Study the potential of cell timing to improve cluster/jet calibration
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Tool validations using sz~ sample (we've been using since HFSF2023)
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5D Calorimeter

Average Cell Time in Single Pion

Where we were

#cells from each pion

Reco cell E / Truth Pion E
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Cell time [ns]
e Selection:
o truth cell E > 0.001 GeV (cellEdep>0.001GeV motivation) !! temporary cu
o cellTime!=0
o  LAr Berrel (cell center R < 2.1 m && |cell etal] < 0.8)
o recocellE > 0.1GeV
o — practically truth pion E < 1 GeV
Kim Doyeong 7J5£%, Argonne National Laboratory Argonne &  §atL 3

NATIONAL LABORATORY EXPERIMENT




5D Calorimeter Removing cut on ‘reco cell E / truth pion E’

- . Average Cell Time in Single Pion : #cells from each pion Reco cell E/ Truth Pion E :
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5D Calorimeter Use only up to 10 energetic cells in each pion

Average Cell Time in Single Pion #cells from each pion Reco cell E / Truth Pion E
Individual cell time h 1_cellTimeSum honcell | e, h_fraction
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Cell time [ns]

e Selection:
o  truth cell E > 0.001 GeV (cellEdep>0.001GeV motivation) !! temporary cut, will be removed !!
o cellTime!=0
o  LAr Berrel (cell center R < 2.1 m && |cell etal] < 0.8)
o recocellE > 0.1GeV

Only up to 10 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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5D Calorimeter Use only up to 9 energetic cells in each pion

- . Average Cell Time in Single Pion : #cells from each pion Reco cell E/ Truth Pion E :
Individual cell time h - \_cellTimeSum hncel | oo R_fraction
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Cell time [ns]

e Selection:
o  truth cell E > 0.001 GeV (cellEdep>0.001GeV motivation) !! temporary cut, will be removed !!
o cellTime!=0
o  LAr Berrel (cell center R < 2.1 m && |cell etal] < 0.8)
o recocellE > 0.1GeV

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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evt/bi

5D Calorimeter Use only up to 9 energetic cells in each pion

= Average Cell Time in Single Pion #cells from each pion Reco cell E/ Truth PionE
Individual cell time h 1_cellTimeSum hncel | 5 h_fraction
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Cell time [ns]

e Selection:
o truth cell E > 0.001 GeV (cellEdep>0.001GeV motivation) !! temporary cut, will be removed !!
cellTime '= 0
LAr Berrel (cell center R < 2.1 m && |cell eta| < 0.8)
reco cell E > 0.1 GeV
1 GeV < truth pion E < 50 GeV

o O O O

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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5D Calorimeter

[eo—

Individual cell time

Use only up to 9 energetic cells in each pion

Average Cell Time in Single Pion

#cells from each pion

Reco cell E / Truth Pion E
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Cell time [ns]
e Selection:
o truth cell E > 0.001 GeV (cellEdep>0.001GeV motivation) !! temporary cut, will be removed !!
o cellTime!=0
o  LAr Endcap (cell center R < 2.1 m && |cell etal > 0.8)
o recocellE > 0.1GeV
o 1GeV < truth pion E < 50 GeV
Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near O remained
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Cell time in bins of pion energy using z~ sample
(we’ve been using since HFSF2023)
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evt/ bin

5D Calorimeter

« 1 GeV < Truth pion E <2 GeV

Cell time in bins of pion energy (Summary)

« 2 GeV < Truth pion E <5 GeV

o Individual cell time h o Individual cell time h
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evt/ bi

« 5 GeV < Truth pion E <10 GeV
o Individual cell time

17838

-« 10 GeV < Truth pion E < 20 GeV
o Individual cell time

7
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evt/bin

5D Calorimeter Cell time in bins of pion energy (1 < truth pion E < 2 GeV)

o e Average Cell Time in Single Pion : #cells from each pion Reco cell E/ Truth Pion E :
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Cell time [ns]

e Selection:
o truth cell E > 0.001 GeV (cellEdep>0.001GeV motivation) !! temporary cut, will be removed !!
cellTime = 0
LAr Berrel (cell center R < 2.1 m && |cell eta| < 0.8)
reco cell E > 0.1 GeV
1 GeV < truth pion E < 2 GeV

