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1 - Introduction
O In the photon isolation analysis we have 2 main parameters
» Calorimeter shower shape

» Sum of transverse momentum of particles in isolation cone pris°
O Both quantities are strongly dependent on the event particle multiplicity
(underlying event, UE)

» Photon shower shape distribution broadened dificulting the resolving
power — Lower purity - efficiency

> Photon energy shifted to higher values — Higher correction.

> priso shifted from less than 1 GeV mean value in pp collisions to several
tenths of GeV — Need to estimate the underlying event contribution to the
cone each event

O In the next slides study in Pb-Pb collisions

» Shower shape for different reconstruction clusterizers and collision
centralities, effect on efficiency and purity

» UE subtraction in the calculation of with different estimators, depending
cone size and centrality

> Very preliminary attempt of isolated photon spectrum in 4 different
centrality bins



1- Introduction: Data/MC samples

© Data: Analysis of Pb-Pb 5.02 TeV LHC18q and LHC18r samples
» MB and centrality triggers, used in embedding to MC
» L1 EMCal+DCal trigger (~12 GeV for cen < 50 % and ~5 GeV for cen > 50 %)
o Data: Analysis of Pb-Pb 5.02 TeV LHC150 for random cone analysis MB data

© MC embedded into data: pp 5.02 TeV, PYTHIA8 anchored to LHC18qr
> jet-jet unbiased LHC20g4

a 20 pr-hard bins {5,7,9,12,16,21,28,36,45,57,70,85,99,115,132,150,169,190,212,235,-1}
GeV/c

o ~8 M events each bin

> jet-jet biased with decay photon pt7 > 3.5 GeV/c triggered on calorimeters
acceptance
O 6 pr-hard bins {5, 7, 9, 12, 16, 21, -1} GeV/c
o ~8 M events each bin
> jet-jet biased with decay photon ptr > 7 GeV/c triggered on calorimeters acceptance
o 8 pr-hard bins {8, 10, 14, 19, 26, 35, 48, 66, -1} GeV/c
o ~8 M events each bin

> y-jet events triggered on calorimeters acceptance

o 6 pr-hard bins {5, 11, 21, 36, 57, 84, -1} GeV/c
o ~8 M events each bin



1 - Introduction: Analysis settings

© EMCal and DCal clusters, for shower shape analysis, only EMCal for
first full isolation analysis

O Clusterizer: Ecen > 100 MeV |, Eseed > 500 MeV
O LED event rejection ON (at SM and strip level)
O Exotic rejection F+<0.95

O Cross talk default emulation on MC

O Cluster |time| < 20 ns

O Non linearity:
» data, “kTestBeamFinalShaper”;
> MC, “kTestBeamFinalMC” with afterburner “kPCM_EMCal”

O Distance to bad channel cut not applied, 1 cell from SM border cut
applied

© Same track matching residual pt track dependent cuts as in pp analyses
plus require E/p < 1.7 to 3, depending when the analysis was done



2 - Clusterization and shower shape in Pb-Pb environment

o In pp collisions, isolated y measurement relies on

» V1 clusters

o To be able to veto merged decay y and use the right tail in the shower shape

O2ong to estimate purity, tail suppressed in V2 clusterizer
» Number of local maxima num =1-2 in clusters

0 To avoid part of the bias of jet cluster merging in data driven purity estimation,
but still have meson decay merging in the shower shape 02ong tail

o In Pb-Pb central collisions, the same could be used but:
» Reduced efficiency of isolated y due to random overlaps with the collision

UE, adding extra nu.m and higher shower shape o20ng right tail to y clusters

> Significant energy bin shift due to collision UE, specially at low pr.

» Can we avoid these with other clusterizer?



2- Clusterization

O Study shower shape 020ng With different clusterizations: V1, 5x5, V2

» Why 5x5? Limit contribution of UE to V1 cluster, still allow merged clusters
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2- Shower shape with fixed size

O Additionally, for V2 clusters calculate a different 02jong

a

Consider the cells around the highest energy cell in a 5x5 fixed window in the 02ong
calculation, independently if cells were assigned to the original V2 cluster

Those cells must be all neighbours
(unlike currently in 5x5 clusterizer)

row

The cluster energy and position remains the
same as the V2 cluster

A different case considered also, if 5x5 cells have

# nw= 1 or > 2 maxima take the V2 standard o2ong,

# v = 2, take the 5x5 recalculated 02ong

12 14 16
column
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2 - i0 invariant mass: centrality 70-90% - Clusterizer V2
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2 - 020ng Of prompt y: 10 < pr<12 GeV/c
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2 - 020ng Of prompt y: 20 < pr< 24 GeV/c
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2 - 020ng Of prompt y: 50 < pr< 100 GeV/c
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2 - Shower shape 62iong of prompt y

O Distributions normalized to cross section

O UE of central events has a significant contribution to photons shape
below approximately 20 GeV/c specially for 5x5 clusters

» V2 less modified, as expected

» V1 and V2 using 5x5 have similar performance in most centralities, less
similar in central

O At high energies, for 020ng<0.4 the distribution is basically the same for
all cases in all centralities



2 - Prompt y reconstructed efficiency:
pt reconstructed / pr generated, 0.1 < 02 jong< 0.3
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2 - Prompt y reconstructed efficiencies ratio:

clusterizer Vx / clusterizer V2, 0.1 < 02 jong< 0.3
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2 - 020ng of merged 7nt0 clusters: 10 < p1<12 GeV/c
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2 - 020ng of merged 70 clusters: 20 < pr< 24 GeV/c
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2 - 020ng of merged ©t? events: 30 < pr< 50 GeV/c
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2 - Shower shape in jet-jet simulation

O Distributions normalized to cross section

o UE of central events widens the ®t® merged photons clusters bump in
the shower shape distribution
» V2 and V2 using 5x5 less modified
» V1 and 5x5 have similar performance

© Above 20 GeV, V1 and 5x5 with n.w=1,2 similar 020ng as V2 using 5x5

o Below 20 GeV, V2 using 5x5 shows also the 020ng t® bump, less wide
than in V1, and not present for V2

0 What is the effect on the purity?
» Next slides without isolation!
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2 - MC purity: prompt y clusters / prompt y + jet-jet (p1

> 3.5 GeV/c) clusters,
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Clusterizer X / Clusterizer V2 Clusterizer X / Clusterizer V2

Clusterizer X / Clusterizer V2

2 - MC purity ratio: MC: Jet Jet pr > 3.5 GeV/c
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2 - MC Purity depending shower shape and clusterization

o V2 with shower shape recalculated in 5x5 window has better merged
clusters rejection power than any of the clusterizers, specially in the
region 10 to 20 GeV/c

O At least for Pb-Pb analysis, | would from now on use V2 clusterizer
with shower shape recalculated in a 5x5 window

O Below 20 GeV, in order to improve efficiency, consider opening the cut
with a simple pt dependent function

» Energy dependent cut below ~20 GeV: 0.1< 02ong v2(5x5) < 0.6+0.016 pT
» Above 20 GeV: 0.1< 0%0ng v2(5x5) < 0.3

