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Low-energy QCD in the u-d-s sector
ﬁ'eff — ﬁmesons(q)) + ﬁ'B((I); q}B)

- Chiral perturbation theory: interacting systems of N-G bosons
(pions, kaons) coupled to baryons works well for i, TN, K*N ..
NOT for K'N !!

- K = (su) strangeness = -1, K" = (us) strangeness = +1
strange baryons stable respect to strong interaction all have s = -1

- the sub-threshold region is dominated by resonances — complex

multichannel dynamics
A(1405) just below KN threshold (1432 MeV)

> (1385) A (1409) Possible solutions:

\ l 1500 ®* Non-perturbative Coupled Channels

+H—. > B approach: Chiral Unitary SU(3) Dynamics
/5 [MeV
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The A(1405) case

Mass = 1405.1*"° = MeV, KN
Width =50.5 + 2.0 MeV

s OeiSh=<iledy Tt /D'y
Statusetias

strong decay into Xw S

Theoretical prediction Dalitz-Tuan (1959)

First experimental evidence:

M. H. Alston, et al., Phys. Rev. Lett. 6 (1961) 698

Kp —» nanX

A(1405)
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Mass above baseline (GeV)

- 3 quark?
- molecular?
- KN bound state?

- pentaquark?

(b) Light strange baryons

: 1432 MeV
= 30 MeV
A(1405)
1330 MeV
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The A(1405) case

A(1405) is located slightly below the KN threshold (1432 MeV)

Three quark model picture difficulties to reproduce the A(1405):
- According to its negative parity, one of the quarks has to be excited to =1

- nucleon sector, we find the N(1535) — the expected mass of the A* is around 1700
MeV

- too big energy splitting observed between the A(1405) and the A(1520)
interpreted as the spin-orbit partner (Jr = 3/2-).

- pentaquark (4q + gbar in [ = 0), but also predicts other, unobserved, excited
baryons,

R. Dalitz and collaborators first suggested to interpret A(1405) as an KN
quasibound state.

R.H. Dalitz, T.C. Wong and G. Rajasekaran, Phys. Rev. 153 (1967) 1617




The A(1405) case

BUBBLE CHAMBER search of the A(1405):
- O. Braun et al. Nucl. Phys. B129 (1977) 1

K- induced reactionsond — X-m+n the resonance is found & 1420 MeV

- D. W. Thomas et al., Nucl. Phys. B56 (1973) 15

pion induced reaction T p - K+nX the resonance is found & 1405 MeV

- R. J. Hemingway, Nucl. Phys. B253 (1985) 742

K-p —» ©2+¢(1660) — 7 (7+ A(1405)) —» mwnr(nX) & 4.2GeV
analysed by Dalitz and Deloff M =1406.5 + 4.0 MeV, I" =50 + 2MeV
- HADES coll. Phys. Rev. C 87, 025201 (2013)

pp—o>pKrnX the resonance is found & 1390 MeV




The A(1405) case

THE “LINE-SHAPE” OF THE A(1405) DEPENDS ON THE OBSERVED
CHANNEL !!
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The A(1405) case

THE “LINE-SHAPE” OF THE A(1405) DEPENDS ON THE OBSERVED

CHANNEL !!

do(X-7)
dM

do(XFtm)
dM

do(X°70)
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IS DIFFERENT IN X+7m VS X-m+

Lo 1 2  DUE TO ISOSPIN INTERFERENCE
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The A(1405) case

THE “LINE-SHAPE” OF THE A(1405) DEPENDS ON THE OBSERVED
CHANNEL !!

do(X~ ?r+)
dM

T + 5 T+ —RedT™
v IS DIFFERENT IN £+7- VS X1+
do(Sn7) ~ DUE TO ISOSPIN INTERFERENCE

1|« = Orlsy |
7 \T\ §§pr[r:rr

THE CLEANEST SIGNATURE OF THE A(1405) IS GIVEN BY THE NEUTRAL
CHANNEL:

- is free from isospin interference

- is purely I =0, no X(1385) contamination.




