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Study of correlations of hadron-hadron
pairs from small sources:
p-p, p-K'7, p-A, A-A, p-X°, p-E, p-@°

Reconstruction of hyperons
- A—pn (BR ~ 64%)
- X%>Ay (BR ~ 100%)
- E—An (BR ~ 100%)
- Q—AK (BR ~ 68%)
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Tracking and PID:
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“Non-traditional Femtoscopy”
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Study of correlations of hadron-hadron

pairs from small sources:
p-p, p-K'7, p-A, A-A, p-X°, p-E, p-

Reconstruction of hyperons
- A—pn (BR ~ 64%)
- X%>Ay (BR ~ 100%)
- 2—=An (BR ~ 100%)
- Q—AK (BR ~ 68%)

Hadron physics

Study the interaction of hadrons with
strange content. While N-N interaction are
well known and constrained by precise
scattering data, constructing YN, YY
potentials is very challenging.

Recent developments
o Lattice-QCD
o Chiral effective field theory
o Meson exchange models

Models are constrained by data with limited
precision due to the experimental difficult
with strange particle beams: Scattering data,
hypernuclei, search for bound states, exotic
atoms, etc.

Femtoscopy with ALICE delivers precise data
in the low momentum range, in a region not
accessible with other approaches, with
consequences on the possible appearance of
hyperons in neutron stars and the existence
of strange di-baryons.
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ALICE
Femtoscopy as a tool for studying h-h interactions

P, pp) k* = reduced relative momentum with ﬁ + pT"; =0

P(pa)P (pp)

Based on the correlation function C(k*) =

I* =00 >1 = Attractive

Theoretically formulated: Y r r 2 15 a interaction
C(k ) S(T, k) |lp(1", k)l ar 1 <1 = Repulsive

interaction
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ALICE
Femtoscopy as a tool for studying h-h interactions

P (Pa; pb) k* = reduced relative momentum with E‘i + Elf =0

P(po)P (Py)

Based on the correlation function C(k*) =

Mesrsscaly omulated: € (k°) = | S WG, )1 dF

Source Relative wave function: I

Sensitivity to the interaction potential

A1oayy,

Source function S(7)

’’’’’

7 @

{ Pa Study the C(k*) of hadron-hadron pairs

'\\ / r&\. in pp collisions = small particle source (~1 fm)
4 ’

4 '/‘
3 Wk,
pb\ k.7 :

two particle wave function
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ALICE
Femtoscopy as a tool for studying h-h interactions

P (Pa, Pb) e

Based on the correlation function C(k*) = ——— k* = reduced relative momentum with p, +pj, = 0
P(pa)P (pp)

Theoretically formulated: C(k*) = f S(?, k) |1/J(1_"), k) |2 dr

Source Relative wave function:

Sensitivity to the interaction potential

NSame (k*) ]
NMixed (k*)

Generally, the experimental correlation function accounts for the genuine
correlation and it is affected by residual correlations and finite momentum resolution.

Experimentally: C(k*) = N

JuowrIadxq
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ALICE .
Source Potential <
CATS: Correlation Analysis Tool 0 JOE
Using the Schrodinger Equation
D.L.Mihaylov et al. Eur.Phys.J. C78 (2018) no.5,394 (] Numerically solve
the Schrodinger eq.
Provides a exact solution computing the ;
correlation function from the model given ‘g
a local potential or wave function form. Wave function 4_ <
v l
Correlation function
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ALICE -
Sour ., Potential <
CATS: Correlation Analysis Tool Transport model
Using the Schrodinger Equation
D.L.Mihaylov et al. Eur.Phys.J. C78 (2018) no.5,394 (] Numerically solve
the Schrodinger eq.
Provides a exact solution computing the ;
correlation function from the model given g
a local potential or wave function form. Wave function 4_ 2
v l
Correlation function
Decomposition of the correlation function
* Purities and contributions from weak decays -
AN o W ¢ 7 p determined from fits to experimental data ts
’ * Such residual correlations modelled (weak decays) @
\ X% or obtained from data (impurities) =l
Ceor (k™) = Ag D A4 D 1,06 + - * Resolution effects applied to the fit function i
ﬂ o - * Phys. Rev. C99 (2019) no.2, 024001 ~
Correlation of interest Contributions from impurities, secondaries etc. 10




m
Setting the source

Ansatz: in small collision systems the source is similar for all baryon-baryon, baryon-meson pairs

The characteristics of the source are determined from femtoscopic analysis of the p-p correlation:
Assume a p-p known interaction — determination of the source size

e Consider <m > dependence of the source due to collective effects:

. . . . . . -p femtosco
o Femtoscopic p-p fits performed differentially in <m.> bins 35 IIf’ .p. mios: Ipy L
o <m_> dependence cross-checked with p-A analysis & ALICE Preliminary
. pp Vs=13 TeV
e Effect of strong short-lived resonances computed for all hadrons 3 High Mult, (0-0.072% INEL)
o Statistical hadronization model in the canonical approach Gaussian + Resonance source

Priv. comm. Prof. F. Becattini, J.Phys. G38 (2011) 025002 25 O pp®pp

1]
— Coulomb + Argonne v g (fit)

rrr o[ rrrr oot

—_
(6]

o||||||||||||

—_

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 r
50 100 150 200
k* (MeV/c)
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Setting the source

Ansatz: in small collision systems the source is similar for all baryon-baryon, baryon-meson pairs

The characteristics of the source are determined from femtoscopic analysis of the p-p correlation:
Assume a p-p known interaction — determination of the source size
e Consider <m > dependence of the source due to collective effects:
o Femtoscopic p-p fits performed differentially in <m.> bins
o <m_> dependence cross-checked with p-A analysis
e Effect of strong short-lived resonances computed for all hadrons

—

€ {13F ALICE Preliminary
= E high-mult. (0-0.072% INEL)
e 4ok pp Vs =13 TeV
LS ' E Gaussian core
11 ! with resonances
e |
- h | — pp(Av1S)
e + I — p-A(LO)
= I
0.9 — oA (NLO)
= 1.
0.8F- |
C - v
0.7 |
0.6 :_l I 1 1 1 I 1 1 1 I 1 i | 1 I 1 1 1 I 1 1 1 l 1 1 1 l i 1 I 1 l

1 12 14 16 1.8 2 22 24 26
<m> (GeV/c?)
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ALICE .
Setting the source

I LI ) T I T T T I T T T I T T L ! I T T T I T T T I T T T I T T T I T
ALICE Preliminary
pp \s=13TeV
High-Mult. (0-0.072% INEL)
p-p (AV18)

