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Motivation % TI.ITI

* Neutron star density > 2po . Equation of State — Mass to Radii relation
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Hyperons might appear in the | e Neutron Mttor 0~ Solar mass
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Adapted from D. Lonardoni et al., PRL 114, 092301 (2015)
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Motivation % TI.ITI

* Neutron star density > 2po - Equation of State — Mass to Radii relation
* Hyperons might appear In the T T T T T T T T T T T e Csolar mass
SyStem bal Pure Neutron Matter _

* Three-body forces necessary

- Observed heavy neutron stars :
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femtOSCOpy Adapted from D. Lonardoni et al., PRL 114, 092301 (2015)
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Two-body femtoscopy
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The source

« Common Gaussian emission source
for all hadrons in pp collisions

r*2
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core

* Short-living strongly decaying
resonances (cT ~ 1 fm) enhance the
source size

- Different effective source sizes for
different pairs

Do deuterons follow the same mt scaling”?
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Kaon-deuteron correlation function TI_ITI

e Source size 14 ALICE, arXiv:2308.16120
WKt _ +0.04 N
Feff = 1. 35—0 05 fm . ALICE _
1.2~ pp High-mult. Vs =13 TeV -
 Modelled as an effective two-body system L O K'-d ® K—d :
employing Lednicky-Lyuboshits approach n e roreoso]
R. Lednicky, Phys. Part. Nuclei 40, 307-352 (2009) : [(:)J:QEOJEOJE fOfOIOf :
T 08 ! ‘<:>3 __
. X I « _
* Scattering parameters based on the S L %eﬁ I :
available scattering data 0.61 K -
. I B Coulomb
 Good agreement with data 0.4/ Coulomb + ER  —
] I Coulomb + FCA -
— deuteron follows the mr scaling! 0.2l Sseling .
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Proton-deuteron correlations ... % TI.ITI

ALICE arXIV 2308 16120

e Source size 10 —
pd _ +0.006 l
o = 1.087 0o tm

Run 2 7 '
I Coulomb -

B Coulomb + Black
B Coulomb + Kievsky
B Coulomb + Arvieux
B Coulomb + Huttel
Coulomb + Van Oers

 Modelled as an effective two-body system
employing Lednicky-Lyuboshits approach

R. Lednicky, Phys. Part. Nuclei 40, 307-352 (2009)

» Scattering parameters based on the
available scattering data

C(k™)

Baseline

 Bad agreement with data: Pauli blocking
missing, asymptotic strong interaction not

sufficient ’
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... as a three-body system TI_ITI

* Full three-body calculations necessary

M. Viviani et al, Phys.Rev.C 108 (2023) 6, 064002

three-nucleon

wave function
2

1
Choa (k*) = 1A, IS (p,RM) ¥ (k*,p) 0°dpdQ

nucleon-nucleon
source size in pd

* Source size R, =1.43+0.16 fm
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... as a three-body system TI_ITI

* Full three-body calculations necessary

M. Viviani et al, Phys.Rev.C 108 (2023) 6, 064002 ALICE. arXiv:2308.16120

three-nucleon
wave function

1 2 1
Choa (k*) = 1A, [S (p,RM) ¥ (k*,p) 0°dpdQ

pp High-mult. Vs =13 TeV

nucleon-nucleon e 06 _
source size in pd S ©' p-d ® p-d 5
B AV18+UIX (full) -
04 . | AV18+UIX (s*-wave) —
" Pionless EFT (NLO) -
* Wave function: 0.2 Baseline -
- Hyperspherical harmonic (HH) approach ol -
with Argonne V18 (AV18) + Urbana IX °r LT
(UIX) potentials S e
-9 ) L . l . I . | . I .
- Pionless EFT NLO 0 100 200 300 400 500 600
k* (MeV/c)

Sensitive to the three-body dynamics and interaction!
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Sensitivity to three-body interaction % TI.ITI

» Sensitivity to three-body forces up to 5% - no sensitivity with Run 2

1.06 ' | 1 | 1 | !
i ALICE, arXiv:2308.16120 | — —
0.8 o
i ALICE Preliminary
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=00 / emMN=13fm 0.4F t= 7
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Three-body femtoscopy

 Experimental definition

Nsame (03)
Nmixed (Q3)

C(Qs) =N

_ > 2 2
Q3 = \/_qzj Y — Yy

* Theoretical three-particle correlation function
* [wo-body interactions
 Three-body interaction
2
C; (P1: P2 P3) = Jﬂ% (ry, 15 15) |\P (r1, 72, T3, P15 P2 P3) | d’r d°ryd ry
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p-p-p correlation function
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« Kubo’s cumulant method provides first © LE op s =13 TeV E
hint of effects beyond two-body 2 oEab High Mult. (0-0.17% INEL)
correlations “E o g
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b 4T,
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S : ALICE -
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» Cumulant method provides first hint of ° E op 5 =13 TeV E

effects beyond two-body correlations L oE High Mult. (0-0.17% INEL)

R. Kubo, J. Phys. Soc. Jpn. 17, 1100-1120 (1962) '55 ‘+F' o .

Del Grande, LS et al. EPJC 82 (2022) 244 3E * | p-p-p®p-p-p Data =

o 55 f— p—p-p Two-particle correlations, —f

* A deviation of no = 6.7 from lower-order E +Jr projector method E

contributions sE ++—+ ) :

* Theoretical predictions necessary to S =

further understand the origin of the 0.5 F- 1 ALICE, EPJASO: 7, 145 2023) =
deviation further 002 05 o4 o5 06 07 of

Q, (GeV/c)
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p-p-p correlation function TI.ITI