A(1405) .. the golden channel

e 55X 10" — | |

(2] T —K p-——>n'n’%
Crystall Ball: Kp — Zomome for kaon momentum in the range S 7 "N E{«E{;g‘"’sﬁ;‘f

01.5 0 .y M =1420 MeV
(514-750 MeV /c). S. Prakhov et al. Phys Rev. C70 (2004) 03465 3 :
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ENTRIES /10 MeV/c?

COSY julich: pp = pK+ Xoxo

(L Zychor et al., Phys. Lett. B 660 (2008) 167 )
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Fig. 4. a) Missing mass MM (ppaK+) distribution for the pp — pK+tpr— X reac-
tion for events with M (psgm ™) == me(A) and MM (pK Tpr—) > 190 I\Ie\'rfz’c'g, Exper-



A(1405) .. the golden channel

EVEN IN THE SAME Xoxo THE “LINE-SHAPE” OF THE
NA(1405) CHANGES

IT MUST ALSO-DEPEND ON THE PRODUCTION
MECHANISM




The A(1405) case

* Chiral unitary models: A(1405) is an I = 0 quasibound state emerging from the coupling
between the KN and the X1t channels. Two poles in the neighborhood of the A(1405):

two poles: about 1420 ;

mainly coupled to KN

« Akaishi-Esmaili-Yamazaki phenomenological

Phys. Lett. B 686 (2010) 23-28 Confirmation of
single pole ansatz?

Y

R

potential

about= 1380 MeV

e

mainly coupledtoXnr =

Phys. Lett. B 500 (2001), Phys. Rev. C 66 (2002), (Nucl. Phys.

A 725(2003) 181) .. many others .. (Nucl. Phys. A881, 98 (2012)) .. others

line-shape depends on

production mechanism
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The A(1405) case

Two main biases:

n

Best fit
1405.2-23.3 : ¥ =11 _

000000

the kinematical energy threshold 1412 MeV

1432-34 1 %% =77 ~__

H-w: x*= 103

(Mx + Mp - I BEp|) the high pole energy region is closed,

Number of events per b

The shape and the amplitude of the NON-RESONANT

s [Mev]

Y. 1t production below KbarN threshold is unknown.

the present model predictions.

An ideal experiment:
A(1405) is produced in K- p absorption — mainly coupled to the high mass pole,
A(1405) is observed in the Y00 decay channel (pure isospin 0),

K- is absorbed in-flight on a bound proton with px ~ 100 MeV, Y& invariant mass
gain of ~ 10 MeV to open an energy window to the high mass pole.

Knowledge of the & NON-RESONANT production amplitude.

Fig. 6. Detailed differences in M xy spectra among the Hyodo-Weise prediction an

d




AMADEUS & DA®PNE

DA®NE

* double ring e* e collider working at
C.M. energy of ¢,

¢ DAONE

producing = 1000 ¢ /s Loy o e , 32.5m

¢ — K*K (BR=(49.2 + 0.6)%)
e 10W momentum Kaons

~ 127 Mev/c

» back to back K*K" topology

KLOE

e Cilindrical drift chamber with a 4% geometry and
electromagnetic calorimeter
* 96% acceptance
» optimized in the energy range of all charged particles
involved
» good performance in detecting photons and neutrons
checked by kloNe group
[M. Anelli et al., Nucl Inst. Meth. A 581, 368 (2007)]




K- absorption on light nuclei

from the materials of the KLOE detector
DC gas (90% He, 10% CH,) & DCwall(C + H)

AT-REST (K- absorbed from atomic orbit) or IN-FLIGHT
| (p,~100MeV)

Advantage:
excellent resolution ..
O\ = 0.49+0.01 MeV/c in DC gas

Oy = 18.3+0.6 MeV/c?

my

I
P

Yy

| s.C.iCOIL

Disadvantage:
Not dedicated target — different nuclei
contamination —» complex interpretation .. but
— new features .. K in flight absorption.




At-rest VS in-flight K* captures

AT-REST
K- absorbed from atomic orbit

(p~ 0 MeV) IN-FLIGHT
(p,~100MeV)




The scientific goal of AMADEUS

Low energy OCD in strangeness sector is still waiting for experimental
conclusive constrains on:

1) K-N potential —  how deep can an antikaon be bound in a nucleus?

