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forward calorimeter

GlueX/BCAL: inspiration for BIC .. &% |

e BCAL operating since 2015 at Jefferson Lab

e BCAL has similar scale (slightly smaller)

e BIC Pb/ScFi matrix and end-of-sector box (ESB)
design based on BCAL T

forward drift
chambers

central drift
chamber

Approximate no’s; do not use

BIC BCAL
Diameter (m)
Inner ~1.6 1.3
Outer ~2.4 1.8
Length (m) ~4.4 3.9
Sectors (#) 48 48
Mass/sector (T) ~0.9 0.5

Weight (metric T) ~40 24



End of Sector Box (ESB) Napkin Sketch

PbScFi CALOROC
Astropix ETC

Light Guides ETC cable
Cookies Top plate
SiPMs Bottom plate
Cooling End plate

ETC to Astropix connector
L3555 ETC window thru SiPM/Cooling layers



Q1: What is the ambient temperature considered? This is required for dew point calculation.

e BIC: We assume a relatively high dew point, and mitigate condensation risk in

where needed with dry air/nitrogen

o The end-of-sector box (ESB) will use 5C (41F) cooling water to cool the SiPMs and electronics
excluding the AstroPix — We use dry air/nitrogen to prevent condensation in the ESB

o We anticipate using standard “room temp” cooling water to temperature stabilize the aluminum
back plate to the sectors, indirectly stabilizing the temperature of the AstroPix trays. This does
not lead to condensation.

e To compare, for GlueX: The Jefferson lab Hall D ambient temperature is 73 F
+/- 2 F, and GlueX uses a similar cooling and condensation prevention
scheme in the ESB.



Q2: What are the flow rates considered for this cooling requirements? Laminar, Transition,
Turbulent regime.

BIC: We still have to estimate the flow rates. Power budget per ESB is about
20W including AstroPix end-of-tray cards, CALOROC board, and SiPM board.
Can use the GlueX numbers as a guide for now (comparing 20W to 11W for
GlueX).

GlueX BCAL: Lower end of Turbulent; 48 wedges, 2 in series, BCAL 7
gallon/min / 24 =0.28 gallons/min per module. 1/4” diameter pipes on the
cooling plate. Cooling plate 9 mm thick copper -single U loop; plate shaped
matched wedge. Calculated heat load is 11 W per module (1 at each end of
calorimeter).



Q3: What is the coolant chilled water inlet temperature 5 degree C or other value? To prevent
condensation inlet temperature consideration important above dew point.

e \We use the same approach as GlueX (See picture):

o  We will use insulated water lines outside the ESB to prevent condensation on the outside
o We will use dry air/N2 to prevent condensation inside the ESB




Q4: Serpentine cooling tubes for SiPMs is good from heat transfer perspective, but is there any
pressure drop constraint?

Studies are just starting:
e Baseline design uses serpentine tubes

e Considering metal core PCBs for increased heat conductivity within the board,
allowing to reduce the “serpentine-ness”.

e (ESB heat load: <20 W/ESB, < 10 kW / endcap)

For comparison: GlueX pressure drop numbers (heat load of ~11 W/ESB):

e GlueX: BCAL 8 -10 psi drop through whole system, in manifold, supplied 15
psi, return is 7 psi through whole system. Pipe sizes: at manifold 2” (tbc),
drops down to 1/4” lines and then 1/4” tubes.



Q5: Is it an open loop or closed loop system?

e Same as GlueX: Closed-loop chiller.

o  GlueX chillers support 1TkW/chiller.
o Lines will require (semi-)annual conditioning



Q6: Cooling the SiPM's to 7C (x2C) similar to GlueX - BCAL. What is this GlueX interpretation
with respect to Barrel Emcal?

e Temperature requirement in BIC is driven by SiPM noise due to radiation
exposure
o Needed to minimize noise for required dynamic range of the detector (have to detect MIPs)
o We chose to use the same solution as was used for the GlueX BCAL

o 7C at SiPMs (using 5C cooling water + dry air/nitrogen) is relatively straightforward compared
to colder temperatures,

o 7C at SiPMs was demonstrated (Bologna irradiation measurements + simulations) to be
sufficient to meet our SiPM noise requirements.

e Reason for cooled SiPMs at GlueX

o Somewhat different, older (first) generation SiPM arrays much more noisy



Q7: Forced convection consideration in ESB (End of Sector Box) to nullify heat generated by
Astropix trays, Also for insufficient heat conduction in PbSciFi?

AstroPIX heat load: ~1 W/stave (2 mW/cm?), ~7 W/layer, 84 W/sector, ~4 KW/full

system
Aluminum

Options for conductive heat removal: longitudinally or radially outwards Back Plate oy
(cooled)

Autodesk CFD calculations of PbSciFi fiber matrix for anisotropic heat conduction coefficients:
k¢=15.7, k=18.4, k,=21.55 W/(mK) (cf. k,, =35, k, =0.19 W/m'K)

14.62 cm

Longitudinally:

e  Through 2-cm x 1-mm aluminum stave itself: not feasible, AT ~ 70 K over ESB at center L
Pb/ScFi Matrix

CF Frame

Radially outwards: AstroPix
Tray :
e SFIL: AT ~ 0.1 Kfor heat load of 1 layer 21.07 cm

° Through 15-cm x 3-cm SFIL to ESB: not feasible, AT ~ 70 K over ESB at center

e No air gaps (tray makes thermal contact with next SFIL

e  Carbon fiber tray (1-mm thickness; two sides): AT ~ 0.1 K for heat load of 1 layer

i

Strategy: Radially outwards conductive heat removal to water-cooled (room S0cm
temp) sector aluminum support back plate. Do not anticipate convective cooling

for the AstroPix trays. N2/dry air is for condensation mitigation in ESB only.

