The Study of KNN state using photon beam

R. Kobayakawa et al., Phys. Lett. B 880, 140719 (2026)

Fundamental Problems in Subatomic Physics 2026 R.Kobayakawa(RCNP)
2026/09/23-27 kobaryo@rcnp.osaka-u.ac.jp

2026/09/23


mailto:kobaryo@rcnp.osaka-u.ac.jp

e Physics Motivation

e Previous KNN Searches

e LEPS2 Measurement & Analysis
e Results & Interpretation

e Toward New Kaonic System

Fundamental Problems in Subatomic Physics 2026 R.Kobayakawa(RCNP)
2026/09/23-27 kobaryo@rcnp.osaka-u.ac.jp

2026/09/23



mailto:kobaryo@rcnp.osaka-u.ac.jp

Can meson become a constituent of a nucleus?

how does an embedded meson change the surrounding nuclear system ?

o o

Density ( Im ) Density (fm~)
0.15 0.0 0.7

One interesting example: Kaonic nuclei

Q O

Embed an
anti-kaon

(b) *HeK ~
A. Doté et al. Physics Letters B 590 (2004) 51-56

A laboratory for studying how an anti-kaon modifies nuclear structure
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Strong KN Attraction

KN interaction is known to be strongly attractive (I=0 channel)
from K-p atomic X-ray shift and low energy K- p scattering data

Kaonic Atom Formation
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Y. lkeda, T. Hyodo, W. Weise, Nucl. Phys. A 881, 98 (2012)
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The simplest Kaonic nucleus : KNN

NG

| KINN1_o) 10 = —%l[IZN],=ON),=1,2+7|[KN],=1N),=1,2 a KNN quasi bound state is predicted.
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| KINN =) i=3p = | [KN1,2 /N ) 230

L=+172

] =—1/2 Kpn — K'%n

Width I' [MeV]

Binding energy B [MeV]

Chiral SU(3)-based, energy-dependent interactions — shallow binding

Phenomenological interactions — deeper binding
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Experimental Status of KNN Searches
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Some experiments reported peak structures below the K-pp threshold.

Interpretation as deeply bound state — still under debate
J-PARC E15 experiment (In flight Kaon) identified a clear signal component
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Why Photoproduction?

v (17) K®(07)

LEPS2@SPring-8 M

measurement

vd > K OAp \ A (1Y)
[@@ ®@®

.

E,=13-24GeV -
d KNN

JP =1% candidate, e.g. J¥ = 0~

- KNN is formed through an entrance channel completely different from kaon-induced reactions

- A simple initial state (Photon beam + deuteron target)

- Elementary background processes are constrained by existing measurements
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| iniroduction. > Previous studies > LEPS2 > Result >
LEPS2 Solenoid Experiment at SPring-8

SPring-8

Photon Beam

« Energy 1.3 —24 GeV
. AE 12 MeV

. Intensity ~ 1 x 10° cps
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Detectlon of scattered electrons

*

Photon beam
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LEPS2 Solenoid Detectors

Barrel gamma

SC : Start Counter
TPC : Time Projection Chamber
RPC : Resistive Plate Chamber

Barrel RPCs

UPveto

EEveto

Solenoid Magnet (0.8 T)

TPC & BRPC Acceptance
40° — 110° (Charged particles)
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Exclusive K°Ap Event Selection

o Barrel Gamma
To eliminate Background events —

- Vertex information(A flight length > 18 [mm]) p

- Barrel Gamma veto
- Forward SC veto
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introduction. > Previous studies 3 LEPS2> _ Result >

Exclusive K°Ap Event Selection
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From Ma, to the 2D (Map ,g) Analysis

After Kinematical Fit q = |Py — Piol = |pAp|
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The key observable is not the 1D mass spectrum alone.
We analyse the event distribution in the (M, ,q) plane.
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Background Components in the 2D Fit

- Phase Space (PS) | RealData | [FMCDala |
Non-resonant yd — K°Ap
Digitizer
- Non-Strangeness (NS) [ DeooucE + Cllsster ] [ S Tt ]
Based on PS, constrained directly from A sideband v
[ Tracker ]
) Qu aSi'Free (Q F) track reconstruction
v
0 — ~
yn — K", proton spectator, :
(constrained by CLAS data ) EID4rEvent Selecton
N. Compton et al., PRC 96, 065201 (2017) " ¢
Kinematic Fit
_ TWO_Step (TS) L 4-mom. + mass constraints
v
O+ v+ f 1
'p _)_K 2", 2"n — Ap, Data Histogram Template Histograms
(constrained by SAPHIR Data ) 2D (My,, ) 2D (My,, q)
R. Lawall et al., EPJA 24, 275 (2005) \ ik i
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Main BackGround Reaction

