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Hadronic Vacuum Polarization (HVP)
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Quick review of the activities for
the joint project

Precision measurement of o(e*e 2> n*n/K+*K") through ISR at
BaBar

(dominant contribution/error to a "(LO) )
PRL 109, 042003 (2012)
PRD 86, 032013 (2012)
PRD 88, 032013 (2013)

ISR-FSR interference in e'e 2mtmw /utu
(using the same BaBar data) t workshop2014

Revision T spectral function at ALEPH (new unfolding)
EPJC74 3, 2803 (2014)

Vacuum polarization and muon g-2 (combining all existing e+e-

and  data to calculate HVP, a,"*4(LO), 04pp(M4?))
EPJC71,1515 (2011)



ISR method

e-

Ecm fixed

Effective annihilation energy E’
from threshold to Ecm
Radiative function needed
One experiment => a spectrum
e.g. BaBar ISR project
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Why o(ete 2>n*n) important?

HLMNT 11 value (error)2

OOI’i’lJc

=> Energy region 0.6-0.9
GeV dominates
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Analysis of e'e" 2wt y,qg at BESIII

Event yield after basic event selection (acceptance only!)
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Features:

» {(3770) data only (2.9 fb1)
* no background subtraction
* PHOKHARA event generator
» tagged ISR photon

-> large statistics of @y events

-> background dominated by ppy
- data — MC differences observed
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Features:

» all efficiency corrections applied

* background from sy small

* PHOKHARA accuracy <0.5%

* normalized to L, measurement
1% accuracy

- excellent agreement with QED
A(MC-data) = (0.51 £ 0.28) %

- accuracy on 1% level as needed
to be competitive !



Results of \F \2
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» Fit to a VDM model (same as BaBar)

» Including p—w interference

» the Gounaris-Sakurai (GS) model
used to describe p, p’, p”’ and p’”’

» Parameters for p’, p”’ and p’”’ are
fixed to BaBar results
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Parameter PDG BaBar KLOE BESIII
m, (MeV) 77549 +0.34 775.02 £ 0.31 774.3 +0.1 775.1+0.5
r, (Mev) 149.1 £ 0.8 149.59 + 0.67 146.9 £ 0.2 150.6 + 0.8
m,, (MeV) 782.65+0.12 781.91+0.18 782.7 £ 0.2 781.6 £ 1.1
r, (Mev) 8.49 +£0.08 8.13+0.36 7.0+04 104 +2.3
lc,| (103) 1.644 + 0.061 1.45+0.04 2.1+0.3
$,, (rad) -0.011 £0.037 0.18 +0.03 -0.02 +0.15
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IFEIZI / BESII fit - 1

IFnIZI / BESIII fit - 1

and impact on a "

Comparison of |[F_|? to previous measurements
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R-scan project BESIII

4.5 [ * BES, Phys. Rev. Lett. 88, (2002)10180

4

3.5

25F |

3 [ Y(2175)?

E O BEES, Phys. Rev. Lett. 84, (2000)594 o
6.6% /1 baryons

. ®@ BES, Phys. Lett

Charm

. B677, (2009)239 3 §9%
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Measurement of R at BESIII

R— 1 . Nhad_Nbg Our goal:
O L&y (1+06)<3% precision
N,.4: Observed hadronic events >100k events => ~0.3%
N,;: background events
L:  integrated luminosity <1%

E€haq. detection efficiency for N, 4
BESII: 2~3% (attempt to improve)

O: radiative correction factor

G, Cross section for ee to point-like muon pair

Except for controlling each item to the precision requested,
stable long term machine and detector performance is crucial.

FCPPL2015 Hefei L.L. Wang 11



Precision T mass measurement

e Fundamental parameter in the Standard Model
test  B(r— eww) g*m3
T, 19273
e Test lepton universality g, = g, = g,

(&Y — (’"ﬂ)s Ble=ed) y pya+F)

