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HBT and femtoscopy

Method to probe geometric and dynamic properties of the source
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Goldhaber et al, Phys. Rev. 120, 300 (1960)
Hanbury Brown, R. Taylor & Francis, (1974)
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Correlation femtoscopy

particle

particle emitting
source

correlations Iin
momentum space

Koonin-Pratt Equation:

C(k*) = / S k", r*)|? dr*

S(r*) is the source function,
W(k™, r*) is two particle wave function,
k*and r*are relative-momentum and

relative-separation. from M. Lisa and S. Pratt

Steven E. Koonin, Phy Lett B 70, 43 (1977)
S. Pratt et al., Phys. Rev. C 42, 2646 (1990)
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Sources of correlation:

Identical
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Correlation function

Cl) = [ oI, dr

source function:
(traditional » b

femtoscopy) 4 PG

measures spatial 1.Gauss : \
evolution of source Standard approach P
7 2.Levy :
S(r) = : — exp (— ’ ) anomalous diffusion/Jet Nature 588, 232-238 (2020)
(4nrg)2 4rg _
fragmentation
S(r): Source function 3.Exponential, Cauchy ..

ro is source radius

Srikanta Tripathy WPCF and Resonance Workshop, 6-10 Nov 2023 5



Correlation function

C(k*) = / S [ k™, )2 dr"

Two particle wave
function:

(non-traditional

femtoscopy)
measures final state
Interactions

Lednicky Approach:

fo (scattering length), do (effective radius)

Sov. Journ. Nucl. Phys. 35 (1982) 770
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Lednicky Approach:

Assumptions:

Srikanta Tripathy

Independent emission

Single particle source

Source size is bigger than the range
of interaction (~1fm)

s-wave component dominant in FSI
description (for close relative
velocities)

(4) ¢y 1 K XPep io 4 e

W )—\/AC(E)J—i[e F(—ig, 1,i¢ ")
G

+ fe(k*) (f 8)]

Ac is Gamow factor

(= = k*r*(1 £ cosf0™)

e=1/(k"a.)

F is the confluent hypergeometric function

(G is the combination of the regular

and singular s-wave Coulomb functions

fe(k®) is the strong-interaction scattering amplitude
modified by the Coulomb component:

f k) = — +

—d k2 2p k*a,) — ik*a,
fu 0 - (k*ac)

Scattering parameters appears directly in Lednicky approach.
=> connection to strong interaction.

Sov. Journ. Nucl. Phys. 35 (1982) 770
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Correlation function

C (k") = / S(r)|w k™, )2 d3r”

/ \ Repulsive
Correlation function: _ — Attractive
measured experimentally 5

1 I \. . jﬁw——

Ck)=AKYBK) | T

A(k*): same event distribution 2 : , .

B(k*): mixed event distribution S0 100 150 200

k* (MeV/c)
k* = |pi| = |p3! Nature 588, 232-238 (2020)

Where p; and p; are three momentum of particles.
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How to quantify

Fair Hest Frame - PRF

Correlation function in spherical coordinates k*=1pil= 1P| .//
P,
Cla) = 3. CP(@)¥™ (6, ) e
Im —

where harmonic components are: Oy =2k 1T my =m,

Cr'(@) = [ C(a,6,)Y;"(6,4)d9

From Hanna Zbroszczyk

Pair Rest Frame (PRF):
total momentum of pair
Y, (0, &) - spherical harmonic function 008(8) =

_ , , IS zero,
g = |q| - pair relative momentum Qe
0 and ¢ - polar and azimuthal angle ® = atan % 0 P1+ P2 = 0

F.

Q1 - full solid angle

40 :sensitive to size of the emitting ,,
CO source (shapes same as correlation b
function) P
From Zbigniew Chajecki

1 :sensitive to the spacetime
C PR P. Danielewicz and S. Pratt., Phys. Lett B618, 60 (2005) Phys. Rev. C75, 034907 (2007)
1 emission asymmetry Z. Chajecki and M. Lisa Phys. Rev. C78, 064903 (2008)
Kisiel and D.A. Brown Phys. Rev. C80, 064911 (2009)
A. Kisiel Phys. Rev. C81, 064906 (2010)
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Pion-Kaon system: asymmetry

Time asymmetry:

particles are assumed to be
emitted from the same positions;
viz. kaon (anti-proton) is
considered as emitted first, the
pion (proton) second

Spatial asymmetry:

particles are assumed to be
emitted at the same time;

viz. pion (proton) is assumed to be
emitted closer (to the center of
system) and kaon (anti-proton) is
considered as emitted further from
the system center

Cl(k*)

cl(k*)

Co(k*)
;'/-/

C' (k%)

