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Radiative decays X.; — VY

Brs in units of 10-° Data: CLEO (2008) & BES III (20011)
el | e 2 YY) | Xa 2 Vi | Xeo 2 Yl D AR
YP 220 += 18 SIS S 5. Do) sl <9 < 20
YW 09 £ 8 51.8 = 8.9 17.3 £6.5 = <6
970, el L7 7 22 488 1.3 22 D0 <0 =

Leading-order color-singlet contributions:

Vi

Yo ~ a2vtA/m,

a only I=0 mesons

v, Vi
~ vt (A/m.)? @ ~ vt (A/me)?




Radiative decays X.; — VY

Brs in units of 10°°

Data: CLEO & BES III

e )| Xel T VY | Xer VA | Xeo w7 VO D b
YP 220 = 18 I SAES =15 1 302D ke ik <9 < 20
YW 09 £ 8 51.8 = 8.9 17.3 £6.5 = <6
970, el L7 7 22 488 1.3 22 D0 <0 =

Previous calculations

C

10°Br{x.1 — py] = 41

a

Vi

quark model,

Gao, Zhang, Chao 2006, 2007

nonrelativistic wave functions

for vector meson V

10°Br|xe1 — wy] = 4.6

10°Br[xe1 — ¢y] = 1.1




Radiative decays Xc; = V|| Y

20 Vira [ de 2ol @ azummw

mMec

decay const. f,=221MeV, f,=198MeV, f;=161MeV,

| (z) Light-cone distribution amplitude

describes the momentum-fraction distribution of partons at zero
transverse separation in a 2-particle fock state

This function is known in literature

Model v (x,u) = 6zx {1 + CL;/(,U)C?)/Z(QCC — 1)}

ESIEE 7 — oS — (.15 +£0.07, af = 0,18 +0.08

Ball, Braun 1996, 1999

QCD SR Ball, Braun, Lenz 2006



Radiative decays Xc; = V|| Y

| B g 1 1 3 3 1 1
ReT - —— — — " 1n“?2 —— = — = In 2 — — Inz
eT1 (@) 1273 43° +( 72 47 43,«) . +< 1z 4z 23:—1) n
x _ 1 3 1 1 3T x
Tzt (__2:1;2 T w zg;_1>1““f‘—4xs "z — 55 Inwin?

_%_% (Li [1 _ _] + Li[l —2z]+ Li[l — x|+ Li|—%/x] — Li 2z — 1]) + (x — ),

Im T (z) = 4;;3 ((1 + z(2z — 1)) + 222 In[2]) + (z — 7)

endpoint behavior  ReT; (z) °< hjf e o

1

S|

¢v(z,p) = 6z {1 +ay (1) C5"* (22 — 1)} ,



Radiative decays Xc; — V| Y

Theory vs. experiment : only the color-singlet contribution

m. =15 GeV |R51(0)] = 0.75GeV® B-T potential Eichten, Quigg 1995

Br's in units 10 s (e — 0,290 =
P W 9L
Xer = Viy | 153.1t182+1037 | 13.6757gs | BL3TgETiy
exXp. 184.8:E 15.7. Dl & S s =rn
0.0240.27 0.05+0.59
Xc2 = V|| sl 0.43 7502 0.19 RO
exp. = 9 < 6 =

Br|xa = wpy] 1 2 clear indication about
7 - o (0.28+/-0.06) ¢ significance of the

Br —
et T color-octet mechanism

Theory

O |

<V(p)‘J5m’XCJ> e <V(p)‘ Z eq Q_”Y’LLC_]’XCJ> i <V(p)|66 E,VMC‘XCJ>
s color-octet mechanism



Radiative decays Xc; = V1Y

color singlet

V
5 v, (W, d) | _
the collinear integrals
"'(Z: dont have endpoint
IR-divergencies
OZI-suppressed c

Twist-3 DAs
It
A(o;) = 360¢z01 0003 <1 4 w§4§ (Tag — 3)) G(oy) = 5040 (wS a2 oaa’

e — 540C3w§/0z104204§(a2 — 1)

QCD sum rules

Ball, Braun 1996, 1999
Ball, Braun, Koike, Tanaka 1998

Ball, Braun, Lenz 2006

un=1GeV
p and w-mesons (s = 0.030 £ 0.010, w? = —-3.0x1.4, w}; — Wli=s 2.4
gmeson - (q = 0.024 4+ 0.008, w4 =-2.6+1.3, wr =533l

qg-mesons have small overlap with gluons Pl = 1lCey)| < 1



Radiative decays Xc; = V1Y
only the color singlet contribution

OZI-suppressed

. V. (w, )

[, = 222.4 (5(—9.82 + 4.78w5' + 3.31wy )

'y =168.7 (3(6.5 — 3.3 w§ + 2.9 w3 + 733.6 wy)?

