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ALICE

Accessing hadronic interactions with femtoscopy TI_ITI %

E 3_ I IillI I 1 ! I I I 1 ! I I I 1 I | I ! 1 I | i
= - . ALICE pp Vs =13 TeV ]
o f High-mult. (0-0.17% INEL>0) -
O 2.5 ® —=— p-p @ p—p (Av18) -
- — * k*
L Tree=a ) o O (R) = NS = [ () [0 (k)P dr S22
oL . = rnnt @ r-n Poll ME
- \!\ ——n—n" ® n—n Pol2 | Workflow for accessing interaction:
: \ "‘-:\ - K'—p ®K—p (yEFT) | * Measure correlation function C(k*)
1.5 < | * Fixsource S(r¥)
i 1 ¢ Study interaction (r*,k*)
1:— === —_
i | | I | | 1 | I | | 1 | I | | 1 | | | | 1 | | __
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M. A. Lisa et al., Ann.Rev.Nucl.Part.Sci.55:357-402, 2005
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What can be studied with femtoscopy ~ TUTI &)

ALICE

ice QCD

W, § F/

Access new hadronic interactions P AS P
R Y ST/ cadiie . ~ A
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What can be studied with femtoscopy '|'|_|T| @

ALICE

P “gen

v‘;

Understand nucle| formatlon

|

Access new hadronlc mteractlons .. R
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The AN interaction with YEFT TUTI @

ALICE

300
»XEFT constrained to scattering and hypernuclei data |

=>» Difficult reach to low momenta = Aloxandor etan.
e . . . . o Hauptman et al.
=» Insufficient precision to resolve the coupling cusp i & Piekenbrock
NLO13
» Coupling of AN to 2N relevant for the EoS 200— NLO19 .

» Different interactions equally reproduce the measurement
=» Different implications for 3-body interactions

o (mb)

=» More differential data necessary |

\.
100 — -

=>» Precise knowledge of two and three body forces in the AN and
2N system necessary for the EoS

%.#—c—
=

l | 1 | 1 1 | 1 | 1 |
(’?00 200 300 400 500 600 700 800 900

NLO13: J.Haidenbauer, N.Kaiser et al., NPA 915, 24 (2013) P, (MeVic)
NLO19: J.Haidenbauer, U. Meifner, Eur.Phys.J.A 56 (2020) J.Haidenbauer, U. Meifner, Eur.Phys.J.A 56 (2020)
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The AN interaction with femtoscopy TUTI @

ALICE
r\ 2 L L I N LA L L
< =
» Extended momentum range to k*=10 MeV/c S 13@ X ﬁ;lhcrim) (‘/5—6.11?°Z?I\QIEL>O)E
. . ® p-A pai

»>Good resolution in the cusp 16f 4 -;ANLO::\@:&S E
: : : [ o — Residual p-£% xEFT
»Sensitivity to different models of the AN interaction 14F | v gz_éﬁo .
=» Best agreement with NLO19 & — Cubic baseline E

1.2F

»Some tension with the data still present
=2 Weaker p-A interaction?
=» Use femtoscopy measurement to fit interaction parameters

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

ALICE Collaboration, Phys. Lett. B 833, 137272 (2022)
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Using femtoscopic data for potential fits THT] @

ALICE

Scattering data only Scattering data + femtoscopy

»New limits for the scattering lengths:

3.0
fi1 = 2.2fm — 0.3fy(£0.1fm)

2.9

=>f, > 3.5 fm excluded
2.0

. 2fy <2 fm: Attractive 3 body forces
152 needed

1.0 yse new scattering length to...

0.5 % Constrain LECs in XEFT
0.0

20 25 30 35 40 20 25 3.0 35 4.0
fo (fm) fo (fm)

D. L. Mihaylov, J. Haidenbauer, V. Mantovani Sarti, arXiv:2312.16970
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Test Lattice QCD calculations TUTI @

ALICE
S| =0 S| =1 |S] =2 |S] =3
Theory
Lattice QCD N

Experiment

R —
T

Scattering
Experiments

27?7
Hypernuclei

Experiments

Femtoscopy How can femtoscopy contribute?
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p-= interaction with femtoscopy TUT] &

ALICE
» Coulomb only assumption: Missing a5 L
attractive interaction to explain the data
B8N ALICE data
»Good agreement using Lattice QCD 3.0 4 B coulomb
pote ntial Coulomb + p—=~HAL QCD
25|
<
O
20
1.5 —
1.0 —
| ] ]
0 100 200 300

