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Charm role

»D* and D¢* leptonic decays play an important role in
understanding of the SM of particle physics

»Unitary triangle

Widths of
bands are
dominated by
errors of fg
and fg, from
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» Reduced width of band in triangle would lead to precisely
test the SM, and search for new physics beyond the SM. |



Charm role

» Two charm decay constants (fp pq P55, affect

* |V, | extracted from B*>1*v These are used to
* |V, extracted from Am, in B°B° mixing constraint the
* |V extracted from Am, in B°B.° mixing unitary triangle

» Two decay branching fractions determine
* |V extracted from D*=>[*v

* |V extracted from D "> 1*v

» Precise measurements of fy, and fy probe New Physics

Accumulating Evidence for Nonstandard Leptonic Deacsy of Ds Mesons
B.A. Dobressu and A.S. Kronfeld, PRL100, 241802 (2008)
R-parity violating supersymmetry, B, mixing, and Ds=>lv.
A. Kundu and S. Nandi, PRD78, 015009 (2008)



Experiments near threshold

> y(3770)-> DD events

MARKA-II11, BES-I, BES-I1, CLEO-c

and BES-I111

* D*D~production in pair

* Measure absolute branching

fraction for D*>pu*v
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The neutrino is
reconstructed with the
missing energy and
missing momentum
of the D* meson.




Experiments near threshold

Single tag events

> y(4030)=> D.*D,~ events
~4.03 GeV

ND+—)|+V
B(D, —»1'v)= :
Dsag gDS+ -1y

> y(4170)-> D.*D,~ events
~4.017 GeV
MARK-111 and CLEO-c

Double tag can also be used to reconstruct
the pure leptonic decays of Ds*=>I*v




Experiments at higher energies

> Fixed target experiments
WAT75, E653

> ete 2> Z @ ~91 GeV events
L3, OPAL, ALEPH eTe =7~ D7 X

l—>rﬁr
l—»ﬁ"f}gut (L=e, )
> ete™> ¢ @ 10.6 GeV
CLEO Il, BaBar, Belle

ete— =>»cc-bar events T BELLE

e'e” > D;D*°K*°X, D; = yDs , X =nz(y)

J
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D+ leptonic decays

c

" " Due to that this is a Cabbibo suppressed
D . >“““”””””< decay, measurements of this process were

e Vi made atenergies near threshold.
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D+ leptonic decays at MARK- III

In 1988, MARK-I1I first searched for the decay
PRL6O 1375(1988) 9.6 pb~! @3.773 GeV —
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MARK-I11 did not observe signal for this decay, they set an
upper limit on decay constant f;<290 MeV 9



D+ leptonic decays at BES-I
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Events/(0.001 GeV/c")

Muon momentum (GeV/c)

D+ Ieptonlc decays at BES-I1
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D+ leptonic decays at CLEO-c
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D+ leptonic decays at CLEO-c
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Recoil side 1s one track
plus one missing neutrino
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There are also some background events
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D+ leptonic decays at CLEO-c

Results: J
N(D*>ptv) = 149.7£12.0

The statistical error is a little bit
smaller than square root of 149.7

N(D*=>1*v) = 25.8 (fixed in fit)
N(D*> n® ) = 9.2 (fixed in fit) 37.4 BCK

Events
Other background events : 2.4%+1.0

) Systematic errors (%)
Mode # of Events Track finding 07
: PID cut 1.0
Continuum 0.8+0.4 M'MECL:»-i i 05
KﬂTrJr 1.3+09 Minimum ionization cut 1.0
.{}ﬂ modes 0.3+03 Number of tags 0.6
. N Extra showers cut 0.4
Sum 2410 Radiative corrections 1.0
Background 0.7
Total 2.2

Br(D* — 1*v) = (0.0382 +0.0032 +0.0009)%
f . =(205.848.5+25) MeV 16



D+ leptonic decays at BES-I111

Twio tings, 93 hunches: 230104002
B ESI | I Detector « Luminosity CLEO-c w \\ -,\.\_‘\ff:ofenoid Coil Barrel
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Mugon ID: 9 layer RPC ‘ Figure 2.4: The CLEO-c detector.

