ete™ - yx.(1P,2P)

@ 4.0 —4.3 GeV
2 82 nE L%
4th XYz, 2016

11H24H, Jbxt-dbMi



Outline

» Motivations
»ete™ - yy.: continuum contribution
»ete™ - yy.: resonance contribution

» Summary



Motivations



Xcj(2P) as XYZ states

> X2 (2P) as X(3930):
e ¥y = X(3930) > DD  Belle, PRL0O6
m = 392724+ 2.6 MeV I' =24 4+ 6 MeV PDG'14
v JF¢ =2%* T, Brpp = 0.18 + 0.05 keV Belle, PRL'06
» Consistent with the Screened Potential Model (SPM):
 m(y.,) = 3937 MeV inSPM  Li & Chao, PRD’09
30-40 MeV lower than the older results Barnes et al, PRD’05
- [, =0.23 keV Li & Chao, PRD’09

 ['(x.,(3972)) = Tpp + Ipp- = 42 + 37 = 79 MeV Barnes’05
= T(x/,(3927)) ~ 25 + 8 = 33 MeV Brps ~ 76%



Xcj(2P) as XYZ states

> Xc0(2P) as X(3915): X. Liu et. al., PRL'10

* B - X(3915)K - J/YwK Belle, PRL'O5 BaBar, PRL'08
* Yy = X(3915) » J /Yw Belle, PRL'10
v JPe =0t BaBar PRD’12

x Different suggestions: Guo & Meissner, PRD’12; Olsen,
PRD’15; Zhou & Xiao, PRL'15

> Xc0(2P) as X(3840): Guo & Meissner; Olsen
* yy - X(3840) - DD  Belle, PRL'06
* Consistent with Screened Potential Model (SPM):
m(xz) = 3842 MeV  Li & Chao, PRD’09
 Too broad to be observed (I' ~ 200 MeV)



Xcj(2P) as XYZ states

» X(3872) as a mixing state of y.,;(2P) and DD* :
Meng & Gao & Chao, arXiv: hep-ph/0506222 (PRD’13)
* Large production rates
B - XK, X - J/Yynm, J/Yy,Y'y,DD*(DDr) Belle/BaBar
pp(pp) —» X + anyth,, X - J/ynn,y'y CDF/DO/CMS/LHCb
v" Short distance pro. is dominant by the y.;(2P) component

J(X(]/lpmr)) =o(y.) 'k, k=7Z. - Br(X - J/Yyrm)
k ~0.018 + 0.004

pp collision  Meng & Han & Chao’13

both in {B decays Meng & Chao, in preparation



X(3872) production in B decays

Meng and Chao, in preparation

Br(B-> X(J/Yyn*n™)..) =Br®*(B - x.1..) - k
k =0.018 + 0.002

X(J/Yrntn™) | Br x 10%/predictions | Br x 10°/data

B° - XK° 7.1+ 0.9 43+13 PDG'14

BT - XK* 8.6 + 0.8 8.6 +0.8 PDG14
BY - XKt~ 6.8 1+ 1.0 791+ 1.4 Belle’l5
Bt - XK°n* 99+ 1.2 10.6 £+ 3.1 Belle’15
B - XK*V 44+ 0.6 4.0+ 1.5 Belle’l5
Bt - XK** 54+ 1.2

B, - X¢ 3.6 + 0.6



X(3872) as a mixing state in the CCM

Li & Meng & Chao, PRD _80 014012 (2009) ,
BC, p|Horc[tho))
B _ _ 3 |< orc|¥o
M—My+I(M)=0 II1=%p:[dp Enc(P)—M-ic
2L+1 B

ImI(E) ~T(yY - BC) ~E 2 Yo Yo
E=M-Mz— M, <>
> S-wave threshold effect: L = 0 E=0 ¢

MeV

MN(E) ~VE, dlI(E)/dE ~1/NE —Rell; (M)

-160 -

-180 -

Mass shift

= S-wave cusp

-200 -

= “attracting” the mass of the bare =1

-240 -

state to the threshold o] M — My (x.
® M)(él ~ thDD*: 5]

