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* GlueX BCAL description
* GlueX BCAL QA

* fiber testing
* PbSciFi construction
* documentation

* Successful! (modelled after KLOE EMCal)
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The GlueX BCAL




The GlueX BCAL
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Kuraray SCSF-78MJ

Multi-Cladding (M)

Outer Cladding(FP)
Inner Claddin
(PMMA
Core (PS)

To
— T

GlueX BCAL T
- D - in 2009

Cladding Thickness : T=2%(To)+2%(Ti)

=4% of D < 6% of D
Numerical Aperture : NA=0.72

Trapping Efficiency :5.4%

Formulations

Description Calor Shnlssicn De“ag's}‘"‘e Att'[';ﬁ?g'” Characteristics

SCSF-78 | blue seethe 420 2.8 >4.0 | Long Att. Length and High Light Yield
SCSF-81 blue [following| 437 2.4 >3.5 | Long Attenuation Length
SCSF-3HF(1500) | green | "8Ue | 530 [ 7 | >45 | 3HF formulation for Radiation Hardness

1) Test fibers are Non-S type, 1 mma.
2) Measured by using bialkali PMT and UV light(254nm).
Quality control is made by another measurement of the transmission loss every batch.
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Fibre Testing lab (Reactivated in summer 2023)

* First article *‘l
* Regina data
e JLab data /b B8
* GlueX-doc-1317 = T Module

DAQ '
gl

e Bench Reference

¢ Production (Regina)

[ Condition/packaging
[ Diameter

[ Attenuation length: LED, photodiode current
[ Npe at 200cm: %°Sr, PMT, external trigger



BCAL Construction QC/QA: Fibres

780,000 fibres!
: o |
E oo Spee L A_Damos0 |

Kuraray SCSF-78MJ (blue- T )
green); selected in late 2008 g 10048 ; i i . i i R8T
diameters: within SpeEcCs ::>§ 0-98“""8'1;;:;: ------------------------------------- -

0.96 — -
Spectra measured at Regina 0 2 t oot - 2
qualitatively agree with
Kuraray’s -

. -

AdR R: K02-3 / K: JS072

0.25

integrals are close, but shapes § 020~ 2
are different; response 1S~ EEEED>< 0.15- :
acceptable and scales by £ 010~ :
distance in a similar fashion % os )
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Attenuation Length (cm)

(c

Attenuation Length

Fibre Attenuation Length
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O Kuraray
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Kuraray RMS = 8.2%
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Shipment Number Shipment Number

Per lot and shipment change; but Kuraray and
Regina track

. and fibres meet specs
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Fibre Light Output

Shipment Number
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Number of Photoelectrons

Methods are very
different:

- K: scope

- R: Npe w. 90Sr

Per lot and shipment change; Kuraray and
Regina roughly track

. and fibres meet specs
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QA & QC - by Lot number

—%— Kuraray
—+—Regina

3
"
H
-
3
s
H

1 12 4 58 85 107 124 141 152 163 771 185 196 207 218 220 240 251 262 273 284
Lot Number

1 13 48 71 92 112 138 148 180 177 184 196 208 220 232 244 255 2533 2RN
Lot Number




Testing & Construction

Detailed step-by-step manuals on
construction and fiber testing (1% of
fibers, randomly selected)

Eight different check lists

Detailed spread sheets for trackin
fibers, lead, epoxy, builds & module
height

Inspections & QA: in reports

Condition/packaging/visual
inspection /photos

Diameter at 3 locations along each
fiber

Wavelength spectrum measured

Attenuation length and light output
measured

ECAL Module Constructien Procadures

GlusX Team, Regina

BCAL Module Construction Procedures

...........

WRITTEN: June 22, 2010 > VERSION 1 (PRCDUCTION MODULES)

Proper safety pracedures, clothing, equipment, and materials must he used during the
enfire construction and all measuring equipment mast be properly calibrated hefore vse.

Preparing Base Plate

1. Clean the bottom of base plate with a warer soluble degreaser followed by ethanol.

2. Check that the inserts (two sets of four) have been properly installed. Position is checked
at Ross Machine Shop using the gauges that the UofR has provided.

