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Introduction

Example format of the data volume summary table:

Detector Simulated Rates Data Volume

Goal: with simulation, estimate the SVT hit rate for
e Signal + machine background + sensor noise
In the form of
e Total rate per section: LO, L1, L2, L3, L4, E-disks, H-disks, and
e Max rate per readout element:
o  MOSAIX: 4 RSUs per fiber link
o LAS: 5 or 6 RSUs per fiber link
Then convert hit rate to data volume:

e # of hit — # of fired pixel — data volume 2



1. Signal+Background Rate



1. Signal+Background Simulation:

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

Signal File(s)

DD4hep &

HEPMC_Merger EICrecon

Analysis

Background .
acFigl:;”” Merge event sources: . Analysis:
sample each source file according to e  Count number of digitized hits
their frequency within a fixed-length on SVT per area per time
(2us) time window

Configuration to use for SVT rate study:
e 10x275 GeV beam (highest rate)
e Forced DIS + background events. Each contains:
o One @*>>1 GeV? NC DIS vertex
o  Several beam background collisions ( SR, Bremsstrahlung, Coulomb, Touschek,
proton beam gas) at calculated freq. See details at ePIC wiki

Previous studies presented at TIC (Barak and Shujie):
e 26.01 geometry with 10um Au coating, 10x275 beam link
e Simulation campaign 26.03, 10x100 beam link


https://wiki.bnl.gov/EPIC/index.php?title=Background
https://indico.bnl.gov/event/31902/#11-svt-background-challenges
https://indico.bnl.gov/event/32710/contributions/124691/attachments/70226/120393/SVT_TIC_051826.pdf

Link to spreadsheet

26.04.1 DIS+Background rate summary 10x275 beam

Simulation campaign , 26.04.1

10x275 GeV setting with 10um
gold beampipe coating

1ms of mixed data = 1000 events x (one DIS collision at Q2 >1 GeV2 per 2us + beam background per event) / 2

Shuije Li, 06.2026

All counts are per millisecond

(ms) --> kHz

Hit rate (kHz) by source
MAX hit on a
single RSU Proton beam

Layer name Total hits (kHz) (20x20mm) DIS SR Bremstrahlung Coulomb Touschek gas
E-Si Disk 4 32,767 75 684 29,245 2177 218 133 311
E-Si Disk 3 146,187 370 701 142,384 2,398 235 154 316
E-Si Disk 2 225,029 1336 742 221,153 2,456 232 141 304
E-Si Disk 1 233,208 1641 761 229,330 2,430 238 152 297
E-Si Disk 0 130,914 1594 470 127,760 2,104 196 128 255
H-Si Disk 0 112,586 1421 901 108,933 2177 199 127 249
H-Si Disk 1 156,696 1270 1,381 152,188 2,456 239 129 302
H-Si Disk 2 37,582 180 1,879 32,603 2,451 238 118 293
H-Si Disk 3 8,362 170 3,009 2,634 2,162 212 85 260
H-Si Disk 4 6,431 155 3,201 738 2,006 199 62 225

LO 362,256 4451 1,067 357,406 3,049 298 307 129

L1 252,161 2221 961 247,634 2,817 231 239 279

L2 154,604 521 481 152,647 1,305 94 39 39

L3 183,494 270 598 182,065 679 78 36 38

L4 138,915 100 565 137,366 798 57 49 81



https://docs.google.com/spreadsheets/d/1h2pPX_Y7VJMr3nJGaD4_-BQaPOO5q95eC4nwRO2FUjg/edit?gid=126918164#gid=126918164

Changes:

Simulation campaign , 26.04.1

10x275 GeV setting with 10um
gold beampipe coating

1ms of mixed data = 1000 even Jan 2026
source file: Barak: bgmerged_force
Layer name Total hits (kHz)
Layer name Total hits (kHz) E-Si Disk 4 30,796
ESIDE Saet E-Si Disk 3 144,894
E-Si Disk 3 146,187 ——— e
Sl 220029 E-Si Disk 1 231,321
E-Si Diskct 259,208 E-Si Disk 0 129,168
E-Si Disk 0 130,914 ’
H-Si Disk 0 112,586 g FEaD g6
H-Si Disk 1 156,696 F-Si Disk 1 19315
H-Si Disk 2 37.582 HD3, HD4 position change Ll Ciske 26,30
H-Si Disk 3 8,362 < S D 6,602
H-Si Disk 4 6.431 Ll Rk &.001
LO 362,256 - 360,929
L 252,161 OB Si sensor thickness = 250,020
L2 154,604 fix (see next slides) C Jotel
L3 183,494 < L3 493,530
L4 138,915 L4 314,902



https://github.com/eic/epic/pull/986
https://github.com/eic/epic/commit/2886a4cb73093bfeffef25562329f79cb2dab196

