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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 7 9:00 at ITEP, Chair-Yuri Kamyshkov

4+ SBC system. An introduction. Yu.Kamyshkov
- Jet resolution in GEM and SBC A.Savin
—-Missing Et and SBC K. Shmakov
4- Muons in SBC (for Yu. Efrememko) Yu.Kamyshkov
~ PNT readout and cal/mon system N.Akchurin
=~ Alternative readout schemes D.Winn
+ Light collection, uniformity etc. E.Tarkovsky
~~ General GEM construction schedule B.Wisniewski
4~ Tiles/Fiber R&D program & schedule J.Reidy
Discussions
Lunch at ITEP 12:30 pm - 1:30 pm
— Quality control and acceptance tests R.C.Shang
~— SBC production schedule 5.Chae
‘f"Design, requirements, construction options,
passive absorber, central det. support M Rennich
«=— Belarus status repoxt ?7?
-=l/Kurchatov Inst. status report 777
~a INR status report 7?7
-+ Discussions Yu.Kam)ukkov

Adjourn at 5:30 pm
June 8 9:00

Visit to INR and/or Kurchatov
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AGENDA

of Executive Committee Meeting, ITEP, 4 June 1893, 89:30 - 17:00

1. Introduction
2. GEM Overview
3. Moscow State University
4. Lebedev s Institute
5. MIPhI
6. Inst.Nucl.Physics(Minsk)
7. Powder Metallurgy Inst.(Minsk)
8. Kurchatov Center
§. Kazakhstan
10. Erevan Phys.Institute
11. Novosibirsk Inst. Nucl. Phys.
12. Discussion
Lunch 13:00 ~ 14:00

Tour ITEP 14:00 - 15:00

13.
14.
15.

16.

PNPI (Gatchina)
JINR (Dubna)
ITEP

Discussaion

Adjourn 17:00

B. Barish.
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P. Ermolov

A. Shmeleva
B. Dolgoshein
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Roman
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Purposes Of June7-8 ITEP meeting

To iden f:’;f/ SBC collaforaters in CIlS;

Suﬂu/ y wlleborators wth prost recert
wn fp rmaton on SBC,;

To iden fcf)f areas of contridutions ‘f:; JBC
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GEM External Calorimeter
Consists of :

a) Scint. Ba_rrel Calorimeter (SBC)
b) End-cap Passive Absorber (PA)
¢) Forward Hadron Calorimeter (FHC)

It is assumed that Russian institutions
will play an imporfant role in the .
‘construction of these systems

During the GEM / CIS - groups meeting on
June 4, 93 possible conributions to GEM EC
will be discussed






SBC (Sc.’n-l‘"”a.'f-or Barre) QGlorimeter)

First GEM defector svbsystem !
Mode| for humzjmi.nf, enpineering, (nternational
caopera-l--‘on n GEM |

First modules will Le burlt th US
Production scenario |
RED issues

Gonceptunl  design exicts!
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Scintillating Barell
- Calorimeter '

A Savi n ITEP/ORNL JUAZ

How can it improve
Jet Energy resolution 7

4 Savin o0& lo7/93
ITER, Mos co
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Segmentatibn

1) EM sectioﬁ - Parﬂlel Plates
~analog of Accordeon.

1.4mm Pb + 5.7mm LKr
3 segments: 4X0 + 8X0 + 13X0

2) HC section - 9mm Pb + 2mm LKr
3 segments: 1.25L + 1.25 L + 2.5L

3) Scintillating Barrel :
10 Layers 57mm Cu + 3.5mm Scint.

’
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Jet simulation (A.Savin)

345
o PYTHIA + GEANTV at 90 degree

0 Energy resolution prediction with GEANT ?7?
The task -> study SB instrumentation effect on resol.

0 Pb/LKr EM: 3 sections ---> 1 section -
Pb/KKr HC: 3 sections ---> 1 section

Cu/Scint TC : Nsections : 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

16



MC Events
S,

5,10,15,20 GeV pions

93/04/19

lmm Sc.Fibers/Cu 2.25% vol. 1.5 degree

O GEANT3.15/GHEISHA
. RMS = 49.6%
c=37.1%

o= 39.57%

1 -
N . L —— 1.7 .l‘-"?':':'
0 4 8
Measured Energy, GeV
L103 O GEANT3.15/GHEISHA
S RMS = 29.6%
> o=2337%
. 2
Q1o 15 GeV
BNL92 Data|
RMS = 34.5%
10 §

O GEANT3.15/GHLISHA
: RMS = 34.37%

MC Events

Measured Energy, GeV

B3 O GEANT3.15/GHEGHA |
C RMS = 26.8%
2 o =22.3%
Ll
102l
Q1 20 GeV

BNL92 Data
RMS = 29.4%

15.36

Figure 1: Compareson of MC resulis with beam test data
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Pion resolution

325 —¢ 25
[+] E N
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Figure 22: Parameirization of pion resolution
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Events

T

" T [ | B ‘ T ] 7 T .
C_ 10 GeV jets at n=0.
103L Entries 2272 _
5 Mean .036 3
n RMS .265 -
10% E
YE E
X 4
1 E ! =
- I L l ‘—l i | 1 -
0 2 4 6 8 10
Weighted SB Response /SeEErsrdye
Ged

Figure 3: SB/TC spectrum for 10 GeV jets
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Events

1l l | L ' T. [ | I_I U1 ‘I 1 l Vol T -
E 25 GeV jets at n=0. B
1031 Entries 2159 .
5 Mean .083 E
N RMS .577 i
102} ~
: E
10 =
= .
1T & =
:J | I { I H 1 I_l | S I | J 1 1 L-.-|
O 5] 10 15 20 25

Weighted SB Response /detErmerdy

Figure 4: SB/TC spectrum for 25 GeV jels
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E 103 L ] LRI TI‘[ 1 IT L .! I LI L] !—
¢ E 100 GeV jets at n=0. 3
= F Entries 724 .
- Mean 1.36 .
1025 RMS 3.63 =
= 3
10 3
- 3
- -
= -
= -
1 b _
ol IIIIﬂIJ_I_Ll_lIlJL
0 20 40 60 80 100
Weighted SB Response ‘etEncegy
" GeV

Figure 5: SB/TC spectrum for 100 GeV jeils
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B 103— t U1 ] 11 l1j1j ] I 11 l‘l ] T_]_I_L.i
Ej 3 250 GeV jets at n=0. E
- Entries 621 -
Mean 5.55 )}
10 %} ' —
E RMS 10.43 E
) ]
10 & =
- u
- ]
T E E
:l 1 1 1 l L1 A1 J_I_J_ ]_J_LJ 1 I 1 1 1 J:
0 50 100 150 200 250

Weighted SB Response /sietEnermgy Gt/

I'd

Figure 6: SB/TC spectrum for 250 GeV jets
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_g 103:_r LR DL I'I AN B r [T 177 I_E
o = 1 TeV jets at n=0. .
2 . :
Entries 830 4

2' Mean .0340 i
107 RMS .0559 E
10 & =

- ;

1 —‘:
SN NN N |_| l—l 1 I—I g

0 0.2 0.4 0.6 0.8 1
Weighted SB Response /Jettrergy

Figure 7: SB/TC spectrum for 1 TeV jets
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Contribution to Response, GeV

T TI—T_I1] 't ) r!lrlll ) 1 Tlirrt
X B RMS of SB response ]
102 =
-~ @ MEAN of SB response q
= @ 3
C u ]
1 :_MIP level ® _:
- "
" a N
~1
10 =" ® IE
= ® 0.5 MeV recoil proton level -
152 Ll o2yl ¢ty el
2 3
10 10 10
Jet energy GeV

Fs

Figure 2: SB/TC response and RMS vs Jet energy
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Weighting proéedure |

I. Linear weighting with
Energy -depending weights

IL. 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 recomnstruction
procedure.

27



93/04/17 15.52

FE—M Calorimeter sections
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Figure 8: Weights for EM sections
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Hadron Calorimeter sections
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Figure 9: Weights for HC sections
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Figure 10: Weight for Scintillating Barell calorimeter
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1 TeV jets at n=0. (1 EM + 1 HC + 1 TC Segments)

_E lll([l.Iﬁ—IlTIlllll¥1ll||lolxlr‘ll
%102 L. 10 scint. layers
1 .
o 200 400 €00 800 1000 1200 1400 1600 1B0O0 2000.
_Reconstructed jet energy /Gev/
L M BUILILLE BRI ILALLE IS BN RS s

$102 | O scint. layers
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Reconstructed jet energy /Gev/
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F 2 995.7
S0 39.86

1.718

7747 %

1001, ¢ 1.904 |8
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Figure 11: Response specirum for 1 TeV jet (no ugﬁeﬁaﬁou im EM and
HC)
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1 TeV jets at n=0. (3 EM + 3 HC + 1 TC Segments)
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Figure 12: Response spectrum for 1 TeV jet (3 segments in EM and § in HC)
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Jet resolution

93/04/16 19.09
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Figure 13: Parametrization of jet resolution
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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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Missing Fr in Jets due to leakages
‘into Scintillating Calorimeter

Konstantin Skmakoy -~ . ..
ITEP/ORNL |

June 7-8, 1998
ITEP

Parametnsatlon of the tails of hadronic
showers in Scmt.Calorlmeter GEANT

Standart Model missing ET backgrounds
: PY7THIA 5. 6

Missing Er due to SC (if non-mstrumented
/7/ < _/.2? , eveanfs *‘quq‘"eﬁ”éq e,

Attemts to reduce Standart Model back-
ground. What is the unpact on mlssmg
Er from SC? |
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Spectrums of 10,100 and 500 GeV x~ in Scint.Cal. at 90°. The average
energy deposition in Sctud:Cul. is 1.2 5§ at 10 GeV 3.3 % at 100 GeV and

5.0 % at 500 GeV. One can see events with more than 300 GeV deposition
in SC at 500 GeV.
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Scint.Cal. response for 100 GeV 1~
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points - parameterization. Total number of events - 1000.
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Muons in the calorimeter.

Y.Efremenko
ITEP/ORNL

1. Muon Pt.

2. Muon energy loss correc.ti,on in calorimeter
3. Noise in calorimeter.

4. Instrumentation of SBC

5. Endcap region.

6. Conclusion



As was shown before (GEM-TN-269, 349)
for muon with Pt higher,then 100 GeV the

calorimeter influence on the muon resolution
is negligible.

At the same time, muons with
the low Pt (10-40 GeV) are very important

for the Higgs detection.

Higgs mass
(GeV? 2 8 2 g g E
Hesyy [] AN RO ; .- . i : ; ’ i
W) —prdX : LEP .7 EESSOSSNNSSNReY | 1~ | ! 1 !
He 4f ' t m_ } : E-Z-;-:.-m...: Srrrzee | B T e £ ErEE s T Sy N
Ha tTve : - 5 : —==
integratad luminocsity
O 1 ot @ 101 530 o I 100" e300

The more difficult for detection Higgs in 41

is the Higgs with the mass 140 - 185 GeV
where the Z0 mass constrain doesn’t work.
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Geant simulation.
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Muon Non-efficiency near eta=0.
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Muon energy loss correction in calorimeter.

1. Using calorimeter information

~

Combination.
2. Using the most probable value o

Muon energy loss in LH cal., GeV
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Pt 20 GeV, Muons near eta 0.
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Pt 20 GeV, Muons near eta 0.
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20 GeV Muon.
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E measured in scint. MeV
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20 GeV Muon.
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CONCLUSION

1. Barrel calorimeter is strongly affect 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 the low Pt muons.

"4. For the low momenta muon there is almost
no difference how many sensitive layers

(from zero to ten) are in SBC.

