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Outline

= |ntroduction

* Preliminary results from BESIII
— Quantum correlation analysis on DYD° mixing
— Leptonic D decays
— Semi-leptonic D decays
— Hadronic D decays
— Rare D decays
— D, decays

= Summary
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Major charm physics

= Precision quark flavor physics
— Decay constants
— Form factors

— Vegpy €xtraction
— Validate QCD

. P .
Theoretical errors dominate

* Probe for New Physics (NP) width of bands
— DD mixing
— Searching for CP violation decays of D mesons
— Searching for rare decays of D mesons
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BESII| detector

BESIII

Main Drift Chambe

, Super-conducting
(MDC) e g @8 magnct
APIP (V) =0.5-0.7 % = = 10tcsla

(1 GeV)
Ouwax Clp) = 6-8%

EMC: AE/VE(/,)=2.5-3 % (1 GeV)
0,4(cm) = 0.5cm-0.7 cm/ v E
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Charm meson production near

threshold

= Near the peak of y)(3770) resonance, only DD pairs

are produced

v
v

Pros
Clean environment
Known initial energy and quantum
numbers (quantum correlated for
D°D?° pair)
Both D and D can fully
reconstructed
Absolute measurement

= Analysis technique

— Single tag, Double tag, Flavor tag, CP tag
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=

BESIII

Data samples
= We have the largest ¥/(3770) dataset
3000 2.89 fh-1
2000
1000 + 818 pb-! DataSets
9.6 pb-! 33 pl/)‘1 '
MARK-III BES-II CLEO-c BES-II
= We have also collected 482 pb-1 /(4040) data @
4.009 GeV PRD 80, 072001
— Primary to search XYZ particles wlovon T'Iilj I
— Enhanced DD, production I . , ]
— Below D¢D; threshold, low bkg ozl [ty =
3.90 3.95 4,00 4-05ECM :-C:“[;V) 4,15 4,20 4,25
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Quantum correlation analysis

= DYDY mixing
— Flavor eigenstate # mass eigenstate
— Expected to be very small in SM, sensitive to New Physics

= Mixing parameters
y . _AM AT
— Mixing parameters: x = Y =55
x?+y?
2
— DY/D? relative strong phase: §

— Effective parameters: y' = ycosd — xsind; x" = ysiné + xcosé

— Mixing rate: Ry, =

QCA primarily sensitive to y, cosé
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Quantum correlation @ y(3770) ="

Running near c¢ threshold produces quantum correlated D° and D°
v ete” - (3770) » D°D° [C = —1]
v' CP+ CP- decays are enhanced

C=-1
w(3770)
ete o|y* > DD
N
~V N
Forbidden by P+ P+ —
CP conservation L e
Maximal enhancement CP+ CP- [
Forbidden if no mixing Kn Kmn \
Interference of 30
CF with DCS (gives cosby,) | cp+ K
CP+
Single Tags Unaffected K X
SL
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Quantum correlations
are seen in data!

B QC Pred. (r=0.06, cosé=1, no mixing) Il Data  sascseora

-—l-—' CP+/CP+

1 1 1 1 I 1 1 L I 1
—— CP-/CP-

L ‘ L L L l L A L l L

CP+/CP- ——

L I 1 1 L I L L ' l L

Ru/Rus
I —_— K-n*/K-n*
L L N |

142R, ~4rcosd(rcosd+y) K-mt*/K*-

|

1+ (2rcosd+y) / (14R,,,) Krn/CP+
1 " | r; I 1 1 L

1- (2rcos§+y)/(1+R S) -

Kn/CP-
¥ 1 .