ALICE, Nature 588, pages 232-238 (2020)
T. Iritani et al. (HAL QCD Coll.) Phys. Lett. B792 (2019) 284
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BE
®

0-=" interaction with femtoscopy

ALICE
> Coulomb only assumption: Missing %3 o ALICE Preliminary ]
attractive interaction to explain the data - pp Vs=183. 6®TeV B i
| e e p_E_ p = —
. . - | Coulomb .
>Good.agreement using Lattice QCD o5 m Coulomb + HAL-QCD  —
potential i i
»Huge gain in statistics (~ x20) with Run 3 o0 _‘
data i i
15 =
1.0 __ 1 1 | '_I._| '_I.qu_.ql'_.-' '_._|I I 1 1 1 | |_
0 . S D D, O Ol o
< * . .

T SRR RO R S S —]
-10 ' ' ' ' - '

0 50 100 150 200 250 300
ALICE, Nature 588, pages 232-238 (2020) k* (MeV/c)

T. Iritani et al. (HAL QCD Coll.) Phys. Lett. B792 (2019) 284
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p-= interaction with femtoscopy TUT] &

ALICE
> Coulomb only assumption: Missing %3 o ALICE Preliminary ]
attractive interaction to explain the data - pp Vs=183. 6®TeV B i
| & :55:5?'-‘:5: SEEES p_ o p E |
. . - ] Coulomb .
>Good.agreement using Lattice QCD 25 [ B Coulomb + HAL-QCD  —
pOtentIaI B >:°Achannell opening at k*=231.7 MeV/c |
»Huge gain in statistics (~ x20) with Run 3 o0 ]
data i i
=» Signal visible at the 29A channel opening 15 50 200 :ZEP(M V:,;(')?_‘
- eV/c) -
=2 39A coupled channel not included in the l i
HAL QCD potentials 10 = | *]'“ e T‘*"‘*'T_
0 . S D D, O Ol o
o] ° ®

< T SRR RO S S —]
-10 ' ' ' ' - '

0 50 100 150 200 250 300
ALICE, Nature 588, pages 232-238 (2020) k* (MeV/c)

T. Iritani et al. (HAL QCD Coll.) Phys. Lett. B792 (2019) 284
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p-Q interaction with femtoscopy TUTI

ALICE
»>S, state: Fully calculated BBl ALCE doto
[ | - Coulomb
»35, state: Unkown coupling to A= | " Coulomb + p-2- HAL QCD elastic
6 HE 1 - Coulomb + p—£~ HAL QCD elastic + inelastic

a) Negligible coupling
b) Dominant coupling

C(k™)

ALICE, Nature 588, pages 232-238 (2020)
T. Iritani et al. (HAL QCD Coll.) Phys. Lett. B792 (2019) 284
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p-Q interaction with femtoscopy TUT @

ALICE
»>S, state: Fully calculated : BBl e date
7 | - Coulomb
»35, state: Unkown coupling to A= | " Coulomb + p-2- HAL QCD elastic
6 HE 1 - Coulomb + p—£~ HAL QCD elastic + inelastic

a) Negligible coupling
b) Dominant coupling

» Higher accuracy in the data then in the
theoretical calculation

C(k™)

» Coulomb only assumption: Missing
attractive interaction

» Best agreement: Negligible coupling to A="

» Prediction of a bound state with binding
energy 2.5 MeV
=>» not reproduced by the data

ALICE, Nature 588, pages 232-238 (2020)
T. Iritani et al. (HAL QCD Coll.) Phys. Lett. B792 (2019) 284
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A-=" interaction with femtoscopy TUTI @

»Measured correlation function compatible with

the baseline (no =0.76) 51'2 S AR B B
s ALICE pp Vs = 13 TeV
»Indication of a shallow A="interaction ' High Mult. (0-0.17% INEL>0)
»>No cusp visible Bt HEN ﬁﬁc?cxn_fil 133%;
. . . - —= - 2—= eTl.
=» Negligible coupling to p-Q- 1.05 B HAL QCD A—Z only
» Compatible with Lattice QCD calculations Tl € Baseline -
»Sizable statistical uncertainties 0.95 ==~
=» Run 3 for better statistical precision 0.9
_ 0.85
# pairs (k*< 200 MeV/c): 5.0-103
i . 0 1 1 1 1 I 1 1 1 1 I 1 1 [l L I L L I L I [ [ [ [ l L L L L
ﬁe””me' 32 % 0'80 100 200 300 400 500 600

