ePIC HCal Update

ePIC Calorimetry Meeting
March 1st, 2023
Derek Anderson (ISU)

)
)
)




Previous Update

ESenter 5 g0 MeV, E* > 3 MeV

dep

[+ ] default [IocalDigg{Y =150 mm, 150 mm]
. . localDistXY = 1864 mm, 1864 mm
o Inlast update, was looking into BHCal [5]localDistXY = 2625 mm, 2625 mm
. localDistXY = 3728 mm, 3728 mm
clustering

localDistXY = 5592 mm, 5592 mm
— Clustering didn’t seem to be
working
— e.g.varying distance parameters
didn’t do anything
— (previous slides in backup)

10K single m
< Proved to be issue with readout Epu = 10 GeV, 0 € (70, 80)
ePIC simulation [22.12.0], Arches Config.

structure & hit merging E"(HCal) > 0
o Shown: reconstructed cluster energy
ca. February 1st
- 10GeVsinglem*

— Parameters in backup

variation / default

eclust [GGV]
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Changes to Readout & Hit Merging

10K single =+ Only tiles in hit merger

10K single =+ Only tiles in hit merger
E,r = 10 GeV, 0 € (70, 80) [#]rec. hit energy E.. =10 GeV, 6 (70, 80) [*]no. of rec. hits
merged hit energy

ePIC simulation [w/ HCal changes] cluster energy ePIC simulation [w/ HCal changes] no. of merged hits
E'_::J[m[‘HCaI) >0 sum of cluster energy E‘um[HCa” >0 no. of clusters

hit

15

Nhit’ NmergEs Nclust

4 5 6 7 8
Chit emerges Colust [GQV]

Changes to BHCal Readout [PR merged] o Impact of readout & hit merging
— <id>system:8,sector:5,tower:6,tile:3</id> > changes

<id>system:8,barrel:3,sector:6,tower:6,tile:9</id> _ i

— (+ changes to volume IDs in *geo.cpp) Left: hit vs. cluster energy

Changes to BHCal Hit Merging [PR merged] — Right: no. of hits vs. no. of clusters
- u_fields = {“tower”,”tile”} > {“tile”}
- u_refs = {1, 0} > {0} o Varying u_fields shown in backup
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Removing Material in Front of BHCal epIc’

Only tiles in hit merger, no material in front of HCal Only tiles in hit merge, no material in front of HCal
[+]rec. hit energy [ ]no. of rec. hits 10K single z*

merged hit energy L
cluster energy no. of merged hits E.. =10 GeV, 8 € (70, 80)
sum of cluster energy no. of clusters ePIC simulation [w/ HCal changes]

E™(HCal) > 0

hit

10K single =*

E,r = 10 GeV, 0 € (70, 80)

ePIC simulation [w/ HCal changes]
EX"(HCal) > 0

hit

8

4 5 6 7
Chitr Cmerges Colust [GeV] Nyis Nimerges Notust

o Energy was still off... o Shown: energy (left) and multiplicity (right) w/ only
— How do we end up w/ at most 4 GeV for 10 BHCal
GeVrm™? — Energy still way off!
Checked energy/multiplicity distributions
without material in front of BHCal < Turned out to be issue w/ digitization parameters
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Changes to Digitization epIc’

Changes to Digitization
- m_capADC = 256 -> 65536

m_dyRangeADC = 50 MeV > 1.0 GeV
m_resolutionTDC = 1.0 ns > 1.0 ps
u_fields = {} > {«“tile”}
u_refs = {} > {0}
m_geoSvcName =
“ActsGeometryProvider” -
“geoServiceName”
m_readout = “” -5 “HcalBarrelHits”
(+ relevant changes to reco. hit
parameters)

Changes to Clustering

- m_input_tag = “HcalBarrelmergedHits?”
> “HcalBarrelRecHits”

Changes to HCal.cc

- comment out adding merged hits
factory (line 48)

Adjusted digitization parameters, no material in front of HCal

E rec. hit energy 10K single «*
cluster energy Eqer = 10 GeV, 6 € (70, 80)

sum of cluster energy  ePIC simulation [w/ HCal changes]
Eni(HCal)> 0

hit

o Shown: impact of digitization changes on Chivr Cctust
energy
— Multiplicity in backup
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Tuning Clustering

