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Hyperons in Neutron Stars? TLUm

ALICE
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The Equation of State TLT

ALICE
D. Lonardoni, A. Lovato, S. Gandolfi, F. Pederiva Phys. Rev. Lett. 114, 092301 (2015)
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*  With the onset of the production of hyperons the EoS softens
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The Equation of State TLT

ALICE

D. Lonardoni, A. Lovato, S. Gandolfi, F. Pederiva Phys. Rev. Lett. 114, 092301 (2015)
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*  With the onset of the production of hyperons the EoS softens

* EoS allowing for hyperon production fail to describe heavy neutron stars - Hyperon Puzzle
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Global Proton-A Scattering Data

ALICE

* Data from scattering experiments from 1968 and
1971 in bubble chambers

K~ +p -2 +n%2° 5 A+y
* Production threshold for A’s:p = 100 MeV

* One observed double A hyper-nucleus
(Nagara Event) predicts a shallow A—A attraction

* Different type of measurement needed to obtain
constraints at low momentum

* Can we use Femtoscopic measurements?

® Sechi-Zorn et al.
o Kadyk et al.

o Alexander et al.
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LO: H. Polinder, J.H., U. Meifner, NPA 779 (2006) 244
NLO: J.Haidenbauer., N.Kaiser, et al., NPA 915 (2013) 24

Bernhard Hohlweger (Technical University Munich Physics Department — E62)




A Large lon Collider Experiment TUT

ALICE - -
~0.22710 ~ 12710
“‘g 0.2; 9(I).I008E2I3$r5formance, pp Vs=13 TeV “‘g - Aélalcog g(;a{fsormance, pp Vs =13 TeV
%0.18? o ©  p, integrated é;i 10/~ o . p. integrated
. e L . Sod: § o g o)
*  Proton identification with TPC and TOF ... X A i
0.1 r
. 0.08 i £
* Reconstruction of hyperons ) :
0.04~ - ol L.
— 0 - - . i .
R pmn (BR ~ 644) 0-0§: B “T:: 1 1:;W o- 155’-‘,:2} ¥1%35 14
o =T > AT (BR ~ 100%) | | | My (GeV/c? | | | M, (GoV/)

pp+/s = 13 TeV p-Pb \/Syy = 5.02 TeV

© Datasets:
113.7 x 10° 155 x 10°
* pp7TeV: 3.4-108 Events P ” "
2 p 97.4 x 106 133 x 10°
* pp 13 TeV: 10-10° Events A — E—
* p-Pb 5.02 TeV: 6.0-108 Events A 21.0 x 10° 24 % 108
= 0.51 x 10° 0.9 x 10°
=t 0.53 x 10° 0.9 x 10°
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A Large lon Collider Experiment TUT

ALICE

*  Proton identification with TPC and TOF

* Reconstruction of hyperons
* A - prn~ (BR~64%)
+ E~ > Am~ (BR ™~ 100%)

* Datasets:
° pp7TeV: 3.4-108 Events
* pp 13 TeV: 10-108 Events

* p-Pb5.02 TeV: 6.0-108 Events
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Femtoscopy TUTI

ALICE
The correlation function:
P(p,, o
C(k*) _ (pa pb) ,
P(p.)P(py)
Experimentally obtained as:
Nsgme (k™) k* - oo
Ck*) =N - — - 1
NMixed(k )
Given by:
C) = [ SR P dF

—

‘ Source Wave Function

k* =Ipg —pPp land pg + pg =0
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Femtoscopy TUT

ALICE
The correlation function:
P(p.,
C(k*) _ (pa pb) ,
P(pa)P(pp)
Experimentally obtained as:
N k*
C(k*) — N Same( *)
NMixed(k )

Given by:
C(k*) = jS(r, ) |W(r k)| dr

‘ Source Wave Function

Assumption of a common source: Combined fit of the
p-p, p-A, p-= and A—A Correlation Function
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Femtoscopy TUT

ALICE

The correlation function:
P(par pb)
P(pa)P(pp)’

C(k*) =

Experimentally obtained as:

x) _ Nsame (k™) Sensitivity to the
Ck*) =N — | . _ .
Nyixea (k™) | interaction potential

