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Introduction



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




The Solenoidal Tracker At RHIC

By Maria & Alex Schmah



Few Words About Femtoscopy

Single- and two- particle distributions

. dN _ pr S(x,p) — emission function: the distribution
P,(p)=E d’ p _f xS(x, p) of source density probability of finding particle
with x and p

dN
P2(p1,p2)=E1E2 3 3 Zfd4x1S(x1,p1)d4x2S(x2,pz)(b(xz’p2|xl’pl)
d” p,d” p,

The correlation function /
2k*

C _ PZ(pl,pZ) | ';>

(pppz)_P ( )P ( ) total :
1\ P1) 1\ P P,




| Proton - proton correlation function, Rinv= 3fm |
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Results of p-p Correlations From Lower Energies
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Particle Identification in STAR

(o)}
o
1

m?2 ((GeV/c?)?)

dE/dx (keV/cm)

m?vs no,: Negative Charge

— TPC and TOF {for the particle identification.
— Cuts lead to very high efficiency (over 99%)
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Proton Femtoscopy @200 GeV

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

Nuclear force between antinucleons is studied for the first time.

The knowledge of interaction between two anti-protons is fundamental
to understand the properties of more sophisticated antinuclei.
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Nature 527, 345-348(2015)
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Proton Femtoscopy @200 GeV

Fit results:
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Proton Femtoscopy @200 GeV - Parameters: foand do

The scattering length fo: determines low-energy scattering.

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

lim o, = 47 f2
k—0

solely by the scattering length,

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.

fo and do - two important parameters of strong interaction between two
particles.

Theoretical correlation function depends on: source size, k™ ,fo and do.
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Proton Femtoscopy @200 GeV - Parameters: foand do

* fo and do for the antiproton-antiproton
* proton-proton interaction consistent with parameters
6| proton-neutron(singlet) for the proton-proton interaction.
|/, proton-neutron(triplet)
0 neutron-neutron
|k antiproton-antiproton * Descriptions of the interaction among
E 4r Nature 527, 345-348(2015) antimatter (based on the simplest systems
""*-'; | of anti-nucleons) determined.
© I O []
21, T * A quantitative verification of matter-
antimatter symmetry in context of the
| | forces responsible for the binding of
91 0 0 1 0 20 30 (anti)HUCIEi.
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Proton Femtoscopy in BES — Centrality Dependence

proton-proton @39 GeV
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Rinv P—DP [fm]
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No significant difference
between proton-proton
and antiproton-antiproton
correlation functions
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Proton Femtoscopy in BES — System Dependence

CF(k*)

Radii from proton-proton and
antiproton-antiproton systems

differ from those from proton- E’
. . O

antiprootn system — Residual

Correlations.

Residual feed-down correction

needs to be applied.
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Proton Femtoscopy in BES — System Dependence

proton-proton, centrality 0-10% proton-antiproton, centrality 0-10%
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7.7GeV  3.59+0.16 4+ 0.19 Energy dependence more
significant for proton-proton
than for proton-antiproton

system.
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39GeV  4.00 1+ 0.15 % 0.02 3.39+0.12 + 0.14
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Proton Femtoscopy in BES
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Proton Femtoscopy in BES
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Proton Femtoscopy in BES
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_Strange Baryon Correlations (Including A Hyperons)

proton-lambda correlations:
sensitive to the Strong FSI only

lambda-lambda correlations:
sensitive to the Quantum Statistical effects
and Strong FSI

lambda-lambda and proton-lambda correlations:

System ro (fm)

p—A 2.97 +0.347032 £ 0.2

p—A 3.24 £ 0.597077 £ 0.2
p—AGp—A 3.09 + 0.30t°:~:”: +0.2 |

p—A 1.56 £0.087919 4+ 0.3

p—A 1.4140.104+0.114+0.3
p—Adp— A 1.50 +0.057015 +0.3

contain contributions from Residual feed-down
Correlations
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Conclusions &
Summary



Summary from results of baryon-baryon from +/ S= 200 GeV

®  Result of baryon-baryon correlation function from heavy-ion
collisions shown

®  Direct information on interaction between two anti-protons
fundamental to understand the structure and properties of more
complex antinuclei
Parameters of antiproton-antiproton interations: fo, do extracted

)

The interaction between two antiprotons found as attractive

¢ o
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Summary from results of baryon-baryon at BES

« Clear centrality dependence of source size at BES energies
. Visible energy dependence of source size at BES energies

« No visible difference between proton-proton and

antiproton-antiproton correlation functions at 4 S = 200 GeV

« Correlation functions contaminated by

residual correlations — residual correction required

¢ o
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Thank you!



Backup



Correlation Function

paztrd(kpazr_k )w(k* r )
CEE) = =50,

w(k*, %) = [0 (7)) + (<1) St ()22
WO (%) = e\ JA () [ * " F(=in, 1,i€) + fo(k*) ELm]
fe(k*) = + Ldoy** - Zh(k*ac) —ik* Ac(k*)] ™

is the s-wave scattering amplitude renormalized by Coulomb interaction.

s 1
1
erp(2n/k*a.)-1" h(CE) :v2 Z

in(n? +x72)

and G(p,n) = /A (k*)(Go(p,n) +iFy(p,n)) is a combination of regular (Fy

and singular (Gyp) s-wave Coulomb functions.

Ac(k*)=(2n [k a.) - C +In|x|,

22
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