ALICE, Phys. Lett. B (2022) 137223 k* (M&V!C)
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Three body correlations with femtoscopy  TUT]

ALICE
(a) Indirect Access (b) Direct Access
Measure correlations including e.g. the Extend femtoscopy formalism to 3-body
deuteron systems
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Indirect access of three-body correlations  THT]

Proton-deuteron correlation function

»Modelling: Lednicky-Lyuboshits approach (effective two
body system)

»Input: Available scattering data

»Source size: Extracted with from the common m;

scaling
pd __ +0.006
2> 7 = 1.087 ) oefm

»Bad agreement with the data
=>» Inclusion of Pauli Repulsion effects necessary!

GEORGIOS MANTZARIDIS | ECT*
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C(k™)

|
Run 2

N ,‘ :
I Coulomb "

I Coulomb + Black
I Coulomb + Kievsky
B Coulomb + Arvieux
B Coulomb + Huttel
" Coulomb + Van Oers |

Baseline

1 o-1 o §

ALICE i
pp High-mult. Vs =13 TeV ’

0

100

200 300

k* (MeV/c)

ALICE, arXiv:2308.16120

@)

ALICE

400

16




Indirect access of three-body correlations  THTI

ALICE

Proton-deuteron correlation with full 3 body calculation 12— 7T 1

[
5y
I
-

0 100 200 300 400 500 600
k* (MeVi/c)
b @ > ALICE, arXiv:2308.16120
% %,
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Crll) = 151 [ S Ban) WK p)*odpasr | :
16 A, - ALICE -

~ F pp High-mult. Vs=13TeV

Wavefunction: = 0608 Blp-d®pd E
B AV18+UIX (full) -

»Hyperspherical harmonic (HH) approach with Argonne 04 =’;E?E+s";':ﬁ{:ﬁ;} E
V18 (AV18) + Urbana IX (UIX) potentials 0.2 Basiine ]

» Pionless EFT NLO 5:_ —t _
=» Sensitivity to three-body effects! & Dn—ifr**-'*:*—
50




Indirect access of three-body correlations  THT] @

ALICE

Proton-deuteron correlation with full 3 body calculation

* * 2 5 —~

Run 3 Preliminary

=~ 1

Wavefunction:

0.8F ALICE Preliminary —

»Hyperspherical harmonic (HH) approach with Argonne T pp,Vs=13.6 TeV ]
V18 (AV18) + Urbana IX (UIX) potentials 0.6 - 0-d®p-d —

»Pionless EFT NLO 0.4l4 [ ] AvistuIx _:
=»Sensitivity to three-body effects! - ] Baseline ]
0.2 —]

=2»Run 2 precision not sufficient for genuine there-body - i
interaction Ol 1 v L L L L]

0 100 200 300 400 500 600
=»5% accuracy in the data needed o k* (MeV/c)
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Preliminary Result for A-d TUTI @

ALICE

> Modelled as an effective two-body system Run 3 Preliminary

employing Lednicky-Lyuboshits approach

JIII[IIJIIIII.IlJIIIIlIIIIIIII|JIII|lI

LN I AL B R B BN RN RN BNLNL I
ALICE Preliminary
op, (s = 13.6 TeV

»Scattering parameters available in the h
rog = (1.18+0.02) fm

literature do not describe the data well

&) A-d®A-d
» Next steps: I 25 Hammer
» Extract A-d scattering parameters [ 2S + 4S Chiral EET
»Model with 3-body calculations 23 + 43 NSCY7f
> study three-body force effects [ 25 + 4S Alexander

1 1 1 1 1 1 ! i, 1
100 150 200 250 300

ALI-PREL-603660 k* (MEV/C)

GEORGIOS MANTZARIDIS | ECT* 19




Direct access of the three-body correlations TLTI

ALICE

(a) Indirect Access (b) Direct Access

Measure correlations including e.g. the

deuteron
Iﬁa, o ﬁb|
k' =
2
Nsame (k*)
C(EY =N
( ) Nmixed (k*)
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Direct access of the three-body correlations  THT] @

