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AMADEUS & DA®PNE
K-
DA®NE

Double ring e* e collider working in C. M.
energy of @, producing = 600 K*K" /s
¢ - K*K (BR =(49.2 + 0.6)%)
* low momentum Kaons

=~ 127 Mev/c W __ or |
* back to back K*K- topology
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ant i.;tl"'l |

KLOE

* 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)))




Experimental program of AMADEUS

Unprecedented studies of the low-energy charged kaons interactions in
nuclear matter: solid and gaseous targets (d, *He, “‘He, %Be, °C ... ) in order to
obtain unique quality information about:

1) Possible existence of kaonic nuclear clusters (deeply bound kaonic

nuclear states)

v

Single & multi — nucleon K- _.absorption

2) Nature of the controversial A(1405)
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Unprecedented studies of the low-energy charged kaons interactions in
nuclear matter: solid and gaseous targets (d, *He, “‘He, %Be, °C ... ) in order to
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1) Possible existence of kaonic nuclear clusters (deeply bound kaonic
nuclear states)

Single & multi — nucleon K- .absorption

How deeply can an Antikaon b€ bound to a nucleus?

Possible bound states:
Kpp = Ap

Kppn = Ad



Experimental program of AMADEUS

Unprecedented studies of the low-energy charged kaons interactions in
nuclear matter: solid and gaseous targets (d, *He, “‘He, 2Be, °C ... ) in order to
obtain unique quality information about:

2) Nature of the controversial A(1405)

®.6 I o®
N+ (K — 1432 MeV/c2 i @ 3 quark state?
30 MeV \ /
- entaquark?
A(1405) pemad

One pole OR two poles? TN A,
P p l\Kj)\p_/.“—% molecular state?

@ * @ 1330 MeV/c2

KN bound state?



Investigation of K- absorption on light nuclei

(H, ‘He, °Be, 12C)
AT-REST (K- absorbed from atomic orbit) or IN-FLIGHT
(p,~100MeV)

Reactions:

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

- K'p' =» 270

- K'p' = 2'1IC

'p','n' BOUND nucleons

- K'n' 2 ATt (direct formation) or ...

KN =-2r/2'mr ; ZN - AN' (internal conversion processes)

R&D for more refined setup: ScFi + SiPM (trigger system) TPC — GEM (inner tracker)
Experimental tests of the trigger prototype for the AMADEUS experiment based on Sci-Fi read by MPPC,
Nucl.Instrum.Meth. A671 (2012) 125-128
Performances of a GEM-based TPC prototype for new high-rate particle experiments,
Nucl.Instrum.Meth. A617 (2010) 183-185



TWO SAMPLES OF DATA:

" 2004-2005 KLOE data (Analyzed luminosity of ~2 fb)

K- absorbed in KLOE materials (H, *He, °Be, 12C)
At-rest + In-flight

" Dedicated 2012 run with pure graphite Carbon target inside KLOE
(~90 pb; analyzed 37 pb?, x1.5 statistics)

K- 2C absorptions At-rest



Low-energy K- hadronic interactions studies
with KLOE, why?

MC simulations show that :
« ~0.1 of K stopped in the DC gas (90% He, 10% C,H. )

K™

47710

 ~2% of K stopped in the DC wall (750 pm c. f., 150 pm Al foil).

A %

S.C.. COIL

Cryostat

DRIFT:CHAMBER

K=

A

6m

Possibility to use KLOE materials as an
active target

Advantage:
excellent resolution ..
0, =0.49£0.01 MeV/c in DC gas

0, =18.320.6 MeV/c?

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



Carbon target inside KLOE

K

I~
YOKE

Advantages: S.C. COIL

* gain in statistics
* K" absorptions occur in Carbon
* absorptions at-rest.

(~90 pb?; analyzed 37 pb?, w15 -- e e— __
statistics) o . 2




PART 1

kaonic nuclear clusters
Single & multi — nucleon K- absorption

investigation through

Ap /| Nd | At

correlation



Ap/Nd/ /At scientific case

How deeply can an Antikaon be bound to a nucleus?

Possible bound states: K'pp — Kppn
AN N
N Ap N Ad
predicted due to the strong KN interaction in the I=0 channel. (Wycech (1986) - Akaishi
& Yamazaki (2002))

Different theoretical approaches:

® Few-body calculations solving Faddeev equations

® Variational calculations with phenomenological KN potential
® KN effective interactions based on Chiral SU(3) dynamics

Kpp bound state

Theoretical prediction B.E (MeV) r (Mev)
PRC76, 045201 (2002) T. Yamazaki and Y. Akaishi {IB 61
ar¥iviog1zogzvzinucl-thl A.N.Ivanov, P. Kienle, |. Marton, E. Widman 118 58
FPRC75, 0440004 (2007) M. V. Shevchenko, A, Gal, ). Mares, 1. Revai 50-70 ~100
PRLC76, 035203 (2007) Y. lkeda and T. Sato 60-95 45-80
MNPABDL, 167 (2008) A. Dote, T." Hyodo, W. Weise 20+3 40-70

FRC8o, 045207 (2009) S, Wycech and A, M. Green 56.5-78 39-60

PRL B713, 132-137 (32012) Barnea et al 15.7 41.2




A\p scientific case

How deeply can an Antikaon be bound to a nucleus?

Possible bound states: Kpp

B

\Ap

Experimental studies in the Ap decay channel
®pp collisions: DISTO (published), FOPI, HADES (E. Epple - monday
afternoon session)

® Absorption experiments: Bt
16000 f .
aoool. | L CEglon ,
FINUDA o 4
K- stopped + X -> Ap X’ 10000
pp p § 8000 | M = (2255 * g) MeV/c?
5
. E B00D0
6L1 = WDD.‘,-"’J
X — 7L1 a}nn+
9Be gz 2|25 _ )
p-A invariant mass [GeV/&]

PRL94 (2005) 212303

B =115% _(stat)*3 , (sys) MeV
I'= 67114 ,,(stat)*2 5 (sys) MeV




A\p scientific case

How deeply can an Antikaon be bound to a nucleus?

Possible bound states: Kpp

b

\/\p

Experimental studies in the Ap decay channel

®pp collisions: DISTO (published), FOPI, HADES (E. Epple = monday
afternoon session)

® Absorption experiments: f"u;“’”'; A
o |t S A 0.16
= 260 +
g I I§ -_0.14
£ 200} ® Jo.12
@KEK E-549 21 o
60| S 10T INA
3 Jo.os  2N/AN - DBKS
K- stopped + 4He -> /\}1 X o 5 " boe 2NA
50-1:3 ;fw _G-E'- _0.04
1 : \l 10.02

$950 2700 2150 2200 2250 2300 2350 2400
Mhp (MeV/c?)

arXi1v:0711.4943y



A\p scientific case

K~ How deeply can an Antikaon be bound to a nucleus?

MFG (=X.p)

-
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-
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v
|-

GFGM (xt.xA9°)

- DBKS
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FINUDAO OBELIX

| X |
50 100
Bx (MeV)

M Ap (MeV/c9)

arXiv:(



Analysis of events in the DC gas volume

A\p analysis

K- stopped + 4He — I§p X

in-flight abs.

