Studies of baryon resonances with meson beams at J-PARC
-J-PARC E45 and E72-
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Dramatic events occur in the microsecond old Universe.
® The transition from the QGP to the hadronic phase is dominated by excited baryons.

A quantitative comparison betw. LQCD and Hadron gas model requires more excited states than found to date =>
missing baryons. (A. Majumder and B. Muller, PRL 105, 250222 (2010))




J-PARC E45

Studies of baryon resonances in (z,27x) reactions

Goals

« Establish N* and A* resonances up to 2 GeV/c?

« Search for new baryon states
— e.g. hybrid baryons (qqqg)

* Deeper understanding of non-perturbative QCD
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Baryon spectroscopy :
Physics of broad and overlapping resonances

v Width: a few hundred MeV.
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PDG data for N* and A* resonances

PDG 2020
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Many resonances have not been
established experimentally.
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7N 277N data necessary to resolve
remaining resonances
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World’s 7N— zzN data
Only 240K events measured in 1970’s
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E45 is a unique experiment to measure these reactions with high-
intensity pion beams. We expect at least 100 times statistics for E45
over the world's data.
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Importance of zzN Decay

There are many N* and A* resonances which couple to tzN dominantly
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Lattice QCD calculations

J. Dudek et al., PRD85 (2012) 054016
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Hyperon Spectrometer for E45

Measurement of (rz,27) in large acceptance TP

7~ beam on liquid-H, target
wph—rtan, Pxp

p—ROxp, 7t

2 charged particles + 1 neutral particle

‘ —missing mass
Trigger with HTOF
aN—KY (2-body reaction)

rp—KPA,
7p—K 2 (1=3/2, A4%)

(HypTPC)

v b

Superconducting
Helmholtz magnet
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Beam time request and expected statistics

7 beam rate : 109 / spill (2s)
 Liquid H, target : 5 cm thick
« TPC acceptance : 40%
* (m2n) cross section : ~2 mb (z*p—2>n*n*n)
==) 160 events / spill
- 1p CM energy (W) :1.50-2.15 GeV (p=0.73 - 2.0 GeV/c)

No. of bins . 7 beam : 24 (energy) x 20 (angle)
7t beam : 23 (energy) x 20 (angle)
-No. of events / bin : 32K

== 30M events in 15 days
Enhances world’s zzN data statistics (0.24M) by a factor of 130
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E45 expected data summary

HADES

only = beam
Vs~1.5 GeV run done
Plan for Vs~1.7 GeV

No continuous energy
scan

HADES
Proposed

HADES
Completed

E45(proposal)
- beam
\s(GeV) p(GeVic) \}(;;g'n) (N/(si?lg_p) Hours(x-)
2.15 1.98 655.1 380.4 4,
2.13 1.92 655.1 380.4 4,
2.10 1.87 655.1 380.4 4,
2.08 1.81 655.1 380.4 4,
2.05 175 655.1 380.4 4,
2.03 170  655.1 380.4 4,
2.00 1.65 655.1 380.4 4,
1.97 1.58 655.1 380.4 4,
1.94 1.52 655.1 380.4 4,
1.91 1.46 655.9 409.1 4,
1.87 1.38 654.2 383.7 4,
1.83 1.30|  608.6 358.4 4,
1.79 177 609.4 380.4 Z,
1.76 1.15 679.6 4438 3.
1.73 1.10 770.9 497.9 3.
1.70 1.05 858.8 5215 3.
1.68 1.02 902.7 530.8 3
1.66 0.98 917.9 513.1 3.
1.64 0.94 885.0 567.2 2.
1.62 0.91 787.8 448.0 3.
1.60 0.87 690.6 4125 4,
1.57 0.81 584.9 394.7 4,
154 0.77 540.1 2074 7.
1.52 0.74 515.6 408.3 4,
[rotal(h) 6.

i+ beam
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J-PARC E72

Search for a narrow A
resonance using the p(K,A)n
reaction
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E72: Search for a new narrow A" (1665)

Hints for A"(1665) from previous experiments

Crystal Ball at BNL

Belle: A} — pK 7 [PRL117.011801] Kp > An
D 1D projection - M(pK~) . B e
N n, 02| TN 1 1664MeV
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A Polarization in CB data
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NO new resonance

