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Outline

- Status of BEPCII/BESIII

-+ 2009: Charmonium data samples... two
sample results

- 2010-11: First open charm runs
* Charm Physics: advantage near threshold
* Rare charm program at BESIII
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BESIIT - 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, Ves
- D%-D%ar mixing and CP violation
- rare/forbidden decays
Tau physics:
- Tau decays near threshold
- fau mass scan
..and many more.
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BESIII detector

SC magnet, 1T

Magnet yoke

RPC
TOF, 90ps
Be beam pipe
MDC, 120 um - = LA Tl wight 730 ton
0.5% at 1 GeV/c e SR - /0).000 readout chnls,
o Data rate: 5kHz, 50Mb/s
- e

Csl(TI) calorimeter, 2.5% @ 1 GeV .
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Data samples

So far BESIII has collected :
- 2009: 220 Million J /v

- 2009: 106 Million v’

- 2010-11: 2.74 fbE! (3770)

(3.5 [#] CLEO-c 0.818fb-1) v =

- May 2011: 0.5fbE! @4010 MeV 2
(one month) for Ds and XYZ 100

80
spectroscopy 60

BESIIT will also collect: 40 l

- more J/y, ', ¢(3770) T e — - _'

- data (;\T QiQRhir' ener?ji%ss (:O; >?)/Z MKII CBAL BESI BESII CLEO BESIII
searches, R scan an physic

(x10°)
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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- May 31 2011
about 4.0 fb-! @ different energies
s - Nlote increase in slopes!
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Recent y(3770) running

Reference point: L = 0.5 [¥] 103 /cm?/s (maximum 0.65 [¥] 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-!
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per beam

June 1

Luminosity vs beam current for best day
(April 7, 2011)

600

1400
1200 F

1000 |

700mA _|__esf

400

History Graph

Data from BEPCII. Lines:80,Points:288

Beam current: 700 mA

W

700mA

1 — BIBPM.R40BPMOZ.XPOS

| — BIBPM.R40BEPMO3.XPOS

~ BIBPM.R4IBPMO3.XPOS
BIBPM.R4IBPMO3Z.YPOS
= BIBPM.R40BPMO1.XPOS
BIBPM.R40BPMOL.YPOS

= BIBPM.R40BPMOZ.YPOS

BIBPM.R40BPMO3.YPOS
— BPR.LIFE
— BPR.PRB
HDCL.I
— HDCR.I
- L.TM.RepRate
— MP.EALLBEAM
— MP.ETHISBEAM
=— MP.PALLBEAM

0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

0.00 —

[ TR S S

MM,

Luminosity curve (decay curve per injection)

<

\

= LumEndcapEE ‘

oooooooooooooooooooooooo
SR T S S = S — S T - SN - S S -~ S > S N S S -~ SO S - S -~ S = S~ N S

mmmmmmmmmmmmmmmmmmmmmm
oooooooooooooooooooooooo

Peak luminosity
\ 0.6 (¥} 1033/cm?/s

2011

Hai-Bo Li (IHEP)



Released results of BESIIT

Charmonium Spectroscopy and Transitions
- Properties of the hc (PRL 104, 132002 (2010))
- Y(2S) — yvJ/y (preliminary)

Charmonium Decays
- X7 — mOm0, nn (PRD 81, 052005 (2010))
- X.3 — YP, YW, Yo (accepted by PRD)

- X — Ww, 09, we (submitted to PRL)

- Y(2S8) — ymO, yn, yn'(PRL 105, 261801 (2010))

- X.; — 470 (PRD 83, 012006 (2011) )

- Observation of x ;-> ppbarK*K - (submitted to PRD)

Light Quark States
- 05(980) - f,(980) mixing (PRD 83, 032003 (2011) )
- n'— nmm matrix element (PRD 83, 012003 (2011))
- X(1860) in J/y — v(pp) (Chinese Physics C 34, 4 (2010))
- X(1835) in J/y — y(n'm*m) (PRL 106, 072002 (2011))
- X(1870) in J/y — w(nm*m) (preliminary)

More than 20 analyses are under internal review!
June 1 2011 Hai-Bo Li (IHEP) 9
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Running plan

The luminosity of BEPCII is better than expected.