\
pTE

Y (cm)

i 1717882
w [ AP eve\
150 — §

- pi_ =

B > il yr_ﬁ%\%"

3 /

L ,_'.-/
= F / K+

N O T T N T A T N Y T O Y N IR N T T T T N T
=200 =150 -100 =50 o 50 100 150

X (em)



N\p analysis

K~ pa | 0494001 MeV/e
Resolution study with MC simulation pp | 263£0.07 MeV/e
and charged kaons decays: My, | 110003 MV

P 0,12 +0.01 em

Acceptance study with phase space K-+ 4He -> A p n n MC simulation

arbitrary units

0.02
0.018 | 1
0.016 f— +
ooms £ S+ + Projection of the acceptance
CUE N function depending on:
' = —— S
0.008 —+ e 4/ (P/\,Pp,Man /\p)
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Acceptance allows for quantitative study of
all the contributing processes

® 1NA with 2 //\ conversion:

K-N—-2m + 2Zp/MNp

FINAL PRODUCED

PARTICLES
® 2NA processes:

K-NN = A (20) p
K-NN - 20p + 2Zp/Ap conversion in 4He
Pionic 2NA modes: K-NN = YN

® Uncorrelated processes:
Simulation based in «spectator» protons from Ad correlated events

in 12C



NAp and ApT- samples

-'E B Entries 44730
c - ) :
10001 Entries 6568
- All Ap events o Entries 6568
800 — ApTr- events (statistics x2) 3
600 0=
400 -
N [ T [~ e
200—
- ! P_(MeV/c)

_l 1 1 1 1 | 1 1 1 1 I L1
%050 2100 2150 2200 2250 2300 2350 2400
M, (MeV/c?)

The presence of a pion is the characteristic signal a single nucleon absorption:

detected

Absorption: K-N = 21t + conversion process: Zp/Ap particlg




NAp and ApT- samples
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N\p events, preliminary fit

® 1NA with 2 //\ conversion:

K-N—-2m + 2Zp/MNp

FINAL PRODUCED

PARTICLES
® 2NA processes:

K-NN = A (20) p
K-NN - 20p + 2Zp/Ap conversion in 4He
Pionic 2NA modes: K-NN = YN

® Uncorrelated processes:
Simulation based in «spectator» protons from Ad correlated events

in 12C



N\p events, preliminary fit

Fit method: 2D fit
N\p invariant mass
and cos 0, simultaneously

K-N - Zm + ZXp/Ap conversion in 4He
K-H - 2T + Zp/Ap conversionin12C

- No fragmentation (higher mass)
- Residual fragmented (lower mass)

K-NN — ATTp (higher mass)

K-NN — Ap (higher mass)
K-NN — 20p (lower mass)

K
1000 __ \LJ[ H ‘71 -----
: J[H Hf -| et |
800 EHH | g
. ﬁ
T
_H HH J[h 12| .
" " g
e -.
&
400 -
200 :_
%0 .

conversion in 12C conversion in 4He

conversion after 1NA

M, (MeV/c?)




/\p eVentS, prellmlnary f]'t ™~ Fit method: 2D fit
ISSUES Np invariant mass

K- and cos 8, simultaneously

5 ===== K-N - Zmw + ZXp/Ap conversion in 4He
----- K-H - Zmw + ZXp/Ap conversionin12C

#HH 7 - No fragmentation (higher mass)
; + +++ Data 4 - Residual fragmented (lower mass)
----- K-NN — ATTp (higher mass)

1000

121 ... K-NN — Ap (higher mass)
..... K-NN — 20p (lower mass)

MeV/c?)

M, (
Is there room for a 2NA pionic mode?
K-NN - YniN
The preliminary fits find «a place» for this processes (~ 5% of A\p events)



events
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- 572 Lambda-deuteron events in DC gas

- Structures at high Mass correlated with back-to-back events




A\t events

- High energy tritons expected to come from rare
ANA process

- Only observed in bubble chamber experiments

3 events (M. Roosen, J.H. Wickens, Il Nuovo Cimento 66

(1981), 101.) and by FINUDA 40 events adding
different materials (Phys.Lett.B669:229-234,2008).

- KLOE statistics in the DC gas: 134 events



events

A\t events

134 events
B m— Events with o F
121~ Cos8, < -0,97 (] 5 Y%
L — > -
L O 35
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B 25—
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I B 15
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Clear back-to-back enhacement lambda-triton signal



events

K- /\t events

134 events
i — Events with 0 -
12 __ vents wi . = 40 o
L CosO,, <-0,97 Q =
i At [ | > :
R O 35
10— C
- | 30F
sl HERE -
- 25 _
- = Events in 12C
. B 15
4 — — C
- 10F
_ | (| I 1 1 | 1 1 | L1 1 1 | L1 1 1 | L1 1 1 L 0: | | | | | |
3%00 3950 4000 4050 4100 4150 4200 4250 -1 05 0 0.5 1

M cos 6,

At

Clear back-to-back enhacement lambda-triton signal

Events in Carbon do not show this feature



conclusions PART 1

- K-pp search:

*The signal from the decay of a K-pp bound state is masked by the >/A
conversion process.

*No clear peak structure excludes the possibility of a high formation
rate and /or narrow width resonance.

- Ad, At

*3- and 4-nucleon absorption processes clearly seen.
*Additional structures must be investigated. 20 contamination? Bound
state?



PART 2

Nature of the A(1405)

investigated through
2°1° [ 2*TC

correlation



Scientific case of the A(1405)

A(1405) : mass = 1405.1"'°_  MeV, width =50+2 MeV

I=0, S=-1, JF=1/22 , Status: **** , strong decay into X7

Its nature has been a puzzle for decades: three quark state, unstable
KN bound state, penta-quark, two poles??

(b) Light strange baryons

0.8 — Sz
First experimental evidence:
1 = . - 18
M. H. Alston, et al., Phys. Rev. Lett. 6 (1961) 698
0.6 — 22 ? L ..
Kp = mmZ _ = _
ié = — 1.6 i_:‘;,
é‘ 0.4 — — | g
N(1405) v\é - 5
-éf i 1—> 3/2+ —1.4 ;
02— Mg B
NA(1116)
o L2+ L
op | Y o nEEEEEN 2 SESEEE |
N DY



Scientific case of the A(1405)

N+ (K) = 1432 MeV/c2 _ \®/ 3 quark state?
30 MeV

1 - pentaquark?

A(1405)

) o~ . .
| | L K/\p —% molecular state?
@ * @ 1330 MeV/c2 _

- The three quark model picture: A(1405) mass??

KN bound state?

Similar to the nucleon sector N(1535), the expected mass of the A" is around
1700 MeV.

- Energy splitting between the A(1405) and the A(1520) (spin-orbit partner
(Jr = 3/2)) ?2.

