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Outline

- Status of BEPCII/BESIII

» Charmonium transitions

- Charmonium decays

* Light hadrons from Charmonium decays

- Charm meson: advantage near DDbar threshold
- Conclusion
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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, 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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BEPCIT storage rings
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Beam energy:
1.0-2.3 GeV

Design Luminosity:
1X103% cm-2st

Optimum energy:
1.89 GeV

Energy spread:
5.16 X10*

No. of bunches:
93

Bunch length:
1.5cm

Total current:
0.91 A

Circumference:
237m
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BESIIT detector

Magnet: 1 T Super conducting

; 5600 ‘
4100 750 DC: small cell & Gas:
= o m )“He/C:,Hs (60/40), 43 layers
|I|| | B 0.,=130 um
T SRR R ||| Il o, /p = 0.5% @1GeV
L IHI- ! dE/dx=6%
! MDC |
SR8 — & =
=1 TOF:
oy = 100 ps Barrel
o, 110 ps Endcap
Muon ID: 9 layers RPC
r I - 8 layers for endcap
EMC: Csl crystal, 28 cm Data Acquisition:
AE/E =2.5% @1 GeV Event rate =4 kHz
oz =0.6 cm/VE Total data volume ~ 50 MB/s

Comparable capabilities to CLEO-c, plus muon ID

The big advantage: BEPCIT is a two-ring machine designed
for charm

- Design (achieved) luminosity at #(3770): 1 (0.65) x 1033
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BESIIT data set and future plans

- 2009: 106M y(25)
225M J/vy
- 2010-2011: 2.9fb! @ ¢y(3770) 3.5 XCLEO-c
- 2011: 470pb~! @ 4010MeV
- 2012: T mass scan, R scan [2.0 3.65] GeV
0.4 billion y(2S) and 1 billion J/vy

Tentative future running plans:

2013: E.=4260 and 4360 MeV:

For "XYZ" studies (0.5 fb-! each point)
2014: E,=4170 MeV for Ds (~2.4 fb-1)
2015: TBD = additional v (3770) data
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BESIIT Collaboration
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Below Threshold Charmonium

3960805-012

l _— Properties not
| _—"  well known

3.8]

3 0__710(18) ]

) L |
Problems with mass/:JF’C= 0T 17T 1*T ot 1t ot
and width measurements i L=0 0 1 1 1 1
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J/y radiative transition:

VY process:

Mass and width of n.(15)

Ground state of cc system, but 1ts properties are not well known:

[ ~10MeV
M= 2983.1+1.0MeV/c?, T =31.31+1.9MeV

M ~ 2978.0MeV/c?,

e /- PP, B decay

i
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CLEOc found the distortion of the 1n_lineshape in y’ decays

cc hyperfine splitting: M(J /1)- M(n.) is important experimental input
to test the lattice QCD, but is dominated by error on M(n_)
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1 resonance parameters fr'om Y'—>7Me
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The interference between n_. and non-n_ decays:

mass: 2984.310.6,,+0.6, ; MeV/c? Relative phase ¢ values from each

width: 32.0£1.2, +1. Oé Mev _ . mode are consistent within 3o,
h: 2.40+0.07,,,10 < rad (constructive) > use a common phase value
or 4.19+0.03, 0. 09 rad (desconstruct)  in the simultaneous fit.
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Comparison of the mass and wud'rh for' Ne

| T I I [ T T | I T
= Belle yy Belle yy
CLEO yy CLEO yy
BaBar yy —8&—— BaBaryy
CLEOc J/y —O— CLEOc J/y
(stat.only) (stat.only)
BESIII ' BESIIIy’
| 1 | I L 1 1 | 1 L 1 I | 1 L I L | 1 [ 1 L | | 1 1 I 1 1 1 | ] 1 1 1 1 I | |
2980 2982 2984 2986 2988 2990 2992 20 25 30 35 40
n, mass (MeV) N, width (MeV)

Hyperfine splitting: AM(1S) = 112.5 + 0.8 MeV (earlyer results: ~117MeV)

Beﬁer agreement with
_ i LQCD calculations
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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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h.(1P1) in y'>nth,, h.2yn. n>X; (exclusive)

y'—>nlhe, hc—>yne, N is reconstructed exclusively with
16 decay modes: BESIII preliminary
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n0 recoil mass in h.2. N2 X

?gg -BESIII Preliminary +

160
140
126
100
80
60
40
20

e

of 70 recoil mass

Events/1 MeV
R U= U

LY

A I RO e
3.50 3.52 3.54 3.56

M(1t° recoil mass) (GeV/c?)

Simultaneous fit to m° recoiling mass
in 106M vy’ sample (preliminary results):

M(h,) =3525.310.11 ., +0.15,_ , MeV/c?

T

Consistent with BESIII inclusive
Results: PRL104,132002(2010)

I'(h,) = O°7Oio°28(sfm‘)io°25(sys) MeV CLEOc exlusive results:
N = 832+35 M(h.)=3525.21+0.27+0.14 MeV/c?
x2/d.o.f. = 32/46 PRL101, 182003(2008)
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n.(2S)

> First "observation” by Crystal Ball in 1982 (M=3.592, B=0.2%-1.3% from
v'—yX, never confirmed by other experiments.)

> Published results about 1 (2S) observation:

Experiment M [MeV| " [MeV] Process

Belle [1] 3654 + 6 + 8 BF — K* 1.(25).1.(25) — Kgi a7
CLEO [2] 364294+ 3.14 1.5 634 124+4.0 vy 1.(28) — Kl
BaBar [3]  3630.8 £34 4+ 1.0 17.0+83+25 vy = 1e(2S) — Kg K+t
BaBar [4] 3645.0 + 5.5 ete™ — I/ ipee

PDG [5] 3638 £ 4 14+ 7

Combined with the results based on two-photon processes from BaBar and
Belle reported at ICHEP 2010, the world average I'(n.(25))=12+3 MeV

» The M1 transition y'—yn.(2S) has not been observed.
(experimental challenge : search for real photons ~50MeV, )

> Better chance to observe n (2S) in y' radiative transition with ~106M v’
data at BESIII.

