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@ The BESIII experiment
@ Selected results from:

o Charm Physics

e Charmonium Spectroscopy

@ Conclusions
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Beijing Electron Positron Collider Il

Om 3 & #
2004: BEPCII/BESIII Construction
Double ring
Beam energy: 1-2.3 GeV
Designed Luminosity 1x10%cm? s’
2008: test run
- 2009-today: BESIII physics run

Luminosity 0.85 x 10%%cm2s™"
—— e — A
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The BESIII detector

Nucl. Instr. Meth. A614, 345 (2010)

| 1T superconducting magnet
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EMC:

- Csl (TI) calorimeter

- Energy resolution < 2.5% at 1 GeV (barrel)
- Energy resolution < 5% at 1 GeV (end caps)
- Spatial resolution o(xy): 6 mm at 1 GeV

MDC: (Drift Chamber)

- Spatial resolution o(r®) = 130 um (single wire)
- Momentum resolution: 0.5% at 1 GeV

TOF
- 6(t)=90 ps (barrel)
- 6(t)=120 ps (end caps)

Muon ID (RPC)

| -8 layers (end caps) + 9 layers (barrel)

- AQ/4T=93%
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BESIII physics program

@ Light hadron Physics

o Meson and baryon
spectroscopy
Multiquark states
Threshold effects
Glueballs and hybrids
Two-photon physics
Form factors

e QCD and 7

o Precision R measurement
e 7 decay

@ Charmonium physics

o Precision spectroscopy
e Transitions and decays
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@ XYZ meson physics
o Y(4260), Y(4360) properties
o Z:(3900)",....

@ Charm physics

o Semi-leptonic form factors
o Decay constants fp and fp,
o CKM matrix: |V and |V
o D°-D° mixing, CPV

o Strong phases

@ Precision mass measurements

e T mass
o D, D* mass
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@ XYZ meson physics
o Y(4260), Y(4360) properties
o Z:(3900)",.. ..

@ Charm physics

e Semi-leptonic form factors
o Decay constants fp and fp,
o CKM matrix: |V and |V
o D°-D° mixing, CPV

o Strong phases

@ Precision mass measurements

e T mass
o D, D* mass
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Data samples

Data sample E.., Years
1.3x10° J/ at 3.097 GeV 2000 (0.225x107) + 2012
0.5x10° ¥(2S) at 3.686 GeV 2009 (0.106x10°%) + 2012
2.92 fb~! ¥ (3770) at 3.773 GeV 2010+2011
0.5 fb! 1(4040) at 4.009 GeV 2011
0.024 fb~1 7 mass scan at around 3.554 GeV 2011
1.9 fb~t Y(4260) at 4.23 GeV and 4.26 GeV 2013
0.5 fb~? Y(4360) at 4.36 GeV 2013
0.5 fb~1 Y(4260) and Y(4360) scan 2013
0.8 fb~! R scan, 104 energy points between 3.85 and 4.59 GeV 2014
1.0 fb~t at 4.42 GeV 2014
0.1 bt at 4.47 GeV and 4.53 GeV for line shape 2014
0.04 fb~1 | at 4.575 GeV (around the threshold of Lambda Charm) 2014
0.5 fb~? at 4.60 GeV 2014
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Data samples

Data sample Ecm Years
1.3x10° J/4 at 3.097 GeV 2009 (0.225x10%) + 2012
0.5x10° ¥(2S) at 3.686 GeV 2009 (0.106x10°) + 2012
2.92 fb~! ¥ (3770) at 3.773 GeV 201042011
0.5 fb~! (4040) at 4.009 GeV 2011
0.024 fb~1 T mass scan at around 3.554 GeV 2011
1.9 fb~! Y(4260) at 4.23 GeV and 4.26 GeV 2013
0.5 fb—? Y(4360) at 4.36 GeV 2013
0.5 fb~? Y(4260) and Y(4360) scan 2013
0.8 fb~! R scan, 104 energy points between 3.85 and 4.59 GeV 2014
1.0 fb~! at 4.42 GeV 2014
0.1fb? at 4.47 GeV and 4.53 GeV for line shape 2014
0.04 fo~! | at 4.575 GeV (around the threshold of Lambda Charm) 2014
0.5 fb~! at 4.60 GeV 2014

Charmonium spectroscopy
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Data samples

Data sample E Years

cm
1.3x10° J/1 at 3.097 GeV 2009 (0.225x10%) + 2012
0.5x10° (2S) at 3.686 GeV 2009 (0.106x10°) + 2012
2.92 b1 1 (3770) at 3.773 GeV 201042011
0.5 fb~! 1(4040) at 4.009 GeV 2011
0.024 fb~* T mass scan at around 3.554 GeV 2011
1.9 fb~1 Y (4260) at 4.23 GeV and 4.26 GeV 2013
0.5 fb~t Y(4360) at 4.36 GeV 2013
0.5 fb~! Y(4260) and Y(4360) scan 2013
0.8 fb~! R scan, 104 energy points between 3.85 and 4.59 GeV 2014
1.0 fb~? at 4.42 GeV 2014
0.1t at 4.47 GeV and 4.53 GeV for line shape 2014
0.04 fb~! at 4.575 GeV (around the threshold of Lambda Charm) 2014
0.5 fb~? at 4.60 GeV 2014