. Heavier particle
Heavier particie -
4 - emitted closer to the
emitted closer to the %) nter and/or late
center anaj/or later
center and/or later

k* [GeV/c] k* (GeV/c)

Emission asymmetry arises in a system where both thermal and collective velocities exis

and are comparable in magnitude
Lighter particles are emitted closer to the centre/later than heavier particles
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Pion-Kaon system: asymmetry

In a hydrodynamical induced system :

: — Br. collective (flow) velocity
'Bp article ’B ! 'B t Bt: thermal (random) velocity

component of mean emission point of a single
particle parallel to the velocity
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Adam Kisiel Phys. Rev. C 81,
064906 (2010)

For more details:
Talk by Adam Kisiel, 8/11/23

Emission asymmetry arises in a system where both thermal and collective velocities exist
and are comparable in magnitude

Lighter particles are emitted closer to the centre/later than heavier particles
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Pion-Kaon system: asymmetry

In a hydrodynamical induced system :

. — Br. collective (flow) velocity
’B particle ’B f ’B t Bt: thermal (random) velocity

component of mean emission point of a single
particle parallel to the velocity

' Lo rBf)  rofoB
% :." \oL out!] — ; = 32 7
\%\ {\/ 37? + ,3% ; 24 -+ T/ .
Sl - Assuming Gaussian density profile,
""""""""""" radius ro, linear transfer velocity profile B = Bo/fo
Adam Kisiel Phys. Rev. C 81, 0 5 .
064906 (2010) S(r*) = exp [ — Tout ~Hou)” _ Tide _ Tlong
' O out afzdc afong
For more details: light,heavy ;1 (lvght,heavyy  ; _Llight heavy
Talk by Adam Kisiel, 8/11/23 Hout — \Tout = Tout — Tout >

Emission asymmetry arises in a system where both thermal and collective velocities exist
and are comparable in magnitude

Lighter particles are emitted closer to the centre/later than heavier particles
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Kaon-proton system: Strong interaction

* Kaons are less affected by the 3 ron——

decay of resonances than pions B
]
e Radius of particle emitting source - - T ]
geometry of source g °‘°°(MV,)
- E19 Ser o comepes ]

o Kaon-proton scattering parameters & | - soomm o keea
that describe the strong interaction o =™
=>Scattering length fo L f %fr |
=>effective range do o 4. _3
For more details: _1’5‘ S SN N ‘
Talk by Malgorzata Janik, 7/11/23 % 1, (fm)

Kaon-proton, PbPb 5.02 TeV, ALICE Collaboration
Phy Let B 822 (2021) 136708
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STAR experiment at RHIC
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Baryon Chemical Potential i, Svst
ystems:

p+p, p+Al, p+Au, d+Au, 3He+Au, Cu+Cu,

https://indico.cern.ch/event/1139644/contributions/5343956/ Cu+Au, Ru+Ru, Zr+Zr, Au+Au, U+U
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https://indico.cern.ch/event/1139644/contributions/5343956/

Particle ldentification

39 39 39
S 7.7 11.5 : : :
#kvents  ino4 143 11.7 05.7 45.4
(in min) ; 5 5 5

TPC - ionization
energy loss

Large acceptance:|n|<1.8, O<p<2m
Excellent particle identification
capabilities (Time Of Flight and
Time Projection Chamber) STAR collaboration

Phys. Lett. B 827 (2022) 136941

2 3
p/q (GeV/c)
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Collision energy dependence
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Visible
energy
dependence

<Zero:
signal of
emission
asymmetry
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Centrality depend
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Visible centrality
dependence

<Zero:
signal of
emission
asymmetry

17



System dependence
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e Clear system dependence.

e (Correlation function dominated

by Coulomb interaction.
e Kaon-proton — strongest
correlation.
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e A(1116) peak visible in pion-
proton.

e Kaon-proton pairs have
significant strong interaction.
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System dependence
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Expected ordering of particles ->

Visible signal of emission asymmetry sensitive to collective effects
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Conclusion

[V Geometry:

Visible centrality, system and energy dependence of source size
at BES energies.

fZDynamics:
Clear signal of emission asymmetry for pion-kaon systems
=>collectivity effects

Lighter particles are emitted closer to the center and/or later
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[ Interactions:
A. Repulsive strong interaction appears below unity in the region of k*

~10-50 MeV/c for Kaon-proton pair.

B. Like Sign correlation function:
Like sign pairs are dominated by Coulomb.
Kaon-proton — strongest correlation.

C. Unlike sign correlation function:

A(1116) peak visible in pion-proton.
Kaon-proton correlation function sensitive to strong interaction.
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Outlook

lZEproring kaon-proton interaction
[V] Parameter of strong interaction - to be extracted

Thank you !
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