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BEPCI1I storage rings
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Compton back-scattering
for high precision beam
energy measurement

22 mrad Xing angle

Beam energy: 1.0 — 2.3 GeV
Peak Luminosity:
Design:1x103 cm2st €& Achieved!

Beam energy measurement: Using
Compton backscattering technique.

Accuracy: 8E,,, /B, ~5x10°°
96Ebeam ~ 50 KeV @Ebeam ~ m,
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‘ The BESIII Detector \

Muon Counter N SC Igzﬁlet

BESIII’s 15t event

Be beam pipe
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News from BESII|

Results from the BEPCII/BESIII
Y(4260) factory



XYZ mesons & P_ Pentaquarks

State M (MeV) T (MeV) JPC  Process (decay mode) Experiment
. m1(1400) 1354425 330+25 17t aTp— (gn)p MPS, Compass
Light quark = 19(n%) Xtal Barrel
t X (1835) 13577590 99+50 0t J/— ~(pp) BESII, CLEOc, BESIII
sector Jjb =~ (xtx 1) BESII, BESIII
™ X(3872) 3871.68+0.17 < 1.2 177 B K+ (Jgntn) Belle, BaBar, LHCb
pp— (J/omteT) + ... CDF, D0
B— K+ (J/¢nta a0 Belle, BaBar
B — K + (D°D°x°) Belle , BaBar
B— K+ (J/47) BaBar, Belle , LHCb
B— K+ ®W'y) BaBar, Belle , LHCb
pp— (J/ortaT) + ... LHCb, CMS
X(3915)  3917.4+27 2871 0t B K4 (J/Yw) Belle , BaBar
efe” wefe™ + (J/Yw) Belle , BaBar
xe2(2P) 3927.2+26  24+6 2tt ete” sete + (DQ) Belle , BaBar
Neutral X (3940) 304279 372 0(7)~F etem = J/+ (D D) Belle
eutra —— ete™ — J/v+(...) Belle
. . G(3900) 3043 +£21  52+11 17 efe” =~y +(DD) BaBar, Belle
charmonium-like Y(4008) 40081121  226+07 17 etem =+ (Jjwmtao) Belle
Y (4140) 4146.5754 831309 " B K+ (J/ve) CDF, CMS, LHCb
X (4160) 4156728 139711 0(7)"(F etem = J/¢ 4+ (D*D) Belle
Y (4260) 426315 95414 17~  ete” —y+ (Jjontn) BaBar, CLEO, Belle
ete” o (J/ontnT) CLEO, BESIII ( )
ete™ — (J/0x°7°) CLEO, BESIII Y 4260
Y (4274) 42737 56+16 1Tt B K+ (J/vo) CDF, CMS, LHCb
X (4350) 4350.6*_%;? 13.3F188 02t efem s efe (J/Y o) Belle
Y (4360) 4361 +13 74+18 177 ete” sy + @ ntn) BaBar, Belle
X (4630) 463479 92133 17 ete” =y (ATA]) Belle
—" Y (4660) 4664412  48+15 17~  ete” sy 4+ (@' 7Tw) Belle
ZF(3900)  3890+3 33x10 17 Y(4260) >« +(J/dw) BESIII, Belle
Y (4260) — 7~ + (DD*)* BESIII
Cha rge d ZF(4020) 40242  10+3 1(2)TP7 Y(4260) = 7 + (hen?) BESIII
- Y (4260) — 7~ + (D*D*)* BESIII
charmonium-like Zi(4050)  40511% 82751 7t B K+ (xarh) Belle, BaBar
Zt(4200)  4196T3; 3701V, 1*:* B— K+ (J/YrT) Belle, LHCb
Z$(4250)  4248+1%2  177H32) 7t B K+ (xanth) Belle, BaBar
b Z1(4430)  4477+20 18131 1T B K+ (7t Belle, LHCb
i + Belle
Hidden-charm B K+ (JynT) e
{ PT(4380) 438030 205+88 (3/2)° A =K+ (J/Up) LHCb
pentaquarks P}(4450) 44498+3.0 3920 (5/2)Y Af — K+ (J/Yp) LHCb
Y5(10800) 10888.4+3.0 30.7757 1~ ete — (Y(nS)n'n ) Belle
Z7(10610) 10607.2+2.0 18.4+24 17  “Y(58)" = m +(Y(nS)77),n=1,2,3 Belle
b_ uark “r(58) =7 + (hb(_nP) 7t),n=1,2 Belle
q “r(55)" = n~ 4+ (BB*)T, n=1,2 Belle
sector Z9(10610) 10609+ 6 17~ “7(55)" = 7+ (Y(nS) %), n=1,2,3 Belle

ZF(10650) 10652.2+1.5 11.5£2.2 177 “T(55)" = n~ 4+ (T(nS)7"), n =1,2,3 Belle
“Y(58)" — 7~ + (hp(nP)7T), n=1,2 Belle

“Y(55)" = 7~ + (B°B")t,n=1,2 Belle




The Y(4260)

--discovered at Babar--

BaBar detector

Electromagnetic Calorimeter
6580 CsI crystals o ar o Ty

Instrumented Flux Return

19 layers of RPCs (LSTs)
i and K_ID

e+ ID, = and 7 reco

Cherenkov Detector
(DIRC) [

144 quartz bars ..

