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K-pp: experiments

� FINUDA; First evidence of K-pp
� Back-to-back Λ-p pairs in Stopped K- absorption on 6,7Li+12C

B=115+6/-5 MeV
Γ=67+14/-11 MeV     

M. Agnello et al., 
PRL 94 (2005) 212303.



� DISTO
�  pp→K++X @ Tp=2.85 GeV
�          X→Λp
� Mx=2267±3±5 MeV
Γx=118±8±10 MeV

T. Yamazaki et al., PRL 
104(2010) 132502.



K-pp: theoretical status
Methods Binding Energy (MeV) Width (MeV)

Shevchenko, Gal, 
Mares
  Faddeev 

50 - 70 ~100

Ikeda and Sato
  Faddeev 

60 - 95 45 - 80

Yamazaki and Akaishi
  Variational (ATMS)

48 61

Dote, Hyodo, Weise
  Variational (AMD)

20±3 40 - 70

� K-pp should exist as a bound state.
◦ Deep or Shallow ??
◦ Width could be 40 – 100 MeV

◦Λ(1405)-p bound state ? (Arai, Oka, and Yasui)
 FSI effects ? (Magas, Oset, Ramos, Toki)



d(π+,K+) reaction Yamazaki & Akaishi, Phys. 
Rev. C76 (2007) 045201.



 d(π+,K+) inclusive spectrum;
     in simulation
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E27: Search for “K−pp” bound state in the d(π+,K+)X reaction
� “K−pp” is produced through Λ* doorway in the d(π+,K+) reaction

� Semi-exclusive measurement  by Range 

 Counter Array (RCA) in order 

 to suppress quasi-free B.G.
� K−pp → Λ p1, Λ → p2 π−

� K−pp → Σ0 p1, Σ0 → (Λγ) → p2 π− γ

�  π+d → Λ* K+ p1s, Λ* → Σ π, Σ+ → p2 π0

� Original Proposal: 5M/spill beam
� 6x104 Λ* /day

Assuming 1% trapping probability
� 600 bound states/day ( inclusive )
� ∼300 events/40 days (exclusive)

 with εRCA ∼14% for two protons
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E27: Goal in a pilot run
� Inclusive d(π+,K+)X spectrum @2.2 < Mx <2.5GeV/c2. 

� The first measurement of this reaction and this missing mass region.  　　  

→To evaluate the maximum value of the cross section, and to understand 
the background shapes.

� p(π+,K+)X →contribution of “p” in “d”

� Check the feasibility of coincidence measurement
� One proton tag/Two proton tag

� Data Taking in June, 2012
� Calibrations etc. ; 2 days
�  p(π+,K+) @1.7 GeV/c ; 0.6 days
�  d(π+,K+) @1.7 GeV/c ; 7.6 days

3M π+/spill 

@ 5 kW



Range Counter System for E27

� 5 layers (1+2+2+5+2cm)

   of plastic scinti.

� 39 – 122 degrees (L+R)

� 50 cm TOF



Particle Identification
 in Range Counter

1/β

Range Information

Proton

Pion



Resolu?on�

•  p(π+,1K+)Σ+1at1.58GeV/c1
– Missing1mass1resolu?on1=12.41MeV1(FWHM)1

•  Momentum1resolu?on1
–  Beam1line1

•  p/Δp=1.0×10J3(FWHM)�
–  SKS�

•  p/Δp=2.4×10J3(FWHM)1
(E19µΣ+µresolu?on±µE�=�À)1

•  o9�pg1
–  5mrad(FWHM)�ëIpLì�

��

Spectrometer performance
� p(π+,K+)Σ+ @1.58 GeV/c   [LH2Target]

     ~ Energy Calibration & Cross section normalization
- Resolution ; ΔM ~ 2.41MeV(FWHM)
-   Mean         ; 1188.98 ± 0.03 MeV  (PDG = 1189.37MeV)

2.4 MeV(FWHM)
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 π+”n”→K+Λ at 1.7 GeV/c
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π+”n”→K+Σ0 at 1.7 GeV/c
�  π+d→Σ+/0K+ ー π+p→Σ+K+

[deg]LabeScattering Angle 
2 4 6 8 10 12 14 16

 b
/s

r]
µ [

1
 /d

md

0

50

100

150

200

250

300

350

400

450
Pink=Thomas et al.
Blue=Hart et al.
Green=Dahl et al.
Red=This data

 production0 Y of 1 /dmd



Y* region; mass shift by ~30 MeV ??



