Highlights from BESIIT

Hai-Bo Li
for BESIII Collaboration
Institute of High Energy Physics
Beijing, China

V. o )\ 4 -
A ot s s 4 Foa e .

F / Y f i L B 4 . n

F'/ o ’ v ! aer. e \-\ N

XIV International Conference on Hadron Spectroscopy
June 13 - 17, 2011

Kinstlerhaus, in Mdnchen, Germany
June 15, 2011 Hai-Bo Li (IHEP) 1



Outline

+ Status of BEPCII/BESIII

* Results from Charmonium data samples

- 2010-11: First open charm runs

* Charm Physics: advantage near threshold
» Conclusion
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BESIIT - physics using "charm”

38
EMD“-._“"'"""""“'----------..._._____ e .

.,r’*=5;5:.;:.'.;---..____ DD
36 B

L [xe(i®)
II|II II:I;.-' -."._)‘ ) p I
III|I -.I__-".I: " j:;/ /

charmonium

||III I._..-":.l T

W
301" [atr'sa)]

JFC

June 15, 2011

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, form factors
- CKM matrix: Vcd, Vcs
- D%-D%ar mixing and CP violation
- rare/forbidden decays
Tau physics:
- Tau decays near threshold
- tfau mass scan
..and many more.
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Charmonium spectroscopy after the B-factories
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BEPCIT storage rings
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Beam energy:
1.0-2.3 GeV

Design Luminosity:
1 X103 cm=2st

Optimum energy:
1.89 GeV

Energy spread:
5.16 X104

No. of bunches:
93

Bunch length:
1.5cm

Total current:
0.91 A

Circumference:
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BESIII Detector

Magnet: 1T Super conducting

BESIIII detector: all new !

CsI calorimeter
Precision tracking

Time-of-flight + dE/dx PID

5600

4100 750

JV!DC: small cell & Gas:

He/C Hg (60/40), 43 layers
0,,=130 pm
o,/p =0.5% @1GeV
dE/dx=6%

or = 100 ps Barrel
110 ps Endcap

Muon ID: 9 layers RPC
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EMC: CslI crystal, 28 cm Data Acquisition:

AE/E =2.5% @1 GeV
oz = 0.6 cm/WE

Event rate =4 kHz
Total data volume ~ 50 MB/s
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Data samp
- So far BESIII has collected :

- 2009: 225 Million J/vy
- 2009: 106 Million v/
- 2010-11: 2.9 fb! \|I(3770) 160

(3.5 x CLEO-c 0.818fb1)

120

- May 2011: 0.5fb! @4010 1
MeV (one month) for Ds 80

and XYZ spectroscopy »
+ BESIII will also collect: 20
- more J/vy, v', y(3770) o

- data at hi;her energies
(for XYZ searches, R scan
and Ds physics)
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luminosity since startup

Note that luminosity is lower at J/v,
“and machine is optimal near y(3770)

| Integrated luminosity: Jan. 2009- June 3 2011
about 4.0 fb! @ different energies
=0 | NOtTe increase in SIOPQS!
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Recent y(3770) running

Reference point: Z = 0.5 x 1033 /cm?/s (maximum 0.65 x 1033)
theoretically lumi: 43 pb-! /day

But, filling beam, HV ramp, lumi. decay and down time loss 40%
Best week : 160.8 pb-!

Best day : 29 pb-!

Beam current: 700 mAx700mA “smi

HOCL . I
— HOCE.I
= L.TM.RepRate
= MP.EALLEBEAM
1} — MP.E

w0 | — e == Peak luminosity
- Luminosity curve (decay curve) - 0.6 x 1033/cm?/s
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6 groups from Germany

BESIII Collaboration
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Released results of BESIIT

Charmonium Spectroscopy and Transitions

- Properties of the h. (PRL 104, 132002 (2010))

- v'— vy yJ/v (submitted soon ) ,
Charmonium Decays 10 papers published

- Xy — mon0, n n (PRD 81, 052005 (2010))

= Xy = Y P, Yo, Y b (PRDE3,112005(2011))

- Yy @@, dd, 0 d (submitted to PRL)

- v'— ynl, yn,yn' (PRLI105 261801 (2010))
- Xy — 4n° (PRD 83, 012006 (2011) )

- Observation of x.;— ppK*K (accepted by PRD)

Light Quark States

-"a,(980) — £,(980) mixing (PRD 83, 032003 (2011) )

- n'>nrm matrix element (PRD 83, 012003 (2011))

- X(1860) in J/ v — Y (pp) (Chinese Physics C 34, 4 (2010))
- X(1835)inJ/v — v (nmwn) (PRL 106, 072002 (2011))

- X(1870) inJ/v — w(nn'n) (submitted soon)

More than 20 analyses are under internal review!
June 15, 2011 Hai-Bo Li (IHEP) 12



Property of h. (1p1)

PRL104, 132002 (2010)

Study isospin forbidden transition

B(V — 7°h,)

Measure as well the E1 transition

B(he = 1)

Hyperfine splitting of the 1P states
(spin-spin interaction term):

MASS [GeV/c?]

M(hc(1P)) — <M(Yc)(1P))>(spin-weighted)
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Observation of h_in inclusive reaction

PRL104, 132002 (2010)

Events/1MeV /c?