Given by:
C(k*) = jS(r, ) |W(r k)| dr

‘ Source Wave Function

Strong

constraint Assumption of a common source: Combined fit of the

- p-pfp-A, p-= and A-AJCorrelation Function
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Modelling the Correlation function TUTI

ALICE

C(k*) =N - Cbaseline(k*) ) (1 T }\genuine ) (Cgenuine(k*) — 1) + Z }\ij° (Cij (k*) o 1)
CATS

Correlation Analysis Tool Using the Schrédinger Equation

Numerical Solver Analytical Model

Analytical source distribution
Distributions from transport models

Lednicky

Gaussian source distribution

Solution of the two particle Schrodinger

Equation

» Can incorporate any strong interaction
potential, Coulomb interaction and effects of

Based on the effective Range expansion
» The interaction is modeled using the
scattering length (f,;) and the effective

L. range (d

guantum statistics ge (do)

p-p, p-= and p-A (NLO) Correlation function p-A (LO) and A—A Correlation function
. R. Lednicky and V. L. Lyuboshits, Sov. J. Nucl. Phys.

arXiv:1802.08481 (Accepted by EPJC) 35, 770 (1982), [Yad. Fiz.35,1316(1981)).
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Gaussian Source — pp collisions /s = 13 Tev  TUTI

ALICE

o
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(S

o L B B B LB L B . .
S 0 ALIGE Preliminary 1 * Gaussian source and Argonne v,¢ potential
3 pp Vs =13 TeV —
- ro=1.188£0.009 * 0" fm . . . .
25} 8 60 © oo i 1 describes the p-p correlation function
¢ O\ Baseline -
2 — Femtoscopic i = * Source size of the p-p (13 TeV) system
1.5E —: —_
: : r,=1.12 fm
] =S € . .
: : * Source size of the p-Pb (5.02 TeV)
080~ "o0z 004 006 008 01 012
K* (GeVic) system r,=1.44 fm
il I el B s * For interaction studies the
TERRECL R multiplicity integrated correlation
""""""""""""""""""""""""""""" L e function can be used
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p-A Correlations: Gaussian Source TLM

ALICE
:\ 2 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I ;\ 2 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
< - 1 = . i
Q i ALICE Preliminary 1 O i ALICE Preliminary i
18 pp Vs =13 TeV — 1.8 p-Pb sy =5 TeV —
ro=1.18810.009 0% fm i ro=1.437 £0.011%0° fm i
1 6_ -pA&)EXpairs N 1 6_ -pA®5Xpairs N
LO (N I_O) FLNN Baseline FTSNN\N 0 Baseline I_O ( N LO)

= Femtoscopic fit (yEFT NLO) = Femtoscopic fit (yEFT NLO)

v2/ndf 1.4}
0.49 (2.49)

v2/ndf
0.28 (1.69)

1.4
= Femtoscopic fit (xEFT LO)

Nucl. Phys. A915 (2013) 24

= Femtoscopic fit (xEFT LO)
Nucl. Phys. A915 (2013) 24

12k

12k
1 S S -
0-8 i 1 L L L I 1 L L L I L L L 1 I L L L 1 _I 0-8 i L 1 L L I L 1 L L I 1 L L 1 I 1 L L 1 _I
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
k* (GeV/c) k* (GeV/c)

* With a Gaussian source the data of both collision systems favor yEFT LO calculations over

NLO calculations
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A—A Correlations: Exclusion Plot

TUTI

ALICE
* Combination of all g ® 5 ML I R T ALIGE Preliminary
: o 16 [ Y ppVs=7TeV 3 E|X:d|u§'22< :
available datasets © L I
14 S p-PbYsy=5.02 TeV — Unphysical C()
* Test of the agreement i S “J 5 with Lednicky
R = model
between data and the 10 § . -
LS ] (% STAR
prediction by the Lednicky 8 . - : ey
.:Q, *'.‘.‘ |‘|l _____ :
6 & o " _‘." — .o ND
model by nc R Pt J .o NF
4 B e - A —| -¢-- NSC89
* Small source size limits the \ ] -4 NSCo7
\b ] e Ehime
prediction power of 0 "IN I BRI TP B s
-2 -1 0 1 2 3 4 5 W Gs2
Lednicky 1/f, (fm’™)
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=

