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Femtoscopy - going beyond the system size
Correlations of baryons

K° K* and other correlations

Disclaimer: some plots are labeled “Work in progress”
They will not be kept on Indico conference page




* Femtoscopy - measures space-time characteristics of the source using particle
correlations in momentum space

IS W (q,r)d'r
In the experiment:

C(q)=A(q)/B(q)

(Q) - signal distribution (“same” events)

. . ) B (q) - background distribution
- Final-state interactions (FSI) (“mixed” events)

e Main sources of correlations:

- Quantum statistics (QS)
* bosons (i.e. pions) - Bose-Einstein QS

 fermions (i.e. protons) - Fermi-Dirac QS

* strong interaction

* Coulomb repulsion or attraction
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C(qlong)

How does it look like?

Correlation functions have different shapes, depending on the pair
type (interaction involved), collision system and energy, pair
transverse momentum, etc.
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Beyond the system size

fS W (q,r)d*r q=2-k =

" v

measured correlation emission function
(source size/shape)

increase of (anti)correlation

decrease of the radius

\

pair wave function
(includes cross section)
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Beyond the system size

q)=[ s(r) ¢ )W (q,r)d'r q=2-k =p,—p,
measured correlation emission function pair wave function

(source size/shape) (includes cross section)

. ex lk r|s-wave scattering
W =exp ( —ik r ) +f P ( ) approximation
r
- 1,1
f 1(k ) —+— d k' ?—ik "  effective range
f 0 2 approximation

« If only Strong Final State Interaction (FSI) the result of integration:

1+Z O

k*) ’

dy | 2Rf(k 3K .

__ o | 2% ( )F1(2k R)— A )F2(2k R)
2VTTR VvTtR R

Lednicky, Lyuboshitz, Sov. J. Nucl. Phys., 35, 770 (1982)

where p,are the spin fractions

1!
2

* The correlation function is characterized by three parameters:

- radius R, scattering length f,, and effective radius d,

- cross section o (at low k) is simply: o=4x|f|
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Potential applications

Input to models with re-scattering phase (eg. UrQMD):

- annihilation cross sections only measured for pﬁ_, pn, and pd pairs - UrQMD
currently guesses it for other systems from pp pairs

Structure of baryons/search for CPT violation
STAR, Nature 527, 345-348 (2015)

Search for H-dibaryon
ALICE, PLB 752 (2016) 267-277

Hypernuclear structure theory
Nucl.Phys. A914 (2013) 377-386

Neutron star equation of state
Nucl.Phys. A804 (2008) 309-321

Relativistic heavy-ion collisions at LHC or RHIC produce very
similar number of baryons and antibaryons, “matter-antimatter
pair factories”
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PP*PP
—~ 45 e
X ALICE Preliminary
5} 4 pp Vs =7 TeV

* pp @ pp pairs
3 Dsys. uncertainty
25 = Femtoscopic fit

- Baseline fit
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ALICE Preliminary
pp Vs =7 TeV

* pA @ pA pairs
Dsys. uncertainty
== Femtoscopic fit (NLO param.)
== Femtoscopic fit (LO param.)

- Baseline fit

0 005 01 015 0.2 0.25

Oliver Arnold, PhD thesis K* (GeV/c)
QM 2017

L\
- eg.only ~30 points for proton-lambda interaction
measurements exist
1 012
« ALICE can constrain cross sections for these
systems at low relative momentum k*
« Assuming LO and NLO scattering parameter
predictions in the fit (from Nucl. Phys. A915, 24-58)
* Preliminary results of simultaneous fit to proton-

Baryon-baryon correlations I—

« ALICE particle identification capabilities allow us
to measure correlations of different baryons

« Except for pairs like proton-proton or proton-
neutron, cross sections for other baryons
practically not known

proton and proton-lambda correlation functions:
- extracted source size: R=1.31+0.02 fm

- NLO predictions seems to be slightly more
accurate, however we still lack statistics

- we hope to have more accurate results after
analysing 13 TeV LHC Run2 data
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Baryon-antibaryon correlations
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Conclusions from fitting:

Interaction parameters are
measurable

Scattering parameters for all
baryon-antibaryon pairs are
similar to each other (UrQMD
assumption is valid)

\V )

We observe anegative real part

of scattering length — repulsive
strong interaction or creation of a
bound state (existence of baryon-

antibaryon bound states?)

