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ALICE

Outline

1. Hyperon-Nucleon and Hyperon-Hyperon interactions in
Neutron Stars

2. Femtoscopy at ALICE experiment

3. Results pp 13 TeV and p-Pb 5.02 TeV
> A-A correlation function and the existence of H di-baryon

> First observation of the p-=" strong attractive potential

4. Summary and Outlooks
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Hyperon Puzzle in Neutron Stars TUTI

ALICE

favorable at moderate-large densities in dense

neutron-rich matter
* Threshold strongly depends on the Y-N interaction
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Hyperon Puzzle in Neutron Stars TUTI

ALICE

* Hyperons production becomes energetically  The appearance of Hyperons softens the EoS
favorable at moderate-large densities in dense
neutron-rich matter  Maximum NS masses get smaller=HYPERON PUZZLE
* Threshold strongly depends on the Y-N interaction
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YN and YY interactions: the traditional ways  TUTI

ALICE

» Scattering experiments / Hypernuclei data

* SCATTERING DATA:
* Constraint only on pA/pZ interaction

o (mb)

 Data from scattering experiments from 1968 and
1971 in bubble chambers
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* Production threshold: p;,g £100 MeV
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ALICE

» Scattering experiments / Hypernuclei data

YN and YY interactions: scattering experiments

* SCATTERING DATA:
* Constraint only on pA/pZ interaction

Data from scattering experiments from 1968 and

1971 in bubble chambers
Production threshold: p ;s £100 MeV
Cannot probe low momentum region

o (mb)

® Sechi-Zorn et al.
o Kadyketal
o Alexander et al.
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YN and YY interactions: hypernuclei UM

ALICE

Courtesy H. Tamura, Bormio Winter Meeting 2018
N
Kiso event ew ana[ys is!

- )

 HYPERNUCLEI DATA:
* A hypernuclei data: B, eus= 30 MeV

.'....,
i
: .

10 jim

* = hypernuclei data show shallow attractive ot e

interaction [Kiso Evt] \ .
o b )

7 ;\ugvr q

l electron =

="+ "N - I'Be + 3 He

The first clear = hypernucleus

B=z= 4.38 4+ 0.25MeV.

— 111 £0.25MeV
K. Nakazawa et al. PTEP 2015, 033D02

* AN hypernuclei exist as well showing weakly “Be
attraction [Nagara Evt]

* X hypernuclei: nothing known so far!
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YN and YY interactions: hypernuclei

ALICE

Nagara event n

 HYPERNUCLEI DATA:

* A hypernuclei data: By, ,eus= 30 MeV [ref] \

* = hypernuclei data show shallow attractive \\- 3
interaction [Kiso Evt] '

* AN hypernuclei exist as well showing weakly L“m -

attraction [Nagara Evt]

* X hypernuclei: nothing known so far!

GAAHe - 5AHe +p +xn-

AB,,= 0.67+0.17 MeV

H. Takahashi et al., PRL 87 (2001) 212502
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A-A is weakly attractive
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Take home message TUmM

*Hyperon-nucleon and hyperon-hyperon interactions are fundamental
ingredients for the EoS of NSs but unfortunately already in vacuum they are
still not well fully understood

ALICE

*Scattering experiments cannot be applied to all hyperon species and cannot
access the low-momentum range

*Hypernuclei experiments are based on single events and their
interpretation is model dependent

*How can we do the next step?
Femtoscopy

11
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Basics of Femto

scopy TUTi

ALICE

Source function S(7)

< (k7
pb\ (k7

11.11.18 — QNP18 Satellite Workshop (Tokai)

two particle wave function

= Look for particle pairs
= Measure the relative momentum k distribution in your

experimental set up
= Search for correlations

Valentina Mantovani Sarti (TUM Physics Department — E62)
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ALICE

Source function S(7)

——-~~

\ */’zg

“—_—’

lP(k 7)
two particle wave function

Statistical definition = Experimental definition Theoretical definition
:P( 7] ) 7] ) N k N - 2 N k—oo
C(k) _ _)pa pb_) — N Same( ) _ JS(T)P_IJ(k’ 7,.)| d37"—) 1
P@a)P(0p) Numixed (k) [ \
\/ Relative distance / reduced momentum in