Avg (Yield/No- QC predlctlon)

From
David Asner
Charm 2010




Time-integrated decay rates

Selected references:

Correlated amplitudes
sGoldhaber and Rosner, PRD 15, 1254 (1977)

— 1{i1NON/IDON T /i1 N0\ 10V [2
> r‘i,j = [(E[D")GID") + (ID")i|D™)| =Bigi and Sanda, PLB 171, 320 (1986)
(i16°)°° _is =Xing, PRD 55, 196 (1997)
> Where (i|D0)CF = ~re *Gronau, Grossman, Rosner, PLE 508, 37 (2001)

=Atwood and Petrov, PRD 71, 054032 (2005)

sAsner and Sun, PRD 73, 034024 (2006);
PRD 77, 019901(E) (2008)

Final States Time-Integrated Rate ( x A;2A;%)

XeHsIve Jj r +ri#-2rir;cos(d;- ;)
Inclusive i X 1+r?+ 2|E]ri-c056,- “‘""""
Parameters can be extracted by ratios of
For some special states: yields of carefully constructed exclusive
- CPeigenstatesir= 1,6 =0orm | modes and inclusive modes
- Semileptonic:r = 0 - c0SOk,: CP mode + flavor mode / CP mode
- y: CP mode + semileptonic mode / CP mode
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Strong phase in D° - K decay

BESIII

=  Omitting higher order mixing parameters and assuming CP conservation,

we have
21 c0S6kn + ¥y = (1 + Rws)Acp-kn ""4; o '
A _ Bp,ok—nt~Bp ok—nt 315']00';_ KK ST
- CP—>Km — [4h] I
Bp,-k—nttBp k—nt =10
_ iy = PR o i0t)-ip?) :pPSﬂ[ninaw
V=T TR
@ 5000
. = [
= Single Tag (ST): CP tags ORI S
—  Flavortags: K~n*, K*tm™ Ll 1-3“M {E?WGE}BB
— CP+tags: KYK~, ntn~, Kdn°n®, n°n, pOn® BE
— CP-tags: K% K21, KQw 3000 . ,
© K K'K DT
= Double Tag (DT): K + CP tags -
E.S'UDE -
» Br(Dcpy. — Km) = NKncP+ _€EcP+ PI’%-IITI ary
- Ncp+ €KmcCPt i<
— Most systematics cancelled within D - CP + modes ﬂ:g O
. 1.86 1.
- Mao(GeV/c?)
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Preliminary results of 6, ssi

= With measured Br(Dcp;. — Km), we get

B - +—B -+
D,—»K™m D1-»K™m
— Arpogy = =222 h = (12.77 + 1.317333)%
CP—-Km B +B 0.31
Do,—»K~ntTPpD{—»K nt

= With external inputs of the parameters in HFAG2013
and PDG2012, we get

— ¢c0SOk,; = 1.03+0.12 + 0.04 £+ 0.01

= Compare to CLEO's result
— 0.8 fb1y(3770) data
+0.22+0.07

— Without external inputs: cosé = 0.817575 005

— With external inputs: cosé = 1.1513-1579.09

Our results have the best precision and
PHIPSII3  compatible with the world average




Ycp Measurement

= Neglect term y? or higher order

1 Tocp+lcp—  Topcp-Tcep+
VP P T, o Tepr  Tyrcpal
¢cp-Tep+ ¢,cp+lcp-
* Tag modes
Type Modes
CPt KYK—, nta~, Ker'n'
C?_P_ .B.SJ ﬂf I"LSLJ_. IXS?]'

I:

Kev, Kjuv

— ST: CP tag

— DT: CP tag + semileptonic tag
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Preliminary results

TII'I

E791 1999 I: 4 :I
CLEO 2002 I | . | I

Belle 2009 H
LHCb 2012 o

Belle 2012 H
BaBar 2012 o

0.732 + 2.890 + 1.030 %

3420 = 1.390 £ 0.740 %

-1.200 + 2.500 * 1.400 %

0.110 £ 0.610 £ 0.520 %

0.550 £ 0.630 £ 0.410 %

1110 £0.220 £ 0.110 %

0.720 £ 0.180 = 0.124 %

: CLEO 2012« }4_.—4}211}0 +2.000 +1.000.% :
!

