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e Coupled-channel dynamics widely presentin

hadron-hadron strong interactions
o  Close in mass and same quantum numbers (e.g. B,S,Q)
o  On-shell and off-shell processes from one channel to

the other

e Can be at the origin of several phenomena
o  Molecular states as A(1405) - interplay of KN-Zmt

e Annihilation dynamics for B-B interactions
o  Multi-meson channels below threshold

08/06/2022

o(mb)

Motivation: inelastic channels in h-h interactions
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Two-particle momentum correlation..

More details in Valentina Mantovani Sarti
presentation
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Two-particle momentum correlation..

Correflation fonctions
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Two-particle momentum correlation..
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Two-particle momentum correlation..
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Data-driven analysis on p-p and p-A pairs
o  Possible presence of collective effect ) 12
> m_ scaling of the core radius
o  Contribution of strongly decaying

resonances with ct ~1 fm
Common universal core source for mesons
and baryons
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The emitting source in small colliding systems
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More details in Dimitar
Mihaylov presentation
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Two-particle momentum correlation..

Potentials Correflation fonctions
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Two-particle momentum correlation..

Potentials Correflation fonctions
Ve 4 c) A
Repulsive
0 *k)e 7 ﬂ,é*
4 [ _’ *
EMII’S' 1on Sourece S (’r ) Attract{ug
Two-particle wave function: Two-particle wave function:
elasticA-B> A-B inelastic C-D > A-B, ...

2 2 *
— % _)* — % —)* — % — % Nsame k
Ca(k") /15141(7" ‘1&1%1(/? ) i1 (k*,7) | |7 =|NV (k) ()

dS'F*‘f‘Z w?rod SJ(F*)

Nmiwed<k*)

R. Lednicky, et. al. Phys. At. Nucl. 61 (1998)
J. Haidenbauer NPA 981 (2018)
Y. Kamiya et al., PRL 124 (2020) 132501

08/06/2022



https://inis.iaea.org/search/search.aspx?orig_q=RN:35064786
https://www.sciencedirect.com/science/article/pii/S0375947418303774
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.132501

Two-particle momentum correlation..

e Conversion weights (w P9
o  control coupled channels (CC) contribution
o depend on primary yield and kinematics
m thermal models and transport models
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Two-particle momentum correlation..
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= Measure C(k*) > fixing the source S(F *), study the interaction
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. from small to large systems

Radius(fm)

4nr2 S(r) (fm™)

e By changing the colliding system it is possible to probe
interaction distances ranging from ~1 fm up to ~10 fm
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. from small to large systems
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. from small to large systems
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o  For large radii contribution from CC gets
negligible > elastic scattering
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K™p interaction



Kp interaction
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ALICE

K p interaction

e deeply attractive
e several resonances
e several coupled channels (K°n, 12", m°2°, 2" m°A)
o KN <2 dynamics: formation of the A(1405),
~27 MeV below K™p threshold
m state-of-the-art chiral models (yEFT) are
in agreement above threshold
m large discrepancies in the region below
threshold
m constraint at threshold by SIDDARTHA
measurement of kaonic hydrogen 1s
level shift and width
e scattering length
mA  mZ A(1405) Kp Koln |
I I i I %
-177 -100 -27 +5
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Kp from small to large systems

Cx-p(k") :/d3F*SK‘p(7?*) 2pK‘p(E*’F*)

2
+> W) / &7 S, (F*)
J

Each coupled channel is accounted in the o, weights
e primary production yields fixed from thermal model (Thermal-FIST) [1]
e estimate amount of pairs in kinematic region sensitive to final state interactions
e distribute particles according to blast-wave model [2,3,4]

e normalize to expected yield of K'p

[11 V. Vovchenko et al., PRC 100 no. 5 (2019)
[2] E. Schnedermann et al., PRC 48 (1993)

[3] ALICE Collaboration, PLB 728 (2014)

[4] ALICE Collaboration, PRC 101 no. 4 (2020)
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Kp from small to large systems
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Kp from small to large systems
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ALICE \

p-Pb /sy, = 5.02 Tev 0-20%
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Kp from small to large systems

Cx—p(k*) = [ &®F* Sk (F*) [k (k*,77) Wi(k*,7*)

2
+Z / d*7*S; (7

k*)
N
o

[ |coulomb+Strong, wpredtred [coulomb+Strong, o

DCoqumb+Strong mP’Od.Iixed

_—240J_““|IIII|I". Illm _— 4OJ_""|""|""|""
S ALICE 15 F ALICE . : b ALICE

3.5 pp {s =13 TeV 1 3.5 p-Pb sy =5.02Tev 0- 20% S T35k Pb-Pb |/s = 5.02 Tev ©60- 70% g
gl Fooe = (0.82+ 0.03+ 0.18)fm 1 i Foore = (1.09% 0.03+ 0.20) fm ] : Foe = (1.53+ 0.05+ 0.24)fm ]
3'0; '- fﬁn" =(1.08+ 0.04+ 0.18)fm 7 3.0 rKe=(1.34+ 003% 0200fm  §  3.0% KN —(1.77+ 0.06 + 0.24)fm
25K eﬂ =(1.23%+ 0.05+ 0.21) fm 3  25¢ rﬁ,’f‘ =(1.50 £ 0.04 + 0.22) fm = 2-5: rﬁf’f‘ =(2.00+ 0.07+ 0.27)fm
! Kp @K' 3 - Kp ® KBS . C . b .
0001 $Kp ©K'P 1 20 $Kp ®K'p o 20 $Kp O K'p E
e ; -