O O O O

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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5D Calorimeter Cell time in bins of pion energy (2 < truth pion E < 5 GeV)

? : Average Cell Time in Single Pion #cells from each pion Reco cell E/ Truth PionE
sdivi H h 1_cellTimeSum h_ncell 5 h_fraction
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Cell time [ns]

e Selection:
o truth cell E > 0.001 GeV (cellEdep>0.001GeV motivation) !! temporary cut, will be removed !!
cellTime = 0
LAr Berrel (cell center R < 2.1 m && |cell eta| < 0.8)
reco cell E > 0.1 GeV
2 GeV < truth pion E < 5 GeV

O O O O

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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5D Calorimeter Cell time in bins of pion energy (5 < truth pion E < 10 GeV)

- - Average Cell Time in SinglePion #cells from each pion Reco cell E/ TruthPionE
Individual cell time h celTmeSum| 500 h_ncell 1o h_fraction
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Cell time [ns]

e Selection:
o truth cell E > 0.001 GeV (cellEdep>0.001GeV motivation) !! temporary cut, will be removed !!
cellTime = 0
LAr Berrel (cell center R < 2.1 m && |cell eta| < 0.8)
reco cell E > 0.1 GeV
5 GeV < truth pion E < 10 GeV

O O O O

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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5D Calorimeter Cell time in bins of pion energy (10 < truth pion E < 20 GeV)

o : Average Cell Time in Single Pion : #cells from each pion Reco cell E / Truth Pion E ,
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Cell time [ns]

e Selection:
o truth cell E > 0.001 GeV (cellEdep>0.001GeV motivation) !! temporary cut, will be removed !!
cellTime = 0
LAr Berrel (cell center R < 2.1 m && |cell eta| < 0.8)
reco cell E > 0.1 GeV
10 GeV < truth pion E < 20 GeV

O O O O

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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Cell time in bins of pion energy using Jtow /o PU
sample
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5D Calorimeter Cell time (1 < truth pion E < 50 GeV)

- . Average Cell Time in Single Pion : #cells from each pion Reco cell E/ Truth Pion E :
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Cell time [ns]

e Selection:
o cellTime !'=0
LAr Berrel (cell center R < 2.1 m && |cell eta] < 0.8)
reco cell E > 0.1 GeV
1 GeV < truth pion E < 50 GeV

o O O
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evt/ bin

5D Calorimeter Cell time - up to 9 energetic cells (1 < truth pion E < 50 GeV) I

- - Average Cell Time in Single Pion : #cells from each pion Reco cell E/ Truth Pion E :
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Cell time [ns]

e Selection:
o cellTime !'=0
o  LAr Berrel (cell center R < 2.1 m && |cell eta] < 0.8)
o recocellE>0.1GeV
o 1 GeV < truth pion E < 50 GeV

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained

Kim Doyeong 7J5£%, Argonne National Laboratory Argonne & ?ATLAS 17

NATIONAL LABORATORY EXPERIMENT



evt/ bin

5D Calorimeter

Individual cell time

1 GeV < Truth pion E < 2 GeV

Cell time in bins of pion energy (Summary)

2 GeV < Truth pion E < 5 GeV
Individual cell time

5 GeV < Truth pion E <10 GeV

10 GeV < Truth pion E <20 GeV
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5D Calorimeter

Individual cell time h

Cell time in bins of pion energy (1 < truth pion E < 2 GeV)
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Cell time [ns]
s .
e Selection:

o cellTime 1= 0

o  LAr Berrel (cell center R < 2.1 m && |cell eta] < 0.8)
o recocel E>0.1GeV
o 1 GeV < truth pion E < 2 GeV

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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5D Calorimeter

Cell time in bins of pion energy (2 < truth pion E < 5 GeV)