O Next slides, compare data and MC with such shower shape definition
to be sure it reproduces properly the data behavior

» Need to scale down the jet-jet MC with respect the gamma-jet MC to have
a better agreement
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2 - 020ng v2(5x5) in Data and MC, 5-10%, MC JJ scaled down ~ 0.12
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2 - 02jong v2(5x5) in Data and MC, 10-20%, MC JJ scaled down ~ 0.15
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2 - 02j0ng v2(5x5) in Data and MC, 20-30%, MC JJ scaled down ~ 0.20
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2 - 02i0ng v2(5x5) in Data and MC, 30-40%, MC JJ scaled down ~ 0.25
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2 - 02i0ng v2(5x5) in Data and MC, 40-50%, MC JJ scaled down ~ 0.30
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2 - 02i0ng v2(5x5) in Data and MC, 50-70%, MC JJ scaled down ~ 0.35
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2 - 02i0ng v2(5x5) in Data and MC, 70-90%, MC JJ scaled down ~ 0.50
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2 - Conclusion on shower shape and clusterization

O V2 clusterizer with 020ng for 5x5 at least on Pb-Pb is selected for isolated
photon analysis

o MC of pp events (jet-jet+y-jet) embedded on MB data reproduces

reasonably the cluster shower shape behaviour in data from 6 to 100
GeV/c when properly scaling down jet-jet MC biased and unbiased
samples.

» Need to find a reasoning for the found values

» Also reasonable agreement with other clusterizer and in more differential
checks, per supermodule and per pseudorapidity window and per sector

O Biased jet-jet MC events assumed to be usable from cluster pt~2*3.5
=7 GeV/c but apparently still biased in central events between
8<p1<12 GeV/c, no bias observable in non central events

> Below 12 GeV/c it is better to use unbiased jet-jet at least in central
events or we need to check carefully those bins using biased productions.



3 - Isolation in Pb-Pb: prisc and UE energy estimation methods
o Different cone sizes studied: R = 0.2, 0.4 (0.15, 0.3, also available)

o Different UE energy density (p) in cone estimators:

A

.........

Candidate
cluster

______

FalfTPC FalfTPC
o lIsolation cone energy: prise = ¥ prtracks in cone. o R2 (P _
prin R < 0.05 not counted
o Jet p sparse and non sparse estimator (used as black box): #\JE :elnsity correction considers
0 AddTaskEmcaldet("usedefault", ", AlidetContainer::kt_algorithm, 0.2, It Ijoez ?1)ot affect the discussion
AliJetContainer::kChargeddJet, 0.15, 0,0.005, AliJetContainer::E_scheme, "Jet", 0., here, same thing observed without
kFALSE, KFALSE) this condition.
0 Sparse: AddTaskRhoSparse(“usedefault”, "usedefault", "Rho", 0.2, AliEmcalJet::kTPCfid, "
AliJetContainer::kChargedJet, AliJetContainer::E_scheme, kTRUE) For n and ¢-bands, an additional
gap is considered so that only the
© Non sparse: AddTaskRhoNew(“usedefault”, "usedefault”, "Rho", 0.2, region above R+r=R+0.1 is
AliEmcalJet::kTPCfid, AlidetContainer::kChargedJet, kFALSE, considered to avoid any jet
AlidetContainer::E_scheme, “) constituents bias. It also does not

o0 Set option to exclude 2 leading jets (tried with 4 also but nothing changes) change with or without the gap

https://alice-notes.web.cern.ch/system/files/notes/analysis/178/2015-Mar-02-analysis_note-fulltext.pdf



https://alice-notes.web.cern.ch/system/files/notes/analysis/178/2015-Mar-02-analysis_note-fulltext.pdf
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Less wide energy density band with the jet estimator, in part due to the more

acceptance inspected.

The non sparse jet estimator can be used for centrality < 70 % approx.
Performance below 70% is similar to sparse estimator so let’s use this one.



Centrality (%)

Centrality (%)

3 - UE energy density p, R=0.4

R = 0.40, n-Band

100

90

80

70

60

50

40

30
20

10F

4 7891 2 4 102 102
3 5 678910 0 30 40 50 p(é)evmrag"é)o

Increasing R reduces a bit the width of the distributions, more significantly for the

perpendicular cones case

Track pr> 0.15 GeV/c

R =0.40, ¢-Band

o
o

©
o

Centrality (%)

®
[=]
N
o
=5

M Pare | M PEEEEE . .
2 2
3 4 5678910 20 30 40 50 p(1é)eV/c rag,é;o

R =0.40, l—Conesl

100

Centrality (%)

M M il
3 4 5678910

et 1
2 4 102 10?
0 30 4050 p(geV/c rag')é)0

36



iso
T

1N, o d N /dp

3 - 2pt in candidate cone and UE bands, 0-10%, 12<p1<20 GeV/c, data

107"

1072

107

T 1T \‘ T T T 1T
LHC18qr, EMC

[ U<cen<

| R=0.15

—6— 1n-Band, tracl

—3— n-Band, cluster
—e— ¢-Band, track

—e— @-Band, cluster
—e— Cone lJ‘

—o— Cone frigger, track __|
—e— Cone trigger, clusterJ

L 117

‘ | ) I N |

A
2
\
0

A

2
b
\

]3kg pile-up
| events not yet
Hejected

10°°

\\\‘ T T T T T TTT

LH X 1
O<cen<10

—o— m-Band, track

—B— n-Band, cluster
—e— @-Band, track

—e— @-Band, cluster
—e— Cone ]
—o— Cone frigger, track 3
—e— Cone trigger, cluster]

T
| \HHH‘

\\\‘ ) I N I N |

3
p (Gev/df

UE bands energy normalized to trigger cone size
Distribution narrower, likely due to larger acceptance (less fluctuations) in this order:

@-band < n-band = L cones < trigger cluster cone
In any case mean of the UE distributions seem to match the mean of the trigger cone, no obvious mistake in UE

Analysis with jet estimator and perp band not done yet

normalization

107

107

T LI ‘ T
LHC18qr, EM
<cen
R=0.20
—o— n-Band,
—8— n-Band,
—o— @-Band,
—=— @-Band,
—e— Cone lJ‘
—o— Cone fr
—=— Cone tri

C . -
<

track
cluster
track
cluster

Distributions
gger, track 5} normalized
gger, clusterz to the

] maximum

T R T B

102

10°°

—_
~

Bkg pile-up
events not yet
jected

O<cen<10 |

—o— n-Band,

—=— n-Band,

—o— @-Band,
@-Band,
Cone

LG R

Cone frigger, track
Cone trigger, cluster

track
cluster
track
cluster

IS N S S '}

= HH‘ T \H‘ T TTTT

10

10°

3
p‘Tso (GeV/ AP

Track pr> 0.7 GeV/c



iso
T

1N, dN/dp

3 - Zpr in candidate cone and UE bands, 0-10%, 12<pt<20 GeV/c, embedded y-jet MC

10°

1072

107°

_.

