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The BESIII Detector
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BESIII Collaboration
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Rich of resonances: charmonia and charmed mesons
Threshold characteristics (pairs of 1, D, Dq, ...)

Features of the BEPC Energy Region

Transition between smooth and resonances, perturbative

and nhon-perturbative QCD
Energy location of the glueballs, hybrids and multi-quark

states

|
S/

T ] T
Y(25)
Mark-I
Mark-I 4+ LGW
Mark-I1
PLUTO
DASP
Crystal Ball
BES

I

IllIlI|ll[I|[III|Il]I|I[II

o —
A

W

"._IllllJIl!JllP|lIIl‘IJJI|Ill|

N



Physics of T-charm region

Charmonium physics:

- Spectroscopy

- transitions and decays
Light hadron physics:

\v]

Luminosity (pb'1)
)

107 ¢

3.3/fb for XYZ study o

- meson & baryon spectroscopy
- gluebadll, hybrid, multiquark
- Two-photon physics

D)
- e.m. form factors of nucleon ate

Open Charm physics:
- (semi) leptonic + hadronic decays o (3686)
- decay constant, form factors
- CKM matrix: Vcd, Vcs U (3770)
- DO-D%ar mixing and CP violation

- rare/forbidden decays e
Tau thSiCS: charm

- tau decays near threshold threshold

- Tau mass scan Rscan &1

..and many more.

BESII 58 M

CLEO: 28M

CLEO:
0.8/fb

CLEO:
0.6/fb@41
60

BESII

Ecm GeV

1.2 B 20x

0.5 B 20x 3B
2.9/fb 3.5x 20/fb
0.4/fb @4040, 5-10/fb

2/fb@4260, 0.5/fb
@4360, Data for
lineshape

R
@2.23,2.4,2.8,3.4,
25/pb tau



Hadron spectrum
Mesons/Baryons g &)
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| Hybrids % %
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I Glueballs

. O O

. Not established yet /

Continuous efforts in
experiment and theory

— e o o o o o
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* Hadron spectroscopy is a key tool to investigate QCD

- testing QCD in the confinement regime
providing insights into the fundamental degrees of freedom

<<O|fm 0. = | fm > | fm

Quarks and Gluons Effective Degrees of Freedom Mesons & Baryons




Where are the QCD exotics

molecules .
hadrocharmonium!| Produce Y's dlr'ec‘rly

tetraquarks e+e- @4260/4360/...
threshold effects ﬁ

BES provides some ideal hunting grounds Power of high statistics
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High lights from BESIIT (1)

« Z.(3900), Z_(4020) & Z_(4025)
* New information on the X(3872)



BESIII: Observation of the Z_(3900)
— a charged charmonium-like structure

BESIII: PRL110, 252001 (2013)

« Selectee— nnJ/y @ 426 GeV
525/pb @4.26 GeV

B T N I ~+-Data
i , : \ —Fit
100 L = M ----Background
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140F
120}
100
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~4-Data
— Fit

=== Background

Events / 0.002 GeV/c?
Events / 0.002 GeV/c?

M(wp) (GeVic?)
BESIIT: o(ete— n*n-J/y) = (62.9+1.9+3.7) pb,
Agree with BaBar & Bellel Best precision!




M2 (rtt 1) (GeV/c?)?

Events / 0.01 GeV/c?

BESIII: PRL110, 252001 (2013)
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BELLE : e*e™— m*n’J/y from ISR
Belle: PRL 110, 252002(2013)

CLEOc data at 4.17 GeV

arXiv: 1304.3036
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e M =3894.5+6.6+4.5 MeV
e | =63+24+26 MeV

e 159 + 49 events

e >5.20

- ¢ Data M(Z:(3900))=3884.6:4.6 MeV
- F_hase Space
- — Fit 586/pb
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e 81 +20 events
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The nature of Z_(3900)?