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



Scientific case of the A(1405)

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

4) two poles: (z,=1424*7 ,—i26*° , ; z =1381""% —i 81" ) MeV (Nucl. Phys. A881, 98 (2012))

/7 \\
mainly coupled to KN mainly coupled toX®r = line-shape depends on

production mechanism

e Akaishi-Esmaili-Yamazaki phenomenological 1405 S
potential ' T
° . / —"'/ ﬂy- 0.8
Phys. Lett. B 686 (2010) 23-28 Confirmation of =/
/ 0.6
single pole ansatz? T My |
0.8 - -0.4
s00 [ 0.6 02
L .'n". ——
5 o0 Best fit \, 041 /
§_ _ 1405.2-23.3 : ¥ =11 ! 0.2 4 Y, 80
E o 1432-34 : X% =77 ~ /60
: o T /40 |miz] MeV]
& 200 H-w: %*= 103 ‘\\ || 1460 — 20
2 i N Re[z] [MeV] 1420 400
z
100 |-
?346 LJ- 1350 1380#-_-:-3;(; - ‘IISISOI - ‘IIHIEIDI - I‘ltllﬂﬂl- - I1A1-I‘ICI
s [MeV]

Fig. 6. Detailed differences in M xy spectra among the Hyodo-Woeise prediction and
the present model predictions.



Scientific case of the A(1405)

 Chiral unitary models: A(1405) is an I =0 quasibound state emerging from the coupling
the KN and the Y17 channele Twn nalec in the neichhgrhood of the A(1405):

betwee

4) two poles: ( Phys. A881, 98 (2012))

HADES
-1 F o
mainly ce Pep =k X Wt sl T g depends on
Phys. Rev. C 87,025201 (2013) mechanism
* Akaishi-E: 0.15 c)
o, 0.8
Phys. Lett. Bx¢
% 0-1 B — - 0.6
g_,. -0.4
500 3 0.2
= +
_ = 0.05 P :
2 I3 AN A
% 300—.8 A | ! l
_2 _ 0 AL‘—\— A ' L}, 40 Im[z] [MeV]
3 zuu:— + ; ‘20
2 ; 1 x10°
‘el 1.4 1.5 1.6
MM(p,K") [MeV/c?]

s [MeV]

Fig. 6. Detailed differences in M xy spectra among the Hyodo-Woeise prediction and
the present model predictions.
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Scientific case of the A(1405)

K" nuclear absorption experiments .. long history .. BUT

 spectra CUT AT THE ENERGY LIMIT AT-REST 2) (Z:rn¥) £(1385) CONTAMINATION

500 |-
a0 [ Best fit
i 1405.2-23.3 : ¥* =1

300 |-

L - .
200 H-W: X"=103

Number of events per bin

100

. = AT

T

1432=34 1 1% =77 ~_

D L 1 1
1340 1380

s [MeV]

1350 1360 1370

Fig. 6. Detailed differences in M x7 spectra among the Hyodo-Weise prediction and

the present model predictions.

1390

1400

1410

“A study of K~ “‘He = (Z+n¥)+°H using
slow instead of stopping K- would be very
useful in eliminating some of the
uncertainties in interpretation”

D. Riley, et al. Phys. Rev. D11 (1975) 3065

Esmaili et el., Phys.Lett. B686 (2010) 23-28

In flight K° absorption allows to explore the higher mass region



ENTRIES /10 MeV/c?

Scientific case of the A(1405)

A(1405) is I = 0

¥ (I =0) golden decay channel

(free from X(1385) background I=1)

The X7’ spectrum was only observed in 3 experiments ... with different

L. Zychor et al., Phys. Lett. B 660 (2008) 167
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K. Moriya, et al., (Clas Collaboration) Phys.
Rev. C 87, 035206 (2013)
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K- //p// — Zo.’_l()

bound protonin ‘He / »C



2% T channel

N\ (1405) signal searched by K- interaction with a bound proton in Carbon
Kp = 21T detected via: (Ay) (Yy)

Strategy : K" absorption in the DC entrance wall, mainly C with H contamination (epoxy)

N.U. N. U.oo® | — 2005 AR + IF
o :L_J_ " —2012
o1z b B 007 |- Carbon target
ol [ AR only

g i
0.08 | L — -
L | — L

r 0.04 J-
0.06 -
i —] 0.03 |-

m,__in ?C
00z I at-rest "-LI_
| Y , ] e o =

P TR S SR RN T T S L P B S S R r— P T T T T T [N T T T T A T T S S [N Y S L L
Ql 300 1350 1400 1450 1500 1550 1600 0 100 200 300 400 500 G600 700

my,, (MeV/c?) Psone (MeV/c?)

m__ resolution o_ = 32 MeV /c?

;' Proso Tesolution: NG 20 MeV /c.

Negligible (AT’ + internal conversion) background = (3+1) % — no I=1 contamination




2% T channel

K" nuclear absorption experiments .. long history .. BUT
K~
1) m__ spectra always cut at the AT-REST limit 2) (Z+n¥) spectra suffer X(1385) contamination
P.J. Carlson, et al. Nucl. Phys. 74 642

F9L ewents

soo[ D. Riley, et al. Phys. Rev. D11 (1975) 3065
C -

&
=]
N T —

f' i
£ ac0 Best fit = !
g - 1405.2-23.3 : X* =11 __ = |
E : . = so- L
% 300 — - 2 J H |
2 - 1432-34 : %% =77 : : |
- ~— &0 ]
=] L b A = -.
3 200 HRW =103 g 1} |
;) : =
= 5 | :
100 EE - |
I E
=
=

R M- 1
1380 1390

. - 1
1400

1410

T = "

D 1
1340 1350 1260 1370

|8
\li_\J_'—L_.

12 (m]
s [MeV] 0O 40 &£0 120 160 2002 40 280 320 360
(= M V," =

Fig. 6. Detailed differences in M x» spectra among the Hyodo—-Weise prediction and
the present model predictions.
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2% T channel

016 — L
N. U.00° —_ 2005 AR + IF
0.14 |- oos [
: [ : —2012
“ B 007 Carbon target
N 0.06 | AR onl
- B 0.05 | 1
0.08 |- | 7 | ’ C
| _— L
i 0.04 |- J-
0.06 |- . q:l:
_J_ — 0.03 |-
0.04 i L
- . 0.02
i m,__in ?C
0.0z I at-rest 0.01 [ "-LI_
q|3(_)0I — ‘I|3I5CI| — ‘I|4|(:|(:I|YI I ‘I|4I5CI| — ‘I|5I0CI| I 15I5CI| I 1600 o 0] — I1|0(:|I — I2(;'(:.I - I3(|]0I — I4(;0I - L'O-(;-I_._.GIIJO 700
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In-flight component ...
FIRST EVIDENCE IN K- ABSORPTION MASS SPECTROSCOPY

opens a higher invariant mass region



K- Ilpll el Z+.’-[—

bound proton in ‘He / »C
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X't invariant mass spectra

Kp = ' detected via: (pm°) 1

Possibility to disentangle: Hydrogen, . at-rest, K" capture

if resonant production contribution is important a high mass
component appears!
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Resonant VS non-resonant

Another unsolved question ..

KN=2(*?)> YT
how much comes from resonance ?

Investigated using:
K”"n” = ATU direct formation in “He

In collaboration with Prof. S. Wycech



Counts/(2MeV)

Low momentum A ©T~ pair = S-wave, I=1, non-resonant transition amplitude.

