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Be beam pipe

MDC
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CsI(TI) calorimeter

| Sub-detectors

MDC Momentum resolution 0.5%@1GeV
dE/dx resolution 6%

EMC Energy resolution 2.5%@1GeV
Spatial resolution 6 mm

TOF Time Barrel 80 ps (Bhabha)
resolution Endcap 110 ps (Di-muon)

MUC 9 layers RPC, 8 layers for endcap
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N

* The S-wave spin-singlet charmonium ground state, found in 1980

e The mass & width

J/p radiative transition: M ~ 2978.0MeV/c?, I ~10MeV
YY process: M =2983.1+1.0 MeV/c?, T'=31.311.9 MeV
® VY, PP
| "
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N, resonance parameters from yp'—yn),
PRL,108,22202
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The interference between 1), and non-resonant 1s significant.
Simultaneous fit to 6 modes, Mass = 2984.320.620.6 MeV/c2

Width = 32.0+1.2+1.0 MeV
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Comparison with previous 1, results
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Closer to prediction than earlier

result
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hc(lPl)

* Spin singlet P wave (S=0, L=1)

* Potential model: i1f non-vanishing P-wave spin-spin interaction,
AM, (1P)=M(h_)-<M(1 °P,)> =0,
where<M(1 °P)>=[M(%o)+3M (1) +5M(X2) /9

* Theoretical predictions:
— B(y'—n’h) = (0.4-1.3)x103, B(h,—ym,) = 41% (NRQCD)
B(h,—vn,) = 88% (PQCD)

Y. P. Kuang, PR D65, 094024 (2002)
— B(h,—ym.) =38% Godfrey and Rosner, PR D66, 014012 (2002)



Events /(2 MeV/¢?)

16 hadronic decays (~40% 7, decays)

-]
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< N r-3 -] -~
1 T

Phys. Rev. D 86, 092009 (2012)

: Summed distributiorr

3 832+35 evts.

3.56
7’ recoil mass (GeV/c?)

(MeV) BESIII Exclusive BESIII Inclusive CLEO

mass 3525.31+0.11+0.14 3525.40+0.13+0.18 3525.21+0.27+0.14
width 0.70+0.28+0.22 0.73+0.45+0.28 --

DM, (1P) |-0.01+0.11+ 0.15 0.10+£0.13+0.18 0.08+ 0.18+ 0.12

Liang Yan

BESIII: PRL 104 132002 (2015))
CLEOc: PRL 101 182003 (2008)
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N, lineshape from y" — xt°h,, h, — yn,
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The 1 lineshape in h.=27ym_1s not as distorted as in y'2>7ymn, decays;
—>the non-resonant interfering bkg is smaller than y’'=2>ym_ .
—>this channel will be best suited to determine 1, resonance parameters.

Mass = 2984.49+1.16+0.52 MeV/c?
Width = 36.4+3.2+1.7 MeV

Liang Yan

Mass = 2984.3+0.6+0.6 MeV/c?
Width = 32.0+1.24+1.0 MeV

1. Statistic errors are dominated, need more statistics.
2. Reults are consistent with those fromy ‘—yn, decays

within errors.
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n,

Crystal Ball’s “first observation” of '—y X never been confirmed
PRL 48 70 (1982); until 2002, Belle found it in B>Kn,’.

Observed 1n different production mechanisms,

1. BKn’ Belle: PRL 89 102001 (2002)
e CLEOc: PRL 92 142001 (2004)
2. yy2n. 2KKn Belle: NPPS. 184 220 (2008); PRL 98
: : 082001(2007)
3. double charmonium production BaBar: PRL 92 142002 (2004); PR D72
031101(2005)

BaBar: PR D84 012004 (2011)
M1 transition v/ 2yn(25)

CLEO found no signals in 25M ’.
BF(y'2yn(2S)) < 7.6x10*  prp 81052002 (2010)