9y T, \m.) B(u— ewb)

e BESIII: Tt threshold scan method

FCPPL2015 Hefei L.L. Wang



T IMASsSS SCan

Bhabha & two gamma events . F AM=0.074 £ 0.047
. _]/ oy = 1.127 £ 0.0415
— - scan x2Indf = 3.828 / 3
Scan E., (MeV) L (nb™1) 1200 ¢ v
AT 30887 785+£19™ 1000 |-
| 3095.3 2193+31 | T soof
: 3096.7 243.1£33 | o |
| 3097.6 206.5+3.1 |y °OF
: 3098.3 223.5+3.2 ! 400 |-
i 3098.8 2169+3.1 | w00 F
S 31039 317.3+3.8 -
T 35424 42521+ 189 e S T R
3553.8 5566.7 + 22.8 3085 3090 3095 3100 3105 3110 3115
3561.1 3889.2 + 17.9 c00 Ecu [MeV]
3600.2 9553.0 & 33.8 ' AW=01182 0075
T — T — T8TOET2 - Oy =1.545 £ 0.
| 3683.7 823.1+7.4 | a0 1)’ scan L2100
| 3685.1 8324475 e |
| 3686.3 118434+9.1 | 300
| 3687.6 1660.7+11.0 1 £
! 3688.8 767772 © 200
N eeiescsccsscsssssssas 3693.5 . 1470.84+10.3" -
100 |-

Beam Energy Measurement System e ——
3670 3675 3680 3685 3690 3695 3700

(BEMS) Ecw [MeV]
FCPPL2015 Hefei L.L. Wang Mass calibration/energy spread::



Cross Section (nb)

Result on the T mass

2.0_|---|----|----|---.|.-..,....|...._ —r r [ r 1 r [ r ] 1T T 1 T T T T 1
] - ARGUS 1776.3072%
15 , +0.
[ BES (96’) 1776.96%, 5
1.0} CLEO 1778.201] "
- OPAL 1775.10" .
05F BELLE 1776617028
i KEDR 1776.81'0%°
0 0 +U.
3540 3550 3560 3570 3580 3590 3600 3610 | BABAR 1776.68%,5
W (MeV) PDG12 1776.8215 s
Maximum likelihood fit BESTI 1776.9179:16
T: massl BGI data/MC diﬁerence 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 I 1 1 1
are ﬂoating in the fit 1766 1768 1770 1772 1774 1776 1778 1780

Expected number of events: 5+0.10 | N
Theoretical cross section + = (177691 £0.1273) MeV/c

radiative correction + (

N
vacuum polarization + _> — 1.0016 + 0.0042
energy spread + Gu

efficiency PRD 90, 012001
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4~4.6GeV: XY Z studies

Up to now: total ~3.3 fb!
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The X states
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Events/(5 MeV/c?)

X(3823)

30:_ PRL 111, 032001 (2013)
20 A B 2%1¥K
,,,,,,,,,,,,,,,,,,,,,,,, + i 5
OJF ---- T
3.75 3.8 3.85 3.9
MXC1 . (GeV/c?)

® Evidence at Belle (significance 3.80)

® Process B>K(x.,Y) using 772x10° BB pairs

® M(X(3823))=3823.1+1.8+0.7MeV

® Consistent with the y,(13D,) state
Conventional charmonium state

L.L. Wang

BESIIl may search for it!



Observation of ete 2> X(3823), X(3823)2>%.,Y

N§) 30 4 Data “‘§> 25 - —— Data
g 25 BES]]I Data I : glatlckground g 20 : BGSH Data ”: g[etlckground
©  op [PRELIMINAR Sideband > - PRELIMINARY Sideband
-~ . o 15
Lz - JUIT eventsg
S 15F 1p(25) YXc1 § T 1 events
e [ o 10
5
() Iy e o] = | S e e e o]
) 3. ] 39
M'e°°"(1t+1t) (GeV/c?) M'e°°"(n+1t) (GeV/c3)
Qt\) 30 C —4— Data Oi\-) = —+— Data
s = BEST patarl =2y | 3 BESI
= : Data-| ---sackgrouna 2 20 Data-Il --- Background
O o F PRELIMINARY SISt 0 [PRELIMINARY St
> f o 15¢
§ 15F J'lZJ'IZ‘YXcz events § : J'IJJ'IZ‘YXcz events
w s w 10fF
10F -
5F 5E
ol o By S ot 4
3. ] i 36 37 38 39
M el () (GeV/c?) Ml () (GeV/c?)

