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The Beijing Electron Positron Collider

(Beijing electron-
positron collider)
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BESIII Detector

Magnet yoke

RPC

TOF, 90ps

Be beam pipe

MDC, 120 mm g Total weight 730 ton
0.5% at 1 GeV/c NS = ~40,000 readout chnls,

! Data rate: 5kHz, 50Mb/s
Csl(TI) calorimeter, 2.5% @ 1 GeV
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BESIII Physics Programs

BES,

(looks like DD for D or charm physics)
(looks like cc for charmonium physics)
(for light hadron Spectroscopy)

B
E
S
T (for tau physics, looks like a Roman number “III”) «




BESIII [and BESII, CLEOc] data

Data BESIT CLEOC BESIII (2012)
J/y 58 M - 225 M (xH)
v’ 14 M 26 M 106 M (x5)
v 0.033 fb-! 0.818 fb-1 2.5 fb1(2.9 fb1)
6.4 pb-! 21 pb-! 42 pb!
Continuum | (Ns=3.65 GeV) | (Vs=3.67 GeV) (\Vs=3.65 GeV)
Performance BESIT CLEOc BESIII
op/p 1.7%/\N1+p2 | 0.6%@p=16eV | 0.5%@p=1GeV
cE/E 22% /NE 2.2%@E=1GeV | 2.5%@E=1GeV
PartID dE/dx+TOF | dE/dx+RICH dE/dx+TOF
Coverage 80% 93% 93%




5 Charm Physics: CKM matrix

20 b1 DDbar pairs at y(3770) and 20 fb-! DD - pairs at
y(4040) or y(4160) for high precision charm physics.

6Vud/Vud 0.1% dVus/Vus 1%
<< e < T
n&=Ea=——=% Vv KE—— v
BESIII D -
one year
Lumi. 5 fb! dVed/Ved 1.2% 6Ves/Ves 1.1%
at w(3770) = <!
peak D =—= T b ol ¢
5Vtd/Vtd 3.5% dVts/Vts 3.5% dVtb/Vtb 29%
w
B, === g, (B, ==& g | —<
BESTIT BESIIT + Lattice BESIIT + Lattice QCD
QCD +B factories +B-factories+pp/ppbar

The Goal: Measure all CKM matrix elements and associated phases
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in order to over-constrain the unitary triangles.



% Charm Physics: decay constants

2
G2 m?
F(D[s] — E’V] — fDE[s] |ch|2§img[5]m% 1 — EDE
(5]

200 220 240 260 280 300 320 340 360 (MeV)

N There is no fun in f since data agree

CLEO-c v, H—h—'—H 264 +15+7

| with LQCD ©
CLEO-c tv_(1*>7'V)) | H : | 310+25+8 . _
| Will the ~3c difference between data
CLEO- et v - 273+ 16+ 8 :
¢ wlroever) and LQCD persists?
CLEO-c combination 2714+10+5
s | Table 3. Expected errors on the branching frac-
Belle m, |_¢__|L_¢_{ 275+ 16+ 12 tions for leptonic decays and decay constants
| at the BES-III with 20 fb~' at v(3770) peak
BaBar pv | :' | - 283+ 17+7+ 14 and Ecum =4170 MeV, respectively.
world average |__{ 27649 Observable Error || Measurement | Error
: i - BR(.D+—>[.L+I/) 20% fD|‘/c:d| 11%
LQCD (HPQCD+UKQCD) [+ ! 241+ 3 BR(D{HljJrV) 2.0% st|Vcs| 1.0%
in sRcw ) | g6% | [Yete| | 13%
BES-II ' }-H | 276+ 3

New physics? fo, (MeV) J.-H. Zou et al., arXiv: 0804.1822 [hep-ex]
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Qv

(3770) with 420 pb™" first clean single tagging sample: *~ N

K+

Charm Program ~a"

