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Framework:
Low-Energy QCD with Strange Quarks

Strangeness in baryonic matter:
* role of strangeness in EoS of neutron stars

* hyperon-nucleon and hyperon=hyperon interactions role in the
investigation of dense baryonic matter

* new constraints from 2 solar mas\ses neutronfstars, very stiff
Equation of State required!

But

* the basic ingredient .. namely KN interaction still unclear
and mysterious from the experimental point of view.



Framework:
& Low-Energy QCD
with Strange Quarks

Approached by the investigation of the antikaon-nucleon interaction

Important constraints:

* K'N threshold physics (shift and with of kaonic atoms levels
measured by SIDDHARTA)

* 2Tt massgSpectra
* Nature and properties of the A(1405) considered as

KN quasibound state embedded in the
2Tt continuum



Framework:
Low-Energy QCD
with Strange Quarks

CHIRAL PERTURBATION THEORY
Interacting systems of NAMBU-GOLDSTONE BOSONS
(pions, kaons) coupled to BARYONS

ﬁeff — ﬁmesons((b) + EB ((I) LIJB)
works well for low-energy pion-pil)n and pioh-nucleon interactions

... but NOT for'systems with stfangeness S = -1

BECOUSE A(1405) just belowXK™N threshold (1432 MeV)

> (1389) A (1499 ~ Solutions:
\ j 1500 * Non-perturbative Coupled Channels
_i_‘_._. > ——=>  approach based on Chiral SU(3) Dynamics
Vs [MeV
Am 2n _

KN * phenomenological KN and NN potentials



Scientific case A(1405)

i 1405.1+1.3_1.0 MeV, width =50 +2 MeV

oy

N

4

=1/2-, Status: **** , strong decay into X®

b

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

(b) Light strange baryons
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Scientific case A(1405)

/A(1405) is a negative parity baryon resonance (spin = 1/2, isospin = 0,
strangeness = -1) located slightly below the KN threshold, decaying
into the X channel through the strong interaction.

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. Simil‘ar to the nucléon sector, where one
of the lowest negative parity baryon is the N(1535), the expected
mass of the A" is around 1700 MeV (sinc€ it contains one strange
quark). Another difficulty is the energy$plitting observed between
the A(1405) and the A(1520), if is interpreted as the spin-orbit
pattner (JF'= 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,



Scientific case A(1405)

 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):

4) two poles: (z,=1424*7 ,—i26%° , ; z =1381""% —i 81" ) MeV (Nudl. Phys. A881, 98 (2012))
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@ Chiral dynamics predicts significantly weaker attraction than
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TO TEST THE HIGHER POLE:

Scientific case A(1405)
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@ Chiral dynamics predicts significantly weaker attraction than
AY (local, energy independent) potential in far-subthreshold region

production in KN reactions (only«

Distribution shape depends
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chance to observe the high-mass pole)

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

do(XwT)

on the decay channel:
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spectra CUT AT THE ENERGY LIMIT AT-REST

Scientific case A(1405)

K" nuclear absorption experiments .. long history .. BUT
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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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TWO SAMPLES OF DATA:

" 2004-2005 KLOE data (Analyzed luminosity of ~1.5 fb*)

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

|

* Dedicated 2012 run with pure graphi}jcefarbon target inside KLOE
(~90 pb’; analyzed 37 pbf, x1.5 statistics)

K- 2C absorptions Atsrest



AMADEUS & DADNE with KLOE

-
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

* back to back K*K" topology \S ‘g , e £

KLOE

* 96% acceptance,
f__,_ﬂi)timized 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)))




Low-energy K- hadronic interactions studiem
with KLOE, why? |

MC simulations show that : \
« ~0.1 of K stopped in the DC gas (90% He, lgg/o CH )

47710
 ~2% of K stopped in the DC wall (750 pm c. f., 150 pm Al foil).

A %

S.C.. COIL

ossibility to use KLOE materials as an
. acfive target

-

Cryostat

Advantage:
« excellent resolution ..
49+0.01 MeV/c in DC gas

Disadvantage:
Non dedica d target — different nu
contamination = complex interpreta

but = new features .. K" in flig
absorption.

