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KlbarN interaction

KN and KbarN strong interactions are very different
= Strong attractiveness of KbarN interaction

Meson-Baryon interaction in S=-1 sector: building block of non-perturbative regime of QCD
- Strong coupled channel dynamics + Bound/resonant/molecular states
- Fundamental to accommodate/rule-out a meson condensate
with strangeness content in the interior of NS




KlbarN interaction

KN and KbarN strong interactions are very different

= Strong attractiveness of KbarN interaction
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Meson-Baryon interaction in S=-1 sector: building block of non-perturbative regime of QCD

Strong coupled channel dynamics + Bound/resonant/molecular states
Fundamental to accommodate/rule-out a meson condensate
with strangeness content in the interior of NS

Sub-threshold: A(1405) is an “old object” not fitting in the standard 3-quark picture

Chiral SU(3) EFT = Molecular state with two poles KbarN-Zr
PDG 2020: lower pole as new state A(1380)

= Nature of A(1405): playground for new charm Pentaquark/molecular states
=New Belle-ALICE data: “Analogous” behaviour repeated in the S=-2 sector!
- =(1620)-=(1690): coupled to Kbar-A, Kbar-Z, =m.
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Theoretical framework

Theoretical approaches:
® meson exchange
e phenomenological
e Chiral SU(3) EFT Daniel Mohler @ Meson 2023
o

Lattice QCD =

Scattering calculation on the lattice.
Coupled channel analysis find 2 poles.
Still not physical masses.

1.0 1
--- KN — KN

a [fm] TxL* my[MeVl mg[MeVl meL Nengy
0.0633(4)(6) 128 x 643 200 480 43 2000

@ Our (preliminary) result for the poles is

Polell  1395(9)stat(2)model(16)a MeV
Polel  1456(14)stat (2)model (16)a MeV
— i X 11.7(4.3)stat (4)mode1 (0.1)a MeV

AE; Tm E/m,



https://indico.meson.if.uj.edu.pl/event/3/contributions/401/attachments/194/317/MESON2023_Mohler.pdf
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Theoretical framework

Theoretical approaches: NNLO in SU(3) ChiEFT using $S=0, S=1, S=-1 data

® meson exchan ge Cross-Channel Constraints on Resonant Antikaon-Nucleon Scattering
p h enomeno | Ogica | Lu. Geng, Doering, Mai Phys. Rev. Lett. 130, 071902 (2023)

o
e Chiral SU(3) EFT "
e Lattice QCD
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.071902
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Theoretical framework

Meson-baryon S=-1 interaction, NLO chiral SU(3) Lagrangian

Theoretical approaches: including s- and p-waves.
® meson exchange

e phenomenological
e Chiral SU(3) EFT
e lattice QCD

The KN Interaction in Higher Partial Waves
A. Feijoo. D. Gazda. V. Magas. A. Ramos. Symmetry 13 (2021) 8. 1434
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https://doi.org/10.3390/sym13081434
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Theoretical framework

Theoretical approaches:
® meson exchange
e phenomenological
e Chiral SU(3) EFT
[ J

Lattice QCD

Data is crucial to test (+feed) this approaches.

Data fitting by Chiral SU(3).

Going to NLO (N2LO?), s+p waves = more parameters to be fixed (by data)
Adding new data helps to improve the model

Adding more precise data helps to improve the model

Adding data at different energies helps to improve the model




* Next to leading order (NLO), just considering the contact term

Theoretical frame N ) ] ) E—
£ = bp(BlxsrBY) +br(Blxe, Bl) +bo(BB)(xs) + ds (Bluny, (o BI})

+dy (Bl [u#, B} + ds{Buy) (u B) + da(BB) (uPu, )
Theoretical approaches: e 8]‘\’;2 (B{u, [u,, {D", D"} B]}) - ST Bu,, [uy, {D*, D"} B]))
® meson exchange g3 - g1

phenomenological New terms taken | =gz (B (s, (D", D"} B]) =

° ; 8M%

. into account == b b
® Chiral SU(3) EFT ~ZHBI 1 Buaus) = (Bl 1l B — 2 BIY*, vl {u, BY)
e Lattice QCD

h v
<oy 44 <B[7# Y ]'U,#><’U,V, B> + h.C.