- U, strongly affects the position of the A(1405) state —» we
investigate it through (2-7)° decay --- Y& CORRELATION

-if U__ is strongly attractive then K" NN bound states should appear —
we investigate through (A/2-N) decay --- Y N CORRELATION



The scientific goal of AMADEUS

Low energy OCD in strangeness sector is still waiting for experimental
conclusive constrains on:

1) K-N potential —  how deep can an antikaon be bound in a nucleus?

- U, strongly affects the position of the A(1405) state —» we
investigate it through (2-7)° decay --- Y& CORRELATION

-if U__ is strongly attractive then K" NN bound states should appear —
we investigate through (A/2-N) decay --- Y N CORRELATION

2) Y-N potential — extremely poor experimental information from
scattering data

- U,, determines the strength of the final state YN (elastic & inelastic)

scattering in nuclear environment — could be tested by
Y N CORRELATION



K - N single nucleon absorption
the case of the A(1405)



Counts/(10MeV/c)
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Resonant VS non-resonant

KN->((Y*?)> Ymxm
in medium, how much comes from resonance ?

Non resonant transition amplitude:

- Never measured before below threshold
(33 MeV below threshold):

P
?sz..x_::ffz

jq-'-.n"n..'.' e -'rj.'.' o

- few, old theoretical calculations
(Nucl. Phys. B179 (1981) 33-48)



Resonant VS non-resonant

Investigated using:
K"n” - Am direct formation in *He

the goal is to measure £ N*  _ (I=1) |
to get information on | £f¥* ,_ (I=0) |

- -
A A




K “He — Ap °He resonant and non-resonant processes
Nucl. Phys. A954 (2016) 75-93

K- K- 5':(1_335/
A

. 4/—\A Theoretical shapes for :

He ) e e b) He  total Am momentum spectra for the
resonant (£7) and non-resonant (I = 1)

k- saesaws —  Processes were calculated, for both S-state
and P-state K capture at-rest and in-flight.
Corrections to the amplitudes due to A/x

‘He : - . 5 o
N app final state interactions were estimated.
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How to extract the K- n - Ax~ non resonant transition
amplitude

simultaneous fit (p,. - m,_-cos(0, ) with signal  and background  processes:

e non resonant A~ capture at-rest from S states in *He
e resonant K~ capture at-rest from S states in *He
e non resonant K~ capture in-flicht in *He

e resonant K — capture in-flicht in *He

e primary L7~ production followed by the XN — AN’ conversion pro-

cess

- . 0 . . _ o,
e /'~ capture processes in *“C giving rise to A7~ in the final state

In order to extract:
NR-ar/RES-ar & NR-if/RES-if



Results for the K- n - A non resonant transition

amplitude
Channels Ratio/Amplitude |o.¢at Tsyst
RES-ar/NR-ar [0.39 + 0.04 |Th5s
RES-if/NR-if [0.23 +0.03 |703
NR-ar 12.00 % + 1.66 % |52 %
NR-if 19.24 % + 4,38 %1590 %
¥ — Aconv. [2.16 % + 0.30 %|T55s %
K~ '2C capture|57.00 % +1.23 % |57 %

NR-ar/RES-ar

extracted:

&

NR-if/RES-if



Counts / 3 MeV Counts / 6 MeV
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Counts / 3 MeV

Comparison
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D e A fb‘%
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Outcome of the measurement

$
From the well known X* transition probability: -&@'
y&
NR —ar féj * P™ (ppax) dpan B Q"&
RES — ar f[fmar Presi o Ydpi

—~ |/ | = (0.334 £ 0.018 stat | )25syst) fm .

— ‘fﬁi"‘g - 8,94 - 10°MeV?2.

compatible with K- p —» A 7° scattering above threshold
J. K. Kim, Columbia University Report, Nevis 149 (1966),

J. K. Kim, Phys Rev Lett, 19 (1977) 1074:

E = —33 MeV Piap = 120 MeV |160 MeV |200 MeV | 245 MeV
0.334 4+ 0.018 stat Ty pegsyst|  0.33(11) 0.29(10) | 0.24 (6) | 0.28(2)




Outcome of the measurement
&

From the well known X* transition probability: &Q@
NR — ar L féﬁnar P?U‘( Aﬂ') dp’\n . Q‘y
RES — ar fg’ma ’ Presy o Y pi:

—~ |5 | = (0.334 4 0.018stat "0 biisyst) fm .