Q

IS
Y

10°°

10

1

LHC18qr, EMC

<cen<
R=0.15 |
—o— n-Band, track
—8— n-Band, cluster
—e— @-Band, track
—s— @-Band, cluster
—e— Cone tJ'
—o— Cone frigger, track
—=— Cone trigger, cluster

o I T T N B B

[

LHC18qr, EMC N
O<cen<10
R=0.30

—o— n-Band, track
—3— n-Band, cluster
—e— @-Band, track
—e— @-Band, cluster
—e— Cone 1
—o— Cone frigger, track I
—e— Cone trigger, cluster ]

I I I |

Y

10

2 3
10 p (Gev/df

iso
T

1N, dN/dp
S

102

107°

_l
Q
L
T

107

UE bands energy normalized to trigger cone size

Distribution narrower, likely due to larger acceptance (less fluctuations) in this order:

LHC18qr, EMC
O<cen<10
LR=0.20 ,
—o— n-Band, track_
—8— n-Band, cluster
—e— @-Band, track
—=— @-Band, cluster
—e— Cone

—o— Cone frigger, track 5
—a— Cone trigger, cluster

\\‘ | 1 I I I |

O (D&

> —=— n-Band, cluster

T ‘ T T
LHC18qr, EMC
O<cen<10
R=0.40

—o— n-Band, track

—e— @-Band, track
—=— @-Band, cluster
Cone

Cone frigger, track
Cone trigger, cluster

= T
= i)
| \\HH‘

&
|

1l IS IR N N '

-

@-band < n-band = L cones < trigger cluster cone
In any case mean of the UE distributions seem to match the mean of the trigger cone, no obvious mistake in UE

normalization

Analysis with jet estimator and perp band not done yet

3
p‘TSo (GeV/(!P

Distributions
normalized
to the
maximum

Track pr> 0.7 GeV/c



3 - Zpt in candidate cone and UE bands, 50-90%, 12<pt<20 GeV/c, data

,2 - T LI T LI T T T T T 1T g - T L T LI T T T T LI
o 1 LHC18gr,.EMC | = 1= LHC18qr,EMC_
~ E 50 <cen <90 4 = E 50 <cen <90 E
2 C — 0= E — ]
%< E —o— n-Band, track 1% E —o— n-Band, track ]
5 —3— n-Band, cluster 5 , —3— m-Band, cluster . . .
4 ) | _ ) |
z 107E —o— ¢-Band, track 4=z 10 —o— ¢-Band, track = D|Str|but|0ns
= E —e— @-Band, cluster 3 = —e— @-Band, cluster = .
r —e— Cone 1 —e— Cone n
L —o— Cone IJr'lgger, track _| —o— Cone frigger, track _| norma“zed
10 EE —a=— Cone trigger, cluster | 02 —=— Cone trigger, cluster | to the
- E - 1 maximum
107 = 3 10° 3
= = 10 - =
- | ! Lo E | ! L
g = [ T T T 1T ‘ T T T T T \7\ 3 - 1j T L ‘ T T LI T T T T T \7\7
) = LHC18qr, EMC El g LHC18qr, EMC E
= = E§<cen<f;| 3 = = E§<cen<?:| ]
i - |LR=0.30 ] E F |LR=0.40 B
£ - —o— n-Band, trac 4 s - —o— n-Band, trac n
5 —5— n-Band, cluster T —3— m-Band, cluster |
= 10 —o— @-Band, track ElPS —o— ¢-Band, track E
= —=— @-Band, cluster 4 - —e=— @-Band, cluster .
—e— Cone - —e— Cone =
—o— Cone frigger, track —o— Cone frigger, track
102 —=— Cone trigger, clusteri 102 — —=— Cone trigger, cluster_|
10° = — 107 = =
107 — 107 =
o N I | ‘ 1 1 1111 = E 1 1 1111 =

- ]
-
o

2 3
10 p‘Tso (GeV/éP

UE bands energy normalized to trigger cone size

Distribution narrower, likely due to larger acceptance (less fluctuations) in this order:

-

@-band < n-band = L cones < trigger cluster cone
In any case mean of the UE distributions seem to match the mean of the trigger cone, no obvious mistake in UE

normalization

3
piTSo (GeV/ AP

Track pt> 0.7 GeV/c

Analysis with jet estimator and perp band not done yet



iso
T

maxbind N/dp

S

3 - Zpr in candidate cone and UE bands, 50-90%, 12<pt<20 GeV/c, embedded y-jet MC

iso
T

T T TT ‘ T T T T 1T
LHC18qr, EMC

‘ <cen<

R=0.15

—o— n-Band, frac

—3— n-Band, cluster
—e— @-Band, track

—a— -Band, cluster
—e— Cone

—eo— Cone frigger, track
—=— Cone trigger, cluste

maxbfndN/dp

= 107"

1/

102

| = \
(AR (AR

107°

_L

Q

L
o

\\\\\‘ | I N

T 1T \‘ T T T T T TT
LHC18qr, EMC

o0 <cen<90
R=0.20

—6— n-Band, track
—8— n-Band, cluster
—o— @-Band, track
—=— @-Band, cluster

Distributions

: 8822 rigger, track nOl’malized
—=— Cone trigger, clusteri tO the
1 maximum

TR I T T N B B

107?

107

107

LHC18gr, EMC

R=0.30
—o— n-Band, track
—3— n-Band, cluster
—e— @-Band, track
—e— -Band, cluster
—e— Cone
—e— Cone frigger, track
—e=— Cone trigger, cluster 102

107

107

T T T TTT ‘ T T T T T
LHC18qr, EMC
50 <cen<
R=0.40 |
—o— n-Band, track
—&— m-Band, cluster
—e— @-Band, track
—e— @-Band, cluster
—e— Cone
—o— Cone frigger, track
—=— Cone trigger, cluster |

\\\\\‘ IS IR N '}

-
HH‘

\\\\\‘ ) I IS S |

e

3
p (Gev/df

UE bands energy normalized to trigger cone size
Distribution narrower, likely due to larger acceptance (less fluctuations) in this order:

@-band < n-band = L cones < trigger cluster cone
In any case mean of the UE distributions seem to match the mean of the trigger cone, no obvious mistake in UE

Analysis with jet estimator and perp band not done yet

n

ormalization

3
p‘:" (GeV/ Jf)

Track pr> 0.7 GeV/c



150
T

1/kdN/dp

iso
T

1/kdN/dp

2-priso, 0-10%, 12<p1<20 GeV/c, R=0.2 Track pr> 0.7

GeV/c

LHC18qr, EMC, MB

I I B | | LI | LI | LI | L | LN N N K N I R I N I B | _l,
1600 : =
:Data 0.10<02 <0.30 :
1400— 0<ced <10 —
- R=0.20 b
- . —e— m-Band E
1200— P o n -Band, charged onTI
- : 'Eang harged
— and, charged on
1000 gone i —?
600[— =
400~ -
200— . -
n E :.I | I | | I | | I | | | | | | I | 11 ! :
01 (T | T LI LI | T 17T | T 17T | T T T T T T T T I_!.
- embedded - [oi0<oz_<0.30] 7
- Y- et : : 0<ced<10 .
0.08— 7 : R=0.20 —
n . —e— m-Band
L i —e— m-Band, charged only
B o Eand h d onl
and, charged on y
0.06— &ne 1 _
0.04\— -
0.02(— —
0 =g—6— 11 | I | | I | | I | | I | 11 1
-15 -10 -5 0 5 10 15 20 25
p:" (GeV/c)

