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@ Introduction

@ Semileptonic D — V/{*u, Decays [V=vector meson]

© Semileptonic D — P¢+uy, Decays [P=pseudoscalar meson]
@ Extraction of |V,4| and | V|

© Checks of the CKM-matrix Unitarity and Others

@ Summary

BESII =2

Gang RONG (IHEP) Semi-Leptonic D Decays FPCP 2015 2 /45



Charm’s Supporting Role in Test of the SM

A Window for Strong & Weak Physics

@ Semi-leptonic D decays provide a
window to investigate both the
strong and weak physics.

e D — Vetv, can be used to deter-
mine V(¢?), A1(q?), A2(q?). ..
e D — m(K)eTv, can be used
©Q to determine form  factors

(K 2
(")
D,D:+LQCD D,D:+LQCD
e to extract |VCd| and ‘VCS‘ 20 B.B;ILQCD BB;IDZ,CDF
Experiment Theory
DecRtEM — (Know x  (for o) < ECKNNESTEREN
1 I I

o Use unitarity for CKM elements to ® Use theory for form factors
determine form factors f{(0) and f7(0), to extract | Vg and | Ve
[also decay constant fD(\ ], and test QCD

s)

o Indirectly improve precision of the CKM element(s) of |V,
e Check unitarity of the CKM matrix and search for New Physics
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Charm’s Supporting Role in Test of the SM

Constraints on Parameters of CKM unitarity triangle

) el Current Status

@ The brown band dominated by uncer-
0s | tainty of fg calculated in LQCD

r 2 ",‘ Amy _: }
e ool A vAS 1 @ The dark green band dominated by un-
' )

certainty of ££77(0) calculated in LQCD

- @ To reduce uncertainty of the apex of the
] triangle, fg,, and f£77(0) needs to be
A validated and precision of these calcu-
M T At lated in LQCD need to be improved

i
1.0 -0.5 0.0 0.5 1.0 15 2.0 o

05

1.0 [ &

p
o With (semi-)leptonic D and D7 decays, fD(+) and ff(K)(qz) can be precisely
measured. These can be used to validate f5: and ) (q?) calculated in

LQCD, and then improve LQCD calculations of fB(s) and ff””(O). These help
improve the overall constraint of the CKM unitarity triangle.

@ The (semi-)leptonic D and D7 decays do help precisely test the SM and search
for New Physics
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Status of eTe™ Experiments

Charm Machines & B Factories

@ Experiments near charm threshold
@ CLEO-c/CESR: D — Pltyy, VIety, [also DT — utu,, DI — Ty
(818 pb™* data @ 3.773 GeV, 600 pb~* data @ 4.170 GeV)
@ BESIII/BEPCIl: D — Pltu, VEty, [also DY — it w,]
(2.92 fb~! data @ 3.773 GeV)

BESIL

cLeoe

5c oo
=

@ Experiments at B factories
@ Belle/KEK: D° — K™ ¢Tv,, 70w, [also DF — £Tv]
(913 fb~* data @ T(4S), T(55))
@ BaBar/PEP-1I: D — Petuy,, VITy, [also DI — £1u]
(521 fb~! data @ 10.58 GeV)
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Analysis Technique

Threshold Experiments at 3.773 GeV

o Tag
50 ///‘,KA @ e"e” — DD production
@

et @ Event is very clean
K- @ & @ Double tag analysis
= o My= /B .~ 2P

Signal /"’5 O Whksten = [Extizs = ‘pmiss'
2 _ =2 = 2
° Mmiss - Emiss - ‘pmiss|

v

High Energy Experiments at ~ 10.6 GeV

e ete™ — € fragmentation, as,‘:ﬁfgﬁere 4 LiptO” Hemisphere
D** = Dozt, D° — K~—etv, o
D*+ @
°ecfe” — Dl(;;DS*ng' DS*I; I Ve Thrust
Dgigﬂ’, X =7%, 7 or K* \\
(it is also a double tag analysis) D° !

Spectator System )
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Semileptonic D — V{1, Decays

For example: Dt — K*0ety,, K*0 - K—7t; For details, please see PRD83, 072001(2011)

@ ¢ = (po+ + Pve)
@ cos(fe) = —

V‘Ke*’
Kot

@ sin(x)=(éxp)-d

K
@ cos(x)=¢-d

Decay rate depend on and

GE| Ves|?
(4m)°m

@ X = pkx-mp, Pxr is the momentum of the K7 system in the D rest frame

d°r = XBI(m 2 0k, 0, x)dm*dq*d cos(0x )d cos(f.)dx

@ 3 =2p*/m, p* is the breakup momentum of the K7 system in its rest frame

@ T can be expressed in terms of helicity amplitudes Hp, j:
2
B s
Ho(4*) = s [(mo —m* —¢*)(mp + m)Ai(q®) — 4 m%f,,, Ax(q )}

Ha (%) = (mp + m)Ai(q?) F 22REKx v/(q?)

@ Vector form factor: V(q?) = %; or: FF ratio ry = V/(0)/A1(0)
1—q2/m?,
@ Axial-vector form factor:A;(g%) = 1_212(2"%, A(q?) = I_A:Q(;Jini; or: FF ratio o = A>(0)/A1(0)
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BABAR: DT — K ntetu,

Physical Review D 83, 072001 (2011) 347.5 fb~! data @ 10.58 GeV

=<10*

=<10* =<10° =10
25 o
I i 10
20 “o
- R
5 ) M = o
2 = =s et
£ 5 3 g
2 I 18 0 E
£ ® 1of = G 107
= E=|
S - 5 g
_ '
o o
X " R T 05 0 0.5 1 1 05 0 0.5 1 0.8 1 1.2 1.4 1.6
1.1
1.02 + 1.02 + + 1.02 + * 1.02 } + |
1.05
2 <
= ﬂt..&]l. * ' l.||J.| ¢|+ 13t J'+ ' 'IJ.+++|||1+.TL 1T++ | [ Smanh. l++'|
g +# + TT+ ++ 1 ooslt |
0.98 0.98 0.08 0.08
o o5 1 .5 = 0 2 1T 05 0 05 -1 05 0 05 O9TGE T 1214 e
q? (GeV?) x (radians) cos O cos 0,

My, (GeV/c?)
@ K*°(892) mass and width:
My0(g92) = (895.4 £ 0.2 +0.2) MeV/c?