Charm physics
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Charm Physics

e Study of dynamics of D° — K~e*v) and D° — 7~ e*v) decays
(PRL92,072012(2015))

@ Study of decay dynamics and CP asymmetry in D™ — K, et v, decays
(PRD92,112008(2015))

@ Measurement of the form factors in the decay D+ — wet v, and search for
the decay DT — ¢etv (PRD92,071101R(2015))

@ Search for D0 — 77 and improved measurement of the branching fraction for
D° — 7%7° (PRD91,112015(2015))

o Measurement of the Absolute Branching Fraction for AT — Aetv,
(PRL115,221805(2015))

o Measurement of the Absolute Hadronic Branching Fraction for AT Baryon
(PRD116,052001(2016))

@ Many other results not covered in this talk:
e Measurement of ycp in D° DO oscillation using quantum correlations in
ete” — D°D° (PLB744 339(2015))
o Study of D* — K~ nteTv, (arXiv:1512.08627)
o ....
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Measurement of B(D® — K~ (7~ )eTv,) - PRD92,072012(2015)

PRDA2 072012(2015)
D" = K~e'ty,

4000

Direct measurements of the absolute branching 2000

fractions for D° — K~ etv. and D° — 7 etv,

decays using 2.92 fb~! taken at 3.773 GeV.

Events/ (2.5 MeV )
o

400 — —
B(D® — K~ e"1)=(3.50540.014+0.033)% so0 |- N
B(D° — 7~ e™1)=(0.2950+0.0041+0.0026)% 200 - .
100 ; ;

l-)0.2 -0.1 ) (; ----- 0‘1 0.‘2

U (GeV)

miss

) A

Loandanaabiciabaaas ool H (0.259::0.008) % ppG2014

B[D’ dK-e'v] B drety
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Measurement of £/™(0) - PRD92,072012(2015)

From a study of the differential decay rates they obtain the products of hadronic form
factor and the magnitude of the CKM matrix element:

££(0)| Ves|=0.7172-0.0025-+0.0035
f7(0)| Veqg|=0.14354+0.0018-+0.0009

Combining these products with the values of |V s(4)| from the SM constraint fit (PDG):

£/ (0)=0.7368-£0.0026-:0.0036
£7(0)=0.6372:0.0080-:0.0044

k 0-78+0.04+0.03 BES-II - 2 4 BES-II
PLB597, 39 PLB597, 39
— - 0.666+0.019+0.005 CLEO-c
H omotosersoges cumoe BSERIDS0S ar B
- — 0.624+0.020+0.007 BELLE
= g-};'z;ﬁ,“-g's’i 8'322;5;:1;:5& PRL97, 061804, Mod.Pole
— 0.610+£0.017+£0.011 Bab:
b 0.727+0.007+0.005 BABAR PRDOI (20185) 052022 o
PRD76, 052005, ISGW2 Babar, 3-Par.Ser.
=] PRD92 (2015) 072012
4 0.7368+0.0026+0.0036 BESIII,2-Par.Ser.
PRD92 (2015) 072012
SRD22 (2015 0.6372+0.0080+ 0.0044
F—— 0.66610.020+0.021 HPQOCD
F-o— 0.747+0.011+0.015 HPQCD PRD84(2011) 114505
PRD82 (2010) 114506
PR L P (RS | | ) ‘ ‘
e b e b b
0.7 0.8 0.9 1
0.6 0.7 0.8 0.9 1
K m
£.X(0) £,%(0)
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Study of D" — Kietve; DT — wetve; DT — ¢etr,

Using 2.92 fb~! of electron-positron annihilation data collected at /s =3.773 GeV, they
obtained the first measurements of (PRD92,112008 (2015)):
B(DT — Le tve)=(4.481+0.0274-0.103)%
CP asym. A2, —Hie"ve—(.0.5910.6041.48)%
Product of hadronic from factor and the magnitude of the CKM element:
££(0)| Vis|=0.72840.0064-0.011
£/(0)=0.74840.0074-0.012 using | V| from the SM constrained fit

Using 2.92 fb™' of electron-positron annihilation data col- wof DY — we'v,
lected at /s =3.773 GeV, they obtained an improved mea-
surements of (PRD92,071101R(2015)):

B(D" — we've)=(1.6340.1140.08) x 103 PE g el
The parameters defining the corresponding hadronic from L e
factor ratios at zero momentum transfer are determined for
the first time:

rv=V(0)/A1(0)=1.244+0.09+0.06

=A>(0)/A1(0)=1.0640.154+0.05

They also searched for the decay D™ — ¢eTve: B R )
B(D" — <l5e+lfe)<1.3><10_5 PRD92 0U7G161V01R(2015)
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Search for D® — ~+ and measurement of B(D° — 797°)

PRD91,112015(2015)

Using 2.92 fb~! of electron-positron annihilation data > M EAEy =T - Eram
collected at /s =3.773 GeV, they searched for the fe;—
flavor-changing neutral current process D° — ~~ using a g“’?
double-tag technique. 5

No signal has been found =

B(D® — 4v) < 3.8 x 107° at 90% CL

AE= (GeV)
v,
pPRNO1 149041 E/204 60 . — . .
O A=A oA ) Using 2.92 fb~! of electron-positron annihila-
Msc:\fffw* DIT.