Eur. Phys. J. C 83 (2023) 340

F \ao :
1.5:— o 1.5 07282 1 1.5¢ 07<8, <1
C [c ) [ 1) B e r o
1.0F . 1O, T tesrewempeeeses® 0 10 S I Thazaio
T 1 N NI, T | | R T
. 5 -_... . (D;?md,fixod‘ a;)rod. fixed: E‘l O _--.... i [ & mlprodﬁxed‘ a::rod l'lxedt . 5 I - .-. — - m;)rod,lixed‘ (x;)rod. fixed:
Ccﬁ Ofm = — o 41 & 0 - oy g OF - 1113 i cbﬁ 0 _l.- — i
- [ m x3/NDF = 11.74 7] " mp m 72NDF =2.04 7
_5| ErEEldggaa | dq |.|.|.| |||||||||| ] _10| T T T T N T T S N B —5|J| RN T Tl ST T Y W TN N N W G ANV ol s e s W |_
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
K (MeVv/c) k* (MeVi/c) k* (MeV/c)

08/06/2022 | 12 |



https://epjc.epj.org/articles/epjc/abs/2023/04/10052_2023_Article_11476/10052_2023_Article_11476.html

Kp from small to large systems
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State-of-the-art Kyoto Model is not able to describe the data from small to large source size
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Kp from small to large systems
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Kp from small to large systems
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A correction factor @ is introduced to quantify the model-to-data deviation
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Kp from small to large systems
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2r Y 1¢ ¢ - o fine tuning of Kyoto yEFT is needed and
- _ mNi - data from hadron-hadron collisions have to
_\ t § . g I be taken into account
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The baryon-antibaryon
Interaction



The baryon-antibaryon interaction

e B-Binteraction at low energies dominated by annihilation

processes
o B-B <nm,nK, 1K, ...
® pp
o Low-energy scattering experiments available only
downtop _, =200 MeV/c

o Atthreshold level shifts and widths of p-p atoms
m Existence of baryonia states?
e p-AandA-A:
o experimental informations very scarce
m onlyavailable data pp > AA

E. Klempt et al. Phys. Rept. 413 (2005) D. Zhou and RG. E. Timmermans PRC86 (2012)
E. Klempt et al. Phys. Rept. 368 (2002) J. Haidenbauer et al. JHEP 1707 (2017)
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https://www.sciencedirect.com/science/article/pii/S0370157305001055
https://www.sciencedirect.com/science/article/pii/S0370157302001448?via%3Dihub
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.86.015503
https://link.springer.com/article/10.1007/JHEP07(2017)078

The baryon-antibaryon interaction

_ i ) i L. € FTTTTTTT T T T ALICE data:
e B-Binteraction at low energies dominated by annihilation < o09E . < X pA@pA
=~ 0.8F = <~ AR
processes e EPE
o B-B <nm, nkK, 1K, ... 06E- 3 Uncertainty:
° = 055 3 ----statistical
pp 0'45_ _§ — systematic
o Low-energy scattering experiments available only osb 3 PP (singlet):
OF . rach et al.
down to p ~ 200 MeV/C 0.2 3 e Pimeretal.
lab . . _ E 4 % Batty
o Atthreshold level shifts and widths of p—p atoms 01 = * Kemptetal
. . 0'. carel e e g lg g s la g el e e Lo asa basa gl ig¢i i=l
m Existence of baryonia states? -4 -13 12 11 1 09 08 -07 -06
o p_/\ and A-A: g 12 I l ;Other pailrs: I - %IS; %a;:\
. . . P B + singl 1 «
o  experimental informations very scarce S b 8 s 1 ERON
. — n C N ' ] BB
m only available data pp > AA i M 1 orcorainty:
. . E % pnRijken etal. E ---- statistical
e Two-particle momentum correlation measured by ALICE for o | v | — systematic
p-p, p-A and A-A af- | B 3
o spin-averaged scattering parameters in agreement for of @ £ =
all B-B pairs - the annihilation part for all B-B pairs is | T PP IC
s e . -1.5 =1 -0.5 0 0.5 1
similar at the same relative momentum ) 1% £, ()
p-p p-A N-N\
| | | >
T I I o
Phys. Lett. B 802 (2020) 135223 0 177 355 E(MeV)
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https://www.sciencedirect.com/science/article/pii/S0370269320300277?pes=vor

