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• 177k exclusive pp→pΛK+ final 
state events@2.85 GeV

3

T. Yamazaki, P. Kienle, M. Maggiora, K. Suzuki 
and DISTO collaboration
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2.85 GeV: Proton Angular Distribution
The most essential cut: Large angle proton cut ≡ |cosϑCM,p|<0.6
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Y. Akaishi and T. Yamazaki, unpublished (2010)
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The observed very sharp forward component is well 
accounted for by postulating F ≈ 0.2 − 0.3, namely, 
the intermediate boson mass is close to the pion 
mass.
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2.85 GeV: Proton Angular Distribution
Exclusive data sample of pp→pΛK+
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M(pΛ)=ΔM(K) spectra
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2.5 GeV Data
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DISTO Data@2.5GeV

to be seen or not to be seen?
What could this imply?
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Cross section
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pp→pΛK+ data
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Figure 2: Invariant-mass M(pΛ) spectra (DEV) in arbitrary units from pp collisions at 2.85 GeV (left) and 2.50 GeV (right) energy. The spectra are for Large
Angle Proton (LAP) cuts, selecting large transverse momenta of proton, PT (p) > 300 MeV/c. The thresholds of some relevant decay channels are shown by vertical
broken lines. The faint points outside the solid fit zones are discarded because taking DEV ratios is not reliable due to the dropping acceptance.

and thus, the Tp dependence of Y is expressed by a double ratio:
YX(2.50)
YX(2.85)

= 0.013 ± 0.125. (5)

The above peak to BG ratios, YX(Tp), are scaled by the cross
section σpΛK(Tp) for the normal process (1), which can be de-
rived semi-empirically from the Tp dependence of the Λ cross
section. Then, the ratio of the cross section for X(2265) at 2.50
and 2.85 GeV is obtained as

R obs
X =

σX(2.50)
σX(2.85)

=
YX(2.50)
YX(2.85)

× σpΛK(2.50)
σpΛK(2.85)

= 0.011 ± 0.106, (6)

where the value for the Λ production cross section ratio of 0.85,
obtained from Fig. 3, is used.

To further discuss the implication of this experimental result
we consider the incident energy dependence of the production
cross sections of various strange particles of mass M. Figure 3
shows the cross sections of the reactions p + p → Λ + p + K+
(grey), p + p → Σ0 + p + K+ (blue), p + p → K−pp + K+
(green), p + p → Λ(1405) + p + K+ (red) as function of the
bombarding energy in arbitrary units. They are drawn from a
kind of semi-empirical universal function for hadron production
cross section as a function of the center of mass energy (

√
s)

toward the threshold (
√

s0 = M + mp + mK) [15], as expressed
by

σ(s) = C σ0 ×
(
1 − s0

s

)1.8
×
( s0

s

)1.5
. (7)

From this purely kinematical energy dependence of the relevant
reaction channels one expects for the ratio

R expected
X =

σX(2.50)
σX(2.85)

≈ 0.5. (8)

Compared with this expectation we recognize that the experi-
mental value, (6), is much less.

Why do we observe essentially absence of X(2265) at 2.50
GeV incident energy of the pp reaction together with a very
steep rise of its formation at 2.85 GeV? The key for under-
standing this striking entrance-channel behavior is the role of
the Λ∗ as a doorway state which is predicted to have a very
high Λ∗p → K−pp sticking probability in case that the Λ∗ par-
ticipates in high momentum collisions with the proton needed
to form the compact K−pp object at small Λ∗-p distance [5].
We notice that the observed Λ∗ production in Fig. 1 is indeed
very small, consistent with the kinematically predicted ratio,

RΛ∗ =
σΛ∗(2.50)
σΛ∗(2.85)

≈ 0.1. (9)

Thus, one arrives at the conclusion that X(2265) is a com-
pact object formed via the Λ∗ doorway state at high momen-
tum transfer and is composed of Λ∗ as an essential constituent.
This is consistent with the interpretation of X(2265) in terms of
K−pp, which is Λ∗p in leading order.

