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Quantum Chromodynamics (QCD)

Standard Model of Elementary Particles

interactions | force carriers

three generations of matter
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1. Asymptotic freedom

2. Color confinement

Mar, 24, 2022

U-s(Q)

0.5

0.4

0.3

0.2

0.1

April 2012

tdecays (N°LO)

X 4

A DIS jets (NLO)

m heavy quarkonia (NLO)

O e'*e jets and shapes (res. NNLO)
® Zpole fit (N°LO)

N pp—jets (NLO)

=— QCD «,(M,) = 0.1184=0.0007

Hard process: Q>> Agcp

I I

10
Q(GeV)

TCHoU

1
“-‘> 1
[
1)
=
=
NQ.
2 1
R
[}
©

10

10

—
—— (h"+h")/2, s'* = 5500 GeV

! --- % s" =5500GeV

—— (h"+h")/2, s"* =200 GeV

--- a° s" =200 GeV

—— (h"+h)/2,s"* =17 GeV

o 12

=== mn,s =17 GeV

<k;’>=1.8GeV*
Qz - pTz

100
pr [GeV]
[hep-ph/0212109]



Quark gluon plasma (QGP)

Quark-Gluon
Pressure = o Heat » Blasrma

cates pions)

* Quark, Gluon

» confinement by strong interaction »3 ' = "Ii" ?33 * »
» Free from confinement in high temperature and density “ gag
‘ /

conditions
"

‘ [ Quark gluon plasma (QGP) }

* High energy heavy ion collision experiment
» Accelerate particle to near the speed of light and collide - create
high temperature and density state

LHC

Large Hadron Collider (CERN)
Pb-Pb collision ({/Syy = 5 TeV)
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Perturbative QCD and Jets

= 10%p - - - ' ] e . . . . . . . .
g v ppNs=7TeV ] EETA OIS (I Rt ilaifoly (PDF) which is from deep inelastic scattering
S le P+ >0.15 Gevie | describe the momentum fraction of the partons inside the incoming proton.
z = " < 0.9
;af:jami'h RENENENPH NI (FF)  which is from collisions describe the
== ] <05 probability that an outgoing parton fragments into the observed hadron as a
10k | function of the momentum fraction.
i g :

Jets are collimated spray of particles produced by a high momentum quark or gluon
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Motivation and Goal

. The difference of measurement between inside ~ =os- ALIGE Praminay pp. 13 502 Tev | =
jets with inclusive jets V7 Slindde chargeg ot g E

» The measurement of n/n° ratio in low py o T ] 3

> The dependency of the minimum jet y3 -
transverse momentum 03— E

0.2 —

. The measurement of neutral meson in highand . E
low py inside jets 0d 3 55 4 5678910 o 00

> The measurement of neutral meson using
trigger data and hybrid method

1. The suppression effect of /7" ratio inside jets
2. The measurement of neutral mesons and jet fragmentation function in high statistics
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Analysis outline

1. Neutral meson reconstruction :
* Photon reconstruction
v’ Calorimetric method
v" Photon Conversion Method
* Signal (Invariant mass method), Background (Event Mixing Method)
* (1) Detector acceptance (2) Reconstruction efficiency

2. Jets measurement
* Jets reconstruction P[5
* (3) Neutral meson correction function inside jets
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ALICE Detector

* +/s=13TeV, pp collision, (LHC2016-2018)
« Event number : MB:1.32x10%, EG1:8.32x107 (E > 10 GeV ), EG2: 1.13x108 (E > 4 GeV)

* VO detector
» MB trigger

v" Photon Conversion Method
e Inner Tracking System (ITS)
* Time Projection Chamber (TPC)
» Tracking and particle
identification
> Jets reconstruction
v Calorimetric method
* Electromagnetic Calorimeter (EMCal)
» EG1, EG2 trigger
* Photon Spectrometer(PHQOS)
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Photon reconstruction

Calorimetric method

 Neutral mesons which are 7% and 1 are made by

hadronization.

* Decay photon enters electromagnetic calorimeter,

they create the electromagnetic shower.