UE for ¢-band and L cone seem not centred at
0, few GeV below 0, also n-band but less

LHC18qr, EMC, MB

2.~ 7000
s F 0.40 <o?_<2.00 |
> F Data :
S 6000 0<ced<10 —
~ - R 0.20 ]
= - A n-Band 4
5000 |— o n -Band, charged onJ;Z
- i ¢-Band E
C | —o— gBand charged only
4000 one | -
3000 — =
2000{— _:
1000{— —
n 1 1
gD:_ :I 1T | LI | LI | LI | T 1T | T T T T T T T T T _I_
o AE 5 0.40 <02 <2.00 |
> F embedded Jet-Jet - lo E
O s O<cen<10 A
© 35 low trlgger R 023 ]
= - A A A n-Ban =
3 —— n -Band, charged only/
- | —e— @-Band !
C : : -Band, charged only]
25 one | =
2 - =
= == o E
I b,
1= =
0.5 :_ ' :n:‘.i’ _‘___
O % | I | | I | | I | | I | | I | | I | | I -_T
=15 -10 -5 0 5 10 15 20
p$° (GeV/c)

Similar right tail for all UE estimators



2-pris°, 30-50%, 12<p1<20 GeV/c, R=0.2 Track pr> 0.7 GeV/c

LHC18qr, EMC, L1 LHC18qr, EMC, L1

zQ'_ : L I L I LI I T T 17T I L I LI I N N N I N R O N I B | _l_ l'_ 4500 :_I LI I LI I L I L I L I L L |2 T T T 1T _—l_

g 2500 |— Data . ; - Data ~ 0.40 <c2 <2.00 e

> - 30 <cén <50 4 5 40001 30 < cén <50 =

x B HBO 23 3 e - RBO Zg 5

- i i A -Ban | = 38500(— : -Ban —

20001~ i —e— m-Band, charged only; - e n Eand charged only;

L i —e— @-Band B - -Band ~

- ¢ {—o— gBand charged onlyj 3000 = {—o— 8 Band, charged onlyj

B : A one | ] C one | ]

1500 — ¢ -] 2500 =

N 1 2000 =

1000 — — - 3

C 1 1500F E

- 1 1000~ E

soof - . -

- == . 500 =

‘. g L s e | T I Il Il I L1 1 1 I 111 I ; : 111 I 111 I | I I - I | I I | I I - I | -_f

8Q'_ Od _—f T _|_!_|_I I L I T T I T 1T 1T I 1 T T T —-" gm.'_ 3 5 __I T 1T I 1T 17T I 1T 17T I 1T 17T I T 17T I T T T T T T T T T _l_

° - 8 0.10 <02  <0.30 E o 7 - embedded ; 0.40 <02 <2.00 ]

2 03_—embedded I’ 30<cdn<50 1 3 Lf jetjetlow 30<cdn<50 -

= F t s | e e 1 F F trigger s ]

= - y-je ; -Ban 1= F , e - g

0.25 __7 J i e n Band, charged on’ryj s : R Band charged only;

- : ! : ¢-Band S : e ¢-Band =

C $Band charged onlz - | —o— % Band charged onlz

0.2 one | E F : one | E

015~ — 1.5 3

0.05— - 0.5 E
PR S SiOngl I 0

%5 -10 -5 0 5 10 15 20 25 =15 20 25

pf° (GeV/c) P3 (GeV/c)

UE for n-band, ¢-band and L cone seem not centred at

Similar right tail for all UE estimators

0, few GeV below 0, also ¢-band even more shifted



T

IVTKQaimiN/7ap--

T

1/kd N /d p*®

2-pT'S° 0- 10%, 12<pT<20 GeV/c, different R, data, n -band, 0.1< O'zlong< 0.3

7 T T T T T T T ]
C ) 3
oot O ULhsh®
C <§ <1 E
0.035 tg and =
= ﬁES 318 charged only 3
0.03 §§§ §§ chargedonly 3
. ﬂ§8 20, charged only 3
0.025— R=0.15, charged onIy =
0.02[ b =
0.015[ -
0.01- —f
0.005- é
;)

r T T T ; T T T T ; T T T z T ; T T ! T T T 2! T T T ! I

- ‘ : : 0.10<o02 <0.3 E
0.06/— ‘ b i 7:
- 30-50% | Wb -

— H H t_a an -
0,05 ﬂi8 18 charged only 7
C : : gf§ g charged only E

C ; ; =0.20, charged only ]

0.04 - g;§ ? charged onIy ?
0.03— =
oo2— | | A
oot f | o o by o
- ; ‘ o 5 1 o E

[ e '*"= I ‘ I I ‘ L \Eéz 17 :
E)20 -15 -10 -5 0 5 10 15 20
p'Tso (GeV/c)

T

IVKuimiN/7up

0.025

0.015

0.005

T

11k d N /d p®

0.045

0.035

o
o
=

0.03

0.02

0.01

0.10 < 0|2 < .30

10- 30% §aga§§<"280(gev
ﬁ;g 4418 charged only
gig §§ charged only
ﬁzg %g charged only
R=0.15,

i

charged only

h L.l ‘ L1 LJ ALl J Ll LJ LI \ Ll J“‘l L.l ‘ Lll.l J

%0 0 330
Py 0)
C T T T T T T T T T ) - T T -
0.127— 50_90% # ?'12<é0'2“2<08'e3\(/) ]
B : Etgﬁan < 7]
01 $ —— ﬁ§8 4418 chargedonly
- T —— g§§ gg charged only .
0.08— i —o— =020, chargedonly ]

. =
B 47| —=— Fi=0.15, charged only ]

|

L + : ; 7]
0.06— |
- f ;
0.04 :— ‘ {
0.02 :— =
o——1e i | z N

-2 0 2

1
IS

4
p$° (GeV/c)

Distributions mean below 0, specially in non central events and smaller cone
size not clear why. Events with jets in UE region that over-subtract?
Cone size R=0.15,0.2 distribution seems rather narrow even in central

collisions.