1. Using a calibrated tape measure check the position of the bolt hole pockets. and report
only out of specification measurements on the traveller for that specific base plate.

4. Measure the width of each bolt hole pocket with calibrated digital callipers at the top of
the draft, and report only out of specification measurements on the traveller for that
spuei fic base plale.

HCAL Construction - Status Quo (ilueX T'eam, Regina

CONSTRUCTION STATUS QUO

George ). Lolos and Zisis Papandreou

WRITTEN: Juxc 3, 2009 — VERSICN 1
UPDATED: NovEMDER 26, 2009 — VERSI0N 1 (MINOR CORRECTIONS TO TEXT)
UPDATED: Junk 11, 2009— VFRSION Z (MAJOR UPDATE TO CIIRRENT STATUS)

1. Introduction
The construction status quo of the 48 BCAL modules, as budgeted for in subcontract

JSA 09-R280857-CR (for the construction of the Barrel Calorimeter - BCAL) and in
Appendices 1 and 2, is described herein.
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ROLLING

SWAGGING

Construction Facility @ regina
. ‘ '
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Matrix construction progress - details

* Press MAJOR adjustments

® reassembly

noist
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e channel mismatch

e 3/8” holes, 5/16” bolts

-
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* A-frame hoist

e UofR funds
* Fibre table adjustments
* Fibre crate storage

e acute in Dec-Jan
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Matrix construction progress - panoramic

Fibre table ¥ Cutting mat

=
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L u sheet
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Fibre storage

Fibre table

--------

Press & matrix
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o Dedicated Traveller for each Module ... ..~

Module No. 24 Nonconformities: Build & Machining Fibres
Base Plate
Stamp/Segment No. 38 Drawng RMS Traveller
Matrix Build
Date Start 10/26/2010 Fibre Shipment 12 & 13 Epoxy Used (g) 14495.2
Date End 11/18/2010 Fibre Lots (JS-) 322-325, 326~ Epoxy Lost (y) 484.5
No. of Layers 183 331, 333, 335- Pb Sheets Lost 2
336, 338, 343-
No. of Builds 16 346, 350-354
Temp Range 21-22 C AttenLen Mezns 393-399 Build Stats
Humid Range 21-29% Npe Means 6.73-7.46 Epoxy Stats
Fibres Used 153277 Procedures
Fibres Lost 0 Photos
Top Plate
Stamp No. 24 Drawng DC Rails: No
Machined Module
Module/Segment No. 24 Drawng RMS Traveller

Transmission Uniformity

Light Source:
Coupler:

UV-LED Coupling:
Winston Cone Readout:

Air gap

Winston Cone End 1 Image

Last Updated: 1/20/2011 14:57
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QA & QC - Kuraray

Kuraray Scintillating fibers for University of Regina / SCSF-78MJ 1.00mmDiameter*+2% 4.1m / 24th Shipment
KURARAY method
e =l = Attenuation Length Light Output (at200cm) Light Output (at285cm) Attenuation Length
Max : Min : Ave : rms : rms | Max : Min : Ave : rms | rms | Max ;| Min | Ave | rms | rms Max : Min : Ave | rms : rms

n_ i fom) i [em) i [em] | [om) | /Ave | [mV] | [mV] i [mV] i [mV]  /Ave | [mV] i [mV] : [mV] i [mV]:/Ave | n_:[om) i [em) : [em] | [om) | /Ave

oUW ¥ L e i L B L e e T

JS576 11] 1.050 12 623 : 525 : 548 28 @ 5.1%[2009 :1843 :1928 : 49: 25%|1783 :1619 :1685: 48 : 29%| 12: 416: 362 : 401 15: 3.7%