= |f:.>-8,94-10°MeV?.

21 11

F -— P ] F ]

- — KM| 1 : ]

2r vl . 2r =

: : =1 : :

Good agreement with L5t E L5E E

chiral calculation:

Y. Ikeda, T. Hyodo and _ _
W. Weise, I
1400 0 1450 1500
Nucl. Phys. A 881 (2012) s+ (Mev) s (MeV)
98.

FIG. 1: Energy dependence of real (left) and imaginary (right) parts of free-space K™ p (top) and
K~n (bottom) amplitudes in considered chiral models (see text for details). Thin vertical lines

mark threshold energies.



Low momentum px structure in X'~ formation

o 1.6
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Fig. 5. Momentum distributions of sigmas from the (’L-'s'.(KS_mp. TENT) A’ reactions.
The grey-filled histograms are the measured distributions. The distributions of Mon-
te-Carlo generated sigmas are depicted by full dots, and with open diagrams arc

represented the M-C generated sigmas being reconstructed by FINUDA.

FINUDA coll. M. Agnello et al., Phys. Lett. B704 (2011) 474.
K °Li » Xt A



Low momentum p: structure in X't formation

K. Piscicchia et al., EP] Web Conf. 137 (2017) 09005.
- 12 +— '
K- ‘Be — ' + 20 K™ *C - 2'n A
no structure at low momentum structure at low momentum
amounts some % of the total yield

also in thiner targets

(not explained by energy loss)

Hypothesis: X* trapped in a Gamov state, interplay of the attractive nuclear
potential & repulsive Coulomb barrier

S. Wycech, K. Piscicchia, EP] Web. Conf. 130 (2016) 02011

R. Del Grande, K. Piscicchia and S. Wycech, Formation of X*%~ pairs in nuclear captures of
K$/-$ mesons, accepted in Acta. Phys. Polon B

S. Wycech, K. Piscicchia, On Gamov states of X* hyperons, accepted in Acta. Phys. Polon B



Gamov state formation of a X* in light nuclei?

... work in progress

s |
o =
about 3% of the large peak “F
Breit — Wigner - (E,T) = (1405,40) ; (1410,40) ; T
(1420’40) E_,/..|....|....|....|....|....|....|....|. .
0l] 50 100 150 200 250 300 350 400 450
Py (MeV/c)
Position ps: = 15 MeV/c I
peculiar structure due to 100
the limitation of the phase space 170

L
50 100 150 200 250 300 350 400 450
P,. (MeV)



K’ - multiN absorption and search
for bound states



How deep can an antikaon be bound in a nucleus?

Possible Bound States:

(K'pp)=>Ap (K'ppn) - Ad
-3 p —3'd

predicted due to the strong KN interaction
in the I=0 channel.

[Wycech (1986) - Akaishi & Yamazaki (2002)]

Kpp bound state

....at the end of 2015

Experiments reporting DBKNS

BE (MeV) T (MeV Reference .
Dote, Hyodo, Weise 1;23 : 4(0-70 : Phys.Rev.C79 (2009) 014003 N e
Akaishi, Yamazaki 48 61 Phys.Rev.C65 (2002) 044005 FINUDA M. Agnello et al. PRL94, 212303 (2005) Extraction of a signal
Barnea, Gal, Liverts 16 41 Phys.Lett.B712 (2012) 132-137 DISTO T. Yamazaki et al. PRL104 (2010) Extraction of a signal
Ikcdaik ;d;miizo Sato 690-1965 iiig Pro;;ﬁicl\;hfzta ((2200 1007)) 1(]23;(230)3 533 OBELIX  G. Bendiscioli et al. NPA/89, 222 (2007) Extraction of a signal
Shevchenko, Gal, Mares 55-70 90-110 Phys.Rev.Lett.98 (2007) 082301 HADES G AgﬂkiShiEV etal. PLB742, 242-248 (2015} UPPBT limit
Revai, Shevchenko 32 49 Phys.Rev.C90 (2014) no.3, 034004
Maeda, Akaishi, Yamazald — 51.5 61 Proc.Jpn.Acad B 89, (2013) 413 LEPSISPring8  A.O. Tokiyasu et al. PLB728, 616-621 (2014) Upper limit
Bicudo 14.2-53  13.8-28.3 Phys.Rev.D76 (2007) 031502
Bayar, Oset 15-30 75-80 Nucl.Phys.A914 (2013) 349 J-PARCE1S T Hashimoto etal. PTEP, 061D01 (2015) Upper limit
Wycech, Green 40-80 40-85 Phys.Rev.C79 (2009) 014001 J-PARCE27 Y. lchikawa et al. PTEP, 021D01 (2015) Extraction of a signal




