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SiPM Readout
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ePIC Sector End View 
(x-y plane view), 17.1 X0

Pb/SciFi Layer 
1 sector = 12 layers 
1 layer = 17 fiber rows

Readout Cell 
     Has lightguide 
Layer = 5 cells 

GlueX Sector End 
View, 15.5 X0

● 2-sided SiPM readout 
● Lightguides on sector sides  

○ inner surface ~2×2 cm2  
○ output face 1.3×1.3 cm2 

● SiPMs that meet our requirements: 
○ 4 x 6×6 mm2 SiPMs with 50 µm 

pixels (e.g.  4 x S14160-6050, 
or a pre-assembled 
S14161-3050-04 array) 

● 12 layers x 5 cells x 2 sides x 48 
sectors = 5760 channels

Hamamatsu 
S12045(X)  

4×4 array of 3×3 mm2 

50×50µm2 pixels 

16 FADC per side  
12 TDC per side 
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BCAL Light Guides
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LED mini boards; 
Flex cable

LG mounting jig
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BCAL Light Guides
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BCAL SiPMs
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GlueX: discrete electronics; Norbert’s HGCROC for BIC modern approach



Z. Papandreou, BIC/ESB Update

BCAL “Wedges”
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• Contiguous LG 
stacking

• LG-SiPM air gap

• BIC: Si cookie

• Spring loading

• Integrated ESB for 
installation ease

Cooling lines

N2 gas
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GlueX-BCAL Wedge
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GlueX-BCAL Wedge
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VIEW3
SCALE 1 / 2
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Medium Energy Group
Physics Division
Bldg 203 F‐126
Argonne National Laboratory
9700 S Cass Ave
Argonne, IL 60439
630‐252‐4036
Telecommuting ‐ Cell 630‐776‐5737
 

INCHES [mm]

5.755 [146.167]

0.822 [20.879]

0.855 [21.727]

0.079 [2.000]

0.591 [15.000]0.512 [13.000]

5.217 [132.509]

5.007 [127.170]

4.796 [121.831]

4.586 [116.492]

4.376 [111.153]

4.166 [105.815]

0.984 [25.000]

TRAY 2 - INITIALLY EMPTY

TRAY 5 - INITIALLY EMPTY

8.884 [225.650]

6.228 [158.196]

7.5°
Epic BIC LAYERS FEB 27 2024 
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Side View for EOSB  
(12 modules/9 chips scenario)

15.0cm 

SCIFI LAYER

SCIFI LAYER

SCIFI LAYER

SCIFI LAYER

SCIFI LAYER

SCIFI LAYERS (BULK)

7.5cm
TRACKER STAVES

TRACKER STAVES

TRACKER STAVES

TRACKER STAVES

TRACKER STAVES (Empty)

TRACKER STAVES (Empty)

8.5cm

8cm

33
cm

WATER

IMG 
PATCH

IMG 
PATCH

IMG 
PATCH

IMG 
PATCH

IMG 
PATCH

IMG 
PATCH

SCFI 
PATCH

SIPMsCookiesWaveguides

End-of-tray Cards SiPM Board with HGCROC  
(with cutouts for the imaging layers)

Cross section at SiPM Board

10.68cm

15.82cm
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Testing soon at ORNL!



GlueX-BCAL SiPM & Electronics
Heat output

• From Fernando (2/19/2024): “SiPMs produce negligible heat but 
the bias distribution network does, still not anything comparable to 
what the preamps produce. Power consumption per wedge is less 
than 8 W. 400 W at each BCAL end.”


• From Tim (2/19/2024): “Each chiller is 1KW (1 at each end). There 
are 2 wedges in series (24 parallel circuits) and the temperature 
rise of the water is about 0.5C from inlet to outlet. Bias is adjusted 
for this”.


• HGCROC and AstroPIX contributions to heat (not in this talk).
13
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Summary

• BIC baseline comparison is to GlueX/BCAL

• BIC is longer (435 cm vs 390 cm)

• Design, R&D, First Article

• PbSciFi @ ANL & Manitoba

• ESB @ Regina (UofA-MRS, ANL, ORNL)

• PED Funds: Mech Eng/Elec Eng, Postdoc, M&S

• Timeline: ~ 15 mo for test article (June 2025).
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Backup slides
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bECAL Sector
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● Inner: interleaved layers of 
imaging Si sensors with 
PbSciFi (SFIL- SciFi 
Imaging Layers) 

● Outer: bulk Pb/SciFi section 

● Light guides; optical cookie 

● SiPMs as sensors 

Fiber Direction

Slots for 
AstroPix 
sensor layers

Bulk Pb/SciFi 
section

Calorimeter Sector

•48 sectors: 
•Bulk 
•SFIL & ESB



Z. Papandreou, BIC/ESB Update

GlueX/BIC SiPMs

17

GlueX BIC
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GlueX-BCAL Boards
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Analog/ 
Discrete

See Norbert’s 
talk on how 

this will be done 
for BIC/EIC



1 flex cable w/ 10 LED mini boards, 
mounted on 10 acrylic LGS (8 cm long)

BCAL “Wedge” (end of sector)

4 flexible strips per side per 
module

LEDs glued to a hole on the LG; 
hole roughly aims at opposite 
SiPM 

BCAL miniboard 
layout 

(“components” 
side, LED on the 

other side, 
shining parallel to 

the board 
towards the 

right)

LEDs:  Bivar, Blue, 465 nm

• 1 flex cable per row, connecting 10 mini 
boards; 384 flex cables 

• 4 flex cables connected to 1 BCAL 
controller; 96 BCAL controllers 

• 1 BCAL controller per half module; 
light each row independently 

• System typically pulsed at 50-100 Hz

GlueX LMS 

BCAL Controller layout

BCAL miniboard on flex cable

Hamamatsu S12045X

innermost LG 21x21 mm2, outermost 
27x25 mm2; output faces are 13x13 
mm2 to match SiPM window BCAL has 3840 SiPMs, 

and 
3840 LEDs: pulsing both 
ends decouples SiPM from 
LED failure

NIMA 738 (2014) 
41–49 