= p-A (NLO)
Blr..=a <m>"+c

3o fit to p-p

o . . b
Parametrization with exponential law fcore =8 - <M >"+ C

Fit parameters:
a€[0.65,0.83]
be[-1.2,-2.2]

c€[0.36,0.66]

The p-A, p-2°, p-Z, p-Q sources are determined
given the pair <m_>:

p-A: r,.=0.88 £0.03 fm
p-&: r...=0.80+0.03 fm

p-x°: r...=0.75£0.04 fm
p-Q:r_=0.73+0.05fm

1 I L 1 L I 1 1 Y I 1 1 L I 1 1 1 I L L 1 I 1 1 1 I 1 1 L I 1 L 1 I L
1 1.2 14 16 1.8 2 22 24 26
m; (GeV/c?)
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Hadron-hadron strong interaction via Femtoscopy with ALICE
K-p femtoscopy: The KN interaction

e K'pinteraction is well established

e Kp features a strong attraction
o appearance of the A(1405) below threshold
o  A(1405): antiKN-Xx molecular state

ST N(1405) KN

| Y | :

27 MeV Energy

14
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K-p femtoscopy: The KN interaction

K'p interaction is well established

Kp features a strong attraction
o appearance of the A(1405) below threshold
o  A(1405): antiKN-Xx molecular state

e K'pscattering data and kaonic hydrogen data used to constrain the amplitude below threshold

’E‘ 250
g
175} 200
Experiments: A(1405)—2n g & oI\ scattering data
S|«
(9]
.2 1 100 l
g Ilﬁ 50
< T o
M 50 100 150 200 250
P, [MeV/c|

ST /\( 1 405) KN Y- Ikeda, T. Hyodo, W.Weise, Physics Letters B 706 (2011) 63

| Y | :

27 MeV Energy
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K-p femtoscopy: The KN interaction

K'p interaction is well established

Kp features a strong attraction
o appearance of the A(1405) below threshold
o  A(1405): antiKN-Xx molecular state

e K'pscattering data and kaonic hydrogen data used to constrain the amplitude below threshold

Experiments: A(1405)—Xn | | &

150 200 250
Py [MeV/c|

ST /\( 1 405) KN Y- Ikeda, T. Hyodo, W.Weise, Physics Letters B 706 (2011) 63

| Y | :

27 MeV Energy
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K-p femtoscopy in pp collisions

ALICE Collaboration, arXiv:1905.13470[nucl-ex]

ALICE

£ S S S B N N A A A e e | L o |

0.9 .
o8f /1 =
07 /% ALICE pp V5= 13 TeV 3
062 ro=1.18+£0.01£0.12 fm
i ; A =0.61%0.06 ]
05 + K'poKp E
0alb [|Coulomb 3
- E [/ Coulomb+Strong (Jillich Model)
|- P L L ! L
2 0.2F . .
o
2 - P L
5 OO S r—————
0_0_2 - -
S =
L :
E; 0.0[¥ mmwwitEEgtsygesysrnysne®r
.
8-0.2 B
0 50 100 150 200 250
k* (MeV/c)

- Radius obtained from inclusive p-p correlation
ro=1.18+£0.01+ 0.12 fm

- K'p correlation used as a benchmark to study Kp
Jiilich meson exchange model: Eur.Phys.J. A47 (2011) 18
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K-p femtoscopy in pp collisions

ALICE Collaboration, arXiv:1905.13470[nucl-ex] ZZGJ—V RS ELEER ER S ERLEEE R R
P e A L T & F ALICE pp Vs=13 TeV 1 Kyoto Model: Phys. Rev. C93 no. 1, (2016) 015201
x E S E i [N .
3 1: . 24 ro=1.18+0.01% 0.12 fm 3 Jiilich Model: Nucl. Phys. A981 (2019)
09f 1 22 - + =
08 E Zﬂ A ,0'64; 0:0% 1 = Bump close to the K°n
' N ] A ¢ Kp@Kp 1 threshold—(58 MeV/c in CM frame)
07 ALICE pp Vs =13 TeV 3 1.8 []Coulomb 4]
06 ro=118+0.01£0.12 fm ] ’ Gi » Coulomb+Strong (Kyoto Model) 7
' A=0.61+0.06 1 “E \®  [7]Coulomb+Strong (Jillich Model) ]
05 $ K pOKP E 14 \\;:; o ]
04f- [7] Coulomb s 121 \\% o = m
5 E [ Coulomb+Strong (Jiilich Model) £ e =
R = S 3 0.7<S <1 3
§0.2~ E _0'81.‘”1.“.1T....1,,1.1.‘.A1.'
1 0.0 %—w«w R T ‘ 3 0.4f - : ; : ]
g e S 02 m™ E
g e et e mrererararaw e = o, E
g o2f ' ' E ® 02 ]
3 0.0 wwwitEs - 8-0.4f , : ‘ ,
§ 0.2 ] g 0.4F% : ; ; ; Tod
0 50 100 150 200 250 S 02F owm o i
K* (MeV/c) 00 L — E
£-02 3
0-0.4F- . ] A A -
- Radius obtained from inclusive p-p correlation g 04F ' E
ro=1.18+0.01+ 0.12 fm = 0% S e = RDRG———
- K'p correlation used as a benchmark to study Kp %—8-3? e ]
0-0.4F

Jiilich meson exchange model: Eur.Phys.J. A47 (2011) 18 " . ; . .
0 50 100 150 200 250 18
k* (MeV/c)
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K-p femtoscopy in pp collisions o

