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Outline and motivation

1) Motivation and basics of proton femtoscopy

2) Cuts used for Au+Au collisions at Vs, = 39 GeV

3) Results from Beam Energy Scan:

Au+Au collisions at Vs, =39, 11.5and 7.7 GeV

4) Summary and conclusions

if we extract the source radii from baryon-baryon correlations
we will be able to compare those with the radii already obtained
from meson-meson and meson-baryon correlations - such
comparison will provide us complementary information

about the source characteristics
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Few words about femtoscopy

source

A .
\
N

The correlation function

P,(p1,02)
P;(p1) P, (p2)

C(p1,p2) =
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Few words about femtoscopy

Two-particle distribution

dN
P, (p1,p2) = E1E; 31 d3 = Jd4 xlS(xl,pl)d4x25(x2,p2)d>(x2,p2 | X1, 1)
p1a-p;

S(x,p) - emission function: the
distribution of source

The correlation function density probability of
finding particle with x and p

P,(p1,p2)

C@1p2) = B P (02)

\ Single-particle distribution

dv [,
Pi(p) = EE = jd xS(x,p)
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Proton correlations

Identical baryon-baryon
Quantum Statistics (QS)
Final State Interactions:

Coulomb Interaction (COUL)
Strong Interaction (Sl)

Nonidentical baryon-antibaryon

Final State Interactions:
Coulomb Interaction (COUL)
Strong Interaction (SI)
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Proton correlations

Identical baryon-baryon
Quantum Statistics (QS)
Final State Interactions:

Coulomb Interaction (COUL)
Strong Interaction (Sl)

| Proton - proton correlation function, Rinv= 3fm |
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Relativistic Hadron-Hadron Collisions in the Ultra-Relativistic Quantum M
J. Phys. G: Nucl. Part. Phys. 25 (1999) 1859-1896
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Proton correlations

‘ Proton - anti-proton correlation functions Rinv= 3fm

Quantum Statistics (QS) T 3[ —
S j == COUL
Final State Interactions: 251y — COUL+SI

Coulomb Interaction (COUL)
Strong Interaction (SI)

Nonidentical baryon-antibaryon

Final State Interactions:
Coulomb Interaction (COUL) 00 bod
Strong Interaction (SI)

UrQMD Au+Au;R;y, = 3fimn

Relativistic Hadron-Hadron Collisions in the Ultra-Relativistic Quantum M
J. Phys. G: Nucl. Part. Phys. 25 (1999) 1859-1896
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Data selection

Example plots showing data that passed selection criteria for Au+Au collisions at Vs, =39 GeV

Monitor dE/dx vs p for protons
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Double Ratio

7 "ELONG I ?
S e |
(_) —
mm W
E R Tt
= oe? #®  STAR preliminary £ flatif cuts correct - along z axis
”.% N R N N N R R N N R RN NN N NN, HE PR S T TN T N SN ST SO N TN SO S S
=N —a— Centrality: 0-10%
7 E IDE —%— Centrality: 10-30% y
L E * —@— Centrality: 30-70% '
= -
W e
mmmmz_ % i. 2 ‘*W BT 28
LE o..:#,p p:#;. i+ flat if cuts correct - detector
== o ol
o= X % STAR preliminary | symmetry
.’;; Ii“:é_ LT i " — —. %_ - — — L —L
< .EOUT |
LL —
S =
?ﬂmw o WW.
£ ittt i -
ME_ ..V ' “... “E—
- * STAR preliminary| *“F
03 ) } 0 " signk* [GeVi] 03 0  k*[GeViq] 03

9th November 2017

S. Siejka "Proton femtoscopy"

10



Analysis of Au+Au collisions @ 39 GeV

Measured correlation functions are shown Clear centrality dependence

R, (0 —109%) > R,_,(10 —309%) > R,_,(30 — 70 %)

CF(k*)

Proton-Proton 39GeV CFs
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Analysis of Au+Au collisions @ 39 GeV

Measured correlation functions are shown Clear centrality dependence

R, (0 —109%) > R,_,(10 —309%) > R,_,(30 — 70 %)