3

41JS5677 11]1.100 12: 501 : 410: 472 28 0 58%[1899 :1696 :1727: 86 : 50%|1604 :1360 :1477: 73 : 50% 12: 361 : 344 : 352 5 13%
5[JS578 11]1.100 12: 668 : 416: 477 45 : 04%[1805 :162.1 :1703 : B85 : 50%|1602 :1290 :1480: 90 : 6.1% 12: 353: 334 : 347 6: 1.7%
6[JS579 11]1.100 12: 666 : 540 : 589 34 : 59%|2008 :176.1 :188.1 66 : 35%|1765 :1560:1656 : 62 : 38%[ 12: 449: 379 : 416 19 : 45%
7|JS580 11]1.100 12: 659 : 473 : 564 52 : 92%|195.1 :154.7 :1793 : 145 : B.1%[175.7 :1344 :1595 : 133 : B84%| 12: 420: 382: 406 12 28%
8[JS581 10 1.000 11: 525 : 455 : 489 24 : 40%(1790:1648 :1714: 51 : 30%|1563 :1427 :1482: 47 : 32% 11 : 368: 350: 362 6: 1.7%
9[JS582 11] 1.050 12: 592 : 518 : 547 25 : 46%[1968 :1854 :1899: 33: 17%|1728:1609:1662 : 33 : 20%| 12: 406 : 365: 387 14 : 365%
9[JS583 11]1.100 12 : 586 : 520 : 554 22 0 39%[2046 :1792 :1888 : 64 : 34%|1760:1524 :1647: 60: 36%| 12: 416: 382 : 397 10 2.5%
10[JS584 11]1.100 12 : 496 : 429 : 457 23 ¢ 5.1%[1899 :1606 :1716: 79 : 46%|160.7 :1375 :146.7: 72 : 49%| 12: 365: 332: 350 10 27%
11]JS585 11]1.100 12 : 530 : 446 : 481 27 : 56%[1884 :1626 :1747 : 72: 41%|168.1 :1393:1509: 77 : 51%| 12: 384: 355: 369 10: 265%
12|JS586 11]1.100 12: 631 : 412: 483 36 : 75%|1784 :149.7 :1622 : 108 : 6.7%[1570:125.7 :1405: 110: 78%| 12: 408 : 341 : 356 18: 50%
13|JS587 11]1.100 12: 659 : 471: 617 27 : 53%[1964 :180.7 :1868 : 42: 23%|1699 :1545:1612: 47 : 29%| 12: 388: 350: 371 11 29%
14|JS588 11]1.100 12: 547 : 467: 507 27 : 53%[1986 :1648 :1770: 90: 5.1%|159.1 :1399:15165: 62 : 41%| 12: 377: 340: 366 9: 26%
15[JS589 11]1.100 12 : 657 : 430: 497 39 : 79%|1800:1660 :1723: 45: 26%[155.7 :1390:1482: 48: 33%| 12: 384 : 319: 363 18: 5.1%
16[JS590 11]1.100 12: 545 : 484 : 617 20 39%[1848 :164.7 :173.1 60: 34%|160.1 :1432 :1505: 47: 3.1%[ 12: 401: 363 : 379 9: 25%
17]JS591 8| 750 9: 575: 483 : 514 28 0 55%[1838 :162.7 :1726: 63 : 3.7%|160.7 :1415:1508 : 57 : 3.8% 9: 394 : 363 : 383 10: 27%
18[JS592 8| 750 9: 595 : 491 : 531 37: 70%|182.1 :1654 :1742: 65: 3.7%[1609 :1434 :1519: 6.7: 445% 9: 407 : 361 : 383 19: 49%
19[JS583 11]1.100 12 : 550 : 427 : 499 34 : 68%|1785 :1569 :1672: 65: 39%[151.1 :1343:1420: 44: 31%| 12: 401 : 358: 378 11 28%

N
(=]

JS594 10 1.000 11: 565: 476 : 533 30: 56%|189.7 :1540:1795: 107 : 59%[163.6 :1340 :155.1 96 : 62%) 11: 408: 371 : 392 11 28%

21)JS595 11]1.100 12: 580 : 501 : 526 20 : 39%[1882 :1683 :1775: 66 : 3.7%|1615 :1440:1528: 5.1 : 34%| 12: 412: 362 : 383 13: 3.5%
22)|JS596 11]1.100 12: 636 : 471 : 533 42 : 79%[1938 :1625 :1739: B89 : 5.1%|1770:1398 :1524: 101 : 66% 12: 418: 361 : 385 16 i 42%
23)|JS597 7] 700 B: 530 : 435: 496 30 : 60%|1908 :167.7:1776: 79 : 44%(1626 :1409 :1544: 72: 46% B: 364: 336: 350 8 : 24%