* Electromagnetic showers are reconstruction into

clusters in EMCal, PHOS.

cell

seed
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Photon Conversion Method

The decay photons split e e~ pair by electro pair
production

The reconstruction of V°(neutral particles) by
electron

Neutral meson reconstruction using energy loss

—track

+ track

~

\
primary vertex



Invariant mass distribution of 7° meson

* |nvariant mass method

M

y = Gaussian + exponetial + linear

vy = \[ZEylEyz(l — cosbq,)

Event mixing method (background)

BG
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Jets reconstruction

Jets algorithm anti-k, algorithm * Reconstructing charged jets only, to
. avoid auto-correlation from the neutral
Jet radius 0.4 / meson decays.
Minimum track pr 0.15 GeV/c * To avoid jet from underlying event,
/ minimum momentum of jet set 10
Type of jets Charged jets GeV/c.

Minimum jet p; 10 GeV/c e TPC écceptance is 0.9, therefore- we

restrict the reconstructed jet axis

Jet axis range Maxis| < 0.5 within < 0.5. This can be further

restricted to minimize the edge effect
of the acceptance

pp, Vs =13TeV
Jetp >10 GeV
Charged jets rec. with TPC

Number of Jets
3

* anti-k; algorithm is selecting highly energetic
particles first in the recombination.
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t

True Jet p

Neutral meson correction function inside jets - 1

R =Ap? +Ad% < 0.3
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20 - - - ;
SRR “ B 10
Ao — D—(2
00'.‘.- 20 20 0 20 100 120 140 1 Neutral meson correction function inside jets = 1 + ()~

tching dat
Rec Jet p matching data
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Neutral meson correction function inside jets - 2

Neutral meson correction function inside jets = 1 +

1.6
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The correction function is used for neutral meson yield
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% 1 measurement
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* The neutral mesons are measured for the hybrid method of Electromagnetic calorimeter
(EMCal, PHOS) , PCM and PCM-EMC
* PCM and PHOS can be measured in low pr
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n/m° ratio
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« n/mY ratio inside jets is suppressed when compared to inclusive jets.

* The suppression effect inside jets is presented definitely at low pr.

* This difference shows modification of neutral meson production inside jets
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Comparison of neutral meson measurement for minimum jet py - 1

10 n n/m°
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* The measurement of neutral mesons inside jets when compared inclusive jets
* The measurement for minimum jet pr is small when compared inclusive jets
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Comparison of neutral meson measurement for minimum jet py - 2
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* The ratio of the measurement of neutral mesons produced inside jets for minimum jet pr >
GeV/c when compared 10GeV.
* The ratio is higher in low pr
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Conclusion

* Summary

> Neutral mesons (7%, 1) measurement inside jets is performed at+/s =13 TeV in pp
collision

> The suppression effect inside jets for n/m° ratio is presented in MC

> The comparison of /m? ratio for minimum jet py in MC

e Qutlook

> The measurement of cross section with correction factor and function

» The dependency of jets radius
» Jets fragmentation function in pp and heavy ion collision
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Detector acceptance and Reconstruction efficiency
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Rejection Factor

w
c

Mar, 24, 2022

:I T T I'T T1 ' T T | T T1 I'T TT1 I'T TT1 | T T T | T T1 T 171 T T I:

_ ALICE performance _

10%= IO 3

= L Lok l =

= b TR T [ |Lll l l_;_.l 1 =

s T

10 =

10 ‘“M’“’o’00’9Nno’0’n,n’-9-0-—0-’"—0—-9-_._—0—9—_,=_

— $ Fit range (GeV) Trigger rejection

- + EG2/INT7 8.1 < E<16.0 440.41 + 3.34 —

— + EG1/EG2 11.9<E<40.0 11.625 +0.018 —

— 1 1 1 | | | | | 1 11 1 | I | | | | | | I | | 1 1 1 1 | 1 1 1 1 | 1 1 1 |

1075 10 20 30 40 50 60 70 80 90  10C

E (GeV)

TCHoU



B YT =X BT AR—

e NFOVLIZERESINS2HEFREFIIZODNFICFRE

cell

c BERATFIEIBBMAHAAIA—ZPTEHR I v 7T —D4ELD

e BWAHAAOYA—XREZBEERDOLILICET-N > TERINT

BT = TAR)TTD

Mar, 24, 2022 TCHoU



Photon Convertsion Method

o VO EIR
> Kalman filter

» DCA(Distance of Closest Approach)

e Nw o TTv RKRE
» —4<n; <5
> Armenteros-Podolanski
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