. Couples to .CC Smoking gun signature of exotic
* Has electric charge

1. Observation of a charged charmoniumlike structureine™e™ — n~ 7 J/¢ at /s = 4.26 GeV

BESII Collaboration (M. Ablikim (Beijing, Inst. High Energy Phys.) et al.). Mar 24, 2013. 7 pp.
Published in Phys.Rev.Lett. 110 (2013) 252001

e-Print: arXiv:1303.5949 [hep-ex] | PFDE
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 DD" molecule?
e Tetraquark state?
* Threshold effect?

Further experimental studies are vitally important
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Events/ ( 0.001)

Observation of e*e'— wt*nh_(1P) at BESIII

| Ecm=4.26 GeV
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Observation of Z* (4020) in e*e'— > n*nh (1P)

Ecm=4.26 GeV Ecm=4.36 GeV LP2013, C. Z. Yuan
” F o 40F

350 .
N S N= 56417
- 30 -
= - 2
E 25E ﬁ“

20 '(‘Q
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10F alitee -

5 sE

0556508 4 403 404 406 408 a1 0506308 4 402 404 406 408 a1

th, mth,

Simultaneous fit to 4.26/4.36 GeV data and 16 1, decay modes.

M(Z.(4020)) = 4021.8+1.0+2.5 MeV
I'(Z.(4020)) = 5.7+3.4+1.1 MeV 6.4G
Rootee 27l S 2ah(P) a0 4 1400%  (166+52+08)%

olee —> 7' h(1P))




Observation of ete— w (D*D*)*+c.c. @4.26 GeV

e 827 pb! data at Ecm=4.26 GeV
* Tag a D* and a bachelor 7, reconstruct one ©° to suppress
the background.

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 ¥ or 7r8| is tagged.
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Observation of Zc(4025) in e*e'2> 7t (D*D*)*+c.c.

<& [ —— data ——Z.(4025) 80 ﬁﬁ —4—data  —- Z,(4025)
= - ws e PHSP < 705900 U — total fit -~ comb. BKG
= 400} - Pl AR i

O e, Argus fit to sidebands rff\\ C --- PHSP signal
= \\\\\f\Q" - Wws

© 300 + ©= 50

M~ :

E 200 2

-

= 100 ]

LL -

205 21 215 2.2 402 404 406 408
RM(D't)+M(D")-m(D") (GeV/c?) RM(r") (GeV/c?)
Fit to 7* recoil mass yields 401+47 7 (4025) events. >10c

M(ZC(4025)) =4026.3+2.6t3.7 MeV;

['(Z.(4025)) = 24.845.747.7 Me!

P S — olée — 7ZWD)F) = 137+ 9+ 15 pb
_ O DAL DR — 65+ 9+6)%

R —
olce = (D)) LP2013, C. Z. Yuan




BESIII: O

Events / 0.004 GeV/c?

Events / 0.004 GeVi/c?2

bservation of ete— yX(3872)2>yr*nl)/y

10%
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| Ecm=4.36 GeV
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Clear ISR y’ signal for data validation
X(3872) signal at around 4.23-4.26 GeV

LP2013, C. Z. Yuan



BESIII: Observation of e*e >yX(3872)

LP2013,-C. Z. Yuan

© 450F O 12
(%-F)J 400 % 100
350 - q
o o A
S 250 e¥t b |
@8 200F %) : | '|
& 1505 ® 49 J i
R o LU TR
- 2
50 F
—— . IR AR LN T LI
0667367 368 369 37 371 372 087382 3.84 386 388 3.9 3.92 394
M(rtdhy) (GeV/c?) M(r*Jhy) (GeV/ic?)

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

N(X(3872))=15.0+3.9 5.3
M(X(3872)) = 3872.1+0.8+0.3 MeV [PDG: 3871.68 +0.17 MeV]



BESIIl: Observation of ete- 2>yX(3872)

/5 (GeV) oBlete — vX(3872)] - B(X(3872) — wrx—J /1) (pb)

4.009 < 0.13 at 90% C.L.
4.230 .32 +0.15 4 0.02
4.260 O 0.35+0.12+£0.02
4.360 < 0.39 at 90% C.L.