> Decay mode studied: y'—yn (25)>yKKn
July 26, 2012 Hai-Bo Li (IHEP) 16



Observation of n1.(2S) in y'->yn(2S),1.(2S)—>KKn
arXiv: 1205 5103, accepfed by PRL

—~ T P\ M e
‘j‘g C —— data (KgKi:rtJ“) ] ‘:‘8 10° 3 . dq‘[a (K" K °) —§
% 10° — fitting results - % - — fitting results .
O E e xc.T ; O i - e XCJ ]
o f —-T29) ] q 10°F —-1(29) E
S10°s 4 S & background = S - [ € background Z
) ® 3 ) 5 ’ 7
< & 1 =0 e & t =
3 10 =T . = ﬂ t -----"'-...‘}‘.- \ E
= " — . Y : g [ S W ’
g I gt PO & \‘ 7] ?_}) 1 B \\\ h'-‘a ; \
& =7 et T . il G 2 i I I m\{un. N - T
35 3.35 3.6 3.65 3.7 35 3.55 3.6 3 65 3.7
2
Myosr (GeV/C) N0 (GEV/D)

Signal lineshape:

(B3 x BW(m) x fd(Ev)' x €(m)) ® G(om, o)
~.

=
‘Eﬂ

Combined fit of two channels:
* significance >10c

, |M=3637.6x2.9 (stat.)=1.6(syst.) MeV Phase space factor '
[ =16.9+6.4(stat.)+4.8(syst. ) MeV EyEo +(Ey - Eo)-

Dumping factor

* combined branching ratios
Br(w'>yn.(2S))x Br(n,(2S)» KK 1)=(1.30+0.20+0.30/x 10~
PRD 78 012006(2008)

»|Br(y'2>yn.(2S))=(6.8+1.1+4.5|x10""
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v'— yyd /v

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)]

* 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: (k1)
e Potential models give discrete spectra 5 j:F
1."?

(W(2S) = VXew X = YT /W) )
e Possibility of testing the hadron-loop effect (k) +(ky)
e Coupled channel: the hadron-loop effect #(28) T/
> >

also may play a important role in the

continuous spectra
July 26, 2012 Hai-Bo Li (IHEP) 18



arXiv: 1112.0942 Submit to PRL

First evidence of y'— vy J /vy

e Select y(2S) = yvi/wv, J/w — e*e” and 1 ir events
Y.m - lOW €energy gamma

~, 10*
>10° “ The ., components
5 o  * Yields of the two-photon
2 transition
> 10¢ e Continuum(green)+
2
o _g L o
R W T S v a— 3.'515 3.5 3.55 100 - (e) +
RMTsm{GEV.".ﬂ }

e Global fit of including %, states
e See clear excess over BG + continuum

* Br(y’ > yyJT/y) =(3.3 +0.619%)x 10 .
(both ee and uu) 3.05 31 3.15

» Significance : 3.8c including systematics RM yy(GeV/c?)
* Br(y'— 1) = 7J /) are also measured S sRM Uy mss:08GeN

Eveng\ﬁ MeVi/ic
rh
=




PRL107, 091803 (2011)

i:?: ;% Mode Niet e (%) B(x10™%)
2 - €2 X0 — 99 1B3E23 224 T8F04+£08
ot = Xe1 — O 254 +17 264 4.1+03+04
B £ 7 Xe2 — 90 630 £26 26.1 10.7+04 + 1.1
= = S 2AKTK)
3"E — Xeo —+ Qo 179+ 16 1.9 92 +0.7 £ 1.0
imf_ -7 Xe1l —F Goch 112412 23 5.0+0.5+0.6
8 wF = i —>do 2194+ 16 22 10.74+0.7+1.2
‘g f- = - K*Kntn "
2t _: Combined:
- = Xed — @O —
im _g Xel —# {‘I.')rl.";" —
;Jm _g Xe2 = O —
i uc X0 — Ww 091 + 38
Ye1 — WW 507 + 29 13.:

2 X2 — W 762 + 31
23 — 2T )
'if‘?,’ Xco — W 76 £11 14.7
@ 10 Xecl — W 1544 162 2

o J Xc2 — WQ < 13 I55% "=

30 335 340 345 350 & 355 360 K K wiwn L

Suitaeny Evidenc

. — . First observation
Long distance transitions could contribute

via the intermediate meson loops. PrD81 014017 (2010) , PRDS1 074006 (2010)
July 26, 2012 Hai-Bo Li (IHEP) 20




PRD85, 112008, (2012)

3 + data 3
15(5 —FRMG 3
T S soE E
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o B g 200 ~+-data 3
(] 600 — g § e } —FitMC =
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Ll}.l 200 = all TUEEeS o s0 . ;
o b l e 0T aaeidl Bt T
' 010 0.15 020 025 0.30 035 040 ¢ mé— | 4 t 4
E (v, (GeV) o A *‘ Ry
{I
B, =B(y(2s5)— YXc0.c2)s B, = 'B'[){f{] r”—*}"r} and I T'[)(f.[]_f}} =T TT{XE{L':Z_'TT-}'
Quantity PDG global fit results® CLEO-c" This measurement”

B, K By X 10%( y0)°

By X By X 10°(ye2)®
b4 ]{ﬁ{X,n}c

3 T i 7

FTT{){C{]} (keV)

