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Low energy QCD

 QCD has been nicely tested in the high momentum transfer region but for low
momentum transfer, perturbative techniques are no longer applicable (quarks
cannot be considered massless and Chiral symmetry is sponaneously broken).

 The most rigorous treatment is in terms of ‘chiral perturbation theory’ ChPT,
that works well for low energy it and ntN interactions, but not for systems with
strangeness S=-1 (KN, 12, ...) since the resonance A(1405) lies just below the Kp
threshold, and non-perturbative techiniques, requiring an indeterminated
number of free parameters, must be used.

* To understand and study the structure of the nucleus, particles with strangeness
are excellent, since they can travel deeper inside the nucleus than other particles
(no Pauli bocking) and cold dense baryonic matter can be studied.



Kaons in nuclei

For kaons, even the scattering amplitudes with protons
and nucleons in vacuum are very uncertain

The theories predict strong modifications of the
(anti)kaon properties in dense hadronic enviroments.

A repulsive KN potential of few MeV for K+ is expected

For K- could be attractive up to 100 MeV depending on
the model

Kaonic atom data and K- yield in heavy ion collisions
favour an attractive K- nucleus interaction.

J. Schaffner and 1. N. Mishustin

Phys. Rev. C 53, 3 (1996)
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The DADNE accelerator at Frascati

e e+ e- beams at ~ 500 MeV/c

@ > K+ K- (49.1%)

*Monochromatic low-energy K- (~127 MeV/c)
*Low hadronic background due to beam
characteristics (compared with hadron beam
lines, as KEK)




Experimental timeline at DAONE

past

present SIDDHARTA kaonic atoms

future
AMADEUS* kaonic clusters
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SIDDHARTA experiment: kaonic atoms

Spectroscopy of Kaonic atom x-ray ﬁ> Fundamental study of strong interaction
between anti-K & nucleus at low energy

The simplest Kaonic atomE> Kaonic Hydrogen
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SIDDHARTA experiment: kaonic atoms

Through the precision measurement of the shift and width of the Ka line of
kaonic hydrogen and kaonic deuterium, one can determine the isospin
dependent KN scattering lengths

Deser-Truman Formula

- S-wave scattering length “ak-p”
1 expressed with isospin dependent
S 3,,2
AEl — 5 Fl — 2« /’Lc a’K‘p scattering lengths ao (1=0), a1 (I=1)

1
aK-p = 5 (a0 +a1)

Kaonic hydrogen Together with shift & width of K-d atom, ao and a1 can be
disentangled by taking into account higher order contributions
SHIFT & WIDTH associated with the K-d three-body interaction



SIDDHARTA experiment: kaonic atoms
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SIDDHARTA experiment: kaonic atoms

A New Measurement of Kaonic Hydrogen X rays.
M. Bazzi et al., Phys.Lett. B704 (2011) 113-117
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SIDDHARTA experiment: kaonic atoms

A New Measurement of Kaonic Hydrogen X rays.
M. Bazzi et al., Phys.Lett. B704 (2011) 113-117
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reached a quality which will demand refined

calculations of the low-energy KN Interaction




SIDDHARTA experiment: kaonic atoms

The first Kd paper of SIDDHARTA

determined the upper limit of Kd
K-transitions yields
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s I Sciverse ScienceDirect
ELSEVIER Fucear Physics A 907 (2013) §3-77

www syl er.ooanforsl suciphysa
Preliminary study of kaonic deuterium X-rays
by the SIDDHARTA experiment at DADNE

Upper limit of Kd(2—1)
yield < 0.4% (CL 90%)



SIDDHARTA experiment: kaonic atoms

The first Kd paper of SIDDHARTA

, caonic deuterium X-rays
ARTA experiment at DAGNE

Upper limit of Kd(2—1)
yield < 0.4% (CL 90%)



Kaonic nucleij



Kaonic nucleij

Studying the properties of the KN potential in the nuclear medium.