I, =181.2 (3(—3.3+ 1.4 wi + 8.3 wy + 735.6 w§)?

large numerical coefficient in front of small w3G



Radiative decays Xc; = V1Y

DAs parameters (QCD Sum rules)
Cs = 0030 £0010, wi=-30+14 w! =50=£24

ksl = G| < 1

only the color singlet branching fractions in units 10-*

Xcl_>VJ_7
(3 wg“ w:‘g/ w? P W @
(35.2 £ 7.4) (17.3 + 6.5) (7.3 + 3.6)
OS2 D2 R | =0.037 99 6 90 8 43
0.03 | -44 | 5.9 | -0.043 30.0 13.9 8.H
s s oo 39.2 125 6.5
S S [20.0383 33.2 14.2 6.2
ezl Xco — V7
: p W ¢ p W ¢
Da’ra. can k?e described =T = = = = -
including small S s e 2.0 || 0.17|| 0.66
39 com‘ribufion L7 3.7 6.5 0.40 0.05 0.15
7l 0.40 5.6 1.9 0.16 0.54
16.3 3.6 6.50 0.62 | 0.09 0.23




Radiative decays Xc; = V1Y

T

only the color-singlet contributions

Data can only be described including small 3g contributions
Br[xe = 70l > Brix.s = vpl > Br[x.o = 70l

Brx.o = 7Pl > Brlxe = 20l = Biins i)

BrX .o — 79| = B el

More accurate measurements of Br[X.2 —Yp]

can help to reduce theoretical ambiguity



Color-octet contributions Xc; = V1Y

color-singlet tw.-3 DAs

the collinear integrals i Vi ; !
dont have endpoint ~ v (A/m)
IR-divergencies . ;

o octet power counting mv: ~A  mv ~ VmA

e o Jus T 058(3‘91) — Ol {qC qc}S s 101 V||

us

color-octet is of the

4 2
asv™(A/me) same order as the color-singlet

= large theoretical uncertainty!



Radiative decays Xc; = V|| Y

Theory vs. experiment : only the color-singlet contribution

branching fractions in units 10-* Me < Hp, < 2Me
P W 9L
1.649.2 4.2+21.4
el ey 5 3ea s 2 20 € 13.67 ;2763 31.37535 14’5
exXp. 184.8 :|: 15.7. 9 Stehacie) oy, e 2
Xe2 = Vi Lozl 0.43T0.02 019 | 09001 041
Br|xa = wpy] 1 2 clear indication about
Theory o e 9 0.28(6) ¢ significance of the
ek s Y] color-octet mechanism

<V(p)|‘]e'um‘XcJ> = <V(p)‘ Z eq CTVMQ‘XCJ> S <V(p)’66 E’YMC‘XCJ>
8,8 color-octet mechanism



Color-octet contributions Xc; = V1Y

color-singlet i tw.-2

~ a2vtA/m.

color-octet power counting mv: ~A  mv ~ VmA

e Jus 1 058(351) v s {qC Q_c}S Al V||

us
qJ\P\ 4 A octet V2
~ v (A/m) = — al
singlet  «g
ALY w2

v ~ 0.3  az(pn) ~0.25—-0.3

BT[Xcl v w”ﬂ

= large theor. uncertainty but can not explain large Brlxe1 — p|7]



Color-octet contributions Xc; = V1Y

color-singlet i tw.-2

~ a2vtA/m.

color-octet power counting mv:~A  mv ~ VmA

Hed 2 e 058(331) — Qus T (ghc o ghC)S g 0 W S

gcgc(lsO)
w2 octet S
5 2 s ~ —
~ V> (A /m :
—>— . o0 sU°(A/me) singlet  a
us vy ~0.3 aa(pn) ~0.25-0.3

soft gluon fusion into longit. meson might explain the large ratio



Conclusions

® The dominant contribution in Xc1 — V|7 is the color-singlet term

suppressed as v
TS ~olith/me

Br :Xcl e WH’Y
® The discrepancy with data for the ratio 5 e PIW-

Y

(exp: 0.28+/-0.06)

(e £

indicates about a large contribution beyond OZI-suppressed configuration
e

Possible mechanism: - : :
color-octet gluon fusion *(Ei%)*w”, b (A/me)

us

® The octet and singlet contributions in Xc1 — V.7 are of the same order.

Observation: the data can be described by color-singlet mechanism including
small 3g coupling for I=0 mesons. More accurate data for hadronic DAs are

important!

® Further measurements for xco0,2 = Vv will help to clarify the decay mechanism






Radiative decays X.; — VY

Helicity amplitudes




Color-octet contributions Xc; = V1Y

color-singlet i tw.-2

~ a2vtA/m.

higher Fock state of the light meson

v, TW.-4

Koo ~ o2vt(A/m.)®  small




Radiative decays Xc; = V|| Y

Theory vs. : only the color singlet contribution

branching fractions in units 10-*

VP W VP
1.64+9.2 4.2121.4
et = Ul R e 13.67 15763 31.37535 1435
EXP. 184.8£ 15.7. IR St B ==
0.008+0.12 0.0240.26
Xc2 = V|| 2l 0.197 470070 08 0.417 505 018
exp. < 920 <6 <

color octet contributions c-quark 2 ~0.3 a,(2m?) = 0.29

us 2

&js ;’1): A 9 octet L
4 & el (A/mc) — singlet o

57 3

5 5 5 octet . U
%wﬁ S AR singlet  as

us




