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Neutron Energy Calibration Strategy and Event Selection

: PDG = 2112 (TRAINING SAMPLE PREPARATION)

e MC: Truth neutron information 1s used :
s 1 <E . <10 GeV,

only for candidate matching and the

energy target.
ﬂBHCalcluster‘ <1,

*Data application: Neutron candidates : , .. neutron, BHCal candidate) < 0.30,
are reconstructed from BHCal clusters; : one closest BHCal candidate per truth neutron,
the calibration uses only detector-level : , sucacuser 5 5
: : - 1ts —
BHCal/ScF1 shower variables. No truth : g 5010 Gev.

information enters the MLP inference.
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Raw resolution of NC-DIS remains broader than that of single neutrons

Raw Neutron Energy Resolution: NC-DIS vs Single Neutrons

® NC-DIS Raw

e Resolution improves with A Single.neutron Raw
neutron energy o

* NC-DIS 1s broader than
single-neutron simulation

o] argest difference appears
at low energy

eRealistic DIS environment

» \
adds response fluctuations )
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NC-DIS Raw: S=148.8+1.6%,C=6.1+12.1%
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MLP Resolution: NC-DIS Remains Broader Than Single Neutrons

Energy resolution o(R)/{(R) [%]
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Neutron Energy Resolution: NC-DIS vs Single Neutrons

® NC-DIS MLP
A Single-neutron independent MLP

NC-DIS: S=128.4+10.1%, C consistent with 0

Single neutron: S=70.2+3.7%, C=28.4%+3.1%
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Blind-Test Single-Neutron Mean Response

Blind-Test Single-Neutron Mean Response

deal response: Ereco/Etrue =1 I Eaggffen;igtsgtp
*Raw response strongly depends _

on energy g
*MLP response stays close to $

unity Q
eEnergy-dependent bias is largely z

corrected

o
0

2 4 6 8 10
Mean true neutron energy (Etrue) [GeV]



Fraction of selected events/ 0.10

Fraction of selected events / 0.10

Neutron Response Distributions

Neutron Energy-Response Distributions Used for the Resolution Measurement

NC-DIS Raw
NC-DIS
1 S Etrue < 2 GeV
0107 1l ue) = 1.66 GeV N =245
Raw: (R)=1.030, o/ =116.0%
0.14 1 MLP: (R) = 1.119, o/ = 103.4%
0.12 -

0.10 A
0.08 A
0.06 A
0.04 A

0.02 A

0.00

——— Py -

hans

Response R = E¢c/Etrye

Single neutron
1 GeV

0.14 A

0.12 A

0.10 A

0.08 A

0.06 A

0.04 -

0.02 A

0.00

N =3295
Raw: (R)=0.760, o/u=94.6%
MLP: (R) = 0.964, o/u=67.8%

(Etrue) = 1.37 GgV

——— =

0.0

0.5 1.0 1.5 2.0

Response R = Eoc/Etrue

2.5 3.0

== NC-DIS MLP

Single-neutron Raw
NC-DIS
2 S Etrue < 3 GeV

0-14 ] ; N =443
(Etrue) = 2.48 GV =
0124 e F Raw: (R)=1.056, o/ = 94.7%
' | MLP: (R)=1.145, o/u=78.9%
1
0.10 - !
1
— 1
0.08 - :
1
0.06 -
0.04 -
0.02 -
0.00 . ; ;
Response R = Erec/Etrue
Single neutron
2 GeV
0.10 - i
(Etrue) ER.21 G& N=13288
w: (R)=0.883, o/u=72.5%
LP: (R) = 1.005, o/u = 52.4%
0.08 -
0.064 [
0.044 _
0.02 -
0-00 Ll Ll T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Response R = Eoc/Etrue

- Single-neutron independent MLP -——=

0.08 A

0.06 A

0.04 A

0.02

0.00

0.12

0.10

0.08

0.06

0.04

0.02

0.00

3 S Etrue < 5 GeV

(Etrue) =

T

Pl

N =503
Raw: (R)=1.021, o/u=74.5%
MLP: (R) =1.029, o/u=59.5%

ok

Response R = Erec/Etrue

Single neutron

0.0

N=9643

5 GeV
1
(Eerue) = 510D Gev
frue B raw: (R) = 1.090, o/u = 47.0%
MLP: (R) = 0.970, o/u = 43.5%
0.5 1.0 1.5 2.0

2.5
Response R = Eec/Etrue

Resolution is calculated from the full unbinned distribution: og/E = o(R)/(R). Histograms shown for 0 <R < 3.
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Single neutrons Reconstructed Energy

eClear improvement at 1 and
2 GeV

5 GeV shows smaller but
visible improvement

e]0 GeV mainly shows
energy-scale correction

*MLP performance depends
strongly on energy

Normalized entries
= =

Normalized entries
= =

Final Blind Single-Neutron Reconstructed Energy

1 GeV

2 3
Recons tructed energy [GeV]

5 GeV

10_4j

Normalized entries
=

Normalized entries
=

2 GeV

10_4?