Data taking for open charm:

- ¢(3770): 1.82 fb-1(2011)+0.923 fb-! (2010) = 2.743 fb-!
- 4010 MeV : 0.5 fb-! in May 2011 for Ds physics

Year Running

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

2015 P(3770): 5-10 fb! (our final goal)
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Charmonium spectroscopy after the B-factories
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Prospect of charm physics at BESIII
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Charm role in flavor physics
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V! from B=>m¢v:

Form factor f(g2):

* Hard to calculate

« Limits IV ,,| precision
» Lattice QCD can do
from first principles

Charm decay measurements
decay constants
form factors
Veem clean extraction

decay constants & semileptonic form factors yglidate QCD.
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Inconsistency — New Physics
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Advantage of open charm at threshold

e*el Colliders@threshold: CLEO-c, BESIIT, Super-tau-
charm

e MEG) — B0 [[Ee—1] OR G — 97 —B%Yy (16 o4
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 1 2011 Hai-Bo Li (IHEP) 14



Clean single tag at BESIII

@(3770) with 420pb™1 first clean single tagging sample:
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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 (5fb)

fo. (D*—u*v): +4.1% (stat.) + 1.2% (sys.) +2.0% (stat.)

f (0)(D%—11lv):  £5.3% (stat.) £ 0.7%(sys.) +2.3% (stat.)
BR(D°—Km): +0.9% (stat.) = 1.8%(sys.) limited by sys.
BR(D*—Kr1): £1.1% (stat.) + 2.0%(sys.) limited by sys.

CLEO-c errors for Ds physics with 600pb'@4170 MeV

fos (Ds*™—u*v,tv ): 2.5% (stat.) + 1.2% (sys.) +0.8% (stat.)

BR(Ds*—KKTT): +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) 0.5 fb-! in May 2011
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.

June 1 2011 Hai-Bo Li (IHEP) 16



Vcs / Ved from semileptonic D decays From Bo Xin

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 f.(0)

CLEO-c: the most precise direct determination
of [Vl 0'(‘Vcs|)/ 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(|V,D/|V,4|~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

*
PDG T (Kevy) e S
LEPW-—cs ' -
BESII [ (Kev) C——

CLEO< +HPQCD 2010 -

1 |
1 *
v | PDG2002

PDGHF VN —

CLEC-c 41 QcD 2005

01 o135 0z 025

Ved will, be improved at BESIIIFBYBSJ&ISEQT of 2. Ve 17




Production cross sectlons for DSDS(*

0970707 009

Maximum production rates: | _; ] voo |
[#)(DsDs) = 0.269:0.0300.015 nb @ 4010 MeV £ Z T X
B L L i
W](DsDs*) = 0.916+0.011+0.049 nb @ 4170 MeV  °[ . . . .
—— — :
CLEO-c took 600 pb-'data @ 4170MeV o AT
Sl | =
0z |- % ]
Data@4170 MeV AN S SR
e*e—Ds*Ds*¥, Ds¥* —yDs* I . ] N
on top of uds *plus* other* charm _ s ®DOT ! } N
continuum (DDbar, DD*bar, D*D*bar) % o |- ¥l -
0.2 _— |I . | —_
E— .
S 1w} LA ¢ —
€ : i
€ | & ¥ Ny :
CLEO-c PRD 80, 072001 (2009) & s| & ks 0omison o

3.90 3.5;5 4.;)0 4.(I)5 4.I10 4.1IS 4.I20 4,25
Ecm (GeV)
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Ds tag modes

Fully reconstruct Ds vy, to look for another Ds.

I T T
s000 | (a) - (b)
_ 11000}
Invariant mass ]
of 9 tag modes 2000} 1 59°F 1 200] _
2 s N A ] 100f " '
'fsoool'(é):l R maA
In the fit: e 1| AN\ 4000&»*&\.‘
Signal: Double & 14000} 1 3000F :
Gaussian center ] ool KK e | 2000 1] A )
at zero; (@ ] - 1000}
Bakgrd: — NS
linear Poly. 12000F (h) {1600f (i)
] 1600 “ 1200}
11200} ] : .
“Smied 001 ) _ aooE n'm-
KOK™ Yol P Jeob > oy
.90 1.94 1.98 202 190 1.4 1.98 202 1.90 1.94 1.98 2,02
CLEO PRD 79, 052001 (2009) Invariant Mass (GeV)
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Missing-mass*? against Ds+y system — Ds y tag

Look at missing mass after adding photon (from Ds*—Dsy)
Plot missing-mass? against Ds y system.

