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> Femtoscopy or HBT interferometry is the study of matter at the femtometer (10~1°m) scale,
using the interactions and correlations between particles in a pair.



> Femtoscopy or HBT mterferometry IS the study of matter at the femtometer (10‘15m) scale,
using the interactions and correlations between particles in a pair.

» Developed in 1950s by radio astronomers R. Hanbury Brown and Richard Q. Twiss, to
measure the angular diameter of various celestial objects. [Philos. Mag. 45 (366), 663-682]

Lukishovaetal., Quantum Photonics . _
(2019)p.605%619 Cassiopeia A




> Femtoscopy or HBT mterferometry IS the study of matter at the femtometer (10‘15m) scale,
using the interactions and correlations between particles in a pair.
» Developed in 1950s by radio astronomers R. Hanbury Brown and Richard Q. Twiss, to
measure the angular diameter of various celestial objects. [Philos. Mag. 45 (366), 663-682]
» In 1960, HBT interferometry was applied to particle physics by Goldhaber et. al. [Physical
Review 120.1 (1960): 300] to characterize source size using identical pion pairs in p - p collisions.

Lukishovaetal., Quantum Photonics _ _
(2019)p.605%619 Cassiopeia A
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» In high-energy heavy-ion collisions, HBT interferometry
(or Femtoscopy) provides key insights into the geometry
and dynamics of particle-emitting sources by measuring
two-particle correlations.
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HBTiIntenferometry (o Femtoscapy)

» In high-energy heavy-ion collisions, HBT interferometry
(or Femtoscopy) provides key insights into the geometry
and dynamics of particle-emitting sources by measuring
two-particle correlations.
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@ two-particle correlation function is defi@

. B Dy(p1,p2)
C(p1,p2) = D1(p1)D1(p2)

where,
Di(p) = [ d'sB(e.p

Ds(p1,p2) = /d4$1d4$2E(fB1,$27P1,P2)

dN
\ Be.p) = " Bpds /

Physical Review C—Nuclear Physics, 73(6), 064902




» In high-energy heavy-ion collisions, HBT interferometry
(or Femtoscopy) provides key insights into the geometry
and dynamics of particle-emitting sources by measuring
two-particle correlations.

@ two-particle correlation function is defi@

. B Dy(p1,p2)
C(p1,p2) = D1(p1)D1(p2)

where,
Di(p) = [ d'sB(e.p

Ds(p1,p2) = /d4$1d4$2E(fE1,$27P17P2)
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» Longitudinally Co-Moving System
(LCMS) frame of reference — Net p, = 0.



> In hlgh -energy heavy -ion collisions, HBT 1nterferometry
(or Femtoscopy) provides key insights into the geometry
and dynamics of particle-emitting sources by measuring

two-particle correlations.

@ two-particle correlation function is defi@

. B Dy(p1,p2)
C(p1,p2) = D1(p1)D1(p2)

where,
Di(p) = [ d'sB(e.p

Ds(p1,p2) = /d4$1d4$2E(fE1,$27P17P2)

dN

\ B, p)_gpd3pd4

Physical Review C—Nuclear Physics, 73(6), 064902
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side, “ pr1 — P12

» Longitudinally Co-Moving System
(LCMS) frame of reference — Net p, = 0.

> Bertsch-Pratt Parameterization:

out-side-long axes. [phys. rev., €37 (1988) 1896-
1900 ; Phys. Rev., D33 (1986) 1314-1327 ]
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Bulk Observables =" 3 -

Hybrid Framework successful in reproducing several bulk observables:



Bulk ObServables = =3 4

Hybrid Framework successful in reproducing several bulk observables:

» Invariant Yield Spectra

d?N/(2nprdprdy) [(GeV/c)~?]
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Bulk @bservables

Hybrid Framework successful in reproducing several bulk observables:

» Invariant Yield Spectra
» Directed Flow (v,)
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Hybrid Framework successful in reproducing several bulk observables:

» Invariant Yield Spectra
» Directed Flow (v,)

» Elliptic Flow (v,)
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Hybrid Framework successful in reproducing several bulk observables:

» Invariant Yield Spectra =
> Directed Flow (v,) HBT Radil

» Elliptic Flow (v,)
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» The three Hanbury Brown-Twiss radii are represented as : R, , R

& Ry,ng along the three out-side-long axes.

out 1 ' ‘side
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» The three Hanbury Brown-Twiss radii are represented as : R, , R

& Ry,ng along the three out-side-long axes.

