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-\NNOYDOBEARY NN IEEICEREINS

|

uml

» 1 FQCD
- QCDD(ME—D)well-defined R E 1L

- EEREQO/NROVESN 0(1%) L EOBETHEI NS

- J\ KA > Dinterpolating field: XY/ > (& qgbar. /\NU 7 > (& g-diquark
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XYZAY > (QQbar+X)
X(3872), Y(4260), Z(3900), Z(4430), Zb(10610), Zb(10650), etc.
B0 IFYF v 7/\ RO (Belle,2003) Eur.Phys.J.C71 (2011): arXiv:1010.5827.

Manifestly-exotic J\ kO>
SO0 =x2, FRIEFARNLYIRRAS=22DAY YV

B0 =—-23. FRBFAMLYIRZAS=+1,-4D/\NUAY
EEQ/J\O)Q 7 —ﬁ/ﬁﬁ\jjﬁ qquarqbar / qqqquar

OF ~ uudds Hh2003FEICIRE S NH. FORERINT
PRL91, 012002 (2003).

il il

Almost-Manifestly-exotic /\ kO>
QQbar X IFOZIFRBIC K D i< HFl S b
— cchar / pbbar 4+ X (F[F & A £ manifestly exotic

XYZXY >, PRSI+ —7(KIFEDIR; 1%58)

T DAtk : A(1405)
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PRL115, 072001 (2015).
PRL122, 222001 (2019).
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FoATHZT D IR A%
DB RELI/NROYRF?
L. Roca and E. Oset, Eur. Phys. J.76, 591 (2016).
Y. Shimizu et al., Phys. Rev. D93, 114003 (2016).
BF+F v —EZ LDV NRERBIRRE
M. |. Eides et al., Phys. Rev. D93,054039 (2016).
AN NIR5T A — TV IRRE”
L. Maiani et al., Phys. Lett. B749, 289 (2015).
J A — Ut
S. Takeuchi and M. Takizawa, Phys. Lett. B764, 254 (2017).
E. Hiyama et al., Phys. Rev. C98, 045208 (2018).

S FFRMER (A RT)7?
F. Guo et al., Phys. Rev. D92, 071502 (2015).
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LT E CRRELRERAE SN TULWAWVWREKRDERIZ.
Fyv—LZSAE/I\R

thresholds [MeV]
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VEIOHREBEERN LIS HRLMNS,
— IBFQCDZFE->T/\NAVEBAEEHZETET 5 ... HAL QCDE

open-charm (containing cc)

2¢h B 1=3/2, 1=
pY(2S)
5 b g 4 D* 4525MeV
a“ e ’ D
o b (4450 S+ D* 4460MeV
] * N 4382MeV
£:D P.(4380) e l—) 4293MeV
Sp Aot D
A.D*
Ane
o N L J /w 4035MeV
pJ /Y

P.(4450)

P.(4330)

CDEF v URIVEEZZEZ D,
IREETE R, coming soon
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EETF Vv VRILIRT YV VPILIEFELETETWLWELD T,
SOEE—FTD JWNF vV RILEEZ S,
F(ZMENLE VWD, RIFIBRHFBICHEKEW R,

“U

- 3B DvalenceZ A — 27 HIRWVWD T, XY URBEANEIE NS
- EIEEE CPaulifks A h M R LY
- FIZFI < DiEmulti-gluonX i1, QCDEHZ &Y RK—ILBICHES

LQCD 7 7>TILT7—ILAR S

HULcT A—IUDIERBICEL Iy 27 —OVEBIREE UTIKRZAD5E.
BELIRIE IS LT DIC 7R 5,

PE / a% : chromo-electric polarizability
) a a
MBorn = 704 7 <h ‘ L E ‘ h> g : gauge coupling at the charmonium scale

E? : chromo-electric field

Fv¥—EZVLDFERIEEERDREE ZRDZABRalcDHAEEND
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Large NC TR (S, M. E. Peskin, NPB 156, 365 '79.

y 4 N .
(18 = 18) = 6" —mag - 7, w(2S)NIFTyNDHKI 7 2155|735 58 L)
0U(25 —98) = 00 _maf- 502 —RVHIBIREE