How deeply is bound a kaon in a nucleus?

Discussion triggered by the prediction of deeply bound kaonic nuclear states, that require
the presence of a strong attractive KN interaction in the isospin 1=0 channel

Strong attractive 1=0 KN interaction favors
discrete nuclear states high B and small I

Intense theoretical debate with several different approaches:
- Few-body calculations solving Faddeev equations
- Variational calculations with phenomenological KN potential
- KN effective interactions based on Chiral SU(3) dynamics

N 4

For K'pp system, predicted values both for Band I
expand over the range from 0 to 200 MeV



Kaonic nucleij

Studying the properties of the KN potential in the nuclear medium.

How deeply i
Discussion tr
the presence

MEG (=2.p)

J. Mare$

Nuclear Physics Institute, Rez/Prague
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Ap analysis

-Search in the invariant mass Ap for a signal of a K'pp bound state, trying to measure
the with and the binding energy, asuming the formation of a cluster

Previous experiments

6Li
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Ap analysis

-Search in the invariant mass Ap for a signal of a K'pp bound state, trying to measure

the with and the binding energy, asuming the formation of a cluster

W
Qo
o

counts/(10 MeV/c?)
N N
=] a
|G| T T rD

160}
100-

50}

Previous experiments

DISTO Collaboration on the exclusive pp — pK*A
T, =285GeV

B (K'pp) [GeV]
0.2 0.1 0

A 1 A 3 i i 2 A 1 a2

large-angle proton

VY

M=2267 (zjl"
i

2370

M(K+p+p)

I'= 04;11'-8‘_('33-

fosmsmsmomamsmonssmsmemsnd

3

v TPY ]

2,267/

@
@©
O
b3
2
L
=
3
=
o
c
=
=
>
<
Q

M(A"*p) = 2.345 |
i

M(E+xsp)

'l : L 3 1 4
215 220 225 230 235 240 245
Missing Mass MM(K) [GeV/c?]

b

mass My = 2265+ 2 MeVic® and a width Ty = 118 + 8 MeV/c2,

5Li
X ="Li
°Be




KLOE data analysis by the AMADEUS collaboration

how K+/K- events looks like now in KLOE:

*From analysis of KLOE data and

Monte Carlo: 0.1 % of K- should

EMC stop in the DC volume, filled mainly
| by *He (90%, 10% isobutane)

°In the whole data set: hundreds
et of events with K- hadronic
interactions at rest

Drift

Chamber - Active detector:

+ Excellence acceptance

+ Excellence resolution

+ Charged+neutrals

- low statistics

- interacting nuclei difficult to
identify




KLOE data analysis by the AMADEUS collaboration

how K+/K- events looks like now in KLOE:

*From analysis of KLOE data and

Monte Carlo: 0.1 % of K- should

EMC stop in the DC volume, filled mainly
| by *He (90%, 10% isobutane)

°In the whole data set: hundreds
et of events with K- hadronic
interactions at rest

Drift

Chamber - Active detector:

+ Excellence acceptance
+ Excellence resolution
+ Charged+neutrals
The implementation of the AMADEUS setup low statistics
» will modify the events by the introductionofa _ jnteracting nuclei difficult to

target around the beam pipe, inner to the DC

identify



Analysis status

Analyses of the 2002-2005 KLOE data: Stopped K- absorption in light
nuclei (°Be,12C, “He)

- Ap from 1NA or 2NA (single or multi-nucleon absorption)
- Ad and At channels

- A\(1405) -> 209r°

- NA\(1405) -> '

- 2(1385) >A

- 2(1385) -> A 1O

- 2N/AN internal conversion rates

Dedicated 2012 run with pure Carbon target inside KLOE
R&D for more refined setup

Future possible scenario



KLOE data on K- nuclear absorption

Use of two different data samples:
- KLOE data from 2004/2005 (2.2 fb! total, 1.5fb-1 analyzed)

- Dedicated run in november/december 2012 with a Carbon target of
4/6 mm of thickness (~90 pb1; analyzed 37 pb1, x1.5 statistics)
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Performance of the KLOE detector



Performance of the KLOE detector

0.49 +£0.01 MeV /e

- Resolution study with MC simulation: 2.63+0.07 MeV/c

1.10 £0.03 MeV /2

0.12 = 0.01 em




Performance of the KLOE detector

PA 0.49 +£0.01 MeV /e

2.63 +0.07 MeV/e

- Resolution study with MC simulation: Pp
My, §1.10£0.03 MeV/c?