Significant positive imaginary
part of scattering length -
presence of a non-elastic channel
- annihilation

Next steps: try to look for

baryon-antibaryon bound states r
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Baryon-antibaryon correlations !
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Conclusions from fitting:

Interaction parameters are
measurable

Scattering parameters for all
baryon-antibaryon pairs are
similar to each other (UrQMD
assumption is valid)

\V )

We observe anegative real part
of scattering length — repulsive
strong interaction or creation of a
bound state (existence of baryon-
antibaryon bound states?)

Significant positive imaginary
part of scattering length -
presence of a non-elastic channel
- annihilation

Next steps: try to look for

baryon-antibaryon bound states r
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Other possibilites
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What about other types of correlations?

Let’s look at angular space




AnA@ of baryons

Eur.Phys.]. C77 (2017) 8, 569 Matgorzata Janik, £G
pp AA PA+PA_7

C(Ao, An)
e
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« We found that all baryon-baryon pairs show a depression instead of a
typical near-side peak

« (New) Itis present for all collision energies and collision systems
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AnA@ of baryons | =

Matgorzata Janik, LG

Eur.Phys.]. C77 (2017) 8, 569
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* Projections show how similar are baryon-baryons pairs to each other
* Similarity between pairs, to a lesser extent, is also observed in the
baryon-antibaryon case

Possible explanations:

e Fermi-Dirac Quantum Statistics? NO (non-identical particles)
« Coulomb repulsion? NO (uncharged particles)

* Strong Final-State Interactions? (see next slides)
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AnA@ of baryons | =

Eur.Phys.]. C77 (2017) 8, 569 Matgorzata Janik, £G d
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* None of studied MC models (PYTHIA, PHOJET, EPOS, HERWIG) agrees with the data
even qualitatively

* What can be the explanation of this effect?

Let’s look at similar studies in e*e” collisions at Vs = 29 GeV (SLAC-PEP) from
late 80’s

=
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Rapidity correlations in e’e’

Models for e*e- agree with
observations seen in data

TPC/Two Gamma Collaboration

° ° ° 0.5 D
correlation anti-correlation it i
3.0 — . — o p(rnn)
-~ (a) PP PP | ~ o Lund 6.2
> 201 S A
S Y <X I N = s
\.fg 10 L . 00T g ST [HT Y DT
O 0.0k O 05 Lund model
' i describes
N . N .
Phys.Rev.Lett. 57 (1986) 3140 Yb

Hypothesis from e’e” studies at Vs =29 GeV at SLAC-PEP:
* Depletion is a manifestation of “local” baryon number conservation

* Production of 2 baryons in a single 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 explanation at 29 GeV collision
energy, but why at 7 TeV?!
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We have seen from both measurements
that baryons are interesting indeed

So, are there any direct connections
between femtoscopic and angular
correlations?




1) Possible origin of the “small peak”

C(A@, An)




AnAe of protons vs p,
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Femto correlations of protons |

Possible origin of the small peak: QS(Fermi-Dirac)
+Coulomb+Strong

- Visible in femtoscopic correlation function

- Dominant effect around g, , = 0.04 GeV/c

- Strong interaction the only source of positive correlation
for baryons
3 AW \ Sy = 276 TeV
® pp, 0-10%, 0.01<k<5.0 GeV/c

11—
+ X — Full fit
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| Proton - proton correlation function, Rinv= 3fm |
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Femto correlations of protons | =

Direct transformation from C(g,_ ) to C(AnA®) not possible Matgorzata Janik, £G

One can use a simple Monte Carlo procedure:

C(Ag, An)

) >
generate random p, value from measured p; distribution (for 2 particles: p, Pr,) /
calculate q, , from generated n,, n,, ®,, ¢, py, and p,, (the longest step)
randomly select g,,, and take a corresponding value from measured femtoscopic
correlation and apply it as a weight while filling the numerator of ANA@ correlation