12000F
10000-  BESII| P{ :
gooo- Preliminary
6000 -
40000 | Do Ky
2000F
0 163
9000F —
8000F BESIII
7000t Preliminary
6000
5000
4000
3000t | DO>Knnn
2000F
1000 _
0™ =81 1.86 1.88
mBC

e+

| 140000 pEg) ﬂ
3 120000 Preliminary i
1 10000\ | >
2 _ 2
80005 |\/IBC - \/Ebeam_| pD |
60001
2000;—
078 1.86 ~1.88
mBC
14000 BESII| Resolution:
12000 Preliminary
10000} 1.3 MeV for pure
8000} charged modes;
6000 | DO Krrr? 1.9 MeV for
4000; . 0
20001 y modejs with one r°.
0 — a2 186 88 g
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y(2S)->nh, transition

4000

3500 F
3000
2500 £

1500 E

@] BESII: PRL 104, 132002 (2010)
Mass: 3525.40+0.13+0.18 MeV

ol Width: 0.7340.45+0.28 MeV
oy . (<1.44 MeV @ 90% C.L.)
el 3 BESIII

o CLEOc: PRL101, 182003 (2008)

Events/1MeV /c?
)

(®) Mass: 3525.28+0.19+0.12 MeV
Width: fixed to 0.9 MeV

AM, = <M(3P,)>-M('P,)
Agrees with zero within ~0.5 MeV

3.51 3.52 3.53 3.54

Information on spin-spin interaction.
70 recoil mass (GeV/c?)

Combined inclusive and E1-photon-tagged spectrum (First measurements)

B(y’>n’h ) =[ 8.4+1.3(stat.) £1.0(syst.)]x10+ Agree with predictions of Kuang,
B(h_.>yn,) =[54.3+6.7(stat.) £5.2(syst.)] % Godfrey, Dudek, et al. ?



Jy & y'2>ynl, ym & yn’

Nature of charmonium &
pseudoscalars

Pseudoacalar mixing
- NN
— N1,
Vector Meson Dominance
FSR from quark
nOyy* form factor at
Q2~14 GeV?

“12% rule” & “pn puzzle”

Y(28) — "

AANANNANNN N Y

P(2S) |
_ ] norm
n-n’ mixing angle
/
Y(2S) — ynd
Y
NN
P(2S) ' AVAVAVAVAVAY | X 0

form factor: v* — vy — 7°
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PRL105, 261801

J/\v & \|f 9% , YN & vn (2010)

0.5 0.6 0.0 0.85

1 005 01 015 0.2 0.25 0.3

0.9 0.95 1

M(yy)
r _ BV—oyn)
vV I
B(V—vyn')
Ry, =(20.9+0.9)%

Q. Zhao,

e S Ry = (1.10+0.39)%
Mode | Bw) X109 | BUW) X109 | Q (%) | imepre
ymO 1.58+0.42 0.35+0.03 45+13 e by
N 1.38+£0.49 11.04+0.34 0.13+£0.04 |pLB6Y7.

n’ 12619 52.8+1.5 24+0.2 52 (L)




E Charmonium + XYZ states

GeV A
What are they ?
Z(4430) .
7(4250) 480 | | @
Z(4050) 3°D,(4.52) f)
4%s,(4.45) @ .
440 7
X(3872) 230,(4.19) 2'Dp(4.21) 23054 21) 23D5(4.22)
XYZ(3940) 3'3{4.06}3_._55' (373} ’F;(4.09) 'Fy(409) PF3(4.10) ®
4.00 — /////////2._'&(3_-,9_‘51 2% (392) 2% (3.95) ?apz{3-93} 'D,(3.84) 1°D,(3.84) 1°D,(3.85)
X(3915) ’,a’D,cs.az} I'D,y(3.84) 1PD,(3. 2(3. .
X(4160) agree) LD Charmonium?
Y(4008) 3.60p777> (py(3.52) s RS
| ————3p (3.44) vo>5ss P ko)
Y(4140) | P Hybrid"
Y(4260)
Y(4360) 3.20F im0 Tetraquark?
X(4350 's(2en”
Y§4660§ . Molecule?
> 80 | 1 | | | — 1 — e — — -
ot I 1 o ™ 2", 2" 277 3 c 3

Not all XYZ states are charmonia! 12



€ Production Rates of XYZ at BESIII

* No theoretical calculation on y(3S)=2y+XYZ if they are exotic
states

* Assuming M(y,(2P)) ~ 3930 MeV
— B(y(3S)=>vy’,)=(7, 3, 1)x10* for J=2,1,0

[ T. Barnes & S. Godfrey, PRD69, 054008 (2004)
E. Eichten et al., Rev. Mod. Phys. 80, 1161 (2008) ]

« As masses of the y_,(2P) states are very different from the expectation of the potential
models. S-D mixing will also affect the predictions. BRs could be very different.