Foerter 0.12 £+ 0.01 em

- Acceptance study with phase space K + *He -> A p n n MC simulation
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Performance of the KLOE detector

PA 0.49 +£0.01 MeV /e

2.63 +0.07 MeV/e

- Resolution study with MC simulation: Pp
My, §1.10£0.03 MeV/c?

Foerter 0.12 £+ 0.01 em

- Acceptance study with phase space K + *He -> A p n n MC simulation
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Ap analysis: events in DC GAS
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Ap analysis: events in DC GAS

- Events in the DC gas volume (*He) KEK Blue -> 1NA
- The detection of the single nucleon absorption Conclusions: RED->7?
process iss necessary to complete the picture Green -> 2NA
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INA: KN->Amr (N spectator)
2NA: KNN->AN (pionless)



Ap analysis: events in DC GAS

- Eventsin the DC gas volume (*He) KEK Blue -> 1NA
- The detection of the single nucleon absorption Conclusions: RED->7?
process iss necessary to complete the picture Green -> 2NA
, Entries 21054 KEK' K- qoppea + 4He -> Ap X
1000 Mean 2136 & 300 —~——10.18
r RMS  56.94 2 3
o e ] 3 Jo.14
B ? 200F K jO.1:2
600 31 -~
[ ° 1 = Jo.1
B 160f ]
400 . 2 10.08
| 100:—./3 05 —;o.os
200— ¥ + J0.04
[ 50/ R
i l l 40.02
0 1 L1 1 | L1 L1 | 1 L1 1 | L1 | 1 | L1 L1 | 1 L1 ey | ] . [‘r—‘l . 1
2050 2100 2150 2200 2250 2300 2350 24002 ?050 5700 2750 2200 2250 5300 5350 24&
M, (MeV/c?) Ap (MeV/c?)
arXiv:0711.4943v1

INA: KN->Amr (N spectator)
2NA: KNN->AN (pionless)

INA: KN =>Zrt->ANrt (N from Z/A conversion)



Ap analysis: events in DC GAS

- Events in the DC gas volume (*He) .
- The detection of the single nucleon absorption o
process iss necessary to complete the picture soof-
_ Entries 21054 o
1000~ Mean 2136 s00F-
N RMS  56.94 3
800:— "’:_ I T ,
- Ap all events P, (MeV/c)
600—
- AT p events
w0l (arbitrary normalization) 3
200:_ 400?
0_|| ol Ly R Rl L 200;—
2050 2100 2150 2200 2250 2300 2350 2400 100}
I\/I/\p (|V|eV/C2) of" 00500300400 500 600708500

P, (MeV/c)

INA: KN->Amr (N spectator)
2NA: KNN->AN (pionless)

INA: KN =>Zrt->ANrt (N from Z/A conversion)



Ap analysis: events in DC GAS

Events in the DC gas volume (*He) s0oF-
The detection of the single nucleon absorption o
process iss necessary to complete the picture 3
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Y /\ conversion in the nuclear medium

Am analysis: 1N absorption process KN = Y&
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Direct formation K- n — A
Clearly visible the 2 bands:
-in flight
-at rest



Y /\ conversion in the nuclear medium

o Am analysis: 1N absorption process KN = Yrr

DC-wall carbon!!!!
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v v b e P by
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DD

v

Two-step process involving sigma:
K-n— X

> Decay Ay
— > Undergo internal conversion

within the residual nucleus
>N->AN

—» Direct formation K n — Am
Clearly visible the 2 bands:

-in flight
-at rest

- The data in this channel is of great
value to confirm the predicted
branching ration modifications in
medium for AZ(K, )

->/A internal conversion rates can be
obtained as well in function of the
nucleus material



Y /\ conversion in the nuclear medium

MC simulations of 1NA, 2NA, ZN/AN and taking into account:
- Available phase space of decays and absorptions

- Fermi momentum of nucleons

- Recoil KE of residual nucleus

- Binding energy of last nucleon of 12C and *He

- Initial momentum of K



Y /\ conversion in the nuclear medium

1NA + Internal Conversion Z(n)->A(p)
DATA Ap all events K'p >2'>A(p)r
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Y /\ conversion in the nuclear medium

1NA + Internal Conversion Z(n)->A(p)
DATA Ap all events K'p >2'>A(p)r
DATA ATr D events : = =
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Direct Arnt formation process not well described P (MeVic)
Collaboration with S. Wycech for a complete description taking into L
account, besides the S-wave, isospin I=1 non resonant transition

amplitude, also the P-wave process, with the intermediate state 2(1385).



Ap analysis

Conclusions

* ZIN/AN conversion process dominates both low and high

invariant mass regions

* Low invariant mass structure well reproduced by 1NA

e High invariant mass region well reproduced by 2NA

e Excess of low momentum protons in the low invariant mass

region could be explained by a 2 step process involving

deuteron.

* Very small contribution from direct production of A in 2NA

processes. Unexpected if this comes from *He mainly, according

to Katz et. al.

‘Non pionic channels: X* ~ 1%
X ~3%
A ~10%
X0 ~ 2%

PHYSICAL REVIEW D

VOLUME 1, NUMBER 3§

Reactions of Stopping K- in Helium*

. A Katzf
Argonne Notional Laboratery, Argonne, Ilineis 60430
anid
University of Minnesota, Minneapolis, Minnesola 35455
AMD
K. BuswrLL}
Argonne National Laboratory, Argowwe, THinods 60439
and
Nortlrwestern University, Fvanston, Ilineis 60201
ARD
M. Deegick, T. Fierog, L. G. Hvwan, avn G, Keves§

Argonne National Laboratory, Argonne, Hiineis 60430
(Received 24 October 1969)

1 MARCH

(RN




Ap analysis

Conclusions (ll)

* The extraction of the signal of a bound state in processes involving
more than 1 nucleon is very difficult unless it is very narrow and
with high formation rate.

* 3N/AN conversion process rates for this energy range can be
extracted for “He and 2C...

 ...but we need some INPUTS: double scattering process probability,
correct efficiency treatment, P-wave and S-wave resonant/non-
resonant Amt formation.



Ad analysis

. Search for signal of bound states in the Ad channel. Candidate to be a K-ppn
cluster. Observed spectra from FINUDA and KEK again showing possible

bound states in the in the high invariant mass region.
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Ad analysis

. Search for signal of bound states in the Ad channel. Candidate to be a K-ppn
cluster. Observed spectra from FINUDA and KEK again showing possible

bound states in the in the high invariant mass region.
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Ad analysis

. Search for signal of bound states in the Ad channel. Candidate to be a K-ppn
cluster. Observed spectra from FINUDA and KEK again showing possible

bound states in the in the high invariant mass region.
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Ad analysis

. Search for signal of bound states in the Ad channel. Candidate to be a K-ppn
cluster. Observed spectra from FINUDA and KEK again showing possible

bound states in the in the high invariant mass region.
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Ad analysis

. Search for signal of bound states in the Ad channel. Candidate to be a K-ppn
cluster. Observed spectra from FINUDA and KEK again showing possible

bound states in the in the high invariant mass region.
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At analysis

Only FINUDA and an old experiment (with only 4
events!) have shown At spectra from K- absorption
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At analysis

Only FINUDA and an old experiment (with only 4
events!) have shown At spectra from K- absorption
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At analysis

Only FINUDA and an old experiment (with only 4
events!) have shown At spectra from K- absorption
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At analysis

Only FINUDA and an old experiment (with only 4
events!) have shown At spectra from K- absorption
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Conclusions

KLOE has been proved to be an ideal detector for the
study of the K'N interactions.