Single-particle momenta the rest frame of the pair

Lisa, Pratt, Wiedemann,Solz,
Ann.Rev.Nucl.Part.Sci. 55 (2005) 357-402
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Key observable: the correlation function UM
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Femtoscopy at A Large lon Collider Experiment TUTI

ALICE

We measure p-p, p-A\, A-A, p-=
Proton identification with TPC and TOF

Reconstruction of hyperons
A - p~ (BR ™~ 64%)
=~ = Am™ (BR~ 100%)

Datasets:
pp 7 TeV: 3.4-108 Events
pp 13 TeV: 10-108 Events
p-Pb 5.02 TeV: 6.0-102 Events

Assumption of a common Gaussian source
. - = fixing the radius from p-p
C(k) = j |‘P(k, F)| d37— 1 = p-A, p-2 and A—A Correlation Function to

study the interaction
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Lednicky Model UM

ALICE
| Source | Potential

Analytic Transport model

Eff. range expansion
=> phase shifts
Approximate solution

Correlation function

_ 1|5 k) 2( ~[ag _) RS (k) Apy _ ZfS(k) Ap
C(k) =14)_gps [2 ‘ 77 I L= o7rm +2\/—TRzGrpF1(QRG ) ﬁRGTFz(QRG )

Depends on scattering parameters, might locally break down for small sources

R. Lednicky and V. L. Lyuboshits, Sov. J. Nucl. Phys.
35, 770 (1982), [Yad. Fiz.35,1316(1981)].
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CATS - correlation Analysis Tool Using the Schrodinger Equation Tl_m

ALICE
| Source | Potential
TR

Numerically solve the
Schrodinger eq.

|
Wave function

Correlation function

k- oo

Ck) = | SG W@ k)|?dr 1

(D.L.Mihaylov et al. Eur.Phys.J. C78 (2018) no.5,394)
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Length scales involved in Femtoscopy

ALICE

TUTi

- 7T > 2 _)k—)OO
Ck) = j so|w(k, P a7 23 1
0.5 — EPOS
A ' ' 0.45 = (Gaussian source (1.14 fm)
1 § ST § S I ‘ —— Gaussian source (2.00 fm)
Pod 1900 Py ’é‘ 0.4 ——— Gaussian source (4.00 fm)
B aw s 02t
3 I - 4 > T : 0.3
! TRRKSERLRKE = 0.25
ean e bseses 0% N 0.1
LXK AKRR + ....... * one-plon 0.05
short\ o . . exchange
distance ™ : RCT TN . O
E . Vs 0 1 2 3 4 5 6
> 0 r (fm)
Based on Holt, Kaiser and Weise, = A-A collisions: Rgaug ~ 4 fm

Prog.Part.Nucl.Phys. 73 (2013) 35-83 = p-A collisions: Rgayg ~ 2 fm

= p-p collisions: Rgaur ~ 1 fm
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Correlation function and Interactions TUmM

> | attraction
C'(k*) — = 1 nointeraction

< 1 repulsion

§ 3.5 N LA N U (N B B N L N B B N L N N BN B B R B LR R | A A E E
S f ALICE Preliminary | Tir A & S I
3t pp Vs =13 TeV . | ; 5
i ro=1.188 £ 0.009 ‘Y2 fm - g | L1 ; o 3
25 il .ppfbﬁpairs . § I E ] E ] I , I [/j, ]
Baseline - 4 E E
2 == Femtoscopic fit _ % I i E -
. I ! NP S
15 - \ : : two-pion
Tk o , ' exchange N N
N ] E \E\ T one-pion
= ~a short\L ! : sentEiTELe, exchange
N distance : : LI ..,.o‘
0 5 N I - | l L1 1 l PRREE T T N R TN T B R 1 1 X ; :
0 0.02 0.04 0.06 0.08 0.1 0.12 . '
k* (GeV/c) v J.Holt et al, Prog.Part.Nucl.Phys. 73 (2013)
23
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Correlation function and Interactions TUmM