3 BESIII (pre.)¢ H 4_4

World average

YRR FRRTE STTR FTRTa FYT) Ay ATem e T

<4 -3 2101 2 3 4 5

Yep (%)
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BESIII preliminary results
Ycp = (—1.6 +1.3 + 06)%

compatible with
world average results

1600 + 1300 + 0.600% | Best precision in Charm factory

0866+0.155 % 1he average value do not include

the last two measurements




* In the SM, the leptonic decays of the DE’S) provide a clean
way to measure the decay constant f}, -

C a
W+ ' 2 2
N nts + EG mﬁ
D+ r(D" > v, ) =V, ﬁmﬂmf(pm_g]
d Vv

= Test the LQCD calculation of the decay constant. The
verified LQCD can help extract V., V., from B, mixing

= Search for possible new physics (charged Higgs
contribution, R-parity violating SUSY ...)

PHIPSI13 m
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D* leptonic decays
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Event reconstruction

. ' . i . m-‘l’!.?fb—l ofdlata@S.'f'_?S .
i PSR e PSRN I DR Single tag channels

D >K'z7x D K zxanx°
D™ >K°m D »>rrra

D" 5> K°K~ D 5>K°r 7n°

D  >K'K'nm D sKrnrrnr

Nunsher of Events

D 5K’z xn

—_ K=
1. r:zibc[61:V] i o € o ﬁlsmg9 singly tagged D-

modes to accumulate the
D*D-events.

N2 = (1.566 + 0.002) x 106in2.9fb -

*

L)

* One charged tracks only
» Positive identified muon
No isolate photon

L)

!

eV /ie
J

L)

1
b
|y
=
T—
L)

0’0

038 BESIII Preliminary

Momentum p G

425 signal candidates

0.2 00 0.2 0.4 - -0. (GeV ‘;(:' \
M2 [GeV?/c?] M °

PHIPSI13 After bkg subtraction, N, = 377.3 £ 20.6 &+ 2.6




Preliminary results

(a)

= 2190 at 20%% C.L.

(b)

MAREKE-TIT

Best experimental precision to date!

<0.07 at 90% C.L. MARK-IITI
: —] BES-T
0.08 75 0s
I - i BES-II
0.12277+0.010
F  0.035+0.014+0.006 CLEO-c
(56 pb)
H 0.0440+0.0066, s CLEO-c
(281 pb-1)
H 0.0393:£0.0035+0.0009 CLEO-c
(818 pb™Y)
I 0.0374£0.0021+0.0006 BES-IITI
(Preliminary)
H 0.0382+0.0033 PDG2010
| | | | | | | | |
0 0.2 0.4
ﬂ.
B(D* — ptv) [%]
(3.74+0.21+0.06)
PHIPSI13

0.6

30t IBES-1I
I el RS- BES-II
- 209.0+9,3£2.6 CLEO-c
K 203.91+5.72+1.97 BES-IITI
(Preliminary)
H 21344 LQCD
e | 217+10 LQCD
f=m—] 206161322 QL (QCDSF)
= 235+8:+14 QL (Taiwan)
= 210+107 QL (UKQCD)
= 211+1473, QL
i | 177+21 QSR
[ m | 203423 QSR
| 195+20 QSR (1)
o S | 210+10 FC
I p—r—i | 262429 | |IMS |
| | | |
200 300 400 500 600

fp+ [MeV]

(203.91+5.72+1.97)

=
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D semileptonic decays to K and "

= Charm mesons can decay into other hadrons by
emitting a /*v lepton pair via the weak interactions

“25 dF(D—>K( )ev) Gzivcs(d)[ P3( 7) |/ '(‘2\32
p AR E TR P s sye=m QLY

» Use theory for form factors, extract CKM parameters

= Use unitarily for CKM parameters, test QCD

» Verified QCD can help extract V, from B — tfv
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Event recon. & BR meas.