How deep can an antikaon be bound in a nucleus?

interpreted in

T. Sekihara, E. Oset, A. Ramos, Prog. Theor. Exp. Phys (2016) (12): 123D03

250

200

—h
o)
o

[y [MeV]

—  Theory

—  Experiments

: J-PARC E27

L DISTO

: N.V.Shevchenko, A.Gal, J.Mares '”!_-_'”"

| ADote, T.W{:*W.Welse T'Ya':"ﬂaxv"“ms \ % "—%‘—'
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[from the talk of T. Nagae at HYP2015, Sep. 10, 2015]




J-PARC E15

K +°He 5 A +p+n
Invariant mass spectroscopy

. ['1‘[] 5:' :I
M(E 1—|:'—.1:| M[H—. 0 :|
(Z+p+x) | |FMEI{+p+p] ‘ PP

20} (b) Ap invariant mass 201 (b) ﬁij‘i}pinvariantmass
g‘ lﬁ: Ea: UHE HE A Ti’, 16 pole. Multi-NA sum
W INA (Apn) = o r
= F | e 3NA (Apn)
ﬁ 12h | 3NA (Zpn) = 121 . e
RS 1 1Y/ mapen) | F S Nﬁd{-{mﬁ}
E B_ | :L y, | (x5l H B-_ | { | I ﬂ I:;Sp 1
= : = - j
R s R Hﬁﬂ-[ e

g _ | ] “"'_i . LR T L i r&_-d'i_:il- -"I"-HIIL;HJ.H,L.L..J

2 212223 2425 26 27 28 29 3 2 2122 2324 25 26 27 28 29 3
M Ap [GeV/c?] MinvAp [GeV/c?]

[J-PARC E15 Collaboration: arXiv:1601.06876 [nucl-ex]]

M = 2355 +6 -8 (stat.) = 12 (syst.) MeV/c2 - n
T =110 +19 —17 (stat.) + 27 (syst.) MeV /c2 BE =15 MeV




>0 p correlated production,
goals of this analysis

K- Absorption Kaonic Bound States

- Pin down the contribution of
the process:

K 4+ NN =X+ K~ =X +p

with respect to processes as: . Yield Extraction and Significance
K=+ NN =X +p—p +3% (FSI)
K~ +NNN =X 4+p+X
K~ +NNNN =YX +p+X




Final fit

—e«— data

n° background
- 4NA+Uncorr.
B 3NA

© " 2NAFSI
B 2NAQF

—— Total fit

yv? = 0.85

2NA-QF clearly
separated
From other
processes

-
O T T TR R IR

| - =]
2150 2200 2250 2300 2350 2400
Mo, (MeV/c?)

B a1

PO NN - e
100 200 300 400 500 600 7
Py (MeVic)

300
2001

100

%

800

100 200 300 400 500 600 70O
P, (MeV/c)

From the contributions to the fit, the yields are extracted for K- stop



Absorption results

vield / K iop - 1077 | 0star - 1077 |0ayst - 1077
2NA-QF  [0.127 +0.019 |75 008
2NA-FSI  [0.272 +0.028 |7y o5s
Tot 2NA  [0.376 +0.033 |70
3NA 0.274 + 0.069 |50
Tot 3body |0.546 +0.074 |00
ANA + bkg.[0.773 +0.053 |70

O. Vazquez Doce et al., Physics Letters B 758 (2016) 134

...Is there room for the signal of a ppK- bound state?



