BESIII

. CP VM
2012 10 25




J

d A

¢ BEPCII/BESIII

¢ 2012 A R Ne - 11d
N

C Charmonium Spectroscopy and Transitions
C Light Hadron Spectroscopy

C Open Charm decays

C Tau mass scan

Ci A 7 Ne t 7 n w1
e, A d gx 14d .
[ v

C
C

2



Phy sii recarmadgionU

Charmonium physics: [ Hydrogen atom of QCDO
- Spectroscopy Viass

. (MeV)
- transitions and decays
Light hadron physics:
- meson & baryon spectroscopy
- glueball & hybrid 3500
- two-photon physics
- e.m. form factors of nucleon
Open Charm physics:
- (semi)leptonic + hadronic decays
- decay constant, form factors 3100
- CKM matrix: Vcd, Vcs
- D%-D®%ar mixing and CP violation
. 2900
- rare/forbidden decays W - I+
Tau physics:
- Tau decays near threshold
- tau mass scan
éand many mor e.
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Facilities fordcharm physics

C Hadron colliders (huge cross-section, energy
boost)
C Tevetron (CDF, DO)
C LHC (LHCb, CMS, ATLAS)

C e*e" Colliders (more kinematic constrains, clean
environment, ~100% trigger efficiency)

C B-factories (Belle, BaBar)
C Threshold production (CLEOc, BESIII)

C Quantum correlations and CP-tagging are unique
C Ratio of signal to background is optimum

C Lots of systematic uncertainties cancellation while applying
double tag method



BEPC |l Storage ring: Double ring

Beam energy:  RF...SR..RF
1.0-2.3 GeV -
Design Luminosity:
11 10°3 cm?st
Optimum energy:
1.89 GeV
Energy spread.: ¢
5.16] 104
No. of bunches:
93
Bunch length: !
1.5 cm ‘
Total current:
0.91A
Circumference
5237m




The BESIII Detector

RPC

A total weight of
730t, ~40000
readout channels,
data rate 6000Hz
~50Mb/s, ~1000
man*year, 30 M$

4 Csl(Tl) calorimeter, 2.5 %@ 1 GeV
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BESIII

Political Map of the World, June 1999
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BESIII No

C T 17 N T . 33 .
¢2010 4 _ 2PRL 1PRD 1CPC
¢2011 11 , 3PRL 8PRD

©2012 18 , 5PRL 1PLB 9PRD 2
CPC

C
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Data samples of BESIII

C 2009
A _ ~ 3106 225M Jly
C 106M Yy (2S) (4 times of CLEOC) 200 77 Jly
C 225MJly (4 times of BESII) - VO

C 2010 150 - My G
A -1

] C ~0.9 fbly(3770) 100

C 2011
C ~2.0fb1y(3770) (3.5 times of CLEO®0 -
C ~0.5fb1 @ 4.01 GeV

C 2012 0\\\,6\'\\0\\
C tau mass scan ~5.0 pb-! @‘*\ &v Q¥ @“(7 <>3' gé’\

C ~0.4 billion y(2S)
C ~1 billion Jly

C The world Largest J/y, y(2S),y(3770)

data samples produced at threshold
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Recentresultsoon Charmonium
Spectroscopy-and! Transitions

First evidence for the directyGe g g@/y transition
yé p°Jdly,hlly

First observation of e*te- h Jly @3s=4.009 GeV
Cco2- 99

Jly,y6- 3p

yé K*K-p® K*Kh

C.;- P nbar p, p nbar p p°®

C.;- L Lbarpp



y O- g d§y transition

e Two photon transitions are well known in excitations of molecules, atomic hydrogen,

and positronium.
[F. Bassani etal, PRL 39, 1070 (1977) A. Quattropani etal, PRL 50, 1258 (1983)]

e Never been observed in the quarkonium system.
CLEOc: upper limit of Br(y'— yyJ/y) is 1X 1073 (PRD 78,011102(2008))

e Observation helpful to understand heavy quarkonium spectrum & strong interaction