In summary we have shown that in pp collisions at 2.50 GeV
the X(2265) state is not formed in contrast to a naive kinemat-

3

= 0.011±0.106

In contrast to this behavior one sees in the 2.50 GeV spectra
no trace of the X(2265) contribution. The M(p⇥) spectrum is
totally flat in the mass region of the X(2265) peak with neg-
ative slopes representing the M(p⇥) dependence of the three-
body background process (1) [1]. As in [1], a superposition
of a Gaussian peak on a linear background, representing the
X(2265) process (2) and the three-body background process (1),
respectively, were fitted on the M(p⇥) spectra at both incident
energies. The �M(K+) missing-mass spectra show the same
behavior as the M(p⇥) invariant-mass spectra presented here.

The yield of peak X in comparison to the p⇥K+ background,
defined as,

YX(Tp) =
Peak intensity in DEV
BG intensity in DEV

(3)

is estimated to be

YX(2.85) = 0.168 ± 0.010, YX(2.50) = 0.002 ± 0.021, (4)

and thus, the Tp dependence of Y is expressed by a double ratio:

YX(2.50)
YX(2.85)

= 0.013 ± 0.125. (5)

The above peak to BG ratios, YX(Tp), are scaled by the cross
section �pLK(Tp) for the normal process (1), which can be de-
rived semi-empirically from the Tp dependence of the ⇥ cross
section. Then, the ratio of the cross section for X(2265) at 2.50
and 2.85 GeV is obtained as

R obs
X =

�X(2.50)
�X(2.85)

=
YX(2.50)
YX(2.85)

⇥ �p⇥K(2.50)
�p⇥K(2.85)

= 0.011 ± 0.106, (6)

where the value for the ⇥ production cross section ratio of 0.85,
obtained from Fig. 3, is used.

To further discuss the implication of this experimental result
we consider the incident energy dependence of the production
cross sections of various strange particles of mass M. Figure 3
shows the cross sections of the reactions p + p ⌃ ⇥ + p + K+
(grey), p + p ⌃ ⇤0 + p + K+ (blue), p + p ⌃ K�pp + K+
(green), p + p ⌃ ⇥(1405) + p + K+ (red) as function of the
bombarding energy in arbitrary units. They are drawn from a
kind of semi-empirical universal function for hadron production
cross section as a function of the center of mass energy (

⌥
s)

toward the threshold (
⌥

s0 = M + mp + mK) [15], as expressed
by

�(s) = C �0 ⇥ (1 � s0

s
)1.8 ⇥ (

s0

s
)1.5 (7)

From this purely kinematical energy dependence of the relevant
reaction channels one expects for the ratio

R expected
X =

�X(2.50)
�X(2.85)

⇧ 0.5. (8)

Compared with this expectation we recognize that the experi-
mental value, (6), is much less.

Why do we observe essentially absence of X(2265) at 2.50
GeV incident energy of the pp reaction together with a very
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steep rise of its formation at 2.85 GeV? The key for under-
standing this striking entrance channel behavior is the role of
the ⇥⇤ as a doorway state which is predicted to have a very
high ⇥⇤p ⌃ K�pp sticking probability in case that the ⇥⇤ par-
ticipates in high momentum collisions with the proton needed
to form the compact K�pp object at small ⇥⇤-p distance. We
notice that the observed ⇥⇤ production in Fig. 1 is indeed very
small, consistent with the kinematically predicted ratio,

R⇥⇤ =
�⇥⇤ (2.50)
�⇥⇤ (2.85)

⇧ 0.1. (9)

Thus, one arrives at the conclusion that X(2265) is a compact
object formed via the ⇥⇤ doorway state at high momentum
transfer and is composed of ⇥⇤ as an essential constituent. The
object X(2265) is nothing but K�pp.

In summary we have shown here that in pp collisions at 2.50
GeV the X(2265) state is not formed in contrast to a strong
formation at a bombarding energy of 2.85 GeV. The origin
of this kinematically unexpected finding is that the 2.50-GeV
energy is too low to produce in pp collisions the ⇥⇤ resonance
with high momentum which proves to be crucial for providing
a high sticking probability of the ⇥⇤ with a proton. Thus we
have clarified the entrance channel conditions for the formation
of X(2265) in pp collisions which give additional evidence for
the compactness of the deeply bound K�pp system in contrast
to the result of chiral dynamics predictions.