Distributions
normalized
to the
maximum

Track pr> 0.7 GeV/c



T

IVKaimiN/ap-—-

T

1/kd N /d p*®

2-pTi5°, 0-10%, 12<p1<20 GeV/c, different R, embedded y-jet, n-band, 0.1< 62jong< 0.3

: 1 1 1 z 1 1 1 z T T T T T T T 17
004?’ ‘ ‘ 0,10 <02, <0.30 =
- 0- 10%: ST
0.035[— ‘ taBand 3
o ; e ﬁ§8 1418 charged only 3
0.03— e E§§ §§ chargedonly  —
- =0.20, charged only
0.025 1~ E;(8) ?g charged onIy =
002;7 ] ‘ —
orsk- E
001 i =
aoosi— i Aé
0 = o & I i 4
-40 -30 -20 -10 0 10 20 40
p ° (GeV/c)
F T T T T T T T T T T T
= 0.10<o02 .<0.30 E
oot 30 50% Behefy 2
- gﬁan 3
0.06 — B0 ﬁ8 chargedonly
- —— =\ 7
o —— Efg §§ charged only 4
r —e— H= E
0.05— —o— A= charged only —
- § —— g;g ?g charged only §
0.04|— % : -
0.0~ %
0.02 f— é
001 =
%

(GeV/c)

Distributions mean below 0, speC|aIIy in non central events and smaller cone

17k d N /d p

-

T

17k d N /d p®

oosf— " " "1

0.04

0.03

0.02

0.01

|
OJO
o

o
)
&)

0.2

0.15

0.1

0.05

10-30%

T ; UL

T 00000000

Q)

WAAO

!

, charged only
, charged only
charged only

.15, charged only

J IO \ | {l | J IO Y O

50-90%

D
¢d 69

¢ ¢

... ©OOOOOOO

Q)

WAANS ]

size not clear why. Events with jets in UE region that over-subtract?
Cone size R=0.15,0.2 distribution seems rather narrow even in central

collisions.

, charged only
, charged only
, charged only
, charged onIy

Distributions
normalized
to the
maximum

Track pt> 0.7 GeV/c



T

1/INUIN /O p-

T

I7iNuaiIN/7up

Track pr>0.15 GeV/c

3 - pr's

o, R=0.2, random

cones

= T T T T T T T — . T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T =
i 1 2 C ; ]
0.0161~ 1 2 ootsf- 10 < cen <30 —
: A=U. ] Z o A=U. n
0.014— —e— n-Band, u 0.15 max 0.05 - 2 0.016— —e— m-Band, u 0.04 max -0.55 —
- —e— @-Band, u -0.08 max -0.65 H = - —e— @-Band, u -0.13 max -1.05 =
0.012— —e— 2 Cones, u-0.07 max -0.85 | 0.014— —e— 2 Cones, 1 -0.08 max-0.95 —
C —e— 1_tCone, u -0.45 max -1.35 1 - ——o— 1 }Cone, u -0.26 max -0.65 g
- —&— 27fBands, u 0.02 max -0.45 - 0.012— —e— 2 Bands, u-0.05 max -1.15 -
0.01— Jet p Sparse, u 0.01 max -0.45 | - Jet p Sparse, u 0.02 max -0.85 ]
r Jet p, u 0.01 max -0.85 ] 0.01— “Jet p, 1 0.02 max -0.65 7
0.008[— — = ]
- . 0.008— —
0.006— — C .
L ] 0.006 | — —]
0.004— — 0,004 =
0.002| - 0002 —
0/ant 50,00 D X O L L L | y O“ f | coleieimsg]
=20 -10 0 10 20 30 40 -10 -5 0 5 10 15 20 25
p*° (GeV/c) p3 (GeV/c)
T
N T T T T T T z T 1 T z T T T LN N I (N I I N N N N L R N N L I B O B | ] Ag - [ z T T 7T L T 1T 17 LI N I D N N I N L N L Y N N L N B B | z —
: : : : Q. - : : : : : -
0.025— : : — - =
L 30 <cen <50 4 2 04= 50 < cen < 90 ]
= H=0.20 4 2 - H=0. .
B —e— 1-Band, u -0.06 max -0.55 i ; 0.35— —e— n-Band, u -0.04 max -0.05 H.
0.021— —e— ¢-Band, n-0.18 max -1.05 — = - —e— @-Band, n-0.07 max -0.05 E
- —e— 2 _tCones, w -0.09 max -0.45 B 03F: —e— 2 _tCones, w-0.06 max -0.05  :+
B —e— 1_tCone, w -0.13 max -0.05 ] e e —— 1_tCone, u -0.05 max -0.05 b
L —a— 2 _tBands, w-0.13 max -0.75 i - —a— 2 _tBands, u -0.07 max -0.05 1
0.015— Jet p Sparse, u -0.01 max -0.85 — 0.25[— Jet p Sparse, u 0.04 max -0.05
B Jet p, u-0.00 max -0.75 i i Jet p, u 0.22 max -0.05 i
L | 0.2 [ i i i —
0.01— — = . =
B : 0.15 &
C ] 01 ]
0.005 5 — - o 3
g 0.05 ]
J ‘ o . i - ™ Jv,éf&’e’e'ele i L S ~ .
oRrel Lvv v bv v bv v v b v v b v v 4™ | . 0 orororiCiSl S T AT TR DRt bl bl e 10115 01 e O ae Or s I Y :é“:
-6 -4 -2 0 2 4 6 8 10 12 14 -1.5 -1 -0.5 0 0.5 15 2. 2.5
p*° (GeV/c) p$° (GeV/c)

Maximum not centred at 0 GeV but -1 to 0 GeV in 0-50%.
Less shifted n band and 1 L cone, but this one with more left tail.

Jet and n bands have similar width and mean but jet a bit more shifted

Sparse and non
sparse jet UE
estimators disagree
for 50-90% centrality



-

iNaiNsap--

T

iNvaiv/ap

3

Track pr>0.15 GeV/c

0.012

0.01

0.008

0.006

0.004

0.002
60 ) 80
pf" (GeV/c)
O 016 T z T T z T T T T T T T T T T T T T T T T T z
30 <cen <50
0.014 1=0.40
—e— mn-Band, u 0.11 max -0.05
——e— @-Band, u -0.06 max -1.75
0.012 —e— 2 Cones, u -0.06 max -0.75
— 1_tCone, w-0.10 max -0.25
0.01 —=&— 2 Bands, u-0.02 max -0.95

0.008

0.006

0.004

0.002

1

=070 i
—e— mn-Band, u 0.71 max 1.15
——e— @-Band, u 0.35 max -1.25
—e— 2 _tCones, u -0.08 max -0.85 _
—— 1_tCone, w -0.43 max -2.30
—a— 2 _tBands, w 0.28 max 0.35 -
Jet p Sparse, u 0.18 max -0.35
Jet p, u 0.18 max -0.65

Jet p Sparse, u 0.28 max -0.65
Jet p, u 0.31 max -0.65

-

v aiNsap

iso
T

1/NdN/dp

random cones

0.04

0.02

M L R ]
0.012— | 10<cen<30| ]
- H=0.40 .

