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Three-body dynamics

Dynamics of baryons involves
formation of hadronic excitations
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Three-body forces Tl_lTl

ALICE

3BFs contribute 10-20% to the binding
energies
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Three-body forces
3BFs contribute 10-20% to the binding Stronger impact on dense nuclear matter?
. D. Lonardoni et al. PRL 114, 092301 (2015)
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Three-body forces

3BFs contribute 10-20% to the binding

energies
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Three-body forces T”Tl

ALICE

3BFs contribute 10-20% to the binding Stronger impact on dense nuclear matter?
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Three-body scattering at the LHC TI.ITI

ALICE

pp collision > Scattering of three hadrons are possible
Vs =13 TeV a+b+c—oa+b+c

> Interaction of unstable hadrons can be accessed
,\
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Three-body scattering at the LHC TUT

pp collision
Vs =13TeV

Q; = momentum coordinate
o = spatial coordinate

ALICE

> Femtoscopy: Clear relation between the
experimental observable and the theory

C(Qs) = f/S (p)klj (Q3,p )\2 p°dp

Source Wave function

fu n Ct I O n M. A. Lisa, S. Pratt, R. Soltz, and U. Wiedemann, ARNP 55 (2005) 357

A. Kievsky, R. Del Grande et al., Phys. Rev. C 109 (2023)

_ |2 2 _ 2
= qij ik — dkj
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Three-body scattering at the LHC TI.ITI
ALICE

pp collision > Femtoscopy: Clear relation between the

Vs =13TeV experimental observable and the theory

) 2
deut
, e Clk™) = f S(r)\{p (k)| 4nr2 dr
S ) Source  Wave function
fu n Ct i O n M. A. Lisa, S. Pratt, R. Soltz, and U. Wiedemann, ARNP 55 (2005) 357

/ D. Mihaylov et al. Eur.Phys.J.C 78 (2018) 5, 394

k™ = relative momentum In the
pair reference frame
r = spatial coordinate
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Accessing the distance dependence

T

Pb-Pb collision @ > Explore different system size
/Syn =5.02 TeV

Pb-Pb 1.8 -10 fm
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Accessing the distance dependence TI.ITI

ALICE

> Explore different system size

p-Pb collision
vVISNN = 5.02 TeV

] __Collisions | Source size
Pb-Pb 1.8 - 10 fm
o , > 0-Pb 1.4 - 1.8 fm

p, Ve /
\/

V(o) (MeV)
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Accessing the distance dependence TI.ITI

pp collision > Explore different system size
Vs =13 TeV —
; __ Collisions __Source size
Pb-Pb 1.8-10 fm
! 0-Pb 1.4 -1.8fm

0.8-1.4fm

V(o) (MeV)

ALICE



ALICE detector TI.ITI

ALICE

* Excellent tracking and particle identification (PID) capabilities

* Most suitable detector at the LHC to study (anti-)nuclei production and annihilation
* Major upgrade of the TPC (GEM read out) and ITS2
* Factor 100 in data taking rate w.r.t to Run 2
* Run 3 started in 2022-(2025)

T TINS RS

T— — — — — -

Inner Tracking System -
Tracking, vertex, PID (dE/dx)

Time Projection Chamber
Tracking, PID (dE/dx)

Transition Radiation Detector

Time Of Flight detector
PID (TOF measurement)
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Source function in pp collisions at the LHC TI.ITI

WOl ppPopP

* Gaussian parametrization —— Coulomb + Argonne v, (fit)

—
—

* Emitting source function anchored to p-p A " SRR R N B
correlation function S S[ ¢ ALIGE pp . 13Toev a
, i gh High-mult. (0-0.17% INEL>0) -
i —> - 2
C(k™) = f Wk, 7)| d37 I m; €[1.26, 1.38) GeV/c i
measured known interaction e SRS S _

[r—

_ 1 r? Effect of short lived .
S(r) = pp—- 3/Zexp( ” ) X 3 2 _
(4T o re) resonances (ct ~ 1 fm) : -
1.9 —
1_1 | | 1 | 1 1 | lll \l/kjlulul 1 1 | | | 1 | |
0 50 100 150 200
k* (MeV/c)
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Source function in pp collisions at the LHC TI.ITI

* Emitting source function anchored to p-p = R L L L L ) L B
correlation function = i ALICE pp Vs =13 TeV I
o o [ | ® High-mult. (0-0.17% INEL>0) -
cte) = [ S0 el 7 8 o5e®la  =ppoppAvIE) -
measured known interaction I _ b I
. _ _ ) T i rcore—a°<mT> + C
* Gaussian parametrization of —— —m* ® m—m Pol
2 : . o +__apt — AT
S(r) = 21 — exp( 7‘2 ) «  Effectof short lived I === rnt-nt @ n—n Pol2 -
(4175 0) 4 resonances (ct ~ 1 fm) i —~ K—-p ®K—p (yEFT) ]
1.5 n
* One universal source for all hadrons i
(cross-check with K*-p, 1t-11, p-A\, p-11) ’
* Small particle-emitting source created in pp 1
collisions at the LHC B
* Currently the two-body source is used also for e R o
three-body calculations! 0.5 1 1.5 2 2.5

(m_) (GeV/c?)
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Kaon/Proton-deuteron correlation

* Effective two-body system

* Coulomb + Strong interactions via Lednicky model; only s-wave

* Anchored to scattering experiments

* Emission source: from mt scaling

Svstem Spin averaged S=1/2 §=3/2
P | ao(fm) do(fm) | ao(fm)  do(fm) | ao(fm)  do(fm)
p—d 1.30t§%§ — 1 1.40j(});$§ 2'05f§1§?;
27135500 2277005 | 118854 263150,
4.0 - 11.1 -
0.024 - 13.8 —
0.04 2.30
-0.137 o4 — 14.70753, —
K¥—d | —0.470 1.75
—0.540 0.0
**R. Lednicky and V. L. Lyuboshits Sov. J. Nucl. Phys. 35 (1982)
2
1|f(k*)> d; 2R((k*)°
Ck") = 1+ Z s [i —| (1 + F, (2k*r,)
0
S

2+/Ttr

VT

21f(k*)"

VTrg

()

