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Neutron stars and strangeness

* \ery dense, compact objects

* At finite densities hyperon production might
become energetically favourable

Newest results on NS properties:
20 Aug 16:00 Anna Watts (NICER)
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Neutron stars and strangeness

* \ery dense, compact objects

* At finite densities hyperon production might
become energetically favourable

Strangeness in NS:
19 Aug 16:00 Isaac Vidana

Axions in NS:
/ 19 Aug 16:30 Stefan Steel
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Neutron stars and strangeness

* \ery dense, compact objects

* At finite densities hyperon production might

Equation of State — Mass to Radii relation

B become energetically favourable
' Mo - Solar mass | o
24 | Pure Neutron Matter |« Exact composition strongly depends on
| _ constituent interactions and couplings
20 - Observed heavy neutron stars -
_ AN+ANN (1)
16 |
3 _
= 42l
- AN+ANN (1)
0.8 } {
oo L . oo '
10 11 12 13 14 15 16

Adapted from D. Lonardoni et al., PRL 114, 092301 (2015)
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Neutron stars and strangeness

* \ery dense, compact objects

* At finite densities hyperon production might

Equation of State — Mass to Radii relation

28 - e become energetically favourable
' Mo - Solar mass ] o
24l Pure Neutron Matter 1 * Exact composition strongly depends on
] | constituent interactions and couplings
! Observed heavy neutron stars |
2.0 ]
16 | AN+ANN (I Three-body forces:
2 | 19 Aug 14:30 Raffaele Del Grande
= 12
0.8 |
oo L o~ '
10 11 12 13 14 15 16

Adapted from D. Lonardoni et al., PRL 114, 092301 (2015)
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Neutron stars and strangeness

* \ery dense, compact objects

J. Schaffner-Bielich et al NPA835(2010) o~ At finite densities hyperon production might

10 T~ | | | become energetically favourable
* Exact composition strongly depends on

10 constituent interactions and couplings
= - Density dependence
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Neutron stars and strangeness

* \ery dense, compact objects

 —
] ' | | |

10° J. Schaffner-Bielich et al NPA 835 (2010) o At finite densities hyperon production might

become energetically favourable

 Exact composition strongly depends on
constituent interactions and couplings

- Density dependence

Baryon fraction

Density (fm™)
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Neutron stars and strangeness

* \ery dense, compact objects

0 _ J SchaffnerBielichetal NPAB352010) o At finite densities hyperon production might

10 —— -
n GM1 become energetically favourable
 Exact composition strongly depends on
10" constituent interactions and couplings
c - Density dependence
2
©
"é 10~
-
©
m
10~ _
, What is the current
o | o status of interaction
00 03 06 09 12 15 studies?
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Interactions: theory and experiment

1ISI =0 1SI = 1 1ISI =2 1ISI =3 1S > 3

NN NA, N2 AN, N= A=, NQ ==, \Q, 2Q, =Q, QQ

Scattering

experiments -

\\\“ \- ’////
o R /
N—
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Interactions: theory and experiment

1ISI =0 S| = 1 1ISI =2 1ISI =3 IS >3
NN NA, N2 AN, N= A=, NQ ==, N\Q, 2Q, =Q, QO
>
Scattering Nagara event
experiments
Hypernuclel

H. Takahashi et al., PRL 87 (2001) 212502
T. Nagae et al., PRL 80 (1998) 1605-1609
S.H. Hayakawa et al. PRL. 126 (2021), 06250
J.K Ahn et al., PRC 88 (2013), 014003 6, \He->5He+p + -
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Interactions: theory and experiment

1ISI =0 1SI = 1 1Sl =2 1ISI =3 1SI > 3

NN NA, N2 AN, N= A=, NQ ==, \Q, 2Q, =Q, QQ

Scattering
experiments - 2N Force

Hypernuclel >< S
Chiral effective
field theory X 4

> hadrons as degrees of freedom

> low-energy constants constrained to e TR
the data /,:;. ,x\
J.Haidenbauer., N.Kaiser et al., NPA 915 (2013) v~ +--——-4 ¢
J.Haidenbauer, U. Meifiner, EPJA 56 (2020)
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Interactions: theory and experiment