Inclusive Ap and exclusive Apmt analysis completed and
ready to be fitted with background distributions.
Other analysis (Ad , At, 2°n°, Z*r,hypernuclei, etc)
undergoing. See next talk by A. Scordo.

Big expectations for data from?*2C solid (half)cylindrical
target.
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Z//\ conversion In the nuciear
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Tools for identifying AN events

-A good vertex resolution in esential to identify the “interaction” and “lambda” vertices .
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Tools for identifying AN events
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Tools for identifying AN events
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Tools for identifying AN events

-The use of the EMC clusters associated to tracks allows to calculate particle masses
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Tools for identifying AN events

-The use of the EMC clusters associated to tracks allows to calculate particle masses
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Ap event Ap analySiS

In 4He
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No, of events/4MeV

Bubble Chamber K (CF;Br)->ApX
T. Buran et al., Phys. Lett. 20, 318 (1966)
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New high statistics bubble chamber data on K=d —+ Apr™ at incident K™ momenta
between 680 and 840 MeV/c were used to study the enhancement in the effective Ap

200

100

50

2100

2200

2300

M {Ap] (MeV)




Nuclear Physics B124 (1977) 45-60
© North-Holland Publishing Company

200
ON THE Ap ENHANCEMENT NEAR N THRESHOLD 3 I
£
0. BRAUN, H.J. GRIMM *, V. HEPP, H. STROEBELE, g osor
C. THOEL ** and T.J. THOUW *** . "
Institut f ——— E— — =
F GAN PHYSICAL REVIEW VOLUME 187, NUMBER § 25 NOVEMBER 1969
Max-Plan Search for a Ap Resonance
s P, L. Jam
Received Depariment of Physics, State Untversity of New York at Buffale, Buffalo, New York 14214
(Received 11 Tulv 1969) i
wr " = 2 | g
New In the analysis of K~ capture at rest with nuclear T E:
between eTn}l_ls}pns,. 1we rer:!f:nf-ted,_l .in 196:1,. 1.‘-.rith rather ‘limif;r:d ,7 ; Ll‘
:: I %:wﬁ‘“:ﬂu
H [H |
s
0 Rl Fiag :lllf-l :f:_u 2E0 T IAED
(2 The chahi) et o o Events Wl o B
I:E.:I{_i;ﬁ. I;l:l?h.;:tm\:" the incident & and the sutgning = in the




PHYSICAL REVIEW D VOLUME 3, NUMBER 3 1 MARCH 1971

Study of the Nonimpulse Events in the Reactions

K-d — Azp and Az=N at 670-925 MeV/c* |
W. H. Sms,} J. S. O'NeawL} J. R, Ausricat, E. B. Brucker,§ anp J. E. Lannurm
Department of Physics, The Florida Stale University, Talluhassee, Florida 32306 20}-
(Received 24 September 1970)
10
L‘P‘I i {npioevrc]?
[i] 1 i i 1 4 .nl-l"l.-.lll.ll
40 45 5.0 5.5 60 8.5 0 75
20 23 2.2 2.3 24 25 26 27

