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Jet

Di-jet candidate event
VSyn =5.02 TeV Pb-Pb collision at ALICE
(Ch track pr > 3 GeV/c)

Collimated spray of hadrons originated from hard scattered partons at
the initial stage of collision



Physics motivations

pp collisions
- Good test of pQCD calculations and MC generators for high energy physics
- Reference for heavyion collisions

Pb-Pb collisions
- Jets are well established probe for Quark-Gluon-Plasma (QGP) properties
— QGP lifetime in heavy ion collisionsis very short (~1023)
— Self produced probes, like jets, allows to access QGP properties
—Jets are produced at an very early stage of collision
— entire QGP evolutioncan be proved
- Jets are modified while traversingthe QGP
- Jet quenching effect
— QGP propertiescan be probed by evaluating  p+p AutAu

L o —
the effect (Nuclear modification factor(R,,), Jet shape...) - E -«

??



ALICE experiment

* Specialized for measurements of heavy ion collisions

* Explores QGP properties o . . .
* Minimum bias event triggering

EMCAL - ITS and centrality determination

e Charged particle tracking
- Ty - Time Projection Chamber (TPC)
PHO rﬁi . - Inner Tracking System (ITS)

ey

Wawnay -
), N

* Neutral components measurement

- Electro Magnetic Calorimeters
— EMCAL, DCAL, (PHOS)

DCAL
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ALICE experiment

* Specialized for measurements of heavy ion collisions

* Explores QGP properties o . . .
* Minimum bias event triggering
EMCAL - ITS and centrality determination
P - VOA,C

e Charged particle tracking
- Time Projection Chamber (TPC)
- Inner Tracking System (ITS)

- ¥ —

Charged jets were measured in
this analysis with central barrel
charged tracking detectors

TPC Acceptance: 0 < <2m, |0.9] <
DCAL p P | | <n
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Jet reconstruction

Parton level

Particle Jet I"Energy depositions
in calorimeters

EMCAL,DCAL,PHOS

http://cms.web.cern.ch

p, [GeV] [__antH,RET |

* Signal jets were reconstructed by
anti-k, algorithm

* Background was estimated with jets
reconstructed by k,algorithm
(p.12 in this slide)

1) Include all particles in the cluster list.

: o on AZ
— . 2) Calculate e nliu(}fip.kép) Rg 4
vvvvvvvvvvvvvvvvvvvv - dip = k7!
“““““““ [ — \ a | |
- . T Where, p=-1, 25 =w-w'+@-o)" L, 4 and ¢ are respectively the
iy A

If
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transverse momentum, rapidity and azimuth of particle i. R is
radius parameter.

3) Set minimum value of dij and diz as dgn . [f  dii = duin
,calculate the sum of four-momentum of cluster i and j which is
weighted by energy, then set the cluster i and j as one cluster.

dmin = dip , consider d;z a Jet and then remove dig from

cluster list.

*(p=-1: anti-k; algorithm, p=1:k; algorithm)



Results: pp 5.02 TeV
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Inclusive charged jet cross section
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» Differential charged jet cross section
- Detector effects in real data were corrected by the SVD unfolding method with
detector response extracted from MC simulation
- Well described by POWHEG NLO calculation within systematic uncertainties

e Jet cross section ratioof R=0.2and R = 0.4 jets
- Sensitive to the jet structure
- Indicates stronger jet collimation at higher jet p;
- Well described by POWHEG and PYTHIA



Comparison with pp and p-Pb results
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* No significant dependency on collisionenergy and collision system
- Supports preceding study (phys. Lett. B749 (2015) 68-81)

24 January 2017 CiRfSE workshop 10



Results: Pb-Pb 5.02 TeV
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Underlying event in Pb-Pb collisions
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 Difficulty on heavy ion collisions
- Large background (Underlying event, UE)
to be subtracted

ALICE Preliminary

- H.Yokoyama

11 1 | I 1 1 1 | I | I

* Background density Ky
; T,jet 10
p = median
Ijet M i L ]
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- here, pT et are jets reconstructed by

centrality (%)

k algorl Peripheral collision
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Underlying event in Pb-Pb collisions
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Charged jet nuclear modification factor: Ry,
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* Strong suppression atcentral collisions 4E ALICE Preliminary J
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- Consistent within uncertainties
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R, cOmMparison with VS = 2.76 TeV
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Results at VSyy = 5.02 TeV are compared with...

