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Window on Weak and Strong Physics

Leptonic Decay
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* Decay constant f, 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 f5

* Multiple tests with charm: 5, f (esp. ratios)
e Sensitivity to New Physics
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Window on Weak and Strong Physics

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

* 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
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Window on Weak and Strong Physics

0.7 |

0.6

0.5

04

.\_
exdudadamahas CL > 095 7

=
03

0.2

0.1

= llllllllllIlllllllllllllllllllllll

0_0 L L L L L 4 A A A ' L el A A
-04 -0.2 0.0 0.2 0.4 0.6 0.8

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
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Charm Physics at Threshold

e At Y(3770) charm productionis p°D°and p*pD-
* Fully reconstruct about 15% of D decays

* 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
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BESIII at BEPCII
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Muon ID: 9 layers RPC
- 8 layers for endcap

EMC: Csl crystal, 28 cm Data Acquisition:
AE/E =2.5% @1 GeV Event rate =4 kHz
oz = 0.6 cmVE Total data volume ~ 50 MB/s

 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
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BESIII Data

 World’s largest p(3770) sample

3000 - 220"
2000 +~
1000 +~ 818 pb
96pb!  33pb’! I
O /I | /I | | | |
MARK-IIl  BES-Il CLEO-c  BES-Il|

* Tools/techniques for precision charm physics still
under development — all results are PRELIMINARY

— D" > K°(#n°)e*v _analysis is “partially blind” —0.92 fb'!
analyzed so far. Full 2.9 fb! later for final results
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D* Leptonic Decays — Tag Selection
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Exactly one track in addition
to tag, with the right charge

Positive muon identification

Number of events

No extra photon

Select on consistency with
leptonic decay:

(Esean—E,) ~(~Puy =5,

425 signal candidates:
small BG, mom. dist.
consistent withD* — u'v
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D* Leptonic Decays — Signhal Selection
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D* Leptonic Decays — Sample Events

* Positive muon ID requirement reduces
background at the expense of slightly reduced
efficiency
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D* Leptonic Decays — Backgrounds

1 NS .
107 BESIII Preliminary
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1 = |\ Dt = n-+17'[0 IVI C Source NJEC Scale factor f  Ngate = N;";"l‘i X i‘;t—t;
- |HlD -t Dt — KYnt 111 10.8 79+08+0.3
’ 03 B Other D decays D+ o mta® 53 10.8 3.8+0.5+0.3
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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 107

N f . =(203.9+£5.7+2.0) MeV y

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

* Four D°tag modes
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D° Semileptonic Decays — Signal Selection
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D Semileptonic Decays — Branching Fraction

Ob\
B 4 \ qu
36
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BESIII Preliminary
Mode measured branching fraction(%) PDG CLEOc

D = K*e i 3.542 +0.030+0.067 3.55 £0.04 | 3.50 £0.03 =0.04
D0 = nte i 0.288 +0.008+0.005 0.289 £0.008]0.288 £0.008+0.003

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
=E

miss
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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 (statististical) bands
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D° Semileptonic Decays — Form Factor Parameterizations

Simple Pole Model 7" :
m.
2 + 0
Modified Pole Model £ (¢*) = ——20——
Becirevic and Kaidalov (1_ q2 ][1_0‘ qz ]
PLB 478, 417 (“00) My m
Series Expansion f.ld’)= P(qz)(;(q2 t )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

* Reasonable consistency with CLEO-c, comparable

Simple Pole
D" = Kev

D = 7ev

f* (())“':“d(s)
0.72940.00540.007

0.142+40.003+0.001

Mpole

1.943+0.025+0.003
1.876+0.023+0.004

Modified Pole
DY = Kev

D = wev

f+(0)““'('dlf.~')
0.7254+0.0064+0.007
0.14040.00340.002

!
0.265+0.0454-0.006
0.315+£0.071+0.012

2 par. series
D" = Kev

D = mwev

f+(0)|Vea(s)
0.726-£0.006+0.007
0.140-0.004-£0.002

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

3 par. series
D" = Kev

D — wev

f* (_(),)“':“d(s)
0.72940.008+0.007
0.14440.005+0.002

r1
—2.179+0.355+0.053

—2.7284+0.482+0.076

ro
4.539+8.927+1.103
4.194+3.12240.448

precision with 2/3 of data still to analyze
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Future Charm Prospects at BESII|

* Finalize D" — u'v, and D° aK‘(n*)e*v# on
the 2.9 fb! (3770) sample
e Extendto D" — Ko(no)eﬁvu and other modes

* Highlights of coming data runs:

2012-2013 E,,=4260 and 4360 MeV for “XYZ"
studies (0.5 fb! each)

2013-2014 E_,=4170 MeV for D, (~2.4 fb!)

TBD Additional ¢(3770) data
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Summary and Conclusions

* First results from the BESIII experiment have been

presented on
BESIII Preliminary
N(D* - u'v)=377.3+20.6

— + l
D* Leptonic Decays B(D* - u'v)=(3.74+0.21£0.06)x 10™*

: f..=(203.945.7+2.0) MeV /
9 Y,

BESIII Preliminary
. _ B(D° — K'ev)=(3.542+0.030 +0.067)%
— D° Semileptonic Decays | 5(0° - rev)-(0.285+0.008+0.005)%

% distributions — FF fits, parameters
. Aq

AN /

* BESIIl has arrived for precision charm physics,
with more data and more measurements to come
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