[1'}"}-{}:{'2} {[{Eﬁ\-‘r}

R
forr =T (X2)/ T3

JuIy 26, 2012

216 £0.18 2172032 £0.10 2172017 £ 0,12
2.24 +0.17 268028 £0.15 281 2 0.17 £ 0.15
223017 2312034 £0.15 224 (019 £ 0.15
256 £0.16 323+034 =024 321 018 = 0.22
2.32 +0.22 236035 (022 233 020 x0.22
0.50 = 0.05 0.66 = 0.07T = 0.06 0.63 * 0.4 = 0.06
0.22 £0.03 028+ 005 =004 027 £0.03 £0.03
(XL_:]_ — o o o o o o o e e e o = o= 0.00 + 0.02 =002
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Charm as a tool to study light
hadron spectroscopy

B Hadrons consist of 2 or 3 quarks:

Naive Quark Model: Meson (q q)

Baryon (qqq) @
B QCD predicts the new forms of hadrons:
 Multi-quark states : Number of quarks >= 4

* Hybrids: qqg, qqqg ..
e Glueballs: gg, ggg..

July 26, 2012 Hai-Bo Li (IHEP)



Anomalous lineshape of f;(980) in
J / w—>yfo(980)n0 decays a’r BESIII

100F =
ﬁ' £.(980) > > fo(930)%ono |
- >
g |
; 50
. 20
o,
g (T
10w 098 11 T 1o
M(m 1 )(GeVic?) M(r%r9)(GeV/c?)
M = 989.9 +0.4MeV/c? M = 987.0 +1.4MeV/c?
I'=9.5+ 1.1 MeV/c? I'=4.6+ 5.1 MeV/c?
Surprising result: \ PRL 108, 182001 (2012) \

very narrow f,(980) width: <11.8 MeV/c*@90% C.L.
much narrower than the world average (PDG 2010: 40-100 MeV/c?)

A possible explanation is KK~ loop, Triangle Singularity (TS) (.1. wu et al, PRL 108, 081803(2012))

July 26, 2012 Hai-Bo Li (IHEP) 23



n(1405) in J /\|1—>yf0(980)ﬂ:° f0(980)—>7m

T 250 fo(980)—>ﬂ: T &;‘ f0(980)—>n°n°
2 3
T 200 E
) S
S 150 =
£ 100 2
:
o 50 w
CEEE T EEE e e R SRR
M(f (980)r%)(GeV/c?) M(f (930)nﬂ)(eewc2)

First observed: 1(1405)—f,(980)n° (isospin breaking)
Be(J /w — yn405) — yx’f, - yn’n*x”) B/ w — yp405) — yr'fy, - yr'z°z")
= (1.50 + 0. 11(szat.) + 0. 1(syst.)) x 105 = (7.10 + 0.82(stat.) £ 0. 72(syst.)) x 107

BR(n(1405) — £,(980)7° — "7 7°)

~ (17.9 £ 4. 2%
BR(n(1405) — a,(980)x" — z°z'n) 0

PRL 108, 182001 (2012)
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Large isospin violation in n(1405) decay

In general, magnitude of isospin violation in strong decay should be less
than 1% or at 0.1% level. For example:

BR(y'> 73 1y) 0.2 %102 |P. BR(n'— 7'z 7°) —08x10°

BR(y'—> nd ly) | P, ?° BR(7'> 7'z n)

However:

BR(77(1405) — f,(980)z°) _ 2504

BR(7(1405) — a,(980) )
K(K') e TT° I _ K*K pair in TS is almost
1(1440) (7 N(1440) " on-shell, fogether with
_ K)_m a ,(980) f (980)\;; Mixing explain the narrow
K(K) —< > £.(980), and large
fo(980) >t isospin violation.

Triangle Singularity (TS) ao—fo mixing

J.J.Wu et al, PRL 108, 081803(2012)

July 26, 2012 Hai-Bo Li (IHEP) 25



New results on n'—>3n in J/y—>ynnn

_ 900F | < 1601 |
‘© 800k / = © 140F /
S ook Jy—=yn' 2nnn S i Jy—y 1’ 20700
O g O n
O e00F © 100
2 =) -
3 = -
B 3 : B ol
£ 300f £ jg;
> 200F > _
100 N “o20r :
e e e e NP R crrl e e T ST NP 0 St o
fe5 05 095 1 105 1. 0.860.88 0.9 0.920.940.960.98 1 1.021.04
M(r*m o)/ (GeV/e?) M(r’r"n’)/(GeV/c?)
New results: PRL 108, 182001 (2012)

Br(n' -» m*r~n°) = (3.83 + 0.15+ 0.39) X 10~3 (PDG2010: (3.6711,) x 1073)
Br(m'" = a’n’n%) = (3.56 +0.22 + 0.34) x 10~ (PDG2010: (1.68+0.22) x 1073)

For the decayn’ — m°n%x?, it is two times larger than the world average value.
Comparison: [sospin violations in n'=>nnn :

+ =0 0_0_0

BR(w > x H)::OQ% BR(w > nx)

BR(y »x'nn) ~ ~ BR( —>x'n’n
July 26, 2012 Hai-Bo Li (IHEP) 26

~1.6%




Confirmation of X(1835) and two

new structures

— ...PRL 95 262001(2005) PRL 106 072002(2011)
- wsoof . 'rwonedvsl
2 a6 J/y—>yn'nin > S00 !
S n'onmm 400
2 n'—yp S f1(1510) |
= % '\ 4
oo © 200}

1.4 2.0 2.6 s N,

M(x am") {Ge"u"fc: ) 1001
BESII result(Stat. sig. ~7.70): BESIII: 225M D
0

M =1833.7x6.1(stat) £ 2.7(syst)MeV | J/y events,
[ =67.7+20.3(stat) £ 7.7(syst)MeV | new structures!

