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Two-baryon states. —The SU(6) theory of strong- We now propose the hypothesis that all low-
ly interacting particles!s? predicts a classifi- lying resonant states of the two-baryon system
cation of two-baryon states into multiplets ac- belong to the 490 multiplet.® This means that
cording to the scheme Ssix zero-strangeness states shown in Table I

. In al t T
56056 = 462©1050@ 1134®490, (1) should be observed. In all these states odd

goes with even J and vice versa.,
— N Y -~ N\ Y i




Categorizations

meson(gq) baryon(gqq)

.= Conventional
- QUC"'I( MOdel

tetraquark pentaquark dibaryon
Exotic
. 1 C Motecuiar D [\_hodror

» Ildentifying exotic states is one of the most important issues of particle physics
» Various experimental signals provide us good platform to identify exotic state



Theoretical explanations of experimental signals

Resonant Non-Resonant

® Conventional hadrons Many exotic states lie very close to open-
5 charm threshold; It’s quite possible that

some threshold enhancements are not

® Exotic states real resonances.
> Molecular states: * Kinematical effect
loosely bound states composed of
a pair of mesons/baryons; probably * Opening of new threshold

bounded by the pion exchange.

. * Cusp effect
» Multiquark states:
bound states of four/five /six quarks; e Final state int ’
bounded by colored-force between inal state interaction

quarks; there are many states within 5
the same multiplet. * Interference between continuum

and charmonium states
> Hybrids: :
bound states composed of a pair of * Triangle singularity due to the
quarks and one valance gluon. special kinematics



Meson Currents

qYsq
qYuq
C_IVuVS q

qQ0uvq

I
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Meson Currents

qYsq
qYuq
C_”//,L)/S q

qQ0uvq

I
JP = 0"
JP=1"
Iy
JP =1t

Lorentz indices only




Meson Currents

qaq
qYVsq
qYuq
qYuYs4q

qQ0uvq

I
JP = 0"
JP=1-
Iy
JP =1t

‘ Lorentz indices only ‘

‘ color indices needed ‘

‘ flavor indices needed ‘




TABLE II: Couplings of meson operators to meson states. Color indices are omitted for simplicity.

Operators Jre Mesons Jre Couplings Decay Constants
J° = du gt - ot+ - .
JP =dinsu | 071 nt 0=+ OJF|z+) = A Ae = =B
J) = dyuu 1 7 {O|J; |pt) = fren f,+ =208 MeV [82]
A= dp | 15 nt ) O|J2 7)) = ipyfrs frt =130.2 MeV [1]
a1(1260) (8 (0|7 |a1) = may fay €u fay = 254 MeV [87]
T = don | 1% pt 177 | (Ol 1p") =if, (puew —puoen) | fo =159 MeV [82]
b1(1235) (0|J;L, |b1) = iff. €uvape®p” fir =180 MeV [95]
I° =éc g xco(1P) g+t (O17%|xc0) = Moo fxeo Fr.o = 343 MeV [76]
P —awe | 0t - 0+ (O[T |1e) = A, Ay, = Tnene
I, =&y 1 J/ 1= OIL |T/4) = mgsy farpen fiv = 418 MeV [83]
I;f — Gyuyse 1++ Te 0" <O‘Iff|770> = ©Pufn. fne =387 MeV [83]
Xe1(1P) 1 (0|Iﬁ1|Xc1> = Mxoq fxer € fxer = 335 MeV [77]
17, = cope | 1% J/ 177 | O J/Y) =if ]y (puer — puen) | £,y = 410 MeV [83]
he(1P) 1+~ (O, |he) = ifp €uvape®d” | fil. =235 MeV [83]




Meson Currents

Diquark Currents

q" Cq
q"Cysq

q"Cy,q

q" Cy,Ysq

q'Coy,q

JP =0
]P=0+
]P=1+
JP=1
JP =14



Baryon Currents

A= EabcEABC (CIAaTCCIBb)VS QCC/

Ni" = €apc€®®PAV pc (94 Cas”)ysqct,

N, = €anc€*PP AN pc(@a™ Cysag”)ac’,

NMN = EabcEABDANDC(QAaTCVuVSCIBb)VSCICC ,
Aup = EabCSPABC(CIAaTCy/,LCIBb)CICC/

A’ = €apeSp™7 (04" Co,yqs”)Ysac’.