> 1 attraction

C(k™) —>[: 1 no interaction]

< 1 repulsion

§ 3.5: T | Tt T A | E E / \
S ALICE Preliminary : ur I X
3t pp §=13TeV - | ; 5
! ro=1/188+0.009 % fm ] 8 : :
| [ homas ] I T
2'5 i pppdl's . 3 : | : ] | > I /I‘
ine Q | : : —
Q. I i
— Femtoscopic fit - Z :
2 e Z | : S T
1 \ ' ; two-pion
S - N ' exchange N N
N \E\ T one-pion
1= short Y ha e, exchange
- distance ' "ernaganet . -
0'50- l 102)21 l 10641 l 0:)6 1%08. l 10111 l l012 X : : N ' N
k* (GeV/c) voon J.Holt et al, Prog.Part.Nucl.Phys. 73 (2013)
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Correlation function and Interactions TUmM

ALICE

[> 1 attraction ]
C(k™) —>[: 1 no interaction]
< 1 repulsion
:\ 3-5 N LI B B B | T A ' : / \
— : : '
S AL%F Preliminary ; i / LU I\
3ir pp {§=13TeV - _ | ; 5
! ro=1{188 £0.009 Y5\ fm - .g | : 1 ' 2 3
i c ; : -1
] 7] P ] ] > I [/J, ]
258 1\ g I E I J I—
Q. I :
2 z 5 ~ 7r
I | I YT
15 . \ : ; two-pion
~L | : v exchange N N
- I E '\:\ T one-pion
L] B (S short . Y D exchange
- distance ™ N AT TN /
0 5 N 1 l\|\l i1 l i1 1 l/l IKI L1 1 l I X ; ; N . N
0 002 004 006 008 01 0.12 "t

N N
k* (GeV/c) J.Holt et al, Prog.Part.Nucl.Phys. 73 (2013)
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ALICE

Correlation function and Interactions

> ] attraction ]
C(k™) —|/=1no interaction]
< 1 repulsion
—~ 35 - T AT ;
< 3 | 111 i mo 1\ 4 h
&) | ALICE Preliminary . ; '
3 / \$ pp V§=13 TeV - | 5 5
& - ) +0.016 : .E : :
rp=1{188+0.000 73’ fm | | 1 : > . »
5k i 1 T - —
"""""" e ) a | ;
1 ‘| . R S
E : two-pion
15 . \ : ]
. : : exchange N N
N : \ T one-pion
L] e | S — D—— short\_| | ! Y D exchange
} distance ™ N AT TN /
05 + -Jl\\l il l L1 1 IA/IIKI L1 1 l B ; ; N . N
0 0.02 0.04 0.06 0.08 0.1 0.12 j \7;
N N

k* (GeV/c)
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J.Holt et al, Prog.Part.Nucl.Phys. 73 (2013)
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Results - pp collisions v/s = 13 TeV TUm

ALICE
23'5~ ' ' J ' | o 27T 7 7 T r 1 o 2T T T T T T T T T
— -4 x B N K4 - -
O ALICE Preliminary 13 - ALICE Preliminary 1 O 18k ALICE Preliminary =
3 PP Is=13TeV = 1.8 pp Is =13 TeV - “F pp Vs =13 TeV 3
o=1.188£0.000 oy fm - i r,=1.188+0009 208 fm ] 16 ro=1.188+0.009 208 fm ]
25 - pp ® pp pairs A 16 - pA @ PA pairs N E AA @ AA pairs E
Baseline E - Baseline i 1.4 — Baseline ]
5 — Femtoscopic fit = 14 o - Femtoscopic fit (xEFT NLO)- 1.2 :_ —— Femtoscopic fit _:
] T F - Femtoscopic fit (xEFT LO) - E ]
; 7 i Nucl. Phys. A915 (2013) 24 ] 1= + o _.-_“
1.5} 4 12F - - e e
" 1 i ] 0.8 ASE R
s - 1 : 06f E
0'5:...1.‘.1...11..1...1..11: 0.8;“"""‘ 0-4:_..‘.1....1....1....:
k* (GeV/c) k* (GeV/c) k* (GeV/c)
* Gaussian source and Argonne v,g potential describes the p-p correlation function
* Source size of the pp (7 TeV) system r,=1.14 fm (ALICE Coll. arXiv:1805.12455)
* Source size of the pp (13 TeV) system r;=1.19 fm
* Source size of the p-Pb (5.02 TeV) system r,=1.38 fm
* p-/\ correlation = strong sensitivity to the source = more investigations on the effect of collective
phenomena and resonance decays are ongoing
27
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ALICE