BESIII made the first observation 1.”=2 KK ;
find evidence in 17,” 2 KsK3x

Liang Yan PHIPSI 2013 11



Observation of " —yn.', 1.’ = KK

PRL,109, 042003

~ F T L R NP AL R ~ N LR B R R R R R R
L — data K K°) VI0E ~data K'KT) 3
% 10°E — fitting results - % - — fitting results .
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2
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M=3637.6£2.9+].6 MeV/c?; I'=16.9+6.4+4.8 MeV

B(y'—ym, —yKKm)=(1.30+0.20+0.30) x10°

Potential model: (0.1-6.2)x10
'S "N — 4
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Mass = 3646.9+1.6+3.6 MeV/c?;
I' = 92+48+2.9 MeV;

B(y'—yn,'—yKsK3m) = (7.03+2.10+0.70)x 106
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Observatlon of e'e— yX(3872) =yl /y

10

1-, ; +data ‘};, : +data

E 102 g_ - —Dbackground % 102 = . — background
S f , |[Ecm=4.01GeV | & I Ecm=4.23 GeV

S 1w0f 'f* S wf

g I Ll
o E b 11: k & m Hﬂ“ H

36 365 37 375 38 385 30 395 4 36 365 37 375 38 385 39 395 4
M(r*mJhy) (GeVic?) M(r*m i) (GeVic?)
10°¢ 10°e BESIII preliminary
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Clear ISR 1’ signal for data validation
X(3872) signal at around 4.23-4.26 GeV
Liang Yan PHIPSI 2013

14



Observation of e"e” —=yX(3872)

N N
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ISR 1’ signal is used for rate, mass, and mass resolution calibration.
N’)=1242 ; Mass=3685.96+0.05 MeV; 0,,=1.84 £0.06 MeV

N(X(3872))=15.0+3.9 530 B

M(X(3872)) = 3872.1+0.8+0.3 MeV  [PDG: 3871.68 =0.17 MeV]

Liang Yan PHIPSI 2013 15



Observation of e"e” —yX(3872)

/3 (GeV) oBlete™ — v X (3872)] - B(X(3872) — w7~ .J /%) (pb)

4.009 < 0.13 at 90% C.L.
4.230 0.32 £0.15 4+ 0.02
4.260 0.35 £0.12 4 0.02
4.360 < 0.39 at 90% C.L.

It seems X(3872) is from Y(4260) decays. At 4.26 GeV,
oBlete™ — mTn~J/v) = (62.9+1.94+3.7) pb,

oleTe — yX(3872)] - B(X(3872) —» ntn—J/2p) (5.642.0)x 10~
o(ete” = mta=J/1) T

If we take B(X(3872) — ntn—J/¢) ~ 5%, ( >2.6% in PDG)

o(ete™—vX(3872))
0'(e+e_—>7’i}'l+7r—J/1,[)) ~ 11.2%

Large transition ratio | BESIII preliminary

Liang Yan PHIPSI 2013 16



Events / 0.002 GeV/c?

e'e— ntdp at 4.26 GeV @ BESIII
BESIIl: PRL110, 252001
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Select 4 charged tracks and reconstruct J/ip with lepton pair.
Very clean sample, very high efficiency (~45%).

o(e*e— nwtmwdhp)= (62.9+£1.9+£3.7) pb, consistent with BaBar
and BELLE’s measurement.
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Events / 0.01 GeV/c?

e*e— nZc(3900) — n*ndhp at 4.26 GeV
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M = 3899.0+3.6+4.9 MeV
I' =46+10+20 MeV

« 307 + 48 events
e >80

Liang Yan
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Decays to charmonium thus has a
c c-bar pair!

With electric charge thus has two
more light quarks!

>N, =4!

*]O’

Do searches in m=h_(1P), m=W(2S),
T*%eys -

BESIII: e*te- - m*+exotics, p*
+exotics, ...

18



e*e— w'mwh (1P)

BESIII: 1309.1896, submitted to PRL

* h.,—yn., 1. —>hadrons [16 exclusive decay modes]
» p p-bar, tTK'K-, w'np p-bar, 2(K'K"), 2(;w' ), 3(' )
> 2(mt) KK, KKt r+ce.c., KK mntn+c.c., KK’
> p p-barnt’, KK, e, atwa’n?, 2(xf ), 2(atnn?)