I k+0(g92) = (46.5 £ 0.3 +0.2) MeV/c? @ pole mass:

ma = (2.63 £ 0.10 £ 0.13) GeV/c
@ Decay branching fractions @ FF ratios:

B(D* = K~ metre) = (4.00 + 0.03 + 0.04 + 0.09)% ry = 1.463 + 0.017 + 0.031
B(DY — K™ 7" e we) 500503 = (3.77 = 0.04 % 0.05 + 0.09)% r2 = 0.801 + 0.020 4 0.020
B(D* = K™ 7" e*ve)s—wave = (0.232 4 0.007 + 0.007 + 0.005)%
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BESIIl: Dt — K- ntet v,

Partial Wave Analysis — Preliminary (2015) 2.92 fb~! data @ 3.773 GeV

Events/ 0.02Ge V"
4 ¥
i
T
L

439.89/37 = 1.08 XN, = 48.32/46 = 105

[ r—— : ] TN SO - ]
w L e ol B 1

T 772 T, h L OF
my (GeV/c) QUGev et

X

wb /N, = 54.28/49 = 1.11 of xWN, = 55.80/49 = 1.14

! e e ———!

B 1 1 =0
costl,

@ K*°(892) mass and width:

M0 (g0z) = (894.60 % 0.25 & 0.08) MeV/c? ° ffJeT?fsgl+0»25 ©0.02) Gev/e?

. = (46.42 4 0.56 4 0.15) MeV/c? DT A

Kooz = ( ) Mev/e ma = (2.61792 4 0.03) GeV/c?

@ The fractions of the components @ FF ratios:

F(DY — (K™ )u0(g0 € ve) = (93.93 £ 0.22 4+ 0.18)% rv i};‘;;fé’é’fjfgé’gg

rn = V. . .
F(DF = (K~ 7 )s_waveet ve) = (6.05 = 0.22 + 0.18)% :

cosd, ' : ) 3
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CLEO-c: D° — p=¢*u,, Dt — p%* vy and DT — wlty,

Physical Review Letters 110, 131802 (2013); 818 pb~! data @ 3.773 GeV

s (b) | 2 ©
[
]
Q 20
e
3
§ 10
>
w
i e . o
02010 0102 0201 0 0102 0201 0 0102 c
2 cos 6
U=E_-dp,,| (GeV) i A(GeVarct) i
% e 150
3 () 2 |
3 3 '
~ y  100f t _WTW
c o
< <)
g ! 3 50
H i T
g 17, L L S T
v 4 § et T W !
05 10 07e 078 082 05 0 0.5 2 0 2
Invariant Mass (GeV/c?) cos 6, x

D — p=0tuy) = (1.77 £0.12 £ 0.10)%

B(
B(D* — p2lt 1) = (2.17 £0.12+912)%; % =1.03+0.097%:%
B(D" — wltvy) = 1.82 +0.18 +0.07)%

ry = V(0)/A1(0) = 1.4840.15+0.05; r, = A(0)/A1(0) = 0.83£0.1140.04
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BESIIl: Dt — weve, and DT — get v,

Preliminary (2015) 2.92 fb~! data @ 3.773 GeV

> Ha @ | £ CHERE ©
0 : £ ¢
s 100F o “ & o *
o 1sof 10 o)
‘\@ 80 ‘:: + j‘; ' aa_,—’_‘_'_L‘—l_
c F 2 )
o 60r R T T S B
Lﬁ mR(GeVAlc) R(GeViIct) cosf,
40 : ) £ o] ®
200 ot L b : ﬁw
1 1 I I i »": :: f o {
o L0 3o A U U w_,—'_'_\_l—\_\L of
E]0.2 01 0 01 02 03 04 = 2
U/Gev - 05 0 05 s, 3 2 A 0 1 2 ;
> ,,F . .
% fg T Dt o get, \‘@"‘ @ Decay branching fractions
R Q@\ o B(D" — we'v.) = (0.163 £ 0.011 £ 0.008)%
o 125 —
g & o B(D" — ¢etre) < 1.3 x 107> at 90% C.L.
o ‘ ‘ < ]
o4 i \11 e Form Factor ratios
%2701 0 o7 o2 05 o4 o ry = V(0) —1.24 +0.09 & 0.06
= 207 . . .
Red dots: data vieev _ A;(E)(;)
Black histogram: signal MC simulation e n= A1(0) =1.06 £0.15£0.05

Arrows: signal region
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Comparison of ry = V/(0)/A(0),r» = A2(0)/A1(0), my,ma

D — K—ntetve, PRL101,131802(2013), PRD83, 072001(2011), BESIII preliminary results

D—K*e'v

Theory:
QM PRDE: 6(2000) . 1.56
SR PRD44, 3567(1991) ﬁbsc&;{
LCSR PRDS7, 0140: f——— 1.36x0.39
PRD72, 034029(2005) . 1.60

Experiment:
BaBar M 1.463+0.01740.031
BES-IIl [2e] 1.411:0.058+0.007
Average(BaBar&BES-IIl) H 1.449+0.030

(Ignoring some common errors)

D—K*e'v

Theory:
QM PRD62, 014006(2000) . 0.74
SR PRD44, 3567(1 I 1.2020.47 |
LCSR PRD67, 014024(2003 p——————4 o0.93t0.29
PRD72, 034029(2005) 0.50

Experiment:
BaBar
BES-III
Average(BaBar&BES-III

(Ignoring some common errors)

- 0.801+0.020+0.020
Fe 0.788+0.042+0.008
) =] 0.797+0.024
I I I I I I

-0.5 o 0.5 1 1.5 2 2.5 3 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
ry=V(0)/A(0) r,=A,(0)/A (0)
LA B B L B L B BN B L B A L L N
025 BaB 2.6340.10£0.1
181124002 aBar p—— 26m010:01
022,
261} ,20.03
Spectroscopic pole 21 Spectroscopic pole 25
dominance (SPD) model dominance (SPD) model ’

14 16 18 2 22 24 26
my (GeV)

2 22 24

2.6 28 3 32
m, (GeY)

The BaBar made higher precision measurements of these ry, r» and ma.
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Comparison of ry = V/(0)/A(0),r» = A>(0)/A1(0)

D — p/weTve, Physical Review Letters 110,131802(2013); BESIII preliminary results

D—petv D—pe*v

‘Theory: Theory:
am PRDG2, 014006(2000 . 1.53 QM PRD62, 014006(2000 . 0.83
SR PRDAs,3190(1993) ——e— | 200:0.89 SR PRADAS 3190(199%) | 0.80+0.38
LCSR PRD67.0140242003)  j—e—] 1.26+0.25 LCSR PRDS7, 014C — 0.91:0.18

LF PRD69, 074025(2004) . 1.48 LF PRD69, 074025(2004) o 0.83
PRD72, 034029(2005) . 1.72 PRD72, 034029(2005) - 0.51
Experiment: Experiment:
OLEO-cPRLI0 1318020t ] ‘ -48+0.15+0.05 CLEO-PRLIt0. 1s02G01) —— ‘ 0.8310.1140.04
-2 -1 (o] 1 2 3 4 -0.5 o] 0.5 1 1.5 2
ry=V(0)/A(0) r;=A(0)/A (0)
Dooe’y ‘ ‘ ‘ Doeehy T
Theory: Theory:
PRD72, 034029(2005) LI Wk PRD72, 034029(2005) o 051
Experiment; Experiment:

BESMI e 1240091006 BESMI F——] 106015005

0 05 1 15 2 25 02 0 02 04 06 08 1 12 14 16 18
1 =V(OVA() A {00 (0
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Semileptonic D — P{*v, Decays

o Differential Rates of D — Petv, (P =, K) Decay:

dr G
qu 24 3‘f+( 2)|2|Vcd(5)‘2

X=1for K ,77,K% X= 1/2 for 0

Form Factor Parameterizations

£.(0)

(1=a/MZ,,.)