A—A interaction potentials

TUTi

-k @ wh = = N
N B O NN

e

ALICE Preliminary
[®] AA ® AR pairs

.

e 2 P
A O @

olllllllllllllllllllllIlllllllllllllll
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L B
pp ¥s=13TeV -
— fss2 —NSC97f -
—ESC08 —FG -  Different model predictions for A-A correlation
— Ehime NF46 = function
PRC 91 (2015) 024916 -
E * X2 evaluation with all combined datasets and
— evaluate the agreement model/data in number of o
e deviations
s s s s 1 s s s rl
0.15 0.2
K* (GeV/c)
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ALICE

A—A Correlations: Combined Exclusion Plot ~ TUTI

*  Combination of all
available datasets:pp7 E
TeV, pp 13 TeV, p-Pb 5.02 2
TeV

*  Full scan of scattering
parameters space with
the Lednicky model

* Test of the agreement
between data and the
prediction by the
Lednicky model by no
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AA ® AA pairs Exclusion

9 Vs =
pp ¥s=7 TeV

> 3 5
J pp¥s=13TeV Cds<o<
: o>

-Pb ¥s,, =502 TeV
p-Pb Y5y Unphysical C(k*)

= with Lednicky
model

- STAR Au-Au 200 GeV
# HKMYY

* FG

—-®-- ND

- NF

-4-- NSC82

-4-- NSC97

e Ehime
.. S T T T 4+ ESCO08

2 -1 ’ 0 1 3 4 5 & les2
BOUND STATE

-1
1/f, (fm)
Valentina Mantovani Sarti (TUM Physics Department — E62)

o®
-
-
-
-

”
-
"
-

K. Sasaki and T. Hatsuda (HAL QCD Collaboration), private communication

(STAR data: STAR coll. Phys.Rev.Lett. 114 (2015) no.2,022301)
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H-dibaryon binding energies

ALICE

18
16

d, (fm)

14
12

10

O N A O @

N LR LN BLELEL AL A LA
AA @ AA pairs
,;’ppﬁ=7T6V
pp ¥s =13 TeV
p-Pb Y5, = 5.02 TeV

IQI

2 A Al l Al A A l AL L A l A A AL

AL J 1) l'. LA

2 -1 0 1 2 3 4
1/fy (fm™)

* Set tight constraints on the allowed binding energies
* Development of MC bootstrap method to provide a solid
confidence region for scattering parameters and hence B,,
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ALICE Preliminary
Exclusion

[J3<o<5
B>
Unphysical C(k*)

=51 with Lednicky
model

BRI STAR
* HKMYY

FG
.« ND
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- NSC89

Baa =
2
mudg

e Ehime

¢ ESCO08
3

1-—

q

2d
14—

/ fo

Femto sign convention!

- NSC97 Rept.Prog.Phys. 80 (2017) no.5, 056001
Phys.Rev.Lett. 120 (2018) 212001
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25

Illlllll

1.5

l|l|lllll

1

O

Valentina Mantovani Sarti (TUM Physics Department — E62)