250

... the idea

Channel: K- ‘He = A 1w °He

Bubble chamber experiments exhibit two components:

High momentum A ®~ pair = P-wave resonant formation ?

Also exsists in S-state K-mesic atom
as a result of the

threeé body structure of the system

K=+ Hé—> A+w~+Hé

.
Em_J :'; 1
; i ‘1.1 GAUSSIAN |8
Pt A, 0 s GAUSSIAN 2p
I | \ —-— HULTHEN s
’591";" .*' R HULTHEN 2p
¥ (K=1, n=2,3He =3)
100 f
I;' K. Brunnel et al., Phys.Rev. D2 (1970) 98
5oL




Channel: K- “He = A 1 3He ... theidea

K (s=0) *He(s=0) n(s=1/2) X*(s=3/2) = resonance p-wave only

atomic s-state capture:

S

n

consequence of 3-body effect
(K™ n) s-state interaction

(K™ n) p-state interaction

3SHe SHe

/Z*‘ not alloweci \\ +
(X allowed

‘\\\ N B //,/

" NON-RES only

(K *He » A m °He) absorptions from (n s) - atomic states are assumed -

‘He bubble chamber data (Fetkovich, Riley interpreted by Uretsky, Wienke)

* Coordinates recupling enables for P-wave resonance formation



Channel: K “He -» A © °He ... the strategy

» Fit of the p,. observed distribution using calculated distributions :
P_®(ppd =Wy (a2 12 (prd|? P non-resonant

P.P (pr)=1Wy (Pp) 1% 12628 (p, ) 1% p/8 (kp,)*> resonant

* To determine for the first time the ratio resonant/non-res.

i

Al given the fairly well known |f N Al

N-R
| f \



Channel: K- “‘He—> A 1w ‘He ... calculated reactions

Calculated primary hadronic interactions:

At-rest: S-wave non-Res / P-wave X(1385) Res
K-“He -» A 7w 3He
In-flight: S-wave non-Res / P-wave X(1385) Res

At-rest: S-wave non-Res / P-wave X(1385) Res
K-“He =» X%t 3He
In-flight: S-wave non-Res / P-wave X(1385) Res

At-rest: S-wave non-Res / S-wave A(1405) Res /
K-He » (£ m)° °H P-wave X£(1385) Res
In-flight: S-wave non-Res / S-wave A(1405) Res /
P-wave X(1385) Res



K- “‘He » A ® °He preliminary fit

K~

Simultaneous fit (p,,.-m,

contamination to vary around the estimated values within errors:

Global fit

A At-rest N-R

A In-flight N-R

A In-flight RES

Y p/n » A p/n conversion

Counts (10 MeV/c)

250

200

150

100

50

'r[_

- 0,,..) leaving the ratio At-rest /In-flight and >C

data_p
Entries h274
Mean 225
RMS 106.1
| D
‘ey.
4
i 2 ),
29
+ 4.
-+t
-
300 400 500 " 600

Prr. MeV/c)




K- ‘He » A © °He preliminary fit

- 0,,.) leaving the ratio At-rest /In-flight and *C
contamination to vary around the estimated values within errors:

Simultaneous fit (p,.-m, _
x*/ (ndf —np) =14
(At-rest RES)/(At-rest N-R) = 0.9 + (0.2stat)+ (0.4sys)
(In-flight RES)/(In-flight N-R) = 0.9 +/(0.2stat)+ (0.4sys)

“e

(In-flight) / (At-rest) =1.9 £ 0.4 /11)) .
7,
Y p/n = A p/n conversion = (10 £ 1)% Q{,})

A T events from K- 2C=(53 £ 2)%



conclusions PART 2

my, spectra show a high invariant mass component - associated to in-flight K

capture
PRELIMINARY AT first measurement of RES/N-R ratio in nuclear K™ absorption.
Next steps ...
Same analysis is ongoing for X't — extraction of 1f"N*, _(I=1)I

Similar description of X*nt and X®* production — extractionof |fN®, | and

|fN-R

2+T-

s |, acomparison of these could give an estimate of

| £NR o, (I=0) + ¥R, (I=1) | against | £ R, _(I=0) - £ X (I=1)|

24T 2+TT— 2+TT— 2Z+TT—

Branching ratio modifications in different targets (see A. Ohnishi et al., Phys. Rev.
C 56 5 (1997) 2767) & Density dependence of m,, and p,, (see L. R. Staronski,

S. Wycech, Nucl. Phys. 13 (1987) 1361 / A. Cieply, E. Friedman, A. Gal, V.



Perspectives ..

% AMADEUS experiment:

Implementation of dedicated solid targets & cryogenic gaseous targets (H, d,
SHe, ‘He) inside the KLOE DC.

*The AMADEUS setup will be
implemented in the 50 cm. gap in
KLOE DC around the beam pipe:

i Ty
*Target| A gaseous He target for a
first phase of study)

.

*Trigger (1 or 2 layers of ScFi

surroundingthe interaction point)
"

KLOE —
KLOE ~ Drift Chamber

EMC










Experimental program of AMADEUS

Unprecedented studies of the low-energy charged kaons interactions in
nuclear matter: solid and gaseous targets (d, *He, “‘He, %Be, °C ... ) in order to
obtain unique quality information about:

1) Possible existence of kaonic nuclear clusters (deeply bound kaonic
nuclear states)

Single & multi — nucleon K- .absorption

2) Nature of the controversial A(1405)

" Low-energy charged kaon cross sections for momenta lower than 100
MeV/c (still not measured)

" Many other processes of interest in the low-energy strangeness QCD
sector = implications from particle and nuclear physics to astrophysics
(dense baryonic matter in neutron stars)



Carbon target inside KLOE

8 (1) gy

Advantages:

Siodn |

* gain in statistics »
» K" absorptions occur in Carbon
* absorptions at-rest.

8005-2A_Target 1

* MC simulation: 26% of Kystopped in C, 2% of K* stopped in Al hence
aluminium contamination from 19% — 7% !

Thickness optimazied (based on MC'simulations) to maximize the number
of stopping K™ in the targed, mifiimizing the charged particles energy loss.

(~90 pb?; analyzed 37 pb, x1.5 statistics)
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bound proton in ‘He

Y (cm)

150

100

50

-100

-150

-200

1135244

o Ryp= 1]
B spn= 1
B LOn= 0
== gmult=
= T 104 s
L "" I'\
L I Y

| 1
- |
B . |
L ‘I l
: |I ,[
b— \J I."‘
| ~ .“-
— \
L A
N 7 "m0
o L1 ' 11 11 ' 1 11 1 I 1 i 1 I 1 11 L l 111 'l 1 11 11 I 1 1 1 l 11 11 ' 1 11

-200 150 200

X (cm)




Scientific case of the A(1405)

K-

The three quark model picture has some difficulties'to reproduce the
NA(1405). According to its negative parity, one of the quarks has to

be excited to the [ = 1 orbit. Similar to the nucleon sector, where one
of the lowest negative parity baryon is the N(1535), the expected
mass of the A" is around 1700 MeV (since it contains one strange

quark). Another difficulty is the energy splitting observed between
the A(1405) and the A(1520), if is interpreted as the spin-orbit

partner (J? = 3/2).

