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Introduction

Charmed baryon spectroscopy experiment



How hadrons are originated by quark and gluon ?

ﬁ?:r";rréﬂ?er;a' Semi-Hierarchies . Unde_rsta}nd had_rons by effective degrees of freedom
== = Semi-Hierarchies

() between Hadron and Quark * Gluon (A02)

% J-PARC & LEPS2 projects
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Understanding of excited state property

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

37 baryon

* How Effective Degrees of Freedom (DoF) emerge ?

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

* Dynamics of Effective DoF
= Investigation of baryon systems: Digaurk from charmed baryon
« Systematic measurements of excited states



Study of diquark correlation: J-PARC E50

“Excitation mode”: A and p modes in heavy baryon excited states (g-gq + Q system)
= Diquark correlation: g-qg isolated and develops

** A/p mode assignment: Production rates and absolute decay branching ratios

p mode
Light quark baryon Excitation of g-g Excited states
by spin-spin
Interaction

A mode
Collective motion
between g-q and Q

G.S. = m—




Experiment: Missing mass method e pr—
n-from D™=: 0.5-1.7 GeV/c

D DY

nt & p: 0.2-4.0 GeV/c

n-+p— D+ Y_ " reaction @ 20 GeV/c
1) Missing mass spectroscopy: Y.+ mass (>1 GeV excited states)
e D> Dn — K, : D™~ — DOt~ (67.7%), D° — K* = (3.88%)
2) Decay measurement: Absolute B.R. and angular distribution
* Decay particles (t=& proton) from Y *




Production rate by hadronic reaction
e T+ p— D™=+ Y_ ™ reaction: Missing mass method

- Production cross section(0° ): Overlap of wave function s (R ~ (@ [v20_ exp(idy )| ;)

= Sensitive to excitation modes
« Large production rate of highly excited states = |l ~|(0./a)"exp(-q% /a®)

Reaction diagram Mom. Trans.: q.~1.4 _Ge\{/c
d % HQ doublet (e.g. 1/2-, 3/27) | 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

A-mode decay: qqq + QQp,,

p'mOde decay: qqQ + Q0par f

» Decay measurement: I' 5 & I’ p (m7*+ Z,"0 & p + DY)

= Absolute value of branching ratios
« Complementary to high-energy experiments




Expected mass spectrum: ©= p — D™~ Y

* Production rate of LS doublet = L : L+1
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« Known states in PDG and background by hadronic reaction code

* Production rates = A/p mode assignment
« A mode enhanced + Small production rate of p mode (0.2 nb w/ T" =100 MeV)
« Angular distribution (t-dependence: do/dt) contains structure information.
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Decay measurement: A (2940)" — X0 7=+ and p D? .
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Decay measurements can also give us information of excited state properties.
» Absolute branching ratios: I'(A.*— p D) & I'(A.* — Z.m) = A/p mode assignment



Expected mass spectrum: = p — DY 12

* Production rate of LS doublet = L : L+1
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* Dynamical information: Production rates & Absolute decay branching ratios

= 1t identification of A/p mode for revealing diquark correlation




Beam line and
Spectrometer system

Construction staus
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J PARC & Hadron Experimental Facility
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High-p beam line for 2"da"y peam: 120 "

% High-p: 2"day heam can be provided from the primary proton beam.
* High intensity: >107 /spill for =%, p (>10° /spill for K-, p,..,) up to 20 GeV/c
* High momentum-resolution: Ap/p = 0.1%(c)

« E50: High-intensity = beam: 6.0X 107 /spill @ 20 GeV/c
* 30 MHz = 1 MHz/1 mm (2.0 sec. extract. / 5.2 sec. cycle)
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Spectrometer for charmed baryon spectroscopy

AS
Threshold-type
Cherenkov PID detector Ring Image

Cherenkov detector
RPC TOF wall

FM magnet \ Missing mass measurement
* Production rate

K& nt: 2—-16 GeV/c

Decay measurement
y Barrel DC Slow 7.~: 0.5-1.7 GeV/c

* Branching ratios

LH, target

nt&p: < 4.0 GeV/c

Beam RICH TOF wall

N

DC
Fiber tracker

v




Spectrometer for charmed baryon spectroscopy

_ 0
2. Threshold-type n D*- D‘
Cherenkov PID detector Ring Image |

Decay
%* Brar

TE&p:

Large Acceptance Multi-Purpose Spectrometer
+ Trigger—less DAQ system

Charmed baryon spectrometer
= New platform for Hadron experiment
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High-rate detectors Time-Zero detector

_ (for EMPHATIC)
Beam Fiber Tracker Focal plane Fiber Tracker

(¢0.5 mm fiber) (¢1.0 mm fiber)

Publicly Offered Research
(K. Shirotori)

MPPC amplifier
(39 ch)




Drift Chambers

* 6 large drift chambers
 ASAGI ASD card

ASAGI ASD card
SPADI Alliance taskforce

* Large DC: 3.6 m X 2.5 m (Outer size)
% Conversion gain: 0.06-32 V/pC = Production in FY2023