AIumir/um front
plate



Q8: HGCROC chip : 4W each operating at 40C without cooling, conduction or convection (from
interface document)? Can you please elaborate about this.

e These numbers were provided by the CALOROC board designer.

e \We will cool the CALOROC board together with the SiPM board and the
AstroPix readout electronics (ETC); this is included in our energy budget.



Q9: Incorporating 1cm diameter Copper in ESB (End of Sector Box) verification done? Leads to
Enhanced heat transfer.

e J1cm copper was an early guess; GlueX 1/4” diameter pipes on the cooling
plate should work (This needs to be verified). Cooling plate 9 mm thick copper
-single U loop; plate shaped matched wedge.



Background Slides



Review Questions

1.  What is the ambient temperature considered? This is required for dew point calculation.

2.  What are the flow rates considered for this cooling requirements? Laminar, Transition, Turbulent regime.

3. What is the coolant chilled water inlet temperature 5 degree C or other value? To prevent condensation inlet
temperature consideration important above dew point.

4. Serpentine cooling tubes for SiPMs is good from heat transfer perspective, but is there any pressure drop
constraint?

5. lIsitan open loop or closed loop system?

6. Cooling the SiPM's to 7C (£2C) similar to GlueX - BCAL. What is this GlueX interpretation with respect to
Barrel Emcal?

7. Forced convection consideration in ESB (End of Sector Box) to nullify heat generated by Astropix trays, Also
for insufficient heat conduction in PbSciFi?

8. HGCROC chip : 4W each operating at 40C without cooling, conduction or convection (from interface
document)? Can you please elaborate about this.

9. Incorporating 1cm diameter Copper in ESB (End of Sector Box) verification done? Leads to Enhanced heat
transfer.



Single Sector, 82.5cm radius
Detector Length = 440cm
Total Length including EOS boxes = 470cm

2.50 cm

14.62 cm

38.18 cm 38.68 cm

21.07 cm
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BCAL-3
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GlueX BCAL Background Info -1

1. What is the ambient temperature considered? This is required for dew point calculation. Hall D is 73 F +/- 2 F

2. What are the flow rates considered for this cooling requirements? Laminar, Transition, Turbulent regime. Lower end of Turbulent; 48
wedges, 2 in series, BCAL 7 gallon/min / 24 =0.28 gallons/min per module. 1/4” diameter pipes on the cooling plate. Cooling plate
9 mm thick copper -single U loop; plate shaped matched wedge. Calculated heat load is 11 W per module (1 at each end of
calorimeter).

3. What is the coolant chilled water inlet temperature 5 degree C or other value? To prevent condensation inlet. temperature consideration
important above dew point. 5 C chiller 7 C SiPMs; ??? Look ant CSS Screen Z(P will do). Condensation - flood with dry N2 off a
dewar and leaks out. Each chiller is 1KW

4. Serpentine cooling tubes for SiPMs is good from heat transfer perspective, but is there any pressure drop constraint? Depends on chiller
pressure drop; BCAL 8 -10 psi through whole system, in manifold, supplied 15 psi, return is 7 psi through whole system. Pipe
sizes: at manifold 2” maybe, drops down to 1/4” lines and then 1/4” tubes

5. Is it an open loop or closed loop system? Closed loop chiller

6. Cooling the SiPM's to 7C (x2C) similar to GlueX - BCAL. What is this GlueX interpretation with respect to Barrel Emcal? Not sure what this
means, but “as low as you can go” for SiPM noise reduction.

7. Forced convection consideration in ESB (End of Sector Box) to nullify heat generated by Astropix trays, Also for insufficient heat conduction
in PbSciFi? Not sure who can answer this among the BIC people; BCAL does not have this. 3/4” gap between BCAL outer plate
and magnet and touches at ; no sensors there.

8. HGCROC chip : 4W each operating at 40C without cooling, conduction or convection (from interface document)? Can you please elaborate
about this. Cooled with chiller lines; BCAL Entrance to exit temp is about 0.25 C diff.

9. Incorporating 1cm diameter Copper in ESB (End of Sector Box) verification done? Leads to Enhanced heat transfer. See point 4 above.



Pb/SciFi Matrix

e Matrix geometry: fibers // to long axis
e BCAL “Ingredients”
o 3,200 km Kuraray 1-mm SCSF-78MJ
m Double-clad, provided in canes
o 1-mm thick Pb sheets, cut to length
m PDb sheets corrugated (“swaged”)
o BC-600 Optical Epoxy, manually ‘
o Industrial machining to dimensions

1.22 mm

radial direction

e BIC: composite geometry
o SciFi+glue: 1.35mm/1.24mm pitch
o bulk section + SFILs + Astro Trays

0.233 mm

7 Pb
| M . o
0.053 mm’

g ratio of areas in rectangle
(glue ring)

Pb:SciFi:Glue = 37:49:14



Light “chain’: in photos

Electronics

Assembly

BCAL: 0.5 mm air gap between LGs and SiPMs
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End-of-Sector Boxes (ESBs)
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BCAL electronics “wedge”
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End-of-Sector Boxes (ESBs)

better photos???

Development at ORNL+partners
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