* Simultaneous fit: data-1 (4.36, 4.42, 4.60 GeV) & data-Il (4.23, 4.26 GeV)
e Signal: MC simulated shape + Background: linear
e M=3821.7£1.3%0.7 MeV, Significance: 6.70, observation !



X(3872)

Mass: Very close to D°D™ threshold mf-' ' 140/fb
Width: Very narrow, < 1.2 MeV '

JPC=1++ | / §

Production ;
¢ in pp/pp collison — rate similar to charmonia
¢ In B decays — KX similar to cc, K*X smaller than cc
¢ Y(4260)>v+X(3872)

Decay BR: open charm ~ 50%, charmonium~O(%)

Nature (very likely exotic)
o Loosely D°D™ bound state (like deuteron?)?
» Mixture of excited ., and D°D" bound state?
o Many other possibilities (if it is not ', where is ' .4?)

0.40 0.60 0.80 1.00 120

M(mrdd/ ) =M (/) [GeV]

FCPPL2015 Hefei L.L. Wang 19



Events / 0.001 GeV/c?

Observation of X(3872) at BESIII
via e"e 2>yt JAp

500 - ST ~+ Data ]
200t 1(3686) N§> — Total fit ]
C ) === Background
C S 10 ]
300 -
i o X(3872) |
L (V)] | i
200:— GCJ 5 l ‘ ]
C = K 7
100 L ]l I | l Il'
cvosenvomtogosmmees® . . | ORI IR R
066367 368 3690 37 371 372 98 3.85 3.9 3.95
Mz i) (GeVic?) M(rm J/y) (GeV/c?)

ISR 1’ signal 1s used for mass, and resolution calibration.
N=1818; AM=0.34+0.04 MeV; Ac,~=1.14 =0.07 MeV

N(X(3872)) = 20.1+4.5 6.30 PRL 112, 092001 (2014)
M(X(3872)) = 3871.9+0.7+0.2 MeV  [PDG: 3871.68 0.17 MeV]

FCPPL2015 Hefei L.L. Wang 20



The Z_ states



Discovery of Z_(3900)* via ee>mn Ihp@4.26GeV

BESIII: PRL 110, 252001 (2013)

Z.(3900)*:
m = (3899.0 + 3.6 + 4.9) MeV/c?
[ = (46 & 10 £ 20) MeV

Mass close to DD* threshold

Decays to J/y - contains cC
Electric charge = contains ud

Events / 0.01 GeV/c?

100
80
60

40F

20 4%

—+— Data

— Total fit
---- Background fit

-.=. PHSP MC

+ [ sideband

olete = /Y] =629+ 1.9+ 3.7pbat4.26 Gev 7 38 39 40

olete=—r*Z.(3900)F »mtn—J/p] _

M., (/) (GeV/c?)

A (21.5 + 3.3 + 7.5)% at 4.26 GeV

Belle with ISR data (PRL 110, 252002)

70f
60F
50F
40
30F
20E
E VT
10/~
0 _ — = 4 —
37 38 39 4 41 42
Max(mdly) (GeV/c?)

Events / 0.02 GeV/c?
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CLEOc data at 4.17 GeV (PLB 727, 366)

35

% ¢{ Data
= 30f ---- Phase Space
2 - — Fit
E 250 == J/y Sidebands
S 20F
S
15
10—
5t
0i=
3600 3700 3800 3900 4000

Max (05J/y) (MeV)
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Neutral isospin partner Z_(3900)"

via 'l JAp

4.360 GeV

BESII

PRELIMINARY|

4.230 GeV

BESII

PRELIMINARY

4.260 GeV

BESII

PRELIMINARY

(¥ ]
W

Events / (0.01)
Events / (0.01)
Events / (0.01)

5 2
T T 42 N T 4.2 0.‘3.18“.4.10"‘4‘2
M(%J/y) (GeV/cd) M(J/y) (GeV/c?) M(r"J/y) (GeV/e?)
> "’ ¢ paw CLEOc data
. 'ﬁ E 10'_ ---- Phase Space @ 4 ]7 Gev
- - — Fit .
10 40 Slgnl cance ; gl == J/y Sidebands (PLB 727, 366)

® M(Z,(3900)°) =3894.842.3+2.7 MéV/
®1(Z(3900)%)=29.6+8.2+8.2 MeV 4 %

2

0L .
3600 3700 3800 3900 4000
Meax(n°J/y) (MeV)
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/ (3885)jE In e'e érﬁ(DD ) by single D-tag

N 90E
\

S 80
O 70
= 60
< 50
~

w40
-ESO
920
11 10

0.5¢

3085 390 395 400 405 410 415

M(D°D*) (GeV/c?)