ALICE

T

R. Lednicky, Phys. Part. Nucl. 40, 307(2009)

W. T. H. Van Oers, & K. W. Brockman Jr, NPA 561 (1967);
J. Arvieux et al., NPA 221 (1973); E. Huttel et al., NPA 406

(1983);
A. Kievsky et al., PLB 406 (1997); T. C. Black et al., PLB 471
(1999);
S = spin state
d; = effective range
f> = scattering length
f(k*)> - + 1dsk"‘2 ik* B
[( K =|l-=T = — 1
* 2
S(r) = (47rf) - expP 5
4rs



Kaon/Proton-deuteron correlation TI.ITI *)

ALICE

1.4 T ~
- ALICE | d , :
1o ppVs=13TeV z/z _ N/ N
I <+ ® | )
s o T < - C o1 T \niC I
i ye [O-4F 10 ]
x> 0.8 B E-+-:I o +] O p-d® p-d 7]
% . :+: O K'-de®K-d - - Coulomb - — 1 4 1 + 0. 03
0.6 _g f+’ B couiomb E 4, I Coulomb + Black (/15) _ ef —0. 06
I Coulomb + Haidenbauer [ - Coulomb + Kie\-/sky 15) i 1 O 5 9 +0.04 M
0.4 Ehn Coulomb + Hyodo T - Coulomb + Arvieux (/15) - eff - —0.04
- Coulomb + Huttel (/15)
0.2 ﬁ Baseline Coulomb + Van Oers (/15) —:
g + Baseline
O-Illllllll|IIII|IIII|IIII|IIII|IIII|IIII-_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII-

O 50 100 150 200 250 300 350 O 50 100 150 200 250 300 350 400
k* (MeV/c) k* (MeV/c)

It works very well for k-d since this interaction is only repulsive and there are no features of the
interaction that appears only at short distances. The asymptotic description is sufficient
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Proton-deuteron correlation TI.ITI

ALICE

* The picture of two point-like particles does not

work for p-d
. . . Ck’) T B
* the deuteron is a composite object T :
* Pauli blocking at work for p-(pn) at short B
distances
* The asymptotic interaction is different from 3 [ r T
the short distance one ' + O p-d® p-d -
_ 1 - Coulomb
* One need a full-fledged three-body calculation i B Coulomb -+ Biack (115) -
; +] - Coulomb + Kievsky (/15)
I I Coulomb + Arvieux (/15) _
B Coulomb + Huttel (/15) i
Coulomb + Van Oers (/15) _
Baseline i
Tovve bbb b bewan b by

0 50 100 150 200 250 300 350 400
k* (MeV/c)

07
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Proton-deuteron correlation TI.ITI

ALICE

* The picture of two point-like particles does not

work for p-d
. . . Ck’) T B
* the deuteron is a composite object T :
* Pauli blocking at work for p-(pn) at short B
distances
* The asymptotic interaction is different from 3 E r T
the short distance one ' + O p-d® p-d -
_ ] I coulomb
* One need a full-fledged three-body calculation i B Coulomb -+ Biack (115) -
; +] - Coulomb + Kievsky (/15)
I I Coulomb + Arvieux (/15) _
B Coulomb + Huttel (/15) i
Coulomb + Van Oers (/15) _
Q Baseline i
Tovve bbb b bewan b by
f f f fx f 0 50 100 150 200 250 300 350 400
k* (MeV/c)

19



Pisa model: p-d as three-body system TI.ITI

ALICE

e Starting with the p-p-n state that goes into p-d state: Single-particle Gaussian
- Nucleons with the Gaussian sources distributions emission source

1
AiCaK) = 2 X [ @ridradrs $1(r)S1(72)81(r5) [

mj,mi

- W, m, (X, y) three-nucleon wave function asymptotically behaves as p—d state

Calculation done by PISA theory group: Michele Viviani,

Alejandro Kievsky and Laura Marcucci Mréwczynski et al Eur. Phys. J. Special Topics 229, 3559 (2020)
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Pisa model: p-d as three-body system TI.ITI *)

ALICE

e Starting with the p-p-n state that goes into p-d state: Single-particle Gaussian
- Nucleons with the Gaussian sources distributions emission source

1
AiCaK) = 2 X [ @ridradrs $1(r)S1(72)81(r5) [

mj,mi

- W, m, (X, y) three-nucleon wave function asymptotically behaves as p—d state

- A, is the deuteron formation probability using deuteron wavefunction

Mrowczynski et al Eur. Phys. J. Special Topics 229, 3559 (2020)
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Pisa model: p-d as three-body system TI.ITI *)

ALICE

e Starting with the p-p-n state that goes into p-d state: Single-particle Gaussian
- Nucleons with the Gaussian sources distributions emission source

Aded(k) — Z /d3r1d 7‘2d r3 Sl(rl)Sl(rz)Sl(m)\ my, m1‘2

m27m1

- W, m, (X, y) three-nucleon wave function asymptotically behaves as p—d state

- A, is the deuteron formation probability using deuteron wavefunction

- Final definition of the correlation with p—p source size Ry, :

Mrowczynski et al Eur. Phys. J. Special Topics 229, 3559 (2020)

22



NNN using proton-deuteron correlations TI.ITI *)

ALICE

* Full three-body calculations are required 10—, | | | | |
(NN + NNN + Quantum Statistics) i -

* Hadron-nuclei correlations at the LHC can be used to study -
many-body dynamics sl

ALICE
pp High-mult. Vs =13 TeV

o p-d®p-d
B AV18+UIX (full)

| AV18+UIX (s*-wave)
Pionless EFT (NLO)

IllIlllllllI

Baseline _
5 | | | | | |
S 0 *..:.0'::::."-°;_
-5 . ’ L . | . | . | : | e
0 100 200 300 400 500 600
k* (MeV/c)
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NNN using proton-deuteron correlations TI.ITI *)

ALICE

* Full three-body calculations are required 10—, | | | | |
(NN + NNN + Quantum Statistics) i — -

* Hadron-nuclei correlations at the LHC can be used to study -
many-body dynamics

pp High-mult. Vs =13 TeV
o p-d @ p-d

*Sensitivity to three-body forces up to 5%

Illlllllllll

1.06 - . .
| | | | B AV18+UIX (full)
1 04 . AV18+UIX (s*-wave) -
— Pionless EFT (NLO) -
§<./1 02 Baseline _
o | : :
= [T - . . . | . -
2 [ NN =14 fm | | | | | —
< 0.98 - r§:’:“ =1.3fm } CO ° i 3 0. o ° ° ° ° i
: | : e e
% 0.96 —@— rg'f';‘ =1.2fm i - . N o —
O o NN =11 fm | -5 . v T
0.94 - MN=10fm 0 100 200 300 400 500 600
: : k* (MeV/c)
0.92 ' | ' ' ' ' '
0 100 200 300 400
k* (MeV/c)
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NNN using proton-deuteron correlations TI.ITI *)

