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NUMEROUS NEW CHARMONIA STATES OBSERVED IN THE LAST 10 YEARS

State m (MeV) r (MeV) J pPe Process (mode) Experiment (#o) Year Status
he(1P))  3525.41 £0.16 <1 17~ $(28) — 7° (vne(1S)) CLEO [8-10] (13.2) 2004 OK
(28) — 70 (5...) CLEO [8-10] (10), BES [11] (19)
pp — (yme) — (v17) E835 [12] (3.1)
»(28) — 70 (..) BESIII [11] (9.5)
3638.9 + 1.3 1044 0T B — K(KYK~ ™) Belle [13,14] (6.0) 2002 OK
ete”™ — eTe™ (KEK 1) BABAR [15,16] (7.8),
CLEO [17] (6.5), Belle [18] (6)
ete™ — J/b(..) BABAR [19] (np), Belle [20] (8.1)
3027.2 £ 2.6 2446 2+t ¢eTe” —eTe (DD) Belle [21] (5.3), BABAR [22,23] (5.8) 2005 OK
X (3872) 3871.684+0.17 <12 1tft/2—*F B — K (rta—J/) Belle [36,37] (12.8), BABAR [38] (8.6) 2003 OK
pp— (7 Ta=J/Y) + ... CDF [39 41] (np), DO [42] (5.2)
B — K (wJ /1) Belle [43] (4.3), BABAR [23] (4.0)
B — K (D*'D") Belle [44,45] (6.4), BABAR [46] (4.9)
B — K (vJ /%) Belle [47] (4.0), BABAR [48,49] (3.6)
B — K (y3(25)) BABAR [49] (3.5), Belle [47] (0.4)
pp — (e~ J/2) + ... LHCb [50] (np)
X (3915) 3917.4 £ 2.7 28119 0/2 B — K (wJ /) Belle [51] (8.1), BABAR [52] (19) 2004 OK
ete™ —ete™ (WI/Y) Belle [53] (7.7), BABAR [23] (np)
X (3940) 3942717 37T 20 eTe™ — J/(DD") Belle [54] (6.0) 2007 NC!
ete™ — J/b(...) Belle [20] (5.0)
G(3900) 3943 + 21 52+11 1 eTe” — ~(DD) BABAR [55] (np), Belle [56] (np) 2007 OK
Y (4008) 4008124 22697 1—~ eTe™ — vyt J/) Belle [57] (7.4) 2007 NC!
Z1(4050)T 4051733 gotol ? B — K (77 xc1(1P)) Belle [58] (5.0), BABAR [59] (1.1) 2008 NC!
Y (4140) 41434 £ 3.0 15711 77t B — K (6J/) CDF [60,61] (5.0) 2009 NC!
X (4160) 415672 1397113 20 eTe™ — J/(DD") Belle [54] (5.5) 2007 NC!
Z2(4250) T 42481158 1771328 ? B — K (77 xc1(1P)) Belle [58] (5.0), BABAR [59] (2.0) 2008 NC!
Y (4260) 426318 95414 1~ ete™ —~(xtaJ/) BABAR [62,63] (8.0) 2005 OK



THE CHARMONIUM SYSTEM - states below DD, thresholds:
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CHARMONIA & CHARMONIA DECAY CONSTANTS
o for understanding the features of quark confinement
o testing the validity of various quark models

o describing weak processes involving charm states

ncl J/"I‘.I hc 9 fncl fj/lpl fhc



DECAY CONSTANTS ARE DEFINED AS:

<0|5(0)"}’p’?’5 ( fh P ‘P ; P —pseudoscalar current

(0[2(0)7.c(0)[T/¢(p. A)) '”—-J/fe;; fﬁ ; V- vector current
(01(0)0,,¢(0)J /1o, A)) = (f,;pp —p) L [

- T —tensor current

Only J/ Y can be directly measured:
U(J/ —eTe™) =

~1'FTOF,m ‘1 D

: aJd J/
3mysy Y /Y

Other decay constants have to be extracted from or once known are used in
- various charmonia radiative decays

- two-body nonleptonic B- & D-decays to charmonia ,
will come to that later....

CALCULATION OF DECAY CONSTANTS :

nonperturbative objects - TWO NONPERTURBATIVE METHODS:
o QCD SUM RULES we are going to compare the results obtained
o LATTICE QCD by these two methods
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“hadronic” or “phenomenological” side:
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MOMENT SUM RULES:
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FINAL QCD SR EXPRESSIONS
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CHARMONIA MASSES and DECAY CONSTANTS:
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PARAMETERS m_MS(m,) =1.275(15) GeV, <a/mt G2> =0.009(7) GeV*

CONDITIONS

Malc (nc' J/LI)) =
v ppert(NLo)/ ppert(Lo) <30%
v pnon-pert/ ppert <50 %

m,, (N, /W) upto < 1% /m_.(h. )=

rsoira

Mg, (h) upto < 5%

— STABILITY WINDOW

Frpp = (335 + 447) MeV = (401 +£46) MeV R, = (0.965 + 0.984) = 0.975 £ 0.010
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LATTICE QCD

- unquenched (N; =2) dynamical light quark simulations
- use the gauge field configurations generated by ETMC coll. at four spacing points
with the maximally twisted mass term:

S = (;423_(1) {; Z-’}’“ (V + V*) iVsTOT [ lor ZV“V!H] + [t } b(x)

x i

JP¢ == P =2u, s,
JrC =17 Vi=2Zy ey or Ty = Zp(p) cogc
Jre =1+~ 1 = Zr(p) co; (’ 1,7 €(1,2.3),