-320

AM ~ 15 MeV < ARell ~ 70 MeV R T e R e i A g )L
= AMO ~ 85 Mev Physics mass




Evidence fore™e™ = yyxc1.,

BESIII, Chin. Phys. C'15
» Totally, 3.0 o foryy.1 & 3.4 o fory x>

—m

2.4+ 1.4

4.009 Yer 15 47 + 4.4 18
Yer 1.9 0.7 + 0.5 1.7

4.230 Yer 2.9 2.7 + 1.1 5.0
Yer 11 0.4 + 0.4 11

4.260 Yes 2.3 2.0 + 1.1 4.2
Yer 2.4 14+ 13 2.9

4.360 Yer 2.0 2.3 423 5.0

U(VXCLZ) ~ 0.5—-3pb Oy, 26()’)(c0) ~ 20 pb



ete” = yx.

continuum contribution



ete” - yy. @ NLO in PQCD

> /s = 10.6 GeV: Li & He & Chao, PRD’09; Sang & Chen PRD’10
o(e*e™ > yx.) ~13fb  o(ete” »yxi) ~181b
Search X(3872) at Belle (711 fb~! data sample)
NyX - yutun ™) ~ 10

4
» /5 = 4 —5 GeV: (%6) ~ 20 — 50

= Chao & He & Li & Meng, arXiv: 1310.8597
* m.=1.5GeV

= Li & Xu &Liu & Zhang, JHEP’14
* m, = My/2
* Relativistic corrections are included
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ete” - yy. @NLOin PQCD

» LO (pure QED process) e’ ¢ ’
,}/*
C
O-(Xc) ~ 1 ' = (ch)Z/S
— T
= near-threshold singularity g Y

» QCD pollution in the near-threshold region

The Coulombic gluons need to be resummed
= E1 transitions of resonances

= o(m, = 1.5GeV) might be viewed as the lower limit of the
continuum contribution (without resonance contribution)

r=(3/4)2 ~05@+/s = 4 GeV
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ete” > yy., @NLO in PQCD
--_

0.60 0.7+ 0.5
4230 . 038 50 27411 5.0
Yo 058 33 04+04 1.1
A . | 036 42  20+1.1 4.2

aours(y)(cllz) ~ 05pb < o®f

Resonance contributions may be significant for a(yx.,)!

o°%S(yxl1,) ~ 0.2 — 0.4 pb
o(yX[J/Yyn™n~]) = a(yx¢1) - k(= 0.018) ~ 0.01 pb
K 0% ~ 0.3 pb@+/s =4.26GeV BESIII'13

Resonance contributions may be dominant!



ete” = yx.

resonance contribution



E1 transitions of higher charmonia

Li & Meng & Chao, arXiv: 1201.4155 )
L™ - yxdy) = %Cmne§a|()(?}'|r|1/)")| Ey
* Three potential models are used and they are consistent
with each other quite well. (see below for results of SPM)

 Relativistic corrections are included in the wave functions

I'(keV) P35(4040) | Pp(4160) | 1P,5(4260)°
Xeo 54 372 3.9

Ye1 11 63 0.3

X2 4.1 0.6 16
X-0(3915) 7.9 89 59
X-0(3840) 32 193 101
x-1(3872) 88 189 88
X.2(3930) 56 9.2 15

*m(YP,s = 4273 MeV) inthe SPM  Li & Chao, PRD’09
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+,— n
e"e” - Y" -> yyx.(1P)
 Cross section at the resonance peaks: \/s = m;

l_‘eie | F)fX(S)

gPek = 127 :

(mi' tlot
* Inputs:
_ re‘e/kev
1 4260
2 4160 100 0.83
3 4040 80 0.86
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ete™ — Y™ - y)(c(lp)

26(3.97) 0.16
Xc1 1.3 4.4(2.0%) 0.01
Xc2 0.50 0.04 0.64

a Without relativistic corrections

-

0.60 0.7+ 0.5

4.230 Xe2 0.38 2.7+ 1.1
Ye1 0.58 0.01 0.4 + 0.4

4.260 Yer 0.36 0.64 2.0+ 1.1

* Checks: searche*e™ - yy.q around /s ~ 4.16(4.18) GeV
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ete” > Y" > yx (2P)