(B{D", D"}B)(u,uy)

Data is crucial to test (+feed)| * bo, bp,br, d1,d2,ds, da, g1, g2, Ga, 1, ha, ha, hy are not well established, so they should

be treated as parameters of the model!

Data fitting by Chiral SU(3).

Going to NLO (N2LO?), s+p waves = more parameters to be fixed (by data)
- Adding new data helps to improve the model

- Adding more precise data helps to improve the model

Adding data at different energies helps to improve the model



https://indico.meson.if.uj.edu.pl/event/3/contributions/362/attachments/233/388/KL_CF_MESON_feijoo.pdf
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Avallable experimental data

Antikaonic atoms Scattering data

SIDDHARTA OKk-p—K-p More relevant data:

. K
constraint on a’ ? .
0 O'K_p , KOn e B andT of kaonic nuclear states

‘ Re \/E
A(1405) \

e Single/Multi-nucleonic absorption rates
e K-pp three body femtoscopy

K™ p correlation Femtoscopy

Kp K%

Scattering amplitudes H
H below threshold Threshold

branching ratios
A\(1405) mass shape
in different channels image courtesy of Y. Kamiya



https://indico.cern.ch/event/896088/timetable

Antikaonic atoms

SIDDHARTA

constraint on a(f e 4

Scattering data

GK p—=Kp
Ok-p—Kon

L 4]

A(1405) .- \

X Kp K%

Scattering amplitudes H
H below threshold Threshold

branching ratios
A\(1405) mass shape

in different channels image courtesy of Y. Kamiya

More relevant data:
e B and I of kaonic nuclear states
e Single/Multi-nucleonic absorption rates
e K-pp three body femtoscopy

| \ K™ p correlation Femtoscopy

11



https://indico.cern.ch/event/896088/timetable
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Scattering data

=

Lu. Geng. Doering, Mai Phys. Rev. Lett. 130, 071902 (2023)

8 8

* The present knowledge of total
and differential cross sections of
low energy kaon-nucleon
reactions is very limited.
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.071902
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AMADEUS: Inelastic cross sections at p=98 MeV

ML&M KLOE at Dagpne e*e” collider: @ factory = Kaon beam of ~120MeV

g Drift chamber of KLOE used as active target (90% “He, 10% C,H, )

First Simultaneous|K p — (2°/A) 70 ICross
Sections Measurements at 98 MeVic
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AMADEUS: Inelastic cross sections at p=98 MeV

&%@/{?'ﬁ%&\%m KLOE at Dagne e*e” collider: ¢ factory = Kaon beam of ~120MeV
N = Drift chamber of KLOE used as active target (90% *He, 10% C

4 10)
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AMADEUS Collaboration, arXiv:2210.10342 [nucl-ex]. Submitted to PRL.
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https://doi.org/10.48550/arXiv.2210.10342
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Lu, Geng, Doering, Mai Phys, Rev. Lett. 130, 071902 (2023) New AMADEUS data arxiv:2210.10342 [nucl-ex].
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https://doi.org/10.48550/arXiv.2210.10342
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.071902
https://doi.org/10.48550/arXiv.2210.10342

Y. Ikeda. T. Hyodo. W. Weise, PLB 706. 63 (2011)

200
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® 0k psnro = 31.04 0.5(stat.) "] 5(syst.) mb.
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New AMADEUS data arxiv:2210.10342 [nucl-ex].
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https://doi.org/10.48550/arXiv.2210.10342
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.071902
https://doi.org/10.1016/j.physletb.2011.10.068
https://doi.org/10.48550/arXiv.2210.10342

. New AMADEUS data arxiv:2210.10342 [nucl-ex].
A. Feijoo. D. Gazda, V. Magas. A. Ramos, Symmetry 13 (2021) 8. 1434
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https://doi.org/10.48550/arXiv.2210.10342
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.071902
https://doi.org/10.1016/j.physletb.2011.10.068
https://doi.org/10.3390/sym13081434
https://doi.org/10.48550/arXiv.2210.10342

Antikaonic atoms

SIDDHARTA

constraint on aé‘ P

Scattering data

GK‘p—)K‘p
GK‘p—)K U7)

A(1405)

