyrene, 
Fluorinated PMMA 
10-30 microns, 
10-30 microns, 
> 10 m at 500 to 650 nm light, 

0.71 ±0.02, 
1.58, 
1.41, 

2.3.9 Radiation hardness - In the radiation field up to 1 KRad/year and neutron flux of 
up to 1QI'12 n/cm"2/year for the duration of 10 years attenuation should degrade less than 
5% , and numeric aperture should remain stable within± 10%, for light in the 500 to 650 
range. 

2. 4 Surface Finish: 
2.4.1 Ends of fibers shall be polished. 
2.4.2 Fiber ends shall be perpendicular to the axis of the fiber ±1 • 
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3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement. 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements are 
proposed for inclusion in the final agreement: 

3.1.1 Optical transmission testing of each fiber, 
3.1.2 Core/cladding refraction indices and numeric aperture testing of each fiber batch, 
3.1.3 Surface quality testing of each fiber batch. 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 
collaborative agreement. The inspection procedure will provide for both regular progress 
reports and periodic on-site reviews of the manufacturing process. 

3.3 The final acceptance of the fibers will be made at the site of manufacture by 
representitives of the SSCL. 

3.4 A system of material tracking will be established prior to the start of production. 
Tracking will include the identification of the base material in each fiber and the 
designated position in the detector of each fiber. An identification method which does 
not interfere with the performance of the fibers should be used. 

4.0 Shipping Requirements 

4.1 Packaging and shipping shall be accomplished in a manner which insures the 
arrival of fibers in specified condition. The arrival condition of the fibers shall be the 
responsibility of the fiber manufacturer. 

4.2 The fibers shall be shipped in straight lenghts. 
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Reference Drawings: 

Material Specification No. SCT-005 

GEM Detector 
Forward Hadron Calorimeter 

Ss:jntjllatjng Ljgujd 

X3E-17048-A818; GEM Detector, Forward Hadron Calorimeter, General Arrangement 

1.0 Introduction 

This specification covers the requirements for scintillating liquid for the GEM 
detector forward hadron calorimeter. The liquid will be used in a closed loop system 
which is subjected to very high level of radiation. It will be continuously recycled 
through the detector and a filtration system to remove degraded chemical content which 
result from radiation damage. 

2.0 Scintillating Liquid Description 

2.1 The scintillating liquid will generate and transmit light in the reflective tubes of 
the forward hadron calorimeter. The scintillating liquid is high purity light mineral oil 
base with mixture of wave length shifting chemicals and an anti-oxidant preservatives. 
The light mineral oil must have an optical transmission length of >10 meters. The 
scintillating liquid output response peaks around 350 - 400 nm. 

2.2 The scintillating liquid shall be Bicron Corp. BC-517 or equivalent 

2.3 Physical properties 

2.3.1 Base liquid: High Purity Light Mineral Oil with 5-15% Pseudo-Cumine 
2.3.2 Scintillating Dye: 0.1 % Bis-MSB 
2.3.3 Preservative: Vitamin E 

2.3.4 Radiation hardness - The operating conditions will have a radiation field up to 20 
GRad/year and neutron flux of up to lQA 16 n/cm"2/year for the duration of 10 years. The 
attenuation of the liquid should degrade to no more than 50% of the original specification 
after 100 MRad of radiation. 

2.4 Purity: 

2.4.1 Mineral Oil Base:> 99.999 % purity(?) 
2.4.2 Scintillating Dye: > 99.999 % purity (?) 
2.4.3 Preservative: > 99.999 % purity (?) 
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3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement 
The requirements will be detennined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements are 
proposed for inclusion in the final agreement: 

3.1.1 Optical transmission attenuation length of each batch 
3.1.2 Wave length shifting spectrum test of each batch 
3.1.2 Absolute light output of each batch 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 
collaborative agreement The inspection procedure will provide for both regular progress 
repons and periodic on-site reviews. · 

3.3 The final acceptance of the scintillating liquid will be made at the site of 
manufacture by representatives of the ssa.. 
3.4 A system of material tracking will be established prior to the stan of production. 
Tracking will include the identification of each batch and each container of liquid. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of scintillating liquid in the condition specified above. The arrival condition of the 
scintillating liquid shall be the responsibility of the manufacturer. 
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Material Specification No. SCT -006 

GEM Detector 
Scintillating Barrel Calorimeter 

Waye Length Shjftinz Fjber 

Reference Drawings: 

X3E-17048-A818; GEM Detector, Barrel Scintillating Calorimeter, Tile Configuration 

1.0 Introduction 

This specification covers the requirements for plastic wave length shifting (WLS) 
fibers for the GEM detector calorimeter. The fibers shall be manufactured to defined 
lenghts for installation into the scintillating barrel and forward calorimeters. 

2.0 Fiber Description 

2.1 The WLS fibers will collect light from the plastic tiles of the scintillating barrel 
calorimeter, shift the light wave length from .... nm to "'"" nm and transport the light to 
the transmission fiber. The fibers will be dyed and clad to provide maximum reflectivity. 

2.2 The fibers shall be "'""""""'"" or equivalent 

2.3 Physical properties 

2.3.1 Core Material: Polystyrene, 
2.3.2 Core Dye: '"""""""' 
2.3.3 Cladding Material: ....... , 
2.3.4 Cladding Thickness: 10-30 microns, 
2.3.5 Attenuation < 0.55 dB/mat 220 nm (in accordance with attached specification), 
2.3.6 Numeric Aperture : 0.22 +- 0.02, 
2.3. 7 Core refraction index : 1.529 at 220 nm, 
2.3.8 Cladding refraction index : 1.514 at 220 nm. 

2.3.9 Radiation hardness - In the radiation field up to l KRad/year and neutron flux of 
up to 1012 nJcm2-year for the duration of 10 years attenuation shall degrade less than 2 
dB/M and numeric aperture should remain stable within ± 10% 
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2.4 Dimensions: 

2.4.1 Fiber Shape: Cylindrical, 
2.4.2 Core diameter: 0.3 mm, 
2.4.3 Cladding diameter: 0.33 mm , 
2.4.4 Buffer diameter : 0.36 mm, 
2.4.5 Single fiber lengths: 500 mm (see reference drawings). 

2.5 Swface Finish: 

2.5.1 Ends of fibers shall be polished. 

2.5.2 Fiber ends shall be perpendicular to the axis of the fiber ±1" 

3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement. 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements are 
proposed for inclusion in the final agreement: 

3.1.1 Optical transmission and light shifting testing of each fiber, 
3.1.2 Core/cladding refraction indices and numeric apenure testing of each fiber batch, 
3.1.3 Swface quality testing of each fiber batch. 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 
collaborative agreement. The inspection procedure will provide for both regular progress 
repons and periodic on-site reviews of the the manufacturing process. 

3.3 The final acceptance of the WLS fiber will be made at the site of manufacture by 
representitives of the SSCL. 

3.4 A system of material tracking will be established prior to the start of production. 
Tracking will include the identification of the base material in each fiber and the 
designated position in the detector of each fiber. An identification method which does 
not interfere with the performance of the fibers should be used. 

4.0 Shipping Requirements 

4.1 Packaging and shipping shall be accomplished in a manner which insures the 
arrival of fibers in specified condition. The arrival condition of the fibers shall be the 
responsibility of the fiber manufacturer. 

4.2 The fibers shall be shipped in straight lenghts. 
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Reference Drawings: 

Material Specification No. SCT-007 

GEM Detector 
Forward Hadron Calorimeter 

Tungsten Absorber 

X3E-l 7048-xxxx GEM Detector; Forward Hadron Calorimeter; Absorber 

Reference Documents 

ASTM B777; Standard Specification for Tungsten Base, High-Density Metal 
ASTM B 193; Standard Test Method for Resistivity of Electrical Conductor Materials. 

1.0 Introduction 

This specification covers the production of tungsten absorber for the GEM 
detector forward hadron calorimeter. The absorber shall be manufactured to specified, 
final dimensions and specifications for installation into the calorimeter assembly. 

2.0 Material Description 

The tungsten absorber has the primary function of absorbing subatomic particles. 
Due to the configuration of the forward system the dimensional tolerances of the absorber 
components are critical. 

2.1 Material Requirements: 

2.1.1 The tungsten absorber shall have a minimum tungsten component greater than 92% 
but less than 95% by weight (ASTM Grades 2 or 3). 

2.1.2 The tungsten has no structural requirement thus, the chemical and metallurgical 
composition are to be determined by manufacturing, magnetic and physics requirements. 

2.1.3 The tungsten shall have an magnetic permeability of less than 1.05 as defined by 
ASTMB193. 

2.1.4 The tungsten will be subjected to very high neutron irradiation; therefore, the 
following elements should not be present in quantities greater than .001 %: 
Cobalt 
Arsenic 

2.1.5 The tungsten absorber shall have a density greater than 17.65 glee. 
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2.2 Fonn: 

Dimensions and tolerances for the tungsten absorber are shown in the reference 
drawings. If alternative configurations offer manufacturing advantages these should be 
suggested by the absorber manufacturer. 

2.3 Surface Finish: 

The tungsten absorber shall be clean. Specifically the surface shall be free of slag, oil or 
other foreign materials. 

3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement. 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements are 
proposed for inclusion in the final agreement: 

3.1.l Chemical Analysis of each Inspection Lot per AS1M B777 
3.1.2 Density testing of each Inspection Lot per AS1M B777 
3.1.3 Dimensional inspection of finished parts 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 
collaborative agreement. The inspection procedure will provide for both regular progress 
reports and periodic on-site reviews. 

3.3 The final acceptance of the tungsten absorber will be made at the site of 
manufacture by representitives of the SSCL. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of tungsten absorber in the specified condition. The arrival condition of the 
tungsten absorber shall be the responsibility of the manufacturer. 
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February 18, 1993 

Material Specification No. SCT -008 

GEM Detector 
Scintillating Barrel Calorimeter 

Photomu!tjplier Tubes 

Reference Drawings: 

X3E-17048-xxxxx; GEM Detector; Scintillating Bam:l;Readout Assembly 

1.0 Introduction 

This specification covers the requirements for photomultiplier tubes (PMTs) for 
the GEM detector scintillating bam:l calorimeter. The PMTs will be tested to determine 
the performance characteristics of each individual tube the tubes will then be matched to 
specific locations in the detector to achieve the best uniform detector performance 
possible. 

2.0 PMT Description 

The PMT 's have the primary function of measuring and amplifying the output of 
the secondary light emitted by wave length shifting (WLS) fibers. The tubes will be 
oriented to operate in a magnetic field of 0.8 T. 

2.1 Mechanical Specifications 

2.1.1 Diameter: 
2.1.2 Length 
2.1.3 Window 

2.2 Performance 

2.2.1 Photocathode 

Uniformity 

lcm 
10 cm (Maximum) 
Flat 

Quantum Efficiency 
Lifetime photocurrent 
Pulsed photocUITCnt 
Average photocUITCnt 

2.2.2 Multiplier 

Gain 
Pulsed current 

Maximum Charge 
Rise time (20% to 80%) 
Fall time (80% to 20%) 
Pulse width (FWHM) 
Width at Baseline (5%) 

±10% over 12 mm diameter circle 
> 15 % at 520 nm 
l mC for 50% gain loss 
5 % linearity for lo6 P .E. in 10 ns 
0.5 nA for uniform illumination 

-105 
25 mA in 10 ns<1% nonlinearity, 100 mA 
for 10 ns with <3% nonlinearity. 
200 mA X 10 ns = 2 nC 
< 4 ms (10 mA into 50 n load) 
<6 ns 
<8 ns 
<12 ns 
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Pulse change at high current 
Average anode current 
Lifetime 
Anode capacitance 
Inductance of anode and 
lastdynode 

2.2.3 Noise: 
Single P.E. 
After pulsing 
Prepulseing 

2.2.4 Stability: 
Longterm 
Hysteresis 

2.2.5 Radiation Tolerance 

FWHM changes <20% for 1 mA to 50 mA. 
I µA 
100 C with 50% gain loss 
<10pf tall other electrodes combined 

<8nH 

<100 kHz at 0.5 of I P.E. peak 
<0.1 %/P.E. for after;pulses > 10 P .E. 
Arrival < 5 ns early amplitude <0.5% of 
signal from photocathode 

< 1%/month 
<1% gain shift within 100 ns after pulse of 
lOmAX lOns. 

All properties are to be stable to within ±I 0% after 10 KRad and 1013 n/cm"2 irradiation. 

3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement. 
The requirements will be determined to reflect the manufacturing and assembly processes ( 
expected to be used. At this time the following specific quality control requirements are 
proposed for inclusion in the final agreement: 

3.1.1 Photocathode sensitivity testing of each PMT 
3.1.2 Dark single photoelectron counting rate at nominal HV and gain 
3.1.3 Linearity range testing of each PMT 
3.1.4 Timing properties testing of each PMT 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 
collaborative agreement. The inspection procedure will provide for both regular progress 
repons and periodic on-site reviews. 

3.3 The final acceptance of the photomultipliers will be made at the site of 
manufacture by representatives of the SSCL. 

3.4 A system of piece part tracking will be established prior to the start of production. 
Tracking will include the permanent identification of each PMT. An identification 
method which does not interfere with the performance of the PMTs should be used. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of PMT in the specified condition. The arrival condition of the PMT shall be the 
responsibility of the manufacturer. 
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February 18, 1993 

Material Specification No. SCT -009 

GEM Detector 
Forward Hadron Calorimeter 

Photomultjplier Tubes 

Reference Drawings: 

X3E- l 7048-8xxx;GEM Detector.Hadron Forward Calorimeter; Readout Assembly 

1.0 Introduction 

This specification covers the requirements for photomultipliers (PMT) for the 
GEM detector quanz forward calorimeter. The PMT's shall be manufactured to specified 
requirements for installation into the cherenkov calorimeter. 

