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HBT interferometry (Hanbury-Brown, Twiss)

Intensity interferometry — allows to study size of the emitting source
by measuring a momentum distribution of emitted particles.
Originally this effect was used to study properties of stars

We can use a two-particle correlation to measure one of the smallest
sizes in the nature (~ 1071°m)
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Correlation Function
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Correlation Function
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(pi1,41) and (p3, ) with relative R
momentum § = pj — P2
e calculate correlation function (CF) 1
of pairs: ol )
L 2(P1, P R -radius
CF(pl»pQ) = P (7 = 0
1(p1) P1(p2) q [GeV/c]
e calculate size of the source
Po(pi,p3) — probability of observing two particles with momentum pj and p3 at the same time and the same
place
P1(ri), Pi (r3) probability of observing two particles with momentum pi and p3 separately
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Non-identical particle combinations

Time asymmetry Space asymmetry

ty # o =t t o=ty
Ar =0 Ar 0 Ar #0
V1 V-
1 Vi
V-
2 V2
t1 > tp - Catching up Catching up Run away
t1 < t2 - Run away - N
- . Catching up
bt em%SS}on t1r{1e . longer interaction,
r — emission point distance from the center strong correlation
R. Lednicky, et al., Running away
Phys. Lett. B373, shorter interaction,
30-34 (1996) weaker correlation
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Spherical Harmonics

Cl@) =X (@Y 0.0) G0 = [ Cla.0.0)¥7"(6.0)d0
l,m

Q) - full solid angle cl
Y™(8, ¢) - spherical harmonic function
¢ =|ql, 6 and ¢ - spherical coordinates

—
* 0,005
3
=
" . . -
C’g — sensitive to the size of the emitting source 50 005 0a
(shapes same as correlation function) 0,005 k* [GeV /C]
C11 — sensitive to the spacetime emission asymmetry oot — asymmetry visible
— NO asymmetry

P. Danielewicz and S. Pratt. A. Kisiel and D.A. Brown
Phys. Lett B618: 60 2005 Phys. Rev. C80:064911 2009
P. Danielewicz and S. Pratt. A. Kisiel

Phys. Rev. C75:034907 2007 Phys. Rev. C81:064906 2010
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Final State Interactions (FSI)

The shape of non-identical particle CF depends on FSI:
e Strong Interaction o Quantum-Statistics-effect

o Coulomb force

Correlation between unlike-sign pairs Correlation between like-sign pairs
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Au+Au @ 39 GeV, 0-10%
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Which particle...”

Like-sign particle combinations Unlike-sign particle combinations
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Dynamics of particle production

ZIMANYI SCHOOL’18

7/ 15



Results
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Centrality dependence

[ C’g — sensitive to the size of the emitting source ]

like-sign m — K @ Au+Au 39 GeV unlike-sign 7 — K @ Au+Au 39 GeV
1.1
3 @&Hﬂ -+ STAR.Dreliminary
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098? C v
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Clear centrality dependence
R(0-10%) > R(10-30%) > R(30-70%)
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Energy dependence

[ C’g — sensitive to the size of the emitting source ]
like-sign ™ — K: 0-10% unlike-sign 7 — K: 0-10%
1.
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No significant dependence on energy.
Required source parameters

(extracted fit parameters) to compare.
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System dependence

[ Clear system dependence ]
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Like sign: correlations are dominated by
Coulomb interaction
Coulomb strength depends on Bohr radius of the pair

K-p — lowest Bohr radius — strongest correlation
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System dependence

[ Clear system dependence ]
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Unlike sign: interactions are more complicated
A peak visible in pion-proton
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System dependence

+

[ Clear system dependence ]
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Unlike sign: interactions are more complicated
A peak visible in pion-proton
strong interaction is not negligible in kaon-proton
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Emission asymmetry — centrality dependence

[ 011 — sensitive to the space-time emission asymmetry ]
like-sign m — K @ Au+Au 39 GeV unlike-sign @ — K @ Au+Au 39 GeV
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Clear signal of emission asymmetry

pions are emitted closer to center and/or later than
kaons
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Emission asymmetry — energy dependence

[ C’l1 — sensitive to the space-time emission asymmetry ]
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Clear signal of emission asymmetry

asymmetry does not disappear for low energies
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Emission asymmetry — system dependence

[ C’l1 — sensitive to the space-time emission asymmetry ]
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0.02- 0.01
%aSTAR Preliminary F STAR Preliminary
0,015:‘R R K+ +T[- K' 0.005—
o.m; ~Tnp - p o; ;; =
o F + = = —+
g@oos} % +K p ~Kp %—0.005} i e
E +i E -
o~ = ===+ ~0.01 o
F ﬂrﬁ T el F + stat. 11110(‘{1,;\11&135 only
-0.005]— oL ~0.015]4— -tK -mp -K'p
[ stat. uncertainties only [ = K* sn'p &K p
001 62 'o0a 005008 o CRERATT 002 s T e
k*[GeV/c] k*[GeV/c]

Dynamics of particle production ZIMANYI SCHOOL’18 14 / 15




Emission asymmetry — system dependence

[ C’l1 — sensitive to the space-time emission asymmetry ]
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Expected ordering of particles:
Lighter particle is emitted closer to the center
and/or later.

R. Lednicky, et al., Phys. Lett. B373, 30-34 (1996)
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Emission asymmetry — system dependence
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[ C’l1 — sensitive to the space-time emission asymmetry ]
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Heavier particles pushed by flow towards the edge
of the source more strongly than lighter particles.
Heavier particles freeze-out earlier.

A. Kisiel Phys. Rev. C81:064906 2010
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Summary

Geometry:

e Significant centrality and system dependence of the source size
at BES energies

e Strong interaction is not negligible in kaon-proton
systems

Dynamics:

o Clear signal of emission asymmetry for particles with different
masses at BES energies

e Asymmetry does not disappear for low energies

e Lighter particles are emitted closer to the center of the
source and/or later than heavier particles — flow pushes
heavier particles harder to the edge
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Thank you for your attention!
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