N. Compton et al., PRC 96, 065201 (2017)

Quasi-Free (QF)
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Background-only hypothesis
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A Localized Low-q Component Is Required
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Signhal Model on the (Map, q) plane
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Resonance line shape

Form factor

VM, M. Liow) exp(— (g AOP)

Mass shape

Fit parameters

Breit-Wigner ® detector resolution(s;,, = 11 MeV/ c?)

Momentum-transfer dependence

0.02 phenomenological form factor favoring low-q
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introduction. > Previous sudies > __LEPS2 > Result >

Signal + Background Fit

Fit Parameters
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Counts / (0.1 GeV/c)

significance ~ 7.30

Signal Yield : 104 events ( ~ 5 nb)
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introduction. > Previous sudies > __LEPS2 > Result >

Comparison with Previous KNN Measurements

Experiment

M [MeV/c?] ' [MeV/c?] Q [MeV/c]

LEPS?2 2354 4+ 11 (stat.) 132 (syst.) 55 + 23 (stat.) T3* (syst.) 350 =+ 41 (stat.) T35 (syst.)
J-PARC E15 2328 + 3 (stat.) T3 (syst.) 100 =4 7 (stat.) T3 19 (syst.) 3834 11 (stat.) ™ (syst.)
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Kaonic Baryonium

* Low g condition seems to be important for formation.

— Based on this idea, | consider a different few-body system.

KNN system KNN system

B3
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Kaonic Baryonium

Role of the K meson in the nuclear system

.n'ii'é.“i'ﬁﬁn KNN system a compact structure a molecular-like structure
Attractive pair | KN — A(1405) ]»
Weak Repulsive KN N N
pair s <+
Attractive pair Il NN — Baryonium? enhance pp overlap reduced pp overlap

Probe how a kaon behaves in a nucleon system and modifies its surroundings
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A Reaction for K+pp Formation

p+d—E- +X* at ol =0°

Mx = 2.35 GeV/c2.

p—
(O8]
AL L

pd - Z(K™pp)g s

p—
p—
LI LI I B B B

lp; —pz-1 (GeV/e)
.
|

Antiproton beam with 4-10 GeV/c

—
S
LI =

Formation-favorable region: q < 1.0 GeV/c |

<
Ne)

will be available @ J-PARC K10
q=0.61 GeV/c

Momentum transfer g

threshold: 1.970GeV/c
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Summary

KNN study

Strong attractive KN interaction motivates the search for the KNN quasi-bound state

At LEPS2, the yd — K°Ap reaction was measured exclusively and analyzed in the (Map, q)

A localized low-q, subthreshold component is favored beyond the constrained
backgrounds.

- The observed component is consistent with a KNN quasi-bound-state candidate.
Future Experiment (Kaonic Baryonium)

- Extension to a new few-body system, kaonic baryonium,
which could be explored through pd — 2°X* at J-PARC K10 beamline.

- This study connects the physics of kaonic nuclei, NN baryonium, and few-body dynamics.
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Max drift length ~70 cm
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NIM, A925 (2019) 188—192.
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Q Plot (Uniform Phase Space)
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SAPHIR Data

Two-Step (TS) R. Lawall et al., EPJA 24, 275 (2005)
yp — KTt Stn=siAp

- Angular and W dependence from ELSA data Y

- Fermi momentum from Argonne V18 model os |-
. X™n — Ap is isotropic decay . —
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Few-body approach to structure of K-nuclear quasi-bound states

Shota Ohnishi,! Wataru Horiuchi,! Tsubasa Hoshino,! Kenta Miyahara,? and Tetsuo Hyodo?