Color: 3®3®3 =1

Flavor: 3Q3®3 = 168 @ 8D10

a,b,c are color indices
A,B,C are flavor indices (q=u,d,s)
e4BC denotes totally antisymmetric

SPABD denotes totally symmetric



The current well coupling to [l_)OZér]

‘ ‘ ‘ ‘ ‘ ‘ flavor contents

[Ca () Ysua(x)][e°7 (ug (X)Cysdy(x))cc(x)]

color indices

| (01J]X1/2) = fxu(p)]




1AL 22 P i) Y
o SrrAMM s [Chcq]l€™Cqaqpq.]
« T [Caqq][€*P caqpqc]

o« BHRBTE TS €0, [eP%c,q,.][€9q,q,)

DL B0 B35 /2 local SR AR N A7 AE — RE B < Bk

* The Fierz transformation

* The color rearrangement

sdecabc — sda_ebc + 54ab caec + S54c cabe



[Ed Cd] [Eabcuaubdc] _ [Edud] [Eabccaubdc] & [Eddd] [Eabccaubuc]
n $ & Y
i = [lessale B el [ = Dt~ b~ ks — T — b
+15—6§6 T 11_667 - %68 - 3—52510
i1 — s — b — 2ot
_'1%616 - %6517 + 1—16518 - 1—16519 .1 1—16520
+1i6§21 = 11'6522 + %523 = li6£24 = %525
—%526 - 1%527 — 1%528 &a 3—12529 I 3—12530
—%533 + 1%534 + %535 - 1%536 e 3—12537
-l-%f;as - %543
+%¢1 + %192 + 1_16¢3 - 1—16@04 - li6¢5
+%¢6 5 %¢7 55 1167% = %%09 = %1/)10
+%w13 - 1i6¢14 - 1161%5

1 1 1 ?
+1—6¢16 - 51/)18 - 5%9 (1 1—6¢23 -



7ANDOEL) 3 A5 7 R AR T

|DZ:;1/27;6) (18)
=cosf |D°S};1/27) +siné |[D-EFT;1/27),
|D*%¢;1/27;6) (19)

=cosf |D*°5};1/27) +sinf |D*~EF+;1/27),
|D*%,;3/27;6) (20)
=cosf |D*'T}F;3/27) +sinf |D*~XF;3/27),
|D¥7;3/27;6) (21)
= cosf |D°T:F;3/27) +sind |[D-XiT;3/27),
|D*$%;1/27;6) 22)
= cosf |[D*°Tt;1/27) +sinf |D* Tt 1/27),
|D*%7;3/27;6) (23)
= cosf |D*°x:t:3/27) +sing |D*~ i+ 3/27),
|D*%7%;5/27;6) (24)

= cos@ |D*'%2+:5/27) +sinf |[D*XitF;5/27),

m

2 =

Y

e

N7

[6%°Caysup] [€°*us Cyuday vsce)
D° 5t (27)
[5abéa%/ub] Y5 [deEUECVuddVMWSCe]
B2 s B (28)
L?/lé [5ab5a7t/ub] [ECdeuZC'Yudd’Y'u’YSCe]
572 D0 ZF (29)
[67°E, 5] P:?/‘; [ECdeuzC'yﬂ dgce]
DOyt (30)
[67°E 7, u) Py /”2 [e“eul Cydyc]
Dy 5T, (31)
[5abéa7vub] P;/{; ’YV’YS PEI{Q[GCdGUZC'Y“ddCe]
D° PSf s 3, (32)

Pg"'/g’”p [67°C, 7y, up] ng[e"“’deug(C'y“ddce]

PO o e (33)



Discussions on interpolating currents

* The current well describes the internal color, flavor, spin
and orbital quantum numbers.

* The current well describes hadron’s internal symmetries,
e.g, Pauli principle is automatically satisfied.

* A current can couple to different states, and different
currents can couple to the same state.

*  What happens if we diagonalize all the currents, given
that the number of currents is more the number of states?
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QCD Sum Rules

* In sum rule analyses, we consider two-point correlation functions:
[1(q?) & i [ d*xe'(0[Tn(x)n*(0) [0)
~ 2n{0nn)nin*]0)
where 1 is the current which can couple to hadronic states.
- By using the dispersion relation, we can obtain the spectral density

s —q? —ic

L=

« In QCD sum rule, we can calculate these matrix elements from QCD (OPE) and
relate them to observables by using dispersion relation.