BESIII fit results:

DNQO P - - (]

X(1835) 1836.5+3.0%6,; 190.1+9.0%8,  >200
X(2120) 21224+ 6.747,, 83 =163, 720
X(2370) 2376.3+87%32,,  83+17%, 640

An amplitude analysis could help with

interpretation for the additional new structures!
July 26, 2012 Hai-Bo Li (IHEP)

dN/d|cos0, |

1.41.61.82. 0‘2‘ 2242628
(GeV/c )

mm

Qo 02 0 06 o8 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 ¢

0+ m—
27— —
10 | - —
3++ 5 %“ O—
— 37—
8 L
2-+_ "|+'—
6 | O —

2 e—

4 | O —

0—+: 2560(35)(120) |
21 2++: 2390(30)(120)

R -+ +-

July 26, 2012
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o
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Mg (GeV)

v'It is the first time resonant structures
are observed in the 2.3 GeV/c2 region,
It is interesting since:

LQCD predicts that the lowest lying
pseudoscalar glueball: around 2.3 GeV/c?.

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

v'"Nature of X(2120)/X(2370)
pseudoscalar glueball ?
n/n’' excited states?

PRD82,074026,2010
J.F. Liu, 6.J. Ding and M.L.Yan
PRD83:114007,2011

(J.S. Yu, Z.-F. Sun, X. Liu, Q._zhao),
and more...



http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yu%2C%20Jie%2DSheng%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Sun%2C%20Zhi%2DFeng%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Liu%2C%20Xiang%22
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22zhao%2C%20qiang%22

Events / 20MeV/¢?

X(1870) in J/y—0X, X—a5 (980)7T

¢ "Iﬁ',Il E
” #

| | | | |
08 10 12 14 16 18 20 22

M(nmem) /<)

24

onf
s00f
T0f m”’
600f L L
500

100F

400F 4y (I
300F +
200F ' '

0- L
D8 10 17 14 14 18

M(a,(980)r) )

Identification

of X(1870):

0-+(?)

It is X(1835)?

Need PWAI
July 26, 2012

M 27 24

sof (b) (00(980) g J/ Y—>ONTT,
wof (10(980) r'econs‘rr'uc‘red in nm*
wop "-.__.... S B — —
wf '-,'" 12 288 n(1405) X(1870}
ooof 13 If.(1285)
3 700!
be s 02 1ste s 202> 600F \
r/.2 3
M(nmt) /<) S00F
2 400 g
1000;_”('&)”“ o w!,‘ﬂﬂ‘ﬂ*“ ] E 300 PRL 107, 182001(2011)
s H+++l ++| 7 200 i -
ol #mi"" : 108 | | A E
wf K ' 12 14 16 18 20 22
- ;...-*" ' M, n+m— (GeV /c?)
07 N | | | | L

M(nmr) non-a,(980) BR(I/y—wX, X at (980)7T)

Resonance | Mass (MeV /c?) Width (MeV/c?) I‘anch ratio (10™%)
£1(1285) [1285.1£1.072¢ 22.0+3.172% \1.25+ 0107010
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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®¢ threshold enhancement in J/yv — yo¢

JHy

JIv = ypp.0 > K K™ (OZ1) J/yv - yop (DOZI)

o
M
i

M =1812"" +18 MeV/c”

—-26 —

2, < ¥ =105+20+28 MeV/c>
: o
3« =3 SRR JPC favors O** over O+
E ] 1:I.I....I...-I....I.-..I....I....l....l.... and 2++
1.E 2 22 24 26 2R 1 EJ [T 1.5 _’." 25 3 35 -11-!;.‘5
M(wd) (GeV/c) M (Y®) (GeV/c )

i Phys. Rev. Lett. 96(2006)162002
July 26, 2012 Hai-Bo Li (IHEP) 30



J/w —> yod @ BESIII

600

400

Events / 0.002 GaVic®

200

[?.EIB

) %
i ® 3 ]
(b & 1000
:/ |
o
: F
g [
¢ 2 500
. [ ]
o ®
[ ]
i .éﬂm....f. i -

MK'K)Gevie) ‘&

1.02

200

Entries / 0.04 GeV/c’

1[]]_

July 26, 2012

ool 3
MIK'K z* =) GeVic?)

t (c)

P P R e P P
1 15
M(z* % =°)(GeVic*)

Backgrounds estimated
from ® and ¢ sidebands

Backgrounds estimated
from inclusive MC -- mainly
from oK*K

Hai-Bo Li (IHEP)
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Preliminary PWA results at BESIII:

250 | oL 6
] Preliminary | & i ninary
> )
g 150: : i B
< g = B
o Lo
E ‘II:H'.IH %
5L 2
W sf _
°1- Simamd | Jmeerne e
M(wo)(GeVic") LN 7 PRGN F o L W B4 ¥
Resonance J'¢ M(MeV/c?) TI(MeV/c?) Significance
X(1810) OFT 1795 =7 fgﬁ 95+ 10 > 300
f2(1950) 27 472 > 100
fo(2020) 0T 442 > 100
n(2225) 0~° 1903 6.40

Is X(1810) the f0(17 10)/f

uul_y Vg £V |

1AV ]

t38(I1|7'EJO) or new state?