Simple Pole Model fr
Modified Pole Model £,

ISGW2 Model fr
z—Series Expansion  fi.

= G A0 W)
= i (Poa) (L + 5 (Gax — )2
= o) ko 2 (0)[2(¢%, to)]*

o Directly measured £, (¢?)|Veq(s)|

o Determine form factors f7(q?) and ff(g?) with inputs of |V4| and |V
o Validate f; (K)( %) calculated in LQCD, improve f£77(0) calculated in LQCD
e Improved LQCD calculation of fBﬁ”(O) reduce error of | V|

o Improved measurements of f7(q”) (z-expansion coefficients ax) can help in
reducing error of |V,| as well

@ Extract |V 4| and |V
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CLEO-c:D° — K~ etv,, metve, DT — Kletu,, mletu,

PRD 80, 032005 (2009) (818 pb~! data collected at 3.773 GeV)

Method: ete™ — v(3770) — D°D°,D* D~

D - Kenn®

400 Siras s Toizame 120
200
300
> 150
& 20 100
& 100] 50
s L L 0
g Cissoans Tozcrzoand 200
o 30 150
20, 100
Do . o - 0 rrm spm
= D" — K* o xt D - K nn-n° D> Kinnmn 100| 50
o ok 1
2 oo 02 R
z UGev) U (GeV)
2
T
ﬂ)) 25 T oKt
I Qo8 Govier
20
15
%' 10
o
o 5
g
S o
PE B xxrtag
2 Osar 08 o
T2 o
& 20
15 +
10 {
sbof W
o
1.84 1.86 . o 01 02 01 02 o 0.1 0z
M, (GeV/c?) U (GeV) U (GeV)

N, = (0662 40.001) x 10° Npo_y p-ery, = 1374 £ 39
Np- = (0.263 +0.001) x 10° Np+ s moety, = 838 = 33
ag
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CLEO-c:D° — K—eTv,, n-etv., DT — K%tu,, mlet,

PRD 80, 032005 (2009) (818 pb~! data collected at 3.773 GeV)

D> n-ety, D> K-e*v,
4 E e J80
3 + Je0
o o2 i 40
o ~3
¥ Lo A
% 3 ° Do R °
8 8% Lp —rnlet v D—>Keve_80
] o B
2 5 60
B El T E
1k + J40
o5f + 20
o
o T 5 " o T = 0 1 2 . 02 \ 05 1 1.5
q (GeV2lc') q? (GeV?/ct)

@ Form factors

Branching fraction results
o £X(0) = 0.739 % 0.007 = 0.005 + 0.000

Mode | B (%) o f7(0) = 0.666 =+ 0.019 = 0.004 =+ 0.003
D® — 7= eTv, | 0.288 £ 0.008 + 0.003 i
D° — K—etv. | 3.50+0.03+0.04 @ CKM matrix element
De = a e | BADERIOE000 o |V.g| = 0.234 4 0.007 + 0.002 & 0.025
D= Kletve | 883+£01040.20 o |Ve| = 0.985 4 0.009 & 0.006 == 0.103
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BESII:D® — K~ etv,, et v,

Preliminary (2.92 fb~! data collected at 3.773 GeV)

New results based on 2.92 fb~! data supersede those preliminary results presented
at CHARM2012 which was based on ~ 1/3 data.

T "3 Method: ete™ — ¢(3770) — D°D°
s ‘/L 7 0 (2793 40.004) x 10° D° tags are reconstructed
i in 5 hadronic decay modes
‘g U () BO 5 Kt 20 3 _ e
5 20000 4 § o ?“. 13
2 e ' ] 3 T 18 =
E L @05~ K*w—i—/L 1 ' -
“z 200000 A E r L\ E
: . JA_ TP N i
T @00 5 kb it a0 ] e
, A o N(D° = K~etr,) = (70.7+0.3) x 103
v (© B0 5 Km0 1 < Bpo_sk—etn, = (3.505 + 0.014 + 0.033)%
ol -1 o N(D°— 7 efr.)=(6.3+£0.1) x 10°
182 1;;4 |;m |;tx — BDOAHT*e*’Ve = (0.2950 :t 0.0041 :t 0.0026)%

Mg (GeV/c?)
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BESII:D® — K~ etv,, et v,

Preliminary (2.92 fb~! data collected at 3.773 GeV)

+~ 100 =~ 6
o ] = Simple pole © 1 e Simple pole
% 80 —H Modified pole 3 1 Modified pole
O ] =1 = ISGW2 L ] =1 = ISGW2
::” 60 4 e Series.2.Par "’é 4 __ = Series.2.Par
o ] = = Series.3.Par T i = = Series.3.Par
S 40 I
20_: D° = K etv, 1D° = efve
0 - T T T 0 T T
0 0.5 1 1.5 2 0 1 2
o (GeVZc?) o (GeVZc?)
[ Model [ D’ — K efu, D% — ety
Simple pole FE(0)[Ves| | 0.7209 + 0.0022 + 0.0033 | #7(0)Veq| | 0.1475 + 0.0014 = 0.0005
Mpole 1.9207 4 0.0103 4 0.0069 | Myole 1.9114 £0.0118 £ 0.0038
Mod. pole FR(0)|Ves| | 0.7163 & 0.0024 £ 0.0034 | £7(0)[Voq| | 0.1437 % 0.0017 = 0.0008
i 4] 0.3088 + 0.0195 + 0.0129 | « 0.2794 + 0.0345 + 0.0113
ISGW2 FR(0)[Ves| | 0.7139 + 0.0023 + 0.0034 | F7(0)|Veq] | 0.1415 -+ 0.0016 + 0.0006
nscws 1.6000 & 0.0141 = 0.0091 | riscwe 2.0688 + 0.0394 + 0.0124
Serics.2.Par | FR(O)[Vas| | 0.7172£0.0025+0.0035 | 7 (0)[Veq| | 01435+ 0.0018 = 0.0009
- n —2.2278 £0.0864 + 0.0575 | —2.0365 + 0.0807 £ 0.0260
FF(0)[Ves| | 0.7196 + 0.0035 + 0.0041 | £7(0)|Veg] | 0.1420 + 0.0024 + 0.0010
Series.3.Par | —2.3331£0.1587 £ 0.0804 | r; —1.8434 £ 0.2212 £ 0.0690
r 3.4223 +3.9090 £+ 2.4092 | nr, —1.3871 £ 1.4615 + 0.4677
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BESIIl: Dt — KPe'tv,

