WS on Spectra and Structure of Heavy Quark Hadrons and Nuclei, 26-28 Feb., 2014

Heavy Hadron Physics
at J-PARC

H. Noumi (RCNP, Osaka University)

P50 experiment: Heavy Baryon Spectroscopy
Structure of heavy baryons:
A. Hosaka, K. Sadato, K. Shirotori, and HN



What are essential D.o.F. of baryons?

 Most fundamental question
* |nteraction btwn quarks

Diquark correlations

—> A heavy quark in a baryon
to close up a “gq” pair

 Weaker Color Magnetic
Interaction with a heavy Quark




Charmed Baryon Spectroscopy

g

Using Missing Mass Techniques
Inclusive measurement

+ Decay Particle Measurement

* inclusive (7z~,D*) spectrum
* Level structure of Y_*
* Production Rate
* + Decay Particles
* Decay Width/Decay Branching Ratios
* Spin, Parity



Charmed Baryon Spectroscopy
Using Missing Mass Techniques
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Charmed Baryon Spectroscopy
Using Missing Mass Techniques

Inclusive p(7,D*) Y **

p(7,D*p)D°

Cp(n) > (Plm,D*2Y)

* inclusive (z—~,D*) spectrum
* Level structure of Y_*
* Production Rate

* Decay Particles

* Decay Width/Decay Branching Ratios
* Spin, Parity



Charmed Baryon Spectrometer

Internal TOF | FM magnet | Ripg Image
i B erenkov

T
Internal DC \‘ —— Counter

Fiber tracker

Decay TOF wall

Internal TOF

Large acceptance ~ 60% (for D*), Ap/p~0.2% at ~5 GeV/c
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Expected spectrum: .. =1 nb

N(Yc*)~1000 events/1nb/100 days
Better mass resolution: ~10 MeV/c?
Sensitivity: ~¥0.1 nb (30, /~100 MeV)

|f tflere are

o
=
0
2
c
S
o
O

38 3 32 34
Missing Mass [GeV/c?]




Decay Products

A(2940)—>Z2 Qg ) Ac(2940)—>{E)>0

with A* n* n~ selected
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25 26
Missing Mass (n* tag.) [GeV/c’]

Missing Mass (proton tag.) [Gercz]

* Decay meas. strongly assists the missing mass spectroscopy.
* Branching ratios: Diquark corr. affects I'(A_*->pD)/T'(A *->2 7).
* Angular distribution: Spin, Parity




“aq” correlation in charmed baryons

* A and p motions split

G, SO

A(1/2-, 3/2-, 5/2-
1/2-,3/2-)

2.(1/2-,3/2-)

P-wave
_"’/ zc(l/Z', 3/2 ) 5/2‘
1/2-, 3/2-)

= AJ1/2-3/2)

T.(3/2+)
T.(1/2+)

— e AdL24),



“0q” correlation in charmed baryons

 Aand p motions s

o0, SO

q-q’

A(1/2-, 3/2-, 5/2-
1/2-,3/2-)

>.(1/2-,3/2-)

2 (1/2-,3/2,5/2-
1/2-, 3/2-)

A(1/2-,3/2-)

2.5(3/2+)
T.(1/2+)

A(L/2+),
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Confinement

e H=Hy+V, + Vi + -

W~y,xs¢;(color) — symmetrize (anti-symm.)

c V.=k/2¥71f
w,Lp = \/Sk/m)[’p, <m,1 —

3mq mg

qu +mg

k = 0.33°m;/3, at my = 1.5 GeV/¢

1 3
cf 1th~AC(2 )ZZAC(Z )—AC (§+)~0.3

, My, =mq)

3 GeV/c?
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P-wave (p, A-mode excitations)

isotope shift

o, o, = [3m, /(2m, +m,) —=" /3

R

3.5

Mg (GeV/c?)

p-mode
——————
A-mode
4 4.5 5
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Spin-spin Interaction

e H=Hy+V, + Vi + -

W~y,xs¢;(color) — symmetrize (anti-symm.)

c V.=k/2¥71f

\/Sk/ < 3m,my )
Wyrp = mj o, m; = ,m,=m
p p 2mg +mgy’ P A
_ 9i0;
* Vs =cs 2 ) 5(rij)  (xslVislxs)
A 1+ — 3 2 « » : f
2 )T @~ cs/mg (S, ¥?) : “qq”-spin anti-symm.
NS IR B A ———
S ) = Wo T Cs 2 (S, x") : “qq”-spin symm., [qqQ]
)y (§+) = wq + C ( 1 g ) (S, x°) : “qqQ” spin symm
2 0 S m(ZI mme ) . .
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Spin-spin Interaction

e H=Hy+V, + Vi + -

Y~y xsd;(color) - symmetrize (anti-symm.)

» Vo=k/2%17

3mme
w,Lp — \/Sk/m/'[’p, m, = qu n mQ,mpzmq
_ 0i'0j
o Vis =cs X—2L68(15)  (slVisls):
m;m;

1+
A(E ) = wo — 3c5/M¢

Z(f)— i (1 4 >+ 2xF 4
2 ) 70T C \mZ T mgmg B
1

« (iR 2 ~0.2 GeV/c?
x (2 ) = wq + Cq (m?, + mme)




Spin-spin Interaction

e H=Hy+V, + Vi + -

W~y,xs¢;(color) — symmetrize (anti-symm.)
* VL =k/2X Tiz
3m,mg

“hp = \/ 3/ Mop: <mA T 2mg+my P :mq)

O'l"O'j .
m; 5(le) <XS|V95|XS)-

* VS‘S:CSZ

!
)
A(zjz‘)=<%—Cs(,§g,—m;nQ)(fp=1»X*> 4 |
2 2 wy — 3¢5 /mé (62 =1x") Tll

MG 33 ) et esligt ) € = 129 T—LT
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A(BP y) (p, A-mode excitations w/ V)

0 0.5 1 1.5 p 2.5 3 3.5 4 4.5 5

Mg (GeV/c?)
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Spin-spin Interaction

e H=Hy+V, + Vi + -

Y~y xsd;(color) - symmetrize (anti-symm.)