2.0 PMT Description 

2.1 The PMT's have the primary function of converting energy of incident light into 
photoelectrons and multiplying the photoelectrons. PMTs must be compact and high gain 
type. PMTs have to operate in longitudinally oriented magnetic field of 0.8 T and 
radiation field of up to 20 Grads over duration of 10 years. PMT's may be single anode 
or multianodes. Dimension given in 2.2 is for single anode PMT's. 

2.2 The photomultiplier tubes shall be Hamamatsu No. R-3432-01 or equivalent. 

2.3 Description and Performance Requirements 

2.3.1. Spectral Response: 
2.3.2. Photocathode Material: 
2.3.3. Minimum Useful Photocathode Diameter: 
2.3.4. Dynode Structure: 
2.3.5. Dynode Number of Stages: 
2.3.6. High Voltage Polarity: 
2.3. 7. Current: 
2.3.8. Ambient Temperature: 
2.3.10. Supply Voltage: 
2.3.11. Average Anode Current: 
2.3.12. Cathode Sensitivity: 
2.3.13. Cathode Blue Sensitivity: 
2.3.14. Quantum Efficiency: 
2.3.15. Anode Sensitivity: 
2.3.16. Anode Dark Current: 
2.3.17. Gain: 
2.3.18. Rise Time: 
2.3.19. Fall Time: 

310 

300-650nm 
Bialkali 
>20mm 
NIA 
NIA 
Negative only 
150microA12500 V 
-10to+50oC 
2500V 
lOmicroA 
70 micro A/Im 
8.0 micro A/Blm 
20%@390nm 
35 A/Im @ 2000 v 
100 nA @ 2000 v 
> 5E+o4@ 2000 V 
< 3.0 nsec at 2500 V 
< 10 nsec at 2500 V 
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2.3.20. Radiation hardness - in radiation environment of 100 MRad per year and neutron 
flux of up to 1()1\14 n/cm2/year for the time period of 10 years PMTI should maintain 
working parameters mentioned above. 

2.4 Dimensions: 

2.4.1 Length-> 10.0 cm 
2.4.2 Outside diameter - > 3.8 cm 
2.4.3 Minimum Effective Photcathode window diameter - 2.0 cm 
2.4.4 Photcathode window - flat 

3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement. 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements arc 
proposed for inclusion in the final agreement: 

3.1. l Photocathode sensitivity testing of each PMT, 
3.1.2 Dark current testing of each PMT, 
3.1.3 Linearity range testing of each PMT, 
3.1.4 Timing properties testing of each PMT. 

3.2 A mutually acceptable inspection procedure will be determined as pan of the final 
collaborative agreement. The inspection procedure will provide for both regular progress 
reports and periodic on-site reviews. ( 

3.3 The final acceptance of the photomultipliers will be made at the site of 
manufacture by representitives of the SSCL. 

3.4 A system of piece pan tracking will be established prior to the start of production. 
Tracking will include the permanent identification of each PMT. An identification 
method which does not interfere with the performance of the PMTs should be used. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of PMT in the specified condition. The arrival condition of the PMT shall be the 
responsibility of the manufacturer. 

:~ 1 l 
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Material Specification No. SCT-010 

Reference Drawings: 

GEM Detector 
Scintillating Barrel 

Ljght Mjxers 

X3E-17048-A818; GEM Detector, Barrel Scintillating Calorimeter, Readout Contig. 

Reference Documents: 

ASTM D 542; Index of Refraction of Transparent Organic Plastics 

1.0 Introduction 

This specification covers the requirements for quartz light mixers for the GEM 
hadronic forward calorimeters. The mixers shall be manufactured to final form for 
installation into the hadronic forward calorimeters. 

2.0 Light Mixer Description 

The light mixers will transmit light from the transmission fibers of the hadronic 
forward calorimeters to the photomultiplier assemblies. The light mixers will be optically 
clear and will be polished to provide maximum reflectivity. 

2.1 Physical properties 

2.1. l Core Material: Pure Fused Silica Quanz or cquilavent 
2.1.2 Attenuation: < 0.50 dB/m at 220 nm (in accordance with attached specification), 
2.1.3 Core refraction index: 1.529 at 220 nm 

2.1.8 Radiation hardness - In the radiation field up to 10 GRad/year and neutron flux of 
up to 11)1' 16 n/cm"2/year for the duration of 10 years attenuation should degrade to no 
more than 2 dB/m and must remain colorless. 

2.2 Dimensions: 

Dimensions and tolerances are provided in reference drawings. 

2.3 Surface Finish: 

All surfaces of the light mixers shall be polished. The finished surfaces shall be free of 
pockets, wrinkles or other distonions. Light mixers will be wrapped in reflective paper to 
protect surfaces. 
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3. 0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement. 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements arc 
proposed for inclusion in the final agreement: 

3.1.1 Optical index of refraction of uncoated all light mixers, 

3.2 A mutually acceptable inspection procedure will be determined as pan of the final 
collaborative agreement. The inspection procedure will provide for both regular progress 
reports and periodic on-site reviews. 

3.3 The final acceptance of the light mixers will be made at the site of manufacture by 
represcntitives of the SSCL. . 

3.4 A system of material tracking will be established prior to the start of production. 
Tracking will include the identification of the base material in each light mixer and the 
designated position in the detector of each light mixer. An identification method which 
docs not interfere with the performance of the light mixer should be used. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of light mixers in specified condition. The arrival condition of the light mixers 
shall be the responsibility of the manufacturer. ( 
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Reference Drawings: 

1.0 Introduction 

Material Specification No. SCT -011 

GEM Detector 
Hadronic Forward Calorimeter 

Quartz Fibers 

This specification covers the requirements for quanz fibers for the GEM Hadronic 
Forward Calorimeter. The fibers shall be manufactured to specified dimensions for 
installation into the readout section of the hadronic forward calorimeter. 

2.0 Transmission Fiber Description 

2.1 The transmission fibers will transmit light from the scintillating liquid in the 
hadronic forward calorimeter quartz sealing windows to the readout assemblies. '11te core 
of the fibers will be high purity silica with doped silica cladding for maximum resistance 
against radiation damage. The fiber is covered by radiation resistant polyimide or 
equivalent buffer for high radiation operating condition. The tolerance on the total 
diameter should be less than +- 10 microns. 

2.2 The quartz fiber shall be Polymicron Technologies Inc. type FHP-300330360 or 
equivalent. 

2.3 Physical properties 

2.3.1 Core Material: Pure fused silica or equivalent 
2.3.2 Cladding Material: Fluorine doped silica or equivalent 
2.3.3 Buffer Material: Polyimide or equivalent 
2.3.4 Core Diameter: 300 ± 14 microns 
2.3.5 Cladding Thickness: 15 microns 
2.3.6 Buffer Thickness: 15 microns 
2.3.7 Light Attenuation: < 0.50 dB/mat 260 nm 
2.3.8 Numeric Aperture: > 0.22 
2.3.9 Core refraction index: 1.529 at 220 nm 
2.3.10 Cladding refraction index: 1.514 at 220 nm 
2.3.11 Wavelength Transmission Range: 180- 1100 nm 
2.3.12 Operating Temperature Range: -50 - 400 oc 
2.3.13 Radiation hardness - In the radiation field up to 2 GRad/year and neutron flux of 
up to 1Cl"l6 n/cm"2/year for the duration of 10 years attenuation should degrade to no 
more than 2 dB/m and numeric aperture should remain stable within ±10%. 
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2.4 Form: 

Dimensions and tolerances for the quartz fibers are shown in section 2.1 and the 
referenced drawing. If alternative fiber dimensions (specifically diameters) offer 
manufacruring advantages these should be suggested by the fiber manufacturer. 

2.5 Surface Finish: 

2.5 .1 Ends of fibers shall be polished. 

2.5.2 Fiber ends shall be perpendicular to the axis of the fiber ±50. 

3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement. 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements are 
proposed for inclusion in the final agreement: 

3.1.1 Optical transmission testing of each fiber batch, 
3.1.2 Core/cladding refraction indices and numeric aperture testing of each fiber batch, 
3.1.3 Surface quality testing of each fiber batch. 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 
collaborative agreement The inspection procedure will provide for both regular progress 
reports and periodic on-site reviews. 

3.3 The final acceptance of the quartz fiber will be made at the site of manufacture by 
representitives of the SSCL. 

3.4 A system of material tracking will be established prior to the start of production. 
Tracking will include the identification of the base material in each fiber and the 
designated position in thi: detector of each fiber. An identification method which does 
not interfere with the performance of the fibers should be used. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of quartz fiber in specified condition. The arrival condition of the quartz fiber 
shall be the responsibility of the manufacturer. 

( 
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Reference Drawings: 

Material Specification No. SCT-013 

GEM Detector 
External Calorimeter 
Structural Fasteners 

X3E-17048-xxxx GEM Detector;Scintillating Barrel; Suppon Tube 
X3E-17048-xxxx GEM Detector; Passive End Caps; General Arrangement 
X3E-17048-xxxx GEM Detector; Hadronic Forward; General Arrangement 
X3E-17048-xxxx GEM Detector; Scintillating Barrel; Module Assembly 

Reference Documents: 

ASTM F593; Standard Specification for Stainless Steel Bolts, Hex Cap Screws, and 
Studs. 
ASTM F594; Standard Specification for Stainless Steel Nuts. 
ASTM F467; Standard Specification for Non-Ferrous Nuts for General Use. 
ASTM F468; Standard Specification for Non-Ferrous Bolts, Hex Cap Screws, and Studs 
for General Use. 

1.0 Introduction 

This specification covers the fasteners to be used in structural components for the 
GEM detector calorimeter. . 

2.0 Fastener Description 

The specific fasteners to be used are shown in the design drawings. Unified 
threads will be used as the standard for the scintillating calorimeter conceptual design. 
Metric fasteners may be used in all or portions of the final design. If metcric fasteners are 
specified the ASTM references will be changes accordingly 

2.1 Material Requirements: 

Two types of fasteners are specified; stainless steel and brass; the objective is to 
reduce the amount of magnetic material in the scintillating calorimeter. 

2.1.1 Stainless Steel fasteners shall comply with all the requirements of the current 
edition of ASTM F-593. The specific type of fasteners will be shown in the reference 
drawings. 

2.1.2 Brass fasteners shall comply with all the requirements of the current editions of 
ASTM F-468 and F-467. The specific type of fasteners will be shown in the reference 
drawings. 
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3.0 Quality Conttol 

3.1 Quality control requirements will be included in the final collaborative agrcemenL 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. · 

3.2 A mutually acceptable inspection procedure will be determined as pan of the final 
collaborative agrcemenL 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of fasteners in specified condition. The arrival condition of the fasteners shall be 
the responsibility of the manufacturer. 
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Material Specification No. SCT -015 

Reference Documents: 

GEM Detector 
Scintillating Detector 

Welding; Stajnless Steel 

ASME Boiler and Pressure Vessel Code; Section IX 

1.0 lnttoduction 

This specification applies to structural welding of the stainless steel components 
of the scintillating barrel and hadronic forward calorimeter. 

2.0 Requirements 

2.1 Generally, structural welds should be in compliance with the requirements of the 
American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section IX; 
"Qualification Standard for Welding and Brazing Procedures, Welders, Brazers, and 
Welding and Brazing Operators". 

2.2 The type of welding process and equipment used to produce welds will be 
determined by the manufacturing facility in coordination with the SSCL. 

3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement. 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. 

3.2 A mutually acceptable inspection procedure will be determined as pan of the final 
collaborative agreement. The inspection procedure should provide for both regular 
progress reports and periodic on-site reviews of the manufacturing process. 
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Reference Drawings: 

Material Specification No. SCT -016 

GEM Detector 
Forward Hadron Calorimeter 

Tubing; Stainless Steel 

X3E-l 7048-xxxx GEM Detector; Hadrqn Forward; General Arrangement 
X3E-l 7048-xxxx GEM Detector; Hadron Forward; Absorber Subassembly 

Reference Documents: 

ASTM A450; Standard Specification for General Requirements for Carbon, Ferritic Ally 
, and Austenitic Alloy Steel Tubes. 

1.0 Introduction 

This specification to the austenitic stainless steel tubes to be used in the forward 
hadron calorimeter. 

2.0 Description 

2.1 Tubing shall be manufactured from Type TP 304 

2.2 The tube dimensions are specified in the reference drawings. 

2.3 Stainless Steel tubing shall comply with all the requirements of the current edition 
of ASTM A 450 for Cold Drawn, Seamless Tubing. 

2.4 Tubes shall be straightened to+/- 1 mm/1000 mm. 

3.0 Quality Conaol 

3.1 Quality conaol requirements will be included in the final collaborative agreement. 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements are 
proposed for inclusion in the final agreement: 

3 .1.1 Dimensional Inspection 
3.1.2 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 
collaborative agreement. The inspection procedure will provide for both regular progress 
reports and periodic on-site reviews. 
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3.3 The final acceptance of the tubes will be made at the site of manufacture by 
representatives of the SSCL. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of tubes in specified condition. The arrival condition of the tubes shall be the 
responsibility of the manufacnucr. 
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Reference Documents: 

1.0 Introduction 

2.0 Description 

3.0 Quality Conttol 

Material Specification No. SCT-017 

GEM Detector 
Calorimeter 

Hadronic Forward Detector 
Seals, Ligujd Sejntjllator 

3.1 Quality conttol requirements will be included in the final collaborative agreement. 

The requirements will be determined to reflect the manufacturing and assembly processes 

expected to be used. At this time the following specific quality conttol requirements are 

proposed for inclusion in the final agreement: 

3.1.1 
3.1.2 
3.1.3 
3.1.4 
3.1.5 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 

collaborative agreement. The inspection procedure will provide for both regular progress 

reports and periodic on-site reviews. 