0.45F
0.4F
0.35F
0.3F

Data

Fit: 1+,0°, 1~ 1-
"

0.25E

Fractional yield

0.2F
0.15F
0.1F
0.05F

_______

o

e

o .....................................

0 01 02 03 04 05 06 07 08 0.9

|cos 6,]

Fit to angular

favors JP =1t over O and 1-

distribution

—
D 0 O
T l?l T l?l T l?l

Events / 4 MeV/c?
LN
o

N
oll ICIDI

3.85 3.90 ‘3‘.'95 .00 4.05 410 4.15
M(D*D*) (GeV/c?)

525/pb data @4.26GeV
PRL 112, 022001(2014)

BW fit to the enhancement near DD*
threshold in the two channels

=>

Mass = 3883.9+1.5+4.2 MeV

Width = 24.8+3.3 +11.0 MeV



Discovery of Z_(4020)* via e+e->m+n-h,

@ 120fSum of
s PRL 111, 242001(2013)
S 1005, %,
S gof4.36GeV € Data sets 3.9~4.42GeV
Z € cxclusive reconstruction of
s 00 5
> 2 g the final states:
4ol T - 8 39
' + Mo (GeV/E) e+e-2m+mn—h,
BESIT b

. :
400 405 410 405 420 425 'l 16 hadronic decay
M,., (GeV/cY) modes

® Discovery of Z (4020)*>x*h, near D*D* threshold
® Mass =4022.9+0.8 £2.7 MeV

® Width =7.9+2.7 £2.6 MeV

® No significant signal for Z_(3900)*>m*h,

FCPPL2015 Hefei L.L. Wang 25



Neutral isospin partner Z (4020)"

via e'e”2n'n’h,

BES]]I 4230 + 4260+4360 MeV PRL.113, 212002

Significance > 50
Mass = 4023.9+2.2 +3.8 MeV

Width is fixed to be same as its
charged partner

Events/(0.01GeV/c?)

lIllIIIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIIIIIII

03.85 39 395 4 405 41 415 42 4.25

recoil 2
ML (GeV/eT)
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Z.(4025)*" in ete-2n"(D*D*) (or m(D*D*)*)

= PRL 112, 132001 (2014)
i — - = comb. BKG —4— data

i D*D** — total fit ® Data set: 4.26GeV
‘% 601 B-GS]]I H - :‘:;(;Z:i)gnal ® Tag a D" and a bachelor 7, reconstruct
= 7 one 1’ to suppress the background.
40 ® A structure, named as Zc(4025), can be
P ! observed in the recoil mass of the
3 20 bachelor i
“ ® M(Z.(4025)) =4026.3+2.6+3.7 MeV

[(Z,(4025)) = 24.8+5.6=7.7 MeV

4.02 4.04 4.06 4.08
RM(r) (GeV/c?)

olete™ — (D*D*)Ea¥) = 137+ 9 + 15 pb at 4.26 GeV

olete” sn* Z:(4025)F (D' D)* 7] _ 65 4 ()09 4 0.06 at 4.26 GeV

olete——(D*D*)tn¥F]

FCPPL2015 Hefei L.L. Wang 27



The Y states (vectors)

e Can be directly produced in e+e- annihilation

e (Can not be seen from the 1ncluswe hadronlc Cross sectlon (R-scan)