4000 F - —| Tag the E1 photon, yields:
;ﬁ_ ----- E1 photon tagged 1(2S) — n%hc) x B(he — y1)c)
o = (4.58 £ 0.40 + 0.50) x 10~
“Sm ! (consistent with CLEO-c)
20008 0! : ; ;
Hm; ' Inclusive analysis provides:
00§ ™
mm j: B(y(2S) — n%h,) (first measurement)
: =(84x13+£1.0)x10
Combining the two results:
Bhe =) =(543+26.7+52)%
(first measurement)

Natural width of he:
I'(he) = 0.73 £ 0.45 + 0.28 MeV /¢

(first measurement)

Hyperfine splitting:

351 352 353 354 )
70 recoil mass (GeV/c?) AMn = —0.10 +0.13 +0.18 MeV /c

(consistent with zero)
June 15, 2011 Hai-Bo Li (IHEP) 14



h.(1P1) in y'>nth,, h.2yn. n>X; (exclusive)

y'—>1’he, he—mg,
N iS reconstructed
exclusively with

16 decay modes

Black from PDG2010,
blue from estimation of y'—yn,

For detail see Quarkonia session:
Liangliang Wang's talk on June 13

16 Decay modes BR(n. —X)
MNe ~ PP ~0.13%
1, "R'TDPD ~0.45%
0. =2l ~1.20%
N, —~2K+2K- ~0.16%
Nezrinkik ~1.50%
N, —~3(n*w) ~1.50%
e — e A ~0.71%
. kkn ~1.17%
. —ppbarnf ~0.18%
Nn. ~ K,Kp; ~2.33%
N, —~kk3n ~2.40%
sy ~3.27%
n. —kkn ~0.57%
N —2(7'n)n ~2.70%
N — w7 n0n® ~2.40%
N — 2(m)nono ~11.0%
15
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In recoul mass in h éync N2> X
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Simultaneous fit to m° recoiling mass
in 106M v’ sample (preliminary results):

M(h ) =3525.310.11 ,,,1+0.15, ., MeV/c?
0.70=0. za(sm)_o 25,5 MeV

832+35

= 32/46

x2/d.o.f. =
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TR T R T
M(r" recoil mass) (GeV/c)

Consistent with BESIIT inclusive
results PRL104,132002(2010)
CLEOc exlusive results
M(h.)=3525.21+0.27+0.14 MeV/c?
N = 136+14
PRL101, 182003(2008)
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nc lineshape from y'—n°he, heoe

% 160 FBESIII Preliminary BESIII Preliminary
z 140 0 i
S 120F -
S b Sum of 16 of oF Ba;kgrounccii f
N C C
g wf 7 decay modes - subtracte by
I's o 'F T
40;_ 0 - AT ity by +’r++++u*+m-+ oy 4+ H ﬂlljf...n.
20 ':" L
0 - e T TR e B | | | | | | | | | | |
2.4 2.6 28 3.0 22 073 26 23 3.0 3.2
M(hadrons) (GeV/c) M(hadrons) (GeV/c?)
The n¢lineshape is not distorted in the h.—yn,
Detail analysis of n. parameters is ongoing!
450E { Belle = 16 ICLEO—C
I Y —> Me(1S); X Jp(1S) = yne(1S)
Slymrr'\ne‘rr'lc N(1S) = KsKn >
l L .
innes r?opdeuc‘rion = - Asymmetric
Yy prod g lineshape
o 5 4,
2 150 - in v decay
100 [ X
50 i L;’ P _:.
Y T B R T B e R I
Mass(KsKm) (GeV/c?) > Li (IH ' | E(y) [GeV] |



1 resonance parameters from y'—yn,

ﬂ240 . .
0:9- ggg i ci’.. . Né.’. 160
> To0 BESIII S | BESIII > 140 BESIII
G 160 preliminary O preliminary G 120 preliminary
5 140 5 10 5 100
o o o
= 100 =l =
o 8 @ 2 %
] =25 Ao tw i 20

%.7 2.8 29 3 3.1 3.2 g.? 2.8 2.9 3 3.1 3.2 %.7 2.8 29 3 3.1 3.2

M, . (GeV/c?) My 0 (GeV/c?) M., (GeV/c?)
250

— 140 —_— —_—
< N, 300 8
S 120 BESIII = 250 BESIII 3 20 SFo0ts
G 100 imi G reliminary 0] reliminar
© preliminary S ., 2 (lulles ARRRCRE o Ut il /
© 80 o o
o © 150 o
= 60 = = 100
2} v 100 2]
€ 40 = =
2 ﬁdﬁmlﬂ 2 50 fqtln gl g o0
m 20 - i} ) g L -_‘-.J—_-.-— Ll R ; K

%_7 2.8 29 3 3.1 3.2 %_7 2.8 2.9 3 3.1 3.2 g.? 2.8 29 3 3.1 3.2

2
My ksx (GEV/CT) M,,,. o (GeV/c?) My eory (GEV/C?)

Simultaneous fit with r-BW by considering the interference between n_ and

non-m,. decays, as well as the energy dependence of phase space:
¢: relative phase between n_ decay

mass: 2984.4+0.5.,,,40.6,,, MeV/c?  and non-resonant component under
width: 30.5+1 °Os1'a1'io°9sys MeV the signal region by assuming all

o: 2.3510.05,,,,0.04, . rad non-n is 0, and an u.niversal phase
June 15, 2011 Hai-Bo Li (|HE|:>)fOI" different modes is used. 18



Comparison of the mass and width for n_

The world average in PDG2010 was using earlier results

I | T l T T T T [ T T | I I

= Belle yy Belle yy

CLEO yy CLEO yy

BaBar yy —8&—— BaBaryy
- CLEOc J/y —_—— CLEOc J/y
(stat.only) (stat.only)

—— BESII ' BESIIy’

e.
l_lllJJ_IllJJLI.llJ_JLlll_l II.J.LJ I.lJLJ..lLl_lllJJ.
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40
n_mass (MeV) N, width (MeV)

BESIII results include both stat. and syst. errors, which
is the most precision measurement, the interference between
n. decay and non-resonance is important.

