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SIBNEEIWI i Od Reco cell E per layer (1 GeV < truth pion p < 20 GeV)
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5D Calorimeter RMS vs Reco cell E per EM LAr Barrle layer
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e Timing resolution and mean are parametrized by cell E (E)

e The constant term (i.e. A) depends on layer (range from 61.5 ~ 73.1 ps)
Only layer 1 and layer 2 will

be considered in this study
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5D Calorimeter
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RMS vs Reco cell E per EM LAr Barrle layer
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e The constant term (i.e. A) depends on layer (range from 61.5 ~ 73.1 ps)
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Reco cell E [GeV]

Only layer 1 and layer 2 will
be considered in this study
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5D Calorimeter Validation of RMS weights & calibration

Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
| Entries 37504 I Entries 37926 T Entries 37926
14000~ ¥ Mean  -0.004738 |2 Mean  -0.004905 14000(— i Mean  -0.004421
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e  All plots are weighted average with calibration, where w, = (1/RMS? )

Aw;-(t;—1

e Calibration is well done and distributions are centered at 0 in each layer and inclusively Zl ( ! ( ‘ 0 ))
Calibration is done using fits functions for mean values to(cell E, layer) then offset is Z : w;
subtracted cell by cell (¢, - t,) before averaging cell time of single pion
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Draw cell time with one cell

This section will be in the backup for presentation
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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 OOULPE, WNEFES
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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,

OO OOULPS, WNES

deno = 10
avg. = 3.5121
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5D Calorimeter

If we average cell time from only leading cell,

OO OOULPS, WNES
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How we average with N cells?

cellTime =
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» avg. cell time = 2.3166 ns (example of arithmetic mean)
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5D Calorimeter Checking stat error change with different sample size

Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
1_cellTimeSum 1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
L Entries 1714 B Entries 1714 - Entries 1714 [ Entries 1714
r Mean  0.001067 500 Mean  0.0002259 B Mean  -0.0003904 L Mean  0.0009246
500; Mean = 0.00 ns StdDev  0.07931 B Mean = 0.00 ns StdDev  0.08359 500 Mean = -0.00 ns StdDev 007901 500~ Mean = 0.00 ns StdDev 007929
[ RMS=77ps T RMS=83ps [ RMS=76ps I RMS=77ps
L 400(— L L
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Averaged all cells Averaged 1 cell Averaged 4 cell Averaged Y cell
after the selection after the selection after the selection after the selection

To have a same set of pions for comparison, the following selections are applied
° 1 GeV < Truth pion pT < 20 GeV
° Only non-zero cell time cells
e LAr EM Barrel (Jeta| < 0.8)
° Only layer2(where most of the energy is deposited) is considered

1/sqrt(N) is generally applicable when we are
dealing with simple arithmetic averages of
independent and identically distributed random
° After the above selection #cell in a pion >= 9 variables, so we don’t see that effect here

° At least one cell in a pion has reco cell E > 1 GeV

All distributions are sorted by cellE after selection, then 1/RMS? weighted average without calibration
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Average Cell Time in Single Pion

