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distinguish between neutron/pion o
shower reconstruction. = §,=155 (n=-1.51) ------ fixed

» 0_=155(n=-1.51), 158" (n=-1.64),
161" (n =-1.79), 164" (n = -1.96),
167 (n =-2.17), 170" (n = -2.44)

= Only Backward HCal was taken into account [not the
whole ePIC geometry — scattering effects neglected]

= -414<n<-1.18

= Alternating Steel and Scintilator slices

= 10 cm. x 10 cm. Polystyrene tiles
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Cluster Radial Coordinates
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Neutron clusters are “confused” to be pion clusters as the showers start to overlap.
1 : n=60:40 when AR ¢ters = 50.11 cm
= 80:20 when AR y¢ters = 0 CM
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\/“E'E
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Percentages (fraction
of clusters identified
as 1-/n clusters) are
based on
ClusterMCParticle
associations

[better performance
as the m-n distance
increases]
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Cluster Reconstruction

Q}
L/

D
(=)
T3
D
o
T3

) 3 ) 3 < F ]
% : R,mc) =191.54 cm ‘ % : R,y =191.54 cm — %605— R,mc) = 191.54 cm —
= 50F Rruc) = 191.54 cm| 3 = 50F R uc) = 165.95 cm| 3 = 50 Rymc) = 141.43 cm| 3
A : N : g I :
o “F E o 40 E o 0 E
o C ] o C ] o C

30_— =] 30_— =] 30_— =
20F 3 20F 3 20F E
fof : 10f ; 10f 3
of L o — of e
Lo oo 1y o o oo p o by ey 1,01, 4 IPE NS A A AT A AT B AT B . I N A AT AT AT AN AP .

o 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
No. of Clusters per Event No. of Clusters per Event No. of Clusters per Event

'? : 1 1 1 1 1 1 1 : '_o' : 1 1 1 1 1 1 1 : '_o' : 1 1 1 1 1 1 1 h
& 60f Romo = 19154 cm| - S 60F Romo = 19154 cm| - S 60f Rouc) = 191.54 cm|
%‘ 50F R e = 117.78 cm | %’ 50k R uc) = 94.83 cm | 3 %’ 50 R mc) = 7243 cm | 3
] [ ] © [ ] o o ]
8 40F - Q 40F 3 2 10F E
o ] S . S Tk 3
o [ 3 o [ 3 o o ]
30 - 30 - 30F -
20F E 20f- E 20F r
10F 3 10F 3 10F E
of = o = of L]
.IE NS S T A S S N . .IPE NS A A AP A AT AP BN . I N A AT AT AT ACAF AN AP B .

0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
No. of Clusters per Event No. of Clusters per Event No. of Clusters per Event

As the showers start to overlap, neutron hits are “hijacked” into pion clusters.



Clustering Correction (Neutral hadron detection)

L/

 Tests of a particle flow algorithm with CALICE test beam data, 2011
CALICE Collaboration (https://doi.org/10.1088/1748-0221/6/07/P07005)
O Particle flow calorimetry and the PandoraPFA algorithm, 2009
M.A. Thomson (https://doi.org/10.1016/j.nima.2009.09.009)

The previous four stages of the PandoraPFA algorithm are
found to perform well for jets with energy less than about 50 GeV.
At higher energies the jet energy resolution degrades due to the
increasing overlap between the hadronic showers from different
particles. It is possible to detect such reconstruction failures by
comparing the charged cluster energy, Ec, with the momentum of
the associated track, p. A possible reconstruction failure is
identified if |(Ec — p)/0g | > ChiToAttemptReclustering [3.0].
In this case the PandoraPFA algorithm attempts to find a more
self-consistent clustering of the calorimeter hits. If, for example, a
10 GeV track is associated with a 20GeV calorimeter cluster,
shown schematically in Fig. 5(a), a potential reconstruction failure
is identified. One possible approach would be to simply remove
hits from the cluster until the cluster energy matched the track
momentum. However, this does not us information in the
event. Instead, thec«lustering algorithm is modified iteratively

\ https://www.hep.phy.cam.ac.uk/~thomson/pandoraPFA/

Not done in this study



https://doi.org/10.1088/1748-0221/6/07/P07005
https://doi.org/10.1016/j.nima.2009.09.009

Charged Particle Correction Py,
\/E‘ED

(Ec — p)/0E.| > ChiToAttemptReclustering [3.0].
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Charged Particle Correction Py,
\/E‘ED

(Ec — p)/OE.| > ChiToAttemptReclustering [3.0].