I~ —e— 1-Band, u 0.37 max 0.45 ]
001; —e— @-Band, n 0.11 max -1.05 ]
TR —e— 2 Cones, u-0.07 max -0.45 -

= —— 1_tCone, u -0.24 max 0.95 T
0.008 N —a— 2 _tBands, w 0.12 max -0.05 ]
' - Jet p Sparse, u 0.35 max -1.15 |
- Jet p, u 0.35 max -1.55 -
0.006— —
0.004— -
0.002— _
0 40 60"

pf" (GeV/ce)

—z L I z T T T T L I z T T LI NN I N N R N B R B B T T T T z—
018 50 < cen <90 H
- R=0.40 ]
0.16[— —e— m-Band, u 0.10 max -0.05 —
C: ——e— @-Band, u -0.10 max -0.05 ]
0.141 —e— 2 Cones, 1 -0.07 max -0.05
= —o— 1 }Cone, u -0.02 max -0.05 -
012 —a— 2 Bands, u-0.10 max-0.15
L Jet p Sparse, 1 0.18 max -0.15 ]
0.1 Jet p, u 0.84 max -0.05 i
:1 —e 1:

0.08 - | =
0.06—~ -

0—1.5

ii\\\\i\\\\i\\\\i\\\\i\\\\

|
Z

L1 | i\ 7.(1 \i v\

-1

-0.5 0

|
0.5 1

1.5 2 2.5
p:° (GeV/c)

Similar to R=0.2 but less shifted, specially for n band and jet estimators



Centrality (%)

Event spherocity So 47183

Track p.>0.15 GeV/c

Track p.>3 GeV/c
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Large So: Isotropic azimuthal distribution
Small So: Jetty azimuthal distribution

Large UE makes S, to be large for small centralities, event looks isotropic.

It was suggested by Antonio Ortiz to apply a 3 GeV pr cut in the S, calculation to avoid
this and flow effects.

Spherocity papers
https://arxiv.org/pdf/1705.02056.pdf
https://arxiv.org/pdf/1905.07208.pdf
https://arxiv.org/pdf/1205.3963.pdf
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n band is not sensitive to the S, bin then jet p is a bit sensitive.

Similar observations for R=0.4, larger S, bin by bin difference in other bands than n

band (back-up)

In cone track pr> 0.15 GeV/c

prise, vs spherocity bins, R=0.2, 0-10%, S, track pt > 0.15 GeV/c
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prise, vs spherocity bins, R=0.2, 0-10%, S, track pt > 3 GeV/c
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All bands are not sensitive. The effect observed for track So pt > 0.15 GeV/c must be flow

related.
Similar observations for R = 0.4 (back-up)

In cone track pr> 0.15 GeV/c
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n band is not sensitive to the S, bin then jet p is a bit sensitive.

Similar observations for R = 0.4, larger spherocity bin by bin difference in other bands

than n band (back-up)

In cone track pr> 0.15 GeV/c

1INd N/ d p*
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pr > 0.15 GeV/c




ptise, vs spherocity bins, R=0.2, 30-50%, S, track pt > 3 GeV/c
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All bands are not sensitive. The effect observed for track So pt > 0.15 GeV/c must be flow
related. Only smallest S, bin (less spherical) has clear smaller width.
Similar observations for R = 0.4 (back-up)

In cone track pr> 0.15 GeV/c
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Events with smaller S, (less spherical) have smaller width. A reflection of particle
multiplicity?
Similar observations for R=0.4 (back-up)

In cone track pr> 0.15 GeV/c



3 - prise vs leading track in random cone, 0-10%, random cones
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Correlation between leading track pr in cone and prise, small leading track pt populate more

likely the negative priso, specially for smaller R.

Same behavior in all UE estimators.
When negative prise, cone tracks prare below ~2 GeV/c for R=0.2 and ~5 GeV/cfor R=0.4

In cone track pr> 0.15 GeV/c

Reminder from last presentation

pt's° bins normalized
to bin integral



3 - prise vs leading track in random cone, 10-30%, random cones
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Correlation between leading track pr in cone and prise, small leading track pt populate more
likely the negative priso, specially for smaller R.

Similar behavior in all UE estimators.
When negative prise, cone tracks prare below ~2 GeV/c for R=0.2 and ~5 GeV/cfor R=0.4

In cone track pr> 0.15 GeV/c



3 - prise vs leading track in random cone, 30-50%, random cones ::
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Correlation between leading track pt in cone and prisc above ~1 GeV track prt, smaller
leading track pr populate more likely the negative priso.

Similar behavior in all UE estimators.
When negative prise, cone tracks prare below ~2 GeV/c for R=0.2 and ~5 GeV/cfor R=0.4

In cone track pr> 0.15 GeV/c
pt's° bins normalized

Reminder from last presentation to bin integral



3 - prisc vs leading track in random cone, 50-90%,

random cones
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Correlation between leading track pt in cone and prisc above ~1 GeV track prt, smaller
leading track pr populate more likely the negative priso.

Similar behavior in all UE estimators.
When negative priso, cone tracks prare below ~2 GeV/c

In cone track pr> 0.15 GeV/c

Reminder from last presentation

pt's° bins normalized
to bin integral
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3 - priso, track pr cut in UE region, R=0.2, 0-10%, random cones
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Fix track pr cut at 3 GeV seems reasonable.

Cutting on leading track pt in cone x 1.5 seems reasonable.
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In cone track pt> 0.15 GeV/c
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Counts

3, - priso, track pr cut in UE region, R=0.2, 10-30%, random cones
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Fix track pt cut does not do much unless we go to 2 GeV but too much for n-band.

Cutting on leading track pt in cone x 1.5 seems reasonable for n-band x1.3 for other bands.



3 - priso, track pr cut in UE region, R=0.2, 30-50%,

random cones
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Fix track pt cut does not do much.

Cutting on leading track pr in cone x 1.5 seems reasonable.



3 - priso, track pr cut in UE region, R=0.2, 50-90%, random cones
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3 - Integrated priso, track pr cut in UE region, R=0.2,

n-band, random cones
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With track cut factor 1.5 seems safe to
cut prisc above 2 GeV in all centrality
bins

Same fractions in other UE estimators
(back-up)




3 - Conclusion on UE and random cones

O The shift to negative values in the mean of the prisc distribution is observed with
random isolation cones

> It is more important for small R and semi-central collisions
O It is present for different UE estimators,

> Also the jet UE estimator that has similar performance as the n-band

> The jet energy density estimator with and without sparse calculation are
equivalent for centralities smaller than 70%, below that only the sparse works

O It is likely due to high energy tracks present in the UE estimator region more
likely to be there due to the larger acceptance and presence of jets

© The shift and width of UE subtraction could potentially be reduced applying a

maximum pr cut on the tracks in the UE region, based on the pr of the leading
track in the candidate cone

> A factor 1.5 seems to work on all centralities for the n-band and R=0.2.
> |Is it a reasonable approach?

» m-band is the preferred UE estimator since less shifted and less affected by flow as
hinted by S, studies shown in the (back-up)
o Action plan under consideration: Make full analysis with and without this cut for
the n-band and L or ¢-bands, also the jet UE estimator as is and see how the
results vary.