! Department of Physics, Hokkaido University, Sapporo 060-0810, Japan
2 Department of Physics, Kyoto University, Kyoto 606-8502, Japan
3 Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan
(Dated: October 18, 2018)
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FIG. 3. (Color online) Nucleon density distributions (a) py“(r) and (b) r*pN“™(r) for K~ pp-K°pn system measured from
the center-of-mass of nucleons. We employ the SIDDHARTA potential with the Types I and II KN two-body energies and

the AY potential. The dotted-dashed curves show that of deuteron for comparison. Note that the spin parity is J™ = 0~ for
KNN but J™ =11 for deuteron.
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Detected by TPC & BRPC E, <15 GeV

Py. <0.4GeV/c
oKX

i A 20
E 350 [— l 8
g F
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S 300F
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. : 3 250 ) B
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- F 200 —
0.8—§ =
- (e 150 — H
0.6_ :':'T'.: 5 :
0.4: ; 100 E_
o.2j :__ & ,, s 't =R O N e 50 S_
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TPC dE/dx path length(TPC), ToF(BRPC)
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Data Observables
LEPS2 tagged yd events ] : e Background templates
Kinematic fit QF / two-step /
l 4-momentum + mass constraints non-resonant / non-strange
A
Exclusive reconstruction
tracking / PID / topology
4 v )
A/ Observed 2D distribution External QF anchor
Selected K’Ap sample (Map, ) CLAS yd - K°A(p)
. J

recoil-sensitive selection

Background-constrained 2D fit Extracted signal
data vs constrained background excess beyond constrained background
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To eliminate Background events BarEeI Gamma

. Vertex information(A flight length >18“[mm])

. Barrel Gamma veto P
- Forward SC veto

140—

— no hit (accepted)

120
i — hit (rejected)

100

Counts / 20 MeV
o0
S
1 1 T T T I T T
—

0— 11 | .| 1111 l 1111 l |- I 1111 l 1111 I | | I L1
0 01 02 03 04 05 06 07 08 09 1
MM pp) [GeV/c?]
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Main contribution

. 0 .
Quasi-Free yn — K" A reaction(QF) 100 i p >030GeVic
yn — K°A 7 p,> 0.35 GeV/c
W i p,> 0.40 GeV/c
- W dependence % I po>045GeVic
(9]
. K angle dependence I ] dF p,> 0.30 GeV/c
CLAS Results % 4 . | QF pp >0.35 GeV/c
(PRC96, 065201 (2017)) &) 14 [ ] QF P, >0.40 GeV/c
9 60 I: - T [ ]QF p,> 0.45 GeV/c
Fermi momentum : Argonne V18 = ) n
g | b
2 . L H]
Proton detection limit: ~ 0.27 GeV/c 5 %
107" @) ——__I-
. I — AVIS 20 1 - ++
5 1026 % CD-Bonn __ +
% Bl Paris _+__+_
-T;i 107 E ++ '+”
T Of %721 22 23 24 25 26 27 28 29
_ 4l
g 0F M(A p) [GeV/c?]
z 105k
Higher proton-momentum cut suppresses the QF structure,
S I - 21 . S but not the 2.35 GeV/c2 component.
0 02 04 06 08 1 12 14

2026/09/23-27

Nucleon momentum (GeV/c)
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Normalized yield (a.u.)

070\ g0l D t+ Data
; 20l K pp thr. Total
10—1 = 8 i : Signal
= 8 60— =A% . QuasiFree
S - =+ NonStrangeness
) — AV18 5 40— = ==+ PhaseSpace
100 ~ | s CD-Bonn E 30l
o
---------- Paris © 20
10—
1 —3 — E
0 = 1.8F
: 1.6;
. 1.4F
4 ", n
10 = T 12f
— % 1:
L <) L
- > 0.8F
107> = 0.62
= 0.4F
: e s 0‘22
10—6 e T B B R |: IL-'?:EJ R (}2_“':2'1'“'22‘“‘2]:;"'2["“‘215‘"‘2'6"‘2[7‘“‘218“‘ 1)1 )1
. . . : 52 . . 10 20 30 40 50 60 70 80 90
0 0.2 04 0.6 0.8 1 1.2 1.4 M, (GeVic?) Counts / (0.1 GeV/c)
Nucleon momentum (GeV/c)
Width parameter gqrm factor

Fit condition Mass M [MeV/c?] T [MeV/c?] Q [MeV/c]

Nominal 2354 =11 95 £ 23 350 £ 41
p > 0.45 GeV/c 2351 £ 11 52 + 23 363 £+ 47
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- $  Data (23 GeV/c2 < M(A p) < 2.4 GeV/c?)
1201~ PS 0
E— QF v (17) _ET(07)
1T | M
= 80 Y
SO VK (1)
m —
£ 60— A A (1+)
g - N “r 2
"l OO
! OO 950
- + J - p (")
20 ot d KNN 2
i { [ + ------- JP =1% candidate, e.g. J© = 0~
Om - H_: L MIlli 1 1 1 | 1 11 ‘

-1 -08-06-04-02 0 02 04 06 08 1
cosf, ., in CM(y d)

The signal-region events show a strong forward KO tendency.
This is consistent with a production mechanism favoring small momentum transfer.