» Vo=k/2%17

* I/SSNCS Z
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%(P.y) (p, A-mode excitations w/ V)

Mg —>

6/m,m, ———0

Mg (GeV/c?)
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A,2(1/2-) (p, A.-mode excitations w/ V)
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Level Structure of single-Q baryons

* A and p motions split

AP, x°)
:'I ‘ ) )
b lzl(lpz\',lxl' 2 EE /\C(Pp’ X )
2 (P S
/\(Pp,xk) g EmEm lq(l z‘-x- )
_— =Pax)
N 2c(Pp9Xp)
/\(Ppo)
C AP
se3/2) ——ial)
SR ETZ
+
5(1/2%) amecstth2)

TAL/29 A(1/2%)
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Strange Baryons

— .
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Structure and Decay Partial Width

lllustrated

by Hosaka

p mode (qq) A mode [qq]
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Level Structure of double-strange baryons

* A and p mode excitations interchange
0,Cqq: SO

=(1/2-, 3/2-, 5/2-)

=(1/2-,3/2-)
P-wave D
=(1/2-, 3/2-)
=(3/2+)
G.S. P S—

—L L s

.
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Confinement

e H=Hy+V, + Vi + -

W~y,xs(Isospin * color) — symmetrize (anti-symm.)

c V.=k/2¥71f
w,Lp = \/Bk/m)[,p, (‘m,l =

3QOq

,m,=m
2mg +mg P Q)
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P-wave (p, A-mode excitations)
isotope shift

0.7 w,lw, =,3m /(2m, +m ) —">0

0 0.5 1 1.5 p 2.5 3 3.5 4 4.5 5

Mg (GeV/c?)
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Spin-spin Interaction

e H=Hy+V.+V, + -
W~y,xs(Isospin * color) — symmetrize (anti-symm.)

c V.=k/2¥71f
3mgom,
Wy, = \/Bk/m,—l,p, my = , My =My

ZmQ+mq
* VSS — CSZ

O'l"O'j .
e §(rij)  Cxslslxs)

2(3) = wo+c (mlz P ) (S, x™) : “QQ"-spin symm., [QQq] "/
Q
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Spin-spin Interaction

e H=Hy+V.+V, + -
W~y,xs(Isospin * color) — symmetrize (anti-symm.)

c V.=k/2¥71f

3mgom,
Wy, = \/Bk/m,—l,p, my = Ty + 11ty , My =My
i°Oj
* ~Cs Z ’ 5(TL]) (s Ves|xs):
( w, — 3cs/m3 (%, = 1,x")

[1]

G5
2 2 a),1+c5(1— :

\ m(22 mme> (fﬂ =1, XA)

~ (17 37 5 1
3G 3 3 )—wﬁcs(mQmeqm )“’A—WS)
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= (p, A-mode excitations w/ V()
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Level Structure of double-strange baryons

* A and p mode excitations interchange

G,Caqar SO

E(1/2-, 3/2-, 5/2-)

e B(1/2-,3/2)
E(1/2-, 3/2-)

="(3/2+)

o E(1/24)
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Structure and Decay Partial Width
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Charmed Baryon Spectroscopy
Using Missing Mass Techniques

Inclusive p(7,D*) Y **
D*-
S

Cp(m) > PLE,D*X)

Y *+ »<

C

Do(Y.()

20 GeV/c A |

- Beam | =
=
High-res., High-mom. Beam Line
D*~Spectrometer




Production Cross Section

* Regge Theory: Binary Reaction at High E is well described
* Normalized to strangeness production, p(7—,K°) A
* Charm production: ~10* of strangeness production

- o(p(z—,D*7)A )~ afew nb at p =20 GeV/c

o~C j Wexp(Zth)(s/SO)Z““) dt
7S( P,

A.B. Kaidalov, ZPC12, 63(1982)

p.=20 GeV/c s/S, V.Yu. Grishina et al., EPJA25, 141(2005)
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Strange Baryon Spectroscopy
Using Missing Mass Techniques

Possible
Fake “K*” events

\ 4

Sensitivity to
be estimated




Sensitivity: Order Estimation

Charm ~1 0.03 3E6 1E+8 ~1

Strange ~1000 1 3E6 1E+4? ~37?




Threshold
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Measured = (PDG)

Threshold
(AK(2166)
~20 ~80
>K=*(1983)
5K (1878)AK*(1308) —
Large Small
Z47(1665) >K(1685) 2 seen seen
AK(1610)

=m(1450)
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Summary

Level structure of baryons were systematically studied as a
function of a quark mass.

Characteristic changes of level structure can be seen as a
quark mass increases.

level structure becomes simpler at a heavy quark limit, where
the nature of a baryon is determined by a correlation
between a light-quark pair.

Quark-pair (di-quark) correlations may affect the decay
properties and production rates.

Spectroscopy in different flavor sectors are important.
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