For detail see Quarkonia session on June 13:
Liangliang Wang
June 15, 2011 Hai-Bo Li (IHEP) 19



Obser'vaTlon of nC(ZS) in y'—>yn(25)n.(2S)—>K.Kmn

”T: - - BESII prellmlnary- With 106M vy’ events:
E 10° _ ﬂtting results 31 M(nc(2S)) = (3638.5+2.3+1.0) MeV/c?
- aen Yo 1: N((2S)) =50.6 £9.7
S oL —-N(2S) | Statistical significance larger than 6.0c! ;
3 E - bﬂCkgrUUHd SRR
= - Br(y’2>yn.(2S)2>yKsKn)
S qopt T A . =(2.98£0.57,,+0.48,) X10°
- [
m +
l . & Br(n,(2S)>KKm)=(1.9+:0.4%+1.1)%
35 35 36 'H" 37 From BABAR(PRD78,012006)
(GeWc )
3 .
(Ey X BW(m) X dampmg(E},)) ® Gauss(0, o) Br(y’>vn.(29))
l lE : =(4.740.9,,+3.0,,) X 10"
., 0
M1 transition E,Eo + (Ey - Ep)? CLEO-c: <7.6x104 PRD81,052002(2010)
"""""""""""""""""""""""""""""""""" Potential model: (0.1-6.2)x10-*
I'(n.(2 12
T(n(25)) fixed to 12MeV (world average) ! "op "oo'105002(2002)

For detail see Quarkonia session on June 13: Liangliang Wang
June 15, 2011 Hai-Bo Li (IHEP) 20



Measurement of J/y—pp, hn

¢ JIy

® pp amplitude Ai from BABAR data

® 77 amplitude A; from FENICE data
o Ai —A; relative phase from pQCD -+

2 JIy
B(Jly—pp)=(14+0.2)x10"°

A +A

3g i

B(J/y—nn)=

il il )
. e y N

& BESII at BEPC [PLB591,42]: BR(J/y— pp)=(226+0.01+0.14)x10"°

& FENICE at ADONE [PLB444,111]: BR(J/@y —nfi)=(2.2+0.4)x10"

B(Jly—pp)~B(J/y—>nn) = large A?;—Ajrelative phase ?

we can access heutron-anti-neutron final states
June 15, 2011 Hai-Bo Li (IHEP) 21



Preliminary results: J/y—pp, hn

Anti-neutron identifications:

@ 8000F
o s

A -
N -
7000 F BESIII prelimin
% BESIII preliminary o0 1000, preliminary
g T 6000
- C
o~ -~ L -+
g 2 S000 -
= S 4000
> ol
= 3000p *
W0E
oof
: e ettt
0

1 1 1 ‘ | I Il
0 10 2 3
Angle between n and
recoiling direction of m

%) 100 LSO

E(n) (GeV) N hit in 50-degree cone

EMC energy deposit: 0.6<E(anti-neutron)2.0 GeV
Comparison for anti-neutron in J/y—ni and pnmn-
Angle between n and recoiling direction of n

Br(J/v->pp) = (2.112+0.004+0.027)X 10-3 _

PDG: Br(J/y->pp) = (2.17+0.07)X10-3  Br(J/y=>pp) ~ Br(J/y->nn)
_ suggests a large angle (~90°)

Br(J/y>nn) = (2.07+0.01+0.14)X 10-3 between strong and EM

PDG: Br(J/y—=>nn) = (2.2+0.4)X10-3 amplitudes!

June 15, 2011 Hai-Bo Li (IHEP) 22



Preliminary results: J/y—pp, hn

Anti-neutron identifications:

g S0
En 7000 BESIII preliminary
T 6000
7 s
§ a0 f;
= 3000E *
W0E
1000 -
T 30 30
Angle between n and
recoiling direction of n
EMC energy deposit: 0.¢ This technique tells us that we
Comparison for anti-neu can measure neutron-antineutron

Angle between n and re: cross section between 2.0-4.0 GeV

by using scan data, which is important.
Br(J/y->pp) = (2.1124( : : :
PDG: Br(J/y>pB) = (2. See MAGGIORA, Marco in Quarkonia session

on June 13
- ol wed |l & WA WAL 3\' Mlljlv\ o I I

BP(J/\V%NH) = (2.07+0.01+0.14)X 103 between strong and EM
PDG: Br(J/y~->nn) = (2.2+0.4)X 10-3 amplitudes!