The real improvement will appear if SBC
would have more than 25 sensitive layers.
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Phobomu(tiplier Tube (PMT) Requirements .
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Hl',‘ ﬁmn‘mu effrciency,

. Green-extended response
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STAINLESS STEEL SOURCE TUBE AND THE SOURCE DIMENSIONS
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MULTIANODE
PHOTOMULTIPLIER TUBE
ASSEMBLY

H4140-20

HAMAMATSU

TENTATIVE DATA
Oct. 1992

Position Sensitive 256 (16 x 16 Matrix Array) Multianode
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

Ok er PSPM7
GENERAL ( ‘ ’
Parameters Ratings Units
Spectral Response 300 to g'sb nm
Wavelength of Maximurn Response 420 * 50 nm
Material jnfiali -
Photocathode Minimum Effective Area 40 X 40 (square) men
' Material Borosilicate glass -
Wi
indow Shape Piano-plano =
Structure Proximity fine rmesh -
Oynode Number of Stages 16 =
Number 256 (16 X 16) -
Anode | _Pixel Size 1.8 mm dia.
Pitch 254 mmn
MAXIMUM RATINGS (Absolute Maximum Values)
Parsmeters Ratings Units
Between Anode and Cathode Z700 Vdc
Supply Vohage ‘Between Ancde and Last Dynode 250 Vdc
Average Anode Current (Total) 0.1 mA
Ambient Temperature - - 30 to +50 ‘<
CHARACTERISTICS (at 26°C)
Parameters Min. ~TYp. Max. Units
Quantum Efficiency a1 400nm - 20 - %
Cathode Sensitivity | Luminous (2856K) - 60 - M
Blue (CS No. 5-58 filtar) - 7 - 4 MNim=-d
Anode Sensitivity * Luminous (2856K) - 80 - Alln
Currant Amplification * - 1 - -
Anode Dark Current (after 30min. storage in darkness) 3, - 300 = nA
Time Aesponse® | Anode Pulse Rise Time - - ns
Crosstalk at One Adjacent Anode - - %

3% AL -2500V and no magnetic field
% % Anode Dark Current : al connecting whole anodes

information fumished by HAMAMATSU is believed to be reliable. However, no responsibifity i
Specifications are subjected 10 change without notios. No patent rights are

8

[ ]
granted t0 any of the cwouits described
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Table 1 Cross-Talk Characteristics of

Newly Developed 8x8 MA-PMT
al [ & ] a3 [ ] ol
03 o VAV 2 a4
Y} N/ AP &3
0.4 [ ] 14 s
a1 o a3 [ V] [ §]
Nomalized at Anode # 28 Output
Supply Volts : 2000 V / Y-7 Bundle of 4x 0.53 mm ¢
+5 -
Area
g 0 ‘_-' ‘\lﬁx 4t
g Light Pulse Width : 50 ng Y
£ Light Repetition Rate : 1 kiz \
& s | PMT Supply Volts : 2000 V \\‘
\
! :io.s T
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Output Current (mA)
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a) Coaventiopal Type
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Kelative Gain

Relative Gain
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%X Non-Linearity

X Non-Linearity
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1{0OTOMULTIPLIER TUBE R2490-05

“igure 1. Typical Spectral Response
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HAMAMATSU | PHOTOMULTIPLIER TUBE
TENTATIVE DATA R2490- 05

June 1930 FOR HIGH MAGNETIC ENVIRONMENTS

Stable Operation In High Magnetic Fields beyond 1 Tesla(Gain:2.7 X 10° at 1T.)
2 Inch Diameter, Proximity Photocathode and Mesh Dynodes
egrade of R2490- 01 with Same Configuration

£ A204 per pur

GENERAL
Parameters Ratin Units
Spectral Response 0 nm
Wavelength of Maximum Response 420+ 50 nm
Material - -
Photocathode Minimum_Useful Diameter __ 36 mm_dia.
" Material Borosilicate glass -
Window Shape Plano- plano —
Secondary Emitting Surface Bialkati =
Dynode Structure Dty mesh, =
Number of Stages 16 -
Base 21-pin glass base -

Suitable Socket E678-21A (supplied)

MAXIMUM RATINGS (Absolute Maximum Values)

Parameters Ratings Units

Between Anode and Cathode 2700 Vde

Supply Voltage gt Anode and Last Dynode 250 Vdc
Average Anode Current 0.1 mA
Ambient Temperature -80 to +50 C

CHARACTERISTICS (at 25°C)

! Parameters Min. Typ. Max, Units
Cathode Quantum Efficiency at 390nm - 20 - %
Sensitivit Lumincus (2856K) 50 60 - & A/tim

nsthvity Blue (CS No,5-58 filter) 3 7 = u A/Im-b

Anode .

Sensitivity Luminous (2856K) 50 180 A/Im
At 0 tesla - x ] - -

Current AL 05 tesias 22 % 10° = =

Amplification At | tesla 27 %100 = =

Anode Dark Current (after 30min. storage in darkness) - 200 2000 nA

Time . .

Response Anode Pulse Rise Time - 21 - ns

VOLTAGE DISTRIBUTION RATIO AND SUPPLY VOLTAGE :

[ Electrode | K | Dyl 2 3| Dys4 | DyS | Dyf | ---ece-eecereeennss [oyie [ P_|
Ratio 1 2 1 1 | | IR P 1 ] 1

Supply Voltage : 2500Vde, K :Cathode, Dy :Dynode, P : Anode

“ nformation fumished by HAMAMATSU is befieved to be relisble. However, no responsibility is assurned for possible inaccuraciss or OMMission.

Soecifications sre subjcted 1o change without notice. No oatient right sre oranted to any of the circuits described bersin.
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Figure 3: Typical Current Ampilification and Dark Current in Magnetic Field (Paraliel 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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HAMAMATSU PHOTOMULTIPLIER TUBE
il R3432- 01

Stable Operation in High Magnetic Fieids beyond 1 Tesla
1 Inch Diameter, Proximity Photocathode and Mesh Dynodes

GENERAL . $ (2SO per PHT
— Parameters | Ratings Units
Spectral Response - nm
Wavelength of Maximum Response 420 = 50 nm
thm .....liaw %‘ — -
Minimum Effective Area 17.5 mm dia.
Material Borosilicate glass -
Window Shape Plano - plang -
Secondary Emitting Surface Biatkall =
Dynode Structure lm —
Number of Stages 15 -
Base - 17-pin glass base -
Suitable Socket E878-17A (supplied) =

MAXIMUM RATINGS (Absolute Maximum Values)

Parameters Aatings Units
Between Ancde and Cathode 2500 Vde
Supply Voltage Between Anode and Last Dynode 250 Vde
Average Anode Current 0.01 mA
Ambiert Temperature -80to +50 *C
CHARACTERISTICS (at 25°C)
Parameters__ Min. Tye. Max. Units
Quantumn Efficiency at 420nm - 20 - %
Cathode Sensitivity | Luminous (2856K) ) 80 - L
Blua (CS No. 5-58 filter) L) 8 - gAim-b
Anode Sensitivity Luminous (2856K) - 30 - Aim
Current AL Otesla - .0 X 10° - =
Ampiification ALT tesla = %167 =
Anode Dark Current (after 30min. storage in darkness) - 10 100 nA
Anode Puise Rise Time - 1.5 - ns
Time Response 0 <% Time Spread (1 1.5 = = ns

% Anode characteristics are measured with & voltage distribution ratio shown beiow.

VOLTAGE DISTRIBUTION RATIO AND SUPPLY VOLTAGE

(Electodes] K TonJ Oy2 | Dy3 | Oya J OyS Tms [ JOyI5 [P
Haﬁo __l 2 1 1 | 1 I 1 1| eaesas sensnane ] h ] ] 1_]
SupplyVonage:mwc. K:Cathode, Dy: Dynode P Anode

3% R4722 (UV window) is aiso available.

Information furnished by HAMAMATSU is believed to be reliable. However, no responsibility is assumed for DOSsible NICCUraCiSs OF OMMISSIONS.
Specifications are subjected to change without natics. No patertt rights are granted 10 any of the tircuits deecribed heren.
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LIGHT COLLECTION IN BARREL SCI CAL

Size of tiles is approximately . '§ x 50-80
sqg.cm to match segmentation in Liquid Barrel

Calorimeter (A7x Af = 0.16 x 0.16) (6 ’biles)

Question to be answered

1. How thick have to be tiles to have high

efficiency (number of photoelectrons/MIP)?

How uniform is the regpdnse over all the

tile area?

If WLSF readout - how many fibers per tile,

‘haw arrange fibers to tile?

i1l



2 variants of coupling of WLSF fibers to

tile have been considered:

1) at side facets,

2) at top facet

The #ﬁvantages of the second méthqd 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

A]

the area.
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CONFIGURATION #4
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CONFIGURATION H2

. 113



48Q4 SIM

114



1.Ionization losses in media (dE/dx).

2.Scintilator efficiency (dE/dNpaoton )-

3.Up to 3 components of emitted light with relative weights and
different emission time constants.

4.Spectral light absorption in scintillator, in the core and cladding
of WLS and clear {transport) ﬁ/ber.

5.Spectral light reemission in WLSF.

6.Absorption at different surfaces.

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

8.Reflection/refraction at the _boundary of two transparent media

9.Light propagation through WLSF and clear fibers.

10.Response of the PMT photocathodes.

11.Time development of light propagation.

e et A ———— e | A e T o e
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Light Collection in Barrel Sci Tiles
Materials

. Plastic scintillator BC-412

- light output - 60% of anthracene
- decay time - 3.3 ns

- refraction index - 1.68

- light attenuation length - 50 cm

. WLS fiber BCF-91A (400 ppm dye
concentration) |

- decay time - 12 ns

- core refraction index - 1.68

~ cladding refraction index - 1.49

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

. The green extended photocathode was
used as photodetector
ge. = 66 mA/W @ 525 nm

E.Tarkovaky/ORNL/02-02-93
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Scintillating tiles with WLS fiber

Spectral properties of materials

Emission (a.u.) Transmission (cm)
120 — —
‘/” \ ‘E
I
e 41000
100 o~ 3
\ -
sob P 5100
i 3
]
60F i = 10
40+ i 51
20PN | [ oo 30:1 -
1 3
l':' L} ::
oL ' 3 " 19,01

380 430 480 530 580 630
Light wave length (nm) .

"""" BC-412 emission — BCF-91A transmission -
— BCF-91A emission —— BCF-98 transmission

E.Terkovak {/ORNL/12-01-592
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Geometry Glue Transversal
description in Efficiency | sonuniformity
grooves (%) R.M.S.(%)
tile: 50 * 9 * 0.6 cm®,
configuration # 1 yes 1.10 7.9
= 7

tile: 500 * 0.6 cm®,

configuration # 1 no 0.60 13.9

tile: 50 * 9 * 0.6 cm?, yes 1.20 3.2

2 fibers in configuration # 2

tile: 50 * 9 * 0.6 cm3, " no 0.56 6.8

2 fibers in configuration # 2

tile: 50 * 9 * 0.6 cm?, no 0.78 5.3

. 1 ﬁm i_n__mg_n_ﬁtlmﬁ_r#_z___ PR . _ e = . T ——

Table 3 Light collection efficiency for different tile/fider configurations

26
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Transversal
Wrapping Efficiency | nonuniformity
(x10~%} R.M.S.(%)

perfect aluminized mylar 121 3.2
with 100% efficiency

aluminized mylar 0.93 4.2
with 80% efficiency

/

aluminized mylar 0727 |~ 35
with 60% efficiency

aluminized mylar 0.65 4.5
with 40% efficiency

aleminized mylar 0.55 3.7
with 20% efficiency

aluminized mylar 0.46 46

with (% efficency
- white diffuse wrapping 1.15 ' 5.4

Table 4: Light collection efficiency for different tile wrappings. Tile size: 50
z 9z 0.6 cm®, 2 WLS fibers of 1 mm diameter glued in the grooves at the top
of the tile. Clear fiber length is 100 cm.
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Al mirror at WLS fiber Clear fiber | ewrsr®ey | Longitdinal
the WLS fiber { length (cm) | length (em)| (%) nonuuiformity
far end R:M.S.(%)
no 30 100 2.35 1B.4
yes 50 100 3.58 7.0
no 65 100 2.06 12.6

/ .
L]
ves - 65 100 3.10 4.7
yes 65 200 2.01 4.3
yes 65 300 277 4.2
yes 65 400 2.61 4.0
ves 65 500 2.47 4.0
no 80 100 1.78 9.5
yes 80 100 2.76 3.7

Table 5: WLS and itransport fibers efficiency ewrsy e, for different WLS
and clear transport fiber lengths. Tile length: 50 em.