Xc0(3915) 0.95

Xc0(3840) 3.9 14 4.1
){2.1(3872) 11 13 3.6
)(22(3930) 6.8 0.65 0.61

» o(yX[J/Yyn*n~]) = o(yxe1) - k ~ 0.065 pb
K 0% ~0.3pb@+/s =4.26GeV BESII'L3

* |nterference: . .
A = BM; + BW, * e'%12 + BW, * ¢'%13

J _ ,\ 3/2
12nT e T x (S) . : 1——X
. p— : - ' >
BM;(s) S—-m?+im;-TL,, x(S) . (mw) 1_""_3(

2
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0.7 |

o @b

06

ete” »Y" - yX(3872)

Meng & Li & Chao in preparatlon

. CLEOc-data’13

No interference -;
UL-CLEO :

BES'13 Y

1 " 1 1 1 1 1 1 1 i 1 i 1 1 A 1 L L L
4000 4100 4200 4300

Vs v
I R R R
5512——7'[/2,513—0
06 UL-CLEO
. Y

512 - 513 - O

UL-CLEO

Y

2 1 " 1 " " 1 " " 1 A 1 " 1 "
4100 4200 4300

Vs o
o= 0.2pb

@ +/s = 4.18 GeV
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ete” - Y" - yX(3872)

Molecule models: Guo et al, PLB’13
Enhancement for

DD;(4260) - y|DD*(3872)]

['~10 — 50 keV < I'y; = 88 keV

From Guo et al, PLB’13

o(yX[J/YmTn~]) < 0.1pb for reyij“) = 0.5 keV
Single peak around Y (4260)

[(W4s = y[DD*(3872)]) < 0.23 keV

F'(Y,p, = y[DD*(3872)]) ~ 3 keV

Can be neglected compared with our predictions.
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ete” - Y" - yx(»(3930)

Meng & Li & Chao, in preparation

X%, (3930) 0.65 0.61

10
No interference

512 - 513 =0
4} - 6122_77:/2,513:0

o (pb)

4000 4100 4200 4300
—
A s {MeW)

o ~5pb@+/s =418 — 4.26 GeV

oon=res ~ 0.2 pb  Chao & He & Li & Meng, arXiv: 1310.8597



o (pb)

12+

10+

==}

(=]

+,- n '
€ e _)l/) _)VXCO

Meng & Li & Chao, in preparation

N

Xc0(3915) 0.95
Xco (3840) 3.9 14 4.1
, | 20} .
Xc0(3915) X.0(3840)
15}
& 1ol
5 K
0 [ i i 1 M
4000 4100 4200 4300 4000 4100 4200 4300
| —
4 5 {MeW 4' 5 {MeW

ghon-res _ o pb

Chao & He & Li & Meng, arXiv: 1310.8597




ete” > Y" > yX(3872)
_

4221 0.2
[ - X(S)

gPeak = 127

(mz ot)

X(J/yprtn) 0.19 0.26 0.10

No interference
012 = 013 =0
512 = _7'[/2,613 = O

1 1 i i i 1 " 1 1 L " " " 1 2 "
"~ 4000 4100 4200 4300
Vs (MeV)



Summary
» ete™ - yyx.(1P):
c eTe” > Yy oM ~ 0.5pb, 07 ~ 1pb
0"S(yx.1) > 1pb @ +/s = 4.18 GeV
c ete” 5 yx: 0" =4 pb@+/s = 4.18 GeV.
> ete” - yy.(2P):

e ghon-res

can be neglected!
« ete” - yX(3872) » yJ//Ymm: 0 > 0.2 pb @ +/s = 4.18 GeV
¢« ete” > yx/,(3930):0 ~5pb @+/s = 4.18 — 4.26 GeV

« ete” - yyxl,(3915/3840): 0 ~ 10 pb @ /s = 4.18 GeV

24



BackUp



Xcj(2P) as XYZ states

» Nsig Wwitho = 1pb & [ L =1 fb~*(without € corr.):

* Xco(2P) = X(3915) in J/p(I* 1 )w(m*n~n(yy))

Br(Xco = J/Yw)

3%
[, = 1.7 keV Li& chao, PRD'09; [y, - BT /309 ~ 60 €V Belle, PRL'10

* ¥ (2P) = X(3930) in D°(K~wt)D? (single-tag?)