It seems X(B from Y(4260) decays. At 4.26 GeV,

@ 1 J/1) = (62.9+ 1.9 + 3.7) pb,

oglete — vX(3872)] - B(X(3872) — ntn—J/v)
glete” — arm—J /1)

= (5.642.0)x103

If we take B(X(3872) —» 7= J/¢) ~ 5%, ( >2.6% in PDG)

i{ﬁ:ijﬁfﬁfﬁ]} ~ 11.2% Large transition ratio |

LP2013, C. Z. Yuan



High lights from BESIII (2)

« X(pp)in /P,y > ypp

+ X(1835)inJ /Y —» yn'n*tn

* [sospin violating decay in J /Y —
yn(1405),1(1405) = 7f,(980)

using 2009 data sets ( 225%10° J/1,106%10° ')



Enhancement at M, ;threshold inj/{ — ypp

J/Y - ypp ¢ -]/, ]/t/J—pr
18— | T (| | Qo ' i
: ’ ' - % 70k Chinese Physics C34, 4 (2010) =
- PRL 91, 02201 (2003) . > ¥ E
y i 3 op + E
T 100 - S soF[N + 3
@t - 2 I
z S 4 H‘ ol T
; I Z 30 f e Ty =
3 50 5 o g T + ) % '}
i : 8| 20 f’::" . I ::
I 10 5 =

i) 800 005 010 015 020 025 030

' ' M __-2m (GeV/c?)
M,p-2m, (GeV) pp P

Observed at BES2 Confirmed at BES3
Agree with spin zero expectation M = 1861+§’3+26 MeV /c?,T < 38 MeV /c? (90% CL)
= 1859%3, > MeV/c?,T < 30 MeV /c? (90% CL)

Many possibilities:
ordinary meson/pp bound state/multiquark/glueball/final state interaction (FSI)
Spin-parity analysis

is essential for determining place in the spectrum and possible nature



PWA of ]/1P - VP

k2 400

._J

PWA of /¥ - ypp was first
performed

The fit with a BW and S-wave FSI
(I=0) factor can well describe pp
mass threshold structure.

It is much better than that without
FSI effect (A2InL = 5,7.10)
Different FSI models > Model
dependent uncertainty

Events
Events

5 . - 0 00
cosh q)p(o)

Spin parity, mass, width and branching ratio: Phys. Rev. Lett. 108, 112003 (2012)

JP¢ = 0=7, > 6.80 better than other JPCassignments,
M= 1832“9(315(115)+ 8(sys) + 19(model)MeV /c?,
I'=13 + 39(stat +10(sys) + 4(model)MeV /c?, I'<76MeV/c?(90% CL),
B(J/Y -» yX)B(X - pp) = ( 0124 (stat)* 13 (sys) + 2.3(m0del)) x 107>
22



5 Threshold structure in 1/) - ypp

| e

Obviously different line % :32:(&1) %
shape of ppbar mass 3 ;’g: \ g;
spectrum near threshold 2 200f
from that in J/¢ decays 2 \
T R Y R
M(pp)(GeV/c?)

PWA results:
« Significance of X(ppbar)is >6.90.

« The production ratio R: | first measurement E
n B/ = rX(pp) 5
B(J | = yX(pp)

= (5.08"%7 (stat) "% (syst) £ 0.12(mod))% -

« |tis suppressed compared with “12% rule”.
PRL 108,112003(2012)




X(1835) in n'n*w-

J/p - yn'mn”
< Statistical Significance~ 6 o —
o 15 L
= | 2
= 100 |- g
~ [ "> yp >
%) N %)
50 -
= =
LLl - LLl
= 0 1 | ] | I =
L 1
1.5 2 2.5 3

M(ttnn) (GeV/c?)