28
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Average
Photocathode quantum
efficiency *
(%)
i s .
standard 6.6
bialkali :
green 123 S
extended
trialkali 12.6

Table 6: Comperison of calculated quantwrn efficiencies of different photo-
cathodes for the hight emitted by WLS fiber of 65 cm length. Fiber glued in o

-tile. of 50 z 9 2-0.6-ci®size wrapped with-perfect aluminized mylar;-Bght-i8-— - -~ — -
transporied along the 100 cm long clear fiber. Fiber diameters are 1 mm. .
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Figure 33: Number of photons per MIP collected at photodetector vs tile
thickness. Tile area size: 50 z 9 em?®, 2 WLS fibers of 1 mm diameter glued
in grooves, aluminized mylar wrapping, 1 m long clear fiber.
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Figure 34: Light collection efficiency vs fiber diameter. Tile size: 50z 9z
0.6 cm®, 2 WLS fibers glued in grooves, aluminized mylar wrapping, I m long
cleay fiber.
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Figure 35: Light collection efficiency vs number of WLS fibers. Tile size: 50
z 9z 0.6 cm®, WLS fibers of 1 mm diameter glued in grooves, aluminized
mylar wrapping, .1 m long clear fiber.
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Figare 36: Tronsversal nonuniformity of tile response for 2 fiber readout.
Tile size: 50 z 9 z 0.6 cm®, WLS fibers of 1 mm diameter glued in grooves,
alummued mylar wrapping, 1 m long clear fiber.
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Figure 37: Response of { layer tower to 50 GeV/c muons with I glued in
WLS fiber of 1 mm dia.
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Figure 38: Response of § layer tower to 50 GeV/c muons with 2 glued in
WLS fibers of 1 mm dia.
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Figure 40: Response of § layer tower to 50 GeV/c muons with 1 WLS fiber
of 2 mm dia glued in.
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J 269pe.
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0 40 80 120 160 200

Number of photoelectrons per MIP

Figure 39: Response of { layer tower to 50 GeV/c muons with 2 not ghued
in WLS fibers of 1 mm dia.
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Tile/fiber Average | Arrival time Total response
geometry response | r.m.s.(ns) nonuniformity
(p-e./p) | (threshold 4 p.e.} (%)
1 fiber 1 mm dia 4.3 1.6 76
glued in
.- - - . ‘
2 fibers 1 mm dia 7.5 1.4 4.5
glued in
1 fiber 2 mm dia 79.5 1.1 74
glued in
2 fibers 1 mm dia 26.9 1.9 9.7
not glued in

Table 7: Results of stmulation of { layer tower response to 50 GeV muons
Jor different tile/fiber geometries. Tile size: 50z 9 z 0.6 cm®. WLS fiber
length: 65 cm. Clear fiber length: 5 m. < AE, > = 6.4 MeV.

30

130



1-1 i 1 I L l ) i ¥ I L | _
P -
- -
- o -
1.05 —
B =1
- -
5 I . b
] L'
- K3} i ]
s 1
o
s r
» Tile size -50x9x0.6cm?
0,95 |~ ® 1 fiberglued in —
- - A 2 fibers glued in 4
- QO 2fibers not glued in -
i 1 | ! L -
1 ] 1 1 L
0'90 2 4 6 8 10
~ Threshold (p.e.)

Figure 41: Efficiency of MIP regisiration va threshold. for different readout
schemes from 4 layer tower. -
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IN ORDER 10U ESTIMATE THE RELIABILITY

OF  LTRANS WE SIMULRTE  CEBAF SETuvp
» - Source position

- 2m >

BC-Y08 scintillator 200x [0x/ e
5 BCF-9/A FIBERS B8 2mm. , 2.5m (.onoq
Far ends # fi&ers‘ were blackenes

They measured S.6pe [MeV -~ respouse
withou t J[ue.

LTRANS gives 55 pe [MelV.

glae /ho g&;e ratlo measurement~ 85
simulation ~ (88

4
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1] 1 1

LS L
| 1995 T1dos
Ll L

[P
W =

. Magnet Prime Contract

-
PN ONL N~

GEM Milestones
PAC Review
Magnet RFP
Muon Option Choice
Technical Design Report — — —~ — —|

— —— — i — —

PAC Review

. — e — ]

BOD South Assembly Building — — —

. 8O0 North Assembly Building - — —1—
. BOD Underground Experimental Hall —
. Start Detector nstailation
. Compiete Detector instaliation {Starl SS
14,

Detector Ready for Physics . — — — |

JOD South Assembly Bullding — — -4

3C Coilide

¥ Apr
LW Apr

. install Scintillating Barrel Calorimeter —
. Install South Magnet Half — — — —
. install North Magnet Halt

. Install Noble Liquid Barrel Calorimeter |
. Install & Align North Mugn Barrel — —|
. Install Tracker
. Install Noble Liquid Endcap Calorimete:
. Install South Muon Endcap/Forward Fi
. Globally Align Muon System — — —

. Close Magnet & Test Systems - — —
. Coliider Commissioning

Installation Sequence Requirements

Underground Hall Ready
install Ceniral Detector Support - -— —

Close & Test Magnet & Map Field - —

- Install & Align South Muen Barrgl - —

——— — — e e e

Install Detector Beampipe - — — —

Detector Ready for Physics = — — —

freer e s

 — -— —

Nov
¥ Feb

- — = — ¥ Apr
— — VA

——v

—— —— i

————— — . —

—_——

— — —

[ I DU —

v e c—

Glossary: PAC Program Advisory Committes

RFP

Req

uest for

DOE Department of

JOD Joint Occupancy Date
B0OD Beneficial Occupancy Date
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PHASE 2

SCINTILLATING CALORIMETER INSTALLATION
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SBC R&D Program :

(schedules are subject to change)

1. Studies of scint. tile/fiber optical assemblies -

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

2. Selection of PMT and study of PMT performance 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; Coordinator : K.Y oung)
(activity period : April 93 - June 94)

5. Study of n-activation of absorber and constr. materials
{ORNL, UT, TA&M; Coordinator : H.Cohn)
(activity period : April 93 - June 94)
6. Monitoring/calibration system
(BU, Iowa, Fairfield; Coordinator N.Akchurin)
(activity period : April 93 - October 93)
7. Construction and test of TTR SBC prototype

(all Institutions; Coordinator : J.Reidy)
(activity period : April 93 - April 94)
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8. Const:rucﬁon of scint. module end mock-up

(UMiss, BU; o 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.Rennich)
(activity penod  August 94 - Man:h 95)

10. 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 absorber Monte Carls simulations

(BU, ORNL, UT, UMiss; Coordinator : Yu.Kamyshkov)
(activity period : April 93 - January 94)
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QVERALL GEM SCHEDULE MILESTONES

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 - May 1994
Begin Installation of GEM in experimental hall - October 1996
GEM detector commisioning - February 2002

SSCL Beam Line commissioning | - March 2002



vyl

Seimtillating Barrel Production Milestones:

Discuss Production Plans with Collaborators - January-June 1993

Complete Final Production Plans with Collaborators.

June-December 1993

Complete Manufacturing Pre-Prod. Module - November 1994
Install Module Prototype for Fermi test - March 1995
Complete Manufacturing Design - November 1994
Begin Full Scale Manufa;:turing - April 1995
Begin Barrel Structure Assembly @ SSCL - May 1996

Complete Scintillating Modules and Barrel Fabrication - August 1996

Begin Module Installation - August 1996
Complete Scintillating Barrel Assembly (at SSCL) - July 1997
Install Barrel in Experimental Hall - September 1997

‘ ¢ '
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Draft Five
Introduction

The GEM Collaboration recently compieted 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 10
discuss specific plans for involvement in this project.

June 1, 1993, 12:30 Page L1
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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 wouid 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.

Jupe 1, 1993, 12:30 Page 1.2
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Several intemnational 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 are potential material and components
sources are listed below:

Copper: Albania and China

Stainless Steel structures: China, Czech Republic and Russia
Scintillating tiles: China, Czech Republic and Russia
Photomultplier Tubes: China, Czech Republic and Russia
Tungsten: ' Belarus, China and Russia
Electronics: China, Ecuador and Russia
Calibration and Monitoring: India, China and Russia

International partmers with possible interest in the assembly and manufacturing of
subassemblies are:

Scintillating Barrel Modules: Albania, China and Russia
Scintillating Barrel Ass. (at SSCL): Albania, China and Russia
Passive end caps: Albania, China and Russia
Forward Hadron: Belarus, China and Russia

Final decisions concemning 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 equipment.

A preproduction prototype module of the scintiilating barrel will be constructed in
advance of the full scale fabrication effort to deveiop 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.

June 1, 1993, 12:30 Page 1.3
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DRAFT:- Five
1.  System Description

The scintillating barrel calorimeter surrounds 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 scindllating barrel serves as an outer hadron
calorimeter providing tail catching for the hadron jets with modest improvement of jet
energy resolution and missing Et measurements. The role of the scintillating barrel
becomes more significant for the detection of very high, rear Pt (5-10 TeV) jet events.
The detection system of the scindllating barrel calorimeter can also distinguish the
minimum ionizing particles above the level of noise and neutron background with the
resolution dme 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 scintillating 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 support tube will be manufactured off-site in shippable
picces 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 barrel calorimeter are give in the Table 1.

June 1, 1993, 12:15 Page 1.1



: - { p ¢ the Scingllaror Barre] Calori

Inner radius of the system : 2923 mm
Quter radius of the system (including Pb and BPE.) 3800 mm
Total z-extension (including readout) : £ 5300 mm
Z-extension of absorber : + 4820 mm
Barrel Sections : 2 Halves
Mechanical modules (total) : 40

(in phi projection) : 20

(in theta projection) : 2
Total weight (support and modules) : 1240 T
Weight of outer support tube : 140 T
Weight of inner support shell : 80 T
Weight of outer barrel passive absorber : 130 T
Weight of 40 modules : 890 T
Weight of the largest module : 24 T
Thickness of Scintillator/Copper stack : 607 mm
Number of Copper layers in module : 8
Thickness of each Copper layer : 69 mm
Weight of one Copper layer : approx. 20T
Number of Scintllator layers : 4
Gap for scintillator in the absorber : 9 mm
Thickness of scintillator tiles : 5mm
Number of tiles in one module layer : 2 (phi)x8 (theta)

: 0.16 (phi) x 0.16 (theta)
Tile size : ~50cm x50-87 cm
Eta coverage (scintillating barrel) : + 1.28 (31-149 degrees)
Number of WLS fibers per tile : 5 :
Distance between fibers in one die : ~18cm
Average WL.S fiber length : 70 cm
WLS fiber diameter : 1 mm
Total number of WLS fibers : 12,800
Total length of WLS fibers required : 9 km
Transport fiber length (average) : 350-4850 (2600) mm
Transport fiber diameter : 1 mm
Total number of transport fibers : 12,800
Total length of transport fibers required : 33.3km
Number of longitudinal readout sections : 1
Total number of readout channels : 640
Required photomultiplier tube gain : 1x10°
Time resolution for single 3 mm 50 x S0 cm2 tile 12 ns (MC)
MIP seen in one readout channel as minimum : 22 p.e. (MC)
as maximum : 35p.e. MO)
Tile response uniformity for 50 x 50 cm2 area : 10% (phi) (MC)
, 15% max (theta) (MC)

Hadron jet energy resolution : 60%/N(E) + 3.5%

(with 4 layer insmumented scintillating. barrel)

June 1, 1993, 12:15 Page 1.2
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B. Passive 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 assembied 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. Ci istics and P ¢ the Passive End Caps:

Number of Passive End Caps : 2

Inner radius of the system : 877 mm
Outer radius of the system : 3800 mm
Front Z-extension : £ 5210 mm
Back Z-extension 1% 5690 mm
Total weight (st.st. support and absotber) -  : 73T
Weight of Forward support tube : 20T
June 1, 1993, 12:15 Page 1.3
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Forwar lorim

The forward hadron calorimeters (FHC) will use liquid scintillator as a sense
media. The liquid scintillator will be contained in small tubes which will be lined to
improve reflectivity. The scintillating light will be ransported to PMT's via quartz fibers.
The stainless steel tubes will be parallel to the beamn axis. [Note: An alternative design
based on quartz 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 wili 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 c¢m 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, PMT's 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 mungsten 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 1o 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 ina
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 @90.1% 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 plastic 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
optcal fiber will be aligned to each tube end to collect the scintillated light in the tube.
The smatler 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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Inner radius of the system

Outer radius of the system
Length (including readout)
Length of absorber

Total weight (one side)

Weight of outer support 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

Transport 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 photomultipiier tube gain
Time resolution

June 1, 1993, 12:15 Page 1.6
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41 mm
706 mm

: ~2000 mm
: ~1314 mm

4T
4T
~2T
~31 T

6.39+0.13 mm
27£0.013 mm
2.5mm

43,500 ea.
1380+ .8 mm
60.1 km

350 mm
Tapered 1-3 mm
43,500 ca.