* Magnet downstream DC

= To be prepared

LLLLLELLLLLL OB

* Detector preparation and test
* Evaluation by ASAGI ASD card

=00




PID detectors

* Time-Of-Flight: RPC, Plastic scintillator -
* Ring-Imaging Cherenkov (RICH)
* Threshold-type Cherenkov (VthAC)
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RICH R&D
* RICH (Ring Image Cherenkov detector)
= PID by Cherenkov angle: cos 0, = n—lﬁ

« Momentum(p) + Velocity(B)

» Simulated PID performance: n*/K*/p(py,,)

 Efficiency: ~99%
* Wrong PID: ~0.20%

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

* Prototype detector test for finalizing R&D

« Consisting of actual detector elements
» Aerogel, Mirror, MPPC + light guide cone

21

Conceptual design

Detector segment

&

Aerogel
5\

Particles
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Detection pley

Spherical Mirror
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Light guide |
| Cone
-

MPPC
(6 X 6 mm?)

Light guide
Cone

Detection plane
1000 mm X 1000 mm

Trigger counter
10 mm X 10 mm
e* beam - - 1500 mm
800 MeV B
Aerogel: n = 1.04 fﬁ“ P\

150 mm X 10—-60 mm(t)

Spherical mirror

n =1.04 1080 mm(X) X 900 mm(Y)
X 6.2 t =3000

A7y =5.1cm mm(t) (p mm)

150 X 150 X 25 mm3 Alignment structure
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Test experiment results
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Trigger-less data-streaming-type DAQ system A\

DAQ SC h e m e Clock/command/timing FairMQ + e redis:tronics

distribution Schema of the DAQ system b . ; 1~{-t_em 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
|
1
RICH ; > CITIROC —» Computer Computer Computer
FPGA based | r{- s .0 GB/s
1
HR-TDC ! Load Storage
Timi i | balgjhce
C;ﬁﬁ?j » AMP i____= 0.6 GB/s —*| Computer »  Computer Computer
i L Storage
1
1
RPC » AMP : m 05 GB/s —* Computer Computer Computer
L.
1
1
|
Drift —» ASD |[— : > —>»  Computer Computer Computer
chamber L 1.0 GB/s P p P
1
. ASAGI card Heartb|eat method Reduce the data rate to 1/100 - 1/1000
% enlt |
P Total data rate: ~12 GB/s (25 GB/spill) (E50 case) 2

* Trigger-less DAQ with data-streaming method
* Front-end modules: AMANEQ, CIRASAME
* Clock synchronization: MIKUMARI

*k Basic perfromances established: R. Honda et al., PTEP2021, 123H01 (2021).



DAQ scheme

Trigger-less data-streaming-type DAQ system

Clock/command/timing
distribution Schema of the DAQ system , ‘ ; 1-{%@”‘ Group
. rocess monitor and control via mn-
- (MIKUMARTI) on
Publicly Offered Research Hardware 1+ Software memory type DB. |
i * Automatic topology generation
(R. Honda) I AMANEQ I Mlastl‘zf --= || CIRASAME i
f . E Network Sampler Local filter Global filter
CIRASAME , / : switch
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|
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—
e NIM10

RI4S
(Belle 11
compatible)

B
= | . (DC3sY)

&\

FairMQ + e redis:tronics

Total data rate: ~12 GB/s (25 GB/spill) (E50 case)

* Trigger-less DAQ with data-streaming method
 Front-end modules: AMANEQ, CIRASAME
» Clock synchronization: MIKUMARI

% Basic perfromances established: R. Honda et al., PTEP2021, 123H01 (2021).

Server PC |
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E50 test bench @ J-PARC K1.8BR beam line

%k Hadron beam rate: ~1 M/spill
| « K-beam rate: ~ 0.2 M/spill

}j I I

~.— | E50 detectors + DAQ system —

4/
/

K1.8BR setup

T rrr T T

* Streaming DAQ evaluation
 Filtering (software trigger) test with ES0 detectors

= Next generation DAQ R&D (SPADI Alliance)
* RCNP Grand Raiden test experiment

Target downstream DC

F

iber tracker
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Summary

* How quarks build hadrons ?
 Effective degrees of freedom for hadron: Diquark correlation

* Investigation of Charmed baryon: Disentangle diquark correlation
« Charmed baryon spectroscopy vian-p — D= Y_/* @ 20 GeV/c: J-PARC E50
* A/p mode assignment by production rate and decay branching ratio

* Experiment at J-PARC Hadron Experimental Facility
* High-intensity & High-momentum hadron beam by ©t20 beam line

« Charmed baryon spectrometer constriction
« High-rate detectors, Large size drift chambers and various PID detectors
 Trigger-less DAQ with data-streaming method: Demonstration at K1.8BR and Grand Raiden

*k Charmed Baryon spectroscopy experiment at J-PARC (E50) provides
a unique opportunity for reveling effective degrees of freedom.
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