ALICE Collaboration, arXiv:1905.13470[nucl-ex] 2261' RS ERERNEEES S ERLEEY REERN EE
- = SRR T . =~ <OF ALICE pp Vs=13 TeV 1 Kyoto Model: Phys. Rev. C93 no. 1, (2016) 015201
x . C N q: K
3 1 24 ro=1.18+0.01% 0.12 fm 3 Jiilich Model: Nucl. Phys. A981 (2019)
Dok 2.2 - 0.64 + 3
b A b ,0'6‘:(; — 1 = Bump close to the K’n
b e N ] A ¢ KpOKp 1 threshold—(58 MeV/c in CM frame)
07F [ ALICE pp Vs = 13 TeV 3 1.8F lﬁ) [ ]Coulomb 4]
06 E/ ro=1.18+0.01+£0.12 fm 1 Gi Coulomb+Strong (Kyoto Model) 3 | . .
Uik A=0.61£0.06 S ] Coulombs+Strong (Jiiich Model) | FirSt experimental evidence of the
057 4+ K'p®KP = 14F & 4 opening of the K’n isospin
04f [l coulomb E 1.2f ' = breaking channel
osb | Coulomb+Strong (Julich Model) 1E ™~
3 o2F : : : g o_gi— 10 7< S.T <1 1 1 1 E Coupled channel effect
0.0 e .- - Q 0.4H = — o 0
: T 8 02k Toem o 7 M(K™p)+5MeV = M(nK")
0020 = I 0.0[C== S,
R T E 8-0.2F ] n ! p
< 00 Ll e T 0-0.4F E
S 02l 3 S 0.4f* E - _
& W 18 a0 e S 02F ] K° /:d
llll...'.‘.. E
k* (MeV/c) 500 —
802
0-0.4F o .
- Radius obtained from inclusive p-p correlation g 04f 7 — Analysis in p-Pb 5.02TeV as a
ro=1.18+0.01+ 0.12fm s 0.2¢ i { function of charged multiplicity:
S == = I 0.0 b e & o ] . .
- K'p correlation used as a benchmark to study Kp  g-0.2; 1 Interaction changes as a function
Q0.4 f- ey i of the particle distance

Jiilich meson exchange model: Eur.Phys.J. A47 (2011) 18 : : — :
0 50 100 150 200 250 19
k* (MeV/c)
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ALICE

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

o (mb)

300

200

100

p-A femtoscopy in High-mult pp collisions

® Sechi-Zorn et al.
o Kadyk et al.
0 Alexander et al.

N
N .
~

(R s O I s o

0
100

400 500 600 700 800 900

P, (MeV/c)

Previous experimental constraints:

- Scarce scattering data

- No experimental evidence of the cusp due to EN/AN
coupling, responsible for the appearance of a repulsive
short range component in the Ap interaction

LTI

20
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" p-A femtoscopy in High-mult pp collisions
w00 X ,oF AUCEPelmnay ' 7
< LTI R B L B B o “°F high-muit. (0-0.072% INEL) pp {5 = 13 TeV
e _ L Gaussian core with m; scaling ]
E < ® Sechi-Zorn et al. 2 = o T ]
= o Kadyk et al. | B 1O p-A ® p-A pairs ]
§ i o Alexander et al. 18 = Femtoscopic fit (EFT LO) =
o : —— Femtoscopic fit ((EFT NLO) .
E § 165 -+ Constant baseline _:
£ r % 1ot ]
58 E o) :
L A— 1.4 oif =
S.'% Q 2 C 099 ]
(T E C 0.98 ]
=2 o 121 057 -
Tig e e s -
53 s ]
L0 — -
% 6 5 10 — | ! N L ] i
2 5F 3
B :
N g 0 3
=k 5E
|1 o T —— =i ~10E
100 200 300 400 500 600 700 800 900 = L L L
P, (MeVic) 0 100 200 300
al
Kk* (MeV/c)

Previous experimental constraints: * Extension of the kinematic range and improved precision
- Scarce scattering data g p p .

- No experimental evidence of the cusp due to N/AN * Clear experimental evidence of the cusp
coupling, responsible for the appearance of a repulsive * LO and NLO calculations within XEFT fail to reproduce the data

short range component in the Ap interaction 5
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ALICE 0 . . s o
p-2° femtoscopy in High-mult pp collisions
) . . 0 ~ 0 ;\ 15 T T T T T T T T T T T T |_
Identification via Z°—Ay (BR ~ 100%) 9 ALICE Preliminary :
55.10‘?..,...._......._ 014 pp Vs = 13 TeV E
03|~ ALICE Performance ' High Mult. (0-0.072% INEL) 1
S - ppVs=13TeV — 7]
8 [ High Mult. (0-0.072% INEL) Glp-x’ ®p-x° .
;’ [ 04<p <10.0GeVic 1.3 -]
T o2l 2%+ 30 262441 ]
¥ [ Puity=288% 2~ o ]
L Q'f‘) Ozi‘ooooooo - 1 1.2 ~
0.1 Ooo.od — E
] 1.1 -
L l1.l18l - I1.l19l BE .1.12‘ — l1.121 1 = 2 3
M ARy (GeV/ 02) S S eeeeeeeeeeees
Models for the p-x° interaction: k* (MeV/c)

- Chiral effective theory at NLO 1. Haidenbauer et al., Nucl. Phys. A 915 (2013) 24
- Meson Exchange model (ESC16) m. M. Nagels, T. A. Rijken, Y. Yamamoto, PRC 99 (2019) 044003

The p-x° wave function is used as input to CATS
22



ALICE

Hadron-hadron strong interaction via Femtoscopy with ALICE

Models of the p-E- potential:

3 E=1=0,5=0 ]
s wof EH|=0,5=1 -
S 5ok E41=1,8=0 3
: I=1,S=1 ]

oF = .
-20F ]
~401- .
-60F HAL'QCD—
A

r (fm)

HAL-QCD (Lattice)
T. Hatsuda Front. Phys. 13(6), 132105 (2018)

s 300
3250
$ 200
150
100
50

0
-50
-100
-150

200065 04 06 08 1 12 14 16 18
r (fm)

ESC16L Meson exchange model

M. M. Nagels et al., Phys. Rev. C 99, 044003 (2019)

o
(2R N
o nn
-~ a0

(=)

23



ALICE Models of the p-E- potential:

3 f E91=0S=0 ]
s wof EBl-0S=1 7
S-zo__ E|=1,S=O .
: |=1,s=1 ]

or — ]
-20F .
40 .
—60F HAL- QCD-
0 o5 1 15 2 25 3

r (fm)

HAL-QCD (Lattice)
T. Hatsuda Front. Phys. 13(6), 132105 (2018)

%SM
EZM
§2%
150
100
50

0
-50F
-100
-150

_ R I S I
200 02 04 06 08 1

o
- =400
(2R N
I T |
-~ a0

°h

(=)

12 14 16 1.8
r (fm)

ESC16L Meson exchange model
M. M. Nagels et al., Phys. Rev. C 99, 044003 (2019)

Hadron-hadron strong interaction via Femtoscopy with ALICE

LTI

p-H in p-Pb at 5.02 TeV

2.6

o _ A A DN
© o M A O 0 N A

- b) ALICE p—Pb ﬁ 5.02 TeV I_
3 6 p= @p= E
5 ~ Coulomb + HAL-QCD E
E_ Coulomb _E
E_ p-Z sideband background _E
— ‘\lé 6 =
E_ -Q,,Q ® o P .0 _— CTZ
R B BT
0 100 200 300

k* (MeVi/c)

