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Outline

B Introduction to the BESIII experiment
B Physics highlights (not a complete list)

v" Light hadron spectroscopy:
X(18??) states ...

v" Charmonium(-like) states and exotics:
/C states ...

v" Charmed hadron:
D* leptonic decays, D°— Kz strong phase ...

v' T mass measurement

B Summary



Charm from dedicated colliders
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The BEPCII Collider

BEMS (beam energy measurement system):
based on Compton backscattering

Beam energy: 1.0 - 2.3 GeV l

Peak Luminosity:
achieved: 0.85x10%3cm2st@3770 MeV

Optimum energy: 1.89 GeV
Energy spread: 5.16 <10

No. of bunches: 93

Bunch length: 1.5 cm

Total current; 0.91 A

Circumference: 237m
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Energies of the BEPCII Collider
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BESIII — physics using “charm”
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Charmonium physics:
- Spectroscopy
- transitions and decays
Light hadron physics:
- meson & baryon spectroscopy
- glueball & hybrid
- two-photon physics
- e.m. form factors of nucleon
Charm physics:
- (semi)leptonic + hadronic decays
- decay constant, from factors
- CKM matrix: Ved, Vcs
- D%-D%ar mixing and CP violation
- rare/forbidden decays
Tau physics:
- Tau decays near threshold
- tau mass scan
..and many more.
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The BESIII detector

Solenoid Magnet: 1 T Super conducting

MDC: small cell & He gas
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6= 90 ps Barrel

EMCAL: Csl crystal
AE/E =2.5% @1 GeV
6,,=0.5~0.7 cm/NE

110 ps Endcap

Muon ID: 8~9 layer RPC

Data Acquisition:

Event rate = 3 kHz Trigger: Tracks & Showers
Throughput ~ 50 MB/s Pipelined; Latency = 6.4 pus

“Oro=1.4 CM~1.7 CM

hermetic spectro

meter for neutral and charged particle with

excellent resolution, PID, and large coverage.
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BESIII Collaboration
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BESII

BESIII data samples
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 4100~4400 MeV: 0.5/fb coarse scan

o 3850~4590 MeV: 0.5/fb fine scan

BEPCII can reach here!

* In 2015, we are doing energy scan at 2000~3000 MeV

Machine luminosity is optimal near y" peak

J'IJIJIJJ
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Two-body
Thresholds

Molecules

Gluonic
Excitation
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Hadron
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- Hadron-physics challenges:
ddg,uug,ss .
g’uiug’ssg « Understanding of
999, gg established states:
precision spectroscopy
T « Nature of exotic states:
ngn o Charmonium search and spectroscopy of
0. % a h K Jhy, % w(23) unexpected states
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At BESIII, two golden measures to study hadron spectroscopy,
eps. to search for exotics

 Light hadrons: charmonium radiative decays (act as spin filter)
* Heavy hadrons: direct production, radiative and hadronic transitions



X(pp) observed In J/y radiative decays
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Jy — ypp: enhancement at threshold

PWAof J/Y - ypp
JPC=0*: >6.806 better than other JPC

assignments
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Jhy — vX(1835), X(1835) — m*an’

Events/(0.02GeV/c?)

X(1835), X(1840) and X(1870) states

Firstly observed at BESI|

Confirmed at BESIII

Additional two states found
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Comparisons of the X(18?7) states

250

Y X(1840); J° unknown
O X(1870):; J° unknown e . .
200 « J/y radiative decays
—_— A X(1835); =0 . . ,
> * not found 1n v
= 150 u X(pp): SF = 0 L | PRL108,112003 (2012)
< radiative decays
c 4  X(810); P =0 1
B 100 * non apure FSI
= [ * PWA 1s needed
50 T
pp threshold
O | 1 l 1 1 1 | I 1 ] 1
1900 1950
Mass (MeV/c?)

