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Two-particle (An,A®) angular correlations

beam direction

p - particle momentum:;
f - polar angle;
1 - pseudorapidity:

pr - transverse momentum;
© - azimuthal angle;

n=—In| tan —
2 Fig. A. Zaborowska



(An,A@) angular correlations




unlike-sign pairs
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One step further: identified particles!

Unexplored phenomena: conservation laws and their influence on particle
production mechanisms — study via correlation functions for particles with
different quark content

I e g

71 K
Pion: Kaon: Proton:
' . * Charge
* Charge Charge
* Strange quark * Baryon

conservation laws
particles | momentum charge strangeness baryon number

pions v v
kaons v v v
protons v v v

Useful to perform analysis in a more differential way:
- charge dependence
for unlike-sign pairs quantum numbers conserved: stronger correlation
for like-sign pairs new particles need to be produced: weaker correlations
- identified particles
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Data sample & analysis

* ~200 million minimum bias pp
collisions at 7 TeV collected by
ALICE in 2010

* Tracking:

* Inner Tracking System
(ITS)

* Time Projection Chamber
(TPC)

* Particle identification:

* Kinematic cuts:
« 0.2<p. <25 GeV/c for pions * TPC

0.3 <p,<2.5 GeV/c for kaons * Time-of-Flight (TOF)
0.5 <p,.<2.5 GeV/c for protons
0.7 <p,< 2.5 GeV/c for lambdas
In| <0.8

* A\ topology reconstruction
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(An,A@) Experimental Correlation Function

Signal distribution Uncorrelated reference
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(An,Aq) of identified particles .12 0007

Unlike-sign

(b) K'K
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(An,Aq) of identified particles .12 0007

Unlike-sign

(b) K'K

e

Like-sign

Contribution from Bose-
Einstein correlations

>
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(An,Aq) of identified particles .12 0007

Unlike-sign
(h) KK I\

Strangeness conservation
+ ¢ resonance

C(Ag, An)
LN

\ “: N

\/ "’!‘}‘ 7S
‘V‘v -

‘0‘0:0"

Y. (2

2-7/01/2018, Spatind 2018 Matgorzata Janik — Warsaw University of Technology 11/24



(An,A@) of identified particles

arXiv:1612.08975

Unlike-sign
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Comparison to MC models: like-sign

arXiv:1612.08975
(a) n*n* + TR pairs (b) K'K" + KK pairs (c) pp + PP pairs
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® The models reproduce reasonably well the angular correlations for mesons

® The models fail to reproduce the results for baryons — they are able to produce 2 baryons
close in the phase space

® Energy and local baryon-number conservation laws are implemented in all studied
models - not enough to explain the anti-correlation observed in experimental data
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Comparison to MC models: unlike-sign

arXiv:1612.08975
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® The models reproduce reasonably well the angular correlations for mesons

® The models fail to reproduce the results for baryons — they are able to produce 2 baryons
close in the phase space, also baryon-antibaryon pairs have 2 x the magnitude for MC

® Energy and local baryon-number conservation laws are implemented in all studied
models - not enough to explain the anti-correlation observed in experimental data
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Possible explanations

Not likely (checked with MC):

® Depletion is a simple manifestation of “local” baryon number conservation and
energy conservation
® Production of 2 baryons in a single mini-jet would be suppressed if the initial
parton energy is small when compared to the energy required to produce 4
baryons in total (2 in the same mini-jet + 2 anti-particles)
— fine at 29 GeV, PRL 57 (1986) 3140, but why at 7 TeV?!

(9) PP + PP

Other possible explanations:

® Other baryons? g1 "‘%%g;‘\
® Coulomb repulsion? s 1 SO
® Fermi-Dirac Quantum Statistics? < os -
® Strong Final-State Interactions? O

X
arXiv:1612.08975 A \
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Possible explanations

Other possible explanations:

® Other baryons?

® Coulomb repulsion?

® Fermi-Dirac Quantum Statistics?
® Strong Final-State Interactions?

Study A correlations

arXiv:1612.08975
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AN correlation functions

® Useful to check if effect
persists for other baryons than
protons — is this a common effect
for all baryons?

® Correlation functions were
calculated for AA pairs

® A baryons are neutral — no
Coulomb repulsion

®All observations from pp can
be extended to AA
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Possible explanations

Other possible explanations:

® Other baryons?

® Coulomb repulsion?

® Fermi-Dirac Quantum Statistics?
® Strong Final-State Interactions?

Study pA correlations

arXiv:1612.08975
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AN and pA correlation functions

® Useful to check if effect
persists for other baryons than
protons — is this a common effect
for all baryons?

® Correlation functions were
calculated for AN and pA pairs

® A baryons are neutral — no
Coulomb repulsion

Y\ "-T\\‘ W
OLVANN

&

</

QAN
. . . e A \ > '\V “‘v‘i\\“\:‘?ﬁ‘
® p and A\ are not identical — no N | PRI

effect from Fermi-Dirac statistics

®All observations from pp can
be extended to AA and pA

C(Ag, An)
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Comparison between pp, pA, AA

|ike-sign arXiv:1612.08975 unlike-sigﬂ
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The shape of the correlation function for all studied baryon—-baryon pairs is similar,
regardless of particles’ electric charge or quantum effects.

The observed depression is a characteristic attribute connected to the baryon
number of the studied particles?
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Possible explanations

Other possible explanations:

® Other baryons?

® Coulomb repulsion?

® Fermi-Dirac Quantum Statistics?
® Strong Final-State Interactions?

Several possible explanations
checked and ruled out

arXiv:1612.08975
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(An,Aq) of identified particles of pp collisions

protons

ALICE exp data

(a) proton like-sign pairs
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(An,Aq) of identified particles of pp collisions

protons

ALICE exp data MC only mom.