ALICE

(a) Indirect Access (b) Direct Access
Measure correlations including e.g. the Extend femtoscopy formalism to 3-body
deuteron systems

Q3 \/ q?,] o q_jk: o qk:?,

ClH) = szz i’i% m—— C(0;) - N
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Direct access of the three-body correlations  THT] @

ALICE

» Theoretical correlation function:

03(p17p29p3) — ///83(r13r23r3)|\Il(r13r2ar3ap17p29p3)‘2d3r1d3r2d3r3

»|solate the genuine three body correlations with Kubo’s cumulant method:

—_ :: '::. + ."“‘ -': + T .. - 2 '.‘".::-.-::‘"..
Measured Genuine ' Single particle
three-body three-body Two-body correlations N
. . contribution
correlation correlation

R. Kubo, J. Phys. Soc. Jpn. 17, 1100-1120(1962)
Del Grande, L. Serkdnyté et al. EPIC 82 (2022) 244
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Direct access of p-p-p correlations TUTI @

ALICE

» Latest Run 3 result obtained with data 6?‘32_6:—' e e e e S

from 2024 O 24E ALICE Preliminary =

- : = Vs=13.6 TeV 3

»Theoretical modeling: Wavefunction from 2-2F -—+ PP =

Hyperspherical Harmonics!! E N + —=— p-p-p®p-HP E

»AV18 1.8 3 p-p-p theory,p = 2.6 fm E

» Three body Coulomb :j 3 E

»Quantum Statistics 1'2 = E

»Agreement with data: 1.670 £ =

0'8 E- L 1 l 1 1 ] 1 -

> Contribution from three body UIX e 1F - ' ~—+

potential negligable _QE A o-o--a .g
-2 . e " .

01 02 03 04 05 06 07 08

Q, (GeV/c

e

ALI-PREL-603579

[1] A. Kievsky, LS, et al., Phys.Rev.C 109 (2024) 3, 034006
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Direct access of p-p-A correlations TUTI

ALICE
»Two body interaction only: SwE T T T
»Scattering parameters based on NLO19 600 > ALICE Preliminary
»>3.70 compatability up to Q;=0.2 GeV/c pp, Vs = 13.6 TeV
—=— p-p-AGP-P-A
»Including three body interactions: PPAERE
) . . " Two-body (NLO19 600)
»WEF via hyperspherical harmonics
50 il 109G B Two-body (NLO19 600)
.70 compatability up to Q;=0.2 GeV/c + three-body
» Preliminary calculations: Inclusion of higher
partial waves missing
=>» Sensitivity to the three body p-p-A repulsive | | | | .
interaction < . 8
. ] . . c 0 " 8
e, .- oot 0
0.3 0.4 0.5 0.6 0.7 0.8
Q, (GeV/c)
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Summary TUT @

ALICE
Access coupled channel dynamics
»NA and N2 coupled channel dynamics
» Refitting of xEFT using femtoscopic data
Test Lattice QCD

»Comparison of p-Q and A= interactions
with LQCD calculations

° »~Signal at 20A channel opening which is
‘¢ notincluded in the LQCD potential

Access three body effects
»Indirectly via p-d correlations

» Directly via p-p-p and p-p-A correlations
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Backup TUTI

ALICE
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The Lednicky-Lyuboshits model TUTI

Analytical approach to model CF for strong final state interactions
with the scattering amplitude f_

1

§ f I* S
C (k )Lednicky =1+ Z Ps la ( )
S

0

Fy (2k"rg) —

. . _do L 2R (k*)*S
2y/7mro Vo

d: effective range
f : scattering length

* 1 1 * - 7. o
f(k)—(%+§dok2—zk)
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FoS of neutron stars TUTI @

ALICE
e 2.8

» Large densities in neutron stars (up to 2p,) ;
=>» hyperons as new degrees of freedom o4 L PNM
expected ; N PSR J0348+0432

20 :‘:::::!::'.':::::::::::.‘.:::::::::::::'.\ ;::::::::.‘.:::::::::::.‘.:::::::::::::::?'
>.EoS dependent on hyperon-nucleon | AN + ANN (1) PSR J1614-2230
Interaction — 16|
=> AN two-body effects =3 3

= i

=2 ANN three-body effects 1.2 : AN + ANN (I
» Precise experimental measurements needed 0.8 |
to disentangle two- and three body effects ;