Theoretically: k) k)
e Potential models give discrete spectra 'g
(W(2S) = Ve Xes = ¥ /W) Y(29) R I/
1’Lr:'..i(”"'hm)

* Possibility of testing the hadron-loop effect (k) (k»)
¥k AN

e Coupled channel: the hadron-loop effect %Z%?§§
. . g (2 S ]I g J;"qr.-'.-
also may play a important role in the > >
continuous spectra [, o ot 41 phys. Rev. D 83, 054028 (2011)
11




First evidence ofy 6- g 8y

arXiv: 1204.0246 Accepted by PR

Athe ¢, components:
double E1 scaling ~ ~

Ayields of the two - _
photon events

Acontinuum(green )+___

[
=
S
T IIIIIH| T
p—
o
—

y

entb/2 MéVIcz
il At

\'J

4 345 35 355

Mysm- recoil (GeVi¢™

d..,- low energy gamw,§'44<RM(Qsm )<3.48GeV

wGlobal fit of the two-
photon process an
cascadec.;processes

wSeeclearexcesover BG
+ continuum

WBryQ gdy)=(3.20.6'08, )10
(Jly - ee and mnmode combined)
oSignificance: 3.8 including systematics

wBryes- gg,c.,- gJly) are also measured
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'/ O- hJ/y , pOJ/y arxiv:1210.3746 Accepted by PRD

C Decay final states: o 3 E
g g'mor g g'e o F E
~ A 0 _ : o 9_255— E
Cyo- p°Jly isospin % onf 3
violation = E E
C QCD multipole- = t:r_mi— —
expansion + axial 005 3
anomaly Y R=0.016 Tl PP T
(G. A. Miller et al., Phys. Rep. 194, 1 (1990).) M"‘th""“*’ (GeVier)
C Charm-meson loops Y Bor R Combined PDGI6]
R =0.11°0.06 B — x0T /Y)
(x1073) 1.26 £0.024+0.03 1.304+0.10
(F. K. Guo et al., Phys. Rev. Lett., 103, B — nJ /)
082003 (2009)) (%10™3) 33.75 4+ 017+ 0.8 32.8 £ 0.7
C Non-perturbative R = Bt
effects | m po rtant (=1 )= ] 374+ 0064+0.04  3.964+0.42
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ete - hJly @4.01GeV |rross, 071101(R) (2012

Hadronic transition between charmoniu
states above open-charm threshold is n
well understand

Data sample: 478 pb-1 @4.01GeV

First observation: e*e - hJ/y (significance™
> 10s)

Measured Born cross section:
(32.1°2.8°1.3) pb

C Assume hJ/ly from y (4040)

Br(y (4040)- hJ/ly)=(5.2°0.5°0.2°0.5)3 103
Br(y (4040)- p®J/y) <2.8310“ @90% CL

~

C Consistent with the theoretical calculation
(Q.wang et al., arXiv:1206.4511)

C Partial width of y (4040)- hJly: ~400keV (2
two times y(4040) P Ply)
C Similar to the hadronic transition of U(4S) 2

(admixture of a four-quark state in the way@
function, M. B. Voloshin, Mod. Phys. Lett. A 26,
773 (2011))

O»
Events / 08 GaVic?

O» O

O»

)
Events / 0.01 GeVic?

E_Q 0.3 0.4 0.5 0.6 0.7 0.8 {] 9
M(yy) (GeV/c?)

=

O NWAOONDOO
[

—+-o
— Be
—Ba

10.01 GeV!

0.2 0.25 0.3
M(yY) (GeV/c?)
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CCO,Z - g9

C In analogy to the 3P

PRD85, 112008, (201

2)

B0

200

150

Events / 0.05

100 F

positronium decays ¢

¢ R1 sz' QM > 1000
GCP- g)g0.27 & s
C First-order QCD & oo

radiative COI’I’eCtIQmoo
Y R=0.116°0. 010> 200

(Voloshln, Prog. Part. Nucl. Phys. o

lllll'lllfl'llllr

L

EOF

0

-4-data
—FitMGC

260

1
-0.8

1 1 1 1
0.4 -0z 0.0 0.2

Events/ 0.08
=
(=]