@
]
=]

tion data collected at /s =3.773 GeV, they
obtained an improved measurements of:

B(D® — 7°7°)=(8.244-0.21+0.30) x10~*

o
3
=]

s

Precise measurement of the B(D° — 7°7°) can

improve understanding of SU(3) flavor symme-
T try breaking effect in D° decays, benefiting the-
oretical predictions of CP violation in D decays.

Number of events/0.0005 GeV/c?
&
3

",

L. "'-. L L L s
1855  1.865

M2 (GeVic?)

L
1.845

v
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Measurement of the Absolute Branching Fraction for AT — Aetr,

Using 567 pb™? of electron-positron annihilation data collected at /s =4.599 GeV, they
reported the first measurement of the absolute branching fraction for A7 — Ae™ve.

B(NE — Netve) = (3.63 +0.38 £ 0.20)%
F PRL115,221805(2015)

i

02 01 0 01 02
Uniss (GGV)
An accurate measurement of B(AY — AeTv.) is a key ingredient in calibrating LQCD

calculations, which, will play an important role in understanding different A}
semileptonic decays.

Events/0.010 GeV

Theoretical predictions: 1.4%-9.2%

[PRD40,2955(1989), PRD40,2944(1989), PRD43,2939(1991), PRD45,3266(1992),
PRD53,1457(1996), PLB431,173(1998), PRD60,034009(1999), PRC72,035201(2005)]
PDG2015:(2.940.5)% [Belle PRL113,042002(2014): B(AL — pK~7) = (6.847932)%]

0.40
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Measurement of the Absolute Hadronic Branching Fraction for A

Baryon (PRL116,052001(2016))

- The first measurement of absolute hadronic branching fractions of Al baryon at the
A A product threshold.

- 12 Cabibbo-favored A hadronic decay modes are analyzed with a double-tag technique,
based on a sample of 567 pb~! collected at /s =4.6 GeV.

- A global least-squares fitter is utilized to improve the measured precision.

PRL 1186 nR"nm(’)mA)
wof PR FopKer I pKne®
s0b L L ' Mode This work (%) | PDG (%)
A L pK2 1.52 £0.08 £0.03]1.15 £ 0.30
G 200 Ant [ Arn'n® [ It ‘pK’ffr 5.844+0274+023 50+1.3
E 10f pKoa® 1.87 £0.13 £ 0.05]1.65 £ 0.50
z | L L pKYrt | 1.53 £ 0.11 + 0.09[1.30 + 0.35
= 20F 0.0 3 T 3 0, rw . . . R .
z pKn At o pK-nt% 453 £ 023 £030| 34+ 10
3 is: Arxt 1.24 £ 0.07 £ 0.03]1.07 £ 0.28
st ‘ i i Arta® | 7.014£037+£0.19(36+13
: Arta at|3.81£024+0.18/ 2.6 £0.7
> pKu,[ - o0 o rt | 1.274 008 +0.03]1.05+0.28
10¢ l i zta .18 £0.10 £ 0.03]1.00 £ 0.34
St | lm I Ttrtnm 42540244020 3.6+1.0
T2 238 23 226 228 13 326 21 13 Ztaw .56 £020£0.07]2.7£1.0
My (GeVied)
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Charmonium Spectroscopy

Observation of the ¥(13D,) State in eTe™ — 7t 7~ vxa
(PRL115,011803(2015))

Search for the Y/(4140) via ete™ — v¢J/¢ (PRDI1,032002(2015))
Observation of Z.(3900)* in efe~ — 77~ J/+ (PRL110,252001(2013))
Observation of Z.(3900)° in ete™ — 797%J /¢ (PRL115,112003(2015))

Confirmation of a charged charmoniumlike state Z.(3885)% in
ete™ — 7= (DD*)T with double D tag (PRD92,092006(2015))

Observation of Z.(3885)° in e*e~ — x%(DD*)° (PRL115,222002(2015))
Observation of Z.(4020)*0 in ete™ — 707 =0h. (PRL111,242001(2013),
PRL113,212002(2014))

Observation of Z.(4025)*° in ete™ — 7% (D*D*)T°
(PRL112,132001(2014), PRL115,182002(2015))

Many other results not covered in this talk:
o Observation of eTe™ — vX(3872) - PRL 112, 092001(2014)
o Observation of eTe™ — wyco - PRL 114, 092003 (2015)
o Observation of Z:(3885)T with single D tag (PRL112,022001(2014))
o ...
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Charmonium spectrum