153 km

960 ea
2000V
2.5ns
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D. Interface System Descripti

A finite element analysis of the scintillating hadron barrel indicates that the
constraining structural criteria is the amount of deflection resulting from the support 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 support 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
scintllating 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 stainiess steel
sheet metal shield. Final placement of the utilities will take place in the experimental
hall.
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Structural Tubes

Qutside Tube
End Flanges
Center Flanges
CDS Attachment

Modules

Absorber Plate

WLS Fiber
Trans. Fiber
Plastic Tile
Mylar

Tile Trays

Fasteners
Banding Straps
Side Plates
Spacers
Protective Film

Readout

. 0 Photomultiplier Tubes
. 0 Individual PMT Structure

1 Tube

2 Spring

3 Clamp

4 Light Mixer

. 0 PMT Group Framing

1 Fiber Align. Fixture
2 Square Tube

3 Collet Jaws

4 Alignment Flange
5 J-box

6 Collet Screw

7 Clamp Screw
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Quantity Units

SST 132,000 Kg
SST 12,370 Kg
SST 12,370  Kg
SST 30,680 Kg
Brass 948,000 Kg
WLS 1,280 M
Fiber 51,000 M

Scintillating .770 MA2
Aluminized 1,540 M2
Stainless St. 800 Mn2

Stainless ST 8960 ea

Stainless ST 2,240 Meter
16 GA. Stain. 4,500 Kg
Brass 756 M

Mylar 1,540 MA2
640 ca
640 ea
Aluminum 1 ea
Stainless Steet 1 ca
Aluminum 1 ea
Acrylic 1 ea
80 ea
Aluminum 1 ea
Aluminum 1 ca
Aluminum 9 ea
Aluminum 1 ea
Stainless Steel 1 ca
#6-32 9 ea
#3-48 9 ea
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Copper/Brass 73,600
Coppet/Brass 6,620
Stainless Steel 120

. Absorber Plate Copper/Brass 73,600

. Center Tube Copper/Brass 6,620

. Fasteners Stainless Steel 120
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Hadronic Forward Calorimeter Materials

{for 2 Scintillating Liquid Forward Calorimeters)

Scintillator Section

Material Quantity Units
3 mm Copper Tubes 390,415 f1
2.7 mm Glass Tubes 390,415 ft
Tungsten Absorber 132,276 Ibs
Inlet Manifold End Plates 2 ed
Exit Manifold End Plates 2 ea
Inlet Manifold 2 ea
Exit Manifold 2 ea
Manifold Flanges 736 ea
Fused Quartz Window 736 ea
SS Jacket 2 ea
Readout Section
Material Quantity Units
Readout Fiber End Plates 736 ea
Quartz Readout Fibers (300 micron CD) 696,760 ft
Light Mixers 736 ea
Photomultiplier Tubes (PMT) 736 ea
PMT Base 736 ea
" PMT HV Power Supply & Cabling 736 ea
Preamps 7386 ea
PMT Compartment 736 ea
Fastener 5,852 ea

ORNL / 2/11/93 / 1
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Hadronic Forward Calorimeter Materials

(for 2 Scintillating Liquid Forward Calorimeters)

Structural Components

Material Quantity Units
Structural Ring 2 ea
Studs 128 ea
Liquid Piping on FCAL Ring (5 cm OD) 1,000 ft
Elbows for 5 cm Pipe 128 ea
Fianges for 5 cm Pipe 40 ea
PMT Support Structure 2 ea
Thermal Dome 2 ea
Passive Absorber(Cu) 3,946 Ibs
fastener 300 ea
Auxiligry System

Material Quantity Units
Scintillating Liquid 6,600 liters
Liquid Piping in Hall (10 cm) 3,000 ft
Elbows for 10 cm Pipe 40 ea
Fianges for 10 cm Pipe 20 ea
Valves 10 ea
Liquid Handling Pumps (complete set) 2 ea
Storage & Monitoring Equip 1 ea
Filtering & Purification Equip 1 ea
Bolts 240 ea
Thermal Control Air Duct 300 ft
Calibration System

Material Quantity Units
Calibration Drive Assembly 2 ed
Calibration Electronics 1 ea

ORNL / 2/1183 /2
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DRAFT-Five
2. Milestones and Schedule

The following list of milestones are based on the current GEM schedule. As the
design of the GEM detector progresses the milestone dates will be adjusted. Of particular
concern are DOE budgetary constraints which may effect the start-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. See Section 7. Communications, concerning schedule reporting.

0 Il GEM Schedule Milest
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 May 1994
Begin Installation of GEM in experimental hall October 1996
GEM detector commisioning February 2002
SSCL Beam Line commissioning March 2002

B. Production Milest

Scintillating Barrel:
Discuss Production plans with collaborators January-June 1993
Complete final production plans with collaborators June-December 1993
Complete manufacturing pre-prod. moduie November 1994
Install module prototype for Fermi test March 1995
Complete Manufacturing Design November 1994
Begin full scale manufacturing April 1996
Begin Barrel Structure Assembly @ SSCL May 1995
Complete scintillating modules and barrel fabrication August 1996
Begin module installatdon August 1996
Complete scintillating barrel assembly (at SSCL) July 1997
Install barrel in experimental hall Sepember 1997

June 1, 1993, 11:55
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Passive End Caps:

Begin preproduction fabrication January 1997
Begin Full-scale Manufacturing June 1997
Complete Passive End Cap Component Fabrication June 1998
Compete Passive End Cap Assembly (at SSCL) September 1998
Insert forward hadron in passive end caps October 1998

Instalt Passive End Caps/Forward in Experimental Hall  July 1998

Eorward Hadron:
Complete manufacturing design May 1996
Begin PreProduction Manufacturing June 1996
Begin full scale manufacturing December 1996
Complete two forward hadron systems December 1997
Complete Beam Test Assembly at Fermi March 1998
Complete Final Assemlby @ SSCL Junc 1998
Install Forward Systems (with Passive End Caps) July 1998

June 1, 1993, 11:55 Page 2.2
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Draft Five
n ign Figur

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 1,1993 11:;58 Page 3.1
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Scintillating Hadron Calorimeter Barrel

Conceptual Design Drawings
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PreProduction Prototype
of
Scintillating Barrel Module

Conceptual Design Drawings

April 8, 1993 10:21 Page 3.5
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DRAFT- Five
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 accommodate some variations in many of the items;
however, certain 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 (Barrel and Passive End Caps)
No. STC-002 Structural Stainless Steel (All Systems)

No. STC-013 Structural Fasteners (All Systems)

No. STC-014 Electronics (Barrel and Forward)

No. STC-015 Structural Welding (All Systems)

Scintillating Barrel:

No. STC-008 Photomultiplier Tubes

No. STC-003 Scintillator Tile

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 Stee! Tubing

No. STC-005 Liquid Scintillator

No. STC-009 Photormultiplier Tubes

No. STC-023 Light Mixing Prism

No. STC-017 Liquid Seai*

No. STC-018 Quartz Window*

No. STC-011 Quartz Transmission Fiber

* Not currently available

June 1, 1993, 12:17 Page 4.1
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SPECIFICATION NO.:
Section 1.0 - 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. '

Section 2.0 - APPLICABLE DOCUMENTS
Paragraph 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 shail take
precedence.

Drawings:

X3E-17048-A832 GEM Detector; Scindllating Barrel; Absorber Plates
X3E-17048-A828 GEM Detector; Passive End Caps; Absorber Plates

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 - Nop-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.

ASTM B36; Brass Plate, Sheet, Suip and Rolled Bar

ASTM B193;

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



Section 3.0 - REQUIREMENTS

b 3.1 - General Material Requi

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.

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, Strip and Rolled Bar [Metric]

Paragraph 3.1.2 - Formulation
Alloy content shall have copper content in excess of 7% by weight. TBD...........

P h3.1.3 - Product cf s

p h3.1.4 - Chemical. Electrical and Mechanical P :

3.14.1 The absorber plates and spacers shall have an magnetic permeability of
less than 1.05 as defined by ASTM B193.

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

Tensile Strength: 40,000 PSI (2,800 Kg/cmA"2)
Hardness: 50 Rockwell B

3.14.3 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.

p B 3.L5 - Envi 1 Condisi
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 plaies are exposed to exterior conditions they shall be
protected from direct exposure to moisture and chemicals.

p h 3,16 - Stabili

271



This paragraph is not applicable to this specification

Paragraph 3.1.7 - Toxic Products and Safety
This paragraph is not applicable to this specification

P b 3.L8 - Identificas | Marki

Each absorber plate shail 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.

Paragraph 3.1.9 - Workmanship

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

p h.3.2.- Qualification I .

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

p h 3.3 - Differentiatine Requi

R7E



Section 4,0 - OUALITY ASSURANCE PROVISIONS
: 4.1 - Responsibilicis for Inspection aud Tes

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

p h4.2- Special T { Examinat
This paragraph is not applicable to this specification

p h4.3 - Ouality Conf In .
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 plates and spacers

Paragraph 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 condittion. The armrival condition of the plates shall be the
responsibility of the absorber plate 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
Paragraph 6.1 - Intended Use

The absorber plates will be installed in a physics detector where they will absorb
particles produced by collisions in the SSCL collider 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.

p 6.2 - Definiti

This paragraph is not applicable to this specification

o
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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-17048-A832 GEM Detector;Scintillating Barrel; Absorber Plates
X3E-17048-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 Materiai 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 1.05 as
defined by ASTM B193.



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.

23 Surface Finish:

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

24  Mechanical Properties
The absorber plates shall have the following minimum mechanical properties:

Tensile Strength: 40,000 PSI (2,800 Kg/em™2)
Hardness: 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 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:

Alloy testing of each material batch

Strength testing of each material batch

Hardness testing of each material batch

Dimensional inspection of all finished plates and spacers

MWW
e
$a b -

3.2 A muwmally 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.

40  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.

AW
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4.2 'I'hé 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 support 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 2.1 - 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-A839 GEM Detector; Scindllating Barrel; Support Tube
X3E-17048-xxxx GEM Detector; Scintillating Barrel; Support Tube Details
X3E-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 SSCL/URA
Subcontract Administrator.

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. '

ASTMT A167; Standard Specification for Stainless and Heat-Resisting Chromium-
Nickel Steel Plate, Sheet and Strip

ASTM B193; 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.

+ American Society of Testing and Materials

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



Section 3.0 - REQUIREMENTS
: 31-G l ial F )

The plates have the function of forming structural supports for the modules and
the calorimeter assembly. In addition the material shall not interfere with the magnenc

field in the GEM detector. Thus, structural (strength) and metallurgical composition are
of primary concem. Welding specifications are provided in a companion document.

Paragraph 3.1.1 - Character or Quality

The structural support material shall be ASTM A167 type 304L (UNS Designation:
S$30403) Plate.

Paragraph 3.1.2 - Formularion

The structural support material shall be formulated in accordance with ASTM A167 type
304L (UNS Designation: S30403) Part 8.

p h3.1.3 - Prod | . .

The plate used to form the support structure shall conform to the requirements of ASTM
A480M. The plate finish shall be a No. 1 finish.

p h 3.1.4 - Chemical. Electrical and Mechanical P X

3.14.1 The structural support shall have a magnetic permeability of less than 1.05
as defined by ASTM B193.
3.14.2 The structural support material shall have mechanical properties in

accordance with ASTM A167 Part 9.

p h3.L5 - Envi | Condii

In the GEM detector, the support 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 are exposed to exterior conditions they shall be
protected from direct exposure to moisture and chemicals.

P h3.L.6 - Stabili

This paragraph is not applicable to this specification

Paragraph 3.1.7 - Toxic Products and Safety

This paragraph is not applicable to this specification

Page 2 March 19, 1993 17:51

28]



p h3.1.8 - Idenrificati { Marki
This paragraph is not applicable to this specification

Paragraph 3.1.9 - Workmanship

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.

: h 3.2 - Oualificarion I .

Welding qualifications and a documented quality assurance program will be
minimum requirements for ........27?77777777?

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

p h 4.2 - Special T { Examinati

Prior to the inception of fabrication all welders and welding equipment shall be
qualified in accordance with the conditions of 7??7777777?7

E l ! 3 - Q l- : C ﬂ I .
Quality control testing shall include the following:

Alloy testing of each material batch

Swength testing of each material batch

Hardness testing of each material batch

Dimensional inspection of all finished subassemblies prior to shipment
Dimensional inspection of the completed assembly

bbb
Wi L L
e

Paragraph 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.

Page 3 March 19, 1993 17:51
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Section 5.0 - PREPARATION FOR DELIVERY.

5.1 The structural support subassemblies shall be adeguately 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

Paragraph 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 Central Detector Support (CDS).

p h.6.2 - Definiti
This paragraph is not applicable to this specification

Page 4 March 19, 1993 17:51
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February 17, 1993
Material Specification No. SCT-003

GEM Detector _
Scintillating Barrel and Passive End Caps
Scintill Til

Reference Drawings:

X3E-170408-A830, GEM Detector, Scintillating Barrel, Scintillator Tile.

