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Introduction

Charmed baryon spectroscopy experiment



How hadrons are originated by quark and gluon ?
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Understanding of excited state property

Meson-baryon Pentaquark Dibaryon Dibaryon
(Molecule) (Multi -quark) (Molecule) (Multi -quark)

3qQ baryon

How Effective Degrees of FreedomXoF) emerge ?

A Hadron molecule(Colorless= Hadron DoF) K Threshold region?
A Multi -quark (Colorful = Diquark/Gluon DoF) K ?

Dynamics ofEffective DoF
K Investigation of baryon systemsDiqgaurk from ¢ harmed baryon
A Systematic measurementsf excited states



Study of diquark correlation: J-PARC E50

AExcitat ilcandr moddsm beavy baryon excited statesg-q + Q system)
K Diquark correlation : g-gisolated and develops

| /r mode assignmentProduction ratesand absolute decay branching ratios

r mode u-d
Light quark baryon Excitation of g-q s _"8 — ExCited states
— A by spin-spin
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Experiment: Missing mass method

K*& p: 2-16 GeV/c
p fromD™: 0.5 1.7 GeV/c
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p &p:0.2-4.0GeVic

p+pY D" +Y_ " reaction @ 20 GeV/c
1) Missing mass spectroscopy’ . * mass (>1 GeV excited states)
AD-Y Dps Y K p ps :D™ Y DOp; (67.7%), D°Y K*p (3.88%)

2) Decay measurementAbsolute B.R. and angular distribution
A Decay particles p & proton) from Y *



Production rate by hadronic reaction
Ap  +pY D™ +Y_* reaction: Missing mass method

. omony
A Production cross section(p ): Overlap of wave function mep |R~{/ { |V'25. equqeffh‘/ )

K Sensitive to excitation modes
A Large production rate of highly excited StateS————————— || ~(q. /&))" eXp(-0%/a?)

Mom. Trans. g.s~1.4 GeV/c

Reaction diagram

HQ doublet (e.g. 1/2, 3/2) a-0.4 GeV ([Baryon size})
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Angular momentum transfer between 22 23 24 25 26 27 28 29 3
diquark (q_q) and charm quark S.H. Kim, A. Hosaka, H.C. Kim, H. Noumi, K. Shirotori Missing Mass [GeV/cz]
Prog. Theor. Exp. Phys. 103D01 (2014).




Decay property of charmed baryon

r-mode decay:qqQ + qq,,,

| -mode decay: qqq + Qg.,
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ADecay measurementG, K G, (p/ # S;°K p + DO

K Absolute value of branching ratios

AComplementary to high-energy experiments




Expected mass spectrump- pY D™ Y/
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AKnown states in PDG and background by hadronic reaction code

AProduction ratesK | /r mode assignment
A | mode enhanced “Small production rate ofr mode(0.2nb w/ G=100 MeV)
A Angular distribution ( t-dependence: d/dt) contains structure information.
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Decay
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Decay measurements can also give us information of excited state properties.

A Absolute branching ratios: GL *Y pD)K GL*Y S.p)K |/r mode assignment



Expected mass spectrump- pY D™ Y/
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Beam line and
Spectrometer system

Construction staus
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J-PARC & Hadron Experimental Faclility
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High-p beam line for 2927 beam: p20

High-p: 2nday hbeamcan be provided from the primary proton beam.
A High intensity: >107 /spill for p¢, p (>10 /spill for K -, p,.,) up to 20 GeV/c

A High momentum-resolution: Dp/p = 0.1%(S)

AE50: High-intensity p- beam: 6.3¢ 10 /spill @ 20 GeV/c
A30 MHz K 1 MHz/1 mm (2.0 sec. extract. / 5.2 sec. cy}le
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Spectrometer for charmed baryon spectroscopy

Decaymeasurement
Branching ratios

p &p:<4.0GeV/c
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Spectrometer for charmed baryon spectroscopy
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High-rate detectors

Publicly Offered Researc
(K. Shirotori)

MPPC amplifier
(39ch)




Dri1 ft Ch

A6 large drift chambers
AASAGI ASD card

Target downstream DC

ASAGI ASD

SPADI Al l i ancg
ConversiO.nBa&adiCn

Alga k 0L 3.2 .m» ( Out e
K Producti20n23i n FY

AMagnet downstream
K To be prepared

Detector preparat
AEval uation by ASAG



PID detectors
ATime-Of-Flight: RPC, Plastic scintillator
ARing-Imaging Cherenkov (RICH)
AThreshold-type Cherenkov {/thAC)
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RICH R&D

ARICH (Ring ImageCherenkov detector)

K PID by Cherenkov angle:"Hi ", —
A Momentum(p) + Velocity(b)

ASimulated PID performance:p® /K¢ /p(ppa)
A Efficiency: ~99%
AWrong PID: ~0.20%

ASpecification
A Aerogel (n=1.04)+ C,F,,gas (n=1.00137)
A Detector plane: (top & bottom)
A MPPC + Light guide cone
A Spherical mirror: R~3 m

APrototype detector test for finalizing R&D

A Consisting of actual detector elements
A Aerogel, Mirror, MPPC + light guide cone
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Conceptual design

Detector segment
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Detection plane
1000 mm X 1000 mm

Trigger counter
10 mm X 10 mm

1500 mm

Aerogel: n = 1.04 ‘5@
150 mm X 10—-60 mm(t)

Spherical mirror
. 8 1080 mm(X) X 900 mm(Y)
X 6.2 mm(t) (p = 3000 mm

150 150 25 mn? Al i gnment




Cherenkov angl e2§¢

Test experiment results
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Trigger-less data-streaming-type DAQ system A\
DAQ scheme

Clock/command/timing FairMQ + e red|s:tronics
distribution Schema of the DAQ system b . ; 1~{-Fem Group
i rocess monitor and control via in-
(MIKUMART)
memory type DB.
Hardware ! Software ) :
i * Automatic topology generation
AMANEQ 1\413“1? --- | CIRASAME !
- E Network Sampler Local filter Global filter
! switch
Fiber ! CITIROC 1 . . .
> — Computer Computer Computer
1
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RICH ; > CITIROC —» Computer Computer Computer
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HR-TDC Load Storage
Timi balgjhce
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% enlt |
P Total data rate: ~12 GB/s (25 GB/spill) (E50 case) 2

ATr i glgeessrs DAQ -swtirtena ndiantga met hod
AFroemnd modul es: AMANEQ, Cl RASAME
ACl oxknchronization: MI KUMARI

Basic perfromaRcebBcecad aPFIBREPHO A2 02 1



Trigger-less data-streaming-type DAQ system A\

FairMQ + e redis:tromcs
Schema of the DAQ system -y-tem Group

DAGche

Clock/command/timing
distribution
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A Clock synchronization: MIKUMARI
Basic perfromances established?. Hondaet al, PTEP2021, 123H01 (2021).

B
= | . (DC3sY)




ES50 test bench @ <PARC K1.8BR bheam line

Hadron beam rate: ~1 M/spill
A K- beam rate: ~ 0.2 M/spill
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