@ BESII BESII: PRL 95,262001(2005)

Statistical Significance~ 5.1 o

40
30
20
10

1.5 2 2.5 3
M(tttm) (GeV/c?)

M=1833.7 = 6.1(stat) ==2.7(syst)MeV
I'=67.7 =20.3(stat) =7.7(syst)MeV

Theoretical interpretation:

> pp bound state, n excitation ...
> Are X(pp) and X(1835) from the same source?




X(1835) in J/y=>yn'n*n- at BESIII
BESIII: PRL 108 (2011)112003
» Fit with four resonances (acceptance weighted BW ®gaussian)

» Three background components:
@ Contribution from non-n’ events estimated by n’ mass sideband
@ Contribution from J/y — n'm*n~ n® with re-weighting method

® Contribution from “PS background”:
1 1 5
forg(x) = (x —mg)Z + ag(x —my)2 + ay(x —my)Z, my = 2my; + my,

AR AR Red line: estimated contribution of O+ 2@

5 / Black line: total background

A “resonance | M ( MeV/c?) | T( MeV/c? | significance
X(1835) 1836.5 £ 3.0 | 190.1 =9.0| >> 200

X(2120) | 2122.4+6.7 84 1+ 16 > T7.20
X(2370) | 2376.3 £ 8.7 83 £ 17 ‘\ > 6.40

- Stat. sig. is conservatively est%ﬁ%
14 1.6 1.8 2.0 2.2 24 2. i 1
(GeV/IcD fit rar}ge, -background shape, harrow!!
e contribution of extra resonances
25

Events/(0.02GeV/c)

S EuEEE




The angular distribution of the X(1835)

BESIII: PRL 108 (2011)112003

dN/d|cosb, |

« With bin-by-bin mass spectrum fit, we can obtain
background-subtracted, acceptance-corrected
angular distribution

« Consistent with the expectation for a pseudoscalar,

other assumptions are not excluded. y



ro Mg

Why are X(2120) and X(2370) interesting?

12 ¢

10 ¢

2t

PRD73,014516(2006) Y.Chen et al

0
++ -+ +-

PRD82,074026,2010

J.F. Liu, G.J. Ding and M.L.Yan
PRD83:114007,2011

J.S. Yu, Z.-F. Sun, X. Liu, Q._zhao

and more...

+ First distinct resonant
structures observed above 2
GeV

« LQCD predicts the lowest

s lying O glueball: around 2.4
e GeV/co.
=

« J/y-->ymmn’ decay is a good
channel for finding O+
glueballs.

¢ Nature of X(2120)/X(2370)
-pseudoscalar/tensor
glueballs?
-n/n’ excitations?
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http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Yu, Jie-Sheng"
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http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Sun, Zhi-Feng"
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http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"zhao, qiang"

Events/0.02GaVic?)

Isospin-violating decay of J/y 2> ynnn
BES lll, Phys. Rev.Lett. 108, (2012) 182001
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Events/(0.01GeV/c?)

o
O
1
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o *ﬂw@

I TR T2
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n(1405/1475)
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Isospin-violating decay of J/y > ynnn

newly appeared in PDG review 2012 v -
A _'iqd’
n(1405/1475) (980) ™

f0(980) is extremely narrow: I" = 10 MeV. T
PDG: T'(fO(980)) = 40~100 MeV.

Anomalously large isospin violation:
Br(n(1405) — fo(980)7° — nta—xY)

12

(17.9 £ 4.2)%
Br(n(1405) — ag(980)7° — nx’xY)

_Br(y,— f,(980)x" = a'na")
af

<1%(90% C.L)| PRD, 83(2100)032003

Br(x,,—a, (980)1° — 'r].:r:“.:r:u)

J.J.Wu, X.H. Liu, Q.Z. and B.S. Zou, PRL(2012) K'(K') oy TT°

11(1440) _ 11(1440) / /\ i
welOT e
K(K) —<<_r

(@) (b)
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High lights from BESIII (3)