(GeV/c?)?

2
h.

Liang Yan
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e*e— nZ (4020)>x*wh (1P)

N= 114+25
N=72+17

H—‘—I—iIII|III|III|I

N=67+15

Simultaneous fit to 4.23/4.26/4.36 GeV data and 16 1. decay modes. 8.90
M(Z.(4020)) = 4022.9+0.8+2.7 MeV; I'(Z,(4020)) =7.9+2.7+2.6 MeV

Liang Yan PHIPSI 2013 20



Observation of e*e— a*mh (1P)
90
80
70
60
S0
40
30
20
10
0
-10
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4.00 4.05 4.10 4.154.20 4.25 4.30 4.35 4.40 4.45
. ECM(Ge.V)

o(e"e— m'mwh,) ~ o(e"e— mw'wJ/P) but line shape different

Local maximum ~ 4.23 GeV

Hint for a vector ¢Tg hybrid? [PRD78, 056003 (Guo); 094504 (Dudek): cT

In spin-singlet in hybrids!]

Liang Y
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Comparison of e'e— w*mh, and strwJd/Ap

i Open circles: Belle e'e— ']/
80 + Solid dots: BESIII e"e— mt'wh,

o Fiy

043

] i . ~ 295

4.2 4.3 4.4 4.5 4.6
Ecm (GeV)

Broad structure at ~4.4 GeV? Need more data at high
energies to complete the line shape measurement.
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e'e— v (D*D*)*+c.c. at BESIII

e 827 pb! data at Ecm=4.26 GeV
e Taga D" and a bachelor -, reconstruct one nt° to suppress the background.

P

{0 %
T
%0 | \g/?l 'Y

DO

Topology of the decays of the signal process. Thick line circled
D™ and 7~ are detected in the final states and at least one of the
dashed line circled 77 or 3 is tagged.

BESIII: 1308.2760, submitted to PRL

Liang Yan PHIPSI 2013



e*e— n/ (4025) %n: (D*D*)*+c.c.

<&, [ —+— data ——Z(4025) OF —4—data  —-Z,(4025)
S 400 - WS e PHSP c:,-\ 70F — total fit comb. BKG
()] - Argus fit to sidebands 2 - --- PHSP signal
> > 60}
© 300F + = 50
N~ O -
N N 40f
o 200 = 30}
- -— B
) S 20f
= 100§ SO
L @ 1o}
505 21 215 29 402 404 406 408
- 2
RM(D')+M(D")-m(D") (GeV/c?) RM(r) (GeV/c)

Fit to st* recoil mass yields 401+47 Z (4025) events. >100
M(Z.(4025)) =4026.3+2.6+3.7 MeV; T'(Z,(4025)) =24.8+5.6+7.7 MeV

- — te DY) = 137+ 9 + 15 pH
o (Ge — #TW0Z) 2D 2ee 2 TI))=( e

R: 2 — 2(65i9i6)0
o (ée - 7 (D)) BESIII: 1308.2760
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Z (4020)=Z (4025)?
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* M(4020) =4022.9+0.8+2.7 MeV
* M(4025) =4026.3+2.6+3.7 MeV

e T(4020)= 7.9+2.7+2.6 MeV
. T(4025) = 24.8+5.6=7.7 MeV

Close to D*D* threshold=4017 MeV
Mass and width consistent within ~1.50

Interference with other amplitudes may
change the results

Coupling to D*D* 1s much larger than to wth,
if they are the same state
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Summary

* The mass and width of 1 1s precisely measured.

* Absolute B(y'—xn’h,) , B(h,—ym.), and I'(h,) are
measured for the first time.

* 1.’ 1s observed in the charmonium decay for the first
time.

* Observation of Y(4260)2>vyX(3872).

* First confirmed exotic state with at least four quarks,
Z.(3900)".

* Observation of the Z_ at BESIII.

Thank you!
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Y (4260) and Y (4360)

First observed by BaBar via ISR process, confirmed by CLEO
and BELLE strong coupling to the hadronic transition processes
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