0.4 |

Oo I , L . , \ ] , \ , ! \ \ , ! \ \ \

11 12 13 14 13

R [km]
D. Lonardoni et al., PRL114 (2015)
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Using femtoscopic data for potential fits THT] @

ALICE
In medium U,(p) potential  Scattering data + femtoscopy >New limits for the scattering lengths:
uned NLO19 - Cutoff dependence 3.0
20 Iuned mtOiQ - Data unc;)rtainty fl ~ 2.2fm — 03f0(:|:01fm)
10 ¥ Upatpg 2.5
=>f, > 3.5 fm excluded
S 2.0
s _ 2f, <2 fm: Attractive 3 body forces
=-10 1.5 < needed
I
%‘20 1.0 yse new scattering length to...
o
—30 0.5 % Constrain LECs in XEFT
40 T 20 25 30 35 4.0 00 > Evaluate in medium A potential
_ | | | | | fo (fm
00 05 10 15 20 25 3.0 6 AT =>New U,(p,) = -36 MeV

plpo (semi-empirical value at -30 MeV)

D. L. Mihaylov, J. Haidenbauer, V. Mantovani Sarti, arXiv:2312.16970

=» Compatible with repulsive 3-body
forces
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Direct access of p-p-p correlations TUTI @

ALICE

» Deviation from lower order contribution: no = 6.7

» Theoretical predictions necessary to understand the origin of the deviation

- L R R R
S 45 ALICE
O A pp Vs =13 TeV
High Mult. (0-0.17% INEL)
3.5
3 [ = | p-p-p®p-p-p Data
55 ——— p-p-p Two-particle correlations,

) + { projector method

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Q, (GeV/c)
ALICE, EPJA 59; 7, 145 (2023)

GEORGIOS MANTZARIDIS | ECT* 30




Direct access of p-p-/ correlations TUTI @

ALICE

» Compatible with lower order contributions (but large statistical uncertainties)

» Awaiting first theoretical predictions to interpret the available and future data

e QT e = g I
C 60F - 48 Tt :
First Run 3 Results: O | pLIGE Freliminary 16 F ]
C un : o5 [~ .
, S0F /s =13.6 TeV E C ]
» 150 times more i PP ) . q :
statistcs by the end of  40f | P S 1 2F = ] p-p-A®P-p-A Data E
RuUN o : C = p-p-A Two-particle correlations, ]
30 - s projector method .
» First p-.p-/\ | ok J( ' U 1oF- E
calculations in ' . - :
preperation 10F 4 3 5:_%_++ E
OE""I""I ....... . D:f"-".".'?‘."."."I".'.'.. riairuirierisl B ais B ....-

0 01 02 03 04 05 06 0.7 01 02 03 04 05 06 07 08
Q, (GeV/c) ALICE, EPIA 59; 7, 145 (2023) (5 (GEV/C)
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Accessing hadronic interactions with femtoscopy TI_ITI %

ALICE
>k
C (k* —NNSE S (r )2 dBr 20
— VN (r ’
ME
Correlation function

= 200 B (3aussian source 0.4 :Eﬁ
X0 : | | 03 =
< = | | =
Q . > 100F | 0.2 <L
Attractive o =

[ 0.1

1 BT o1 - 0

"""""""""" Repulsive : \/
T 50 100 150 200 MO 5
k*(MeV/c) 53 1o

M. A. Lisa et al., Ann.Rev.Nucl.Part.Sci.55:357-402, 2005
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Beyond strangeness: Charm femtoscopy ~ TUT] @

ALICE

IS| =0 S| =1 S| =2 S| =3
Theory
Lattice QCD
XEFT e S B
Experiment
Experiments
77
Hypernuclei —__
Experiments
ALICE, Nature 588 (2020) 232-238

Fe mt 0OSCO py ALICE, PLB (2022), 137223
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K'p Femtoscopy TUTI

ALICE
» Coupling to K°n observed at k* ~ 60 MeV/c

»Interplay between coupling strength and collisions size

ALICE Coll. PRL124 (2020) AL:’CE COII arva 2205 151 76 accepted by EPJC ALICE COII PLB 822 (202 7)
oal 3.5 = 1.3H -
%2.6: ALICE pp /5 = 13 TeV X AUCE ] % - ALICE Pb Pb \(_ 5.02 TeV N