32



J/ wy—ynn @ BESIII

Clear resonances

Very low BG level

Nevent/20MeV
g
= _
—
@@a

v
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Preliminary PWA results of J/y—ymn

m I I | I 1 I T I ] 1Bﬂ'
" 200 } (a) 160
glﬂﬁ [ 140 \
= 2w
Q120 ]
‘E 80 rlw
9 g0 (ol
a4 o o ‘w&l‘ﬂ
20F 4 \ y
0"

1214 16 18 20 22 24 2

Wyl e £,(1710) and f,(2100)
i are dominant scalars

f2’(1525) is the
dominant tensor

: »  £,(1500) exists (8.2 o)
\\‘\\ QIUDSJJE-M-UMUMI]H]EDHH

M,,(GeVic’) @
- 1 —
E % (c :

Resonance Mass(MeV /c¢?) Width(MeV/c?) B(J/#» — vX — ~nn) Significance

100 3
q:ﬂ-tlls-ﬂlﬁ-f:l-ﬂlﬂllﬂﬂli I]II {IEBE 1*I] n:‘!
cost,

fa(1500) 1468F1tFE

fo(1710) 72 e

fol2100) 208112+

Gisgsy 1518 'Y,

f2(1810) 1822730+ %)
July 26, _f2(2340)  236275,755

136136 900 (16150555935 x 1072 8.2 0
ottt Rastentsalxii™ Bile
gR s Q%QI“ Selo I 139w
'r+12+“ 'Tattieig® 110w
zzgii;éi@ Ao Bde
TR (ER T T 780

T
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Study of decays of J/iy—yAA

—e— Data

arXiv: 1207.1201 submitted to PRD 40 .
47- L ‘-‘-‘_'_\-”' T 1l 7‘ L L ‘ N ‘7 35; - - -- Signal Pr'ellmlnC(r'y (:].)
L (a) . . * (b) (:IQ - = = Background
E | © 100 o3 90 - Yy =T
R 12 s B Ewees
S [ niEmnILoan < | | T 20 Ouwensy
g g T2 st
2 OOvoaceccececeoneonan - — 2 L -
[ BEEiiiianitatiii oE 2 1oF
| (HeGBaoecat: ™" ] Mo do g L =
T O-,J* W igmiact 5{ T
2 . ,733 4 1.2 1.4 16 i 2 0 =7
M (GeVie) M (GeVIE) 24 25 26 27 28 29 3.0
1007' T T I R L M(ZT) (GeV/Cz)
J. (C) | 60 35 = —e— Data
— | | — r = - === Signal (b)
= { = | N, 30F EWJy—-=T
% ﬁ 40 S - -J,’\pHEE+
g sol- } i :3 : % 25; :IJ:’\U—HT']ET
% E I w20 - I vy — =2"Rrn+ec
E u.]E 20 : - —=— Jly — y== + other bg
[ B 15F
o -
ALK ol s 10 E brelimi 4
1.2 i\&lﬂ(Gé\Gf’cz) 1.8 2 2. 5 3 reliiminar T
J /1 decay mode BESIII PDG 3652.702.75 2562§% 2.90 2295 3.00 3.05
Ax0 1.46 £0.11 £ 0.12|< 7.5 - . M(E = ) (GeVicT) .
_ Ne — 2" 27)=(2.10£+0.284+0.53) x 10~
ASO 13740124+ 0.11]|< 7.5 (e ) = >3)
YNe(ne — AA) 1.98 £ 0.21 £ 0.32] - B(n, - Z7="7) = (0.884+0.16 +0.22) x 103
1/11’1(1520) + (:.(:.(11(1520) — “f'/I) < 0.41 - 8(7}0 - A/I) — ([)'S'Ttﬂ.2-’.1.-|-U-(.)9j:ug? (PDG)) N 1(:]—3

0.21-0.14
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N* resonances in y(3686)—ppmn’

arXiv: 1207.0223 submitted to PRL

-+ a
- < 150
o -
> <
@ (o)
O e 100
~ >4
= &
o = =
o
> 50
=

q? —>7|:°J /\|f

M; s (GeVZ/ )

Resonance M(MeV/c?)  T'(MeV/c?)  AS  ANy,; Sig.
N(1440) 139015, T35 34001, 725 4 11.50
N(1520) 15100205 st 108 6 5.00
N(1535) 15%”@; 12073010, 49.4 4 9.30
N(1650) 165072130 1s0fsitis 821 4 1220
N(1720) 1700059132 450087107 55.6 6 9.60
N(2300)  2300F3070109 3407300 1207 4 1500
AT OF— ~ —|—1{;‘—|—34 P +14 +69 1 -

N(2570) N 2570% 107 2500505) 780 6  11.70

k\\\

200

106M \|J(25)

- n , T (b)T
—N(1720)
N(2300)
.= N(2570)

[T S

T
AT L B T |

20
M,*(GeV/c?)

Agree with
data in PDG

JP=1/2"
JP=5/2-

Two new N* resonances are observed for the first time.

July 26, 2012 Hai-Bo Li (IHEP)
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Charm physics at BESIII

July 26, 2012 Hai-Bo Li (IHEP)
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Advantage of open charm at threshold

ete” Colliders@threshold:

e T = B [(Ce—il] @OF sem— v — B [Ceadl

Good for charm flavor physics:
Threshold production: clean
Known initial energy and quantum numbers

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

July 26, 2012 Hai-Bo Li (IHEP) 38



Leptonic Decay

W+ m?\’
DT T My, l m‘ —mm ;J

S

* Decay constant fD incorporates the strong
interaction effects (wave function at the origin)

* Use charm leptonic decays to validate theory
(LQCD) and apply to B mixing, which requires fg

* Multiple tests with charm: fp, fy, (esp. ratios)
e Sensitivity to New Physics

July 26, 2012 Hai-Bo Li (IHEP) 39



Semileptonic Decay

w e 2 2 3
dlU(D — K(x)ev) GV ol Peis
Dc%g%g}%qu ( (7) ): F (af)3 K( ﬁ(qz)‘
e h

P dq’ 247

* Use Strong Interaction theory (LQCD) for form factor,
extract CKM

* Use other measurements and unitarity for CKM and
test theory

* Theoretical uncertainties can be reduced in
determinations of |V ,| if FF calculations can be
validated with charm