“First observation of an attractive interaction between a proton
and a multi-strange baryon” ALICE Coll. ArXiv:1904.12198 [nucl-ex]

ro=1.427 +0.007 (stat) 1" (syst.) fm (-20%, resonances)

Coulomb excluded (>4c)
Compatible with Lattice (

) calculations

24
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ALICE Models of the p-E- potentlal
< T
s E1=0,S=0

s wof EBI=0,S=1 -

S-zo__ E|=1,S=O .
: |=1,s=1

ofF _ ]

aof 5

-40F

-60F HAL QCD

0o Tos TTTTis T2 s 3

r (fm)

HAL-QCD (Lattice)
T. Hatsuda Front. Phys. 13(6), 132105 (2018)

% 300
= 250
§ 200
150
100+
50

0
-50
-100
-150

_ R I S I
200 0.2 04 06 08 1

o
- =400
(2R N
I T |
-~ a0

)

(=)

12 14 16 1.8
r (fm)

ESC16L Meson exchange model
M. M. Nagels et al., Phys. Rev. C 99, 044003 (2019)

p-= in P- p ngh Mult

® 2.6 -
= ALICE Prellmlnary .
O 24 pp Vs =13 TeV ]
29 High Mult. (0-0.072% INEL) =
ofg &l p-= ®p-T =

Y — Coulomb + HAL-QCD .

1 8 » : s =]

- % ~ Coulomb + ESC 16 .

1.6 Coulomb B
145 & p-Z sideband background
1.2F e, E
| —— S

;] S Y S
0 100 200 300

k* (MeV/c)

* Coulomb only: > 5.7 ¢

Potential: (1.3-2.5) ¢
* ESC16 Potential: > 18

r =0.80 fm (+resonances)

source

— Hypernuclei data described
by both HAL-QCD and ESC16

25



ALICE

Hadron-hadron strong interaction via Femtoscopy with ALICE

p-=: Implications for NS with hyperon content

In medium: Many body interaction,
average = Single particle potential (U_)

Lattice QCD:

U_ moves from slightly repulsive in symmetric
nuclear matter to slightly repulsive U_~6 MeV
in pure neutron matter (NS)

30

HH4y g
20 Y\{\KH\ E
HHH

ER R S e

* e

U(k) [MeV]

p=0.17 [fm™], x=0

A

PNM ¥

40 b
3

0 1 2 1
k [fm ]

LTI
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p-=: Implications for NS with hyperon content

21 T T T T

In medium: Many body interaction,
average = Single particle potential (U_) Experimental constraint:
Observation of ~2 solar
masses NS

Lattice QCD:

U_ moves from slightly repulsive in symmetric
nuclear matter to slightly repulsive U_~6 MeV
in pure neutron matter (NS)

RMF models: Equation Of State
of neutron-rich matter with
hyperon content. Use single
particle potential at saturation

30

H-H4 g
20 Y\{\KH\ E

{”‘éﬂi+ﬂ~¥+fk4 2 A densities as input
HHHH +F 4 i HHT Ev' ; 4 i
. %4W s g & 5 Repulsive interaction:
= = E pushed to high densities
S ’ = stiffer EoS, higher masses
= 17} o o .
g /_/ ok - ~3 .
S
1.6 f 1
A
PNM v
p=0.17 [fm™], x=0 g —
40
0 1 2 3 4 = . . . 1
k [fm ] ~9 10 11 12 13 14 27

R [km]



Hadron-hadron strong interaction via Femtoscopy with ALICE
Models of the p-Q interaction

e Lattice potential with physical quark masses . itni et al. arXiv:1810.03416
o m_=146 MeV/c?, m, = 525 MeV/c*

e Sekihara: Meson-exchange model T sckihara ctal. Phys. Rev. C 98, 015205 (2018)
o Short range attractive interaction fitted to previous HAL-QCD scattering parameters

Predicted strong attraction at all distances implies the formation of a pQ" dibaryon

] Model P b}ndlng energy
(strong interaction only)
-100 of
% 200 ] 1.54 MeV
= 300 — Sekihara 1 Sekihara 0.1 MeV
5 HAL t=12 -
>Q -400

1 +1 MeV with Coulomb

-500

— Models provide so far only °S, channel (weight %)
1 For 3S, channel, two extreme assumptions: total absorption
i or attaction as S,

r [fm]

-600




Hadron-hadron strong interaction via Femtoscopy with ALICE
Results: p-Q correlation function in pp HM

“Coulomb only” scenario discarded by ALICE data (> 6 5) showing

S E_ %// ALICE Preliminary _E the attractive character of the interaction

/ pp \s =13 TeV
- /% High-Mult. (0-0.072% INEL) J  Precision of ALICE data exceeds the theoretical predictions
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Tsource = 0.73 fm (+resonances)

29



Hadron-hadron strong interaction via Femtoscopy with ALICE
Results: p-Q correlation function in pp HM

-
ALICE Preliminary

6F ///% pp \s=13TeV

“Coulomb only” scenario discarded by ALICE data (> 6 5) showing

ko
S} the attractive character of the interaction

sE High-Mult. (0-0.072% INEL) Precision of ALICE data exceeds the theoretical predictions

. //// 7/0 p-Q @ p-Q | .
g\ s
/////////// i Coulomb

/ /// """ p-Q ® p-Q sideband background

Comparison with the model favoured by STAR data
STAR Coll. Phys. Lett. B790 (2019) 490-497

V- Ad-hoc fit to previous HAL-QCD calculations with
non-physical quark masses with pQ dibaryon E, =27 MeV
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ALICE

Outlook

ALICE delivers the precise data to test the hadron-hadron interaction with strangeness content.
- The LHC provides a unique and precise testing of the strong interaction at distances lower
than 1 fm and we extract relevant information on two-body interactions within dense matter.

The comparison of the ALICE data in small systems with the expectation from the models is
very sensitive to the shape of the model potential.
- Femtoscopic data substitutes/complement the scattering data, hypernuclei and other approaches.

RUN3/4 will provide the possibility of carrying out new studies and investigate 3-body interactions.
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ALICE

Outlook

ALICE delivers the precise data to test the hadron-hadron interaction with strangeness content.
- The LHC provides a unique and precise testing of the strong interaction at distances lower
than 1 fm and we extract relevant information on two-body interactions within dense matter.
The comparison of the ALICE data in small systems with the expectation from the models is
very sensitive to the shape of the model potential.
- Femtoscopic data substitutes/complement the scattering data, hypernuclei and other approaches.