(a) proton like-sign pairs

cons.
;:]E i %
s 2‘: NG = 21
< | I N 4.1
S 1sp 5 157
| g
1 ]
| 4 105
777 0
) L0 :
A® \C Toy Monte Carlo Events

with momentum conservation only

Strong suppression of any other effects ?
What is the underlying mechanism ?

23/24
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Summary

® Correlation studies allow us to investigate a wide range
of physics phenomena

® Still new mysteries to solve

(gA)IEFIJ(Jr:gﬁ Baryon-baryon correlations not
reproduced by MC models:
= ® Pythia6
:: 121 ® Pythia8
S 08 ® Phojet
1 ® EPOS
® HERWIG

arxiv:1612.08975 No explanation found so far
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Backup



a'nt, KK and pp, 0

-5% centrality

SRC was not subtracted
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Effects at low
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Possible explanations

Other possible explanations:

® Other baryons?

® Coulomb repulsion?

® Fermi-Dirac Quantum Statistics?
® Strong Final-State Interactions?

Study femtoscopic correlation

arXiv:1612.08975
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Possible explanations

(9) PP + PP

Other possible explanations:

® Other baryons?

® Coulomb repulsion?
® Fermi-Dirac Quantum Statistics? o 08
® Strong Final-State Interactions?

® Femto correlation produces

spike at (An,A¢)=(0,0) 2 20
® FSI| cannot produce observed AQ \
anti-correlation arXiv:1612.08975
pp femto corr. fun transformed (An,Aq)
3 45_ ALICE Preliminary 3 corr. fun. from femto|
(@) i pp \s=7TeV 3
o5 ] : g M
3f HH H * PP @ pp pairs = < ]
2 5‘1 E I:lsys. uncertainty —E 3- 1 05‘
i: H ] 3
2F ¥ E ]
1.5 = = —_—
1 e e
0.5§—$ q

AL A
0 0.02 0.04 0.06 008 0.1 0.12

k* (GeV/c) A®
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Possible explanations

Other possible explanations:

® Dependence on p_range?

® Coulomb repulsion?

® Other baryons?

® Fermi-Dirac Quantum Statistics?
® Strong Final-State Interactions?
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1.0< pi”m <2.8GeV/c

C(Ag, An)

|Dr1l*+ Prol 470 R

ALICE Preliminary, pp \s=7 TeV
proton unlike-sign pairs
28 « ,nsum <80 GeV/c

Unlike-sign—

C(AQ, At

4

0
q
o rad) 7

ALICE pp Vs =7 TeV, pp+Pp pairs

arXiv:1612.08975
(c) projections
| » 0.5< p; < 1.25 GeV/e

Near-side peak grows with
P,

_(more contribution from jets)

p, growth

[*125<p <25 GeV/c

smaller for
higher p.-sum

Anticorrelation
A® (ig\ven stronger
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ProtOnS Proum=|P1l +| Pl

ALICE Preliminary, pp \s=7 TeV . .
proton unlike-sign pairs Near-side peak grows with
1.0 < p3™ < 2.8 GeV/c 28<p<80GeWe — P+
. Unlike-si _(more contribution from jets)
-~ < 2-Sig n— | .
< < ' -
=t s 2
=1, =1
O QO 1.5
11 ol 1
1

sum

0
Pr :|pT1|+|pT2| 9 o (129

ALICE Preliminary, pp \s =7 TeV

1.0< p_srum <2.8GeV/c proton |ike_sign pairs 28 < p_srum < 8.0 GeV/c p growth
T
Small peak
disappears for
high p_-sum

Shape of the dip
does not change
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Proton correlations — transformation

« Direct transformation from C(q, ) to C(AnAg@) not possible

* One can employ a simple Monte Carlo procedure:
« generate random n and ¢ from uniform distributions (for 2 particles: n., n,, ¢,, ¢,)
« generate random p. from measured p. distribution (for 2 particles: p_., p.,)
« calculate k* from generated n., n,, ¢, @,, p;, and p_,

* take the value of measured femtoscopic correlation function at given k* and apply it as weight
while filling the numerator of AnAg

_ PP femto corr. fun transformed AnAg corr. fun.
= ALICE Preliminary =
O : pp \s=7TeV § = 114~
3f ﬁm H * PP @ pp pairs & o :
: H . 5 = 1.057
2.5 j sys. uncertainty = ]
. f |:| 2 O :
25_ E@ _: > 1
g 5 : 11
1S 5 =
n i ]
1;_ m*m“**“iz
0.55—% .
i o e e i) iy e e e ey e o g i | s e |
0 0.02 0.04 0.06 0.08 0.1 0.12
k* (GeVi/c) AQ
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(An,A@) of identified particles of pp collisions

baryon-antibaryon 7Tev:

correlat not reproduced
i angn e by MC

baryon-antibaryon
correlation

ALICE pp Vs =7 TeV
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PIOnS stum:‘pﬁTl‘_Hp_}Q‘

ALICE Preliminary, pp \s =7 TeV
pion unlike-sign pairs
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ALICE Preliminary, pp \s = 7 TeV p, growth
pion like-sign pairs
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Comparison to MC models

arXiv:1612.08975

(a) pA + PApairs

(b) pA + PA pairs
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(An,A@) of identified particles in pp collisions

PYTHIA 6.4 Perugia-2011, pp {s =7 TeV PYTHIA 6.4 Perugia-0, pp s =7 TeV PYTHIA 8.210 Monash, pp {s=7 TeV
proton like-sign pairs proton like-sign pairs proton like-sign pairs

A A®

Let’s compare with models!

A®

PHOJET 1.12, pp Vs =7 TeV
proton like-sign pairs

None of common MC y
models reproduces i
ALICE data!
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