EEROF v —EZ U LI T DRG] S5 TLVERL

HA Dpreliminary/@J/yNBEERADFERN 5 MBREBEMNFTE S i

M. V. Polyakov and P. Schweitzer, PRD 98, no3, 034030 '18
TS, Y. Ikeda, and N.Ishii, EPJ Web conf. 175, 05011 '18

a(1S) = (1.5 + 0.6) GeV 3

U EDETE T, JiwNDI=1/2, J=3/2DE Dhyperfine splittingl&
NE=T =T RIENSINE WO(A o/ m)TEDER LT NS,

R DETETIIRAEVIKEFEZEENICFHITE2D T, LOSTEDZ LY,
OWTIEwQRSONDEBIREDEFHEICDWT I DU WETZAEEICT 5,




LHCb Pentagquarks

Hadronic molecule Hadro-charmonium

A,D* %,D* D", (pentaquark-like)

— -\

mixing is small

..D-meson exchange B.E.= 176MeV
( Pc(4450)=w(2S5)+p )

B.E. ~ 10MeV
v Threshold is close v Consistent with the Peak In
x Peak observed in J/yp mass? J/yp mass

x Theoretical ambiguity

Ph.D. dissertation defense, 23 Jan 2019 13 Takuya SUGIURA
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Multi-hadron system (Interaction) %o

Consider the "R-correlator"” of two hadrons A and B:

-~

\_

~

R(r,t —to) = (A(z, t)B(y, t)J(0,1g)) x elmatms)(t=to)
— Z ann(fr)e_AWn(t_tO)

J

Where AW, =W, —m, —mz 1S the (M energy from the threshold and
w, (F) = (0|A(X,00B(y,0)|n) 1S the equal-time Nambu-Bethe-Salpeter (NBS)
wave function, which satisfies

thn (1)

sin (kr — Im /2 + 6;(k))
kr

r > (interaction range)

Lin et al., NPB619, 467 (2001)
Aoki et al., PRD71,094504 (2005)

If L> R, NBS wave function in the "exterior region”
R <r < L/2 contains the information of the QCD S-matrix

AN How to extract the information?

- Lischer's method
- HAL QCD method




LUscher's method 1%@

Basic idea: relative momentum k, defined by AW, = 2\/k? +m? —2m, 1S
discretized because of spatial periodic boundary conditions
— Relation between momentum k and phase shift §k)

7 Solving a scattering problem = Calculating discrete momenta y

Lischer's formula

det {e‘-"@'“’f) _ U(k)} — 0

Uk): known function of %
Luscher, Nucl.Phys.B354, 531 (1991).

c.f., 1+1 dimensional case
Parity-even solution: i, (z) = e il 4 ¢20(kn)giknlz]

di,, L

— - TP — T — 2i6(kn) __ _—ik,L
PBC at x=L/2: —— (z ) =0 —p| ¢ — e Q Q

—L/2 0 +L/2

Extensions to
- boosted system Rummukainen and Gottlieb, NPB450, 397 (1995).

- arbitrary spin or partial waves Bricefio et al., PRD88, 034502 (2013).
Bricefio et al., PRD89, 074507 (2014).



LUscher's method 17%0

Consider the temporal correlation function

R(t — to) ZR 1) = Age=AWolt=to) | A ~AWi(t=to) 4 ..

where AW, = \/k%+m?4+\/k%+m?4—mA—mB

To separate the ground-state, we need r — 1, > 1/(AW, — AW,):

k2 1 /27\°
. min —
AW, — AWy ~ T ( 7 ) O(10MeV) (free + NR approx)

—> — 1l > O(lOfm)

As (t - 1)) becomes larger, Signal-to-Noise ratio is exponentially worse

S/N ~ Neonrexp [—A(my — 3/2m )t] (A nucleons system)

In practice, there is no (+—1) that satisfiest—1,> 1/(AW, — AW,)
and the S/N 1s not too bad —» time-dependent HAL QCD method




HAL QCD method

P2

Basic 1dea: define a kernel that reproduces the NBS wave function in

the "internal” region

We choose as the kernel Schrédinger-type operator

) (1) = / B U, v ), (1)

Vn =0,

» Tlth




HAL QCD method %

1. U 1s non-local and energy-independent
— non-locality 1s treated by the derivative expansion
e.g. Unn(r,7") = (Vo(r) + o1 - 03V (r) + Sio(F)Vr(r) + L-8Vig(r) +---) 8 (r —7')

