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SpinQuest
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EMCal Detector

● DarkQuest adds to the spectrometer an 
Electromagnetic calorimeter decommissioned 
from PHENIX (BNL)

● Neutral Kaon decays, e.g.                       , can be 
suppressed 

● Opens possibility to search for wider range of 
dark sector models and masses 
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EMCal SiPM Readout
● Light yield of EMCal Module is large, ~12,500 photons/GeV
● Peak emission of the WLS is at 490 nm, 95% of emission is 470-570 nm 
● Investigated SiPM readout, compatible with off the shelf electronics systems

● Simple Front End board where the 4 SiPMs are mounted, one per channel

● Have added a temperature sensor, options for electrical attenuation
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Caen Front End Readout System
● Caen makes an off-the-shelf system designed for readout of large SiPM arrays

● A5202 is a 64 Channel card based on 2 Citiroc-1A, ADC, and FPGA.

● Up to 16 boards can be synchronized via high speed optical link

● Idea is to connect 2560/64 = 40 boards, controlled by a single “concentrator board”

● Concentrator board can also distribute clock, not yet tested

● One temperature sensor / board (64 channels)

https://www.caen.it/products/a5202/
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Caen Front End Readout System
● Once concern is whether the SiPM output 

is strong enough to transport the signal 
over ~meter distances without any initial 
amplification

● Our calorimeter has a high light yield, so 
the SiPM gain by itself is enough

● In fact the signal is too large

● Using quality cables signal will not be 
degraded over distances of ~few meters
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CITIROC Readout Modes



EMCal NM4 Test Stand Proposal                                    David Sperka (Boston University) 9

EMCal Trigger
●● The simplest way to trigger is to require at 

least one channel above a large threshold.

● We can select which channels contribute 
to the trigger (e.g. central towers only)

● The trigger can by formed using a wired-
OR on an LVTTL output. 

● This is similar to current NIM trigger logic, 
and can form an input to the Trigger 
Supervisor for triggering the readout of 
other detectors.

● The trigger is very fast, ~25 ns, may need 
to delay it in the actual experiment

● There are two of these ports, so also 
possible to accept an external trigger (i.e. 
FPGA trigger, NIM, or DP hodoscopes). 

● However, the external trigger needs to 
arrive in under ~75ns, probably not 
feasible 
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EMCal Trigger Performance
● More of the energy from background is low energy and towards the edge of the 

calorimeter, which is after Kmag. Only looking at central region has better 
performance.

● The trigger maintains about 80-90% of the dark photon signal, depending on the 
mass of the dark photon, for a  background rejection of ~1e-5 (~0.5 KHz)
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Physical Layout

40x 

Optical links 
from FE 

boards to 
concentrator 

Gigabit ethernet to DAQ PC

● It has been raised that we may need to move Station 3 forward a bit to fit the 
EMCal. Modules can be behind, on top, next to, or below the EMCal structure

● Keep front end cable short, try to keep boards out of highest radiation areas

● Each board reads out 16 Modules (cartoon layout shown)

Wired-
OR 

NIM/TTL 
to TS
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Test Beam Preparations and Plan
● We have studied the performance of the EMCal and our readout system using 

cosmic rays and LED drivers (see the next two talks)

● Still need realistic high energy electrons and pions to better with test beam

● Test beam can provide electrons between 1-32 GeV, mixed in with pions

● Should be able to distinguish electron peak, but only up to 32 GeV
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Test Stand in NM4

● We would like to place a small test stand next to the Iron Absorber wall, outside of 
the Spectrometer acceptance, to measure in situ background rates with beam

● Should have ~no impact on the SpinQuest data taking

● It would be nice, if possible, to re-position some electronics crates so that there is 
minimal material in front of the EMCal modules

● Ideally, the test stand would be movable to measure rates at different positions

● We would only need standard power (110-120V AC) and an ethernet connection 
to a linux machine

● Plan is to first go to test beam, and then transition the detector to NM4
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SpinQuest
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Other Thoughts And Work in Progress

● Integrating the DAQ of the EMCal with the SpinQuest DAQ is not trivial

● Two systems based on different hardware, minimal technical support available

● Started to study this in BU test stand but not there yet

● Timing in the detector with SpinQuest will also be non-trivial

● Need to have some dedicated effort on EMCal at Fermilab, many of the technical 
issues can be circumvented by using the test stands available there

● Right now have access to 4 EMCal modules (3 at FNAL, 1 at BU)

● Ownership of 1 full supermodule (36 modules) being transferred from BNL to 
LANL (Ming), not sure the current status of this process

● We need to better understand this procedure to be able to move the entire 
detector from BNL to FNAL
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Backup
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STAR Readout Design
http://npvm2.ceem.indiana.edu/~gvisser/STAR/FCS/STAR_FCS_FEE_and_Readout.pdf
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STAR System Limitations (?)

● The STAR Front-End 
board shapes the 
pulse to ~50ns, and 
the ADC board runs at 
8x the RHIC clock, i.e. 
~75 MHz (RHIC clock 
is ~9.37 MHz, 107ns)

● This is a only slightly 
faster than our clock 
(53 MHz, 19ns)

● It might be ok or could 
try to modify the 
design to work with a 
faster clock
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