® p-= Correlations

ALICE

§ 5 : 1 1 I I I 1 I I I I I I I I I I 1 1 __u

* In p-Pb data the strong interaction of © 45F ALICE Preliminary =
n p-Pb \s,, =5 TeV =

— . . B _ +0.013 =

p-Z° can be directly seen in the 4 ro=1437£0.011 5 m

- - pZ @ pE' pairs .

correlation function e W Baseline E

. . . — —F ic fit (Coulomb)

* p-Value with and without strong potential 3t emtoscopic fit (Goulomb) -

n - Femtoscopic fit (HAL QCD)

(Coulomb only): 0.055 vs. 0.004 2.5F Nucl. Phys. A967 (2017)856

- PoS LATTICE2016 (2017) 116 T

* Allows to test model calculations e.g. °F E
. . 15F ]

the preliminary QCD Strong potential : -

: 1 L —————"__Eere o
by the HAL QCD collaboration S

0 0.05 0.1 0.15 0.2

k* (GeV/c)
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Summary

ALICE

* Femtoscopy is an excellent tool to study interactions of

particle pairs

* Significant sensitivity to the interaction potentials

* For hyperons accesses
novel regions not
constrained by scattering
experiments

* The attractive p-=-
interaction was observed
for the first time

® Sechi-Zorn et al.
o Kadyk et al.

o Alexander et al.

§ 2 1 1 1 1 1 T 1 T I 1 1 1 T I 1 T T 1
QS ALICE Preliminary
pp Vs =13 TeV

ry=1.188+0.009 *>'° fm

- PA ® PA pairs

1.8

1.6

------ Baseline

= Femtoscopic fit ({EFT NLO)

141 ]
B = Femtoscopic fit (xEFT LO) -
i Nucl. Phys. A915 (2013) 24 ]
1.2+ —
1— —
------------------------------------------- A . . . )
08 N N T 900 200 300 400 500 600 700 800 900
0 0.05 0.1 0.15 0.2 Piap (MeV/c)

k* (GeV/c) L1 1 1
0.05 0.1 0.15 0.2 k*(GeV/c)

ALI-PREL-144801
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Outlook TUTI

ALICE

» Run2 statistics might allow to study the p-X° D f AHCE Preimnany g rTey
. . = E  28<p <34 GeVic,|y|<05 .
correlation function o IR =
¢ ZO % A + y é 2505_ - ===+ 2nd-order polynomial background +_;

be-l_ + e_ 150§

* Ongoing analysis of p-K pairs
* Universal and Robust Femto Analysis Tool R R

* Fit the correlation function of various systems
simultaneously in combination with CATS

* Development of a formalism to study
three particle correlations

SFB 1258
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TU

ALICE

Thank you for your
attention!
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0-A Correlations: Scaled EPOS source TUTI

ALICE

* Double Gaussian and a Cauchy source

Y I L A B L R L L RN

distributions fail to describe the data S ALIGE Preliminary :
1.8 pp Vs =13 TeV -

* Only the rescaled EPOS source fits the data B [®1 oA @ pA pairs i
16kF —— Femtoscopic fit ({EFT LO) _

* Favors yEFT NLO potential - Gaussian sours 1o = 1188 1m
14l —— Femtoscopic fit (xEFT NLO) N

B EPOS source N, =1.476 .

* EPOS + NLO xZ/ndf : 1.45 i Nucl. Phys. A915 (2013) 24 i
1.2 —

* Gauss + LO y2/ndf : 0.49 i ]

s -

* Take home message: Improve on I R R
0 0.05 0.1 0.15 0.2

understanding the source k* (GeV/c)
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A-A Correlations: Predictions with Lednicky