DECAY CONSTANTS (0| P|7.(0)) :'”-?;c :
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CORRELATION FUNCTIONS — for calculation of masses and decay constants:
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Hadron masses = a*my (H=n_, J/U, h ) - from a constant of the plateau of m,*f :

cosh {mﬁf(_f] (% — f)} ) (t)
cosh [nszﬂ (% — 1 — 1)} Cat+1)

Fey

Decay constants - extrapolation of decay constants obtained at four lattice spacing to the
continuum limit:

2

__ gcont. a
fir = T [1+bﬂmf"+cﬂ(£}.086 fm)9]

-dependence on the sea quark masses
& on the lattice spacings



m, & a-dependence of results:
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- we have calculated four decay constants of charmonium states f ., f,,, fWT, fic

QCD SR Lattice QCD

— one resonance + continuum —unqguenched (N; =2) simulations using twisted
m, = 1.275(15) GeV, mass QCD (generated by ETMC coll.) at four

<a,/m GG> = 0.009(7) GeV*4 spacing points

f,/, = (401 £ 46) MeV i ., = (418 £ 9) MeV

f,17 (2 GeV) = (391 + 45) MeV GOOD fiyp' (2 GeV)= (410 £ 10) MeV

AGREEMENT
Ry (2 GeV) = 0.975 + 0.010 R, (2 GeV) =0.981+ 0.008

“C5 " . NOT SO GOOD AGREEMENT ; f .= (389 % 7) MeV
" <o/t GG> fixed in the vector

channel - problem?
f.=(162122) MeV [REIEE hadronic resonances needed ? f=(235%9)MeV




PHENOMENOLOGICAL IMPLICATIONS

. Arra®
N> vy [ = yy) = R, |Fyy, (0)

81
> Babarcoll.: F vnc(QZ) from do(e*e - e* e n.)/dQ2 which is driven by yy* > n,

in the range Q%= (0,50) GeV? - data are very well described by a single pole:

C Myole =My =2.9(1)(1) GeV

- both photons on-shell n. > yy: F, r]C(O) has a pole structure:

47T(1!§m 3 f’?c .
F(nc — YY) = 81 m’?c m% (1 +6)

Experimentally:  |T*P(y. — ~v) = 5.0(4) keV

[ Using our f, (lattice) = 0.387(8) -> 6=0.15(5) GeV? ]

Factorization approximation: 6 =0 —> the result larger than exp. value:

[fact-(n, — v79) = (6.6440.27) keV



DIFFERENT MODELS FOR F, (0) vs &=0.15 (5) GeV?

L) 4f
> perturbative QCD £ () ~ e I
7?67( ) __m’%c n 2<k2l> (Feld , Kroll, 9709203)

6 =0.15 (5) GeV? - too large value to be interpreted as V/ (k1) = 0.81(14) GeV
(mean transverse momentum of c-quark)

> heavy quark symmetry
2<ki> — bnc:n?"??c bnc — Qn?*c _ Tn"?f?c (Lansberg,Pham, 0603113)

6=0.15 (5) GeV? - too large value to be interpreted as b, = dm,, = 0.46(16) GeV

> the nearest vector meson dominance (VDM)

from lattice: VJ/T#—H?(:(O) = 1.92(3)(2)

FVMD(O) _ 9 fJ/.l;_, QV'J/'!-;"-‘%'T?C(O) ) (Becirevic, Sanfilippo, 1206.1445)

NeY

Mgy Mgy T+ My _
. v ! withour f (lattice) = 0.387(8)

¥

T'(1, = vy) = 6.0(4) keV

again too large when compared to the experimental value



B - K nonleptonic decays

- class Il decays in the generalized factorization approximation:

(- ITC Ve 2 ;
(B — J/UvK) = ‘32 : :n;s N2 (%, m%m mi) as @“ fE=R( mﬂw r :

2T/ 1 * |2
Gu|Va Vo
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B

2
S (my — mg )P A2 (m3, my_ mi) ay(folfo m
32mmy

BB > 1K) ( fa )2 [ fo K my) ]2
BB — 1/0K) |\ Faw ) |\ 7P

1)

ourresult:  f, /f;., = 0.926(6)

B=K (1,2 )
C - I 1.53(10) [ g _mode - 1-56(13)| o

1=K (m2,)

Ne

—mode

v' in agreement with LCSR calculation (Duplancic,Melic, 0805.4170)
v’ in agreement with quentched lattice QCD (Becirevic et al, 1205.5811)

v differs from the uquenched lattice study with NR QCD for heavy quarks =1.37(2)
(Bouchard et al, 1306.0434)



CONCLUSION - PHENOMENOLOGICAL RESULTS

> N> vy

using our f . experimental result is not reproduced — nonfactorizable effects?

» B - K nonleptonic decays

= using our f_/f,,, QCD SR results, LCSR results and old lattice QCD results

— experimental f.°~ X(m?, )/ f,® > ¥(m* ) is well reproduced

= just alimit for BR(B* ->h_K*) <3.8x10® -itwould be interesting to measure this BR

MORE RESEARCH IS NEEDED:

» n.decay constant in QCD SR — at NLO, with the inclusion of higher hadronic

resonances (Becirevic, Melic, in progress)
> n.=> Yy inQCD SR at NLO

> J/U > ny,h,_=ny inlattice QCD (Becirevic et al, in progress) and QCD SR at NLO