Lowalvo s b o a o]

61, 455 (2008))
C First measurement

0.10 015 020 025 0.30

E (v) (GeV)

)
%5 08 06 04 02 0D D2 D4 06 08
cos6,
250 - T
T B R N B F =
200 —4-data 3
0.35 0.40@ F — Fit MG E
1
i=
z
L

off G%c.,- g
G (02 b

Quantity

PDG global fit results

. I
This measurement”

C Relat|V|st|c potential 3,
model Y f,,<05% %

B, X
(T Barnes, in Proceedings of the IX B, x

b ﬂq x H}j{,}l/r_{] }C
x 34 x H}jixtﬁ )

{}4 Xnﬂj
10y, )

International Workshop on Photon- I yy(x«) (keV)

Iy (xe2) (keV)

216 £0.18
224 £ 0.17
223 £ 0.17
256 £0.16

232 %022

0.50 = 0.05

217017 £0.12
281 017 £0.15
224 019 £ 0.15
321 018 £ 0.22
233 +0.20*0.22
0.63 = 0.04 £ 0.06

Photon Collisions) R

0/
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0.22 +0.03

0.27 £0.03 = 0.03
0.00 £ 0.02 = 0.02




Jy,yo- 3p Phys.Lett. B710 (2012) 5509

Dalitz plot with background subtractec

J/v - ntn~n® decays are dramatically different and corrected for efficiency:

From y(2S) -» ntn~m° decays:

« J/yisdominated by p

m(n0)? [GeV/cY

* y(2S) is strongly populated by higher mass state
absentin J/y decay
Precision measurement of branching fractions:

BriJ/y » ntn~ %) =
(2.13740.004 (stat)*35928 (syst)*9927 (norm)) x 102

Briy(2S) » ntn~n?) =
(2.14+0.03(stat) 1598 (syst) 392 (norm)) x 1074
The ratio of these two branching fractions:

Br(y(2S) » ntn~n?)
Br(J/y - ntn—n0)

= (1.00 + 0.01(stat)i8;82(syst)) %

_~ _ Br(y(2S)-hadrons) _ Br(\y(2S)~e*te™) _ ' . -
pm puzzle: Qp = s/ Sraarors) ~ Eridlvsere) 12% clit to remove m(n'n") [Gevi/ct]
v background




y G’ K* K_po, K* K'h arXiv:1208.2320 accepted by PRI

C Motivation I 1
C Test 12% rule (Q,,) & Study r pouzzle % . }
iInyG VP decays > N 1
C Test HSR ‘“o; dEN IR R ]

C Search for excited f, K* states ”“fg— R

- _m"-‘l'-’;:':-' T ek s ekl |

C Measuredyé KK*,f hf p(isospin B S S ST
violated) Moo (GeVI)
C Q,in VP decays significantly deviate e ...‘fs(ésfo)? ‘2;? S —
from 12% S.E 2 R B
C First observation: y6 s
K*K",(1430) g
(HSR suppressed decay) . -

PRD 85, 074015 (2012] ~ ©° ‘wmieWe = =

BR(y — VP) EM Short distance  Long distance Strong Total BESIII( »10~7).
KK +ee. 703%x10° 981107 133x107  364x10°  L70x10°5  3.18+03014%
b7 226X 107 155 x 1074 L73% 107 1.92x 107  225x10° 3.1440.234£0.23
P’ 9.78 x 10°* 0 0 0 0.78 x 10°® <0.04
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CCJ = L L bar p"’ p' PRD 86, 052004 (2012)

C Color-Octet

contribution: Large 3 ST M o

effect in P-wave state. & g & P Susss)lp

Ceg.:cy- ppbar, = s "
theoretical prediction 5 5 hdekdhod
consistent with exp. N T M, (GeVe
(Wong, Nucl. Phys. A674, 185 (2000)) < S

C €y - L Lbarnot g 3
consistent 8 g

C What about other baryon = =
anti-baryon decays? E g

C Experiment measured .