* X(1840): JAy — y3(n* ) [PRDSS, 091502]
© X(1870): J\y — ona'a- [PRL107, 182001]
A X(1835): JAy — y(ma*m) [PRL106, 072002]
= X(1840): JAy — y(pp) [PRL108, 112003]

+ X(1840): J/w — v(w0) [PRDS87, 032008]

X(18??):
* near (pp) threshold
* is a single particle?!?
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MASS [GeV/c?]

Charmonium Spectrum

Z(4430)?
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(215
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Ne(1'So)

unpredicted, discovered
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P2++
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Hidden-charm region of the
spectrum is well understood,

however,

In the open-charm region there
are predicted states, but not
yet seen...

Moreover...

In the last decade there were
found not-predicted
charmonium-like states with
unexpected properties
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Events / 0.01 GeV/c?

Events / 0.02 GeV/c?

[Phys. Rev. Lett. 110, 252001 (2013)]
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The Zc(3900)*
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37 3.8 39 4 41 42
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= ¥r
= & -
.........

—4— Data
— Total fit
-== Background fit

.=+ PHSP MC

“ i .:-, L
M, ... (/) (GeV/c?)

ee -7 /.(3900) - a /v @ 4.260 GeV

« Fit with S-wave Breit-Wigner
= (3899.0+3.6+4.9) MeV/c?

.T = (46+10+20) MeV

Y(4260)?

* couplesto cc

* has electric charge
Z #(3900) =

* at least 4-quarks
 what 1s its nature?

40 _
Belle: [Phys. Rev. Lett. 110, 252002 (2013)] — .
M = 3894.5 + 6.6 + 4.5 MeV/c? 7 l‘t/
(=63 +24 +26 MeV Q >

CLEO-c: [Phys. Lett. B 727, 366 (2013)] Z¢(3900)
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The neutral partner Zc(3900)°

12

Mmax(TEOJIW) (MeV)

IS seen by the CLEO-c

[Phys. Lett. B 727, 366 (2013)]
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BESII

preliminary

ete- — 770 ZE(S()OO)U — HU;[UJ/W ({F 4.230-4.260 GE“T

Structure is seen in 7°J/¥
(10o significance):

. M = (3894.0+2.3+2.7) MeV/c?

.T = (29+8.2+8.2) MeV

=)
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Z.(3900) — four-quark

Isospin triplet?




A mystery of the Zc(3900)

e'e >t Z.(3900)* - o @ 4.230-4.260 GeV

- \/s = 4.23 GeV There are three important decay modes for
3 | B’ESI'I charmonium-like states:
' [ |Ly prelminary . the fall-apart to open charm mesons;
L e . the cascade to hidden charm mesons;
h__ wTT'H‘ bl . decays to light hadrons via intermediate
i TH m MNH 1 ol gluons.
e : Since Z_(3900) decays to J/\P'm, a sizeable

M(on) (GeV/c?)

annihilation rate could be expected with ¢c In

I ¥ = 420 GeVBES]]I S-wave (as for y)
?D- ' T | preliminary
I R A e No significant signal observed:
T T 8 BT AT ] I'(Z.(3900)— er) < 0.2 1(Z.(3900))
L I Eﬁm Annihilation to ¢c is suppressed?
9_4| - I3_ - 3_|6I - I3.|7'I - l3_8J |H39H J 4 2

M(wn) (GeV/c?)
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The Zc(3885)*

e"e— nZ.(3885) — nw (DD*)™+c.c. @ 4.260 GeV

____PRL112, 022001 (2014) _

~180 BES]I

= (3883.9+1.5+4.2) MeV/c?

385 390 395 400 405 410 415

M(D°D*) (GeV/c?)

.T = (24.8+3.3+11) MeV

0.5
0.45
0.4
0.35
0.3

o
)
5]

Fractional yield

0.15
0.1
0.05

Data
Fit: 1+, O, 1- _

0.2 S

........................................