* First ever full three-body correlation function calculations

A. Kievsky, LS, et al., Phys.Rev.C 109 (2024) 3, 034006
A. Kievsky, LS, et al., Phys.Rev.C 109 (2024) 3, 034006

three-proton

o 2'4—| | U DL L DL L L L AL L N IR L LR L

wave function S > o F- “|p-p-pep-p-pData -

5 2 O T F + -p0=1.5fm —

C(Q3) — ,0 ddepS(p, p()) ‘P(IO, Q3) 2 ;— o .p0=1.8fm —;
hyperradius 1.8 - =ﬁi§§ :: E

. : : : 1-65‘ .pz=2.4fm "E
Wave function via HH: aE ] —J E

- AV18 12F R -

- Three-body Coulomb interaction 1E
0.8 - =

- m statisti S -
Quantum statistics W AVIE -

. . . 048 v vl v b v b b i Ly
* Negligible contribution from UIX 01 02 03 04 05 06 07 08
Q, (GeV/c)

- Utilise to study three-body source
* Only shape of the theory and data should be compared.
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What is possible with Run 3? O TUT

 Run 3 data from 2022 already analysed and results are promising!
* At the end of Run 3 - 25 times larger statistical sample than 2022 alone

i 6 _I | LI I | L L L I P11 I P 111 I | LI I_ /\d) 2 - I I I I I I 1 I 1 1 1 I 1 1 1 I 1 1 |
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B Run 3 i 16F — p=2.0fm ~
i pp Vs =13.6 TeV - . — p=221m -
4 — 1.4 — p=2.41fm -
i “ | p-p-p ®B-p-P i - — 0 =281fm .
ol 1.2F —— ALICE Simulation (Run 3J=
" | + - 10 -
i . - - S e -
2 | + ++*§* " 0.8 - m
St . Phay, i 0.6 F -
M B ]
1 - 0.4F -
oF ! - 02 I same cuts as in analysis assumed =
||||| I L1 11 I L1l 11 I L1 11 I L1 1 1 I L1 11 I L1 11 I L1 1 I - 1 1 I I I I I I I I I I I I I I 1 I I
0 01 02 03 04 05 06 0.7 % 0.2 0.4 0.6 0.8 ;
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With Run 3 data - expected sensitivity to the source size!
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p-p-/\ correlation function

 Run 2: compatible with lower-order

O T

contributions (HG — 08) ALICE, EPJA 59; 7, 145 (2023)
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p-p-/\ correlation function TI.ITI

* Run 2: compatible with lower-order = R )

contributions (no = 0.8) 8‘*’ 50 o -

* Run 3 2022 data confirms observed S : é‘lljr!%E Preliminary :
correlation shape 50 |- op Vs = 13.6 TeV =

e By the end of Run 3 - 150 times E e L -
larger statistical triplets sample 40 Pp-A ©PpA —
expected compared to Run 2 due to - -
developed software triggers! bk | -
e . - 20 -

* Awaiting first theoretical predictions i 5
to interpret the available data 0 " \j -

- More on the pp/\ correlation : -
function by Raffaele del Grande - - r

T e e ol o i ol s i i A o Tt s B A e Tl o R R e
on 6 Jun, 17:30! % 01 02 03 04 05 06 07
- Expected effect - 30% Q, (GeVic)
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O T

Summary and Outlook

» K™d: deuteron follows the same mr ¢ & e
scaling observed for hadrons S b g e o Rms E
"F ALICE Preliminary 4r " :p;@ﬁ'_ﬁ_: -
e pd: sensitive to the three-body oo ¥ ppVs=136Tev o ;
dynamics and interaction L EEpa | b :
B AV18+UIX (2N+3N) 2F E
- Possible with full Run 3 statistics ** Baseline i
- Oy ~"56""700 180200 250 500" 350 400 b E
* ppp: sensitive to the three-body k* (Mev/o) | SPSTSOTURTRSINURIRTT e
dynamics but not genuine three-body Q, (Gevio)
fOrce gm60:_'"'|""|""|""|"."|.""|""|'"E
_ _ R) f ALICE Preliminary :
- Study three-body source which is OF | oo fo= 136 Tov :
possible with full Run 3 statistics b :
* pp/\: ongoing theoretical studies to a0} -
interpret the data oF 18 :
- Full Run 3 will provide 150 times of 4
more triplets than Run 2 - very high et e e crt
precision data 0152708 0405 gf (Cg;wc)
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Scattering parameters p-d

Spin averaged §=1/2 §=3/2
System References
aop(fm) dp(fm) |  ap(fm) do(fm) ao(fm) do(fm)
—0.470  1.75 — — — — ER [52]
K*-d
—-0.540 0.0 — — — — | FCA[53, 54]
2731010 2271015 | 11.88° 040 2.63707; | Arvieux [55]
1.301920 — 11.40%130  2.057952 | VanOers [56]
p—d 4.0 — 11.1 — Huttel [57]
0.024 — 13.8 — Kievsky [58]
—0.13700  — 14.707330  — Black [59]
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pd correlation with asymptotic SF

 Coulomb only interaction: does not

O T

ALICE, arXiv:2308.16120

describe the data - e a0 s s s e e e s e
e Argonne v18 (2N) [1] + Urbana IX 3= vttt
(NNN) potentials [2] (Born O ]
approximation on wave function): 08l ALICE 5
cannot describe the data = pp High-mult. Vs=13TeV
: : : : < O'6L— J o' p—d @ p-d =
* Asymptotic strong interaction is af s B Coulomb + antisym )
insufficient due to dynamics at 0_4:/ B Born approx. (optimised) —]
short-distances (~1-2 fm) y e "
0.2 —
5_ -
c 0_’:'_
5 g ° —

b 00 00 00 Ao o B

k* (MeV/c)
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