6m

A
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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)



Advanté'gés:

* gain in statistics
» K" absorptions occur in Carbon {1







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
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In-flight component ..
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2% 1 channel

. FIRST EVIDENCE IN K- ABSORPTION MASS SPECTROSCOPY

K_
open a higher invariant mass region
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2% 1 channel

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

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

Similar m_shapes due to the similar kinematical thresholds for *He and *C.
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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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Fit of Xn° spectrum in C

8 component fit, simultaneously m;,, & Py

* Breit-Wigner resonant component K- C at-rest/in-flight. (M,I') = (1405 +
1430, 5 + 52) "

* Non resonant X°n® KiH production at-resgt/in-flight
* Non resonant Xz’ K- C Broduction at-test/in-flight
* Amn’ background (X£(1385) 4 1.C.)

* non resonant misidentification @.r.m.) background

K 2C - Xn° + "B (Boren spectator, left in ground state)

secondary interactions not taken into account.



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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X't invariant mass spectra

K A~
The excellent momentum resolution for 7T enables to disent e in-flight from
at-rest K~ capture \j
Hint: if resonant production contri portant a high' mass pole appears!
I " f
hd .
Invariant Mass in DC gas Invariant Mass in DC wall
% poo L Entries 1275 $ E Entries 3186
2 s00F- — RMS 16.43 = E RMS 15.39
gfzzf_ Total 2 400 ;Il'otal
g 160 é_ - - g 350 EH: H
140— 300F- |
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100— ’ E
C 200 —
80— | =
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-~ Resonant VS non-resonant

Another unsolved question, ..

\
KN=(Yf?2)-Am
how much comes from resonance ?

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



(- ‘He » A ® 3He ... the

Channel:

) n(s=1/2) X*(s=3/2) - rescAnce p-wave on

atomic s-state capture:

S

n

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

(K™ n) p-state interaction

Y* allowed

 3He s

Y*~ not allowed

NON-RES only



‘He » A 7 °*He ... the st

A
i
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o el o

Channel: K-

K-

| g— .
 Fitof the p,. observed distribution using calculated distributions :

%

P.* (ppd = | Wy (pr 12 1£°(

2 .
P} (Pard = WPn (Pad 17 € |

the fairly well known | f =5, |



K- “‘He =» A © 3He fit

Sij‘nultaneous_ SULLD W 0 An—) leaving the ratio At-rest /In-f

BN 1 to vary around the estimated Valuwithin errors:

_ data_m data_th
200— Entries 2414 1 000_— | Entries 2414
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Global fit
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A 7w At-rest RES g’a 80

A In-flight N-R

iy
(=]

A In-flight RES

A T events from K- 12C

Y. p/n = A p/n conversion



K- ‘He—» A mn °He fit

Simultaneous fit (Ppre. - M, - 0, ) leaving the ratio At-rest /In-flight and 2C

contamination to vary around the estimated values within errors:

x* (ndf — np) = 1.2 /,}'
V2
(At-rest RES)/(At-rest N-R) =1.26 + 0.06 ll))l.
(In-flight RES)/(In-flight NR) = 2.59 £ 0.3 %),
V' 4

(In-flight) / (At-rest) =29 £ 0.5 - “consistent with the estimate in
I >

Y p/n » A p/n conversion = (12.2 + 0.8)%
A w events from K- *C=(38+1)%
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\Kaonic nuclei



% Oton Vazquez Doce KN interactions with KLOE (ﬁ:'?

Kaonic nuclel

How deeply is bound a kaon in a nucleus? Strong attractive 1=0 KN interaction favors
discrete nuclear states high B and small I” .

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

Experimental studies in the Ap decay channel rme distance
- pp collisions: DISTO (published), FOPI, HADES (ongoing
analysis)
- Absorption experiments: am  aemed
FINUDA ot 4] ’
K- Stopped + X -> /\p X Emm_—
%““‘f + M = (2255 + g) MeV/c2
6Li ey n
X=T7Li m}
OBe S EE e oA
p-A invariant mass [GeV/c?]

PRLS94 (2005) 212303

B =115% _(stat)*3 , (sys) MeV
I'= 67%14 ,(stat)*2 5 (sys) MeV




% Oton Vazquez Doce KN interactions with KLOE Nf,]

Kaonic nuclel

How deeply is bound a kaon in a nucleus?

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

.
7]

- Few-body calculations solving Faddeev equations

- Variational calculations with phenomenological KN potential

- KN effective interactions based on Chiral SU(3) dynamics =
Experimental studies in the Ap decay channel |

rms distance

- pp collisions: DISTO (published), FOPI, HADES (ongoing
analysis)

—~ 300 0. 18
- : G Tf . :
- Absorption experimel S 2 lots
= 260 + ]
g I = 10.14
I I & ]
£ 200F ' 0.
@KEK E-549 z 2% .
I
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- + -> i A
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arXiv:0711.4943v1 -, LI
_ + 40.04
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i&aﬁ Oton Vazquez Doce

How deeply is boung

Different theg

- KN

Kaonic nuclel
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@ Oton Vézquez Doce KN interactions with KLOE

........