00 0.1 02 03 04 05 06 0.7 0.8 009

|cos 6,

Fit to angular distribution
favorsJP =1t over 0 and 1-

Single tag method.:
. reconstruct =+ and D° — Kr*
o infer D™
. analyze as well n*D'D™

Confirmed in a separate analysis
@4.23~4.25GeV with double tag method

. Is found structure (referred as Z_(3885))

different decay mode of the Z_(3900)7?
Z.(3900) properties:
« M = (3899.0+3.6+4.9) MeV/c?
. ' = (46+£10+20) MeV
« Assuming it is, the partial width ratio:
I'(Z, — DD*)T'(Z, — =nJ/'¥)
= 6.2£1.1+£2.7

Tetraquark model disfavoured ?
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Comparison between Zc(3885)* and Zc¢(3900)*

Single D tag results,
,PRL 112, 022001(2014)

/
Z.(3885) — DD*/ Z.(3900) = #J )y

Mass (MEV/{?Z) 3883.94+1.5+4.2 3899.0 £ 3.6 £4.9
" (MeV) 248+33+£11.0 46+ 10420
o X I3 (pb) 83.54+6.6 £22.0 [3.5 2.1 =4.8

¥ The mass and width are consistent within 2c!

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

B(Z. — D*D) Different
B(Ze — Jfpm) oo ESS » dynamics in
Compared to e.g. Y (4260)-2¢(3900)

B(1(4040) — D(*}D_(:k)) B , '
B((4040) — J/pn) — 192 += 27 system.
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PRL 111, 242001(2013)

= S
The Zc(4020) W e BESII

- —e— o(e'e->1*Z,(4020)+c.c.) BESIII
70

e'e — m £.(4020) — n*h (1P)

hC_)ynC’
N. =16 hadronic decay modes

—&— g(e*e->1*1h,) CLEO-c

60" 1 :'
50;— ] I 1 | 4

Born cross section (pb)

401
30F [
The cross section of e'€ >z 7 h, 20E 1 i} {
Is measured, and the shape is not 10; JI e .é. : % e
trivial. 0730 41 42 43 44
Eq\(GeV)
A structure, 7 (4020)%, is observed. E 1201~
Mass = 4022.9+0.8 £2.7 MeV, S 100f
Width = 7.942.7 +2.6 MeV S 8o
. I i
A weak evidence for 7z (3900)* - zh 5 6of
=

"
=
T

M., (GeV/c?)

4.20 4.25
M_., (GeV/cY)
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PRL113,212002 (2014)

The Zc(4020)°

ete — m Z,.(4020)" — 7%72°h_(1P)

45
. . : 4230 + 4260+4360 MeV
A structure on ©° h_ invariant mass o~ 4oF BESII
N
spectrum can be observed: > PF
Q@ 30
Mass = 4023.94+2.2 +3.8 MeV, S
Width is fixed to be same as its S 0f
charged partner. *:;: 150
4 2
Another isospin triplet is established! ok
— 90 3. 39 395 4 . 4.05 4.1 24.15 4.2 4.25
[S recoil
S gobete” — hertn~ ,  BESII M (GeV/eY)
§ Mete™ — h.mOn? AR
% 601
g S5 1 ! [ Cross sections foreTe™ — hCTT+TT_
B 40F | + — 0 0 .
2 30/ 1 ande™ e~ — h.m m arein
20 l agreement with isospin conservation
10
GELlIllll[l!lllllllIlllll[ll
4.0 4.1 4.2 4.3 44

E v (GeV)
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PRL 112, 132001 (2014)

The Zc(4025)=

ee— nZ.(4025) — n (D*D*)™+c.c.

Tag a D* and a bachelor m,
reconstruct one =¥ to suppress the
background.

A structure, named as Zc(4025), can
be observed In the recoil mass of the
bachelor 7.

olete” — (D*D*)*r7] = 137 £ 9+ 15 pb at 4.26 GeV

olete” »ntZ.(4025)F +(D*D*)ErF]

4260 MeV
80 . comb.BKG — data
~ [ - D*D** — total fit
O N — - Z,(4025)
60 c
é - >100 H --- PHSP signal
" i
= BESII
; i
"E |
$ 20
o i

I e A R S| T W W R | R SR
4.02 4.04 406  4.08
RM(n) (GeV/c?)