Preliminary (2015) 2.92 fb~! data @ 3.773 GeV

e K? reconstruction
o Get position of the K in EMC by finding a neutral cluster
o Use the constraint of Uniss = 0 to get momentum of the K}

Candidates for double-tag events D* — K;e*v,

T wlo ke N T g “losKkrr 'g:wDAK‘Jnrm' g DK
: 3 : g e g
H 2 H ] 2 H
2" 3 = 3 3 3
S S o = < S < ‘b‘%
3 3 > S s S
2. £, & § £ £
[ & i @ &
) (3 I3 ) 180 184 158 iy T ‘ms ® by 188 ) ) 18 188 1®
M (GeV/c?) Mo (se@ Mo (GeVIc?) Hog (GoVIc?) He (GoVIc?) Q{ My (Govic?)
o\ 4
%’\ . _ ¥ ol

T o % " T ¢ b [p-oKrrr T D =K Y ID-KKT
% DoKEr T %\mn@ %: U oKKE ¢ S Y ﬂsg;g 2 -

e = = =
19 :
S ° S 4 g e S o
P 3 B 5 7 3 5
@ H H N H 4 H

My (GeVIc) My (GeVIct) Mo (GeVIc?) Mo (GeVIct) Mg (GeVIR) My (GoVict)

e Branching Fraction: B(D" — KPeTv,) = (4.482 £ 0.0274¢a¢ & 0.1035y5)%
o CP asymmetry:

+ 0+
D™ — K/ e v,

Alp = (—0.59 & 0.604a; == 1.484y5)%

No significant CP violation signal is observed from this decay.
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BESIIl: Dt — KPe'tv,

Preliminary (2015) 2.92 fb~! data @ 3.773 GeV

@ Number of doubly tagged events as a function of q2 for six single tag modes

S
% h D'oK o tag 5 o
s " 1% 1<
] ] 3
S <] S
o Wf © ©
s , 3 S
S wf ™ s =
2 . R 2 2
[ Q ) S
s & = 3
w Q w w
K s S
Q, q? (GeV /c%) (GeV /c%)
Q
. .
% o s K ko tag % e ‘F%KSI tag ©
LS * s >
(-3 -3 (-3
1] 0] i ~ (O]
o o o ot ®
S 5 - 5
S . s | =
2 2 = 2
£ . £ | £
3 g H
w w w

@ (GeV/c?) @ (GeVi/c?) @ (GeV¥/c?)

o Analysis these doubly tagged events yields: f{(0)|Vcs| = 0.728-£0.006-:0.011
o V.| =0.975+0.008+0.015+0.025 [with £5(0) = 0.747 £ 0.019 (PRDS82,
114506(2010))].
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Belle:D° — K= (v, 41y,

PRL 97, 061804 (2006) (282 fb~! data collected at 10.58 GeV)

Method: ete™ — D) Do X, D4y — D%,n
e From Dt( ) X7, the Dflg can be reconstructed

@ (56.5 & 0.3¢at & 0.84y5¢) x 10° Mg were found

e D° — K(m)*¢~ 7y are reconstructed with K (7)?
and /~ candidates from the remaining tracks

Results

Channel
Yield

K etv,
1318 £37 7

K- pty,
1249 4+ 37 £ 25

et e
126 £12+3

Tty
106i12i6

@ Branching fractions
< B(D° — K~ %) = (3.45 4 0.07 £+ 0.20)%
< B(D® — 7~ £"v;) = (0.255 4+ 0.019 + 0.016)%

@ Form factors
— 7"+ (0) = 0.695 £ 0.007s¢at 1= 0.0224y5¢
— £7(0) = 0.624 £ 0.020stat & 0.030syst

-, X =x%, 7% or K*

L
1.86

h
1.87

1.88

invariant mass / GeV/c?

W unguenched LQCD (2]
quenched LQCD (3]
ww simple pole model (161

3
q° (GeVZ/c?)
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BaBar:D° — K~ etv,

PRD 76, 052005 (2007) (75 fb—! data collected at 10.58 GeV)

Method: ete™ — ¢€ fragmentation, D** — D%+, D® — K~ eTv,

Opposite Lepton Hemisphere 20000 T : T
Hemisphere K- s(m) = m(D%=t) — m(D%)
Fo e Data b
1 = MC
et 15000 3 Signal .
- b I Peaking c¢ bkg
S 2 Non-peaking c¢ bkg
Ve Thrust > W & BB bkg 1
=
\ S 10000
DO v ~a z
Spectator System L%’
5000
@ Select K—, e™, 7' in the same hemisphere
o Determine D° direction (—pai tracksk— e+ ) .
o Estimate E,, (missing energy in the lepton LS . - +
hemisphere) = L Ea ittt i bt +++5
<
. . . S F t ]
e Constraint fit using D° and D** mass B sb ]
. . . . ~ —_ 0.15 0.2 0.25 0.3
@ Fisher discriminant to reduce BB, cc bkg 8(m) (GeV/cd)
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BaBar:D° — K~ etv,

PRD 76, 052005 (2007) (75 fb—! data collected at 10.58 GeV)

@ 85.3 x 103 selected D° candidates containing 11.3 x 103 background events
@ (76.34+0.3) x 10° D° —+ K~ et v, events are observed

T

2 Sign BABAR
Si .
15000 EA Signal . AR
B Background + FOCUS
- = Lattice-QCD (0, =0.50(4))

(&)

Events /0.2 GeV’
%) /1,00)

f,(q
=

0 05 15 2 0 05

qf((‘le\ﬂ)
o Rp = 5052 1) — 0.927 4 0.007 4 0.012
e Using B(D® — K~77)|ppcos = (3.80 + 0.07)%, BaBar determined

B(D® — K~etv.) = (3.522 + 0.027 + 0.065)%
o K(0) = 0.727 + 0.007 + 0.005 - 0.007
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BABAR: D° — e,

Physical Review D 91, 052022 (2015) 347.2 fb~—! data @ 10.58 GeV

1500

T T - 80000 ' . : . _
o dota peaking 7
) non peaking g
signal = Bevents * * 0.6 * BaBar data A7
. I light + tau 60000 |- * i . 4
2 1000 4 "‘% * — z—expansion
] —~ .
2 g <o 04l -- effective 3” pole ||
< S 40000 { N
2 2 =+
= =2 * 3
2 5 { >
& 500 2
20000 e unfolded spectrum ! 4 0.2 B
— statistical uncertainty '
0 L L . L L
0 1 2 3 % 1 2 3
) 2
¢ (GeV?) q*(GeV?) ¢’ (GeV)*