EMCAL: Cs| crystal Data Acquisition:
AEE = 2.5'!3E@1 eV Event rate =3 kHz | | Trigger: Tracks & Showers

oz =06 e Thrupyt ~50 MBs | | Pipelined; Latency = 6.4 ps Advantage of the BES-111 detector

The detector is hermetic for neutral and charmed particle with excellent resolution PID,

an large coverage. over CLEO-c is the MUC chamber

Background level for D* leptonic with which BES-I11 can identify
decays at the BES-I111 is lower than muon

that at the CELO-
LAt ’ =818 pb-! @ 3.773 GeV
L=2.89 fb-! @ 3.773 GeV 17



u 1D for D*>ptv, at BES-1II

Particle passage length in MUC VS momentum

u chamber
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»Muon can be well identified with the passage
length of a particle going through the MUC.

passage length of
particle going
through MUC

> If the passage length is greater than the one marked
by the blue lines, the particle is assigned to be .

18




Number of Events

D+ leptonic decays at BES-I111

BES-111 D™ tags Single tag channels
o 9ol e @37 e

DoK't D oK
D >K'r Do
DoK'k D oKrr

DosKKr DoKrnrnrr
D sK'r'r
tag
Using 9 singly tagged D-
modes to accumulate the
DD-events.
“+a.Y 1 . . 6
18776 T8 @ @ T8 1% T8 1@ TH % T8 =(1.57+£0.2)x10

M, [GeV] M, [GeV] M, [GeV] y



D*>utv at BES-1II

In the system recoiling against the singly tagged D-, BES-III
selected the purely leptonic decay events for D*>u*v

eV /e

Morgentum p C

candidates
for D*>utv

(] 1 L 1L
Ly The neufrino 0.2 0.0 0.2 0.4
V. carries energy and 425
momentum away.

they require:
* One charged track only
* Positively identified p
* No isolate photon




D*>utv at BES-I1I

100 __ mainly D*> ptv, D+9KLHH+ 20 :_
I | 15F
S0 10F

D= 2TV,
r21ty,
range

5t

OJ\ . |

A P ) o nme
0.2 0.0 0.2 0.4 8.7 08 09 10 1.1 1.2
2 iss [GEVIC?] Momentum of p* [GeV/c]

The KO escape from the detector.

There are still some backgrounds
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Event display for D*2>utv

VS D tags

The muon can well
be identified by
MUC chamber

Each of the events
Is with a good p hit
In the u chamber




Backgrounds for D*2utv,

—— Data
‘ 04 WD KT
1 WD -

D -
1 O’)) Other D decays
B non-D decays

10"

02 -01 00 01 02 03

M2 . [GeV/c?]

Estimated with Monte Carlo events

Source mode Number of events
D" = Kin* 79+£0.8
Dt — 77" 3805
D" =17y, 6.940.7
Other decays of D mesons 179+1.1
eTe” — (3686) 02402
eTe” — I 0.0£0.0
e"e” — light hadron (continuum) 82114
e =TT 19405
(3770) = non — DD 0.940.4
Total 477423
23



Backgrounds for D*2utv,

60—
40—

20—

VSN = 41654013

L one-frack identified u*is found

M B ( GeV ffl{.‘ﬁ )

150
100

50

L onecharged track is found

NF+N, =115334619

=T
.'”g (G(‘V r.’;(‘r3 )

The number of backgrounds
IS also estimated with data.

By examining number of
events with only one charged
track in recoil side of the D-
tags, one can estimate number
of background events as well.