June 15, 2011 Hai-Bo Li (IHEP) 23
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Evidence for y' decays into yn and yn

PRL105, 261801(2010)

Y(2S) —= v : Y(2S) — ynao
28
. (First Observation) W(ZS) = (First Observation)
o1 10 - T - - - - - ;
; “J'I?"_}J'I._JIU 10° i ‘W _ JTI?.F'_’ * i !
EQ > 10 4 20 M’WHF
strange ,,,o-g"/ 1 X il | |460
{lEplE'ﬁGI]! \-,—{ 0.05 01 015 0.2 TUZS UT
SN Mass (GeV /c¢*
430 2 ass (GeV /c7)
5
2 ’ We are measuring
% 0.5 0.6 07 R 1 106 BRs at 10-6
M GeV/c* M GeV/c?
ass (GeV /c7) ass (GeV /c¢7) x10-6
BR 10— BESIII Combined BESIII PDG10 |
T 1.58+040+0.13 158+0.40+0.13 <5 |
Vo ap(rtatx®) | 1.78 £0.72+0.17 |
W — yn(n®7°7%) | 1.07 £0.65+0.08 1.38+0.48+0.09 =2 1
V' — y1igsg) (7T ) 120 xh-+8 |
' — YMigsg (7T T ) 1294+ 3+8 g tats ol g
June 15, 2011 Hai-Bo Li (IHEP) 24



Some surprises

PRL105, 261801(2010)

. ANANNNANNN Y
Jp 00000000
000000000 ———

Theory

Br((c8)—vn)
Br((c8)—~n')

LO-pQCD

)
Ry, ~ RJ/\IJ

Rice) =

PRP 112,173 (1984)

normn’

VS

rﬂ\‘\.\ﬁf\j -‘v‘\\uf'{r\\__af ‘\‘ f r‘\ u’f\\ j‘r\‘\‘_,r';‘\\ Y

Y(@2S)  {OOTOEO000) .
: e . 1o
Experiment
CLEO-c . e st o
RJ/Q o = (21.1%0.9) %

B(J /Y — )
(consistent with other measurements
of n-n’ mixing angle and LO-pQCD)

BESIII

By (2S) = yn)

B(2S) —= )

(consistent with upper limit from CLEO-c)

# Ry << RJ/III

= (110038 £0.07) %

T —

Difference?: Other processes contributing? Related to ptr puzzle, ... ?7?

June 15, 2011 Hai-Bo Li (IHEP) Q. Zhao, PLB697(2011)52 25



n(1405) in J/v—yf.(980)1°,f,(980)—>nn

ESDE BESIII preliminary EUE BESIII preliminary
changed: f (1285 Charged | Neutral
fO(980)>n*n- ( ) : f,(1285)

Neutral 4.80 Lo
f0(980)—>nnO % 100 P ok l
@ 50 i of :
R 4 h

R W R R R R R R
M(f n°)/(GeVic?) M(f m°)/(GeV/c?)
Helicity analysis indicates that peak
at 1400MeV is from n(1405)—>f,(980)t° not from f,(1420):

First ob tion of Prellmmary results: i
IrST observartion o (J/w N ,},97(1405) N '}/foﬂ' — YT ﬂ-—l- )
n(1405)—f,(980)r° 5
(isospin violated decays) = (1.48 £ 0.13(stat.) £ 0.17(sys.)) x 10~
nd J/y—yf,(980)r°
‘ Y=1To(980)m Br(J/v — yn(1405) — v for® — yn7%7Y)
= (6.99 £ 0.93(stat.) = 0.95(sys.)) x 1070

June 15, 2011 Hai-Bo Li (IHEP)
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New results on n'—>3n in J/y—>ynnn

Events/(0.01GeV/c?)

s00E BESTII preliminary] _ 160[BESIII preliminary
3 L 140F
800 S F
700 o 120F
- . o -
600F ¥ 3 5 100
= : o ) -
400F - 3 6of
- C L
— ¢ 40F
100F N - X
e s |.J_| J--—I';-/T_-I |I"'T [ el TR e TR T N (N SR 0 o L
(?.85 0.9 0.95 1 1.05 11 0. SEU 88 0.9 U 520 940.960. 93 1 1.021.04
M(Tnr)/(GeV/c?) M (m°n2rl)/(GeV/c?)

Preliminary results:
Br(n' — ntn~x") = (3.83 £ 0.15(stat.) + 0.39(sys.)) x 1073
PDG2010:  (3.6"11,,)x10-3 (2009 CLEO-c)
Br(n — 37Y) = (3.56 & 0.22(stat.) £ 0.34(sys.)) x 1073
PD62010: (1.68+0.22)x10-3 (1984: GAM2)
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Confirmation of X(1835) and two new structures

—~ 120PRL_95.262001(2005) PRL 106, 072002(2011)
E‘b O B T T T ]
> . 0 500 two ne‘ivsI
: . Jyomnn 27 *
S n'onmen 400
£ 40 n'—7p = f1(1510)
— > S
oo S 200

1.4 2.0 2.6 s -9

M(x*an) (GeV/ic®) ool
BESII result(Stat. sig. ~7.70): BESIII: 225M Do
0

M =1833.7x£6.1(stat) £ 2.7(syst)MeV
['=67.7+20.3(stat) £ 7.7(syst)MeV

J/y events,
new structures!

BESIIT fit results: =
Seconc tcin B
X(1835) 1836.5+3.056,; 190.1+9.0°%,, 5200
X(2120) 2122.4+6747,,  83+16%l,, 720
X(2370) 2376.3+87%32,,  83+17%, 6.40

An amplitude analysis could help with
interpretation for the additional new structures!