5D Calorimeter

Checking stat error change with different sample size

Average Cell Time in Single Pion

Average Cell Time in Single Pion

Average Cell Time in Single Pion

1_cellTimeSum 600, 1_cellTimeSum 600 1_cellTimeSum 600 1_cellTimeSum
- Entries 1714 - Entries 1714 - Entries 1714 = Entries 1714
r Mean  0.001067 L Mean  -0.0006041 L Mean  0.002063 N Mean  0.0009472
5007 Mean = 0_00 ns Std Dev 0.07931 500; Mean = 0-00 ns Std Dev 0.1256 500; Mean - 0_00 ns Std Dev 0.08569 500; Mean = _0.00 ns Std Dev 0.0791
[ RMS=77ps r RMS=86ps r RMS=83ps I RMS=77ps
400 Mean =0.00 ns 400:— Mean = -0.00 ns 400:— Mean = 0.00 ns 400:— Mean = 0.00 ns
T RMS=79ps - RMS=125ps - RMS=86ps - RMS=79ps
300 300} 300 3001
200F 200 200 200
100~ 100 100 100
O_‘w;l\llwlllul\lw.lwllwlullu C_wlul\.‘wu-Lw|\\|\|LL.‘w[‘w|| O_wllwlullqu‘\Ix\‘\lullllw.‘ C_ulwllwllwluw.\\._wKlel\lulw
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Averaged all cells Averaged 1 cell Averaged 4 cell Averaged 9 cell
after the selection after the selection after the selection after the selection
To have a same set of pions for comparison, the following selections are applied
° 1 GeV < Truth pion pT < 20 GeV
° Only non-zero cell time cells
e LAr EM Barrel (Jeta| < 0.8)
° Only layer2(where most of the energy is deposited) is considered
° After the above selection #cell in a pion >= 9
° At least one cell in a pion has reco cell E > 1 GeV
All distributions are 1/RMS? weighted average without calibration (cells are ordered at Ntuple level)
Kim Doyeong 7J5£%, Argonne National Laboratory Argonne &  §atias 12
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5D Calorimeter Checking stat error change with different sample size

root [4] CellTree->Scan("cellE:eventNumber™)
8 s e ok sk e ok ok e ok sk ke ok sk ok ok sk o ok sk ok ok ko ok sk ok ok kok ok ok ok ok ok ok

* Row  * cellE * eventNumb *

ook ok ok ok ok ok ok ok ok ok sk ok sk ok ok ok ok ok kok ok ok ok ok ok ok kR ok ok ok ok ok R ok

* 0 * 0.8483136 * 837 *

* 1 * 0.0939839 * 837 *

* 2 * 0.5843032 # 837 #

' sy o Ntuple is not ordered in cell significance (need to check)
* 5 % 0.0239537 « 837 Working on it, but has technical error. This was asked to Peter
* 6 * 0.0160578 * 837 # . .

* 7 % 9.1386839 * 837 * this morning.
* 8 * 0.0460442 * 837 *

* 9 * 0.0588638 * 837 #

* 10 * 0.2087058 * 837 *

* 11 * 0.5918792 * 837 #

* 12 * 0.3367217 * 837 *

* 13 * 0.1200660 * 837 #

* 14 * 0.0588638 * 837 #

* 15 * 0.0470919 * 837 *

* 16 * 0.0588638 * 837 *

* 17 * 0.0099955 =* 837 #

* 18 * 0.9332099 * 837 #

* 19 + 0.0460442 * 837 *

* 20 * 0.0219919 * 837 #

* 21 * 0.0090269 * 837 *

* 22 * 0.0099955 * 837 #

* 23 * 0.0289775 * 837 *

* 24 * 0.0010085 * 837 *

Type <CR> to continue or q to quit ==> ||
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5D Calorimeter

Average Cell Time in Single Pion

Checking stat error change with different sample size

Average Cell Time in Single Pion

Average Cell Time in Single Pion

Average Cell Time in Single Pion

1_cellTimeSum 600, 1_cellTimeSum 600 1_cellTimeSum 600 1_cellTimeSum
- Entries 1714 - Entries 1714 + Entries 1714 = Entries 1714
r Mean  0.001067 B Mean 0.02386 L Mean 0.003822 N Mean  0.0006154
500 Mean = 0.00 ns StdDev 007931 £50r- Mean = 0.01 ns StdDev 03679 £50r- Mean = 0.00 ns StdDev  0.1284 s6or- Mean = 0.00 ns StaDev 008455
[ RMS=77ps r RMS=307ps I RMS=112ps I RMS=82ps
400 Mean =0.00 ns 400:— Mean = 0.02 ns 400:— Mean = 0.00 ns 400:— Mean = 0.00 ns
T RMS=79ps - RMS =368 ps - RMS=128ps - RMS=85ps
300 300} 3001 300
200F 200 2001 200
100~ 100 100 100
O_‘w;l\llwlll|‘\|w.|w|‘w\|‘|| C_\ll-\L il IR AR A L G_lll\ll\ll‘ PRI L wpl spas C_ulwllwllwlu\|\\|w\|w|‘\||‘w
85 3 05 o0 05 1 5 853 05 o0 05 5 EE 5 05 0 05 1 5 B 5 05 0 05 1 15
Averaged all cells Averaged 1 cell Averaged 4 cell Averaged 9 cell
after the selection after the selection after the selection after the selection
To have a same set of pions for comparison, the following selections are applied
° 1 GeV < Truth pion pT < 20 GeV
° Only non-zero cell time cells
e LAr EM Barrel (Jeta| < 0.8)
° Only layer2(where most of the energy is deposited) is considered
° After the above selection #cell in a pion >= 9
° At least one cell in a pion has reco cell E > 1 GeV
All distributions are randomly mixed after selection, then 1/RMS? weighted average without calibration
Kim Doyeong 7J5£%, Argonne National Laboratory Argonne &  §arias 14
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5D Calorimeter Cell time vs reco cell E