E. = Energy of the cluster thatis  _ _ Energy of Pion Cluster based on

— — — — — —

matched to a track ClusterMCParticleAssociation

p = Momentum obtained from |
—————T————> Momentum of generated Pion

tracking
O g, =uncertainty on the cluster o fp
energy due to hadronic ——————a———— 0Of, A = fEIC Ec
L. TECO
nature of energy deposition 7
m_ . T Uncertainty in sampling

ol N fraction (f) depending on
o £ 0048 the momentum (p) of
oot the track

X Hit, [GeV]

Subhadip Pal, ePIC Calorimetry Meeting



\ D

L/

Charged Particle Correction

If |(Ec — P)/0E.| > ChiToAttemptReclustering [3.0].

EReco _ rReco \ _—
neutral — ~total P Energy hijacking

(aka “confusion”)
was involved

Reco __ 1 Reco Reco
Else; Eneutral — total _Echafrged
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Charged Particle Correction
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Charged Particle Correction pes
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Charged Particle Correction G-\
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Charged Particle Correction : Sampling Fraction (f)
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particle species and momentum) value
should we use?
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Charged Particle Correction : Sampling Fraction

NHcal-hit energy per event
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Charged Particle Correction

| NHcal-hit energy per event |
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L Ehit [GeV] p [GeV/C] p [GeV/C]
Particle | Momentum (GeV/c) | Sampling Fraction (%) | Uncertainty (%)
Electron 1.0 1.28 + 0.42
Electron 2.0 1.33 + 0.31
Electron 5.0 1.36 + 0.21
Electron 10.0 1.37 £ 0.15
Electron 20.0 1.37 £ 0.10
Pion 1.0 0.79 + 0.46
Pion 2.0 0.83 + 0.44
Pion 5.0 0.91 + 0.40
Pion 10.0 0.98 + 0.31
Pion 20.0 0.96 + 0.27
Neutron 1.0 N/A N/A
Neutron 2.0 0.40 + 0.32
Neutron 5.0 0.67 + 0.30
Neutron 10.0 0.79 £ 0.30
Neutron 20.0 0.84 + 0.39

Table 1: Sampling Fraction of nHCal for Different Particle Species
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Charged Particle Correction

| MC particles " 1 vs. energy | —— 7 <E>=1.29 [GeV]

—— K <E>=1.78 [GeV]

10° - T e -229(Gev]
10* :__--1_ -4<n<-1 —— & <E>=10.06 [GeV]
e = . —— n<E>=223[GeV]
10° ;__ _=::_"T';?__. | y<E>=0567[GeV]
o b T
? “*ir Ko
10
W
1F

0 2 4 6 81012141618202224

Eyc [GeV]
| MC particles ™ 1 vs. momentum |
10 IE:'; —— p <p> = 2.00 [GeV]
10° L - -4<n<-1 — & <p> = 10.06 [GeV]
. —— n<p>=1.93[GeV]
10° - ¥ <p> = 0.67 [GeV]
102 f TR
f +:::$f : 1,‘1-"_"""“" ;
10 k T t
fﬁ‘}#- ++f
1F _]l T
E ]l ,1 T.T m ;

0 2 4 6 8 10 12 14 16 18 20 22 24
P C[GeV/c]

| MC particles n* 1 vs. energy | n* <E> = 1.30 [GeV]

—— K* <E> = 1.79 [GeV]

10° 7
10t L - -4<n<-1
‘;=_ = —— n<E> =223 [GeV]
- :' =::_ _:TT‘-_ —— v <E> = 0.67 [GeV]
10 o ﬁ}' "W
+J[ I QL Hﬂ
T Hﬁﬁ

0 2 4 6 8 1012141618202224
Eyc [GeV]

~ 1t <p>=1.28 [GeV]

e — 67aTY

10°
5 -4<n<-1 &* <p> = 0.41 [GeV]
—— n<p> =1.93 [GeV]
v <p> = 0.67 [GeV]
it

—_

(i

*ﬁm )

0 2 4 6 8 10 12 14 16 18 20 22 24
P C[GGV/C]

Figure 8.105: Top: Primary, generated particle E distributions in nHCal acceptance —4.0 <
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Particle | Momentum (GeV/c) | Sampling Fraction (%) | Uncertainty (%)
Electron 1.0 1.28 + 0.42
Electron 2.0 1.33 + 0.31
Electron 5.0 1.36 + 0.21
Electron 10.0 1.37 + 0.15
Electron 20.0 1.37 + 0.10
Pion 1.0 0.79 + 0.46
Pion 2.0 0.83 + 0.44
Pion 5.0 0.91 + 0.40
Pion 10.0 0.98 + 0.31
Pion 20.0 0.96 + 0.27
Neutron 1.0 N/A N/A
Neutron 2.0 0.40 + 0.32
Neutron 5.0 0.67 + 0.30
Neutron 10.0 0.79 + 0.30
Neutron 20.0 0.84 + 0.39

Table 1: Sampling Fraction of nHCal for Different Particle Species
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Summar [

O The neutral energy component is obtained by subtracting the expected energy of charged particles, determined
from the momentum measurement.