- Full jet Raa INVSyn =2.76 TeV collisions at ALICE (R=0.2)

- Fulljet Ryp inVSyn =2.76 TeV collisions at ATLAS (R=0.4)

Results at 5.02 TeV is comparable to the results at 2.76 TeV
- Generally, more denser, hotter and ling time QGP formation is expected at higher VSyy

— Stronger suppression - decrease the Rpp

- More harder (high p;) jet generation is expected at higher vSyy

- flatterjet spectrum = increase the Rup

— effect of spectrum flatteningis compensated by the stronger jet suppression
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summary

* First measurements of charged jet spectraand R,,have been performed
for LHC Run2 data at ALICE.

* pp collisions

* Inclusive charged jet differential cross sections are well described by NLO
calculation (POWHEG)

* Jet cross section ratio is well described by POWHEG and PYTHIA
» Reference for Pb-Pb collisions is established (~60 GeV/c)

* Pb-Pb collisions

* Larger Underlying Event fluctuation is observed at most central collisions in
comparison with peripheral collisions

* Nuclear modification factor
- Strong suppression is observed in central collisions
- Comparable with the results in VSy\ = 2.76 TeV collisions
- effect of spectrum flattening is compensated by the stronger jet suppression



Outlook

* Extend jet p; reach with more statistics
(pp: ~25 % of full statistics, Pb-Pb: ~ few % of full statistics)

* Full jet measurement with calorimeters
- Allows direct comparison with Run1(2.76 TeV) results
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Data set and event selections: PP

 Data Set

* Data: LHC15n Bassz lowlIR(~25M events)
MC: LHC15Il1b2 (PYTHIAG, pp 5 TeV, Perugia-2011
MC: LHC15I1a2 PYTHIAS, p 5TeV Monash2013
MC: LHC16el (PYTHIAS, pp TeV, Monash-2013, PtHard production)

* Event selection
* MB event selection (kINT7, VOA and VOCtrigger)
* |VtxZ| <10 (cm)
* Number of tracklets contributing to the primary vertex is at least 2
* Pileup event cut
o |VtxZiras - VtXZseo| < 0.5 (cm)
* VitxZsoreconstruction resolution is better than 0.25 (cm) and the dispersion is less than 0.04 *

* Charged tracks
* Hybrid track (2011 version)

* Utilized FastJet package
Fastlet v3.1.3

* Anti-Kt algorithm
* Cone radii R=0.2,0.4
* Fiducial cut



* Data sets
* Pb-Pb data
* LHC150, snn = 5.02 TeV Pb-Pb
* pass2 low-IR, AOD (3.36M events)
* MC simulation data

* PYTHIA
( tracking eff. Jet finding eff. detector RM )

* LHC16e1
(pthard-binned, jet production PYTHIAS),
Js =5.02 TeV pp

* LHC15I1b2
(MB, PYTHIAG6 Perugia-2011),
Js =5.02 TeV pp

* HIJING ( tracking eff.)

* LHC15k1a1, LHC15k1a2, /snn = 5.02 TeV

Pb-Pb

24 January 2017

* Event Selection

* KINT7

* | vSPP - v,PRI| < 0.1 cm
( to avoid UE density mis-estimation )

*|vz| <10 cm

* Charged track selection

* Hybrid track selection in which same
parameters used with LHC11h.

* to compensate for inefficiency in SPD
*|n|<0.9, pr>0.15 GeV/c

* Jet Reconstruction
* R=0.2 , anti-kt algorithm, pt-scheme
*|n|<0.7
* Jet Area > 0.6 1 R?

* to reduce fake jet contamination at low
PT, jet

CiRfSE workshop 20



k. clusters
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The true distribution: t(x)
The observed distribution: o(y)

o) = [ deA(x.y)e(v),

A(x,y) is a response or detector matrix (is usually derived with MC).
Finding A‘l(x, y) is ill-posed problem: very sensitive to small perturbations of the data.

Discrete formulation: O[m] = A[m x n]T[n]

Aji is the probability that given true input in i-th bin output will be measured in j-th bin
RooUnfold package arXiv:1105.1160

Regularization methods

e iterative ( “Bayesian"), D'Agostini NIM A 362 (1995) 487

e singular value decomposition (SVD), H.Hoecker, V.Kartverlishvili, NIM(1996) 469

Non-regularization method
e Bin-by-bin method (assumes no migration of events between bins, eg. resolution is
much smaller than the bin size and no systematic shifts).
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Response

matrices

Inputs for unfolding by RooUnfold software package(arxiv:1105.1160)

5100 1
2 .
3 10
55 102
2r

107

0 10 20 30 40 50 60 70 80 90 100

iet,ch
P (Gev/c)
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Input for pp spectrum correction

