Study the potential of cell timing to improve cluster/jet calibration
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A bug in the avg. plot with fixed number of cells
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5D Calorimeter Bug fix #1 - avg. fixed number of cells
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Before FIX
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 Bug fix #1 - avg. fixed number of cells

Average Cell Time in SinglePion #cells from each pion Reco cell E / Truth Pion E
Individual ceII time h 1_cellTimeSum h_ncell 10°e h_fraction
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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 Bug fix #1 - avg. fixed number of cells

- . Average Cell Time in Single Pion : #cells from each pion Reco cell E/ Truth Pion E :
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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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Draw cell time with one cell
Does this really need to give us the same distribution as individual cell?
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5D Calorimeter

After given selection,

How we average with N cells?

we have (reco cell E, cell time) pair that is sorted by reco cell E for each pion

cellE

cellE
cellE
cellE

OO OOULPS, WNEFES

Kim Doyeong 7159, Argonne National Laboratory
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5D Calorimeter

How we average with N cells?

If we average cell time from all cells that passed the selection criteria,

OCooJNOOULPS, WNES

deno = 10
avg. = 3.5121

Kim Doyeong 7159, Argonne National Laboratory
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5D Calorimeter

If we average cell time from only leading cell,

OCooJNOOULPS, WNES

Kim Doyeon

o
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71593, Argonne National Laboratory

How we average with N cells?
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» avg. cell time = 2.3166 ns
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5D Calorimeter Example

But, why RMS reduced by factor of 1/+/(N>1)? FYI, 3904./sqrt(1.9) = 2832. — Do more energetic cells have smaller |cell time|?
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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
0.2 GeV < truth pion p;. < 2000 GeV — no cut, how Ntuple was generated

o O O O

Only up to 1 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 Why RMS drastically reduced?
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5D Calorimeter Hypothesis: test with two extreme cases

Hypothesis:
When there is less contributions from high energy cells (E>10 GeV), we should see less cell time
resolution improvement in the avg. plot with leading cells
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O] - . . 7] 0] c High pion pT
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5D Calorimeter Case #1: low pion pT region

As expected, RMS reduced very slightly

Average Cell Time in Single Pion #cells from each pion Reco cell E / Truth Pion E
Individual ceII time h 1_cellTimeSum h_ncell 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 p_ < 5 GeV

O O O O

Only up to 1 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 Case #2: high pion pT region

As expected, RMS reduced very drastically

Individual I ti : Average Cell Time in Single Pion e #cells from each pion ——— Reco cell E / Truth Pion E S
1_cellTimeSum _ncel |_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
100 GeV < truth pion p. < 2000 GeV

O O O O

Only up to 1 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 Case #2: high pion pT region

Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
1_cellTimeSum 1_cellTimeSum 1_cellTimeSum

N Entries 7530 E Entries 19395 8000[— Entries 11865
1400 Mean 0344 || 9000 Mean 01551 r Mean 003643

L Mean = 0.06 StdDev  3.424 F Mean = 0.05 sdbev  2131| | 7000 Mean = 0.04 StdDev  0.1036
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L 7000 6000;
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- RMS=3424ps goool- RMS=2131ps sooo- RMS=104ps
800]— E g

r 50005 4000[—

r 4000F— F
600 F 3000

L 3000 &
4001 F 2000

L 2000— N
N MF/) L\“‘Nv\t‘ 1000; J 1000:_

P P i - P I |L~_.4\.‘.m.u 0:,‘.\‘.H|HH\L.,H|H.‘\.H.

-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15 =15 -10 -5 0 5 10 15
e cell time with pions which has leading cell E < 10 GeV (left, 7530 events)

e cell time with pions which has leading cell E >= 10 GeV (right, 11865 events)

e Both together (center, 19395 = 11865+7530 events)

Kim Doyeong 7159, Argonne National Laboratory There are two peaks Afgf?.ﬂnﬁ...e ATLAS 15
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5D Calorimeter Case #2: high pion pT region

Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
350, 1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
P Entries 7530 C Entries. 19395 L Entries. 11865
L Mean  008232| 3500 Mean  0.05469 + Mean 003643
300 Mean =0.07 SdDev 1.0 F Mean = 0.04 suDev 05898| 3000~ Mean = 0.04 StdDev  0.1036
E RMS = 362 ps 3000 RMS =118 ps I RMS=98ps
250~  Mean = 0.09 E Mean=0.05 2500 Mean = 0.04
T RMS =1020 ps 2500 RMS = 590 ps I RMS =104 ps
200 E 2000(—
C 2000 ®
150~ s 15001~
r 1500 F
100}~ 1000 1000~
500 500 5001
bt i SIS PP I A P 71\ o o SRR A A
QS -2 -1 0 1 2 3 (Z3 —2 -1 0 1 2 3 93 -2 -1 0 1 2 3

cell time with pions which has leading cell E < 10 GeV (left, 7530 events)
e cell time with pions which has leading cell E >= 10 GeV (right, 11865 events)

e Both together (center, 19395 = 11865+7530 events)

Zoomed in, no double peak (expected)

Kim Doyeong 71%=%, Argonne National Laboratory There are two peaks Argnoﬂmgme OATLAS 16
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5D Calorimeter Case #2: high pion pT region

Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion

- ExitceIITime‘SB:; - EL'(':eIITime'SgL;;n5 3500= E\;‘t:eIITime‘S‘:‘rsr;
600 :7 Mea:s 0.4637 E Mean 0.4228 E Mean 0.04845

r Mean = 051 StdDev  0.9305 700:7 Mean = 0.42 StdDev  0.8924 3000__ Mean - 005 Std Dev  0.09626

r RMS =598 ps [ RMS =547 ps F RMS=91ps
5001 600 F

[ Mean=0.46 [ Mean=0.42 2500~ Mean = 0.05

[ RMS =930 ps 500 RMS =892 ps [ RMS=96ps
00 E 2000F

g 4001~ F
300 F 15001

F 300F F
200;* 5 00;_ 1000?
100 100; 500; )j

= e e R N TR R S e T I R a—
cell time with pions which has leading cell E < 10 GeV (left, 7530 events)
e cell time with pions which has leading cell E >= 10 GeV (right, 11865 events)

e Both together (center, 19395 = 11865+7530 events)

Zoomed in, average all cells that passed the selection, double peak (expected)

Kim Doyeong 71%=%, Argonne National Laboratory There are two peaks Argnoﬂmgme OntLAs 17
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5D Calorimeter How about low energy region (our interest)

Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
450; Entries 13423 450? Enties 13425 oF ;ntries 0226§
400; Mean = 020 Std Dev 1.797 400; Mean - 020 Std Dev >|A797 18; Mean = 024 Std Dev 0:1885
F RMS=1171ps I RMS=1165 ps I RMS=178 ps
3501 350F 1.6
F Mean=0.20 ' Mean=0.20 fak Mean = 0.23
300 RMS = 1797 300 RMS = 1797 ) E RMS =188 ps
250 2501 121: All the same as previous slides, but
200 200k 0_8; for truth pT range
i o s 1 GeV < pT < 20 GeV
1000 1000 04?
I h 0.2
i ST T T PO PO T S [ | | ol | Lo AN | |
-4 3 2 4 0 1 2 3 4 -4 3 2 4 0 1 2 3 4 -4 3 =2 A 0 1 2 3 4
e cell time with pions which has leading cell E < 10 GeV (left, 13423 events)
e cell time with pions which has leading cell E >= 10 GeV (right, 2 events)
e Both together (center, 13425 =13423+2 events)

Zoomed in, average all cells that passed the selection, double peak in not noticeable (expected)

Kim Doyeong 71%=%, Argonne National Laboratory There are two peaks Argnoﬂmgme OaTLAs 18
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Looking for the origin of non-Gaussian tail

e Default selection unless specified

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 p; < 20 GeV

O'|L@ |0 O le]

e Reminder:
In this Ntuple, the cell time is a reconstructed feature with truth particles generated at t = 0

19
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5D Calorimeter Avg. X cells after selection

- Average Cell Time in Single Pion
Individual cell time h celTimeSum |

Entries 69984 2400 Entries 13425
£ 10000/= Mean 03886 F Mean 04544
Qo .
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[ 1000; : : :
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ool goof- averaged distributions
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[ TT 200
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-5 20 15 10 5 0 5 10 15 20 25 =25 20 -15 <10 -5 0 5 10 15 20 25
Cell time [ns]
Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
2500(— Entries 13425 o Entries 13425 2500? Entries 13425
L Mean 0.4296 2200; Mean 0.3527 L Mean 0.4549
- Mean = 0.21 Sdbev  3843| 5500 Mean =0.13 Std Dev 431 r Mean = 0.26 StdDev 35818
2000~ RMS =1840 ps 1s00F.  MS = 1805 ps 2000 RMS = 1866 ps
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- RMS = 3843 ps F RMS = 4310 ps o RMS = 3818 ps
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| 1200 F
1000 1000 1000
i 800~ r
2 600 L
500 400E- 5001~
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ol L iR PR PR B L b PR B B P Lo oboi L RN NN PR TR L
25 20 -15 -10 5 0 5 10 15 20 25 25 20 -15 10 5 0 5 10 15 20 25 25 20 -15 .10 5 0 5 10 15 20 25
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5D Calorimeter Eta and radius with |cell time| cut

