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What are good building blocks of Hadrons?

Constituent Quark o o
Q hadron (colorless cluster)

[q

Diquark?
(Colored cluster)



Diquarks

Color-Magnetic Interaction of two quarks

Ve =~ [as/(m,-mj)] *(ﬁplj)( O, Gj)

“Good Diquark”: Strong Attraction

Veni*Sar 30) = 1/2*Vg (1S, 1)
[aq] [qq]



Emergent Diquarks

Baryons as well as Mesons seem to be well described by a
Rotating String Configuration with a universal string tension.

Ty 8V

M2~

A distance of [qq]-q/ g-q increases as L increases.
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Emergent Diquarks

Baryons as well as Mesons seem to be well described by a
Rotating String Configuration with a universal string tension.

“diquark”

qq kj in low-lying modes
Kj ;\
q



Charmed Baryon

VCMI~ [as/(mimj)] *(/1,-,/1]-)( o O})

Weak CMI with a heavy Quark

* [qq] is well Isolated and developed

* Level structure of Y_* provides diquark properties

* “diguark mass”



Precision measurement of collective [qq]
orbital E, gives a [qq] mass

Covariant Oscillator QM
6,04 SO w/ Universal Spring

[qq] =2 [PTP 91, 775('94)]
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Q, =2K"*2(My +m,,)° [(M,m,,)
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Precision measurement of collective [qq]
orbital E, gives a [qq] mass

Covariant Oscillator QM
G0 S0 w/ Universal Spring
[q q] =2 [PTP 91, 775(94)]
‘ e V1 =Q,L+Q L+M,
( Q, =2K"2[2(M, +m,,)* [(Mm,,)
Q L=1

T <Z
S
~
~
~

Amode dE. ~ dm_/30[Me

G.S.



Precision measurement of Collective [qq]

S O

orbital E, gives a [qgq] mass
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Limited # of Charmed Baryons have
vet been observed.
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What we will measure...

Missing mass spectroscopy via the (t,D*-) reactions.

— Excitation Energies and widths of charmed baryons
* From the G.S. to highly E.S. of £ >1 GeV w/ ~5.5 MeV res.
* Independent of decay final states
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Production Cross Section

No exp. data : 0<270nb@13 GeV/c (PRL55, 154(1985))
Estimation: 104~ of o(np->KA, KX) ~ 1 nb

Order Estimation of Binary Reaction Cross Se

1000
77D — KOA? Binary Reaction at High E is well

100 described as quark planar diagram.
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0 gfs, 100
13



Production Cross Section

No exp. data : 0<270nb@13 GeV/c (PRL55, 154(1985))
Estimation: 104~ of o(np->KA, KX) ~ 1 nb

(BNL Exp.)

D" Reggeon Binary Reaction at High E is well
described as quark planar diagram.

A.B. Kaidalov, ZPC12, 63(1982)
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High-res., High-mom. Pion Beam
* High-intensity secondary Pion beam can be delivered.

—2msr*%. 1.0x 10’ Hz @ 15GeV/c =
* High-resolution beam: Ap/p~0.1%

— Momentum dispersion and eliminate 2"9 order aberrations

agnet: Collimator (IF)
D : Dipole L)
Q : Quadrupole Dispersive Focal Point (DP) Exp. TGT (FF

- S: Sextupole ' Ap/p~0.1%
L 7




High-res., High-mom. Pion Beam
* High-intensity secondary Pion beam can be delivered.

—2msr*%. 1.0x 10’ Hz @ 15GeV/c =
* High-resolution beam: Ap/p~0.1%

— Momentum dispersion and eliminate 2"9 order aberrations
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Spectrometer Concept

2.3 TQe b PID/ K+
Beam m- EH-Z;

\ / T
Highrate  DC I \\
Trackers w—) TOF T

(Fiber, SSD)

LAMPS

* Large Acceptance, Multi-Particle
— K, #from D° decays
— Soft & from D*- decays
— (Decay products from Y_*)
* High Resolution
* High Rate
— SFT/SSD op. >10M/spill at K1.8
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Background Reduction

{Includes all numbers of Pions)

Oy } o (A) Any s-production: 3.4(4) mb
9 . .
= 1 (B) K-pair production: 2.1(3) mb
se o /B L) - KKOKIKLKIKS
aﬁg) 7 p reaction E EEEE (C) YO prOdUCtion: 07(2) mb
@GV § e ~ AKO, A K* SOKO, 30 K
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reconstruction
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Background Shapes in MM, .o«

JAM code Phase space
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Expected Spectrum in the (r,D*") reaction
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Missing mass spectra w/ Y _*

10"BG eduction| —— 10 times more BG
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For each Y *, production cross section of 1 nb, mass and width from PDG
- ~1000 counts for each Y _*



Significance (o)
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Reflection: n-p — (D*~ D**)yn
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Reflection: n-p — (D*~ D**)yn
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« MM has Correlation w/ Momentum transfer (angular correlation)
« Bump position changes as an incident momentum.



