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?ﬁ Femtoscopy measurements of the p — A and d — A systems

Motivation
1. Hyperons are expected to appear in the core of Neutron Stars (NS)
2. Hyperons soften the Equation of State (EoS) - reduction of maximum NS mass
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?ﬁ Femtoscopy measurements of the p — A and d — A systems

Motivation
1. Hyperons are expected to appear in the core of Neutron Stars (NS)
2. Hyperons soften the Equation of State (EoS) - reduction of maximum NS mass
3. Unique information on spin and state, source size, potential type, interaction
lenght...
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Spin states: Spin states:
singlet (S) 150 doublet (D) 251/2
triplet (T) 351 quartet (Q) 453/2
1. d-A CF offers additional insights into the structure of the hypertriton 3H and the
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nature of 3-body interactions
3H - p +m~ +d decay
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The HADES experiment

?ﬁ Femtoscopy measurements of the p — A and d — A systems

06.11.2024

Dataset

Ag+Ag collisions at /syy = 2.55 GeV
No. of events 6.7 x 10°

Target plate selection (segmented target)
Centrality 0-10%, 10-20%, 20-30% and 0-30%

B momentum cuts for daughter particles (20)
dE/dx cut for deuteron (20)
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Femtoscopy measurements of the p — A and d — A systems

Lambda reconstruction

VO - neutral reconstructed particle

C* - positive/negative charged decay particle

rt - positive/negative charged decay particle position
PV - primary vertex

> 0.8cmforp

DCA between daughter to PV > 2.4 cm for -

DV - decay vertex DCA between daughters <0.6cm
DCA - distance of closest approach -

pyo - VO recontructed momentum vector pl’f’ DCA between VO and PV <0.5¢cm
rpp - vector from PV to DV 7

@rp - angle between rpp and pyo 4 Decay lenght >6.5¢cm

C* Track

P ro Armenteros-Podolanski plot Im
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?ﬁ Femtoscopy measurements of the p — A and d — A systems

Femtoscopy - introduction

Femtoscopy (originating from Hanbury-Brown and Twiss interferometry):
a method to probe geometric and dynamic properties of the source.

statistical model exp
P12 (P1,02 A(k”
CF(k*) = 2 PLP2)l o) [ 431 §(7) W (K™, 7) |2
P1(p1)P2(p2) B(k*)
D1, P2 - single particle S(7) - source function A(q) - correlated
momentum W(k*,7) - pair wave function B(q) - uncorrelated

k*- center-of- mass momentum
7 - relative distance between two particles
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a method to probe geometric and dynamic properties of the source.
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Characteristics of the 0] /

particle-emitting source:
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correlation strength - A
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Femtoscopy - introduction

Femtoscopy (originating from Hanbury-Brown and Twiss interferometry):
a method to probe geometric and dynamic properties of the source.

statistical model exp
P12 (P1,02 A(k”
CF(k*) = 2 PLP2)l o) [ 431 §(7) W (K™, 7) |2
P1(p1)P2(p2) B(k*)
D1, P2 - single particle S(7) - source function A(q) - correlated
momentum W(k*,7) - pair wave function B(q) - uncorrelated

k*- center-of- mass momentum
7 - relative distance between two particles

Characteristics of the 0] /

particle-emitting source: Strong interactions
size-R O between particles:
correlation strength - A scattering length - f,

effective range - d
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?ﬁ Femtoscopy measurements of the p — A and d — A systems

Lednicky-Lyuboshitz formalism

Assumptions:
1. Smoothness approximation for source function.
2. Effective range expansion for pair wave function.
3. Static and spherical Gaussian source.
4, Approximate the wave function by its asymptotic form.
*\ |2 * o~ *
craey ~14+ ;’;2) I Fdg) + %(E)Fl(Zk*R) _3J I(zk ) £, 2k°R)
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?ﬁ Femtoscopy measurements of the p — A and d — A systems

Lednicky-Lyuboshitz formalism

Assumptions:
1. Smoothness approximation for source function.
2. Effective range expansion for pair wave function.
3. Static and spherical Gaussian source.
4, Approximate the wave function by its asymptotic form.
|f (k)1 2Rf (k") 3f (k")
) = — 2k*R) — F,(2k*R
CF(k™) ~ 1 +==2xCF(do) + mR F1(2k"R) r F2(2K'R)
Scattering amplitude f(k") = dlk ~ fo - scattering length
(effective range expansion) o+ g —ik d, - effective range
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?ﬁ Femtoscopy measurements of the p — A and d — A systems

Lednicky-Lyuboshitz formalism

Assumptions:

1.