4.zl - Below the DD threshold, all expected states
x=op9] | have been observed, with properties in good
: XaBP) agreement with theory.
42
- Many unexpected states have been reported
above the DD threshold (XYZ). Several
o e (ES) : .
g4 s, exotic hypotheses as to their nature:
[] . .
¢ [z *‘2{2” tetraquarks, hadronic molecules, hybrids,
0 - 2P lueballs, hadro-quarkonia.
a5 | 0280 HE X states:
cT i) | - charmonium-like states with JP¢ #£17~
PTETI . A
- Observed in B decays, pp and pp collisions
341
Y states:
- charmonium-like states with JP¢ =17~
3.2+ T - Observed in direct ete™ annihilation or in
e predictsd, undiscovered ISR 7 e
30 - [nirisq)] - charmonium-like states carrying electric
0+ 1-—- 1+ 0+ 14+ 2++ Charge
o - Must contain at least a cc and a light qg
pair
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Exotic charmonium-like states interpretation

Molecular state NA Tornqvist PLB 590, 209 (2004)

ES Swanson PLB 508,197 (z004)
Loosely bound state of a pair of Mesons.  E Braaten & T Kusunoki
The dominant binding mechanism should be  PRD 69 074005 (2004)
pions echange CY Wong PRC 69, 055202 (2004)
MB Voloshin PLB 579, 316 (2004)
F Close & P Page PLB 578,119 (2004) ....

Tetraquark

) . L Maiani et al PRD 71,014028 (2005)

B?u.nd gtate of four quark_s, ie dlq.uark aﬂ.tldlquark _T-W Chiu & TH Hsieh PRD 73, 11503 (2006)
Distinctive feature of multi-quark picture with respeet to charmonium: D Ebert et al PLB 634, 214 (2006)

- Prediction of many new states

- Possible existence of new states with nonzero charge, strangeness or both

Charmonium Hybrids
Bound states with a pair of quarks and one excited gluon P Lacock et al (UKQCD) PLB 401, 308 (1997)

. - . SL Zhu PLB 625, 212 (2005)
Lattice and model predictions found that the lowest charmonium  gg Close, PR Page PLB 628, 215 (2005)

hybrids lies around 4200 MeV E Kou, O Pene PLB 631, 164 (2005)

Glueball

Bound states of g\uons
N. Brambilla et al., Eur. Phys. J. C71: 1534, 2011

CMeng & KT Chao PRD 75, 14002 (2007)
Cc E Conventional charmonium W Dunwoodie & V Ziegler PRL 100 062006 (2008)
0 Zhang, C Meng & HQ Zheng arXiv:ogor1553
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Observation of ete™ — 77~ X(3823) - PRL115,011803(2015)

- The X(3823) was discovered by Belle in B — xvK, PRL 111,032001(2013).
Mass and width consistent with the missing 1(13D,) state
- BESIII: Study of ete™ — 77~ X(3823), X(3823) — 7xc1,c2 at center of mass
energies from 4.19 to 4.6 GeV, with 4.67 fb—1.

Events / 5 MeV/c?

40

30

20

—
[=]

39
M,ooi(mm) (GeV/c?)

2015)—————————

—+ Data
— Fit

rrrrrrr Background
[ Sideband

LUl bl [ ]

PRL115,011803(2016)——————— PRL115,011803
P ( —+ Data Té) 10k (
[ Xel — Fit ) L 7TXe2

- Background = r
- . wn 30F
[ Sideband g r
a I
- GCJ 20;
o r
i }M °.
L1 .L{' Bl ! ;Q 1
6 3.7 3.8 8.6 3.7

- m=3821.7+1.340.7 MeV/c?

- T <16 MeV at 90% CL
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- The X(3823) is observed with significance 6.20 in xc1y
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Observation of ete™ — 77~ X(3823) - PRL115,011803(20

oo

PRL115,011803{2015) g 35 PRL115,011803(2015) - dat
+Data —% 25/ Yi4300)
— 6 —D-wave ] I A rewlaats)
S | --swave 1:_ '
24r 2
S ]
w2 x
B
. . . Z
G_1 -0.5 0 0.5 1
coso
@ The X(3823) is a good candidate for the > charmonium state with

JPC =2—-
o Mass and width are in agreement with potential model prediction for 13D,
e not enough statistics to distinguish between D- and S-wave hypothesis

@ The fit of the energy-dependent cross section for the process is compatible
with both Y(4360) and (4415) line shapes
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Search for the Y(4140) via ete™ — ¢

- The Y(4140) was discovered by CDF in BT — ¢J /1K™, PRL102,242002 (2009).
- Not observed by Belle (PRL104,112004(2010)), BABAR (PRD91,012003(2015)) and LHCb
(PRD85,091103(2012).
- Enhancement observed recently by CMS (PLB734, 261(2014)) and DO (PRD89,012004(2014))

- BESIII: Search for Y(4140) decays into ¢J/1 through the process e™

pb~1 at 4.23 GeV, 827 pb~! at 4.26 GeV and 545 pb~! at 4.36 GeV

5p

Events / 0.003 GeV/c?