2 3 4 5
Recons tructed energy [GeV]
10 GeV
|
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
10
Recons tructed energy [GeV]




NC-DIS reconstructed energy ( ML)

*NC-DIS distributions
are significantly broader

*MLP improves mean
response

*MLP also reduces the
spread

] ong tails remain after
calibration
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NC-DIS Neutron Energy Response: Raw vs MLP Calibration

Normalized reconstructed-energy distributions (log scale); dashed line marks mean true energy
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(b) 2 <= E_true <3 GeV

Normalized entries / 0.12 GeV

(d) 5<=E_true <10 GeV

Normalized entries / 0.25 GeV
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Raw = uncalibrated reconstructed energy; MLP = machine-learning calibrated energy
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Single neutron simulation for bHCAL

¥ Software versions used

¥ePIC detector geometry: epic-26.05.0

* npsim: 1.4.6

¥+ EICrecon: 1.37.1



e Strong diagonal
correlation

eSame behavior at 1, 2,
and 5 GeV

e Sampling conversion 1s
stable

e Not the dominant source
of broad resolution
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Hits per Cluster

2 GeV: BHCal hits per cluster
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5 GeV: BHCal hits per cluster
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ERecHit/(Eraw/0-033)
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Sampling residual vs shower size

e Recovered fraction varies event by event
* Large spread at fixed shower size

* Spread persists across neutron energies

e Response depends on shower topology

1 GeV: BHCal sampling residual vs shower size
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5 GeV: BHCal sampling residual vs shower size
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Ecluster/ERecHit

1 GeV: BHCal cluster recovery vs shower size
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Cluster Recovery
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* Many events recover nearly all hit

energy
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2 GeV: BHCal cluster recovery vs shower size
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e Significant partial-recovery population

remains

e Larger showers show wider

fluctuations
e Clustering contributes to response tails
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5 GeV: BHCal cluster recovery vs shower size
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ScFi Shower Topology

1 GeV: ScFi cluster energy vs cluster size

5 GeV: ScFi cluster energy vs cluster size

2 GeV: ScFi cluster energy vs cluster size
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EgHcal, Rechit [GEV]

BHCal vs ScFi Reconstructed Energy

5 GeV: ScFi vs BHCal reconstructed energy
1 GeV: ScFi vs BHCal reconstructed energy 2 GeV: ScFi vs BHCal reconstructed energy . . u

| | | | . .
-. | | | | |
- 103 ! . . . " . . | 102
2.5 . - - . n n "
| | | |
5
. ] - | | | 102
| - [ | B
| N | - | |
||
2.0 a® - .J ™ i
I-I - u | | [ ] - 4 N
" "
102 | | I l | N | u I. | —
[ [ >
S “ L L - g
c w ] .l:l. u n c —
3 O 1.5 J r . T £ £,
; % u : [ ey " - . " L] ; < '
g {_'; .- u - ll I g %
(@) h | | [ |
w IE E - o = .-I ™ - ' i} . 101 W W
1.0‘ .. .L.- III. IJ.‘.I l. - 2
1 - -I | | | | | | —
10 .I : I | | -1‘. I ‘-’ | | " ; - I " [ |
TR | g |
J . | I- || :1 .. | | I- - = - l: .-. | | | |
TR LIS " T )
0.5 A = aE } ] = u .
- Rt e . - .
| | | | = .. - | | i = -
| - | I
.-
[ | O | 1 | | |
10° 0.0 - . . . — 100 0.0 .5 1.0 1.5 2.0 2.5 3.0
. 0.0 0.2 0.4 0.6 0.8 1.0 1.2 Escri, rectit [GeV]
Escri, RecHit [GEV] EscFi, rectit [GeV]

e BHCal and ScF1 are not one-to-one correlated

* Energy sharing varies strongly event by event

* Phase space broadens at higher energy

 Combining both detectors improves calibration
potential
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2ERechit [GeV]

ScFi SimHit vs RecHit

1 GeV: ScFi SimHit vs RecHit 2 GeV: ScFi SimHit vs RecHit
1o 5 GeV: ScFi SimHit vs RecHit
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Leading tile fraction

2 GeV: BHCal leading-tile dominance

5 GeV: BHCal leading-tile dominance
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Learning-Rate Evolution

Replicas:same network architecture, same training/validation data, same hyperparameters, but different random 1nitialization.

Learning-Rate Evolution

- Replica 1
- Replica 2
- Replica 3
10—4_
Q
)
©
-
(@)
=
C
-
©
)
—1
6x 107>
4 x 107>

0 20 40 60 80 100 120 140 160
Epoch

18



Summary

@®MLP uses detector-level observables only

& Mean response and resolution are improved

& Shower topology drives important fluctuations

&Next: 1solate the NC-DIS vs single-neutron
difference

Thank you for your attention!!
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