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the KLOE Drift Chamber.
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Strangeness in medium: KN potential

 ChPT is not aplicable for systems with strangeness S=-1 (KN, 2, ...)
— the resonance A(1405) lies just below the Kp threshold

— Non-perturbative techniques, requiring an indeterminated number of free
parameters, must be used.




Strangeness in medium: KN potential

* Strong modifications of the (anti)kaon properties in dense hadronic
enviroments.
— A repulsive KN potential of few MeV for K+ is expected

— For K- is 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.
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Strangeness in medium: KN potential

* Strong modifications of the (anti)kaon properties in dense hadronic

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

— For K- is 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.

I% Kaon condensate in the core of neutron stars?

- ( 1
Recent measurements of the mass of A two-solar-mass neutron star measured using
two neutron stars M ~ 2 x solar mass Shapiro delay

i m pose StriCt co nSt ra i nts on the \P. B. Demorest', T. Pennucei’, S. M. Ransom’, .\1._5_. E. Roberts’ & J. W, T. Hessels™* Nature, Oct. 28, 2010

strange matter contribution. -
Science 340 (2013) 6131 arXiv:1304.6875 [astro-ph.HE]

- The EoS has to be rather stiff but with ( M = 2.01 £ 0.04 M, ]
a strong repulsion in YN interaction \_
would allow 2 solar mass NS.
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The DADNE collider

Oton Vazquez Doce Strangeness in medium with KLOE 6



The DADNE collider

* e+ e- beams at ~ 500 MeV/c
*® > K+ K- (49.1%)

* Almost monochromatic low-energy K (~127 MeV/c)
* Low hadronic background due to beam characteristics
(compared with hadron beam lines)

oz an®
0.4

+ DA®ONE

a2

Top luminosity reached during SIDDHARTA run:
4x1032 pb-1s-1
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DADNE timeline

past KLOE

FINUDA hypernuclei / kaonic clusters

present SIDDHARTA kaonic hydrogen
KLOE2

future , ,
SIDDHARTA-2 kaonic deuterium

AMADEUS kaonic clusters



SIDDHARTA: kaonic atoms

Deser-Truman Formula

AE] — %Fl = —20°pu2 ag -,

Kaonic hydrogen
SHIFT & WIDTH 1
UK-p = 5 (ap + aq)

S-wave scattering length “ak-p” expressed
with isospin dependent scattering lengths
ao (1=0), a1 (I=1)
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SIDDHARTA: kaonic atoms

Deser-Truman Formula

AE] — %Fl = —20°pu2 ag -,

Kaonic hydrogen

SHIFT & WIDTH

ax-p= 5 (a0 +a1)
S-wave scattering length “ak-p” expressed
with isospin dependent scattering lengths

ao (1=0), a1 (1=1)

€1s = -283 £ 36(stat) + 6(syst) eV
[1s = 541 + 89(stat) eV + 22(syst)eV

- &
(&)

Counts / 50 [eV]
o

)
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SIDDHARTA: kaonic atoms

Deser-Truman Formula

AE] — %Fl = —20°pu2 ag -,

Kaonic hydrogen

SHIFT & WIDTH

UK-p = 5 (ap + ay)
S-wave scattering length “ak-p” expressed
with isospin dependent scattering lengths
ao (1=0), a1 (I=1)

Together with shift & width of K-d atom, ao
and a1 can be disentangled 1‘

€1s = -283 £ 36(stat) + 6(syst) eV
[1s = 541 + 89(stat) eV + 22(syst)eV

- &
(&)

e
o

Counts / 50 [eV]

)

SIDDHARTA-2 in preparation
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The A(1405)

(M, I") =(1405.1*13 . . /50 + 2)MeV, =0, S=-1, s = 1/2, Status: ****, strong decay into In
10
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The A(1405)

)= A7 ,00 eV, =0, 5=-1, /= 1/Z, Status: , strong aecay Into n
M, TI) (14051”3m 50 +2)MeV, /=0, S=-1,F=1/2,5 e d '

Understanding its nature will give us a key to the meson-baryon interaction

@ . @ 1435 MeV/c?

30 MeV - The shape of the resonance and the
pole(s) position is calculated with
different models extrapolating the K
p scattering amplitudes and Kp
scattering lengths at threshold.

A(1405)

@ * @ 1330 MeV/c?
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The A(1405)

(M, I") =(1405.1*13 . . /50 + 2)MeV, =0, S=-1, s = 1/2, Status: ****, strong decay into In
10

Understanding its nature will give us a key to the meson-baryon interaction

@ . @ 1435 MeV/c?

30 MeV

3 quark state?

pentaquark?