. mBC {0 —Kn mBC (B k")
Tag side: 4 tag modes - 1 o -
- "FBESII Preliminary /\ . BESIN Prefiminary “
Mode Data Yield - ‘\ ot f i\\
D Krt | 150020 + 413 ; J! L E . -.j- -
DY — K= ata | 323348 + 667 . ot -
4w & E
DO s I{_Tr_"?'rﬂ‘rrﬂ T A6T L+ 480 mE_BESIIIPreliminar\,f/‘\.\. ‘.;:?BESIIIPreIiminaw F\
= s ]
DY - K nfn | 211,910 + 550 ”“""""‘"""‘"""'""'/ \ :: f i

éF”W_— n E = ~
Sig nal Sid e: g’ +k BESII Preliminary ST BESIII Preliminary
. ) 00— [ 2 sgu:_
Joo- A U ¥
r [ 500 l.' Il
3000 — ! Ny = 18460+/-143 E [
U=E P |=~0 J e[ Ny=16774745
= .- . = r b = f
miss ¢ miss 2000p j Il'n e
r J Ay 200~ r:l + =
s T\ oo 7 N 7 e
E P
&.:l.wr_;—’ﬂTml - Iﬂl I'_I Io.ill’:l .:—“:“{;IT—F‘T":"!J\'?;—V o2 o nlﬁ._?._mﬂ.l_‘ - I_|i:l e IDJI).':I o Il]l.lI o I-III.I1!;I o IDI2I ' LI.I
P
D°->Kev Do->mev

—_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— — —_— -
BESIII Preliminary

BR results: Mode measured branching fraction(%) PDG CLEOec
1/3 data, consistent with CLEOc's D’ — K*ew 3.542 £0.030+0.067 3.55 +£0.04 | 3.50 £0.03 +0.04
DO —rtew 0.288 +0.008+0.005 0.289 £0.0080.288 +0.0084-0.003
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Partial decay rates and f(q%?) ="

AD(D — w(K)ev) G Ve 4 212
W)er) _ Gpleal jsp ()

=
<114

Measured in each g2 bin, by fitting
U distribution

12

A

8

6
4
2

F T[T [T [T [T TT[ T[T [T T[T TTT

-1
o
o
4]
w
r
o
w

Cova v b bown o b P b n 1 310 . 1y
G0 02 04 06 08 1 12 14 16 182 m
/Ge'

Points: data with stat. err. only
Curves: from Fermilab-MILC within
one stat. err. (arXiv: 1111.5471)

f(q*)

L Ll | L1l ‘ L1l | L1l ‘ L1l ‘ | I | L1l ‘ L1 ‘ L1l ‘ 1 L R B ‘ L L1 | L1 11 ‘ N - ‘ . - ‘ Ll
0 02 04 06 08 1 12 14 16 18 0.5 1 15 2 25
PIGeV? o/GeV?

D% > Kev DO - mev

0.7
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Form factor fits

> Series expansion:
k
f+(qﬂ) = 2Y (2 E ag(t q t:}ﬂ Becher and Hill
P(q?) o(q?, to)
) S PLB 633, 61 (2006)

Could fit: f,(0), r, =a,/a,, r,=as/a,

gm- 0 E-ﬁ:
T D" — Kev T
= = 4F
A %
- S
80 %
(e\.\“\%;
40 %ES\\ p of
[ 15
20 o
s 1':
sely g lae el g laeel oy laeelyyalasety D'ﬁ:_lllllll-lllllllll.llI|Il||||
02 04 08 0& 1 12 14 18 18 0 05 1 5 7 ]
FIGEE Gy
3 par. series J+(0)|Veacs)| r r

D' = Kev [0.72040.00840.007(—2.179+0.35540.053|4.53948.92741.103

DY — mer  [0.14420.005£0.002| —2.728+0.482+0.0764.19443.122+0.448
PHIPSI13




Comparisons of form factor
normalization results

BESIII

Belle (2006) - CLEOII (2005)

BaBar (2007) Belle (2006)

4 CLEO-c (2008) untagged e 4 :— CLEO-c (2008) untagged
3 CLEO-c (2009) tagged - al CLEO-c (2009) tagged
2f BESIII Prel. —— 2 BESIII Prel.