— all elastic states are described by the same potential

2. U reproduces the NBS wave function in the exterior region R<r < L/2
— the potential 1s faithful to the QCD S-matrix
— U ~0 1n the exterior region

3. U1s not an observable, 1t 1s not unique

— HAL QCD potential 1s one of the correct potentials

4. Once we get the potential, i1t can be used for many-body problems

— avold bad S/N 1n many-body simulations

5. There 1s NO non-relativistic approximation
2

k
En:ﬁ , AWn:\/k%qui%—\/k%%—mi—mA—mB




HAL QCD method %%

The LO potential U ~ V,(né°(¥— #) may be calculated as

_ 1 VQwo(r)
21 o(r)

by using the NBS wave function yy(¥) and the energy E, = k;/(2u) for the
ground state

+ Ey

v2
(ﬂ " Eo) bo(r) = Vo(r)o(r) —»  Vo(r)

BUT this needs the ground-state saturation and is almost useless as

we have already seen ... time-dependent HAL QCD method is a solution



HAL QCD method [time-dependent]

Let us consider the 2N case: AW,, = 2./k2 + m2 — 2m

L. . k2 AW?
We find identity AW, = T3 by simple algebra
I Iz
v2
(ﬂ + B ) P, (r) = /dBT’U(r,r’)wn(r’)

V? o 1 0O? _ / / N —
= (z‘a SM@) n(r)e 2 = [ @1 UG e A

v2 a 1 82 3 7 / /
= (5 5 5ioe) R““’t)‘/d P U R

_L_F R Z ann — AW, t

time-dependent HAL QCD method

The LO effective central potential U=~V (ns’(F—7) is

1 V2R(r,t) ~ OiR(r, 1) N 1 O?R(r,t)

21 R(r,t) R(r,t) 8u R(r,t)
relativistic term

Ve(r) =




HAL QCD method [time-dependent] 22%0

In the time-dependent HAL QCD method, we need the elastic-state
saturation, r—1 > 1/(AW, — AWy = O(1/Aycp) = O(1fm), which is a much

milder condition than the ground-state saturation, -z, > 6(10fm)

ground-state saturation

elastic-state saturation

R(rat — tO)

n=3: inelastic state (noise)
n=2: noise
n=1: noise

Noise 1n conventional met

n=3: inelastic state (noise) |~ %o

nods 1s signal 1n the t-dep method!
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Derivative Expansion %o

Okubo-Marshak decomposition to derive the form of potential
Okubo and Marshak, Ann.Phys.4, 166 (1958).

UNN(T‘,r’) = (VO(T) + o1 - O'QVU(T) -+ Slz(f)VT(T) + L. SVLS(T) I ) 53(r _ ’l"/)
O (V%) oW) 0(V?

Convergence of the derivative expansion
= more terms considered — more precisely reproduce observables

= potential approaches some "true" function

Check 1n actual calculations

Murano et al., PTP125, 6 (2011).
Iritani et al., PRD99, 014514 (2019).

Detailed analysis w/ 1+1D toy model
TS, Ishii, Oka, PRD95, 074514 (2017).



HAL vs Luscher 24%0

When applying Lischer's formula, we need the ground-state
saturation, which 1s hard to achieve in actual calculations

- Careless analysis can lead to "fake plateaux”
- Sanity check: lattice data vs effective range expansion

Iritani et al., EPJ Web Conf. 05008 (2018). Iritani et al., PRD96, 034521 (2017).

- A1l existing NN interactions from Lischer's formula do not pass
the sanity check

- By employing the time-dependent HAL QCD method, we can avoid
such difficulty Iritani et al., PRD96, 014514 (2019).



HAL QCD method (Summary) 25%0

* Correlation functions from LQCD contains contributions
from all the QCD eigenstates

* As we take large time separation, lower-1lying states
become more i1mportant

* For single hadrons GS dominates ¢t — 1, > 1fm

-> Great Success 1n explaining GS hadron masses

* For multiple hadrons energy levels are dense

-> GS dominates for r—i¢,> 10fm [S/N ratio is too bad]
-> ES dominates for t—i,> Ifm

* Time-dependent HAL QCD method assumes ES saturation and 1t
1s currently the only reliable way to study hadron scattering
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Lattice setup %o