BKG RM for LHC150 data (0-10%)

5 20
>
& 180F 10
[ o
&n.v- s
s 10
- 107
100f
- 10
10
10
10

IIlllllllllllllllll[lllllllll
50 60 70 80 90 100 110 120
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Tjet
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combined RM for 0-10% centrality

1ay ] 1
50 60 70 80 90 100 110 120
p [GeVic]

Tjet

* Inputfor Pb-Pb spectrum correction
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Systematic uncertainties: pp

R=0.2

5-6 GeV
Efficiency
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UE subtraction(Minus
only)
Unfolding
Normalization
Total (Minus, quadr. sum)
Total (Plus, quadr. sum)
R=0.4
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UE subtraction (Minus
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Unfolding
Normalization
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Total (Plus, quadr. sum)
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4.7
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2.4
2.5
2.2

4.7
2.3
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2.4
1.7
2.2

0.3

2
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4.8
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2.7
2.5
2.2

4.7
2.3
6.8
6.8

2.6
1.7
2.2

0.3

2.3
4.9
4.9

3
2.5
2.2

0.9
4.7
2.3
6.9
6.9

9-10 GeV

2.7
1.7
2.2

0.2

2
2.3
4.9
4.9

9-10 GeV

3.3
2.5
2.2

0.8
4.7
2.3
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7.0

2.9
1.7
2.1

0.2

2
2.3
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5.0

3.6
2.5
2.3

0.8
4.7
2.3
7.2
7.2

3.1
a7/
2.1

0.2

2
2.3
5.1
Bodl

4.1
2.5
2.3

0.7
4.7
2.3
7.5
7.5

3.4
o7/
2.1

0.2

2
2.3
5.3
5.3

4.5
2.5
2.3

0.6
4.7
2.3
7.7
7.7

3.6
a7/
2.1

0.1

2
2.3
5.4
5.4

5
2.5
2.3

0.6
4.7
2.3
8.0
8.0

3.8
1.7
2ol

0.1

2
22:3)
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5.6

5.3
2.5
2.4

0.5
4.7
2.3
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8.2

4.1
1.7
2.2

0.1
3.2
2.3
6.3
6.3

5.8
2.5
2.4

0.5
5.8
2.3
9.2
9.2

4.5
1.7
2.2

0.1
3.2
2.3
6.6
6.6

6.5
2.5
2.4

0.4
5.8
2.3
9.7
9.7

5.1
1.7
2.8

0.1
3.2
28}
7.1
7.1

7.2
2.5
2.4

0.3
5.8
2.3
10.1
10.1

6
1.7
2.3

0.1
3.2
2.3
7.7
7.7

7.9
2.5
2.5

0.3
5.8
2.3
10.7
10.7

10-12 GeV 12-14 GeV 14-16 GeV 16-18 GeV 18-20 GeV 20-25 GeV 25-30 GeV 30-40 GeV 40-50 GeV 50-60 GeV

6.7
a7/
2.3

nglg.
3.2
2.3
8.3
8.3

10-12 GeV 12-14 GeV 14-16 GeV 16-18 GeV 18-20 GeV 20-25 GeV 25-30 GeV 30-40 GeV 40-50 GeV 50-60 GeV
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2.5
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Systematic uncertainties: Pb-Pb

0-10 % centrali 30-40 [GeVic] | 50-60 [GeVic] 10-30 % centrali 30-40 [GeVic] |  50-60 [GeVic]

Unfolding Method 4.2 4.2 Unfolding Method 2.2 2.2

Regqularisation Parameter 04 3.3 Reqularisation Parameter 1.3 3.9

+0.1 +2.1 +1.4 +1.1

Measured pr Range 39 12 Measured prRange 0.1 24

+0.1 +0.5 +0.0 +0.6

Unfolded pr Range 07 0.1 Unfolded pr Range 1.2 0.1

Generator 4.2 5.2 Generator 4.2 5.2

N +6.0 +7.8 N +5.1 +7.0

Shape Uncertainties : Total 6.8 76 Shape Uncertainties : Total 5.1 73

) +5.1 +3.8 : +5.4 +4.0

dpr selection 19 0.9 opr selection 19 15

Flow Bias 6.4 4.6 Flow Bias 6.0 4.7

TrackingEfficiency 1.5 5.9 TrackingEfficiency 1.5 5.9

o +8.3 +8.4 N +8.2 +8.5

Correlated Uncertainties : Total 6.8 75 Correlated Uncertainties : Total 65 77
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