-
ALICE TRANSFORMED ;—\ 4.5__| ST L |M|E|A|S|[{BF|D| T [ l__

generate random n and @ values from uniform distributions (for 2 particles: n,, n,, @, @,

©) pp \s=7TeV
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25 I:lsys. uncertainty —
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Femto correlations of protons | =

Eur.Phys.]J. C77 (2017) 8, 569
(a) Measured pp AnAe corr. fctn

Results:

Femto correlation T2
produces spike at g
(An,A¢)=(0,0) S

Comparison of two
peaks: 1-bin wide
projection on A@

= 045

(subtract minimum) £ ...

0.35

Both the height and >
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0.05 E
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(c) Projection of measured corr. fctn.

ALICE
- Work in progress  + P

Strong interaction ...

does not cause the
wide depletion
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(b) Transformed AnAg corr. fctn

Work in
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2) Non-femtoscopic correlations

e ALICE n+ n+
" » o Pythia Perugia-0
1.5 f sPp @7 TeV
o o

ermtoscoplc correlation

non-femtoscopic effect




Non-femtoscopic correlations |

Non-femtoscopic correlations visible in PRD 84 (2011) 112004

small systems for pions and kaons: . ALICE 7+ ot
iy : - . o Pythia Perugia-0  pions
- Grow with increasing k; 1.5 'F . o PP @7 TeV pp @ 7 TeV

- Grow with decreasing multiplicity o) ermtoscoplc correlation
non-femtoscopic effect

- Significant source of systematics

in the fitting procedure e e
So far only hypothesis of (mini-)jet 0.5 1.0
. q (GeVi/c)
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How do baryon correlations look like in
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Angular vs fe

Eur.Phys.]. C77 (2017) 8, 569
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Femtoscopy - going beyond the system size
Correlations of baryons

KO K* correlations




Motivation for K° K* analysis | =

Tom Humanic
Which sources of correlations are present in kaon systems? —

- Quantum Statistics (QS) - both K°,K°, and K*K*

- Coulomb FSI - K*K*
- Strong FSI - K°K° (via f,(980)/a,(980) resonances)

Why are KoK= pairs interesting?
- only Strong FSI:
 f,(980) resonance is isospin = 0 - no f,(980) strong interaction

- a,(980)resonance is isospin =1 as is the kaon pair — only
a,(980) strong interaction present

We can study the properties of the a,(980) resonance, which is
a proposed tetraquark state (PRC 75 (2007) 045206)

. | my | VYeux | Vi | Reference
a,(980) mass and coupling par. Nucl. Phys. B 121, 514

(1977)

oA R " e

. Yo xR 0209069 (2002)
f(k )= 9,2 KX 0.992 0.5555 0.4401 | Phys.Rev.D 68,
2 _o_j g 014006 (2003)
mg,—s lyaﬁKKk LY gy—am fm 1.003 0.8365 0.4580 |Phys.Rev.D 68,
014006 (2003)
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Motivation for K° K* analysis

y
= P
@ periice date grovr Q. vy Tehlae

pdgLive | Summary Tables | Reviews, Tables, Plots | Particle Listings

2017 Review of Particle Physics
Please use this CITATION:
C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and
2017 update.
Cut-off date for this update was January 15, 2017.

Mesons Summary Tables

All Mesons that appeagin the Summary Table and/or Listings *
pitT, pi©, eta, f_.. (Light unflavored)

K+, KO, ..., K”, ... (Strange)

PHYSICAL REVIEW D 79, 074014 (2009)
Global aspects of the scalar meson puzzle

Amir H. Fariborz,"* Renata Jora,>" and Joseph Schechter*

TABLE II. m, and m, are inputs. Typical predicted properties
of scalar states: gq percentage (2nd column), g g gq (3rd col-
umn) and masses (last column).

State qq% q4q99% m (GeV)
a 24 76 0.984
0 76 pUi! T.474
K 8 92 1.067

a predicted to be 76% tetraquark
PDG still lists it as a light meson

« How femtoscopy can help to determine which state it is?

