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Varying Energy Parameters | cluster energy

o Checking clustering in HCAL:
— Varied energy thresholds:
a) minClusterHitEdep
b) minClusterCenterEdep
o Variations:
— minClusterHitEdep
» 3 MeV*, 50 MeV
— minClusterCenterEdep
» 30 MeV*, 50 MeV, 100 MeV
< (* = Default)

o Shown: reconstructed cluster energy
- 10GeVsinglem*
— Parameters in backup
— Additional energies in backup
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variation / default

E default [E™ > 30 MeV, E”' >3 MeV]
center 5 5 MeV E“' >3 Mev
> 100 MeV, E”' >3 MeV

e > 30 MeV, E_ﬁf‘ > 50 MeV
> 50 MeV, Ede > 50 MeV
ESen® > 100 MeV, E_j:'p > 50 MeV

10K smgle *
Epar =10GeV, 8 ¢ (70, 80}

ePIC simulation [22.12.0], Arches Conflg

Eri"(HCal) >

hit

GeV]

rluct [




Varying Energy Parameters | no. of towers in cluster

o Checking clustering in HCAL:
— Varied energy thresholds:
a) minClusterHitEdep
b) minClusterCenterEdep
o Variations:
— minClusterHitEdep
» 3 MeV*, 50 MeV
— minClusterCenterEdep
» 30 MeV*, 50 MeV, 100 MeV
< (* = Default)

o Shown: no. of towers in a reconstructed
cluster
— 10GeVsinglem*
— Parameters in backup
— Additional energies in backup
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variation / default
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—

— bk ke
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10K single ©n* -

. Ear = 10 GEV, 6 € (70, 80)
ePIC simulation [22.12.0], Arches Config_
EX™(HCal) > 0

hit

[ S
i
[+ ] default [EMt > 30 MeV, E:'j: >3 MeV]
g center Xy adj oF

=50 MeV, E_dep >3 MeV
100 MeV, E >

EEZE r

dep

5
in cluster

N

twr
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Varying Energy Parameters | no. of clusters in event

o Checking clustering in HCAL:
— Varied energy thresholds:
a) minClusterHitEdep

10K single rc__'
b) minClusterCenterEdep Esar = 10 GeV, 0 € (70, 80)
.. ePIC simulation [22.12.0], Arches Config.
o Variations: ES™(HCal) > 0
— minClusterHitEdep y
" [+ | default [E;de' > 30 MeV, E_:'E"p >3 MeV]
» 3 MeV*, 50 MeV 3 > 50 MeV, EdjL >3 MeV
— minClusterCenterEdep > 100 MeV, E >3 MeV

» 30 MeV*, 50 MeV, 100 MeV I 230 e, By
<~ (* = Default)

o Shown: no. of reconstructed clusters in an
event
- 10GeVsinglem*
— Parameters in backup
— Additional energies in backup

variation / default

2 25 3 35 4
N, . Per event
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Varying Distance Parameters | cluster energy

Egen® >30 MeV, ES >3 MeV
dep
[ = | default [localDistXY = 150 mm, 150 m
localDistXY = 100 mm, 100 mm

Een™ =30 MeV, E >3 MeV
[+ | default [IocaIDistg(Y =150 mm, 150 mm]

localDistXY = 1864 mm, 1864 mm

[o]localDistXY = 50 mm, 50 mm ’ [0]localDistXY = 2625 mm, 2625 mm
localDistXY = 5 mm, 5 mm localDistXY = 3728 mm, 3728 mm
O Ch eCkl ng Cl uste rl ng | n H CAL' 3 localDistXY = 300 mm, 300 mm localDistXY = 5592 mm, 5592 mm

— Varied distance scales:
a) localDistXY
b) dimScaledLocalDistXY
c) sectorDist

. , . 10K single :'E’ 10K single *
<~ Varying them doesn’t change anything? Epa = 10 GV, 8 & (70, 80) Eya = 10GeV, 0 ¢ (70, 80)
ePIC simulation [22.12.0], Arches Caonfig. ePIC simulation [22.12.0], Arches Config.

ES™HCal) > 0

it Efi™(HCal) > 0

hit

o Shown: reconstructed cluster energy
- 10GeVsinglerr*
— Parameters in backup

variation / default
variation / default

er;\ust [GGV]
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Varying Distance Parameters | cluster energy vs. hits/sums

o Checking clustering in HCAL: 10K single
— Varied distance scales: Epar = 10 GeV, 0 € (70, 80)
a) localDistXY 5 ePIC simulation [22.12.0], A[ches Config.
b) dimScaledLocalDistXY Fo (riCa >0
c) sectorDist
<~ Varying them doesn’t change anything?