Br(x¢z = D°D®)

75% * 0.5

* ¥:2(2P) as component of X(3872) in J/Y (Il )mtm™

N =3.1

N =15




ete” - yy. @NLO in PQCD

Chao & He & Li & Meng| arXiv: 1310 8597 o/pb
V8/GeV | ne N X c0 Xel Xet Xe2 Xe2

4.040 | 0.91 0.04 0.001 /67\ 0.32 ﬁ)él\ 0.16

4.160 | 0.86 0.06 —0.005/0.64\ 0.40 10.41\ 0.23

4260 | 0.81 0.08 —0.007\0.58 }\ 0.36} 0.24

4360 | 0.v8 0.09 —0.008 \).53/ 0.43 \0.31/ 0.23

N N”

4415 | 0.v6 0.10 —0.008 0.50 0.43 0.28 0.23

4660 | 0.67 0.13 —0.006 0.40 0.39 0.20 0.19

5.000 | 0.55 0.14 —0.002 0.25 0.26 0.13 0.14

a(y)(cl,z) ~05pb<o*™*~1-3pb
o(yX[J/Yyrn*tn~]) = olyx.) -k ~ 0.01 pb < g ~ 0.3 pb

Resonance contributions may be significant/dominant!




E1 transitions of higher charmonia

Li & Meng & Chao, arXiv: 1201. 4155
F(‘/)n > YXG) =3 necO‘l(Xc]'Tl‘/)n)' Ey

[(keV)/o(pb)

54/6.5 372/26 3.9/0.16

Xc1 11/1.3 63/4.4 0.3/0.01
Xc2 4.1/0.50 0.6/0.04 16 /0.64
Xec0(3915) 7.9/0.95 89/6.3 59/2.4
Xc0(3840) 32/3.9 193/14 101/4.1
X.1(3872) 88 /11 189/ 13 88/3.6

Xe2(3930) 56/6.8 9.2/0.65 15/0.61



Specrum: SPM v.s. CCM

Li & Meng & Chao, PRD_80 014012 (2009)

Our results Results of Ref. [6]
states Myue Meow Mscr AMcou AM;er M 5,7 2 M o
1°5, 2980 2980 2980.0 0 0 2082 2082 0
155, 3112 3100 3105 -12 -7 3090 3090 0
TP, 3583 3531 3539 -52 -44 3516 3514 -2
1° P, 3476 3441 3448 -35 -28 3424 3415 -9
1R, 3568 3520 3526 -48 -42 3505 3489 -16
1°P; 3628 3565 3577 -63 -51 3556 3550 -6
2' 8o 3697 3635 3626 -62 -71 3630 3620 -10
2°8, 3754 3674 3674 -80 -80 3672 3663 -9
1'D, 3805 3818 3805 -7 -90 3799
1°D; 3878 3704 3790 -84 -88 3785 3745 -40
1°D; 3896 3818 3805 -78 -91 3800
1°Ds 3903 3823 3812 -80 -91 3806
2Py 4042 3961 3909 -81 -133 3934 3929 -5
23 Py 3048  |<_3915 3839 -33 -109 3852 3782 -70
2°P, 4030 3875 3900 -155 -130 3925 3859 -66
23 P, 4085 3966 3941 -119 -144 3972 3917 -55

» Two faces of y,q: [X. Liu et al, PRI’10, EPIC’12; F.K. Guo et al, PRD'12]
Narrow peak (I' ~ 1 MeV) at 3915 MeV
Broad structure (I' > 100 MeV) around 3840 MeV
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