Hadron Level

Observables: Low energy

Quark and Gluon Level Quark-Hadron Duality

Operator Product Exzpension

spectral densities




SVZ sum rule (Shifman 1979)
Quark and Gluon Level

(Convergence of OPE)
dispersion relation . —
HDPE(qZ) , ~pope (S) =a, s"+a,_;s
o A
Quark-Hadron Duality
Hadron Level \V4
+ M
2 — f£2 ¢ _ 12 2
thys(q ) — fP C[2 — M2 > Pphys (5) — /1;,[75(5 — Mx) T+ e
(Positivity)
(for baryon case) P4

(Sufficient amount of Pole contribution)




QCD Sum Rules

® Borel transformation to suppress the higher order terms:

2 2 50 o
[I(M3%) = f? e~ M /Mg :/ E_Sﬁuép{ﬂ}da

=

® Two parameters

Mg, s
We need to choose certain region of (M, s;).
® Criteria

1. Stability
2. Convergence of OPE
3. Positivity of spectral density

4. Sufficient amount of pole contribution



Y. Chung, H. G. Dosch, M. Kremer and D. Schall, Nucl. Phys. B 197, 55 (1982)

D. Jido, N. Kodama and M. Oka, Phys. Rev. D 54, 4532 (1996)

® Y. Kondo, O. Morimatsu and T. Nishikawa, Nucl. Phys. A 764, 303 (2006)
Parity of Pentaquark

K. Ohtani, P. Gubler and M. Oka, Phys. Rev. D 87, no. 3, 034027 (2013)

* Assuming J is a pentaquark current, Y] is its partner having the opposite parity.

* They can couple to the same physical state through

<O0|J|P(q) > = fpu(q).,| |<O|ys]|P(q)>= fpysu(q).

* The same pentaqiark current | can couple to states ¢f both positive and negative

parities through

<O0[J|P(q) >=|Ifpu(q) .| |<O[JIP'(q)>= faysu'(q).

where |P(q) > has the|same parity as J, while |P'(q) > Fas the opposite parity.

£2 g+ M f2—¢1+M
qu_Mz qu_Mz




D*Z,

The sum rule results obtained using /,

are:

0.18
Mips3- = 43751, GeV.

i -5.0
1 |
1 |
I |
| I
4.8 P -4.8
_ -
> Co
3, “rW SR O S 4e el i i 46
A NN BT e N T B et
n & | I B
S 4.4 = | i 4.4
P = :____
1 I ] — — .
4.2 i i : -4.2
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1 1 1
1 1 ]
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FIG. 1: The variation of M|p+s 13,2~ With respect to the threshold
value sq (left) and the Borel mass Mp (right). In the left figure, the



State M [MeV]

QCD sum rule results P.(4312)7 4311.9 £0.715¢
P (4440)" 4440.3 £ 1.3}
P (4457)* 44573 £ 0.6
TABLE I. Masses and decay constants of the X;...7, extracted from the currents Ji...7.
Currents | Configuration | s{*'" [GeV?] b B Pole [%] | Mass [GeV] fx [GeVE] Candidate
so [GeV?] | M3 [GeV?]
Ji |DEs;1/27) 22.4 24.0+ 1.0 | 3.27-3.52 | 40-48 | 4.30%33 |(1.197915) x 107°| P.(4312)*
Jo |D*Ees 17273 25.5 27.0+ 1.0 | 3.78-3.99 | 40-46 | 4.48%0 10 |(2.2470:33) x 1073 | P.(4457)* (?)
J3 D E.:8/8) 24.6 26.0+ 1.0 | 3.51-3.72 | 4046 | 4.46%517 |(1.1570:13) x 1073| P.(4440)* (?)
Ja |DX%;3/27) 24.2 25.0+1.0 | 3.33-3.45 | 40-44 | 4.43T035 [(0.6570:17) x 1073
Js |D*35;1/27) 26.0 27.0+1.0 | 3.43-3.56 | 40-44 | 451707, [(1.1270:18) x 1077
Jo |D*¥%:3/27) 25.3 27.0+£1.0 | 3.69-3.98 | 40-48 | 4.52%71] [(0.8510717) x 1077
J7 |D*%%:5/27) 24.7 26.0+ 1.0 | 3.22-3.42 | 40-46 | 4.55%)72 [(0.65701]) x 1077

Uncertainties not enough to extract binding energies




QCD sum rule results

TABLE I. Masses and decay constants of the X;...7, extracted from the currents Ji...7.