Results on A-A and p—K femtoscopy

e No exact wave functions available > single-channel g 1.6 ? ' /I\UCEIIOF S.13Tev - E
Lednicky-Lyuboshits formula 14F  HighMult. 0-0.17% INEL>0) A=A 3
e Assuming the scattering parameters obtained in Pb—Pb 15 - Gaussian core + resonances source E
. . - <r 1.65 < m; < 4.5 GeV/c? -
o nice agreement with A-A data - .
m inelastic part present but not dominant 1 ) — - Bilinas-
0.8 ;*_-'I'-“" -
06 mmax g
N Femtoscopic fit (x2/NDF = 1.4) ]
0.4~ free Im f, and d, ]
0.0 [ |:| Cbackground N
C Femtoscopic fit (x2NDF = 2.8) ]
o= sc. parameters frlom Ph)lls.Lett.IIB 802 (?020)_'
< s
0F .
sE .
0 50 100 150 200 250 300 350 400

Phys. Lett. B 829 (2022) 137060 k* (MeV/c)
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Results on A-A and p—K femtoscopy

e No exact wave functions available > single-channel g 1.6 ? ' /I\UCEIIOF GS-13Tev - E
Lednicky-Lyuboshits formula 14 HighMult. (0-0.17% INEL>0)  p=A 3
e Assuming the scattering parameters obtained in Pb—Pb 15 - Gaussian core + resonances source E
. . - 2 1.65< m; < 1.9 GeV/c? ]
o nice agreement with A-A data - .
. . . — — OO OO~ =0~ —
m inelastic part present but not dominant 1 - T oo
o underestimate of p-A data 0.8 ‘_+ﬂ+ —
m large coupling to multi-meson annihilation % E
06 mmpRepa -
channels - Femtoscopic fit (x2/NDF = 2.8) .
0.4~ free Im f, and d, —
0.0 [ ’:I Cbackground N
r Femtoscopic fit (y2/NDF = 33.5) ]
o= sc. parameters frlom Ph)lls.Lett.IIB 802 (?020)_'
< 20F ' ' ' ' ' LS
10E E
OF i
-10F E
_ook ; , ; ; . ; ; =
0 50 100 150 200 250 300 350 400

Phys. Lett. B 829 (2022) 137060 k* (MeV/c)
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Results on A-A and p—K femtoscopy

e Elastic part R(f ) and fixed from Pb-Pb data, free o 1] R I I I I I R
. . < [ ALICE pF {s=13TeV - .
inelastic 3(f)) and d; ) O .4 E HighMult. 0-0.17% INEL>0) A=A

o  Extracted values for A-A are compatible with D E Gaussian core + resonances source E
Pb-Pb scattering parameters “E. 1.65<m;<4.5GeV/c? :
1 :_ —o—o—r=—— T i 5-
———" 7]
0.8 _i_-'l'-“" —
06 mmax g
N Femtoscopic fit (x2/NDF = 1.4) ]
0.4~ free Im f, and d, —
0.0 [ l:l Cbackground N
C Femtoscopic fit (x2NDF = 2.8) ]
o= sc. parameters frlom Ph)lls.Lett.IIB 802 (.?020)_‘
< sF | | | | | e
0F .
s .
0 50 100 150 200 250 300 350 400

Phys. Lett. B 829 (2022) 137060 k* (MeV/c)
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Results on A-A and p—K femtoscopy

e Elastic part iR(fO) and fixed from Pb-Pb data, free 1.6
inelastic S(fo) and d, )
o  Extracted values for A-A are compatible with
Pb-Pb scattering parameters

o toreproduce p-Adata 3(f,) has to be

IR AL BT BB B R BLEL BRI B
ALICE pF\E=13TeV -
High Mult. (0-0.17% INEL>0) p_[\

—
~

Gaussian core + resonances source
1.65 < m; < 1.9 GeV/c?

—_—
N

|III|III|IIII-

—_

—O——O———0—C -O"'O'-G——O—_O_o_
o

- =000
increased by a factor ~ 5.3 08F e
m Larger presence of multi-meson
annihilation channels in p-A 06 =0 p-A @ p-A

Femtoscopic fit (x%NDF = 2.8)
free Im f, and d,

|:| Cbackground

Femtoscopic fit (x?/NDF = 33.5)
scC. parameters frlom Ph)lls.Lett.IIB 802 (?020)

o
~

® no bound state?

o
o

o

nO'
N
(=

|
> o o
o]lllllllll ll|||||||||:|lll|III|III|_|_+|i| T'TT I T I|III|IIII:

|
N
(=]