1ISI =0 1SI = 1 1ISI =2 1ISI =3 1S > 3

NN NA, N2 AN, N= A=, NQ ==, \Q, 2Q, =Q, QQ

Scattering
experiments
Hypernuclel
Hadrons to Atomic nuclel
Chiral effective H A &
field theory Lo SN G ® AL QCD Coll. PLB 792 (2019)
% Z=ll AL QCD Coll. NPA 998 (2020)
P WelesY HAL QCD Coll. PRD 99 (2019)
Lattice QCD
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Interactions: theory and experiment

1ISI =0 1SI = 1 1Sl =2 1ISI =3 1SI > 3

NN NA, N2 AN, N= A=, NQ ==, \Q, 2Q, =Q, QQ

Scattering
experiments

Hypernuclel

Chiral effective
field theory

Lattice QCD

Correlations What can we do at the LHC?
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Two-body femtoscopy

Emission source S(r*)

laura.serksnyte@tum.de

11


mailto:laura.serksnyte@tum.de

Two-body femtoscopy

Emission source S(r*)

Nsame (k*)

C<k*) i /’/Nmixed (k*>

laura.serksnyte@tum.de

2
_ JS(r*) (k) | A
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Two-body femtoscopy

Interaction ,
v | T Repulsive

\ —— Attractive

V(r) (MeV)
o

0 05 1.0 15 20
r* (fm)

Emission source S(r*) Schrodinger equation
Two-particle wave function

w (k*,1%) |

D.L. Mihaylov et al, EPJ C78 (2018)

Nsame (k*)
Nmixed (k*>

C(k¥) =N = JS(r*) |1//(k*,r*)|2d3r*
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Two-body femtoscopy 'I'I.I'I'I

Interaction ,
N Repulsive | | Repulsive

> S \ — Attractive . — Attractive
O ~~ %
s 0 S
i: 1 I T
S/ ___________

0 05 1.0 15 20 50 100 150 200

r (fm) k* (MeV/c)
Emission source S(r*) Schrodinger equation Correlation function C(k*)
Two-particle wave function
w (K, 1%)|

D.L. Mihaylov et al, EPJ C78 (2018)

Nsame (k*) >
C(k¥) =N — = | S0 |y (¥, r) | dr

Nmixed (k )

ALICE, Nature 588, 232-238 (2020)
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Source

Particles emitted at ~1 fm

ALICE pp Vs =13 TeV
High-mult. (0-0.17% INEL > 0)
Gaussian + Resonance Source
+|p-p (AV18)

b
rcore=a'<m-|-> +C

—
.
I

|

rcore (fm)

.
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—
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I
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(m.) (GeV/c?)

Emission source:
19 Aug 12:00 Dimitar Mihaylov
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Source
Particles emitted at ~1 fm ——

Access to the short-range
strong interaction

’E\ 1 4__| | I | | | | | | | | | | I | | | | I | | I | | | | | | | I__ GaUSSian Source (rcore — 1.25 fm)
= 1 E ALICE pp Vs =13 TeV . < 20— 11104 —~
kf?§1_3:_ High-mult. (0-0.17% INEL >0) 2 I ] £
- U Gaussian + Resonance Source - — -
1.2 * — - N
S p-p (AV18) - — )
S * - ~ 100 U
— -+ rcore=a'<m>b+c — 5
1.1  pp T N <
1 B PA —
— PE 5o -
0.9 : , P pQ — 0
e - i .
- . : . _ - Typical short-
08—~ ———==—— -~ " range nuclear
- : . Vo = ] potential
0'7—_| AN RR NN N N RNANN S ST SN A LT SR A : BT B |_— _100 T R TR NN TR TR T T T SR S S TR S TR T SR S N S S T
1 12 14 16 18 2 22 24 26 0 1 2 3 4 5
(m_) (GeV/c®) r (fm)

ALICE Coll., Phys. Lett. B 811, 135849 (2020)

Eml.ssmr] e ALICE Coll., arXiv:2311.14527 (2023)
19 Aug 12:00 Dimitar Mihaylov Dimitar Mihaylov et al., Eur.Phys.J.C 83 (2023) 7, 590
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IS|=1 sector: p-A interaction

Scattering data
_ G

Sechi-Zorn et al. '
Alexander et al.
Hauptman et al.