Total 246 (24400 | 270 | 666 | 410 | 517 | 44| B86%5(2064 [149.7 |1783 | 116 | 65%|1798 |[125.7 [1546 | 109 | 7.1%| 270 | 449 | 319 378 | 23| 60%
Overall Total | 6669 | ese760)| 7257 | 750 | 400 | 531 | 52| 98%|2527 | 986 (1744 | 205 | 11.75(2239 | 860 |1524 | 180 [ 118%]7224 | 573 [ 301 | 397 | 35| 87%

Total e
o[B80 ] Kuraray tested fibers
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QA & QC - Regina

XXX |yr Atten Le|Error  [X*2  |Atzn lorfAten sto|Npe  |Error  |Ampliuderror
1 1 1 380 37 12| 4184 762
1 2 1 391.8 43 22| 4331 €24
1 3 1 3814 4 3¢| 430 £57
1 4 1 360.1 37 3| 4667 €86
1 5 1 3716 38 3l 3972 7.3
1 6 1  358.1 37 3.7| 4578 81
1 7 13739 41 21| 4386 786
1 8 1 3805 4 28] 42486 €36
1 9 1 337 33 21 8196 1504
1 10 1 374.2 39 12| 4083 179
1 11 1 360 37 12| 4184 762
2 1 1 13802 441 4| 4491 €39
2 2 1 368.1 39 al 4778] <14
2 3 1 3487 35 16| 4322 #13
2 4 1 3772 4 24| 4248 =37
2 5 1 368.3 39 164| 434 ¢15
2 6 1 354.1 35 22| 3988] €64
2 7 1 3559 35 24| 4239 €98
2 8 1 3392 38 17| 4795 €04
2 9 1 359.5 37 4| 5036 1098
2 10 1 2361.6 38 26| 4607| €78
2 1 1 3236 33 ¢1| 4381 €3.3
2 12 1 3149 341 16| 4763| 1232
3 1 1 359.8 38 21| 4171 €2.7
3 2 1 3552 37 28| 404 469

| 3 3 1 3408 34 28| 427 78.1
3 4 1 234643 a5 13| 3831 59 4
3 5 1 323 31 15] 4067 g7.6
3 6 1 301.2 28 14| 364 70.1
3 7 1 3157 34 16| 4263 799
3 8 1 3224 33 28] 4774 ¢39
3 9 1 23453 38 2| 2825 £54
4 1 1 3644 41 57| 4322 €02
4 2 1 3424 36 2| 4420 843
4 3 1 3574 37 12| 4045 613
4 4 1 3359 33 1| 3788| E14
4 5 1 356.3 38 1| 4065 €35
4 3 1 350¢< 38 27| 4287 754

Regina Batch Comparison Atten Chart Light Out Chart Shipment

Regina tested
1% of fibers
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Machined Modules

Prototype

e Excellent finish of end faces & transmission uniformity
e 52 modules have been built & machined

CITATIONS
GLUE, A A Hall D at Jeffarson Lab
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Base Plate #38 - detailed measurements

Mo&’( %O?L/

0.6554” INDICATOR TRAVEL

BILL OF MATERIAL

|mem] Rer. owe. | oTY.] DESCRIPTION

Ci

o OVER 10" MACHINE TRAVEL SEGMENT # 03 8
_ C1 = A bbb
3.75° __| C2 f Z'/, ééé P/‘n /)c"/(j/ﬁé
RECORD DIAL INICATOR = D3 - ‘ 6.5:'3 DA-&l9 ol
° TRAVEL OVER 10" @ = 654 D3 € /7 .00l ot
: T 0s = | 427 '
o H SID 5 D5 = //0
- SEE D1 THRU D6 < s (» (D ]
- 06 = | .663 Holt ;’;’5"%
Gl = /P57 DY "é_ >
62 = | /47.622" ps <623
(ol G3 = | 959" D6 <63]
' C1 or C2 G4 = /o3, 5%/” :
[4.665 REF.] TEMP = °F | &%~
o INSPECTOR SIGNATURE| /271
S e
D1 D2 D3
G1 G2 . G3
LOOKING DOWN ON PART FROM/NARROW TO WIDE l
l
P , : ; e . P
=<2 0. . .0 0 7 0. ;0 T |
STAMP LOCATION
G4
OLRING GROOVE SIDE nggwﬁ'ﬁ'@nwc O2RING GROOVE SIDE 0

O—RING GROOVE SIDE

TOLERANCES — UN.O.