MM *? = (Ecy — Ep, — E})* — (pcm — Pp, — Py)*  Peak at (Mp)?

1631108-030
: "] 800 j 500 ]
3000 ¢ | 600 i 400% ' ]
2000 | ' 400 2285
Need photon to 1000 ; 200 L g e
I N> E : 3 E
fully constrain the S 250 6000 .
other Ds.... — 200 E ] “ 2500 |
S : 1 4000 ¢ 4 2000¢
S 150¢ % RS- 31500
Signal: CB function ~ 100 3 2000 Exce® 31000 ¢+
Backg: Chebychev *g 50 et R
Poly.; + 800 #1000
600 . 800}
1 600F
400 » 1 400 pve _
200 ¢ 1 200 ]
35 87 39 41 35 37 39 41 35 87 89 41
CLEO: PRD 79, 052001 (2009) MM*2 (GeV?)
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Combined Ds plus vy tag

CLEO: PRD 79, 052001 2009) ——rr———————————————
( D ' i ' "1 Multi-y
1a000 |- The sumof 9 : ' background
- tag modes
— 12000 |—
> N .
S 10000 & ~_Ds sideband
5 - background
S\i 8000 - o ' E
2 oo ™ ; . 43859+936 events
9 et e 5 . In 3.872<MM"2<4.0 GeV?2
Y 4000 - : :
2000 f— :
0:....I....I.....El....l....i....l....l..
3.5 3.6 3.7 3.8 3.9 4 41 4.2

Peak at (My.)2 MM ™ = (Ecy — Ep — E'y.)2 — (Pcm — Pp, — Py.)2

FIG. 7 (color online). The MM? distribution summed over all
modes. The curves are fits to the number of signal events using
the Crystal-Ball function and two 5th order Chebychev back-
ground functions (see text). The vertical lines show the region of
events selected for further analysis.
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Ds tag samples

Mode [nvariant Mass MM*
Signal Background ygnQ Background
K'K™ 7 26534 =274 25122 087 = 37. 39563
K¢K~ 6383 = 121 3501 4215 £ 228 6297
nmToLn =YYy 2993 * 156 5050 2005 = 145 5016
nr - ataTy, - yy 2293 = 82 531 1647 = 131 1565
K'K 7 n 11649 + 754 78588 6441 = 471 89284
Tt 7374 = 303 60 321 5014 = 402 43286
KK K* = K7™, KV = K" 7~ 4037 = 160 10 568 2352 =176 12088
o= yy.p —w 5700 = 281 24 444 3295 = 425 24114
n'm iy = ply, 3551 + 202 19841 2802 + 227 17006
Sum 70514 = 963 227966 43859 = 936 238218
N4
CLEO: PRD 79, 052001 (2009)
June 1 2011 Hai-Bo Li (IHEP) 22



CLEO

+ PRD 79, 052001
Ds -> Uuv & TV (2009) 600 pb-!
( T => v ) Combined case i and case ii
data:

2-dimensional fit
to D. Tag mass and
missing-mass-squared }..l.+V TV

Two signal modes

120 -f-l L l LI l T ] L I LI l LA ] LI :
i ] 80 ¢
3 'O 1 3 70 Case i&ii
& I ] O gok -
S 80f 1 8 f ]
s ] o sof 3 Background
= 60 1 W 4of 31Ds sidebands
a - 1 E i .
o i 1 2 30f g
g 40 1 @ " f 3/
- i ] 20 F
20 ; :
AT N I A e ey ez
1.90 1.92 1.94 1.96 1.98 2.00 2.02 01 005 0 005 0.1 0.15y0.2
M, (GeV) MM? (GeV?)
: : : _ _ Real D,
Fix the ratio tv/ uv =9.76 to SM: back q
ackgroun
Ds—uv: 235.5+13.8
June 1 2011 WVea oL|5(IHE%') 23