Fit with ppK-
Best solution:

- B.E. = 45 MeV/c2
- Width = 30 MeV/c2

Y? = 0.807
—— data
- 70 background

~ 4NA+Uncorr.
B 3NA
s 2NA FSI
s 2NA QF
~ BSI'=30 BE=45 [MeV/c
—— Total fit

2 r
5 C
> 5001
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Evaluation of the significance of the ppK- signal
For B.E. = 45 MeV/c2, Width = 30 MeV/c2

Yield/ K, = (0.044+0.009stat™) 005syst)-10~2

stop

F-test to evaluate the addition of an extra
parameter to the fit:

Significance of “signal” hypothesis w.r.t
“Null-Hypothesis” (no bound state)

P-value

........................ No significant detection
of ppK- bound state

101 = T =70 MeV/c?
C —-u- [ =50 MeV/c?
B T =30 MeV/c? ]

105 D L . .

20 40 60 80
Binding Energy (MeV/c?)




K ‘He = At

4ANA cross section and yield



At available data

Avalilable data;
e In Helium :

- bubble chamber experiment
[M.Roosen, J.H. Wickens, || Nuovo Cimento 66, (1981), 101]

K stopped in liquid helium, A dn/t search. 3 events compatible with the
/\t kinematics were found

BR(K*He - At) = (3 %2) x 10"‘IKStolo global, no 4NA

« Solid targets

- FINUDA [Phys.Lett. B669 (2008) 229]
(40 events in different solid targets)



Counts /0.1

50—
: Open histogram = Phase space simulation

405 +

30|

EU:

1(]:

At available data

FINUDA presented [Phys.Lett.B (2008) 229]:

* astudy of A vs t momentum correlation and an opening angle
distribution

* 40 events collected and added together coming from different
targets (°’Li, °Be)

Filled histogram= data

K-A—->AtA'

Unclear back to back topology

At emission yield - 10° - 10"/ K

stop
LL%\\ global, no 4NA
[ . . —r— P | >

0.5 0 0.3 Co S@‘M Experimental data only back-to-back



At correlation studies in “He from the DC gas :
contributing processes

single nucleon absorption (1NA)

Entries B9317

NJ:E ; | Mean 1676
E ?UU:— deuterons (AMS 5816 |
K ‘He - A 1t 5 W0 |
b S s00F- We require
““He - Z1° o ik the mass of the triton
K*He - =t , Z Ny - by TOF
00— P ; '
conversion on triton: 200F- J /
E tritons
100—
i 1 0 - y Ml
A He i A ’ E : I At ojww—'-’“-"-rj. . ||LVFT“11.r|_J| T e, A

500 1000 1500 2000 2500 3000 3500 4000
Mass calculated by TOF (MeV/ic?)

o

Tritons are spectators, too low momentum: p, ~ Fermi momentum

lower then the calorimeter threshold (p, ~ 500 MeVic)

checked by MC simulations

4NA processes — K™ absorbed by the a particle: conversion is suppressed

by the
K“*He - At 3O, ¢
Back to back topology!
K*He - 2% , Z° - Ay




events / 1 Mev/c?

MC simulations: efficiency & resolution

i hEﬂntri es f;?g‘ . 800 Entries 7921
10001— ean k8 - Mean 4227
B RMS 4.683 = - RMS 5.853
2 700 . : '
L = C
- at-rest = F in-flight
800— 2 600
— s -
% =
B 500 —
600 — =
B 400—
400— 300—
B 200—
200— C
] 100—
|||||||_|||Ill——l ||||||||III L : ,,|,,,,|,_,,_,J ||||||||||||II -
A70 4180 4190 4200 4210 4220 4230 4240 A7 4180 4190 4200 4210 4220 4230 4240 4250
M _(MeV/c?) M, (MeV/c?)

mass threshold at-rest

M _ invariant mass resolution = 2.2 MeV/c?

overall detection + reconstruction efficiency for 4NA direct At production :

E4NA ar. At = 0.0493 + 0.0006 : E4NALIf.At = 0.0578 £+ 0.0006,

at-rest in-flight



& K- “‘He — At 4NA cross section

mom

llmass =

iz L Enilries 136 ....":’_ Eﬂr;t;i:s. 391;]?
Nu B Mean 4070 =] L o 3047
S [ RMS 93.83 E 14— .
O 0 i 1
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B Ty