h h
— 20 x1 03 103 Entries 872463 «1 03 Entries 872463
> - —240 £ [ Mean 0.02809 = - Mean 0.02796
8 F g C StdDev  0.2509 f 160 M =0.02 StdDev  0.2485
=18 —220 = 400F g Eeeailstse 1S
s ° F S 4oF. RMS = 156 ps
S 16 —200 350 L
o E 1 F L
= . f 1 1180 F o Mean = 0.03 ns
14— [ nd L& =
§ g 160 300F : RMS = 248 ps
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s 100 . -
- - 60_
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6— [ : 80 F o
C 60 e 40F
A 100p :
c 40 . r
2; 50— 20_—
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Projection to clle time, Projection to clle time,
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+ Gaussian fit
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Timing resolution of neutral pion
with various average methods
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5D Calorimeter Event selections

To have a same set of pions for comparison, the following selections are applied

e 1GeV < Truth pion pT < 20 GeV ™ I
= B — Presampler |
Only non-zero cell time cells S B Layer]
° y o 16 — Layer2
Baseline o L — Layer3
e LAr EM Barrel (|etal < 0.8) - selection E e
3 1.2 i 000*A=71:498, ~B=0.133,C=0.001
e Layer 1and 2 only O JB.....1000:A=61.464,..8=0.004,.C=0.023
7 oslle ) 1000°A=73.107, B=0.003, C=0.117
Up to this selection, 88504 pions ( = Total #pion ) ool 1000'A=0.159, B=0.001, C=0.093
0.4 :
To pick up same 0.2/
e At least one cell in a pion has set of events after Pt ——j———— S —
reco cell E > 1 GeV additional cut on O = 4 6 8 10 12 14
reco cell E Reco cell E [GeV]
— 37926 pions (37926/88504 = )
( = #pion with 1GeV cell ) FYI, this fraction was 8.65% in case of charged pion due to higher cell E cut (2GeV)

so neutral pion seems much more promising

Kim Doyeong 7J5£%, Argonne National Laboratory Argpumgwe ATLAS
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5D Calorimeter