o Shown: cluster energy vs. sum of hit/ energies
VS.
— Using default clustering parameters % default parameters
. Reco. cluster energ
> localDistXY = 15 mm, 15 mm S)Reco. hit onergy
> dimScaledLocalDistXY = 50 (mm), 50 (mm) [2]Sum of reco. hit energy
. Sum of reco. cluster energy

» sectorDist=5cm

<~ Clusters get almost everything in BHCal despite 1 2

e

Y
clust” Shitr ZChip

small distance scales?
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Next Steps

February 1st, 2023

Keep looking into clustering
— Resolve what’s going on w/ distance
scales
— Look at displacement b/n clusters and

inciting track
Study impact of Barrel EMCal design on HCal
response
— Compare resolution of HCal clusters for
both choices of Barrel EMCal
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Backup | simulation parameters

Simulation Parameters
gun.energy = 2*GeV, 5*GeV, 10*GeV
gun.particle = "pi+"
gun.distribution = "cos(theta)"

gun.thetaMin = 70*degree [n~0.35]
gun.thetaMax = 80*degree [n~0.18]
22.12.0 Geometry [Arches]
Reconstruction
— EICRecon
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variation / default

Backup | 5 GeVsingler™

%III

B

_* | default [E**"* > 30 MeV, E” >3 MeV] ]
dep dep

Egs™ 250 MeV, ES, >3 MeV

2| EZ® > 100 MeV, ES. >3 MeV

dep

(7] E > 30 MeV, ES > 50 MeV
ep
(2] E 2 50 MeV, E} > 50 MeV

dep
center adj
Egn™ > 100 MeV, Ej > 50 MeV

10K single n*

E =5 GeV, 8 € (70, 80)

ePIC simulation [22.12.0], Arches Config.
E-"(HCal) > 0

hit

[T T

Cluster Energy
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variation / default

T TTTT]

[+ ] default [E="™ > 30 MeV, E2Y >3 MeV]
dep dep
ESen™ = 50 MeV, 5 >3 MeV
ep

dep

[ EZn® =100 MeV, E >3 MeV
ep
center ad)
[vEG™ 230 MeV, EY) > 50 MeV
[0 En™ > 50 MeV, EX > 50 MeV
ep

Egep™ 2 100 MeV, EJ). > 50 MeV

dep

e
= __

——

RN, E—

——

10K single «*

Er=5GeV, 0 € (70, 80)
ePIC simulation [22.12.0], Arches Config.

E*™HCal) > 0

hit

III|III|H\‘HI _U|

e iN Cluster

No. of towers
in cluster
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variation / default

10K single ©*
E..r =5 GeV, 8 € (70, 80)

ePIC simulation [22.12.0], Arches Config.

S E—
JEE T

"» | default [E°™ > 30 MeV, E* >3 MeV]
dep dep

Egeegtef
(2] g
] g
(o] g

EX™(HCal) > 0

>50 MeV, Ej >3 MeV

>100 MeV, E}. >3 MeV
230 MeV, E;) > 50 MeV
> 50 MeV, Ej > 50 MeV

EGp™ > 100 MeV, E} > 50 MeV

o o o o
= e

O

25 s
N, PEr event

No. of clusters
in event




Backup | 2 GeVsingler™

] \IIIIIIII\\II\\II\\I|||||||\‘||\\‘||I\‘IIII _\||||\\\|\\||||||||\|||\‘|||||\\|||\\||||\||
[* |default [Ezzger > 30 MeV, E;Z’p >3 MeV] | 10K single = 7 10K single m*
EST™ > 50 MeV, E* >3 MeV ] Epur=2GeV, 8¢ (70,80) Beer =2 GeV, 0 € (70, 80)
5 . . \
lzl Egenter > 100 MeV EEE:U >3 MeV ePIC simulation [22.12.0], Arches Config. ePIC simulation [22.12.0], Arches Config.
ep ' Tdep —

El Eg:gter > 130 MeV, E:Z:J > 50 MeV Eﬁﬁm(HCaI) >0 Ehi[ (HCal) >0

[C]EG™ = 50 MeV, E; > 50 MeV B —
Eqer® > 100 MeV, E5) > 50 MeV
ep

[* ] default [E*™ > 30 MeV, E¥ >3 MeV] |
dep 4 dep |
center ad)
Egen”" =50 MeV, E3) >3 MeV
center ad) center dj
[2] Edept > 100 MeV, i;jep >3 MeV |+ | default [EX* 2 30 MeV, E7) 3 MeV]|
center ]
[V] B 2 30 MevV, E > 50 Mev ES7 2 50 MeV, EXY >3 Mev
[0] EZ > 50 MeV, E > 50 MeV
ep

center ad) dep
ESE7" > 100 MeV, ESY > 50 MoV

[7] e > 30 Mev, ESZ > 50 Mev

[2] e = 100 MeV, ES >3 Mev
10K single =*

E,ar =2 GeV, 8 ¢ (70, 80)

ePIC simulation [22.12.0], Arches Config.
E;."(HCal) > 0

hit

dep
center adj
[o] B > 50 Mev, Y > 50 Mev

Egen™ > 100 MeV, Ej) > 50 MeV

dep
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variation / default
ation / default

o

o

o

variation / default
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5 6 2 25 3
N, in cluster N, Per event