50 100 150 200 250 300 350 400
Phys. Lett. B 829 (2022) 137060 k* (MeV/c)
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Results on A-A and p—K femtoscopy

e Estimate based on kinematics (EPOS) and SU(3) 51.6:'-'--|----|--‘-/_-|----|----|----|----|----:
flavor symmetry for 2-meson channels (mmt , 1K) S LB ﬁb}ﬁfﬂﬁﬁ (85_1137;Ze|\|<15|_>0) p_l_\ B
o  Similar amount of p-A and A-A pairs at low 12: GaUSSIan Core + reSoNances Source .
k* (~6.4%) “E 1.85<m;<1.9GeV/c? I
o  coupling strength from meson-baryon SU(3) 1= B N~
lagrangian for p-A ~ 3 times larger than A-A 0.8 :_+ﬂ-e-+ _f
0.6%j —— —
- @EpAepA .
N Femtoscopic fit (x?/NDF = 2.8) ]
0.4~ free Im f, and d, ]
[ ’:I Cbackground ]
‘ e 97 N 02— =
Jon—p-A X N2M —p—N 6.3 - Femtoscopic fit (;2/NDF = 33.5) ]
g - N o ~ Y. o= sc. parameters frlom Ph)lls.Lett.IIB 802 (?020)_'
2M—A—A 2M—A—A ] L A R
< - 3
10F E
OF -
-10E =
_ook =

0

50 100 150 200 250 300 350 400
Phys. Lett. B 829 (2022) 137060 k* (MeV/c)

08/06/2022 | 20 |



https://doi.org/10.1016/j.physletb.2022.137060

Conclusions and outlook @

ALICE

e Momentum correlation technique applied to data collected at the LHC in different

collision systems
o high-precision data at low momenta
o  sensitivity to inelastic channels as a function of the source size

e KN and KN interaction: New constraints for low-energy QCD chiral models
o  First experimental access to coupled channels dynamics (K'p <> K°n, K'p <> iz, K'p <> TtA)
o Data-model tension in description of K™p interaction:
m  Kp < K°ncurrentlyimplemented in state-of-the-art Kyoto yEFT is too weak

e Baryon-antibaryon in pp collisions

o A-A:annihilation not dominant and room for baryonia
o p-NA:large presence of annihilation channels > no formation of bound states?
o Need for theoretical input on p-A and A-A interactions
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Conclusions and outlook @

ALICE

e Momentum correlation technique applied to data collected at the LHC in different

collision systems
o high-precision data at low momenta
o  sensitivity to inelastic channels as a function of the source size

e KN and KN interaction: New constraints for low-energy QCD chiral models
o  First experimental access to coupled channels dynamics (K'p <> K°n, K'p <> iz, K'p <> TtA)
o Data-model tension in description of K™p interaction:
m  Kp < K°ncurrentlyimplemented in state-of-the-art Kyoto yEFT is too weak

o Baryon_'anUbaryon In pp collisions More details on twol(three) particles interactions:
o  A-A:annihilation not dominant and room forbar] e Valentina Mantovani Sarti

o  p-A:large presence of annihilation channels > no| ® \?(i/miltir hgihavlov
o  Need for theoretical input on p-A and A-A interac : Held 22650
[ J

Laura Serkdnyte
Marcel Lesch
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https://agenda.infn.it/event/33110/timetable/?view=standard#:~:text=A%20laboratory%20for%20QCD%3A%20how%20to%20employ%20LHC%20to%20study%20hadron%2Dhadron%20interactions
https://agenda.infn.it/event/33110/timetable/?view=standard#:~:text=Analysis%20techniques%20to%20study%20low%2Denergy%20scattering%20with%20correlation%20techniques%20in%20small%20collision%20systems%20at%20LHC%20energies
https://agenda.infn.it/event/33110/timetable/?view=standard#:~:text=A%20study%20of%20%24K%5E%7B%2D%7Dd%24%20and%20%24K%5E%7B%2B%7Dd%24%20interactions%20via%20femtoscopy%20technique
https://agenda.infn.it/event/33110/timetable/?view=standard#:~:text=Novel%20technique%20to%20access%20the%20three%2Dbody%20interactions%20with%20ALICE%20at%20the%20LHC
https://agenda.infn.it/event/33110/timetable/?view=standard#:~:text=Constraining%20the%20equation%20of%20state%20of%20neutron%20stars%20with%20femtoscopy%20measurements%20by%20ALICE%C2%B6
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K'p interaction

20

o(K'p > X) (mB)

. %gﬁﬁﬁgﬁ
8 \/

@ﬁﬁﬁﬁﬁ CSTTTIRLTS

6 | K'p, ...
P //\
4
0,0 05 1,0 1,5 2,0
Puag (GeV/C)

[1} K. Aoki and D. Jido, PTEP 2019 no. 1, (2019) 013D01 (arXiv:1806.00925 [nucl-th])
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e K'pinteraction

O

Repulsive (due to Coulomb and strong
interactions)

No coupled channels
No resonances

m well known [1]