June 15, 2011
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1.41.61.82. 0‘2‘ 2242628
(GeV/c )

mm

00 0z 0f 06 08 10
|cos8, |

X(1835) consistent with
O, but the others are
not excluded




fo Mg

What's the nature of new structures?
PRD73,014516(2006) Y.Chen et al

12 | - 1 5 vTItis the first time resonant structures
are observed in the 2.3 GeV/c2? region,
10 | 27— — It is interesting since:
co—E
3 — + p—
g | ° LQCD predicts that the lowest lying
D { 3  pseudoscalar glueball: around 2.3 GeV/c2.
" e
6 | 2++_0 — o

J/y-->ynnn' decay is a good channel
for finding O+ glueballs.

4 | O —

0—: 2560(35)(120) | |,
= 2**: 2390(30)(120) v'Nature of X(2120)/X(2370)
pseudoscalar glueball ?

n/n’' excited states?

PRD82,074026,2010

For detail see Light meson session: PCITQEBIL—’:UI ﬁ%o [;ngocﬂd M.L.Yan

Hongwei Liu's talk on June 17 (J.S.Yu, Z.-F. Sun, X. Liu, Q. zhao),
and more...

R -+ +-
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Events / 20MeV/¢?

X(1870) in J/y—0X, X—a5 (980)7T

M(a,(980)r) )

Identification

of X(1870):

0-+(?)

It is X(1835)?

Need PWAI
June 15, 2011

1600F (L]) ) “ﬁwﬁlﬁ*“ 7 s000F (b) "00(980) J/\V_)(DT]TE TE_
1400 v o .
o PR b a,(980) reconstructed in nmt
0 N N (L]
ak E W L] S ""-., ] J\ 200 T'l(1405)
482 | lovof /' \_\ 5 700 If,(1285)
TR ' 1|0 ERYRTETET 22% 600 |- \
M) /c?) nmt) /ey 500 :
BESIII prellmlnary 2 400|
oF () N "y N E 300? BESIII preliminary
| *I’ so0f {0 ] 200 1
m0f i ety ; FU | E
ot ! H¢ ,ﬁ" W 600} W ' b 100 E
3 A" ) ; o 0 | | 1
438 Y anp '.‘." ' 1.2 1.4 1.6 1.8 2.0 2.2
o W ' Mymtn— (GeV /c?)
ok ] | | | ] ] | 0 \d ] ] | [
& 10 17 14 14 18 20 727 24 ng 10 17 14 1A 18 20 729 24

M(n7*m) non-ay(980) BR(T/y—wX, X— at (980)7T)

Resonance | Mass (MeV /c?) Width (MeV/c?) ranch ratio (10™%)
£1(1285) |1285.1 £1.07)C 22.0+£3.17390 ¥ 1.25 4 0. 107909
n(1405) |1399.8 £2.272% 528 £7.670 ) 1.89 £ 0217020
X (1870) [1877.34+6.3727 574+ 12177 1.50 £0.261 52
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Preliminary results on N* baryon in y'—>npp decay

T o ) Dalitz plot Dalitz plot A full PWA
b oamixcin . data in.  MCfit analysis

CCHE 5 performed
¥ fEE SR e .
2 e S P selected in

il 106 M vy’ events
: = .. BGCkgI"OUHd
clean

14/ nbin =1.65038499888 ' 5
3

N(1535)

;{‘ | nbin = 0.87087064524
— ata
= |l¢ Integration

Mass:
1524°07 8 Mo
Width:

+0.027+0.061
0.1 30—0.027—0.()14Gev

M(pn) M(pp)
Br(y'—ppn)=(6.6+0.2+0.6)x10-3  Br(y'—>N(1535)p)xBr(N(1535)—pn+c.c.)

- +0.3+7.4 -5
PDG2010: (6+1.2)x10-5 = 3.5 5 x10
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Running plan

The luminosity of BEPCII is better than expected.
Data taking for open charm:

- y(3770): 2.9 fb-! (2010 and 2011)
- 4010 MeV : 0.5 fb-! in May 2011 for Ds physics and XYZ

Year Running

2012 J/ y: 1 billion / y(2S): 0.5 billion (approved)
2013 4170 MeV: Ds decay + R scan (E > 4 GeV)
2014 v(2S)/t / Rscan (E >4 GeV)

2015 y(3770): 5-10 fb! (our final goal)

Red: be approved by BESTIIT Collaboration

June 15, 2011 Hai-Bo Li (IHEP) 32




Prospect of charm physics at BESIII
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Advantage of open charm at threshold

e*e” Colliders@threshold: CLEO-c, BESIII, Super-tau-
charm

ete- > Y(3770) > DODO [C=-1] OR ete o>V > DOTJOY [C = +1]
Good for charm flavor physics:
Threshold production: clean

Known initial energy and quantum numbers

Both D and Dbar fully reconstructed (double tag)
Absolute measurements

June 15, 2011 Hai-Bo Li (IHEP) 34



Charm role in flavor physics

——— T heoretical errors

o5 - Ry i m - dominate width of bands
05 g : _ = IVl from B>w ¢ v:
Ed Uis N \ﬁ) E u°

| g %L‘ a g _
0.3 & \_E
02 \ 3 Form factor f(q2):
o1 . . = - Hard to calculate
o B & ] rr— EE e b ™ » Limits IV, precision

-0.4 -0.2 0.0 0.2 ﬁ 0.4 0.6 0.8 1.0 . La‘t‘tlce QCD can do

f+ (0) from first principles

precision QCD calculations tested with Charm decay measurements
precision charm data at threshold decay constants

form factors
0
=>theory errors of a few % on B system V..., clean extraction

decay constants & semileptonic form factors glidate QCD.