@Q ae molecular state?
¥ @ 2
@ 1330 MeVjc KN bound state?

—_—

A(1405)
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The A(1405)

p+p > SF 4+t 4+ Kt +p

0

HADES
Phys. Rev. C 87, 025201 (2013)
Experimental studies 0451
Line shape influenced by the production mechanism: &
E’ 0.1
: 3
CLAS v+p 2 K*X7 = 0.05
Phys. Rev. C 87, 035206 (2013) §
= [,., —— 3 Welghted average é 0
ES6ESLTT T e E l .
= / “' B = 1.4 1.5 1.6
EJF 5<"\¥'m%r'esholds + +¢*‘\, -------- PDG Breit-Wigner = MM(p,K") [MeV/c?]
E ! Mw “\ - x10"® __ Phys. Rev. C70 (2004)
. E + j.%v‘,v \\\ —] 2.5 & v |
- Lo +$ *v N = B - —Kp-—->nrn I
SR ELAT E = R g
S RLP, o My T E = bl |a- M =1395 Mev
g EL‘?W e \ i*.' :";‘v' ."' _____ g E-LE- ) :- : . M.-x:Tq_ED MeV
13 14 L5 ' © -_ i
X 1 Invariant Mass [GeV] s 1 ! :
ge. i e
K'p > n'n0ZY Zos 1 F g
TT T mp>Kn X F— & v ,
1.3 1.35 1.4 1.45 1.5
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The KLOE detector

Oton Vazquez Doce

Strangeness in medium with KLOE
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The KLOE detector

FTALET — Almost full acceptancy 4n:

4He * DRIFT CHAMBER

-90% %He, 10% isobutane

- T m - entrance wall in carbon fiber (*2C)
e+ - momentum resolution ~ 0.4%

* ELECTROMANETIC CALORIMETER
- 0g/E=5.7%/VE (GeV)

Active detector:

] | THE GOOD:
= ’ + Excellence acceptance

4 + Excellence resolution
*0.1 % of K" stop in the *He + Charged+neutrals

*x10 times in the 12C THE BAD
. - low statistics
2004/2005 data: ~2.2 fb* (95% analized) - interacting nuclei difficult to identify
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KLOE: Study of 2w in 12C

Analysis of events in the 2C entrance wall of the DC



KLOE: Study of X in 12C

Analysis of events in the 2C entrance wall of the DC

1135244
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E
K soppeq + 2€ > Z*TT X Nl
in-flight abs. \_} b
pTcO 100 ;
b YY 50 ;
- IO X 50

KLOE: Study of X in 12C

Analysis of events in the 2C entrance wall of the DC

Lb VY 100
Ay -150 ;
I% pmT -200 :

|=0, free from X* background

do(X7Y)
dM

Oton Vazquez Doce

o

1
3

T°f
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1135244
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gmult= 2 ay
o iz f 1049 5 248
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KLOE: Study of 2w in 12C

Kp — X0
ER ~2K events 0os |
T oaa | ~3K events — - i
i o 008 | = 2005 DC wall (750um)
012 |- —|J_ < «lIn flight» 0.07 , at rest + in flight
B component in o006 I — 12
01 |- 5005 data : 2012 t2C target (4 mm)
i _J_ 005 | at rest
o088 — [
I 0.0a -
0.06 —
0.04 _J_ o0z
0.02 B ‘ mlim in 12C 0.01 —
: at-rest :
o L. . ... .. "|4|06‘ T - _.|5|06 T a7 ®¢ 700 200 300 400 500 600 700
1300 1350
P MeV
My, -0 (MeV) s070 ( )
M_sresolution c_ ~ 32 MeV/c? - The in-flight component opens a new kinematical

region, that favors resonant events.

P,z resolution: o, = 20 MeV/c.

Negligible (A ° + internal conversion) background =(3+1)%



Y7t: Resonant VS Non-Resonant

 Another unsolved question ...

KN- (Y*?) 2> Yt how much comes from resonance ?



Y7t: Resonant VS Non-Resonant

 Another unsolved question ...
KN- (Y*?) 2> Yt how much comes from resonance ?