245 ool p-Pb {5y, =502 Tev 0-20% 5 :
' ro=1.18+0.01%£ 0.12 fm S 1 » 7
50 o 0.64 % 0.06 leore = (1.09 £ 0.03 £ 0.20) fm [ ]
2? Kook 2.5} §"=(134i 0.03 + 0.20) fm - - R
P P - - .
R [ ]Coulomb o of eff =(1.50 £ 0.03 + 0.22) fm - ]
1.8 Coulomb+Strong (Kyoto Model) r [ .
1 6:— \ 777] Coulomb+Strong (Julich Model) ] -
1.4 0-9F . | o
1.2§ :I““I””I””I”0_7I‘l<lSITISI1lE §5:_ ...................................................... .
1? B 1 0 _'..z;.l...li.lll...l...l..l..!..I. - CL_’;:rcd flxed’ afrod Ifi;(et;| ! .1_ % 0
0.8- 07<S <1 CDE 0"""' .'='I|-o'lx2INDF 11.13 :Eu
) Ly | T | o b v b Iy _10__ ____________________________ ...."XZI’NDF 1. 22 _ g +
0 ‘%0 150 200 250 S S A =-°

[ab)

Ssumlngoo = k* (MeV/c) 0 50 100 150 200 250 0

- k* (MeV/c)
1.E~ m A
& \ "a
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same charge opposite charge

D_T[ fe mtOSCO - lAL'ICIIEpIpv/'§='13lTeIVI ] I lAL'ICIIEp'p\/:Ts='13ITeIV' o
p y 121 High-mult. (0-0.17% INEL>0) ] . High-mult. (0~0.17% INEL >0)
[ D*nteD ™ n- ] 2O = Cotiomd (1.7 i
T - ——— e I Clivotal (02589
»Tension with models for all correlation functions & LI 1= | 71 ot (FR28) (1650
= . 3033231-0 - ] 0*01 8 X.Y.Guo et al. (n,=5.43)
. . . i g_a'. b ] . J. M. Torres-Rincon et al. (n =8.01) N
»Compatible with Coulomb-only assumption A Clverahd
ZH.Guo et al. (Fit-1B) (n =4.04) D+ EBD_T[+ y
L. . . . ZH.Guo et al. (Fit-2B) (n =3.99) — -
»Impoved statistical uncertainty in ongoing Run 3 1M, Toree Rincon ot (04 41) | - -
. T T B ||‘+
»ALICE 3 upgrade dedicated for charm hadron 100 200 0 100 200
studies k* (MeV/c) - k* (MeV/c)

ALICE, arXiv:2401.13541
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D-1t and D*-1t femtoscopy

» Tension with models for all correlation functions
» Compatible with Coulomb-only assumption
» Impoved statistical uncertainty in ongoing Run 3

»ALICE 3 upgrade dedicated for charm hadron

studies

ALICE, arXiv:2401.13541

D-meson

D*-meson

0.6

1.2
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1 1 1 1 | 1 1 1 1 1
0 100 200

same charge

T T T T T T T T T T T T

[
ALICE pp Vs = 13 TeV
High-mult. (0-0.17% INEL >0)

Dtnt e D n~

L —— + . 3} °
T

e Dnt@®DTn

Coulomb (n6=0.86)

B.L.Huang et al. (n°=2.81)

L.Liu et al. (nc=4‘02)

Z.H.Guo et al. (Fit-1B) (n =4.04)
Z.H.Guo et al. (Fit-2B) (n =3.99)
X.Y.Guo et al. (nﬂ=4.27)

J. M. Torres-Rincon et al. (nu=4.41)

PR S B

e b s 0 a9 0 4 o o

k* (MeV/c)

T T T T I T T T T I T
I ALICE pp Vs = 13 TeV
High-mult. (0-0.17% INEL>0)

O I A [

e D'n*®D*n

Coulomb (n =2.62)

J. M. Torres-Rincon et al. (n =4.28)
Z-W.Liuetal (n-266) °

D*tnt @ D* " m~

1 1 1 1 | 1 1 1 1 | 1
0 100 200

k* (MeV/c)

(k¥)

D'n

O 15

1.6

2.0}

opposite charge
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B.L.Huang et al. (n°=7.09)
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D-rt and D*-mt femtoscopy TI.ITI %

