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Introduction
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Goal: with simulation, estimate the SVT hit rate for 

● Signal + machine background + sensor noise

In the form of 

● Total rate per section: L0-4, ED0-4, HD0-4, and

● Max rate per readout element:

○ MOSAIX: 4 RSUs per fiber link

○ LAS:  5 or 6 RSUs per fiber link

Then convert hit rate to data volume:

● # of hit → # of fired pixel → data volume

Same 26.04.1 simulation and analysis as presented in June 9th
With numbers in the data volume table explained

https://indico.bnl.gov/event/33191/


1. Signal+Background Hit Rate
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● Max Hit Rate / Readout Element (Physics) (Hz)
● Max Hit Rate / Readout Element (SR) (Hz)
● Max Hit Rate / Readout Element (Other Backgrounds) (Hz)
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1. Signal+Background Simulation:

Merge event sources:
sample each source file according to 
their frequency within a fixed-length 
(2us) time window

Analysis:
● Count number of digitized hits on 

SVT per area per time 
● From detector hits, trace back to 

mcparticle to accumulate counts per 
source

Prepare realistic event sample
● One event = one 2us time slice with merged signal and background. 

Configuration used in SVT rate study:  
● 10x275 GeV beam (highest rate) from 26.04.1 simulation campaign
● Forced DIS + background events. Each contains:

○ One Q2>1 GeV2 NC DIS vertex 
○ Several beam background collisions ( SR,  Bremsstrahlung,  Coulomb, Touschek,  

proton beam gas) at calculated freq. See details at ePIC wiki 

https://wiki.bnl.gov/EPIC/index.php?title=Background


26.04.1 DIS+Background rate summary 10x275 beam 
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Link to spreadsheet

https://docs.google.com/spreadsheets/d/1h2pPX_Y7VJMr3nJGaD4_-BQaPOO5q95eC4nwRO2FUjg/edit?gid=126918164#gid=126918164
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Max per Readout Element
Steps:

➔ plot digitized hits (edep > 0.54 keV) on each 
SVT surface 

◆ rphi v.s. Z on barrels

◆ x v.s. y on disks

➔ accumulate number of hits per 

◆ 2x2cm square (roughly size of one 
RSU = 12 tiles), 

◆ or 9.8x3.5mm (tile) 

➔ Record accumulated/averaged counts per 
ms (500 x 2us slices → kHz) 

◆ for the entire detector layer

◆ and the max rate per RSU / tile

For barrel layers
● readout element ~ 4 RSUs along z
● Hit rates varies a lot in phi

⇒ use 4 x max(RSU) as the upper limit
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Max per Readout Element
Steps:

➔ plot digitized hits (edep > 0.54 keV) on each 
SVT surface 

◆ rphi v.s. Z on barrels

◆ x v.s. y on disks

➔ accumulate number of hits per 

◆ 2x2cm square (roughly size of one 
RSU = 12 tiles), 

◆ or 9.8x3.5mm (tile) 

➔ Record accumulated/averaged counts per 
ms (500 x 2us slices → kHz) 

◆ for the entire detector layer

◆ and the max rate per RSU / tile

◆ separate by sources as needed

For disks,
● readout element ~ EIC-LAS: 5 or 6 

RSUs along z
● Hit rates varies a lot by R

⇒ use 5 x max(RSU) as the upper limit



2. Sensor Noise
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● Expected Noise Hit Rate / Readout Element (Hz)



Fake Hit Rate 
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https://arxiv.org/pdf/2510.11463

ITS3 requirement: 
0.1/second → 1e-7/us → 2e-7/pixel/2us

Hit rate per RSU: 
831,168 pixels/RSU ⇒ 0.083 MHz / RSU

Hit rate per readout element:
IB: x4 RSUs/link
OB and disks:  x5 or x6 RSUs/link

https://arxiv.org/pdf/2510.11463


3. Simulated Hits to Data Rate
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● Max Hit Rate (All Sources) (Hz / Readout Element)
● Avg Hit Rate / Readout Element (Hz)
● Total Hit Rate for full Section (Hz)
● Bits/Hit
● Data Rate Full Section (Gb/s)



Combined Hit Rates
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● Max Hit Rate (All Sources) (Hz / Readout Element) 
= max(DIS+background hits)/element + noise hits/element

● Total Hit Rate for full Section (Hz) 
= sum(DIS+background) per layer + noise hits per layer 

Note: the disk total rate is accumulated at one surface, while the actual layout 
will have large overlap of LAS modules on front/back side of the corrugated 
carbon frame ⇒ potentially higher total rate

● Avg Hit Rate / Readout Element (Hz) 
= Total Hit Rate for full Section (Hz) / # of elements per layer
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DIS+background:
● 3 pixels / hit (assumptions taken from ITS3 as an upper limit)
● 32 bits / pixel

⇒ 96 bits / hit

Noise:
● 1 noise hit → 1 activated pixel
● 64 bit per MOSAIX noise hit (c.f.  Jo’s slide 18 at the SVT working meeting in Oxford)

Hit Rates to Data Rates

Total data rate (upper limit) = 
                           DIS+background hit rate x 3 pixels/hit x 32 bits/pixel + noise hit rate x 64 bits/hit

Will get updates from sensor 
response study

Will change with 
● beam background updates 
● sensor structure/interaction 

probability See Zhenyu’s talk later 

https://indico.bnl.gov/event/30334/sessions/8739/attachments/66878/115227/SVT_DAQ_DCS_20251218.pdf


Backups
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The interaction probability (dominated by photo-electric 
process in the case of SR)

At E=10 keV, the silicon mass attenuation coefficient [link]

For t=O(10um) silicon (rho=2.33g/cm3), the exponent < 0.1

⇒ probability P  ∝ thickness t
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SR Photon energy peaks at ~10 and 20 keV.

Sensor Response in Simulation: example study

https://physics.nist.gov/PhysRefData/XrayMassCoef/ElemTab/z14.html
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                   DD4hep (100k photons)               

Compare 50um active silicon v.s. (40um inactive followed by 10um active silicon)

Geant4 simulation from Zhenyu

● DD4hep and Geant4 simulations 
show consistent impact of active 
silicon thickness vs interaction prob.

● See Yu Hu’s talk next for dedicated 
simulation considering detailed 
sensor structure

● Eventually dd4hep configuration 
needs to be tuned to match 
specialized simulation and beam 
test results.

Sensor Response in Simulation: example study

https://indico.bnl.gov/event/33191/