* Investigated using:
- S-wave non-resonant

4 3
+“He - An *He - P-wave resonant %(1385)

I(-stopped/in flight

Atomic s-state capture assumed:

consequence of 3-body effect
(K- n) s-state interaction
He e (K~ n) p-state interaction
LZ* not allowed +

£* allowed
NON-RES only

In collaboration with Prof. S. Wycech



A1t: Resonant VS Non-Resonant

data p

= Entries 9065
— Mean 2243
2501— RMS 108.5
E - j}“@/. Simultaneous fit (p,, M, 0,.)
3 200:— JO)"}) v2/ (ndf —np) =1.6
§150: i
5 B
< [ +++ Data
e’mu:— ----- Global fit
50— L y
— [Ny
- :Dq; L ]l r:ﬂﬂﬁn%uhﬁh t
» | | 1 | 1 | __IH_'T__TL_I
0[} 400 500 600

Par. (MeV/c)
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A1t: Resonant VS Non-Resonant

data p
- Entries 9065
- Mean 2243
2501 1[ RMS 108.5
e .. rI I 6‘6/. Simultaneous fit (p,,, m,, 0,.)
3 230:_ Q?”}; v2/ (ndf —np) =1.6
< L ] |
3 r .. Ko
2 150 —
% - J[ " i J( +++ Data
< 100 | e TRy e Global fit
-} Jf il FLH@ Jr
- T e
50__ + _,_.ri_ﬂ 'LIJ_rr+|_ﬁ it
. Sy iDE:l; Ll [ A u{l_+
0 i e = S e = LN o T ey
4] 100 0 300 00 500 600
7“ PAn- (MEVI(:)\
Absorptions in 12C >/N\ nuclear conversion
(from Carbon wall data) KNI TT

N SN->AN

Oton Vazquez Doce Strangeness in medium with KLOE 25



(3/APIN 9)/ S3Uno)

A1t: Resonant VS Non-Resonant

data p

= Enties 9065
— Mean 2243
2501~ RMS 108.5
- %, Simultaneous fit (p,, My, 0,4.)
zuu:— ’O;{;) v2/ (ndf —np) = 1.6
150:— h
- +++ Data Resonar)t/non.-resonant
wble e, W Global fit | absorption ratio:
S - atrest = 1.26 * 0.06 (stat)
- 1
50—
-4 Mi%
g2t ey, |
0[]. [N TR N N T T TR MO et s

Non-Resonant Resonant X%
(in-flight) (in-flight) In-fight/at-rest ratio = 1.9 £ 0.4 (stat)

(at-rest) (at-rest) (consistent with X+m- momentum estimation = 2.2)
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Kaonic clusters

How deeply is bound a kaon in a nucleus?



Kaonic clusters

How deeply is bound a kaon in a nucleus?

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

1.90 fm
rms distance

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 for the K-pp the Ap decay channel
K-ppn Ad
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Kaonic clusters

Theoretical prediction B.E (MeV) r (Mev)

Theoretical work PRC76, 045201 (2002) | T.Yamazaki andY. Akaishi 48 e
Kpp ...it does exsist arXiv:o512037va[nucl-th] | A-N.Ivanov, P. Kienle, J. Marton, E. Widman 118 58

PRC76, 044004 (2007) M. V. Shevchenko, A. Gal, ). Mares, J. Revai 50~70 ~100

vee d K'pp puzzle PRC76,035203(2007) | Y. lkeda and T. Sato 60~95 45~80

NPABo4, 197 (2008) | A. Dote, T.‘ Hyodo, W. Weise 20+3 40~70

PRCBo, 045207(2009) | g \ycech and A. M. Green 56.5~78 39~60

PRL By1z,132-137 (2012) | Barnea et al. 15.7 41.2
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Kaonic clusters

Theoretical predlctmn B.E (MeV) r (Mev)
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XX a K-pp pUZZIe PRC76, 035203 (2007) Y. lkeda and T. Sato 60.*95 45...80
NPABo4, 197 (2008) A. Dote, T. Hyodo, W. Weise 20+3 40~70
. PRCBo, 045207(2009) | 5 \wycech and A. M. Green
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Kaonic clusters
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KLOE data: A-proton events

Analysis of events in the DC gas volume



KLOE data: A-proton events

Analysis of events in the DC gas volume

1717882

_ Ap event

Y (Em)

K™ stopped + “He > Ap X

in-flight abs. L 150 —
T 5
p 100 :— pi_ o
. :_ {wﬁm\ﬂ"

=0 [ K+

L e
-10n :

C Ll
-1s0
200

I L I A I L1 ! L
-200 15D 100 =a o sa 100 150



KLOE data: A-proton events

N Entries 44730
000:_ - Entries 6568
B All Ap events
800 ApTr- events (statistics x2)
600
400
200
Ll
n2(']50 2100 2150 2200 2250 2300 2350 2400

Oton Vazquez Doce

M, (MeV/c?)
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800

600

400

200

Oton Vazquez Doce

KLOE data: A-proton events

Entries 44730
- Entries 6568

All Ap events
ApT1T- events (statistics x2)

M, (MeV/c?)

050 2100 2150 2200 2250 2300 2350 2400

400

s ENtries GSSB_JJ'._

oo .