&

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,



TO TEST THE HIGHER POLE:

Scientific case A(1405)

r"' -\ 10 1 f I
AY ¢| — Re (phen) 1o
phenom. Ml Re (chiral SN
potential & |
> | 7T N\ e Mel
- N\ =
chiral 0
SU(3) ﬁ“ -~ -Im(phen) 3/
dynamics e T i T
\. / 1320 1360 1400 1440
Vs [MeV]

4 large differences |
In
subthreshold
extrapolations

L

@ Chiral dynamics predicts significantly weaker attraction than
AY (local, energy independent) potential in far-subthreshold region

production in KN reactions (only«

Distribution shape depends

F
>(€ j

dM

chance to observe the high-mass pole)

decaying in X%’ (free from X(1385)
BRSOt =E

do(XwT)

on the decay channel:

9 9 2 .
- 4+ —Re(T°T™)

\'f': 6

1 : 1
X 3 !T“ + o) |T1

)

2

do(XT77)

dM

X E | 7"
3

o 1

2

do(X°7°)

dM

7

5% l ‘ f i
3

©— —Re(T"T"™)

| 2



Scientific case of the A(1405)

~ : ™
large differences
In

subthreshold

( ™ 10 ,
AY B__IRE(P]].GD)I - I:{]|_
phenom. — mm Re (chiral)
-J Z lllllllllll
& 2
] N =9 -
chiral ) e T
SU(3) ﬁ’— - —-Im (Pheﬂ} ..........
dynamics 4| == Im (chiral) | =
N / 1320 1360 1400 1440
vs [MeV]

extrapolations

@ Chiral dynamics predicts significantly weaker attraction than
AY (local, energy independent) potential in far-subthreshold region

TO TEST THE HIGHER POLE:

» production in KN reactions (only chance to observe the high mass

pole)

* decaying in X'’ (free from X(1385) background I=1)



spectra CUT AT THE ENERGY LIMIT AT-REST

Scientific case A(1405)

K" nuclear absorption experiments .. long history .. BUT

s00 |-
£ aoo | Best fit
] 1405.2-23.3 : k* =11 __
B .
= 300
s H 1432-34 : %% =77 ~_
I [ 2 A
£ 200 H-w: %= 103
2 I
=1
Z L

100

1340 1350 1360 1370 1380 1390 1400
s [MeV]

Fig. 6. Detailed differences in M x» spectra among the Hyodo-Weise prediction and

the present model predictions.

L. Zychor et al., Phys. Lett. B 660 (2008) 167 \K
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“A study of K- “He = (Z+n¥)+°H
using slow instead of stopping K~
would be very useful in eliminating
some of the uncertainties in

interpretation”

D. Riley, et al. }’hys. Rev. D11 (1975) 3065

Esmaili et el., Phys.Lett.

Moriya, et al., (Clas Collaboratlon)
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P.J. Carlson, et al. Nucl. Phys. 74 642
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In-flight component ..

Counts/(10MeV/c)

m;,, (MeV/c?)
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. FIRST EVIDENCE IN K- ABSORPTION MASS SPECTROSCOPY
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Acceptance corrected m

2% T channel

spectra, DC wall (left) DC gas (right)

I T0X0
K-
Acceptance function evaluated in 8 intervals of p_ (between 0 and 700 MeV/c) 8 intervals
of 8_. (between 0 and 3.15 rad) 30 intervals of m__  (between 1300 and 1600 MeV/c?)
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pr. (MeV/c)

HYDROGEN contamination = from 2*
- Kp - Z'm  detected via: (pr) T

]
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Nuovo Cimento, C 1099 (1972))
order of 1% !!!

KH-> 2 peaked at around
430 MeV !!!
K'H intg¢raction probability estimate
base@ on K-interaction AT-REST in

drocarbons mixture data (Lett.

NOW

Thanks to the excellent

<1MeV



HYDROGEN contamination = from 2
‘ Kp = ' detected via: (pm°) TU
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2% 1 channel

Invariant mass spectra with mass hypotesis on X° and ©t° non resonant
misidentification background subtracted (right)

o_=17MeV/c*> (*C) o_= 15MeV/c*> (*He)

Similar m__ shapes due to the similar kinematical thresholds for *He and '*C.
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Ongoing fit of Xx°

8 component fit :
Resonant component K C at-rest/in-flight. (M,[') = (1405 + 1430,5 + 52)
Non resonant Xz’ K" H production at-rest/in-flight
Non resonant X’ K C production at-rest/in-flight
AT’ background (X(1385) + 1.C.)

non resonant misidentification (n.r.m.) background



Fit of X°r° spectrum in C
min /ndf 1.7 Correspondlng to (M ) =~ (1426 52) MEV/C "

K_
*  Global fit Resonant component K C at-rest
* n.r. KC atbiGah SSaae— n.r. K C in-flight n.r. K'H in-flight
* A%’ background + n. r. m.
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mﬁ Oton Vazquez Doce KN interactions with KLOE

| Issues

Is there room for a 2NA pionic mode?
K-NN — YN

The preliminary fits find «a place» for this
processes (~ 5%) and...
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Eﬂ Oton Vazquez Doce KN interactions with KLOE - x)

12 B Yy e
g 12 — Events with g 900 ®
> : Cos(th-lambda-t)<-0,97 g 800
10 <700
- ] N ®
8- 600 o
: 500
6— C : o
- s 400
4 —] 300~ @ ‘ o ,°
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C 100 o
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- Clear back-to-back enhacement lambda-triton signal
- Events in Carbon not showing this feature
- 3NA features also seen in the momentum correlations
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;‘WW i Oton Vazquez Doce KN interactions with KLOE |y

KLOE: Study of >min 12C .

Use of the calorimeter: Photon detection
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Channel: K- “He— A 7 *He ... calculated reactions

Calculated secondary hadronic interactions:

EACH INTERNAL CONVERSION PROCESS:
Ypn =» Apn

was calculated for both P-wave and S-wave produced Xs.
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Channel: K- “‘He—» A 1w 3He

Calculated secondary hadronic interactions:

EACH INTERNAL CONVERSION PROCESS:

Some Carbonagn

p. MeV/c)

X pmn - Aphn

... calculated

was calculated for both P-wave and S-wave produced Xs.
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K- “‘He = A 7 3He events selection

300

250 A direct production

In-flight RES + N-R

200

150 A - direct production

At-rest RES + N-R

100

p.. (MeV/c)

50

0 100 200 300 400 500 600

pp MeV/c)

» CUT based on MC simulations usedtg sélect A T~ direct production events
* At-rest CAN NOT be separated from In-flight — global fit performed
» Background sources: - A ® events from X p/n = A p/n conversion

- A © events from K- *C absorptions in Isobutane



K™ “‘He » A m® °He background

e Y p/n » A p/n conversion:
Each possible conversion channel was simulated

Xp/ Xn/ Xn/ Atrest/In-flight / from RES and N-R produced Xs

e A 7w events from K- *C absorptionsin Isobutane (90% He, 10% C,H. ):