CESR CLEO

. PRD 79, 052001
) Systematic Errors 12009) 600 pb

Error on fy. is 1/2 on this

TABLE III.  Systematic errors on determination of the D] —
w* v branching fraction,

Error Source Size (%)
Track finding 0.7
Particle identification of u* 1.0
MM? width 0.2
Photon veto 0.4
Background 1.0
Number of tags 2.
Tag bias 1.0
Radiative Correction 1.0
Total 3.0

June 1 2011 Hai-Bo Li (IHEP)

Largest single error
is # tags:
might be better at
4030 MeV, with no D.*
( but only 30%

of cross-section! )
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Optimal energy points for Ds

 For Ds physics, BESIII are taking data at both 4010
and 4170 MeV:

@4010 MeV : clean single tag, lower cross section 0.3 nb

BESIII collected 0.5 fb-! in May 2011
@4170MeV : dirty single tag, maximum cross section 0.9 nb
CLEO-c 0.6 fb-1

June 1 2011 Hai-Bo Li (IHEP) 25



DODObar quantum correlation @y(3770)

For a physical process producing D° D° such as
hal N
D‘ e+e— %w" - DODO

| The quantum number ofy" is J™ =1""

+ g
¢ g @€
v

R
S '
Q

. For a correlated state C=-1: ¢|p°) -|D°

D° v = (D)D°)-DYD%)  fpr)a|p)

Z.Z . Xing, PRD55, 196(1997)
~0.06
The correlated amplitude: 2 <K-7:+ §>DCS /

= _'erre

o /‘

I, =(i1D°)j1D°)m(/1D° )11 D°)
Oy, connects

DO strong phase is necessary input for D° mixing and | measurements
CKM measurements at B factories and LHCb of y and v’

June 1 2011 Hai-Bo Li (IHEP) 26



Coherence physics @threshold

0
D

¢ @— y(@3770) — @ €

P
)/ /
O

DO

June 1 2011

DO mixing: R, = (x?+y?)/2 ~ 10X4

Strong phase can be accessed, helpful for mixing
measurements at super-B factories:
Sensitivity on x will be improved by a factor 3
(Brain Meadows ICHEP2010
see back-up slides and discussion in morning
session on June 1);
Uncertainty of y due to unknown ralative phase
on Dalitz decay D%> Ks h*h- will be reduced
to less than 19,

CP violation in D sector : 10M3

Hai-Bo Li (IHEP) 27



DO mixing at threshold

Z.Z . Xing, PRD55, 196(1997)
Without mixing in D%, the following process is forbidden —0
due to Boson-Einstein statistics : D

ete” =1 (3770) = D°D° — (K*n* ) K*7™) .

+ !y, -
e v e
—_ /) —
°— e
7

With mixing happened, it is allowed: L
e'e” =y ((3770)—= D, D) — (K*n%), (K*n%), O
DO

AT ¢(3770) Ry=(x?+y?)/2 can be measured using the ratios
R = N[D’D°—(K 7" ) K n*)] N[D’D°—=(K e*v) (K e*v)]
M NID°D°—=(K n*) K*n7)]> N[D’°D°—=(K e'v)K*ev)]

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

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

June 1 2011 Hai-Bo Li (IHEP) 28



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*—Kg m* with Ap=-3.3x1073.

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

o D.S.Du , EPJC5,579(2007)
A I'(D—=f)-I'(D—f) Y. 6rossman et al
cpP

= — - PRD75, 036008(2007
L(D=f)+I(D=f) Best limits: ( )

Belle: D°—=K*K-,wt*m-
A p(K*K)=(0.43+0.30+0.11)%
At BESII, CP asymmetry can Ap(t*m)=(0.430.52+0.12)%
. 3 L
be tested \{VITh 10~ sensitivity oo D' Kot
for many final states. Ap(Kgtt)=(-0.44+0.13+0.10)%
CLEO-c : Ks n*n®
A p(Kgmtn©)=(0.3+0.9+0.3)%
June 1 2011 Hai-Bo Li (IHEP) 29




CP violation near threshold

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

ﬂ;+n_, K+K_9 nO no’ KSJ'CO 9
for the decay of W' — DD’ — f.f,

CP(/,/;) = CP(£,)-CP(f,) (1) = -
CP(y') =+

A, sensitivity : AA ~10-3

CP violation in mixing can be measured with:

Aer — L — 1—- B 1 — Q/P|4
Fl+l+ -+ Fl—l— 1+ Q/p|

With 108 D pairs in (K*ev)(K*ev) mode, |q/p| can be measured with
(20-30)% accuracy. Current world averaged value is 0.86+0.16 .
June 1 2011 Hai-Bo Li (IHEP) 30




Quantum correlation @ w(3770)

C=-1 Quantum correlations

Ww(3770) A= ’ l
ete- —> Y* S popo are seen in data!
B QC Pred. (r=0.06, cosd=1, no mixing) [l Data  sesesceona
—— CP+/CP+
Forbidden by o Eed N U R
CP conservation cP- CP- —— ._l._. CP-/CP-
1 1 L 1 l 1 1 L I L
Maximal enhancement e CP+/CP—
Forbidden if no mixing el G -
g W E - K-+ /K-m*
Ku: CP+ .3 = k. e
Interference Of 1+2R,, . —4rcosd(rcosd+y)
CF with DCS (gives cosby,) | cp+ k-t - ; | K-n*/K*n-
| | L | L | L ) L | |
CP+ 1+(2rco;°,8+y)/(1+Rws) | r KR/C|P+
Single Tags Unaffected | K-m* X = - '
syl 1— (2rcosd+y) / (14R ) -1 Kn/CP-
! | ! . ] | ] ) | !
_ 0 1 2
David Asner Charm2010 Avg (Yield/No-QC prediction)

CLEO-c did a simultaneous fit to these combinations
PRL 100, 221801(2008)
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Quantum correlation: decay rates @y(3770)

From D. Asner, CHARM2010
~1400 K°.r'm~ vs. Km

2

Evaluating F,—f =

(i|D°><j|E>—<j|D°><i|F>

. <i B > . Anti-symmetric ~3000 = SinéK"
W]th ~ -ié gives wavefunction CP-tagged KIT
(f°) — co0s0 _l
< Km
Final States Time-Integrated Rate ( x A/%A;
: SR Favored CP—  Semilep Mixed
.| o 7 hadronic
i 1 <2 [ 5 = VL (R 06 <5 )
: K- K K* KO K-etv Ko (bin 0)
Exclusive j rt+rt-12rr;cos(d; - ;) .
i i [ K Tt K°.n Kre v K. wr (bin 1)
Inclusive i X 1+r2+2yrcosd; A KO om0 Koo Kuv  Koarm (bin 2)
K°, Konn Kuv Kot (bin 3)
Selected references: K°n KOs (bin 4)
=*Goldhaber & Rosner, PRD 15, 1254 (1977) K% w New in update K.t (bin 5)

=Bigi & Sanda, PLB 171, 320 (1986)
=Xing, PRD 55, 196 (1997)
=Gronau, Grossman, Rosner,
PLB 508, 37 (2001)
=Atwood & Petrov, PRD 71, 054032 (2005)

=Asner & Sun, PRD 73, 034024 (2006); ——
PRD 77, 019901(E) (2008)

,[ ~3500

CP-tagged Klv
=

~30 WS Klv vs. Kmr

™
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KOst (bin 6)
Kot (bin 7)
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*» 51 free parameters

Fit Results [6KTC] Preliminary

D. Asner Charm2010 CLEO-c

» Statistical uncertainties on y and

Npp, 21 branching fractions ren€COSOy, (W/0 ext. meas.) 3x
24 amplitude/phase parameters smaller than 2008 analysis.
fal7 L Estimated impact on HFAG

5 K and mixing parameters

average: o(y) reduced by ~10%

= Fit performed with and without First direct measurements of r,. 2

external measurements of v, X, y’

and sind,

(same as in HFAG May 2010 avg) = Preliminary systematic uncertainties

Previous: PDG,

Parameter HFAG, or CLEO Fit: no ext. meas. Fit: withext. y, x, ¥
y (102) 0.79 £ 0.13 30-20+12 gEs5 -afls e AN
X2 (10%) 0.037 + 0.024 1.542.0 + 0.9 0.022 : 0.017 [N
(now limited by sindy,)
N (10°3) 3.32 £ 0.08 4.12 + 0.92 + 0.23 St aen
cosdy, 1.10 £ 0.36 0.98 *0-27 , ., + 0.08 1.15:0.16 + 0.12
sindy, -0.04 + 0.49 + 0.08  0.55 *0:36 ;, ,, + 0.08
Sy () [derived] 72 1 o 0+22+6 ot =)