NP = 29.0+3.4
NT™ =19.9+3.4
N =48.9+4.8

24



Br. & f,, at BES-1I

Results:
N(D*=>ptv) = 377.3%20.6

BF (D" = 1'v) = (3.74+0.21+0.06) x10™ These are

f., = (203.9145.72+1.97) MeV Preliminary !
Source Systematic uncertainty [%]
Number of D™ tags (NDELQ) 0.6
Muon tracking 0.5
it selection 0.3
E ... cut 0.7
Muon momentum cut 0.1
M2, .. cut 0.5
Background estimation 0.7
Monte Carlo statistics 0.2
Radiative correction 1.0

Total 1.7

25
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Average of Br. & T

Experiment B(D*->u*v,) (x10%) Average
CLEO-c (3.82+0.32+0.09)

(3.76+0.18)
BES-III(PRLMNRY) | (3.74%+0.21+0.06)
Experiment fy (MeV) Average
CLEO-c (205.81+8.5+2.5)
(204.515.0)
BES-III(PRLMNRY) | (203.91+5.72+1.97)

At present, the error is still dominated by statistics, needing
more data to be taken at 3.773 GeV to reduce the error.
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Comparison of B(Dt=2>utv) & Ty

MARK-IIl <200 MeVatoo% C.L.
_ [ = BES-l (20072 Mev
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m- (211+147)MeV QL

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

B - o (177221) MeV QCD Sum Rule
H (0.0374+0.0021+0.0006)% BES-IIl (Preliminary) o< (20223 Mev QCD Sum Rule

i I o cosomev QCD Sum Rule
faf (0.0382+0.0033)% PDG2010 Ao (rosr0Mev Field Correlations

7
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D:* leptonic decays



Entry/D.05GeV/c

D =2>Itv at WA75 Experiment

Fixed target experiment PTP,89, 131(1993)

A~ beam is incident on an emulsion target and muon is
required in the online trigger.

T e
.....................

| @ | ® | They found §.1+3.8 "
| 1 I 1 Dt v decays

15 |-

| B(D! - 1) = (04073595 +0.18)%
| f, =232+45+20+48 MeV

10 -

] {] This is the first measurement
O0 0z 04 o5 08 1 0oz oa o6 W& 1 Of fDS' But, |t |S Nnot an
v pp of p (GeV/c) )

Charged D decays  Neutral D decays absolute measurement.
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D.* Dl*v at CLEO I

In 1994, the CLEO 11 observed PRD49 5690 (1994)
38110 events for Ds™*—>vyDs*
followed by Ds*->u*v by analyzing
2.13 fb~! data taken at 10.6 GeV.

40 T T T T T T T T T T

Events / [200 MeV/c’]

b
o
|
—
|

3
Mass M(uv) [GeV/c?]

Events / [20 MeV/c’]

f . =344+37+£52+42 MeV

o o e It IS not an absolute
0.00 0. 10 020 0,30

Mass difference AM [GeV/c’] measu reme nt. 30



Dt =2 I*v at E653 Experiment

Fermilab fixed target experiment PLB,382, 299(1996)

A~ beam is incident on an emulsion target and muon is
required in the online trigger.

0 prorreere - They fourd 23 Dy pty

-----
lllllllllllllllllllllllll

{ B(D{ = 1'v) =(0.30+0.12+0.06 +0.05)%

Entry / 0.04 [GeV/c]

| f . =194+35+20+14 MeV

o.-a 04 06 08 ,’1.2 00.2 04 08 0'8\.1/1.2 . .
p, [cev/e] =" It 1S nOt an absolute measurement, it

Py, [GeV/c]~~
Charged D decays  Neutral D decays needs branching fraction f(?r 3l
Ds*=2>¢n* to make normalization



D+ Dl*v at BES-I

PRL74, 4599 (1995)
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o ! S 1 D A I | % H
QI.B 1.85 1.9 1.95 2

D, Candidate Mass (GeV)

22.3 pbl @4.03 GeV

ete~>Ds*Ds~

3 singly tagged D~ modes
94 singly tagged D~

3 events for Ds* =2 1*v
B(D; — 'v) = (L525)%
f . =430120:%° MeV

Dg

It is the first absolute
measurement.
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etector

LB396P, 327 (1997)

Ds*—>1*v selected from analysis of
fragmentation and decay chain

Z->cc-bar, c-bar->Ds* followed by
Ds*==2>vyDs~, Ds 21t v, t=2"vv

P, =517 GeV EE,', = 33.0 GeV

1.5x10° Z->qQg-bar(y) events y
15.6+6.0 Ds*>1tv events d { D

[ D—tv, uv
Background

L

B(D! —7'v)=(7.4+2.8+1.6+1.8)%
f, =309+58+33+38 MeV

Dccays 40 MeV

M(yD,) (GeV)