Q B(D° — 1~ etre) = (0.2770 % 0.006844; = 0.0092,y4; = 0.0037ct)%
@ |Vuy| X 7 p(q? = 0) = 0.1374 % 0.0038,1¢ = 0.0022y; % 0.0009cx;

o Using the most recent LQCD prediction of f7 p(q° = 0) = 0.610 & 0.029
= |[Ve| = 0.206 £ 0.007exp £ 0.0091.qcD

e Assuming |Vei| = |Vus| = 0.2252 £ 0.0009
= £ 5(q° = 0) = 0.610 = 0.020exp =+ 0.005.x;

v
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Semileptonic D — P{*v, Decays

Comparison of B(D — Ketve) and B(D — metve) from all available measurements

@ Branching fractions measured at different experiments

r(K eV Foa

| ——— (3.4£0.5£0.4)% MARK-III
——— (3.82:t0.40:0.27)% BES-II
= (3.45:0.10£0.19)% BELLE
I+ (3.50:0.03:0.04)% CLEO-c
H (3.505:0.0140.033)% BESIII

Preliminary

MK e*v)/ (K )= Pk ")

j——=—{ (3.53:0.27:0.43:0.05)% E691
— (3.49:0.23:0.23:0.05)% CLEO
—=—  (3.80:0.10:0.17:0.05)% CLEO2
[N (3.60:0.03:0.05:0.05)% BaBar
[l (3.55t0.05)% PDG14
ce bl b b b e
3 4 5 6 7

B[D°%- Ke'v] [%]

r(mre )/ T

=y (0.27%0.027%0.016)% BELLE
H (0.288:0.008:0.003)% CLEO-c
H (0.295@:0.0041%0.0026)%
BESIII Preliminary
1= (0.277@0.00680.0092-0.0037)%
BaBar PRD91,052002(2015)
r(we*v) M(K e*v)=rPPeK "e*v)
— (0.35%0.0710.01%0.005)% E691

———=—{0.366:0.138:0.046:0.005)% CLEO

— (0.291+0.021#0.018:0.004)% CLEO2

5] (0.289:0.008)% PDG14

PR TR A P I
0.4 0.6 0.8 1

B[D°- 1Tetv] [%6]

@ The most precise measurements of these decay branching fractions are from

the BESIII experiment.
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Comparison of Form Factors

T T 7T T | T T T 7T { T T T T { T T { T T T 7T | H\‘\H\‘HH‘HH‘HH‘HH‘HH‘HH‘HH
Theory:
HPQCD(2013) - 0.745¢0.011 — 0.666+0.020+0.021 (2011)
anxiv.1305,1462
Fermilab/MILC(2005) |——— 0.73£0.03:0.07 — 0.64+0.03+0.06
+(.; +0.10
0'7570 olal 0'6770.07
Experiment:
CLEO-¢(2009) -+ 0.7390.007£0.005£0.000 = 0.666+0.019+0.004+0.003
Belle(2006) — 0.695£0.007+0.022 — 0.624+0.020+0.030
0.727£0.007£0.005:0.007 0.610+0.017+0.010£0.005
BESIII(2014) M 0.7368+0.0026£0.0036 Il 0.6372+0.0080£0.0045
Based on preliminary results
Il Il Il Il I Il Il Il Il ‘ Il Il Il Il ‘ Il Il ‘ Il Il Il Il I H\‘\H\‘HH‘HH‘HH‘HH‘HH‘HH‘HH
0.6 0.7 0.8 0.9 1 0.6 0.65 0.7 0.75 0.8 0.85 0.9 095 1
D-K
4 (=0 17" (=)

The averages of these four determined form factors are

fP=K(0) = 0.735 £ 0.004 and £P~™(0) = 0.637 + 0.008.

Gang RONG (IHEP)

Semi-Leptonic D Decays

FPCP 2015



Extraction of | V4| and | V|

Both semi-leptonic D — K(rw)e'v, decays and leptonic D(t) — Ty, decays are
often used to extract |V 4| and | V]

@ Semileptonic D° and D Decays

di(D — m(K)etve) X G?
dq? - 247

D—n(K
P Ve PIEL 7T (672

° |Vcd(5)\2\f+D%W(K)(q2)|2 is directly measured by analyzing differential decay rates
o Extract |V.| and |Vs| in conjunction with £27™(0) and £27%(0) calculated
in LQCD

o Current status on extraction of |V.q| and | Vig|
There are many extractions of these quantities:

o Several experiments and some authors extracted | Vcq(s)| used different value of
form factors

o Some recent global analysis of all available measurements of semi-leptonic and
leptonic D decays used updated values of the form factors and other quantities

@ Newly updated decay form factors calculated in LQCD
@ Masses and lifetimes of D mesons and leptons given in PDG2014
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|Vey| and | V.| extracted by original authors

H 1.013¢0.040£0.013
.230+0,011 PDG15(9)
gDHS,CCFR,CHARMII,CH%R S - 0975:0,026:0021 Belle
| —| 1.041+0.033+0.032 BaBar
9 2210+0 0058+0.0047  BESHI(D * - p*v)
rted at Charm2012
PRD89(2014)051104
1.093:0.069:0.020 CLEO-o(Tr'v)
0.223+0,010+0.004 HPQCD Calculation .
H PRDB6(2012)054510,CLEC-C(D ' ~u"), 0993:0.044:0024  CLEO-c(e *w)
Based on CLEO-c measured B[D — ]
1.014£0052£0.022 CLEO-c(p'V)
0,006+0.010 HPQCD Calcu\allon -
H PRD84 2011151145?5 CLEOCD ~Tretv) — 0.965:0.034:0.049 BaBar((e/ V)
Based on CLEO: al
— 1.030£0.019:0.030 Belle((e/ W V)
4 average(D | -1"v)
H BESIII Preliminary(D Darre’v)
(| Q%ﬂ%ﬁ%ﬁ HPQCD Calculation
i 0.206+0.007+0.009 PRD91,052022(2015) ( 506,CLEO-c&BaBar
Y - BESIII Preliminary
\\‘\\\\‘\\\\‘\\\\‘\\\\‘ L1 Il ‘\\\‘\\\‘
02 03 04 05 06 07 1 1.2 14 1.6
v | IV
cd cs

The BESIII used the leptonic Dt — pv,, decays to extract | Vg| for the first time,
and precision of the | V| is higher than the PDG2014 average from v interactions.
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| V| and | V| extracted by HFAG-charm 2014

Presented at CKM2014, Sep., 2014

By averaging measurements of (semi-)leptonic D and D decays, the HFAG ex-
tracted the values of |V 4| and | V|, and presented these at the CKM2014.

