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ePIC Detector

Our “normal” picture of ePIC is something like this
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ePIC Detector

But, this is just the central detector...
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ePIC Detector

Far forward (FF) and far backward (FB) detectors too!
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ePIC Detector

Lots of UK involvement in the FB region!
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Far Backward Region

Relatively simple, but very
important, set of detectors systems
in this region

Luminosity monitors
Low Q2 tagger
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Far Backward Region

Relatively simple, but very
important, set of detectors systems
in this region

Luminosity monitors
Low Q2 tagger

Figure - Igor Korover, MIT, ePIC Collaboration meeting January 2023
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Far Backward - Luminosity Monitors

Luminosity → normalisation for all physics studies

Absolute cross sections
Combining run periods
Asymmetry measurements

Relative luminosity of different bunch crossings
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Luminosity Requirements and Systematics

Yellow Report Requirements
∼1% uncertainty for absolute luminosity
Less than 10−4 for relative luminosity

Learn lessons from Zeus lumi systematics

With reductions, ∼1% absolute lumi precision within reach
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Luminosity Monitors - Measurements

Use bremsstrahlung process to
measure luminosity

e + p → e + p + γ

e + A → e + A+ γ

σ known precisely from QED

L = σ−1R

If σ is known, then if we measure
R we can determine L
γ peaked in e− beam direction

Beam divergence has a large
effect - ∼200µrad at IP6!

Two luminosity monitor systems

Direct Photon Detector
Pair Spectrometer
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Luminosity Monitoring - Counting Photons

In principle, direct bremmstrahlung γ measurement easy

Simply count photons above some energy cutoff

Only possible at low luminosities

At EIC luminosity, expect large number of photons

At L ≈ 1034cm−2s−1, expect about 23 hard photons
per bunch crossing

Two separate Direct Photon Detectors proposed

One used only for special luminosity runs at low L

Use same calorimeter design as pair spectrometer!

One capable of withstanding > 1 GHz rates, used for
monitoring during nominal running at high L

Use a complementary Pair Spectrometer too
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Luminosity Monitoring Region

Figures - D. Gangadharan, University of Houston
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Luminosity Monitoring Region

Conversions in air before vacuum pipe, negligible effect

< 0.02% contribution to systematics

Figures - D. Gangadharan, University of Houston
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Luminosity Monitoring Region

Conversions in air before vacuum pipe, negligible effect

< 0.02% contribution to systematics

Figures - D. Gangadharan, University of Houston
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Luminosity Monitoring Region

Conversion foil within vacuum pipe, between magnets

Figures - D. Gangadharan, University of Houston
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Direct Photon Detector

Latest high rate design, quartz fiber based calorimeter

Needs to be very rad hard ,∼7 MGy from 100 fb−1

For 18 GeV e−, graphite absorbers to absorb synchrotron
radiation
Recent paper on simulation of detector demonstrates
performance at high photon multiplicities

Figure - J. Nam, Temple University, ePIC Collaboration meeting January 2023
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Direct Photon Detector - Details

High rate design is a quartz fiber spaghetti calorimeter

Detect Cherenkov radiation from EM shower along fibers

Inclined to prevent channelling

Figures - Yasir Ali, AGH UST, Krakow (modified)
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Pair Spectrometer Overview

Pair spectrometer outside of main synchrotron radiation fan

5σ gap

Bremmstrahlung photons converted to e+e− pairs
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Pair Spectrometer Overview

Pair spectrometer outside of main synchrotron radiation fan
5σ gap

Bremmstrahlung photons converted to e+e− pairs

Figure - D. Gangadharan, University of Houston
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Pair Spectrometer - General Requirements

Exit window and conversion foils

Well known composition and thickness

Exit window and foil need to withstand heat load!
Before accelerator magnet re-design, > 100 Wmm−2 on exit
window!

Sweeper and analyser magnets

BdL ≈ 1 Tm, compact system, ∼ 15 cm bore diameter

Allows placement far from central region

Small fringe fields
Good vacuum for minimal air conversions

Calorimeter

17%/
√
E energy resolution sufficient

Based upon ZEUS experience
Achieve ∼ 10%/

√
E and ∼ 2 mm position resolution with

latest design

Segmented readout, disentangle pileup
∼ ns timing resolution, bunch-by bunch L
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Pair Spectrometer - Magnet Design and Positioning

Based upon recent feedback from magnet designers, 1 Tm
fields and 15 cm bore diameter possible

New baseline design with sweeper magnet ∼ 55 m from IP
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Based upon recent feedback from magnet designers, 1 Tm
fields and 15 cm bore diameter possible

New baseline design with sweeper magnet ∼ 55 m from IP

Figure - D. Gangadharan, University of Houston
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Pair Spectrometer - Trackers

Trackers enable easy calibration of calorimeters
Trackers could be used to obtain ∼ 1% energy resolution

Resolution strongly affected by end cap thickness and material
Excellent tracking possible