RUN3/4 will provide the possibility of carrying out new studies and investigate 3-body interactions.

THANK YOU!
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ALICE
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ALICE

Effect of resonances in the source

Resonances with ¢t >> 1,
- Decrease of the correlation strength
- Taken into account by the A parameters

Resonances with ct ~r ~ 1 fm:
- Introduce an exponential tale
- example: N*(I'~150-200 MeV), A (I'~150 MeV), etc
- Specific exponential modulation to each pair due to different strong
decaying resonances feeding to the different particle species

—

P, B
/ (74 /‘ + e~
Py

Pb 34
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ALICE
Details on resonances

Amount of resonances: Canonical approach of the statistical hadronization model (SHM)
- T=166 MeV & y,~0.8 (Private Comm Prof. F. Becattini, J. Phys. G38 (2011) 025002)

Proton - Canonical Lambda - Canonical

~ 57,67%

55,92%
= Primordial = Primordial
= From resonances = From resonances
wct>2fm wct>2fm 34,49%
1<cr<2fm l1<cr<2fm
mcr<1lfm mcr<1fm

- For E and no Q contributions! Hagtigle | Mo [MaV)] | Foos [
- Averag.e mass and average ct determined by p 1361.52 1.65
the weighted average values of all resonances

A 1462.93 4.69
¥0 1581.73 428 35




@ Hadron-hadron strong interaction via Femtoscopy with ALICE
Modelling the source including resonances

Gaussian Core E:jj Exponential resonance tail
5 5\ 1 T
2\/ET’ r E(r, Myes, Tres) Pres) = —€xp(—=)
G(r, Teore) = —3  €Xp 472 p S S
core Tcore B DR e A TES oo
Mres
- Shared between particle pairs - Specific modulation of each pair

- Scales as a function of m,

——

Fy

/f,fv/tv/

Pb 36



Hadron-hadron strong interaction via Femtoscopy with ALICE Otén Vazquez Doce (TUM) m

ALICE
Gaussian core + resonances
£ :
05 & — PP (M) =1.35 GeVIe" (R, =1.28Tm) | golid line: Source distribution
e p-A(m =155 Gevic® R =1.00m) | including the effect of resonances
_ 0.4 e 2 (=207 GeVIt (R, = 1121m) | pyachad line: Fit with an effective
q\g IC s P-E () )=1.85 GeV/c? (R, = 0.92 fm) Gaussian
= I ) . .
= 03 i, p-Q (m_)=2.17 GeV/c* (R_ = 0.85 fm) Dlrecj[ fit O.f the PP .CorrEIaj[lon
= N ! e function yields similar radius
£ ¢
E 02—
q— -
=
0.1F
=
Or— el fg Rl g8 38 g § 5 N . _," .
0 1 2 3 4 5 6 g 8
r (fm)

- Resonance contribution to Omega yield negligible.
- Modification of the gaussian core for p-Omega pairs coming only
from resonances contribution to the proton yield 37



Hadron-hadron strong interaction via Femtoscopy with ALICE

ALICE

(k")

Default

CSmear(k*)/C

(k")

Default

CSmear(k*)/C

1.021— 7 p-p correlati ‘ Effect of resonance width
= ’ Momentum smearing of 20%
1—
0.98—
R T A O L S B PO N A T S R S R |
0 50 100 150 200 250
k* (MeV/c)
1.02 p-Z correlation Effect of resonance width
- Momentum smearing of 20%
1=
0.98—
T T . S P - -
0 50 100 150 200 250

k* (MeV/c)

(k*)

Default

CSmear(k*)/C

(k*)

Default

CSmear(k*)/C

Otén Vazquez Doce (TUM) m
Effect on the source when smearing resonances

1.02— ‘ p-A corr Effect of resonance width
- Momentum smearing of 20%
1_\_/"'
0.98—
I 20 S M S A M PRl A A R N A
0 50 100 150 200 250
k* (MeV/c)
1.02 1 p-Q correlation Effect of resonance width
+ Momentum smearing of 20%
1N
0.98—
poge e g W e e e T P P - P
0 50 100 150 200 250
k* (MeV/c)
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Hadron-hadron strong interaction via Femtoscopy with ALICE
ALICE o
Setting the source

Ansatz: in small collision systems the source is similar for all baryon-baryon, baryon-meson pairs

The characteristics of the source are determined from femtoscopic analysis of the p-p correlation:
Assume a p-p known interaction — determination of the source size

e Consider <m > dependence of the source due to collective effects:
o  Femtoscopic p-p fits performed differentially in <m_> bins
o <m;> dependence cross-checked with p-A analysis

e Effect of strong short-lived resonances computed for all hadrons

) 1.8 - ALICE Preliminary
= {7 high-mult. (0-0.072% INEL)
o = pp Vs =13 TeV

1 6 E— | Gaussian source

1-55_ I | | I — pp(AV18)

1 .45— | | — pA(LO)

1.3 - | | — p-A (NLO)

1.2

= | I
1.1
e '
09 E | | | | | | PR | | |

12 14 16 18 2 22 24 26
<m;> (GeV/c?)

el
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ALICE

Setting the source

Ansatz: in small collision systems the source is similar for all baryon-baryon, baryon-meson pairs

The characteristics of the source are determined from femtoscopic analysis of the p-p correlation:
Assume a p-p known interaction — determination of the source size

e Consider <m > dependence of the source due to collective effects:
o  Femtoscopic p-p fits performed differentially in <m_> bins
o <m;> dependence cross-checked with p-A analysis

e Effect of strong short-lived resonances computed for all hadrons

€ 1.8E ALICE Proliminary E 136 ALICE Preliminaryo
= 1.7 high-mult. (0-0.072% =~ = high-mult. (0-.072/o|NEL)
Ny = pp Vs =13 TeV e 12 ol
1 6 E l Gaussian source ol = 1
:_ 1 . 1 :_ ” with resonances
1'55 : I I I = pp (AV18) 15_ |1 I = p—p (AV18)
1.4¢ | | —paof - + -l — p-A(LO)
1 '3;_ I | | — p-A(NLO) ] 0.9 ;_ = p-A (NLO)
125 | 0.8 v |
f— = S
11 - 0.7F- |
1E 3
0-9:||||||||1||||||||||1||1||||||||| 0'6:| | | IR R R B | | IR S NN SR TR N N ST S N N
1 12 14 16 1.8 2 22 24 1 12 14 16 1.8 2 22 24 26
<m> (Garrprersise0 <m>(GeV/c®) |




