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e Charm meson production at threshold
* Leptonic decay D™ — u*v,

— Decay constant f,,

— CKM matrix element |V 4|

* Semileptonic decay D° » K~ (7 )e*v,
— Form factor f,X(0), f,™(0)
— CKM matrix elements |Vcs(d)|

e Rare decay D° — yy

e Summary

25 February 2013 Tian MA (IHEP) 2



Charm Meson Production at Threshold

e At ((3770) charm productionis D*D~and D°D°

 Advantage:
— Clean environment

— Known initial energy and quantum numbers (quantum
correlated for D°DP pair)

— Both D and D fully reconstructed
— Absolute measurements

 Double-tag technique
— Reconstruct D first, search for signal D on the other side
— Two variables: AE & Mp A =F — [

Beam
2 2
MBC = \/EBeam —Pp
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BESIII Data

 World’s largest ¢(3770) sample

3000 - 280 2h"
2000 -
1000 + 818 pb™
96pb! 33pb’ I
O .:/I | /I I | | I/
MARK-Ill  BES-Il  CLEO-c  BES-III

e Tools/techniques for precision charm physics still under

development — all the following results are PRELIMINARY
Leptonic decay DY > utv, A
Semileptonic decay : D° - K~ (r7)e*tv,
Rare decay : DY > yy
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Leptonic Decay

I G2 ) \2
1“(D+ —>€+vg)=fD2 [\/C(j|2£mij[ —m—gj

vV

e Decay constant f, incorporates the strong interaction
effects (wave function at the origin)

e Use charm leptonic decays to validate theory (LQCD) and
apply to B mixing, which requires f;,

e Multiple tests with charm: f, f5., and f,/ fr.
e Sensitivity to New Physics (charged Higgs contribution, ...)
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D* Leptonic Decays — Tag Selection
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N =(1.566 +0.002)x 10° in 2.9 fb~" BESIII Preliminary
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D* Leptonic Decays — Signal Selection

e Exactly one track in addition BESIII Preliminary
to tag, with the right charge -

* Positive muon identification : Lof

 No extra photon _ 0.8 -1

e Select on consistency with f- o

leptonic decay:

2 2 "~ —. \? o - | i
Mris =(Esean ~E,) ~(~Puy =P, ) =0 b
Il

i

425 signal candidates —
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D* Leptonic Decays — Backgrounds

BESIII Preliminary

. 05 Estimated with Monte Carlo events
——Dafa Source mode Number of events
04 =D - K"ch+ Dt — Kln*t 7.0+ 0.8
| = Dt = DY — gtq° 3.8 £05
- |HED 1T DY — 7, 6.9+ 0.7
1 03 E Othelglz decays Other decays of ) mesons 17911
AV F  [EEnon-D Cecays ete™ — ~1(3686) 0.2 +0.2
1n2 [ ete™ — ~J /i 0.0 £ 0.0
0 %_ ete™ — light hadron (continuum) 82+14
- ete” — 7t~ 1.9 +0.5
10 (3TT0) — non — DD 0.9+04
Total A47.7T £ 2.3

10—1 Event type Number

0.2 0.1 00 01 02 03 | ND*— pty,)endde 425

M2 . [GeV/c?] Ny 4774+2.3+1.3
N(Dt — uty,) 377.3+£20.6£2.6
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D* Leptonic Decays — Results

"~ BESHI Preliminary
N(D' — u'v)=377.3+20.6

B(D*— u'v)=(3.74+0.21+0.06)x 10"

_ f . =(203.9+5.7+2.0) MeV y

e Consistent with CLEO-c
e Still statistics limited — need more datal!
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D* Leptonic Decays — Comparisons (from G. Rong)

MARK-III
<0.07% at 90% C.L.
BES-I —]
(0‘08+o.16+o.o5)%
-0.05-0.02
I BES-II Sm—
(0.122*""+0.010)%
-0.053
-~ |—s—] -eosTeoTretter——O6LES-e{(56p— -
b Se———
=  (0.0382+0.0032+0.0009)% CLEO-c (818 pb-')
H (0.0374:0.0021:0.0006)% BES-IIl (Preliminary)
I W (0.0382:0.0033)% PDG2010 i
| | | | | | ! | | .
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Semileptonic Decay