K*exchange is one possible mechanism.
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' Observed component 1 #

A low-g component around My, ~ 2.35 GeV/c?,
localized in (My,, q).

v
Robustness checks

e Excess beyond constrained backgrounds
e Stable under a tighter primary-p cut
e Consistent with the forward-K° tendency and E15 low-g component

o * J
Interpretation status L
Disfavored in the present analysis Still open

e Quasi-free spectator tail 200

*

e Simple Ap FSI / N cusp * Frianeats |

e Association with previously claimed . Trl.angle a}nd box mechanisms
deeply bound states (kinematical effects)

(M =~ 2.26-2.28 GeV/c?)

150

100

' (MeV/c?)

v
Present interpretation

The observed structure is a K NN quasi-bound-state candidate
for the present data.

50

\\‘\\\I'\\\III\\Il\\\\

[[\\‘\\[N|\\\I|[\[I|\\\\

2%00 —
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Forward fiber

Backward fiber

Forward PL

Backward PL

E, = (Eyf(xf) + E},b(xb))/ 2

Select events with exactly one reconstructed track.
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Fraction of events

E, =13 GeV

scintillator

Plastic
scintillator
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Use the simplest possible few-body system

Understand and constrain background processes
Constrain the final state through exclusive measurements

Use momentum transfer for kinematic separation

V

LEPS2@SPring-8 vd — K Ap

E,=13-24GeV

R.Kobayakawa(RCNP)
kobaryo@rcnp.osaka-u.ac.jp

2026/09/23-27  Fundamental Problems in Subatomic Physics 2026


mailto:kobaryo@rcnp.osaka-u.ac.jp

, , Background Only
- - Y
[ i REPW t Data
LS LS|~ > Background
) 5 Ol 1L % e QuasiFree
E 1 E L S TwoStep
B = SHN SRIRILY NonStrangeness
L - ~~
03] 05k 2 | o e PhaseSpace
I ) A O [ (b) Two-Step = Residual
- (a) Quasi-Free (y 'n' = AK") - 4 'p = =" 0,5 n - Ap) g 20
L PR [T ST SR T T ST T T S S S PO ST S (TSR ST S T S ST S N S S S
% 22 24 26 28 % 22 2.4 26 28 ©
M, , (GeV/c?) M, , (GeVic?)
18 o :
.. Residual Histogram ¢
14 : g
7 i 7 > 08 * Data - Background[o 2
St 0.6 i 0 f :
- c) Phase-Space ' i d) Non-Strangeness 0.4 ' 0 —
[ © p - @ 8 0.002 - -10
i i : o]
02 : o
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A Localized Low-q Component Is Required
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Kaon
stopped
Ell\ll;lggéo‘u S %Bﬁg“g Many backgrounds from multi-NA
In-flight
Neutron knockout reaction,
E15 @J-PARC Gogd S/N by selIJecting q value.
Pion
Many backgrounds from
E27 @J-PARC hyperon production
Improve S/N by tagged side-way protons.
Proton
DISTO  @SATURNE Exclusive pp — K*Ap
HADES @GS Need to consider N* — KTA
Photon
LEPS @SPring-8 Many backgrounds from hyperon production

R.Kobayakawa(RCNP)
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TPC Event Display Run 012800 Event 112 nHit 200
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Obtain reconstruct momentum (Ap/p ~ 3-5%)
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Introduction. Kaonic nuclei Kaonic baryonium Reaction m

pp system (Baryonium)

BESIII Collaboration

e Strong pp attraction

¢ data
o Strong attraction in the | =0, S = 0 channel. > ﬁ 1g§§§+“88°
(OPE : Three times stronger than the deuteron channel. E ﬁ%{i@%}%‘;ﬁi&;@
. _ . g 10000 I po ynomlgtaln)
- possible pp baryonium. I s e A P
B.S. Zou and H.C. Chiang, Phys. Rev. D 69, 034004 (2004) L%’ N e
0
: | [0 | | |
e Annihilation problem R A PPN
P o AT Bt i
o Dominant final states : 4-7 mesons g 17* T 19* ''''''' s
Prn 2
- Difficult spectroscopy M(6r) (GeV/c)

M. Ablikim et al. (BESIII), Phys. Rev. Lett. 132, 151901 (2024)
M.-L. Yan, arXiv:hep-ph/0605303 (2006)

N R.Kobayakawa(RCNP)
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Introduction. Kaonic nuclei Kaonic baryonium Reaction m

Why add a "Kaon" to pp system?