% Hadron-hadron strong interaction via Femtoscopy with ALICE . . . Otén Vazquez Doce (TUM) m
& K-p femtoscopy in p-Pb collisions

m<40 40<m<70 m>70
T[T 11T T rrrrrrrr] T = ;'\ 1] R (B S i PP RS R R W i ERS s e (e o) R e 2 20 ) [ SR, % J LB B o e e B S l T : I.! Trrrr ] oo o e ¢ ] ]
ALICE preliminary 4 =26F ALICE preliminary 3 X286 ALICE preliminary =
p-Pb sy, = 5.02 TeV 3 24F p-Pb \s,, = 5.02 TeV E: 04r p-Pb \s, = 5.02 TeV 3
[\ P> 0.15GeV/c, | <0.8) <40 A E 40 <N, (p,r > 0.15 GeV/c, | < 0.8) < 70 E Nej ( P> 0.15GeV/c,m[<0.8)>70 7
ro=1.30+0.02+0.13 fm E 2.2 ro=155%0.02+0.16 fm E 22r ro=1.79+0.02+0.18 fm E
A =0.65%0.07 = 2 A =0.66£0.07 = 2k A =0.66+0.07 =
. ¢ Kp ®Kp 3 F ¢ Kp ®K'p E ﬁ ¢ Kp ®KP =
1~85 ®  mCoulomb ] 1'85 [ Coulomb 1 1'8; []Coulomb 3
1.6\ Coulomb+Strong (Kyoto Model) 1.6 Coulomb+Strong (Kyoto Model) 1.6 Coulomb+Strong (Kyoto Model)
F \E"” [~]Coulomb+Strong (Julich Model) ] F [7]1Coulomb+Strong (Jilich Model) F 7”]Coulomb+Strong (Julich Model)
145 \ e . 141 ] 1.4 p
12 N o 1.2F P 1.2F ]
E T e E ™ g e
1= = 1= e 1= =
E07<8.<1 E - 07<8;<1 = F07<S;<1 P
T P TP PTPRI TITITA _0'81A..A|,,T,A1H..1...1...1.- S R T T T T
3 04Ff ; : : : 2 0.4F% - - ¥ T B 4Es T ; ; ; -
8 02; "= g 02ft .. : . 1| B03k
. e, E At caane S 1 = CHal
| 0.0 fiim—— L 0.0f | o.o%—w“‘ - 3
£-0.2; 50-2F £-0.2
8-0.4F S-0.4% B o4 :
g 0.45_.‘...; ...... g 0.4 Fr e g 0.4E T T T
2 0.2F 4 2 0.2¢! 4 o E
b E : = o 0.2
I 0.0F P . =uw I 0.0F .-"m"""‘""' - 2| 0.0F T = = 2 3
80.2F - By SRR S-0.2F
8 0 & 0.4F j =02
0-0.4F 3 0-04f 0-0.4F : ; ;
g 0.4E g B . B 04F ;
cl 02: $rgrg § 0.2 N 25 S ST 8 2:_ s QeSO 3
7 00 Pe——" 1T 00 P g 1| 5 80— W s ]
£-02 0.2 £-0.2F -
O-04f i i i i i C-0h i i i i i 8-04F 3
0 50 100 150 200 250 0 50 100 150 200 250 ' ' .
Y (MaTre) k* (MaV/c) 0 50 100 150 202* (Mg\Sl?c)

41
— Analysis in p-Pb 5.02TeV as a function of charged multiplicity: Interaction changes as a function of the particle distance



Hadron-hadron strong interaction via Femtoscopy with ALICE

p- Correlation function: baseline

ALICE
Constant baseline
i: 292 r ' ALICE Prel|m|nary O
6 b = high-mult. (0-0.072% INEL) pp Vs = 13 TeV 4
E Gaussian core with my scaling
2 —

1.8

1.6

1.4

1.2

6N p-A ® p-A pairs

= Femtoscopic fit ((EFT LO)
= Femtoscopic fit ((EFT NLO)
-+ Constant baseline

k)

PO izttt
Qoo
NG &

=

© w0
~ OO

llllllllllllllllllllll

llilllllllllllll

© Ty

300
k* (MeV/c)

700 200

Best fit for LO: no>8

C(k)

2.2

1.8

1.6

1.4

1.2

Linear baseline

IIJIIIIIIIIIIIIII

' ALICE Prellmlnary

high-mult. (0-0.072% INEL) pp
Gaussian core with my scaling

B8N p-A @ p-A pairs

-+ Linear baseline

= Femtoscopic fit (¢EFT LO)
= Femtoscopic fit ((EFT NLO)

F-13Tev

Clk)

DOCY. abobobot
Qoo
NG &

=

wwo
~N WO

300 400

N L T

| " " " : !
T T

500
k* (MeV/c)

o

100 200

300
k* (MeV/c)

Otén Vazquez Doce (TUM) m

Quadratic baseline

22

C(k*)

IIIIIIII

1.8

IALICE Prehmmary Cooe g

high-mult. (0-0.072% INEL) pp Vs = 13 TeV
Gaussian core with my scaling
B8 p-A @ p-A pairs

= Femtoscopic fit ((EFT LO)
= Femtoscopic fit ({EFT NLO)
-+ Quadratic baseline

1.6~ g 1.04
: Sig
1.4 e
B 099
: 5
1.2 200 300 400 500
C k* (MeV/c)
1 [mrarsaraarsaraar P e
" E | ] —
< 10F E
5F E
oF E
-5F =
~10E \ . -
0 100 200 300
k* (MeV/c)

Best fit for NLO: no>10
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ALICE

A-A analysis

2 I T I“ 1 I T 1 1 1 I I T 1 1 l T T 1 1 |
» H ALICE pp Vs =13 TeV .
18- o -
’ 18 A-A ® A-A pairs ]
16 \ i e ND46 -+ NF44 ]
1.4 :_ = Ehime = ESCO08 E
3 == HKMYY ='=' Quantum statistics .
12 ]
1= =
0.8F -
0.6 - N
0'4 : 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 __:
0 50 100 150
k* (MeVlc)