1.0 Introduction
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 scindllating calorimeter modules.

2.0 Plate Description

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

2.2 The tles will be fabricated from Bicron Corp. Type BC-404 or egivalent material.

2.3 Physical properties

2.3.1 Base Material: Polystyrene,

2.3.2 Emission spectrum: Matched to absorption spectrum of WLS fiber (max at 430
- 450 nm for K27 WLS dye),

2.3.3 Transmission length: > 50 cm for 60% of emitted light,

2.3.4 Light output: 2 60% antracene,

2.3.5 Emission time: 2-3 nsec,

2.3.6 Refraction index: >1.58,

2.3.7 Radiaton tolerance: Transmission and light yield properties should not change

more than 10% over a 10 year period in a radiation
environment of 1 Krad/Year and 1012 Neutrons/cm?2-Year.

2.4  Dimensions

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.
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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-
termn surface stability. In addition, it is preferred 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 assembiy 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 ail 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
reports and periodic on-site reviews.

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

34 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
T ission Fit
Reference Drawings:

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

This specification covers the requirements for plastic transmission 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 wansmission 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 smailer index of refraction than the fiber core. The difference in the
indices of refraction map 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
ransfer between neighboring fibers.

2.2 The fiber shall be cccececeecee or equavalent
2.3 Physical properties

2.3.1 Core Material: Polystyrene,

2.3.2 Cladding Material: Fluorinated PMMA

2.3.3 Cladding Thickness: 10-30 microns,

2.3.4 Buffer Thickness: 10-30 microns,

2.3.5 Light Attenuation: >10 m at 500 to 650 nm light,
2.3.6 Numeric Aperture: _ 0.71 £0.02,

23,7 Core refraction index: 1.58,

2.3.8 Cladding refraction index: 141,

2.3.9 Radiation hardness - In the radiation field up to 1 KRad/year and neutron flux of
up to 10712 n/cmA2/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 systemn 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.

o

!

-
-~



February 18, 1993
Material Specification No. SCT-005

GEM Detector
Forward Hadron Calorimeter

Scintillating Liquid

Reference Drawings:

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 Scintiilating Liquid Description

2.1  The scintillating liquid will generate and transmit light in the reflective tubes of
the forward hadron calorimeter. The scintllating 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
scintllating 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 10416 n/cm2/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 Scindliating Dye: > 99.999 % purity (?)
2.4.3 Preservative: > 99.999 % purity (7)

o
-
(S
-~
S



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 Optcal ransmission 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 mutuaily 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 scintillating liquid will be made at the site of
manufacture by representatives 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 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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February 18, 1993
Material Specification No. SCT-006

GEM Detector
Scintillating Barrel Calorimeter

Wave Length Shiftine Fil

Reference Drawings:

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

1.0 Introducdon

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 10 ,,,,,,, nm and transport the light to
the ransmission fiber. The fibers will be dyed and clad to provide maximum reflectivity.

2-2 The ﬁbers Shau be s3rmrersenrrrsssrses OF equivalent
2.3 Physical properties

Core Material: Polystyrene,

Corc Dyc IR PNV NP

Cladding Material: .......

Cladding Thickness: 10- 30 microns,

Attenuation < 0.55 dB/m at 220 nm (in accordance with attached specification),
Numeric Aperture : 0.22 + 0.02,

Core refraction index : 1.529 at 220 nm,

Cladding refraction index : 1.514 at 220 nm.

NN
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Radiation hardness - In the radiation field up to 1 KRad/year and neutron flux of

to 1012 n/cm2-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,

2.45 Single fiber lengths: 500 mm (see reference drawings).

2.5 Surface Finish:
2.5.1 Ends of fibers shall be polished.
2.5.2 Fiber ends shall be perpendiculdr 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 aperture testing of each fiber batch,
3.1.3 Surface quality testing of each fiber batch.

3.2 A mutually acceptabie 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 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
armval 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.



February 18, 1993
Material Specification No. SCT-007

GEM Detector
Forward Hadron Calorimeter

Tungsten Absorber

Reference Drawings:
X3E-17048-xxxx GEM Detector; Forward Hadron Calorimeter; Absorber
Reference Documents |
ASTM B777, Standard Specification for Tungsten Base, High-Density Metal
ASTM B193; Standard Test Method for Resistivity of Electrical Conductor Materials.
1.0  Introduction
This specification covers the productibn 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 functon 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
ASTM B193.

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%:

Cobait

Arsenic

2.1.5 The tungsten absorber shall have a density greater than 17.65 g/cc.
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2.2 Form:

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:

3.1.1 Chemical Analysis of each Inspection Lot per ASTM B777
3.1.2 Density testing of each Inspection Lot per ASTM 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

Photomuitiplier Tubes

Reference Drawings:

X3E-17048-xxxxx; GEM Detector; Scintillating Barrel;Readout Assembly

1.0 Intoduction

This specification covers the requirements for photomultiplier tubes (PMT's) for
the GEM detector scintiilating barre] calorimeter. The PMT's 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

2.1

el
U b

2.1,
2.1
2.1,
2.2

221

2.2.2

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

Mechanical Specifications

Diameter: lem

Length 10 cm (Maximum)

Window Flat
Performance
Photocathode

Uniformity

Quantum Efficiency
Lifetime photocurrent
Pulsed photocurrent
Average photocurrent

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

1 mC for 50% gain loss

5 % linearity for 106 P.E. in 10 ns
0.5 nA for uniform illumination

~10%9

25 mA in 10 ns<1% nonlinearity, 100 mA
for 10 ns with <3% nonlinearity.
200mA X 10ns =2 nC

< 4 ms (10 mA into 50 2 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
last dynode

FWHM changes <20% for 1 mA to 50 mA,
1 pA

100 C with 50% gain loss

<10pf t all other electrodes combined

<8 nH

2.2.3 Noise:
Single P.E. <100 kHz at 0.5 of 1 P.E. peak
After pulsing <0.1 %/P.E. for after;pulses >10 P.E.
Prepulseing Arrival < 5 ns early amplitude <0.5% of
signal from photocathode
2.2.4 Stability:
Long term < 1%/month
Hysteresis <1% gain shift within 100 ns after pulse of
10 mA X 10 ns.

2.2.5 Radiation Tolerance
All properties are to be stable to within £10% after 10 KRad and 1013 n/cmA2 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:

Photocathode sensitivity testing of each PMT

Dark single photoelectron counting rate at nominal HV and gain
Linearity range testing of each PMT

Timing properties testing of each PMT

el ol
[l enlien
B GHR —

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 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 PMT's should be used.

40 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

Photomultiplier Tubes

Reference Drawings:
X3E-17048-8xxx;GEM Detector;Hadron Forward Calorimeter; Readout Assembly
1.0 Introduction
This specification covers the requirements for photomultipliers (PMT) for the

GEM detector quartz 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 muitiplying the photoelectrons. PMT's must be compact and high gain
type. PMT's 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: 300 - 650 nm

2.3.2. Photocathode Material: Bialkali

2.3.3. Minimum Useful Photocathode Diameter: > 20 mm

2.3.4. Dynode Structure: N/A

2.3.5. Dynode Number of Stages: N/A

2.3.6. High Voltage Polarity: Negative only

2.3.7. Current: 150 microA /2500 V
2.3.8. Ambient Temperature: -10to +50°C
2.3.10. Supply Voltage: 2500V

2.3.11. Average Anode Current: 10 micro A

2.3.12. Cathode Sensitivity: 70 micro A/lm
2.3.13. Cathode Blue Sensitivity: 8.0 micro A/Blm
2.3.14. Quantum Efficiency: 20 % @ 390 nm
2.3.15. Anode Sensitivity: 35 A/im@ 2000 V
2.3.16. Anode Dark Current: 100 nA @ 2000 V
2.3.17. Gain: >SE+04 @ 2000 V
2.3.18. Rise Time: < 3.0nsec at 2500 V
2.3.19. Fall Time: < 10nsec 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 10714 n/cm2/year for the time period of 10 years PMTT should maintain
working parameters mentioned above.

2.4 Dimensions:

2.4.1 Length->100cm
Qutside diameter - > 3.8 cm
Minimum Effective Photcathode window diameter - 2.0 cm

2.4,
2.4.
2.4.4 Photcathode window - flat

=RV R

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:

Photocathode sensitivity testing of each PMT,
Dark current testing of each PMT,

Linearity range testing of each PMT,

Timing properties testing of each PMT.

Www
-
F- WS e

3.2 A mumally 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 photomultipliers will be made at the site of
manufacture by representitives 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 PMT's should be used.

4.0 Shipping Requirements
Packaging and shipping shail 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-010

GEM Detector
Scintillating Barrel

Light Mixers

Reference Drawings:
X3E-17048-A818; GEM Detector, Barrel Scintillating Calorimeter, Readout Config,
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 ransmit light from the transmission fibers of the hadronic
forward calorimeters to the photomuitplier 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 Quartz or equilavent
2.1.2 Auenuation: < 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 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 wiil 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 are
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 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 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
does 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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February 18, 1993

Material Specification No. SCT-011

GEM Detector
Hadronic Forward Calorimeter

Quartz Fibers

Reference Drawings:

1.0 Introduction

This specification covers the requirements for quartz 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.

20 Transmission Fiber Description

2.1 The ransmission fibers will transmit light from the scintillating liquid in the
hadronic forward calorimeter quartz sealing windows to the readout assemblies. The 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 shouid be less than +- 10 microns.

22  The quarz 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/m at 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 °C

2.3.13 Radiation hardness - In the radiation field up to 2 GRad/year and neutron flux of
up to 10716 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
manufacturing 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 mumally acceptable in§pcction procedure will be determined as part of the final
collaborative agreement. The inspection procedure will provide for both reguiar 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 the detector of each fiber. An identificaton method which does
not interfere with the performance of the fibers should be used.

4.0 Shipping Requiremenis
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.,



February 17, 1993
Material Specification No. SCT-013

GEM Detector
External Calorimeter

Structural Fasteners

Reference Drawings:

X3E-17048-xxxx GEM Detector;Scintillating Barrel; Support 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 scintilating calorimeter conceptual design.
Metric fasteners may be used in all or portions of the final design. If meteric 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 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 part of the final
collaborative agreement.

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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February 18, 1993
Material Specification No. SCT-015

GEM Detector
Scintillating Detector

Welding: Stainless Stee]

Reference Documents:
ASME Boiler and Pressure Vessel Codc; Section IX
1.0 Introducton

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

20 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”.

22  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 Contol

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 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.



February 18, 1993
Material Specification No. SCT-016

GEM Detector
Forward Hadron Calorimeter

Tubing: Stainless Steel
Reference Drawings:

X3E-17048-xxxx GEM Detector; Hadron Forward; General Arrangement
X3E-17048-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.
10 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 Conuol

3.1  Quality controi 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 mumwally 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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33  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 manufacturer.
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January 28, 1992
Material Specification No. SCT-017

GEM Detector
Calorimeter
Hadronic Forward Detector

Seals, Liquid Scintillator

Reference Documents;

1.0 Introduction

2.0  Description

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:

WL
Ph et ik it ek
i

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 a2 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.
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January 28, 1992
Material Specification No. SCT-018

GEM Detector
Calorimeter
Hadronic Forward Detector

Window: Quartz

Reference Documents:
1.0 Introduction
2.0  Description

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:
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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 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

armival of quartz windows in specified condition. The arrival condition of the windows
shall be the responsibility of the manufacturer.



February 18, 1993
Material Specification No. SCT-019

GEM Detector
Forward Hadron Calorimeter

Tapered Transmission Fibers

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 Intoduction

This specification covers the requirements for tapered plastic transmission fibers
for the GEM detector forward hadron calorimeter.
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, ulira violet transmitting and will be clad to provide
maximum reflectivity.

2.1 Physical properties

2.1.1 Core Material: Polystyrene,

2.1.2 Cladding Materat: @ ....... .

2.1.3 (Cladding Thickness: 10-15 microns,

2.1.4 Atenuaton: < 0.55 dB/m at 220 nm
2.1.5 Numeric Aperture: 0.22+0.02,

2.1.6 Core refraction index: 1.529 at 220 nm,

2.1.7 Cladding refraction index:  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 10716 n/cm2/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%

2.2 Dimensions:

2.2.1 Fiber Shape: Cylindrical

2.2.2 Front Core diameter: 0.3 mm

2.2.3 Back core diameter: 2.0 mm

2.2.4 Cladding thickness: 0.33 mm

2.2.5 Buffer thickness : 0.36 mm

2.2.6 Single fiber lengths: 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 Congol

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

.1.1 Optical transmission testing of each fiber,
.1.2 Core/cladding refraction indices and numeric aperture testing of each fiber batch,
.1.3  Surface quality testing of each fiber batch. -

w W

.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 Wthh does
not interfere with the performance of the fibers should be used.