_ sz *I'€SONANCe parameters of the n
S8 wlD) o 2MO) 7 charmonium ground state

BESIII: PRD 86, 092009 (2012)

* properties of the h_ :
most recently discovered
charmonium state

BESIII: PRL 104, 132002 (2010),
PRD 86, 092009 (2012)

;J — 0—+ 17~ -I+— 0++ -|++ 2++£

- '« M1 transition ¢'>yn',:
first observation

BESIII: PRL109, 042003 (2012)

30



N (25)

 Crystal Ball's "first observation" of w'—>y X never been confirmed
PRL 48 70 (1982)
« Observed in different production mechanisms

. B—2>Kn.(2S) Belle: PRL 89 102001 (2002), NPPS.184 220 (2008),

o M. (2S)DKKn PRL 98 082001(2007)
C

e«  double ch - ducti CLEOC: PRL 92 142001 (2004)
ouble charmonium production BaBar: PRL 92 142002 (2004); PR D72 031101(2005),

PR D84 012004 (2011)

Experiment M [MeV| I' [MeV] Process
Belle [1] 3654 £ 648 B — K* 1.(25),1n.(25) — KgiK=aT
CLEO [2] 36429+ 3.1+1.5 6.3+124+4.0 VY = 1e(25) — KNgKN* 7
BaBar [3] 36308 +34+£1.0 17.0+83+25 Y = 1. (25) - KgK+nt
BaBar [4] 36450 4+ 5.5 Tl: ete™ — Jipee
PDG [5] S638 + 4 14 4+£7

« M1 transition y'=>ync(25)
CLEOc found no signals in 25M v/’
BF(y'=2yn.(2S)) < 7.6 X 10* CLEOc: PRD 81 052002 (2010)

Experimental challenge : detect photons of 50 MeV

31



Statistical significance >10

Events/ ( 0.005 GeV/c?)
=)

<,

p—
=
TTTT
L
W

-—
T T T
f

First observation of
v'>1n.(2S)@BESIII

BESIII: PRL109, 042003 (2012)

. Idata (Kzl{l:‘:fj
— fitting results .
- ;{d‘ .
—-T}

----- background

1 ‘I.‘ 1 1 1 | _L
35 3.55 3.6 3.65 3.;.’
My oy s (GEV/CT)

P LI
LI0E ——data (K'K'T) E
% - — fitting results .
@) == Xe

10°E : E
W E —-'|'1c =
8 N ----- background
c -
N — W S
s NG AT
m : | | I 1 1 | 1 | IJ"““;K::W“\I | 1 1 I I\I | 1 I

335 3.55 36 3.65 3.7

« Observed signal in K.K*r+c.c., found evidence in K*K 0
* First measured Br(y' -y (25))=(6.8£1.1:4.5) X104

Potential model expectation: (0.1-6.2)x10*

CLEOc: <7.6X10*%

PRL 89 162002 (2002)
PRD 81 052002 (2010)
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Charm physics @ BESIII

- K
- semi-leptonic form factors Dtag ]
- fp & fp, decay consts. “tag side”
- CKM matrix: V., V.. y '

, A A
- DY-DP mixing and CPV X
- strong phases "signal side”
- rare decays T

Advantage of open charm at threshold

v Threshold production: clean

v Known initial energy and quantum numbers
v D tagging

v’ Absolute measurements
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9 tag modes

- Kt

D*—putv D'—’K_oﬂ+

0.0 0.2 0.4

BESIII preliminary (2.9/57") : £, = (203.91 £ 5. 72 + 1. 97) MeV,

CLEO-c 0.234+0.007+0.002+0.0¢5 [ |

D™ 5 1@ erv,)

BES-III 0.2218+0.0062:+0.0047 =
[Preliminary] (D" — p*v )

PDG2010 0.229+0006+0.024 | o |
(Charm decays at CLEO-c and Belle)

PDG2010 0©0.230:0.011 e
(Neutrino and antineutrino interaction)