Advantages of introducing a K meson

e A possible pp bound state mainly decays via multi-meson annihilation
e Adding a K meson open baryonic decay channels such as YN.

T

N R.Kobayak RCNP
2026/09/14-17 E ZKMEE?'% %81 @E’ﬂk% kobgr}?ggbrglvg.(osaka—zl.ac.Jp
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Previous Experimental Result

WA 60-79 (1979) Baryonium and Strangeonium production
Bari, Birmingham, CERN, Milan, Paris-6, Pavia.

https://doi.org/10.1016/0550-3213(83)90564-3

EVIDENCE FOR RESONANT STRUCTURES IN THE Ap SYSTEM

Bari‘V-Birmingham® *)-CERN P-Milan'®-Paris® **)-Pavia'® Collaboration

350

WAG60 K p — App - My e

10196 events

~ ~
————
P
——s
—_—

An analysis of the Ap system produced forward in the reaction Kp - App at 18.5 GeV /¢ is
presented. The data come from an experiment using the CERN £’ spectrometer. Structures are
observed in the Ap mass spectrum and in the double moments H, ,,,,, describing the decay of the _ ] hﬁ
Ap system and the subsequent A decay, for L <8 A partial wave analysis interprets these 120 I |
structures as resonances of spin parities 2 and 3*, masses and widths M = 2200 + 40 MeV,

200F

'C.C

Cvente

I'=150 + 30 MeV and M = 2330 + 40 MeV, I'= 150 + 30 MeV respectively. 100 | {*{}}’H
50} Hﬁ“’}”
~ +uhuw "
ol® L " " 2 N M“:“NM»‘“A
2. 225 25 275 3. 325 35 375 4

GeV

Fig. 4. Effective mass spectrum of the (Ap) system (uncorrected for acceptance).
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The K*(2250,2320) States
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Fig. 9 (continued).

Fig. 9. Moduli and phases of the fitted waves. The curves show the Breit-Wigner functions with the fitted
paramcters given in table 1.

K(2)(2250)

K(3)(2320)




Discrimination from the K*(2250,2320) States

E = M(Ap) — (m ,+2m,) (MeV)

M(Ap) (MeV/c?)

e Kinematic selection to enhance bound-state formation

e Determination of spin-parity (separate from the K*(2-,3+))

-300 -200 -100 0
I | [ [ | [ | [ I I I | [ [ I I | [
3 < o
< g
bands: PDG central mass =172 E
K3(2‘32(§))
Kz(z‘zso)
signal region
! A A | ! ) ! ! | ! ! ! ! | A ! ! ! | !
2100 2200 2300 2400
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Similar few body system

KNK vs KNN

K A(1405) configuration of the K K N system

A. Martinez Torres' and D. Jido'

'Yukawa Institute Jor Theoretical Physics, Kyvoto University, Kvoto 606-8502, Japan
(Dated: October 30, 2018)

We study the K A(1405) configuration of the K K N system by considering KX as a coupled channel. We
solve the Faddeev equations for these systems and find confirmation of the existence of a new N* resonance
around 1920 MeV with J™ = 1/27 predicted in a single-channel potential model and also found in a Faddeev
calculation as an ao(980) .V state, with the ao(980) generated in the K K, 77 interaction.

Pairwise interaction KKN System KNN SyStem

KN — A(1405) KN — A(1405)

Attractive pair I KK —_— a0(980) NN —> Ba ryon I u m ?