K,z separationg

| Drift Chamber
40 layers
.| Tracking + dE/dx

Silicon Vertex
Tracker
5 layers of double
sided silicon strips




What is the Y(4260)?

MASS [GeV/c?]

4.4 [ ne(41S0)
Xc2(3%P2)
(31P1) Xc1(33P+)
42 - Xc0(3%Po)
338
a0l
-Xc2(23P2)
- 23P,
3.8 lml
2Mp
P’(2°S4)
36 ne’(21So)
. c2(13P
he(11P1) Xer(13P4) Xe21°P2)
34 |- Xeo(13Po)
3.2 - ‘ established cc states |
Jp(1381) ‘ predicted, undiscovered |
30 I [ms]
0—+ 1 —_ 1 +— 0++ 1 ++ 2++

All the JP¢ = 1--charmonium
states below M=4500 MeV
have already been assigned



found by BaBar in e*e” =2 y,grTT T J/YP
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found by BaBar in e*e” = y,grTT TTJ/YP
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What is the Y(4260)?
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all the JP€ = 1--charmonium
states below M=4500 MeV
have already been assigned



Y(4260) > ' J/L|J confirmed by Belle
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Y (4260) - m*mrJ/p confirmed by Belle

no sign of Y(4260) > D)D)

Y(4260) peak in o (wrtJ/4)

occurs at a dip in o(DDM)

() /) is large, but
should be OZ| suppressed if cC

S 60 ”hH -

(Y (4260)) =

—r—eeéy,SRnnJ/tp —

Belle PRL99 182004

PDG-2016:

4251 £ 9 MeV /c? —
120 + 12 MeV.
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e*e- >hadrons

I PRL88, 101802
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Events / 50MeV/c”

=

resonances in ee” > y,grTT T Y’

BaBar: another one in iy’ (not the Y(4260))
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Belle: confirms the Y(4360) & finds another @ 4660
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M (Y (4660)) = 4643 + 9 MeV/c?
(Y (4660)) = 72 + 11 MeV.



BEPCII/BESIII

BEPCII and BESIII
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Luminosity: 1.0x103 cm2s?
(reached in April 5", 2016)

2004: BEPCII upgrade,

W BEPCIII construction
BESIII PR SN
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2008: test run

2009 ~ now: physics run



o(z' wJly) (pb)

Y(4260) in BESIII & Belle
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Other Y(4260) decay modes?



M?(*r) (GeV/c?)?
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M?(*r) (GeV/c?)?
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M?(*r) (GeV/c?)?

Events / 0.02 GeV/c?

ete” =2 it J/P “Dalitz plot”
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M?(*r) (GeV/c?)?

Events / 0.02 GeV/c?

ete” =2 it J/P “Dalitz plot”
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Events / 0.004 GeV/c?
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Events / 0.004 GeV/c

Events / 3 MeV/c?

Radiative decays? Y(4260)-2>y nt*rl)/
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some commonality between X(3872) & Y(4260)?



Y(4260)> wy_,??
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Cross Sections (pb)

Y(4260)>nJ/U ?
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MASS [GeV/c?]

What is the h_?

Y(4260)=2>mt*rrh, ??
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’ established cc states |

‘ predicted, undiscovered |

h, history:
- 1974 existence predicted
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- 2008: found by CLEOc
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n, = hads <15 exclusive modes

T A PP i
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n° recoil mass in GeV

- 2013: exploited by BESIII
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etfe2>m'rrh,
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The Y(4260) is not a single BW resonance!

ocdess(e’e” s J/y) (pb)
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energy scan data

2 BW fes. fit preferred over 1 BW res. fit by >70

M, = 4220 + 4 MeV /c?
My = 4320 4 13 MeV /c?

