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Overview 
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TC-office asks to investigate impact of beam backgrounds on subsystem performance

 Slides from TIC meeting, 23-2-2026


DIS Samples: 
10 GeV  x 100 GeV e+ p

Suggested observables 

https://indico.bnl.gov/event/31599/contributions/120324/attachments/68421/117639/TIC_20260223.pdf


Object selection:  Truth scattered electron
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Tagged e selection available via MCScatteredElectrons collection

In 10% events two tagged s, typically forward soft & backward hard

In this case,  with most negative pz is chosen

e−

e−

For this study use -3 <  < -1.8, 
where  100% of s stop in 
EEEMCal &   shower is contained 

η
≈ e−

e−

Scattered s highly 
peaked at beam energy

e−

No scattered s with  < -3e− η

EEEMCal visible for scattered s 
stopping around -1950 <  < -1700 

e−

zend



Reconstructed electron selection & efficiency
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• For each scattered  with -3 <  < -1.8, and having its endpoint in the calorimeter,

• I look for the local maximum in a 2x2 square crystal window around  endpoint

• Energy is reconstructed in a 5x5 window centered on the local maximum

• I consider the  reconstructed if matched E5x5 > 0.8 GeV 

e− η
e−

e−



Cluster Position 
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xcluster =
∑i wixi

∑i wi
wi = max (0, w0 + ln

Ei

Ecluster )

Position of a 5x5 cluster built around seed determined with log weighting

Δx = xcluster − xtruth

The residual is defined w.r.t. the scattered e endpoint

w0 = 4
A rather typical value was chosen 
for weighting constant:



Position residuals:  signal only
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• Instead of using truth clusters I evaluate residual w.r.t. the scattered  endpoint

• This definition gives some intrinsic smearing w.r.t. the shower maximum

e−



Position residuals:  + background
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Position resolution from scattered  endpoint e−
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•Beam background has no effect on position resolution, within precision of current test 

•For a more standard definition of position resolution using truth clusters, see backup



Energy residuals:  signal only
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Fit model: Single-sided Crystal Ball



Energy residuals:   + background
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Fit model: Single-sided Crystal Ball



Energy scale & resolution
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Energy resolution degrades a bit, < 10%

Tiny increase in energy scale,  0.1%≈

Note: No reconstructed hit thresholds are applied for this study



Pion rejection
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In DIS events very few pions at large momenta, 
where the scattered  lives


not optimal for evaluating  contamination
e−

→ π±

In the momentum range with best overlap (2 < ptruth < 3 GeV) 
no significant change to E/p for either  or e− π±

2 < ptruth < 3 GeV



Background rates
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Rates per crystal above 5 MeV 
(expected energy threshold) 
‣ 10-100 kHz in crystals at high rapidity     

(electron beam gas dominated) 
‣ 1-10 kHz for most of the crystals

EEEMCal rates dominated by background, 
but still within DAQ expected capabilities ePIC latest simulation campaign:  

EEEMCal benchmark plot 



Radiation dose
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Source: https://www.dropbox.com/scl/fi/e8ajjxnziye0xtye8zm0f/summed_1_MEQ_protons_and_neutrons_Feb_2026.root?rlkey=s6nckwgl4gqjryrrjel5p72zk&dl=0

• EEEMCal SiPMs are located at z = -194 cm 

• Plots show neutron fluence for 1 fb-1 with latest files at 
https://wiki.bnl.gov/EPIC/index.php?title=Radiation_Doses 

At 150 fb-1: ~ 8 108 ‒ 1 1010 depending on the crystal· ·

https://www.dropbox.com/scl/fi/e8ajjxnziye0xtye8zm0f/summed_1_MEQ_protons_and_neutrons_Feb_2026.root?rlkey=s6nckwgl4gqjryrrjel5p72zk&dl=0
https://wiki.bnl.gov/EPIC/index.php?title=Radiation_Doses


Effects on SiPMs
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Expected dark current levels for S14160-3015PS: 

1.7 ± 0.4 Mcps (measurement before irradiation, at Vop (Vbr+4V) 

~ ×30‒300 after irradiation (equivalent to 150 fb-1) 

Noise contribution to energy resolution: 

‣Before irradiation: 1.7 Mcps x 100 ns = 0.17 → Noise : √ 0.17 = 0.41 

‣After 150 fb-1: 0.41 ×√30‒0.41 √300=2‒7 pixels (0.28-1 MeV) per SiPM (x4 for 16 SiPM: 1.1‒3.9 MeV)

Results compatible with the ones reported on June 25 (2025), done at 100 fb-1 (instead of 150 fb-1 now)

• Noise levels below threshold for most of the channels after 150 fb-1 

• Some channels near the beampipe may need higher threshold (or be replaced) before reaching 150 fb-1 

(LY: 7225 pixels/GeV)

UC Davis results

×30‒300 at 3.0 OV 
  (2‒20/6.5 10-2)·

https://indico.bnl.gov/event/29076/contributions/110749/attachments/63706/109457/Calo_meeting_Jun25_Updated.pdf


Conclusions
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• Effect of beam background from by 10 m foil on the EEEMCal was studied in DIS MC


‣ effects are found to be modest to the extent they could be tested with these samples


• Background rates in simulation are compatible with DAQ limitations 


• Neutron fluence was evaluated for 1 /fb of data


• Noise from dark current in SiPMs evaluated to be below expected threshold at 150 /fb


μ



Backup
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Position residuals w/ truth clusters:  signal only
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• Matching of truth cluster to scattered  is provided in input 

• I choose the highest energy among matched truth clusters

e+

1D position resolution is of order 1mm 



Position residuals w/ truth clusters:  + background
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In samples that include background matching to truth clusters gives a non-sensical result

In this sample cells are not being clustered effectively, 
such that energy end up in multiple truth clusters



Leading electron selection
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As an alternative to geometrical matching, can simply select leading e in the event

Scattered e can be detected but fail selection, however this is a percent-level effect 



A shower shape variable
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 R35 = ratio of 3x3 to 5x5 energy

Electrons tend to leave nearly all their 
energy in central 3x3, while a good 
fraction of pions leave wider showers


R35 discriminates against pions→

R35 is quite robust against background

  pion rejection will be robust ∴



E/p for electrons & pions
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