Cluster Energy No. of towers No. of clusters

in cluster in event
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ePIC HCal Update | looking into the HCal response

o Working on better understanding response
of current HCal implementation

o Noticed tiny number of events have more
than 1 truth cluster per event
Following plots split events into 2
categories:
a) No. of truth clusters ==
b) No. of truth cluster >= 2
— Included distributions from Barrel ECal
NECEERTEL

December 8th, 2022 Derek Anderson, ePIC Calorimetry Meeting

10K single n* events

Eper = 10 GeV, 0 € (70, 80)

Esum

nir (HCal) > 0 || EE‘;”’(ECal} >0

8 10 12 14 16 18 20

truth clust per event
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ePIC HCal Update | sum of hit energies

10K single n* events NG G(HCal) =1 [N_ = 9381]

clust

Eper =10 GeV, 0 (70, 80) |+ | Barrel HCal

) . Eri (HCal) >0 || E“™(ECal) > 0 | = |Barrel ECal (SciGlass)
o Sum of reconstructed hit energies: " " - truth _
N"“"(HCal) > 2 [N_, = 534]

<~ Not unreasonable for 10 GeV r+... | Barrel HCal
E| Barrel ECal (SciGlass)
o Solid Markers:
= No. of truth HCal clusters ==
o Open Markers:
= No. of truth HCal clusters >= 2

= Barrel HCal

o Blue Markers:
= Barrel ECal (SciGlass)

Eri =ZXe.[GeV]
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ePIC HCal Update | sum of cluster energies

10K single n* events | fo,ﬂz}(HCaII) =1[N_ =9381]
E,or = 10 GeV, 8 (70, 80) [* |Barrel HCal
o Sum of reconstructed cluster energies: ES"(HCal) > 0 || EX"(ECal) > 0 [=]Barrel ECal (SciGlass)
< Looks suspiciously close to the Ngue(HCal) > 2 [N_ = 534]
summed hit energies... | Barrel HCal
IE| Barrel ECal (SciGlass)
o Solid Markers:
= No. of truth HCal clusters ==
o Open Markers:
= No. of truth HCal clusters >= 2

= Barrel HCal
o Blue Markers:
= Barrel ECal (SciGlass)

sum
Eclust =2 Colust [GGV]
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ePIC HCal Update | number of clusters per event

clust
E,ar = 10 GeV, 6 < (70, 80) [ * | Barrel HCal
o Number of reconstructed clusters per ES"(HCal) > 0 || EX"™(ECal) > 0 [ | Barrel ECal (SciGlass)
event: Ngue(HCal) =2 [N_ = 534]

C

< Very high for a single ™! = |Barrel HCal
IE| Barrel ECal (SciGlass)

10K single n* events  Ngig(HCal) = 1 [N_ = 9381]

o Solid Markers:

= No. of truth HCal clusters ==
o Open Markers:

= No. of truth HCal clusters >= 2

= Barrel HCal
o Blue Markers:
= Barrel ECal (SciGlass)

]
10 12 14 16 18
N

clust
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ePIC HCal Update | take-aways/next steps

December 8th, 2022

o Take-Aways:
— At the very least, clustering needs to be
tuned

o Next Steps:
— Carry out more thorough study of
clustering parameters
Begin looking at Simulation Campaign
output...

Derek Anderson, ePIC Calorimetry Meeting
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Backup | simulation parameters

December 8th, 2022

Simulation Parameters
gun.energy = 10*GeV
gun.particle = "pi+"

gun.distribution = "cos(theta)"
gun.thetaMin = 70*degree [n~0.35]
gun.thetaMax = 80*degree [~0.18]
22.11.2 Geometry

Derek Anderson, ePIC Calorimetry Meeting
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Backup | sum of truth cluster energies

vents fruth = 9381]
Eper = 10 GeV, 8 € (70, 80) [+ | Barrel HCal
Erq (HCal) > 0| E::meCE"} >0 [ =] Barrel ECal (SciGlass)
Nguq(HCal) > 2 [N_ = 534]
o Solid Markers: [~ Barrel HCal
= No. of truth HCal clusters == =] Barrel ECal (SciGlass)
o Open Markers:

= No. of truth HCal clusters >= 2

10K single ©t* events N™™HCal) = 1 [N

t

= Barrel HCal

o Blue Markers:
= Barrel ECal (SciGlass)