We are indebted to the stimulating theoretical discussion
of Professor Y. Akaishi and Ms. M. Hassanvand. This re-
search was partly supported by the DFG cluster of excellence
“Origin and Structure of the Universe” of Technische Univer-
sität München and by Grant-in-Aid for Scientific Research of
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Figure 2: Invariant-mass M(pΛ) spectra (DEV) in arbitrary units from pp collisions at 2.85 GeV (left) and 2.50 GeV (right) energy. The spectra are for Large
Angle Proton (LAP) cuts, selecting large transverse momenta of proton, PT (p) > 300 MeV/c. The thresholds of some relevant decay channels are shown by vertical
broken lines. The faint points outside the solid fit zones are discarded because taking DEV ratios is not reliable due to the dropping acceptance.

and thus, the Tp dependence of Y is expressed by a double ratio:
YX(2.50)
YX(2.85)

= 0.013 ± 0.125. (5)

The above peak to BG ratios, YX(Tp), are scaled by the cross
section σpΛK(Tp) for the normal process (1), which can be de-
rived semi-empirically from the Tp dependence of the Λ cross
section. Then, the ratio of the cross section for X(2265) at 2.50
and 2.85 GeV is obtained as

R obs
X =

σX(2.50)
σX(2.85)

=
YX(2.50)
YX(2.85)

× σpΛK(2.50)
σpΛK(2.85)

= 0.011 ± 0.106, (6)

where the value for the Λ production cross section ratio of 0.85,
obtained from Fig. 3, is used.

To further discuss the implication of this experimental result
we consider the incident energy dependence of the production
cross sections of various strange particles of mass M. Figure 3
shows the cross sections of the reactions p + p → Λ + p + K+
(grey), p + p → Σ0 + p + K+ (blue), p + p → K−pp + K+
(green), p + p → Λ(1405) + p + K+ (red) as function of the
bombarding energy in arbitrary units. They are drawn from a
kind of semi-empirical universal function for hadron production
cross section as a function of the center of mass energy (

√
s)

toward the threshold (
√

s0 = M + mp + mK) [15], as expressed
by

σ(s) = C σ0 ×
(
1 − s0

s

)1.8
×
( s0

s

)1.5
. (7)

From this purely kinematical energy dependence of the relevant
reaction channels one expects for the ratio

R expected
X =

σX(2.50)
σX(2.85)

≈ 0.5. (8)

Compared with this expectation we recognize that the experi-
mental value, (6), is much less.

Why do we observe essentially absence of X(2265) at 2.50
GeV incident energy of the pp reaction together with a very
steep rise of its formation at 2.85 GeV? The key for under-
standing this striking entrance-channel behavior is the role of
the Λ∗ as a doorway state which is predicted to have a very
high Λ∗p → K−pp sticking probability in case that the Λ∗ par-
ticipates in high momentum collisions with the proton needed
to form the compact K−pp object at small Λ∗-p distance [5].
We notice that the observed Λ∗ production in Fig. 1 is indeed
very small, consistent with the kinematically predicted ratio,

RΛ∗ =
σΛ∗(2.50)
σΛ∗(2.85)

≈ 0.1. (9)

Thus, one arrives at the conclusion that X(2265) is a com-
pact object formed via the Λ∗ doorway state at high momen-
tum transfer and is composed of Λ∗ as an essential constituent.
This is consistent with the interpretation of X(2265) in terms of
K−pp, which is Λ∗p in leading order.

In summary we have shown that in pp collisions at 2.50 GeV
the X(2265) state is not formed in contrast to a naive kinemat-

3

= 0.011±0.106

In contrast to this behavior one sees in the 2.50 GeV spectra
no trace of the X(2265) contribution. The M(p⇥) spectrum is
totally flat in the mass region of the X(2265) peak with neg-
ative slopes representing the M(p⇥) dependence of the three-
body background process (1) [1]. As in [1], a superposition
of a Gaussian peak on a linear background, representing the
X(2265) process (2) and the three-body background process (1),
respectively, were fitted on the M(p⇥) spectra at both incident
energies. The �M(K+) missing-mass spectra show the same
behavior as the M(p⇥) invariant-mass spectra presented here.