0.4
BESIII  PRD91,032002(2015)
Jo.3s
Hos
= Signal MC Jo0.25
| | =Efficiency distribution 3¢
| Jo.15
\ Ho1
.23 Gev { 0-05
e . . | 0
415 42 425 43 435 44

ok
41

E BESIII  PRD91,032002(2015) o

M(o Jiy) (Gev/ic)
4

N —0.35

o _

S I \ Jo3

3 -

o 4025

2 436GeV | 0.2

S

E \ 40.15

£

5 \ 501
5 \ 50.05
0B Ui L L L 0
41 415 42 425 43 435 44

Mo Jiy) (GeVrc?)
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Efficiency

Efficiency

Events / 0.003 GeV/c?

Events/ 0.003 GeV/c?

5

4.5
4
3.5
3
25

R

BESII  PRD91,032002(2015)

} (\ 4.26 GeV

(®)

04

4035

b

42 425 43 435
M(o J/y) (Gevic?)

4.

0w
LI L L R

BESII  PRD91,032002(2015)

W

(d)

Sum of all data sets

03
0.25
0.2
0.15
0.1
0.05

Efficiency

[
4

4. 15 A 2 4.25 4 3 4 35
M(o J/y) (GeVic?)

4.4
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Search for the Y(414

No significant signal found at BESIII

B . B=oc(ete™ — 7Y (4140)) - B(Y(4140) — ¢J/3):
at 4.23 GeV: <0.35 pb at 90% CL
at 4.26 GeV: <0.28 pb at 90% CL
at 4.36 GeV: <0.33 pb at 90% CL

The UL are of the same order of magnitude as

0B . B=oc(ete™ — vX(3872)) - B(X(3872) — nt7w—J/+) [PRL 112, 092001]:
at 4.23 GeV: 0.27 + 0.09 4+ 0.02 pb

at 4.26 GeV: 0.33 +£0.12 4+ 0.02 pb

Considering:
B(X(3872) — 7wt~ J/¢)=5% arXiv:0910.3138
B(Y(4140) — ¢J/v) = 30% PRD80, 054019 (molecular calculation)

oB(efe” -y Y(4140))
“o(ete- SAX(3872)) <0.1 at 4.23 and 4.26 GeV J
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Discovery of the Z

3900)* - PRL 110, 252001 (2

- Study of the ete™ — wtm~J/4 process at the center of mass energy of 4.260 GeV using a
525 pb~1
- Choosing the heavier J/1) combination per events removes reflection at 3.45 GeV/c?
- Unbinned maximum likelihood fit to the % J/+ invariant mass distribution

100 [LPRL110252001(2013) —+ Data BESIII - Significance greater than 8o
< EL=525pb_1 :;‘ﬁ;‘ound'“ - m=(3899.0+3.6+4.9) MeV/c?
> 8of e PHSP MG - '= (46+10+20) MeV
S I + [ sideband - Mass close to the DD™ threshold
g %oF Deca ins cc
S - ys to J/1) — contains cc
£ 40f i o - Electric charge — contains ud
St ﬂ Tl i - 4-quark state?!
20F AT, o(ete™ ~>7-r:‘:ZC(3900):F —atr=J/)
. e =(21.5+3.3+7.2)%
0T 3.8 3.9 4.0
Minax (P J1y) (GeV/c?)
Belle: ete™ — yispd/¢pmt ™ PRL 110, 252002 (2013)  PLB 727, 366 (2013)
m=(3894.546.6+4.5) MeV/c? N % a2 e L=§§§?65
r=(63+24+26) MeV s s | 2y —F >50
8 e P = J/y Sidebands |
) 5 20
CLEO-c: efe™ — J/opntn— S S el
at 4.17 GeV H 10
w

m=(3886+4+2) MeV/c?
r=(374+44+8) MeV
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Search for a neutral Z.(39 isospin partner - PRL115,112003

PRL115,112003(2015)
§ ::: (a) 4230 GeV, 10917 pb'
- Observation of the Z.(3900)° decaying into J/¢7® in § & I BT
e~ e — n°n°J /1 using 2.5 fb~! data sample E ok
- Simultaneous fit to the J/¢7r° invariant mass distri- _ “E
butions for the three data samples: i
/s =4.230 GeV, 4.260 GeV, 4.360 GeV %
m=3804.842.3+3.2 MeV/c?; i
[=29.6+8.2+8.2 MeV; %
Significance greater than 100 &

12 CLEO-c PLB 727, 366 (2013)

] sol- *- Pnaso space |5=5-?5 pb'| - First evidence by CLEO-c

2L comands ' -ete™ — J/yYmtw~ at 417 GeV
£ - m=3904+4+5 MeV/c?