+ Kaonic nuclei
+ Deeply bound state by strong interaction.

+ Strong attraction of the | =o KN interaction (KN'=°) plays animportant role in kaonic nuclei.

+ K'pp bound state

+ The simplest kaonic nuclei.

+ Theoretical prediction of B.E. and I’ depend on the KN interaction and the calculation method .

Theoretical prediction

PRC76, 045201 (2002) T.Yamazaki and Y. Akaishi

arXiv:0512037v2[nucl-th) A.N. lvanov, P. Kienle, J. Marton, E. Widman

PRC76, 044004 (2007) MN.V. Shevchenko, A. Gal, 1. Mares, 1. Revai

PRC76, 035203 (2007) Y. lkeda and T. Sato

NPABog, 197 (2008) A. Dote, T. Hyodo, W. Weise

PRC80, 045207(2009) | g \ycech and A. M. Green

PRL Byiz, 132137 (2012) | Barnea et al.




'y Oton Vézquez Doce KN interactions with KLOE | N?

KLOE data: Ap analysis

Analysis of events in the DC gas volume

1717882

_ Ap event

Y (cm)

K-. St?ngRﬁ a-tl)-S4He — Ap X

L

™ X (em)



' % CRIRCElEEs KN interactions with KLOE , N:}

KLOE data: Ap analysis

Entries 21054

1000~ Mean 2136 ol
RMS  56.94 :
L 800
800|— -
I Ap events (inclusive) i
By ATT-p events (x2.5) 00
| 400 E_
400— 300 é—
0 2005—
200 100E-
0 007750 1800 7850 1900 1950 2000 2050 2100 2150 2200
0305037100 3150 2200 3250 2300 2350 2400 MiSSing mass (MEV/CZ)

MAp (MeV/c2)
ANA: KMH- (N from residual nucleus)
2NA: K-NN—AN (piOnleSS) v alternative process: ZN/AN conversion

INA: K-N—Z1T
L> ¥ NSAN




: % Oton Vazquez Doce KN interactions with KLOE )

KLOE data: Ap analysis '

(-~

— Ap events (inclusive)

800
700
600

500

——g

400

300

200

100

I|I | [l I —
2200

2250 2300 2350 2400

MAp (MeV/c2)

o
l
-

2100 2150

N
o
%))
el

Simulations:

1INA + conversion Z+n—Ap —— 2NA + conversion 20p—Ap
K-p —»Z+mT-—ApTI- K-pn -Z0n—A(p)n

= 2NA + conversion 20n—An
K-pp —20p—A{n)p




% Oton Vazquez Doce
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KLOE data: Ap analysis
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Conclusions and perspectives ..

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

capture
PRELIMINARY A7 first measurement of RES/N-R ratio in nuclear K~ absorption.
Next steps ...
Same analysis is ongoing for X°T" — extraction of |fN® __AI=1)I

Similar description of X% and Xt production — extractionof [f ®_ | and
£ N |, acomparison of these could give an estimate of

I

IfﬁNJl

(I=0) + fN® .. _(I=1) | against |f¥* _ _ (I=0) - £NR . (I=1) |

2+TT— 2+7T- 24T

Branching ratio modifications,in different targetsgdsee 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 / Af Cieply, E. Friedman, A. Gal, V.

Sheding light on the nature of the A(1405) and its behaviour in
nuclear matter is crucial to understand the role of strangeness in
our universe.
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AMADEUS & DADONE

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)))



KLOE data on K" nuclear absorption -

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

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

Position of the K- hadronic interaction inside KLOE: /

£ 900 — ) A
o E Vertex position
= o Entries 10159
= B00F Mean 24.73
£ E
§ 700 ;_ RMS 11.05
600 — (C)
500 —
so0f- A.R.+1. F 2005 data
BP
200 —
ooE- DC-gas (He)
0: Ll O RO TSV T VYT PO O TR
0 10 20 30 40 50 60 70 80 a0 100
r {cm})

Vertex position
Entries 11144
Mean 26.33
RMS 5.872

Counts /0.5cm
- o
[\ i =1}
o (=] o
[=] o [=]

: C target _
s only A.R, 2012 with Carbon target




Photon clusters identification

K-

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

1) 3 neutral clusters selection (E > 20 MeV) not from K* decay (K* - 1T 0)

)