The yield of peak X in comparison to the p⇥K+ background,
defined as,

YX(Tp) =
Peak intensity in DEV
BG intensity in DEV

(3)

is estimated to be

YX(2.85) = 0.168 ± 0.010, YX(2.50) = 0.002 ± 0.021, (4)

and thus, the Tp dependence of Y is expressed by a double ratio:

YX(2.50)
YX(2.85)

= 0.013 ± 0.125. (5)

The above peak to BG ratios, YX(Tp), are scaled by the cross
section �pLK(Tp) for the normal process (1), which can be de-
rived semi-empirically from the Tp dependence of the ⇥ cross
section. Then, the ratio of the cross section for X(2265) at 2.50
and 2.85 GeV is obtained as

R obs
X =

�X(2.50)
�X(2.85)

=
YX(2.50)
YX(2.85)

⇥ �p⇥K(2.50)
�p⇥K(2.85)

= 0.011 ± 0.106, (6)

where the value for the ⇥ production cross section ratio of 0.85,
obtained from Fig. 3, is used.

To further discuss the implication of this experimental result
we consider the incident energy dependence of the production
cross sections of various strange particles of mass M. Figure 3
shows the cross sections of the reactions p + p ⌃ ⇥ + p + K+
(grey), p + p ⌃ ⇤0 + p + K+ (blue), p + p ⌃ K�pp + K+
(green), p + p ⌃ ⇥(1405) + p + K+ (red) as function of the
bombarding energy in arbitrary units. They are drawn from a
kind of semi-empirical universal function for hadron production
cross section as a function of the center of mass energy (

⌥
s)

toward the threshold (
⌥

s0 = M + mp + mK) [15], as expressed
by

�(s) = C �0 ⇥ (1 � s0

s
)1.8 ⇥ (

s0

s
)1.5 (7)

From this purely kinematical energy dependence of the relevant
reaction channels one expects for the ratio

R expected
X =

�X(2.50)
�X(2.85)

⇧ 0.5. (8)

Compared with this expectation we recognize that the experi-
mental value, (6), is much less.

Why do we observe essentially absence of X(2265) at 2.50
GeV incident energy of the pp reaction together with a very
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steep rise of its formation at 2.85 GeV? The key for under-
standing this striking entrance channel behavior is the role of
the ⇥⇤ as a doorway state which is predicted to have a very
high ⇥⇤p ⌃ K�pp sticking probability in case that the ⇥⇤ par-
ticipates in high momentum collisions with the proton needed
to form the compact K�pp object at small ⇥⇤-p distance. We
notice that the observed ⇥⇤ production in Fig. 1 is indeed very
small, consistent with the kinematically predicted ratio,

R⇥⇤ =
�⇥⇤ (2.50)
�⇥⇤ (2.85)

⇧ 0.1. (9)

Thus, one arrives at the conclusion that X(2265) is a compact
object formed via the ⇥⇤ doorway state at high momentum
transfer and is composed of ⇥⇤ as an essential constituent. The
object X(2265) is nothing but K�pp.

In summary we have shown here that in pp collisions at 2.50
GeV the X(2265) state is not formed in contrast to a strong
formation at a bombarding energy of 2.85 GeV. The origin
of this kinematically unexpected finding is that the 2.50-GeV
energy is too low to produce in pp collisions the ⇥⇤ resonance
with high momentum which proves to be crucial for providing
a high sticking probability of the ⇥⇤ with a proton. Thus we
have clarified the entrance channel conditions for the formation
of X(2265) in pp collisions which give additional evidence for
the compactness of the deeply bound K�pp system in contrast
to the result of chiral dynamics predictions.