3.3 The final acceptance of the liquid seals will be made at the site of manufacture. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 

arrival of liquid seals in specified condition. The arrival condition of the liquid seals 

shall be the responsibility of the manufacturer. 



January 28, 1992 

Reference Documents: 

1.0 Introduction 

2.0 Description 

3.0 Quality Conttol 

Material Specification No. SCT-018 

GEM Detector 
Calorimeter 

Hadronic Forward Detector 
Wjndow; Quartz 

3.1 Quality conttol requirements will be included in the final collaborative agreement. 

The requirements will be determined to reflect the manufacturing and assembly processes 

expected to be used. At this time the following specific quality conttol requirements are 

proposed for inclusion in the final agreement: 

3.1.1 
3.1.2 
3.1.3 
3.1.4 
3.1.5 

3.2 A mutually acceptable inspection procedure will be determined as part of the final 

collaborative agreement. The inspection procedure will provide for both regular progress 

reports and periodic on-site reviews. 

3.3 The final acceptance of the quanz windows will be made at the site of 

manufacture. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 

arrival of quanz windows in specified condition. The arrival condition of the windows 

shall be the responsibility of the manufacturer. 
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February 18, 1993 

Material Specification No. SCT-019 

GEM Detector 
Forward Hadron Calorimeter 
Tapered Transmjssjon Fjbers 

NOTE; THE NUMBERS IN THIS SPECIFICATION ARE INCORRECT AND 
NEED TO BE REVISED. 

Reference Drawings: 

X3E-17048-A818; GEM Detector, Forward Hadron Calorimeter, Readout Configuration. 

1.0 Introduction 

This specification covers the requirements for tapered plastic transmission fibers 
for the GEM detector forward hadron calo~eter. 

2.0 Fiber Description 

The tapered transmission fibers will transmit light from the scintillating liquid in ( 
the hadron forward calorimeter quartz sealing windows to the readout assemblies. The 
fibers will be optically clear, ultra violet transmitting and will be clad to provide 
maximum reflectivity. 

2.1 Physical properties 

2.1.1 Core Material: 
2.1.2 Cladding Material: 
2.1.3 Oadding Thickness: 
2.1.4 Attenuation: 
2.1.5 Numeric Aperture: 
2.1.6 Core refraction index: 
2.1. 7 Cladding refraction index: 

Polystyrene, 

·······• 10-15 microns, 
< 0.55 dB/m at 220 nm 

0.22±0.02, 
1.529 at 220 nm, 
1.514 at 220 nm. 

2.1.8 Radiation hardness - In the radiation field up to 10 GRad/year and neutron flux of 
up to 1()1\16 n/cm2/year for the duration of 10 years attenuation should degrade to no 
more than 2 dB/Mand numeric apenure should remain stable within± 10% 

2.2 Dimensions: 

2.2.1 Fiber Shape: 
2.2.2 Front Core diameter: 
2.2.3 Back core diameter: 
2.2.4 Cladding thickness: 
2.2.5 Buffer thickness : 
2.2.6 Single fiber lengths: 

Cylindrical 
0.3mm 
2.0mm 
0.33mm 
0.36mm 
0.35-0.5 meters (see drawings). 
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2.3 Surface Finish: 

2.3.1 Ends of fibers shall be polished. 

2.3.2 Fiber ends shall be perpendicular to the axis of the fiber ±5" 

3.0 Quality Conttol 

3.1 Quality conttol requirements will be documented by the Superconducting Super 
Collider Laboratory (SSCL) as pan of the procurement package. Specific requirements 
will include: 

3.1.1 Optical transmission testing of each fiber, 
3.1.2 Core/cladding refraction indices and numeric aperture testing of each fiber batch, 
3.1.3 Surface quality testing of each fiber batch. 

3.2 The final acceptance of the scintillator tiles will be made by representatives of the 
SSCL at the site of manufacture. 

3.3. A system of material tracking will be established prior to the start of production. 
Tracking will include the identification of the base material in each fiber and the 
designated position in the detector of each fiber. An identification method which does 
not interfere with the performance of the fibers should be used. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of fibers in specified condition. The arrival condition of the fibers shall be the 
responsibili_ty of the quanz fiber manufacturer. 
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Material Specification No. SCT-023 

Reference Drawings: 

GEM Detector 
Forward Hadron Calorimeter 

Ljght Mjxers 

X3E-17048-xxxx; GEM Detector, Forward Hadron Calorimeter, Readout Configuration. 

Reference Documents: 

1.0 Introduction 

This specification covers the requirements for quanz light mixers for the GEM 
forward hadron calorimeters. The mixers shall be manufactured to final form for 
insuillation into the forward calorimeters. 

2.0 Light Mixer Description 

The light mixers will transmit light from the transmission fibers of the forward 
hadron calorimeters to the photomultiplier assemblies. The light mixers will be optically 
clear and will be polished to provide maximum reflectivity. 

2.1 Physical properties 

2.1.1 Core Material: Pure Fused Silica Quanz or equivalent 
2.1.2 Attenuation: < 0.50 dB/mat 220 nm (in accordance with attached specification), 
2.1.3 Core refraction index: 1.529 at 220 nm 

2.1.8 Radiation hardness - In the radiation field up to 10 Grad/year and neutron flux of 
up to 10"16 n/cm"2/year for the duration of 10 years attenuation should degrade to no 
more than 2 dB/m and must remain colorless. 

2.2 Dimensions: 

Dimensions and tolerances are provided in reference drawings. 

2.3 Surface Finish: 

All surfaces of the light mixers shall be polished. The finished surfaces shall be free of 
pockets, wrinkles or other distortions. Light mixers will be wrapped in reflective paper to 
protect surfaces. 

,, , .. 1· 
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3.0 Quality Control 

3.1 Quality control requirements will be included in the final collaborative agreement. 
The requirements will be determined to reflect the manufacturing and assembly processes 
expected to be used. At this time the following specific quality control requirements arc 
proposed for inclusion in the final agreement: 

3 .1.1 Optical index of refraction of all light mixers, 

3.2 A mutually acceptable inspection procedure will be determined as pan of the final 
collaborative agreemenL 

3.3 The final acceptance of the light mixers will be made at the site of manufacture by 
representitives of the SSCL. 

3.4 A system of material tracking will be established prior to the start of production. 
Tracking will include the identification of the base material in each light mixer and the 
designated position in the detector of each light mixer. An identification method which 
docs not interfere with the performance of the light mixers should be used. 

4.0 Shipping Requirements 

Packaging and shipping shall be accomplished in a manner which insures the 
arrival of light mixers in specified condition. The arrival condition of the light mixers 
shall be the responsibility of the manufacturer. 
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DRAFT-FIVE 

5. Assembly Procedures 

Preliminary process spccifictions have been prepared for all significant assembly 
and installation operations to be used for the scintillating calorimeter system. The final 
versions of the process specifications will be prepared in cooperation with the 
collaborating institutes involved in the fabrication, assembly and installation of the 
detectors. It is assumed that changes will also be made in the detail design of the 
calorimeters to facilitate and improve the assembly processes. 

It should be noted that the facilities and schedule of activities at the SSO.. will be 
under the supervision and control of the SSCL. Consequently, the scintillating 
calorimeter collaboration may be requested to make changes to accommodate the overall 
GEM schedule and design. Further, the specifications and drawings will be filed at the 
ssa.. and conaolled under the document conaol system established at the ssa... 

Rough Draft process specifications attached include: 

GDT-00000; Assembly of Scintillating Tile Layers 
GDT-00000; Assembly of Scintillating Barrel Modules 
GDT-00000; Final Assembly of Scintillating Barrel at SSO.. 
GOT -00000;· Assembly of Passive End Caps at SSO.. 
GDT-00000; Assembly of Hadronic Forward Calorimeter 
GDT-00000; Installation of Scintillating Barrel 
GDT-00000; Installation of Passive End Caps and Forward Hadron Calorimeters 

Preliminary labor analyses are attached to some of the process specifications. 
These analyses are appended to provide an initial working basis for the labor estimates to 
be used in the actual manufacturing planning documents. Time allocations, personnel 
loading and analysis methods may all be changed by the collaborating institutes 
performing the tasks. 

Summary Description of Subsystem Componen~ 

A. Scintjllatjng Barrel; 

The scintillating barrel is composed of four primary subsystems; · 

1. Suppon tube; A stainless steel tube will provide the structural suppon for the 
scintillating barrel calorimeter. The absorber/tile modules will be bolted to the inner 
surface of the tube. The tube will be fabricated in a single assembly which will include 
four flanges for joining the the completed calorimeter to the Central Detector Suppon 
(CDS). It is assumed that the tube will be fabricated using conventional vessel 
construction techniques and that the final fabrication will occur at the SSO.. since the 
complete barrel is too large to be shipped within the USA. 

2. Absorber stacks; Forty-four stacks of copper or brass plate with gaps for four 
layers of scintillating tiles will be prcassembled to form the basic modular structure. The 
current concept specifies eight plates per stack in a 1+2+2+2+1 combination. The stacks 
will be bolted and banded for stability and the tile layer spaces will be maintained by 
square bars. 

June I, 1993, 12:06 Page 5.1 
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3. Tile layers; Plastic tiles are grouped in single layers on a stainless steel trays. 
The tiles are fined with embedded fibers for connection to the readout assemblies. The 
layers are wrapped with aluminizcd mylar to contain the scintillated light. There are 
eight groups of six tiles, each with 2 readout fibers. The assembly procedure for the tile 
layers is provided by STC-A-002, Tile Layer Assembly. 

4. Readout assemblies; Groups of eight photomultiplier tubes (PMTs) with attached 
electronics and cabling. The PMTs convert the light transmitted by the fibers to 
electrons which are processed by the GEM electronics system. Two readout assemblies 
are attached to the end of each module. The readout assemblies will also include the 
calibration and monitoring system connections to the modules. 

The assembly of the absorber· stacks, tile layers and readout assemblies into 
complete modules is described in STC-A-001, Assembly of Scintillating Barrel Modules. 
Fit-up of the completed modules with the structural suppon tube is described in STC-A-
004, Final Assembly of Scintillating Barrel at SSa.. ' 

B. Passjye End Cans 

There are two passive end caps each having three basic components: 

1. Absorber plates: Stacks of "pie shaped" copper or brass plates which are 
interconnected with bolted fasteners to form a large disc. 

2. Central tube: A copper or brass tube on the inside of the absorber plates used to 
support the forward hadron calorimeter. 

3. Suppon system: A combination of outtiggers to the scintillating barrel rails and 
spokes which will be used to stabilize the end caps after placement in the GEM detector. 

The assembly of the passive end caps is described in STC-A-005, Assembly of Passive 
End Caps at SSCL. 

C. Forward Hadron Calorimeter 

There are two forward hadron calorimeters each has three primary components: 

1. External vessel: A stainless steel vessel with external piping for the containment 
and circulation of the liquid scintillator. The vessel will also provide structural suppon 
for the forward systems in the passive end caps. 

2. Absorber stack; A combination of stainless steel liquid tubes between two drilled 
end plates; interleaved with shaped tungsten pellets. The end plates will be precisely 
drilled and the tubes will be swaged into placed. 

3. Readout assemblies; Detachable assemblies of PMTs, readout fibers and 
electronics will be bolted to the absorber stacks. The readout assemblies are designed to 
be replaced during maintenance cycles due to the radiation damage to the components. 

The assembly of the forward hadron calorimeter is described in STC-A-006, Assembly of 
Forward Hadron Calorimeter. 

June l, 1993. 12:06 Pagc5.2 
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D. In5tallatjon 

The external calorimeter system will be installed in the GEM detector in two 
phases. The scintillating barrel will be the first detector clement installed and the passive 
end caps combined with the forward hadron calorimcterS will be the last. The barrel 
installation procedure is described in STC-A-007, Installation of Scintillating Barrel. The 
end cap/forward installation is described in STC-A-008, Installation of Passive End Caps 
and Forward Hadron Calorimeters. 

A central detector installation rail system is being designed by Los Alamos 
National Laboratory. The rail system design is being matched to the configuration of the 
internal rails of the scintillating barrel and the deflections of the CDS and barrel 
assembly. 
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SPECIFICATION NO.: 

Section 1.0- SCOPE 

This procedure covers the requirements and processes for the final assembly of 

fony-four scintillating barrel modules. The details of the assembly process may be 

changed to suit the institute performing the assembly. 

Modules of Scintillating Barrel Calorimeter are about 80 cm thick, 100 cm wide, 

and 500 cm long with weight about 24 T each . The modules will have 8 layers of 

absorber plate interleaved with four layers of readout tiles. The plates will be connected 

by a combination of bolting along the centerline and banding around the outside. Sixteen 

PMT readout assemblies will be mounted in 2 groups of 8 each on one end of each 

module. The completed, forty modules will be bolted to the outer structural suppon tube. 

The modules are designed to be self-supponing and independent of the liquid calorimeter 

suppon. 