3 - =37 (Fixed) MeV

- Significance 3.70

Isospin triplet is established!

8606~ 3700 3800 3300 4000
Muna(1°J/y) (MeV)
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Confirmation of Z.(3885)* in efe™ — n*(DD*)T using double D tag

method - PRD92,092006(2015)

- Combined study of the processes ete™ — 7t DOD*~ (7t D%DO-tag.) and ete~ — 7t D~ D*0
(7T D~ DOtag.) using 1090 pb~! at /s =4.23 GeV and 827 pb! at \/5s=4.26 GeV.

- Double tag method: reconstruction of the bachelor 7 and DD pair: this allows to use more D
decays modes and effectively suppresses background.

02

(Ij—D*Oj, 4.23GeV] (D° D*—)‘PRngfosz'oos‘(onS) ‘

(D°D™), 4.23GeV |

g PRL92,092006(2015) ‘“§ PRL92,092006(2015) E 01sf 1 1
% a0F 4 2 ; S— o
m 1%
E_ E Z o— + b +
3 = g —— +‘f 1
1, B ~
H 5 20| T =005k 1*:X3NDF: 16.5/9 S~
& @ 1 XENDF: 106.3/9 o
0" : X4INDF: 103.1/9 0
; T TS TN AT T
0 39 395 4 4.05 41 o 39 395 4 4.05 41 DO 0.1 02 03 04 05 06 07 08 09

MDD (GeV/c?) MDD™) (GeVic?) cosBy

(D9D™), 4.26GeV |

(D™D, 4.26GeV ] ? (DD™0)PRL62092006(2015)

2 PRL92,092006(2015) EM PRL02.0920062015) § zoisp 19
= = =
s S R —+—¥;L++ = 1
3 E £ <<t ++
5 g g . ~<
& £ 10 =ogosl 1 x%NDF 12.8/9 ~o 4
1 XNDF:104.9/9 N
- 0 : XYNDF: 104.9/9 0»
0 b o Raiers
39 395 4 4.05 41 39 395 4 4.05 41

P O T T PR FON O DT T O |
0 01 02 03 04 05 06 07 08 09

M(D'D") (GeVie)) MD D) (GeV/c?) coso,
,.

- Simultaneous fit to the M(DD*) distributions for the two processes.
- m=3881.741.6+1.6 MeV/c?; [=26.6+2.042.1 MeV; Significance > 100

- The angular distribution is consistent with J¥ = 1+,

- The results are consistent with single D tag results (PRL112,022001(2014)).
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Search for Z.(3885)° in ete™ — 7°(DD*)° - PRL115,222002(2015)

- Study of the processes ete~ — 70(DD*)?, where (DD*)° refers to Dt D*~ or D°D*° using
1092 pb~! at /s =4.23 GeV and 826 pb~! at \/5=4.26 GeV.

30F 4.257 GeV D'D* 7 | 4.257 GeV D'D*r?
i o
T
= 1of N pa
g y
° 48 E 4.226 GeV D*D*1® | 4.226 GeV D°D*’nd
8 a0t
W ok
10 X 3
0385 59 395 4 405 385 39 395 4 405 State | mpee(MeV/c") Tooie(MeV)
PRL115,222002(2015) M(DD") (GeV/c?) Z.(3885)7[3883.9 £ 1.5 + 4.2[24.8 = 3.3 & 11.0[ PRL112,022001(2014)
Z.(3885)7|3881.7 + 1.6 4 2.1| 26.6 & 2.0 & 2.3 | PRD92,092006 (2015)
— +-Data 0 +4.3 +11
% __Global Fit Z.(3885)" | 3885.7 37 +84 357+ 15 PRL115,222002(2015)
3
=
o
2
]
fri

3.9 4

a3 M(DD") (GeVic?) u
- m=3885.7"%3 £ 8.4 MeV/c?; I=35T154+15 MeV; Significance > 100

Favours the assumption that Z.(3885)° is the neutral isospin partner of Z.(3885)*
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-Study of ete™ — 7107 —:0h, at center of mass energies from 3.90 to 4.42 GeV.
- he — nc; Mc reconstructed in 16 hadronic decay modes

120 —BESIII =2.46 fb?  PRL 111,242001(2013)

005 GeV/e?)

T T T[T T T

Events/(0.005 GeV/c?)
2

N
2 X 3839 40 4l
F 2 M, (GeV/c)

395 400 405 410 415 420 425
M, (GeV/c))

- Simultaneous fit to the M:foc"” distributions

at 4.23, 4.26 and 4.36 GeV using 2.46 fb— L.

- A structure, Z.:(4020)0 is observed with
significance > 50

- m=4023.942.243.8 MeV/c?

- Width is fixed to be the same as its charged
partner

Another isospin triplet is established!

Risultati recenti nella fisica di BESIII

Events/(0.01GeV /)

- Simultaneous fit to the M, .+ distributions
at 4.23, 4.26 and 4.36 GeV using 2.46 fb—!.