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

e Use other measurements and unitarity for CKM and
test theory

e 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

25 February 2013 Tian MA (IHEP) 11



D° Semileptonic Decays — Tag Selection

- _+ -_+_0
* Four D° tag modes KKjfo : KK’f’f
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D Semileptonic Decays — Signhal Selection

Tag plus exactly two i 1 BESIII Preliminary
oppositely-charged tracks Ny = 18460+/-143
Kaon/pion/electron ID s T \
Electron has right charge = =
No extra neutral energy AR Sl .
. D° » K e'v,
Select on consistency -
with semileptonic decay =~ .. /., BESIIPreliminary
U=E_ —‘ =0 o rf Ngg = 1677+/-45
miss miss - /
. . . . 200 / - —_
Fit U distribution to I S VI N
EXtraCt VIEId 0&*1“*_1#«;5 T X TS E—
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D° Semileptonic Decays — Branching Fraction

Nis = 2NppBiagerag S B \Tff;‘
N2 = 2NppBuagBuig€tag,sig " S NZee e
BESIII Preliminary
Mode measured branching fraction(%) PDG CLEOc
DY 5 Kte 3.542 +0.03040.067 3.55 £0.04 | 3.50 +=0.03 £0.04
DY - xte i 0.288 £0.008+0.005 0.289 +£0.008]0.288 +0.008£0.003

e Systematic uncertainties are preliminary

* Good consistency with CLEO-c, statistical precision is
comparable with only 1/3 data analyzed
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D° Semileptonic Decays — g2 Distribution

e Partition D° semileptonic candidates in bins of
q2 :(E,,'I'Ee)z_‘ﬁv'l'ﬁe Wlth Ev:Emiss ‘ﬁv‘:Emiss
* Fit U distribution in each g2 bin

2
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D Semileptonic Decays — extract f(g?)

* Points are data with statistical errors only

e Curves are Fermilab-MILC (arXiv:1111.5471) with
+10 (statistical) bands
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D Semileptonic Decays — Form Factor Parameterizations

Simple Pole Model 14a')= (1— 7 ]
.
Modified Pole Model ~ /(¢’)=7— J\F}(O) )
Becirevic and Kaidalov Ll_ q2 JLI_G’ qz J
PLB 478, 417 (‘00) m, m,.
Series Expansion f(4)= P(qz);(qz , )gak(to)[z(qz,to)]

Becher and Hill
PLB 633, 61 (‘06)
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D° Semileptonic Decays — f(g?)
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D Semileptonic Decays — Form Factor Results

e Reasonable consistency with CLEO-c, comparable

Simple Pole
D" = Kev

D° & wev

F+(0)|[Veas)
0.729-+0.0054+0.007
0.14240.0034+0.001

Mpole
1.943+0.025+0.003
1.876+0.023+0.004

Modified Pole
DY = Kev

DY — 7ev

F+(0)|[Vigsy
0.7254+0.0064+0.007
0.14040.0034+0.002

o
0.265+0.045+0.006
0.315+0.071+0.012

2 par. series
D" = Kev

DO — mev

f+(0)[Vedgs)
0.726-£0.0060.007
0.140-£0.0040.002

r

—2.034+0.1961-0.022
—2.117+0.163+0.027

3 par. series
D" = Kev

DY — mev

f+(0)|Vea(s)
0.720+0.008-£0.007
0.144+0.005+0.002

r1

—2.1794+0.355+0.053

—2.728+0.4824-0.076

ro
4.530+£8.927+1.103
4.19443.12240.448

precision with 2/3 of data still to analyze

25 February 2013

Tian MA (IHEP)

19



D° Semileptonic Decays — Comparisons(from C.L.Liu)