2.
3.
4

Smoothness approximation for source function.
Effective range expansion for pair wave function.
Static and spherical Gaussian source.

Approximate the wave function by its asymptotic form.

2Rf(k” Sf(k*
CF(k*) =1+ + %Fl(Zk*R) — fl(2 )Fz(Zk*R)
Scattering amplitude ~ dlk . fo - scattering length
(effective range expansion) -% & —-ik d, - effective range

do

Correction that accounts for the deviation of the
true wave function from the asymptotic form

06.11.2024 D. Pawtowska-Szymanska, WPCF 2024

HADIEES




?ﬁ Femtoscopy measurements of the p — A and d — A systems ///A&\\

HADIEES

Lednicky-Lyuboshitz formalism

Assumptions:

1. Smoothness approximation for source function.

2 Effective range expansion for pair wave function.

3. Static and spherical Gaussian source.

4 Approximate the wave function by its asymptotic form.

CF(k*) ~1+

2Rf (k* - Sf(k*) ;
+ \/_TR)IFl(Zk R)|- R IEZ(Zk R)|

Scattering amplitude f(k") = dlk ~ fo - scattering length
1 2 .

(effective range expansion) —fot g ik d, - effective range
F(d 1 dO X etz _ xz
(do) =1~ 2+/TtR F1(x)=f dt——

0
Correction that accounts for the deviation of the _1- o~ x>
true wave function from the asymptotic form Fa(x) = X
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?ﬁ Femtoscopy measurements of the p — A and d — A systems

Lednicky-Lyuboshitz formalism

SPIN AVERAGED

works reasonably well for source sizes
larger than the range of interaction
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?ﬁ Femtoscopy measurements of the p — A and d — A systems

Lednicky-Lyuboshitz formalism

SPIN SEPARATED Pair wave function:

x = x = 2 *x =2 2
1/2, _—— ]2 P (k*,7)|* - fs1"l'1/2(k »7‘)‘ +fsz‘q’3/2(k ,T)

O )

singlet (S) 15,
triplet (T) 35,

1 — — 1
| y

doublet (D) 251/2
quartet (Q) 453/2

06.11.2024 D. Pawtowska-Szymanska, WPCF 2024 7



?, Femtoscopy measurements of the p — A and d — A systems

Lednicky-Lyuboshitz formalism

SPIN SEPARATED Pair wave function:

1/2, ——— /2 (k" 7)|* > fs1"l'1/2(k »7‘)‘ +fsz‘q’3/2(k , 1)
/ )
\Q —_ -1 CF(k*)
*\ | 2 * o~ *
s;ir.lgllett((:)) ::0 ~14+ |f;’;2)| F(dy,) + 293/]%(:: )Fl(Zk*R) N «Sfl(ek )F2(2k*R)
riple 1
|f (k)| 2Rf (k") ey SFK) .
1/2 1 + I RZ F(dyy) + 7R F{(2k*'R) — R F,(2Kk*R)
\

g / Parameters of strong interaction

ot 0, 25, scattering length: £y (S), fo(T) | fo(D), fo(Q)

quartet (Q) *S;, effective range: dy(S), do(T) | do(D), do(Q)




p-A correlation functions




?ﬁ Femtoscopy measurements of the p — A and d — A systems

p-A\ CF - Ag+Ag at \/syy = 2.55 GeV

0-30% central events
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p-A\ CF - Ag+Ag at \/syny = 2.55 GeV

0-30% central events
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Strong interacting parameters

S. Achar y al. (ALICE Collaborati on) Phys. Rev. C 99, 024001 - Published 13 Feb 2019
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W Femtoscopy measurements of the p — A and d — A systems :
' 0-10% central events TADES

ro = 2.6 & 0.39

HADES preliminary

p-A CF - Ag+Ag at \/Syy =2.55 GeV__

centrality dependence ™
1: =y

0 005 01 015 02 025 03

k* (MeV/c)

10-20% central events

rg = 2.16 = 0.33

HADES preliminary
work in pregress

0 005 01 015 02 025 023
k* (MeV/c)