 d(γ,K+π-)Y* @1.5-2.4 GeV

� SPring-8 LEPS
� No mass shift for Σ(1385) arXiv:1306.5320
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Figure 1: (color online)(a): Differential cross section of d(γ, K+π−)X,
dσ/d cos θlabK+/d coslab

π−
. Here, bin width is 20 MeV/c2. The error bars

shows the statistical error, and the red boxes show the systematic error.
The discrepancy between the two datasets is shown as the hatched
histogram.

state were searched for with the the Log-likelihood ra-
tio method. In this method, the MMd(K+π−) spec-
trum was fitted under two hypotheses : background
processes only, and background processes and signal
process. The yield of each background process was
considered as a free parameter for the fitting. The
Log-likelihood value was obtained by fitting the sig-
nal and background spectra to the experimental data
where the yield of the signal was increased from 0
to a certain value. Then the improvements of Log-
likelihood from background only hypothesis (−2∆ ln L)
were tested in the search region. It is worthwhile to note
that the raw spectrum was used for the fitting because
acceptance-corrected spectrum has considerable sys-
tematic uncertainties and deteriorates the quality of the
fitting. Four processes were used for the background:
γn → ΛK+π−, γp → Σ+K+π−, γn → ΛK+π−π0 and
γp → Σ(1385)+K+π−. The shapes of the spectra were
generated with the GEANT-based Monte Carlo simula-
tion, where the Paris-potential model was used to de-
scribe the momentum distribution of the nucleons in-
side the deuteron [19]. In addition, a constant offset was
adopted in order to consider the contribution of remain-
ing processes such as hyperon decay. Figure 2 shows
the fit result with only background processes. χ2/ndf
of the fit result is 3.5 in the range from 2.05 GeV/c2 to
2.6 GeV/c2, and approximately 1 in the range from 2.22
GeV/c2 to 2.36 GeV/c2. The tests were performed for
signals with Γ = 20, 60 and 100 MeV, and 15 B.E. val-
ues ranging from 10 to 150 MeV. The signal shape was
assumed to be a Breit Wigner distribution with the fixed
B.E. and Γ , and was generated with the GEANT-based
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Figure 2: (color online) The spectrum fit result for the determination
of the upper limit of cross section. The color and style of line for each
corresponding process are shown in the figure.

Monte Carlo simulation. As a result of tests, significant
improvements of Log-likelihood were not observed un-
der any condition in the search region.

In order to quantify the search results, the upper limits
of the differential cross section were determined. The
signal yield which gave −2∆ ln L = 3.84 was used to
give the upper limit of the yield at the 95% confidence
level. In Fig.3, −2∆ ln L values are shown as a function
of the signal yield for B.E.=100 MeV and Γ =60 MeV
as a typical example. The crossing point at −2∆ ln L =
3.84 is indicated by an arrow.
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Figure 3: (color online) Typical −2∆lnL as a function of the sig-
nal yield. The B.E. and Γ is assumed to be 100 MeV and 60 MeV,
respectively.

Thus, the upper limits of the yield were determined
for signals with Γ = 20, 60 and 100 MeV, and 15 B.E.
values ranging from 10 to 150 MeV. The obtained yields
were converted to the differential cross section by divid-
ing them by the acceptance of the signals, efficiencies
and integrated luminosities. The acceptance was deter-
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Pion Coincidence Rate
� Rπ = (Pion coincidence spectrum)/(Inclusive spectrum)
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Proton Coincidence in the middle 
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� “K-pp”-like structure ; 2.285 GeV/c2, Γ~95 MeV
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Same mass and width for “K-pp”-like structure

P_hit
Entries  1107
Mean    2.261
RMS    0.1297

 / ndf 2r  93.25 / 48
Prob   9.932e-05
p0        0.00002± 0.00041 
p3        0.000264± 0.007701 
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Two proton tagged spectrum
� Excess is observed at “K-pp”-like structure, but the 

coincidence rate is very low.



Summary
� We believe we have caught a signal of the “K-pp”-like 

structure in one-proton tagged spectrum.

� “K-pp”-like structure
� Mass = 2.285 GeV/c2 (~85 MeV binding from the K-pp threshold)
� S=-1, B=2(?, non-quasifree)

� Need careful studies on detector efficiencies to get final results.

� Inclusive (π+,K+) spectra are almost finalized.
� For deuteron,

� A cusp structure due to Σ+n-Λp(3S1-3D1, I=1/2) coupling is observed.

� Significant mass shift by ~30 MeV is observed for Y*. 


