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Missing Resonance Problem

PDG 2026: Baryon listings
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Many low-lying N* and A* resonances
are well established, while many
higher-mass states remain uncertain.

Higher-mass resonances are often
broad, strongly overlap, and couple to
multiple final states.

A coupled-channel partial-wave
analysis (PWA) requires

+ .
e S, complementary data from hadronic
N(Zl(;()) 1/2+ o ] ***%*% Established : :
(2100)| 1/2% ek — and electromagnetic reactions.
N(2120)| 3/27  #%x ——
Oct. 20, 2026 MENU2026 / Shin Hyung Kim 2



>

Importance of raN Decay

Dynamical coupled-channel calculations predict large N decay widths for

many N* and A* resonances.
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» |Intermediate states:
m m » N* = A, pN, oN
ﬂ > A — T[A, pN

I I | » Alllead to the same
| ninN final state

Invariant-mass and angular distributions help disentangle
these contributions and their interference.
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HADES: Exclusive N Measurements

» HADES measured rp — ninN in the second resonance region.
> An event-by-event PWA uses invariant-mass and angular correlations.
» The combined fit extracts partial wave and intermediate-state contributions.

mp — rmp, W=1.47-1.55 GeV

Partial-wave contributions

Intermediate-state contributions
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ANL-Osaka: N — nnN Predictions

The ANL-Osaka dynamical coupled-channel model predicts N production
and the amplitudes are constrained by two-body 1N and yN reaction data.
The predictions overestimate several channels at higher energies.
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Two-body data alone do not fully constrain
the mriN decay amplitudes in this model
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Sensitivity to Decay Amplitudes

Example: m'p — T1IT'p
S,  — pN: dressed decay vertex varied by +50%

Total cross section vs W M(trr°) at W = 1.70 GeV
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Invariant-mass distributions constrain decay amplitudes
beyond total cross sections.
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J-PARC E45: N*/A* Baryon Spectroscopy

> N*/A\* spectroscopy through 7p — 77N over the wide energy range of
W=1.5-2.15GeV (p=0.73 - 2.0 GeV/c) using high intensity beam at J-PARC.

»  Goal: Updates on the world database (zp — zzN)
» 240k events measured in 1970's = X100 higher statistics
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J-PARC Japan Proton Accelerator Research Complex)
> the world's top class high-energy and high-intensity proton beam
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J-PARC Japan Proton Accelerator Research Complex)
> the world's top class high-energy and high-intensity proton beam
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J-PARC Hadron Experimental Facility

.. | == JFY2008 Beams
» b JTve09 Beams Bird’s eye photo in January of 2008

"
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J-PARC Hadron Experimental Facility
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J-PARC Hadron Experimental Facility
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(~1.0 GeV/c /K) 8
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J-PARC Hadron Experimental Facility

Spallation reactions oy A0 Muon ()
Target Nucleus lon (i
Proton (p) p -
Neutron (n) O Neutrino (V)
o ’ ) Kaon (K)
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J-PARC Hadron Experimental Facility

Spallation reactions 4O Muon ()
Pion (1)

Target Nucleus p -

Proton (p)

Neutron (n) O Neutrino (V)
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Shared HypTPC Program
£72 New A” search

42 H-dibaryon search
| in 12C(K-,K*) reaction in p(K-,\)n reaction

N* spectroscopy : _ ,
o |E49 in rr=p—nrN reaction @ E104] pp — ¢¢ reaction

K1.8
(~1.8 GeV/c 1/K)

K1.8

K1.8BR
(~1.0 GeV/c i/K)

2N cusp study
v W E9O in d(K-,m-)/\p reaction

J-PARC
HypTPC

Collaboration

Oct. 20, 2026 MENU2026 / Shin Hyung Kim 11



Upcoming shared campaign at K1.8BR

Shared HypTPC Program

H-dibaryon search
in 12C(K-,K+*) reaction

New A* search
E72 in p(K-,/A)n reaction

— == ——

N* spectroscopy ; _ .
in rrxp— N reaction @ E104] pp — ¢¢) reaction
(~1.8 GeV/c 1/K) - 1E90 2N cusp study
K1.8BR (18 - in d(K-,im-)/\p reaction

(~1.0 GeV/c i/K)
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Upcoming shared campaign at K1.8BR

Shared HypTPC Program

New A* search ?
in p(K-,/A)n reaction |

(~1.8 GeV/c /K) 2N cusp study
K1.8BR <18 7 W |E90 in d(K-,rT-)/\p reaction
(~1.0 GeV/c /K) :
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E45 at the K1.8BR and K1.8 Beamlines