over-constrain Vxum
Inconsistency — New Physics
June 15, 2011 Hai-Bo Li (IHEP) 35



Clean single tag at BESIII

@y (3770) with 420pb-1! first clean single tagging sample:

12000F ; [ : -
10000( BESIII o
400" Preliminary 3
6000} -
4000 | DODKrt 4
2000 -
07752 1.86 188
9000F ™ . ~
8000E" BESII]
7000E Prelimi =
6000 reliminary ;
5000F =
4000F- £
3000F =
u: 0 2
20005 | D 2>Knnn -
1000:- . 4
08 186 1.88
mBC

June 15, 2011
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~_~~ )
o b
— S
| 14000- BEG] ©
1 12000 prefiminary
i 10000:—
8000;_ I\/IBC = \/Ebzeam_| pD |2
izx; D*DKnr Resolution:
- 1.3 MeV
ot - - — for pure charged
' ; ' modes;
14000 | | 1.9 MeV for modes
12000r. BEII with one =0,
- Preliminary ]
10000:— .
80001 o
60003— —E
ao00}- | D°2>Knr” :
2000[- .
0— 52 186 88
mBC
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Prospects for Charm at BESIII

Look for the size of the statistics/systematic/FSR errors
for precision measurements at BESIII after CLEO-c.

CLEO-c errors for D° /D* physics with 818 pb-'@3770 BESIII (5fb1)

fp, (D*>u*v): +4.1% (stat.) = 1.2% (sys.) +2.0% (stat.)
f_(0) (D%—> nlv): £5.3% (stat.) = 0.7%(sys.) +2.3% (stat.)
BR(D—>5K=n): +0.9% (stat.) + 1.8%(sys.) limited by sys.
BR(D*—>Kn n): +1.1% (stat.) = 2.0%(sys.) limited by sys.
CLEO-c errors for Ds physics with 600pb-1@4170 MeV
fp, (Ds*—u*v,tv ): +£2.5% (stat.) + 1.2% (sys.) +0.8% (stat.)
BR(Ds*—>KK 7 ): +4.2% (stat.) = 2.9%(sys.) +2.0% (stat.)

For Ds physics, BESIII are taking data at both 4010 and 4170 MeV:
4010 MeV (clean single tag, lower cross section 0.3 nb) > BESIIT 0.5 fb-!
4170MeV (dirty single tag, maximum cross section 0.9 nb) > CLEO-c 0.6 fb-!

Significant gains will be made with increased luminosity at BESIII.
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Coherence physucs @Thr‘eshold

w o _Am_m,— ml

B = Gl
/, AF 5 r 2
e ._,,'<_.e

b.5.d

C\V(3770) v DO m|x|ng: RM - (x2+y2)/2 ~ 10_4

v’ Strong phase can be accessed, will be
helpful for mixing measurements at

e'e” >y —» DD’ super-B factories:
The initial state C=-1 ) B
V,_:L(‘ p*)|5%)-|5?)pr) I/ Sensitivity on x will be improved
p’=I®") by a factor of 3
The coherenf amplitude

7 =|(i10°){ 71 0°) % (1 0711 D)

~0.06

For coherent process:

Uncertainty of y due to unknown

=\ 0 / relative phase on Dalitz decays
(K| >=_},f 6 D%> Ks h*h- will be reduced
(K7 |D%) M/‘ to less than 1°.

Oy, connects
i v i l I . -3
R e d CP violation in D sector : 10

June 15, 2011 , Hai-Bo Li (IHEP) 38
of yandy




Sensitivity of rare D decays at BESIII

Flavor Changing Neutral Current (c—u I*l-)
DOspru- SM <102 NP ~ 10
« CDF  BR<4.3x1077
DX [II- SM<108 NP ~10°
- DO BR(D*—>r*pru )< 3.9x10-6
« CLEO-c BR(D*—>m*ere X 7.4x10°
Lepton Flavor Violation NP ~ 10
« BABAR BR(D® —pute) <0.81 x10-¢
« BABAR BR(D*—mrerp)<1.1 x10-°

With 5-10fb-! @y(3770)
BESIIT will provide 10-7 -10-8 sensitivity.
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Conclusion

Huge data samples collected for Charmonium decays at BESIII
The first observation of n.(2S) in y'—>yn.(2S) decay

Precision measurements of n.(1S) parameters in y'—yn.(1S)
Confirmation of X(1835) in J/y—>yn'n*n-,

Observation of two new structures X(2120) and X(2370)
in J/y—ynnn' decays

Observation of new structure X(1870) in J/y—nnnn

Charm near threshold undertake complementary studies of D
mixing and CPV, and unique test of QCD techniques

We expect rich physics results in the coming years from BESIII.
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Preliminary: relative phase between 1. decays and non-n,

background
mode yield
KKn 880.4
KKnO 948.4
TN 573.4

KeK3nm | 432.3
2K2nn® | 1033.6
6n 664.4

@ values from each mode are consistent within 3o

=» use a common phase in the simultaneous fit.
June 15, 2011 Hai-Bo Li (IHEP) 43



Vcs / Ved from semileptonic D decays

|
The data determine |V ,|f. (0).