R A, s 2. R.Kobayakawa(RCNP)
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Pbeam 6 GeV/C

By AR Do, £ 20 cm

Ny 9.75 x 10** ¢cm—*

I; 1.5 x 10° s71

T 15 H = 1.296 x 10° s

N; 1.944 x 10*2

Lint 1.895 x 10°° cm ™2 = 1.895 pb~*

1% S I WrimfE  AERE (15 H) A&t
B85 pd-o2 X, XT 5 Ap 10 nb 1.90 x 10* 1
BGl pd— X Ap(ak—LY}) 1 pb 1.90 x 10° 100
BG2 pn — XA (pspec) 10 pb 1.90 x 107 1000

pLL N R.Kobayakawa(RCNP)
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Introduction. Kaonic nuclei Kaonic baryonium Reaction m

Kinematic Separation of Signal and Background

pd - XXt X" > pA

q.. (GeV/c)

signal parameters same as KNN

M =2.35 GeV/c2
W = 0.05 GeV/c2 _
Q =0.35 GeV/c My, (GeV/c?)

1.5
16000

14000

12000

pn(pspec.) — Z_/_\(pspec.)

Fermi momentum (AV 18)

10000

9 (GeV/c)

8000

0.5k 6000

4000

Quasi-Free

2000

2 2..5
My (GeVic?)

2026/09/14-17 HAYIERES FE8IOFERRES

9., (GeVlc)

1.5F

05fF

Phase Space

2 25 3
MXp (GeV/c?)

@P; = 6.0 GeV/c
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Introduction. Kaonic nuclei Kaonic baryonium Reaction m

Kinematic Separation of Signal and Background

pd — SpA @P; = 6.0 GeV/c

= Low-q region + side pA detected (25-120°
Beam Conditions . — — . — )
p beam momentum 6 GeV/c i
Liquid D, target 20 cm I $ MCdata
P beam rate 1.5 x 10° s-1 o~ - + X*—Ap
Running time 15 days (1.296 x 10° s) § 2000 e pd — ="Ap (PS) 7
Total antiprotons Nj 1.944 x 1012 é) [ ¢ s o> ERp
TS IBramana = =1
Integrated luminosity Ljnt 1.895 x 10°° cm—* = 1.895 pb 8 ¢ ¢ <10 GeVic
Assumed Cross Sections — p >0055 GeV/e
Signal 10 nb £ 1000 D)5 0.25 GeVie -
P
Quasi-Free 10 ub L% ’
Phase Space 1ub
(QF : PS : Si |=1000: 100 :1) Yy Y
: PS : Signal = : : - - p '
MXp (GeV/c?)

2026/09/14-17

HAEYEFER

F81[MFERK
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B {5 BGI1 (3{K) BG2 (¥EBH)
A — prT Ik 1.211 x 10* 1.211 x 10° 1.211 x 107
i 3 A% 25°-120° THH  6.584 x 10°  3.325 x 10° 1.369 x 10°
>~ missing-mass tag 6.256 x 10°  2.190 x 10° 1.070 x 10°
g < 0.80 GeV/c 5.648 x 10° 7.872 x 10° 1.669 x 10*
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J/Y Decay reaction

An enhancement near the m, + M, mass threshold is observed in the combined pA and pA

52 (a) | Zem
p= o | .

invariant-mass spectrum from J/¢ — pK~ A + c.c. decays. It can be fit with an S-wave Breit-Wigner % Hmllumlﬂmiull S

resonance with a mass m = 2075 * 12(stat) = 5(syst) MeV and a width of I' =90 * 35(stat) *+ gwo- \ =

9(syst) MeV; it can also be fit with a P-wave Breit-Wigner resonance. Evidence for a similar enhance- m“rh”} | '

ment is also observed in ' — pK~ A + c.c. decays. The analysis is based on samples of 5.8 X 107J/¢ . st
and 1.4 X 107y’ decays accumulated in the BES II detector at the Beijing Electron-Positron Collider. 2 M,; Gev) 8 ﬁKKQ‘(Ge‘;'Z’)
DOI: 10.1103/PhysRevLett.93.112002 PACS numbers: 12.39.Mk, 12.40.Yx, 13.20.Gd, 13.75.Ev Ew %so

20F

0 1
cos(:)p

1y — pKR

FIG. 2 (color online). (a) The points with error bars indi-
cate the measured pA mass spectrum; the shaded histogram
indicates phase-space MC events (arbitrary normalization).
(b) The Dalitz plot for the selected event sample. (c) A fit
(solid line) to the data. The dotted curve indicates the Breit-

N * Wigner signal and the dashed curve the phase-space back-
9

ground. (d) The cosf, distribution under the enhancement;

the points are data and the histogram is the MC (normalized
to data).
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The Kinematics of Reactions
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TPC Energy Loss
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