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Missing Resonance Problem

> the excited spectrum of hydrogen =>» a deeper understanding of QM
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Missing Resonance Problem

> the excited spectrum of the nucleon = a deeper understanding of QCD
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Importance of ixN Decay

> According to the dynamical coupled-channel calculation, there are many
N* and A* resonances which couple to riiiN (1A, pN, oN) dominantly.
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Lattice QCD Calculation
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> Lattice QCD calculation predicts that hybrid baryons should exist.
> Preliminary indications from photoproduction data at CLAS suggest an
extra resonance, in addition to the known quark-model resonances

inyp — ntx"p reaction. » Complementary hadronic data are necessary.
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J-PARC E45: N* Baryon Spectroscopy

>

N* spectroscopy with the zp — 77N reactions in the wide energy range of
1.5-2.15GeV (p=0.73 - 2.0 GeV/c) using high intensity beam at J-PARC.

Updates on the world database (zp — zzN)
» 240k events measured in 1970’s = X100 higher statistics
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J-PARC E45 Experiment
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J-PARC WJapan 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

Materials and L] i o
Experimental Faciity .~

— JFY2008 Beams

» b JFY2009 Beams Bird's eye photo in January of 2008
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J-PARC Hadron Experimental Facility
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HypTPC Experiments at J-PARC

HypTPC

Collaboration
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HypTPC Experiments at J-PARC
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HypTPC Experlments at J-PARC
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HypTPC Experlments at J-PARC
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J-PARC E45 Experimental Setup

» N* spectroscopy with the mp—nnN reactions in the wide energy
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@

» Detect all charged particles’ trajectories in 3D from the m*p reactions.

-> angular distributions, mass distributions, Dalitz plots, ...

11 S -

» Large acceptance (~4m) 1 I\f/gpi” (2s)
> High rate capability (~10¢ cps) beanm HypTPC
> ngh resolution (O’ ~1 I\/IeV) > /—Iyperon Spectrometer
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Hyperon Spectrometer

April 13, 2021 |

5768 read-out PAD

» HypTPC
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Hyperon Spectrometer
» Simulation (J-PARC E42)
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<dE/dx> (a.u.)

PID by Hyperon Spectrometer

» HypTPC dE/dx » HTOF Time-of-Flight
- O<de/dxs/ <dE/dx> ~ 20% flight length: 200~500 mm
at 0.4 < p1<0.45 GeV/c ot ~ 120 ps forn-

(=~ beam data)
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J-PARC E45 Multiplicity Trigger

> Trigger: HTOF multiplicity-2 from np reactions
at 1.5-2.15 GeV (p=0.73 - 2.0 GeV/c)

> mp—nnN reactions f

tp—rttn, 0,

T P—TOTp, TN » HTOF detector ——
> mp—Tp reactions N
Tp—1p,
T p—oTp
S
. ) g
» tp—KY reactions
Tp—KA, KX | Aj
v Tt e : lex [t al [#
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E45 Yield Estimation and Run Plan

pXLXN,
N=o0X " X Nppum X Acc,

7™ Beam: Npean=1 M/spill
LH; Target: pL=0.45 g/cm?2 (¢p8 cm), N4=6.022X1023, 4=1
Detector Acceptance: Acc=0.4

» o=~2mb (zTp - xTxtn) > N=~220 events / spill (5.2s)
In order to achieve ~30k events/bin with
24 energy bins (1.50 - 2.15 GeV) X 20 angle bins
- ~4 hours for each beam energy setting is required.

» Considering all zzN reactions with both 7z~ beams,
a total of 15-day beam time is required.
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Current Preparation Status
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HypTPC Upgrade

LNIMA 1047, 167775 (2023) ]
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HypTPC Upgrade

» Gas Vessel
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Simulation Study for the Trigger

=> Main Trigger: Beam ® HTOF-Mp2

- Beam background?

Geant4 simulation: ~0.7% in 1 M/sp|||
=> 7k/spill

- Max. allowable trigger rate: ~3'l€/spi|l

- Beam veto method is
under consideration.

E42 beam profile
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Beam Veto Counters? \
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Summary

- The N* spectrum is a long-standing problem, and the 3-body
hadronic reaction data are required for the dynamical coupled-
channels calculation.

- The J-PARC E45 will open a unique opportunity to study the N*
resonances in ip—=1irtN and KY reactions in Ecy= 1.5 - 2.15 GeV.

-> We are currently preparing the detectors for the experiment,
and we anticipate the beam time around 2026.

> g;:::zs:;r; tS::sion -- Exploring Excited Nucleons
Thursday 15:45-17:05

Discussion Session for
Exploring Excited Nucleons

Bootham and Micklegate Suite, Hilton Hotel York15:45 - 17:05
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