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HBT interferometry
(Hanbury-Brown, Twiss)

Interferometries:

1. An interference of two waves from different sources located in space. The detector

records amplitude-phase diffraction signal.

2. The interferometry of intensity occurs, when we detect two identical particles

in different points in time and space (or with different energy and momentum)

Method proposed in '50 by Hanburry-Brown and Twiss.

At first was used in astronomy to measure the angular size of stars ( using emission

of gamma quantum ) => photons interferometry of intensity
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X, L

> Analyze many pairs of identical particles —~ &

(p,,x,) and (p,,x,) — calculate q the difference =i 5 1
momentum vector of those particles. O 4= —~ ﬁ
» Calculate the correlation function of pairs.
1 —tian
(v(p p ) - Pﬁ(pl:p?.)
1+ ¥2) —
Pi(py) Pi(p,) |
R —radius
~ Calculate the source size. 0 .
q [GeV/c]
P.(p, ,p,) — the probability of observing two particles with momentum p_, and p, at the same time and the same place.
P.(p,), P,(p,) — the probability of observing two particles with momentum p_, and p, separately.
4
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k* - the magnitude of the three-momentum of the particles in the pair rest frame.
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Motivation
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Analyze all Beam Energy Scan (BES)
energies and find answers:

If or how pion-kaon source changes
with energy?

If or how pion-kaon asymmetry in
emission process looks for all BES
energies?

If or how the flow affects the pion-kaon
system, consisting of particles of
different masses?
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The “olenoidal "racker /.t "HIC (STAR)
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dE/dx [GeV/cm]

dE/dx [GeV/cm]

Data selection
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CF & DR for TI- K- and i+ K+

5 [ i 5 Double ratio @ 39GeV
oI S B Y R T ONG A TK
=z 1 5 5 T P
.g e LON G 4 A CF @ 39GeV, central _ _%_ E « é
5 x4 & T K 0
0.8
Centrality 0-10% -1 K 05
— STAR preliminary
STAR preliminary 0o
0.1 0.2 0.3 0.4 0.5 0 005 01 015 02 025 03 035 04 045 05
*
O

CF(k*(sign(k*out)))

0.95 #

0.7 $
0.9

0895 04 03 02 01

o

0.1 0.2 0.3 0 005 01 015 02 025 03 035 04 045 0.5

0.4 0.5
k*(sign{k*out)) k*[GeVic]

21 - 27 September 2014 Las Negras, Spain HQ 2014 Katarzyna Poniatowska



CF & DR for TI- K- and i+ K+

5 L 5 Double ratio @ 39GeV
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CF & DR for m- K+ and n+ K-
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CF & DR for m- K+ and n+ K-
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CF & DR for m- K+ and n+ K-
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Comparison of Au+Au data for vs,,=(130,39,19.6,7.7)GeV
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Comparison of Au+Au data for vs,,=(130,39,19.6,7.7)GeV
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Correlation function for +'s,, =130GeV is narrower than CF for y's,, =(39,19.6,7.7)GeV,
so the source size for +s,, =130GeV is blgger
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Comparison of Au+Au data for v's,,=(130,39,19.6,7.7)GeV
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Trends of correlation functions for all energies are the same.

The correlation functions for +'s (39,19.6,7.7)GeV looks the same within error bars.
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Comparison of Au+Au data for +s,,=130GeV and +s,,=39GeV

Au+Au collision at \/5—1\11\1: 130GeV Au+Au collision at \/QZBQGeV
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Phys. Rev. Lett. 91 (2003) 262302
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Comparison of Au+Au data for +s,,=130GeV and +s,,=39GeV

Au+Au collision at \/%: 130GeV
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Comparison of Au+Au data for vs,,=(39,19.6,7.7)GeV

Minimum bias data.

u_: _ Same sign particles sys. Different sign particles sys.
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Comparison of Au+Au data for vs,,=(39,19.6,7.7)GeV

Minimum bias data.

u_: _ Same sign particles sys. Different sign particles sys.

Qﬁ; —l- STAR 7.7 GeV | —l- STAR 7.7 GeV

5 T | =" STAR 19.6 GoV o STAR 1.6 GaV
—==— STAR 39 GeV —=f=— STAR 39 GeV

STAR preliminaérjy

0.9 ' i i i i
0 0.05 \ 0.1 0.15 ) 0.05 \ 0.1 0.15

k*[GeV/c] k*[GeV/c]

{ We observe the same tendency in asymmetry for all energies. }
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Summary

* Correlation functions and “double ratio” functions for minimum bias Au+Au collisions at
Vs w=(39,19.6,7.7)GeV are calculated.

* Trends of correlation functions and “double ratio” functions for Au+Au collisions at
S NN:(130,39, 19.6,7.7)GeV are the same — results are consistent.

* Source size is bigger in Au+Au collisions at+'s,,, =130GeV than at
Vs,w=(39,19.6,7.7)GeV -

* Due to limited statistics we can only say, that source size in Au+Au collision at
VS w=7-7GeV and v's,,,=19.6GeV are close to source size in Au+Au collision

at \ s,y =39GeV .

 Pions are emitted closer to the system's center or/and later than kaons in systems created in
collisions for s, =(130,39,19.6,7.7)GeV .
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Thank you for your attention!
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