Piekenbrock
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Haidenbauer et al. Eur.Phys.J.A 56 (2020) 3, 91
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IS|=1 sector: p-A interaction

Scattering data
_ G

Sechi-Zorn et al. '
Alexander et al.
Hauptman et al.

Piekenbrock
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Haidenbauer et al. Eur.Phys.J.A 56 (2020) 3, 91
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200-
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IS|=1 sector: p-A
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@ Measured cross section
© Measured correlation function
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Courtesy of Dimitar Mihaylov based on:

Alexander et al. Phys. Rev. 173, 1452 (1968)
ALICE Coll, PLB 833 (2022), 137272
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Interaction

Scattering data
_ G

Sechi-Zorn et al. '
Alexander et al.
Hauptman et al.
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Haidenbauer et al. Eur.Phys.J.A 56 (2020) 3, 91
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a) ALICEpp Vs=13TeV
high-mult. (0-0.17% INEL>0)

(K7)
N

N
R

22

181 pA ® PA pairs

¢

B e e R
2 NN DA O 0O N

i 1.06
G 1.04
1.02

A

0.98

C>||||||||||||||||||| T[T

Based on ALICE Coll. PLB 833 (2022), 137272
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IS|=1 sector: p-A interaction
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Scattering data
Ap -> Ap

Sechi-Zorn et al.
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Haidenbauer et al. Eur.Phys.J.A 56 (2020) 3, 91
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C(k™)
N
NN

IS|=1 sector: p-A

Interaction

=5

a) ALICE pp

Vs =13 TeV
high-mult. (0-0.17% INEL>0)
"% | pA @ DA pairs
Fit NLO19 (600)
— Residual pr% xEFT

! a) ALICEpp Vs=13TeV
high-mult. (0-0.17% INEL>0)

"o | pA @ DA pairs

—— Fit NLO13 (600)

—— LO (600)

— Residual pr% xEFT

Residual p=~ @ pz°

Residual pE~ @ pZ°

— Cubic baseline _

{1
!
3

— Cubic baseline

100 200 300 400
k* (MeV/c)

Based on ALICE Coll. PLB 833 (2022), 137272

laura.serksnyte@tum.de

0 100 200 300

k* (MeV/c)

T

Observation of the NA—N2X
cusp

Superior precision at low
momenta over existing data

Preference towards the
NLO19

NLO19 deviates by ~30 at
low k*

15
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% 2.2
© o
1.8

1.6

1.4

1.2

1

x> 1.006
5/ 1.04
1.02

1

0.98
Qb S
0

-5

IS|=1 sector: p-A interaction TUM

e Observation of the NA—N2

a) ALICE pp Vs=13TeV
high-mult. (0-0.17% INEL>0)
"% | pA @ DA pairs
Fit NLO19 (600)
— Residual pr% xEFT

Illl—m:-

=5

Residual p=~ @ pz°

a) ALICE pp Vs=13TeV
high-mult. (0-0.17% INEL>0)
"o | pA @ DA pairs
—— Fit NLO13 (600)
—— LO (600)

— Residual pr% xEFT
Residual pE~ @ pZ°

cCusp

* Superior precision at low
momenta over existing data

e Preference towards the
NLO19

« NLO19 deviates by ~30 at
low k*

— Cubic baseline

Eod
a——
0 200 300 200
k* (MeV/c)

Based on ALICE Coll. PLB 833 (2022), 137272
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— Cubic baseline

200

k* (MeV/c)
~40

15
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IS|=1 sector: p-A interaction TUM

e Observation of the NA—N2

a) ALICE pp Vs=13TeV
high-mult. (0-0.17% INEL>0)
"% | pA @ DA pairs
Fit NLO19 (600)
— Residual pr% xEFT

Illl—m:-

=5

Residual p=~ @ pz°

V\s=13 TeV

— Cubic baseline

Eod
a——
0 200 300 200
k* (MeV/c)

Based on ALICE Coll. PLB 833 (2022), 137272

laura.serksnyte@tum.de

| al) ALICE p;p . CuUsSp
high-mult. (0-0.17% INEL>0)" _ o
wnor opApars 1 ¢ Superior precision at low
— FitNLO13 (600) - momenta over existing data
e soeer | o Preference towards the
Residual p=~ @ p=° _E NLO19
1« NLO19 deviates by ~30 at
s low K*
— Cubic baseline __
Further
200 Improvement of the
k* (MeVic) model Is possible!