K™ p interaction and A(1405)

o  Models based on below-threshold
— extrapolations
m positions of pole are model dependent

n X-ray
: ; 2 ~ K e Nature of A(1405): dynamically generated resonance
I

Eqs T T T TT I (relative contributions not measured
o | O Borasoy et al. 1 experimentally)
I SN B b : m state-of-the-art chiral models (xEFT) are
| [E]ltoetal. W Martin | in agreement above threshold
L Elsnmestat _ m large discrepancies in the region below
i 1 threshold
| o) | m constraint at threshold by SIDDARTHA
I | measurement [1] of kaonic hydrogen 1s
0.5 — level shift and width
I | e scattering length
I PR S SR N N S S S SO S SRS [ ] _
-15 1 0.5 0 mA  mZ A(1405) K'p K°n
g (fm) i | | | % -
[1] SIDDHARTA Collaboration PLB704 (2011) 113 -177 -100  -27 +5 E(MeV)
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KN and KN interactions : the game changer

Two-particle momentum correlation measured with ALICE at the LHC

'k/\ ;\ C *A [ T T ‘ T T T T ‘l ‘|T
ST x2.61 ' = \".@.
o S ALICE pp Vs = 13 TeV S [ ALICE Pb-Pb s, = 5.02 TeV :
0.9 2'43} ry=1.18%0.01+ 0.12 fm 1.2 ~—kpopk, 3040 KPP ]
2.2 A=0.64+0.06 - r — - SIDDHARTA —— Borasoy et al.
08 2 + Kp@K'p K p : I lkeda et al. ==+ Liu et al.
0.7 ALICE pp Ys=13TeV - [ ]Coulomb 11+ o= Ito et al. lkeda et al.
r,=1.18+0.01+£0.12 fm 1.8¢ | Coulomb+Strong (Kyoto Model) [ T — Hoshino et al.
0.6 g TSR 160\l [Z1Coulombs+Strong (Julich Model) - N
A=0.61+0.06 e I ]
5 1.4f | i ek
- t K'p@Kp - 1% ‘Mﬁ‘* ]
0.4 || Coulomb 1-2:_ i S e |
- 7 Coulomb+Strong (Julich Model) 1 I i
0'33,‘,‘|.‘.‘|H.‘|‘.uluul 08 0.7<5;<1 0.9— Ry, =52 +0.11(stat) */%(syst) fm |
O 50 100 150 200 250 SHives lepaelagseplaresalapasls C 1 1 L 1 | 1 1 L L | L L N
k* (MeV/c) 0 50 100 150 200 250 0 50 1 09
k* (MeV/c) k* (MeV/c)
- 70
PRL 124 (2020) 9, 092301 T 2 /\(1‘:'05) K'p K'n N(1520)

Fit: CATS D. L. Mihaylov et al, EPJ C78 (2018) 5, 394) I I | . ) .
PLB 822 (2021) 136708 -177 -100 -27 +5 +88
E(MeV)
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KN and KN interactions : the game changer

Two-particle momentum correlation measured with ALICE at the LHC

e KN and KN interaction
o ALICE Collaboration PRL 124 (2020) 9, 092301
o ALICE Collaboration PLB 822 (2021) 136708
o ALICE Collaboration arXiv: 2205.15176

e and other interactions:

o pp. P/, AN ALICE Collaboration PRC 99(2019)
AN ALICE Collaboration PLB 797 (2019) 134822
p=: ALICE Collaboration PRL 123 (2019) 134822
PX°ALICE Collaboration PLB 805 (2020) 135419
pPQ: ALICE Collaboration Nature 588 (2020) 232-238
p¢: ALICE Collaboration PRL 127 (2021) 172301
B-B:ALICE Collaboration PLB B 829 (2022) 137060
p/\: ALICE Collaboration arXiv:2104.04427
pD: ALICE Collaboration arXiv:2201.05352
N\=: ALICE Collaboration arXiv:2204.10258
ppp and pp/A: ALICE Collaboration arXiv:2206.03344

O 0O O 0O 0O o0 O o0 O O
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ALICE &

ALICE

ALICE particle identification capabilities are unique. Almost all known techniques are exploited: specific energy
loss (dE/dx), time of flight, transition radiation, Cherenkov radiation, calorimetry and decay topology (VO,
cascade).

Inner Tracking System (ITS) :
e Primary vertex
e Tracking
e Particle identification via dE/dx

Time Projection Chamber (TPC):
e Globaltracking
e Particle identification via dE/dx

Time Of Flight (TOF):
e Particle identification via velocity
measurement

VO (A-C): Trigger, beam-gas event rejection,
| centrality, multiplicity classes

ALICE Collaboration Int. J. Mod. Phys. A 29 (2014) 1430044
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Kp In large systems

m’ﬁ— A e K'p used to extract source size

Ry, = 8.140.26(stat) 79 (syst) fm "~ FQ, o Gaussian source

o Lednicky-Lyuboshitz (LL) fit to
extractr

.. ALIC

Pb-Pb \/S = 5.02 TeV

@) K*p@K )

—  L-Lfit

050 T00
k* (MeV/c)

PLB 822 (2021) 136708
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Kp In large systems

g1.3_—
O El 510%

1.2F |

[ T} == Kyoto model

1.1

1

0.9F
|

.50.