47710

K& 2C DATA in the KLOE DC \A}?ll are used
estimated contribution: Y(K~2C)=0.44+0.13
N /Ny = @, Jn .- @ /o, .. ) (BR (A Z)/BR, (A T))

KC "KHe

Nuovo Cimento 394A 338-347 (1977)

K- 2C still not calculated:

- uncertain initial state’6f K meson [ =1,2,3

- 4 nucleons in s-orbit, 8 nucleons in p-orbit

- final state hyperon interactions



K- “‘He =» A © 3He fit

o vary around the estimated Valuesxvqithin"errofs:

450 .data m data th
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Global fit
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A~ At-rest RES

A In-flight N-R

A In-flight RES

A T events from K- 12C

Y. p/n = A p/n conversion



A(1116) the signature of K- hadronic interaction
e starting point of the performed analysis reconstruction of the A decay
vertex: A(1116) - pt (BR 064 %)

Ecal
requests:

» vertex with at least two opposite charged particles
» spatial position of vertex inside DC, or in DC entrance wall
» negative tracks with dE/dx < 95 ADC<counts.

Positive tracks are requested to have anasg%fated cluster in the calorimeter and

ZU

ithe correct E - p relation. (KLOE Memo 330 September 2006)
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A(1116) the signature of K- hadronic interaction

0., Correction for low momentum positive
tracks (due to the kinetic energy threshold
of the calorimeter [120 MeV)
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Ap/NAd/At and Ap + TU scientific case

K-
How hadron masses and interactions change in nuclear medium'.. approach by means of

kaonic nuclear clusters. Deeply Bound Kaonic Nuclear States (ex. K'pp — K'ppn)
predicted due to the strong KN interaction in the I=0 channel.

Wycech (1986) - Akaishi & Yamazaki (2002)

.

Search for signal of bound states in the Ap/channel: candidate to be a K-pp cluster.
Observed (FINUDA, KEK, DISTO) and very debateddHADES, L. Fabietti, Status of

the ppK- analysis‘and last words abouf'the Lambda(1405)

:

interpretation strongly depends on singlé’and multi — nucleon absorption process:

KN - A/Z m singlé nucleon PIONIC, most probable process
K-NN - A/Z N (K" NNN - A/Z NN) multi-nucleon NON-PIONIC, (BR = 20% in ‘He)




Tools for identifying AN events

K- Interactic tex identified backward extrapolating A + N, also
Trunc AD N il .
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Good acceptance ...

TO

GO
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... allows to perfectly disentangle 1N-absorption

K-

Background:
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Ad//t analyses

nal of bound states in the Ad ct

nnel. Candidate

K'ppn C r. Observed spectra from FINUDA and KEK again show
pﬂs&ble bound states in the high invariant mass region. £
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Ad//\t analyses

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 high invariant mass region.
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Conclusions Ap/Ad/At and Ap + T analyses

KLOE excellent acceptance and resolution!

Ap and Ap + T analyses co\npleted, show important
differences revealing the mesonic absorption characteristics.

o

Good statisti€s in At.
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Scientific case /\(1405)

A(@405): (m, ) =(1405.1*'%_ ,50+2)MeV, I=0, S=-1, JF=1/2° , Status: ***%,

strong decay into X7

Its nature is being a puzzle for decades: 1) three quark state: expected mass ~ 1700 MeV

2) penta quark: more unobserved excited baryons 3) unstable KN bound state

4) two poles: (z,=1424" —i26% , ; z = 1381"° —i 81*" ) MeV (Nucl. Phys. A881, 98 (2012))
4 N

maiﬁly coupled to KN mainly coupled toX® = line-shape depends on

production mechanism
Line-shape also depends on the decay channél )
t‘fO’(jE_ﬂ'—'_} 1 012 1 112 2 P

v O -
do (307?)
x

M 2 % ‘TUF m [1.‘1\-12\1]3
do(Xtn—) = '

1 0]2 1 1]2 2 0L 06
ar XT3 = R heTT)

0.4

0.2

TO TEST THE HIGHER POLE: |

production in KN reactions (only-chance to observe the high .

mass pole) Complementary to HADES measurement

decaying in X°nt° (free from X(1385) background) See L. Fabietti's (1l



Scientific case /A(1405)

K" nuclear absorption experiments .. long history .. BUT

1) m_, spectra always cut at the at-rest limit 2) (Z£n¥) spectra suffer £(1385) contamination
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“A study of K- “He = (Z+n¥) +°H
using slow instead of stopping K~
would be very useful in eliminating
some of the uncertainties in

interpretation”

D. Riley, et al. Phys. Rev. D11,(1975) 3065

Esmaili et el., Phys.Lett.

Fig. 6. Detailed differences in M x» spectra among the Hyodo-Weise prediction and

the present model predictions.

L. Zychor et al., Phys. Lett. B 660 (2008) 167
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The X°7° spectrum was only observed in 3 experiments ... K\ﬁ;ith different line-shapes !
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Photon clusters identification

K7”p” = 2’1'—> (A(1116) y,) (Vy,) — (prr) 3y

1) 3 neutral clusters selection (E > 20 MeV) not from K* decay (Kt - 1T'11)

2) photon clusters selection: X} = /0" where t=1-1

time of flights in light speed hypothesis;

Selects three photon clusters in fTe from the A decay vertexr,

3) photon clusters identification: y, from !> vy v, distinctioncay
4

' O ¥
9 f__He‘:.TlL] — ”}U )© f__.'*HE[I — Hi'gl.__.i_]z
Xry = 2 T 2
Tij N

1,j and k represent one of the previdusly selected candidate photon cluster.

4) Cuts on x> and ...> optimized on MC simulations & splitted clusters rejection

The algorithm has (from true MC information) an efficiency (98%1)% to identify
photons and (7812)% to select the correct triple of neutral clusters.



countsl(12,MeVlcz)
o
o

-—
~
o

150

125

100

75

50

25

Photon clusters identification:

i

K —
¥/ ndf 9.541 | 8
Constant 191.7
Mean 1193.
| Sigma 15.65

I I | I I ]
1100

L | L L
1200

‘ L L L
1150

1250

| ‘ | | |
1300
m(MeV/c?)

oo

cauntal 1MV
g

>%invarian

Mo+ Mg r Moy
Mos s Moy
.,
1 — | | | h n 3
[1] [-1a] 100 150 200 ZE0 JD0
mipewio’)
[ [ Entries. TET1
- DATA

= 2012 J“J

e 7 Mg - Mg
Mg+ Mg

m viy2

300
mi{MsTo")




2% T channel

K™ A(1405) signal searched by K- interaction with a bound proton in Carbon

Kp = Z°T° detected via: (Ay) (YY)

Strategy : K" absorption in the DC entrance wall, mainly *C with H contamination (epoxy)
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2% 1 channel

K-

1) ’mnz spectra always e at-rest limit 2) (Z+nF) spectra suffer ¥(1385) contam

e P.J. Carlson, et al. Nucl. Ph
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2% T channel

