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Theoretical estimation of branching ratio of
Y(3770)~>non-DDbar

+ The y(3770) can be viewed as a 13D,
dominated state with a small admixture of
23S, and expressed as:

|W(377O)> — COS «9‘13D1> +sin (9‘ 2331> Y.B.Ding, D.H.Qin, and K.T.Chao,
Phys.Rev.D44,3562(1991)

|W(3686)> — —sin @‘13D1> 1 COS 9‘ 2351> J.L.Rosner, Phys.Rev.D64,094002(2001)

0~-12

I'(w(3770) > LH) = 467;%2; keV (£50%) |ZGHe, Y-Fan, and KT.Chao,

Phys.Rev.Lett. 101, 112001(2008)
Br(yw(3770) — LH) = (2.0.7%)%(£50%)

Together with the observed hadronic transitions and E1 transitions,
the non-DDbar decay branching ratio of 1/ (3770) could reach about 5%.

3



Experimental results about
¥(3770)>non-DDbar

gesi: o(y(3770) — DD) =7.179+0.195+0.630nb
BF (W(3770) — NOoN — DD) =145+1.7+5.8% PLB641,145(2006)

Cleo-c:o((3770) — DD) = 6.38£0.087 0% nb
o(w(3770) - non—DD) =-0.01+0.08';3,nb  pri96,092002(2006)

cleo-c:o(w(3770) > DD) =6.57+0.04+0.10nb
o(w(3770) — non—DD) =-0.21+0.09" 5. nb

BF ((3770) —> non—DD) = -3.3+1.4"%%%
BF (v (3770) > non—DD) < 9% at 90% confidence level

arxiv:1004,1358

Both BESII and CLEO-c found only a few channels
with total branching fraction < 3% .
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What we have already known

Scale factor/ p
¥(3770) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
DD (85.3 +£3.2 ) % 285

DYDY (48.7 +£3.2 ) % 285
D+ D— (36.1 £2.8 )% 251 | Part of branching ratio
Jjpmt o~ ( 1.9340.28) x 10—3 560 results from PDG
J/¢pm0n0 (80 £3.0 )x10~% 564
J/i (9 +4 )xio—4 359
J/pa® < 28 x 1074 CL=90% 603
YXc0o (7.3 £09 )x 103 -
Y Xcl (2.0 £06 )x103 -
X2 < 9 x 1074 CL=00% -
ete~ (9.7 £07 )x 100 5=1.2 1886
K2K? < 1.2 x10~2 CL=90% 1820
2{7r+~ ) < 112 x1073  CL=90% 1861
2wt )w0 < 1.06 %1073  CL=090% 1843
Antn—x0 < 5.85 % CL=00% 1821
wat o < 6.0 x107%  CL=90% 1794
3(rt o) < 91 %1073 1819
3(rta)a’ < 137 % 1792
3(atn—)2a° < 11.74 % CL=00% 1759
Nt aT < 1.24 x10—3  CL=90% 1836
at 7 2a0 < 89 x10—3  CL=90% 1862




About non-DDbar decays

Scale factor/ P
¥(3770) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
DD (85.3 £3.2 ) % 285

DYDY (48.7 +£3.2 )% 285

D+ D— (36.1 +2.8 )% 251
J/ymTa ( 1.9340.28) x 10— 560
J/p w070 (80 £3.0 )x10~% 564
J/n (9 +4 )x10~% 359
Y 0 (7.3 £0.9 )x 1073 —~
YXel (2.0 0.6 )x 103 -
on (31 +£07 )x 104 1703

So, are there abundance non-DDbar decay channels not found yet ?
Or, we might misunderstand the branching ratio of non-DDbar decay .



Combining BESII and Belle data to fit
branching fraction of W(3770) to DDbar.

+ Motivation:
BESI: o((3770) — DD) =7.179+0.195+0.630nb

BF (#(3770) > non—DD) =14.5+1.7+5.8%  p| 641 145(2006

BF ((3770) > non—DD) =-3.3+1.4°%%  arxiv:1004,1358

BF (v (3770) — non — DB) <9% at 90% confidence level

Both BESII and CLEO-c found only a few channels with total
branching fraction less than 3% .

+* Consider the contin_uum distribution
from €e — 7/* —> DD

Cleo-c:

+ Interference of charmonium states need to be
considered.
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Continuum term

e ko P2 2
) FoM, @rro)
DD S—a
: .I'Ii'[ ! 1)
To well describe
) the data
e pa~ L)
C
(b) LE ()L 0
DD 2 =
te~ — DD near the reso- 2. mz//(ZS) ¥ Iml//(ZS)ry/(ZS)

FIG. 1: Feynman diagrams for e
nance ¢(3770).