D, =2>1tv at OPAL

PLB516 236 ( 2001) Po,=— S 7
The measurements were made based 7 lepton
on reconstruction of decay sequence ~ £p- =5 — ,-#Em Ei.
ete" > Z—cc—> DX — -
5
= i || D>V, (in Z—>cc events) ]

L)E_DE Vr (E =, !‘l) ij : %H| gft;::'cbackground :
3.9x108 Z->qq-bar(y) events o |
22.5+6.9 Ds*> 1ty events By I
B(D{ »>7'v)=(7.0£2.1£20)% || &

2 22 24 26 28 3 32 34 36 38

fD+ = 286 i 44 i 41 MeV m(yD)) [GeV]
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D.* Dt+v at ALEPH

The measurements were made based
on almost the same technique as used
by L3 and OPAL. Butthe ALEPH
reconstructed the Ds*—>u*v decay In
their invariant mass.

3.97x10° hadronic Z decays

B(D: — 7'v) = (5.79+0.77 £1.84)%
B(D; — 4'v) =(0.68+0.11+0.18)%
f  =285+19+40 MeV

Entries / (0.45 GeV/cY)
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AT TE uds e ~- .uh,
0 2 3 4 S
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% ++ Ds*—> },l+\/
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M(uv) (GeVic)
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Absolute measurement.
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MM?™ is the missing mass
square of the system
recoiling against the yD.~

an s
-




Events/ 0.01 GeV?

Events /(0.02 GeV?)

D + 9I+v at CLEO-c

50 T
> +v
25 |- H -
= - | .
- (b) =
2oF  Dstdrhy £
10 Jmmw
S | : : : I : : : —
I © Ds*>ev -
4 - _|
2 -
0 [ =T
o 0.25 0.50
MM= (GeV?)
so [ T 'l;' LA B -'*-' T |-+'- L B B E
7O i— (5) .- D 9” A% —i
co | 7 E
sof Ds*%riv L
a0 | THD VS
30 £ .+ =
3 S

-0O.1

-0.05 O 0.05 Q.1 Q. '1 5 .2
MMZ2 (GeV?2)

CESR  ,CLEO

PRD7 9, 052001 (2009)
— (ECM - Dg - Ey - Ey)

B(Dy — u'v)

f

=(0.591+£0.037+0.018)%
B(Dy —77v)
— (6.42+0.81+0.18)%

. =263.3+£8.2+3.9 MeV

Absolute measurement. 38




Events / 2 MeVWV

D.* Dt+v at CLEO-C

Ds*2>1tv, 172etvv

D= n” D= KK D= KK

o

—

[

L
T

1000

. en—— L e b
=005 0 006 <005 0 005 <005 0 005
AMD) (GeV)

Three cleanest single tag Ds mode
were used

f . =2525+111452 MeV

Absolute measurement.

CESR  ,CLEO

N

600 pb-! PRD79, 052002 (2009)

140 - ® Data
C MC Total
190 - T [ 1 MC Signal
C oL [ 1 MC Background (BG)
N (2774 MC D! - K’ e* v,

-----------

I MCBGwoD] K etv,

—

(=

(s
I

Events /100 MeV

Ee:tra { G ev)

Signal for Ds*>1"v

E ..o IS the total energy of rest of
the event measured in the

electromagnetic calorimeter g



CESR  ,CLEO

pa,
{
e ™
- N\

D.* Dt+v at CLEO-C

PRD80, 112004 (2009)

- 1 + +
Ds™ tags 600pb' Ds*Dtty, T*Dpv

TR 6000 T T ; osF
> S0000 ' ' L 2 1400 '
O 50000F 30 12000 > 20f
~N C ] - : O Z
Q 40000 : 810000; 8 1sf
S ok - 2 8000F e
© 30000% : A @ 1of
3 - : : = % 6000 £ 101
+ 20000 ! ' 4 .. o i
% . ! ! ] (IC) 4000;’ W 5F
10000F ! ! = g -
2 10000 ! ! 1 000 : : _
] o S ARNTINTIN [ AV RN (] AP ST RIS I EINOP WRPE P 0.2
192 194 196 198 200 202 35 36 37 38 39 40 41 42 '

2 2

MDS (GeV) MM? (GeV?)