20-30% central events

ro = 1.81 +0.34

HADES preliminary
work in pregress

C(k*)
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k* (MeV/c)
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W Femtoscopy measurements of the p — A and d — A systems P ///A&\\
- 0-10% central events TS
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W Femtoscopy measurements of the p — A and d — A systems

kr € (0-400) MeV/c
rg = 2.40 + 0.19

p-ACF - Ag+Ag at \/Syn =2.55 GeV e

pair transverse mass dependence . L= e
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W Femtoscopy measurements of the p — A and d — A systems : ///A&\\
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d-A correlation functions




W Femtoscopy measurements of the p — A and d — A systems

d-A\ CF - theoretical predictions

[5] J.Haidenbauer, Nucl. Phys. A 915, 24 (2013)

Cobis

— 25

— 25 +48E
— 25 + 45f
— 25 +48A

R=1.2fm

ol

LI L e

— 25

— 25+ 4S8E
— 25 + 451
— 25 + 4SA

R=25fm

2S - spin averaged results where in doublet state the effective
range expansion (ERE) parameters of Cobis
4S - quartet state results building on AN scattering lengths from
Alexander (A), Rijken(f) and Haidenbauer (E)

Cobis[1] Hammer[2] | Alexander[3] | Rijken[4] | Haidenbauer[5]
5 fo [fm] | —16.3%%23 | —16.8%%%
dg [fm] 3.2 2.3
fo [fm] 7.6 10.8 17.3
0 d, [fm] 3.6 3.8 3.6

[1] A.Cobis, J.Phys. G 23, 401 (1997)
[2] H.W.Hammer, Nucl. Phys. A 705, 173 (2002)
[3] G.Alexander, Phys. Rev. 173, 1452 (1968)
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[4] T.A.Rijken, Prog. Theor. Phys. Suppl. 185, 14 (2010)
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?ﬁ Femtoscopy measurements of the p — A and d — A systems ///A&\\

d-A CF - Ag+Ag at \/syy = 2.55 GeV

0-30% central events

20

CF(k")

N T TTLLT 7T TYTTTTTTTTIOURTRUY NIRRT O J | ~ T R o B A A p b ey A (P

T T gy S 152 £ 050 fm
‘. .................. , ................. .\\A:O'ggio'os

llllllllllllllllllllll

| | | L
002 004 006 0.08 0.1 012 0.14 016 0.18 0.2
k*
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?ﬁ Femtoscopy measurements of the p — A and d — A systems ///A&\\

d-A CF - Ag+Ag at \/syy = 2.55 GeV

0-30% central events flfm] 1221
do [fm] | 47533
fo [fm] | 15F373

d, [fm] 4%013

20

CF(k")
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HADIEES

d-A CF - Ag+Ag at \/syy = 2.55 GeV

0-30% central events ] 1z

13092
do [fm] | 42053
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HADIEES

d-A CF - Ag+Ag at \/syy = 2.55 GeV

centrality dependence

g 2F L 2 ; o 20¢
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4 - X[— correction for purity only 4 E E‘\F correjct.ion for f Ul’it.y only E 31.\_ correction for purity only
25 \t statistical uncertainties 25 \K statistical uncertainties 45 \<< statistical uncertainties
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Expected centrality dependence
75(0 — 10%) > 15 (10 — 20%) > 1,(20 — 30%)



?ﬁ Femtoscopy measurements of the p — A and d — A systems

Summary

The correlation signals in Ag+Ag collision were extracted : p-A and d-A

p-A correlation function

Resolution effects (0, ¢, p) studies are performed

1.

2. Systematics studies are performed

3. Detector effects, purity determination and model interference are studied
4, Parameters of strong interaction:

Singlet state

f, = 0.80193%fm

Triplet state

fo = 1.89%3-39fm

dy = 3.7610%%fm

d-A correlation function
1. First results using data collected by HADES are presented
2. Preliminary parameters of strong interaction:

06.11.2024

Doublet state

_ 4+0.18
do = 4Z5;53fm

Quartet state

fo = 15*173fm

do = 4%523fm

D. Pawtowska-Szymanska, WPCF 2024

Momentum resolution
correction and
systematic
uncertainties are still
work in progress

HADIEES




Thank you for
your attention!
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Uncertainties of strong parameters in d-A

10% differencein y? test

5 Doublet state
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