To extract | V |, we combine the measured |V, ,|f. (0)
values using the Becher-Hill parameterization with
(FNAL-MILC-HPQCD) for £, (0)

CLEO-c: the most precise direct determination
of Ves|  a(|[V. ) /|V, | ~1.1%(expt) ® 2.5%(theory)
CLEO -c¢ V., |
(818 pb') 0.963+0.009+0.006+0.024
stat syst  theory

CLEO-c: o(|Vy))/|V.e|~3.1%(expt) ®10%( theory)
vN remains most precise determination

CLEO-c |V, |
(818 pb™") 0.234+0.007 £ 0.002 £+ 0.025
stat  syst  theory

From Bo Xin
PDGI (Kev) RS S —
LEPW—cs ' —-
BESI [ (Key) ik

CLEO< +HPQCD 2010 e

1 1
0.3 2 .
v | PDG2002

PDG/HF VN —

CLEG-c 4| QcD 2005

01 o138 0z 025
v_I

Ved will he improved at BESTII by.a Lfﬂﬁ?é% of 2. 44



DPDObar quantum correlation @y(3770)

For a physical process producing D° D° such as

DY _ ; —
o e'e” >y —» DD’
ot i~ o Thequantum number of " is J™ =1
o/ +—eo

.« For a correlated state C=-1: ¢[p")=|5°)
1 _ _

0 w_=—(|D")D°)~|D") D)) &) = | p°
z.z.xmg PRD55, 196(1997) V2 LRathS ")=|P)
The correlated amplitude:

2 =((i] D0><j | ﬁ) {j D“><z|ﬁ>

~0.06

ﬁ> DCS /
-rKﬂe_f

D") N

o

<K’7r+
<K‘7r+

CF

Oy, connects
DO strong phase is necessary input for D° mixing and | measurements
CKM measurements at B factories and LHCb of v and v’
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Measure D? mixing at threshold

Z.Z . Xing, PRD55, 196(1997)
Without mixing in D%, the following process is forbidden —
due to Boson-Einstein statistics : D

e'e” - w(3770) > DD’ > (K" 7" )(K*7zF) ’

1 7’
+ -
!y
o— . «—@®
4
L% II
/
L0

With mixing happened, it is allowed: s
ee” - w(3770)— D! D’ — (K*z%),, (K*7%), @
DO

At y(3770) Ry =(x?+y?)/2 can be measured using the ratios
_ N[DD’>(K 72" ) K 7z")] N[D’D’—(K e*v)(K e'v)]
M NIDD (K 72" ) K z7)]?> N[D°D°—(K e*v)(K*e™v)]

For 108 D-pairs about 10 events will be detected.
Sensitivity to Ry, is about 1x10-4

Expected sensitivity to mixing parameters:
1 ab'! at tau-charm factory = 10 ab! at Super B-factory

June 15, 2011 Hai-Bo Li (IHEP) 46



CPV in D decay at BESIII

Direct CP violation in D decays is expected to be small in SM.

For CF and DCS decays direct CP violation requires New Physics.
Exception: D*—Ks, n* with A,=-3.3x10-3.

For Singly Cabibbo Suppressed (SCS) decays SM CPV could reach 10-3,

- D.S.Du , EPJC5,579(2007)
AC __ I(D>f)-I'(D>f) Y. 6rossman et al
P

— ——— PRD75, 036008(2007
F(B>THIDT) ot limits: oo

Belle; DO K*K-,t*n
Acp(K*K)=(0.43+0.30+0.11)%
At BESII, CP asymmetry can Ap(n*n)=(0.43+0.52+0.12)%

: 3 I

be tested \{w’rh 10-3 sensitivity BABAR: DKo

for many final states. Ao (K tt)=(-0.44+0.13+0.10)%
CLEO-c : Ks n*n0
Acp(Kemn0)=(0.3+0.9+0.3)%
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CP violation near threshold

for the decay

CP(y") =+

CP violating asymmetries can be measured by searching
for events with two CP odd or two CP even final states:

ntn, KTK-, 00 KsnO,

of ¢ — DD’ — ff,

CP(f,f,)=CP(f,)-CP(f,)-(-1)- =~

A sensitivity : AA ~10-3

CP violation in mixing can be measured with:

Agy = Lpgr = 1= 1=

q/p|*

[+ + 1= - 1 +
With 108 D pairs in (K*ev)(K*e'v) mode, |q/p

q/p|*
can be measured with

(15-20)% accuracy. Current world averaged value is 0.86+0.16 .

June 15, 2011 Hai-Bo Li (IHEP)
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HFAG: new charm mixing with CLEO-c = - &%

Parameter HFAG:FPCP2010 HFAG:CHARM2010 Consider
y (102) 070 0L 0.83 + 0.13 /CLEO-c results
x (102) 0.59 + 0.20 0.55 012 ., Su rprising?
6Kn (o ) 276 +11.2_12'2 31 0 +10.7’_12'2 x uncertainty
g 2 HFAG-charm |8 ;.E‘ 2 . _ | : _:
> CPV allowed I = oo f | | cpvalowed |
- &
05j
o __ : :
-0.5 -l 20
i 30
- : 5' : : - M40
TR TR e peneTTm ey e B _7.;:i-,...i::::,i.:::L.(i:‘.50
-0.5 . : -1 =05 0 0.5 1 1.5 2
X (%) X (%)
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Brian Meadows ICHEP2010

Project to 75ab'1@Y (4S):

: - hh (ycp) K*JI'JT.E rx)‘)‘syf'.() - h“.h_ T {y . N K;ﬂ—l'l:ﬂ {XI)’)’,}‘.’{) -
- %h_*r}' (}gy)f) 1-5 ¢ fitgontours . M KH f,é;;, 1-5 o fifcontours
| 2 (x5, .
¥) 480 fb — TR 756b Golden
+ 0.015

(a) BABAR . (a) Super B 4S only Channels
Min. 2 fits
(blue contours)

0.005

\:j 1 ,\‘?3._#,,:,,4 i
1.3 -3 . —
Xp = (55 il.z) x 10 zp = (zzzlgrz) x 1073
e
yp = (zxx+0.19) x 1073

Vo =(8.3£1.3)x107

Uncertainties shrink: but are limited by the irreducible model

uncertainty (biggest effect on xp )
Strong phase measurement from y(3770) can greatly reduce this.