10 20



Theoretical p-=- Correlation function UM

50¢p
] _ I _ 1
X r0_1.2fm.‘ r,=0.85fm 40 —:=o
i X — =1
| | — 30
_ X Strong+Coulomb ” S -0
| - = Coulomb [18=1
| %\ 10
\ s 0 -
\ =~-10
| s 20
-30
-40
i e L~ i whrt vy vt s o drabe -50
) 50 100 150 50 100 150 '600““015”“11““115”“5““2'5”“3
k (MeV) k (MeV) | ¢ (fm) '
D.L.Mihaylov, V.M.S, O.W.Arnold, L.Fabbietti, B.Hohlweger, Potential from Hatsuda et al., NPA967 (2017) 856, PoS
A.M.Mathis, Eur.Phys.J. C78 (2018) no.5,394 Lattice2016 (2017) 116)

*  Comparison Coulomb-only/Coulomb+Strong
* Strong potential from preliminary calculations
from HAL-QCD collaboration

1 3
C ( k*) — § ( CIS==OO + CIS==1O) 4+ g ( CIS==01 4+ CIS==11)

31
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=

po-=~ Correlation Function in p-Pb 5.02 TeV

ALICE

§ 5 : I 1 L 1 I 1 1 1 1 ' I 1 ) ) I 1 L L) 1 g

> First observation of strong attractive Q 45F ALICE Preliminary =

interaction in p-2- - P-PD Sy =5TeV -

- - 4 ro=1.437 £0.0117 ;¢ fm —

* modeled with preliminary QCD strong . 81 o= o =" pairs E

potential by the HAL QCD collaboration ] Baseline =

Potential from Hatsuda et al., NPA967 (2017) 856, PoS C —— Femtoscopic fit (Coulomb .

Lattice2016 (2017) 116) 3F g )

- - Femtoscopic fit (HAL QCD) -

25 Nucl. Phys. A967 (2017) 856 4

1 3 - PoS LATTICE2016 (2017) 116 -

_ S=0 S=0 S=1 S=1 . -

C(k*) = g((a}:o + (o ) + g(CI=O + (=g ) 2F -

1.5 =

COULOMB-ONLY 1E -
HYPHOTESIS EXCLUDED 0 0.05 0.1 015 00

AROUND 30 k* (GeV/c)
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Summary and Outlook: UM

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

A-A analysis strongly constrains the parameter space for the A-A interaction =
the existence of H-dibaryons seems to be disfavored (ALICE coll., Phys. Lett. B 752)

* Observation of attractive p-=- interaction for the first time = set constraints on
the average potential of = hyperons at finite density for NS EoS

* Extending the study to more hyperons-nucleon pairs (p-Q, p-2°) and in the future
to three-body interactions

* In RUN3 ( from 2021 on) we expect factor 100 in statistics!

33
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ALICE

Backup Slides
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The experimental correlation function

ALICE

P (P4, Pp) Nsg (k)

PGP D) Y Nae ()

A B A \Bc A A
\\ \ e
c= P o @ © P

Pair of interest Pair from feed-down Pair from mis-identification

C(Pa Pp) =

11.11.18 — QNP18 Satellite Workshop (Tokai) Valentina Mantovani Sarti (TUM Physics Department — E62)
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Decomposition of the p-p correlation function TUTI

ALICE
{Pp} = PP+ PAP +PA +PA+Ps+p+Pr+ps
+PpaPs+ + 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

Pr+P 6.46

Py+Px+ 0.14

PAPz+ 0.65

pPp 1.52

PPA 0.15

f)pz+ 0.07

PP 0.01

36
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Decomposition of the p-A correlation function TUTI

ALICE

{p/\} = pA+ pAz- + pAzo + pAso + pAA + paAz- + paAzo + pAA):o
+pe+ A+ pe+ Az +pr+Azo + pr+ Ayo + PA+ pAz- + PA=o + PAso
+pA+paA +pyg+ A +PA.