Section 2.0 - APPLICABLE DOOJMENTS 

Parampb 2. 1 - Government Qncumc;nts 

The following documents of the exact issue shown form a pan of this 

specification to the extent specified herein. In the event of conflict between the 

documents referenced herein and the contents of this specification, the contents of this 

specification shall take precedence. 

Drawings: 

X3E-17048-A825, GEM Detector, Scintillating Barrel, Module Subassembly 

Labor Analyses of Scintillating Barrel module assembly 

Copies of specifications, standards, drawings, and publication required by 

suppliers in connection with specified procurement functions may be obtained from the 

SSCUURA Subcontract Administrator. 

Section 2 2 - Non-Government Docyments 

This paragraph is not applicable to this specification: 

Page 1 March 26, 1993 17:45 
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Section 3 0 - REOUJREMENTS 

Parampb 3. 1 - Equipment 

TBD .....•... 

3.1.1 Banding Machine. 

3.1.2 Conventional metal cutting, grinding and drilling tools. 

3.1.3 Absorber Module lifting fixture 

3.1.4 Tile assembly lifting fixture 

Paraeraph 3.2 - Materials 

The materials for the scintillating barrel assembly arc described or referenced in 

the following companion specifications: 

Absorber Plates, Material Specification No. :················ 
Tile Layer Assembly; Process Specification No .............. . 

Photomultiplier Readout Assembly, Process Specification No ............... . 

Paramph 3.3 - Required Procedures and Oneratigns 

3.1 Assembly of the scintillating barrel modules will take place away from the IR-5 

site at the SSCL in order to minimize facility requirements. The modules are of a size 

which can be transponed via truck to the site for installation into the barrel. 

3.2 A single prototype module will be assembled to verify shipping methods, quality 

procedures, and assembly techniques. The module will be used by the SSCL as a 

physics test device. 

3.3 The detailed assembly procedures used to provide completed modules arc to be 

determined by the Vendor The procedures will be evaluated by the SSCL on the basis of 

the resulting finished condition of the modules. The procedures for the assembly of the 

modules provided in Section 3.4 arc suggested as an initial staning point for planning the 

assembly operations. 
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Paramph 3 4 - Recnmmcnded Pmcedums and Operations 

The modules will be assembled from three subasssemblies produced in separate 

processes at the same location as the assembly process or at remote sites. These 

assemblies are the absorber stack (see Specification STC-001), readout groups and tile 

layers (see Specification STC-A-002). 

a. The assemlby process will require an area sufficient to array several modules with 

adaquate space on both sides for installa,tion of the tile layers. 

b. A crane capable of lifting 30 metric tons will be required to handle the modules. 

The crane must be able to reach the entire assemlby area. 

c. Final assemlby will begin with a dimensional inspeciton of the absorber module. 

When the module has been accepted the temporary bands on one side will be removed (if 

present) and the outside spaces removed to provide side access to the four tile layers on 

one side of the module. Clamping may be used on the opposite side of the module to 

maintain spearation between the absorber plates. 

cl. Following an inspection of the four tile/fiber assemblies each will be installed in 

the absorber stack. The edge spacers will then be positioned. 

f. The above process will then be repeated for the other side of the module. 

g. Following the installation of the tile layers clamps will be removed; the centerline 

fasteners will be retightened if necessary and the bands installed. 

h. The side plates will be installed after a dimensional inspection of the assemlby 

confirms proper alignment of the layers. 

i. With the completion of the stacking operations the end plate and the two fiber 

alignment fixtures will be installed . As part of this operation the fibers will be grouped 

according to channel. 

j. The grouped fibers will be clamped and the ends will be finished. 
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k. Quality Control verification will be provided by connection of readout PMTs and 

electronics. Measurements of cosmic rays will be made on the assembly to determine the 

functionality of all layers of tile. If the assembly fails to perform properly it will be 
disassembled and repaired. 

1. Following acceptance of the assembly the readout PMTs and electronics will be 

removed and the exposed transmission fibers will be covered with a protective cap. 

m. Modules will be shipped to the_ SSCL for final assembly in the support structure 

following an acceptance inspection by representatives of the SSCL. 

Paraeraph 3 5 - Certjficarion 

Certification of operations and procedures used in the assembly of the modules 

will be based on the performance tests of the modules described in Section 4.0. 
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Section 4.0 • DUALITY ASSURANCE PROVISIONS 

Paramph 4 1 - Rc512onsihiliries for Inwcction 

All testing shall be perfonned by the vendor in accordance with the requirements 
of this specification. . 

Paramph 4.2 - Monitmjn1 Procedures for Equipment Used in J>mcess 

This paragraph is not applicable to this specification 

Paramph 4 3 - Monitoring Procedures for Marcrjals 

Proper storage and handling of materials used in the modules will be the 

responsibility of the Vendor. The tile layer assemblies shall be stored in a controlled 

atmosphere having a temperature range between 55° and 800 F , and a relative humidity 

of less than 50%. 

Parazraph 4 4 - Certjficarion 

TBD 

Paramph 4.5 • Test Methods 

Test procedures and methods shall be proposed by the Vendor in the form of 

written documents. The procedures shall be approved by the Company prior to use. 

Paramph 4.6 - Oualirv Assurance Rcconis 

The Vendor shall provide a procedure for the maintenance and distribution of 

quality assurance records prior to the beginning of the assembly operations. The 

procedure shall be reviewed and approved by the Company. 

Section 5 0 • PREPARATION FOR DELIVERY 

The modules shall be adequately packaged for shipment to insure arrival in 

specified condition. The anival condition of the plates shall be the responsibility of the 

absorber plate manufacturer. 
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Section 6 0 - NOTES 

Jlaramph 6. 1 - Intended Use 

The modules will be installed in the GEM particle physics detector where they 

will absorb and measure particles produced by collisions in the SSCL collider system. In 

the scintillator barrel the plates will absorb the particles while the four layers of 

scintllator plastic will produce light used to measure the energy of the particles. 

Photomultiplier rubes measure the light output from the tiles via optic fibers and produce 

electroinc sighnals which are analyzed lo characterize the particles. 

Paragraph 6.2 - pefinjtions 

This paragraph is not applicable to this specification 
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1..abor;Bar.;11 Module Ass 

GEM Detector 
Scintillating Hadron Calorimeter-OD Tube 
Labor Analysis - Barrel Module Assembly 

MICh. Houn Person-Rn 
Houn Houn 

1.17 2.15 

20. 3. 3. 1. 1. 0. o. Module Assembly MICh. Houn Penons Person-Rn 
Houn Each Houn 

1. 0. Set-up Absorbet Stack 
1. Receive Absorbet Slid< 1.00 3 3 
2 Remove Sbij,ping Fixlllre 1.00 2 2 
3. Install Temporcy Bncing 4.00 2 B 
4. Remove Side Spacers 0.66 2 1.32 - 5. !nspect Gaps 1.00 I I 
6. Labor/Module 7.66 15.32 
7. Total Numbet or modules 40 
8. Total Touch Time 306 612..8 
9. Elfu:iency Factor SK SO'll. 

10. Total Hours 460 919 
11. Person-Yeus 0.26 0.52 

2. 0. Install Tile l..ayers 
1. Receive Eight Tiie Layeri 1.00 2 2 
2 Insert Eight Tile Layers 200 2 4 
3. Group Fiber Ends 1.00 2 2 
4. Install Side Sp"""" 1.00 2 2 
6. Labor/Module 5.00 10.00 
7. Total Number or modules 40 
8. Total Touch Tune 200 400 
9. Eliu:ienoy Factor SK SK 

10. Total Hours 300 600 
11. Person-Years 0.17 0.34 

3. 0. Complete Assemlby . 
I. Tighten Fureners 1.00 2 2 
2 Install 7 Bonds 200 2 4 
3. Install Side Plates 4.00 2 B 
4. Install End Plare I.SO 2 3 
s. Clamp Fiber Ends 1.00 2 2 
6. Fmish Fiber Ends 4.00 2 8 
7. Inspect Assanbly 1.00 2 2 
8. Labor/Module 14.SO 29.00 

9. Total Numbet or modules 40 
10. Total Touch Tune 580 1160 
11. Eliu:iency Factor SO% SK - 12 Total Hours 870 1.740 
13. Person-Years 0.49 0.98 

-
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Ulbor;Bar.;11 Module Ass -
4. 0. lnsrall Readout 

1. lnsrall Readout Align. Flange 1.00 1 1 
2. lnsrall Readout AJSembly 0.1S 1 0.1S 
3. Tosi/Inspect Setup 4.00 1 4 
4. Remove Readout Assembly o.so 1 o.s 
S. Store Module 1.00 3 3 
6. Labor/Module 7.2S 9.2S 
7. Total Number of modules 40 
8. Total Touch Tune 290 370 
9. Efficiency Foctor SO«. S09I. 

10. Total Hours 43S SSS 
ll. Person-Years 0.2S 0.31 -
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SPECIFICATION NO.: 

Section 1.0 - SCOPE 

This procedure covers the requirements and processes for the assembly of the 

scintillating barrel tiles layers. This procedure is intended to correspond with the overall 

GEM installation plan however, many of the details of the assembly process may be 

changed to suit the institute performing the assembly. 

The goal of the assembly process is to achieve a high level of mechanical and 

optical uniformity in the joints between the readout components in the assembly. 

Section 2.0 - APPLICABLE DOCUMENTS 

Paragraph 2.1 - Government Documents 

The following documents of the exact issue shown fonn a part of this 

specification to the extent specified herein. In the event of conflict between the 
documents referenced herein and the contents of this specification, the contents of 
this specification shall take precedence. 

Drawings: 

X3E-17048-A830, GEM Detcetor, Scintillating Barrel, Scintillator Tile, 

X3E-17048-A818, GEM Detector, Scintillating Barrel, Tile/Fiber Assembly, 

Material Specification; Scintillating Barrel; Scintillating Tiles, SCT-003, 

Material Specification; Scintillating Barrel; Wave Length Shifting Fiber, SCT-006, 

Material Specification; Scintillating Barrel; Transmission Fiber SCT-004, 

Assembly Procedure; Scintillating Barrel; Module Fabrication and Ass. SCT-A-001, 

Copies of specifications, standards, drawings, and publication required by 
suppliers in connection with specified procurement functions may be obtained 
from the SSCL/URA Subcontract Administrator. 

Section 2.2 - Non-Government Qocuments 

This paragraph is not applicable to this specification: 
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Section 3.0- REQUIREMENTS 

Paragraph 3.1 - Eguipment 

3.1.l The tile layer assembly process will not require a substantial amount of 
equipment; however, it will require a large amount of space. The layers are very 
large (approximately 1 m X 5 m) thus the handling trays and lay-down areas will 
have to be very large to permit personnel access to all sides. 

3.1.2 Specific machines will include: 

3.1.2.1 Tile Layer handling trays: lightweight assemblies which will enable 

personnel to pick-up and handle the assemblies without distortion. 
3.1.2.2 Fiber Bonding machine: a device provided by the SSCL for 

connecting the WLS fiber and transmission fibers. 

Paragraph 3.2 - Materials 

The materials for the scintillating barrel assembly are described or 

referenced in the following companion specifications: 

Wave Lenght Shifting Fiber, Material Specification No ................. . 

Transmission Fiber, Material Specification No ................. . 
Scintillating Tile, Material Specification No ................. . 

Paragraph 3.3 - Regujred Procedures and Operations 

3.1 Assembly of the tile layers will take place away from the IR-5 site at the SSCL in 

order to minimize facility requirements. The layers are of a size which can be ttansported 

via truck to the site for installation into the barrel. 

3.2 A single prototype module will be assembled to verify shipping methods, quality 

procedures, and assembly techniques. The module will be used by the SSCL as a physics 

test device. The tile layers used in the module will be assemlbed in accordance with the 

version of this document in effect at the time. 

3.3 The detailed assembly procedures used to provide completed tile layers are 

to be determined by the Vendor The procedures will be evaluated by the SSCL on 

Page 2 March 25, 1993 16:47 
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the basis of the resulting finished condition of the layers. The procedures for the 

assembly of the layers provided in Section 3.4 are suggested as an initial starting 
point for planning the assembly operations. 

3.4 The atmospheric conditions of the layer assembly facilities shall be controlled 

according to the requirements of the reference material specifications. 
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Paragraph 3.4 - Recommended Procedures and Operations 

a. The tile layers will consist of five primary elements; scintillating tiles, wave 

length shifting (WLS) fibers, transmission fibers, mylar film and stainless steel retainer 

ttays. 

b. The WLS and transmission fibers will be cut to length as part of the fiber 

manufacturing process. The fibers will be shipped in straight lengths to the layer 

assembly site. The WLS and transmission fibers will be joined with a thermal bonding 

machine provided by the ssa. prior to installation into the tile layer assembly. The 

quality of the bonding process will be determined via optical tests specified in Section 6 

below. 

c. Aluminized mylar film will be installed on the bottom of the stainless steel ttay; 

reflective side up. Strips of film will also be bonded to all edges of the tiles. 

d. Following installation of the film all eight tiles for a single layer will be installed 

in the ttay. The fibers will then be positioned in the keyhole slots machined in the 

surface of each tile. A visual inspection will be made to determine that the fibers are 

positioned in the right orientation and location. 

e. Clips will be applied to hold the fibers in the correct position. The loose 

transmission fiber ends will be contained in a temporary extension to the fiber ttay for 

protection. A primary goal of the assembly process is to minimize the bending the fibers. 

f. After a final visual inspection, the completed assembly will be covered in 

aluminized mylar; reflective surface down. 