K* Spectrometer Concept
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* Further BG reduction (significance = X 1.5)

- Yied for Y_* is reduced to be 1/4
- S/N isimproved from 1:15=1:6 @ A,(2880)
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A (2940)->X (2455)°+n* decay
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A_(3000)->X (2455)°+~n* decay
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What we will measure...

Missing mass spectroscopy via the (t,D*-) reactions.

— Excitation Energies and widths of charmed baryons
* From the G.S. to highly E.S. of £ >1 GeV w/ ~5.5 MeV res.
* Independent of decay final states

— Decay properties of the populated states
* Strong BG suppressions for the parent states
e Decay branching ratios (Partial widths)
e Possible assignment of spins
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Structure and Decay Partial Width

Excited (qq)

* A(1520) -> NK (D wave!)>nX , similarly A(1820), A(2100)
* Possible explanation of narrow widths of Charmed Baryons
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Yield Estimation/Beam Time Request

* | oam=107 /s, n;-=4 g/cm?, AQ/Q2~14%
br(D*—>n D, D°>K*n)=0.67*0.039
e(DAQ,Tracking,PID)=0.9*%0.7*0.9
- 4.5 events/day/nb

* Missing Mass Resolution 5,,,,~ 5.5 MeV

If a Peak Res. 0c,,,,<5 MeV for dm_,~100 MeV,
Keep sensitivity for excited states w/ I'~100 MeV
— >1000 events, >200 days

34



Summary

 Charmed Baryon Spectroscopy via the (rt,D*-)
reactions

— Shed light on “diquark”: colored object in hadrons

— Clarify a Level Structure of the charmed baryons
* From the ground state to highly excited states of E,~1 GeV
* Independent of decay final states

— Decay Branching Ratios (Partial Widths)

* Suppressions of [qq®®"]-[qqQ] decays if “Good diquark” in Y_*
* Possible assignment of spins

A New Project of Hadron Physics at J-PARC, High-p BL
— High-res., High-intensity 2ndary Beam
— Large Acceptance, Multi-Particle Spectrometer

35
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Indications of Diquarks

A-2(80MeV), A -2 (215 MeV) mass difference
— Energy difference of Good “[ud]” to Bad “(qq)”

A Fragmentation function in e*e” is enhanced.

— A:2'=0.08:0.023, .A_:2.=0.074:0.014 [s1/2=10 GeV]
EM FF Ratio at x=1 in DIS on n/p

— Converging into 1/4 (=e /e ?), where [ud] tightly bound
| Al|=1/2 in non-lept’c decay of strange hadrons

— “ud” antisymmetric pair is favored.

Possible explanation of Hadron spectra
— missing 20plet, Light Scalar Meson Nonet: {[qq][qq]b“f}GSI
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Indications of Diquarks

A-2(80MeV), A -2 (215 MeV) mass difference
— Energy difference of Good “[ud]” to Bad “(qq)”
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Covariant Oscillator Quark Model

S. Ishida et al, PTP91, 775(1994)

] ; 3 Lr2
Mesons: M*=QL+ M, Qe=2m+a)(25)",
Baryons: M*=QL,+ QL.+t M. h=22m+ M:"( Ry 25 )m
_ (i M )
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Diquarks in Lattice QCD

good my =293 MeV

Diquark correlation function

1.0
0.8

C(r,,r;;t) =(0|Jg(0,2¢) 1, (r,, 1) r ,(r;,1)JE0,0)|0) & 2

0.2

Ciry,r

r(rit)=q4s90qs [f=ud >
Jo(x) = €[ul (x)CGd, (x) £dT (X)CGuy (x)]s.(x)
ud-diquark “Static” quark
(heavy quark) bad mz =293 MeV

Fy(ht) ! (1)

J. Green, M. Engelhardt, J. Negele, and P. Varilly, AIP Conf. Proc. 1441, 172(2012)
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BG reduction by D* and D® mass cuts
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Acceptance for a Decay Pion

Default entrance detector size Large entrance detector size

250—

¢ Y *—>X (2455) + =
G-J frame of Y _*
0: polar angle

BT N N ¢: azimuthal angle

) °° Eangle if{scM (cos18) e ~5000 acceptance

200F-
150
100F

50/

180
160F
140F
120F
1007

80 |-
60F
40F
20F

EOO -150 -100 -50 0 50 100 150 200
n angle in CM (o)
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U.L. 270nb @ 13 GeV/c

HE0 T BNL Exp)
: * D" Reggeon
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AI.E-OZ ] ,._1—14_§~—- () t, |:647zs(pcm) glg2| ()ll 0|
E : DA
Ziees 1 T i | F(t) |°’=exp(2R%t), R?:slopeparameter
i / / \\ a(t) : Regge Trajectory
1.E-04 E :
“pl>D"A_(28 s, =(m,, + M )" :scale parameter
1.E7—Z05p; o (f( D Reqqeon o = (My 5) P
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1.E-06 R R ST ST S S S S
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U.L. 270nb @ 13 GeV/c