ALICE
. . . . [ T L T
»Tension with models for all correlation functions e s 1amev 1 T ALCEpp 5213 Tev -
. . ) i High-mult. (0-0.17% INEL > 0) i " High-mult. (0-0.17% INEL > 0)
» Compatible with Coulomb-only assumption i s omgema-on || s omagna- 1
> isti i i i E | " 2o oL 1 E | 68%CL B 1
Impoved statistical uncertainty in ongoing Run 3 Zosl | X. Y. Guo et al, 1 Zos- |y T aal
= Z. H. Guo (Fit-1B) et al. - N i
. - 0 o | +  Z H.Guo (Fit-2B) et al. |
»ALICE 3 upgrade dedicated for charm hadron 2b Bl TG |
StUd|eS Em" i h J.M. Torres-Rincon et al. | E:mo i }
o————— " oy
_ } | >
i | i i \
1 1 l Il J L L Il ] L L Il Il ' Il Il Il I 1
» Extraction of scattering parameters for the same 5 55 5 55

charged pairs ab~ (I = 3/2) (fm) ab™™ (I = 3/2) (fm)
=>» Small scattering parameters
=>» Hint to heavy quark spin symmetry

ALICE, arXiv:2401.13541
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Beyond strangeness: Charm femtoscopy ~ TUT] @

ALICE
S| =0 S| =1 S| =2 S| =3 IC| #0
Theory

Lattice QCD W
XEFT e S B

Experiment
Experiments

P77

Hypernuclei —__
Experiments

PLB.833(2022), 137272 (p-A) ALICE, Nature 588(2020) 232-238 | arXiv:2401.13541
Fe mt 0OSCO py arXiv:2312.16970 ALICE, PLB (2022), 137223
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Same charge
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ALICE pp Vs =13 TeV
High-mult. (0-0.17% INEL >0)
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Coulomb (n6=0.86)

B.L.Huang et al. (n0=2.81)

~ L.Liu et al. (n°=4.02)
Z.H.Guo et al. (Fit-1B) (nc=4.04)
Z.H.Guo et al. (Fit-2B) (n =3.99)
X.Y.Guo et al. (n6=4.27)
J. M. Torres-Rincon et al. (n°=4.41)
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D-meson 1t femtoscopy
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2.0F

T 1 ! 1 I 1 1 1 1 I 1 | T T

ALICE pp Vs = 13 TeV
High-mult. (0-0.17% INEL >0)
D'n-®D™n*

Coulomb (nc=1 77)

B.L.Huang et al. (nc=7.09)

L.Liu et al. (n6=5.87)

= Z.H.Guo et al. (Fit-1B) (n_=5.26)
Z.H.Guo et al. (Fit-2B) (n_=5.60)
X.Y.Guo et al. (no=5.43)

J. M. Torres-Rincon et al. (n6=8.01)

- [ ]
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1.2

0.6

D*-meson it femtoscopy

Same charge

T T T T I T T T T l T Ll T T

ALICE pp Vs =13 TeV
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1 1 1 l L
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g p—p——
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J. M. Torres™Rincon et al. (n =4.28)
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J. M. Torres-Rincon et al. (n =5.70)

Z-W. Liuetal.(n_=1.16) °
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A—= interaction with femtoscopy

»Bla bla

ALICE Preliminary pp Vs =13 TeV
High Mult. (0-0.17% INEL>0)

o A-E @ A-E* (A = 32%)

I «EFT NLO16
m ¥EFT NLO19

------- Baseline
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FoS of neutron stars TUTI @

ALICE
L 2.
» Large densities in neutron stars (up to 2p0) 8 i
=>» hyperons as new degrees of freedom expected . _ PNM
» EoS dependent on hyperon-nucleon interaction _ PSR J0348+0432
9 /\N tWO_bOdy interaction 20 :‘:::'.'::::'.'::::::.‘.::::::::::::::::.‘.:.‘ LTIty
=>» ANN three-body interaction . Z AN + ANN (1) PSH.J1614-2230
< 1.6 [
» Precise experimental measurement needed = -
= i
12 ; AN + ANN (1)
0.8 |
Femtoscopy can help also here! :
=>» Also in the case of 3 body interactions! 04 |
O-o i " 1 £ x . 1 i " : 1 % 3 . 1 i x £
11 12 13 14 15

R [km]
D. Lonardoni et al., PRL114 (2015)
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The AN interaction

ALICE
Ap -> Ap

300

» Coupling of AN to 2N relevant for
the EoS

» XEFT constrained to scattering and
hypernuclei data

=» Difficult reach to low momenta
=» Insufficient precision to resolve —~
the coupling cusp