~40
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Refitting the theory

TR

Scatterig ‘

1.8

20 25 3.0

fo (fm)

D. Mihaylov et al, PLB 850 (2024), 138550

laura.serksnyte@tum.de
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Refitting the theory TUm

 New limits for the scattering lengths: f; & 2.2fm — 0.3/,(*0.1fm)

Scattering Scattering + femto

-
N \

N
S

2.5

D. Mihaylov et al, PLB 850 (2024), 138550
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Refitting the theory

 Constrain low-energy constants of XEFT to the new results
e Evaluate the in-medium potential U

D. Mihaylov et al, PLB 850 (2024), 138550

laura.serksnyte@tum.de
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Refitting the theory

 Constrain low-energy constants of XEFT to the new results
e Evaluate the in-medium potential U

20 Tuned NLO19 - Cutoff dependence
Tuned NLO19 - Data uncertainty
10 ¥ Uxatpg
s ° —~
S —10 Hg
" o = 1.4
empirica —
— value
-
—30 X <
B
80 05 1.0 15 20 25 3. . . 3.0
P/Po fo (fm)

D. Mihaylov et al, PLB 850 (2024), 138550
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Refitting the theory TUm

 Constrain low-energy constants of XEFT to the new results

 Evaluate the in-medium potential Ua Compatible with repulsive
three-bodv forces!

20 Tuned NLO19 - Cutoff dependence
Tuned NLO19 - Data uncertainty
10 ¥ Uxatpg
2 O
=
S —10;
" . a
S-2 empirical
= value
-
-30 X < S
B
80 05 1.0 15 20 25 3. 2.0 2.5 3.0 3.5
P/Po fo (fm)

D. Mihaylov et al, PLB 850 (2024), 138550
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Interaction with strangeness

ISl = 0 ISl = 1 ISl =2 Sl = 3
NN NA, NZ AN, N= A=, NO

) 2'2! a) ALICE pp Vs = 13 TeV E
©  of high-mult. (0-0.17% INEL>0) -
18 E_l 80 pA @ PA pairs _E
C Fit NLO19 (600) ]
16 = \ — Residual pz°: xEFT =
1.4 . Residual pz~ @ pz° -
12 % =
e panassanaasiante:
T 1.06 ' ' ' N
& 1.04 :_ — Cubic baseline ]
1.02 " . A
1b%_‘ = e
- OO0 OO OO0 O
0.98- —
:b 55_ t t t
of
—5E .
0 100 200 300 400

laura.serksnyte@tum.de

1S| >3
AQ, 2Q, =0, QO
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IS|=1 sector: p-Z° interaction

ALICE Coll., PLB 805, 135419 (2020)

_)’g\ 18 | | | I | | | | | | | | i
% - ALICE pp Vs = 13 TeV )
- High-mult. (0-0.17% INEL>0) -
1.6 © p—>° @ p-x° .
140 _
12k _
- == p—(Ay) baseline ]
1— '''''''' —
L Ll |

200 300
k* (MeV/c)

laura.serksnyte@tum.de

o Complicated reconstruction of the
¥V particle:

V5 A4y

 Results in a complicated baseline
defined by the residual p-A
interaction

e Shallow p — >V interaction

- data compatible to baseline
within (0.2-0.8)o

T
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IS|=1 sector: p-Z° interaction TUM

o Complicated reconstruction of the
ALICE Coll., PLB 805, 135419 (2020) ZO _t I _
1 8 I I I | | I I I I | I I I I | I I par IC e'

= " - - 0
S gt (00175 INEL>0) 2= Aty
1.6 .p—Z()@ﬁ—ZT B A—>p+7l'
== fS82 i
1.4 —yEFT (NLO) —  Results in a complicated baseline
£SC16 - defined by the residual p-A
. NSCO7f - Interaction
p—(Ay) baseline -
: e Shallow p — >V interaction
- data compatible to baseline
within (0.2-0.8)o
08— %00 200 300 L
k* (MeV/c) o (Cannot differentiate between

models due to limited statistics

laura.serksnyte@tum.de 20
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1SI =