10K single ©* default clustering parameters
Ep=10GeV, 0 € (70,80) [*rec. hit energy
ePIC simulation [w/ HCal changes] cluster energy

Eni (HCal) > 0 sum of cluster energy

10K single == adj. matrix (my exp.)
B =10GeV, 8 (70"‘ 80") El rec. hit energy
ePIC simulation [w/ HCal changes] cluster energy
E;"(HCal) > 0 sum of cluster energy
No Material in front of HCal El lead cluster energy
Adjusted digitization parameters

No Material in front of HCal El lead cluster energy
Adjusted digitization parameters

ey
hae w
A i)

-

ehit’ eClust’ ehit’ eclust’

o After readout + digitization changes, next stepis o Dmitry implemented method to cluster based on Cell

to tune clustering ID rather than distance
— Default parameters not optimized for — Left: hit vs. cluster energy w/ default clustering
BHCal parameters
<~ Based on distance between hits & are too — Right: same but w/ clustering based on Cell ID
small » Adjacency Matrix in backup
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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 [~0.18]
22.12.0 Geometry [Arches] + changes
described
Reconstruction
— EICRecon
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10K single = Baseline
. [#]rec. hit energy

E,. =10 GeV, 8 < (70, 80
par 0 e ) [= ] merged hit energy
ePIC simulation [w/ HCal changes)] [] cluster energy

EX™HCal) > 0

10K single =+ Only tiles in hit merger Sectors, towers, and tiles in hit mergerf
E..o=10GeV, 6 (70=, 8():) [ |rec. hit eﬁergy [ Irec. hit enlergy
[= | merged hit energy [= 1 merged hit energy
] [ |cluster energy [~] cluster energy
EN (HCal) > 0 sum of cluster energy sum of cluster energy

ePIC simulation [w/ HCal changes
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10K single =*

E,r = 10 GeV, 0 € (70, 80)

ePIC simulation [w/ HCal changes]
4—‘ E5"(HCal) > 0

SNENEEENEE R R NS I EEN N SN AN R NS NN N AR NN R NS A= SNENETEENE NI A TN NN AN AN R RN AN RN RN Ela b b b T b B b B e 003

0 1 2 3 4 5 6 7 8 9 1C 0 1 2 3 4 5 6 7 8 9 1C 0 1 2 3 4 5 6 7 8 9 1(C
Chitr Cmerger Cause [GeV] it Cmerger Caiust [GeV] S € € [GeV]

merge? ~clust?

+ +

LU IR LR U AL |
t

o Impact of varying hit merging fields on energy o Note: this is w/ changes to BHCal readout
— Left: merging tiles and towers
— Center: merging only tiles
— Right: merging tiles, towers, and sectors
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10K single n* Baseline
Ener = 10 GeV, 8 € (70, 80) [ *|no. of rec. hits
ePIC simulation [w/ HCal changes] E no. of merged hits
EX™HCal) > 0 [ ] no. of clusters

1{(‘_

4M

o m

Wﬁ—| II\IHIl

5 10 15
N N N

merges " “clust

o Impact of varying hit merging fields on energy

E,or =10 GeV, 0 € (70, 80) [*]no. of rec. hits
ePIC simulation [w/ HCal changes] E no. of merged hits
E;:"(HCal) > 0 [= ] no. of clusters

*%m

10K single 7+ Only tiles in hit merger -|

o m

5 10 15
I\‘Ihitﬂ N

merge> " “clust

— Left: merging tiles and towers

— Center: merging only tiles

— Right: merging tiles, towers, and sectors
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Sectors, towers, and tiles in hit merger 10K single m*
'* | no. of rec. hits Epwr = 10 GeV, 8 € (70, 80)
E no. of merged hits ePIC simulation [w/ HCal changes]
[4]no. of clusters E;"(HCal) = 0
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hit? N

merges " “clust

o Note: this is w/ changes to BHCal readout




Backup | multiplicity after digitization changes ep|€/

o Shown: impact of digitization changes on
hit/cluster multiplicity

Adjusted digitization parameters, no material in front of HCa
10K single «*
E,er = 10 GeV, 0 € (70, 80)
no. of clusters ePIC simulation [w/ HCal changes]
E;2"(HCal) > 0

hit

B no. of rec. hits

il !
10 15 20 25 30 35 40 45 &0

hit? Nclust
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Backup | adjacency matrix expression