B(D; —>77v)
=(5.52+0.57+0.21)%
f . =2578+13.3+5.2 MeV

Absolute measurement.
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D

/O
D =>I*v at Belle
ete~ =>cc-bar events PRL100, 241801( 2008)
e'e” — D, D+0K+0X D — D, , X =nz(y) 548@10.6Gev
gﬂé- }[ Dst*> 1y signal,
80 b where v 1S miss
. L o]

M ,oc (DKX 7) / GeV/c?

wrong-sign (WS) PR
+

4

entries /0.072 GeV /¢

1.0 2 21

M rec (DKX 7) / GeV/c? M 2. (DKX yn) / GeV?/c

o, =32100+870(stat)+1210(syst) B(D; — u'v)=[0.644+0.076+0.057]%
N =169+16(stat)+8(syst) f . =[275+16+12] MeV

Absolute measurement.

A1




Dt =>1*v at BaBar

e*e” ->cc-bar eventS PRD82, 091103(R) ( 2010)
e'e” > DD"K*°X, Dy = yD, , X = n7z(7/) 521fb-! @ 10.6 GeV

xlOOO %1000
] T T T T T o T L=l T
3) L e ay | = b)
= o =gl Z 100 =
| nk=0 s nk=l b & a0
= X = X = =
© 4 © 6 2 S0 Z a0l
=@ 3 4+ & 2
= =
T 5L o 0.5 0 0.5 1 1.5
& 0 2k mADKXye) (GeVich)
0 0 . 3
185 19 195 2 205 21 185 19 195 2 205 21 3 g
m, (DKXy) (GeV/c?) m, (DKXy) (GeV/c?) = e
N o x1000 E =
3] k) =
; ~ o R
§ % nx=3 E, . (GeV)
o o 6 T
e S —
=z Z = 600 )
=} = ﬁ
g g oo 400
m W2 =z
Ee 200
0
185 1.9 195 2 205 21 .85 19 195 2 205 2.1 205 21 215 2.2
le(DKXY) (GEV:"CE) mr(DKXY) (GEVI{CE) MK K ry) (GeVic?)

B(D! = u'v)=[0.602 +0.038 +0.034 |% /
F o) =[5.07+052+0.681% (¢ > ewv) 7 Ds

o =(258.6+6.4+7.5) MeV
B(D; = t'v)=[4.91+04720.541% (" - uwv)

Absolute measurement. | 42




Comparison of the measured Br.

—eo—] (7.40+3.69)% L3 (at Z)
0,18 4008 | " I~
{D.Sgﬁwﬂm +0.18)% WATS
— —m—] (7.00:2.90)% OPAL (at 2)
{0.29740.12+0.06:0.05)% EB53 -
R Fod (5.79+1.99)% ALEPH (at 2)
I | BES-I
I .435.1.3-.&3}%‘ |
£0,6-0.2
0.673:011:0.18) ALEPH H (6.42:0.83)% CLEO-c (at 4.17 GeV)
- I—-‘—'—{ A n N U -]
H (0.565:0.045:0.017)%  CLEO-¢c - H SASasS CLEO-c(at .17 GeV)
b (0.638:0.076:0.057)% Belle . H (5.52:061)% CLEO-c (at 4.17 GeV)
W (0.596:0.038:0.034)%  BaBar - (5.00£0.60)% BaBar
I H (0.57240.031)% average | (5.47+0.30)% average
l | 1 | | | | | | i | | | | | I | | |

0 1 2 3 4 50 10 20 30 40 50
B(Ds™2u'v,) [%] B(Ds™>1'v,) [%]

B(Ds*>7*v,) =(0.5724+0.031)% B(Dg*2>1tv,) =(5.45£0.30)% 45



Comparison of the measured fp,

Based on the measured branching factions of D¢* leptonic decays
(after radiative correction), and with inputs of D¢+ mass, lepton mass,
D¢* lifetime and |V |=0.97345 from CKMfiter, we calculate the f, .