40 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
responsibility of the quartz fiber manufacturer.
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February 18, 1993
Material Specification No. SCT-023

GEM Detector
Forward Hadron Calorimeter

Light Mi

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

Reference Documents:

1.0 Introduction

This specification covers the requirements for quartz light mixers for the GEM
forward hadron calorimeters. The mixers shall be manufactured to final form for
installation 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 Quartz or equivalent
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 10716 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.
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3.0 Quﬂity Conrtrol

3.1 Quality contol 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 ime the following specific quality control requirements are
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 part of the final
collaborative agreement.

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
does 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.



DRAFT-FIVE
5. Assembly Procedures

Preliminary process specifictions have been prepared for all significant assembiy
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 SSCL 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
SSCL and controlled under the document control system established at the SSCL.

Rough Draft process specifications attached include:

GDT-00000; Assembly of Scintillating Tile Layers

; Assembiy of Scintillating Barrel Modules

; Final Assembly of Scintillating Barrel at SSCL
GDT-00000; Assembiy of Passive End Caps at SSCL

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.

A. Scintillatine B L
The scintillating barrel is composed of four primary subsystems;

1. Support tube; A stainless steel tube will provide the structural support 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 Support
(CDS). It is assumed that the tube will be fabricated using conventional vessel
construction techniques and that the final fabrication will occur at the SSCL. 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 preassembled 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 bcbboltcd and banded for stability and the tile layer spaces will be maintained by
square bars.
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3. Tile layers; Plastic tiles are grouped in single layers on a stainless steel trays.
The tiles are fitted with embedded fibers for connection to the readout assemblies. The
layers are wrapped with aluminized 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 photomuldplier tubes (PMT's) with attached
electronics and cabling, The PMT's 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 moduies.

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 support tube is described in STC-A-
004, Final Assembly of Scintdllating Barrel at SSCL.

B.  Passive End Caps
There are two passive end caps each having three basic components:

1. Absorber plates: Stacks of "pie shaped” copper or brass plates whlch 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. Support system: A combination of outriggers 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 support
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 PMT's, 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.
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D.  Ipstallation

The external calorimeter system will be installed in the GEM detector in two
phases. The scindllating barrel will be the first detector element installed and the passive
end caps combined with the forward hadron calorimeters 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
forty-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 support tube.
The modules are designed to be self-supporting and independent of the liquid calorimeter

support.
Paragraph 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-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
SSCL/URA Subcontract Administrator.

- -0V

This paragraph is not applicable to this specification]
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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

Paragraph 3.2 - Materials

The materials for the scintillating barrel assembly are 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. ...............

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 wransported 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 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 modules. The procedures for the assembly of the
modules provided in Section 3.4 are suggested as an initial starting point for planning the
assembly operations.

Page 2 March 26, 1993 17:45
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Paragraph 3.4 - Recommended Procedures 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 installation 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.

d Following an inspection of the four tle/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 instailation 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.

i The grouped fibers will be clamped and the ends will be finished.

Page 3 March 26, 1993 17:45
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k. Quality Control verificaton will be provided by connection of readout PMT's 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.

L Following acceptance of the assembly the readout PMT's 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.

p h3.5 - Certificai

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.

Page 4 March 26, 1993 17:45
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Section 4.0 - QUALITY ASSURANCE PROVISIONS
Pzt 4.1 - Resooasibilities for [nsaect

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

P h 4.2 - Monitoring Proced for Equi Used in P
This paragraph is not applicable to this specification

p h 4.3 - Monitoring Procedures for Material

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%.

Test procedures and methods shall be proposéd by the Vendor in the form of
written documents. The procedures shall be approved by the Company prior to use.

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 arrival condition of the plates shall be the responsibility of the
absorber plate manufacturer.
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Section 6.0 - NOTES
Paragraph 6.1 - Intended Usc

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 pardcles.
Photomultiplier tubes measure the light output from the tiles via optic fibers and produce
electroinc sighnals which are analyzed to characterize the particles.

P h.6.2 - Definiti

This paragraph is not applicable to this specification

Page 6 March 26,1993 17:45
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20. 3. 3. 1.

Labor;Bar.:ll Module Ass

Person-Hrs
Hours

Czs ]

Mach. Hours Persons Person-Hrs
Each Hours

MMM NN W

MNMNRNMNMNRN

NN WX RN

29.00

1160
0%
1,740

GEM Detector
Scintillating Hadron Calorimeter-OD Tube
Labor Analysis
Barrel Module Assembly
: Mach. Hours
Hours
1.17
1. 0. 0. Moduie Assembly
Hours
1. 0. Set-up Absorber Stack
1. Receive Absorber Stack 1.00
2. Remove Shipping Fixuure 1.00
3. Install Temporary Bracing 4.00
4. Remove Side Spacers 0.66
5. Inspect Gaps 1.00
6. Labor/Module . 7.66
7. Total Number of modules
8. Total Touch Time 306
9. Efficiency Factor 50%
10. Total Hours 460
11. Person-Years 0.26
2. 0. Install Tile Layers
1. Receive Eight Tile Layers 1.00
2. Insert Eight Tile Layers 200
3. Group Fiber Ends 1.00
4, Install Side Spacers 1.00
6. Labor/Module 5.00
7. Total Number of modules
8. Total Touch Time 200
9. Efficiency Factor 50%
10. Total Hours 300
11. Person-Years 0.17
3. 0. Complete Assemlby
1. Tighten Fasteners 1.00
2. Install 7 Bands 2.00
3. Instali Side Plates 4.00
4. Instal} End Plate 1.50
5. Clamyp Fiber Ends 1.00
6. Finish Fiber Ends 4.00
7. Inspect Assembly 1.00
8. Labor/Module 14.50
9. Total Number of modules
10. Total Touch Time 580
11, Efficiency Factor 50%
12. Total Hours 870
13. Person-Years 0.49
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Labor;Bar.;ll Module Ass

4. 0. Install Rexdout
1. Install Readout Align. Flange 1.00

2. Install Readout Assembly 0.75
3. Test/Inspect Setup 4.00
4. Remove Readout Assembly 050
5. Store Module 1 00
6. Labor/Module

7. Total Number of modules -

8. Total Touch Time

9. Efficiency Factor 50%
10. Total Hours 435
11. Person-Years 025
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SPECIFICATION NO.:
ection 1.0 - P

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.

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-A830, GEM Detector, 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; S—cintillating Barre!; 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.

ection 2.2 - Non-Gov n

This paragraph is not applicable to this specification’

Page 1 March 25, 1993 16:47

347



ction3.0-R REMENT
Paragraph 3.1 - Equipment

3.1.1 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.

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

Para -R

3.1  Assembiy 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 transported
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 assemibed 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 ammospheric conditions of the layer assembly facilities shall be controlled
according to the requirements of the reference material specifications.

Page 3 March 25,1993 16:47
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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
trays. ’

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 SSCL 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 tray;
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 ay. 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 willi 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 tray 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.

P h33-

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.

Page 4 March 25, 1993 16:47
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tion 4.0 - R
: hal-R ilities for | .

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

This paragraph is not applicable to this specification

p h 4.3 - Monitoring P ! for Material

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%.

4.4 -

TBD
Paragraph 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 Operatonal 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.

P h4.6- it nce R

The Vendor shail 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.

ection 5.0 - PRE D

Page 5 March 25, 1993 16:47
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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.

Page 6 March 25, 1993 16:47
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ction - N
Paragraph 6,1 - 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.

p b.6.2 - Definiti

This paragraph is not applicable to this specification

Page 7 March 25, 1993 16:47
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20. 3. 3. 2.2.1.0. 0.

2. 0

W NAL AW~

Labor:Barrel;Tile Laye Ass.

GEM Detector

Scintiltating Hadron Calorimeter-OD Tube

Labor Analysis
Tlle Layer Assembly

Tile Layer Assembly

. Sct-up Fiber Bonding Oper.

- Receive/Sort WLS Fibers
Receive/Sort Transm. Fibers

. Receive Bonding Slecves

. Startup/Test Bonding Machine
. Perform Test Bonds

. Total Touch Time

Efficiency Factor

. Total Hours

Person-Years

Fiber Bonding

1. Install Sleeve &Fibers
2. Bond Fibers

3.
. Store Fiber Assemlby
. Single Fiber Bonding Time

-
o

O 00 -~

-3 SECI- NV P S

N

Test Fiber Assemlby

, Total Number of Fibers
. Total Touch Time
Efficiency Factor

. Total Hours
Person-Years

Tray Preparation

. Receive Tray

Install Film on Bottom of Tray
Inspect Tray

Total Labor/Tray

. Total Number of Trays

Total Tray Prep. Time

. Efficiency Factor

. Total Hours

. Person-Years

Mach. Hours
Hours
5.61

Mach. Hours
Hours

40.00
40.00
4.00
24.00
40.00
148
50%

0.13

0.017
0.033
0.017
0.017
0.083

2,560
3%
3405
192

0.25
1.00
050
1.75
160
280
50%
420
0.24
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Person-Hrs
Hours

Persons  Person-Hrs
Each Hours

80.00
80.00
4.00
24.00
40.00
228.00
0.50
342.00
0.19

[ S S ]

0.02
0.03
0.02
0.02
0.08

e e

2,560.00
0.33
340480
1.92

2 0.50
2.00

[ ]

3.50

560.00
0.50
840.00
0.47



6.

4,

5.

6.

Labor;Barrei;Tile Laye Ass.

0. Tile Preparation
1. Receive Tile

2. Tape Edge of Tile
3. Inspect Tile
4. Install Tile in Tray
5. Total Labor/Tile
6. Total Number of Tiles
7. Total Tile Prep. Time
8. Efficiency Factor
9. Total Hours
10. Person-Years

0. Fiber Installation
1. Receive Fiber Group
2. Instal! Fiber Group in Tile
3. Clamp Fiber Group
4. Lable Fiber Group
5. Labor/Fiber Group
6. Fiber Groups
7. Fiber Installation
8. Efficiency Factor
9. Total Hours
10. Person-Years

0. Compilete Layer Assembly
1. Receive Tray Cover
2. Install Tray Cover
3. Fix Fiber Ends
4. Inspect Assembly
5. Lable Assemiby
6. Labor/Layer
7. Layers
8. Fiber Insullation
9. Efficiency Factor
10. Total Hours
11. Person-Years

0.017
0.067
o0.017
0.017
0.117

1.792

2,688
152

025
0.15
0.15
0.10
0.65
2560
1,664
50%
2496
141

025
050
050
0.66
1.00
291
160

50%

039
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0.02
0.07
0.02
0.02
0.12

1,792.00
0.50
2,688.00
1.52

0.25
0.15
0.15
0.10
0.65

1,664.00
0.50
2,496.00
141

0.50
1.00
1.00
0.66
1.00
4.16

665.60
0.50
998.40
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
weided into a single unit, including flanged joints for connection to the Central Detector
Support (CDS). Forty 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 DOCUMENTS
Paragraph 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 shail take precedence.

Drawings:

X3E-17048-A821, GEM Detector, Scintillating Barrel, Assembly Fixture
X3E-17048-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
SSCL/URA Subcontract Administrator.

- -Gov

This paragraph is not applicable to this specification]
Section 3.0 - REQUIREMENTS
Paragraph 3.1 - Equipment

Specific fixtures and machines required in the assembly process will include:

3.1.1 Barrel Assembly stand; Drawing No. X3E-17084-0000

Page 1 March 26, 1993 17:52
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3.1.2 One up-righting and crane handling fixture; Drawing No. X3E-17084-0000
3.1.3 One module handling fixture (reuse from module assembly operation); Drawing
No. X3E-17084-0000

Paragraph 3.2 - Materials

The materials for the scintillating barrel assembly are described or referenced in
the following companion specifications:

Scintillating Barrel Calorimeter Structute, Material Specification No. .......c.cconeee.
Stuctural Fasteners, Material Specification No. ......ccoecnu.ee.

p h 3.3 - Required P i 19 .
3.3.1 Final Assembly of the barrel will take place at the SSCL. It is currently assumed
that the operation will be performed inside the North Assembly Building at IR-5 (the

GEM Detector experimental area) of the SSCL. The building will have normal industrial
atmospheric 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 SSCL .
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 SSCL.

3.3.4 Cecrtain operations, such as SSCL crane operation, will be performed only by
SSCL designated employees.

Page 2 March 26, 1993 17:52
361



Paragraph 3.4 - Recommended Procedures and Operations

a. The structural barrel structural support 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 support tube will be shipped in pieces and
reassermbled at the SSCL. It is assumed that the operation will be performed with the
barrel axis in a vertical orientation. Further 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 North
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 insert the modules into the barrel. Modules
will be installed in the bottom of the barrel only while the support 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 PMT's 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.