CF(k*)

Antiproton-Antiproton 39GeV CFs
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Analysis of Au+Au collisions @ 39 GeV

Measured correlation functions are shown Clear centrality dependence
Rp_p(O —10%) > Rp_p(lO —30%) > Rp_p(BO — 70%)

CF(k*)

Proton-Antiproton 39GeV CFs
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Analysis of Au+Au collisions - comparison of plots for different energies

R,_,(39GeV) > R,_,(11.5GeV) > R,_,,(7.7 GeV)

Measured correlation functions are shown Clear energy dependence

Proton-Proton CFs
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Analysis of Au+Au collisions - comparison
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Analysis of Au+Au collisions @ 39 GeV - Spherical Harmonics

Co (k™)
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Analysis of Au+Au collisions @ 39 GeV - Spherical Harmonics
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Summary

Data analysed: 7.7 GeV, 11.5 GeV, 39 GeV
Improved selection criteria provide better particle identification.
proton - proton, antiproton - antiproton and proton - antiproton systems checked
=> the range of correlations different for identical and non-identical particle combinations
(anti)proton femtoscopy sensitive to Quantum Statistic Effects and Final State Interactions
=> Baryon-baryon and baryon-antibaryon CFs are differently affected by the strong
interaction (due to the annihilation process)
the results allow for source sizes observation:
radii increase with centrality at fixed Vs
R, ,(0—-10%) >R,_,(10—-30%) > R,_,(30 —70%)
radii increase with Vs at fixed centrality

R, ,(39 GeV) > R, ,(11.5 GeV) > R, ,(7.7 GeV)
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Thank you for your attention
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Few words about femtoscopy

k*

The correlation function Qinv
In Longitudinal Co-Moving System (LCMS)
P, (p1,p2)
C(pu,p2) =
PPz Py (p1)P,(p2) Qinv
b2
Identical baryons
In Pair Rest Frame (PRF) )
Qiny = 2k

__pe

P2

form; =m
k*=|P1|=|P2| ! :

Non-identical baryons
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Proton correlations

.Quantum Statistics (QS)

.Final State Interactions:
zCoulomb Interactions (COUL)
:Strong Interactions (SI)

3

CF(k*)

25

1.5

Non-identical baryon-antibaryon

.Final State Interactions:
zCoulomb Interactions (COUL)
=Strong Interactions (SI)

0.5

4:...|a1=||

k™~ 130 MeV/c

‘ Proton - anti-proton correlation functions Rinv= 3fm |
|

.
| — couL
| = couL+s|

UrQMD Au+Au;R;y, = 3fimn
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Proton correlations

Identical baryon-baryon k™ =~ 60 MeV/c

| Proton - proton correlation function, Rinv= 3fm |
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Proton correlations

Why to do this?

We can calculate radii using the
correlation functions.

The width of the Quantum Statistics
part in correlation functions is inversely
proportional to the radius of the

source size.

The radii can be qualitatively compared
using the height and the width of the
pike in identical baryon-baryon
correlation functions.

CF(Qinv)

| Proton - proton correlation function, Rinv= 3fm |
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Relativistic Hadron-Hadron Collisions in the Ultra-Relativistic Quantum M
J. Phys. G: Nucl. Part. Phys. 25 (1999) 1859-1896
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Analysis Au+Au collisions @ 7.7 GeV

Measured correlation functions are shown
Rp_p(O —10%) > Rp_p(lO —30%) > Rp_p(BO — 70%)

Clear centrality dependence

Proton-Proton 7.7GeV CFs
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Analysis Au+Au collisions @ 11.5 GeV

Measured correlation functions are shown Clear centrality dependence

R, (0 —109%) > R,_,(10 —309%) > R,_,(30 — 70 %)

Proton-Proton 11.5GeV CFs
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Analysis Au+Au collisions @ 11.5 GeV

Measured correlation functions are shown Clear centrality dependence
Rp_p(O —10%) > Rp_p(lO —30%) > Rp_p(BO — 70%)

CF(k*)

Proton-Antiproton 11.5GeV CFs
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