out 1 ' ‘side

» To extract the three HBT radii from the correlation function C(Q, k; ),
where Q = (p; — p,) & ky =%2 (pr4 + Pr,) , We assume that the single
particle emission function E(X, p) Is a three-dimensional ellipsoid.
Using this form of definition, we obtain the correlation function as:



xtrdctingithieHBTERA =i s i,

» The three Hanbury Brown-Twiss radii are represented as : R, , R

& Ry,ng along the three out-side-long axes.

out 1 ' ‘side

» To extract the three HBT radii from the correlation function C(Q, k; ),
where Q = (p; — p,) & ky =%2 (pr4 + Pr,) , We assume that the single
particle emission function E(X, p) Is a three-dimensional ellipsoid.
Using this form of definition, we obtain the correlation function as:

@(Q; kT) =1+ )\e:cp _Rgut(kT)qgut o R?ide(kT)qgide o R%ong(kT)qgonQ

Physical Review C—Nuclear Physics, 73(6), 064902
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Fig: The 3-D C(Q) vs Q plots for 0-10% central Au-Au collisions at \/syy = 200 GeV. |y| < 1.0
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Fig: The 3-D C(Q) vs Q plots for 0-10% central Au-Au collisions at \/syy = 200 GeV. |y| < 1.0
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Fig: The three HBT Radii vs k- plots for 0-10% centrality Au-Au collisions at v/syy = 200 GeV.



Rout VS Ky

2 11 1 I 11 1 | 11 1 | 1 1 1 | 11 1 | 1 1 1 | 1 1 1 | 1 1
02 04 06 08 1 12 14
k, [GeVic)

Hlung Vs k‘T

IIII|IIII|II‘_'II|IIII|IIII_'|IIII|IIII'IIII

02 04 08 08 1 1z 14
k, [GeVic]

II12III14II

"k, [GeVig)

Fig: The three HBT Radii vs k- plots for 0-10% centrality Au-Au collisions at \/syy = 7.7 GeV.



Jsun (GeV) = 7.7, 11.5, 19.6, 27, 39, 62.4, 200
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JSnn (GeV) = 7.7, 11.5, 19.6, 27, 39, 62.4,
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Fig: The three HBT Radii vs /sy plots for 0-10% central Au-Au collisions; |y| < 1.0
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Jsun (GeV) = 7.7, 11.5, 19.6, 27, 39, 62.4, 200
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Fig: The three HBT Radii vs /sy plots for 0-10% central Au-Au collisions; |y| < 1.0
» No splitting for n* — n* and n~ -7~ pairs.

» Observed Splitting of Ry, forp-pandp - p
pairs.
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Fig: The three HBT Radii vs /sy plots for 0-10% central Au-Au collisions; |y| < 1.0

» No splitting for n* — n* and n~ -7~ pairs. i
» Observed Splitting of Ry, forp-pandp -p Baryon Stopplng

pairs.
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arXiv:2410.15134v1



Tilted’Emission Sotrces =

arXiv:2410.15134v1

C(Q? kT) =1+ Aexp[_Rgut(kT)qgut o R?ide(kT)qgide o R%ong(kT)qZQO'n,g
_QREZ(kT)QOut "Along — 2R§l(kT)QSide ' Qlong]

Phys. Rev. C 84, 014908 (2011)
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1 2R>
QSIde long = —tan— 1 side-long
: Rlong - RSlde

arXiv:2410.15134v1

C(Q? kT) =1+ )\exp[ Rout(kT)q(Q)ut Rszde(kT)qszde o Rlong(kT)qlzong
_QROZ(kT)QOut "Along — 2Rsl(kT)QSide : Qlong]

Phys. Rev. C 84, 014908 (2011)
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Summarys’

» Calculated 3-D correlation functions and extracted three HBT radil.
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» Calculated 3-D correlation functions and extracted three HBT radii.
» Baryon-Antibaryon splitting observed at lower collision energies:
Probable cause include baryon stopping.



-~

¢ . _ - ¢ . _ - ¢ . _ ¢ .
5 ;"’.‘;_ . 5 ;"’.‘;_
O s &y # &y ’
. : o . - : o . - : o . o

» Calculated 3-D correlation functions and extracted three HBT radii.

» Baryon-Antibaryon splitting observed at lower collision energies:
Probable cause include baryon stopping.

» Almost no tilt in out-long and side-long at 0-10% central collisions.
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» Calculated 3-D correlation functions and extracted three HBT radii.

» Baryon-Antibaryon splitting observed at lower collision energies:
Probable cause include baryon stopping.

» Almost no tilt in out-long and side-long at 0-10% central collisions.

ﬁgcoming Work: \
»Exact cause of splitting only in R, and very less or no

splittingin R, & R

out side:

» Study centrality dependence of HBT Radlil.
» Effect of peripheral collisions in 6 & B ge rong:

out-Iong
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