* Multiple tests available, semileptonic D decays to
pseudoscalar mesons are cleanest

July 26, 2012 Hai-Bo Li (IHEP) 40



0.7

.
=]
o
0.6 A
d fi ‘Witnbar 12
g o\
05 | s A\
- f-f"’:. ;d.'n"quﬂ o
“He el #CL > 0 52)
04 -5
= B a\
0.3 1
[
]
L]
02 '
L]
]
]
]
01 :
el " e 2 B
u_n L ©L I I L I
-0.4 0.2 0.0 0.2 0.4 0.6 0na 1.0

P
* Widths of mixing and |V | bands will be
reduced as charm validates LQCD

* Long-term goal: Over-constrain CKM and
search for New Physics

July 26, 2012 Hai-Bo Li (IHEP)



* At W (3770) charm production isp°pH° andp+p-
* Fully reconstruct about 15% of D decays

AE = ED - EBeam

2 2
MBC o \/EBemu o pD

* Hadronic tag on one side gives “beam” of D° or
D* on the other side for leptonic/semileptonic
studies. Neutrino is reconstructed from missing

energy and momentum

July 26, 2012 Hai-Bo Li (IHEP) 42



D* Leptonic Decays — Tag Selection
e Nine D- tag K'znm Kz KK~ K'Kzo Kizrznr
i Krzra® Krzzarora Krzaon
¢

0

T @ S e
Red=MC , ) 3 D5 KK

(c) N
(b)

Number of Events
Number of Events

100 h
30000 o, Korpt GO 0+ Keren ()

1oy ()

20000 .
5000~ '

18 180 186 18 18 18 1% 18 18 18 18 188

005 01 01 -005 0

N =(1.566 +0.002) x 10° in 2.9 fb™" BESIII Preliminary

July 26, 2012 Hai-Bo Li (IHEP) 43



D* Leptonic Decays — Signal Selection

2.9fb-1

BESIII Preliminary
Kr

Exactly one track in addition
to tag, with the right charge 100,

Positively muon identification: ,,

No extra photon

. . 9300 oz od
Select on consistency with

leptonic decay:

5 2 . . 2 N 15
Mmiss - (EBeam _Efu) _(_ptag _p#) ~0 ' :
; 10p
425 signal candidates: P
small BG, mom. dist. gl b
. . 7 08 09 1.0 11 1.2
consistent with D™ — 7Y,

July 20, 2012 Hail-Bo LI (IHEP) 44



D* Leptonic Decays

107 . . . D
o] ~ BESIII Preliminary
e N(D* — u'v)=377.3+206
102} B(D" - pu'v)=(3.74+£0.210.06)x 10"
10 | f =(203.9+57+2.0) MeV |
l C \ D ( ) /
107! Consistent with CLEO-c

02 -0.1 0.0 0.1 0.2 0.3 still statistics limited — need more data!

M2 [GeVie?]
CLEO-c results [PRD 78, 052003 (2008)]
?(D+—>u+v)= (3.82+0.32+0.09)x10-4
fp+ = (205.8 £ 85 £ 2.5) MeV

July 26, 2012 Hai-Bo Li (IHEP) 45



D* Leptonic Decays — Comparisons (from G. Rong)

MARK-II
<0.07% at 90% C.L.
BES-I
(© 0g* 154009 %
T -poso02
BES-II

(0.122*""40.010)%
-0.053

o] 044000066200 —OLEO--(20tpb

El  (0.0382+0.0032+0.0009)% CLEO-c (818 pb)

0

July 26, 2012

H (0.037410.0021+0.0006)% BES-Ill (Preliminary)
i H (0.0362+40.0033)% PDG2010
| | | | ] | | | 1
0,05 01 015 0.2 0.25

B(D+ — g'v) [%]

Hai-Bo Li (IHEP)

MARK-=Ill = 2e0Mev ai 90 C.L.
BES-I (20077 ) MoV
BES-II (371 225) MoV
|I| (20sasas5:25)MeV  CLEO-¢ (818 pb'1:l
H (2oas1:5726087) MoV BES-III (Preliminary)
H eeamev Lattice GCD
fo| o mev Lattice QCD
] (205:623:222) MV QL (QCDSF)
W (23548214) MeV QL (Taiwan)
B (210%10°)Mev QL (UKQCD)
(211£14°7,)MeV QL
o+ (177421} MeV QCD Sum Rule
o< (eoezmev QCD Sum Rule
oo oess0mev QCD Sum Rule
( . ie rrelations
I_‘_I 210:+10) MeV Field Correl
=v—] iz2=201mev  Isospin mass splittings
| 1 | | | | ! ] |
f, [MeV |
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DO Semileptonic Decays — Tag Selection
K. Kz

- 0 0 = -
Kronrnn Krrnr

* Four D°tag modes
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AE | GeV | M. [GeV]
Neged00 = (0.774 +0.001) x 10° in 0.92 fb™"
BESIII Preliminary
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D® Semileptonic Decays — Signal Selection

Tag plus exactly two

5000

000

LW:LIa (0.0

oppositely-charged tracks .,

Select on consistency

Kaon/pion/electron ID
Electron has right charge =«
No extra neutral energy

£y
=
o 700

with semileptonic decay i«

U=E P

miss ‘ miss

* Fit U distribution to
extract yield

July 26, 2012

500

400

300

200

100

==
&

Hai-Bo Li (IHEP)

! -D..-.'Jﬁl I

“ BESIII Preliminary
Ny, = 18460+/-143

0.92fb"!