» K1.8BR: first E45 physics run
on = 0.964-1.144 GeV/c
W = 1.65-1.75 GeV

K1.8BR
p(m,K)<1.15 GeV/c

Shared K1.8BR campaign

Experiment| Beam KL sy ,0
E72 K E45 1st Run '
MOM
E45 -ITi 0 5 10 m MSI
E1 04 p Q_«O'f \ .‘\i 3 i £sSs2
N\ & ,02 ™
Shared commissioning \ !
and Ca||brat|0n I'lim y targel ~ IFv oo o ’ Magnets
. A 6 mm'x 66 mm 030“ v D1=D4
Beam species changed @1@ WA a-on
LR ) 8 o102
between runs o ZA CMI-CM4
primary proton { Slits
(30 GeV) .“/ KL beam line (K¢ ) 51:?\{
Vacuum chamber -/6 MOM
'0,)'/ MSI1, 2

ESS1, 2

» K1.8: full E45 energy range
orn =~ 0.73-2.0 GeV/c

W= 1.5-2.15 GeV

E45
——
oS

MS2

T K18
0.7<p(n,K)<2.0 GeV/c

Vertically steering dipoles

Intermediate focal point honzon Lal
Intermediate focal poimt vertical
Momentum sl honzon tal
Mass sin vertical

Electrostatic scparstors
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J-PARC E45 Experimental Setup

» Detect all charged particles’ trajectories in 3D from the T*p reactions.
- angular distributions, mass distributions, Dalitz plots, ...

B LH, target HTOF
HS Magnet
/
E=130 V/cm ¥
1T < W et
1 M/spill (2s)
> Large acceptance (~4r) n* beam Hyp TPC

> High rate capability (~10¢ cps)

» Hyperon Spectrometer
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Hyperon Spectrometer

E42 installation (2021)

AN
"ﬂ\f}"" )4
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Reaction Channels and HTOF Trigger

> Physics-trigger concept: HTOF multiplicity = 2
for final states with charged particles

> mp—7anN reactions

Tp—ntnn, Tl p, |
Tp—mOntp, TN » HTOF detector —t—

> Tp—Tp reactions

Tp—7p,
T Pp—Tp

> np—KY reactions

Tp—KA, KX I Aﬂ
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<dE/dx> [a.u.]

Commissioning and Trigger Studies

» Trigger studies achieved =3k triggers/spill at =300k 1t/spill.
» HTOF-Mp2 with beam-background suppression
» Example dataset: T at 1.0 GeV/c, HTOF-Mp3, =6M triggered events

TPC dE/dx particle identification mp—KOCA event candidates
(K% — 1t'mT; A — p1IU)

400 e | -
AN |
A [ P ‘
3‘.X) AT I
] I B B s (4l
250 ( ;I ~—+ s e o |
u*“ [ "'[ i pon fl
200 I, ’ e
‘  A ;‘; | —
150 T /A

04 -02 0 0.2 04 0.6 08 |
gxp [GeV/c]

Preliminary: particle identification and multitrack reconstruction
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First Physics Run: W=1.65-1.75 GeV

Existing ri=p total cross sections
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Full E45 program: W = 1.5-2.15 GeV

<+

Five nominal settings with
both T and " beams

pr (GeV/c) | W (GeV)
0.964 1.652
1.025 1.686
1.055 1.702
1.114 1.734
1.144 1.750

Third resonance region (1.65-1.75 GeV)

Measure the energy dependence and differential distributions of irtN production
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Acceptance for Exclusive Reactions

» Acceptance varies across the final-state phase space.
> The simulation evaluates acceptance in 20 x 20 Dalitz bins.

mp — T'n - Phase-space simulation

Simulated event distribution Acceptance in each bin
e 1
> 09
> .
0,2 J 08
C 0.7
a
%1.4 06
05
1.3 " >
1.2 i 03
0.2
L1 0.1
03 04 05 06 07 03 0.4 05 06 0.7 0
m(rt t*) (GeV) m( %) (GeV)
Bin-by-bin acceptance corrections are essential
for extracting differential cross sections.
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60 h total: 56.6 h physics + 3.4 h estimated for momentum and charge changes

Beam-Time Allocation and Yields

P w T time T time m — TN T — TN

(GeVic) (GeV) (h) (h) (M events) (M events)
0.964 1.652 2.31 7.64 1.689 3.818
1.025 1.686 2.24 7.85 1.635 3.809
1.055 1.702 2.28 9.07 1.603 4.086
1.114 1.734 2.39 10.73 1.543 4.461
1.144 1.750 2.68 9.43 1.533 3.954
Total 11.89 44.71 8.003 20.128

mp — T°ITp  and  T'p — ' T'n

= 0.606M per setting in the lower cross-section channel for each beam charge

Four rTN channels: = 28.1M planned events in total

50% acceptance assumed; trigger, DAQ live time and reconstruction efficiencies not included.
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Summary

= The J-PARC E45 will provide a unique opportunity to study N*
and A* resonances through exclusive m=p—=nnN and KY
measurements over the wide energy range of W=1.5 - 2.15 GeV.

- Commissioning data demonstrate particle identification and
multi-track reconstruction.

-> The first physics run will focus on the third resonance region (W
= 1.65-1.75 GeV ), using both pion charges.

We are now preparing for the first physics run.
The shared campaign is expected to begin in late November.

Thank you for your attention
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