- A structure, Z.(4020)* is observed with
significance > 8.90
- m=4022.940.842.7 MeV/c?
- =7.94+2.74£2.6 MeV

“EBESII
40

L=2.46 fb”!

4 405 41
ME™, (GeVich)

PRL 113,212002(2014

4.15

42 425
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80 comb.BKG 4 data

— F emee- — total fit
) -

S 60(BEsn z°(4025_)
[} -+~ PHSP signal
=

0

40

@

c

g 20

m

4.02 4.04 4.06 4.08

RM(r) (GeV/c?)

-Study of ete™ — 79(D*D*)? at 4.26 GeV
using 1092 pb~! at \/s=4.23 GeV and 826

pb~1 at /s=4.26 GeV.

- Unbinned maximum likelihood fit to the

Mol distribution.

- A structure, ZC(4025)0 is observed with

significance 7.40

- m=4025.5"29+3.1 MeV/c?

- =23.0+6.04+1.0 MeV

Events/(5MeV/c?)

W
=]

N
=)

-Study of ete™ — x¥(D*D*)F at 4.26
GeV using 827 pb—1.

- Unbinned maximum likelihood fit to the
Mrecell distribution.

- A structure, Z-(4025)" is observed with
significance 100

- m=4026.342.64+3.7 MeV/c?

- [=24.8+£5.6£7.7 MeV

P PRL115,182002(2015)

4.23GeV+4.26GeV
20
i 1

502 404 400 408 41
RM(n?)(GeV/c?)

Events/(5MeV/c

4.02 4.04 4.06 X 4.1

Z.(4025)° state is a good candidate to be the isospin partner of Z.(4025)%. RM(T)(GeVic
Parameters very similar to Z.(4020) — needed rigorous spin analysis.
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Summary on Z. states

Process Decay Mass Width
State ete” — Mode (MeV/c?) (MeV) Ref
Z.(3900)F atr = I/ J/¢ymT  3899.0+3.6+4.9 46+10420 PRL110,252001(2013)
Z.(3900)° w070 S/ J/yn®  3894.8423+32  29.648.2+82  PRL115,112003(2015)
0 *—
4 + AT D D_ PRL112,022001(2014)
Z.(3885) n+(DD*) Dip0  3883.0%15+42  24.8+33:+11.0 Single D tag
0 *—
L I DD’ PRD92,092006(2015)
Z.(3885) ©(DD*) DD 38BL7EL6EL6 266420421 Double D t5g
_ D~
z.(385)° =0y D0 ssesrtilsa 351415 PRLI15,222002(2015)
Z.(4020)F w7 he henT 4022.940.842.7 7.942.74+2.6 PRL111,242001(2013)
Z.(4020)° 7070 h, her® 4023.9+2.243.8 Fixed PRL113,212002(2014)
*+ [y *0
Z.(4025)+  xF(D*D*)* g*_g*o 4026.3+2.64+3.7  24.8+5.6+7.7  PRL112,132001(2014)
o o _ o D*OD*O 2.0
Z.(4025) 7%(D*D*) pripe— 40255759431 23.0£6.041.0  PRL115182002(2015)
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Conclusion

@ BESIII is successfully operating since 2008, and continues to take data
@ [t is an excellent laboratory to study charm and charmonium spectroscopy:

o High statistics
o Low background

@ Many interesting results have been obtained, only few of them are covered in this
talk

e "Form factor of baryons and light hadrons” - Poster by Piero Patteri
@ Future:

o More data will be collected
o Higher luminosity is expected from BEPCII
o More detailed studies will be done

THANKS FOR YOUR ATTENTION!
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Measurement of £/™(0) - PRD92,072012(2015)

In the limit of zero positron mass, the differential rate for 100 T ke, | & ' Damo,
D" - K-(z")e'tv, decay is given by e e dam
o o —— Single pole model =~ —— Single pole model
T G ) o of Modifed pola mockl P
= aanlVera e PP @R 00 3 wf s 3
i »
whete G is the Fermi coupling constant, - -, is thethree- o 40 1 %,
‘momentum of the K~(7~) meson in the rest frame of the D° 5 5
meson, and £50)(42) represents the hadronic form factors of =
the hadronic weak current that depend on the square of the ° L 0 L L
fourmomentum transfer g = pyy — px-(y-). These form o 05 1 15 2 0 1 2 3
factors describe strong interaction effects that can be calcu- q? (GeV?/c?) f (GeVc)

lated in latice quantam ehromodynamics (LQCD). FIG. 6 (color online). Differential decay rates for DO — FIG. 7 (coloronline). Differential decay rates for D — x~e*v,
K-e'v, as a function of g’ The dots with crror bars show @ function of ¢7. The dots with error bars show the data and the

the data and the lines give the best fits to the data with different  lines give the best fits to the data with different form-factor

form-factor parametrizations. parametrizations.
20 T
Doy, DK,
3 [~ —e—data —+—data
— Single pole modal '—— Single pole model
Modified pole model Medified pole model