st h s h s h
Entries 41042 Entries 4104 L a vp r 1 Entries 41042
;g 10000—= Mean  0.05187 _g £ Mean  0.00242 E F P4 Mean 1675
= [ Mean =0.10 SdDev  1.505 ~ L SuDev 0483 |~ 14000 SdDev 1284
s r s ~ s L
3 [ RMS = 2087 ps & 3000 8 C Layel‘ 2 Top:
% ean = 0.05 : Ten0 I
r =0. 2500~ r | : |
[ RMS = 1505 ps i 10000L cell time | < 3 ns
6000~ 2000~ g (Gaussian)
H r 8000
F 1500 r
4000 C 6000~
F 1000~ -
so0ol. : Pre-samfler Layer 3
. 500~ | 2000F .
[T FT N
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-5 20 15 10 5 0 5 10 15 20 25 -1 08 06 04-02 0 02 04 06 08 1 1400 1500 1600 1700 1800 1900 2000 2100
Cell time [ns] Celln Cell center R [mm]
h h h
Entries 28942 Entries 2894 Entries 28942
£ 4003: Mean 0867| £ 2500j Mean  o00s8fl| £ r N Mean 1726
o r Std Dev 7.543 b L Std Dev 0.48 b L Std Dev 121.2
& 3500 3 f % 10000
30005 20061 r Bottom:
: Z 8000 | cell time | > 3 ns
25001 r L
r 1500— .
E E - (non- Gaussian)
C - 6000—
2000 r [
E 1000 [
1500: r 4000—
1000[- B [
c SOOT 2000
500F . [ L -
E. T4 pufl s Dol pall onl ol ] oo oJi0T el g Dow ol g o D ol v s 0w g U w o el (el Ta gy el enals oo [aaliefaany
925 —20 15 .10 5 0 5 10 15 20 25 0—1 -08 06 0402 0 02 04 06 08 1 19100 1500 1600 1700 1800 1900 2000 2100
Cell time [ns] Celln Cell center R [mm]
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5D Calorimeter Cell time per LAr EM barrel layer

h -
All layers Pre-sampler + Layer’
< 10000/= Mean 03886 .S E Mean  0.1597
o r £ 40001~
= Mean = 0.10 SdDev  4999| > E Mean = 0.06 StdDev  3.004
[ = F
® | RMS = 2087 ps % ss0oF. RMS = 1922 ps
8000 I
| Mean =0.39 soooF. Mean =0.16 Btw there layers,
[ RMS = 4999 ps F RMS = 3094 ps
6000}~ 2500 outer layer have larger |cell time|
L 2000:— 3 3 ]
sl : which make sense as hit should arrive later
F 1500
" 1000F-
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g 500 -
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SIDN@E [)sin=isidl Cell time per LAr EM barrel layer (fitting range changed) :
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5D Calorimeter

(Avg.) cell time per LAr EM barrel layer

Average Cell Time in Single Pion
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Cell time in bins of pion energy using z~ sample
(we’ve been using since HFSF2023)
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5D Calorimeter

Individual cell time

Cell time in bins of pion energy [(3{5{e) (=N :¥55'9)
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5D Calorimeter Cell time in bins of pion energy (Summary)
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Checking E resolution
2 onfeco cellE- 3 truth cell E)/#cells

where, #cells are the number of cells that passed selection criteria

Working in progress...
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5D Calorimeter Others

Kim Doyeong

7l of

=S

Repeat cell time in bins of pion energy using
o pi0
o  pi+/- with PU
o  pi0 with PU

Energy resolution - for validation purpose

Adding significance
o Ilooked at it, and we should calculate it ourselves using depector noise map
Athena topo-cluster implementation:
https://gitlab.cern.ch/loch/athena/-/blob/SingleParticles/Calorimeter/CaloUtils/src/CaloTopoTowerBuilderTool.cxx#L.221-225
o  Confirmed if this is right way with Peter, and he will provide me an example

Argonne National Laboratory
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