1 :— HPQCD —— 1= HPQCD

[ R B!
01 012

O_IlllIIIIIIIIIIIIIIIII.Eéiégllll G:IIIII | |

11 11 1 II-:E;EE:-IIII
0.55 0.6 0.65 0.7 0.75 0.04 0.06 0.08 0.14 0.16

fl(+(0) |Vcs | fﬂ+(0) | VCd |

= Numbers are from HFAG 2012 report (arXiv:1207.1158)
= Error bar of BESIII prel. will shrink with full data
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Dalitz plot analysis of D* - Kot n® ’

* There are many three bodies final states with large BR and
including K and trr two body resonances

» Km S wave and low-mass K scalar resonance k have been
observed significantly in earlier experiments (E691-791,
CLEO) through MIPWA in K t*n?

= The D™ -» K™ n® decay is also a golden mode. Previous
dalitz plot analysis of K{m*m® from MARK Il only include
K2p* and K*°rrt

= With much larger dataset, we can do much more precise
measurement.

PHIPSI13 E




Data fitting

Fully reconstruct D* — K2 n° final states

189.1.0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.1 °

AE(GeV)

Using isobar model to fit data
Coherent sum of 6 intermediate resonances
(K3p™, st’p(1450)+ K%t K,(1430)°xt,
K(1680)°n™, k™)

+ a non-resonant component

Float K(1430)° and x(800)° parameters

PHIPSI13

The dalitz plot

BESIII
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Resonance parameters

Resonance Parameter BES-III E791 CLEO-c
(MeV) n‘a‘(“\ Model C Model C Model 12
F;{HH(]] BW | Mass 141’3—1 %@ﬁ\@(} e 1459+ 14 | 1463.0 £ 0.7 2.4 | 14666 0.7+ 3.4
Width 7+ 1175, | 175417 | 163.8+2.7+3.1 174.2+£1.9+3.2
PDG Flatt | Mass "?5(‘" 1482 + 10 1462.5 £ 3.9 1471.2 £ 0.8
1425 £+ 50 JKn 585 + 14 5329 £ 8.5 546.8 £ 4.2
270 £ 80 9Ky 0 0 0
K nr 452 + 8H 197 + 106 230 + 32
K BW | Mass 860 + 11 797 £47 809 + 14 888 + 2
Width 446 + 23 410 £ 97 470 £ 18 550 + 12
Pole Re 752+ 15 £ 69733 7699+ 6.3 706.0 £ 1.8 £22.8
Im | —229+21 4+ 447} —221.2 4+ 8.4 —~319.4 £ 2.2 + 20.2

B The mass and width of K*0(1430) are consistent with E791 and CLEO-c
from D+ —-K-Tt+mt+

B The pole of k(800) is consistent with the model C of CLEO-c
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Fit fraction & BR results

Fit fraction & phase

PHIPSI13

K,(1430)° FF(%) | 3.66
T, (1430)° Phase | 334.36
K

Parameters Value | Stat Experimental Errors Modeling Errors
Bkg Eff Resol Total | Shape Add Total
NR FF(%) 463 067 345 0096 0.02 350 | 778 I FIE
NR Phase 278.62 | 5.36 | 4.32 14.27 0.06 1491 | t306 ROl 43242
p(770)" FF(%) | 8341 |210| 2.66 062 0.01 274 | 7382 933 08
p(1450)* FF(%) | 2.13 |0.22| 087 082 0. 01( 120 | Tom T T
p(1450)* Phase | 187.02 | 2.56 3 03 369 @ 4.78 | e, AaeeT e
K'(892)° FF(%) | 3.58 |0.17 01 047 | 9% 198 A0

K(892)° Phase |293.22 | 1.25

(\( b( 0 01 163 | g O E
\ 57 042 001 071 | 93 +0ge 4078
- ‘ 0.33 2.04 2.07
738 363 004 823 | 93 2o 207

K'(1680)° FF(%) | 1.27 |0.11] 060 016 001 063 | 550 90 82
K(1680)° Phase | 251.81 | 1.90 | 845 560 0.08 10.14 | 370 #592 #8597
x? FF(%) 7.73 | 1.19| 243 300 001 394 | FI8 R0 4049

k" Phase 92.80 | 6.23 | 24.24 1355 0.16 27.77 | T30 T2 w040
NR+«° FF(%) | 18550 [1.60 | 1.08 005 001 144 | 7320 937 715
K% S wave 17.29 | 1.34| 201 049 001 207 | 7§88 f228 2o

Fit fractions * world average Br(D* - Kdn*n?)