- zserios (2 par) 2 series (2 par)

= 2" ... 2 series (3 par) T = - .- 2 sories (3 par.)
f i 10 -
o . . I . I
0 1 2 3 °%9 5 1 2
@ (GeVAcY) @ (GeVrct)
7IG. 9 (color online).  Projections on f% (¢?) for D° — #”¢*v,  FIG. 8 (coloronline). Projections on £ (¢2) for D° = K-e*v,.
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Measurement of £/™(0) - PRD92,072012(2015)

K I
= L3
1
05 - . . 0 ] |
0 05 15 2 0 3

1 1 2
q (GeVc') ¢ (GeVic*)
FIG. 10 (color online). Comparisons of the measured form
factors (squares with error bars) with the LQCD calculations [26]
(solid lines present the central values, bands present the LQCD
uncertainties).
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Study of D" — Kietve; DT — wetve; DT — ¢etr,

B(D* — Klety,) - B(D~ — K)e5,)

Acp=
=B > Kie'w,) + B(D- — Kies,)
=(-0.59 £ 0.60 + 1.48)%. (8)
This result is i with the th ical fiction in

Ref. [4] (=33 x 1079).

dr _ 3
dq*dcos 6 dcos Oydydm ., 8(4x)
+ (1 = cos0)’sin* 0y [H_ (g7, myss) > + 45in62005°0, |Ho (G, M)

2
§ GHV.u P Bler — ) BV () P11+ cos 8 5in01 [, (62 o)
D

+4sin6,(1 + cosb,) sinf, cost, cos yH , (g%, m,, ) H(g% m )
—4sin0s(1 - cos 6) sin 6) cos O €08 yH_ (g% Mouex) Ho (G M)
— 2sin’6,sin’ 0, cos 27H , (g%, m ., JH_(g% m.,)]. 2)

I
where G is the Fermi constant, p,, is the @ momentum in
the D rest frame, B(w — anx) is the branching fraction of
@ = AR, My, 1s the invariant mass of the three pions, and
BW(m,,,) is the Breit-Wigner function that describes the
o line shape. The helicity amplitudes can in turn be related
to the two axial-vector form factors A, »(g?) and the vector
form factor V(g%). For the ¢* dependence, a single pole
parametrization [24] is applied:

v(0) 41.2(0)
/ VIg) =15~  Anald) .3
! a*/my 7 /m;
FIG. 3. Definitions of the helicity angles in the decay where the pole masses my, and m, are expected to be close
D' =oW', w—oamal, W'—ey, for the twe- (0 Mpyo)=201GeV/c? and M.y =242 GeV/c?

body (8,) and two-body (6,) D'-daughter decays, where  [13]for ‘the vector and axial form factors, re.spetuvely The
both angles are defined in the rest frame of the decaying  Tatios uflhese form factors, evaluated at g* =0, ry :——Gr
meson. and ry = are measured in this paper.
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Observation of Z.(3885)* in ete™ — 7*(DD*)T using single D tag

method - PRL 112, 022001 (2014)

- Study of the eTe™ — 7= (DD*)F at 1/5=4.26 GeV using a 525 pb~!

- Single D tag method: Reconstruction of the 7 and one final state D meson; the presence of
the D* is inferred from energy-momentum conservation.

-DY 5 K—nt; DY - K—wtn—

o 20F | PRL112022001(2014) |« qopr |  PRL112,022001 (2014) _ .
e ggj BESH | 3 Besil| - Enhancement at DD* threshold in
2 6op Les2spp” | 2 8O0 L=525pb"| poth channels - Significance > 180
T S0F 3 6op * | - Fit function:Breit-Wigner+smooth
£ 2 aof | Nyt threshold function
& @ 20r | N | - m=(3883.941.54+4.2) MeV/c?
365 360 565 G0 405 a0 as” | —(24.843.3411.0 )MeV
M(D°D) (GeV/c?) M(DD®) (GeV/c?) - 0 X B=(83.5+6.6+£22.0) pb
Parameters similar to Z-(3900). A JP quantum number determination for the Z.(3900) needed
Fit to angular distribution favours J© =17 05 07200 o) e
If this is ZC(3900)i, the ratio of partial decay widths is: - 0':2: L=525 pb*
I(Z(3885)—>DD*) __ S 03sE T’
F(Z, (3000) 7w d/9) — 02 £1.1+27 2 oof,, ,,,,,,,, o
This ratio is much smaller than typical values for decays of con- g 025 ———4—=__4 4 1
ventional charmonium states above the open charm threshold: T 02  ENDFL0A4s
I(x(3770)—DD) _ i 0‘15: 1::X§/NDF=1SIG
' —F(w(.3770)~>7r+7rfj/w) —.482 + 84 . . 0%;_ 0" : X2/NDF=32/3 .
This suggests the influence of very different dynamics in the ’

P ORI TR T TTIo,
Y(4260)-Z.(3900) system 0 0.1 02 03 04 05 06 07 08 09

cos 6,
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