4-Purity estimation with ABCD method

O Phase space of calorimeter clusters divided in 4 regions
> A: Signal, 0.1 <020ng < G20ng-max(pT), pris° < x GeV/c
» B: Background, 0.4 <02%ong < 2.0, prisc < x GeV/c
> C: Background, 0.1 <02ong < 02iong-max(PT), X+1<priso<x+6 GeV/c
» D: Background, 0.4 <0Z2ong < 2.0, x+2<prisc<x+12 GeV/c

iso
Py

O Purity in A region extracted as

iso iso iso iso
p_|,_ (N&/Nge\ | |/ BN -
— — B B — Ny %7777,
Niso/Niso ) o NI\ Niso/NT0 ) | ot .

Niso leo

2 2 2 >
0.1 Tmax, sig  “min, bkg max, bkg Ulong

dd
O amc: correction term needed due to the non perfect proportionality in the

different regions, jet-jet MC are the main ingredient for this correction
factor combined with y-jet MC: N = B (jet-jet) + S (y-jet)

» Remark: One has to remove in the analysis the existing generated
fragmentation photons from the jet-jet sample, removed from all
distributions in the next slides. This is more important in unbiased JJ.

o Next slides measurement for n-band, tracks in cone, prisc < x=4 GeV/c

In cone track pr> 0.7 GeV/c



L1/MB
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4-EMC/DMC triggers rejection factor: LHC18qr
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4-EMCal spectra in each region: n-band, tracks in cone,

, R=0.2 and prisc< 4 GeVic
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4-EMCal spectra in each region: n-band, tracks in cone,

, R=0.2 and prisc< 4 GeVic
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4-EMCal spectra in each region: n-band, tracks in cone,

, R=0.2 and prisc< 4 GeVic
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4-EMCal spectra in each region: n-band, tracks in cone,

, R=0.2 and prisc< 4 GeVic
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Pdd

Pdd

4-Data driven purity: EMCal, n-band, tracks in cone, prisc < 4 GeV/c
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4-Purity: EMCal, n-band, tracks in cone, prisc < 4 GeV/c
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selected reconstructed prompt / generated prompt

4-Reconstruction efficiency, pr dependent maximum o?ong cut

O Reconstructed cluster spectra (reconstructed pr) divided by generated
photon spectra (generated pr)

> Flatter and higher efficiency till 18 GeV/c, specially for central collisions

selected reconstructed prompt / generated prompt

DMC, cen:[0,10] DMC, cen:[50,90]
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4-Isolation rejection fraction - n-band - 14<pr<20 GeV/c
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Consider similar constant cut as in pp 2 GeV or a bit higher 4-5 GeV to enhance efficiency in central.

Smaller cone size has better efficiency, specially in central.



4-Isolation efficiency at generator level, no Pb-Pb UE

Charged only in cone, a bit lower with clusters also in cone. The UE method has

small effect. From 4 GeV/c, fraction decreases significantly
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4-Isolation efficiency: isolated reco. pT / isolated gen. pT

isolated and reconstructed prompt / all generated prompt

isolated and reconstructed prompt / all generated prompt

Central 0-10%, charged only in cone, a bit lower with clusters also in cone
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4-Isolation efficiency: isolated reco. pT / isolated gen. pT

Peripheral 50-90%, charged only in cone, similar with clusters also in cone
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4-Corrected spectra: EMCal, n-band, tracks in cone, prisc < 4 GeV/c
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4-Ratio to central: EMCal, n-band, tracks in cone, prisc < 4 GeV/c
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4-Corrected spectra vs pp: EMCal, n-band, tracks in cone, R=0.4, prisc < 2 GeV/c
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4-Corrected spectra vs pp: DCal, n-band, tracks in cone, R=0.4, prisc < 2 GeV/c
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4-Ran: ENMCal, n-band, tracks in cone, prise < 2 GeV/c 81/83
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4-Ran: EMCal, n-band, tracks in cone, pr'sc <1 GeV/c 8283
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5-Conclusion and plans

O Isolated photon spectra analysis seems feasible in Pb-Pb data using

P

P

V2 clusterizer with new shower shape in 5x5 window
UE estimated with different approaches has similar performance

O Current results are not crazy, but a lot of work still to be done.

© Currently running analysis with:

4

P

B

Clusterizer V2 with 5x5 shower shape

New event selection cuts

Only tracks in isolation cone with track pr> 0.15 GeV/c

Include UE from jet group, perpendicular band, and w/out UE prt track cut.
0.05<R< 0.15,0.2,0.3and 0.4.

o Minimum implemented to see if MC correction is smaller

Aim to combine LHC150 and LHC18qr data
o 1/3 SM of DCal not considered since not calibrated in LHC18qr

o Problems in DCal LHC150, try to use bad triggers (noisy) rejection but not
working yet (Markus)

Rather open n acceptance for photons, | n| < 0.65

MC embedding run with less pt hard bins per train
o JJ unbiased, first bins one train per pt hard bi



Back-up: Mostly slides from last presentation
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Centrality (%)

Centrality (%)
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Centrality (%)

Centrality (%)

UE energy density p, R=0.4, pr"nYE< 3 GeV
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Centrality (%)

UE energy density p, R = 0.4, prin UE < prleadingincone™ 1.5
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lead UE
track (G eV/C)

P

prisc vs leading track in UE region, n-band
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prise, different random acceptances, R=0.4, 0-10%

LHC150, n-Band
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prise, different random acceptances, R=0.4, 30-50%
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prise, different random acceptances, R=0.4, 50-90%
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prise, different random acceptances, R=0.2, 0-10%

LHC150, n-Band
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Small difference depending where the random cones are located. Finer rapidity and
azimuth regions studied and differences observed due to different tracking efficiencies

but still not significant.
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Small difference depending where the random cones are located. Finer rapidity and
azimuth regions studied and differences observed due to different tracking efficiencies

but still not significant.
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prise, different random acceptances, R=0.2, 50-90%
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Almost no difference depending where the random cones are located. Finer rapidity
and azimuth regions studied and differences observed due to different tracking
efficiencies but still not significant.
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prise, vs spherocity bins, R=0.2, 50-90%, S track pr >3
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All bands are not too sensitive. Only smallest S, bin (less spherical) has clear different
shape.
Similar observations for R = 0.4 (back-up)
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prise, vs spherocity bins, R=0.4, 0-10%, S, track pt > 3 GeV/c
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All bands are not sensitive. The effect observed for track S pr > 0.15 GeV/c must be flow
related



prise, vs spherocity bins, R=0.4, 30-50%, S, track pr > 0.15 GeV/c
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n band is not sensitive to the S, bin then jet p is a bit sensitive.



ptise, vs spherocity bins, R=0.4, 30-50%, S, track pt > 3 GeV/c
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All bands are not sensitive. The effect observed for track S, pt > 0.15 GeV/c must be flow
related. Only smallest S, bin has clear smaller width.



prise, vs spherocity bins, R=0.4, 50-90%, S, track pr > 0.15 GeV/c
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Low S, bins have smaller width.



iso
T

1/NdN/dp

jiso
T

1/NdN/dp

1

ptise, vs spherocity bins, R=0.4, 50-90%, S, track pt > 3 GeV/c
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Fix track pt cut does does not help much.
Cutting on leading track pr in cone x 1.5 not help much.
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3 - priso, track pr cut in UE region, R=0.4, 10-30%, random cones
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Without cut, all distributions rather centered at 0 except ¢p-band.