ALICE

* Full three-body calculations are required
(NN + NNN + Quantum Statistics)

*Run 3 data from 2022 already analysed and results are
promising! 0.8

C(K™)
o I_lLI I
+

i ALICE Preliminary
06— w PP Vs =13.6 TeV

*In Run 3 expected uncertainty of 1%

1.06 ' | ' | ' | i

1 04l e - 04: —4— p-d
T e : AV18+UIX (2N+3N)
X ) 02 Baseline
x NN =1.4fm ’ I
5 0-98__ j/ & rgflf\l = 1-3 fm __ O _| L1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L 1 1 1 | L1 1 1 | L1 1 1
2 ool " SMN=12fm 0 50 100 150 200 250 300 350 400
> ool JEsnme k* (MeV/c)

. o =1.0fm

0'920 | 1 (I)O | Z(I)O | 3(I)O | 400

k* (MeV/c)
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c(Q,)

Measured three-body correlation functions TI.ITI

* Measured correlation functions are not equal to unity

’
* Are two- or/and three-body interactions responsible? @ %
\/‘
pP-p-N\ ALICE Coll., Eur.Phys.J.A 59 (2023) 7, 145 P-P-P
30 F LR L L L = = Tt rrrrrrrrrrrrrrrrog
- N g, 45E ALICE =
25 - - 1E pp \s=13 TeV E
N 5 : High Mult. (0-0.17% INEL) -
C * | p-p-A®p-p-A Data : 3 ;— " | pp-pPp-p-p Data —z
15 = 2.5 F E
- - 2 F —-—+ E
100 E 1.5 +-+_+ =
_ _ = ol -
_ - 1 __---------------------._.*.-.--._...'.--._.._.-..._.-"_.'_..._.—.I.—.—.I.—._..._.—.l—.-H_—._;
S + ~ : + -
S - - 0.5 F =
o CLT T i el B SRR | T | | 3
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Q, (GeV/c) Q, (GeV/c)



Cumulants TUT

ALICE
Genuine three-body Measured three-body Two-body Single-particle
correlations correlation correlations contribution
R. Kubo, J. Phys. Soc. Jpn. 17, 1100-1120 (1962)
D Del Grande et al. EPJC 82 (2022) 244
p D- -\ ALICE Coll., Eur.Phys.J.A 59 (2023) 7, 145 p D- p
- 30 [T T T rr T L L M - E N L L 'E
S - ALICE - S 2 ALICE E
O 25: pp Vs =13 TeV - O 3 pp Vs =13 TeV E
- High Mult. (0-0.17% INEL) . : High Mult. (0-0.17% INEL) -
20 :_ * | p-p-A®p-p-A Data _: E_ * | p-p-p®p-p—p Data _E
- —— p-p-A Two-particle correlations, = —— p-p-p Two-particle correlations, -
15F projector method - : projector method -
10} —~ 3 E
51 + - 'F -
0 _r-l- -l- -l- -l- -I- -l- l- -l--l--l--l--l--l 1 e 1 1 1 1 -.I_I.T.-I [ | L1 ] I 1 Ll 1 I 1 Ll 1 I 1 | I | L I L1 1l L I L 11 I L0 1 1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Q, (GeV/c) Q, (GeV/c)
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Calculation of the p-p-p correlation function

ALICE
First ever full three-body correlation function
calculations
three-proton wave function ~ 24 T I ,
_ 5 2 S - ®|p-p-p&p-p-pData -
C(Q3) = J p>dp S(p, po) ¥ (p, Q) S 22| s :
hyperradius 2 ;— o8 MW, -18Mm —
18 M =20fm =
* Wave function via HH: oF T W, -22m -
Lol p0=2.4fm =
AVl 14 "‘+‘ Wp, =28fm .
- Three-body Coulomb interaction oF -
- Quantum statistics '1 T + e,
A. Kievsky, et al., Phys.Rev.C 109 (2024) 3, 034006 _ e
0.8 —
. . . . : - —— N
Negligible contribution from UIX 0.6E- AVi8 =
 Utilise to study three-body source 0.4 E- | | | | , , =
01 02 03 04 05 06 07 08
Calculation done by PISA theory group: Michele Viviani, A. Kievsky, et al., Phys.Rev.C 109 (2024) 3, 034006 Q, (GeVic)

Alejandro Kievsky and Laura Marcucci
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Calculation of the p-p-p correlation function

ALICE
6 LI B L L LI B Frnr P11 Frr [ O | Frri
™ C | | I I I I | -
o | - :
S if ALICE Preliminary .
L Run 3 _ > 241 T | |
: pp Vs =13.6 TeV : S 22F Jop-popppoaa
4 — B - Mo, =15im .
- *  p-p-P PP - . mB M, =18 E
r n - B, =20fm =
[ _ 1.8F L : -
= — 3 Mo =22fm -
: T - 1618 p,=241m E
2 : . : 14 :_ ¢ * .p0=2.8 fm _:
B THHT — Ny NN .
: gﬂﬂmﬂi . : 12 _: S ._-
[ E Eﬂzﬂmﬂzgzﬂzmrwﬁ _ 1 : +—H-++| ""‘:
s - 0.8 =
i i 0.6 AV18 -
0 :-_ _- 0'4 -_I L1 11 I | I I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 .
1111 I 11 1 | L1 11 I 1 1 1 I 11 1 I L1 1 1 | 11 1 I L1 1 | 0.1 0.2 0.3 0.4 0-5 0.6 0.7 0.8

O 01 02 03 04 05 06 0.7 Q, (GeV/c)

A. Kievsky, et al., Phys.Rev.C 109 (2024) 3, 034006
Q, (GeV/c)
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The pA Interaction so far...