250_ rJ

200 —

1507 r

100

501 —L“I_Ij_r

% " 50 100 150 200 250 300
P.. (MeV/c)

- Low invariant mass: 1 Nucleon absorption followed by /A nuclear conversion

INA: KN->2TT

L sN=>AN

- High invariant mass: 2NA: KNN->AN (pionless?)

Strangeness in medium with KLOE
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Ap preliminary fit 05,06,

15 | --—-- K-N - In + Ip/Ap conversionin *He
-] - K-H-> In + ZIp/Ap conversion in 12C
- 7 . .
s J[ - No fragmentation (higher mass)
1000 B WL J[JU[ +++ Data 4 - Residual fragmented (lower mass)
ooy e e |- K-NN = Anp (higher mass)
-y g | - K-NN = Znp (lower mass)
800 —
B nl| K-NN = Zp + Zp/Ap conversion in “He
: ----- K-NN = Ap (higher mass)
600 — L't Lo\McY a4 K-NN - 2% (lower mass)
400 —
200—
- 7
- . -','-)J ||. t bty +

%050 2100 2150 2200 2250 2300 2350 2400
M, (MeV/c?)
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Ap preliminary fit

Fit 3D (P), P, 6,,)

_ 15
B | ,
1000 —_ | WL J[JU[ +++ Data *
— 5
— 6
800 —
: 12
| 3
600 — 4
400 —
200 — d
e Ja:rfj e

2050 2100

K-N - In + Ip/Ap conversionin *He
K-H-> In + ZIp/Ap conversion in 12C
- No fragmentation (higher mass)
- Residual fragmented (lower mass)
K-NN = Anp (higher mass)
K-NN = Znp (lower mass)

NN = 2p + Z;’,/‘/.,U conversion in “He
K-NN = Ap (higher mass)
K-NN - 2% (lower mass)

50 2400

. ionin M, (MeV/c?
conversionin 12c  conversion in *He ap (MeV/c?)
| Y / 2NA direct production
conversion after INA | o .
conversion after 2NA: more energetic 37




KLOE data: Ad, At events

—— Events with

30 -
CosBAd <-0,75

events
cos 9,“1

Ad sample
in *He

25 0.5

20

15

572 events 10

-0.5

1 | [
3000 3050 3100 3150 3200 3250 3300
M, , (MeV/c?)
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KLOE data: Ad, At events

% B —— Events with 2 1=
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In e 201 B
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Conclusions (I)

Ap analysis

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.

2N/AN conversion process dominates both low and high invariant mass regions.

This process can be described quantitatively and qualitatively exploring the YN
interaction.

Ad / At analyses

3- and 4-nucleon absorption processes clearly seen.

* Additional structures must be investigated.: - Z°contamination?
- Bound state?



Conclusions (ll)

2.1 analysis

The spectra My show a high invariant mass component associated to in-flight K
capture.

The «higher pole» region is accessible thanks to the in-flight events.

AT analysis

Detailed calculation of the absorption process and Ar resonant and non-resonant
formation have been performed

AT first measurement of resonant/non-resonant ratio in nuclear K- absorption

The method will be used for the X1t channels
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Conclusions (ll)

2.1 analysis

The spectra My show a high invariant mass component associated to in-flight K
capture.

The «higher pole» region is accessible thanks to the in-flight events.

AT analysis

Detailed calculation of the absorption process and Ar resonant and non-resonant
formation have been performed

AT first measurement of resonant/non-resonant ratio in nuclear K- absorption

The method will be used for the X1t channels
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P. (MeV)

KLOE: Study of X7t in 12C

Kp —» 2%
2005 DC-wall

300

- Evaluation of the contamination from H in the
DC wall and in-flight/at-rest splitting can be

K= #2C absorpt. in-flight performed thanks to the good momentum

| resolution of the charged channels

250

200

150 1=+

E g : Invariant Mass in DG wall
100— = o500 Entries 2124
B i e : " = = — at_rest Mean 1404
L g o ™ =
so- K- 12C absorpt. at-rest 3 L _ _ RMS 9.505
i L§)200_— _— |n-fI|ght
[ R - R C
150_—
P__(MeV) :
100—
50—
. = + isti -
Rm-fllght/at-rest 1.16_0.05(stat|st|c) IV PR VRRY [ RSN ARV PR SRR | RPTRTE L BFR PP A
1360 1370 1380 1380 1400 1410 1420 1430 1440
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KLOE: Study of X1 in 12C

Use of the calorimeter: Photon detection
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KLOE data: Ap analysis

PA 0.49 +£0.01 MeV /e

2.63 4+ 0.07 MeV/e

- Resolution study with MC simulation Pr
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KLOE data: Ap analysis
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