. Purity from fits tp the ' Pair p_i\[%] Pair p_;t\ [%]
invariant mass distribution  5x 524200 pA 0.53
* Feed-down fractions from pt_ Z'z: ?23_ g'g;
MC template fits to the - ' . '
nplate 1 pAso 174750 $As0 0.18
cosa distribution paA | 525 pA 2.95
paAz- | 0.69 pAA 0.30
paAzo | 0.69 Py A 0.13
PAApo | 175 pA 0.03
psiA | 225
Py AE 0.30
Py /\30 0.30
Py AZ” 0.75

37
11.11.18 — QNP18 Satellite Workshop (Tokai) Valentina Mantovani Sarti (TUM Physics Department — E62)



Decomposition of the A-A correlation function TUTI

ALICE

{AA} = AA + AAyo + AyoAyo + AAz0 + Az0Azo + AAz-
+Az-Az- + As0Az0 + AyoAz- + AzoAz-
+ AA+ AAgo + AAs- + 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
AA}:() 24.36 Mz“ 1.37
AyoAyo | 4.06 AA=o 0.54
AAzo | 9.67 AAz | 0.54
AzoA=o | 0.64 AA 0.12
AAz- | 9.67

Az Az | 0.64

AZ()AE() 3.22

AgoAz- | 3.22

AzoAz- | 1.28

38
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Decomposition of the p-= correlation function TUTI

ALICE

{PE™} = PE" +PE_ (1530) T PEz0(1530) TPEQ +PAE™ +PAZz- (1539
+PA~-0(1530 +PA~Q+PZ = +pg: Eé (1530) +p2*"‘“0(1530)+p2*"‘9

Feeding from

p-= p-=
o €2 (BR very small) Pair A (%] Pair A (%]
o =°(1530) and =-(1530) = 22?;;0 pE" 8 (5)2
° |sospin partners: assume to be p:§‘(1530) 1.6 s 13;5 (1530) .
produced in the same amount p:%"(1530) ’ p"E’(lS%O) 0.17
> E(1530)/= = 0.32 P2g gg; PEq 0.01
(https://doi.org/10.1140/epjc/s10052-014- PA= : PE" 8.67
m) pl\‘-""—(1530) 0-83 pAE_‘. 0.87
° BR(E%(1530) > =) = 2/3 PAZZo530) | 167 P& 225
> BR(Z7(1530) > &) = 1/3 PAZEq 0.07 p= 0.09
pr+ & 2.25
Pr+Ez-(1s530) | 0-36
Pr+ 530(1530) 0.71
pr+Zg 0.03
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ALICE

Some numbers

TUTi

pp@13 TeV

Particle # baryons

p 113.7 x 106
p 97.4 x 10°
A 22.3 x 10°
A 21.0x 108
E- 509 x 103
=t 527 x 10°

g = I = = T | -

T T >

11.11.18 — QNP18 Satellite Workshop (Tokai)

| | |
> >l

~ (o]l

[© B}

(1]

T

# of pairs K* < 200 MeV/c

190 x 108
140 x 10°
62 x 10°
49 x 10°
5659
5243

407

364

P-Pb @ 5.02 TeV

Combinatio | Pairs (k*< 200
LE MeVi/c)

p—p 517 x 10°
p 155 x 106 p—p 370 x 10°
P 133 x 10° p—A 127 x 103
A 26 x 106 p—A 62 x 103
A 24 x 106 A—A 13 x 103
z 0.9 x 108 A-A 12 x 103
z 0.9 x 108 p—E 1.8 x 103

p—E 1.3x 103
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. Epos Source

ALICE

(D.L.Mihaylov et al. Eur.Phys.). C78 (2018) no.5,394)

04r

03}

0.1f

|

~— Gauss 1.2fm
- EPOS (scaled)

debdebdaa i LT

=4

o 1 2 3

4 5 6 7 ' 8
r(Im)

Gaussian Source

C(k*)

18}

16}

1.4

1.2

A L L B

T

| A S B S L B R

ALICE Preliminary
pp Vs =13 ToV
£y= 1,188 £ 0,009 000 Im

[ oA @ BA pairs

Baseline

— Femtoscopic fit (xEFT NLO)

= Femloscopic liL (EFT LO)
Nugl. Phys. A315 (2013) 24

o4

0.15 02
kK™ (GeV/c)