June 1 2011
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HFAG: new charm mixing with CLEO-c =~ >- Asher

Charm 2010
Parameter HFAG:FPCP2010 HFAG:CHARM2010 Consider
y (102) 0.79 + 0.13 0.83 + 0.13 A/,CLEO—c: results
x (102) 0.59 + 0.20 058 T Su rprising?
6Kn (o ) 27 6 +11.2_12'2 31.0 +10.7_12'2 x uncertainty
; FPCP 2010 = | CHARM 2010 ; ;
i CPV allowed I > i | | CPV allowed
15 1.5 : ¢ : ; :
05~ os—
-0.5 " 20 L .l 20
i , “3c . W30
i : ; M40 . W40
10 A D DN TR B 1T R il
=1 U5 0 0.5 1 1.5 2 =1 o5 0.5 1 1.5 2
x (%) X (%)
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Brian Meadows ICHEP2010

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

W hh (yC p) K (x//,y//) hh Kl //, V4
| Zﬁ h_*h' (/xz, y)/ 1-5 ¢ fitgontours = K.h'h &;ﬁ 1-5ncnfi ()::orj'l/t;urs
; - . Khh A
KTy 480 fb N Tk «Cy) 75 ab GOlden
0.015
(a) BABAR (a) Super B 4S only Ch a n n e I S
s —

0.02

o . Min.y2fits
(blue contours)

1.3 -3 . —
Xp = (55 il.z) x10 rp = (a:xa:i_ggg) X 1073
= (zzx +0.19) x 1073

y, =(83x1.3)x107 A —

Uncertainties shrink: but are limited by the irreducible model

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

X, =(xxx=0.20)x107°,  y, = (xxx=0.12)x107

June 1 zul1 Hal-50 LI (IHEF) 35




From A. Bondar
The Weak phase Y ((Pg) CHARM2010
Interference between tree-level decays; theoretically clean

Favored: V, V¢ V.. V,p: suppressed

K- Common K™- \
B- b —@f final state ’ >® 4 B-
u ; LR <ol
S T, DM — f «—— Do,
A—D'%-) o i it Parameters: ¢,
AB—D%k~ )" "B (rg, 0) per mode
Three methods for exploiting interference (choice of D% decay modes):

Ic

e Gronau, London, Wyler (GLW): Use CP eigenstates of D)0 decay,
e.g. DY > K% D> n' -

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

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

of 3-body D° decays, e.g. K, n"
June 1 2011 Hai-Bo Li (IHEP) 36



Bl —D(Kh*h)K¥ Dalitz plot for y at B
factory

/lf’ DK—JIp © 05 A powerful choice of common state f(D) in K;h*h
BABAR: PRL 105, 121801 (2010)

B I(D) K Belle :PRD 81, 112002 (2010)
\1( %5 ) /l/ i—>(D—>K°S7T'"’ﬂ")Ki
“DK—
e s T 3 S
B B-| 2 &k o

Differents between B® and B* RS g Tt BABAR
Dalitz plots allow y extracted in 27 7 =) = 21},

. . \Eab e 7)) a e
unbinned fit. However, need to g Y
understand different amplitudes = 7.0 o ST
from D° and D%ar decay modes j j N eI
across Dalitz space, esp. variation - T 2 —3 st 2 ”"3
N STI"O”Q phClSC. S. (GEV2IC4) S, (Gev2lc4)

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 1 2011 Hai-Bo Li (IHEP) 37



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.

B* events in bin Number of events for X, = I5C0S(0g )
| of Dalitz plot flavour-tagged D sample Y, = r,sin(@,+ )
\ 7 /
T - Z
N = h(Kyi + 15K + 2 /Kz'K—z‘(iUiCz‘ + y15;)) Car-1 be measured
//v In quantum
correlated decays at

c; s;: average in bin of cosine, sine of strong phase [y

W(3770)!

