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K- absorption by few nucleons (on nuclei)

— One nucleon absorption (pion-emission)
—KNo>mY=KA->A2Z) X

— Two nucleon absorption (no-pion emission)

— K (2N) > NY = KA - A2) pX, KA— A(2) nX
— Three nucleon absorption (no-pion emission)

— K (BN) > NNY = KA - A(2) dX

— Four nucleon absorption (no-pion emission)

— K" (4N) > NNN Y = KA - A(2) tX
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/\ identification with FINUDA
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OLi(K ..,/\)X Phase Space Simulations
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/A momentum from K-
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2NA: K- pp identification with FINUDA

Ap Invariant Mass to measure
Kpp:

N
[l
(=)

1. Data taking 2003-2004. 5
AU Jou 8

2. reconstruction of /\’s O e0 k0 120
— pp>300 MeV/c
— 6 MeV FWHM

3. /A and p angular correlation
— Events with a A-p coincidence: ~
5%
— Light targets only (3x 12C, 2x 6L,
1x 7Li)
— A\ p should be emitted in opposite
directions, apart from FSI
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Ap invariant mass in FINUDA

* High resolution tracks only 25
« A bump is observed
— Two nucleon absorption
* K+ (pp) > Ap
peak expected at 2.34 GeV
« K+ (pp) = =% —> Ay p ORI 22 228 23 i

74 MeV lower distribution, and
broadened

— Kaon nuclear bound state
formation

* K'(pp) > X —> Ap
—>Ip > Ayp

~ 200 events in the published paper

Acceptance correction l I

B = 115+6_ (stat)+3_, (sys) MeV

225 23 235
p-A invariant mass [GeV/c?]

FINUDA Coll., PRL 94(2005)212303
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Alternative interpretations of the bump

 Kpp—[K-pp]— :[K-pp] bound state (FINUDA)
Kpp—  followed by FSI (Magas et al.)
« Dominance of 29 production over A:
Kpp—2° followed by 3°— vy decay

K-NN—2N followed by 2N—AN conversion
reaction:

K-A— 200X K-A—29+nX

29p—/A\p
2*'n—/N\p

2%p—N\p
2'n—/N\p

* Decay of heavier kaonic nuclei (Mares et al.)
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A different interpretation of the M, bump

« Magas, Oset et al, PRC74 (2006),
0252006

— The peak is due to ~90% FSI of p
and /A, no DBKS

— The bump is a result of the angular
cuts applied in the analysis (i.e., a
deformation of a flat distribution)

— 115 MeV as a binding energy is
quite too much!

e _...but:

— Analysis of the higher statistics data
shows that the deformation of the
spectrum is not due to angular cuts

— No strong dependence on angular
distribution from A=6 to A=16

— FSI alone cannot explain the full
spectrum

— Back-to-back correlation belongs to i
the data themselves
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FINUDA: Li(K-.,..,Ap)X

stop?

2006-2007 Data Taking

A p Cosine

« 8x statistics on: °Li ("Li, °Be)

- Improved tracking efficiency

- Extended range of the reconstructed momentum
- Improved selections (missing mass)

- Statistics large enough to study single tgt spectra
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FINUDA: °Li(K-
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A=SLi inv mass spectra
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FINUDA: SLi(K-.,..,Ap)X

Lambda vs Proton Momentum A p Cosine

Final States are separated
by reconstructing the
Missing Mass:

1) QF-TNA K'A—ApX

2) QF-TNA K-A—Z%X

3) QF-TNA K-A—-AT1TpX
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A p Invariant Mass
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FINUDA: SLi(K-.,..,Ap)X

Lambda vs Proton Momentum A p Cosine

Final States are separated
. by reconstructing the
Missing Mass:
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FIN

Lambda vs Proton Momentum
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: OLI(K )
FINUDA: SLi(Kg00./AP)X
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FINUDA: 2N—AN conversion reactions

Simulations: Ap Invariant Mass

2N—/AN cannot explain
the FINUDA Ap bump:

—

K-6Li—Z0+m0-5He

2°p—Ap K-Li—$0p4H
+ gs
2'n—/A\p S0 /Ay

—

Inv Mass Spectra is
out of range

and/or

Angular Distribution
has a different shape
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Alternative interpretations of /\» bump

o K-pp—[K-pp]—Ap: [K-pp] bound state (FINUDA)

* Decay of heavier kaonic nuclei (Mares et al.)
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Alternative interpretations of /\» bump

* Decay of heavier kaonic nuclei (Mares et al.)
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3NA: FINUDA study of SLi(K-

* Ad invariant mass to
measure K-ppn
absorption

Ad)X

stop?
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FINUDA: °Li(K g0p,/\d)X
2006-2007 Data Taking

» 8x statistics
- Improved tracking efficiency

- Extended range of the rec. momentum 3 well defined states in missing mass
- Improved selections (missing mass) with A d emitted back-to-back:

2805 + 4 MeV/c?2 = QF-3NA: K-5Li—Adt
2824 + 11 MeV/c?
2852 + 6 MeV/c?
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FINUDA: °Li(K g0p,/\d)X
2006-2007 Data Taking

A d Missing Mass A d Invariant Mass
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The Ad bump published is a superimposition
of three different final states.

The QF-3NA is identified (K-6Li—Adt).

The nature of the other two states will soon be
clarified (analysis in progress).

The 29doesn’t play a relevant role.

dN/dM,, (Arb. Units)

0 [ 5 T A
3000 3100 3200 3300 3400
Ad Invariant Mass (MeV/c?)

Meson2010 — June 11 2010 — Results on K- absorption on few-nucleon systems with FINUDA at LNF — S.Piano — INFN Trieste — FINUDA Collaboration

FINUDA Coll., PLB 654 (2007) 80




FINUDA: study of A(K-,At)X (A=5Li,7Li,°Be) (1)
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« A signal background free
« A, t pairs emitted back-to-back
« High momenta for A, t

Only one measurement exists so far,
from bubble chamber: 3 events by kin fit
40 events observed in FINUDA

Capture rate: ~1x10-3/K-
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FINUDA: study of A(K-,A)X (A=5Li,7Li,°Be) (I)

Many body K~
)k AsAtNA absorption role

Simulations of
different phase
space reactions with
Cos @a )<-0.9

stop

PN TR - . A o (filtered through
i Z°—>I\y AA' -..._-:_.= | T " ik B apparatus

A acceptance)

A\ and t momentum
distribution
compatible with:
A-AnA—SAt[A-2] a) Four nucleon
absorption with (At)
or emission
Four nucleon
absorption with
(At)N emission
NOT with (At)x: too
small A momentum
2-step pickup
reaction
(suppressed?)

Kin A AtTA - K

stop stop
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Outlook and Conclusions

y [K pp] — Ap:
M,, signal on different targets
— CosO,,~ -1
— FSI alone cannot explain at the same time M,, and Cos®,,
— Needed a realistic model: K- dynamics (bound state) + proton pairs momenta
— What is the role of short-range correlated proton pairs ?
(R. Subedi et al., Science 320(2008)1476)
The models should explain most the observables !
. [K ppn] — Ad:
— CosOpy~ -1
— ldentified the QF-3NA
— Other two bumps in missing mass (analysis in progress)
— K- is absorbed on quasi “a” (6Li = a + d)
— The role of 2% seems negligible
 [Kppnn] — At:
— CosO, ~ -1
— Direct measurement of K- absorption on *He
— Capture rate: ~1x103/K-

* Near Future:
— acceptance correction and final analysis of Ap (and Ad)
* bump position and width as function of A from 6 to 16
— neutron on coincidence with A, Ap and Ad
» participant (energy carrier) and spectator
* role of K- a absorption on Ap and Ad spectra
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Inclusive proton spectra (