CNR:cy,- Llbarp'p ¢ L

C c.;- S(1385)*Lbar p+cc & 8

C C.y- S(1385)Lbar p*+cc £ s

C First evidence: ¢, - g 2
S(1385)Sbar(1385) & g

C Experiment consist with
theoretical prediction

18



C.;- P nbar p-, p nbar pr

C Color-Octet
contribution: Large
effect in P-wave state.

C Search for N* states

C Experiment measured

C Branching fractions for
Ceoo12- P nbarp +cc

Cco12- P nbarp p®+cc
(most precise
measurements)
C Intermediate states:
C N*(1400), N*(1700) in both
pp and nbarp

C Threshold enchancement
of pnbar, or N*(2190),
N*(2220)?

C Further detailed PWA
need to be done!

Events/(5MeV/c?)
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ERD 86, 052011 (201

800 F

Events/(40MeV/c?)

M) (GeV/c)?

—
[=]
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Recentiresultsion LightiHadron
Spectroscopy

C Spin-parity analysis of ppbar near threshold
enhancementin Jly,y - gppbar

CJly - g3p
C PWA of yé ppbar p°
C Jly - L Sbar



PWA of J/y - p pbar [er 1o 112003 or2)

At 21 2+ \NAdwas first ;;'g mib)
performed 2 500 # WT
AThe fit with a BW and-Bave £ “auw
FSI(1=0) factor can well describe py | 3

(} DS [l[l DS 1.0
msEI

mass threshold structure.

Alt is much better than that Witho@tmé_“l--'r---w----u----.
C{L STFTSOULZ D)yRZY .

ADifferent FSI modefs Model 1508
dependent uncertainty i

Sof

$5 556 55 10 : -
J*=p* == |>6.8(betterthan other ¥¢assignments
M =1832"° (dtat) "> (syst) ° 19(mod)MeV/c?

G=13° 20(stat) 5 (syst) ° 4(mod)MeV/c® or G<76MeV/c* @90%C.L.

21 B(I/y- gX(pp)B(X(pp)- pp)=(9.07; (stat) s, (syst)® 2.3(mod))® 10°°




Threshold structure ofyG gp pbar

PR._ 108, 112003 (2012)

""""""""" 1 F iEmmmn T (b)

Obviously different line Ry
shape of ppbar mass NNBESE T *
spectrum near threshold 1 R
from that in J/-_decays
\l | E g%g;:::::'::::::::: ---- :

i S vt i IR B PRI PR
2.5 3.0 3.5 3 4 5 6 7

M(pp)(GeV/c?)

PWA results:
A Significance of X(jmar) is > 6.4.

A The production ratio R: | first measurement
__BWi- gX(pp)
B(J/y - gX(pp))
= (5.08"° *(dtat) %" (syst) ° 0.12(mod))%

-0.45 -3.58

ALGO Aa adzZllJNBaaSR 02

Events/(0.01GeV/ch)
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SOme SurprlseS: \y ) gp PRL 108 (2012) 18200:
First observed h(1405} f,(980)p° (Iarge Isospin breaking)

L3 h(1405) g o - N(1405)
<§200_f1/h & § 40;—fl/h OO
S o0 ,(980) p 5w ot fo(980) pop
2 100 + £ 200
L% 5(]; E 10f _____ +
B R S - BN N A - a e R S R N - I
M(f o)/ (GeV/c?) M{f n°)/(GeV/c?)
Very narrow fO(980); much narrower than PDG value'
""""""""""" 100F
: S 50
"'/'1:(;\"" T 1_2 ok R I b R e E—
M) (GeV/c?) M(n°r0)(GeV/c?)
M =989.9a 0.4 MeV M =987.0a 1.4 MeV
J.J\Wu et. al., CED: 9.5 1.1 MeV G=4.6a 5.1 MeV
PRL 108, 081803(2012bgssible explanation KK* loop Triangular Singularity (TS




A 0
PWA Of y O p pbar arXiv:1207.0223, submitted to PRL‘

C Non-relativistic quark model is successful in interpreting of the excited
baryons