M(Z,(4025)) = 4026.3+2.6+3.7 MeV:

[(Z.(4025)) = 24.845.6+7.7 MeV

e ] = 0,65 4 0.09 + 0.06 at 4.26 GeV

Coupling to D*D* is much larger than to =th,, if Z.(4025) and

Z.(4020) are the same state.

23




g 12k

E 4230 MeV
TiHk

E . Preliminary

-

': £l

=

Evorts/ 0.01 Galie

LN | LI ¥ L2

MIT"Jiw) (Gevic')

BESIT

Z..(3900)*?

Z..(3900)"?

eTe” — nonPJ/y

95 4 4=

eTe” s T T he

5

— . = pomb. BEG == g
E i - o O** —— total At
= oo Z.18025)
% | - - PHSF signal
L ws
O 40
5o
w

402 4,04 406 408
R 1GeV ™)

ete” — i~ (D*D*)~

7..(4020)%?

I ET] 195 4 405 41 4
M3 iGeVie)

ete™ — m97%h,

BESIT

Z.(4020)°?

Which is the nature of these states? Isospin triplets?
Different decay channels of the same observed states? Other decay modes?



Improved B[D™>u"v], f,,. and |V | at BESIII

2.92 fbl data@ 3.773 GeV

+ +Ty—
€e 9W(3770)9D D PRD89(2014)051104R
I I Ly I i | I —t— Tizin
wan L ﬂh_f oot e 1 e (e 409121 signals
40001 . o —+hy T
- ] A
M - [ T a0k 1 ¥ ) | — Otwer E'd-;:.'-ih'-i
: ! ! il i ‘ | % ID! . [ nm-[ﬁﬂ'pr::w:s J:ﬁll,,ﬁ- !'I
:._=-: a 13- 7 1 {I} 1 q;';." E . H
g i ] F L !
m _ A0 E il e
u . 5]
5 ool ' i g 10
E ol
E L
LE
. 10
L8 L84 L% 188 L& 184 18 188 L82 184 Lgh LGS 0.2 0 02 04 0.6
My GV M2, [GeVYe
N, =(170.31%0.34)x 10"
E B[D* D utv]=(3.714+0.19+0.06) X 10~
Input tp,, mp., m,, on PDG and
i‘;‘;"ﬁ'ﬂfu‘f“gﬂmﬂf}ﬂﬁnﬂ LQCD calculated £, =207+4
cd = ~__~ MeV[PRL100(2008)062002]
f,,=(203.245.3+1.8) MeV 'V_,|=0.2210+0.0058+0.0047
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Comparisons of B[D"™>u"v | and fj,,

=~  209.049.3+2.6 CLEO-c

e (0.0393+0.0035+0.0009)% CLEO-c

o 203.2+5.3+1.8 BESIII
PRD89(2014) 051104 (R)

he (0.0371£0.0019£0.0006)% BESIIT
- 208.3+£3.4 HPQCD
PRD86(2012)054510
] (0.0382+0.0033) % PDG2014 k zlz.ﬁi‘{l.{f_f Fermilab Lattice+MILC
HvHTv PRD90(2014)074509
i i | | | | | I I | I | | I | l | I | I
0.04 0.06 0.08 0.1 200 250 300 350 400
B[D" =2 utv] fp, [MeV]
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BESII

PLB734, 227 (2014)

Strong Phase ok«

v' Improving the constraints on the charm mixing parameters is important for
testing the SM, such as long-distance effect

v At charm threshold, strong phase is a unique contribution:
« to extract the mixing parameter (x,y) from (X, y’)

« to (over-)constrain the CKM unitarity triangle, which is crucial for searching for
new physics

— T DS
{K zt D)

/' -— -'.5A'z
0 \ CF o r k
D")

Strong phase:

LT
(K n

Quantum correlation = Interference - access strong phase!