OIl

PLB 822 (2021) 136708
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.
100

K*p used to extract source size
o Gaussian source

o Lednicky-Lyuboshitz (LL) fit to
extractr_

Large system: no coupled channels
(asin )

Use Lednicky-Lyuboshitz (LL) fit to
extract Rf and 3f,




Kp In large systems

E15-
o (@] ALICE O Borasoy et al.
; | 4 SIDDHARTA O lkedaetal.
Ikeda et al.— 3¢ Liuvetal.
- [3&] lto etal. B Martin
i ] H/shlno et al.
1- / n
o o) i
0.5 \/ 5
I 1 1 | 1 | 1 1 Il | 1 1 | 1 | 1 1
-1.5 -1 -0.5 0
R f, (fm)

ALI-PUB-500325

PLB 822 (2021) 136708
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K*p used to extract source size
o Gaussian source

o Lednicky-Lyuboshitz (LL) fit to
extractr_

Large system: no coupled channels
(asin )

Use Lednicky-Lyuboshitz (LL) fit to
extract Rf and 3f,

Rf and Jf in agreement with
available data and calculations

o Alternative to exotic atoms
and scattering experiments!




Kp emitting source

o 1|||N{*;‘\ T ﬁ\I
x 1.0 07<5 <1 1 Xx1.0r07<5, <1
&) L 0 me O a
ALICE - ]2
op 5 =13 TeV J p-Pb sy =5.02TeV 0-20% 1 0.6 J/ Pb-Pb /Sy = 5.02 TeV 60-70%-| =
I . r 1 N
Feore = (0.81£0.05+ 0.18) fm 1 Feore = (1.08 £ 0.03 + 0.20) fm 1 - 4 Fooe = (1.53£0.07 £ 0.24) fm - §
res =(1.07£0.07+0.18) fm rgg =(1.33£0.03+020)fm 4 0.4 rgg =(1.77£0.08+0.24)fm - O
] ] i 1o
+K'p ®KP i +K'p ®KP ] I +K'p ®KP dy =
[]Coulomb+Strong 7] []Coulomb+Strong 7] 0.2 []Coulomb+Strong 7] %
! g o ] i3] R e e I ....|....|....|....|....|._%
T RE T T T IR R A T T TR T L
10
i - B il | . i
®eaa%eagt® 0% 00,0 o oo....oo.ooo. — o.; ....... — Cow 0_.,.....00...o.0.. _____ Cga0 00, |
i 2NDF =065 _] 23NDF =0.74 | i 22NDF =0.64 |
—1OI 1 11 1 | 1 { et et | I 11 1 1 | 1 L) | 11 1 1 I 1 —1OI 11 1 1 | 1 11 1 | 11 11 I | o e | | 1 11 1 I 1 —1OI 11 1 1 I { I e | 1 | 1 11 1 I | I R ) I 1 11 1 | 1
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
k* (MeV/c) k* (MeV/c) k* (MeV/c)

The data are well reproduced by the assumed K'p interaction and differentr___are extracted
Fit: CATS D. L. Mihaylov et al., EPJ C78 (2018) 5, 394
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https://epjc.epj.org/articles/epjc/abs/2023/04/10052_2023_Article_11476/10052_2023_Article_11476.html

Accessing KN and KN interaction with K°

° KOS —p system is a combination of strong eigenstates

1

— 1
08 = 7= ([K°n))-1E°n)] = Cxop = 5 [Crop + Croy] |

]

e Weak strong repulsion
e 1CCbelow threshold: K'n
o predicted to be a weak coupling
e Calculations from Aoki-Jido yEFT model for KN[1]

' "t (MeV/c)

[1] K. Aoki and D. Jido, PTEP 2019, 013D01 (2019), 1806.00925.
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R=1fm
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Accessing KN and KN interaction with K°

° KOS —p system is a combination of strong eigenstates

1
Klp) = —
| K sp) 5

— 1
K8 }-[E°p)] = Crop = 5 [Crop + Croy]|

e Moderate attraction
e 3 CC below threshold: %", 2% mt*A
o large X coupling (asin K-p)
e Calculations from Kyoto yEFT model for KN used

forK'p[1,2]

A st o
1 | | : »

1 1 1
-181 -112 -104

[1] K Miyahara, et al,, PRCQ8, 025201 (2018), arXiv: 1804.08269
[2] Y.Kamiya, et al., PRL124 (2020) 132501
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Crop

2.2 —+ ;
K"ponly —
K% + 7%
2 K+ a8 +7tA —— 1
18 - Preliminary
16 | . ; ]
conversion weights
=1
14 | o;
12 |
1
08 g 50 100 150 200 250
q [MeV/c|

300

eAiwey ‘A Jo Asa1n0)



K°.~p interaction

3 ALICE Preliminary
O 1.35 pp Vs =13 TeV
1.3
118 £0.12 f t p-K; @ PKs
1.25 ;; 0.73 £ 015 ™ []Systematic Uncertainties
w Wy, = 2.95 B Kyoto + AJ Model 2
1 15F v2ndf = 17/14
116
1.050-
1f— e ——— =
% | 1 L | | 1 1 L | | L | | | | 1 | 1 | | 1 | 1 I | 1 | | 1 |
0