% T @

August 2014 August 2014
D— v [T 0.219 + 0.005 + 0.003 Ds — fug H—e—H  1.008 +0.018 £ 0.011
D — nly, HeH 0.214 + 0,003 + 0.009 D— Kby,  F—ted—i 0.975 + 0.007 + 0.025
Average Average
o m%,i - 0.219 £ 0.006 D lfw ~ kaw, HEH 0.998 + 0.020
vN —e— 0.230 £0.011 T 0T o1
~Indirect ' 0.22537+500%%8 Hindirect . 0.973305100000%5 |

| |
0.15 0.2 0.25 0.3 08 09 09 1 1.05 1.1 115
| Vea |Ves|
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|Vea| and | V| extracted by analyzing all available data

Semi-leptonic D decays, Eur.Phys.J.C (2015)75:10; ; Phys.Lett.B743, 315 (2015)

@ Global analysis of all available experimental results on semileptonic D decays

0.8 [ ‘ ‘ : ‘

a3 T
o 08 D’ - Ke'v,, Kp'y, o D - me'v,
> L e ] > 02 ‘ B —& CLEO-II
— 075 — -B- E687 71
[ - ‘ | + ‘ —6- CLEO-I & [ — 1 o rgoun
=)} 21z, 7 T L Vel 4 o Y ) & Markli
> g >~ L 5ot 4 A
X+ td ‘ ‘ ~=- BES-Il P 06 & T Ao -5 BESHI
e L oes = BaBar | L = BESHIl i
—e— CLEO-c = BaBar
- Belle oo 4 —e— CLEOc oA
& Belle P
o
n

o8 FOCUS
151 - > I

L L o -

D' - Rew, 1l /4‘ 0.4 D' - ey, "
3 v BESHI ) q L 1 ]

—— CLEO-I 9 | i |
o CLEO-c b A L |
1 Rt cally a L + 4

0.5 Lt | | |
0 0.5 1 1.5 2

o (GeV?/ch) ? (GeV?/ch)

@ X(0)| V| = 0.717 £ 0.004, with £/(0) = 0.745 4 0.011 (arXiv:1305.1462)
= | V|PKe"ve = 0.962 + 0.005 + 0.014

@ f7(0)|Vey| = 0.1428 4 0.0019739%19,  with £7(0) = 0.666 + 0.020 + 0.021
(PRD84,114505(2011)
= | Veq|P7me ve = 0.21447330%8 -+ 0.0093
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Comparisons of | V| and | V|

PDG2014, HFAG-charm, Global analysis of all available measurements

Gobalanaysis  [mf 0215700045 g'°b§' anayss = osm=zoon
R — Ke'v, & DI I'v
PLB743, 315(2015) EPUCTS, 10(2015)
HFAG-charm’2014 HFAG-charm’2014 |—A—|
0o e 8D oy A 021940.008 (D Ke'v, & D! I'y) 0.998 + 0.020
) DELPHI at LEP-2
zgﬁwtze?;c?ion) 0.230£0.011 (W= c8) 0.949%4 013
026 T

PDG'2014 PDG'2014

2251 0. .986+ 0.01
(D—> me'v, & v interaction) |_D_| 0.225+0.008 (D= Ke'v, & Dis ') _D_| 0.986+0.016

Global fit in the SM * 0.22522 +0.00061 Global fit in the SM U 0.97343+0.00015

0.16 0.18 0.2 0.22 024 0.26 028092 094 09 098 1 1.02
IV | IvV_|
cd cs

The |V| = 0.2157 + 0.0045 from global analysis deviates from the |V.4| =
0.22522 4+ 0.00061 obtained from the SM global fit by 2.1 standard deviation.
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Test the consistency of the SM

Test the unitarity of the CKM matrix, and the lattice approach to the charm sector

Using the most up-to-date values for |V4| and | V|, one can test the consistency
of the SM:

° |Vcd(s)|Measured/| Vcd(s)|SMFit =17 " o y, ) " :-% g_
o Check unitarity of CKM matrix I e e
@ First column -:§ | SH %5
[Vaa? + [Veal? + [Vl =1 2 =< | =< :
@ Second column
|Vus|2 + |Vcs|2 + |Vts|2 =17
© Second row
[Veal? + |Ves|* + Ve[ =1 7 oo, 5o 1acD BB DoCOF

If any one significantly deviate from 1, it may indicate some NP involved in decays.

Another way to check the consistency of the SM:
e Comparing [meI(K)(O)/fD?)]LQCD and [mDﬂ:r(K)(0)/7’[,(+)]EXP to check:

@ the consistency of the SM
@ the LQCD approach to charm sector
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The most up-to-date test of the CKM-matrix Unitarity

T T
° ‘U\jmf 0.2157 40,0045 |\/ | 1st column v fHV v
ol = © : 1 Ves| = EPIC (20157510 |+ 0.996£0.002
0.983 + 0.011 [EPJC(2015)75:10; 00080008
PLB743,315(2015)] extracted from D S
decays 2nd column IV I HV +|V‘S|
PLaras aibpoig 1 10186:00216
@ Plus using PDG2014 values: 1.025:0.032
Q |Vig| =(8.4406) x 1073 2nd row IV HV PV P
Q |Vo| =(411£1.3) x 1073 EPJC (2015)75:10  |f——e——] 1.015£0.022
@ |Vis| = 0.2253 + 0.0008 1.024:0.082
@ |Vu| = 0.97425 + 0.00022 T Y SR
0.95 1 1.0 11

@ |Vis| = (40.0+£2.7) x 1073

Results of the most up-to-date test

@ The most up-to-date test of the first column unitarity from experiments be-
comes | V4|2 + |Ved|? + | Via|? — 1 = —0.004 £ 0.002, which differ from unity
by 20, improving on PDG'2014 value 0.000 & 0.004.