DotV
(215.7+72.7) MeV 5 H
WA75 (Fix Target)
(186.8+45.0) MeV
E653 (Fix Target)

B BES-I
(417.7+187.6) MeV I O i

[ (281.2+44.2) mev —[1—] ALEPH (at 2)

—  (257.6+11.2) MeV H CLEO-c (at 4.17 GeV)
(273.8+20.5) MeV Fv-| Belle (at 10.6 GeV)
(264.6x11.5) MeV 7% BaBar
(261.0:7.2) MeV Il Average

B | 1 1 1 I 1 1 1 I 1 1 1 |

fos [MeV]
fD+ =(261.0+£7.2) MeV

(298.4+74.5) MeV

(290.3+60.1) MeV

(264.0+45.5) MeV

(278.0+-18.0) MeV

(252.6+12.5) MeV

(257.7+14.3) MeV

DTV,
I ® | L3 (at 2)
| OPAL (at 2)
—0o— ALEPH (at 2)
= CLEO-c (at 4.17 GeV)
= | CLEO-c (at 4.17 GeV)
= CLEO-c (at 4.17 GeV)

f.. [MeV]

(245.3+14.8) MeV Fad BaBar
(257.3+£7.1) MeV Il Average
1 1 1 I L 1 1 I 1 1 1 I
0 200 400 600

f . =(257.3+7.1) MeV 44



Measured & calculated T,

f~. measured at different .
oS Calculations of fp,

experiments
(248+2.5) MeV # LQCD (pHQCD + UKQCD)
[—  (260+10) MeV |'9'| LQCD (Fermilab + MILC)
I Dg — “*+V;,L O (261.0+£7.2) MeV (220:625+11) MeV = QL (QCDSF)
(266+10+18) MeV - QL (Taiwan)
R (236=8"77) MeV - QL (UKQCD)
— Dg —> THV, = (257.3+£7.1) MeV [ (23121277 Mev = QL
—  (205+22) MeV o QCD Sum Rule
(235+24) MeV o QCD Sum Rule
- Average Fm4 (259.1+:5.1) MeV (260+10) MeV o Field Correlations
B 247 5+2.2 i Average
| | | | | | ! ! ! | | ! ! | | ! ! |
200 250 300 o 200 400 600

fos [MeV] fos [MeV]

fps=(259.1£5.1 ) MeV (Weighted Average) | f5=(247.5+t2.2) MeV (Weighted Average)

The measured fy Is 2.09c larger than the one expected by theories.




Comparison of f,./fy

Experiments Theoretical calculations
Weighted Average _
LQCD (pHQCD + UKQCD) 1.16410.011 H
fDS:(259 y 1 i 5 . 1) M eV —  LQCD (Fermilab + MILC) 1202002 H
fy=(204.5%x5.0) MeV - ar@ehsh rereemem
B QL (Taiwan) 1.1310.03+0.05 -
‘ QL (UKQCD) 1.1320.027 7} -
fDS/fD:(l .267%0.040) ] o e 'l {
. QCD Sum Rule 1.1520.04 Fodq
The measured ratio of e - i
the fo /T IS 2.7c_5 larger " Aversge L 15640007 B
than that predicted by
theoretical calculations . | l |
0 0.5 1

fod/To



Determination of [V | and |V 4|

G f? z
I(D:—1"v)= ‘SW m’m_. (1-
( (s) I) 872' cd(s) I D(S)( m[2)+ )
(S)

fops) can be well calculated (LQCD, ...)

I'[D*=21"v] can be well measured

One can extract CKM matrix elements |V | and |V 4|

a7



CKM matrix element |V_ |

The |V_4| could be extracted with

G:f?
F8D+ |Vcd| mym,, ( m, 2

mD+

[(D*—1"v,) =

Inserting the quantities
Tp, = (104017) fs,
M;, = (1896.60+0.16) MeV
M, = (105.658+0.000) MeV
fy, =207+4 MeV (from LQCD)

yields

V4| = (0.222+0.006+0.005) (BES-111 Preliminary)
From D* = utv leptonic decay

48



CKM matrix element |V

! D> wv, DtttV

—e— 1.174:0.222:0.191 L3 (at Z)
0.848+0.193+0.211  WAT75

— | 1.14220.171+0.164 OPAL (at Z)
0.735+0.148+0.097 EG653

- o<  (1.03s8+0.069+0.165 ALEPH (at Z)
I : BES-I
1.64310.719+0.167 N

— l-=-]  1.106+0.090+0.148 ALEPH

= 1.093+0.069+0.020 CLEO-c (at 4.17 GeV)

