
φ中間子工場における
Ｋ中間子の深い束縛状態の探索 (7)
藤岡　宏之（東大理）

永江　知文，應田　治彦，関本　美知子，
豊田　晃久，丸田　朋史，中嶋　大輔
(on behalf of FINUDA Collaboration)



日本物理学会第62回年次大会（北海道大学）

FINUDA experiment

•!-hypernuclear spectroscopy

• stopped K- reaction

•"(1020)#K+K- (EK=16MeV) from DA$NE

• 6Li, 7Li, 12C, (27Al, 51V) targets in 2003-2004

• large acceptance  spectrometer

• charged particle (%p/pFWHM~0.6%)

• neutral particle (by external TOF counters)
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RUN-I !p data

• Sum of 6Li, 7Li, 12C data

• The invariant-mass of back-
to-back !-p pairs are much 
smaller than the threshold (K-

+2p) of 2.37GeV/c2.

• Evidece for K-pp bound 
states?

• PRL 94 (2005) 212303.

B = 115+6
−5

+3
−4 MeV

Γ = 67+14
−11

+2
−3 MeV
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Criticisms to the PRL paper

• Kaon two-nucleon absorption (K-+“pp”#!+p or &0+p)

• Contribution of the &0+p channel

• Final state interaction affected the spectrum.
(Magas et al., PRC 74 (2006) 025206)

• Decay of heavier nuclei (6LiK-, 12CK-) 
(Mare! et al., NPA 770 (2006) 84)

• Is the spectrum target-dependent or not? If not, the K-pp 

interpretation may be favored.
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2N absorption+FSI

• Back-to-back correlation is 
loosened after FSI.

• The invariant-mass spectrum 
has A-dependence.

CRITICAL VIEW ON THE DEEPLY BOUND K−pp SYSTEM PHYSICAL REVIEW C 74, 025206 (2006)
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FIG. 9. (Color online) The same as Fig. 7 but assuming that K−

absorption proceeds from the atomic 3d orbit.

angular distribution shown in Fig. 2 of [34], because that one
is not corrected for the detector acceptance.

To explore the dependence of ours results on the atomic
orbit assumed for the K−, we show in Fig. 9 the calculated
!p invariant mass distribution for the K− being absorbed in
12C from a higher 3d orbit. It is clearly seen that the shape and
centroid of the distribution are barely altered. Therefore, if the
absorption of the K− proceeds from an arbitrary superposition
of the 2p and 3d orbits, the final spectrum would look just as
those shown in Figs. 7 and 9.

In Figs. 10–13 we present the calculated !p spectra for
the other nuclei: 6Li, 7Li, 27Al, and 51V. It is interesting to
note that the width of the distribution gets broader with the
size of the nucleus, whereas the peak remains in the same
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FIG. 10. (Color online) Invariant mass of !p distribution for K−

absorption in 6Li and allowing up to two collisions of the outgoing
particles with the daughter nucleus.
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FIG. 11. (Color online) Invariant mass of !p distribution for K−

absorption in 7Li and allowing up to three collisions of the outgoing
particles with the daughter nucleus.

location, consistent with what one expects for the behavior of
a quasielastic peak. We also observe that the spectra of heavy
nuclei develop a secondary peak at lower invariant masses due
to the larger amount of re-scattering processes as the particles
move out of the nucleus. The spectrum presented in Fig. 3 of
Ref. [34] collects data from the three lighter nuclei. However,
to help clarifying the situation, it would be desirable to separate
the contribution to the invariant mass spectra from the different
nuclei, which might be done in the future. Let us note in this
context that the work of Ref. [45] shows that the possible
interpretation of the FINUDA peak as a bound state of the
K− with the nucleus, not as a K−pp bound state, would
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FIG. 12. (Color online) Invariant mass of !p distribution for K−

absorption in 27Al and allowing up to four collisions of the outgoing
particles with the daughter nucleus.
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angular distribution shown in Fig. 2 of [34], because that one
is not corrected for the detector acceptance.

To explore the dependence of ours results on the atomic
orbit assumed for the K−, we show in Fig. 9 the calculated
!p invariant mass distribution for the K− being absorbed in
12C from a higher 3d orbit. It is clearly seen that the shape and
centroid of the distribution are barely altered. Therefore, if the
absorption of the K− proceeds from an arbitrary superposition
of the 2p and 3d orbits, the final spectrum would look just as
those shown in Figs. 7 and 9.

In Figs. 10–13 we present the calculated !p spectra for
the other nuclei: 6Li, 7Li, 27Al, and 51V. It is interesting to
note that the width of the distribution gets broader with the
size of the nucleus, whereas the peak remains in the same
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absorption in 6Li and allowing up to two collisions of the outgoing
particles with the daughter nucleus.
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nuclei develop a secondary peak at lower invariant masses due
to the larger amount of re-scattering processes as the particles
move out of the nucleus. The spectrum presented in Fig. 3 of
Ref. [34] collects data from the three lighter nuclei. However,
to help clarifying the situation, it would be desirable to separate
the contribution to the invariant mass spectra from the different
nuclei, which might be done in the future. Let us note in this
context that the work of Ref. [45] shows that the possible
interpretation of the FINUDA peak as a bound state of the
K− with the nucleus, not as a K−pp bound state, would
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FIG. 6. (Color online) Invariant mass of !p distribution for K−

absorption in 12C allowing up to three collisions of the outgoing
particles with the daughter nucleus.