[ R A I I Opr— 7 T ]
K> . 104f ] - o .
120¢ 3 . E 70 F- (a) =
N <L HE 1l = TF ]
L 100 =0 - SUa =
> [ ¢ 10 2/ c 3
S sof Y(4E§0) "N S s0p E
o i Y a - =
2 > F E
e . 5 wf
20 " ;
S TP B Ehie T s o P Fr e T T LTI 1L 0E L T L L T L o pL R
% 8 4 4D 4 4 46 48 5 52 54 38 4 42 44 46 48 5 52 54
M(rc* JtJ/1|I) (GeV/c?) mYTT)(GeV/c?)
~ 20 T -
S b a E -
3 )Y(4 60)Y( 660)1’(28)—>J/\|m L Ty Y(4660)? p—
= 160 ¢ BABAR = C />
2 e % 112 events (520 f6) ] ¥
2 "1Belle ER
LE IZ ;: 110 events (673 fb™) :; 20 f—
oF- = i
aF » 4 10
OilL ,r;r:r:/:?:};m;‘;;;i;*"f‘;,»»'{ O_u v v bv v by b b by b o |
4 . 52 54 45 46 47 48 49 5 51 52 53 54
S m(y2S)r'T) (GeV/c) L.L. Wang M(AC+AC_) 28



0"3(n’“1u'X(3823)—m*n'y)cc ) (pb)

o(e'e—wy_) (pb)

100

80|
60

40
20

20F

_44?15 42 425 43 435 44 445 45

0F

Study of Y states (@ BESIII?

n+n-X(3823)(yxc1)

—+-data
—Y(4360)
I~ ---y(4415)

—¢— Data
— Resonance
--- Phase Space

I
—e]
————|

‘‘‘‘‘‘‘‘‘‘ Lo v b b b0

\s (GeV)

Connection between XYZ?......
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o(e’e - n Jy) (pb)

GB(YX(3872)—ym'mJ/y) (pb)

. vX(3872)(m+m—J/p)
°¢ BESII

041

—4— data

— Y(4260)

----- Phase Space
--- Linear

—+ Belle
— BESINI(2012)

-

W j + Hﬁt

}H +++ +++++

cla s b b b b b o
41 42 43 44 45 46
\s (GeV)
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Born cross section (pb)

60

Jt+3t—h (BESIII)

80

-?'E—J/lp (Belle ISR) ;
* BESIT -

4.5 4.6
Ecm (GeV)

n’Jh
103

o

| 4t

o { Wik { { '
) 10: PRELIMINARY 5

415 42 425 43 435 44 445 45 455 46

Eom (GeV)

Open charm cross sections? Need: fine scan, high luminosity!
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Summary

e BESIII and Hadronic Vacuum Polarization

ISR to access energy <2GeV, e.g. ete-2>m+mn—
direct R-scan: 2~5GeV
impact on a,, and o,xp(M;) evaluation

® T IMassS scan
fundamental parameter in SM, lepton universality

e XYZ data between 4 and 4.6GeV
X(3823), X(3872), Z.(3900), Z_(4020) and Y states

e Other nice results (not covered by this talk)

light hadrons, conventional charmoia transition/decay, charm ...

e More exciting results expected at BESIII!

Werei/ G
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BEPC Il a double-ring machine

Beam energy:
1-2.3 GeV

Luminosity:
1%1033 cm~2s™

Compton back-scattering Ootimum enerav:
for high precision beam p1 39 GeV gy-

energy measurement

Energy spread:
5.16 x104

No. of bunches:
93

Bunch length:
1.5 cm

Total current:
0.91A

SR mode:

0.25A @ 2.5 GeV

32




The BESIII Detector

Magnet yoke

RPC

A total weight of
730t, ~40,000

| s = o readout channels,
= ’ S data rate 6,000Hz
MDC, 120 i ot M""is.__ﬁ | 7") " S ~50Mb/s

um

P -
CsI(T1) calorimeter, 2.5 %@ 1

GeV
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BESIII: a T-charm factory

BEPCII

| e———ee—
- o
4
N4 L
«gmm clectron
ERF
| poitron
A BHEH
i
70 = B J |
=— /WP w(2s) =
- Tt threshold ccbar —
70 7| =
= — [es) iqD -
70 [ } £ —
E N1} e ]
[ lf —]
7 = - BESIII (direct) =
— - o —— = —
— ¥ BESII (ISR) —
7 | = —-——- -
10 hd 1 1 1 1 1 1 | | | 1 | 1 1 1 |

7 70

VS [GeV]
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Current data sets (@ BESIII

m)/p By pbt T W(3770)
x 108 2000
1500 1200 3000
1000 - 2000
500 - 1000
0 - 0 - '-l — .
& N\ @‘3} 0’0 "}\
&S SRS 2K 4
@V‘ o O
103} .. 0 - 4T massscan: ~5pb? near tt threshold
. . Ao e Q « @ R-scan:
8 — I8 2+ =5 ~ 1 :
o = SR 2 0.8fb™! 104 energy points 3.85-4.59GeV
8 o2l ~ « o« | oOngoing:
E L, c me , o ~0.5fb! 19 energy points 2-3GeV
" For XYZ studies (~3.3 fb!)