CPredicted more excited stated (nmi:¢
CJy(yo6) decays offers an window t o seE€
C Isospin conservation Y Dsupressed
C Two new baryonic excited states are observed !
00~ 7 7 T T e T {a)]
~ e ' Resonance M(MeV/c?) T'(MeV/c?) AS  ANgy ClL.
Y s _ N(1440) 130075755 340750705, 725 4 11.50
< 15107200 11573010 198 6 5.00
- 1Eqr+9+15 +20+0 Y .
S oo A 153515755 120050F0, 494 4 9.30
3 165072100 150730 T 821 4 12.20
= » +30+32 +109+149 =
. | 1700+_4208+_13CF59 450_;,3[”_14140 55.6 6 9.60
2 ; i __ 2300131%1%4 340131%1%% 1207 4 / 15.00
N T T = ey iy e W 2570750y 25055,75, 789 6 11.7g
1.5 2.0 23
M, 5(GeV/e?)
.- " Resonance N e(%) B.F.(x1079)
el {04 LB QO T~ T 90 48T . ) o TFUZ0FIL.78
) e N (940) 1870 0 Tt 272+ 04 64270507 58
T:‘:lq[)_ 1\:(3%?0) . 47\'(1—1'—10) 1060_90_22? 27.6 £ 0.4 ‘3'08—0:25—0:84
- -~ N(570) N (1520) 190i}ji2§ 27.7+0.4 0.6470 02022
z N(1535) 673752755 25.5 + 0.4 2477058 To'07
2 100 7 N (1650) 1080}2‘?_;E5%2§ 26.9 & 0.4 3 76$§§§$;§2
z o 510721150 26.6 + 0.4 17970 0 07
E ol g - QSTITIL  g3si0d  26270RTLL
e T 7957 2T 349404 2137008700
R - 4515493 25.5 4+ 0.4 165+0.3+ 1.5
24 T M(GeVieh) i




Jy - 1S° + c.c.

C PDG2010:
Br(J/y - 1S°)<1.5310% =« | s

PRD86,032008(2012)

L B R B S B R B B BB
i | (b)
b ook

C First observation = |
C Study isospin |

breaking mechanism ool
inJly - LS°+c.c.
C Search for

T
100 - ‘

My
L(1520)- g L
C Measured h.- LL ) -

(Only observed by

B el I ein B - L LK TABLE Branching fractions (1077)
before)

J/r decay mode BESIII PG

A3 146 =011 =0.12  <7.5
A3 ) 137 20,12 =011 <75
YA, — Ad)

OB =021 =032

AA(1520) + c.e.(A(1520) — yA) <0.41
25




Open charm physics (all:results
are prelimmary)

CD*- nfn
CD%- K /pe*n
C Search for D°- g g



Leptonic and semileptonic D decay:s

o ~2
+ + £ Gz a m2 OC w* *
G(D*- ¢'n,) =2\, [ Emym? - —Lar % 35@W"<
8p ¢ mi+ w
2 Vv
d(D- K(p)er) _ GEVuiw| P[], [ oy . i
2 — 3 f+ (q )‘ w ¢
dq 24p L T % ‘
2=(p+p.)2 Y M2, of lepton pair ~  e<itatani e
C Windows on weak and strong
physics 07 i oany ~ MR fopm
C Weak decay Y theoretically "f =~ = AN
clean . é% i Rt
C Over-constrain CKM and 2 / . 3
search for New Physics "8 | :
C Strong interaction Y test  ,fe.. /. A ' |,
Lattice QCD p

27



n Recon. @charm threshold

C 100% of beam energy converted to D pair (Clean
environment, kinematic constrains n Recon. )

C D generated in pair Y absolute Branching
fractions

CAt y(3770) char mopPr odtpct i
C Fully reconstruct about 15% of D decays

DE:ED_ EBeam

MBC = \/Eéeam ) pé

C Double tag techniques: Hadronic tag on one side, on the
other side for leptonic/semileptonic studies. Neutrino is
reconstructed from missing energy and momentum
(Double tag efficiency is high.)