- 2+1¢ full QCD confs by PACS-CS

_ S.Aoki et al., PRD79,034503 '09
lwasaki gauge

O(a) improved Clover Wilson quarks
a=0.0907 fm (B8=1.90)

Volume: 323x64

La~2.9 fm

- Tsukuba-type Relativistic Heavy Quark (RHQ) action
Remove cutoff errors of O ((mga)™) and O (Agepa)

S.Aoki et al., PTP109,383 '03
Y.Namekawa et al., PRD84,074505 '11

No ¢¢ annihilation diagrams considered ... OZ| rule
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3FEAEOAALICT T H/\FOVEE [MeV]

pion nucleon J/psi eta c phi eta
confl 701 1585 3139 3022 1207 869
conf2 570 1397 3115 3002 1161 334
conf3 412 1229 3096 2987 1122 302

exp 140 940 3097 2984 1019 5483

ud?Z #—7IFIHELDEL, strange, charm(Z(ZIEphysical
phi, etald¥IBRIIZ XY >V TIEER <. XHBERD IR VWssbarz 2 2 TLW 5




JIyN effective central potentials

20
<.
(0]
: =,
= ir
i p . 560 | *&
zfx — - * XXX§ P —_— -
5 J =1/2 . J =3/2
= . 80 ==
%
Xz
5 J/psi-N J=12 t=10 mpi=410MeV ——— | -100 - J/psi-N J=32 t=10 mpi=410MeV ———— |
J/psi-N J=12 t=10 mpi=570MeV ——— J/psi-N J=32 t=10 mpi=570MeV ———
e | ~J/psi-N J=12 t=10 mpi=700MeV +—— 120 | ~J/psi-N J=32 t=10 mpi=700MeV +—*—
0.5 1 1.5 2 2.5 0 0.5 1 1.5 2
r [fm] r [fm]

* /E\Tg I j]EII\]o
- J=12DFH 5| AHVELY

... Heavy Quark Spin Symmetry D1 (spin-spin J7H3€)

N

BENNE BB ERTY Y v ILATE < 1 BEA,

2.5
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JIyN effective central potentials

V(r) [MeV]

P
¥ J5=1/2
fx F4
%
%
x J/psi-N J=12 t=10 mpi=410MeV ——— |
J/psi-N J=12 t=10 mpi=570MeV ———
| ~J/psi-N J=12 t=10 mpi=700MeV +——
0 0.5 1 1.5 2
r [fm]
10 T r r
M.=640 MeV ——
M,.=730 MeV i |
OF M=870 MeV 1 o i
10k
7}; 1 kX
20 } n;? 20} ljr--sle*
%) St
30} f;‘ -25 %
X 'L ¥
_40 B '30 B *
; :
1s -35 .
-50 % 0.2 0.3 0.4
-60 . . L L . .
0.2 0.4 0.6 0.8 1 1.2 1.4

r [fm]

cf.

30/40

S
[0
z x X
= * X%*
<°-60 | ke p
X § —
X —
J" =3/2
-80
-100 J/psi-N J=32 t=10 mpi=410MeV ———
J/psi-N J=32 t=10 mpi=570MeV ———
120 | J/psi-N J=32 t=10 mpi=700MeV —x—
0 0.5 1 1.5 2 2.5