_ o y Working Regions " .
Currents | Configuration | si"'" [GeV~] Pole [%] | Mass [GeV] fx [GeV?] Candidate
so [GeV?] | M3 [GeV?]
Ji |DEs;1/27) 22.4 24.0+1.0 | 3.27-3.52 | 40-48 | 4.30%71 |(1.1975135) x 107°] P.(4312)*
Jo |D*Ees 17273 25.5 27.0+ 1.0 | 3.78-3.99 | 40-46 | 4.48%0 10 |(2.2470:33) x 1073|P.(4457)" (?)
J3 D E.:8/8) 24.6 26.0+1.0 | 3.51-3.72 | 4046 | 4.46%517 |(1.1570:13) x 10| P.(4440)* (?)
Ju |DX%;3/27) 24.2 25.0+1.0 | 3.33-3.45 | 40-44 | 4.43%73; [(0.65151)) x 1073
Js |ID*%%:1/27) 26.0 27.0+ 1.0 | 3.43-3.56 | 40-44 | 451707, [(1.1270:18) x 1077
Jo |D*¥%:3/27) 25.3 27.0£1.0 | 3.69-3.98 | 40-48 | 4.52%71] [(0.851077) x 1077
J7 |\D*X7;5/27) 24.7 26.0+ 1.0 | 3.22-3.42 | 40-46 | 4.555)72 [(0.65%0]) x 1077
===

‘ <0U‘X1/2> — qu(p)‘
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Pt in AY — J/WK ™ p decays

K-

(b) AQ — DMIOBLN+ f—




Pt in AY — J/WK " p decays




Pt in AY — J/WK " p decays

—

b
0

EabCé‘de 5fg

+

(€ebc(5da K3 Eaecé*clb L eabeédc) > C$fgv

Egbc5da6fe _|_€egc5da5fb _I_Eebg5da5fc
Egecadbéfa _l_eagc(sdb(sfe +€aeg(5db5fc
Egbe(sdc5fa + Eageé'dc5fb + Eabg5dc(5fe _



N —

> Jao(z) = [e2*ul Crysdyb.)(z)



AL C\
b|"]
d

~

Tpg () = [€"ug Crsdpbc](x)

weak

~

[e®*“ul Cysdpyp(1 — ¥5)el(z) X [6%Eav”(1 — v5)s¢)(y)



AO@ -
b|"]
d

Jpo(z) = [e2*ul Crysdyb.)(z)

N

weak

~

[ uq Crsdyyp(1 = y5)ccl(z) x [6°Cay” (1 —5)se](y)
QPO

~

[€%°“ul Cysdpyp (1 — v5)ee)(z) x [0%Cay” (1 — y5)sel(y) X [67905ug)(2)



weak

~

QPC

~

color

Vv

move

Fierz:dy+>ugy

\
vd

Fierz:dy <> s,

AO@ o
b|“]
d

Jpo () = [e?*ul Crysdyb.](2)
[€"uq Cysdyyp(1 —5)ec)(x) x [69Cay" (1 —5)s¢] (y
[ uq Crsdyyp(1 = y5)cel () x [6°Cay” (1 —75)se] (y

(

(

eagcadbafexuz(mc%db(mm( —s)eel®) x aly)r” (1 = 15)se(y) x g (2)ug(z) + - -
e9°5™ 51 x uT (@) Crsdb(y) 7, (1 — 75)ee() x caly)y (1 =

)
)

x (079 pug)(2)

5db5fe agce - — L

- [ uzﬂ@mug’m(l —¥s5)ce] (%) X Ca(y)YP (1 — v5)8e(2) X Us(2) ¥ v5dp(y) +
14 G e

+ 1675 x [} Cyuugy"ysce](x) x [6%Cavsdy)(y) X [67Usysse](2) +

V5)8e(2) X ag(2)ug(x) + -



AO@ -
b| "]
d

~

Tro (@) = [ uT Crsdybel ()