200

0.8

0.6

0.4

Otén Vazquez Doce (TUM) m

lllllllllll]lll]lll]lllllll]ll

||||||

ALI(I.‘,E p-Pb |s,, = 5.02 TeV
. A-A ® A-A pairs

-s=s NF44

= Ehime = ESCO08

== HKMYY == Quantum statistics

6

IllllIlIIIIIIIIIIIIIIIIIlIIIIIII

----------
I-‘Il I|II'||II|III|II|I A

o

150 200
k* (MeV/c)
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ALICE

A-A analysis: Exclusion plot

Combination of all analyzed datasets € 18 LR RN SR REREF [ TR
- pp7&13TeV =4 , .
, _ 16 X P -] Mll1<no<2
p-Pb 5.02 TeV - RS K .
2% ' 4 (J2<no<3
14 2% ; - @l no>3
o , . 1 B Unphys. C(k*)
12 o ! ; —
Test of the agreement between data . .
and the prediction by the Lednicky 10 § P 1 S&STAR
model in number of sigmas 2 g J -F--HALQCD
8 e 2 _: F* HKMYY
- Under the hypothesis of a R o ____.o 1 x FG
common Gaussian source 6 — .o ND
Y % + , ALICE d .a NF
- Small source size limits the “ .- Wl 5 (6~ 7 ToV  -+-NSC89
prediction power of the . b Yeim 4 TN 4 ... NSC97
Lednicky model 2 v PPbYysyy =5.02TeV =] .
y 0 A-A ® A-A pairs 4 e Ehime
0_2 i - _|1 i - 0 1 Ll 1 1 é Ll 1 1 é Ll 1 1 4|’ Ll 1 1 * ESCO8
4, g ™ fss2
[, (fm™)
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ALICE

A-A analysis: Upper limit for ¢ g

B no >3
Unphys. C(k*)

the H-Dibaryon binding energy

A sestar
1 -+ HALQCD
- & HKMYY
Laee® _E * FG
1 Zd ———';LI?_‘E—7TV _E 225
BAA e, 1 _ 1 + 0 SZE;ﬁTeV E 0::2823
2 iiibe %ﬁ‘; Zi?sz e —: o ime
mAdO fO 'é""i""‘sogs‘coa
f;'(fm") = fss2
S. Gonbgyo et al., PRL 120(2018) 212001 . .
P. Naidon and S. Endo, Rept. Prog. Phys. 80 (2017) 056001 E E J 1 ! ' ' = .
. . . ;o 35 :_ ALICE _: Stat. uncert.
- H-Dibaryon: Tight constraints on the allowed E pp (5 =7 TeV 3
binding energy: = pp (s =13 TeV En Total uncert.
5 &y 2 E p-Pb {5, =5.02TeV J
s +1.6 +1.8 :_ A-A ® A-A pairs _: :
Bz = 32550 (srat ) i (ayst.) Mey 25F 1 + Bestii
. . 2k 3
- More stringent than previous measurements E :
15F =
- For more details see arXiv:1905.07209 - 3
1 =
05F —
0 F PRI T T I R TR T R 3
0

1 2 3 4 5 6 45
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ALICE
Kiso Event

Implies an attractive interaction

Deeply bound =--14N systems

0.174 MeV:3D atomic state

Prog. Theor. Phys. 105 (2001) 627.

KISO

event
(KEK-E373)

IBUKF -

event

" B.127+021
(J-PARC E07) -

(MeV)

S. Hayakawa, PhD thesis (2019) Osaka Univ., Unpublished 46
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ALICE

p-Z potential in pure neutron matter

In medium: Many body interaction,
average = Single particle potential (U_)

Lattice QCD:

U_ moves from slightly repulsive in
symmetric nuclear matter to slightly
repulsive U_~6 MeV in pure neutron
matter (NS)

U(k) [MeV]

30

-40

A

SNM

p=0.17 [fm™], x=0.5

1

2 4
k [fm ]

U(k) [MeV]

30

-40

PNM

p=0.17 [fm>], x=0

1

2
k [fm™]
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Hadron-hadron strong interaction via Femtoscopy with ALICE
p-=: Implications for NS wit

2.1

ALICE

- RMF models: Equation Of State (EoS)
of neutron-rich matter with hyperon content

— use single particle potential
at saturation densities as input

0.1

0.01

0.1

0.01

0.001
0

Weissenborn et al., NPA881 (2012) 62-77

17

1.6

1.5

11
R [km]

12

13

14

LTI

h hyperon content

Experimental constraint:
Observation of ~2 solar
masses NS

Repulsive interaction:
= E pushed to high densities
= stiffer EoS, higher masses
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ALICE

p—

p-Z: Future challenges

e For the future: Study correlation function of the excited =°(1530) state
e =91530)—> = +n'
o I[=1&S=1+2

n-= X v No
p-20 X v Difficult
p-= v v Yes
p-Ef X Difficult
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ALICE

ALICE pp High Multiplicity data

e Analyzed 10° events data of ALICE Run2 (2016, 2017, 2018), pp collisions at \s =13 TeV

e High multiplicity trigger: 0.1% highest multiplicity with respect to Minimum Bias events
(VOM, forward rapidities: 2.8 <n < 5.1, =3.7 <n <-1.7).
o Increased yield of Q baryon

‘2108kllllll\II|IYII|IIIY[IIIIlIYIIlIYIIlIYI!III IE /g0.024|||||||||1|||1|‘|||||||||||1|1|‘|1| 1T i3
© [ ALICE Performance e MBtigger 3 o = - At ALICE Preliminary =
- F ppis=13TeV L] HM trigger B E 0'018: Q +Q b
| <10 b 30.016:— lyl<0.5 =
o' £~ 3 0.014 E_ Monte Carlo models (Vs = 13 TeV): =
] D PYTHIAG Perugia 2011 3
. ™ ] 0.012F - PYTHIA8 Monash 2013 3
‘.\\-.f b ’ F —— EPOS-LHC ]
s K, \ g 0.01F E
8 % E E  pp, mult. dependent (VOM): 3
g . 3 0.008:— 4 {5=7TeV E| EL_ " =
J E I stat. =
ol ] 0.006:— —+—{s=13TeV i syst. ]
3 0.004 :— % [ syst. uncorr. —:
' B E [e] 1
.'l|.. i 0.002— g ____________—-——""'_'—_' _____ —
I | P RE N A PP P ) ofL L T R R