3 4 5 6 7
ESU[T'I.-‘LI‘Ul =y e‘LI‘U‘L [GQV]

clust clust
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ePIC HCal Update | energy spectra

Entries 20932
Mean 0.5416
RMS 0.809

5000 single particle events
n*, p (2, 5) GeV/c

Entries 147770
Mean 0.1393
RMS 0.1598

Entries 5000
res

Mean 3.528
RPY SR PR
et * RMS  0.8563

5000 single particle events
nt, p (2 5) GeVic

5000 single particle events
n*, p (2, 5) GeV/ic

T T TTTTI] # T
. |

I\\Illl ¥

ol b oo b b b b b L e b b b oo b bocoa b b L Co b oo oo b bocedb o oo o b
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 1( 0 1 2 3 4 5 6 7 8 9 10
Epar [GeV] e, [GeV] [GeV]

O

eclust

MC Particles Reconstructed Hits
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ePIC HCal Update | sum of hit/cluster energy

Entries 5000
Mean 2.108
RMS 1.041

Entries 5000
Mean 2.089
RMS 1.035

5000 single particle events
n*, p € (2, 5) GeV/c

5000 single particle events
n*, p (2, 5) GeV/c

o Summed hit (right) and
cluster (left) energies to

compare against particle
energy

4 5 6 7
re . [GeV]

sum, hit = “=hit

E

Reconstructed Hits I Clusters
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ePIC HCal Update | sum of hit/cluster energy vs. particle energy

5000 single particle events
n*, p (2, 5) GeV/c

5000 single particle events
nt, p (2, 5) GeV/c

Te,, [GeV]
« [GeV]

o 2D distribution of particle (x
axis) vs. summed hit/cluster
energy (y axis)

clu

by
o

=Ye

E

E

F
L

Esum, clust

Entries 5000 Entries 5000
Mean x 3.528 /

Meanx 3.528
Meany 2.108 Meany 2.089
RMS x 0.8563 RMS x  0.8563
RMSy  1.041 RMSy 1.035

9

) 9
Eyr [GEV] Ey [GEV]

Reconstructed Hits Clusters
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ePIC HCal Update | sum of hit/cluster energy vs. particle energy

Entries 5000
Mean -1.1
RMS 1.309

Entries 5000
Mean -1.115
RMS 1.331

5000 single particle events
n*, p €(2, 5) GeV/ic

o Difference between
summed hit/cluster energy
and particle energy:

Esum,clust/hit — Epar

Esum,clust/hit

10

6 8
= -E..) 7 GeV
sum, clust ( sum, clust par) sum, clust [ ]

. 4 6.8
AE E E E.)/E [GeV]

AE /'E

25sum, clust

sum, hit sum, hit ( sum. hit sum, hit

I Reconstructed Hits I Clusters
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ePIC HCal Update | lead cluster vs. particles

Entries 5000
Mean 1.664
RMS 0.9518

5000 single particle events Entries 5000

n*, p (2, 5) GeVic Mean -1.762
RMS 1.783

5000 single particle events
n*, p e (2, 5) GeV/c

5000 single particle events
n*, p € (2, 5) GeV/c

T \\\II\|+

E\ead, clust [GeV]

Entries 5000
Mean x  3.528
Meany 1.664
RMS x 0.8563
RMSy 0.9518

Lo b b b bev bvondbo b b e T b b e s b b b L ot b b b b b by b g b
1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 10 -10 -8 —6 -4 -2 0 2 4 6 8 10
Elea, clust [GEV] Epar [GeV] AE 2 et/ Eead aust = (E E,.)/E [GeV]

lead, clust

lead, clust

o Compared lead (highest
energy) cluster against particle

November 9th, 2022 Derek Anderson, ePIC Calorimetry Meeting



ePIC HCal Update | take-aways and next steps

o Take-aways: o Next steps:
— Hits look reasonable — Implement calculation of energy
— Sum of hit/cluster energies get close to resolution

particle energy — Analyze official single-particle files
= Current implementation will work for
this simulation campaign
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Backup | particle momentum

Entries 5000
Mean 3.525
RMS 0.8567

5000 single particle events
n*, p (2, 5) GeV/c

November 9th, 2022 Derek Anderson, ePIC Calorimetry Meeting
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Backup | hit/cluster Y vs. X

Entries 20932
Mean x 25.03
Mean y -30.35
Std Dev x 1591
Std Dev y 1559

Entries 147770
Mean x 46.9
Mean y -38.94
Std Dev x 1594
Std Dev y 1552

u
4
=
c
c

n*, p e(2,5) GeV/c

~40%0900 3000 2000 1000 0 1000 2000 3000 4000
Xy, [MM]

_403?000 -3000 2000 1000 O 1000 2000 3000 4000
Xclust [mm]

Reconstructed Hits Clusters
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