» Can we observe the X(3872) if 1t 1s the %’ , and the production

rate 1s 3x104?
13



o (nb)

o (nb)

o (nb)

0970707-009

o[ ... 1 BESII will take
I soo. 22 - 0.5/fb data at
A ? .. .D*D* B
' 1 4010 MeV!
vy mvlT Yvwwy 0 licIEQOC
Y g T -/ PRD80, 072001 (2009)
06| ®PP . a
04 [ l ® 4.04 GeV vs. 4.01 GeV:
02~ ol » No D*D*!
i : ', : .| YY Vy vy T .
I I T  bkg for X3872->DD*
os|- *PD™ I | * More Ds!
- '|' 1 T
4 il o + » Chance for f,, meas.!
“F | |1 1+ .Datataking in May 2011!
%90 895 40 1.05 410 415 420 425 14

Ecu (GeV)



S Enhancement at ppbar threshold

Events / ( 0.002 )

Events/(0.005GeV/c?)

L)
=
=

sof prellmlnary

» Observed at BESII in 2003
— PRL91, 022001
- M=1861*3_,* s MeV
— Width <38 MeV (90% CL)
— Agree with spin zero expectation

Confirmed at BESIII (& CLEOCc)

"ElriE ey .
L ] L

800 002 004 006 008 0.10 0.12 014\
M, -2m,(GeV/c?) — M=1861.6+0.8 (stat.) MeV

— Width<8 MeV @ 90% C.L.

70 i =

b \ } I~ M=1859"% ;"7 5 MeV

50 } = — Width < 30 MeV (90% CL)

‘: | . H LALLM o Many possibilities:

20 ,«L o {' ++ — Normal meson?

10" CPC 34 421 (2010) — ppbar bound state/ multiquark/
S.UC.I = 065 I U 'IU 015 020 0.25 0.30 glueba”/ 15

M __-2m (GeV/c %



S More states decays into n'n*n
(\1;500:_. l{. I X(1835) at BESII
O , 1 « Confirmed at BESIII,
% 4005_ Y P e s { width much larger
< 300F PoORE OE /%4 * Two more peaks!!
= : T "« JP unknown, need PWA
2500 9 7 PShke 4. Nature?
100E """"""" ] — X1835=X1859=ppbar
P g Known bkg. bound state?
OT141 |61 |82|02|22|42|628 - Pse.udoscalar,gluebalrl)s?
Mnnn’ (GeV /02) : Excited n or n’ states”
BESII X(1835): M =1833.7+6.1+2.7 MeV/c?
['=67.74203+7.7 MeV/c? PRL106, 072002 (2011)
State X(1835) X(2120) X(2370)

Mass (MeV) | 1836.5+3.0%56 ., | 2122.4 +6.7+7, | 2376.3 +8.7*32,,,
Width (MeV) |  190+9+38 83 +16+31. 83 +17+44

16
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0% (266D £C aud

=2
T IMNASS g
= = 1780
m S
| | | | K
1775 -3
DASP 1807+ 20 , - -
SPEC 1787%7° \ - .
-78 E ;-_I"-- BOD
e
Markll 1787+10 | . B 2 .,
+2
DELCO 1783, i o
ARGUS 1776.3+2.8 s Scan Point
[] . _1
CLEO 1778.2+1.4 b 12 points, Lum.: 5 pb
OPAL 1775.1+1.9 o 2 1 I T ] ,
| (a) {b)
Belle 1776.77+-0.35 { = L
—
+0.37 —
BES 1776.96,,, d =
+0_29 -:-ﬁ}_.; 11
KEDR 1776.80,,, ¢ o3
A
e
| | | | | S F
1700 1725 1750 1775 1800 1825
m_(MeV) o LL 1 \ !