Fl =44 + 5 MeV
[y = 101137 MeV



Y(4260): mass = lower & width = narrower

pre-2017 o post-2017
sok o | - | _ [a)4-cesm w | BESIII
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% 20 { 2
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4 4 5 5 55 038 4 22 24 26
PDG-2016:  om (°¢Y) Fon (GEV)
M (Y (4260)) = 4251 + 9 MeV /2 2MV5 N1 — 4920 + 4 MeV /2
(Y (4260)) = 120 + 12 MeV. —2> T} =44 £5 MeV
Y
Y(4220) decay modes:
-l /Y
« Z,(3900)
« £,(980) J/
-t'rth,
= WXeo
-nJ/g
- YX(3872)

- nDD*



Y(4260): mass = lower & width = narrower

pre-2017 o post-2017
sok S [a) e mn sy BESII|
C i 80 !
Seok m Belle : what is the 2" peak?
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PDG-2016:  om (°¢Y) Fon (GEV)
M (Y (4260)) = 4251 + 9 MeV /2 2MV5 N1 — 4920 + 4 MeV /2
(Y (4260)) = 120 + 12 MeV. —2> T} =44 £5 MeV
Y
Y(4220) decay modes:
-l /Y
« 1Z,(3900)
+ £,(980) J/Y
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= WXco
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- vX(3872)

- nDD*



Y(4260): mass = lower & width = narrower
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Y(4220) decay modes:

-l /Y
« Z,(3900)

+ £,(980) J/

-t'rth,

- WXeo
-nd/b

- yX(3872)
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what is the 2" peak?
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PRL 99 142002
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M, = 4320 + 13 MeV /c?2M=18% £7(y(4360)) = 4346 + 6 MeV/c?

Iy = 101727 MeV
\

spotorr  1'(Y(4360)) =

102 £ 12 MeV.
J
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Y(4320) decay modes:
- )/
-y’



What is the Y(4260)?



some proposed models

"¢?
A actually:

D51(2420) molecule ' c Y(4260)=%[D51(2420)1D1(2420)5]
D, (2420) 97,

QCD cc-gluon hybrid c'ﬁﬂﬁ’f:f;;; |

QCD diquark-diantiquark &1
“tetra-quark” %E

“hadrocharmonium” éj




Models for the Y(4260) |

Molecule?

Ding PRD 79, 014001 DO

=)
€
+

(=]
S

Wang, Hanhart & Zhao PRL 111, 132002
\\@‘.-

\ —-—

C

Cleven, Wang, Guo, Hanhart, Meissner & Zhao PRD 90, 074039

D,(2420) gy

\//

D,(2420) JP=1*

M=2421.4 + 0.6 MeV
I'=27.4+2.5MeV ~66 MeV

Decay: D,(2420)>D*xn
Y(4260) “B.E” = 66 MeV

X
pre-2017: BE*35 MeV




Models for the Y(4260) I

cc-gluon hybrid?
CHYY Y ¥

Zhu PLB 625, 212

Close & Page PLB 628, 215
Kou & Pene PLB 631, 164 /_,.f"'}bﬂei
hybrid | rsmomosoned
=1 !
F; Wy VG

2012 LQCD calc. (m, =400 MeV):

“Lowest 1"~ cc-gluon hybrid: M=4285 + 14 MeV”

pre-2017: too high by ~35 MeV
post-2017: too high by ~65 MeV

Had. Spectr. Collab. JHEPO7, 126

D,(2400)  JP=0*

very W’

hard to se€

M=2318 + 29 MeV
I'=267 + 40 MeV

Decay: Dy(2400)->Dx
Y(4260) “B.E.” =~ 100 MeV
LN




Models for the Y(4260) Il

QCD tetraquark?

Maiani et al. PRD 89, 114010

L=1 excitation of the X(3872):

X(3872): AM:@;leeV > Y(4260):

S=1 “bad” diquark S=1 ‘bad” diquark

\
\

C

C

S=0 ‘good” diquark S=0 ‘good” diquark

- naturally accounts for
large Y(4260)>yX(3872)
as an allowed E1 transition

- 350 MeV is a typical mass
“penalty” for AL=1:

6M

(MeV)
D,(2420) D*(2010) 410
D,,(2460) D,(2110) 350

h(3525) I/ 430



Models for the Y(4260) IV

Hadrocharmonium?