M.Z.Yang, Mod.Phys.Lett. A 23,3113(2008)




Data Set

+ 1) Cross-sections at 14 energy points between
3.73 and 3.80 GeV from BESI| data with total

luminosity of about 15 pb?

+ M. Ablikim, et al., BES Collaboration, PLB 668(2008) 263-
2067.

x Introduce ISR correction from reference: M. Ablikim, et al.,
BES Collaboration, PLB 603(2004) 130-137.

+ 2) Cross-sections at 27 energy points between
3.81 and 4.33GeV from Belle data with

integrated luminosity of 673 fb'1 (ISR).
« Pakhlova et al. PR D77(2008)011103 (Belle)
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+ Jotal data set: 41 data points.
+ 14 data points from BESII, 27 data points from Belle
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About G(3900)

PRD76,111105(R)(2007) BABAR

+ First put forward in Couple-

channel model

E. Eichten, K. Gottfried, T. Kinoshita, K. D. Lane, and
T. M. Yan, Phys. Rev. D 21, 203 (1980).

+ Observed by BABAR and Belle
Collaboration named G(3900)
FIP+ e, Wie'® + c)VGe'®: + .. + ¢, W, e |?

+(1-f)B
m(G(3900)) = (3943 *+ 174 + 124) MeV/c?,

a(G(3900)) =

(52

+ Bgar + Tyst) MeV/ 2,

1
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Formula for cross section

ﬂ(s 4m? )+ (s— 4m? )2

o(e'e” — DD) = 5 = a’
2 2
e (3)+Z V,DDQC f,m, i i) 4 Fom, 3770y
o s—m’ +im, T, B s—a
C
47 Qia’ f(//z- SR = 2 -
r,..= 5 S—M,, 25) +1M, 56)[, 25
’ (m, —4m2)%
BR(, — D°D’,D'D") = 900 -
487zf m
= s AR ) R (s=4me )7
o(e’e” - DD) :%( ) 55/2( o) o
2
X

N=he ey _qid
o+ 2 T —

2 2 132 2 2 \32 g_
y,_4mDo)/ +(m,,,i_4mD+)/ s—m, +im,I',



Formula for cross section

(s—4m2,)¥? +(s—4m? )** |

= — T
o(e'ee > DD)=— o
3 S5/2
Co
2 -
S— mz,//(3686) b Imy/(3686)rz//(3686)
5/2
i 1 6. (EEGL. . ! i

a \/(m;.. —4mZ I (m?. Jdm? )#2 S — m’. +im .T,.

(\E_MG(3900) )2

2 a
OG (3900 I
e (3900) e )

1
X |+C,
N 277(7(3(3900)

6./ _Br,T m>'2

v 1 1 \/ ee P12, 4040y M, (4040)
2 20\ B 2 2 \32 ¢ _m? i
a \/(ml//(4o40) —4m:,) 24 (M, 4040y —4M_.) 128 =M, (4040) T 1M, a0a0) Ty (s040)

5/2

N 1 1 6\/reeBr3ra//(4160) M, (4160

2 2 \3/2 2 2 \3/2 ¢ _m? i
a \/(mw(4160) —4m’,) /2 4 (M, 4160y —4MZ.) /2.8 =M 4160 T 1M, 4160, (a160)
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Fit method

+ Least y? fitting method
x Fix W(2S) ‘s width, mass to PDG value
+ Fix ¥(4040)’s width, mass to PDG value
+ Fix W¥(4160)’s width, mass to PDG value

+ Fix G(3900)’s width, mass to 3.9GeV and 52MeV

suggested by BABAR’s fitting result.

+ B.Aubert, et al. PRD76,111105(BABAR)

+x E. Eichten, K. Gottfried, T. Kinoshita, K. D. Lane, and T. M. Yan, Phys.
Rev. D 21, 203 (1980).

+ For WY(3770)’s total width, 2 methods:

x 1) constant width
x 2) s-dependent width
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s-dependent total width of WY(3770)

(S) E 1_‘D+D‘ (S) ¥ 1_‘non—D[_) (S)
(Pye)’ 1+(rp_,)° g

(pEo)> L iR(ip . A

(p,. )’ 1+(rp..)’ -

(P lt (rpe )

[.(s)=T

DO D°

[ ,—(s) =T ,0(E,, —2M ,)

[....(8)=T,0(E,—2M_.)

