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Introduction



1) Motivation

So far, the knowledge on nuclear force was derived from studies
made on nucleon or / and nuclei.

Nuclear force between antinucleons was not studies so far.

The knowledge of interaction between two anti-protons 1s fundamental
to understand the properties of more sophisticated antinuclei.

RHIC has the excellent capability to conduct such studies.
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2) Relativistic Heavy Ion Collider (RHIC)
Brookhaven National Laboratory (BNL), New York
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* 2 concentric rings of 1740 superconducting magnets
* 3.8 km circumference




3) The Solenoidal Tracker At RHIC
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4) Few words about femtoscopy

Single- and two- particle distributions
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5) Proton- (anti)proton
correlations
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1) Results of p-p correlations from lower energies
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2) Particle Identification

m? vs nop: Negative Charge

— TPC and TOF for the particle 1dentification.
— The purity for anti-proton over 99%.
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3) Proton femtoscopy @ 200 GeV —
contribution to the measured correlation function

dN/dk*
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4) Correlation functions
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5) Parameters: foand do

The scattering length f0: describes low-energy scattering.

The elastic cross section, oe , (at low energies) determined solely

] — 2
by the scattering length, ;}:1_1,% Oc = 47 f§

dO - the effective range of strong interaction between two particles.
It corresponds to the range of the potential in an extremely simplified scenario
the square well potential.
« {0 and dO - two important parameters in strong interaction

between two particles.

e The part Cpp(k*; Rpp) 1n the equation we used to fit the data is
calculated based on f0 and dO. 15



5) foand do for antiproton-antiproton

| (O proton-proton
6 [ proton-neutron(singlet)
| /. proton-neutron(triplet)
¢ neutron-neutron
I % antiproton-antiproton
4+ Nature 527, 345-348(2015)
2 * )
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* f0 and dO for the antiproton-antiproton
interaction consistent with parameters

for the proton-proton interaction.

* Descriptions of the interaction among
antimatter (based on the simplest systems

of anti-nucleons).

* A quantitative verification of
Matter-antimatter symmetry in context
of the forces responsible for the binding
of (anti)nuclei.
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6) Strange baryon correlations (including A hyperons)
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Conclusions &
Summary



Summary

Result of antiproton-antiproton correlation function from
\/(SNN) =200GeV Au+Au collisions shown

Parameters fo, do extracted
The 1nteraction between two antiprotons attractive

Direct information on interaction between two anti-protons
fundamental to understand the structure and properties of
more complex antinuclel

More detailed studies started @ @
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Thank you!



Analysed data, particle identification - PID

Au+Au 200 GeV 70-80%

—~dE _ 4m nz? e’ 2m _c*B?

= In
dx mec2 B? 4mne, 1(1_32)

E- energy

x- distance

B=v/c (v- particle velocity,

c- speed of light)

m_- electron mass

z- particle charge

n — density of e- inside medium
n=N Zp/A

N, - Avogadro's number

A, 7Z- atomic and mass numbers

1 1 | ] ] 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 ] | 1 p — medium denSity

-1 -0.5 0 0.5 1

Charge x Momentum {GeV/c)

Analysed data:

Vs, =39 GeV: 96 M

Vs, =200 GeV: 112 M

I- ionization potential

3 centrality classes (the percentage
of the total hadronic cross-section
of the collision):

0-10%
10-30%
30-80%

Selected protons and antiprotons:

p €[04, 3.0] GeV/c
p, € [0.4,2.5] GeV/c

ne [-0.5, 0.5]

8

19



Correlation Function

Z é(kpa,?/r'_k )w(k* r )
CF(E") = =550

pair
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W50 () = e JA ()T F (=i, 1,36) + fo(k*) S5
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Ac(k*) = (2n/k*ac) sommmiiran1 M) = 32 2.
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and G(p,n) = /A.(k*)(Go(p,n) +iFy(p,n)) is a combination of regular (Fy)

and singular (Gg) s-wave Coulomb functions.
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3) Proton femtoscopy @ 200 GeV —
- fractions of pure p-p pairs from Therminator
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MEASURE
p-A and p-A

Phys. Rev. C 74
(2006) 64906
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