' \ Re /s

X Kp K%

Scattering amplitudes H
H below threshold Threshold

branching ratios
A\(1405) mass shape

in different channels image courtesy of Y. Kamiya

More relevant data:
e B and T of kaonic nuclear states
e Single/Multi-nucleonic absorption rates
e K-pp three body femtoscopy

| K™ p correlation Femtoscopy

18



https://indico.cern.ch/event/896088/timetable
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antikaonic hydrogen: SIDDHARTA

Measurement of the shift(€) and width(I') induced by the
strong interaction in the lowest level atomic transition.

| 7 X-ray

Zp — 1s
K, transition

shift(g), width(I') with respect to e.m.
value caused by attractive/repulsive
strong interaction and the presence of
inelastic channels
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antikaonic hydrogen: SIDDHARTA

7 X-ray

Zp — 1s
K, transition

shift(g), width(I') with respect to e.m.
value caused by attractive/repulsive
strong interaction and the presence of
inelastic channels

Measurement of the shift(€) and width(I') induced by the
strong interaction in the lowest level atomic transition.
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Translated via Desser-type Formula into a K'p scattering length
that is an average of the KbarN scattering lengths for I=0 and 1=1
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antiKaonic-deuterium SIDDHARTA-2

AntiKaonic-deuterium scattering lengths more sensitive to the I=1 channel

= Umie gt e
2o

T 0

Deser-type relation
for antikaonic deuterium

i
Efs — 51’15 = —2a3,u§ap(1 — 20 pc(Ina — 1)ap)
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antiKaonic-deuterium SIDDHARTA-2

AntiKaonic-deuterium scattering lengths more sensitive to the I=1 channel

zl my +mg
K d m;-

)

& (Ga, +a,)+C SIDDHARTA-2 measurement is a challenging one:

ﬁ ﬁ e Yield of antiKaonic deuterium smaller than
antiKaonic hydrogen
e Width of the signal higher than in hydrogen

The interpretation of the SIDDHARTA-2 results will be
challenging as well:

® Deser type formula with model dependence

® Recoil corrections to the multiple scattering

e Requires full three-body calculations




oton.vazquez.doce@cern.ch

antiKaonic-deuterium SIDDHARTA-2

SIDDHARTA-2 with new experimental setup
—New (and more! 384) SDD’s: timing resolution 450 ns @ -140 °C, thickness 450 um, area 0.64 cm?
—New Target
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antiKaonic-deuterium SIDDHARTA-2

SIDDHARTA-2 with new experimental setup

—New (and more! 384) SDD’s: timing resolution 450 ns @ -140 °C, thickness 450 um, area 0.64 cm?
—New Target _

—New setup configuration closer to IR SIDDHART Afﬁ/“ 23

—New Veto systems
y apparatus % \

= Full setup ready, deuterium
. Lo
data taking started' in june e

3 ){5\ .A"‘ < A> >
‘ !,: '

Kaon Trigger My, N / i
LR . .
) .
.

Charged kaon
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antiKaonic-deuterium SIDDHARTA-2

800 pb™* to be acquired by 2024 = Expected precision better
than SIDDHARTA measurement of antiKaon-hydrogen

Liu 2020
Technical Run with Deuterium Target 2022:

SIDDHARTA-2
achievable precision
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SIDDHARTA-2 antikaonic atoms results

counts / 40 eV

Transition

Energy (eV)

KiHe (352) 6461.4

+ 0.8 (stat) + 2.0 (syst)

N
O

(6—5) 55417

[[[‘\\\l[[[[\‘\N[[|

(7—5) 8890
(5—4

+ 3.1 (stat) & 2.0 (syst)
+ 13 (stat) £ 2.0 (syst)

10216.6 + 1.8 (stat) & 3.0 (syst)

+ 4.7 (stat) £ 12.0 (syst)

(7>6) 6016
(6—5)  9968.1

+ 60 (stat) £ 2.0 (syst)
+ 6.9 (stat) + 2.0 (syst)

(6—5) 7577

)
)
(6—4) 15760.3
)
)
)
(5—4)

+ 17 (stat) £ 2.0 (syst)

14010.6 + 8.2 (stat) & 9.0 (syst)