50 100 150 200 250 300
k* (MeVi/c)

ALI-PREL-487651

[1] ALICE Collaboration, PRL 124, 092301 (2020)
[2] YKamiya, et al., PRL 124 132501 (2020)
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o

ALICE

Gaussian source function with r=1.18+0.12 fm [1]
K°p(p) and K°(p) v with CC provided by Kyoto
LEFT

Conversions weights w = 1 for K p, K*n, and TtA;
w; =2.95 [2]

Model describes data within 20 between 0 and
300 MeV/c
o State-of-the-art theory well describes the
experimental data
m  Small caveat: source not (yet)
studied in details




Contributions to the experimental correlation function

e Fitofthe C(k*) = Clata ( ”*)/Cbaqe-z-;ng (l»* )to obtain the parameters of the strong
interaction between K0 and p(p) is performed with the function:

o[ e &

Fraction of identified and  Final-state interactions  Contribution linked to the Normalization
primary particles, used as  contribution presence of misidentified
C.,(k*) weight particles

D X (Cy(k*) — 1) = Mg (Cr(k*) — 1) + A5 (Cﬁ(f))(k*) - 1)
1,J

08/06/2022




K°.-p correlation function fit with Lednicky-Lyuboshitz =~ &

1| (k)| do
Cpsj(k'*) = ps| = ' <1 =
—" 12| R 2/7R

ClLednicky (k™) =1+ Crsr(k™)

Scattering amplitude:

flk*) = (i - ldok;*2 - zk;) B
Jfo 2
e [ scattering length, d_ effective
range of interaction
0 fRf ) 3fo estimated parameters
e Rf,>0:attractive interaction
e Jf #0:presence of annihilation

processes

08/06/2022

LICE
2R f (k") Sf(k")
Fi(2k*R) — F>(2k*R
)+ 2L ) - 2L pyarem
L E ALICE Preliminary
G 1.350 pp Vs =13 TeV
1.3 r=118+0.12fm  tPKS

[ ]Systematic Uncertainties

A=0.74+0.15 !
B Lednicky-Lyuboshitz model

126

+0.04 +0.07
SK(fO) =0.29 _0_04(stat.) _0_06(syst.) fm

+0.05 +0.06
S(fo) =0.26 _0_05(stat.) _0_05(syst.) fm

x?/ndf = 9/12

k* (GeV/c)

ALI-PREL-487626




Resonances used for (/) source (1)

e For modeling the source every resonance with a ct > 8 fm is taken out and the yields

properly renormalized. These resonance are used to determine the decay-kinematics

with EPOS.
: : Resonance fractions
Primordial
icleilely cr<1fm 1<cr<2fm 2<cr<5fm <m(m)> = 1124 MeV/c?
28'% 15% 35 % 10% 12% <ct(m)> = 1.5fm

. Only resonances which

contribute more then 2% to total

yield are shown
Yield (in %) 0.01 871 7.67 2.29
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Resonances used for m2(A\) source (ZA)

e For modeling the source every resonance with a ct > 8 fm is taken out and the yields properly

renormalized. These resonance are used to determine the decay-kinematics with EPOS.

: : Resonance fractions
Primordial

| <m(X)> = 1463 MeV/c?
icieilely 1<cr<2fm

2<cr<5fm

<ct(X)> = 4.7fm
26 % 0% 5% 5% 64 %

Resonance 30 50 Only resonances which

contribute more then 2% to total
yield are shown

Yield (in %) 27 12

12 12
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Kaon-proton interaction - Large systems

Lednicky-Lyuboshitz model

KD K 4

C(k*) - J S(r

J-5(r*,k*)

o, k)] = v/Ac(n) [exp(—ik* r*)F(—in,1,i€) + fe(k*) & |

fo(k*) = (

1

fo

+

do_k*z o

2

Sc

- ik*AC(k*))_l

e Numerically solvable (strong+Coulomb)

e 3 parameters: ino , 3f0 and source r define
the correlation function.

e d=0 (zero effective range approx.)
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—
*

1.15F
1.1
1.05F
E
o =25fmf)=-0.5+i0.7 fm
0.95 e rn=3.01mf2=-0.5+i0.7fm
E rp=35fmf =-05+i0.7fm
0~9:_ rp=4.0fmf =-05+i0.7 fm
C rp=45fmf =-05+i0.7 fm
0.85 =4 rz =5.01fm fz =-05+i0.7fm
= —— 1,=55Mmf =-05+i07fm
OB i s ssusl supulnppsln gosisnnols
0 0.05 0.1 0.15 0.2 0.25 0.3
k* (GeV/c)
1.15H
L Kp
1.05F
= T ——
0.95E 1,=38.01mf =-0.1+i0.7fm
F r,=8.0fmf =-03+i0.7fm
0.9 1,=3.0fmf =-05+i0.7fm
E 1,=38.0fmf =-05+i0.1fm
0.85 - 1p=3.0fmf =-05+i03fm
E 1,=8.0fmf =-05+i05fm
0.8 e spealin pealin posias egpiy
0 0.05 0.1 0.15 0.2 0.25 0.3
k* (GeV/c)