3540 3560 3580 3600 3553 35584

M. =1776.96 * )21 0% MeV E o (GeV)

oM. /M =1.7x10"*  BEg) results: stat. err. (0.18 ® 0.21)
PDG10: 1776.82+0.16 MeV | Is compatible with syst. (0.25 ® 0.17)




(U BEPCII Storage Ring

SR

RF,. ..——aRF
Compton
backscattering
; technique,
i paht i accuracy
up to
5x10-°
! ! Total systematic
:

#® HPGe detector ¥ Laser source . Opfics system

; uncertainty on
/ beam energy
measurement
can reach 90keV

IP



@TSketch of energy measurement system
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@ons: 2011.01.13 ] 03:03:16 -- 05:04:06 | 2011.01.13

counts

197Cs: E,= 661.657keV, oE =4.54x10 -

<

E =6217.137 = 0.568 keV

edge
Cg = 6.97 £ 0.93 keV

= 1886.478 + 0.086 MeV
= 1058.0 + 140.6 keV

beam

E

beam
O

Electrons: 2011.01.13 | 03:03:16 -- 05:04:06 | 2011.01.13

1000 2000 3000 4000 5000 6000 7000
E,, keV

Relative error:
Meas.: 4.6x10°
Design: 5x107°

1 I 1 L 1 [ I 1 L 1 1 I 1 L L 1 I 1 L
6100 6150 6200 6250

350

L 1 I 1

6350
E,, keV
20

L 1 I 1 1
6300



(0 \|/(3686) Cross Section Scan

Online
results

o first
400 o second

= ~3686.09 + 0.04 MeV _
=
b 200 ! :
40_ ........................................................................
)
l S
3.68 3.69 3.7 o
“* No efficiency correction 10}
<+ Cross section in arbitrary unit | |
< Errors enlarged by a factor of 10 4e7 3.68 3.69 3.7

Offline fit:
3686.08 + 0.02 MeV
PDG2010:

E._. (GeV)



Summary

+ BEPCIT has reached 59% of its designed
luminosity goal of 1033/cm?/s, and is
accumulating data at ~20 pb-!/day now.

+ BESIII is running very well and has
accumulated world largest data samples at
J/vy, v, and y" peaks.

+ Lots of results have been published and more

to come soon!
#i5/ Merci! =2



backup
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BEPC II: Large crossing angle, double-ring

Beam energy:
1-2.3 GeV

Luminosity:
1%1033 cm2s™"

Optimum energy:
1.89 GeV

Energy spread:
5.16 x10

No. of bunches:
93

Bunch length:
1.5cm

Total current:
0.91 A

BES is here SR mode:

0.25A @ 2.5 GeV

24

Compton back-scattering for
high precision beam energy
measurement
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& CPV

Up-type quark flavour changing
neutral current (FCNC)

mixing

The reason for time evolution
(charm)

flavour eigenstate #* mass eigenstate
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tive to new physics

x|, lyl <<1=
X, y are sensi

X, Iyl < ©(10-%)

DO decay time distribution depends on x,y.

SM




HFAG : world average

et ‘ = CHARM 2010 '
— 7 CHARM 2?10 0o CBV > - CPYV allowed
1.5 1.5 ] : :
17 1
0.5 0.5}
of S 80 | i ;
] s . m3c
f Nic @ 6o BN P 1o
' iz & LER: ' 20
-0.5- .30 9 40/ _ H36
i : s - i ! 40
i 3 : 40 £ S e e
AL i i i IS i 0 0.5 1 1.5 2
-1 -0.5 0 0.5 1 1.5 Z 8 = -
X (%)
X (%) _

-8 |

11 1 | 111 i 111 I Lt 1 I 11 1 | 111 | 111 I 1 11 I 1L
04 06 08 1 12 14 16 1.8
|a/pl

No experiment observes significant signal (>5c)
BESIII may reach mixing & CP violation at 0.1% level. *
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