MiAp) eVt



PHYSICAL REVIEW D VOLUME 3, NUMBER 3 1 MARCH 1971

Study of the Nonimpulse Events in the Reactions

K-d — Azp and Az=N at 670-925 MeV/c* |
W. H. Sms,} J. S. O'NeawL} J. R, Ausricat, E. B. Brucker,§ anp J. E. Lannurm
Department of Physics, The Florida Stale University, Talluhassee, Florida 32306 20}-
(Received 24 September 1970)
10
L‘P‘I i {npioevrc]?
[i] 1 i i 1 4 .nl-l"l.-.lll.ll
40 45 5.0 55 60 8.5 0 75
2,'0 21 2:2 2.3 24 25 26 27
MIAp)Gevict
VoLUME 23, NUMBER 7 PHYSICAL REVIEW LETTERS 18 AugusT 1969

STUDY OF HYPERON-NUCLEON INTERACTION IN THE REACTION K “d—-7"pA AT REST*
M (AP

mi HD TaIl 100 T F T I L | T 7
Stanford Linear Accelerator Center, Stanford University, Stanford, Ca b
{(Received 30 June 1969)

@ o]
o o

NUMBER OF EVENTS
'
o

20

||||1|I|I|I|l

Q
2o 2120 2140 21e0
M{AF)




PHYSICAL REVIEW D VOLUME 3, NUMBER 3 1 MARCH 1971

Study of the Nonimpulse Events in the Reactions

K~d - A=p and A=xN at 670-925 MeV/c* |
W. H. Sms,} J. S. O'NeawL} J. R, Ausricat, E. B. Brucker,§ anp J. E. Lannurm -
Department of Plysics, The Florida Stole University, Talluhassee, Flovida 32306 20}-
(Received 24 September 1970)
N
| o
i T
IL NUOVO CIMENTO VoL. 49 A, N. 2 2] Gennaio 1979 L*n threshold B
A Study of the Anpd Final State Produced l
Vol in K-Meson Interactions at Rest in Helium (*). )

R. Roosex (**), C. VANDER VELDE-WILQUET and J. H. WickeNs (")

Interuniversity Institute for High Energies, ULB-VUB - Brussels, Belgium

C. Comeer (*,%), D. H. Davis and D.N. ToveE (,",)
University College London - London, U. K.

M{AP)GeV/c?)

EDNJ u

I|I|1||r||||l

Q
2o 2120 2140 216t
M{AF)




Ap analysis: Monte Carlo

Simple Monte Carlo simulations of 1NA, 2NA, ZN/AN and taking into account:
*Available phase space of decays and absorptions
*Fermi momentum of Nucleons
*Recoil KE of residual nucleus
*Binding energy of last nucleon of 12C and 4He
*|nitial momentum of K-

True MC simulation
(no accept.)

3 processes simulated:
-interaction in C at rest
-interaction in Cin flight
-interaction in He at rest

Internal Conversion Zp->A\p

Kn 2% ->A(p)r
20000E /

K'pp >Ap
‘Spectator’ proton J {/
K'n A (p) .
TAT00F— \1, |
12000 —
10(}00:_ 2| Internal Conversion Zp->/Ap ZNA
= S Knp 2%->A(p)n
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20005— . h
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Ap analysis: events in DC GAS

Nicre Nyge T He

Nxe  neoke. K- stopped in the DC gas
e _ 9263, == Nywe/ Nk~ 3,6




Ap analysis: MC 2NA

2NA absorption
Internal Conversion Z(p)->A(p)

Knp 2Zn->A(p)n
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Ap analysis: Monte

T

What was not simulated:

- Low momentum proton
process: ‘doble nucleon
conversion’
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Ap analysis: coincidence with fast d

DATA Ap all events
DATA Atrp events

DATA: Apd event§ — CARBON (DC wall) events
(arbitrary normalization)

No Lambda-proton angular correlation —>




Search for the 2NA: K-(pp) -> Ap

- Use the calorimeter: remove 2° decay (-> Ay) contamination
- Use the 12C data (more statistics) in the DC wall

Use of the calorimeter: Photon detection
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Search for the 2NA: K-(pp) -> Ap

- Use the calorimeter: remove 2° decay (-> A\y) contamination
- Use the 12C data (more statistics) in the DC wall
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Search for the 2NA: K-(pp) -> Ap
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