AIN-ER RD ST

old method (time-independent),

guenched, spin-averaged

T. Kawanai and S. Sasaki, PRD82, 091501 (2010).

b |

FEKFERZED

CHRIIRRE 7 |

FU <

s CE fc—=510IFm< R o T



RFV v ILDF T v 2 (BRERTEM) 31/40
- elastic-state saturation

- W RFEOIR
WHEITHEENEHEEIE. RNT Y vILIEFREIC K 570,
ﬁﬁ%i@mﬁ\—9®¥zvﬁtﬁéo

20 20
(0 ol
-20 i [ -20 i 2
=40 | P — : =40 | P —
] ; J'=1/2 2 i J' =3/2
560 f : 560 | i%’
3 o
80 | ;i J/psi-N J=12 t=15 mpi=410MeV —— | 80 | J/psi-N J=32 t=15 mpi=410MeV —— |
’ J/psi-N J=12 t=14 mpi=410MeV ——<— J/psi-N J=32 t=14 mpi=410MeV ——x—
J/psi-N J=12 t=13 mpi=410MeV +——*— J/psi-N J=32 t=13 mpi=410MeV +—*—
-100 % J/psi-N J=12 t=12 mpi=410MeV ~—=— | 100 | J/psi-N J=32 t=12 mpi=410MeV ~—=— |
J/psi-N J=12 t=11 mpi=410MeV J/psi-N J=32 t=11 mpi=410MeV
I J/psi-N J=12 t=10 mpi=410MeV J/psi-N J=32 t=10 mpi=410MeV
120 : | ~J/psi-N J=12 t=09 mpi=410MeV 120 % | ~J/psi-N J=32 t=09 mpi=410MeV
0 0.5 1 1.5 2 2.5 0 0.5 1 15 2 2.5

r [fm] r [fm]

n/\#@%ﬁ- F WT\_EQ LJT \I\%)o




JIwN phase shift 32 /40

25

5170, FRIEWREIE7R L

| Jipsi-N J=1/2 t=10 mpi=410MeV
: J/psi-N J=3/2 t=10 mpi=410MeV +—<—
etac-N J=1/2 t=10 mpi=410MeV
%0 100 200 300 400 500 600 700
phase shift [deg]
channel scattering length [fm] effective range [fm]
J/psi N (J=1/2) 0.570+0.032 1.575+0.017
J/psi N (J=3/2) 0.449+0.028 1.957+0.032
etac N 0.330+0.018 2.162+0.036




NPL QCD®D5E1THZE

flavor SU(3) at

’7€Di.::: ’7ZB( i 53()fSPV1f3‘V7

Ne, Ns & T D2ARRIEIRREN B B
JA—VBEZ/NSILTBDE
"less bound" & i&im L TUWL B DN,
STEDIELMEERED L L,

c.f. fake plateau problem

Iritani et al., EPJ Web Conf. 05008 (2018).

AE (MeV)

AE (MeV)

0

-50

—100

—150

—-200

-50

—100

PRD91,114503 (2015).
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mL=3 =1
B L=

3 4 4
Nn dns, ppns °“Heny, “Hen, “He¢
B

1. | I |
mL=32
B L=x
N7, dn. ppn. °Hen. “Hen, “HeJ/y




JIwN A E &k A(preliminary) 34,40

spin-spin1ZzH > &H5DICRIL,
Wy EARERONT V> v )L DO—REEBIE

J=1/2,3/2 DIRREIZ LI T D5D (L=2IEcubic groupDT25kIE & ERIRICHE)

(J, L, S)=(1/2, 0, 1/2), (1/2, 2, 3/2),
(3/2, 0, 3/2), (3/2, 2, 1/2), (3/2, 2, 3/2)

5D DIREEM 54D ZEZATU T DEI FIENZ <




JIwN A E>VR=F I (preliminary) 3%0

@mpi=700MeV

potential [MeV]

r [fm]

(S=1/2]c-X]5=1/2) = =2 — o -2V (r) < 0forJ=1/2
(§=3/2]l0-%|5=3/2)=+1 5.2V (r)> 0for)=3/2




N, nN effective central potentials 36 /40

Fv—FEZ U LDccbarZzssbar[C EBEEZNIL. ON, \N D E/EHBETE
TEH2DTP>THD,

L ZTDY,NFu,d? #—7 EFEE UTYIEERReMA Y ¥ TlE7& <

8 [ ssbar (A L) TES B 6 Do 1 FQCDR D TEBINICHIRN

RREIC WS> TWVWBLE UL WH., I ZILEFREDENTWBE D TH
FTIYN, N NEDHEREBRELULICANRESZS,

m




®N, nN effective central potentials

_50 »

-200

-50 +

-200

ON JF = 1/2-

phi-N J=12 t=10 mpi=410MeV |

phi-N J=12 t=10 mpi=570MeV ———
~ phi-N J=12 t=10 mpi=700MeV +—*—

1.5 2
r [fm]

g
: P 1ne
: NN J" = 1/2
XI
X etas-N t=10 mpi=410MeV ——— |
etas-N t=10 mpi=570MeV +——<—
T | | etas-N ‘t=10 mpi=7OOMeV i
0.5 1 1.5 2

r [fm]

2.5

Y
Q
=,
X —
-150 5 (I)N J — 3/2
g
2001 phi-N J=32 t=10 mpi=410MeV ~——— |
phi-N J=32 t=10 mpi=570MeV +~——
. | | phi-N J=32 t=10 mpi= 700MeV ki
0 0.5 1 15 >