We are indebted to the stimulating theoretical discussion
of Professor Y. Akaishi and Ms. M. Hassanvand. This re-
search was partly supported by the DFG cluster of excellence
“Origin and Structure of the Universe” of Technische Univer-
sität München and by Grant-in-Aid for Scientific Research of
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Figure 2: Invariant-mass M(pΛ) spectra (DEV) in arbitrary units from pp collisions at 2.85 GeV (left) and 2.50 GeV (right) energy. The spectra are for Large
Angle Proton (LAP) cuts, selecting large transverse momenta of proton, PT (p) > 300 MeV/c. The thresholds of some relevant decay channels are shown by vertical
broken lines. The faint points outside the solid fit zones are discarded because taking DEV ratios is not reliable due to the dropping acceptance.

and thus, the Tp dependence of Y is expressed by a double ratio:
YX(2.50)
YX(2.85)

= 0.013 ± 0.125. (5)

The above peak to BG ratios, YX(Tp), are scaled by the cross
section σpΛK(Tp) for the normal process (1), which can be de-
rived semi-empirically from the Tp dependence of the Λ cross
section. Then, the ratio of the cross section for X(2265) at 2.50
and 2.85 GeV is obtained as

R obs
X =

σX(2.50)
σX(2.85)

=
YX(2.50)
YX(2.85)

× σpΛK(2.50)
σpΛK(2.85)

= 0.011 ± 0.106, (6)

where the value for the Λ production cross section ratio of 0.85,
obtained from Fig. 3, is used.

To further discuss the implication of this experimental result
we consider the incident energy dependence of the production
cross sections of various strange particles of mass M. Figure 3
shows the cross sections of the reactions p + p → Λ + p + K+
(grey), p + p → Σ0 + p + K+ (blue), p + p → K−pp + K+
(green), p + p → Λ(1405) + p + K+ (red) as function of the
bombarding energy in arbitrary units. They are drawn from a
kind of semi-empirical universal function for hadron production
cross section as a function of the center of mass energy (

√
s)

toward the threshold (
√

s0 = M + mp + mK) [15], as expressed
by

σ(s) = C σ0 ×
(
1 − s0

s

)1.8
×
( s0

s

)1.5
. (7)

From this purely kinematical energy dependence of the relevant
reaction channels one expects for the ratio

R expected
X =

σX(2.50)
σX(2.85)

≈ 0.5. (8)

Compared with this expectation we recognize that the experi-
mental value, (6), is much less.

Why do we observe essentially absence of X(2265) at 2.50
GeV incident energy of the pp reaction together with a very
steep rise of its formation at 2.85 GeV? The key for under-
standing this striking entrance-channel behavior is the role of
the Λ∗ as a doorway state which is predicted to have a very
high Λ∗p → K−pp sticking probability in case that the Λ∗ par-
ticipates in high momentum collisions with the proton needed
to form the compact K−pp object at small Λ∗-p distance [5].
We notice that the observed Λ∗ production in Fig. 1 is indeed
very small, consistent with the kinematically predicted ratio,

RΛ∗ =
σΛ∗(2.50)
σΛ∗(2.85)

≈ 0.1. (9)

Thus, one arrives at the conclusion that X(2265) is a com-
pact object formed via the Λ∗ doorway state at high momen-
tum transfer and is composed of Λ∗ as an essential constituent.
This is consistent with the interpretation of X(2265) in terms of
K−pp, which is Λ∗p in leading order.

In summary we have shown that in pp collisions at 2.50 GeV
the X(2265) state is not formed in contrast to a naive kinemat-

3

= 0.011±0.106

In contrast to this behavior one sees in the 2.50 GeV spectra
no trace of the X(2265) contribution. The M(p⇥) spectrum is
totally flat in the mass region of the X(2265) peak with neg-
ative slopes representing the M(p⇥) dependence of the three-
body background process (1) [1]. As in [1], a superposition
of a Gaussian peak on a linear background, representing the
X(2265) process (2) and the three-body background process (1),
respectively, were fitted on the M(p⇥) spectra at both incident
energies. The �M(K+) missing-mass spectra show the same
behavior as the M(p⇥) invariant-mass spectra presented here.