Fix track pt cut does not help much.
Cutting on leading track pr in cone x 1.5 not help much.
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Fix track prt cut does not do much
Cutting on leading track pt in cone x 1.5 does not do much.
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10°

10°

10*

L B I B B R B R S BN R R |

1

1

1 508

1 50
| 1 154 _
E | v 3
F X % E
C | o ! ]
L 1 Ao .

1 bt
E 1 3 3
E | v?) 3
5 - 5, 3

1
5 X Yo J

" 1 | & " 1

0 0 10 20 0

15
p'*° (GeV/c)

Counts

Counts

Counts

L e e e e e L e e s e e e o e e |
6 fo —
0°E \ E
o I 3
- ! ]
= I -
1
10° = ! -
E 1 3
L ! ]
L f 1 ]
L ﬁD 1 4
1
L (u] -
0°E ® 1 3
E | 3
3 a“ . ]
[ X ]
L BD . -
P 1 1 1 |
-20 10 0 10 20
P (GeVic)
T T T T T 1
107 |
1
1
1
10° ! =
1 -i
1 =
1
1
5
10 .
1
! da
4 I ﬁ
10 1 E=3
! det
1 -
L4 1
ol o b oy Ly ]
-10 5 0 5 10 15
p= (GeVic)

LHC150, CTS

-Band
O<cen<10
R=0.20

—e—— No p"¥F cut

6 pinUE<p

|n UE
|n UE
|n UE

|n UE

p
p
p
N pln UE
P
pln UE

in UE
Py

leading in cone 4 2

igading in cone x 1.8
igading in cone x 15
igading in cone x 13

Lading in cone

<p;
<4 GeV/c

<3 GeV/c
<2 GeV/c

LHC150, CTS, n-Band

30 <cen <50

|n UE
n UE

p
p
p
pn UE
p
p
pln UE

pln UE

LHC150, CTS

in UET
n UE
|n UE

-Band
50 <cen<90
R=0.20

leading in cone « 2

I-gading in cone x 1.8
I-Bading in cone x 15
Eading in cone x 13

Eadlng in cone

<pP;
<4 GeV/c
<3 GeV/c
<2 GeV/c

—e—— No p'“F cut

o pin UE <

|n UE
n UE
|n UE

|n UE
in UE

p

p

p
—_—— pn UE

P

p

pln UE

leading in cone « 2

I-Eading in cone x 1.8
I-Eading in cone x 15
I-Eading in cone x 13

Eading in cone

<4 GeV/c
<3 GeV/c
<2 GeV/c



Counts

Counts

Counts

priso, track pT cutin UE reglon R=0.4, n-band

o o T LI LHC150, CTS, -Band
O<cen<10
R=0.40

—e— NO pln OF cut
in UE leading in cone « )

Counts

|n UE I-Bading in cone x 1.8

n UE I-Eading in cone 4« 15

|n UE Eading in cone

<p;
h UE <4 GeV/c
o $ UE <3 GeV/c

AP TR U SRR BV . N TP
20 0 50 30 40 20 0 20 0 80 30 pnVE <2 GeV/c
% (GeV/c) P (GeVIc) T

$
Lol

p

Uaj P
aaa] Zm UE pl-gading in cone « 13

@ ol

% p

¢ p

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0

-40 -20

. LHC150, CTS, n-Band
30 <cen <50

R=0.40
— e No pln UE CUt

R S— pln UE < leading in cone « )
|n UE Lading in cone x 1.8

Counts

|n UE IBading in cone x 15

%

|n UE Lading in cone x 13

-Bading in cone

h ue <4 GeV/o

inUE - 3 GeV/c

i

- pnVE <2 GeVic
i

p

p

p
—_—— pln UE p

P

p.

30
P (GeVic)

L ] LHC150, CTS. n-Band
© 50 < cen <90
] F1'=O.'4_‘r0
o gum! i —e— No p"YE cut
107 550 _ '1122_!__" in UE leading in cone 2

|n UE igading in cone x 1.8

n UE igading in cone x 15
|n UE igading in cone x 13

10° .
ading in cone

h UE <4 GeV/c
inVE - 3 GeV/c
i

inUE -2 GeV/c

P
o
p
o
—_—— anE<p
p
p
P

o = - e - - - - =




Counts

Counts

Counts

priso, track pr cut in UE region, R=0.2, p-band
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priso, track pr cut in UE regione, R=0.4, p-band
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Integrated priso, track pr cut in UE region, R=0.2, p-band
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Integrated priso, track pr cut in UE regione, R=0.4, p-band
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5 - Integrated priso, track pr cut in UE region, R=0.2, 0-10%
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Fix track pt cut at 3 GeV seems reasonable.
Cutting on leading track pt in cone x 1.5 seems reasonable.
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5 - Integrated priso, track pr cut in UE region, R=0.2, 10-30%
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Fix track pt cut does not do much unless we go to 2 GeV but too much for n-band.
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Cutting on leading track pt in cone x 1.5 seems reasonable for n-band x1.3 for other bands.
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5 - Integrated priso, track pr cut in UE region, R=0.2, 30-50%
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Fix track pr cut does not do much.
Cutting on leading track pr in cone x 1.5 seems reasonable.
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5 - Integrated priso, track pr cut in UE region, R=0.2, 50-90%
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Fix track pr cut does not do much.
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5 - Integrated priso, track pr cut in UE region, R=0.4, 0-10%
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Fix track pt cut does does not help much.

Cutting on leading track pr in cone x 1.5 not help much.

1
T T T T 5 i T T T T
inUE _ leading in cone x - 3 in UE leading in cone « -]
prE<py 1.8 E g . pTE<pr 1.5 E
i 1 i
1 ]
! )
] 1 ]
-] 1 =
] ] ]
] / ]
3 N 3
] 1 ]
i ! i
] ! ]
1 1 1 1 1 1 1 1 1 J
10 20 0 10 20

30 40 50
pf" < p‘j“-max (GeV/c)

Fraction

Fraction

0.

@

0.

Y

0.4]

0.2

T T
p‘T” VE <4 GeVic

20

) .

30 40
P < pse-max (GeV/

0.

®

0.4

>

0.4]

0.2]

T
p? UE p\Teadlng incone « 4 3 —

| N T P PR P

30 40 50
pf“ < pf’-max (GeV/c)



Fraction

Fraction

Fraction

5 - Integrated priso, track pr cut in UE region, R=0.4, 10-30%
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Without cut, all distributions rather centered at 0 except ¢p-band.
Fix track pt cut does not help much.

Cutting on leading track pr in cone x 1.5 not help much.
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5 - Integrated priso, track pr cut in UE region, R=0.4, 30-50%
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Without cut, all distributions rather centered at 0 except ¢p-band.

Fix track pt cut does not do much

Cutting on leading track pt in cone x 1.5 does not do much.
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5 - Integrated priso, track pr cut in UE region, R=0.4, 50-90%
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Fix track pr cut does not do much.
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