Mass momentum correlatation
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in-flight component ..
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. FIRST EVIDENCE IN K- ABSORPTION MASS SPECTROSCOPY
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2% 1 channel

Invariant mass spectra with mass hypotesis on X° and ©t° non resonant
misidentification background subtracted (left)

o_= 17 MeV/c> (DCwall) o_= 15 MeV/c: (DC gas)

Similar m_  shapes due to the similar kinematical thxésholds for *He and *C.
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2% T channel

Acceptance corrected m_._ spectra, DC wall (left) DC gas (right)
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2* Tt channel
p = Z'1r  detected via: (pT®) 1T
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2* Tt channel
p = Z'TC  detected via: (pT°) TU
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2" Tt channel
" Kp —» 2w  detected via: (pm°) T
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2 |/ A\ conversion in nuclear medium
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2 |/ A\ conversion in nuclear medium
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- THe data in this channel is of great
¢ value to confirm the predicted
branching ratio modifications in
medium

2 step process: ATt
production follows 2+ /2° production
Main contribution from internal conversion

. + + =
Kp-2r , 2'n->Ap - /A internal conversion rates can be

obtained as well in function of Z



Concluding X°n°/ X*®w channel

 Thep,,  distribution shows a double component structure reflected in the 6, _, vs
Psoro aNd my,_vs p. _ correlations. Such correlation is confirmed by the

analysis of p_ with similar behaviours in Helium and Carbon.

* The two components are interpreted as due to at-rest and in-flight absorptions of
K", responsible for masses above the kinematical limit.

* Interepretation is confirmed by the analysis of K™ stop events in pure Carbon
target insYlled in KLOE.

First in flight evidence in m,, from K- - nuglear absorption!

%1

Py
Interesting future perspectives ...

X't work in progress .. YXim' stafted work (difficulty of neutrons)

* Branching ratio modifications in different targets (se€”A. Ohnishi et al., Phys. Rev.
C 56 5 (1997) 2767)

« Density dependence of m__and p,_ (see L. R. Staronski, S. Wycech, Nucl. Phys. 13
(1987) 1361 / E. Friedman, A. Gal, arXiv:1211.6336v3 [nucl-th] 2013)
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AMADEUS and SIDDHARTA & DA®NE

a. u. /(10MeV /c?)

a Completely neutral channel: L
s [ Y0,
AN->nm i 11))[.
Possibility to detect neutrons! | %g,
black MC  red data el i %
Perspective: X" = (n1U) 4T N f _
| X - _ 1‘_1»
. USROS = IO o

4 KLOE

y * 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)))



2 |/ A\ conversion in nuclear medium

DATA (in carbon) TRUE MC
Pilmomentum - | ' d1.p:d0.p
300 300
15“;_ L ZEDE-
lﬂﬂf— Zﬂni—
1sn§— 1503—
1ﬂﬂ;— j 1unf—
4
“n:' = I*II.'II.'II = lelll J I:!.llml I Il;ﬂ .I | El;u IEDI.'I nﬂ:I - Iﬂllﬂl - IEEIDI - EII)G - 44-1#0 - 5!!.”1 - Iﬁﬂﬂ

Lambdi momentum

Black-> lambda + pi- Black-> direct lambda prod
Red-> lambda + pi- + proton Red-> S+ conversion (in flight)
Blue-> S+ conversion (at rest)

dicates nuclear fragmentation = X,




K" nuclear absorption

in the gas filling the DC volume

24




K nuclear absorption in gas 25

- KLOE DC gas mixture (90% He, 10% C H,)

: : : E |
* ratio of absorptions in He and C: s
Nkne  nHe0kHe BRip(X71°) ;;-1 175 __L
Nkc ne oxc BRgo(X070) LI
Nuovo Cimento 39 A, 538-547 (1977) i
Niir. -
Klle _ 16402 125 F
Nkc

« K H interaction probability at rest estimated (basedon 10}
K-interaction in hydrocarbons mixture data)

15
Lett. Nuovo Cimento, C, 1099 (1972)
JI-I\I-r.ti‘-{.FIE! - - mi:
N O 0£71

CKH 25 F

«- p, limit set taking into account for A decay path and :
: : ) S -
MC simulations 0 B

Lambda extrapolation path (cm)

(0, =013£00lcm):  p, > 30 cm

810 final selected Z°1P events.



M iInVvariant mass distribution 26

Invariant mass m_,_ (left) and momentum p_ . (right) of the reconstructed m°- X° .

Two components in the p_ . distribution LM = 100 MeV/c, HM = 200 MeV /c

Invariant mass m, ., resolution: 0, = 30 MeV/c?>, momentum p ., resolution: o, = 15 MeV/c.

(true MC information, non resonant, quasi-free K- C/K- He, both at-rest/in-flight simulation)

Red arrow shows the kinematical limit for K- He absorption at-rest.
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Orx Vs prr -and  Maxo vs paw correlation -~ 27

Correlations of (bottom) the decay angle 6

frame) and (top) of m_;

m0x0

0

(angle between w° - X° in the lab.

with the momentum p_ . Red arrow corresponds

to kinematical limit at-rest in He.

Top myo 0 vs Pyo,0,

5 - | ENTRIES 814
o
% B
1550 |-
= -
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1500 |-
1450 |-
— |
1400 |-
1350 |- ||
1300 Ll - Ll Ll Ll T
0 100 200 300 400 500 600 700
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= | ENTRIES 814
© 3 =
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The LM component (p_,.,

s around 100 MeV /c) is
correlated with masses
above the k.l. at-rest and

larger angles.
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20
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bottom Byo_0 vs pPyo,0.



Comparison with K* absorption in bubble chamber

Cutting for m_ < m,_ (kinematical limit for absorption at-rest in He) a lower T , component
(left) emerge according with T__from He bubble chamber experiments AT-REST correlated
to the higher p_ - component centered around 190-200 MeV /c! (reasonable agreement with

MC a.r left /ifright) (kinetic energy resolution o_ =117 +0.2 MeV)

>mhm/ el = 0.82+ 0.06 only indicative due to C contribution.

% - [Emmes ——as7] i [Emnes ez 50' I T T T  E— T
% i 0.225 i [ Hc‘q —-—Eﬂ.‘_ T+ He:-'l
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= | | —— |DATA
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0.175 |- i
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I | 0.1 |
i [ I
0.075 | i

o Tt
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8
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T o I~ Bunneletal 1965.
™ no peak around 130 MeV

where direct ATC

production is expected !
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Study of the background 29

The main background sources for this channel are (example in *C):

e« K 2C -» X%1385)+'!'B > An'+!'B

¥°(1385) can not decay in X°x° for isospin conservation.

 Internal conversion K- 2C - A(1405)+!'B > Xt°+ "B , ¥ N —>AN
competes with the decay X% — A Y.