Dubynskiy & Voloshin, PLB 666, 344
Li & Voloshin, Mod. Phys. Lett. A29, 1450060

color-singlet charmonium core
(for Y(4260) this a J/ + h_ mixture)

surrounding color-singlet cloud
of light quarks & gluons ~—

charmonium core & light-quark gluon cloud are coupled
via Van-der-Waals—like color field forces

Y(4260) > J/ (or h )+ light-hadrons decays should be dominant,
--- decays to other charmonium states are suppressed



Testing Y(4260) models against data

- DD,(2420) molecule:
expect a strong Y(4260) affinity for DD,(2420)-like final states

- cc-gluon hybrid:
expect a strong Y(4260) affinity for D*D,(2400)-like final states

QCD tetraquark models:

expect partner states, including charged partners (likewise for the X(3872))

% @1_ s g@e g@ Y*(1=1;1 =+1)
¥ @ 9

\/_/ Q
+: YO(1Z1;1,=0)
1 YO(1=0;1.=0)

- hadrocharmonium model:

Y-(I=1;1 =-1

expect Bf(Y(4260)>mm J/P) >> Bf(Y(4260)>w X o)



e*te>nDD* @ E_, =4260 Mev Dalitz plot

D4(2420) [ = = //
5.8 * D,(2420)D (->D*D
the top edge of the — , 1( )D )

e 1Z(3900) (> D*D)

Dalitz plot barely 5
* Data

grazes the low-mass 5 6
tail of the D1(2420)
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e*te>nDD* @ E_, =4260 Mev Dalitz plot

2
M01(2420)

the top edge of the
Dalitz plot barely

grazes the low-mass 5 6
tail of the D1(2420)

—~ 54
+
B
A 52
= 5
48

4.6

* D,(2420)D (- D*D)
* Z.(3900) (= D*D)
* Data
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e*te>nDD* @ E_, =4260 Mev Dalitz plot

2
MB, (2420)

the top edge of the
Dalitz plot barely

grazes the low-mass 5 6

tail of the D1(2420)

4.8

4.6

\
/

* D,(2420)D (- D*D)
* Z.(3900) (= D*D)

5'14.914.95 15 15.05 15.115.1515.215.2515.315.3515.4
M2(D°D*)



5.8

What s needed

5.75
5.7
I;;5.65
A 5.6

=
=555
5.5

5.45

54 T |

14.914.95 15 15.05 15.115.1515.215

M?(D°D*)

Huge sample of Y= niDD* evts
Good mass resolution
Nearly uniform efficiency

Low backgrounds




What s needed

58 MDlz
5.75
o5.7

—~5.65

5.6
g
=555

D*m

9.5

5.45

0.4

RV ow backgrounds

15 15.0515.115.1515.2

M?(D°D*)



Partner states?

P VY

<Y (=L1,=-1) +YO(I=1;1, YVi(I=L;l,=41) >

I=1, 1 states have not been seen @(TO | _0)
—need to look at mJ/ or my’— 4260)?

B%Kﬂﬁn’_]/lp B—K* .7'1,'?.7'[0.]/1[1

ell

PRD 84 052004

3.84 3.86 3.88 39 3.92

M(J‘L’+.7'L’_J/1/J) ) M((T™ JTOJ/’I,IJ)

(same for X(3872). BaBar & Belle searches
for B>K'XY"; "X pt* J/ found nothing):




Bf(Y(4260)>1u/U) vs Bf(Y(4260)>wy, o)

+ - + - -
e e %J'L’J'L'J/l/} e’e ea)XO
C

100 100 i
o a)—+—ee - ]y -b) 42?05
g Fr-- PELELLL - 80 .
—~ 80_— i N
2 L 60
e 60f ' -
8 [ o
2 [ Y(4260)—>a'a J/y § | 40 -
T ' 20
o 40 1' -
- -
R ‘ ! oF
)]

20 [~ m - mass threshol
g poe AT 20 [ ’
© I i - )

ob—_t _42 PR R B | PR PR BT B

38 4 4.2 4.4 46 15 4.2 425 4.3 435 44 445 4.5
E. (GeV) \'s (GeV)

Bf (Y(4260) = a""J /¢ )= Bf (Y (4260) = wy _,) < within a factor of ~2

Bf (Y (4260) — - 4260) = wy ) < not the case



What is the Y(4260)?

The Y(4260) mass is lower and width narrower than previously thought
“Y(4260)” > Y(4220)?

If it is a DD, (2420) molecule:
B.E. = 66 MeV

“affinity” to DD,(2420) should be high <—a quantitative test of thisisin progress

If it is a cc-gluon hybrid:
its mass is 65 MeV below current (m =400 MeV) LQCD predictions
“affinity” to DD,(2400) should be high <—hard to identify; tests are in progress

If it is a QCD diquark—diantiquark tetraquark:
it should have Isospin- & SU(3)-multiplet partner states <— none seen (so far)

If it is hadrocharmonium:
decays to non-J/(h.) charmonium states should be suppressed <— they aren't

BESIII is well suited to further investigate this intriguing puzzle<— a "Y(4260)" factory



Gong Xi Fa Cai
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