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e In order to check why layer 1 has better timing resolution, standard deviation of cell time after
t0 calibration was checked inclusively, also in bins of #clusters in a pion

e Following slides have the plots made in the first and last truth pion pT bins (3~6 GeV, 18~20

GeV) in the below plot
From slide3 of meeting on 24.01.17.
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https://indico.slac.stanford.edu/event/8684/contributions/8326/attachments/3925/10586/5D%20calorimeter%20-%20single%20pion%202023%2001%2010.pdf

Timing resolution & Std. in different layers
3 GeV < truth pion < 6 GeV
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Timing resolution & Std.
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Neutral pion

Timing resolution & Std.
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Neutral pion
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Timing resolution & Std. in different layers
18 GeV < truth pion < 20 GeV

A Agonne®  Samas O



Neutral pion

RMS Averaged Cell Time

RMS Averaged Cell Time

Timing resolution & Std.

in different layers

RMS Averaged Cell Time

P o : pre———— x _ prvom—-
3 I Truth Pion pT [18, 20) GeV Enties 3 [ Truth Pion pT [18, 20) GeV Favios 354 31600  Truth Pion pT [18, 20) GeV FmE S
g : Mean 0.002318 : 1400_ Mean 0.004368 : : Mean 0.003503
b 1400— Gaus Fit StdDev  0.06045 b = Gaus Fil Std Dev 0.06651 b L Gaus Fn Std Dev 0.0607
- F 1400—
I Mean=2ps 1200l Mean=5ps [ Mean=3ps
1200~ RMS =55 ps r  RMS=63ps 12000— RMS =54 ps
1000~ Histogram 1000} Histogram 1000i Histogram
r Mean=2ps [ Mean=4ps [ Mean=4ps
800} RMS =60 ps 800~ RMS =67 ps 860 RMS =61 ps
r LArEM1 L LArEM2 L LArEM1&LArEM2
600~ 6001 600~
400~ 400 400
200~ 200 200
I WU P S I S IR P PN RN AR N I TN BRI IR P PPN PRI A0 | B S S B
-15 - -0.5 0 0.5 1 15 15 - -0 0 0.5 1. 15 -1 -0 0 :
Cell time [ns] Cell time [ns] Cell time [ns]
RMS Averaged Cell Time Std. RMS Averaged Cell Time Std. RMS Averaged Cell Time Std.
R————r, E—pe——r—— s ———
= c <
5 1400 5 Entries 3280 3 r . Entries 3354 3 r - Entries 3354
: : Truth Pion pT [18, 20) GeV o 001861 < 350 Truth Pion pT [18, 20) GeV woan 008804 S 500/ Truth Pion pT [18, 20) GeV b Do
G - StdDev  0.0118 o = Std Dev  0.05237 @ - Sid Dev  0.03958
1200 r L
F 300 F
[ F 4001
1000) 2501 -
; 300
800 2000 N
600 | LArEM1 E B
150: 200
400 100" L
¥ Layer,2 has a long tail 100/
200r 50
Fo P S U YR PR I P FRRTR FAwTy e ofresiliiiiliinl Wl b b P IR T P T PR PR P
0 005 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 05 0 005 0.1 0.15 02 025 0.3 0.35 0.4 0.45 0.5 0 005 0.1 0.15 0.2 025 0.3 0.35 0.4 045 05

Cell time [ns] Cell time [ns] Cell time [ns]

Argonne &  §arLAS

NATIONAL LABORATORY EXPERIMENT

Kim Doyeong 71 =%, Argonne National Laboratory



Neutral pion

RMS Averaged Cell Time

Timing resolution & Std.

RMS Averaged Cell Time

in different layers
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Neutral pion Timing resolution & Std. in different layers
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Neutral pion

RMS Averaged Cell Time

Timing resolution & Std.

RMS Averaged Cell Time

in different layers

RMS Averaged Cell Time
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event number : 1992999

weighted_avg_cellTime : -0.0334 ns

weighted_avg_cellTime_std: 0.0353 ns

cellE cellTime(calibed) distance R

3.325 GeV -0.028 ns  weight: 176.32 1760.50 mm

1.861 GeV -0.138 ns  weight: 100.33 1760.44 mm

1.691 GeV 0.001 ns weight: 89.85 1760.16 mm Layer 2
2.458 GeV -0.040 ns weight: 134.45 1760.10 mm

1.146 GeV -0.018 ns weight: 258.79 1545.09 mm

1.240 GeV -0.031 ns weight: 262.89 1545.03 mm

0.516 GeV -0.023 ns weight: 182.21 1544.97 mm Laver 1
0.692 GeV  -0.033 ns weight: 218.26  1544.90 mm y
1.287 GeV -0.030 ns  weight: 264.65 1544.83 mm