@ Also giving more stringent test of the unitarity for the 2nd column and 2nd
row than these given in PDG2014.
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Theoretical and experimental ratio f ( )/fD+

Test LQCD Approach to Charm Sector or Check the Consistency of Standard Model;
PRD86,054510(2012); EPJC(2015)75:10; PLB743, 315(2015)

e Two ratios: [f7(0)/fp+]“QCP and [f7(0)/fp-]FXF
@ The two ratios from D — meTv. and DT — £Tv, are in excellent agreement
© = LQCD approach to charm sector is excellent

T T T
PRDS86,054510(2012): D—metv,D"—ptv
LQCD | — 3.20+0.15 LOCD | — 5.85+0.26
3.1940.18 5.81%0.17
Phys.Lett.B743,315(2015): D— Ke*v,Di—I*v
LOCD P 3.13+0.14 LOCD — 5.889+0.093
3.110.09 5.604£0.096
L L L L L L L L
2.6 2.8 3 3.2 3.4 3.6 5 5.5 a0, 8 6.5
[E270)/ ] (GeV™) [m_ £7[0VfF |1
D D Dy

o Two dimensionless ratios: [mp, f”(K (0)/fp : ]LQCD and [mp, Tr( (0)/f ]EXP

© These two ratios are in excellent agreement for D — metve and DT — Ty,
@ These two ratios from D — Ke've and D} — ¢Tv, decays differ by 2.10
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@ In the last few years, precise measurements of semi-leptonic D — w(K){T v,
decays made precision test of form factors calculated in LQCD

@ D — K* F.F. ratio: ry = 1.449 4+ 0.030; r» = 0.797 £ 0.024 (BaBar, BESIII)
Q Arv/rv ~2.1%, Ary/r ~ 3.0% (Experiment)

@ P7X(0) = 0.735 4+ 0.004 (CLEO-c, BaBar, Belle, BESIII)
Q@ fP~™(0) = 0.637 + 0.008 (CLEO-c, BaBar, Belle, BESIII)
Q [AFPTR(0)/F (0] Y~ 0.8%;  [AFPTT(0)/FPTT(0)]FET  ~1.3%
Q [AFP7R(0)/FP7H(0)]" P ~ 1.5%;  [AFP77(0)/£P 7T (0)]"CP ~ 4.5%

@ All available measurements of (semi-)leptonic D and D} decays together with
recent LQCD calculations of FF and fD(+) yields precise extractions of |Viq(s)l

@ Globally analyzing all measurements of (semi-)leptonic D decays yields the most
precise value:
|Vea| = 0.2157 4+ 0.0045 (A|Vad|/|Ved| = 2.1%)
© PDG2014 value: | V.| = 0.225 +0.008
© Globally analyzing all measurements of (semi-)leptonic D and D; decays yields
the most precise value:
|Ves| = 0.983 + 0.011 (A|Vas|/| Ves| = 1.1%)
© PDG2014 value: |V.| = 0.986 4+ 0.016
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@ Using the recently extracted |V.4| and |V | together with other CKM-matrix
elements from PDG'2014, the most up-to-date test of the first column unitarity
becomes |Vyq|? + |Veal? + [Via|?> — 1 = —0.004 + 0.002 (20 difference)

o |V g[Measured /| |SMFit _ 1 — _0 0423 + 0.0205 (2.1o deference)
e Ratio [mD(+) f’T(K)(O)/fD(Jr)]LQCD or EXP

Q [mp+ T (0)/fp+]“9CP = 5.85 + 0.26 (PRD84,114505(2011), PRD90,074509(2014) )

Q [mD+ ff(O)/fDJr]EXP =5.81£0.17 (Based on all available measurements,PLB?15(2015))

© These two ratios from D — meTve and DT — £T1v, decays are in excellent
agreement, indicating that LQCD Approach to Charm Sector is excellent.

Q@ [mp: F(0)/ £ 1“?°P = 5.889 4 0.093
Q [mp: FI(0)/ 517X = 5.604 £ 0.096
@ These two ratios from D — Ke*ve and D" — ("1, decays are 2.10 difference

Need more charm data and higher-precision LQCD calculations of ff(K)(O) and fD(+)

to reduce these uncertainties, and to more precisely validate LQCD calculations of
these quantities, as well as to more stringently test the unitarity.

Thank you very much for your-attention!
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Dt — K*¢ty,

Measurements of non-parametric Form Factors at the CLEO-c and BES-III

DT — K9Vt yp,
+ o0+
D" —K7u"v,

4 N where |LA]? is the decay intensity, K is the K~ 77 mo-
“KP{P mentum in the D rest frame, P* is the momentum of the

T T kaon inthe K~ 77 rest frame, and |1';(| is the momentum of
dL‘(}SH, dmsg\-‘dqu"dHih 256#‘”!})\/@7}”'{_ the £* in the €* p rest frame. Upon integration over y, the

differential decay width is proportional to:

& _ [A

(1 + coste) sindy )2 | H L (g2 812
2 2 . 2 21 al2 2 5
g d g +((1 — cosOp) sinfy )2 |H_(g°)I?| BI* . 1812, 5 M3
f“" Ax 8 +(25in0¢ costy PIHo(?PIB1P g T mdp
+8sin® @y costly Hy (g2 (g7 ) RefAe ™" g}

(sinf¢ sinfly | H. (g°)7 + (sinf¢ sinéy )’ |H_(g*)]?
X +(2 costly costy )| Hylg?)?
+(2costy PIH(g)|? + 8costecos? By Hylg? ) H,(g%)
5 helicity basis form factors: H,(g?), H_(g?), Ho(g?), H:(g9?), ho(a?)Hq(g?)

H.(q?) is helicity suppressed by a factor of m?/q? H.(q%)=0for D* = K%"v, decays,
while the semimuonic decays are sensitive to the magnitude of the H,(q?) form factor

hy(g?)Hy(g?) describing a non-resonance, s-wave D* >K-n* e*v, contribution
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CLEO-c: D — K 7™l

Physical Review D 81, 112001 (2010) 818 pb~! data @ 3.773 GeV

Measurement of non-parametric Form Factor Products

2F(a) 1 @ T

x‘o,;: 1] “Eé‘ﬂ%ﬁ@% -&$1_Llr_—|-

:Ig“ %" : i‘g{%{;u @ Model-independent extraction of 6

7 ot 160 | helicity-basis form-factor products:
e b e°Hi (9%, °H2(d%). 4°H3(d°).
. q? (GeVZK/c‘) . o qZ(GeVT/c‘) .‘ q2 ho(qZ)Hg(q2)’ q2 H?(q2)’
WO [ q°H3(a%)He(q?)

N § } o S

:ﬁosw :IU%) ‘T f} e FOCUS projective weighting tech-
P ° 3 nique is used [PLB 633, 183(2006)]

D pGeviey " “¢cevey e Using decay-angle distributions to

g% © % ] 2'(f) AR IR separate contributions of FFs
Te G

ff; EZ @L M :é’; - I o] @ solid curves:

Tl % TR ‘ ?% i SPD (spectroscopic pole dominance)
S4E 7 : model for dominant FFs.

0 02 04 06 08 1 “0o 02 o4 0.8 1

2 (GeV?/ct) q?(GeV?/ct)
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BESIIl: Dt — K- ntet v,

non-parametric Form Factors — Preliminary (2015) 2.92 fb~—! data @ 3.773 GeV

non-parametric measurements of g°> dependence of helicity-basis FFs

H(q)

. (C) a2 Hy(@) o (d) A, 02 Hld®) hy()
L z

o+ & {

e

TR

Normalization:

*J_ru% a*|Ho(gDI* = 1asq? = 0
of 1 (see plot (c))

Model-independent extraction of
5 helicity-basis form factors

Similar technique as the one
[FOCUS, PLB633,183(2006)]
used at CLEO-c

Red dots:

BESIII model-independent mea-
surement

Black dots:

CLEO-c model-independent
measurement

Good agreement with SPD

model (blue line) for dominant
FFs.