Source with a non-Gaussian shape
Maximum at smaller R and long tail

Test with ‘expanded’ EPOS for pp 13 TeV

EPQOS Source
B
x L
o I ALICE Preliminary
18} po {s=13TeV
[ [®] pA @ A pairs
16 I = Fermoscope lit (LEFT LO)
i Gaussian source 7, = 1,188 fm
14 '_ - Femtoscopic it (EFT NLO)
F EPOS source N, « 1476
i Nuct Phiys. A915 (2013) 24
12
1+~
0.8 i PR SR S W S S SR TR WA N N S S S S S S
0 0.05 0.1 0.15 02
k* (GeV/c)

Better Agreement with ‘expanded' EPOS for NLO for p-A correlations
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Collective Effects and Strong Decays

ALICE

Elliptic flow Radial flow Strong decays of broad resonances

1

p1

.
it

NN
NRVAVAV,
+

Expanding source with constant

anisotropic pressure gradients velocity D, A, — Igre ‘fed” by resonances
within the source different effect on different with different masses and lifetimes
N masses Y
E 12 - T L} T Ll T T LJ
.
o 11 -
N3 E
oS 3 Strong decays of Specific resonances
08 3
3 E
06 E— -
- L 1 L 1 L 1 s
o5 1 1.2 14 16 1.8 2 22
m, (GeV/c?)
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Which Resonances?

ALICE

Proton - Canonical

Courtesy F. Becattini

S ct>2 fm (2.5-12 fm) | Z(1670), A(1520),..
1 <ct <2 fm A(1600),A(1232)...
= Primordial
= From resonances ct<1fm A(1600),N(1440),....
wcr>2fm
e / Mesr [MeV] taues [fm]
170y 1368.92 1.6
Lambda - Canonical
57,67% ct>2fm (mainly 5 fm) E(1385) mamly.
l<cr<2fm N(1710), £(1915),...
= Primordial
= From resonances ct<1fm N(1720) only
= ct>2fm 34,49%
w1<cr<2fm Meff[MeV] tauger [ﬁn]
mcr<l1lfm
A 1461.46 4.78
0,47%
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7,37%
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) Source Distributions
ALICE

0 . 5 - ] The solid lines are Gaussian fits to the 'complete' source
0.45- — p-p (R, = 1.08 fm)
0.4~ — pA (R =1.12fm)
— 0.35— — p& (R,=0.87 fm)
:g 0.3 —— AA (R =1.131m)
= 025
= 02—
P 015
0.1
0.05-/
0: S T T i i
0 1 2 3 4 7 8

r (fm)
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0-=" interaction and Neutron Stars

ALICE

TUTi

2.1

1.9

1.8

M/ Msolar

1.7

1.6

1.5

1

1 L

9

10

lll 12 13
R [km]
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14

If the in-medium N-Z potential is not attractive,
the EoS becomes stiffer

Ultimately this drives the allowed mass of
neutron stars up (even above 2 solar masses)
A complication: in the case of neutron stars
only the n-Z interaction is important, but for us
neutrons are not detectable

o T oetectable
X v No

X v Difficult
v v Yes

Experimentally challenging to isolate
the I=1 channel
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Theoretical p-=- Correlation function UM

ALICE

yds
— Haidenbauer
N HAL QCD

< <F

> | 5[

m

QO 4
31—
2—
1:—_-1 1 1 1 l 1 L 1 1 l 1 1 Vl ;l I L L 1 L [ 1 1 1 1 l 1 1 1 1 l 1 1
0 50 100 150 200 250 300

K* (GeV/c)

*  Comparison HAL-QCD/XEFT from recent work by Haidenbauer and Meissner (arxiv:1810.04883)
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Single particle potentials from Lattice

ALICE

* NS environment = Pure Neutron
Matter

* Tested HAL-QCD potential in vacuum
with ALICE = Brueckner-Hartree-
Fock many-body calculations = U,
single-particle potential of hyperons
in nucleonic matter

* At saturation density in PNM:

U-_slightly repulsive

11.11.18 — QNP18 Satellite Workshop (Tokai)