The yield of peak X in comparison to the p⇥K+ background,
defined as,

YX(Tp) =
Peak intensity in DEV
BG intensity in DEV

(3)

is estimated to be

YX(2.85) = 0.168 ± 0.010, YX(2.50) = 0.002 ± 0.021, (4)

and thus, the Tp dependence of Y is expressed by a double ratio:

YX(2.50)
YX(2.85)

= 0.013 ± 0.125. (5)

The above peak to BG ratios, YX(Tp), are scaled by the cross
section �pLK(Tp) for the normal process (1), which can be de-
rived semi-empirically from the Tp dependence of the ⇥ cross
section. Then, the ratio of the cross section for X(2265) at 2.50
and 2.85 GeV is obtained as

R obs
X =

�X(2.50)
�X(2.85)

=
YX(2.50)
YX(2.85)

⇥ �p⇥K(2.50)
�p⇥K(2.85)

= 0.011 ± 0.106, (6)

where the value for the ⇥ production cross section ratio of 0.85,
obtained from Fig. 3, is used.

To further discuss the implication of this experimental result
we consider the incident energy dependence of the production
cross sections of various strange particles of mass M. Figure 3
shows the cross sections of the reactions p + p ⌃ ⇥ + p + K+
(grey), p + p ⌃ ⇤0 + p + K+ (blue), p + p ⌃ K�pp + K+
(green), p + p ⌃ ⇥(1405) + p + K+ (red) as function of the
bombarding energy in arbitrary units. They are drawn from a
kind of semi-empirical universal function for hadron production
cross section as a function of the center of mass energy (

⌥
s)

toward the threshold (
⌥

s0 = M + mp + mK) [15], as expressed
by

�(s) = C �0 ⇥ (1 � s0

s
)1.8 ⇥ (

s0

s
)1.5 (7)

From this purely kinematical energy dependence of the relevant
reaction channels one expects for the ratio

R expected
X =

�X(2.50)
�X(2.85)

⇧ 0.5. (8)

Compared with this expectation we recognize that the experi-
mental value, (6), is much less.

Why do we observe essentially absence of X(2265) at 2.50
GeV incident energy of the pp reaction together with a very
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steep rise of its formation at 2.85 GeV? The key for under-
standing this striking entrance channel behavior is the role of
the ⇥⇤ as a doorway state which is predicted to have a very
high ⇥⇤p ⌃ K�pp sticking probability in case that the ⇥⇤ par-
ticipates in high momentum collisions with the proton needed
to form the compact K�pp object at small ⇥⇤-p distance. We
notice that the observed ⇥⇤ production in Fig. 1 is indeed very
small, consistent with the kinematically predicted ratio,

R⇥⇤ =
�⇥⇤ (2.50)
�⇥⇤ (2.85)

⇧ 0.1. (9)

Thus, one arrives at the conclusion that X(2265) is a compact
object formed via the ⇥⇤ doorway state at high momentum
transfer and is composed of ⇥⇤ as an essential constituent. The
object X(2265) is nothing but K�pp.

In summary we have shown here that in pp collisions at 2.50
GeV the X(2265) state is not formed in contrast to a strong
formation at a bombarding energy of 2.85 GeV. The origin
of this kinematically unexpected finding is that the 2.50-GeV
energy is too low to produce in pp collisions the ⇥⇤ resonance
with high momentum which proves to be crucial for providing
a high sticking probability of the ⇥⇤ with a proton. Thus we
have clarified the entrance channel conditions for the formation
of X(2265) in pp collisions which give additional evidence for
the compactness of the deeply bound K�pp system in contrast
to the result of chiral dynamics predictions.

We are indebted to the stimulating theoretical discussion
of Professor Y. Akaishi and Ms. M. Hassanvand. This re-
search was partly supported by the DFG cluster of excellence
“Origin and Structure of the Universe” of Technische Univer-
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pp→pΛK+ Dalitz plot, projection @2.85GeV
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Angular correlation of K+ and Λ
K -R angular correlation at Xcm
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pp→pΛK+ Dalitz plot, projection @2.85GeV
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pp→pΛK+ Dalitz plot, projection @2.85GeV
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Conclusion

• DISTO result of X(2265) first reported@EXA08 (2.85 
GeV) => PRL104(2010)132502.

• No X(2265) at 2.5 GeV data where Λ* has no cross 
section. That‘s consistent with a picture that Λ* 
plays an important role for a formation of the deeply 
bound kaonic state

• 2.85 GeV data being studied more carefully. 

- Attractive FSI of ΛK+

- N* (1710) resonance?
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