3/2* (Pys)
1671*2 5 MeV
r=10*22, MeV
Kamano et al.
[PRC92.025205]

3/2° (Dy3)
1668.5+=0.5 MeV
['=1.5%£0.5 MeV
No new resonance

Liu and Xie
[PRC86.055202]

To distinguish between P and D waves,
100 times more statistics than CB is required
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E/2 setup

Hyperon Spectrometer

N LH,

300k events in 2 weeks
(100 times of CB data)

Target Helmholtz
magnet

(B=0.6T)

Kp—=> An

Reconstruct A = pn~in TPC
|ldentify n w/ missing mass
Trigger in hodoscope

« 2 charged particles

« proton with large AE

Beam momentum: 735
MeV/c (£2%) at K1.8BR
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HypTPC

O Octagonal prism field cage

O Inner target system - Large Acceptance (O~6000 readout pads

; . ~2.4x11 mm?
O Suppression of ion back flow
Ppress O Gas: Ar-CH,(9:1) (V... ~ 5.3 cm /pus)
. 4 drift
Triple GEM stack O Gain ~ 10°
(100 + 50 + 50 um thick GEMs) ain

* Gating grid wires
Maximum beam rate : 10°Hz

=

O Position resolution < 300 um
O Ap/p =1-3% for mand p

S | S
Triple’GEM
X = T

7

S J
S0~y Gating grid

5768 pads
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Hodoscope  TPC Hodoscope (HTOF)

MPPCs

— Surrounding HypTPC for trigger and PID
— 32 segments (70*800*10 mm3)

— MPPC used as a light sensor

— Timing resolution of ~150 ps

— PID: using dE/dx (TPC), TOF, and p/q.

wwoos

gl Acceptance PID: dE/dx(TPC) vs p/q PID: TOF(B) vs p/q
8 1z : 0835 GeVi 3 = 12w p i
g i 5 ] %
0.8 [ bt 3
< i;;iii; ?iiiiﬂﬂg o
U-ﬁiggiiiiii T58,588% o ’
[] x
M!!;;!!!‘iiiill!!!! 06
04
0.2
. '*:.— »I' . 0.2 % gh
Sttt e e =
COS proton
SCEC w/ o; = 150 ps

7tp = 7t 7°p reaction




Liquid H, target

Target system

completed in 2018 LH, target

system

Target

. lifting

T system
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TPC
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J-PARC E42 experiment

H dibaryon search experiment via ’C(k~. K*) reaction at p, = 1.8 GeV/c

Simulation Upgraded previous study to
higher resolution and statistics

Opy ™1 MeV
6200 AN events

Sensitivity to a wide mass range of
Apa~, AN, E™p

TR DI 225 23 2.3
AN Invariant Mass-2M,, (MeVie IM (AA) (GeVic%)

Hyperon Spectrometer !

==l

14th Intemational Conference on Hypernuclear and Strange Particle Physics - HYP2022, June 30, 2022

J-PARC K1.8




J-PARC E42 Run

- 22.7 days of physics data in May and June 2021
- Total beam count : 1.75x1011 K~

- Long-term stable operation of superconducting
magnet and HypTPC up to 350 kHz beam.

Magnet temperature

Integrated K |G|

300
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st Aceumulated K~

1747 G (60 3%)

02L05727 20210603 2021/06/10
05:00:00 05:00:00 0%9:00:00
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HypTPC tracking at E42 (H-dibaryon search)
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Summary

E45 : Study of baryon resonances in (x,27) reactions

— Establish N* and A* resonances up to 2 GeV/c? with 130 times
more statistics than previous data

— Search for hybrid baryons

— Expected beam time: ~2025

Require PWA in collaboration with theory groups
E72 : Search for a new A" (1665) resonance

* Measurement of p(K,A)n
— 100 times more statistics than Crystal Ball
— Differential cross section and A polarization
-> Parity determination
— Expected beam time : ~2024

Hyperon spectrometer

» Large acceptance spectrometer for E45 and E72 based on Helmholtz
magnet and HypTP

 Its performance demonstrated at E42 (H-dibaryon search) experiment
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