Pions with 1GeV cell (37926 pions) + all reco cell E > 1 GeV

h Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
Entries 70380 1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
-_g 20000‘_ Mean 0.02067 [ Entries 37926 r Entries 37926 r Entries 37926
~ [ Mean = 0.02 ns StdDev  0.09583 16000? Mean  -0.006219 1600077 Mean  -0.005691 1600077 Mean  -0.006558
3 18000} RMS = 94 ps E Mean = -0.01 ns StdDev  0.08069 H Mean = -0.01 ns StdDev  0.07989 x Mean = -0.01 ns StaDev  0.07818
= 14000~ RMS =78 ps 14000~ RMS =77 ps 14000~ RMS =74 ps
16000;_ Mean = 0.02 ns F F |
14000— RMS = 96 ps 12000 Mean =-0.01 ns 12000/~ Mean =-0.01 ns 12000~ Mean =-0.01 ns
E [ RMS=81ps [ RMS=80ps [ RMS=78ps
120001~ 10000~ 10000~ 10000[—
10000~ F [ B
F 8000 8000 8000
8000~ F I C
6000 6000; 6000:7 6000:7
4000F 4000~ 4000 4000
20001 0 2000 2000 2000
ooy 1 L1 P IR I + F =
9145 -1 -0.5 0 0.5 1 1.5 b L L L TR o L L PR [ ol L L P L
Cell time [ns] -1.5 -1 -0.5 0 0.5 1 1.5 -1.5 -1 -0.5 0 0.5 1 15 -15 =1 -0.5 0 0.5 1 15
cell time per cell Average_d cell _tlme per pion Averaged cell tl_me per pion Averaged cell time per pion
(Not averaged) Arithmetic mean Cell E weighted 1/RMS? weighted
#cells from each pion
h_ncell
e All cells in the leftmost plots contributed to the rest of three plots ool dbeilesi Fraction = (27686 u
e Additional selection: reco cell E > 1 GeV sooof]
e Single cell faction in averaged distributions = 27.7 % oo
. . . . 4000:
e All averaged distributions are calibrated I
2000:
0

| N N SRS FEEE ST FRTE ST R
10 15 20 25 30 35 40 45 50

c.e®  Garias 18
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5D Calorimeter Pions with 1GeV cell (37926 pions) + all reco cell E > 0.1 GeV :

h Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
Entries 215310 1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
__g F Mean 0.03513 = Entries. 37926 B Entries 37926 = Entries 37926
=~ 3()0()0j Mean = 0.03 ns StdDev  0.3377 16000j Mean  -0.0004433 16000j Mean  -0.004231 1600077 Mean  -0.004421
5 b RMS i 244 pS F Mean - _0_00 ns Std Dev 0.09327 F Mean = _0_00 ns Std Dev 0.07235 F Mean - _0'00 ns Std Dev 0.0639
25000i 14000~ RMS =91 ps 14000~ RMS =71 ps 14000~ RMS =61 ps
r Mean = 0.04 ns F I [
[ RMS = 338 ps 12000 Mean =-0.00 ns 12000 Mean =-0.00 ns 12000~ Mean =-0.00 ns
200001 [ RMS=93ps [ RMS=72ps [ RMS=64ps
F 10000~ 10000~ 10000[—
150001 8000 8000 8000[
10000; 6000~ 6000~ 6000~
g 4000~ 40001~ 4000(—
5000 r r r
F 0 2000 2000 2000
C ol IR i h F - |-«
45T TS5 o 05 1 1.5 N PRI W00 AN I VOO AR I N N IPENRIP Y. (1 AP0, "R AR I b Trn g g o | P g e,
Cell time [ns] 45 4 05 0 05 1 1.5 45 4 05 0 05 1 1.5 a5 4 05 0 05 1 15
cell time per cell Average_d cell _tlme per pion Averaged cell tl_me per pion Averaged cell time per pion
(Not averaged) Arithmetic mean Cell E weighted 1/RMS? weighted
#cells from each pion
h_ncell
e All cells in the leftmost plots contributed to the rest of three plots WO ollee fraction = 0.000475  [uer as
. . . 2500f
e Additional selection: reco cell E > 0.1 GeV f
2000
e Single cell faction in averaged distributions = 0.05 % wsool
e All averaged distributions are calibrated 1050
5001
0:\ IR RRETE FRETE FUETE FURTE FERTE i SweN FEETE RRE

650 s 205 B0 55 40 45 5o .
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5D Calorimeter