REF. DWG. | DESCRIPTION

[wo.] o [er |

[or] v o

19

SAW - 21716 DRIL DIk ~ £1/848 | AL R o U OF R
m TORGH - £1/8  DRILL LOC, — 1/32 | THE Buicians e QUALITY CONTROL FORM #2
achine FAB - £1/18 MACHINING: NOMINAL WEDGE MACHINED COMMON SUB-ASSEMBLY
.anoda - - N
wurm [RECCY SIS e FORM #2 |0
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QA Machined Module #24 - detailed measurements

Mo&h’( :Ffo?ﬁl

BILL OF MATERIAL

0.6554” INDICATOR TRAVEL ’ [meu[Rer. ows. [arv] pescriFnon
- OVER 10" MACHINE TRAVEL SEGMENT # 73R
_ - C1 = 4. 666
375 | | 2 = 4/ ééé P Ac"/(j/ﬂé
o D2 = xS ‘ )
RECORD DIAL INICATOR — Z D3 — (9 55 DR el
© TRAVEL OVER 10" ® = (54 3 e/9 0ol ot
5 AcHe T - 04 = | /47 .
: i g 05 = [ .440
= SEE D1 THRU D6 < b0
- D6 = |.463 }/0/(6:;»5/1%
G1 = /,;?5”?2“ D/z/ ; -
r 1 ‘\ G2 = /4. 628" 1)5 .-62%
O Q| G5 = 1,955 " D6 -63]
C1 or C2 G4 = /5359 .
[4.665 REF.] TEMP = °F &5/
@ INSPECTOR SIGNATURE /’/}é/'f;;
ST:A_ng“;.‘J;F 4X v
D1 - 0
G & o

LOOKING DOWN ON PART FROM/NARROW TO WIDE

Ci

S ° o o ° . ° ° . o o 3 ° .
j. E'—"'K'j []. o o D. D. .EI -D o ° -G 'C ©
STAMP LOCATION
[ G4
D4 VIEW D5 © & D6
O—RING GROOVE SIDE SCALE: 3/16'=1" \JHIS DWG O-RING GROOVE SIDE O—RING GROOVE SIDE
VANUFACTURNG TOLERANCES — UNO. | REF. DWG. | DESCRIPTION
SAW - 21/16 DRILL DIk = £1/640 | Mt R o U OF R
TORCH - £1/8  DRILL LOC. ~ £1/32 | THE BLLGTONE Pt QUALITY CONTROL FORM_#2
achine FAB - £1/18 MACHINING: NOMINAL WEDGE_MACHINED COMMON SUB-ASSEMBLY
Reglno, 3 :h'g'f.lqn MIGES T UACHINNG: DECHAL ::.:: = o307 e mﬂm ‘f‘;\l
(el o Tor] e [o] _w | pregpmege [TV Mo v FORM #2 0
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Q A Epoxy Stats #24 - very detail

Date Build No.3Sheet WidtFrNo. Layers Resin (g) Resin / Layel Resin Avg 1ardener (giardener / Laye-lardener Avcpoxy/Area (kg/m*2)

Oct 26, 2010 1 13 - 300 75 84 21
Oct 27, 2010 2 13 16 1100 68.75 71.875 308 19.25 20.125 0.170601676
Oct 28, 2010 3 12 14 900 64.285714 252 18
Oct 29, 2010 - 12 14 900 64.285714 252 18
Nov 1, 2010 5 12 14 1000 71.428571 280 20
Nov 2, 2010 6 12 13 900 69.230769 252 19.38461538
Nov 3, 2010 7 12 7 400 57.142857 65.27473 112 16 18.2769231 0.174598105
Nov 4, 2010 8 12 14 770 55 2156 154
Nov 5, 2010 9 12 14 800 57.142857 224 16
Nov 8, 2010 10 12 14 870 62.142857 2436 174
Nov 9, 2010 11 11 14 850 60.714286 238 17
Nov 10, 2010 12 1 7 360 51.428571 57.28571 100 14.28571429 16.0171429 0.166845256
Nov 15, 2010 13 10 14 800 57.142857 224 16
Nov 16, 2010 14 10 14 750 53.571429 210 15
Nov 17, 2010 15 10 10 625 625 57.7381 175 17.5 16.1666667 0.18
Consumption Resin (g) 11325 Avg Resin Consumption (per layer, 61.98443