(S) N 1—10 (1_ Boo b B+_)

1ﬂnon—DB

Fix Byo/B,.ratio to be 0.481/0.361 ~ 1.33
according to PDG value

M. Ablikim, et al.,

BES Collaboration, PLB 641,145(2006)
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Best fit result

SubRange

c(e* e — D'D)

1T T T rrrryrrrTrryyrrrrprTd
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Best Fit 7
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=, ] mmsa= antripution "
'g 8 l —_— - $[3??D} Lineshape 5 E 8
= a) ] 1@
T \ :
24 1 24
o M|\ 1] o
© - © 5
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v2/dof = 1.06
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Best fit results

-
f
!

Variables

Constant width

Solution 1

Solution 2

s-dependent

My 3770y (MeV)| 3776+ 1 | 3776%1 3780£1

_ Tyemoy(MeV) | 28.542.1 | 28.742.1 | 29.7+1.3

Br(yv(3770) > DD) BRy (%) 972+ 89 [101.1+9.0] 98.3F+10.4
Br(y(4040) —» DD) BR> (%) 25.3L 45 | 34748 | 25.0546
Br(y(4160) —» DD) BRa (%) 2.8+ 1.8 | 40.44+3.8 | 2.9+1.7

Co 8.754 0.71 | 8.6740.67 | 10.7740.69

c1 1.0040.35 | 0.824£0.29 | 1.174+0.34

o(rad.) -2.634 0.09]-2.5620.09| -2.494-0.08

¢1 (rad.) -1.894 0.33]-1.554+0.36 | -2.324-0.30

¢2(rad.) 22,144 0.14]-1.6240.11| -2.5640.21

¢3(rad.) 1.914 0.44 | -3.03£0.1 | 1.4440.48

Statistical error Only!

The interference between structures and continuum term

tends to be destructive
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Why large contribution from ‘Y(2S)

+ The coupling of resonance with virtual photon:
+ Leptonic decay width-> decay constant

=2.36%0.04keV T =0.265+0.018keV

eew(29) e "y (3770)

fWS) =297MeV fW(gm) =100MeV
+ The coupling of resonance with DDbar

Br(W(3770) = D[_)) CO n g://(ZS)DBQC fl//(ZS)ml//(ZS)
=12.8 =12.0

gl//(B??O)DE g(//(ZS)D[_)

+ Conclusion: the large coupling of ¥(2S) with the virtual photon.
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About multiple solutions

+ AS the interference has been introduced,
multiple solutions should exist.

+ At least 8 solutions have been found, but
many with Br( ¥(3770) 2 DDbar) less than
70%. So they are abandoned as unphysical
solutions.
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Conclusion

+ Our result concludes that taking into account
the interference between ¥(3770), ¥Y(2S5)
and some higher structures is

a good suggestion to study the DDbar
branching fraction and the puzzle about
nhon-DDbar branching fraction.

+ More data sample is suggested for BESII|I.
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Conclusion

+ Our result concludes that taking into account
the interference between ¥(3770), ¥Y(2S5)
and some higher structures is

a good suggestion to study the DDbar
branching fraction and the puzzle about
nhon-DDbar branching fraction.

+ More data sample is suggested for BESII|I.

Q’f«/d, _y ),%1 _1 ]
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Backup



Most recently updated result from
Cleo-c

o(e'e” —y(3770) — hadrons) = 6.36 +0.08'35, nb
o((3770) > DD) =6.57£0.04+0.10nb ~ **4

o (w(3770) — non — DD) =—0.21+0.09"24 nb

BF ((3770) — non— DD) < —3.3+1.4"5%
BF (w(3770) — non — D[_)) <9% at 90% confidence level



Anomalous line shape of W(3770)

 BESData(33pb—1) KEDR Data 2.1 pb-L

Best fit: One resonance interfering
With DDbar continuum

Fit with two coherent states
favored over single resonance (70)

J.Brodzicka@Lepton Photon 2009

PRL101,102004(2008)

Yy | I | Gt
- 24F
= Red: 2 resonance %
) Green:lresonance st Wisrro)
‘ : o
28 | 14 R
Db:é 12 VANY
10
o
20 s
4
2....I..-.J...I....I-..I
3-75 3.85 3750 3800 3850 SQDOW IME?-‘?]SU
M, (3770)=3773.3£0.5£0.5 MeV M, 3770) =3776.9£1.5+1.0 MeV
T, (3770) = 28:2£2.130.1MeV T, 3770)= 25-1£3.1£3.0 MeV

M, =37622+11.8+£05MeV M, =3781.0x1.3+0.5MeV

I,=499+321+£0.1 MeV I,=193+3.1+0.1MeV
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