1
1.75
[Target 1 (°Li):  (LONG) ] [ Torg 1] Tong T3

1B
. s . ] Entries 136585 Entries 181476
semi-inclusive ] c : : : Mean 3945 - - - Mean 4014

. E471

f

il L L I I L ey ]
350 400 450 500 550 600 650 700
Momentum (MeV /c)

700 B
MeV/c

Tong_T&

Ly Tong_T2 Torg_T4 5

[Target 2 ("Be): = (LONG) | Eniries 186572 Eniries - 90775 Men | H16A
2000 : : : : e ] 2000 : : . : 4154 2200F ; b § 94.32

1800 ' ; 2000 —
i

500
1800 —

1600
1400

1600
000

1400
2500 1200
1200
1000

800 : o B00F-.

2000 1000

1500

GO0 GO0

1000
400

200 —
[/ =TI A

No mono-energetic emission of N and Y
Only on SLi observes a bump (FINUDA Coll., NPA 775 (2006), 35) :
two nucleon absorption reaction on quasi-deuteron:
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Inclusive proton spectra (
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Only on SLi observes a bump (FINUDA Coll., NPA 775 (2006), 35) :
two nucleon absorption reaction on quasi-deuteron:
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E549: Ad correlation from *He(K-g,,, d)

« K4He - Ad (n)
» detected back-to-back d p
pairs with 7~ In coincidence
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event by missing mass
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FINUDA: 8Li(K- o0,
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K(2N) Iis an old story.

Katz et al., Phys.Rev. D 1 (1970) 1267 o e v rroBueTIoN Z';’)
K- absorption at rest in Helium:

Tazsre III. Branching ratios for K~ absorption at rest.
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TaprE V. Comparative data on the frequency of emission of various particles.

Capture nucleus

Helium (Helium
Bubble Chamber (769, CF;Br) Nuclear
Hydrogen Deuterium experiment) Collaboration)* (249, C;Hs) emulsion

[=*]/[K] 0.64 0.67 0.5540.05
a1/ Lat] 0.46 1.95 4.9 £1.0

[=*]/[K~] . 0.46 0.31£0.03
EE+ZI/ D:‘] . . 1.2 £0.2
. o 2 0

. Multmucleon (1 e.,
No-mesonic A (ZO) 11.7% % 0.16:£0.03 0.17:£0.045

. s Reference 2.
N O - l I l e SO n I C Z+ O n | 1 O % b Nonpionic ratio of (32=2)% for K~ in Hef was quoted by M. M. Block, in Proceedings of the International Conference on Hypernuclear Physics, Argonne
- National Laboratory, Argonne, 1969, edited by A. R. Bodmer and L. G. Hyman (ANL, Argonne, 1969).

No-mesonic 2- 3.6%

A-dependence:
no-mesonic production increasing with A
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E549: “He(Kg,,,/AN)X missing mass
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Spectra are shaped by the limited phase-space: -1=< cos@,, < -0.6
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E549: “He(Kg,,,/AN)X invariant mass
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[K-pp] search now is a “/Ap puzzle”

What the experiments are measuring are /Ap invariant mass signals:
are they totally in disagreement ?

E549 Collaboration
FINUDA Collaboration
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Ap inv mass: FINUDA vs OBELIX

ppn‘i)war‘i@@ mass spectrum
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Ap inv mass: FOPI vs K-d experiments

FOPI Collaboration
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Angular distributions: a closer look

P, >300 MeV

« FSI alone cannot explain at
the same time the inv. mass
spectrum and angular
distribution measured by
FINUDA
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* The angular correlation
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any constraint
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Critical review of the M, bump

Magas, Oset and Ramos [PRC77(2008)065210] explain Ad FINUDA data
with K- absorption from three nucleons leaving the rest as spectator:
6Li(K'Stop, Ad)A’ with 0% FSI.

But ... FINUDA analysis showed that the missing kinetic energy of 3 body
absorption can explain only a little fraction of the bump ...
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/\p acceptance
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