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dRICH throughput is huge due to SiPM DCR
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Note:
at EIC zero-day (and 
during all 
commissioning)
throughput will be 
102 lower



how to approach dRICH throughput?
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cool down the sensors → -40 C
heal the damage → annealing
optimize overvoltage and choice of the sensors 

electronics gated: ALCOR shutter

understand if the event is noise or signal →ML techniques on DAM

understand if the event is noise or signal with a dRICH interaction tagger → give a trigger to DAM

get an external trigger from another sub-detector (Forw. HCAL? ) → give a trigger to DAM
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For PDR we focused on 1 and 2, but we found simulations from 3 very useful!



Addressing 2024 PDR report specific comments
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Relevant comments: 
• We applaud the adaptation of the readout architectures to match detector environment specs, in particular for 

the dRICH where steps to mitigate the high DCR will be implemented in the ASIC together with other handles 
such as triggering within the DAM.

• We appreciate these steps towards robustness. However, it would be reassuring to see simulations or 
measurements to demonstrate the effectiveness of the shuttering mechanism for dRICH.

Relevant recommendations:
• Rationalize the dRICH readout with the benefit of simulation/measurement to reassure the community of the 

benefit of the shutter implementation.

• dRICH backend DAQ was rationalized following studies of ML techniques/NN deployed on DAMs
• Shutter implemented on ALCOR V3 and studies are on-going on shutter performance to assess best (and 

safe) shutter time width.

→ discussion and results reported in next slides



ALCOR shutter: hardware implementation
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ALCOR shutter: hardware implementation (II)
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ALCOR shutter: hardware implementation (III)
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so from a (simulated) 
hardware point
of view ALCORv3 is ready
to deliver shutter.

The signal will be driven by
RDO of the FPGA and
at fixed phase with respect to 
EIC clock

We will keep shutter ON 
”always” and put it to OFF on 
a given time window 



Updated throughput modelling (I)
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dRICH backend DAQ reorganized following studies from 
INFN Rome (see next slides) from 27+1 to 30+1 FLX-155: 
30 DAMs + 1  Trigger Processor (TP)

Reduction factor provided by whatever ext. trg (including NN on dRICH DAMs)

Reduction factor via shutter
RF = 10 ns/(shutter width)

There are two reduction handles in this table:
- the shutter
- something external (can be NN on DAMs, dIT or ..?) 



Updated throughput modelling (II)
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Using only the shutter with a reduction factor 5 (2 ns over 10 ns BC) we keep 1.3 Tbps
throughput and we stay within all limits (including transfer from DAM to Echelon-0)

This is worst case!



Updated throughput modelling (III)
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If shutter is not effective we need a reduction factor 5 from a dRICH interaction tagger method
and we stay within all limits (including transfer from DAM to Echelon-0)

This is worst case!

10 ns means no shutter

data reduction via 
"another method"

further risk mitigation here might be applied using two TX links instead of one 



Will the shutter be effective?
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(for all work on shutter implementation in ALCOR v3 and related simulations see F. Cossio talk)

Simulations of hit time distribution at dRICH entrance window (before aerogel) 

Full simulation (including Cerenkov light propagation) in progress:
→ we don’t expect a large spread added by photon emission + propagation
→ impact of time slewing effect (see F. Cossio talk) to be assessed

• Hit time distribution (primaries) has Gaussian shape + a tail

• Bulk of primary hits lies within 2 ns (𝜎𝑝𝑟≅ 260 ps)
• added in quadrature time zero jitter ( 𝜎𝑡0= 250 ps) +  front-end 

resolution ( 𝜎𝐹𝐸= 150 ps)

• from cumulative distribution 99% of particles included with a shutter 
window of 5 ns (from 5.5 ns to 10.5 ns → 50% DCR data reduction)