* Mainly investigated with scattering data
— High-precision results by CLAS at large momenta

— Large uncertainties at low momenta and not
available down to threshold

* Cusp structure at 2N opening
— Coupling AN-2N driving the behaviour of A at finite p

— State-of-art chiral potentials with different AN-2N
strength

Tt &

’.g 17 71T 7 17T 7T 717
; Scattering data -
Ap -> Ap
® Sechi-Zorn et al.
m  Alexander et al.
0 Hauptman et al.
200 & Piekenbrock ]
O )
100 '
A'\.‘
.:\
.e\ }
NG L S
0 L. | NG =T
45 135 220 310 385

k* (MeV/c)

NLO13: J.Haidenbauer, N.Kaiser et al., NPA 915, 24 (2013)
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The pA Iinteraction before femtoscopy

* Spin-0 and Spin-1 scattering length from scattering data
* Agreement with N2LO and NLO19

Tt &

E [ T T 7 1T 71
; Scattering data
Ap -> Ap
® Sechi-Zorn et al.
m  Alexander et al.
© Hauptman et al.
200 4 Piekenbrock _
100 3
\ '\
-\‘.
A ‘A\\
@ ~. ——’
0 | LN 1 =T
45 135 220 310 385
k* (MeV/c)

NLO19: J.Haidenbauer, U. MeiBner, EPJA 56 (2020), 3, 91
NLO13: J.Haidenbauer, N.Kaiser et al., NPA 915, 24 (2013)
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C(k*)

C(k*)

The pA interaction in the femtoscopy era TI.ITI

2'21 a) ALICE pp Vs=13 TeV B
21 high-mult. (0-0.17% INEL>0) —
1.85—+ 5 pA @ PA pairs _f
1.6 © -
1.4 —
12 7. =
.06 =
1.04:f —
102__ " - —_
1— '¢'_¢_-o-o- -O- .o._o_-o-o-'o"o'.o.ﬁ
— O _o_-o-"O'O' “O=0n@mes"0=0" =
(198:f %o —
0 100 200 300 400
k* (MeV/c)

e Measurement down
to zero momentum

* Factor 20
improved
precision (<1%)

* First experimental
evidence of AN-2N
opening in 2-body

channel

ALICE
3 | l | I || l 1 l 1 ] | ] | ] I
S .
‘o’ Scattering data -
Ap -> Ap
® Sechi-Zorn et al.
| m  Alexander et al.
] 0 Hauptman et al.
200 " A Piekenbrock _
\
o\
:
|
1
100~ B
A \
R
‘:\
Q\ A
H% A 7 !
oL 1+ 1 v 1 v PN =T
45 135 220 310 385

k* (MeV/c)

NLO13: J.Haidenbauer, N.Kaiser et al., NPA 915, 24 (2013)
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The pA interaction in the femtoscopy era TI.ITI

ALICE
] ] ] ] g ! | ! | ! | ! | ! | ! | ! | !
* NEW: combined analysis of femtoscopic and scattering data < Scattering data -
| Ap -> Ap
'. ® Sechi-Zorn et al.
m Alexander et al.
t\ © Hauptman et al.
200 1 4 Piekenbrock .
: t‘ O )
\
+ B
X ! a) ALICE pp Vs=13 TeV 1N
O of high-mult. (0-0.17% INEL>0) AN
18 f_ll 181 pA @ PA pairs _f o
1'6:_- 4. 1\1 N —;'. ==
145 * 4 135 220 310 385
1 25 - - k* (MeV/c)
£ 1.06F —
X - _
G 1.04_— —
1.02_— @ . —
- --'----. W%_e_e_.e.-e-*—f
0981 —
0 100 200 300 400
k* (MeV/c)
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p-p-/\ correlation function TI_ITI %

ALICE

*First theoretical predictions:
- NA interaction from NLO19
- NNA interaction fixed to hypertrition BE

- Three-body force
— = No three-body force

Calculation done by Alejandro Kievsky, Edoardo
Garrido, Mario Gattobiglio, Raffaele Del Grande
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p-p-/\ correlation function TI_ITI %

ALICE
T :""I""I""I""I""I""I""I"":
S — o _
S5 ALICE Preliminary :
[ Run 3 i 40 ' ! ' I ' ' '
503 op Vs =13.6 TeV :
40:_ “ |p-p-A ®@PP-A _:
30 _
- - —— Three-body force
20 |- = — = No three-body force
10 - - -
[ § | & 0300 300 200 500 600 700 800
T e B i o ol ol e e ol ol e | -’ A
%0 0.1 02 03 04 05 06 07 /
Q, (GeV/c) 0’ !
() .
*New data by ALICE (Run 3 2022 data) Q, (MeV/c)

*By the end of Run 3: 150 times larger statistical triplets sample expected
compared to Run 2 due to developed software triggers!
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Conclusions

First measurements tackling the
problem of genuine three-body
interactions using femtoscopy!

. can be described with full
three-body calculations

. . towards a precision
measurement as a benchmark

first measurement and
first calculation

Final constraints on three-body
interactions will arrive with Run 3 data!

- ] o~ B L B B B B B B B .
1.4 ~ % 14 ALICE Preliminary -
- ] - pp Vs =13 TeV .
1.2 o 1.2 High-mult. (0-0.17% INEL>0)  —
N ] j: e :
Q 0.8 ] 8 % ——
O N Pisa Model (r"N , = 1.43'2.'¢ fm) 1 08 - .
0.6F I Coulomb+Antisym. _ 06 e pdepd ]
- Bl AV18+UIX - :—‘> I Norm. uncertainty (1.3%) 7
0.4} I AV18+UIX (s-wave) — 0.4 -
0.20_ ] I 1 1 ] ] ] : 02 I T T BN BT BT BT T
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109 (2024) 3, 034006
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Cumulants in femtoscopy

Tt &

The total three-particle correlations can be expressed as a sum of genuine three-body
correlation and the lower-order contributions employing Kubo’s cumulants [1]:

"

iy
.0
4 L 2
N )
B a
Y | ]

+ . .'.:. + “‘\ “: + .0“.““-""....."‘ - 2 ‘0“.'"": ":0‘.""0‘
Measured Genuine T od Singl fiol
three-body three-body WOI ody ing tejgatr. icle
correlation correlations correlations contribution

In terms of correlation functions:

c3(Q3) = C(Q3)|— C12(Q3) — C23(Q3) — C31(Q3) + 2

L ower-order
contributions

[1] R. Kubo, J. Phys. Soc. dpn. 17, 1100-1120 (1962)
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Lower-order contributions TUTI ©

ALICE

Data-driven method
* Use event mixing

* Two particles from the same event and one
particle from another:

event X eventY
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Lower-order contributions TUM

ALICE

* Use event mixing

* Two particles from the same event and one
particle from another:

event X eventY

A &

N,(pi,p;)
N; (p)N1(p;) N1 (px)