0 200 400 G020 Boo 1000 12{ID
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m_(MeVic?) P, (MeVic)
+ data - ir E:‘;‘:EMZEL?S
2 ok
--- ANA K “He = At in flight MC b
- 4NA K *He = At at rest MC £
o -4 0 0 wg-'—Hi
ANAK *He - 3%t , 3° - Ay MC iy 'ﬂ_ﬁ;_ju __zﬁﬁmﬁj

cosO(AL)




.&'b K-
&
>
= |t
- gl =1
g | [‘f )l
Hi T
éﬁ;ﬁ 'ggé[a";u'n.:;";n'qua“a'ﬁauﬁ A o
m_ (MeVic?)

+ data

--- 4NA K *He = At in flight MC
--- 4NA K “He = At at rest MC

—ANAK*He > 2% , ¥° > Ay MC

‘He — At 4NA cross section

Contribution to the spectra Parameter value
K *He —At at rest 0.01 £ 0.01
K~ *'He —At in-flight 0.09 + 0.02
K—1He —X" in-flight 0.05 £+ 0.03
0.85 + 0.06
f / ndf ().654

Total number of events = 136

ANA K “He = At atrest = 1 + 1 events
ANA K *He = At in flight > 12 + 3 events

|

—1

BR(K*He(4NA) — At <13 x10*/K_

o(100 % 19 MeV/c) (K*He(4NA) - At) =

= (0.42 * 0.13(stat) ****

o (syst)) mb




perspectives:

- Sub-threshold K-n - A non resonant amplitude
Nucl. Phys. A954 (2016) 75-93

._ | .. ‘ experimental paper finalised
5| = (0.334 4+ 0.018 stat T gsyst) fm . P Pap

next step extract the same info in |1 = 0 to interpret the X°z° spectra

K- multiN absoption yields in X° p Physics Letters B 758 (2016) 134

yield / K;GI’ 1077 [Gstar - 1077 T sy at 107

2NA-QF  ]0.127 +0.019 | T5o0s

Same analysis is ongoing in A p (R. Del Grande PhD thesis)

Interpretation of the px+ spectra

K- *He — At 4NA cross section o(100 + 19 MeV/c) (K*He(4NA) —At) =
= (0.42 + 0.13(stat) ™ (syst)) mb paper in preparation

feasibility study of the X° - N/NN two and three body forces
measurement from K-absoption in “He



(K- ppn) +n — 30d +n
&
(K-pn)+d —» 20n+d
3NA & 2NA in ‘He

for the investigation of the

20-N & 20-(NN) two and three body interaction



No experimental information on X°-N/NN
interaction

.l___

Nucl. Phys. A 915 (2013) 24-58

140 1m0 18D nI\JC 10 'JCI * 'm:-' * IIOC
P, MEVIT) P (MEVIC) P, (Mevie]

Figure 2: “Total™ cross section o (as defined mn Eq. (24)) as a finction of ppyp. The experimental cross sections are taken from Refs. [32] (filled
circles), [33] (open squares), [65] (open circles), and [66] (filled squares) (Ap — Ap), from [34] (Z°p — An, Ep — I':'n} and from [35]
(£ p— L p Etp— E*p). The red/dark band shows the chiral EFT results to WLO for variations of the cutoff in the range A = 500,....630 MeV,
while the green/light band are results to LO for A = 330... .,700 MeV. The dashed curve is the result of the Jilich 04 meson-exchange potential
[36].



Y-N/NN interaction - “Neutron

essential impact on the [FERENRSEG

- - l
case of NEUTRON STARS Nucleon Stars

ECT#*, Trento (Italy), 27 — 31 October 2014

Hyperon Stars

Hybrid Stars

Strangeness inNeutron Stars

Strange Stars

: ‘Ignazio Bombaci
Dipartimento di Fisica “E. Fermi”, Universita di Pisa
INFN Sezione di Pisa

I. Bombaci, A. DraLgoﬁ INFN Notizie, n. 13, 15 (2003)

Microscopic approach to hyperonic matter EOS

input

2BF: nucleon-nucleon (NN), nucleon-hyperon (NY), hyperon-hyperon (YY)
e.g. Nijmegen, Julich models

3BF: NNN,NNY,NYY,YYY

Hyperonic sector: experimental data

1. YN scattering | (very few data)

2. Hypernuclei




Involved reactions:

B3NA - (K-ppn)+n — Zod+n

- The 2o identification (with respect to A) enables to avoid the dominant internal conversion
background. Moreover there is presently no available Z0-N interacion data.