M. Osipenko (simulation)
+ R. Preghenella (smearing)

DIS events

PRELIMINARY RESULTS

400 ps

This is how we cooked things at PDR



But we had more info from Misha… (and Roberto)
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this bump must be understood.
Misha just did it.

dIT simulation is for low energy and at 
the entrance of time window

for shutter purposes what does count
are the photon hits on SiPM after
reflection on mirrors



Time distribution/photon path length of hits w.r.t. to dIT
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• The shutter window could be 5 ns wide, certainly not 2 ns
• The photon emission/propagation doesn’t enlarge the distribution (as expected)

Just understood
this is not useful
for the moment



Again on broadening

September 10, 2025 dRICH meeting 14

the optimal shutter window is where?



Furter analysis: cumulative distributions
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“Misha” plot

99% efficiency reached with a shutter width
of 5 ns from 5.5 to 10.5 ns w.r.t. to nominal
collision time



Further analysis: time slewing warning
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Time slewing effect due to multiple photons

For the fraction of events when we will have > 1 pe 
we can expect an additional shift of ~ 2 ns!

How many times we have more than 1 pe?
Note we have also SiPM-cross talk here.

To be simulated.



dRICH DAQ: the backend (updates from 2024) 
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Details about dRICH DAQ backend studies in A. Lonardo's talks at ePIC Jan 2025 meeting and ePIC Italia June 2005 meeting

IMPORTANT NOTE:
dRICH DAQ backend is led
by INFN Rome

https://agenda.infn.it/event/43344/contributions/253479/attachments/130440/194095/20250120_DesignIdeasdRICHDataReduction.pdf
https://agenda.infn.it/event/44600/contributions/266666/attachments/136924/205621/20250617_dRICH_backend_DAQ.pdf


dRICH data reduction integrated in the DAQ Backend (I)
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NN deployment model and DAMs
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6 dRICH sectors – 5 DAMs/sectors

The 6 dRICH sector-NNs and final TP NN
are deployed on 31st dRICH FLX-155TP NN



Data Reduction performance @ luminosity = 100 fb-1, time window = 10 ns
Test with 10000 signal+phys. background (P=Positive) + 10000 pure noise events (N=Negative)

• Accuracy = (TP+TN)/(TP+TN+FP+FN) = 0.997
• Purity = TP/(TP+FP) = 0.995
• Efficiency = TP/(TP+FN) = 0.999

• Accuracy = (TP+TN)/(TP+TN+FP+FN) = 0.997
• Purity = TP/(TP+FP) = 0.994
• Efficiency = TP/(TP+FN) = 0.999

KERAS MODEL

Model Quantization
● Inputs, Activations: fixed point<16,6>
● Weights, Biases: fixed point<8,1>

Studies of NN models for distributed deployment on DAMs + Trigger Processor

QUANTIZED MODEL
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PRELIMINARY RESULTS

parameterization of 
DCR background  
included

Preliminary result indicate DAM 
filter could comfortably provide ≫ 5 
data reduction factor 



Re-cap on dRICH Output bandwidth
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Data reduction factor (RF) five can 
be achieved via shutter or provided 
by NN or ext. trigger or a 
combination of them.

Example:
• shutter window 5 ns → RF=2
• TP  RF=2.5

without data reduction with
a 100 kHz DCR we are close
to DAM bandwidth limit

a data reduction factor 5
allows us to stay safe up to 
the 300 kHz limit

Remember always at day zero
dRICH starts with DCR = 3 kHz!
Commissioning/first operations will 
allow tuning of shutter/TP etc.



Considerations (not conclusions)

▪ we finally had time distribution of hits within ePIC simulation → thanks again to Misha 
from all ALCOR-DAQ teams!

▪ refinements under way but it looks like we now know already that, at our best, shutter 
acceptance window can be no less than 5-7 ns

▪ this will increase pressure on RDO-DAM opt. link throughput but it looks manageable

▪ thanks to NN DAQ we are already in safe place, dIT input can only improve situation!
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