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 e o (2] ~ o)

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

Clear difference between CP-even

and CP-odd faqged Dalitz plots.
K¢ n* - vs. CP-even ags K{n* n~vs. CP-even Tags
3 - —— S —————
= :f
[ ’J?' . CP+ tag §, 40f / KSp
| * .- . [}
T ok tEetert, 1 O
o L | o g 30F ]
S e 4 s |
AN s | g e, 2 20 .
M 1+ L i, 4 o F
o i .l"lﬁ%‘ % * .’%_ S i
8 | T . {!‘{q.\_ L 10-_ ]
= [ ] [
0 - O 1
< 0 1 2 0 0.5 1 1.5 2
o ME(K2 ) M (m)
O Ken* - vs. CP-0dd Tags Kon* - vs. CP-odd Tags
g 3 T — SR | T T
% . 3:1 CP- tag _2of -
i [ > | ]
8 ~2 B G 15} .
— ST - o 9 f ]
O 4 =i L L S ol 1
g KU S 5 10} .
s g, z
T Cied o ia S |
[ ST 2 s
0 I | 1 0 _ "
0 1 2 2
M2(K2m+) M?(rt*rc™)
June 1 2011 Hai-Bo Li (IHEP)

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

(model = BABAR PRL 95 (2005) 121802 )

r Model prediction
1 P Result
0.5
N
o o
< [
[7)]
0.5\
A
-1 0.5 0 0.5 1

cos O

 (c)

Projected uncertainty on ~ arising
from uncertainty on ¢; & s;is 1.7°:

« Smaller than model error

BESIII will reduce this error to less than 1°



What's rare at BESIII?
* Suppressed or Forbidden by SM

— FCNC (c=u) GIM suppressed:
e D*->ntete ,D2>Xy
— LNV/LFV:
e D'IOwe'et D'2ate'n
— BNV:
* D2Xp
* Not so exotic but interesting (BESIII targets)
— D—=21v (SM consistency)
— D=2lvy (Validate radiative contributions, x10-)
* Small Deviations rather than small rates (BESIII target)
— Lepton Universality (D=2 Xev versus D=2Xuv)
* D-mixing and CPV

June 1 2011 Hai-Bo Li (IHEP) 40



What's the rare program?

Current Exp Limits

BESIII Reach
NP

SM (LD+SD)

BR

D> XI*I
D=2>vy

June 1 2011

Current Exp Limits

BESIII Reach
SM

BR

D> Vy

LD

Current Exp Limits

BESIII Reach
SM

SD

BR

D=>1tv

1V: Forbldden(XepL,XI*I*)

Hai-Bo Li (IHEP)



Expected rate

* Standard Model SD contributions D' 2m'e’e

— Range |
s DX, e'e:10°8 | A W
* Dete:10% e, € SUSY
* D°en:=0 \
« Exotic contributions - - . SM(SD+LD)
M. ™ SM(SD)

— NSM contributions can significantly enhance rates(x10-100).
— D*->m*ete (at high M)

* SM LD contributions:

— Enhancement in rate due to vector resonances (x100).

G. Burdman, l. Shipsey,
Ann.Rev.Nucl.Part.Sci.53:431-499,2003
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Experimental limits

Reference Best Upper
Mode Experiment  limits(1079)
et CLEO-c [436] 7.4
mtutp~  FOCUS [437] 8.8
mrute”  ET91 [43§] 34
m—etet  CLEO-c [436] 3.6
mptpt  FOCUS [437] 4.8
m ptet  ET91 [438] 50
Ktete CLEO-c [436] 6.2
Ktutp~ FOCUS [437] 9.2
Ktu*tem ET91 [438] 68
K-etet  CLEO-c [436] 4.5
K-ptpt FOCUS [437] 13
K- p*et  EGST [439) 130

June 1 2011

Reference Best Upper
Mode Experiment  limits(107%)
Yy CLEO [442] 28
e DO [444] 2.4
pte E791 [438] 8.1
ete™ E791 [438] 6.2
't EG653 [445] 180
m'putet  CLEO [443] 86
mlete CLEO [443] 45
Ksptp~  EG653 [445] 260
Ksptem  CLEO [443] 100
Kgetem CLEO [443] 110
nutp~  CLEO [443] 530
npute” CLEO [443] 100
nete” CLEO [443] 110

Hai-Bo Li (IHEP)
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CLEO-c for D—Xet*el (281pbt1)

Branching-fraction UL values are all at 90% C.L.