OB (L3 and L4) rates vs ePIC Geometry version

Jan 15, 2026: PR to use the correct variable for OB sensitive Si thickness (reduced by a factor of 2.7):

<constant name="SiBarrelSensor_thickness"|value="40xum"| />

<constant name="SiBarrelSensorMod_thickness" value="SiBarrelSensor_thickness*2.7" /> <!—— multiply thickness by 2.7 this increases
thickness by 0.00034 ——>

<constant name="SiBarrelSiliconGap_width" value="1xmm" />

143 sensitive="true"
144 width="SiBarrelStavel_width/2 - SiBarrelSiliconGap_width/2"
145 length="SiBarrelModl_length"

- thickness="SiBarrelSensorMod_thickness"

146 + thickness="SiBarrelSensor_thickness"
147 vis="TrackerLayerVis">
148 <position x="SiBarrelSiliconGap_width/4 + SiBarrelStavel_width/4"

149 ¢/mndiila rAamnnanant>


https://github.com/eic/epic/commit/2886a4cb73093bfeffef25562329f79cb2dab196

Hits per event

OB (L3 and L4) rates vs ePIC geometry version

Single Pion rate: no change.
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OB (L3 and L4) rates vs ePIC Geometry version
DIS+Background rate: thinner active silicon — lower interaction probability with SR photons.

10x275| 25.10.1-l| 5um 37 events
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1. Summary of DIS+Background Hit Rate Study

The hit rate (total per section and max per RSU) are extracted with 26.04.1 epic geometry.
Changes from previous estimations were understood.

e Things can still evolve:
o The background source sample and frequency
o Detailed SVT geometry in simulation
e More to study:
o Frame-by-frame fluctuations (ongoing discussion with Joao)

o Max rate per readout element (now we take max per RSU and scale to get an
upper limit)



2. Sensor Noise



Detection efficiency (%)

Fake Hit Rate

ITS3 requirement:
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(a) Pixel matrix with pitch 22.5 pm irradiated to different levels.


https://arxiv.org/pdf/2510.11463
https://indico.bnl.gov/event/30334/sessions/8739/attachments/66878/115227/SVT_DAQ_DCS_20251218.pdf

3. Simulated Hit to Data Rate

13



Sensor Response in Simulation: baseline

e Sensor structure:
o 40um thick of active silicon, 20um x 20um grid to simulate the pixel size.

e Particle steps through material:
o  Accumulates deposits from the same G4Track, writes ONE hit at midpoint hit the volume
boundary or track ends: only save one combined hit if the track with an incident angle
transversed through multiple pixels.

e Digitization and reconstruction:
o No charge-sharing, no clustering

Hit rate to data rate:
e 3 pixels / hit (assumptions taken from ITS3 as an upper limit)
e 32 bits / pixel

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



Sensor Response in Simulation: adding details

e Sensor structure:
o [40um thick of active silicon], 20um x 20um grid to simulate the pixel size.

How to describe epitaxial and substrate in simulation with the settings of
active/inactive? See Yu Hu’s talk next

e Particle dependence:
o Charged particle:
m Usually going through the material
m # of pixels per hit can be parameterized as a function of incident angle according
to beam test, then introduce clustering algorithm accordingly.

o Low energy photon:
m absorption — photo-electron emission
m Interaction probability sensitive to material thickness (see next slide for example)
m # of pixels per photon?



Sensor Response in Simulation: example study
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SR Photon energy peaks at ~10 and 20 keV.

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

P(E)=1- ep(%)pe(E)t
At E=10 keV, the silicon mass attenuation coefficient [iink]
(%)pe(E = 10keV) ~ 30cm?/g
For t=O(10um) silicon (rho=2.33g/cm?®), the exponent < 0.1

= probability P O€ thickness t


https://physics.nist.gov/PhysRefData/XrayMassCoef/ElemTab/z14.html

Sensor Response in Simulation: example study

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


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

Summary

% The SVT simulation hit rate is updated for:

highest rate configuration (10x275, forced DIS+all background)

26.04.1 geometry

Physics, each background source, and total

Max per RSU — max per readout element (fiber link), and total per section (LO,
..., L4, E-Disks, H-Disks)

YVVYVY

% Fake hit rate (noise) is estimated at ITS3 limit (2e-7/pixel/2us), then scaled by # of pixels per
area

With this, an upper limit of data volume can be obtained as:
DIS+background hit rate x 3 pixels/hit x 32 bits/pixel + fake hit rate x 64 bits/hit

H{_JH_J

Will change with beam background This assumption will be updated with
updates and sensor structure/interaction further studies on sensor response
probability in simulation