Cij([Popj pi) =

* Calculate Lorentz-invariant scalar ()5 for
every triplet p;, p;, Pk to obtain C;;(Q3)
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Lower-order contributions TUM

ALICE

Data-driven method Projector method

* Use event mixing * Use two-particle measured or theoretical
correlation function C([p;, p;])

* Two particles from the same event and one | * Perform kinematic transformation:
particle from another:

event X eventY C, (klf‘j) — Cij(QB)

A = ki (pair) Qs (triplet

N,(pi,p;)
N;(p)N1(p;) N1 (px)

Cij([pi, pj], pk) = For one Q5 value el

* Calculate Lorentz-invariant scalar ()5 for
every triplet p;, p;, Pk to obtain C;;(Q3)

Del Grande, Serkdnyté et al. EPJC 82 (2022) 244
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Lower-order contributions TUM

ALICE

Data-driven method Projector method

* Use event mixing * Use two-particle measured or theoretical
correlation function C([p;, p;])

* Two particles from the same event and one || * Perform kinematic transformation:
particle from another:

event X eventY Cz(kz‘j) — Cij(QB)

A = ki (pair) ~ Qs (triplet

N,(pi,p;)
N;(p)N1(p;) N1 (px)

Cij([pi,pj],pk) = For one Q5 value el )

* To obtain the correlation functigp:,,

* Calculate Lorentz-invariant scalar ()5 for Cij(Q3) = J C(kijWij(kij Q3)dk;
every triplet p;, p;, Px to obtain C;;(Q3)

Del Grande, Serk$nyté et al. EPJC 82 (2022) 244
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Lower-order contributions TUM

ALICE

* Two methods: . .
L ower-order contributions under control!

* Data-driven method: event mixing

* Projector method: project two-body correlation function on the three-particle phase space
Del Grande, Serkdnyté et al. EPJC 82 (2022) 244

p-p-/\ P-p-p

~,  OF T B L L B B NN AL LSS B N B - T L A DL B L B B LR AL B AL
g 45 E arxXiv:2206.03344 3 ;O_, - ALICE arXiv:2206.03344 -
- E I op Vs =13 TeV B
f;fo 35 | _+ E 50 5 - High Mult. (0-0.17% INEL) =
3 E_ e =« ] p—-p-A Data-driven _E . _ = ] p-p-p Data-driven _5
> : p-p-A Projector method - - + p-p-p Projector method _
S E - E N .
2F E 3E -
15 = o - R —
= - - -
- . 1 N
0.5 = = - ]

0 T T T Y T T T 0 MR I NI T A B T T N T NN T T N T T NN U T NN T N N NN R A R A A

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Q, (GeV/c) Q, (GeV/c)
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p-p-A\ and p-p-p correlation functions '|'|_|'|'|

ALICE

> 30 | LN B I | | — o = | | | | -
S - ALICE . S 4s5E ALICE E
S E pp Vs =13 TeV - S LE pp Vs =13 TeV :
- High Mult. (0-0.17% INEL) § = High Mult. (0-0.17% INEL) -
oy ] 3.5 ;— —&- —;
20 :_ * | p-p-A®p-p-A Data _: 3 E * | p—p-p®p-p-p Data =
_ p—-p-A Two-particle correlations, 55 = p-p—p Two-particle correlations, 3
15 - projector method . '2 : + + projector method -
10 E 15 F- +4|._+ =
- . - —— -
_ _ 1 — ---------------------j:.--:..:.--._..:..-m_.:_..._.ﬂ_..._.*ﬁ—+:
St + — : + -
N "|"+ arX|v 2206 03344 = 0.5F arXiv:2206.03344 =
I BT B B I e PR T T T AN TN T TN T N TN TN WO W NN N N N N NN Y NN NN W N NN M MMM L
0 0.1 0.2 0.3 0.4 0.5 O 6 O 7/ 0.8 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Q, (GeV/c) Q, (GeV/c)
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p-p-p cumulant TUM

“..Q
* .
nd P
[ | )
. N
* s
et
+ v 0, v 0,
* . * .
nd a 0 e
[ | s 0 =
. Y v
* o * .
®ans? ®ans?®

’0
.
‘ ‘

Negative cumulant for p-p-p arXiv:2206.03344
“~ M _I""I'"'I""I""I""I""I""_I
POSSIbIe forces at play: 9;) 4 — = p—p-p genuine cumulant, flat feed-down —
: : : O i 0 —p-p genuine cumulan -down  _
* Pauli blocking at the three-particle level : A etk
. . 2|~ —
* three-body strong interaction - -
* long-range Coulomb of £ =
Statistical significance: o -
I ALICE .
n,= 6.7 for 5 < 0.4 GeV/c £+ op 15 = 13 TeV -
I High Mult. (0-0.17% INEL) ]
Conclusion: significant deviation from null hypothesis; P A T T T I S T

ongoing collaboration with A. Kievsky, L. Marcucci and 01 02 03 04 05 06 5 O-é V/O-B
M. Viviani (Pisa University - INFN) for the theoretical 3 (GeVic)

. : Test with mixed-charge particles,
mterpretathn D cumulant negligible.
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Kaonic bound state measured by E15 ||| ¢

ALICE

=15 Coll., PLB 789 (2019) 620 The E15 collaboration measured the bound state via

400 -
. . before the following decay:
£z 300 4 data 4 (gt OFz, | acceptance ]
3 L BG | correction K+p+p — A+p
8 2001 1 all

| , ' . L] L]
100 |- /P .,." i , "’"'mo....o" - counts The Ap momentum distribution has a peak at
|

q-pnr+pp ~ 0.35 GeV/.
Using the momentum conservation:
PK + Pp + Pp ~ 0.35 GeV/.
The protons are at-rest —» pk -~ 0.35 GeV/.