Paramph 3.5 - Certification 

Certification of operations and procedmes used in the assembly of the 

modules will be based on the performance tests of the modules described in 

Section 4.0. 
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Section 4.0 - QUALITY ASSURANCE PROVISIONS 

Paraeraoh 4. I - ReWonsjbi!ities for Insnection 

All testing shall be performed by the vendor in accordance with the 
requirements of this specification. 

Paramph 4.2 - Monitoring Procedures for Eqyjprnent Used in Process 

This paragraph is not applicable to this specification 

Paragraph 4.3 - Monitoring Procedytes for Materials 

Proper storage and handling of materials used. in the modules will be the 

responsibility of the Vendor. The tile layer assemblies shall be stored in a 

controlled atmosphere having a temperature range between 55° and 80° F, and a 

relative humidity of less than 50%. 

Paragraph 4.4 - Certification 

TBD 

Paraeraph 4.5 - Test Methods 

4.5.l Test procedures and methods shall be proposed by the Vendor in the form 

of written documents. The procedures shall be approved by the Company prior to 

use. 

4.5.2 Operational testing with a radioactive source (Ru-106, Sr-90). Measurements will 

be taken with a calibrated PMT as the source is scanned over the surface of the tile layer. 

Output values should be ±5% of a predetermined standard. 

Paragraph 4.6 - Quality Assurance Records 

The Vendor shall provide a procedure for the maintenance and distribution 

of quality assurance records prior to the beginning of the assembly operations. 
The procedure shall be reviewed and approved by the Company. 

Section 5.0 - PREPARATION FOR DELIVERY 
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The tile layers shall be adequately packaged for shipment to insure arrival 
in specified condition. The arrival condition of the layers shall be the 
responsibility of the absorber plate manufacturer. 
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Section 6.0 - NOTES 

Paragraph 6. l .. Intended Use 

The tile layers will be installed in the GEM particle physics detector where 
they will measure particles produced by collisions in the SSCL collider system. In 
the scintillator barrel the layers of scintllator plastic will produce light used to 

measure the energy of the particles. Photomultiplier tubes measure the light 

output from the tiles via optic fibers and produce electroinc sighnals which are 
analyzed to characterize the particles. 

Paraew>h 6.2 ~ Definitions 

This paragraph is not applicable to this specification 
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Labor;Banel;Tile Laye Ass. -
GE.~ Detector 
SclndUadng Hadron Calorimeter-OD Tube 
Labor Analysis 
TUe Layer Assembly .... 

Mach. Houn Person-Rn 
Hours Hours 
5.61 6.08 

20. 3. 3. 2. 2. 1. o. 0. TUe Layer Assembl7 Moch.Hours Persons Person-Rn 
Haun Each Hours ... 

I. 0. Set-up Fiber Bonding ()per. 
!. Receive/Son WLS Fibers 40.00 2 80.00 
2. Receive/Son Tr111Sm. F"ibon 40.00 2 80.00 
3. Receive Bonding Sleeves 4.00 I 4.00 
4. SWDlp/Test Bonding Machine 24.00 I 24.00 ... 
5. Perform Test Bonds 40.00 I 40.00 
6. Tow Touch Tune 141 228.00 
7. Eff"u:iency Facror 5~ o.so 
8. Toll! Houn 222 342.00 
9. Person-Years 0.13 0.19 -

2. 0. Fiber Bonding 
I. Install Sleeve &Fibers 0.017 I 0.02 
2. Bcmd Fibers 0.033 I 0.03 
3. Test Fiber Assemlby 0.017 1 0.02 ( 
4. S1<11e Fiber Assemlby 0.017 1 0.02 
5. Single Fiber Bonding Tune 0.083 0.08 -
6. Toll! Nwnber or Fibers 30,720 

7. Tow Touch Tune 2,S60 2.S60.00 
8. Eff"u:iency Facror 33,. 0.33 
9. Tow Houn 3,405 3,404.80 

10. Person-Years 1.92 1.92 -
3. 0. Tray Preparation 

I. Receive Tray 0.2S 2 o.so 
2. Install Film on Bottom or Tray 1.00 2 2.00 
3. Inspect Tray o.so 2 1.00 

4. Total Labor!Tray 1.75 3.SO -S. TotalNwnberoCTrays 160 
6. Toll! Tray Prep. Tune 280 560.00 
7. Efficiency Facror s~ o.so 
8. Total H01m 420 840.00 

9. Person-Ycan 0.24 0.47 -
.... 
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Labor;Barral;Tile Laye Ass. 

4. 0. Tile Prepantion 
I. Receive Tile 0.017 1 0.02 
2. Tape Edge of Tile 0.067 I 0.07 - 3. Inspecc Tile 0.017 I 0.02 
4. lnscall Tile in Tray 0.017 1 0.02 
5. Toca! Labortrlle 0.117 0.12 

6. Toca! Nwnber of Tiles 15,360 
7. Toca! Tile Prop. Tune 1.792 1,792.00 
8. Effic:iency FICtor 50'!(, 0.50 
9. Toca! HOUIS 2.688 2,688.00 

10. Penon-Y ean 1.52 1.52 

s. o. Fiber Inscallacion 
1. Receive Fiber Group 0.25 1 0.25 - 2. lnscall Fiber Group in Tile O.lS 1 0.15 
3. Clamp Ft"ber Group 0.15 1 0.15 
4. Lable Fiber Group 0.10 I 0.10 
5. Labor/Fiber Group 0.6S 0.6S 

6. Fiber Groups 2.560 
7. Fiber Inscallacion 1,664 l,664.00 
8. Efficiency FICtor SOCIO 0.50 
9. Toca! HOUIS 2,496 2,496.00 

10. Penon-Yean 1.41 1..41 

6. 6. 0. Complece Layer Assembly 
I. Ra:cive Tray Cover 0.25 2 0.50 - 2. Inscall Tray Cover 0.50 2 1.00 
3. F"llt Fiber Ends 0.50 2 1.00 
4. Inspecc Assembly 0.66 I 0.66 
S. Lable Assemlby 1.00 I 1.00 
6. Labor/Layer 2.91 4.16 

- 7. Layers 160 
8. Fiber Inscallacion 466 66S.60 

9. Efficiency Factor SOCIO o.so 
10. Toca! Hours 698 998.40 
II. Penon-Yean 0.39 0.56 

-

-
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SPECIFICATION NO.: 

Section 1.0 - SCOPE 

This procedure covers the requirements and processes for the assembly of one 

scintillating barrel at the SSCL. The barrel will arrive in modular units from 

manufacturing sites located away from the SSCL. The structural barrel will first be 

welded into a single unit, including flanged joints for connection to the Central Detector 

Support (CDS). Fony scintillating modules will then be installed in the tube. The 

readout systems will also be completed. and the entire will be operationally tested. 

Section 2.0 - APPLICABLE QQCUMENIS 

Parawph 2 I - Goyemmem Pocumems 

The following documents of the exact issue shown form a pan of this 

specification. to the extent specified herein. In the event of conflict between the 

documents referenced herein and the contents of this specification, the contents of this 

specification shall take precedence. 

Drawings: 

X3E-l 7048-A821, GEM Detector, Scintillating Barrel, Assembly Fixture 

X3E-l 7048-Axxx, GEM Detector, Scintillating Barrel, Module Fixture 

Material Specification; Scintillating Barrel; Fasteners; SCT-013 

Labor Analysis of Scintillating Barrel Assembly 

Copies of specifications, standards, drawings, and publication required by 

suppliers in connection with specified procurement functions may be obtained from the 

SSCLJURA Subcontract Administrator. 

Section 2.2 - Non-Government Docyments 

This paragraph is not applicable to this specification'. 

Section 3.0 - REOUJREMENTS 

Paramph 3 J - Egujpment 

Specific fixtures and machines required in the assembly process will include: 

3.1.1 Barrel Assembly stand; Drawing No. X3E- l 7084-0000 
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3.1.2 One up-righting and crane handling fixture; Drawing No. X3E-l 7084-0000 

3.1.3 One module handling fixture (reuse from module assembly operation); Drawing 

No. X3E-17084-0000 

Paramph 3.2 .. Materials 

The materials for the scintillating barrel assembly are described or referenced in 

the following companion specifications: 

Scintillating Barrel Calorimeter Structui'e, Material Specification No ...•.•.•.......... 

Structural Fasteners, Material Specification No ..............•••. 

Paragraph 3.3 - Req,uired Procetinn:s and ~tions 

3.3.1 Final Assembly of the barrel will take place at the ssa... It is cum:ntly assumed 

that the operation will be performed inside the North Assembly Building at IR-5 (the 

GEM Detector experimental area) of the SSO... The building will have normal industrial 

annospheric control. 

3.3.2 The detailed procedures used to assemble the scintillating barrel are to be 

determined by the Vendor The procedures will be evaluated and approved by the SSQ.. . 

The procedures for the assembly of the barrel provided in Section 3.4 are suggested as an 

initial starting point for planning the assembly operations. 

3.3.3 Special training for individuals involved in the installation process may be 

specified or provided by the ssa... 

3.3.4 Cenain operations, such as ssa.. crane operation, will be performed only by 

ssa.. designated employees. 
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Paramph 3 4 · Recommended J>mcedures and Operations 

a. The structural barrel structural suppon tube will be test assembled before leaving 

the fabrication shops to confirm fit-up and dimensions. Reference dimensions will also 

be taken to insure that the scintillating modules will fit correctly. 

b. The structural barrel sturctural suppon tube will be shipped in pieces and 

reassembled at the SSCL. It is assumed that the operation will be performed with the 

barrel axis in a venical orientation. Fµnher it is assumed that the operation will be via 

welded construction only. This operation may be performed outside. 

c. The barrel structure will be moved to the final assembly site inside the Nonh 

Assembly Building at IR-5 and the scintillating modules will be installed. Module 

installation will be performed with the barrel mounted on trunnion rolls. Either a small 

monorail or a mobile crane will be used to insen the modules into the barrel. Modules 

will be installed in the bottom of the barrel only while the suppon tube is rotated to 

maintain balance. 

d. Clearance between the modules is required to permit provide for a small amount 

of sag in the barrel when it is loaded into the detector. The design of the scintillating 

system will provide for adjustment of the gaps between modules to provide this 

clearance. 

e. Following the completion of the module installation 40 PMT/electronics group 

assemblies will be installed. 

f. Quality control testing will be performed on each assembly to verify functionality. 

Modules may be removed to correct defects. 

g. The readout PMTs and electronics will be removed and the fiber covers will be 

placed over the transmission fiber ends. Following placement in the experimental hall 

and installation of the liquid barrel junction boxes the readout assemblies will be 

reinstalled. 
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Paramph 3.5 - Certification 

All assembly and lifting fixrures will be subject to safety inspection and approval 

by the SSCL prior to use at the laboratory. 

Section 4 0 - OUALIIT ASSllRANCE PROVISIONS 

Paramph 4, 1 - Respqnsjbiliries for Inspection 

Periodic inspections will be undertaken by the SSCL during the installation 

process. Inspections will evaluate the positional accuracy of the placement, compliance 

with safety requirements and adherence with the installation procedure. 

Parazrapb 4.2 - MonitorinJ Procedures for Eguipment IJsed in Process 

This paragraph is not applicable to this specification 

Parampb 4 3 - Monjtoring Procedures for Materials 

Proper storage and handling of materials used in the modules will be the 

responsibility of the Vendor. The tile layer assemblies shall be stored in a controlled 

atmosphere having a temperarure range between 55° and 80" F , and a relative humidity 

ofless than 50%. 

Paramph 4,4 - Certification 

TBD 

Paramph 4 5. - Test Methods 

Test procedures and methods for all lifting fixrures shall be submitted by the 

Vendor to the SSCL for approval. 

Paragraph 4,6 - Oualjtv Assµnnce Records 

The Vendor shall provide a procedure for the maintenance and disaibution of 

quality assurance records prior to the beginning of the assembly operations. The 

procedure shall be reviewed and approved by the Company. 

Section 5 0 - PREPARATION FOR PELIVERY 

This paragraph is not applicable to this specification 
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Section 6 0 - NOTES 

Paramph 6, 1 - Intended Use 

The scintillating barrel will be installed in the GEM particle physics detector 

where it will absorb and measure particles produced by collisions in the ssa.. collider 

system. In the scintillator barrel the layers of scintllator plastic will produce light used to 

measure the energy of the particles. Photomultiplier tubes measure the light output from 

the tiles via optic fibers and produce electroinc sighnals which are analyzed to 

characterize the particles. 