BESIII Preliminary
0.92fb"!

N, = 1677+/-45

sig

PR I O o o e — i -
0.05 01 0.15 0.2

D’ 5 e’

Ui
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DY Semileptonic Decays — Branching Fraction

BESIII Preliminary 0.92fb!
Mode measured branching fraction(%) PDG CLEOc
DV = Kte i 3.542 +=0.030+0.067 3.55 +£0.04 | 3.50 +=0.03 +0.04
DY = nte i 0.288 £0.008+0.005 0.289 £0.0080.288 £0.008+0.003

» Systematic uncertainties are preliminary

* Good consistency with CLEO-c, statistical precision
comparable with only 1/3 data analyzed

July 26, 2012 Hai-Bo Li (IHEP) 49



D® Semileptonic Decays — g2 Distribution

* Partition D° semileptonic candidates in bins of

2 = = . = | _
g = (Ep—i_Ee) . Eu . Emiss P v s
* Fit U distribution in each g2 bin 0.92fb!
2 7F < F
Et_t BESIII Preliminary ., o= BESIII Preliminary
EIE‘- Kr2r® P o
o Lp = 3y I
-"l_'J-Id 4"|_‘7 :i|2—
12of- .
. = s 1=
'E; 1 0.8 l
= bl 05F-
s : 04fF
2 r 02f {
SRR P TR ETEE PN T RETE FETS ETEE . 8w T T T
b 0z 04 06 08 1 12 14 16 18 _ 05 B E : T o :
PIGeV? i
D’ >Kev, D" > ey,
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D? Semileptonic Decays — extract f(g?)

* Points are data wit
* Curves are Fermila

h statistical errors only
b-MILC (arXiv:1111.5471) with

+1 o (statististical) bands
0.92fb"!

T _ , T r i ]
.,_1 rI:— DD —> K e+ V” / .._25-_ DD —> .7?-+e Vﬂ {
aF BESII Preliminary /7 - BESIII Preliminary /
F 2 V4

12 :_ ,‘/JI:'/+/ : ,/’;/
- -"_//f”' i ///
C /,- / 15 /{::“,
ME ,f}} B A
- V.4 - x;’.;?;"/
3 y 4 1 o
0.9 & S e
C [ -
- P P 0.5_—
08 wﬁ_e.f" -
U.T: .| | L1 | ||| L1 J!lll L1 | | L | IJllll | _| | | [ | | [ 1 I 1 [ | | | | L1
0 02 04 06 08 1T 12 14 16 18 Dﬁ 0.5 1 1.5 2 25

July 26, 2012
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DO Semileptonic Decays — Form Factor

Parameterizations
: /.(0)
Simple Pole Model ~ +(4)77 A
(o)
. 0
Modified Pole Model ~ /.(¢) =7 < (( L w
Becirevic and Kaidalov |1—Q—EMI—D! 9'2 J
PLB 478, 417 (‘00) My n, .
_ _ o 1 w o €
Series Expansion ) =——— At ) z(g%.1,
p f.(a*) A AECEA]
Becher and Hill
PLB 633, 61 (‘06) —  —
z\ NAE ki If_r” t.=(my,+tmy,)
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DO Semileptonic Decays — f(g?)

0.92fb"!

Sl aod— e E - = & - -
St BESIl Preliminary $ha BESIII Preliminary :;‘_*5::\} BESII| Preliminary & BESN| Previminary
Sl Al ™ gapl ™ £
L -, L i b l [
L 3 S Sf % B Y 5
st k. = My 3-
! : b 25f .
“ T N
: E ‘-.\. : % ..‘l "5':_ i
. simplepole " = modified pole ™ - simple pole
[ * I :— l
N EYTURTTY ETTY FUEY FENY PPPL PP P O T IPRNY FETE PR PEYE PTNS STEY POPL Ay 1 OB o b b o
g d3F o4 ofF a3 T I3 11 Th 18 g o2 O4 OF O I 12 T4 14 18 k-] T 1.3 r ] 15
G PoRETer G
o e Joo- = 5 i
3N BESIII Preliminary iy BESIII Preliminary _-:'_ns--] BESIII Preliminary
Jof Fad- ) ] l [
BT TN & % % b
6:.-_ ..l Bﬂ'_ i aFE
¥ L E :'-55— “
__ T o ..l‘. &E [ I
o 2par.series = o 3par.series M 'St 2 par. series
I N C N E i
P PR RN DT T P T, Tl oWy A ST T IR [FAY CAPRE U W Db -] NP (PUPUII TR PRTEPUPN PPN b
4 42 04 Q& QE 1 12 14 16 18 « Q02 04 L5 QOE 1 12 14 L 18 a LE 1 15 2 215
B L e 8 e

D' K"e+vﬁ D" e’y
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Simple Pole
D = Kev

DY — wev

f+(0)[Veas)
0.729+0.005+0.007

0.14240.003+0.001

Mpole
1.943+0.025+0.003
1.876+0.023+0.004

Modified Pole
DY = Kev

D = wev

f—-— (U ) H":"dlf )
0.7254+0.006+0.007
0.140+0.003+0.002

¥
0.265+0.045+-0.006
0.315+0.071+0.012

2 par. series
D = Kev

D? = rev

f+(0)[Ved(s)
0.726+0.0060.007
0.14040.004+0.002

ri
—2.034+0.196+0.022
—2.117+0.163+0.027

3 par. series
DY - Kev

D° — wev

f* (U-) ‘ "'I-t‘.‘lflf )
0.729+£0.008+0.007
0.144+0.0050.002

r1
—2.179+0.35540.053

—2.72840.482+0.076

r2
4.539+8.927+1.103
4.194+3.12240.448

Reasonable consistency with CLEO-c,
comparable precision with 2/3 of data still o analyze
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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?)pt) )7 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

L\ 0 / relative phase on Dalitz decays
<K il >=_},f ) 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
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FCNC: D%—yy

B(D°2>yy) gy B(D°— )

e — ] W"'I""I""I""I":
P - -~ Fited ARGUS bi fumction o ~
N -2.917.1 events | :?2‘;21"“’*““ ]

. 600 |- - 4 -
Prehmmary 4081 117 events _

Evenis' 10 MeV
Events MeV

Contamination from

B(D”—)yy)/B(D”—)yr”;'r”kS 8x10°3 @goﬁ'ctf’with
PDG value: B(D°2>z%7")=8x104,

BESIII: B(D°>yy)<4.6x10°° @90% CL.