In terms of Q3 we have

0.2
.0 2.2 2.4 2.6 2.8 3.0
M [GeVic] Q3 = 2\/1%2)1& + k2 + k2, = 2V2 kyk = 4/3V2 pi < 0.5GeV/c
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Many-body systems

* Description of the N-d elastic scattering requires inclusion
' of three-body interactions

L.E. Marcucci et al., Front. Phys. 8, 69 (2020)

i * Properties of nuclei and hypernuclei cannot be described
' satisfactorily with two-body forces only

L. Girlanda et al., PRC 102, 064003 (2020)
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How to constrain three-body forces? |||

Models are fitted to reproduce measured
(hyper)nuclei properties

* Access only to nuclear densities

* Strongly dependent on the assumed two-

body and many-body interactions

* Different parametrisations of three-body
forces describe better different nuclei

Parameters System B(58
*H 1.89(9
Set (I) O ©)
‘ He 2.13(8)
‘H 0.95(9
Set (II) e ©)
‘ He 1.22(9)
*H 2.04(4
Expt. [12] O ™
‘ He 2.39(3)

B, [MeV]

60.0 ————
| 60.0 |
50.0 | 45.0 |
| 30.0 |
40.0 | |
| 15.0
\
20.0 \
\
\
10.0 Ras SN NN
e SR N
\""u..\*
11 [ P T S S S S
0.0 0.2
A-2/3

ALICE
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p-d scattering <)

ALICE
* Three body interactions are required gt ST i 000 4, B o R L M L A
: - /- - EDe
to reproduce scattering data % 300 * /4 E 4001
S - - = = 0
& = t / . = =
A e < z =-0.01 T,
G200 % ‘f 3 —-0.02
S F \ 2 B 4-0.03
100 - st J E 3-0.04
ool ey ) pg fpal g’ :|1||||||||1||1||1:_005
0 30 60 90 120 150 180 0O 30 60 90 120 150 180
O [dee] O, [deg]
0.03 :l | I | R I 1 I (I I | A l | I: : [ | 1 | I 1 I I I : O
0.02 — — — —-0.01
Ty 0.01F — —~ —-0.02 Ty,
0F - — —-0.03
Srileelorloslealiid PiolielwsrlerlesTssd
-0.01 -0.04
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Oc_m. |deg] ec_m_ [deg]
0.03 _I | | | L | 1 I (L | i I | I_ EI | | (L I | | | I 1 I | IE 0.06
B 1 E —0.05
0.02 - 4 F ) 4 0.04
T, 1 F / " —=0.03 Ay
0.01 4 E / % Fo.02
-~ = e A X 7
A P a ;— // \\ —; 0.01
O E /l | | L I R | | | . | | 1 1 I | I_ - l I L 1 | | | | 1 | || | I\}-
L.E. Marcucci et al., Front. Phys. 8, 69 (2020) PR ey e B Ry
C.m. C.1m.
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Three-body dynamics TUT ©

ALICE
* Start with p-p-n state:

* single-particle Gaussian emission source

O O
* three-nucleon wave function asymptotically behaves as p-d state
* account for the probability to form deuteron employing deuteron wave function \},
\
L1 3.. 73.. 43 2
de(k) — A_g D, fd rd’r,d TBSl(rl)Sl(rZ)Sl(TS)“sz,ml‘
d my,m-q

* Rewritten as a function of the known source size R, constrained by p-p

S. Mrowczynski et al., Eur. Phys. J. Special Topics 229, 3559 (2020)
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Lower-order contributions: p-p-A

m ALICE

Total lower-order

arX|v 2206.03344
~ ¥ .
S 26 —: S ¢) = arxXiv:2206.03344
To4F — I - o R - AR S R I I I IS
gé 22 - J‘ ' : + E %g 4.5 ALICE =
5 - + (p-p)-A®(p-p)-A Data-driven 5 15 5_ + p-(p-A)®p-(p-A) Data-driven_g % 4 f PP s =13 TeV _z
- E_ (p-p)-A Projector method _E 1.4 E_ LY b—(p-A) Projector method _§ EO 35 :_ _+_ High Mult. (0-0.17% INEL) _;
S ALICE - R N ALICE E 3 &% i) p-p-A Data-driven =
1.6 - pp Vs =13 TeV E 1.2 +. pp Vs =13 TeV — o5 E P-p-A Projector method =
1.4 :_ ++ High Mult. (0-0.17% INEL) _: 1 1:_ +___+ High Mult. (0-0.17% INEL) ~ J ' ; - §
- - - E ——— - 2 =
1.2 — —] R AR i e SR - =
= . 0.9F = 1E 3
012:_: _,F_ D35:'_.I::::|::::|::::I::::I::::I::::}::::_f : -
< i - < T3 - 05E E
0.8 - 22: N 0 ! | | Lol | | 3
o-oF E 16 _ 01 02 03 04 05 06 07 08
0.2F . 0aF . Q, (GeVic)
mrI U TN TN T N TN TN T T N TN T TN T N YO TN T T [N VO T N N N T N A O O B b (] == P IR TN T T N T T TN T [N T T T N N M M S A S SO A -
0 0

170203 04 05 08 07 08 10203 04 05 08 07 08
Q, (GeV/c) Q, (GeVic)

Already measured R-p [1l,apd p-/A [2] correlation functions used for projection
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Lower-order contributions: p-p-p

su¥o
** %
* L
* .
¢
@ a
L 4 ]
7 u
[ |
N
I~
4
» ¥
u 7
] ‘:
5 .
s

C(|o—|o)—|o(03)

ﬁlg%gy(zgg(g%%ed p-p [1] correlation function used for projection.

25—
pp Vs =13 TeV
i High Mult. (0-0.17% INEL)  ~
2 —\ (p-p)-p@(p-p)-p Data-driven —
I = (p—p)-p Projector method _
-+
1.5 \ —

_arXiv:2206.03344 -

.—l—_.__._

1 .
0-....I'....I....I....l....l ........
0.1 0.2 0.3 0.4 0.5 0.6 07 0.8

““‘-llll..
.
N
S
n [ |
* o P
0.. ‘,' R
s I
amn® O......--“
1 1 I 1 L} I 1 l/l 1 1
ALICE a)~

-2

tho-boay ( 03)

m ALICE

Total lower-order

contributions

arX|V 2206 03344

pp Vs =13 TeV
High Mult. (0-0.17% INEL) _

i | p—p-p Data-driven
=== p-p-p Projector method

Q, (GeV/c)
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Proton-deuteron wave function

The three body wave function with proper treatment of 2N and 3N interaction at very short distances
goes to a p—d state.

e Three—body wavefunction for p—d: ...« describing three-body dynamics,
anchored to p—d scattering observables.
- X = distance of p-n system within the deuteron
- y = p-d distance
- m2 and m1 deuteron and proton spin

. w..xy three-nucleon wave function asymptotically behaves as p—d state:

J<J
= . 1 ~
W oymy (X,¥) = ‘I’,gf;,)l +) 4mit /2L + 1€'°L (1my, iml‘SJz)(LOSle.]JZ)‘I‘LSJJZ .
LSJ

|_'_l —_—

Asymptotic form Strong three-body interaction

v, describe the configurations where the three particles are close to each other

LIJ(free)

mqm,

an asymptotic form of p-d wave function

o "W

Kievsky et al, Phys. Rev. C 64 (2001) 02400.
Kievsky et al, Phys. Rev. C 69 (2004) 014002
Deltuva et al, Phys. Rev. C71 (2005) 064003
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Proton-deuteron correlations

Huttel et al. (1983) —— Kievsky et al. (1997)

W. T. H. Van Oers, & K. W. Brockman Jr, NPA 561 (1967); /\ Black et al. (1999)
/ " Black(1999): y4/ndf =734/3 = 244.7 (0-120 MeV/c)

J. Arvieux et al., NPA 221 (1973); E. Huttel et al., NPA 406 (1983), 5
A. Kievsky et al., PLB 406 (1997); T. C. Black et al., PLB 471 (1999);

Point-like particle models anchored to scattering B
S=1/2 S=3/2 X f o
— Van Oers etal (1967): | —1.307020 [ —11.407[20" 205702 - pp Vs =13 TeV
—— Arvieux (1973) 2. 73000 22T 0 | —11.88 00 26305 8 High-mult. (0—0.17% INEL > 0)
Huttel et al. (1983) - —4.0 — —11.1 — = __
Kievsky et al. (1397) —0.024 — —13.7 — / - - ﬂ;?n?. E;gertainty(LS%)
— Black et al. (1999) 0.131“8‘8?1 — —14.70“_%38 — - Models with 7. . . o, = 1.059 % 0.04 fm
' 6 —— Van Oers et al (1967) —— Arvieux (1973)

Lednicky, R. Phys. Part. Nuclei 40, 307-352 (2009) 3

------------------ B e i s

®

0 [ 1 1 | | | 1 | I | I | [ | [ | I

0 40 80 120 160 200 240 280
k*(MeV/c)

Point-like particle description doesn’t work for p-
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p-p-K* and p-p-K- correlation functions

2.0 ALICE -
I pp Vs =13 TeV -
15[ High Mult. (0-0.17% INEL > 0)
i arXiv:2303.13448 i

i - -
1.0 _‘“‘“E‘ B SR R S S S S gl
0.5 - " == (pp-K') ® p-p-K") -
> W (pp)-K +2xp—(pK)-2
0| P B U I I P I B B

0.1 0.2 03 04 05 06 07 08
Q, (GeV/c)

Raffaele Del Grande

lllllllllllllllllll lllll lllllllll L1l 1.1

_ ALICE p-p-K-
-8 pp Vs =13 TeV ]
n High Mult. (0-0.17% INEL > 0) -
_ arXiv:2303.13448 _
== (pp-K) ® (p-p-K) .
L\ m (pp)K +2xp-(p-K)-2
A _
L ey i

01 02 03 04 0.5 0.6 0.7 0.8

Q, (GeV/c)
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p-p-p calculations (ongoing)

* (Calculations performed by Alejandro Kievsky

CI23

15

——  C(Q)Couomb:Antisymm. Coylomb with antisymm.

I ' I ! I

C (Q)j; ZZZ; free plane wave (with antisymm.)

C(Q)Couomb. Coulomb only, no antisymm.

800

c(Q,)

Tt &

2.5 | | | | | | 1

o[- PISA Model, p = 2.2 fm —

1.5 —

e :

E a2y -

- W\ ) -

I | | | A | ' B .-
01 02 03 04 05 06 07 08

Q, (GeV/c)
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TUT &)

ALICE

Projector

* Looking at 2-body correlation function in 3-
body space requires to account for the
phase-space of the particles.

* The projection onto ()5 is performed by

integrating the correlation function over all the
configurations in the momentum phase space

having the same value of (5

C(@3) = ] . —constantC([Pi Pj1. PR)A*Pid®p;d°pi = | Co(ki)Wij(kij, Q3)dk;;

L 2
16(ay — B2)3/2k;;
my2Qs" \

Wl](k;k], Qg) — yQ32 o (C()/ o ﬁz)k;ka

* The a, B,y depend only on the masses of the three particles.
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Two-body measurements

* Many different two-body interactions

C(k™)

measured successfully!

©-0

1.05F § ' ' ' S -

© 095F -

e
Ceos0c006066000000000000006000000000

I 1
ALICE pp Vs =13 TeV
High-mult. (0—-0.17% INEL>0)
Blppepp

Coulomb + Argonne v (fit)

¢

1 "'g..':» ”%feﬁe*we:‘”é:w@weemﬁ?
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Ea) ALICE p
1.8 high-mul

i
5=

1.6

<

1.4

1.2

lllllllllllll

1

o | p-A @ p-A pairs
Fit NLO19 (600)
— Residual p-2°; xEFT
Residual p-=~ @ p-&°
— Cubic baseline

p \s=13TeV :
t. (0-0.17% INEL>0)-

.lllIlllIllllll
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k* (MeV/c)

TUTI &)

ALICE

TUM Group:
EPJC 78 (2018) 394
arXiv:2107.10227

ALICE:
PRC 99 (2019) 024001
PLB 797 (2019) 134822
PRL 123 (2019) 112002
PRL 124 (2020) 09230

PLB 811 (2020) 135849

Nature 588 (2020) 232-238

arxiv:2104.04427
arxiv:2105.05578
arxiv:2105.05683
arxXiv:2105.05190
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How to constrain three-body forces? |||

Models are fitted to reproduce measured
(hyper)nuclei properties

* Access only to nuclear densities

* Strongly dependent on the assumed two-

body and many-body interactions

* Different parametrisations of three-body
forces describe better different nuclei

New observables are required to solve the three-body problem!

M [Mq]

2.8

2.4

0.0 !