42 43 44 45 46
Ecm (GeV)

3.8 3.9 4 4.1
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Political Map of the World, June 1999

US {5)

Univ. of Hawaii
Carnegie Mellon Univ.
Univ. of Minnesota
Univ. of Rochester -
Univ. of Indiana

CARADA

FRITED STATES

e BHRAZIL

~400 members

53 institutions from 11 countries

N;

Europe (13)

" Germany: Univ. of Bochum,
Univ. of Giessen, GSI

Univ. of Johannes Gutenberg
Helmholtz Ins. In Mainz

Russia: JINR‘Buhna,;BINP Novosibirsk Korea (1)
Italy: Univ. of 'Forlno, Univ. of Ferrara, Frascati Lab
Netherland.:-KVI/UniV. of Grenmgem- * Seoul Nat. Univ.
Sweden UppsaraUnlv

. :- CHINA

>
e

Japan (1)

= "= Pakistan: (2)§hma(31) O - o .__Tokyo Univ.

% Univ. of Punjab
ey COMSAT CIT

HEP, CCAST, GUCAS Shandong Univ.,
Univ. of Sci..and Tech. of China & ./

Zhejiang-Univ., Huangshan Coll.

Huazhong N‘Urmal Univ., Wuhan Univ.
Zhengzhou Univ., Henan Normal Univ.
Peking.Univ., Tsinghua Univ. ,
ZhongshanUnlv Nankai Umv

Shanxi Univ., Sichuan Univ., Univ. of South China
Hunan Univ., Liaoning Un|v

Nanjing Univ., Nanjing.Normal Univ.
Guangxi Normal-Univ,, Guangxi Univ.
Suzhou Univ., Hangzhou-Normal Univ.
Lanzhou Univ., Henan Sci. and Tech. Univ.
Beihang Univ., Beijing Petrol Chemical Univ.

.......
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(1/N) dN/ dx

e'e” — ' Y 7T - U Separation B'GS]]I

0o FL] Signal (test sample) ' e
52 d Background (test sample)

« Sighal (tralning sample)

20

« Background (training sample)

Kolmogorov-Smirnov test: signal (background) probability = 0.735 (0.455)

18
16 [
14 ¢
12
10

preliminary

o cme
s e e - 7 e e Vi 9 Y s Wi 4 i e

o N &~ O O

ll[lllllllllllllll

04 05 06 07 08 09

1

CFMIpANN response

TMVA method (Neural Network):

* trained using ppy and oty MC events
* information based on track level
* efficiency matrix (p,®) for data, MC

cross check for different TMVA methods

FCPPL2015 Hefei

correct for data - MC differ. on track level

U/O-flow (S, B): (0.0, 0.0)% / (0.0, 0.0)%

Event yield sy after ;- separation

90000

80000

events /5 MeV

70000

60000

50000

40000

30000

IIIIII[IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

20000

¢¢ —— . N ¢¢
ot BGS preliminary o,

10000|||||1||1||||||||||||||||||1||
0 0.65 0.7 0.75 0.8 0.85 0.9

m,, [GeV]

.’

o
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Beyond R measurement

e Nucleon form factors: 9-15% accuracy. For
proton |G/G,,|, top BaBar results

e Suspicious structures in the pp invariant mass
e Hyperon form factor studies

e Studies of threshold effects (A, S, £)

e Determination of o, and charm quark mass

e Quark fragmentation functions



4~4.6GeV: XY Z studies

R Value

as |-

a5 [

25 |

.
“
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Many open charm thresholds

L.L. Wang

Eem {GGV)
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Mass [ GeV/c?]