BaBar: B(D°2>yv)<2.2x10° @90% CL. 27
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Sensitivity of rare D decays at BESIII

Flavor Changing Neutral Current (c—u I*l)
DO>purtu- SM <1012 NP ~ 10
« CDF  BR< 4.3x107
« D9 nOvvbar, D°> vvbar , D> yvvbar
e DO vy
DX - SM<108 NP ~10°
* DO BR(D*—>rwutu- ) 3.9x10-6
« CLEO-c BR(D*—>m*ere )k 7.4x10°
Lepton Flavor Violation NP ~ 106
« BABAR BR(D® —pute) <0.81 x10-¢
« BABAR BR(D*—mrerp)<1.1 x10-°

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

+ BESIII is successfully operating since 2008

World largest data sample at J/vy. y(3686), y(3770), y(4040)
already collected, more data in the future @ 4170 MeV,

4260MeV and 4360MeV coming soon

- Charmonium transitions

O Precision measurements of h. and n.(1S) properties.
O first observationof n.(25) in y'—>yn.(2S) decay.
Q First evidence of y'— yyJ/v.

* Charmonium decays
* Light hadron spectroscopy

Q confirmation X(1835) with two new structures in J/y—ynnn'.
Q observation a new structure X(1870) in J/y—onnn.
Q First observation: n(1405)—f,(980)n° (isospin breaking).

* Charm decays
Precision D physics to come soon.
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DPDObar quantum correlation @y(3770)

For a physical process producing D° D° such as

D° b " 00
) ee >y ->DD

. #7 Thequantum number of " is J™° =17

’. For a correlated state C=-1. é‘ Do>=‘5o>

1 _ =

0 y_=—=(D")D")-|D")D") C|D°)=|D°
z.z.xmg PRDS55, 196(1997) ﬁ‘ ERRLRES )=|°°)
The correlated amplitude:

2 =((i] D0><j | ﬁ) {j D“><z|ﬁ>

~0.06

E>DCS / f

D") N

o

— _'rKﬂe

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 —0
due to Boson-Einstein statistics : D

e'e” > w(3770) > D°D° —» (K* 27 )(K*7¥) ’

d
+ 1, -
e Z e
®e—>,, «——@

7

AR

R

7z 7/

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

At y(3770) Ry =(x?+y?)/2 can be measured using the ratios
_ N[D°D°>(K 72" ) (K 77)] N[D’°D°—(K e"v)(K e V)]
M N[DD°>(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
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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,=-3.3x1073.

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. Grossman et al
P

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

Belle; DO K*K-,ttn
Acp(K*K)=(0.43+0.30+0.11)%
At BESII, CP asymmetry can Ap(nn)=(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 ¢ - D°D° - f.f,

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 .

July 26, 2012 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 ) 27 6 +11.2_12'2 31.0 +10.7’_12'2 x uncertainty
Y HFAG-cam | O HFAG-charm _ | __
> CPV allowed I = oo f | | cpvalowed |
- &
05j
0 __ : |
-0.5 Ml 20
J 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

7\:—" 1 ,‘\:h,,:,,é |

X =(5.5 ii:g) x107° zp = (zzzlgiz) x 1073

Vi, = (8 3+1 3) %1073 yp = (zxx+0.19) x 1073
p =\0.0oTl.

Uncertainties shrink: but are limited by the irreducible model

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

Xy = (XXX £0.20) x107°, 'y, = (xxx+0.12)x10°°
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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, O) per mode
Three methods for exploiting interference (choice of D° decay modes):

é
/

_ rBeide—i@

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

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, " 7"
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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!
July 26, 2012 Hai-Bo Li (IHEP) 68




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

CLEO-c, PRD 80 (2009) 032002

Clear difference between CP-even R. Briere ef al,, PRD 80 (2009) 032002
and CP-odd tagged Dalitz p|O'|'S. (model = BABAR PRL 95 (2005) 121802 )
K2 n*n~vs. CP-even Tags Kim n-vs, CP-even Tags
3 ———— r
: s;;g:,; , CP+tag 1 s | J Model prediction —
= of s 1 & | i
c.l»::uo i ‘.’ g s B
= in ;. 5| -
= % o, % 20} 0.5
Uy TRV ' v T
e .:-f{%%,{ W o j{’: i
%] o of
%% I1 =z 3 o =
M2(K2m) M2(r-) -
0.5\
Kem* - vs. CP-odd Tags Km* - vs. CP-odd Tags -
3 — e : i
. h CP-tag 1 . 2} e
"'. _%Z Ll e T ey
~2F B 1 &t -1 0.5 0 0.5 1
S 43{ y § ; cos O, (c)
i i 1 £ : : ..
BeE L i 2 Projected uncertainty on ~ arising
. T i from uncertainty on ¢; & s;is 1.7°:

V(K2 ) QT T « Smaller than model error

BESIII will reduce this error to less than 10
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