Mode € (%) N N gy (%) B (107%)
CLEO mtete” 3641 199 2 8.7 <7.4
mete” 4385 048 0 7.1 <3.6
PRL 95 (2005) 221802 Ktete 2618 147 0 10.0 <6.2
K-etet 3544 050 0 7.2 <4.5
atglete) 4622 0.04 2 7.4 27536+ 0.2

—-1.8 —

First observation of D> Xee type decay.

o 2 10”
Rate consistent with expectations. 10 o
= 408 | Rate in SM
Efficiency and resolution are very good: 3” 10° & |')
~ : 107 |/
GAE 6 MeV ‘T-‘ 108 N] ./ \
Oype™~1.5 MeV o a
% 10-"1
Backgrounds: 107"
double-semileptonic, conversions, Dalitz, QED 10" \]
*Suppressed with other side energy requirement. 107 ;= 15 2 25 2
*Reject low Mee g, [(GeV/c)]
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D—Vy with CLEO C fuII dataset

Modes: DoéK*Y, Do%d”Y Channel Nt | Nosserned
D%>py, D*>wy, DSy D= Ky [ 1220356794255 | 617 | (3720872052 x 10"
Luminosity:818 pb! Doy [1L61] BO6£108 | 41 | 2214095202 x 107
Comprehensive: Modes with |77 | 100] L0817 <8600 (VL 0% (L)
low measurement resolution |0~/ |B41[ 654249 | 65| <368x107 (UL %% CL)
and broad resonances are not Dowy [1L37] UT8445 |25 | < 300107 (UL @o0% CL)
measured by B-factories. (OO | o s 1409 =
Easy to compare ratios
(remove LD physics) and look
for NP contributions
Improved upper limits
Confirm: K*,¢ observations S cnmameras [FEE

i Ddpy

_ 818 pb! o

CLEO-c preliminary results

from D. Cronin-Hennessy

June 1 2011
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u

o
Detal [Get)

etk WGC

NDsata: 3374.00 NMC: 301326 _“j -
"B DO->K* S
H : hd W Nt
i B : L

818 pb?!

Ou'bE wrruhBC NOata: 231,80 NNC: 200,07 .
> - " —
i - B
A D¢y i
: s— . =l v
ik -4~ - 818pb oy
*
t Rl
I8
U an
Dotk G0V)

OuluE wrruRBC NOsta: 3364.00 NG 381457 ¢ s
3 wmE —H; Sn
3 ) —C Cort
; e . . Do—)(DY WC OmegeP
F ) 5 W Radret
: L -
P 818 pb?  —wou




D Dileptonic decay from Belle
Belle PRD81, 091102 (R ) (2010) 660 fbix]1 @Y(4S)

(711l Signal at 90% C.L. FER D’>n*n B8 Combinatorial
2.5

BD* — pu ) <1.4x1077, -
B(D" — eTe”)<7.9 X 1078, '
B(D? — e* ™) < 2.6 X 1077

0.5 2.
() Eem———— A
. .

25 ¢
2
15 F
3
0.5
0 C

events per 1 MeV/c®

2.5
)

st

1.5

0.5 |
1.82 1.84 1.86 1.88 1.9
M[GeV/c ]
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Outlook for rare decays at BESIII

Assuming 10 fb! we have a viable rare decay program
— NP: Will improve UL on FCNC and Forbidden decays.
— LD: May have first observations in Vy modes.
Will improve precision of observed modes with better control of systematics
— SD: D27 v may be established.
Some lessons from CLEO-c
— Backgrounds are indeed low for lepton analyses (untagged analysis is optimal).

— Photon modes are hard. Innovative techniques are required to exploit the full potential
of the data.

— Well designed control samples of data are useful in uncovering deficiencies of MC.
— MC physics needs to be checked.

— We should encourage creative approaches to data selection (we are not required to use
standard selection).

— Expect the unexpected.
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Sensitivities for rare charm decay at BESII|

7

> D—Vy will be reached at 10
D%—¢y, K*y will be confirmed and improved
D0%—py, W]y will be improved or found

» D%—yy can be measured with tag or without tag
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Thank you!
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