A=A

Tetraquark a,

PbPb

7/01/2018, XIII Polish RHIC Workshop

Lukasz Graczykowski (WUT)

o | A for ussd vs. ud a; expected from geometry

Diquark a,

For details read the

paper:
PLB 774 (2017) 64-77

s5 annihilation suppressed

A ~0

due to geometry

from T. Humanic
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®

C(k )/ (Linear fit to baseline)

PLB 774 (2017) 64-77

Measured correlation functions
C W(k*)/(linear fit)

ra

.99 |

0.98 |

T T T T T

——Lednicky fit

® Data stat. unc.
|:| Total unc.

0-10% KiK'

ALICE Pb-Pb \[s,, =2.76 TeV

KK

RT <0.675 GeV/e

KK
k. > 0.675 GeVic

0.97

0.99

0.98

0.97

KK

3

kT <0.675 GeV/e

KK

k.= 0.675 GeV/e

0

0.05

0.1 0.15

k' (GeVic)

The a,(980) final interaction gives an excellent fit to the data!

7/01/2018, XIII Polish RHIC Workshop
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Results of the fit

PLB 774 (2017) 64-77 Tom Humanic
ALICE Pb-Pb Achasov2 parameters  ALICE Pb-Pb I Adhasow] paametel
i 5w =276 TeV 0.8} H Vo = N 1207/" Tev H ]
n -10% i i
6555% 0-10% HH#H Eéﬁ( H @EH H
4 .K:Ki ?H H@— HE¢ HH o .KK B H _
: ESES Achasov2 parameters - Achasov] parameters A i . Ks
s K K
2 - 0 L
| " | | Antonelli parameters Martin parameters
. Martin parameters . 08L i
T L T T
LU P E@HH LY el P
G H@H = . H@ LA
® JL _
Antonelli parameters | | °
S s B o (XSS R S R 1 ¥ S
(ky) GeVie (k;) GeVlec

« “Martin” parameter fits much lower

- Present results favor higher a (980) parameters
(eg. “Achasov” parameters)

« Results support the a, tetraquark hypothesis
(similar conclusions drawn from recent analysis in pp collisions)
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ALICE studies possible light tetraguark

The a,(980) resonance is
formally classified by the
Particle Data Group as a light
diquark (quark + antiquark)
ALICE mesonsimilartothe pion.
However, it has long been considered as
a candidate tetraquark state made up of
two quarks and two antiquarks. Existing
experimental evidence based on the
radiative decay of the ¢ meson has not been
convincing, so the ALICE collaboration
took a different approach to study the a, by
measuring K—K=* correlations in lead—lead
collisions at the LHC. Since the kaons are not
identical there is no Hanbury—Brown—Twiss
interferometry enhancement, and since the
K¢ is uncharged there is no Coulomb effect.
Nevertheless, because the rest masses of the
two kaons reach the threshold to produce
the a, it is expected that there is a strong
final-state interaction between the two kaons
through the a, resonant channel.

Using the data from central lead—lead
collisions with a nucleon—nucleon energy

of 2.76 TeV, ALICE fitted the experimental
two-kaon yield to extract the radius and
emission strength of the kaon source
assuming only a final-state interaction
through the a, (see figure).

Both the radii and the emission strength
from the K¢—K* analysis agree with the
identical kaon results, suggesting that the
final-state interaction between the K§ and K*
goes solely through the a, resonance without
any competing non-resonant channels. A
tetraquark a, is expected to couple more
strongly to the two kaons, since it has the
same quark content, while the formation
of a diquark state requires the annihilation
of the strange quarks, which is suppressed
due to geometric effects and a selection
rule. Although there are no quantitative
predictions for the magnitude of this
suppression that would result for a diquark
form of a,, the qualitative expectation is that
this would open up non-resonant channels
that would compete with the a, final-state
interaction, making it smaller than the

CERN Courier November 2017

News

ALICE Pb—Pb sy = 2.76 TeV
0-10%

5 Eﬁ@@
o
4| WKK H L
& KK
® KIK* Achasov2 parameters
2 | |
0.2 0.6 1.0

kr (GeV/c)

Radius parameters versus average
transverse kaon-pair momentum
determined from K%—K* correlations and

identical-kaon correlations in central
ALICE lead—lead collisions.

identical-kaon values. The ALICE result of
the final-state interaction going solely via the
a, thus favours the interpretation of the a, as a
tetraquark state.

o Furtherreading
ALICE Collaboration 2017 Phys. Lett. B774 64.