Average Cell Time in Single Pion
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Cell time [ns]

e Selection:
o cellTime !'=0
o  LAr Berrel (cell center R < 2.1 m && |cell eta] < 0.8)
o recocellE>0.1GeV
o 2 GeV < truth pion E < 5 GeV

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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5D Calorimeter

Cell time in bins of pion energy (5 < truth pion E < 10 GeV)

Average Cell Time in Single Pion

#cells from each pion

Reco cell E/ Truth Pion E
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Cell time [ns]
e Selection:
o cellTime!=0
o  LAr Berrel (cell center R < 2.1 m && |cell eta] < 0.8)
o reco cell E > 0.1 GeV
o 5 @GeV < truth pion E < 10 GeV

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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5D Calorimeter Cell time in bins of pion energy (10 < truth pion E < 20 GeV)

Average Cell Time in Single Pion #cells from each pion Reco cell E/ Truth PionE
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Cell time [ns]

e Selection:
o cellTime !'=0
o  LAr Berrel (cell center R < 2.1 m && |cell eta] < 0.8)
o recocellE>0.1GeV
o 10 GeV < truth pion E < 20 GeV

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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5D Calorimeter
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5D Calorimeter

truthE<50

h

=
<}
et
=

[

o
w

3

T[T T T T T T T T T T 7T

-

Entries
Mean
Std Dev

4495144
0.1237
0.6887

I BN NS FENSE SRS PR ST S |

L

O

nO

20 25 30 35 40 45 50
Truth cell energy [GeV]

truthE<50

h

evt/bin
- - - -
Q = o o,
2 & > 2

-
[S)
%

-
o
R

o

Entrios.

Moan

Std Dev.

1.7588150407

3.0990-06

0003953

© T

5 10

15 20 25 30 35 40 45 50

. S Truth cell energy [GeV]
Kim Doyeong I o, i mpuisiin svuriviius avviacosy

evt/bin

Check variables: truth cell energy

truthE<50&&cellTime!=0

_.
v
T

-
o
o
IRRLLLL R

-
T T T T

T RS EER S FETE RN SRS FETE S |

h
Entries 601351
Mean 0.7444
Std Dev 1.738

o

7':0

15 20 25

35 40 45 50

Truth cell energy [GeV]

truthE<50&&cellTime!=0

h

o
2

] 111 11 01 8

=
[=)
o

-

UL 1

Entries

5567222

Mean  8.203-06

Std Dev

0.006071

o

5

10 15 20 25 30 35 40 45 50
Truth cell energy [GeV]

evt/bin

TCD

truthE<50&&cellTime!=0

h

Entries

Mean 8

Std Dev

5567222
203e ~06

0.006071

LT T~

1

2 3 4 5 6 7 8 9 1
Truth cell energy [GeV]

O onas Lasosaror

ATLA

S

XPERTMENT

24



5D Calorimeter Check variables: truth cell energy
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Cell time in bins of pion energy using JZOPU sample
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5D Calorimeter

Cell time (1 < truth pion E < 50 GeV)
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e Selection:

o O O

71593, Argonne National Laboratory

cellTime '= 0

LAr Berrel (cell center R < 2.1 m && |cell eta] < 0.8)
reco cell E > 0.1 GeV

1 GeV < truth pion pT < 50 GeV
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5D Calorimeter Cell time - up to 9 energetic cells (1 < truth pion E < 50 GeV) I

Average Cell Time in Single Pion #cells from each pion Reco cell E/ TruthPionE
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Cell time [ns]

e Selection:
o cellTime !'=0
o  LAr Berrel (cell center R < 2.1 m && |cell eta] < 0.8)
o recocellE>0.1GeV
o 1 GeV < truth pion pT < 50 GeV

Only up to 9 energetic cells in each pion used for average (2nd plot), and one clean peak centered at near 0 remained
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5D Calorimeter
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5D Calorimeter Check variables: truth cell energy
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5D Calorimeter Check variables: truth cell energy
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