(8—7)
(7—6) 16083.4

xxxxxxxxx
aazzooooo

10441.0 + 8.5 (stat) £ 3.0 (syst)

+ 3.8 (stat) + 12.0 (syst)
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Selected SDD Spectrum

—— Data
fit

—— Kaonic He lines
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AntiKaonic *He 3d->2p La measurement
SIDDHARTA Coll. 2022 J. Phys. G: Nucl. Part. Phys. 49 055106

Yield of antiKaonic *He yield at 0.75%

liquid helium density
SIDDHARTA Coll.. Nuclear Physics A 1029 (2023) 122567

& Measurements of high-n transitions in

intermediate mass antikaonic atoms
SIDDHARTA Coll.. Eur. Phys. J. A 59, 56 (2023)

In the pipeline = First measurement of
antiKaonic-Neon AND M-type transitions
on antiK-*He

J. Obertova talk Wednesday
Microscopic model for multincleonic K

absorptions applied in calculations of
kaonic atoms



https://doi.org/10.1016/j.nuclphysa.2022.122567
https://doi.org/10.1016/j.nuclphysa.2022.122567
https://doi.org/10.1140/epja/s10050-023-00976-y
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eV precision measurements by J-PARC EG2

K-*He (KEK E570) JPARC E62 Coll. Phys. Rev. Lett. 128, 112503 (2022)
—#- K—3He (SIDDHARTA) . . . . o
Al S eV precision measurements 2p shift and width for kaonic *He and *He
—#- K-He (-PARC E62) - Relevant information for the description p-wave kaonic bound states
—— K-*He (J-PARC E62)
é and 4-body systems
Precise calculations with the most recent potentials on the horizon

(require 3-, 4-body calculations)

2p width (eV)

s

2p shift (eV)

. g 3 photo credit:
| o ' . v 1 pixel : 300 x 320 um? (~ 0.1 mm?) : i
= First application of microcalorimeter spectrometer, | ¥ Mo-Cu bilayer TES ; :

Total collection area 23 mm?2

5eV
@ 6 keV

AE (FWHM)

= Future of hardware for intermediate and high-Z kaonic atoms,
also: High-purity germanium detectors, 1mm thick SDD’s, others.



https://doi.org/10.1103/PhysRevLett.128.112503

Avallable experimental data

Antikaonic atoms Scattering data

SIDDHARTA

constraint on aX ?

0

GK p—=Kp

OK-p—KOn

A(1405)

f

Scattering amplitudes
H below threshold

A\(1405) mass shape
in different channels

\‘Re\/g

K~p correlation Femtoscopy

Kp K%

I

Threshold
branching ratios

image courtesy of Y. Kamiya
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SIDDHARTA: antiKaonic Hydrogen

wave function of K
|'¥(r)|?

l_Y_}

Sensitive to near surface
potential shape

For antikaonic hydrogen
(deuterium) the Bohr
radius is ~84 (70) fm."

The overlap of the kaon wavefunction with the
nucleon delivers insight into the effects of the
strong interaction, competing with Coulomb effects

oton.vazquez.doce@cern.ch

Digression: KbarN at threshold and low momentum
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Digression: KbarN at threshold and low momentum
ALICE: K'p femtoscopy

Gaussian Source Function (rg = 1.25 fm)
5\200 —r T 1 ——— 71— +—+—04

) 4

SIDDHARTA: antiKaonic Hydrogen

wave function of K
|'¥(r)|?

For antikaonic hydrogen
(deuterium) the Bohr
radius is ~84 (70) fm."

4mr2 S(r ) (fm™)

T T T T l T T T T

1t

Typical short-range

| nuclear potential

Sensitive to near surface R R

potential shape 0 1 £ (n)
Small collision systems r~1fm

The overlap of the kaon wavefunction with the = effect of the interaction is enhanced
nucleon delivers insight into the effects of the 2
strong interaction, competing with Coulomb effects C(k*) = f |'1U(k*, r*) d>r*

Deliver different observables <= scattering lengths can be obtained from both
(via Deser-type and Lednicky—Lyuboshitz formulae)
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K'p Femtoscopy with ALICE

ALICE coll. Eur.Phys.J.C 83 (2023) 4. 340
ALICE coll. Phys. Rev. Lett. 124. 092301 (2020)