Paramph 6.2 - Definitions 

This paragraph is not applicable to this specification 
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Labor;Barrel;Assembly 

GEM Detector 
Scintillating Hadron Calorimeter-OD Tube 

Labor Analysis 

20. 3. 1. 1. o. o. o. Subsystem Assembly 
Half Barrel Total 

20. 3. 1. 1. 1. o. o. Module lnstallaUon 
(Half Barrel) 

I. 0. Setup Assembly Stand 

2. o. Position Half Barrel Sll'llCtW"e 

3. o. Install Modules 
I. Receieve Module 
2. Position Module 
3. Install Fasteners 
4. Install Shinuning 
s. Rotate Assemlby 

4. o. Half Barrel Assembly 
I. Number of Modules/Half Barrel 
2. Total Module Touch Tune 
3. Total Touch Time/Half Barrel 
4. Efficiency Factor 
s. Total Hours 

Person· Years 

20. 3. 1. 1. 2. o. o. Install Rudout As.wmblles 
(Half Barrel) 

1. o. Installation of Readout Assemblle: 
I. Receive Assembly 
2. Install Alignment Fixture 
3. Install Assemlby 

2. o. Readout Assembly 
I. Readout Assemblies/Half Barrel 
2. Total Touch Time/Half Barrel 
3. Efficiency Factor 
4. Total Hours 

Person· Years 
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Machine Person 

Years Years 
1.21 3.51 
0.61 1.75 

Mach. Hours Persons Person-Hrs 
Hours Eacb Hours 

80.00 8 640.00 

16.00 8 128.00 

8.00 18.00 
1.00 3 3 
1.00 3 3 
3.00 2 6 
2.00 2 4 
1.00 2 2 

8.00 18.00 
20 

240 360 
336 1,128 
SO% SO% 
S04 1,692 
0.28 0.96 

Mach. Hours Persons Person-Hrs 
Hours Eacb Hours 

S.00 10.00 
1.00 2 2 
2.SO 2 s 
I.SO 2 3 

S.00 10.00 
40 

200 400 
SO% 50% 
300 600 
0.17 0.34 



20. 3. 1. 1 • 3. 0. 

1 . 

2. 

20. 3. 1. 1. 4. 0. 

1 . 

2. 

Labor:Banal;Assambly 

o. Install Passive Absorber 
(Half Barrel) 

o. lnstallalion of passive absorber 
I. Ri:ceive Assembly 
2. Install Assemlby 

o. Passive Absorber Assembly 
1. Passive Plates/Half Barrel 
2. TOia! Touch Time/Half Barrel 
3. Efficiency Factor 
4. Total Hours 

Person-Years 

o. Install Noble Liq. Rails 

o. lnstallalion of Rails 
I. Ri:ceive Rails 
2. Install Rails 

o. Passive Absorber Assembly 
3. Efficiency Factor 
4. Total Hours 

Person-Years 
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.. 
Mach.Hours Persons Person-Hrs 

Hours Each Hours 

9.00 27.00 .. 
1.00 3 3 
8.00 3 24 

9.00 27.00 
20 
180 S40 ... 
SO% SO% 
270 810 
O.lS 0.46 

Mach. Hours Persons Pason-Hrs 
Hours Each Hours .. 
40.00 200.00 
16.00 s 80 
24.00 s 120 

40.00 200.00 
SO% S0% 

... 
60 300 

0.03 0.17 
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SPECIFICATION NO.: 

Section 1.0 - SCOPE 

This procedure covers the requirements and processes for the assembly of two 
Passive End Caps. Changes in the procedure will be made according to the capabilities 

and preferences of collaborating institutes involved in the fabrication and assembly of the 

end caps. 

Section 2.0 - APPLICABLE POCUMENTS 

Paramoh 2.1 - Government Pocurnents 

The following documents of the exact issue shown form a part of this 
specification to the extent specified herein. In the event of conflict between the 

documents referenced herein and the contents of this specification, the contents of 
this specification shall take precedence. 

Drawings: 

X3E-17048-Axxx, GEM Detector, Passive End Cap, Assembly Fixture 

Material Specification; Scintillating Calorimeter; Fasteners; SCT-013 
Labor Analysis of Passive End Cap 

Copies of specifications, standards, drawings, and publication required by 

suppliers in connection with specified procurement functions may be obtained 

from the SSCL/URA Subcontract Administrator. 

Section 2.2 - Non-Government Documents 

This paragraph is not applicable to this specification: 

Section 3.0 - REOUJREMENTS 

Para&raph 3.1 - Equipment 

3.1.1 The assembly operation will require the use of either a mobile or bridge 
crane having a lifting capacity of at least 30 tons. 

3.1.2 Specific fixtures required for the assembly process will include: 
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3.1.2.1 

3.1.2.2 

000. 

Two assembly stands per drawing No. X3E-l 7048-0000 

One up-righting and crane handling fixture per drawing No. X3E-17048-

Paramnh 3.2 - Materials 

No special materials are expected to be required for the assembly process. 

Paramnh 3.3 - Required Procedures and Operations 

3.3.1 Cenain operations, such as crane operation, will be performed only by SSCL 

designated employees. 

3.3.2 Special training for individuals involved in the assembly process may be specified 

and/or provided by the SSCL. 

Parammh 3.4- Recommended Procedures and Onerations 

a. The passive end caps will be test assembled before leaving the fabrication shops 

to confirm fit-up and dimensions. 

b. The end caps will be shipped in pieces and reassembled at the SSCL. It is 

assumed that the operation will be performed with the end caps in a venical (flat) 

orientation. Further it is assumed that the operation will be via bolted construction only. 

c. The passive end caps and hadronic forward systems will be joined together prior 

to installation in the experimental hall. This may also be performed with the center axis 

venical with an up righting operation to follow. 

Paragraph 3 .5 - Certification 

All assembly fixtures will be subject to safety inspection by the SSCL prior to use 

at the laboratory. 

Section 4.0 - QUALITY ASSURANCE PROVISIONS 
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Paragraph 4. 1 - Responsjhilities for Inspection 

Periodic inspections will be undenaken by the SSCL during the installation 

process. Inspections will evaluate the positional accuracy of the placement, compliance 

with safety requirements and adherence with the installation procedure. 

Paramph 4.2 - Monitoring Procedures for Equjmnent Used jn Process 

All lifting fixtures and lifting plans will be inspected and certified by the SSCL 

prior to usage. 

Paragraph 4.3 - Monjtoring Procedures for Materials 

This paragraph is not applicable to this specification 

Paramph 4.4 - Certificatjon 

TBD 

Paragraph 4.5 - Test Methods 

Test procedures and methods for all lifting fixtures shall be submitted by the 

Vendor to the SSCL for approval. 

Paragraph 4.6 - Oualitv Assurance Records 

The Vendor shall provide a procedure for the maintenance and distribution 

of quality assurance records prior to the beginning of the assembly operations. 

The procedure shall be reviewed and approved by the Company. 

Section 5.0 - PREPARATION FOR DELIVERY 

This paragraph is not applicable to this specification 

Section 6.0 - NOTES 

Paragraoh 6. 1 - Intended Use 

The passive end caps will be installed in the GEM particle physics detector 

where they will absorb particles produced by collisions in the SSCL collider 
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system. The reduction in the particle flux will improve the overall accuracy of the 

end cap muon chambers. 

Paragraph 6.2 - Definitions 

This paragraph is not applicable to this specification 
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l.allor;Enct Cap;Aaaembly -
GEM Detector 
Passive Calorimeter End Cap 

Labor Analysis ... 
Passive End Cap Assembly 

Machine Penon 
Years Years 

20. e. 1. 1. o. O. Assemble North End Cap O.Sl 2.115 

Mach. Houn Persons Person-Hrs 
Hours Each Houn 

1. 1. 0. Sc111p Assembly Stand 16.00 4 64 

1. 2. 0. Install Center Support 4.00 4 16 

I. 3. o. Plaie lnstallalion 2.83 ll.32 -1. Reuieve plate 1.00 4 4 
2. Retrieve Center Tube 1.00 4 4 
3. 1nsta11 Pit in Ass. rlltture o.so 4 2 
4. Attach Pit ID Assembly 0.33 4 1.32 

I. 4. 0. Total/End 2.83 11.32 
I. PlaleS/End 186 -
2. Total Plare Touch Time S26 2.106 
3. Total Touch Time/End S46 2.186 
4. Efficiency FllCIDf 6690 669' 
S. Total Houn 9111 3,628 
6. Person-Years O.Sl 2.115 -

Machine Person 
Years Years 

20. 6. 1. 2. o. o. Assemble Soutb End Cap O.Sl 2.05 

Mach. Hours Pmons Person-Hrs 
Hours Each Houn -2. I. 0. Seblp Assembly Stand 16.00 4 64 

2. 2. 0. Install Center Support 4.00 4 16 

2. 3. 0. Plaie lnstallllion 2.83 ll.32 
I. Retrieve plare 1.00 4 4 -2. Relrieve Center Tube 1.00 4 4 
3. Install Pit in Ass. Fixture o.so 4 2 
4. Attach Pit ID Assembly 0.33 4 1.32 

2. 4. 0. Total/End 2.83 ll.32 

I. Plates/End 186 
2. Total Plare Touch Time S26 2.106 -
3. Total Touch Time/End S46 2.186 
4. Efficiency Factor 6690 669' 
S. Total Houn 9111 3,628 
6. Pmon-Years O.Sl 2.115 

-
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SPECIFICATION NO.: 

Sectjon I 0 - SCOPE 

This procedure covers the requirements and processes for the assembly of two 

forward hadron calorimeters. The forward hadron calorimeters (FHC) include three 

major sections - scintillator section, readout section, and the liquid handling system. The 

scintillator sections and readout sections will be fabricated and assembled at off-site 

locations to minimize specialized fabrication equipment at the SSCL and will be shipped 

separately to the final assembly sight at the SSCL. All work required for installation of 

the liquid handling system will be done· in the SSCL experimental hall. 

The readout sections will be assembled with the scintillator sections at the SSCL 

final assembly sight to prevent the delicate transmission fibers and the PMTs from 

becoming damaged during the transportation between the fabrication shop and the SSCL 

final assembly sight. Functional tests will be performed prior to installation of the 

forward calorimeters into the end caps. 

Section 2.0 - APPLICABLE POOJMENTS 

Paramph 2. 1 - Government Documents 

The following documents of the exact issue shown form a part of this 

specification to the extent specified herein. In the event of conflict between the 

documents referenced herein and the contents of this specification, the contents of this 

specification shall take precedence. 

Drawings: 

X3E-17048-xxxx, GEM Detector, Forward Hadron Calorimeter, Assembly Fixture 

Material Specification; Hadron Calorimeter; Fasteners; SCT-013 

Labor Analysis of Forward Hadron Calorimeter Assembly 

Copies of specifications, standards, drawings, and publication required by 

suppliers in connection with specified procurement functions may be obtained from the 

SSCI..JURA Subcontract Administrator. 

Section 2.2 - Non-Government Documents 

This paragraph is not applicable to this specification'. 
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Sectjon 3.0 - REQUIREMENTS 

Paramph 3 J - Equipment 

Special assembly equipment will include: 

3.1 The SSCL assembly fixtures and up-righting fixtures will be part of the passive 
end cap operations. 

3.2 One forward calorimeter module handling fixture (reuse from module assembly 
operation) 

3.3 Two forward calorimeter holding stands at SSCL. 

3.4 One tube/end plate assembly fixture. 

3.5 ??? Readout section assembly fixtures. 

3.6 2 rented tube hydroswaging machines. 

Paramph 3.2 .. Matt~riaJs 

The materials for the scintillating barrel assembly arc described or referenced in 

the following companion specifications: 

Wave Lenght Shifting Fiber, Material Specification No .............•...• 

Transmission Fiber, Material Specification No .............•.... 

Scintillating Tile, Material Specification No ................. . 

Parampb 3,3 .. Regpjrcd Procedures and Operations 

3.1 Prior to installation into the GEM detector the forward hadron calorimeters with 

the passive end caps will be joined on the surface at the detector site. It is currently 

assumed that the assembly operation will be performed inside the facilities at the SSCL. 

The building will have normal industrial atmospheric control. 

3.2 The detailed assembly procedures used to provide completed forward hadron 

calorimeters are to be determined by the Vendor The procedures will be evaluated by the 

SSCL on the basis of the resulting finished condition of the assemblies. The procedures 

for the assembly of the calorimeters provided in Section 3.4 are suggested as an initial 

starting point for planning the assembly operations. 
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3.3 Facitlities for the assembly of the forward hadron calorimeters will be provided 
by the ssa... 

Paramph 3 4 - Recpmmended. Procedures and Oiierations 

The scintillator sections and the readout sections of the forward hadron 

calorimeters will be completely assembled before leaving the fabrication shops. 

Performance measurements will be taken prior to shipment to insure that the calorimeters 

function correctly. Reference dimensions will also be taken to verify that the 

calorimeters will fit the passive end caps. 

a. A crane capable of lifting 50 metric tons will be required to handle the completely 

assembled forward hadron calorimeter modules. The crane must be able to reach the 

entire assembly area. 

b. Assembly of the scintillating sections will begin with a dimensional inspection of 

the end plates, spacer plates, and the SS shell. .When the components arc accepted the 

end plates and spacer plates arc welded to the bottom half of the SS shell, and placed on 

the assembly fixture. Other method than welding may be used for stabilizing the spacer 

plates in the SS shell. Following an inspection for proper alignment of the holes, spacers 

will be installed in the space between the ID of the SS shell and the tube/Absorber 

assembly. 

c. Following an inspection of the capillary tubes, a layer of tubes will be inserted in 

the holes in the end plates. Both ends of the capillary tubes will be expanded against the 

end plates. Then, prefabricated tungsten pellets will be placed in the space between the 

capillary tubes until a complete layer of tungsten pellets arc placed on top of the capillary 

tubes. The above process will then be repeated until all capillary tubes and the tungsten 

pellet assembly is complete. 

d. The top half of the SS shell is then welded to the end plates. The manifold heads 

are then welded on to the end plates to complete the assembly of the scintillating section. 