7/01/2018, XIII Polish RHIC Workshop
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sSummary

« ALICE can probe strong interaction cross sections with femtoscopy

« Correlations of baryons reveal interesting features and baryons in
general seem to be of great importance:

- Unique experimental environment at RHIC and LHC — “matter-
antimatter pair factories”

- Femtoscopic correlation functions sensitive to strong interaction
potential, including annihilation, possible bb bound states?

- Angular correlations reveal unexpected behavior - no two or more
baryons in a single (mini-)jet?

« K°K* femtoscopic correlations measured for the first time:
* a,(980) FSI gives excellent description of the signal

« No difference wrt identical kaons if larger mass and coupling a,(980)
parameters used (“Achasovl” and “Achasov2”) - e.g. “a,(1000)” favored
over “a,(980)” - supports a tetraquark hypothesis

e Clear connection between femtoscopic and angular correlations:

- “Small peak” in angular correlations consistent with strong interaction
studied with femtoscopy and does not explain the depletion

7/01/2018, XIII Polish RHIC Workshop Lukasz Graczykowski (WUT) 33/33
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Example correlation function

Lednicky & Lyuboshitz analytical model X [ Lednicky & Lyuboshitz analytical model
R=2.55 fm, Re(f )=-1.26 fm, Im(f )=1.55 fm ) B R=2.55 fm, Re(f )=-1.75 fm, Im(f )=0.00 fm

Tisr i Ly

Example theoretical
correlation function

Example theoretical

0.95 g :
correlation function

0.95

PA theoretical correlation function PA theoretical correlation function

0.9

0.9 Real part Real part
Imaginary part Imaginary part
1 1 1 1 I 1 1 1 1 I 1 | 1 1 | 1 1 1 1 | 1 1 1 i 0-85 =4 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
k* (GeV/c) k* (GeV/c)

* Real and imaginary part of scattering length have
distinctively different contributions

 Contribution from Re(f,) is either positive or negative but
very narrow (up to 100 MeV/c) in k*

« The Im(f,) accounts for baryon-antibaryon annihilation and
produces a wide (hundreds of MeV) negative correlation

7/01/2018, XIII Polish RHIC Workshop Lukasz Graczykowski (WUT) 35/33
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Other 1nterest1ng pairs

 Many other interesting S
correlations not covered in®
this talk 005

T
O
1
'y
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o
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Y
S
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* ALICE Preliminary
Pb-Pb \s\\ = 2.76 TeV

\V U

« Lambda-kaon (both charged N AKq o AK- o
and neutral) pairs | ;\ AK- o AK+ o
- scattering parameters R X B K T 1 1 R TSN K R TS Y- R}
; . k* (GeV.
measured for the first time (GeVic)
—~ 1.05— ALICE Preliminary AK+ 0-10% [~ Pb-Pb|s, =276 TeV AK- 0-10%
* AKrshows greater x F -
1 * Q - val. + stat. + sys. =0.38+0.09 + 0. - - + +
suppression at low k oosE- /"_T:FVL h 02038 - 050 :7/’-‘:? ho0o7s0002
. —e — Re[f0] =-0.69+0.16 £0.22 [~
compared to: AK: 0o ol - 060 Dor 022

x?/NDF = 425.8/336 do = O 64 + 0 53 + 1 62
TR TR T N T L

o e - 3. L E| PR T S A S R ST S S S B

effe.ct. arising from ss 1,05~ Ko 10-30% o Ko 10-30%
annihilation compared to E- = .. enana
uu? - A=048+0.13£024 | 4 A =041+0.11£0.20
0.95— R=3.92+0.45%066 R =3.92 +0.45 + 0.66

— or S=0 AK* system has more o9
interaction channels than
S=-2 \K-?