Mode

Partial Branching Fraction (%)

B(DT — KernTa') Non Hﬁ{;‘

B(D" — pTK2) x Bp
B(DT — p(1450)™
B(DT =K [
B(D*

1430)°7
BN

(1680) %)

(892)" — K="
X B{ﬁﬂmm;” — K%n%)
x B(K (1680)" — K2x")

\\ [p“{‘)m — 7"
")

B o w7at) x B(RY — K%x")

0.32:4£0.054+0.257 752
5.8340.1640.30700%
0.1540.024+0.09+0 3
0.250 4 0.012 £ 0.015+) 03
0.2640.044+0.0517 52
0.0940.014+0.05+00%
0.54:£0.00-£0.28" 13

NR+® 7+
Kar" S wave

1.30+0.120.127 555
1.2140.104+0.167) 55

BESIII




Search for D° - yy o

* Flavor Changing Neutral Current (FCNC) (c > u +y)is
forbidden at tree level

= Dominated by long-distance effect

= In SM, Br(D° - yy)~10~8 or less (see Fajfer et al.
PRD 64, 074008 (2001))

* In minimal super-symmetric standard model, the

predicted rate is ~10~° (see Prelovsek and Wyler,
PLB500, 304 (2001))

PHIPSI13 H




Preliminary results e

25 S0 29fbldata |

Signal reconstruction Preliminary !

v" Reconstruct two photons 2 7]
v Extract signals from a AE distribution D%y _

15-}

N=-2.9+7 1

Event/ 10 MeV

Gives : —2.9 + 7.1 events |
No significant signals il Il me |1| | |n

I?;C':' 200 400
AE [Gev]

A
T

= Upper limit
B(D° - yy)/B(D° - m°m?) < 5.8 x 10°@90%C.L.

Experiments BESIII | BABAR | CLEOc | PDG11
Bur(Do2yy) [x106] | <4.6 <2.2 <8.63 <27

— Another double-tag technique is ongoing
— Intend to look for other radiative decays of D*, D® and D{ as well

PHIPSI13
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D, decays

= Taken data @ 4.009 GeV. Only D D pairs are
produced (below D D} threshold)

= Many analysis can be studied by exploiting the
“tagging” technique (MARK Ill's method)

= D! tagging is clean compared to CLEO-c’s D,D; data
taken @ 4.17 GeV

— But statistics limited : Low Xsection compared to 4.17 GeV (See
slide 5)

PHIPSI13 E




D, tagging

A > 220} :
gzuu BESI” gmu; BESII . c~ 1.4 MeV
g Preliminary CREEE 210, Preliminary Vrﬁ '
Sto0of- Z160]-
Esun:— DséKKTE Euu; DSQKSK
B 1201
nun:— 1001
b 8o
400 W;_
200 w;—
2“ i e
Po3 192 195 196 197 ;—;ﬂ 1.99 2 2.01 fo3 184 185 188 1987 1.88 1.89 . 2.01
m,. (GeV) m,. (GeV)

Several ongoing analysis
Results will come out soon ....
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Summary o

= Many new results come from BESII|

— Quantum correlation analysis

» Strong phase 6k, with the best accuracy

* mixing parameter y.p: compatible with the world average
— D leptonic: most precise Dt - u*v measurement

— DY semiletonic: 1/3 data analyzed D® - K /mev, comparable
precision to CLEO-c, better precision expected

— D™ hadronic: dalitz analysis of D* - K *n? is performed, the
measured partial branching fraction are consistent with E791 &
CLEO-c

— DY Rare decay: have searched for D° - yy, confirm the latest
results from BaBar

— DJ decays: clean tags, results coming soon

Thanks for your attention!
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