ALICE
'k\x/ 2-2:_I 1 1 1 I 1 1 1 1 I 1 1 1 1 I _f
O L ALICE Preliminary  pp {s=13 TeV .
2 [®] A ® AR pairs —fss2 —NSC97f 4
|=ND46 —ND48 —ND50 —ND52 ND54 —ND56 —ND58 --QS only " ]
- 1.8 —ESC08 —FG —
ZF T _ _ B ]
F T R=1.15fm R =3.00 fm L oF — Ehime NF46 E
E PRC 91 (2015) 024916 E
1.4 -
3 = 1.2F =
O O - ]
1= —
0.8F + —
- _ -@- .
G:....I....I....I....I Qb 0'6__ -
50 00 150 200 50 [0 150 200 oabl ol ]
(MeV) (MeV) 0 0.05 0.1 0.15 0.2

* Curves represent different points in the A-A exclusion plot

* For scattering parameters in the region a, > 0 the correlation function is not sensitive
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A—A Correlations: Exclusion Plot

TUTI

ALICE
* Combination of all g ® 5 ML I R T ALIGE Preliminary
: o 16 [ Y ppVs=7TeV 3 E|X:d|u§'22< :
available datasets © L I
14 S p-PbYsy=5.02 TeV — Unphysical C()
* Test of the agreement i S “J 5 with Lednicky
R = model
between data and the 10 § . -
LS ] (% STAR
prediction by the Lednicky 8 . - : ey
.:Q, *'.‘.‘ |‘|l _____ :
6 & o " _‘." — .o ND
model by nc R Pt J .o NF
4 B e - A —| -¢-- NSC89
* Small source size limits the \ ] -4 NSCo7
\b ] e Ehime
prediction power of 0 "IN I BRI TP B s
-2 -1 0 1 2 3 4 5 W Gs2
Lednicky 1/f, (fm’™)
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Decomposition of the p-p correlation function TUTI

ALICE
{pp} = PP+ pPAP+PA+ DA +DPs+p+priPrt
+pApPs+ + PP + PPA + PPs+ + PP,
p—p

* Purity from MC (Pythia 8) Pair A [%]
* Feed-down fractions from MC pp 75.19
template fits to the DCA,, PAP 15.06

distribution PAPA 0.75

Pz+P 6.46

Px+Px+ 0.14

PAPz+ 0.65

pp 1.52

PpA 0.15

Pps+ 0.07

PP 0.01

Bernhard Hohlweger (Technical University Munich Physics Department — E62)




Decomposition of the p-A correlation function TUTI

ALICE

{pA} = pA+pAz- +pAgo +PpAso +PaAA +paAz- + paAzo +PpaAyo
+pr+ A+ py+ Az +pr+ Azo + py+ Ago +PA+ PpAz- + PpAzo + PAyo

+pA +paA +psi A+ PA.

. . . p—A pP—A
Purlty from fits tf’ the | Pair A(%]  Pair 2 1%]
invariant mass distribution —_ 5242 A 053

pAz- 6.94 PAz- 0.07

* Feed-down fraFtlons from PAm | 6.94 BAs | 0.07
MC template fits to the .

SV PAS | TITATN BAL, | 0.18

cosa distribution pAA 5.25 pA 2.95

paAz- | 0.69 PAA 0.30

paAzo | 0.69 ps+A 0.13

paAgo | 175 pA 0.03
p>3+A 2.25
Px+ AE— 0.30
pr+Azo | 0.30
ps+Aso | 0.75
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Decomposition of the A-A correlation function TUTI

ALICE

{AA} = AA+ AAyo + AsoAso + AAzo + Az0Azo + AAz-
+AE—AE— +A20AEO +A20AE— +AEOAE—
+ AA + AAyo + AAz- + AAzo + AA.

Lambda properties obtained from the A purity and the cosa template fits

A-A A-A

Pair A [%] Pair A [%]
AA 36.54 AA 4.11
AAgo | 2436 Ao 137
AsoAyo | 4.06 AAxo 0.54
AAzo | 9.67 Az | 0.54
AzoAzo | 0.64 AA 0.12
AAs- | 9.67

Az-Az- | 0.64

AgoAzo | 3.22

AsoAz- | 3.22

AzoAz- | 1.28

Bernhard Hohlweger (Technical University Munich Physics Department — E62)