1 L | Il 1 1 L | L L Il L 1 1 1 1

AK+ 30-50%

|IIII]IIII—LIIII|I
} I-

1.05 AK- 30-50%

1

» For details see Quark Matter o.9s
2017 poster by J. Buxton 09

http://cern.ch/go/qwF7 S N M R R e
Jesse Buxton k* (GeV/c) ?h
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A =0.62+0.19+0.20
R=3.72+0.55+0.42

A =0.64+0.20£0.20
R =3.72+£0.55+0.42
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http://cern.ch/go/qwF7

Rapidity correlations in e’e

A Parametrization of the Properties of Quark Jets

R.D. Field, R.P. Feynman (Caltech)

An e'e” Annihilarion

We are not likely to find two baryons or two
antibaryons at the same rapidity

correlation anti-correlation

3.0 — 1.0 —

. (a) pp| —~ (@ PP
= 2.01 > 0.51

Z 10t Z 00

&) &)

L -0.5

R | R -4 4

y
TPC/Two Gamma Colla%oration, Phys.Rev.Lett. 57 (1986) 3140
7/01/2018, XIII Polish RHIC Workshop
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Nucl.Phys. B136 (1978) 131 < o o M el
From mechanism of jet production:
Two primary hadrons with the same ‘(::: e o
A > mce-—--we- a Field (color fie
[} . . . -
baryon number R. Feynman A L LT
(or charge or strangeness) “Quark Jets” i i X
Arvevod 4 RS c c. i i a ;
are Separ.a.ted b'y' ‘?_t ]_e.a.s.t i} 8th ISMD 1977 ‘!._ (‘s = __,_'*‘- ‘-::‘ 8.-_- New pair creation
two steps in rank (“rapidity”). % /
Rank 2e o1 03 0 p ﬁ::::;";gs to make

which decay to

K, v

Fig. 10. Transparency from a talk Feynmen gave on our model for how quarks fragment into

hadrons at the International Symposium on Multiparticle Dynamics (ISMD), Kaysersberg, France,
June 12, 1977.

Models for e*e- agree with
observations seen in data

PP
p(rinm’)
Lund 6.2
. lLund 35

O

Lund model
describes
4 data
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http://inspirehep.net/record/5957
http://inspirehep.net/author/profile/Field%2C%20R.D.?recid=5957&ln=en
http://inspirehep.net/author/profile/Feynman%2C%20R.P.?recid=5957&ln=en
http://inspirehep.net/search?cc=Institutions&p=institution:%22Caltech%22&ln=en

ALICE pp @ 7 TeV
(b) all unlike-sign pairs

04 < p-sum < 0.8 GeV/g_—T»
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ANnAe@ of identified particles

(a) (b) K*

= 25K
=

35 g
s 1.5 > 1
2 S% >
Q

Eur.Phys.]. C77 (2017) 8, 569
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Angular vs femto corr. fctn.

7/01/2018, XIII Polish RHIC Workshop

Clk")

C(k*)

C(k*)

pp+pp pairs pp pairs
4= s —— Warsaw group
351 # Non-femto sE N f —— Munich group
3 ﬁ t  NOT PRESENT ] goniom©
st t for all bb systems for all bb systems
Ff 2f
o t WHY? 1_51&
it ALICE Work in progress | | #7 =
B et s s ompremsssiinumata & ALICE Work in progress
R - x-S -2 ST - T 7 - - B
k* (GeV/c) k* (GeV/e)
] pA+PA pairs pA pairs
o ALICE as ALICE
22 Work in progress b Work in progress
2ET 25F
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16F] 2
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1.2F
15.. ................. :i:+:.::.g.£_.__._..—1l;:.=¢;m:
0.8 [ 1 I ! T 05 L i s L L L L
0 0.05 0.1 0.15 0.2 {JiS’ (GeWt{:]].s 0 01 02 03 04 05 06 07 Df* (é.zwc;
. AA+AR pairs AR pairs
2] s ALICE
sE] flat! g .
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Au-Au: pp and pp correlations @ STAR

Figure [] presents the first measurement of the antiproton-antiproton interaction, together

with prior measurements for nucleon-nucleon interactions. Within errors, the f; and d; for the

antiproton-antiproton interaction are consistent with their antiparticle counterparts — the ones for

the proton-proton interaction. Our measurements provide parameterization input for describing the