L Reconstruction performance depends on how much energy was deposited by neutron.

O Neutron and pion clusters can be distinguished when separated by = 30 cm.

Limitations:

1. Did not take into account unusual split clusters (> 1 clusters for one-particle gun).
2. Track-Cluster Matching not used. Relying on ClusterMCParticle association.
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Thank You



Backup
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Charged Particle Correction Py,
\/E‘ED

Ec = Energy of the charged cluster obtained from
ElCrecon Lets call it

Euncorrected
fEICrecon = Sampling fraction incorporated in EICRecon / c

el E/. =Uncorrected energy of cluster corresponding to actual
energy deposition without the sampling fraction correction.

Objective : To find out the error in EC due to uncertainty in sampling fraction.

Ep _ Euncorrected / f p = momentum of the track % 008 5. Gev o in mECalsVacuum | e oocasri= oot
c C P| matched to the cluster 2 007 o ootss7. o000z
S oo0e *
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B — e _ gpp = 22 pp ":
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EC fp P 0.031— f~0.048/5
f f ooz * " * =0.0096
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O-EC T f2 EC EICT’GCOTL ~ f EC | IR s s s assans tea:
p EICT'C COoONn 0 0.02 0.04 0.06 0.08 0.1 0.‘122 HitEoi1GqéV]
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Charged Particle Correction Az
\/E‘ED
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Charged Particle Correction
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Charged Particle Correction
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Charged Particle Correction Py

RG.en Neutron ~ RGen Pion = 0.0cm RGen Neutron ~ RGen Pion = 8.7cm RGen Neutron ~ RGen Pion = 17.2cm RGen Neutron ~ RGen Pion — 25.6cm
;1 00— — I R — _ J. ;1 00— — I R — J. S-'l 00— — — J. 102 S-'l 00—T—T—T—T 71 — J. 10°
2 90- 2 90~ .. 2 90~ : 2 90- -1
: 80 . e 7] : 80 . ‘."' 1 1 : 80+ L 4 A : 80~ . [' o :
"5 4100 5 T SR T |
8 £70- ; 1 ; 8 70 e 1410 8 £70- 14402 8 £70- S
g ] g ] 3 A E 3 A 1102
i 60 CA 11 " 60 e ] " 60 oA s i 601 4310
50 1] 50 A 1] 50 S 1 50 Ce 1
a0} {410 40 1140 40 17 a0 e -
30 - 30 4 30 13'° < {410
20+ 201 20, 20+
10r: 1 10 10} 1014
oL A T W T N R B 0 B, [ 1 0-'-" (R D I R R R B 1 0 i A N R R R N
0 1020 30 40 50 60 70 80 90100 0 1020 30 40 50 60 70 80 90100 0 10 20 30 40 50 60 70 80 90100 0 1020 30 40 50 60 70 80 90100
MC & MC MC « MC «
Eneutral f [MeV] Eneutral f [MeV] Eneutral f [MEV] Eneutral f [MeV]
RG.en Neutron ~ RG.en pion = 33.9 €M RGen Neutron ~ RGEH pion = 42.0 CcM RGen Neutron ~ RGen pion = 50.1 cm RGen Neutron ~ RG.en pion = 73-8 €M
;1 00 T T 1 T T 1 JI ;1 00 T T 1 T T 1 Jl ;1 00 LI | T 1 LI J. ;1 00 1T 1 T T 1 LI J.
2 o0 A1 Z2ooor R 2 90- o 9100 L ooor 1100
+ 80 = + 801 I + 801 = + 80 11
s £70- S 1 1 s £70+ FAREEE s £70F A . s £70- .
E‘C, qc, & 2 Dq:, GC, e Dq:, GC) :" Dq:, GC) :-“ .
L 60 1310 L 60 14107 W 60~ 1410 L 60 d 1410
501 A 13 501 o #,«s’"" ' 1 3 501 & 1 ; 501 o 1 ;
: " . 40\ 1 ] 401 . 401 .
4 . —510 30 By 4710 30 4= 10 30 4410
20+ L 20 | 20 -Q’ -'::
10 ;f ; 10, 10—;,%
o A A N T R N 1 0 y [ R R B 1 o < T B N B N 1 o T T T T 1
0 1020 30 40 50 60 70 80 90100 0 1020 30 40 50 60 70 80 90100 0 1020 30 40 50 60 70 80 90100 0 1020 30 40 50 60 70 80 90100
MC & MC MC  « MC  «
Eneutral f [MeV] Eneutral f [MeV] Eneutral f [MeV] Eneutral f [MeV]

Subhadip Pal, ePIC Calorimetry Meeting



Probability
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Charged Particle Correction
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—R =119.11 cm Py
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Recap — e/h study

Steel/Scint = 10:1; 10 layers [40 mm Steel + 4 mm Scint]
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