Total pions (88508 pions) + all reco cell E > 0.1 GeV

h Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
Entries 307241 1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
£ F Mean 003285 20000[— Entries 88504 Iz Entries 88504 - Entries 88504
< £ Mean = 0.03 StdDev  0.3624 C Mean  -0.001232 22000; Mean  -0.004155 r Mean  -0.002799
5 35000; RMS = 301 ps 18000:— Mean = -0.00 ns Std Dev 0.13 200001 Mean = -0.00 ns Std Dev 0.1261 25000; Mean = -0.00 ns StdDev  0.09804
E 16000~ RMS=112ps F RMS =100 ps I RMS=77ps
30000F Mean = 0.03 F 18000 [
F RMS =362 ps 14000 Mean =-0.00 ns 16000f- Mean =-0.00 ns 200001 Mean = -0.00 ns
25000 F RMS =130 ps F RMS =126 ps ' RMS=98ps
r 12000 140001~ L
20000;— — 12000 15000
15000 s000F- 10000} k
E 0} 8000~ 10000~
10000 600 3 60001 r
5000/ 0 anone 4000 5000
;n (T R BT R SE B, I 2000? 2000} L
9% ] 05 0 0.5 1 15 P P I S B R Y P S I ! T R A fiq L
Cell time [ns] 5 ] 05 0 05 1 15 A5 ] 05 0 05 1.5 5 ] 05 0 05 1 15
cell time per cell Average_d cell _tlme per pion Averaged cell tl_me per pion Averaged cell time per pion
(Not averaged) Arithmetic mean Cell E weighted 1/RMS? weighted
#cells from each pion
7 h_ncell
e All cells in the leftmost plots contributed to the rest of three plots 7000E“ yoollect fraction = 0.051965 [V san
aooof
e Additional selection: reco cell E > 0.1 GeV ok
e Single cell faction in averaged distributions = 5.20 % ooy
3000
e All averaged distributions are calibrated -
1000f
G:‘ IR FENEE FNRTE STETE S PRl FENEE ST
0 10 15 20 25 30 35 40 45 50

c.2e®  Garias 20
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5D Calorimeter Summary with neutral pion study

e Using pions with at least one energetic cell (>1GeV),
we can achieve a very decent timing resolution with neutral pions

e 1GeV cut on reco cell E still kept 42.9% of pions among all pion that passed baseline
selection

e Cell significance may give us better cut than 1GeV cut on cell E and allow us to keep
more than 42.9% of pions

Kim Doyeong 7J5£%, Argonne National Laboratory Argpﬂmgﬁ ?ATLAS 21
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Timing resolution of neutral pion
with various average methods
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SIBNEEIWI i Od Reco cell E per layer (1 GeV < truth pion p < 20 GeV) I

h

: Inclusive Enmios 69984 Tower in Sampling 3
10° ocin = 0.0243:04 : s
£10F o 14 e Check reco cell E range within the
s
[ . .
region of our interest
T e There is no cell which has more than
avower
P =0.00g,
14 GeV
Square towers in
Sampling 2
| IR | T I P I
0 2 4 6 8 10 12 14 16
Recocellenergy [GeV] S N .
presampler _h _h , layer3 h
Entries 2119 Entries 20546 Entries 39564 Entries. 7755
._g Mean 06527 _g F Mean 0.223 _g E Mean 05436 ! Mean  0.2817
= 10° Std Dev  0.4467 = [ SdDev 01871 = F StdDev 06844 E \ e
s O F S 40tk = £
[} [ E ) 104E [
102 103? 10
0% 102;
10 c g
10 10
1 _ » d_h
1= 1= LH-’
L v b Lo Lo Laay £ sl b Lo Lo Laay EewuloselossTanalanall g i L e b b L Ly
0 6 8 10 12 14 16 0 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 6 8 10 12 14 16
Reco cell energy [GeV] Reco cell energy [GeV] Reco cell energy [GeV] Reco cell energy [GeV]
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5D Calorimeter