X/ ndf 9.541 | 8
Constant 191.7
Mean 1193.
Sigma 15.65

OMeV/c
N
o
o
[

2) photon clusters selection: X/ =t/0° where t=f-1

-

~

a
I

counts/(1

time of flights in light speed hypothesis. |

Three photons in time from the A decay Verte>\<\iA

-

a

o
|

-

N

(3}
[

100 |

3) photon clusters identification: y, from = —¥.y,

75 |

12 . 2 :
) (M0 — myj;) (1mx0 — Mpp ) 50 |
\ry = 2 T 2 :
Tij TEkA 6
-~ 5 ) 0"\”\“‘\HH\H“"HH\H‘
1,J and k candidate photon cluster. 1100 1150 1200 1250 1300

m(MeV/c?)

4) Cuts on x’and x, optimized on-MC simtilations & splitted clusters rejection

Efficiency (98%£1)% to identify photons and (78+2)% to select the correct triple of
neutral clusters.



Resolution for neutral clusters

N E I
B X/ ndf 9.541 /| 8 e MC
> Constant 191.7 | mylys , mwg
- Mean N
‘g_zoo B Sigma < 15.65 800 _— m .
E | -l
8175 - 2004 /2005
150 |- [
125 ’ '
Resolution far ne utrals ! S
1 00 5 | Entries 2671
= ;‘ DATA
: \E\E— I mvl\/l’myl\ﬁ’m\ﬂ\ﬁ
S _£.2004/2005
7 7 C | m viy3 m y2y3
50 h [U m yly2
50 | — —
&O’mw =18.3+0.6 MeV
25 b e i
0 L L | L L L \ L L L L | L L L L L | L \ L L L 20
1100 1150 1200 1250 1300 r
m(MeV/c?) 10 [
° L,

mi{MsTo")




2* Tt channel ... A NEW POWERFUL TOOL (A.
- Kp - I detected via: (prt) TC

K
300

_ BEFORE ...

2

= % S P e gaoata T K H interaction probability estimate

:.':- 150 . 2005 DATA based on K interaction AT-REST in

hydrocarbons mixture data (Lett.

DC Wall Nuovo'/Cimento, C 1099 (1972))

|

IIII|-IIII|J._I.I

50
order of 1% !!!
D I 1 L 1 | L I 1 L | 1 L I 1 | I 1 1 I | 1 I 1 1 | 1 1 I 1
0 100 200 300 400 500 600
ps, (MeV/c) NOW
300

250

Thanks to the e ent p__ resolutio

2005— b TR N e .
- 2012 DATA
100;— i P ’
0% qo0 200300 @00 B00 600

ps. (MeV/c)



2* Tt channel ... ANEW POWERFUL TOOL (A.

K- Kp = ' detected via: (pm°) 1T
300 . .
- K- H absorption in-flight (MC)
250(— S | .
< S B -
E s00f- wwns. 0 K *Cabsorption in-flight (MO)
Lorso g R 2005 DATA
100;_“ A . Complete usiderstanding of different
oF » nucleagtargets in different KLOE
- . " materials
007 III I'I(lle)I - ‘2(|JOI - I3(|:|0I - |4(|JO‘ = I5(|JOI - I600
. MeV/ - AND
300 Pz: i E

tion ~ 20%

250
200

150

2012 DATA ... in-flight the situatio
e ’ extremely differe

II\\‘I%\|\.I.\I.‘.I-:\\\|II\\‘\I\I

e,
- 2C absorption at-rest (MC) -
50 . C Lo .
ONLY !
001 [ ‘1C|)0| I |2(|)0| |5(|)0| | IGOO




Concluding, a fit of X°%t° spectrum requires ...
i

9 components:

Resonant component K C at-rest/in-flight.

Non resonant X°n° K" H production at-rest/in-flight
Non'resonant X’ K- C producﬁon at-rest/in~flight
AT’ background (X(1385) + 1.C.)

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

a careful model of #K™“-nuclear gmteraction is required

in Helium and Carbon!



Channel: K- “He— A 7 *He ...theidea

L Bubble chamber experiments exhibit two components:

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

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

250

: .-I("";i- Hé'— A+w~+HE
"i T-'-' Vs ‘.I-|.|.a
GAUSSIAN Is




Channel: K- ‘He » A 7~ °He ... the strategy

K-

« Fit of the p,, observed distribution using calculated distributions :

P* (pand = Iy (Pad) I* 17 (P 17 P
where p = k p,,2

-

PP (ppod = |Wy (pad 12 12£25(p, ) [* p/3/(kp,,)*

The constant ¢ = M, /(M,+M.) = 0.345 re-couples the S x S waves to P x P waves

e To determine the ratiodesonant/non-res.