Shig il
- 4He good target no "
nuclear fragmentation can 'C
follow the 3NA :

primary process. it



Comparison with available data

3NA - (K-ppn)+n - Zod+n

Data correspond to K- captures in 12C solid target.

The most energetic part of the my, invariant mass spectrum, correlated with high ps, and
ps momenta, corresponds to the 3NA - (K- ppn) process

The 3o d statistics corresponding to the sample of K- captures in the gas (4He) from the
KLOE DC is too small

A dedicated measurement with pure 4He target is mandatory!!



YM.M()

= __h
: ean 2057
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200005—
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: 6
the residual. i3
2?0 |...|.|..|.—!Tqﬂ...

1 | | | |
3100 3150 3200 3250 3300 3350 3400

=2



3NA
(K-ppn) +n —» 3od +n
without FSI

Corresponds to the highest
part of the 20 momentum
spectrum.

The narrow X0 momentum
distribution will enable to
20-NN cross section at 550
+ 50 MeV/c.

Y.P()
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3NA - (K-ppn)+n — 20d + n signature:

- Highest 20 - d angular correlation

- low Fermi momentum neutron

(Y. Px()*M.Px()+Y.Py()*M.Py()+Y.Pz()*M.Pz()J/(Y.P()*M.P()) R.P()
htem hternp

B Entries 5000— Entries 100000

- Mean B Mean 173.8
25000— RMS - RMS 72.86

B MC 4000_— MC
20000 B

B (e ) 3000__ Pn (MEV/C)
15000— COS Yod B
10000— 2000

5000 — 1000/—
0_ ! L1 AR TN AN TN NN NN NN NN M NN NN (NN TR MO SN MO SO A N D_ I R R R T T T I T T T T R T T T
-1 0.8 0.6 0.4 0.2 0 0.2 0 100 200 300 400 500

{Y,Px()“M,Px()-‘l-'\‘l'.F'y()‘M.F'-y(')+Y,Pz()"MPZ()).’(Y,P{}'M.F’{)) R.P)



Using the same data set ...

The compeeting process

2NA - (K-pn)+d — Zon+d
can be used to extract
the complementary

Information:

TWO simulatneous

g («“AJ&-W

fits (Zon & Xod) — T 1 WorS TeclAfelil AYoNG
gL A o m-a4> JAS RELATWNE YIELDS

7./ .
with the constraint o i

\' GIS N ForRRAT Lo N oAl TS E° vl 4 boolj 1|M“L0CO—CXJ'\\04~
(ODSTRAINT ¢ Grodse INA (9 3NA Yitds nust 88

(OHMPATIBLE !

of the same data set

0 6 G Y R )




Background reactions:

INA - (K-p)+pnn — 30nw0 n d
(K-n) + ppn - 20x- p d

- low energy (took away by the pion) not correlated 20 d pairs.
It is easy to be disentangled (similar to the 20 p analysis).



Thank you



Gamov state formation of a X* in light nuclei?

K. Piscicchia et al., EP] Web Conf. 137 (2017) 09005.

PRELIMINARY
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can not be explained by energy
loss, the target is much thiner



Counts /10 MeV/c

Gamov state formation of a X* in light nuclei?

K. Piscicchia et al., EP] Web Conf. 137 (2017) 09005.

PRELIMINARY PRELIMINARY
- Entries 2704 | S500/— Entries 9962
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Hypothesis: X* trapped in a Gamov state, interplay of the attractive
nuclear potential & repulsive Coulomb barrier

See:  S. Wycech, K. Piscicchia, EP] Web. Conf. 130 (2016) 02011

R. Del Grande, K. Piscicchia and S. Wycech, Formation of X*n~ pairs in nuclear captures of K$*-$
mesons, accepted in Acta. Phys. Polon B

S. Wycech, K. Piscicchia, On Gamov states of X* hyperons, accepted in Acta. Phys. Polon B
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