Fv—EZILRFERDE

2.5

AY ¢

LBLTWB D, B D5 AhER,



®N, nN phase shift 3840

180 phi-N J=1/2 t=10 mpi=410MeV + +
phi-N J=3/2 t=10 mpi=410MeV <
160 etas-N J=1/2 t=10 mpi=410MeV 1
140}
120 N . AR 2N o »
_ phi-NDRIEIRRED D D ?
2100 :
=3
380 |
L

—
e W e
channel scattering length [fm] effective range [fm]
phi N (J=1/2) -4.611+0.286 0.788+0.007
phi N (J=3/2) 1.267+0.154 1.460+0.010
eta N 0.437+0.058 2.161+0.180




T >

50 +

-200

Vv LOF v 7 (B 39110

50 +

phi-N JF = 1/2-

phi-N J¥ = 3/2-

. -150 -
phi-N J=12 t=15 mpi=410MeV ——— & phi-N J=32 t=15 mpi=410MeV ————
phi-N J=12 t=14 mpi=410MeV +—— 2 phi-N J=32 t=14 mpi=410MeV ———
phi-N J=12 t=13 mpi=410MeV ——— phi-N J=32 t=13 mpi=410MeV ———

o phi-N J=12 t=12 mpi=410MeV —=— | 200 phi-N J=32 t=12 mpi=410MeV ——=— |
. phi-N J=12 t=11 mpi=410MeV phi-N J=32 t=11 mpi=410MeV
phi-N J=12 t=10 mpi=410MeV i phi-N J=32 t=10 mpi=410MeV
wogl | phi-N J=12 t=09 mpi=410MeV o i | | phi-N J=32 t=09 mpi=410MeV o
0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
r [fm] r[fm]

FHEIREEN Y - fephi-N J=1/2TZ
R WK RIREF DB B

— tensor 1AM &R LY ?

etas-N J=12 =15 mpi=410MeV | effective central potential Cl7& <
otasN J=12 113 mpid1OMeV
NIt mecaiomey - | SPINfRIFAIC K BS-DiEEZH 5D

etas-N J=12 t=10 mpi=410MeV

o5 2 IKBD ANZRESH D

r [fm]
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- ITHRYFyINROYVOHIZ. H7—HUAHELBERT Z2KERHEE,

HIBRRETHDITXFYFyI/)\ROVEEET B/

HEK!

ARED/\~OY

B DEELFEZZE Z 5o %0)7167)0;/\I\D/Fa'ﬁ/‘l‘\r//v)bb\bh\% & B,

- AAETIE. ITFYVFYINRAVDIDTHBIPRIEI T A—I &BFAND I
DI, Fr—LEZESAL/\ROVEORTY VIV ESET B,
cJIWUN, NN RTFV I vILE, EFIFTON, NN RTVYIvILESTE LU, FiE

IRREIF TR DY o T

- spin-spinJic & & hyperfine splitting&. 7Y VILHIC K BS-DEESDINE
ZHODICHD ANTRAEVIRFHREERZETE T 2REENRE S NI,

W ANE=T = IREDNEE Ry QSNEBIRE L, AV IKEFENDEFEER

HENBZWLDICEB RS,

Bt AT T URIERIC KB D FHERETOP, BRETS,
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Time-dependent method

14362 0 0O NPT :
o _ relativistic correction
( 5 o + o +Ho> R(r,t) = Ver(r)R(r,t) [

_ HoR(r,t) OR(r,t) 1+306%0;R(r,1)
= Vel = e T Ren T sk R

L, ~k2/(2u), when GSS achieved

Ot R(r,t)
R ~10MeV at small r

—The original method
must not be used

Kawanai-Sasaki seem to

(neN) have underestimated
the attraction

r|fm]
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- Lagrangian for the QCD van der Waals interaction

Lepy = g°Ly +g*Ly+ -

L, = SEYEY
2
84

Lo = S; B (DiB;)* + (D; B;)" EY]

B 4dm,.

- (Future Plans) We are now ready to compare
Vo & <L1>
Vs, VT1 & <L2>

to evaluate «.

mr-dependence, mc-dependence, and studying other J/y-
hadron systems are also interesting