Both background sources were analized by different methods:

[ Entries 973
— v,/v, DATA

Y, DATA
Y, MC

||I||||I|||I||||I|.—-Juu.-u.-ll:u:ul:u:’Jl-Inﬂl'lul'

(4]

25 50 75 100 125 150 175 200 225 250
E(MeV)

photons-energy distribution
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o
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[ Entries 973
|
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T
R
+
,_||__,'_,—|,_—,|—|,,,,|,, |._‘._—i—.—i'r....|....|....|
25 50 75 100 125 150 1L5(Mevfgf

A momentum._ in the X° rest frame



30

Study of the background

The numbers of pure background X(1385) and X° N — A N events passing the
analysis cuts are normalized to pure signal A(1405) events, then weighted to the BRs
for An® direct production (D), internal conversion (IC) and Xn° production due to
K- interaction in “He and C respectively :

P. A Katz et al., Phvs.Rev. D1 (1970) 1267
(" Vander Velde-Wilquet et al.. Nuovo Cimento 39 A, (1977) 538

The percentages of background events entering the final selected samples are:

NAz0 pnorm + MAx0 Icnorm

= 0.03 = 0.01 in DC wall (0.03 + 0.02 in DC gas)
Ny0;0 + NAx0 pnorm + NAx0 ICnorm




mxx Spectrum with mass hypotesis

m_ . spectra with mass hypotesis (M.H.) on X° and 7° subtracted by non resonant misidentification

(n.r.m.) (p =0.22+0.01) the observed m_, and p_,, are used as input for the MC generation of
X0’ . Events in gas (blue), events in DC wall (black) normalized to 1.

o =17MeV/c*> (DCwall) 6= 15MeV/c> (DC gas)

Similar m_,_ shapes due to the similar kinematical thresholds for “‘He and "*C.

SN N
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my0.0 spectrum My0.0 spectrum



Fit of X" spectrum in C 32

A six component fit was performed:

* Resonant component K C at-rest/in-flight. (M,[") scan from 1381 MeV /c* to
1430 MeV /¢?, Breit-Wigner mass distribution

* direct X1’ non resonant production at-rest/in-flight
* An’ background (X(1385) + I.C.)
* non resonant misidentification (rn.r.m.) background
K C- X1+ "B (boron considered as spectator) secondary interactions not taken into

account. Then reconstructed in KLOE using standard KLOE MC (fits take into account
for acceptance effects, energy loss..).

Fits performed with m m_, hypothesis, employing the better resolution to distinguish

the similar shapes of the components.



Fit of X1 spectrum in C 33

First scan global minimum y? . /ndf ~ 1.2 - (Mmins Din) = (1427, 18)MeV/ -

r)=(1427+_,18* _)MeV/c* cuttingfor x*=yx> +9

( min 7/
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60 | ® § x
= €
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Fit of X1 spectrum in C 34

x’... /ndf ~1.2 correspondingto (M_. , I )= (1427* __ ,18*° _)MeV/c?

-
S
o

-
N
=

counts/(10MeV/c?)
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80

60

40

20

== |

—

| Entries

973

—._I_I_,:FI__I

——

Global fit

Resonant component K C at-rest

Resonant compponent K- C in-flight

A’Tt® backgro

n. r. in-flight

bind (£(1385) + 1.C.)

To be compared with:

* Magas
S. Prakhov,

H. Ly, R. Sch
CLAS

|et al. PRL 95, 052301 (2005) in Xx°

et al., Phys. Rev. C70 (2004) 034605.

(M, I') = (1420,38) MeV /c?

umacher, B. Raue, M. Gabrielyan, and

Collaboration, AIP Conf. Proc. 1432,
(2012) 199. in X*m-

(M, = (1422, 16) MeV/c2

(M, = (1393, 100) MeV />
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Kaons momentum distribution =

Plot representing the p,. distribution at the last point of the kaon track

[ Entries 188
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|
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p=r spectrum for boost and anti-boost events

pyo-o distribution for lower (black) and higher (red) p;. values
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Search for extra-tracks from the hadronic

interaction vertex
Positive tracks are searched by dE/dx vs p. Than the A path and charged track are extrapolated

31

backwords for the primary interaction vertex. From the extrapolated p. = cos (0 . )
et m0Xx0,t
€0s (0,50) = (Prosp - Po)/ (1Pgse! 1P 1)
Back to back recoils correspond to K" He — X%+ T events at-rest.
N: 12 [ [Entres g Entries. 26
'5_" ar |- [ Entrias 30 = | >
z = | = . [
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[ 5 10 |- s [
20 | I
i oI
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Study of the background -

In both cases v, is not present, if a contamination is present, the neutral cluster

which is associated to y, by reconstruction should show differences.

[ Entries 973

— V,/v, DATA
Y, DATA

NU./(0.3ns)
N.UJ(2.5MeV)

0.08 —

— Y, MC

0.06 [~

0.04 — 0.03 —

0.02 -
0.02 —

0.01 —

L1 111 L1 L L1 1 T T TP TP T T T A B mﬂﬂn.r
4] 25 50 75 100 125 150 175 200 225 250
E(MeV)

Right: the energy distribution of is in perfect agreement with MC simulations of

pure signal events (blue) (energy spectrum of v,y, is shown in black).

o Left: the time distribution of is in agreement with the time distributions of the

two photons coming from n° decay (black).



Study of the background 35

To test the possible contamination of X(1385), we employed the great mass difference
between X(1385) and X° (1192 MeV) to distinguish such events. Indeed X° decays in its
rest frame in Ay with momentum of 74 MeV /¢, while X(1385) decays in its rest frame in
AT’ with momentum of 208 MeV/c.

o
o
r
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I

| Entries 973

o
r
I

— DATA

o175 | - MC The A momentum distribution
calculated in the X° rest frame
(black) agrees with pure signal
oazs [ | . A Gaussian fit to the
; green distribution gives a central
value:
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0.075
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Study of the background 35

The A momentum was then transformed in the An® rest frame (black distribution) and
compared with K= 2C - X°%1385)+ "B = An’+''B

o)
=
@
=
= 0.1 |-
=
=
0.08 |-
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0.04 |-
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0 1 I I } L L L L | L L o B = | L L L L ] L L L L ]
0 100 200 300 400 500

p(MeV/c)

PA-0 cns distribution



counts/(10MeV/c?)

q300

Analysis of K- interactions in the beryllium
beam sphere

38

K- interactions in the Beryllium-Alluminum sphere (7 = 10 cm) surrounding the
interaction point. Only few events surviving due to geometrical cut (r, <11.2 cm)

to avoid absorptions in air. The invariant mass spectrum with MH is shown.
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Mz Spectrum 37

MC m_, spectrum for non-resonant, quasi-free K C - X’ + "B.

AT-REST left, IN-FLIGHT right. MC true black, reconstructed red,
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M Spectrum

Investigated channels: K~"p" — X% and K—"p” — Ax?
With: Y9 — Ay and A — n7? decays

a. u. /(10MeV /c?)
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Counts /15 MeV/c

K "p” = 21t channel 50

K+p+1!1"B->A"(1405+"B --> Z'+m +(5p+6n7?)

First hint .. missing mass

0 +n evidences nuclear
n+ 7 +p <--A(1116) + p .
[ fragmentation correlated to the
Y Y possible internal conversion
Similar final states: component
K+p+!'"B->p+m +y+y+ "B (Signal) S 450 -
K +p+!B-->p+m +y+7+ 5p+6a?) (BG) 5 -
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