0 1SI = 1

NN NA, N2

) 2'2! a) ALICE pp Vs = 13 TeV E
©  of high-mult. (0-0.17% INEL>0) -
18 E_l 80 pA @ PA pairs _E
F Fit NLO19 (600) .
1eF \ — Residual pz°: xEFT E
1.4 . Residual pz~ @ pz° -
12 "o =
S ———————— P anas e
T 1.06F ' ' ' R
S 1.04 :_ —— Cubic baseline _:
1.02 " . A
1b%_‘ —a e
- OO0 OO =00 —
0.98— ]
:b 55_ t t } —
J: ;
_5 - . . ) . -

0 100 200 300 400
k* (MeV/c)

1.6

1.4

1.2

—_—

||||||||/J|‘

— 77—
ALICE pp Vs =13 TeV
High-mult. (0—0.17% INEL>0)
B p-=° ® p-2°
— f5s2
— yEFT (NLO)

ESC16

NSC97f

' p—(Ay) baseline

L1 1 I L1 1 I L1 1 I L1 1

o
®

laura.serksnyte@tum.de

o LIV

1 1 I 1 1 1
100

1 I 1 1 1 1 I 1 1 1
200 300
k* (MeVic)

Interaction with strangeness

1SI =2
AN, N=

1ISI =3
A=, NQ

1S| > 3
AQ, 2Q, =0, QO
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IS|=2 sector: p-=- interaction

* [heory:

- Lattice QCD potentials by HAL
QCD Collaboration

- Solve Schrodinger Equation to
obtain wave function and evaluate
correlation

Based on:
HAL QCD Coll. NPA 998 (2020)
T. Hatsuda, Front. Phys. 13(6), 132105 (2018)

g E 1\ ! !
o Bl -==]1=0,S =0 i
; 40 :_ \ i | = O, S =1 .
S' 20__ - |=1,S=O .
- |- | 5 = -
0 rer .
_20F x
~40 -
~60 |- -
E | | | L | i
0 0.5 1 1.5 2 29 3
r (fm)

laura.serksnyte@tum.de
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IS|=2 sector: p-=- interaction

* [heory:

- Lattice QCD potentials by HAL
QCD Collaboration

- Solve Schrodinger Equation to
obtain wave function and evaluate

correlation n ,
C (k*) = [ Sr*) |w (k*, 1) |~ d*r*

Based on: N
HAL QCD Coll. NPA 998 (2020)

T. Hatsuda, Front. Phys. 13(6), 132105 (2018)

; E 1\ ! !
2 il -5 1=0,5=0 .
; 40 :_ \ i | = O, S =1 .
S' 20__ - |=1,S=O -
- |- | 5 = -
0 = g
_20[- .
~40 -
~60 |- -
E | | | | L 1 E
0 0.5 1 1.5 2 2.5 3
r (fm)

laura.serksnyte@tum.de
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* [heory:

- Lattice QCD potentials by HAL
QCD Collaboration

- Solve Schrodinger Equation to
obtain wave function and evaluate

IS|=2 sector: p-=- interaction TUM

correlation
B | | I | | | | I | | | | I_
Based on: 35 ;‘ ALICE Coll., Nature 588, 232-238 (2020) —
HAL QCD Coll. NPA 998 (2020) | 10| ALICE data .
N 1. Hatsuca, Front. Phys, 19(0), 19210 €018) 3f B Coulomb -
2 E L |0 5 0 ] - Coulomb + p-E HAL QCD Z
< 40| | L = -
= E | ] | = O, S g o5l
B =l — - % - :
0 — i 2 :
—20F - - ]
i . 1.5 ]
e 5 - i
60 - 1 ]
B | | | 1 | i B I | I I I I | I I |_
0 0.5 1 1.5 2 29 3 0 100 200 300
r (fm) k* (MeV/c)
laura.serksnyte@tum.de 22
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IS|=2 sector: p-=- interaction TUM

* Theory:  Femtoscopy data:
- Lattice QCD potentials by HAL - Lattice QCD potentials by HAL
QCD Collaboration QCD Collaboration
- Solve Schrodinger Equation to - HAL QCD potential in agreements
obtain wave function and evaluate with data
correlation
Based on 35 : | ALICIE CcI>II., rilatu're 558, 2I32—2I38 ('2026) I_:
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Particle number per baryon