Kaon-proton in Pb-Pb

Li3 i " qF 3
% £{ ALICE Pb-Pb VS = 5.02 TeV 1 m)=0.92+003 Gevse? ) ]
12F] 0-5% & 1 g qp| 5% 5
Fl—=Kpe@eKp s . | 3k B Kyoto model
1 1"_ ¢« *-KpeKp r
: 50100 {F C
u k* (MeVi/c) C
1 Sacoaas aae | H =
L _ +0.51 J1F _ +030 1F i +0.50 ]
0.9F Ry, = 8.9 + 0.23(stat) ‘_25(syst) fm__ - Ry, = 8.1 0.26(stat) 1m(syst) fm__ 3 Ry, =69+ 0.24(stat)70_59(syst) fm E
“t n 1 I C I 1 I o 1 I 1 ]
5F

0.9
1 1 1
Eg 5_:, ...............................................
@ —
g hl-.d-_.)g.-...;
3 N g8 ndf
© L W Kyoto: 589/210 = 2.8
a : ‘ o] : | o VL2 2971210 = 1.4
0 50 100 0.0 50 100 50 0 50 100 150
ALI-PUB-500320 k* (Movrc) k* (Mevic) k* (Mavic)
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No K°n structure

Simultaneous description
(and fit) of the correlation
functions for 6 centralities
(0-50%) with two
parameters and 6 radii

Radii constrained from K'p




Modeling the correlation pﬁ correlation &

ALICE
multi-meson annihilation channels

Cp-p /S Ipr—+/)/)| (13' +fS |‘Vnn-+pp| d3 ” Zpl’u’wl’w /S W,’:,‘;V >pp|2 J

"W

° (with n-n: ) wavefunctions
with Coulomb
o Sand P waves, tuned to scattering data and protonium
e Approximate inclusion of annihilation channels (X> p-p) using the Migdal-Watson

approximation

o elastic WF rescaled by a coupling weight w,, to be fitted to data

o Investigation on the shape of each PWs to reduce number of parameters
m 'S forSstates
m P and'P, for P states

e Calculations performed with CATS framework

08/06/2022




Results on pp: modelling the correlation

e No cusp of n-n: opening at k*~ 50 MeV/c > in
agreement with charge-exchange
cross-sections

e rise of CF at low k*
o noagreement with Coulomb only
o  XEFT calculations with no explicit CC terms do not
reproduce the data at low k*
o evidence of annihilation channels feeding into p-p
pairs
e Annihilation channels X- p-p
o better agreement with the data is obtained
o  Dominant coupling weightsin *P and 'S_
m W,,=40.04+4.06 (stat) + 4.24 (syst)
" W, =119+0.10 (stat) £ 0.19 (syst)
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C(k*)

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

Gaussian core + resonances source

=3 p—p my inclusive

no ann. ch.

— xEFT N’LO + Coulomb (x%/NDF = 6.5)

with ann. ch. ('S, P, PO)
B Cbackground

= Coulomb (x?>/NDF = 83.3)

— 4 EFT N°LO + Coulomb (42/NDF = 314.8) ]

50 100 150 200 250 300 350 400

Phys. Lett. B 829 (2022) 137060

k* (MeV/c)



https://doi.org/10.1016/j.physletb.2022.137060

Fit procedure in B-B femtoscopy

e Residual contributions included through A parameters (DCA/CPA Template Fits)

e Non-femtoscopic background:
o  Mini-jet background = Shape fixed by Ancestors Template
o Large k* kinematics effects = Pol1/Pol2 (prefit in k* [400-2500] MeV/c and kept fixed in the final fit)

Ctot (k*) — ND . Cmodel (k*) ) CBCKG (k*)

e Total correlation function:

o Free parameters: weights w,, Norm N
o  Coupled-channel modeling affects ONLY C

model

CBCKG( ) [’wCCC(k*) + (1 — wC)CNC(k*) -+ (a + bk* + C(k*)z)]
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Comparison Pb-Pb and pp data in B-antiB

0.85

0.95
0.9
0.85

= ALICE Pb-Pb |s,, = 5.02 TeV

IR

- - fit

ﬁ
[[] syst. unc.

- pA(—I—)pA

W“""‘. ®

Centrality: 10-20%

0.7<p?<4.0(GeV/ic) |n°|<0.8

0.5<p} <50 (GeVic) || <0.8

0.05 0.1 0.15 0.2
k* (GeV/c)
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C(k*)

2.6
2.4
2

1.8
1.6
1.4
1.2

0.8
0.6

:olIlo!llll_qulllllleﬂlvillll

o®

PR

a2

“““““““““
3!

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

lllllllllllllllllllllllllllll

Om

50

100

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