(K7D cp)=((KT| DOYH(KR|DO)) /NZ = VZAcp, = Ay t Ap

| Acp-1* — |Acpy |?
|Acp-|* + |Acpy |*
__ Br(Dep——Km)-Br(Dcpy—Km)
" Br(Dcp_—Km)+Br(Depy—Km)

2Tk COSOkm =~ Acpakm =

4+ Measuring o, from rate differences if using external r
27



PLB734, 227 (2014)

ol Strong Phase ok

(BESIII: 2.92 fb-1@3773MeV)
Slngle Tags

4+ Reconstructed modes: N
+ Flavor tags: Kn*, K'nt %10000:
+ CP+ tags (5 modes): K'K*, n'n, Kyn°n®, n°n0, pn® = ;
+ CP-tags (3 modes): K%, K%, K20 = 5000}

+ If we don’t ignore the mixing effect = :
*ZTK,,C095K7T+}’_(1+Rws)'ACP—>Kn :>j o! 186, D8 1o
° [ (p%-k*n™) _ (x2+y?) (GeV/c?)

Rws = [ (DO0-Kk—n*) Kn +Tkny + 2 Mec
with external inputs of 7*kx, ycrand Rws Double Tags

BESIII results: 1-88;Kﬂ Kq o e
cosOr~ = 1.02 +0.11 4 0.06 4 0.01

e !i.)
CLEO-c results [pnys. Rev. D 86 (2012) 112001]

. - +0.22+0.07 184 186 188
BC\"'g

M, (Kn)(GeV/c?)
©
T

184 . -

COSOKr = 115*8}3'882 (globalfit)
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PRD 90(2014) 012001

T Mass measurement

* T mass M_ IS an elementary parameter in SM

* test lepton universality

» compared to M, and M, M_ has 3 order of worse precision.

BESIII took threshold scan method

and collected dedicated energy

scan data for this study

O fit to J /4y and ¥’ line shape
Incorporate with BEMS:
for calibration of beam energy
scale and spread

O fit to the hadronic cross
sections at 4 energy points to
measure M_(in total ~23/pb):
13 two-prong t pair final states
are used

Theoretical accuracy of modeling the
cross section at the level of 0.1%

2.0r

—_
o
1 T 1

1.0}

Cross Section (nb)

0.5}

0.0F
3540 3550 3560 3570 3580 3590 3600 3610
W (MeV)

29



T mass measurement (cont’)

m, = (177691 £0.121713) MeV/? PRD 90(2014) 012001
N I I ELRL L R BN I DL
ARGUS 1776.305 5
BES (96") 1776.967 7. 2
CLEO 1778.20" - (—) = 1.0016 == 0.0042
OPAL 177510720 9y
BELLE 1776.615 5
KEDR 1776.81:02 Lepton universality can
BABAR 1776.68;2% be tested at 0.4%
PDG12 1776.827 7
This work ~ 1776.913%

The most prECise I N N TR TN N NN S NN S I I TR B
1772 1774 1776 1778 1780

single measurement. . ..c (MeV/c?)

An updated scan Is under discussion:
23pb~1 - 100 pb~1
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The last, but not the least

PWA of charmonium decays In total 83 publications till now

V' J/y—ynn [Phys. Rev.D. 87,092009 (2013)]

v v(2S)—ppn?, w(2S)—ppn [PRL110,022001 (2013)]
v

Charmonium(-like) spectroscopy and transitions

v V(2S)—7’h, [PRL 104, 132002 (2010)]
v y(2S)—yn (25)—YKKm [PRL109,042003 (2012)]

v e e —yX(3872)— yr'm JAy [PRL112,092001 (2014)]
v ete —aTnX(3823)

v

D semi-leptonic decays: D— K e*v, z7e*v
D—Ksn*n strong phase

A\ hadronic decay rate

Hadron pair production cross sections

Collins fragmentation function
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Summary

Huge statistics:

e J/w, y'"and y(3770) peaks
XYZ studies
R scans

Near future:

- will continue taking data (possibly) until 2020-22
collect data at more energy points to complete scans
higher luminosity expected from BEPCII
analyze the full data samples
many PWA to be completed

Stay tuned:
many new exciting results on their way
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Thank you!
G