200

G (mb

» Different interactions equally
reproduce the measurement

=>» Different inelastic contributions
and implications for 3-body
interactions

=>» More differential data necessary

100

T I T

L L

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

>Pome

|
= %—
—

qOO 200 300 400 500 600 700 800 900

P, (MeV/c)
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Indirect access of 3-body interaction TUTI @

ALICE

ALICE, arXiv:2308.16120

Kaon-deuteron correlation function 1.4 - | ' | - | I
i . - ALICE :
>b I(\)/Idc;/dse;!:egrﬁl)-Edkay Lyuboshits approach (effective two 12F op High-mult, 15 =13 Tev .

»Input: Available scattering data

- 0K -d®K-d

»Source size: Extracted with from the common m;
scaling

K+d _ +0.04 i -
P T = 1.35 g p5im - _
B Coulomb i
] Coulomb + ER ]
»Good agreement with the data ; " Coulomb + FCA ]
, 2[F | -
=» Deuterons follow the common m; scaling 0 1 paselne -
1 I | I | I 1 ]
0 100 200 300 400
k* (MeV/c)
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Direct access of p-p-p correlations TUTI

ALICE

> Theoretical correlation function:

Cs3(P1, P2, P3) = /f/53(rlar2,I'3)|‘I’(1‘1,1‘2,1‘3,P17P23P3)‘2d31‘1d31‘2d3r3

. 0 L L L B B N
: : : S ALICE
» Isolate the genuine three body correlations with S 40 op %= 13 TeV
Kubo’s cumulant method: 4 . High Mult. (0-0.17% INEL)
3.5
N .0 '5.0 3 - | p-p-p®p-p-p Data
2 ++
» Deviation from lower order contribution: no = 6.7 15 ++_+
-
..................... ._.*.-....'..'.._..._._..._.-.-..'...'l_..._.—.l.—.—.l-._..._.

» Theoretical predictions necessary to understand the 1 +
origin of the deviation 0.5 ALICE, EPJA 59; 7, 145 (2023)

L1 1 L1 1 L1 I
0.1 0.2 0.3 0.4

L 1 1 1 I I
0.5

06 07 08
Q, (GeV/c)
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Indirect access of 3-body interaction TUTI @

ALICE
Proton-deuteron correlation with full 3 body calculation 1.06 ; , , . , ;
i ALICE, arXiv:2308.16120
*\ * 2 5 1.04
Crll) = 11 [ S R 8K, p)PpPdpder
=100
Wavefunction: ‘{\3 ’
»Hyperspherical harmonic (HH) approach with Argonne §50 -
V18 (AV18) + Urbana IX (UIX) potentials 5
: > 0.96
> Pionless EFT NLO [ ~N=11fm
=>» Sensitivity to 3 body effects! 0.94 < rg=10fm -
(But not with the precision of Run 2 data) [ : . | . | o
— 100 200 300 400

k* (MeV/c)

@zxx’
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Outlook: p—A correlations in Run 3 TI_ITI

ALICE

ST TRAMER T ] Areconstruction: A > prt
E 1805— * Excellent PID and vertex finding of
x 100 ALICE allows for efficient identification
Wy 140F- of A daughter tracks
120 * VO algorithm is used to reconstruct A
1001 candidates
803—
eof—
200
OE.. ] L

107" 1

p/|z| (GeV/c)
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Outlook: p—A correlations in Run 3 TI_ITI

ALICE

0.14— ALICE Performance

- Run3,pp Vs=13.6 TeV
0<pT< 10 GeV/c

N\ reconstruction: A = pn
* Excellent PID and vertex finding of
ALICE allows for efficient identification

>

IIIIIIllIIIIIlIlIllIIIIIIllI

0.12

ly| < 0.5
o AP of A daughter tracks
[ —Gaussian it + pol. bkg, * VO algorithm is used to construct A
--- pol. bkg. .
008 candidates

0.06

Normalized counts per 1.0 MeV/c?

p—/\ correlation measurement:
* High purity sample necessary to extract
femto signal
 Need good distinction between protons
i A N N A it from primary collisions and A decays to
A 1.105 1.11 1.115 1.12 1.125 1.13 . .
m (GeV/c?) avoid autocorrelation

0.04

0.02

IIIIIIIIIIIIIIIIIIIIIII
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