;

| £ N-R Anl given the fairly well known |

20
£30 |



Channel: K- “He— A 7 *He ... calculated reactions

Calculated primary hadronic interactions:

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

At-rest : g-wave non-Rés / P-wave X(1385) Res

K-*He = X% 3He

In-flight : S-waye‘f{on-Res [ P-wave X(1385) Res

At-rest: S-=-wave non-Res / S-wave A(1405) Res /
K-*He » (= 1)° *H P-wave 2.(1385) Res
In-flight: S-wave non-Res / S-wave A(1405) Res  /
P-wave X(1385) Res



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.

300

250

200

150

100

pr. (MeV/c)

50

200 300 400 500 600

=)
—
=
=

p) (MeV/c)



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.

U

250

200

150

100

m Isobutane T

g A . dlrect pr(

In-fllght

200

300
py MeV/c)

400 500

)duction

Y% n conversion

>Y*n conversion
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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 v\)Tll are used
estimated contribution:
Npe/Nie = (1 /1. - @, /0, ) - (BR, . (A#F)/BR, (A 7)) ~13£0.3
Nuovo Cimento 394 338-347 (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
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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

N.UJ(TMeVic)

=
N
N
I

o
[

0.075

0.05

0.025

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

A momentum._ in the X° rest frame



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).



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




p=r spectrum for boost and anti-boost events

pyo-o distribution for lower (black) and higher (red) p;. values

= [ Entries 86
=
2 25
:?_i_l._ - —
Z ——— P_>100MeV/c
§ L
20 ——— P_<100MeV/c
15 —
10 —
I |
0....|....|....|....|...|...|..|_.|.
0 100 200 300 400 500 600 FJOO0

piMeV/c)



2% T channel

Mass momentum correlatation

700

B ENTRIES 973
—
B L L L L ‘ L L L L | L L L L | L L L L ‘ L L L L | L L L L ‘ L L L L
0 100 200 300 400 500 600
p(MeV/c)
- ENTRIES 973
[ 1 1 1 1 ‘ | 1 | 1 1 1 1 | | | ‘ 1 1 1 1 | 1 | ‘ 1 1 1 1
0 100 200 300 400 500 600
p(MeV/c)

Top myo, 0 vs pyoro, bottom Oyo o vs pyo.o.

700

0.04

0.02

0]
1

0.06 |
0.05 |

0.04 [

0.09 [

0.07 |

I
LT

1
J_mlim in 12C

L P |a|t-|rxe$ty| P Lo PR n
/ my,,, (MeV/c?)
3 —2005
d —-2012
g Carbon targe
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Fit of Xn° spectrum in C

8 component fit, simultaneously m;,, & Py

* Breit-Wigner resonant component K- C at-rest/in-flight. (M,I') = (1405 +
1430, 5 + 52) "

* Non resonant X°n® KiH production at-resgt/in-flight
* Non resonant Xz’ K- C Broduction at-test/in-flight
* Amn’ background (X£(1385) 4 1.C.)

* non resonant misidentification @.r.m.) background

K 2C - Xn° + "B (Boren spectator, left in ground state)

secondary interactions not taken into account.



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.
& T; i
L > 90
140 |- i
() =
E 8
= @ 80
2 c
c =
5120 3 |
° °® 70 |
. S
100 0 -
> ﬁ“‘ o
| e\' eoe* & 50 i
80 B
o
: 40 |-
60 [—
30 |-
40 ’
< 20 |
20 _,__|—|_|_I_" 10 B
i = L ,
. ST e iy MR #ﬂ—_—'_'_‘ — 0 : = :
0300 1325 1350 1375 1400 1425 1450 1475 1500 1525 1550 0 50 100 150 200 250 300 350 400 450 500
m(MeV/c?) p(MeVic)



AT + extra-proton

300

-~ The extra-p indicates
fragmentation pf the residual
nucleus
(Z /A conversion , 2 /A [ Tt
secondary interacions,
multi-nucleon absorption)

but ...

200

150

100

50

IIII|]III'|IIII|IIII|IIII|IIII

PP TN NS G VA VO VA VNN S S O i W [N TN [NV T
0 100 200 300 400 500 600

Black-> lambda + pi- ’

Red-> lambda + pi- + proton
y

- if (AT direct pI'Odl;éEiOIl) then 3% extra-p
- if (AT in-direct production) then 25% extra-p
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