RMS vs Reco cell E per EM LAr Barrle layer

2 2 — 5
\/A2+%+% Nt =N
o 10 s E T o
= gl - Presampler E B
%’ [ Layer1 § 1.4 A=-4173.31;-B=43.05; - C=0.37, - (A+C=-4172.93)
8 o -
& Layer2 2 F A=0.11, B=2.49, =002, (A+C=0.14)
2 5 - L ayer3 ® 21
E E F A=0.92, B=2.26, C=0.03, (A+C=0.95)
= of 1000*A=-2:146; - B=2:258; - C=0.732 a;) ¥ A=1.29, B=4.48, C=0.05, (A+C=1.33)
o 1000*A=140.940,..B=0.000,...C=0.455 5> o8
y 000*A=205.912, B=-0.002, C=1.513
d 000*A=393.902, B=0.000, C=1.152
oF
\‘h_ —
0_ 1 1 1 [ L1 1 T |—!_| 1 .j:!:-ﬁ T — T T T -0.2 1 1 1 - L 1 1 L 1 L 1 1 L 1 L 1 1 L
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Reco cell E [GeV] Reco cell E [GeV]
e Timing resolution and mean are parametrized by cell E (E) Can remove presampeler...
e The constant term (i.e. A) depends on layer
e RMS differences between layers are ~50ps at cell E of 5 GeV
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5D Calorimeter Event selections

To have a same set of pions for comparison, the following selections are applied
e 1 GeV < Truth pion pT < 20 GeV

e Only non-zero cell time cells

z " =
I — Presampler | |
e LAr EM Barrel (|eta] < 0.8) 2 Layert
o 8 — Layer2
. o — Layer3
e Pre-sampler is excluded £ 7
= S 1000*A=-2:146;B=2:258;~ C=0:732
o S 000:A=140.940,...B=0.000,:.C=0.455
e Truth cell E < 0.001 GeV ; \ :
. b ’ 000*A=205.912, B=-0.002, C=1.513
(temporary cut till we have significance) . 1000*A=393.902, B=0.000, C=1.152
Up to this selection, 13111 pions "1‘ ....... =~
e At least one cell in a pion has R S B S s

Reco cell E [GeV]

reco cell E > 2 GeV
— 1134 pions (1134/13111 = 8.65%)

Kim Doyeong 7J5£%, Argonne National Laboratory Argnoumgme ?{l;\lkﬁﬁ 25



5D Calorimeter Various way to average (average only reco cell E > 2 GeV)

h Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
Entries 1467 1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
k= E Mean 004618 250— Enies 1134 250 Entries 1134 250— Entries 1134
g [ Mean = 0.05 StdDev 05733 r Mean  0.0356 L Mean  0.03537 N Mean  0.001666
5 250; RMS =569 ps [ Mean — 0‘04 ns StdDev  0.5444 : Mean = 0‘04 ns StdDev  0.5416 [ Mean - 0‘00 ns Std Dev 0.5409
r 200; RMS =520 ps 200 RMS =516 ps 200; RMS =512 ps
t Mean = 0.05 = r -
2001~ RMS = 573 ps I Mean=0.04 ns [ Mean=0.04ns I Mean =0.00 ns
r [ RMS =544 ps I RMS=542ps [ RMS=541ps
C 150 150? 150
150~ [ L r
1ooi 100:, 100:— 100:—
50} 50; 50:— 50;
[T B ! r
o PRI NI B S . X VAR r I B
-6 -4 -2 0 4 6 ol L I e ol v 1 e bt v I N
Cell time [ns] -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
Individual cell time Arithmetic mean Cell E weighted 1/RMS? weighted
#cells from each pion
h_ncell
: [ Entries 11
e Average only cells with reco cell E > 2 GeV sl Foeltest Truchion =i 7EET “
e Single cell faction in averaged distributions = 72.9 % 700 Can fix Y-asxis maximum for
600 easier comparison
500
400
300
200
100
G\H‘H sl

0 10“2‘0‘”‘3‘0‘”‘4‘0‘”‘;0‘”60 70 80””9‘0‘”1‘00
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5D Calorimeter