6 i_ Belle (2006) e 6 z_ CLEOII (2005) —"*

52_ BaBar (2007) - 52‘ Belle (2006) '_"‘”“

4 E— CLEO-c (2008) untagged —— 4 f— CLEO-c (2008) untagged ——

3 f— CLEO-c (2009) tagged .- 3 f_ CLEO-c (2009) tagged m

2 E_ BESIII Prel. i 2 f— BESIII Prel. |—h

1 f_ HPQCD —l—- 1 f— HPQCD £

U:""""'""""""'iééll" OE.HJH.Ml.I.'.I..Jl.|.|f§t....|.
0.55 0.6 0.65 0.7 0.75 0.04 0.06 0.08 0.1 0.12 0.14 0.16

<. (0) | V.. | . (0) [ V4l

e Numbers are from HFAG 2012 report (arXiv:1207.1158)
e Error bar of BESIII prel. will shrink with full data
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D° Rare Decay

* D° > yy
— Flavor Changing Neutral Current(FCNC) (c = u + y) is
forbidden at tree level
— Dominated by long-distance effect
e Within SM:
— Short distance: B(D? — yy)~1011
— Long distance: B(D° — yy)~108 (PRD 64, 074008)
* Minimal super-symmetric standard model
predicts the rate could be enhanced by a factor of

100 by exchanging gluino (PLB 500,304) or
B(D° - yy)~10°®
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* Asthe main background components, we also

study events from D°2>1°n°, and present
preliminary results as:

— B(D°->vy)/B(D°=>1t°n°)
* Analysis method

— Reconstruct one D with two vs or 's, where ©'—2>vyy

— Conservation of energy and momentum is required:
AE ~0, My~ ~ My,

* Details selection criteria are tuned based on MC
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Events/ 10 MeV

 Another double-tag technique is ongoing, which can reject most

15

10

- 29fb'data

Preliminary

AE (MeV)

Experiments

BESIII

Fvents/MeV

K00 | ----- Fitted ARGUS blg function

ELL

- — The estimated background

b e==s The scaled and
estimeted backeround

600-— D09ﬂ0R0
[ N=4081+117

I -

BABAR

1330 1840

1850 1860
M, MeVic*)

B(D° — yy)/B(D° - nt°n®) < 5.8 x 103@90%C.L.

CLEOc

1870 1880

PDG11

BuP(DDyy) [x10-]

<4.6

<2.2

<8.63

<27

of backgrounds and reduce systematic uncertainties
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e First charm results from the BESIII experiment have
been presented on
— Leptonic decay:
* B(D*>p*v,)=(3.74+0.21£0.06) X 10"
e fy,=(203.91+5.72+1.97) MeV
* |V,4| =0.222+0.006 +0.005
— Semileptonic decay (0.92fb™%, will improve use full dataset)

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 = xte 0.288 +0.008+0.005 0.280 +0.008]0.288 £+0.008+0.003

— Rare decay: B(D°—=2>vy)/B(D°>n’nY)<5.8 X 103 @90%C.L.

e Many other topics: D%-D% mixing, CP violation, rare
decay and other semileptonic decays are ongoing.
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Backup



BESIII at BEPCII

Magnet: 1T Super conducting

' “-amwmm 7

5100
(2373]

l.‘

\

)VIDC small cell & Gas:

He/C;Hg (60/40), 43 layers
- 0 =130 um

/p 0.5% @1GeV
df/dx=6%

el 4

TOF:

oy = 100 ps Barrel

110 ps Endcap

T—

EMC: Csl crystal, 28 cm
AE/E =2.5% @1 GeV
oz = 0.6 cm/VE

Data Acquisition:
Event rate =4 kHz
Total data volume ~ 50 MB/s

Muon ID: 9 layers RPC

8 layers for endcap

e Comparable capabilities to CLEO-c, plus muon ID
 The big advantage: BEPCII is a two-ring machine designed

for charm

— Design (achieved) luminosity at ¢(3770): 1 (0.65) x 1033

25 February 2013
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