-
—

0.01

0.001

Back to the beginning

Status: 2020

— 290 T T T ] o 1 .8
L2 ! a) ALICE pp Vs = 13 TeV 1 X -
S high-mult. (0-0.17% INEL>0) 3 5 K
1.85—. I8 pA @ PA pairs _E 1 6-
E L Fit NLO19 (600) ] )
16 — Residual p£% EFT E
1.4F Residual pz~ @ pz° —

X E 1.4 |4

ALICE pp Vs = 13 TeV

High-mult. (0-0.17% INEL>0)

Bl p—=° ®p-2°

— fgs2

== yEFT (NLO)

- ESC16
NSCo7f

== p—(Ay) baseline

1 1 I 1 1 1
200

Courtesy of J. Schaffner-Bielich (2020)
- : ' | ' ! '

Energy density ¢/¢,

- T N
: : o)
- : =
- . N
R . (7]
- : w
! : ©
: =
3 -2 _ e
E //”—~§\ ./ Z =T E
- /7 e M~ =7 )
/ . N ~ - .
-/ RS RN s = - .
/ AN N S o 4 = ‘U,=-28MeV
_ , g ~ ~4 S\ -
, - N /' SQ :U = +15MeV
C . , ¢ / \\ —
:‘I W : N, S o :U_= -4MeV
| . | O S o : ]
- I g 1N S )
1 : | ! N * o ]
h | I N\ m/m=065 - S
., - | N : \\\
I| | I I | | I | \ I I
0 2 4 6 8 10

L I L 1 1
300
k* (MeV/c)

3.0

2.5

2.0

1.5

1.0

0.5

0.0

L L e
35T —
N & ALICE data ]
3 :—[ s B coulomb —:
N Coulomb + p-E HAL QCD N

0 100 200 300
k* (MeV/c)

| it B e ey ey |

T

| p | L ) T

| s |

—
-
-
-
-

NIIC'ERl, (Iaralvitlatilonlal waves, |

8

10 12 14

Radius (km)
24


mailto:laura.serksnyte@tum.de

Back to the beginning

Particle number per baryon

laura.serksnyte@tum.de

-
—

0.01

0.001

—
*

~

2.2

1.8

1.2

1
1.06

1.04

1.02

21

1.6F
1.4F

Status: 2020

m a) ALICE pp Vs =13 TeV
high-mult. (0-0.17% INEL>0)

Fee 550 pA @ PA pairs

E Fit NLO19 (600)

— Residual px% xEFT

- Residual pz~ @ pz°

-Next questidn: Wahat if the new A potential is used in E&S?

19 Aug 16:00 Isaac Vidana

E % i ALICE pp Vs = 13 TeV i 3s5h ' ' l:
: - High-mult. (0-0.17% INEL>0) 80 ALICE data N
E 1.6 Blp=° o p-2° " 3tz 4, M Coulomb 3
_E A == fss2 ] C Coulomb + p-Z HAL QCD ]
E 1.4 — EFT (NLO) . _25F =
E . ESC16 ] < .
-] = i (@) - _
= 1o NSCO7f h 2F [1-1 E

B == p—(Ay) baseline - ]

i 1.5 C _I_] -

1 = I 1E 1[+][ ]

/

\/\/

N L NICER, Gravitational waves,

1 1 1 |

Courtesy of J. Schaffner-Bielich (2020)
: — —— == : . 1 I 1 I 1 I . 1
: AT ~._ 7 E U, = -28MeV|
: [ - . /S ‘U= +15MeV
/ - | N, ) SN e . -
. . N ~ 1U_= -4MeV 3
T | N, ~. ]
! : o, ~. : i
1 i ! N . : 05)
., | | N .
I : . \
] | ] | | ] | ] | ] 00
0 2 4 6 8 10