M e ul Cysdyy (1 — s)ecl (@) % [0%2a” (1 — 75)se] (%)

ik - [GabcugCV5dep(1 ¥s5)ce|(z) X [5deéd7p(1 —V5)Sel(y) X [5fgﬂfug](z)

color 4959 55¢ 5 uT (2)Crysdy(2)7,(1 — 75)ce(®) X Ea(y)V? (1 = v5)se(y) X tp(2)ug(z) + - -

move ., _agegdbgfe s uaT( )Crsdp ()7, (1 — 75)ce () X Ea(y)y’ (1 = 75)86(2) X s (2)ug(z) + - -
Hioraidy & tg _5dbffe X [€%9%ug Cyuugo(1 = ¥5)ed (€) X Ea(y)y? (1 —5)86(2) X @ (2)7 vsds(y) +
Fierz:dy <5, 1+

6 [€%9¢ug Cypugyysecl(€) x [§%Caysds](y) x [67 @ pysse](2) +

move:y—x ]- . i

? 8\/— Xél( ) [ﬁa’755a](z)+"'



Current algebra results

1—}—)

]- + 'Y g/ 20'1/ )
+( 16i/p— £ —'Y un’}’ 7)3a

(1 +70)(g( /’Y +g i ) u 1 / (v nr 0
Forwe i,

B(Ag —+ R (|D2c)1/2— : ’D*Zch/z— : \D*Ec>3/z— : |DE:)3/2— : |D*Ez)1/2— |D 2 )s/z— |D*E:>5/2—))

B (Ag — ‘D*EC>3/2—K_)

8.2 : 1.2 : 1 : 0 : 4.8 : 0.18 : 0 .

Q
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|P* — J/ipdecays |

color

move

Fierz




|P* — J/ipdecays |

o - 1 .
Ny — [Ca%uca] (_3_257&” - %UO‘M) N

_ 1 '
+ [CaVpY5Cal (_ﬁga“'}% - %UQHJ'%) N

] L opw A
—ir [Caauuca] (4—89 M’Y + 9_6_€aqu,Yp,y5) N

_|_...’




P decays ‘




Fierz transform results

Decay Channels

Configuration

J/Yp| nep | Xeop | Xe1p | hep ||D°AZ DAY | DS (DS | DS | D - EFF
|IDXc;1/27) || 1 | 38 | - = - — | 0.69t | - - - -
|ID*Y.;1/27)|| 1 |0.35]0.016{107*| — || 3.4¢ | 1.2t |0.12¢t| 0.23¢ ~ -
|ID*%.;3/27)|| 1 |0.005| - - | - ~ | 0.34t [107°t| 107t = =
|IDX%:3/27) || 1 |0.70| - E - - 250t - E - -
D*¥::1/27)]|| 1 | 31 |0.30]|0.10{0.02| 34t | 1.5t |0.15¢| 0.30t | 0.35t | 0.70t
D*¥::3/27)|| 1 |0.006] — |0.008| - ~ | 039t |107°t| 107t | 0.04t | 0.08t
D512 ) - B




Our results

B(Ay—P.K™)

B(AY}—P. K~ —J/YpK™)

ol Eell= B(AJ—ID*Se)y 5 K~ _ Ra(Pe) = B(AJ—[D*Tc)s,p— K- —J/YpK )

A - Decay Channels Productions Candidate
J/p| nep | xcop | xe1p | hep || DA |D*°AF |D°SF | DX (DS | D*~ S| R1 | R

IDEg1/27Y || 1 | 38| - - —~ ~- | 069t | - - - - 8.2 | 2.0 P.(4312)*

|ID*Y.;1/27) || 1 1035 (0.016]10°*| — || 3.4¢ | 1.2t |0.12¢t| 0.23t - - 1.2 | 0.25 |[P.(4457)" (?)

|ID*%.;3/27)|| 1 ]0.005] - —~ -~ ~ | 0.34t |107°t| 107 °¢ —~ —~ 1 1 || P.(4440)" (?)

