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Datasets

 Analyzing ~10k E = 10 GeV single electron

events, uniform in # from -1.71 to +1.31 S [ ePICBarel Imaging Calorimeter -
E) 500/— single ¢, E =10 GeV, 9900 events _

= Thanks Tommy for npsim/eicrecon code & [ @@ inta i
snippets! 9 400 -

* Note that when fired from (0,0,0), particles SOOE_F" -—-'_"|_,—-|__|_|—-J__I_I_|—|_|—|_,_,_l‘

which enter the front face of BIC have # =
-1.84 to +1.49, and those which exit the 200

back face have n = -1.53 to +1.19

: : 100
= So my range includes some partially
contained showers near the edges N S R B I
. -1.5 —1 -0.5 0 0.5 1
* Important caveat: any conclusions about pptruth

the performance may well be E-dependent

Al acknowledgement: | am using Claude Code to understand the simulation structure/
content and for plotting/analysis, with direction and vetting by human expert (me)



Basic matching to clusters
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Ecluster / Etruth

SciFi response
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SciFi response - ¢ dependence

Ecluster / Etruth
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- up to ~10% response difference
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the electron hits!
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Similar conclusion from a related
study | did for different DIS
samples (details not shown)



Correcting the ¢-dependence
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° One can derive a correction D —  Pb/SciFi, corrections derived on a disjoint half-sample ! -
. O - | -
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Other improvements to (SciFi) energy measurement

ePIC Barrel Imaging Calorimeter

single e, E =10 GeV, 9900 events
Pb/SciFi, corrections derived on a disjoint half-sample !

e One could construct the energy as a
weighted-sum over the layers

10*

electrons

= This would account for showers that
start particularly early/late and have a
response different from average 10°

|_core o/u, fraction below 0.9:

nominal: 2.40%, 5.6%

¢-corrected: 2.28%, 3.0% e

e Using some quick-and-dirty weights per-layer weights: 2.18%, 3.5% 1

determined by 7§ Claude, there is a SR layer weights +¢: 2.10%, 1.9% r'J ;. _
moderate improvement - rrr ' h -
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= Per-layer weights + ¢)-dependent ) 'H g , -
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e Not sure how difficult this is in the code EC'USter / ETUh
base...
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ging response
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Merged cluster efficiency

* The merged SciFi+Imaging
cluster requires Elmaging / ESciFi
between 0.5 and 1.5

= The overall low response of
the E'maging plus large

resolution lead to the #

-dependent inefficiency
(seen on slide 3)

= My thought: | understand the
measurement in the Imaging
layers is not what drives the
electron E measurement, but
it iIs used to decide when to
build the merged cluster, so it
deserves some attention...
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ePIC Barrel Imaging Calorimeter

single e, E =10 GeV, 9900 events
merged-cluster efficiency 93.7%

- " g ula" §
.;_I nefgar accepts oIva&5-_< rdtio < 30

FIII|III|=.

o
electrons



Imaging cluster
construction

* The leading reconstructed
cluster often only captures
the “core” (or pieces) of the
shower

= other hits from the
electron shower form
nearby clusters, or don’t
make it into any clusters
at all

ePIC Barrel Imaging Calorimeter

single €, E =10 GeV, event 168: EX**/E™" = 0.46
diffLayerDistEtaPhi = 10 mrad (as configured)
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Imaging cluster reco configurations

ePIC Barrel Imaging Calorimeter
single €, E = 10 GeV, event 168: E***/E™" = 0.46
diffLayerDistEtaPhi = 10 mrad (as configured)

ePIC Barrel Imaging Calorimeter

single €, E = 10 GeV, event 168: E***/E™" = 0.69

diffLayerDistEtaPhi = 40 mrad (reclustered)
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o other cluster: 12 hits, 8% of E X truth electron X truth electron

* Claude suggests that diffLayerDistEtaPhi has the biggest effect here

= For this example event, raising it from 10 mrad to 40 mrad (for example)
nicely recovers (most of) the cluster



Plot the distribution of cluster
response under different

electrons

diffLayerDistEtaPhi choices 10°
Big difference already in moving
from 10 mrad — 20 mrad 10°

40 mrad comes close to capturing
all of the hits within AR < 0.4 cone '°

Raising diffLayerDistEtaPhi to
40 mrad seems like an “easy
win”, but we should consider
whether that will result in over-
merging for other energy
deposits?
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Testing diffLayerDistEtaPhi options
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single e, E =10 GeV, 9900 events |
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* The overall response is higher, but still not

uniform!

* The Imaging layers are NOT like a
sampling calorimeter

= |n a sampling calorimeter, the path-
length through the active and passive

layers varies with 1/sin@, so the ratio

does not change with @

= For the Imaging layers, as € changes,

you are sampling the shower at
(different) fixed points

* Near the edges (e.g. 17 < -1.3), there is only
partial containment so the response drops

Imaging Cluster E / E™™
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Potential improvement in Imaging cluster reconstruction

* |n the current reconstruction, the Imaging hits have a “sampling fraction”
(note this is really a misnomer) which is constant in eta

= BEMC.cc: .sampFrac = “0.00429453”;

* One could implement an n-dependent sampling fraction for the Imaging in
particular (likely not needed to first order for SciFi)

= | don’t (yet) have enough knowledge of the reconstruction flow to gauge
how easy/difficult such a change would be ...
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https://github.com/eic/EICrecon/blob/main/src/detectors/BEMC/BEMC.cc#L405

Conclusions

e Potential improvements in cluster reconstruction for DIS scattered electron
measurements:

= Small greco-dependent correction to SciFi cluster energy (in principle, this
could be an analysis-level correction, not in the reconstruction...)

= |ayer-weighted energy calibration for SciFi - equalize the response between
early- and late-starting showers to improve the resolution

= Update Imaging clustering configuration (ex. diffLayerDistEtaPhi = 40 mrad)

= |mplement 7-dependent Imaging cluster “sampling fraction”

e Other suggestions or studies welcome...
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