Energy density ¢/¢,

10

12 14 16

Radius (km)
24



mailto:laura.serksnyte@tum.de

Summary

e Significant improvement in the
understanding of p/\ interaction and

refitted low-energy constants in xEFT
T e
6l :g:;oug (50_—5(3.17% INEL>0) -
» Access to [S|[>1 systems where was — :

significant lack in experimental

CO n St ra i nts -2 ;_ e :—S(ij;;aseline g
1-_2/;/1/,

. . . . e ]

e First test of lattice calculations in ° o e

strangeness |S|=2 and |S|=3 sectors

e Correlation studies have become a
well-established technigue to study :
the strong interaction X
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Potentials based on lattice

 InT. Inoue, T. AIP Conf. Proc. 2130
(2019), the single particle potentials
have been calculated using lattice
results

 Employing lattice results are
compatible with femto data

e Results in slightly repulsive sigma
single particle potential and slightly
attractive xi single particle potential

U(k) [MeV]

laura.serksnyte@tum.de

30 |

20 |

10

10 |
20
.30

40 |

0 v+ v

L I 2D 3
P G S 0 i,

B

0 5

| S ,H
| A
N SNM y
| p=0.17 [fm>],x=0.5 =
0 1 2 3 4


mailto:laura.serksnyte@tum.de

N\-= correlation

* The limitations of the data sample prevent from drawing further conclusions on the
influence of coupled channels in the correlation function, and no significant cusp-like
structures are observed at the opening of the =-2 or n-Q) channels.
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Neutron Stars and the Hyperon Puzzle

» Chemical potential y = m + Fermi energy
* Fermi energy increases with density

— Mn = Ma: conversion into baryons with strangeness (hyperons)

EF,n
Mn MA m
N

Neutrons

. Courtesy of Marcel Lesh

Marcel Lesch, E18/ENE Seminar, 13.06.2024
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NS measurement references

Mass and Radius measurements from astrophysics

14 16
Radius (km)

NICER experiment: M.C Miller et al. Astroph. J Lett. 918 (2021) 2, L.28;

Mass measurement: H. T. Cromartie et al. Nature Astron. 4 (2019) 1, 72-76

Gravitational waves data: B. P. Abbott et al. Phys. Rev. Lett 119 161101 (2017)

laura.serksnyte@tum.de
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IS|=3 sector: p-Q- interaction TUM

 Enhancement above Coulomb only
B ALICE data — strong interaction present
-Coulomb

Coulomb + p—©~ HAL QCD elastic
/ - Coulomb + p—©~ HAL QCD elastic + inelastic

0 100 200 300
k* (MeV/c)

ALICE Coll., Nature 588, 232-238 (2020)
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IS|=3 sector: p-Q- interaction TUM

 Enhancement above Coulomb only
— strong interaction present

B8N ALICE data
-Coulomb
Coulomb + p—©~ HAL QCD elastic . . _0)- . .3 5
! -Coulomb+p—£2— HAL QCD elastic + inelastic ISr.l]:taetreaSCtlon Of p Q paIrS in 81 + 82
A 1B - Attraction in 552 results in a bound
state (B.E. = 1.54 MeV)
y - Inelastic channels (e.g. pQ2 2 A=) in
T 3S1 not yet calculated on the lattice:
. > |nelastic channels dominated by
absorption

Negligible contribution of NQ-A= coupling found in
.. L \-= correlation function ALICE Coll., Phys. Lett. B (2022) 137223

0 100 200 300
k* (MeV/c)

ALICE Coll., Nature 588, 232-238 (2020)

laura.serksnyte@tum.de 32



mailto:laura.serksnyte@tum.de

IS|=3 sector: p-Q- interaction TUM

 Enhancement above Coulomb only
— strong interaction present

B88 ALICE data

- Coulomb

Coulomb + p—©~ HAL QCD elastic ° InteraC’[iOn Of p_Q— pairs in 381 + 582

{ - Coulomb + p—©Q~ HAL QCD elastic + inelastic St ates

- Attraction in 5S2 results in a bound
state (B.E. = 1.54 MeV)

- Inelastic channels (e.g. pQ2 A=) In
3S+1 not yet calculated on the lattice:

> |nelastic channels dominated by
absorption

Negligible contribution of NQ-A= coupling found in
\-= correlation function ALICE Coll., Phys. Lett. B (2022) 137223

 No indication of a bound state in data

o]

0 100 200 300
k* (MeV/c)

ALICE Coll., Nature 588, 232-238 (2020)
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