Xs = (XXX £0.20)x107°, y, =(xxx+0.12)x107
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The weak phase Yy (& 3) ciiruzoro

Interference between tree-level decays; theoretically clean

Favored: V_, V. V. V,p: Suppressed
K®-  Common K (*)- !
final state -
_ \ B
; : e
S TT— DM f —— DMO
AB-—D%") Parameters: @,
AlB—DK ) (rg, 0) per mode
Three methods for exploiting interference (choice of D° decay modes):

é
/

_ r.Beide—igzﬁ3

e Gronau, London, Wyler (GLW): Use CP eigenstates of D(™P° decay,
e.g. DY > Kt D> "7 -

e Atwood, Dunietz, Soni (ADS): Use doubly Cabibbo-suppressed decays,
e.g. D> K+ -

e Girl, Grossman, Soffer, Zupan (GGSZ) / Belle: Use Dalitz plot analysis

of 3-body D° decays, e.g. K, m* 71"
June 15, 2011 Hai-Bo Li (IHEP) 51



B-—D(K.h*h~)K- Dalitz plot for y at B factory

V- DK—Ip € 0p A powerful choice of common state f(D) in Kh*h-
/ N BABAR: PRL 105, 121801 (2010)
- f(D) K‘ Belle :PRD 81, 112002 (2010)

B
i( Og-)
Iy ék(‘\ﬁ D Kyl/

B* (DKo% n*m)K*

Thy B | & &%, B*
Differents between B~ and B* GLE N 2 [=FEN_ BABAR
Dalitz plots allow y extracted in 271 % L 2k e
unbinned fit. However, need to 7 e Y il z
understand different amplitudes ’33 TaE b B | % REN
from DO and DObar decay modes &, i NS IRE N
across Dalitz space, esp. variation ... ... TTTE PRI e o
in strong phase. ! o ;(’Gevz,c.i)s 1 steVzlc“)s

Approach of B factories: construct Dalitz plot model of D with flavor-tagged
decays, estimated model uncertainty of 30-90, which is <« statistical error.

But super-B and LHC-b will start to be limited by this model uncertainty -

Highly desirable to have precision model independent approach!
June 15, 2011 Hai-Bo Li (IHEP) 52




Binned Model-Independent Fit

Binned fit proposed by Giri et al. [PRD 68 (2003) 054018] and developed by Bondar
& Poluektov [EPJ C 55 (2008) 51; EPJ C47 (2006) 347] removes model dependence
by relating events in bin i of Dalitz plot to experimental observables.

SRl Number of events for X, = I5C08(dg )

\ N N /
N =h(Ky; + 15Kz + 2V KK _j(x1e; £ yss;)) Can be measured

//v in quantum

c;s;: average in bin of cosine, sine of strong phase 5D COF"E':;t(e;;;lgﬁays at

Choosing bins of expected similar strong
phase difference maximises statistical precision

Here take 8 bins of equal spacing in A9 (using as
reference model: BaBar, PRL 95 (2005) 121802 )

Loss in statistical sensitivity w.r.t. unbinned
result...(here ~20%) but no model error!

- N W A~ L @ 9~ @

M2(K2 ) From Jim Libby CHARM2010 —
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CP-tagged Dalitz plots

R. Briere et al., PRD 80 (2009) 032002

Clear difference between CP-even

and CP-odd tagged Dalitz

3 T I L] T T T
pet
-f;’h . CP+ tag
— B ) )
1 2F e % * 7
S g .
o = | i - ]
o = I g e, ]
° - TR
= I . |
g . - | | ]
— 0 1 2
o
o) M3(K2 )
0o Kem* - vs. CP-odd Tags
0 e S
o ?:a CP- tag
I -
O RO
L ‘TI: 2 "_.‘I't-:':
o =% '.‘\;..
O ¥ 4f.$.:' o
.~ -
NE 1L 1-‘,35..:‘.'-! l‘
wff"ﬁ_"" ~ § ey
0_ | 1
0 1 2

K2 n*n~vs. CP-even Tags

June 15, 2011

Events/0.05 GeV?

Events/0.05 GeV?

-y
(=]

[
Q

na
[==]

—_
[=]

20}

—_
Q

plots.

Kim* n~vs, CP-even Tags

M?(rr-)
Km* - vs. CP-odd Tags

—
[%2]

152

L=

M?(r* )

BESIII will reduce this error to less than 10
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0.5

sin 0, (s;)

-0.5

Projected uncertainty on ~ arising

(model =

BABAR PRL 95 (2005) 121802 )

. Model prediction

Result

-1 -0.5

0.5

cos O, (c)

1

from uncertainty on ¢; & s;is 1.7°:
« Smaller than model error
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