B H 0.99310.044:0024 CLEO-c (at 4.17 GeV)
H 1.013+0.040+0.019 CLEO-c
b 1077:0.064:0.050 Belle H 1.014+0.052+0022  CLEO-c (at 4.17 GeV)
| 1.041+0.033+0032 BaBar 2 0.965:+0.034+0.049  BaBar
H 1.026+0.029 average H 1.01210.028 average

2 3 2 3
I VCS I I Vcs I
In the calculation we use f,.=(247.5%2.2) MeV (the average of calculatidiis)




‘Vcsl & ‘Vcd‘

Ds — u*v, H—0— 1.026+0.029

0.8

— DS — TV, 1.012+0.028
— Average Fm- 1.019+0.020
| ! ! I L l

0.9 1.2

1 1.1
|Vl
IV |=1.0190.020

From D.* leptonic decays

csl_

— CLEO-c o4 0.2242+0.0094+0.0051|

— BES-III 0.2218+0.0062+0.0047

— Average =i 0.2226+0.0063

1 | | I 1
0.1 0.2 0.3 0.4

|Vcd|
IV 4/=0.2232-0.006

From D* leptonic decays s



Comparison of |V 4|

CLEO-c 0-23410-007i0.002i0-0¥5 [ ] =
(Doh-} I ) R v.)
BES-II 0.2218+0.006210.0047 I—@—I

[Preliminary] (D" > pu*v )

PDG2010 0.229+0.006+0.024 | C
(Charm decays at CLEO-c and Belle)

PDG2010 0.230+t0.011 —e® —
{(Neutrino and antineutrino interaction)

0.15 0.2 0.25
|Vcd|

The most
precise
determination
of [V 4| IS
from the
BES-III
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Discussions of |V 4| & |V

Carefully comparing these CKM matrix elements obtained by
analyzing D" leptonic decays with these obtained by
analyzing D meson semileptonic decays provide some useful
Information about New Physics

Effects of nonstandard leptonic decay of D¢*would enhance Dg*
leptonic decay rate, resulting in a larger |V | than that obtained
from D meson semileptonic decays

Accumulating Evidence for Nonstandard Leptonic Deacsy of Ds Mesons
B.A. Dobressu and A.S. Kronfeld, PRL100, 241802 (2008)

If no nonstandard leptonic decay of D*, one would obtain the
same values of |V_4| obtained from the D* leptonic decays and D

semileptonic decays.
52



Discussions of |V 4| & |V

IV lekmiter = (0.9731£0.001) from CKMfiter
IV ilpsisiy = (1.019x 0.020) from Dg* 2> I+v

|Vcs|DS+9I+v IS ~2.50 Iarger than |Vcs|CKMfiter. Does this
Indicate New Physics effects?

V dlekmsiter = (0.225£0.001) from CKMfiter
Vlpisny = (0.223%0.006) from D* 2 utv

Vdlo+siy 1S consistent within error with |V 4|ckmsiter

We need to examine D semileptonic decays to measure |V |
& |V as well.
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|V eael Trom D semileptonic
decays at BES-I11I

ar G

do’ = Y Visi) ° ﬁK(;r) I f+K(”) @)

>
4 S
K
T

~k 2
Ifiq ™’

The BES-III can also determine |V | and |V 4| from D°
semileptonic decays. These results will come out soon.

In BES-111 Collaboration, two analysis working groups
(IHEP and CMU) have been working on extracting |V | and
V.4 (see C.L. Liu’s talk), as well as some other physical
quantities related to these D meson semileptonic decays.