Various way to average (average only reco cell E > 1 GeV)

h Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
Entries 2338 1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
F Mean 006966 | 220 Entries 1134 250 Entries 1134 L Entries 1134
3501~ Mean = 0.06 SdDev 08716 F Mean 006123 B Mean  0.05073 2501 Mean 0007772
s RMS = 754 ps Moré 200:— Mean = 0.06 ns StdDev 05882 L Mean = 0.05 ns StdDev 05204 r Mean = 0.01 ns StdDev 05035
300~ .| .. 180 RMS =567 ps s00l. RMS =496 ps I RMS = 468 ps
£ Mean = 0.07 statistics | " 200l
250 RMS = 872 ps 160~ Mean = 0.06 ns I Mean=0.05ns I} Mean=0.01ns
F 140f- RMS =588 ps [ RMS =520ps [ RMS =504 ps
2001 of. Worsen 180 150
1503— 100f- r
r gof- 100~ 100]—
100~ F r L
E 60— r i
50 40(— 50— 50l
F TC o : 20 r i
% 4 -2 0 4 6 bt P P I I [P R bt v N
Cell time [ns] -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
Individual cell time Arithmetic mean Cell E weighted 1/RMS? weighted
#cells from each pion
h_ncell
. F Entries 11
e Average only cells with reco cell E > 1 GeV | #esle=1 raction = 0 230850 “
e Single cell faction in averaged distributions = 24.0 % Can fix Y-asxis maximum for
0 easier comparison
300
200
100
sl b b b e b baan Laaaa Liay
10 20 30 40 50 60 70 80 90 100
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5D Calorimeter Various way to average (average only reco cell E > 0.1 GeV)

h Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
Entries 9617 1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
c F 220F 300
= 1800 Mean 0.3877 B Entries 1134 r Entries 1134 N Entries 1134
: E Mean = 032 Std Dev 5171 90? Mean 0.3457 200; Mean 0.1588 - Mean 0.0172
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r 40F F r
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F 30 E 100~
4001 E 60— .
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Tl o b b b Ly F E B
%5 20715 40 5 0 5 10 15 20 25 bt - lih, ob s 1 g | U EE Y A B 00 U R
Cell time [ns] -6 4 2 0 2 4 6 -6 4 2 0 2 4 6 -6 4 2 0 2 4 6
Individual cell time Arithmetic mean Cell E weighted 1/RMS? weighted
#cells from each pion
h_ncell
. [ Entries. 1
e Average only cells with reco cell E > 0.1 GeV ol #oell==1 fraction = 0.000000 w1058
[~ Std Dev 4.528
e Single cell faction in averaged distributions = 0.00 % o Can fix Y-asxis maximum for

easier comparison
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5D Calorimeter Various way to average (average only reco cell E > 0.1 GeV)

h Average Cell Time in Single Pion Average Cell Time in Single Pion Average Cell Time in Single Pion
Entries 47319 1_cellTimeSum 1_cellTimeSum 1_cellTimeSum
£ F Mean 04983 o Enties  13111| 3000 Enties 13111 - Enties 13111
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e At least one cell in a pion has
reco cell E > 2 GeV (removed)
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Backup
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5D Calorimeter Discrepancy btw old and new fits

Old fits are made of Ntuple with bug (mistakenly used a wrong file, sorry about the confusion)
Three plots below are made with the same selection using 0.22 GeV < reco cell E < 0.26 GeV but for

1 < GeV Truth pion pT < 50 GeV 1 < GeV Truth pion pT < 50 GeV 1 < GeV Truth pion pT < 20 GeV
With buggy Ntuple Without buggy Ntuple Without buggy Ntuple
(fits on slide 4) g (fits on slide 5) .
h
Entries 98278 Entries 55404 Entries 30574
._g L Mean 0.2795 _g F Mean  0.07068 _g 5 Mean  0.04962
= 14000~ Mean = 0.28 ns StdDev  0.5354 = 8000 Mean = 0.07 ns StdDev 05111 = 4500;_ Mean = 0.05 ns StdDev 05104
3  RMS =533 ps 8 7oooi RMS = 505 ps % 4000F- RMS = 511 ps
12000:_ Mean = 0.28 ns " Mean = 0.07 ns 3500 Mean = 0.05 ns
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L 5000 5
8000; E 2500:—
C 4000F E
6000 B 2000E"
r 3000 B
r E 1500
4000; 20001 1000
20001 10001 500
- 10 - 70 - 10
oL L prvifa ppala el iy b s [ flapessioeg oEii | irada pqda ey
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