« Exactly the same
methodology was used by

STAR to measure pp T c 313 STAR Collaboration
) ] o ““ . 1:1;:3\8 -1] :E 1‘12 Nature 527,345'348 (2015)
interaction (Nature paper) S L b
! ~ 09 O proton-proton
e Conclusions: ' protonproton 3 08 " O proton-neutron(singlet)
1-3 - : _ ‘1’; 6 I~/ proton-neutron(triplet)
e LHC and RHIC are 12:— — Clnctusive — 12 i gﬁrigrcm;)nn%::\rt‘i)groton
“baryon-antibaryon pair 3 - lCyl 3 ) R,
factories” - unique 09 F - ERY £ ar i
Opportunltles gg %_ antiproton-antiproton :% g: "do i D O 0
+ BothALICE and STAR, £ 14 J1a 2F *
with their perfect PID, " j5}. i i
I X 10, =414 | B
arﬁetrr;eszrglg experiments ié 1| L ! 0 | L
09 =409
measurements are % s o7 ot 100 10 20 30
k*(GeV/c) f, (fm)

possible



Residual correlations in pp

The excess about 50 MeV/c in k* is e e e Ream
explained by residual correlations, from s Gy ks Rt )
main decay channel leading to protons: g
A= p+r e Calculation from
. o N e THERMINATOR
Fitting function is a combination of 12F-
theoretical pp and p/A functions: R
CmeCIS(k*):]'-l_}\'PP(CPP(kPP;R)_1>+ 105_ ‘ o.(|)5' T'ol.1 - 0.|15' - '012‘ - ID.‘25| - Iolsl
}“pA(f CpA<kpx;R>T(kpwkpp)_1) ;; Kop: 1€, GV
Assume Gaussian source, Rpp/Rpa ratio, o
: : : 1.4~ + Pb-Pb s = 2.76 TeV
decay kinematics taken into account. + NN = &
= PP 10-30% ALICE
Results with RC effect taken into account [ N — - \
published in: B g
Phys. Rev. C 92, 054908 (2015) P




Residual correlations in pp - transformation matrix

* The transformation matrix T from parent pair k*
to the daughter pair k* determined by random
decay, bound by decay momenta

 When only one particle decays, it has a
rectangular shape, for pairs when both particles
decay it Is smeared m

ang, 9 Il;reatt; Phys. Rev. Lett. 83, 3138 (1999)
Adam Kisiel, M. Szymanski, H. Zbroszczyk, Phys.Rev. C89 (2014) 054916

Q) 102 © 2
> 0.4 T > 04 f=
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Conservation Laws Model (CALM): Simple MC

Jet correlations dominate the
correlation function shape

Anti-correlation shape can be
easily reproduced with a toy
Monte Carlo with conservation
laws included

(no other physics)

C(AnAg)

44



AnAg of identified particles — pp 13 TeV

T,
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AnAg of identified particles — p-Pb 5.02 TeV

Unlike-sign




AnAg of identified particles — p-Pb 8.16 TeV

Unlike-sign
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AnAg of identified particles - Pb-Pb 2.76 Runl

Unlike-sign LHC10h
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pions — Pbh-Pb 2.76 Runl

LHC10h

Cosine shape characteristic for flow + narrow spike in (0,0)

- Narrow spike in both like- and unlike-sign pairs
- splitting?
- gamma conversion?
- any ideas?

To be done:
- Study how does the spike depend on two-track cuts



kaons - Pb-Pb 2.76 Runl

LHC10h

1.01%
Cosine shape characteristic for flow ole
+ narrow dip in (0,0) for like-signh kaons 100§

Detector effect?
0.995

0.99



protons — Pb-Pb 2.76 Runl

LHC10h

51.01 -
s 1 i‘\\ o RS &
4 (LA

Dip for protons ~ (0,0)
- for unlike-sign protons: annihilation?
(narrow dip centralized in (0,0))

- for like-sign protons: the same effect as for pp and p-Pb?
(wide anti-correlation similar to one observed in smaller systems)
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