)

4.0
S F ALICE

3.5 pp Vs =13 TeV
: Fewe = (0.82+ 0.03 %+ 0.18) fm
3.0 K = (1.08 + 0.04 + 0.18) fm

o5F rI =(1.23+ 0.05+ 0.21) fm

K'p femtoscopy: most precise test of the interaction model at small
relative momentum
= Test of Kyoto model anchored to SIDDHARTA result

$Kp®K'P

DCoqumb+Strong, u)}"“‘""’"

2.0L 8

®
Iy :

u
P S NI T R T

m;arod,ﬁxod‘ a;xod. fix.di

e ]
W gw ® CNDF = 1174

| e g yol Sl ae ) | # B0 F [ Py 56 G & i 4

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

Strong interaction: Kyoto model
K. Miyahara, T. Hyodo, W. Weise, Phys. Rev. C98, 2, (2018) 025201



https://doi.org/10.1140/epjc/s10052-023-11476-0
https://doi.org/10.1103/PhysRevLett.124.092301
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K'p Femtoscopy with ALICE

ALICE coll. Eur.Phys.J.C 83 (2023) 4. 340
ALICE coll. Phys. Rev. Lett. 124. 092301 (2020)

ALICE

pp Vs =13 TeV

rcore (0.82+ 0.03 + 0.18) fm
e,f =(1.08 + 0.04 + 0.18) fm
rit =(1.23+ 0.05+ 0.21) fm

K'p femtoscopy: most precise test of the interaction model at small
relative momentum
= Test of Kyoto model anchored to SIDDHARTA result

Small systems: pp collisions r~1fm, p-Pb, peripheral p-Pb r~1.5fm
Effects of coupled channels enhanced by small source

$Kp®K'P
DCoqumb+Strong, (n}"“""’“’"

.

B
lﬂ.E

u
P S NI T R T

L fixed od, fixed ™|
™ m;)fodl : a;x i

-... m ¢*/NDF = 11.74

| e g yol Sl ae ) | # B0 F [ Py 56 G & i 4
0 50 100 150 200 250
k* (MeV/c)

1 | !
Strong interaction: Kyoto model i 150 200
K. Miyahara, T. Hyodo, W. Weise, Phys. Rev. C98, 2, (2018) 025201 q [MeV/c]

Y. Kamiva et al., Phys. Rev. Lett. 124, 132501 (2020)
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K'p Femtoscopy with ALICE

ALICE coll. Fur Phys 1.C 83 (2003) 4. 340 Correlation function with coupled channels:

ALICE

pp Vs =13 TeV
r.:(,re (0.82+ 0.03 + 0.18) fm
eﬁ =(1.08 + 0.04 + 0.18) fm
rit =(1.23+ 0.05+ 0.21) fm

;f

IlﬂIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Cplk') = [ 7Sy )wic oK', P+ Ly [ i)y r') P
J
Cij _ w?rod
prod = production yields (thermal model)
7 +production p; spectrum (blast-wave)

$Kp @K' + pair kinematics

DCoqumb+Strong, u)}"“‘"""’
074801
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k* (MeV/c)



https://doi.org/10.1140/epjc/s10052-023-11476-0

oton.vazquez.doce@cern.ch

K'p Femtoscopy with ALICE

ALICE coll. Fur Phys 1.C 83 (2003) 4. 340 Correlation function with coupled channels:

LI AR R L R
4.0

- ALICE
3.5 pp Vs =13 TeV
I'eore = (0.82 £ 0.03 = 0.18) fm
3.0 rKn = (1.08 0.04 + 0.18) fm
55 reF ={1.23 + 005 £ O:21)fmi
¢ Kp® K" [3) _
20 DCoulomb+Strong mprodﬁxed prod,flxed

[]Coulomb+Strong, m°’°d fixed ( prod, free
1.5 0.7< S <1

1.0

Cplk') = [ 7Sy )wic oK', P+ Ly [ i)y r') P
—
M0 = e X

wprod

prod = production yields (thermal model)
7 +production p; spectrum (blast-wave)
+ pair kinematics

= Quantitative test of coupled
channels in the theory
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K'p Femtoscopy with ALICE