Consumption Hardener 3170.2
Avg Hardener Consumption (per la 17.34802
Consumption Total (g) 14495.2

Consumption Total (galk 3.245118

Length (cm) Width (cr Area (cm™ Total Area (m"2)
404 13 5252 10.504
12 4848 30.0576
11 4444 279972
10 4040 15.352

21



QA B

QC

Build Stats #24 - in detail

e: 24 Stamp: 58
Front Thickness Back Thickness
Position Side Top Difference Side Top Difference
1 31.23 -31.23 31.24 -31.24
2 31.27 -31.27 31.25 -31.25
3 31.27 -31.27 31.27 -31.27
4 31.22 -31.22 31.16 -31.16
5 31.25 -31.25 31.20 -31.20
6 31.25 -31.25 31.21 -31.21
7 31.14 -31.14 31.19 -31.19
8 31.10 -31.10 31.24 -31.24
9 31.13 -31.13 31.21 -31.21
10 31.14 -31.14 31.25 -31.25
11 31.17 -31.17 31.25 -31.25
12 31.20 -31.20 31.19 -31.19
13 31.20 -31.20 31.22 -31.22
14 31.23 -31.23 31.26 -31.26
15 31.25 -31.25 31.24 -31.24
16 31.25 -31.25 31.23 -31.23
Build 1 Date:|Oct. 26-10 Sheet Size: |13
Time: |P.M. Buid 1 Layers Lain:
Front Back
Position | Measured Net Total Measured Net Total
1 4.68 35.91 35.91 4.67 35.91 35.91
2 4.71 35.98 35.98 4.67 35.92 35.92
3 4.70 35.97 35.97 4.62 35.89 35.89
4 4.70 35.92 35.92 4.64 35.80 35.80
5 4.72 35.97 35.97 4.63 35.83 35.83
6 4.76 36.01 36.01 4.68 35.89 35.89
7 4.84 35.98 35.98 4.66 35.85 35.85
8 4.84 35.94 35.94 4.65 35.89 35.89
9 4.82 35.95 35.95 4.66 35.87 35.87
10 4.82 35.96 35.96 4.62 35.87 35.87
11 4.83 36.00 36.00 4.54 35.79 35.79
12 4.76 35.96 35.96 4.61 35.80 35.80
13 4.75 35.95 35.95 4.63 35.85 35.85
14 4.74 35.97 35.97 |Difference 4.62 35.88 35.88
15 4.69 35.94 35.94 Front to 4.64 35.88 35.88
16 4.74 35.99 35.99 Back 4.66 35.89 35.89
Mean 35.96 0.10 35.86

LZL

build height
measured at
32 points
around
perimeter



Build Stats #24

Net Height

261.70

261.65

VA -

261.55 A P

N N2
261.50 v

261.45

Height (mm)

- scale in mm - differences

°
°
261.35

[ ] [ X ]
261.30 - °
[ ]
[ ]
o
261.20
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

—4==Front| 261.38 | 261.54 | 261.49 | 261.54 | 261.55 | 261.56 | 261.60 | 261.55 | 261.49 | 261.50 | 261.46 | 261.58 | 261.60 | 261.60 | 261.57 | 261.65

~S-=Back | 261.36 | 261.58 | 261.66 | 261.56 | 261.53 | 261.58 | 261.58 | 261.56 | 261.52 | 261.58 | 261.54 | 261.45 | 261.52 | 261.53 | 261.52 | 261.56
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Module Dehvery to JLab
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~3,300 km
in refrigerated truck

Left Regina Arrived at JLab
(April 22, 2023) (April 26, 2010)

Modules 01-04: 1st detector delivery for 12 GeV program!
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