IDY::3/27) || 1 |0.70| -~ - - - 250t - - - - - -

ID*S::1/27)|) 1 | 31 [0.30]0.10 [0.02] 34t | 1.5t |0.15¢t| 0.30t | 0.35¢ | 0.70t | 4.8 | 0.09

ID*3%:3/27)|| 1 ]0.006] — [0.008 - ~ | 0.39¢t [107°¢| 107%¢ | 0.04¢ | 0.08t | 0.18 | 0.16

|D*%:;5/27) - - - -




LHCb, PRL 122, 222001 (2019)

B(Ay — P K™)B(PF — J/yp)
B(A) — J/¢YpK~)

R=

State R [%]

P.(4312)" 0.30 4+ 0.07 053
P.(4440)* 1.11 £0.3350%
P.(4457)" 053 +£0.167013

R(PC(4312)+) — il 27+0.32
R(P,(4440)+) B
R(Pc(4457)+) — i 48+0.25
R(P,(4440)+) e



LHCb, PRL 122, 222001 (2019)

B(Ay — PK™)B(PF — J/yp)

B(A) — J/¢YpK~)

State R [%]

P.(4312)" 0.30 4+ 0.07 053
P.(4440)* 1.11 £0.3350%
P.(4457)* 053 40.161013

R(PC(4312)+) — il 27+0.32
R(P.(4440)+) R
R(PC(4457)+) — i 48—|—0.25
R(P,(4440)+) e

t~1:

Ra(|DXc;1/27)) =

RIS 1/27)

R2(|DZc;1/27))

RZ( D*Ec§3/2_))
RQ( D*Ec§ 1/2_>)

RQ( D*ECQ?’/Z_))

~ 2.0,

~ 0.25,



LHCb, PRL 122, 222001 (2019)

r = BAY = PTET)B(ES = J/yp)

B(A) — J/¢YpK~)

State R [%]

0.30 +0.07 5%
1.11 £0.337 )+
0.53+0.16773

_ +0.32

= [.AB#32" .

Uncertainties:

Masses from QCD sum rules X+ 5%
0
Decays Xiég&)/"
0,
Productions Xiég&/"
+300%
R, X750
t~1

R2(|DZc;1/27))

Ra(1Ds1/27)) = A2 gy,
RaID'Es1/2) = A ~ 0,



Hadronic molecules in B decays
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Hadronic molecules in B decays

¢
K Cs__ 5D
G
" " (’(L D0%
gL et =\ (10 B b) -
B (] () DMY; i
D®WD™ molecules D(*)DS(*)— molecules
|DD; 0t ) - |DDg;07) -
IDD*;177) | X (3872) IDD:;17) | Z0s(3985)
IDD*;177) | Z.(3900) J/Ym |DD3;1%7) 00) J/YK
|D*D*;0%F) - |D*DZ;07) -
|ID*D*;177) | Z.(4020) |ID*D:;17) | Z.4(4220)
|D*D*; 2%+ - |D*Dg;27) -




Configuration|| Ri1 | Ro J/PK* xe1 K* |DD:|D*Ds|D*D; | Candidate
[DD;;07) - | 11ds 0.001 - N R
|IDDZ;17%) 1]0.79d3 |6.6d6 1 - 25 | 68 — || Zes(3985)
|DDZ;1%77) {|0.75d3 |6.2d6 = - 41 | 87 — || Z¢s(4000)
|D*Dj};0t) = - 0.088 - E ~|0.001 R
|D*DX;17%) || 1.8d3 | - - 107 ~ - 31 || Z.s(4220)
| D*DE: 2ty - E 27 - - —10.055 =




B(B~ — K~ X(3872) —— K~ J/¢mrm)
= (6.0 £2.2) x 107°,

B(B~ = ¢J/YK~) = (5.0+£0.4) x 107°,
B(B~ — ¢Z.s(4000) — ¢J /YK ™)
B(B~ — ¢J/YK™)
= (9.4+2.14+3.4) x 1072,
B(B~ — ¢Z.4(4220) — ¢J /YK ™)
B(B~ = ¢J/YK~)
= (10£4%") x 1072.

B(B™ = ¢Z:5(4000) = ¢J/¥YK™) (2o igaq. B(B~ = ¢|DD;)1+- —= ¢J/YK™)
B(B- — K- X(3872) 2 K- J/¢nrr) ' o B(B- —» K-|DD*),++ == K-J/¢mrn)
B(B~ — ¢Z.5(4220) — ¢J /YK ™) ; B(B~ — ¢|D*D})1+- = ¢J/PK ™)
B(B- - K- X(3872) = K- J/ynrr) B(B~ — K—|DD*)++ —— K~J/¢nmn)

0.28 .

Q

_— +0.95
= DB3ETE.

~ 2.7,




Summary

* We studied mass spectra of Pc states through QCD sum rules.
* We studied their productions in A}, decays through current algebra.

* We studied their decays through Fierz transformation.

Thank you very much!