The 5 cm diameter inlet and discharge piping and the passive absorber around the 

scintillating section will be installed prior to insertion of the scintillating section into the 

structural ring. 
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e. The above process from steps b to d will then be repeated for the scintillating 

section of the other module. 

f. Assembly of the readout section will begin with a dimensional inspection of the 

fiber collector plates. when the collector plates are accepted and properly placed on the 

assembly fixture, the transmission fibers are inserted into the collector plates. The fibers 

are bundled into predetermined physics tower pattern for photo multiplier tube (PMT) 

connection. The bundled ends will be polished. This process will be repeated for the 

other readout sections for both forward calorimeter modules. 

g. At the final assembly sight, the readout sections will be mounted onto the 

scintillating section. Following an inspection of alignment of the transmission fibers, the 

PMT assemblies will be installed onto the ends of the transmission fiber bundles 

following. The PMT suppon structures arc installed to insure the weight of the PMT 

assemblies will not damage the transmission fibers. 

c. The forward calorimeters will be installed in the passive end caps at the swfacc of 

the GEM detector. This operation will be performed vcnically. The entire assembly will 

then be up-righted. 

c. Readout assemblies and test electronics will be installed to again verify the 

performance of the forward systems. 

d. Thermal domes will be installed over the readout sections to facilitate the control 

of the PMT operating temperature. The completely assembled FHC's will be installed in 

the passive end caps at the surface of the GEM detector. This operation will be 

performed vcnically. The entire assembly will then be up-righted. 

d. The two systems will be installed in the passive end caps. This installation will be 

performed with the axis of the systems venical to eliminate the need for installation rails 

and fixturing. 

e. The passive end cap/forward hadron systems will be up-righted. Local cabling, 

liquid haling system piping and the borated polycthylenc/lcad shield will be installed. 
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f. Operational tests will be performed to insure the forward system is functioning 

correctly prior to installation in the experimental hall. 

Pgampb 3 5 - Ccrrificariop 

Certification of operations and procedures used in the assembly of the forward 

hadron calorimeters will be based on the performance tests of the modules described in 

Section 4.0. 

Section 4.0 - QUALITY ASSURANCE PROVISIONS 

paragraph 4. 1 - Responsibilities for Inspection 

All testing shall be performed by the vendor in accordance with the requirements 
of this specification. 

Parampb 4 2 - Monitoring Procedures for Equipment lJscd in Process 

4.2.1 Handling fixtures to be used at the SSCL will be subject to safety inspection and 

authorization by the SSCL prior to operation. 

4.2.2 Special training for individuals involved in the assembly process will be specified 

and provided by the SSCL. 

4.2.3 Certain operations, such as crane operation, will be performed only by SSCL 

designated employees. 

Paramph 4 3 - Monjtmjog Procedures for Materials 

Proper storage and handling of materials used in the modules will be the 

responsibility of the Vendor. The tile layer assemblies shall be stored in a controlled 

atmosphere having a temperature range between 55° and 80° F , and a relative humidity 

of less than 50%. 

Paramph 4 4 - Certification 

TBD 
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Parampb 4.5 - Test Methods 

4.5.1 Test procedures and methods shall be proposed by the Vendor in the form of 

written documents. The procedures shall be approved by the Company prior to use. 

4.5.2 Operational testing with a radioactive source (Ru-106, Sr-90). Measurements will 

be taken with a calibrated PMT as the source is scanned over the surface of the tile layer. 

Output values should be ±5% of a predetermined standard. 

Paramph 4.6 - Oyality Assurance Records 

The Vendor shall provide a procedure for the maintenance and distribution of 

quality assurance records prior to the beginning of the assembly operations. The 

procedure shall be reviewed and approved by the Company. 

Section 5.0 - eREPARATIQN FOR pELIVERY 

The forward calorimeters shall be adequately packaged for shipment to insure 

arrival in specified condition. The arrival condition of the forward calorimeters shall be 

the responsibility of the Vendor. 

Section 6.0 - NOTES 

Paraera,ph 6 1 - Intemied Use 

The forward calorimeters will be installed in the GEM particle physics detector 

where they will absorb and measure particles produced by collisions in the SSCL collider 

system. The scintillating liquid will produce light in proportion with the the energy of the 

particles while the segmentation of the assembly will provide information concerning the 

direction of the particle paths. Photomultiplier tubes will measure the light output from 

the segments via optic fibers and produce elcctroinc sighnals which will be analyzed to 

characterize the particles. 

Para~ph 6.2 - Definjtions 

This paragraph is not applicable to this specification 
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-
~cintillating Liquid Forward Calorimeter 
(TungS1en heavymet w~h Scintillating Liquid) 

20.5.1 Forward Calorimeter Assembly 

Task Numbers Task DescriDI. Hours Personload Untt Tot PHRS Ouantilv Tot.PHRS 

- 1 Retteive Slurauctural Ring 1.00 2 2.00 2 4 

2 Setup Module/Structure Asserrilly Fixture 2.00 2.00 2 4 

3 Setup Ring Structure in F"ixture 4.00 2 8.00 2 16 

4 Install FCAL in Ring Structure 4.00 4 16.00 2 32 

- 5 Install PMT Support Structures 4.00 2 8.00 2 16 

6 Install Thermal Dome over PMT's 8.00 2 18.00 2 32 

7 Install Calibration Assembly 24.00 3 72.00 2 l-44 

8 Connect Liquid Inlet Lines to Inlet Manffolds 2.00 2 4.00 240 960 - 9 Inspect Completed Asserri>ly 2.00 1 2.00 2 4 

10 Move Assembly to Storaae/Next Station 2.00 2 4.00 2 8 

Total 53.00 134.00 1220 

Personnel Efficiency 1.25 - Estimated Personhours 1525 

Person Years 0 1770 Hr/Yr 0.86 

- 20.5.2 Structures 

Task Numbers Task Descript. Hours Personload Un~ Tot PHRS Quantity Tot. PHRS 

Setup Assembly F"ixture 2.00 2 4.00 4 

2 Retreive Ring Slructure & Setup for Asserrilly 2.00 2 4.00 2 8 

3 Assemble Liquid Inlet Piping to the Ring Structure 48.00 2 98.00 2 192 

4 Asserri>le Passive Absorber 6.00 2 12.00 64 768 

4 lnslall Passive Absorber to the Ring Slructure 2.00 2 4.00 64 256 

5 Inspect Compleled Asserrilly 0.25 0.25 2 

6 Move Assembly to Starace/Next Slalion 0.25 2 0.50 2 

Total 58.50 116. 75 1226 

Personnel Efficiency , .25 

- Estimated Personhours 1532 

Person Years@1770 Hr/Yr 0.87 

S. M Chae·O~NL<J 25;93 -



c;;cintillating Liguid Forward Calorimeter 
(Tungsten heavymet With Scintillating Liquid) 

20.5.3.1 FCAL Module Assembly 

Task Numbers Task Descript. Hours Personload Unrt·Tot PHRS Ouantitv Tot. PHRS • 
Setup Assembly Asserrbly Fixture 2.00 2 4.00 4 

2 Retreive Scintillating Section 4.00 3 12.00 2 24 

3 Attach Readout Sections to Scintillating Sections 1.00 2 2.00 240 480 

4 Inspect Con,>leted Asserrbly 1.00 1 1.00 2 2 
.. 

5 Move Assembly to Storage/Next Station 2.00 3 6.00 2 12 

Total 10.00 25.00 522 

Personnel Efficiency 1.25 

Estimated Personhours 
... 

653 

Person Yearso1no Hr/Yr 0.37 

.. 0.5.3.2 Sci ntlllatlng Section .. 
Task Numbers Task De script. Hours Personload Unit Tot PHRS Ou ant rt Tot. PHRS 

Retreive All materials 0.50 2 1.00 120 120 

2 Setup Tubing Assembly Focture 1.00 2 2.00 1 2 

3 Insert Tubes 0.01 2 0.01 87000 967 .. 
4 Insert Abserbers 0.00 1 0.00 2958000 1643 

5 Expand Tubes to Inlet Manttolds 0.03 0.03 87000 2900 

6 Assemble Inlet Manttolds 40.00 2 80.00 2 160 

13 Expand Tubesto End Plates 0.02 1 0.02 174000 2900 .. 
14 Insert Glass Tubas Inside the Copper Tubes 0.01 O.Q1 174000 967 

15 Assemble Outlet Manifolds 40.00 2 80.00 2 160 

16 Install Jacket Around Module 16.00 2 32.00 2 64 

17 Inspect Con,>leted Asserrbly 2.00 2.00 2 4 • 
18 Move Assemb 2.00 3 6.00 2 12 

Total 101.56 203.07 9899 

Personnel Efficiency 1.25 

Estimated Personhours 12373 .. 

3DO .. 



-
~cintillating Liquid Forward Calorimeter 
(Tungsten haavymet wHh Scintillating Liquid) 

-
Parson Yaarso1no Hr/Yr 6.99 

- 20.5.3.3 Readout Section 

Task Numbers Task Deseript. Hours Personload UnH Tot PHRS Quantilv Tot. PHRS 

1 Ratraive All materials 0.50 0.50 240 120 

2 Setup Fiber Assembly Fixture 1.00 1.00 240 

3 Prepare End Plates 1.00 1 1.00 240 240 

4 Polish the Fiber Ends that lineup w/ Tubes 1.00 1 1.00 240 240 

5 Insert Readout Fibers 0.00 1 0.00 87000 43 

6 Collect Readout Fibers in Bundles 0.50 1 0.50 1920 960 

7 Cul & Polish Collected Fibar"s End 0.50 0.50 1920 960 

8 Assemble PMT's/Light Mixers 1.00 1 1.00 480 480 

9 Inspect Co"1)1eted Assembly 0.50 0.50 240 120 

10 Mova Assemblv to Stor..,e/Next Station 0.25 1 0.25 240 60 

Total 6.25 6.25 3224 

Personnel Efficiency 1.25 

Estimated Parsonhours 4030 

Parson Yaars01no Hr/Yr 2.28 

20.10 Final Assembly 

Task Numbers Task Deserio!. Hours Personload UnH Tot PHRS Ouantitv Tot. PHRS 

Retreiva FCAL Modules 3.00 4 12.00 2 24 

2 Setup PA Endcapfor Assembly 8.00 4 32.00 2 64 

3 Install FCAL Modula into PA Endcap 8.00 4 32.00 2 64 

4 Inspect Co"1)1etad Assembly 2.00 2 4.00 2 8 

5 Move Assembly to Storaae/Next Station 8.00 4 32.00 2 64 

Total 29.00 112.00 224 

Personnel Efficiency 1.25 

Estimated Personhours 280 

Person Years@1770 Hr/Yr 0. 16 

S M Chae<ORNL'3 25:93 



<icintillating Liquid Forward Calorimeter 
(Tungsten heavymet with Scintillating Liquid) 

20.11.2.5.1 

Task Numbers 

2 

3 

4 

5 

6 

7 

8 

20.11.2.5.2 

Task Numbers 

2 

3 

4 

5 

Hall Installation of Liquid Handling System 

Task Descript. 

Move Components Down to Experiment Hall 

Prepare for Equipment Installation 

Install Filtration & Purification Equipment 

Install Storage & Monitoring Equipment 

Install Pumps 

Install Piping & Valves 

Perform Leak Inspection of Piping & Valves 

Perform Functional Test of LH System 

Total 

Personnel Efficiency 

Estimated Personhours 

Person Years@l 770 Hr/Yr 

Hall Installation of Thermal Control 

Task Descript. 

Move Components Down to Experiment Hall 

Prepare for Equipment Installation 

Install Thermal Control Heat Exchanger 

Install Air Duct & Dampers 

Perform Functional Test of TC Svstem 

Total 

Personnel Efficiency 

Estimated Personhours 

Person Years@1770 Hr/Yr 

30•) ;1 ._, 

Hours 

40.00 

16.00 

40.00 

40.00 

20.00 

160.00 

16.00 

16.00 

348.00 

Hours 

20.00 

16.00 

40.00 

120.00 

16.00 

212.00 

.. 

-

.. 
Personload Unit Tot PHRS Quantity Tot. PHRS 

2 80.00 1 80 

2 32.00 32 

3 120.00 2 240 .. 
3 120.00 1 120 

3 60.00 2 120 

2.25 360.00 360 

2 32.00 10 320 .. 
2 32.00 32 

836.00 1304 

1.25 

1630 .. 
0.92 

-
Personload Unit Tot PHRS Quantilv Tot. PHRS 

2 40.00 1 40 

2 32.00 1 32 ... 
3 120.00 2 240 

2.25 270.00 1 270 

2 32.00 32 

494.00 614 -
1.25 

768 

0.43 .. 

-
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SPECIFICATION NO.: 

Section 1.0 - SCOPE 

This procedure covers the requirements and processes for the installation of the 

scintillating barrel calorimeter. The procedures were established to correspond with the 

overall GEM installation plan. Thus in order to meet the tight schedule requirements of 

the GEM installation plan the end cap installation plan has been developed to minimize 

the amount of time required in the experimental hal1 As the design of the detector 

progresses continuous efforts will be m.ade to further limit the "down hole" effort and 

manpower. 

Section 2.0 - APPLICABLE PQCUMENTS 

Paramph 2.1 - Goyemment J)ocuments 

. The following documents of the exact issue shown form a pan of this 

specification to the extent specified herein. In the event of conflict between the 

documents referenced herein and the contents of this specification, the contents of this 

specification shall take precedence. 

Drawings: 

X3E-l 7048-xxxx, GEM Detector, Scintillating Barrel, Installation 

X3E-17048-xxxx, GEM Detector, Scintillating Barrel, CDS/Barrel Joint 

Copies of specifications, standards, drawings, and publication required by 

suppliers in connection with specified procurement functions may be obtained from the 

SSCUURA Subcontract Administrator. 