Next we impose the remaining experimental restriction in
our calculated spectrum, namely the back to back angle cut,
cos " "p! "pp

< −0.8. This has a substantial effect, as can be
seen in Fig. 5, narrowing considerably the invariant !p mass
spectrum, which looks now much more similar to the one in
Fig. 3 of Ref. [34].

We can go further by allowing more collisions of the proton
or !. In Figs. 6 and 7 we show, respectively, the spectrum of the
!p invariant mass without and with the experimental angle cut,
and allowing up to three collisions of the ! or p particles with
the nucleons in the Fermi sea of the daughter nucleus. With
respect to the one-collision case shown in Fig. 5, the spectrum
of Fig. 7 shows a more clear peak at 2260 MeV, as in the inset
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FIG. 7. (Color online) The same as Fig. 6 but imposing the
experimental angle cut for back-to-back events, cos " "p! "pp < −0.8.
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FIG. 8. (Color online) Opening angle distribution between a !

and a proton in 12C, allowing up to three collisions of the outgoing
particles with the daughter nucleus. We assumed a 10% probability
for the no FSI events, which correspond to those leaving the daughter
nucleus in its ground state after K− absorption.

of Fig. 3 in Ref. [34], and develops additional strength in the
lower energy region, also present in the experimental data. The
level of agreement of the prediction with the experimental data
is the same as in other theoretical studies of the quasielastic
peak [40–42].

The angular distribution of the !p events is shown in
Fig. 8, where we have added to the spectrum with secondary
collisions the calculated strength of the events corresponding
to the ground-state-to-ground-state transition, which has been
imposed to be about 10%. This fraction is about the one shown
in Fig. 3 of Ref. [34] and roughly agrees with the magnitude
estimated in previous section for 7Li. A larger fraction than
this would lead to an even more forward-peaked distribution.
However, as we discussed above, all the strength of these events
is accumulated in a narrow peak of the !p mass spectrum
around the line of the light circles of Figs. 5 and 7 and has no
influence on the broad peak of the spectrum. In our simulations,
the ground-state-to-ground-state reaction corresponds to the
case of no secondary collisions. We observe that the angular
dependence of the peak for a transition to the ground state
of the daughter nucleus is obviously back to back, because
the three particles participating in the absorption mechanism
are practically at rest. Even assuming that the K−pp system
gets about 200 MeV/c momentum from the Fermi motion of
the protons, this leads to only 4 MeV recoil energy for the
daughter nucleus, making the !p system move with velocity
given as 200 MeV/(mK + 2Mp) and the angle between !
and p fulfills cos " "p! "pp

< −0.95. Thus, all events of K−

absorption contributing to the narrow peak in the FINUDA
experiment fall within the experimental cuts.

As we can see, the angular distribution of the total strength
in Fig. 8 peaks back to back as in the experiment. We note
that one should only expect a qualitative agreement with the
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From Run-I to Run-II

• RUN-I (~ 220pb-1) [Oct/2003 - Mar/2004]

• 6Li x2, 7Li x2 ,12C x3, 27Al, 51V

• RUN-II (~ 960pb-1) [Oct/2006 - Jun/2007]

• 6Li x2, 7Li x2 , 9Be x2, 13C, D2O

• ~10 times more data from light nuclei are expected.

• Separated spectra will be obtained with enough events.
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! detection

•'~2.0MeV/c2 (preliminary)
|M(p")-M!|<4MeV/c2

• Secondary Vertex Cut
(z-tolerance<1mm)
S/N 2.3#5.9

preliminary
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Angular correlation between ! and proton

• The angular distribution for each p-shell nuclear target 
looks similar to each other within statistical errors.

acceptance uncorrected acceptance uncorrected

normalize

preliminary
preliminary
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Angular correlation between ! and proton

• The angular distribution for each p-shell nuclear target 
looks similar to each other within statistical errors.

acceptance uncorrected acceptance uncorrected

normalize

preliminary
preliminary

back-to-back event 

(cos(<-0.8)
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Invariant-mass spectrum for the 6Li target

K-+2p

     (2.370GeV/c2)

K-+)-2n

     (2.342GeV/c2)

acceptance uncorrected

very preliminary
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Invariant-mass spectrum for the 9Be target

K-+2p

     (2.370GeV/c2)

K-+)-2n

     (2.342GeV/c2)

acceptance uncorrected

very preliminary
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Comparison with RUN-I and RUN-II

6Li (RUN-II)

9Be (RUN-II)

6Li+7Li+12C

(RUN-I)

very preliminary

very preliminary
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Summary and Perspective

• We observed strong back-to-back correlation of !-p pairs from 
p-shell nuclei (6Li, 7Li, 9Be, 13C, 16O). They are similar to each 
other.

• The invariant mass spectrum for back-to-back events from 6Li, 
9Be shows a large mass shift (~100MeV) as seen in RUN-I.

• The study on acceptance correction is on-going.

• K-+“pn”#!+n / &-+p will also be studied.
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Target configuration

RUN-I RUN-II
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Discussion 

• While the spectra are not corrected for the detector 
acceptance, the deformation due to the acceptance is 
similar for each target.

• The detector system including the targets are axially 
symmetric.

• The spectra are similar to the one obtained in RUN-I (6Li
+7Li+12C).

• Broad structure centered at around BK~100MeV 
(preliminary).
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