0.521 GeV -0.034 ns weight: 183.57 1544.76 mm

Layer 1 only

weighted_avg_cellTime : -0.0281 ns
weighted_avg_cellTime_std: 0.0056 ns
Layer 2 only

weighted_avg_cellTime : -0.0480 ns

weighted_avg_cellTime_std: 0.0525 ns

Layer 1+2 but for cell(s) with the outlier cell time
weighted_avg_cellTime : -0.0262 ns <

Kim Doyeong 71 =%, Argonne National Laboratory

e In layer 2, outlier cells
are often observed,
which has cell time far
away from the mean

e Without the outliers,
|weighted average time|
gets smaller significantly

Argonne &  §ATLAS
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event number : 1986411

weighted_avg_cellTime : 0.0394 ns

weighted_avg_cellTime_std: 0.1184 ns

cellE cellTime(calibed) distance R

7.297 GeV 0.050 ns weight: 289.59 1742 .62 mm

0.607 GeV -0.271 ns  weight: 21.16 1742.72 mm

1.586 GeV 0.134 ns weight: 83.25 1742 .52 mm Layer 2
0.829 GeV -0.004 ns weight: 34.42 1743.28 mm

0.716 GeV 0.130 ns weight: 27.47 1740.49 mm

1.396 GeV 0.013 ns weight: 268.11 1539.13 mm

1.820 GeV  0.035 ns  weight: 276.61  1539.04 mm } Layer 1
1.447 GeV 0.049 ns weight: 269.51 1538.71 mm

Layer 1 only

weighted_avg_cellTime : 0.0327 ns
weighted_avg_cellTime_std: 0.0148 ns
Layer 2 only

weighted_avg_cellTime : 0.0513 ns

weighted_avg_cellTime_std: 0.1485 ns

Layer 1+2 but for cell(s) with the outlier cell time
weighted_avg_cellTime : -0.0358 ns

Kim Doyeong 7J5£%, Argonne National Laboratory

e In layer 2, outlier cells
are often observed,
which has cell time far
away from the mean

e Without the outliers,
|weighted average time|
gets smaller significantly

Argonne &  §arLAS
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event number : 1995832

weighted_avg_cellTime : 0.0882 ns

weighted_avg_cellTime_std: 0.0885 ns

cellE cellTime(calibed) distance R

4.955 GeV 0.039 ns weight: 234.89 1740.40 mm

1.564 GeV 0.245 ns weight: 81.85 1740.33 mm

0.637 GeV 0.312 ns weight: 22.84 1740.46 mm Layer 2
1.623 GeV 0.156 ns weight: 85.58 1742 .52 mm

2.042 GeV 0.060 ns weight: 279.20 1538.37 mm

0.507 GeV 0.084 ns weight: 179.92 1538.29 mm

1.007 GeV 0.063 ns weight: 250.91 1538.03 mm Laver 1
0.711 GeV 0.119 ns weight: 221.16 1537.95 mm y
0.690 GeV 0.069 ns weight: 217.93 1538.45 mm

Layer 1 only

weighted_avg_cellTime : 0.0777 ns
weighted_avg_cellTime_std: 0.0216 ns
Layer 2 only

weighted_avg_cellTime : 0.1166 ns

weighted_avg_cellTime_std: 0.1024 ns

Layer 1+2 but for cell(s) with the outlier cell time
weighted_avg_cellTime : 0.0709 ns <

Kim Doyeong 7J5£%, Argonne National Laboratory

e In layer 2, outlier cells
are often observed,
which has cell time far
away from the mean

e Without the outliers,
|weighted average time|
gets smaller significantly

Argonne &  §arLAS
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Event display of the three pions
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All clustered cells

You can swap slides 18 to 23 to compare

eventNumber==1992999 eventNumber==1986411 eventNumber==1995832
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81015 0.2 025 0.3 035 0.4 045 05 055 0.6 6837035 0.4 045 05 055 0.6 065 0.7 075 0.8 D8 075 07 065 —06 055 -05 045 -0.4
Celln Celln Celln
Pion #1 Pion #2 Pion #3

in the slides with tables (slides 15~17)