These would be other important results for precise test of
the SM and searching for NP.
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Summary A

» More than 25 years studies of D leptonic decays, over
530 D*=>u*v events have been accumulated. We begin DW
to precisely study hadronic vertex and test LQCD : v
" Br(D*u*v)=(3.74£0.21+0.06)x10~
~ fo.=(203.914+5.724+1.97)MeV
V4=(0.222£0.006+0.005)

» BES-III is the most precise
results for these to date:

> The world average of decay constants:
fo=(204.5£5.0) MeV, fp=(259.1£5.1) MeV

» World average f, /fp is 1.267 +0.040, which is ~2.7c larger
than f/f5=1.156 =-0.008 predicted by theories based on QCD

» Charm decay constants f; and f, can test LQCD, verified LQCD
help extract [V4| and [V from BB, mixing experiments. These
help more precisely test SM and search for New Physics. Charm
do play an important role in test of SM of particle physics. .



The end!



BELLE 2007

CLEOC 2009

World average

Summary for B(Ds*=21*v)

| T T T
CHARM 2010

05 055 06 065 07 075
B(D —pv) (%)

0.644 = 0.076 1 0.057 %

0.565 £ 0.045 £ 0.017 %

0.602 = 0.038 1 0.034 %

0.590 £ 0.033 %

These are taken from HFAG web page

CLEOC 2009 1—1

CLEOC 2009 1—e

CLEOC 2009 t—p

World average

T[T T[T T[T T[]
CHARW 2010

H
o

4 45 5 55 6 65 7
B(D ) (%)

64210811018 %

5301 04710.22 %

5521057+0.21 %

491+ 047+0.54 %

45410531049 %

507+ 052+0.68 %

5291028 %

S7



B(D, —nv)

B(D, —1v)

»rld average

Summary for f

| . | 263.1+ 7.3+ 1.8

‘ - | 2524+ 6.7+ 1.8

‘ . \ 257 3+ 5.3 eV

caa ol b v b b v b b bva oy
235 240 245 250 255 260 265 270 275

£, (MeV)

The World Average is: f o= (257.3 + 5.3) MeV

This plot is taken from HFAG web page
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Decay rates & T py

» Measurements of branching fractions probe the hadronic

2
T (s)
D(s)

vertex 2
+ + GIE 2 m|2 2
FSM (D(S) —> I V) = 8_ m| mD(s) 1- |Vcd(S) | .I:DJr
* Non-perturbative QCD effects are absorbed into fppg), fpps)

can be calculated or measured

* Measurements of f provide critical test of theory to

calculate fg, fg, t

D——— d
BO I I BY
0 —— et b
i
Measured f,, tests LQCDf,,  Improve determination of |V|
= better calculated fg, from B°B® mixing experiment,

needing fg, as input



Decay rates & T py

c b -t
» > p—
. W _ | |
S P O
s v S —— ,[. —D
Similarly, measured fp, Improve determination of |V,
tests LQCD calculated fy, from Bs®Bs® mixing experiment,
=> better calculated fgg, needing f, as input
Two decay constants (fppg) g ;) affect
* |V, extracted from B*>I*v These are used to
* |Vl extracted from Am, in B°B° mixing constraint the
* |V, extracted from Am, in B°B.° mixing unitary triangle

» Two decay branching fractions determine
* |V 4 extracted from D*>I*v

* |V extracted from D "> I*v 60



; - - J.L. Hewett, hep-ph/9505246;
» New Physics In D(S)+ leptonic decays A Akeroyd, hep-ph/0308260

Interference between W=+and H* suppresses . < ’
+ JU:E

W,

D.*->I*v, but it does not suppressed D*=>I*v %

[(D;, — 1) =T, (D, = 1),

m 0.t
2 d(s) S
{1 mD()R( )}

md (S) + mc

e p m./m.=0.15"

R=tanf/m; where tanf Is the ratio of vacuum
expectation values of the two Higgs doublets

 Retanp/my,
> If tan is large, it is possible to observe deviation

from lepton universality in these decays Wei-Shu H%ZZBS%

N(D;, —>zv) m.(L-m’/m} )’ . Ratio expected to be
I'(Dg, — u'v) mfﬁ (l—m; /mg )° 2.67 (9.76) from SM