Page 3 March 26, 1993 17:52
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p h 3.5 - Cenificari
All assembly and lifting fixtures will be subject to safety inspection and approval

by the SSCL prior to use at the labomtoxy.

Section 4.0 - QUALITY ASSURANCE PROVISIONS

P hd.l-R ibilities for [ .

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.

p h 4.2 - Monitoring P I for Equi Used in P
This paragraph is not applicable to this specification

p h.4.3 - Monitoring Procedures for Material

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%.

4.4 -
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 - Quality Assurance Records

The Vendor shall provide a procedure for the maintenance and diswribution of
qualiry 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

Page 4 March 26, 1993 17:52
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Section 6.0 - NOTES
Paragraph 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 SSCL collider
system. In the scintillator barrel the layers of scintllator plastic will produce light used w
measure the energy of the particles. Photomultiplier tubes measure the light output from

the tles via optic fibers and produce electroinc sighnals which are analyzed to
characterize the particles. '

P b 6.2 - Definiti

This paragraph is not applicable to this specification
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Labor;Barrel;Assembly

GEM Detector
Scintillating Hadron Calorimeter-OD Tube
Labor Analysis
Machine ~ Person
. Years Years
20. 3. 1. 1. 0. 0. 0. Subsystem Assembly 1.21 E
' Half Barrel Total 0.61 1.75
20. 3. 1. 1. 1. 0. 0. Module Installation Mach, Hours Persons Person-Hrs
(Half Barrel)_ Hours Each Hours
1. 0. Setup Assembly Stand 80.00 ] 640.00
2. 0. Position Half Barrel Stucture 16.00 8 128.00
3. 0. Install Modules 8.00 18.00
1. Receieve Module 1.00 3 3
2. Position Module 1.00 3 3
3. Install Fasteners 3.00 2 6
4, Install Shimming 2,00 2 4
5. Rotate Assemlby 1.00 2 2
4, 0. Half Barrel Assemnbly 2.00 18.00
1. Number of Modules/Half Barrel
2. Total Medule Touch Time 240 360
3. Total Touch Time/Half Barrel 336 1,128
4. Efficiency Factor 0% 50%
5. Total Hours 504 1,652
Person-Years 0.28 0.96
20. 3. 1. 1. 2. 0. 0. Install Readout Assemblies Mach. Hours Persons Person-Hrs
(Half Barrel) Hours Each Hours
1. 0. Instaliation of Readout Assemblie: 5.00 10.00
1. Receive Assembly 1.00 2 2
2. Install Alignment Fixture 250 2 5
3. Install Assemlby 1.50 2 3
2 0. Readout Assembly 5.00 10.00
1. Readout Assemblies/Half Barrel
2. Total Touch Time/Half Barrel 200 400
3. Efficiency Factor _ 50% 50%
4. Total Hours 300 600
Person-Years 0.17 0.34

Page 1 ORNL 2/393
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20, 3.

20. 3.

1.

1.

1.

1.

Labor;Barrel;:Assembly

3. 0. 0. Install Passive Absorber
(Haif Barrel)

1, 0. Installation of passive absorber
1. Receive Assembly
2. Install Assemlby

2. 0. Passive Absorber Assembily
1. Passive Plates/Half Barre]
2. Total Touch Time/Half Barrel
3. Efficiency Factor
4. Tota! Hours
Person-Years

4, 0. 0. Install Noble Lig. Rails
1. 0. Installation of Rails
1. Receive Rails
2. Install Rails
2. 0. Passive Absorber Assembly
3. Efficiency Factor

4. Total Hours
Person-Years

Page 2 ORNL 2/2/93
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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
180 540
50% 50%
270 810
0.15 0.46
Mach. Hours Persons Person-Hrs
" Hours Each Hours
40.00 200.00
16.00 5 80
24.00 5 120
40.00 200.00
50% 50%
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 invoived in the fabrication and assembly of the
end caps.

Section 2.0 - APPLICABLE DOCUMENTS
- Gov ymen
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; Scindllating 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.

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

P h -

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:

Page 1 March 26, 1993 12:39
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3.1.2.1 Two assembly stands per drawing No. X3E-17048-0000

3.1.22 One up-righting and crane handling fixture per drawing No. X3E-17048-
000.
Paragraph 3.2 - Materials

No special materials are expected to be required for the assembly proceSs.

p h3.3 - Required Proced { Operati

3.3.1 Certain 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.

P 4 - mm Pr: n ion

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 vertical (flat)
orientation. Further it is assumed that the operation will be via boited 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
vertical with an up righting operation to follow.

P - ification

All assembly fixtures will be subject to safety inspection by the SSCL prior to use
at the laboratory.

ection 4.0 - QUALITY A RA PROVISION

Page 2 March 26, 1993 12:39
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P h4l-R ibilities for I .

Periodic inspections wiil 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.

p h 4.2 - Monitoring P | for Equi Used in P

All lifting fixtures and lifting plans will be inspected and certified by the SSCL
prior to usage.

p h 4.3 - Monitoring P l for Material
This paragraph is not applicable to this specification

Paragraph 4.4 - Cerification
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 - Quality A R

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
Paragraph 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

Page 3 March 26, 1993 12:39
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system. The reduction in the particle flux will improve the overall accuracy of the
end cap muon chambers.

P h.6.2 - Definiti

This paragraph is not applicable to this specification

Page 4 March 26, 1993 12:39
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20. 6. 1. 1. 0. 0. Assemble North End Cap

20. 6. 1.

Labor;End Cap.Assembiy

GEM Detector

Pagsive Calorimeter End Cap

Labor Analysis

Passive End Cap Assembly

I. 1. 0. Setup Assembly Stand
!, 2. 0. Install Center Support

1. 3. 0. Plate Installation
1. Retrieve plate
2. Retrieve Center Tube
3. Install PIt in Ass. Fixture
4. Anach Plt to Assembly

1. 4. 0. Total/End

1. Plates/End

2. Total Plate Touch Time
3. Total Touch Time/End
4. Efficiency Factor

5. Total Hours

6, Person-Years

2. 0. 0. Assemble South End Cap

2. 1. 0. Setup Assembly Stand
2. 2. 0. Install Center Support

2. 3. 0. Plate Installation

1. Retrieve plate

2. Retrieve Center Tube

3. Install Pt in Ass. Fixnoe
4. Attach Plt to Assembly

. Total/End

Plates/End

. Total Plaie Touch Time
. Total Touch Time/End
. Efficiency Factor

. Total Hours

. Person-Years

bW - O

ORANL 2-3-93 Page 1

376

Mechi
Years
051

Hours Each Hours
16.00 4 64
4.00 4 16
283 1132
1.00 4 4
1.00 4 4
0350 4 2
033 4 132
2.83 1132
526 2,106
546 2,186
66% 66%
907 3.628
0351 2.05
Machine Person
Years Years
051
Mach. Hours Persons Person.-Hrs
Hours Each Hours
16.00 4 64
4,00 4 16
2.83 1132
1.00 4 4
1.00 4 4
0.50 4 2
033 4 132
2.83 11.32
526 2,106
546 2186
66% 66%
o7 3,628
051 208

Person

Years

Mach Hours Persons Person-Hrs
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SPECIFICATION NO.:
Section 1.0 - SCOPE
This procedure covers the requirements and processes for the assembly of two
forward hadron calorimeters. The forward hadron calorimeters (FHC) include three
major sectons - scintllator 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 PMT's from
becoming damaged during the transportation between the fabrication shop and the SSCL
final assembly sight. Functional tests will be performed prior to installaton of the
forward calorimeters into the end caps.

Section 2.0 - APPLICABLE DOCUMENTS
Paragraph 2.1 - Government Documents

The foilowing 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
SSCL/URA Subcontract Administrator.

2- -Gov

This paragraph is not applicable to this specification,

Page 1 March 29, 1993 15:03
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Secticn 3.0 - REQUIREMENTS
Paragraph 3.1 - Equipment
Special assembly equipment wilt 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 hoiding stands at SSCL.
3.4  One tube/end plate assembly fixture.
3.5 777 Readout section assembly fixtures.

3.6 2 rented tube hydroswaging machines.

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. ......c..ceeveeee
Scintillating Tile, Material Specification No. ......c.cccee-e

p h.3.3 - Required P I T .
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.

Page 2 March 29, 1993 15:03
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3.3  Facitlides for the assembly of the forward hadron calorimeters will be provided
by the SSCL.

Paragraph 3.4 - Recommended Procedures and Operations

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 are accepted the
end plates and spacer plates are 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 are 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 scintiliating 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.

Page 3 March 29, 1993 15:03
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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 ransmission 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 ransmission fibers, the
PMT assemblies will be installed onto the ends of the transmission fiber bundles
following. The PMT support structures are 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 surface of
the GEM detector. This operation will be performed vertically. 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 controt
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 vertically. 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 vertical to eliminate the need for installation rails
and fixturing.

e The passive end cap/forward hadron systems will be up-righted. Local cabling,
liquid haiing system piping and the borated polyethylene/lead shield will be installed.

Page 4 March 29, 1993 15:03°
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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.

p h 3.5 - Cermificar

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,

.. i fog [uspect

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

p b 4.2 - Monitorine Procedures for Equi Used in P

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 individuais 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. '

p b 4.3 - Monitoring Procedures for Material

Proper storage and handling of materials used in the modules will be the
responsibility of the Vendor. The tile layer assemblics shall be stored in a controlled
atmosphere having a temperature range between 55° and 80° F, and a relative humidity
of less than 50%.

p h4.4 - Cerificari
TBD
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Paragraph 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.
Qutput values should be £5% of a predetermined standard.

Emmnh&.ﬁﬂalmw:

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.

Scction 5.0 - PREPARATION FOR DELIVERY
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
Paragraph 6.1 - Intended Use

The forward calorimeters will be installed in the GEM particle physics detector
where they will absorb and measure particies 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 optc fibers and produce electroinc sighnals which will be analyzed to
characterize the particles.

p h 6.2 - Definiti

This paragraph is not applicable to this specification

Page 6 March 29, 1993 15:03

384



et

]

YL I

n U'U- 0

lm N[ﬂ H £ — ‘ﬂ . ] — 2 — -1-&-'. RIAN XN i— ° -
ok - - - — on..ll —_— = T 1T —3 S
M v“mm—h—rtw.“: =7 —T= = ¥ TIF[SIT d”rl = T —H = T b1
u.. NS MBI .a2 SR ~
AN W v HINIIS 13mvd H ) ;i
WIINW WD -
.m.m...u...n...n.hﬁ.n.E =
- yIm
t 4318 ¢ 4318 1 43S
[ e Ty rym————— ; [ et e g pe gy T Y ——— c—— e — e —_ R
_ 2 _ r _ v T < _ L S P

380




) ) | ) ) . |
- 3 L4 L] £ I
— T JUAN (08
=] s RIET BNl =]=] f[S] ]S 3] <= gy e
H
&
g 2 IS TMINOIT LSSy SHELYTHINI S
WINN0 W) HNLIVIHLREIS TIuvg
¥MHIZNNW P
)]
Tmy et
1
e e e e e e e T

8¢

-t

[




- F] T € i ¥ 3 9 I 1 i 8
Lt R TR T5] ey =S 5] IETE e
7 - = IV V]R[HF[F [Sls] 5] -3
ﬁIllNNN
- »u Lo
y| © D8 TRIEIE asse BRIVINIMIE v
AVIHEET WS IMIVITINGT VReed C; =
i 133 W q
b W SR !
TN 1Y oA l.n-llE I
L] | ocrens v von
A
o
o
Ly
5
¥ . -
7 3

" TG ol 4 dals

|

38/

-

Faalall

ER e iy iy W

|




LIQUID PIPING

STRUCTURAL RING

'.'ra
raar |y

= .-
el i B -1/ SELLCI Y ;L!-!_'!’_l'i-:' (1
T]S[8]n] = | & [ .

af
Tl

PASSIVE AUSORBER

y

SCINTILLATING SECTION

|

7/

¥ /2

I

W £




Scintillating Liquid Forward Calorimeter

(Tungsten heavymet with Scintiilating Liquid)