Excellent energy resolution
Excellent pointing resolution

AC-LGAD pixel detector

Synergy with other systems using this technology
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Pair Spectrometer - Calorimeters, WSciFi

Updated design - tungsten scintillating
fiber calorimeter (WSciFi)

Fiber grid embedded within W
powder/epoxy

Tweak volumetric ratio between
W/SciFi to adjust many parameters

Radiation length
Molière radius
Sampling fraction
Energy resolution

XY orientated fiber design

3D shower profile possible
Potential AI/ML applications
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Pair Spectrometer - Sampling Fraction

Sampling fraction strongly depends upon W:SciFi ratio

4 : 1 W:SciFi ratio in
current design

∼18 cm×18 cm×18 cm
detector

∼ 23X0

X0 ∼ 8 mm

Yields ∼ 2.3%
sampling fraction
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 E + c×  SF(E) = m Fit Model:

 8.54e-07±Slope = -4.819e-06 

 8.87e-06±Intercept = 0.02371 

ePIC Performance
 gun in front of calorimeter-e

Simu campaign: 06/2025
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Pair Spectrometer Calorimeter - Prototyping

Preliminary design and prototyping guided by work on
sPHENIX and ePIC FEMC calorimeters

Construction technique previously developed and utilised by
O.Tsai et al.
Acquired materials for a small production batch of prototype
modules at York

Produced ∼10 blocks in late 2024 to early 2025

Used prototypes in two beam tests

December 2024
July 2025

Stephen JD Kay University of York 09/12/25 16 /23
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Pair Spectrometer Calorimeter - Prototype Construction
Basic sketch of construction process...
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Pair Spectrometer Calorimeter - Prototype Construction
Populate stack of meshes with fibers

Now use a dedicated fiber holder/dropper
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Pair Spectrometer Calorimeter - Prototype Construction

Separate meshes (Alex’s favourite part)

Must be done extremely carefully
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Pair Spectrometer Calorimeter - Prototype Construction
Insert meshes into slots in mould

Lesson Learned - Seal the ends
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Pair Spectrometer Calorimeter - Prototype Construction
Pour tungsten powder over fiber array
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Pair Spectrometer Calorimeter - Prototype Construction

Mix and pour epoxy over tungsten/fiber array

Pour in 25 ml batches, use a vibrating table
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Pair Spectrometer Calorimeter - Prototype Construction
Cure epoxy for ∼2 hours at 50− 60◦C, remove from mould

Lesson learned - Place under vacuum before curing
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PSCal - Prototype Testing at Mainz

Beam tests at the Mainz Microtron, MAMI, in Mainz Germany
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PSCal - Prototype Testing at Mainz

Series of microtrons deliver up to ∼ 1.6 GeV e− beam
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PSCal - Prototype Testing at Mainz

Beam tests in A2 hall

Stephen JD Kay University of York 09/12/25 18 /23



PSCal - Prototype Testing at Mainz

e− beam on radiator → real γ beam (tagger detects e−′)
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PSCal - Prototype Testing at Mainz

Two options, place along tagger FP (e−), 1, or in γ beam, 2
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PSCal - Mainz December 2024 Tests

Dedicated beamtime for testing, free reign to position
detector and vary beam current as needed

Position 1, at tagger in e− beam

Know energy of incident e− quite well
Intensity relatively high

Position 2, in γ beam

Lower intensity
Unknown energy of incident γ (not linked to tagger DAQ)

Ran at both positions in variety of configurations

Hampered by readout... but, saw clear rate dependent signal
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PSCal - Mainz July 2025 Tests

Parasitic test, only position 1, at tagger in e− beam possible

Establish energy dependence, see shower profile

More blocks available, more readout channels

Range of arrangements and readout schemes

From testing at various tagger positions (different energy),
established clear energy dependence in signal

Need for more advanced readout clear
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PSCal - Mainz July 2025 Tests

Parasitic test, only position 1, at tagger in e− beam possible

Establish energy dependence, see shower profile

More blocks available, more readout channels

Range of arrangements and readout schemes

From testing at various tagger positions (different energy),
established clear energy dependence in signal

Need for more advanced readout clear
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PSCal - Prototyping Lessons

So, what did we learn from the prototyping process?

Preliminary construction procedure worked, but with
limitations

Can’t get to required tolerances without machining
Need to automate fibre cutting process
Various tweaks and adjustments to the whole procedure

From testing, clear that readout was limiting factor, need
further refinement here

Lab based testing at York not particularly useful (e.g. cosmics)
Mainz can be utilised straightforwardly

Apply lessons to plans going forward
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PSCal - Prototyping Lessons

So, what did we learn from the prototyping process?

Preliminary construction procedure worked, but with
limitations

Can’t get to required tolerances without machining
Need to automate fibre cutting process
Various tweaks and adjustments to the whole procedure

From testing, clear that readout was limiting factor, need
further refinement here

Lab based testing at York not particularly useful (e.g. cosmics)
Mainz can be utilised straightforwardly

Apply lessons to plans going forward

Stephen JD Kay University of York 09/12/25 21 /23



PSCal - Prototyping Lessons

So, what did we learn from the prototyping process?