Decomposition of the p-= correlation function TUTI

ALICE

{PE"} = PE™ +PEz(1530) T PEzo(1530) TPEQ +PAE™ +PABz (153

+ pAE£0(1530) + pAES_Z +pstE + pE+EE_—(1530) +Ppx+ 350(1530) + px+ Eg_z
+pE- +f’££—(1530) +p350(1530) +I~)Eg_2 +PpET +paAZET +pp+rET +pPE.
Feeding from p-Z p-Z
o €2 (BR very small) Pair A [%] Pair A [%]
° 2°(1530) and Z(1530) = 223-4210 pE" 8(5)2
° [sospin partners: assume to be p;§_(1530) 1.6 65 T E7(1530) 0'1
produced in the same amount p:§°(1530) 0 6.7 13"‘%0(1530) 17
> E(1530)/= = 0.32 PZa e PZo 0.01
(https://doi.org/10.1140/epjc/s10052-014- p/\:_ . p=" 8.67
o BR(E°(1530) > =) =2/3 PAE§0(1530) 1.67 INJE;_E— 2.25
> BR(E(1530) > E) = 1/3 PAZg 0.07 pE 0.09
pPr+ & 2.25
PreE (1539 | 036
Px+Ez0(1530) 0.71
pr+Eq 0.03
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https://doi.org/10.1140/epjc/s10052-014-3191-x

(® Considered Shapes

p — XY (modeled)
=
4p 3¢ - <
350 pp : — p=(1530)
= [N T Smeared pp 2.5 = = p=(1530) — p="
250 CATS -
—_ E 27 C
< b - oulomb
o % Argonne Vg Phys. Rev. G 51 (1996) 38-51.
1.5E7 https:/arxiv.org/abs/1802.08481 1.5
15 C
0.5 b
O B0 80 50700 T80 140 185 T85 B00 08b o
k (MeV) "0 20 40 60 80 100 120 140 160 180 200
k (MeV)
:‘._.IJJIAAJIII441‘lll.l‘ll.A.lll.A.llllA
2.2 — pA 1.04 — AA 0 005 01 015 02 026 03 0.35 04
2? N __ srtffs pA 1.02;* """ Smeared AA k: [GP-V,/(']
1.8 ™ —
o 16b CATS B 45 —
x O <0.98— 4=\ e Smeared p=~
© 14r xEFT Oo.06F , 350 —-p= pA
10F Nucl. Phys. A915 (2013) 24. - Lednicky b
- 0.94F - 3 Nucl. Phys. A967 (2017) 856.
1= E Py =
: 0.92F Sov. J. Nucl. Phys. 35 (1982) 770 S 25E PoS LATTICE2016 (2017) 116,
O by by b b b b e e - —
g Y L S U PR PR A 2:
0O 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 156 HAL QCD
k (MeV) k (MeV) £ ———=
0-5E e b b b by e b e b by b by
0O 20 40 60 80 100 120 140 160 180 200
k (MeV)
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https://arxiv.org/abs/1802.08481

Some Numbers: pp - Vs = 13 TeV TUTI

ALICE

# of pairs k* < 200 MeV/c

p-p  190x103
p-p  10x10
p 113.7 x 10° p—A 62 x 10°
P 774x10° p—A 49 x 103
A 22.3 x 106
A 21.0x 10° A=A 2222
5 0.51 x 106 A—A 5243
=+ 0.53 x 10° p—Z2~ 407
D— & 364
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Some Numbers: p-Pb - Vsyy = 5.02 TeV TUT

ALICE

# of pairs k* < 200 MeV/c

pP—p 517 x 103
PP 370x10°
p 155 x 10° p—A 127 x 103
P 133107 p—A 62 x 10°
A 26x10° A—A 13 x 103
A 24 x 10° -
=- 0.9 x 108 A=A 12 x 103
=* 0.9 x 10° o= 8" 1.8 x 103
p—E* 1.3x 103
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The unique opportunity of small sources TUTI

ALICE

Gaussian Source Function (Rg = 1.5 fm)

—200 ‘ _
s F | e
= : R S -
~ F B e —0.25
T 150 : = -
Z F —0.2
100 ~_0.15
Sy —/" o
50 -_ ........... E
- A R R R —0.05
0 / -0
- —-0.05
=50+ E
N —-0.1
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