30

20

N ¥

o N WP '
. = Ram o o
........ *‘z"é-?*‘_-éﬂa-o-o +-

N +
- g’Ha’—HHHJ-
| S

PNM

p=0.17 ffm ), x=0

0 1 2

k [fm™]
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HAL-QCD Collaboration, arXiv:1809.08932 (2018)
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Consequences for Neutron Stars UM

ALICE

* Single-hyperon potential fundamental “
ingredient in EoS for NSs 19}
%é 1.8
* Repulsive interaction=>Production of :
=" pushed to higher densities = L7
stiffer EoS, higher masses
1.6 |
l'59 10 l|l 12 fs 14
R [km]

Weissborn et al., NPA881 (2012) 62-77 48
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Recent Constraints from Gravitational Waves
HLICE ~ notconstraining really very much sofar,.. ...

Tidal Deformability : measuﬁ'\ent of the NS deformability, upper limit extracted from GW170817

B. P. Abbott et al. (LIGO Scienti ¢ Collaboration and Virgo
Collaboration), Phys. Rev. Lett. 119, 161101 (2017).

Nuclear EoS including 2N and 3N interactions are consistent with these constraints

1000 Y. Lim, J.W. Holt Phys.Rev.Lett. 121 (2018) no.6, 062701
LI B B S B B B S B B B B B B B B B B B N B B B B B B B B |
B T 1.0
800 20L i 0.9
i i T 0.8
500r 1.5F 1 Bor
L /—6 - 4
=0 S g i
400} = .| 1
i = 104 ] 05
: B 7 404
200} I ]
I 0.5 . {03
0 i : I ] 402
| ; | . . . 0'0 i PR SN SN T NS TN TN N TN (NN TN T N TN NN TN TN SN T [N TN TN SN S Y TN TN SO i 0.1
M(Mp) 9 10 11 1 13 14 15

2
R (km)
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A-A Correlations: Predictions with Lednicky

=

ALICE
. AL L 1
<X 22 —
QO - ALICE Preliminary  pp {s=13 TeV .
2 AA ® AA pairs — fss2 —NSC97f 4
|—ND46 —ND48 —ND50 —ND52 ~—ND54 —ND56 —ND58 --QSonly | C .
1.8F —ESC08  —FG —
R=115fm R =3.00 fm 6 n — Ehime NF46 _:
F PRC 91 (2015) 024916 .
141 =
12F =
= =
0.8 =
A B o6FT :
100 150 200 50 100 150 200 - O O ]
k (MeV) k (MeV) 044 0.05 0.1 0.15 0.2
k* (GeV/c)
* Curves represent different points in the A-A exclusion plot
* For scattering parameters in the region a, > 0 the correlation function is not sensitive
50
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Non Physical Region and STAR parameters

ALICE

3 18 e ALICE Preliminary
. .e . -— A @ AA paes
e Lednicky model breaks down for small radii, large effective e e Qﬁnnv El":dl";‘f""<5
. . : V5= 13 Tev
ranges and negative scattering parameters 14 P Yo = 6.02 ToV -3 ::M .
e |t shows although at most 10% deviation from CATS in the 12 52 with Lednicky
. oy e . model
region of positive scattering parameters 0
%l STAR
8 * HKMYY
* FG
6 +©@+ ND
~@-~ NF
4 F -9~ NSC89
-4 NSC97
2 \ e Ehime
N ¢+ ESCos
0_ 5 W fss2
£

.
-
.....
_______

| ednicky (STAR), R=1.15 fm

------- With residuals, 2=0.32

|
(T[rrrr[rorro,

|
150 200

o
(o)
o
—
o -
o

k (MeV)
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The unique opportunity of small sources TUmM

ALICE

Gaussian Source Function (Rg = 1.5 fm)

=200 \ \J2 =0.3 —
@ -] —
S : e B (\nv
~. _F s —0.25
- —0.2
100 0.15
- 0.1
50— :“:“
- = === s - 510.05
- . . —-0.05
-50— Typical short range nuclear potential -
- —-0.1
:l | - l LA 1 1 l . | l LA 1 1l I LA 1 1 l Al 1 1l I LA 1 1 l Ll L 1 l Ll 1 1 I J - l:
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