FCPPL2015 Hefei

4~4.6GeV: XY Z studies

a 2.(443°)+ bso) | w(43S,)
Y (4360)

o]

4.2

[rean]
sof =E=2] &=
N AR G2y

’ 3

36l 7¢(2'So) vy
3.4
3.2

3.0~

3P, )
c( 1 ) Xco (SSPO) Xc1 ( 1 )

he (21P1) Xec1(23P1)
[P0 ] ——ry [ —

X (3872)

Xe2 (13P2)
T ——— [=Po)]
Xc0(13P0)

I predicted, undiscovered I

I predicted, discovered I

= not predicted, discovered I—
1+— oOt++ 1++ 2++
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X(3823) as the y(13D,)

Mass: D-wave ~3.810-3.840 GeV by potential model.
X(3823) mass agree with y(13D,) prediction.

Width: narrow
X(3823) should be narrow (<16 MeV @ 90% C.L.).

Production ratio:
R=B[X(3823)>vx,,]/B[X(3823)2>v¥, ,]<0.43 @ 90% C.L.
Agree with prediction R~0.2.

Exclusions: 1'D,2vyy,, forbidden; 13D,y ., amplitude=0.



e'e—=mnmwlJhpatE, =4.26 GeV

. BESIIl: PRL110,252001 18025 pb™' data at 4.260 Ge',

N
N§ il N§ 17E 1595 events in JAy
- e e C Sl : :
o 12 ANEmETn, 1 O 16E Ew signal region,
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Comparison between Z (3885)"
and Z (3900 poeo serears,

Z.(3885) - DD* | Z.(3900) — =J/y

Mass (MeV/c?) 38839+ 1.5+42| 3899.0+3.6+4.9
[' (MeV) 248 £33+ 11.0 46 £ 10 £+ 20
o X B3 (pb) 83.5 £ 6.6 £22.0 13.54+2.1+438

¥ The mass and width are consistent within 20!

¥ If this is Z(3900)*, open charm
decays are suppressed, since

B(Z. — D*D) Different
=06.2+1.1+ 2.7

B(Ze — J/pm) » dynamics in

Compared to e.qg. ~ Y(4260)-

B(1/(4040) — D) D) _ 102 4+ 27 Z¢(3900) system!
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What’s the nature of these Z_ states?

e At least 4 quarks, not a conventional mesor

e Tetraquark state? >

Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);
Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014); etc

e DD molecule state? §

Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014)
Phys. Rev. D 89, 074029 (2014); Phys. Rev. D 88, 074506 (2013); etc

o FSI?
e Cusp?
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Z (3885)* ine'e 9n+(DD*) by doub

Events/(4.0 MeV/c?)

1090 pb 1@4 23GeV

__________

3.95 i 4 4.05 '
M(D’D ) (GeV/c?)

4.1

BESII -

PRELIMINARY |

30k

Events/(4.0 MeV/c?)

39

827 pb1@4.26GeV -

BGS]]I

¢ PRELIMINARY -

3.95 . 4 4.05 4.1
M(D’D ) (GeV/c?)

Events/(4.0 MeV/c?)

Events/(4.0 MeV/c?)

3.9

1090 pb 1@4 23GeV

BESTL

PRELIMINARY |

e D-tag

3.95 ‘0 4 4.05
M(D'D ) (GeV/c?)

4.1

Confirmed the results obtained with single D-tag

827 pb1@4.26GeV

BGS]]I

PRELIMINARY

---------

. ‘0 4 4.05
M(D'D ) (GeV/c?)

45



BCSII Summary on Z_ states

The BESIII experiment discovered several Z_ states.

7 (3900):': 3899.0+3.6 +4.9 4610 +£20 Iy ete -ty
Z.(3900)° 3894.8+2.3+2.7 29.6+8.2+8.2 Jy  efe—a'nlJy
3883.9+1.5+4.2 24.8+3.3+11.0
7 (3885)* [single D tag] [single D tag] D'D*  ete—a'D'D*-
(3335) 3884.3+1.2+1.5 23.842.142.6  DD®  etenn'D D
[double D tag] [double D tag]
Zc(4020)i 4022.9+0.8 £2.7 7.9+2.7 £2.6 mth, ete—mh,
Z.(4020)° 4023.9+2.2 +3.8 fixed n’h, e*e—n'n’h,

Z.(4025)* 4026.3+2.6+3.7 24.8+5.627.7 D*'D*-  etem (D D*)
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