28




D - mn(BESIII:: 2.9 fio?)

1 a“w = ~0.9 1b-1 of data @3.773
C Tag side e @ obpg
reconstruction: o ! 1w
C 9 decay modes *
C Kinematic variables: o
Beam-constrained | e L |
mass and DE |
C (1.57°0.2) M tags
found W

- K
Dtag

: (@ T8 1% 18 18 T8 18 18
M, [GeV] M, [GeV] M, [GeV]

29 Beam-constrained mass of tag D



D - mn(BESIII:: 2.9 fio?)

C Signal side reconstruction:
C:IOne charged track only — .uH ”i{w’ B
C Kinematic variable: M? ... sy i 'Hm}“"" ;'nl,,,
C 425 candidates — "

BES Ill preliminary:
N(D* - mn) =377.3° 20.6

Experiment B(D — pv) fg

BES lII (preliminary ) (3.744+0.2140.06) x 10~* (203.91+£5.72 4+ 1.97) MeV
CLEO-c (3.824+0.32 £ 0.09) x 10~* (205.8 £8.5£2.5) MeV
Average (3.76 £ 0.18) x 10—* (204.5 £ 5.0) MeV

The error is still dominated by statistics, more data at threshold is needed.
30



DO- . K/p e'n (BESIII:: 0.9 flo!)

5000—

BESIII Preliminary results st L DP->Ke

iPartially blindanayed™
so far. Full 2.9 fb-! later for final results) ™

(0.0

O O

BESIII Preliminary

Tt No.= 18460+4143

C Tag side reconstruction: =L | sig
C 4 decay modes wo &X‘\
C 077 M tags found %i -rg{ T o oas ez
C Signal side reconstruction: i
(Z‘, tV\_/o oppqsitely_—charged tracks D->peA
_ C Kinematic varlablg. Unniss - BESI Prefiminary
C Systematic uncertainties are o N = 1677445
preliminary " L
C Good consistency with CLEO-c, we ) S e
statistical precision is comparable o e
with only 1/3 data analyzed U=E i |Puss| >0
Mode measured branching fraction(%) PDG CLEOc
DV — K*te i 3.542 £0.03040.067 3.55 £0.04 | 3.50 +=0.03 £0.04
DO = nte i 0.288 +0.00840.005 0.289 +0.008]0.288 +0.0058+0.003
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FF from experiment and theory

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

D84 (2011) 114502 and modified (added BES I} E]Ef[:]. fll'ltjllguﬁ.';.uiﬂn\'lij;;ﬂl;lE};ﬁj;ﬂg&lﬁiILenaEe and Shigemitsu, Phys Rev, DE2
| T I T I T | T | T | T | T i _l_r T | T | T | T | T | T |
n HPQCD (2011) ~ |
£ P20y = 0,666 (2 0., Q). FoH 4 % error | - HPQCD (2010) HH 2.5 %error -
Fermilab/MILC (2005) —c— _ Other theoty i
Sum Rules (2009) 1 |  Fermilab/MILC (2005)  +—tS—i
ETMC (2011, prelinunary) a : | - Sum Rules (2009) .

Experiment + CEM Umitanty Experiment + CKM Unitarity

CLEO-c (2009) i 1 | CLEO-c (2009) M

Belle (2006) = | - BaBar (2007+update) .

! ! ] ! | ! 1 | 1 | 1 1
01 02 03 04 05 06 07 08 09 02 03 04 05 06 07 08 09 ]

f,D- P(0) f.P- ¥(0)

C From Jonas Rademacker at FPCP2012

C Note: BESIII result from D° only, CLEO-c use
both D%and D*
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Search forD°- g g

Theoretical predictions: SM (short distance)~ 10 %
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Long distance ~10-8
B(DA ' )

B(DIy )B(DPA "9 9<5.4 10° @90% CL,
with PDG valueB(D’A ~ 9 9=8 104,
BESIIIB(D’A ¢ ))<4.4 10° @90% CL.
BaBarB(D’A ' )<2.2 10° @90% CL.