Section 2.2 - Non.Qovemment Qocumcnts 

This paragraph is not applicable to this specification'. 
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Sectjoo 3 0 - REQUIREMENTS 

Paragraph 3 l - Equjpment 

The installation process will require two critical pieces of equipment; 

3.1.1 Lifting Fixture; A lifting fixture designed to pick the combined assembly. 

The fixture will provide for both the lifting operations and the transportation of the pieces 

to the experimental hall. 

3 .1.2 Calorimeter Installation Rail System: The installation rail system provided for the 

movement of all the central detector elements will be used to transpon the end 

cap/forward assembly from the drop point under the access shafts to the calorimeter 

suppon tube in the center of the experimental hall. The bridge cranes in the experimental 

hall have a lifting capacity of 100 tons which is significantly less than the weight of the 

assembly. 

Paramph 3.2 - Materials 

No special materials will be required for the installation operation. 

Parawph 3 3 - Reaujred Procedures and Qperariops 

3.3.1 The installation process will be directed by the SSCL or a designated 

representative. 

3.3.2 Special training for individuals involved in the installation process will be 

specified and provided by the SSCL. 

3.3.3 Entty to the experimental hall be permitted for authorized personnel only, at the 

discretion of the SSCL. 

3.3.4 Cenain operations, such as crane operation, will be performed only by SSCL 

designated employees. 
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Paramph 3 4 - Recommended Procedures and Operations 

a. The scintillation half barrels will be completely assembled and tested on the 

surface. 

b. The half barrels will be joined together prior to installation in the .experimental 

hall to insure proper fit-up. The test fit-up will include components such as cooling 

pipes, liquid calorimeter rails and cable/pipe ways. 

c. Barrel installation rails arc installed in the experimental hall on both sides of the 

CDS. 

d. The half barrels will be installed in the experimental hall via two shafts and 

placed on the installation rail systems. 

e. The half barrels arc joined together and to the CDS. 

f. Auxiliary components such as the liquid system rails and electronics cooling pipes 

are installed. 

g. Installation rails are either removed or left in place at the discretion of the SSCL 

installation coordinator. 

Paramph 3 5 - Certification 

Detailed installation procedures shall be provided by the Vendor The procedures 

will be evaluated and approved by the SSCL prior to the beginning of the installation 

process. The procedures for the installation of the end caps and forward calorimeters 

provided in Section 3.4 arc suggested as an initial starting point for planning the assembly 

operations. 

Section 4 0 - DUALITY ASSURANCE PROVISIONS 

Paramph 4 I - Responsjbi!ities for Inspection 

Page 3 March 29, 1993 16:17 
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Periodic inspections will be undertaken by the SSC. during the installation 

process. Inspections will evaluate the positional accuracy of the placement. compliance 

with safety requirements and adherence with the installation procedure. 

Parampb 4.2 - Monjtoring Procedures for Eguimnent Used in Process 

All lifting fixtures and lifting plans will be inspected and certified by the ssa. 
prior to usage. 

Paragraph 4.3 - Monitprjnz Procedures for Materials 

This paragraph is not applicable to this specification 

Paramph 4.4 - Certification 

TBD 

Paramph 4.5 - Test Methods 

Test procedures and methods for all lifting fixtures shall be submitted by the 

Vendor to the SSC. for approval. 

Paramph 4 6 - Oualitv Assurance Reconis 

The Vendor shall provide a procedure for the maintenance and distribution of 

quality assurance records prior to the beginning of the installation operations. The 

procedure shall be reviewed and approved by the Company. 

Section 5 0 - PREPARATION FOR DELIVERY 

This paragraph is not applicable to this specification 
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Section 6 0 - NOTES 

Paramph 6 1 - Intencied Use 

The barrel scinlillating calorimeter will be installed in the GEM particle physics 

detector where it will absorb and measure particles produced by collisions in the ssa.. 
collider system. The scintillating tiles in the barrel will produce light in proportion to the 

number and energy of the particles. Photomultiplier tubes measure the light output from 

the tiles via optic fibers and produce electronic signals which are analyzed to characterize 

the particles. 

Paramµh 6 2 - Definitions 

This paragraph is not applicable to this specification 
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SPECIFICATION NO.: 

Sectjon 1.0 - SCOPE 

This procedure covers the requirements and processes for the installation of two 

passive end cap/forward hadron calorimeter assemblies. This procedure is intended to 

correspond with the overall GEM installation plan. Thus in order to meet the tight 

schedule requirements of the GEM installation plan the end cap installation plan has been 

developed to minimize the amount of time required in the experimental hall. As the 

design of the detector progresses continuous efforts will be made to funher limit the 

"down hole" effon and manpower. 

Section 2 0 - APPIJCABLE QOCUMENTS 

Paramph 2 1 .. Goyemment !)ocuments 

. The following documents of the exact issue shown form a pan of this 

specification to the extent specified herein. In the event of conflict between the 

documents referenced herein and the contents of this specification, the contents of this 

specification shall take precedence. 

Drawings: 

X3E-l 7048-xxxx, GEM Detector, Passive End Caps/Forward Installation 

X3E-l 7048-xxxx, GEM Detector, Passive End Caps/Forward Installation FJXture 

Copies of specifications, standards, drawings, and publication required by 

suppliers in connection with specified procurement functions may be obtained from the 

SSCLJURA Subcontract Administrator. 

Section 2 2 .. Non:Qoyemment Documents 

This paragraph is not applicable to this specification'. 
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Section 3.0 - REQUIREMENTS 

Paramph 3. 1 - Equjpment 

The installation process will require two critical pieces of equipment; 

3.1.1 Lifting Ftxture; A lifting fixture designed to pick the combined assembly 

will be required to up-right and transpon the pieces to the experimental hall. 

3.12 Calorimeter Installation Rail System: The installation rail system provided for the 

movement of all the central detecto.r elements will be used to transpon the end 

cap/forward assembly from the drop point under the access shafts to the calorimeter 

suppon tube in the center of the experimental hall. The bridge cranes in the experimental 

hall have a lifting capacity of 100 tons which is significantly less than the weight of the 

assembly. 

Paramph 3.2 - Materials 

No special materials will be required for the installation operation. 

Paramph 3.3 ·Required Procedures and Operatigns 

3.3.1 The installation process will be directed by the SSCL or a designated 

representative. 

3.32 Special training for individuals involved in the installation process will be 

specified and provided by the SSCL. 

3.3.3 Entry to the experimental hall be pennitted for authorized personnel only, at the 

discretion of the SSCL. 

3.3.4 Cenain operations, such as crane operation, will be performed only by SSCL 

designated employees. 
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Paramph 3,4 - Recommended Procedures and Operations 

a. The passive end caps and forward calorimeters will be independently assembled 

and tested on the surface. 

b. The passive end caps and hadron forward systems will be joined together prior to 

installation in the experimental hall. 

c. Barrel installation rails are installed in the experimental hall on both sides of the 

CDS if not already in place. 

d. The two assembles will be installed in the experimental hall via two shafts and 

placed on the installation rail systems. 

e. The assemblies are rolled on the installation rails into position and fixed to the 

scintillating barrel calorimeter. 

f. Auxiliary components such as muon shielding and scintillating liquid pipes are 

installed. 

g. Installation rails are either removed or left in place at the discretion of the SSCL 

installation coordinator. 

Paramph 3.5 - Certjficarion 

Detailed installation procedures shall be provided by the Vendor The procedures 

will be evaluated and approved by the SSCL prior to the beginning of the installation 

process. The procedures for the installation of the end caps and forward calorimeters 

provided in Section 3.4 are suggested as an initial starting point for planning the assembly 

operations. 

Section 4 0 - QUALITY ASSURANCE PROVISIONS 

Paramph 4 I - Responsjbi!iries fOr Insnecrion 
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Periodic inspections will be undenaken by the SSCL during the installation 

process. Inspections will evaluate the positional accuracy of the placement, compliance 

with safety requirements and adherence with the installation procedure. 

ParamPh 4 2 - Monitorin& Procedures for Equipment Used jn Process 

All lifting fixtures and lifting plans will be inspected and certified by the SSCL 
prior to usage. · 

Paramph 4,3 - Monitoring J>rocedures for Materials 

This paragraph is not applicable to this specification 

Paramph 4.4 - Certification 

TBD 

Parampb 4.5 - Test Methods 

Test procedures and methods for all lifting fixtures shall be submitted by the 

Vendor to the SSCL for approval. 

Paramph 4.6 - Oualitv Assurance Recor<is 

The Vendor shall provide a procedure for the maintenance and distribution of 

quality assurance records prior to the beginning of the installation operations. The 

procedure shall be reviewed and approved by the Company. 

Section 5.0 - PREPARATION FQR DELIVERY 

This paragraph is not applicable to this specification 
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Section 6 0 - NQTES 

Para mph 6 1 .. Intended l J5c 

The end cap and forward calorimeters will be installed in the GEM particle 

physics detector where they will absorb and measure particles produced by collisions in 

the SSCL collider system. In the scintillating liquid in the forward calorimeter will 

produce light in proportion to the number and energy of the particles. Photomultiplier 

tubes measure the light output from the tiles via optic fibers and produce electronic 

signals which are analyzed to characterize the particles. 

Paramph 6 2 - Definitions 

This paragraph is not applicable to this specification 
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6. Quality Control Procedures 

It is the intention of the external calorimeter group and the GEM collaboration to 

fully involve all collaborating institutions in the successful completion of the GEM 

detcetor. Careful conaol of the quality of the detector components and assemblies at all 

stages is critical to this goal. Thus eac~ participant in the fabrication and construction of 

the detector will be expected to take responsibility for verifying the quality of the 

completed components or assemblies. It will be the responsibility of the external 

calorimeter engineering and physics group to confirm the results of tests and 

documentation before subassemblies and components arc released for use. 

' 
The SSCL will provide overall guidance in establishing quality assurance 

requirements. These requirements will be adapted by the GEM collaboration and applied 

to the external calorimeter. Each collaborator will be requested to provide a written 

quality assurance plan developed in cooperation with the external calorimeter 

collaboration. The plan will include a description of inspections, inspection procedures, 

documentation procedures and final acceptance procedures. Specific testing requirements 

arc outlined in Section 4 for each major material element. A general outline of the 

inspections for each of the subsystems in the external calorimeter arc included in the 

assembly procedures, Section 5. 
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7. Commynications 

GEM is a large collaboration with over 600 institutional representatives, 120 

institutes and IO countries contributing. To achieve a successful, on-time startup of the 

detector, rapid and accurate communications must be maintained throughout the life of 

the project. To date, all available means have been employed. The two most important 

methods are the monthly meetings at the SSCL and Electronic Mail (E-mail). In the 

future, teleconferencing is also expected to become a widely used means of 

communication. 

Formal communications during the fabrication and assembly phases will be 

logged in tho documentation system to be maintained by the SSCL. Each collaborating 

institute will produce a written monthly repon which will record the progress of the 

detector. In addition, a separate system will document schedule deviations, design 

changes and quality deviations. During the assembly and installation operations at the 

SSCL institutes involved in the in the activities will have full-time representatives on-site 

to facilitate the rapid communications required for these activities. 

GEM maintains a current listing of all members, including addresses, phone 

numbers and Email addresses on a computer at the SSCL. The computer name is 

SSCVXI. The listing can be accessed by entering "GEMLIB" for USERNAME and 

following instructions. A password is not required. Passwords for the SSCVXl can be 

obtained by international partners to have a more complete use of the mail services at the 

SSCL. 
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8. Engineering 

It is the intention of the SSCL to involve the appropriate engineering 

organizations from all collaborating institutes in the final design of the GEM deteetor. 

Institute engineers are expected to be better able to design detailed manufacturing and 

assembly processes appropriate to the resources available. It is important for these 

engineers to be involved in GEM as soon as possible and to begin to develop working 

relationships with the United States engineers cum:ntly leading the design effort. For the 

external calorimeter system the lead engineering organization is Oak Ridge National 

Laboratory. 

The conceptual design of the external calorimeters has been completed; however, 

substantial detailed engineering remains to be completed. Engineering will proceed with 

two goals in mind; physics performance and cost effective fabrication. Traditional 

engineering techniques for incorporating manufacturability and assembly efficiency do 

not require discussion. Physics requirements may not be as familiar. 

GEM is a subatomic particle detector, consequently, physics requirements are 

paramount in the design and construction of the external calorimeter . Thus, the 

engineering and physics interact, primarily in two ways. First, the physics requirements 

are determined in a study of all the GEM Detector subsystems in a computational 

analysis based on 'monte carlo' techniques. Second, the computer software required to 

process signals from the detector is based on the physical characteristics of the detector. 

As a result of this interrelationship, external calorimeter physicists will be involved 

throughout the design and fabrication phases to insure that the subsystem is capable of 

the optimum performance. 

The design process for the scintillating barrel and forward hadron calorimeters 

will progress in steps. These steps will be defined by a series of scheduled design 

reviews in which all participating collaborators will be requested to critique the overall 

progress of the project. The development of prototypes of each of the subsystems will 

also be scheduled to fit into the overall review scheme to take advantage of the "hands­

on" experience gained by building the preproduction models. 



Control of the design process will be administered by the SSCL. A document file 

at the SSCL will maintain engineering and manufacturing repons. Specific repons to be 

included in the file system are: 

Safety reviews 

Structural analyses 

Design Change Notifications 

Schedules 

Monthly repons 

Minutes of subsystem design review meetings 

Minutes of subsystem manufacturing review meetings 
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