Kim Doyeong 7J5£%, Argonne National Laboratory Arggmgme ATLAS 18
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eventNumber==1992999&&cellTime!=0

-0.9r —6
1 =5
1.4 —4
1.2 o 3
r | W |
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—1.3_— 2
1.4 1
L TCO
oyl s Lo il pa Do el o Do il s P 0] s Vs o | IR
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Celln
Pion #1

—0.68

All clustered cells with cellTime!=0

eventNumber==1986411&&cellTime!=0

L L L L L B B I R
||

0

Celln

Pion #2

in the slides with tables (slides 15~17)

Kim Doyeong 71 =%, Argonne National Laboratory

M_LlJ_LLlJ_LLL_LLJJ_LLJ_LLLLLLLLLLLJ_u_[A_LLJ_[J_LLJ_LLJJJ‘
.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8

o

eventNumber==1995832&&cellTime!=0
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Celln
Pion #3
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You can swap slides 18 to 23 to compare

eventNumber==19929998&&cellTime!=0&&cellE>0.5

-0.9r —6
1 —5
.9 —4
o [
1.2 3

C 8 |
-13F 2
1.4 1
-
1015 02 025 0.3 0.35 0.4 0.45 0.5 0.55 0.6

Celln

Pion #1

All clustered cells with cellTime!=0, cellE>0.5GeV

eventNumber==1986411&&cellTime!=0&&cellE>0.5

|
b
H
[$))
L L L T L B B B

10
06§

Pion #2

in the slides with tables (slides 15~17)

Kim Doyeong 71593, Argonne National Laborato

ry
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eventNumber==19958328&&cellTime!=0&&cellE>0.5
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All clustered cells with cellTime!=0, cellE>0.5GeV (layerl)

You can swap slides 18 to 23 to compare

eventNumber==1992999&&cellTime!=0&&cellE>0.5&3& (layer1)

-0.9r —6
- —5
1.1 —4
L |
1.2 3
L o
-1.3F 2
1.4 1
L TCO
B J | | |

1917015 02 025 0.3 035 0.4 045 0.5 055 0.6

Kim Doyeong 71 =%, Argonne National Laboratory

0
Celln

Pion #1

"y

o

£ R L L L L I B B R

eventNumber==19864118&&cellTime!=0&&cellE>0.5&8& (layer1)

10
| | | { 0

ol b b b b b b Lo L
0.35 0.4 045 0.5 0.55 0.6 0.65 0.7 0.75 0.8
Celln

Pion #2

in the slides with tables (slides 15~17)

o

ber==19958328&cellTimel=08&&

IIE>0.588layer1)

-2.9r —6
-2.95 4
C -
-3F —4
L |
-3.05 3
3.1 2
-3.15 1
L TCO
gl Lol Lo b b Lo e B
D8 075 07 065 —06 055 -05 045 -0.4
Celln
Pion #3
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All clustered cells with cellTime!=0, cellE>0.5GeV (layer2) I

You can swap slides 18 to 23 to compare

eventNumber==1992999&&cellTime!=0&&cellE>0.5&3 (layer2) eventNumber==19864118&8&cellTime!=0&&cellE>0.588&(layer2) Number==1995832&&cellTime!=0&&cellE>0.5&&(layer2)
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in the slides with tables (slides 15~17)
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All clustered cells with cellTime!=0, cellE>0.5GeV (layer2) I

Only the big std cells left in these plots
Somehow, hits around the most energetic cell in the pion have very slow hits

&cellTimel=0&&cellE>1.88&cellE<28&(layer2)
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in the slides with tables (slides 15~17)
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Kim Doyeong

The standard deviation of the t0 offset calibrated cell time within a pion is larger in layer 2
than in layer 1

Technically, we can suppress them by rejecting cells with more than 3 sigma, for example

Given that the slow hits have a unique geometrical feature in the event display (slide22
vs slide 23), and R distances (slides 14, 15, and 16) are very close to the most energetic
cell, I wonder if there is any actual physics going on

7159, Argonne National Laboratory Arggmgwe ?ATLAS 24
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Sanity check with charged pion
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Charged pion

RMS Averaged Cell Time

Timing resolution & Std.
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evt/bin

evt/bin

RMS Averaged Cell Time

RMS Averaged Cell Time

in different layers
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Charged pion Timing resolution & Std. in different layers
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Backup
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Charged pion

Timing resolution & Std.

RMS Averaged Cell Time
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Charged pion

Kim Doyeong
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Timing resolution & Std. in different layers
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