0 1 2 3 4 5 6 7 8 N 9|/d 2 4 6 8 10 12 14 16 18 20 22

/AN

(dN ,/dn) <chh/d 77>|1]|<0.5
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Hadron-hadron strong interaction via Femtoscopy with ALICE
ALICE
Selection of Q" candidates

e Identified by its decay: Q -AK—(pn)K
e Total of 1.2X105 selected (Q+Q") candidates
e Purity of the sample = 75%
e Sidebands analysis delivers the shape of the background correlation function
x10°
— L N L I B
G 300 - —
DS - ALICE Performance ¢ ... signalfit .
8 o50f. PP 1s=13TeV P purity = 75 % E
£ Hiethut 00.072% INEL c=182MeV/c? ]
S 500 :_ .0 5 AK ® O 5 AK® .: '-‘ -- background fit _:
£ [ h<os [ e .
[ 05<p <20GeVic * ]
150 - —
100 — i i _
S0 :_ o _.."-,-: ---------- ‘...'.-. _:
PP ”’“W
oE PR T T T T [N TN TN T T N SO T TN T T ST S PR |

L P L
1.65 1.66 1.67 1.68 1.69 12.7
My (GeV/c)



Hadron-hadron strong interaction via Femtoscopy with ALICE
p-Q: comparison with models

Assume two different (~extreme) scenarios for the computation of the *S, channel:

1.- Complete absorption in the *S, channel (a la Morita et al.) with updated r,
e 1, choosen from the condition |V ;| < |Veouoms | fOr T > 1,

e  Using the same condition with latest HAL-QCD potential may result in a substantially increased value for r;, — negligible

2.- Complete elastic model for *S, with a "similar" attraction as °S,

T T T T T T

~

—~o — — 7E T T T T T | o 7F 4,’//%7/’//, T T T T T T —)
x 't - - =<'t - i ="Fr o ]
S F ALICE Preliminary . 3 F ALICE Preliminary ] S El ALICE Preliminary ]
6 pp \s=13TeV — 6 pp 1s=13TeV - 6 W/ pp \s=13TeV —
n . - N 4 L ula 7 .
E High-Mult. (0-0.072% INEL) ] E High-Mult. (0-0.072% INEL) h - %&/ High-Mult. (0-0.072% INEL) .
5 - + - 5 ~ B ¥ 4 5 - //M// ~ & -
C O p-Q ®p-Q ] F QO pQapQ ] o %%/},/ O p-Q ®p-Q 7
aE Coulomb + Sekihara (°S,) E 4 1l Coulomb + Sekihara (°S,+%S)) = :l 4 E W%’/ Wl coulomb + Sekinara °S,+38) 7
C Coulomb + HAL-QCD (°S,) ] . Coulomb + HAL-QCD (*S,+%S,) ] E W% Coulomb + HAL-QCD (°S,+%S) 1
E 4 o o ] o Y B .
3 o % I Con.flomb . 7 3 W Coulomb 3 3f ///%%% Wl Coulomb =
) C " P ©p-Q sideband background 3 Eo Y, o P-Q ®p-Q sideband background 3 C ”%%ﬁ% ------ p-Q @ p-Q sideband background J
E E 2 3 oF o E
» o ] E E u ]
[ eeeenenne i o TUZL TS S-S G = r ] o / Ui ]
1 r | © I - b 1 - "'”'“O—_ 1 - " 'g/M//I///WWMWQ,M/ﬁ/m,,@),fmmm&)mrmm @virirmn@uad
e C | L] E b

0 100 200 L s L s | s s s s |

K* (MeV/c) 0 100 » (hﬁg{)/ 0 0 100 200

Kk* (MeV/c)
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Hadron-hadron strong interaction via Femtoscopy with ALICE
Previously available experimental data: STAR

e Study of the p-Q correlation function in Au-Au collisions at \/SNN = 200GeV  STAR Collaboration. Phys. Lett. B790 (2019) 490-497
e Observable: ratio of the correlation function peripheral/central collisions.
e Comparison with Lattice QCD calculations (with large masses)

$ 3F . ) I 3
Q Static Source s Static Source Au+Au ys, =200 GeV [ Test different fits to Lattice QCD data
2 & (S,L) = (2,3) fm . (S,L) = (2,4) fm . . . . .
& o, 1 1 o rof - (delivering three different binding
oo 3 d#  Background energies of the NQ):
— V; ’ T . .
T 3#*‘.‘ %ﬁ* o Binding energy (Ep), scattering length (ap) and effective
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Hadron-hadron strong interaction via Femtoscopy with ALICE
Lattice HAL-QCD potential with heavy quarks

e Based on Lattice calculations with heavy quark masses F. Etminan et al.(HAL QCD Collaboration),Nucl. Phys. A928,89(2014)
o m_=875MeV/c
o m, =916 MeV/c

e Used in the STAR pQ analysis in Au-Au collisions at \/SNN = 200GeV

e Lattice calculations fitted by an attractive Gaussian core + an attractive tail,

varying the range parameter at long distance (b,) . N .
K. Morita, A. Ohnishi, F. Etminan, T. Hatsuda, Phys. Rev. C 94 (2016), 031901
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Hadron-hadron strong interaction via Femtoscopy with ALICE
Lattice HAL-QCD potential with heavy quarks

e Based on Lattice calculations with heavy quark masses F. Etminan et al.(HAL QCD Collaboration),Nucl. Phys. A928,89(2014)
o m_=875MeV/c
o m, =916 MeV/c

e Used in the STAR pQ analysis in Au-Au collisions at \/SNN = 200GeV

e Lattice calculations fitted by an attractive Gaussian core + an attractive tail,
varying the range parameter at long distance (b,) N

o V. best fit to Lattice calculations or ]

/ |
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Hadron-hadron strong interaction via Femtoscopy with ALICE
Sensitivity of ALICE and STAR data

e Expected correlation function from heavy quark Lattice QCD potentials
e Smaller radius source offers the ideal conditions to test the models
e Better purity of ALICE data increases the sensitivity of the test

purity 75% (ALICE)
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Hadron-hadron strong interaction via Femtoscopy with ALICE

ALICE
p-Q Correlation function: source dependence

e Comparison of the C(k*) for the different models for different source assumptions
e Size of the source determined from p-p fitted radius vs <m >

o  core gaussian source + resonances effects

o pure gaussian source

0.5

0.4

0.3

411r2S(r) (1/m)

0.2

0.1

IIII|I|II|I|II|I|II|IIII|




Hadron-hadron strong interaction via Femtoscopy with ALICE m

ALICE - : : °
p-Q Correlation function: source dependence
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— The variation of the models
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the one introduced by the the
uncertainty of the radius size
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Femtoscopic studies on p-Q° correlations with ALICE Oton Vazquez Doce (TUM) m

p-Q Correlation function (°S,) with distance cutoff

e Correlation function from 582 channel with cutoff in r (for r < T stort =~ V = 0)
e HAL-QCD with physical quark masses (t=12): maximum of the C(k*) for r
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