20.5.1 Forward Calorimeter Assembly
Task Numbers Task Descript, Hours Personload Unit Tot PHRS Quantity Tot. PHRS
1 Retreive Sturauctural Ring 1.00 2 | 2.00 2 4
2 Setup Module/Structure Assembly Fixturs 2.00 1 2.00 2 4
3 Setup Ring Structure in Fixture 4.00 2 8.00 2 16
4 Instail FCAL in Ring Structure 4.00 ‘ 18.00 2 32
5 Install PMT Support Stm&ures 4.00 2 8.00 2 18
6 Install Thermal Dome over PMT's 8.00 2 18.00 2 32
7 Install Calibration Assembiy 24.00 3 72.00 2 44
8 Connect Liquid Inlet Lines to Inlet Manifolds 2.00 2 4.00 240 960
9 Inspect Completad Assembly 2.00 1 2.00 2 4
10 Movae Assembly to Storage/Next Station 2.00 2 4,00 2 8
Total 53.00 134.00 1220
Personnel Efficiency 1.25
Estimated Parsonhours | 1525
Person Years@ 1770 Hr/Yr 0.86
20.5.2 Structures
Task Numbers Task Descript. Hours Persontoad Unit Tot PHRS Quantity Tot. PHRS
1 Setup Assembly Fixture 2.00 2 4.00 1 4
2 Retreive Aing Structure & Setup for Assembiy 2.00 2 4,00 2 8
3 Assemble Liquid Iniet Piping to the Ring Structure 48.00 2 96.00 2 192
4 Assemble Passive Absorber 6.00 2 12.00 64 768
4 Install Passive Absorber to the Ring Structure 2.00 2 4.00 64 256
5 Inspect Completed Assembly 0.25 1 0.25 2 1
6 Move Assembly to Storage/Next Station 0.25 2 0.50 2 1
Total 58.50 116.75 1226
Personnel Efficiency 1.25
Estimated Personhours 1532
Person Years @ 1770 Hr/Yr 0.87

8. M. Chae-QORNL/J 2593
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Scintillating Liquid Forward Calorimeter

(Tungsten heavymet with Scintillating Liquid)

20.5.3.1 FCAL Module Assembly

Task Numbers Task Descript. Hours Personicad Unit Tot PHRS Quartity Tot. PHRS
1 Setup Assembly Assembly Fixture 2.00 2 4,00 1 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 Completed Assembly 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 Efficisncy 1.25
Estimated Personhours s 653
Person Years@ 1770 Hr/Yr 0,37

<0.5.3.2 Scintillating Sectlon

Task Numbers Task Deseript. Houts  Personload Unit Tot PHRS  Quantity Tot. PHRS
1 Retreive All materiais 0.50 2 1.00 120 120
2 Setup Tubing Assembly Fixture 1.00 2 2.00 1 2
3 insert Tubes 0.01 2 0.01 87000 967
4 Insert Abserbers 0.00 o1 0.00 2958000 1643
5 Expand Tubes to Inlet Manifolds 0.03 1 0.03 87000 2900
6 Assembie inlet Manifolds 40.00 2 80.00 2 160

13 Expand Tubesto End Plates 0.02 1 0.02 174000 2900
14 Insert Glass Tubes Inside the Copper Tubes 0.01 1 0.01 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 Completed Assembly 2.00 1 2.00 2 4
18 Move Assembly to Storage/Next Station 2.00 3 6.00 2 12

Total 101.56 203.07 9899
Persannei Efficiency 1.25
Estimated Personhours 12373

S M ThaeORNL 32593
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Scintillating Liquid Forward Calorimeter

(Tungsten heavymet with Scintillating Ligquid)

Person Years@ 1770 Hr/Yr 6.99

20.5.3.3 Readout Section

Task Numbers Task Descnpt. Hours Personload Unit Tot PHRS Quantity Tot. PHRS
1 Retreive All materials . 0.50 1 0.50 240 120
2 Setup Fiber Assembly Fixture 1.00 1 1.60 240 1
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
8 Collect Readout Fibers in Bundles 0.50 1 0.50 1920 960
7 Cut & Polish Coilected Fiber's End 0.50 1 0.50 1920 960
8 Assemble PMT's/Light Mixers 1.00 1 1.00 480 480
9 Inspect Completed Assembly . 0.50 1 0.50 240 120
10 Mcve Assembly to Storage/Next Station 0.25 1 0.25 240 80
Total 6.25 6.25 3224
Parsonnel Efficiancy 1.25
Estimated Personhours 4030
Person Years@ 1770 Hr/Yr 2.28
20.10 Final Assembly
Task Nurmnbers Task Descript. Hours Personload Unit Tot PHRS Quantity Tot. PHRS
1 Retraive FCAL Modules 3.00 4 12.00 2 24
2 Setup PA Endeapfor Assembly 8.00 4 32.00 2 54
3 Install FCAL Module into PA Endcap 8.00 4 32.00 2 64
4 Inspect Complatad Assembly 2.00 2 4.00 2 8
5 Move Assembly to Storage/Next Station 8.00 4 32.00 2 64
Total 29.00 112.00 224
Personnel Efficiency 1.25
Estimated Personhours 280
Person Years@177Q Hr/Yr - 0.18

S. M. ChaerORNL'3-2592
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Scintillating Liquid Forward Calorimeter

(Tungsten heavymet with Scintillating Liquid)

20.11.25.1 Hall instaliation of Liquid Handling System
Task Numbers Task Descript. Hours Personload Unit Tot PHRS Quantity Tot. PHRS
1 Move Componants Down to Experiment Hall 40.00 2 80.00 1 80
2 Prepara for Equipment Installation 16.00 2 32.00 1 32
3 Install Filtration & Purification Equipment 40.00 3 120.00 2 240
4 Install Storage & Monitoring Equipment 40.00 3 120.00 1 120
S Install Pumps 20.00 3 60.00 2 120
6 Install Piping & Valves 160.00 225 360.00 1 360
7 Perform Leak lnspection of Piping & Valves 16.00 2 32.00 10 320
B Perdorm Functional Tast of LH System 16.00 2 32.00 1 32
Total 348.00 836.00 1304
Personnel Efficiency 1.25
Estimated Personhours 1630
Person Years@ 1770 Hr/Yr 0.92

20.11.2.5.2 Hall Installation of Thermal Control

Task Numbers Task Descript. Hours Perscnioad Unit Tot PHRS Quantity Tot. PHRS
1 Move Components Down to Expariment Hall 20.00 2 40.00 1 40
2 Prepare for Equipment Installation 16.00 2 32.00 1 32
3 Install Thermal Control Heat Exchanger 40.00 3 120.00 2 240
4 Install Air Duct & Dampers 120.00 225 270.00 1 270
5 Perform Functional Test of TC System 16.00 2 32.00 ) 3z

Total 212.00 494.00 614

Personnel Efficiency 1.25

Estimated Personhours 768

Person Years@1770 He/Yr 0.43
S M Cras OANLY25.93
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SPECIFICATION NO.:
Section 1.0 - SCOPE

This procedure covers the requirements and processes for the installation of the
scintllating 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 10 minimize
the amount of time required in the experimental hall. As the design of the detector
progresses continuous efforts will be made to further limit the "down hole” effort and
manpower.

Section 2.0 - APPLICABLE DOCUMENTS
Paragraph 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, Scindllating Barrel, Installation
X3E-17048-xxxx, GEM Detector, Scintllating 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
SSCL/URA Subcontract Administrator.

Section 2.2 - Non-Govermument Docurments

This paragraph is not applicable to this specification]

Page 1 March 29, 1993 16:17
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Section 3.0 - REQUIREMENTS
Paragraph 3.1 - Equipment

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 wransportation 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 transport the end
cap/forward assembly from the drop point under the access shafts to the calorimeter
support 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.

Paragraph 3.2 - Materials

No special materials will be required for the installation operation.

p h 3.3 - Required Proced { Operars

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 Enmy to the experimental hall be permitted for authorized personnel only, at the
discretion of the SSCL.

3.3.4 Certain operations, such as crane operation, will be performed only by SSCL
designated employees.

Page 2 March 29, 1993 16:17
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a. The scintillation half barrels will be completely assembied 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 are installed in the experimental hall on both sides of the
CDsS. ’

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 are 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.

p h 3.5 - Certificati

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
opcrations.

Section 4.0 - QUALITY ASSURANCE PROVISIONS
Paragranh 4.1 - Responsibilices for [aspec

Page 3 March 29, 1993 16:17
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Periodic inspections will be undertaken by the SSCL during the installaton
process. Inspections will evaluate the positional accuracy of the placement, compliance
with safety requirements and adherence with the installation procedure.

E 142-!1 . - E i E‘ E . II Io E

All lifting fixtures and lifting plans will be inspected and certified by the SSCL
prior to usage.

p b 4.3 - Monitoring Procedures for Material

This paragraph is not applicable to this specification

44 -
TBD

Paragraph 4,5 - Test Methods

Test procedures and methods for all lifting fixtures shall be submitted by the
Yendor to the SSCL for approval.

Paragraph 4.6 - Quality Assurnce Records

The Vendor shall provide a procedure for the maintenance and distibution 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

Page 4 March 29, 1993 16:17
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Section 6,0 - NOTES
Paragraph 6.1 - Intended Use

The barrel scintillating calorimeter will be installed in the GEM particle physics
detector where it will absorb and measure particles produced by collisions in the SSCL
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 tles via optic fibers and produce electronic signals which are analyzed to characterize
the particles. )

p h 6.2 - Definis

This paragraph is not applicable to this specification

Page 5 March 29, 1993 16:17
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SPECIFICATION NO.:
Section 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 tght
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 further limit the
"down hole" effort and manpower. '

Scction 2.0 - APPLICABLE DOCUMENTS
Paragraph 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, Passive End Caps/Forward Installation
X3E-17048-xxxx, GEM Detector, Passive End Caps/Forward Installation Fixture

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-Govemnment Documents

This paragraph is not applicable to this specification]

Page 1 March 26, 1993 12:08
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Section 3.0 - REQUIREMENTS
Paragraph 2.1 - Equipment

The installation process will require two critical pieces of equipment;
3.1.1 Lifting Fixture; A lifting fixture designed to pick the combined assembly
will be required to up-right and transport 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 transport the end
cap/forward assembly from the drop point under the access shafts to the calorimeter
support 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.

No special materials will be required for the installation operation.

p h 3.3 - Required Proced { Operati

3.3.1 The installadon 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 Entry 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.

Page 2 March 26, 1993 12:08
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Paragraph 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 1o the
scintillating barrel calorimeter.

f. Auxiliary components such as muon shielding and scintillating liquid pipes are
installed.

E. Installation rails are either removed or left in place at the discretion of the SSCL
installation coordinator.

p h 3.5 - Cerificat

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 instatlation 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
Paraezo.4 ] - Respodsibilities o [aspecs

Page 3 March 26, 1993 12:08
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Periodic inspections will be undertaken by the SSCL during the installation
process. Inspectdons will evaluate the positional accuracy of the placement, compliance
with safety requirements and adherence with the installation procedure.

B h 4.2 - Monitoring Procedures for Equi Usedin P

All lifting fixtures and lifting plans will be inspected and certified by the SSCL
prior to usage. '

P h 4.3 - Mopitoring P ! for Material
This paragraph is not applicable to this specification

44 -
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 - Quality Assurance Records

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

Page 4 March 26, 1993 12:08
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Section 6,0 - NOTES
Paragraph 6.1.- Intended Use

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 scintllating 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 tles via optic fibers and produce electronic
signals which are analyzed to characterize the particles.

P h 6.2 - Definiti

This paragraph is not applicable to this specification

Page 5 March 26, 1993 12:08
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DRAFT-Three 2/16/93

6. Quality Control Procedures

It is the intention of the external calorimeter group and the GEM collaboradon to
fully involve all collaborating institutions in the successful completion of the GEM
detector. Careful control of the quality of the detector components and assemblies at all
stages is critical to this goal. Thus each 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 enginecering and physics group to confirm the results of tests and
documentation before subassemblies and components are released for use.

A

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
are outlined in Section 4 for each major material element. A general outline of the
inspections for each of the subsystems in the external calorimeter are included in the

assembly procedures, Section 3.



DRAFT-Three 2/15/93

7.____Communications

GEM is a large collaboration with over 600 institutional representatives, 120
institutes and 10 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 the documentation system to be maintained by the SSCL. Each collaborating
institute will produce a written monthly report 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 ¢ommunications 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
SSCVX]1. The listing can be accessed by entering "GEMLIB" for USERNAME and
following instructions. A password is not required. Passwords for the SSCVX1 can be
obtained by international partners to have a more compiete 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 detector.
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 enéineers currently 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 extemal 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 reports. Specific reports to be ‘
included in the file system are:

Safety reviews

Structural analyses

Design Change Notifications

Schedules

Monthly reports .

Minutes of subsystem design review meetings
Minutes of subsystem manufacturing review meetings

-
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