(((|s_1-s_2|==0) && (|t_1-t_2|==1)) == 1) +
(((]s_1-s_2|==0) && (|Ct_1%2t)-(t_2%2W)|==0)) == 1) +

(((|s_1-s_2|==1) && (|Ct_1%2t)-(t_2%2W)|==0)) == 1) +
(CCl(s_1%31)-(5_2%31) |==0) && (]| (t_1%24)-(t_2%24)|==0)) ==

o Explanation o Note: using shorthand
i.  1stterm checks for adjacency in eta - |*] = abs(*)
ii. 2" term checks for adjacency in phiin a sector
iii. 3" term checks for adjacency in phi across
neighboring sectors
iv. 4% term checks for adjacency in phi across
wraparound

sector_i

1:
i = tower_i
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Backup | clustering and multiplicity epIc’

10K single n* default clustering parameters 10K single T adj. matrix (my exp.)

Epar=10CeV, 0 e (70, 80) E‘ no. of rec. hits Brar = 10GeVY, 8 < (70.80) E no. of rec. hits

ePIG simulation [w/ HCal changes] ePIC simulation [w/ HCal changes
s N no. of clusters [ . ges] no. of
Ey; (HCaly>0 ! Ep"(HCal) >
no. of hits per cluster '
No Material in front of HCal P

Adjusted digitization parameters

clusters

no. of hits per cluster

No Material in front of HCal

Adjusted digitization parameters

e o
W paniie S
S -

15 20 25 30 35 15 20 25 30 35

Ny Noyse Ny, per cluster Npios Newso Niip per cluster

o Impact of clustering parameters on multiplicity
— Left: w/ default clustering parameters
— Right: w/ clustering based on Cell ID
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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

February 1st, 2023 Derek Anderson (ISU), ePIC Calorimetry Meeting

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 [
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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

February 1st, 2023

variation / default

10

—

— bk ke

COO0O =t~
= N N SN Y]

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

N. in cluster

twr
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Varying Energy Parameters | no. of clusters in event

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 reconstructed clusters in an

event
- 10GeVsinglem*

— Parameters in backup
— Additional energies in backup

February 1st, 2023

variation / default

Derek Anderson (ISU), ePIC Calorimetry Meeting

10K single m*

E,ar =10 GeV, 6 (70, 80)

ePIC simulation [22.12.0], Arches Config.
EX"HCal) > 0

hit

[+ default [EMt > 30 MeV, Ejj-'p >3 MeV]
® adj -

> 50 MeV, E_dep >3 MeV
> 100 MeV, E;J >3 MeV

>30 MeV, Ej >

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

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 Par.s | cluster energy vs. hits/sums epIc’

o Checking clustering in HCAL:

10K'single b
— Varied distance scales: E,.r = 10 GeV, 6 < (70, 80)
a) |0C3|DiStXY o ePIC simulation [22.12.0], Arches Config.
. . EX™(HCal) > 0
b) dimScaledLocalDistXY '

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
Chit “Chir

clust?

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

Derek Anderson (ISU), ePIC Calorimetry Meeting
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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

February 1st, 2023

— HIlHIlIHlII\‘IH

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

Derek Anderson (ISU), ePIC Calorimetry Meeting

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

\II‘IIIl\I
\II‘IIIl\I
o
o oS
&) I\

variation / default
ation / default

o

o

o

variation / default

_III|\II|II\|:\II‘$I

o o o o
o N B O ® o

%

<|IIII|HH‘H\\|IIII|IH\‘HII‘HIIlIIIILg

P T S P I S S S I B R
5 6 2 25 3
N, in cluster N, Per event

Cluster Energy No. of towers No. of clusters

in cluster in event

—"IIIIIlHH‘IH\llllllllH‘Hll‘Hlllllll‘__

- III|\II|II\|\II‘I\I

=
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