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Fundamentals of high-energy physics

Standard Model of Elementary Particles
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o QGP can be recreated in the
lab in heavy ion collisions
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Two-por’ncle correlcmons
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Applications of correlation
measurements

< Understanding jet structure by correlation
> Interaction of partons with QGP can be studied by full jet reconstruction
» The background size makes it difficult to reconstruct the jet under a certain momentum
> Solution: measuring the angular correlation of particles

«ldentify the characteristic correlation images of heavy quarks

» Compare near- and away-side peaks associated with hadrons from different heavy quarks
from a given pT

» Which probes are sensitive to heavy quarkse

“Parameterization of correlation images by fitting
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Simulation settings

o Event generator based on Monte Carlo method: PYTHIA 8.1

o Hard QCD events were created in PYTHIA using the default Monash 2013
settings for LHC p + p data.

o The phase space has been reduced so that the leading hard process has at
least 5 GeV / ¢ momentum.

o In the case of heavy quark samples, the renormalization scales were set based
on the STAR Heavy Flavor tune (from which we expect the corresponding
result in the examined momentum range) and only the following two
processes are allowed: gg — bb, qq » bb and gg — c¢, qq - cc.
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Acceptance correction
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To correct the finite size of the
detector we divide the correlation
inthe An — A plane with this
tent-shaped function.
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Two-particle correlations

o select a trigger particle from a given momentum (py) range

o then in a lower momentum (p;) window examine all the other particles from the same event
(associated particles)

o near-side and away-side peak
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Gauss

Determining the
peak's parameters
by function fitting

Generalized Gauss

If y = 2, it can be
identified with a simple
gaussian function
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Correlations of light charged hadrons
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The near-side peak is significantly "peakier”' than

a Gaussian, y~1.016.
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The near-side and away-side peaks in A¢p are

well described by a Gaussian.
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Correlations of light charged hadrons
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Peaks are getting narrower towards higher p; (Lorentz-boost).
GenGauss parameter y is constant within error.
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Gory

Prompt production of heavy flavour mesons
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B-meson from b-quarks
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Peaks are mostly consistent with Gaussian.
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Gory

D-mesons from c-quarks and the decay of the B-
nmeson

D-meson from c-quarks
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cory

D-meson from B-meson
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pT, together with . (Peaks are getting
both narrower and "peakier' towards
high pT)
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Investigation of electrons from B-mesons
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Wide correlation pictures compared to hadrons due to the momentum smearing
effect of semileptonic decays.
No significant dependence of y on py.

Frajna Eszter - Correlation of heavy and light flavours in simulatfions



Comparison of B-meson and b-quark
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Evolution of correlation pictures match within uncertainties.
B meson is a good proxy for the b quark.

Frajna Eszter - Correlation of heavy and light flavours in simulatfions



\\. ’




D-h correlations in ALICE 5.02 TeV pp cnd p -Pb events

v.—’—‘ LI | | 1T 177 | I T I T | T T T T ‘ T 1T | LI L L | LI B T
pe) = —
© * R
=14 ALICE Preliminary Average D°, D*, D™ ]
c
D ]
840k 8 < p$ <16 GeV/c, pfs"c >1GeV/c ]
8 o I An| < 1 1
=3 L _
o I _+_ PP, 1s=5.02TeV, [y? | <05 B
-2 ]
osb —}— p-Pb, | 5, = 5.02 TeV, -0.96 < y° < 0.04 E
. B B B baseline-subtraction unc. B
0.6 I | j; j; scale uncertainty %E ]
o4 o+
0.2 i | | -
)] IR ﬁ:—b:t::i: —————————————————————————————— -
C 111 1 | 11 1 | | 1 | | | | | | | | { | I | 11 1 | | 11 1 I_
0 0.5 1 1.5 2 2.5

3
A@ (rad)

P-P
p-Pb

Near-side yields and widths consistent

between pp and p-Pb.

Associated yield

Gfit,NS (rad)

YT e T e [ e A RREE s m e o ARARE =
- ALICE Preliminary  Near side 5 ¥

9 passee > 0.3 GeV/c f 03<p=c<1GeVic { passe > 1 GeVie

3F =+ I =
E JAN| < 1 ¥ —— pp1s=5.02TeV, |0 [ <05 ¥ ]

2.5k =+ + =
E + —4— p-Pb,ys,, =5.02TeV,-0.96 < y° <0.04 E
2F + + =

15E —— i i —4— 3
. £ _E_Ea :

E e
0.5F & + = + J— =
=

0 MR | 1 | | PRI | P | | ..ﬁ....l....l....l....l
R B e B L 0 o o o o o B S R R o e B

0.6 ¥ ¥ -

E ¥ ¥ | ]
GO 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
D meson P, (GeV/e) D meson P (GeV/c) D meson P, (GeV/c)

Similar correlation pattern in pp and p-Pb collisions at
0.3 < py(assoc) < 3 GeV/c.

No evidence for CNM effects.
Baseline for the upcoming Pb-Pb measurement.
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INn progress

“sSimulations in the ALICE framework to understand parton shower
and fragmentation of charm

Gluon splitting and 2-to-2 processes, comparison of LO and NLO models
s Use different tunes and models for parton shower and fragmentation

»Study the effect of multi-parton iteraction and color reconnection

...stfay tuned
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SUMMARY

“*The shape of the correlation peaks can be used to separate the electrons coming
from b-quark decays. This could be a method of identification that, combined with ITS
identification, may provide a much better sample purity for examining the secondary
vertex shift.

sCorrelation images are sensitive to the distribution of secondary vertex in heavy quarks,
and these processes can be stafistically separated from light quarks.

It is possible to distinguish which D-meson comes directly and which later decay. This
allows the measurement to be used for stafistical separation of prompt and late D-
mesons.

“*We also have a characteristic b-correlation image, which is present in both b-quarks
and B-mesons. B-mesons can be used to study b-quarks.

“D-h correlation measurement study in progress.
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