LEO0 T BNL Exp)
: D" Reggeon
1.E-01 - I I
__1.E-02 ,""4‘\_.
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~—1.E-03 4 /=
] / / \\
1.6-04 - f \
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-
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\\ ‘.
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Sanford-Wang formula
15 kW loss Pt TGT,
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BL Length: 132 m,
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U.L. 270nb @ 13 GeV/c

(1b)

HE0 T BNL Exp)
: * D" Reggeon
1.E-01 E 1 4
1.E-02 - LY
EEELr =
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: / , \\
1.E-04 ; f \
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1.E-06 | Y SN S S
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0 10 20 30
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AA+X, and KdA+X.

Background cross section

TABLE II. Neutral strange particles, inclusive cross sections in ub for ?r"p—-K'}s +X, A+X, A+X, KgKg-+X, K%A +X,

No. of charged

7T p reaction @ 16 GeV/c

secondaries K A A K3KS K%A AR KA
0 122,56+ 22.4 92.5+ 16.8 6.6+ 2.5 17.0+ 6.0 38.9+11.7 5.3+2.9 1.1+1.1
2 713,64+ 437 465.9 + 30.0 23.9+ 3.6 T4.5+9.6 117.8+13.8 7T.9+2.6 3.1+1.8
4 787.24+ 48.8 479.7+ 31.3 15.8+ 3.0 52.56+7.9 76.7+10.4 5.3+24 Tt
6 266.3 £ 29.1 199.5+ 22.6 1.2+ 0.8 6.6+ 2.8 22.7+ 5.8 1.1+1.1 te
8 45.2 £ 15.7 26.6+ 10.1 0.8+ 0.8 4.2+4.2 .
10 2.4+ 1.6 1.8+ 1.5 .
Total inclusive 1937.2+ 76.7 1266.0 + 52.7 48.3+ 5.4 154.8+ 15.0 256.1+ 21.6 19.6 + 4.7 4.2+2.2
F. Barreiro et al, PRD 17(1978)669
R. Honecker et al, NPB 13(1969)571
7~ p reaction @ 16 GeV/c Strangeness production data
:h F‘Ina.ldnta-’:e aj_ _cr_fn;:h} In.:h Final state ._Furﬂ.na o ¢ KOS_’K-}-tj—é
S N —— S R . .
pr- 4.3640,15 priwte e e 94+ 23 * 4 'traCkawt75"“'(+ T T E S0
pr? 0,30 £0,10 priwtrtror W 126+ 24 -
2 arte- 0,27+£0.10 | 8 mrtrwtrteertaw e 11435 =~1.1mb
pr—Ze 1,58 +0,08 it ta Ty T2 523 =63
b A 2.48+0.15 rhtrtrt ey e Zo 393251
prtaT 0,99 £0.05 priatrtrtr T ow T g1 g T productlon data .
e 0.70=0.04 prtr et T G517 . - 0K+ ~
4 E?:@*r 0.29:0.05 | 10 nw::*'#*ﬂ*l'w"w'w"r.r'n"m’ 26:12 * ﬁ&%"n n (K ) T W‘%i = 2
i A 2.84=0.16 prwtTt T et w ST EY TH+22 =]
PSRt BTN T Gis Strangeness& & 1/10F2 E LR E
prteterTe 0.25+0.02 | priw et rtrr ety T L =~0.5mb
priwtr e 0.55+0.03 | prtrtrt rtrorTr e T 3x 3
68 ortrtrtToenT 0.18+0.05 | 12 m'wtetet ety T e 3+ 5 . 124D (% OFEFE A2
retemr=m 20 2.00:0.11 priwtrtet st or o ER 8+ 8 3 by Ay ~ A}
:;.I':r"lr:J'E!rrnzrr'n‘r'z"’I vttt ety e T W CER 54 4 K* TII_' o 0)' 0.5~1m ,E y

————

1L18=0.07 |

—_— —_—

&) Z° represents & system of two or more neutral particles.
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A new research project in High-res.,
High-p Beam Line at J-PARC

Proposed by RCNP, Osaka U. under the MOU on research
cooperation among RCNP, IPNS/KEK, and the J-PARC Center
Role of RCNP

— Collect research ideas and collaborators

— Introduce new methods/techniques
— High-resolution, high-p Secondary Beam Line
— Large Acceptance, Multi-Particle Spectrometer
— Multi-Purpose System for Hadron/Nuclear Physics

— Conduct hadron/nuclear physics with a leader ship of RCNP
a platform for a research collaboration in Hadron Physics

Charmed Baryon Spectroscopy at the High-p BL
— RCNP-PPAC Project Review on 9/Nov/2012
— Proposal submitted to the J-PARC PAC
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Extension of Research Collaboration in Hadron Physics
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