Preliminary construction procedure worked, but with
limitations

Can’t get to required tolerances without machining
Need to automate fibre cutting process
Various tweaks and adjustments to the whole procedure

From testing, clear that readout was limiting factor, need
further refinement here

Lab based testing at York not particularly useful (e.g. cosmics)
Mainz can be utilised straightforwardly

Apply lessons to plans going forward

Stephen JD Kay University of York 09/12/25 21 /23



PSCal - Prototyping Lessons

So, what did we learn from the prototyping process?

Preliminary construction procedure worked, but with
limitations

Can’t get to required tolerances without machining
Need to automate fibre cutting process
Various tweaks and adjustments to the whole procedure

From testing, clear that readout was limiting factor, need
further refinement here

Lab based testing at York not particularly useful (e.g. cosmics)
Mainz can be utilised straightforwardly

Apply lessons to plans going forward

Stephen JD Kay University of York 09/12/25 21 /23



PSCal - Next Steps

Two big tasks come next which can be tackled in parallel

Finalise production process, establish protocol
Establish and test more realistic readout scheme

Establish new protocol → use any new blocks produced in a
beam test at JLab

Working and co-ordinating with JLab colleagues, develop
readout electronics for this test
Plan to run tests in Hall D, ∼ late spring 2026

∼1-6 GeV e− at pair spectrometer station
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Summary

Far backward detectors vital for luminosity monitoring and for
unique physics measurements

Direct photon detector design crystallising

Detailed radiation studies published recently

ePIC luminosity systems in advanced stage of development

Prototype design and construction process finished
Utilised prototypes in two beam tests

Applying lessons learned from prototyping phase to develop
full production protocol and procedure

On track for a further beam test next year and full production
following this → Potentially 180+ modules to make!
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Thanks for listening, any questions?

stephen.kay@york.ac.uk

This research was supported by UK Research and Innovation: Science and Technology Facilities council
(UKRI:STFC) grant ST/W004852/1
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Pair Spectrometer - Expected Rates

Expected signal rates using nominal L, accounting for -

1 cm conversion at exit
window, (9% conversion
probability, swept away

37 m air, 9% conversion,
swept away

1 cm Al vacuum chamber
entrance cap, 9%
conversion, swept away

1 mm Al conversion foil,
1%, detected in pair spec
At most, ∼ 0.2 electrons per bunch crossing on average
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Pair Spectrometer - Radiation Dose

Using DD4HEP simulation, evaluated dose
In highest rate config, max fiber dose ∼ 1 MGy/100 fb−1

Dose is predominantly along a strip in middle of detector
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Low Q2 Tagger - Quasi Real Photoproduction

Clean photoproduction signal over a limited region

10−3 < Q2 < 10−1 (GeV/c2)

Large background from Bethe-Heitler bremsstrahlung

High event rates
Mitigate with good tracking and Q2 resolution

Stephen JD Kay University of York 09/12/25 26 /23



Low Q2 Tagger - Q2 Reconstruction

Two different ML
algorithms give
similar results

Reconstruct tracks
with e ′ kinematics

Q2 from e ′ energy
and θ

Compare to truth info
in taggers and central
detector

Figure - J. Adam, CTU Prague, ePIC Collaboration meeting July
2023
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Low Q2 Tagger - Calorimeter

For ePIC, calorimeter still in baseline design
Being costed

Some open questions/challenges
Needs to handle very high rates
Taggers already provide very high resolution

Could degrade if exit windows too thick.
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Far Backwards - Physics, Spectroscopy Distributions

Figures - D. Glazier, University of Glasgow
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Detector 2 - Low Q2 Tagger - Ideas/Options

Include the low Q2 tagger calorimeter
“Distinctive” if ePIC drops the low Q2 tagger calorimeters
Need to decide if this is “worth” doing or not in either case

Decision between in/out of vacuum is a big one
Det2 could deliberately go the other way

Try to bridge the acceptance gap in e ′ energy and Q2 reach
between central detector and low Q2 tagger

More on this in the next talk!

Acceptance gap is consequence of the magnet configuration
and arrangement

Low energy e− are bent into the dipoles
Low(ish) Q2 e− go into the beampipe

Broad solutions to this include
A “B0” equivalent, a detectors inside the magnet
A beampipe with a significantly larger radius
Neither option is straightforward
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Detector 2 - Low Q2 Tagger - Ideas/Options

To improve high energy acceptance, get detectors as close to
the beam as possible

Challenging! Radiation environment, vacuum, detector access
concerns...
If this is worked in early, more likely
Integrated active/passive radiation monitoring critical

For some physics channels, filling the acceptance gap between
Q2 0.1 and 0.01 is very important

For others channels, getting lots of events with energies as
close to the beam energy is more crucial

Lots of events near threshold
These events have zero energy γ
This would again, likely mean detectors within the beamline
vacuum
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