1.6 |
1.2 |
0.8 |

0.4 |

ALICE

M | ArnAavAAnrxw: A+ Al NI 4414 NOoNnnNN4 /NN4 L\

2.0 brrrirsriiiininininizizinini g

Observed neutron
star masses:

PNM
PSR J0348+0432

AN + ANN (”) PSR J1614-2230

AN + ANN (1)

11

12 13 14 15
R [km]
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Emission source TUT ©

ALICE

* Two main contributions:
* general: Collective effects result in Gaussian core
* specific: Decaying resonances require source correction

— 1.4 pu—————1——————PLB 811135849 (2020) e D00 et 0.4 —~
= % 00 i "7 T 7 Gaussian source (g = 1.25 fin) =
= \ ALICE pp Vs =13 TeV Il = =
) = —

S High-mult. (0-0.17% INEL>0) ~ — -

& i _ E
O p—p Argonne v., B ; g

Parametrization =

1 <

2 25 10T T2 s 4 s

m+ (GeV/c?)

. — 0 10
_____ p-X0 b-0- g ] Typical short-range nuclear
_____ —_—— q - i potential
L 1 L L 1 1 1 1 | |_| -‘

53 1p,
How to access three-body systems?
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Conclusions

First measurements tackling the
problem of genuine three-body
interactions using femtoscopy!

. can be described with full
three-body calculations

. N0 significant deviation
from 0 in Run 2 data

. hegative cumulant with a
significance of 6.70

Final constraints on three-body
interactions will arrive with Run 3 data!

Pisa Model (rVV, = 1.43%:1° fm)
B Coulomb+Antisym. ]
Bl AV18+UIX -

AV18+UIX (s-wave) _

| | | | I I I ]
50 100 150 200 250 300 350 400
k* (MeV/c)

3 ALICE E

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

=== P-P-A cumulant

- pp Vs =13 TeV

High Mult. (0-0.17% INEL)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Q, (GeVic)

T

lllllllllllllllllllllllllllllllllllllll

= 14 | ALICE Preliminary =
Q - -
- pp Vs =13 TeV .
12 | High-mult. (0-0.17% INEL>0)  —
1 :— + + . —¢——¢——.——:
0.8 F —# -
0.6 s pde ﬁ_a —
_—‘> I Norm. uncertainty (1.3%) -
04 — —
0.2 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

50 100 150 200 250 300 350 400
k* (MeV/c)
8, """"""""""""""""""""""""

~, 4 [T p-p-pgenuine cumulant, flat feed-down

o N [ o ] p-p-p genuine cumulant, flat feed-down  _

oL N

0 :_---}-- '°-1°1-.- OB B TED) e»o-eve

oL _

[ ALICE i

4 + pp Vs =13 TeV ]

High Mult. (0-0.17% INEL)

0.1 0.2 0.3 0.4 0.5 06 0.7 0.8

Q, (GeV/c)

ALICE
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Conclusions

First measurements tackling the
problem of genuine three-body
interactions using femtoscopy!

"?,)O.5'_"I'"'I""l""I'"'I""I""I""I""_

S - N

: can be described with full <" 0.0 ?""ﬁ'***"*""'*‘*“‘***“"*Q
three-body calculations 051 ALICE 3
= | pp Vs =13 TeV .

1.0 High Mult. (0-0.17% INEL >0)

: no significant deviation E RN

from O in Run 2 data I 5
-2.02—H E

. negative cumulant with a 255 S
significance of 6.70 O
"o 0F _

and : cumulants R :
compatible with 0, no evidenceof < 2*f. :
a genuine three-body force 017027037047 0508 007 (é’e?,,c)

Final constraints on three-body
interactions will arrive with Run 3 data!

ALICE

T

New paper: arXiv:2303.13448

ALICE
pp \s =13 TeV
H High Mult. (0-0.17% INEL > 0)

== p-p-K™ @ p-p-K* Cumulant

01 02 03 04 05 06 07 08
Q, (GeVrc)
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Conclusions

First measurements tackling the
problem of genuine three-body
interactions using femtoscopy!

. can be described with full
three-body calculations

. NO significant deviation
from 0 in Run 2 data

. hegative cumulant with a
significance of 6.70

and . cumulants
compatible with O, no evidence of
a genuine three-body force

Final constraints on three-body
interactions will arrive with Run 3 data!
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Valentina Mantovani Sarti 5 Jun 2023, 14:30
Dimitar Mihaylov 5 Jun 2023, 17:40
Wioleta Rzesa 7 Jun 2023, 14:24
Marcel Lesch 8 Jun 2023, 15:12
Ramona Lea 8 Jun 2023, 15:42
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Many-body systems TUmM &)

* Properties of nuclei and hypernuclei cannot be described

satisfactorily with two-body forces only ‘,. "‘

_.E. Marcucci et al., Front. Phys. 8, 69 (2020)

_. Girlanda et al., PRC 102, 064003 (2020)
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* Three-body interaction models are fitted to

reproduce measured (hyper)nuclei
properties

* Large difference in the equation of state at

large densities

— Very different consequences to the

resulting mass to radii relation for neutron stars

New observables are required to solve the three-body problem!
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p-p-K* cumulant

Hint of a negative cumulant for p-p-K*

Statistical significance:
n,= 2.3 for 5 < 0.4 GeV/c

Conclusion: the measured cumulant is compatible
with zero within the uncertainties
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p-p-K- cumulant

Zero cumulant for p-p-K-

Statistical significance:
n,= 0.5 for )5 < 0.4 GeV/c

Conclusion: the measured cumulant is compatible
with zero within the uncertainties

p-p-K" system shows only two-body interactions.

v/ The measurement confirms that three-body
strong interaction should not be relevant in the
formation of exotic kaonic bound states!
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Conclusions

First measurements tackling the
problem of genuine three-body C

B Coulomb+Antisym.
Bl AV18+UIX
AV18+UIX (s-wave)

Pisa Model (r"N , = 1.432.'% fm)

interactions using femtoscopy! 52:
: can be described with full 03]
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Conclusions

First measurements tackling the
problem of genuine three-body
interactions using femtoscopy!

. can be described with full
three-body calculations

. NO significant deviation
from 0 in Run 2 data

. hegative cumulant with a
significance of 6.70

and . cumulants
compatible with O, no evidence of
a genuine three-body force

Final constraints on three-body
interactions will arrive with Run 3 data!
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Effect of genuine three body forces  T|IT] ©

1:82 - | | | | | | | | Current precision and radius size does
104 L not allow sensitivity to genuine three
103 body forces yet
102 L More differential measurement ( mT
101E scaling!!) are needed
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p-p-K" cumulant TUTI

Which is the ,, of the p-p-K- triplets?

If we believe in the measurement by E15, the bound state is compact ( R ~ 0.6 fm) and the transfer momentum by the K- on the
two rest protons is gx ~ 0.3 GeV/c.
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