Note: In (d) As = Ae™"® with A =0.33 and § = 39°
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Semi-leptonic D Decays

Comparison of measured Form Factors with those calculated in LQCD

BES]]I Comparisons of Form Factors

Fermilib Lattice, MILC and HPQCD, PRL94 (2005) 011601
Fermilib Lattice and MILC, PRDS0 (2009) 034026
NV

% 5
Z 1.5 -~ [ LD akisa Y3 (o
. [ LD st exrex ) | |[C]LQeD st amer
[ LD st v Lines represent [TILAD s emer
1 LQCD fits to the 2 - [ * D=

BK model,
14 PLB478 (2000)417
1
1 D'2> ety
)
05 Il o
0 2 2 3
of (GeViiet) . of (Geviic!)
2s . ; : ) . ‘ e
2 D= K-e'v, E

"D Kletv,

1(g)

o
o
T

paaa il

. : . . CLEO-c

q* (GeV?) q° (GeV?)
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D — n(K)e*v, FF paramet

available measurements
Semi-leptonic D decays, Eur.Phys.J.C (2015)75:10; Phys.Lett.B743, 315 (20

rs determined with all

D — metuv, D — Ketv,

(@) @)
Theary 2.01026+0.00007 >’< Theory 2.1121+0.0004 ¥
Experiment }—-—( 1.905:0.016. Experiment |_-_| 1.808 +0.011

184 186 1.8 19 192 194 196 198 2 2,02 1.85 1.9 1.95 2 Z.05 EX]
m,y, (GeV/c?) Moo (GeV/c?)
Theory 134 () ()
Experiment 0.252+0,044 Theer e
Laco 0.44:0.04 Expariment]e| oserro.021
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Fig. 4. Comparisons of the form facter parameters determined from experimental
measurements and the theoretical expectations: (a) the pole mass my. in single

pole model, (b) @ in the BK model, and (c) r in the ISGW2 model.
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Extractions of | V4| and | V| from Leptonic Dy, decays

@ Leptonic D* and D Decays

V
C cd(s) N |+
D" W
©)
d (@) v
GZ 2 2
4 + \_ GF L 2 2
F(Dy = Fve) = o (1 mD(>> fD(.s)\Vcd(s)|

o Directly determined f, D+ |

Vea(s)|” with B(D(J;) — £*v,) which were measured at
different experiments
o Gp, mpy, me, and lifetime of the meson are taken from PDG2014
o Input fip+ = (212.6:0.4719) MeV [PRD90,074509(2014)] and f,: = (249.0+
0.3771) MeV [PDR90,074509(2014)]
o Extract |V| and | V|
o The BESIII measured |Vc4| = 0.2210 £ 0.0058 £ 0.0047 with D" — ptw,
decays for the first time in 2014 (First reported at Charm2012)

@ Several extractions of |V | from D(Jg) — £Tv, decays are avariable
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|Vea| and | V| extracted by analyzing all available data

Leptonic D(':) decays, Eur.Phys.J.C (2015)75:10; Phys.Lett.B743, 315 (2015)

@ Global fit to all experimental data of leptonic DI decays

BES-| (15, 2% L3 (7.4:2.852.4)%
BEATRICE
0.23:0.06:0.04 QPAL  (7.0:2.1:20)%
—o—  ALEPH (068:0.11:0.18)% —
—————fo————ALEPH (5.70:0.77:184)%
CLEO-c  (0:565:0.045:0017)% - CLEO-Il  0.173:0023:0035
-t CLEO-c (5.58+0.33£0.13)%
- BaBar (0.602+0.038+0.034)%
£0.35:0.49)9
re— BaBar  0.143:0.018:0.006 I BaBar  (5.00:0.35:0.49)%
o] Belle (0.531£0.028+0.020)% 41 Belle (57000210
T P R IR T Y R T N I B
0.5 1 15 2 25 0.1 0.2 0.3 0.4 4 6 8 10 12
B(D -1V, (%) R =B(D, - H'v,)/ B(D, - @) B(D; ~T,) (%)

o fp:|Ves| = (252.0 £ 3.7 £ 1.8) MeV, with fp: = (249.0 £ 0.377}) MeV
(PRD90, 074509(2014))
= | V|25 =7 = 1.012 £ 0.015 + 0.009

e Use B(D™ — u'v,) = (3.74+0.17) x 10~* measured at CLEO-c and BESIII
fo+|Ved| = (45.92 £ 1.04 £ 0.15) MeV, with fpr = (212.6 + 0.4719) MeV
(PRD90, 074509(2014))
= |Vy|P"=H i = 0.2160 £ 0.0049 £ 0.0014
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B(DSy — *vy) and f,

(s D* ‘ Vcd
See original publications and arXiv.1411.3868

4] B(D(J;) — £+l/g) and 2 + |Vcd(s |

Table 2: Summary of decay branching fractions B(D — ptw,), B(DS — rtv;) and
branching ratio R = B(D} — p*w,)/B(Df — ¢nt) measured at different experiments.

Experiment B(DF — ptu,) (%) Note
BES-I [8] L5 %133 D
ALEPH [9] 0.68=0.11£0.18 D
CLEO-c [10] 0.565 + 0.045 + 0.017 P
BaBar [11] 0,602+ 0,038 + 0.034 P
Belle [3] 0531 £ 0.028 £ 0.020 P
Experiment Ry B(DI — ptv,) (%) R
BEATRICE [12] 0.23+ 0.06 + 0.04 1.04+0.27+0.18+0.09 R
CLEO-TI [13] 0473+ 0.023=0.035  0.770+0.104 + 0.158 + 0,069 R
BaBar [14] 0,143+ 0.018=0.006  0.644+0.081 £0.027£0057 R
Experiment B(DF = ur) (%)

L3 [15] TA£28+24 D
OPAL [16] 70£21=20 D
ALEPH [9] 579+ 077+ 181 D
CLEO-c [17] 558+0.33+0.13 P
BaBar [11] 5,00+ 0.35 + 0.49 P
Belle [3] 5.70 £0.214038 P

Table 3: fD*l"cs‘ and fo determined by fitting different decay branching fractions in
groups of DPR, DP and P shown in Table 2.

Group of B(DF — [*v.) DPR DP P
T Veal 2520+37£18[7 2507£38+18 2502+38+ 18
T 258,04 4.2 [7] 2575443 257.0% 4.3

o fp:|Ves| = (250.7 + 3.8 £ 1.8) MeV from "DP” fit
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