ALICE coll. Fur Phys 1.C 83 (2003) 4. 340 Correlation function with coupled channels:

L A N O N
4.0
- ALICE
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Ieore = (0.82 £ 0.03 £ 0.18) fm
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= Quantitative test of coupled
channels in the theory
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K'p Femtoscopy with ALICE in Pb-Pb collisions

ALICE Coll.. PLB 822 (2021) 136708

ALICE Pb-Pb |5, = 5.02 Tev
30-40%

R¢,=5.2% 0.11(stat)tg:;z(syst) fm

Large systems (HIC): Pb-Pb collisions, up to r~%fm
Strength of coupled channels significantly reduced

e Kyoto model

) Fit to the scattering parameters R Lednicky Phys. Atom. Nucl. 67 (2004) 72

T T T l T T

[®@]ALICE
SIDDHARTA
lkeda et al.

3] Ito et al.

= Hoshino et al.

4

T T l T T T T I

O Borasoy et al.
O lkeda et al.
3¢ Liuetal.

W Martin

T

T

= Antikaonic-hydrogen and
K-p femtoscopy scattering
parameters compatible
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K- Femtoscopy with ALICE in Pb-Pb collisions
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K'd Femtoscopy with ALICE in Pb-Pb collisions

0—10% 30—50% | W. Resza @ Hadron 2023 |

Avcepreimnay 3 Fit to K'd correlation function:
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K'd Femtoscopy with ALICE in Pb-Pb collisions

NEW | | W. Resza @ Hadron 2023 |

ALICE Preliminary o . . .
Fit to K'd correlation function:

(@] ALICE (d,= 0 fm)
Liu et al. ¥ Hoshinoetal. . . R
Mizutini et al. & Revai (one-pole) Simultaneous fit with 6 free parameters
Revai (two-pole) [ Shevchenko (one-pole) H H H
Shevchenko (two-pole) ¢ Doring et al. Wlth LeanCkV wave funCtlon
- Re. K*d scatt. length
- Re., Im. K'd scatt. length
-1, X3 centralities

*

T 1 T 7T l T T 1 7T I | A P e ¢ I 1T T 7T l I T E 1

B
~0.5
R 1, (fm)

NEW

ALICE Preliminary

[ @ ] ALICE(d=01m)
| Haidenbauer (priv. comm., d = -1.75 fm)
A Hyodo (priv. comm., d = 0 fn%)

[—e%H

1 08 06 04 02 0
R £, (fm)

ALI-PREL-541574
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K'd Femtoscopy with ALICE in Pb-Pb collisions

NEW | | W. Resza @ Hadron 2023 |

ALICE Preliminary o . . .
Fit to K'd correlation function:

(@] ALICE (d= 0 fm)
Liu et al. ¥ Hoshinoetal. . . R
Mizutini et al. & Revai (one-pole) Simultaneous fit with 6 free parameters
Revai (two-pole) [ Shevchenko (one-pole) H H H
Shevchenko (two-pole) ¢ Doring et al. Wlth LEanCkV wave funCtlon
- Re. K*d scatt. length
- Re., Im. K'd scatt. length
-1, X3 centralities

*

T 1 T 7T l T T 1 7T I | A P e ¢ I 1T T 7T I I T E 1

B
~0.5
R 1, (fm)

NEW

ALICE Preliminary + .
@ 1 ALICE d=0fm) = K*d scatt. length well constrained by

| Haidenbager (priv. comm., (rjﬁ= -1.75 fm)
% Hyodo (priv. comm., dj= 0 fm) scattering data and KN interaction

[—e% 1 See also pp data in L. Serksnyte talk

08 06 04 -02 0

R £, (fm)
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Avallable experimental data

Antikaonic atoms Scattering data

SIDDHARTA OKk-p—K-p More relevant data:

. K
constraint on a’ ? )
0 O'K_p , KOn e B and I of kaonic nuclear states

‘ Re \/E
A(1405) \

e Single/Multi-nucleonic absorption rates

e K-pp three body femtoscopy

’K’p correlation Femtoscopy

2 K%

]

A\(1405) mass shape
in different channels

courtesy of Y. Kamiya
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A(1405) » Z°r° data

Some of the “Classic data”:

- photo(electro)-production: CLAS

CLAS Collaboration, Phys. Rev. C 87, 035206 (2013)
(CLAS Collaboration) Phys. Rev. C 88, 045202 (2013))

pp collisions: ANKE
l. Zychor et al., Phys. Lett. B660, 167-171 (2008)
pp collisions: HADES

HADES Collaboration Phys. Rev. C 87, 025201

Consistent with two pole scenario =

Guo
Hyodo
Sadasivan
Mai-l
Mai-ll
NNLO
NNLO*
Cieply 5
Shevchenko
Haidenbauer |

Im[pole]/MeV

[ “oDexedronm

" " 1 "
1300 1325 1350 1375 1400 1425 1450
Re[pole]/MeV
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https://www.sciencedirect.com/science/article/pii/S0370269308000440
https://doi.org/10.1103/PhysRevC.87.025201
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A(1405) » 2°0° data

Some of the “Classic data”:

- photo(electro)-production: CLAS
CLAS Collaboration, Phys. Rev. C 87, 035206 (2013)
(CLAS Collaboration) Phys. Rev. C 88, 045202 (2013))

pp collisions: ANKE
l. Zychor et al., Phys. Lett. B660, 167-171 (2008)

pp collisions: HADES
HADES Collaboration Phys. Rev. C 87, 025201

Consistent with two pole scenario =

Guo
Hyodo
Sadasivan
Mai-l 7
Mai-ll

NNLO

NNLO*

Cieply "
Shevchenko
Haidenbauer |

Im[pole]/MeV

[ A oDexeqdpeonm

1300 1325 1350 1375 1400 1425 1450
New data: Re[pole]/MeV
- photo-production: BGOOD =
G. Scheluchin et al., Phys. Lett. B833, 137375 (2022)

J-PARC E31: d(K™,n)1T reaction
J-PARC E31 Coll. Phys Lett B 837 137687 (2023)

(Preliminary) GlueX photoproduction
arXiv:2209.06230v1 [nucl-ex]

ANKE

N

o

do/dm (nb MeV' c?)
ol]llcl’llllqkllllcl’lllllnlzlllcﬂlllw

1350 1400 1450 1500
1% mass (MeV/c?)
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https://www.sciencedirect.com/science/article/pii/S0370269308000440
https://doi.org/10.1103/PhysRevC.87.025201
https://doi.org/10.1016/j.physletb.2022.137375
https://www.sciencedirect.com/science/article/pii/S0370269322007717?via%3Dihub
https://doi.org/10.1051/epjconf/202227107005
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A(1405) with J-PARC E31 data

Pole position of A(1405) measured in d(K™,n)1T reactions

A(1405)
~0.25 GeV/c
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A(1405) with J-PARC E31 data

Pole position of A(1405) measured in d(K™,n)1T reactions

A(1405) n, (n)’ [p]

-
~1.25 GeV/c nt, (m®), [r7]
+

R g R o

~0.25 GeV/c

J-PARC E31 Coll. Phys Lett B 837 137687 (2023)

1350 1400 1450
2 mass [MeV/c?]
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A(1405) with J-PARC E31 data
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e GO fit-Il
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e LQCD

e SMD

e Shevchenko
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@ PDG2022

HWE31
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= Higher pole ~1420 MeV well constrained
Lower pole: large differences in predictions.
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A(1405) with J-PARC E31 data

Real Part [MeV/c?]
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@ PDG2022

HWE31

= Higher pole ~1420 MeV well constrained
Lower pole: large differences in predictions.

Proposed: Fusion reaction through triangle
singularity sensible also to the lower pole
contribution to the scattering

E. Oset et al.. EPJ WoC 271, 07006 (2022)

K +d — Zp reaction

AF(PO—¢*, P~ )
p(P*, P)

n(PY+q°,—P+q)

5 P’ 4¢P
o P) W

7 (q) +
=-(P®, -F) PP~ ~ K, ~P~G~F)
A*(PIO i (10, _]3 . (D
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Avallable experimental data