! | | | ! I

0.15 0.2 0.25
|Vcd|

Most precise measurement of |V 4|

D+ > uv (BESIII: 2.9 fbl)

¢+ arXiv:1209.0085
CHARMZ2012, G. Rong

Y
fl)'aD;;
2
2 m>
+ + — ZF .2 . / 2
Fsu (D) = 1'v) = m;my, I > | Verisy ') e
87T ny, )

(s}

Vsl = 0.2218 £ 0.0062 = 0. 0047

Precise test of LQCD calculation of f
(Input 1p,, mp,, m,, of PDG10 and V4 of CKM-Fitter)

MARK-IIl < 290MeV at90% CL.

BES-I (00 70) Mev
BES-II @717 425) MoV
- I={ (205.848.5:2.5) MoV CLEO-c (818 pb™)
H (203.91:572:1.97) MoV BES-IIl (Preliminary)

i " [—— Lattice QCD
o] (@i mev Lattice QCD
| B (208:6:3:22) Mev QL (QCDSF)
m- (235:8214) MoV QL (Taiwan)

E- (210%+10'!))MeV QL (UKQCD)
-m- (211%14'7)MeV QL

| Fod (177221) MeV QCD Sum Rule
o  (eoa23)Mev QCD Sum Rule
o4 (195:420) MoV QCD Sum Rule

A (o0 Mev Field Correlations

}—v—] @=2:29)mev  Isospin mass splittings

! | ] ! ! | ] ! ! | 34
fo [MeV]




5000

A0 ¢
2000 -

1000+

el ET: L BESI reiminary Mode measured branching fraction(%) PDG CLEOc
N, = 18460+/-143 DY = Ktew 3.542 0.03040.067 3.55 £0.04 | 3.50 £0.03 £0.04
' u e = 167745 DV rte i 0.288 +0.008+0.005 0.289 40.008(0,288 £0.008+0.003
| » Systematic uncertainties are preliminary
b aB T ol .-UEI ._'-15 Sar e L ri—TTY [ ook of 0 [T . . . . -
0K ey Pormey * Good consistency with CLEO-c, statistical precision
_E. P _~o0 comparable with only 1/3 data analyzed

e

0P — K/m ev(BESIII 0.9 fb!)

BESIII Preliminary CHARM2012, C. L. Liu

Taken from Na, Davies, Follana. Koponen. Lepage and Shigemitsu. Phys.Rev.

D84 (2011} 114508 and modified (added BES III)

T | T I T I T | T | T I T I T ]
L HPQCD (2011) o
£777(0) = 0,666 (20),,, (21),,, +foemor
i Fermilab/MILC (2003) ——
Sum Rules (2009)
ETMC (2011, prelhmunary) o |
B Experiment + CEM Unitarity N
CLEO-c (2009) . T
B Belle {7006} - ]
erived from BES Il ing elim o ]
- ing: my own calcu ’ e _
1 | 1 I 1 I 1 | 1 | 1 I 1 I 1
01 02 03 04 05 06 07 08 009

From J. Rademacker @ FPCP2012

f+D—)TC(O)

Taken from Na, Davies
(2010} 114506 and modified (added BES III)
T T T

| T I T T I T | T
- HPQCD (2010) B 25 %error
B Other theory |
Fermilab/MILC (2005) ——
- Sum Rules (2009) -
| Experiment + CKM Unitarity i
CLEO-¢ (2009) M
= BaBar (2007+update) .
i 'i':_-j:: |I- :E. - I::':.: |_I e H
| | - | I | | 1 I - 1 1 I | | |
02 03 04 05 06 07 08 09
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Summary

- BEPCII is operating near design luminosity
& BESIII is performing at state-of-art
levels

— 0.5 Billion of y(2S) and 1.2 Billion of J/vy
events accumulated

— 2.9 fb-! at y(3770) so far.
— 3.3 fb-! data for high statistic studies of XYZ

« Excellent for precision measurements and
new discoveries. Charming program of
physics for the future.

Thank you