Antikaonic atoms Scattering data ‘
SIDDHARTA

_ Or— L
constraint on aX 7 K™p—K7p

0 OK-p—Kon B and I' of kaonic nuclear states

‘ Re \/E
A(1405) \

Single/Multi-nucleonic absorption rates
K-pp three body femtoscopy

K™ p correlation Femtoscopy

Kp K%

Scattering amplitudes H
H below threshold Threshold

branching ratios
A\(1405) mass shape
in different channels image courtesy of Y. Kamiya
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J-PARC EI5

J-PARC E15 Coll. Phys. Rev. C 102, 044002 (2020)

In-flight 3He(K™,n)Ap reaction @ 1.0 GeV/c

80 T
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/—— e( n)Ap ﬁ o

1 I I
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E15 data interpretation

Structure in the in-flight *He(K™,Ap)n reaction well reproduced
by the assumption that a ppK'bound state is formed T.Sekihara. E. Oset. A. Ramos PTEP 2016. 12. 123D03

0 Theory (A) ' ) ] ) )
Theory (B) | guasi-elastic scattering via
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Systematic studies of kaonic nuclear states

Extended J-PARC program
for kaonic nuclei studies
to be realized

...in the meantime, new
results on the pipeline =

Counts / 30 MeV/c?
(4] o &

- — N n w
o

preliminary
10.3 << 0.6 -

m, , (GeV/c?)

T. Hashimoto @ QNP2022

do/dm (ub/(MeV/c?))

T. Yamaga @ Exotico2022 \

—y+

‘i_ N . \ R \ . Wl |
2 4 2.8
(GeV/cz) /
52



https://indico.ectstar.eu/event/155/contributions/3305/attachments/2129/2790/20221021_EXOTICO_hashimoto_pub.pdf
https://indico.ectstar.eu/event/155/contributions/3303/attachments/2102/2759/20221021_ECT_yamaga.pdf
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3-Body femtoscopy by ALICE

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

== (ppK) ® (-p—K")
 (pp)-K + 2x p—(p-K") -2

{

-
_-__-----__--_:’::t_-t-.+_+_.._.._.._..*;e.-c-_+--¢~--.

2 2 2
Q3=\/_q12_5123_‘b,1 ........... faugelsin ocisiomes PR T
01 02 0.3 04 0.5 06 0.7 08

Q, (GeV/c)

ALICE Coll., arXiv:2303.13448 [nucl-ex]. submitted to EPJA
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3-Body femtoscopy by ALICE

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

== (ppK) ® (-p—K")
 (pp)-K + 2x p—(p-K") -2

{

-
-
_--------__---:’.‘:t.-t-.—c-_-.._.._.._.......*.-e.-e_-c---o--.

2 2 2
Q3=\/_q12_Q23_Q31 ........... faugelsin ocisiomes PR T
01 02 0.3 04 0.5 06 0.7 08

Q, (GeV/c)

ALICE Coll., arXiv:2303.13448 [nucl-ex]. submitted to EPJA

The effect of the 2-body correlations are also experimentally determined
= can be “removed” obtaining the three-particle cumulant. & xubo, 1. Phys. Soc. Ipn. 17, 1100 (1962)
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PppK cumulant

ALICE Coll. . T T T T T T T T T T

arXiv:2303.13448 [nucl-ex].
submitted to EPJA (C) 2. 3 7 <my <2.6 GeV/c?
PRC 102 (2020) 044002

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

Quasi-free

W
(=

E= pp-K” @ p-p-K" Cumulant

b/(MeV/c))

=
O
Ko}
q}/ﬁ

3
< 10

::::!::::!::5\:‘!::::

Q (GeV/c)

ppK cumulant is compatible with zero.

Explored Q, region overlaps with the relevant momentum region for the K'pp system

more in L. Serksnyte talk
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Outlook: Everything everywhere all at once

- . . KbarN models
New facilities (K-Long@ J-Lab), apparati (extensive J-PARC hadron

physics plan) in the near future

Currently collecting new data: e.g. SIDDHARTA-2 running, ALICE run
3 with more than x500 in stats.

Data will arrive from everywhere (below and above threshold!)
= boost similar to the precise measurement of
antiKaonic hydrogen is expected

...still on the search for a description of the KbarN interaction
that can accommodate all the data from above to below threshold
and predict how kaons behave in nuclear matter in a reliable way

nuclei™™ |

you really need to eat
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