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BEPCII collider
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D? and D* samples used at BESII |

2.93 fb-! data were taken DD and D*D- are

around 3.773 GeV produced in pair at y(3770)

Singly tagged D° and D- mesons are reconstructed
by hadron decays with large branching fraction and
less combinatorial backgrounds

At the recoil side of singly tagged D° and D- mesons,
leptonic and semi-leptonic decays can be studied



f* (m(02) and [V )| from DO>K(m)etv
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Recently improved LQCD calculations on f,P?K®(0) [1.7(4.4)%)]
provide good chance to precisely measure the CKM matrix
element [V 44|, which are important for the unitarity test of the
CKM matrix and search for NP beyond the SM



Form factors from D=>Ve*v
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T = %Xﬁf( .G, 0k, B, x)dm?dg” d cos(8y)d cos(8.)dx

@ X = pr.mp, Prr 18 the momentum of the K7 system in the ) rest frame

A =2p*/m, p* is the breakup momentum of the K7 system in its rest frame
@ 7 can be expreaaed in terms of helicity amplitudes Hp, :|:
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Determine FFs in D->Ve*v and understand nature of resonance V ,



Previous measurements of f,°>X®(0)|V )

During the past 26 years, studies of D>K(n)l*v are made by MARKIII, E691,
CLEO, CLEOII, BESII, FOCUS, BELLE, Babar and CLEO-c
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Previous analyses of D> VI'v

The most precise amplitude analyses of D->K*l*v and pe*v have been made
by CLEOII, FOCUS, Babar and CLEO-c

m D*2>Krtt*y, CLEO-c, 818 pblaty” = D*2>K-rtetv, Babar, 347.5 fb1@Y(4S)

P ] 2f (D ; ; ;
s o9l I =S T WSS e O e 1 10 X10 X10
o6 |- . oF * El T ] T T T L B e e
o | ' ] = |k E 1 )
oz . % E = F E ar 1
D’D = . E
2 =
= o
-2
Lt e ]

oH(g)
oM @)

o~

0.2 oA o6 o.8 1 = 0.z o o o.8
gQ® (GeVa/c*) g (GeWV7/c?)
- 10

entries / 0.1

ntries f 0.0765 GeV*
e

i
2
()
(UL Ll L LU UL
Ib-D—
_r

entries f 0.0625 GeV/ ¢

L S 5 55 sk &= o
a= (GeVv/c*) a® (GeWV/c*) g 2 1 1
B B e T R E & B T T R r
e ) ) + E
- 1B = sk . ]
T el g g = SECNE S n = e B B B
= P ! ™ = iE E 0 05 1 15 2 0 2 1050 051  ~1-050 051 08 1121416
0'5-][ = aF E L —— 1 L——— L ———
o s . :
5 o= ¥

2 o4 XY oL _a oe o.a
q® (GeV=/c*) g® (GeWV=/c?) 103 105

1 ’ o * + 105 105
PRD81(2010)112001 § Mgt Wﬁ fﬂ%w 1

085 + 085

] Depe-'-v, CL EO-C, 818 pb-l at \l[” o os 115 Yo 0 2 Yresoos1 Prosoo0s1 081121416

2 (GeV?) ¥ (radians) cost, cosf, my, (GeVich)

PRD83(2011)072001
£ Previously, no amplitude analysis

: ” was performed for D*>we*v and
i R AN EY the one for DO>K*e*v is still
=0 i limited due to low statistics

I L T L it L L LT

PRL110(2013)131802



Previous studies of D.*=>(P,V)l*v

Recent studies of D_.*>(P,V)l*v
are made by Babar and CLEO-c

Compared to D°*) decays, D.*
SL decay studies are limited
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Extracted Parameters of Form Factors
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Analysis of D*=>KO%*v and rle*v
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Extracted Parameters of Form Factors
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Comparisons of BFs and FFs
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Analysis of D*>K?° etv

» Regardless of long flight distance, K°_ B(D*—)ROLeW) =(4.482+0.027+0.103)%
interact with EMC and deposit part of

energy, thus giving position information
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Absolute BF for D*=>K?O%tv via KO>rt0x0
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PWA analysis of D*>K-rt*e*v
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r, = A,(0)/A, (0) = 0.788 + 0.042 + 0.008

Model independent form factors
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Study of D*->we*v and search for D*>¢e*v

PRD92(2015)071101R
2 - 2 22F
S 100, D*>we*v = 2 D*->¢e*v
5 8 = 1E
= N k= 14F
g 60 g 12t
I} C w 1E
40 08F
i . L] T 06E
200 1 A7 N, 04F
B 7;; 7 .3‘»»55/{-":—.6r i ;A,E —'/7»3.:“;5.5:7;';1%.:— 0.2 E_ N R R N B B
—%.2 -0.1 0 0.1 0.2 0.3 0.4 —00.2 -0.1 0 0.1 0z 0.3 0.4
U/GeV UiGeV
B[D*-> e*v]=(1.63+0.11+0.08)x103 B[D*>de*v]<1.3x10° at 90% C.L.
QBetter precision or sensitivity
R {  Amplitude analysis of
uf o D*> e’V is performed
100F eo;— 405__'_|—'_'_|—|_|_ . .
< : for the first time
%-5 0.%5 0.I6 0 [I35 07 OE]E 0?2 OI4 Olﬁ 0I8 ; 1I2 14 01 —OI.5 E] OIS 1
' (GeV'/c') FGeVich cose,
EE R
wu ry=V(0)/A,(0)=1.24+0.09+0.06
405__|_-—-—|_|—|_l_
0 2;’ G r,=A,(0)/A,(0)=1.06+0.15+0.05
-1 -0.5 0 05 1 -3 -2 -1 0 1 2 3 20



Status of D "> 1"v studies

D* leptonic decays open a window to access the
CKM matrix [V ¢, and the D* i decay constants

Vcd(s) +
C | |
D+ N W+
(s)
d (s) \Y
2 ¢2 2
(Dt 1) GFfDT X 22 m;
(D, — £Tyy) = | Vearsy|“mymp+ | 1 —
(s) 8w (s) (9 m2.
()
Experiments Femilab Lattice+MILC (2014) HPQCD (2012)
Averaged Expected A Expected A
fo.(MeV) | 203.9+4.7 | 212.6+0.4%10 , 180 | 2083134 | 08s | ® The experimentally
foo(MeV) |  256.9+4.4 | 249.0+0.3%11 176 | 246.0£3.6 14 | Measured and the
fofor | 1.26040.036 | 1.171240.0010002 | 255 | 1.187+0.013 | 1.9 | theoretical expected

.. _ fosr Tpss fpaifpss differ
= Precisions of the LQCD calculations of fg,, fp..., by about 26
fo.ifps reach 0.5%, 0.5% and 0.3%, which are

challenging the experiments =



Number of Events

B[D*>pu*v], f,, and |V_ | at 3.773 GeV

ete=2>y(3770)>D*D- 2.93fb1data PRD89(2014)051104R
_ b L e [ata .
o @ . (D_le,r 1000} (ELKSK- ] 0'e 0 409421 signals
| I |-
20000 | 1 ol 1s0r ] i -Othede:acays
A3l r i I 1on-DT processes N »
'“' . !!&! 3 n 102:— — S _d!!‘_."'"' .
@ " e L aow () . " rs
4000 D-2>K*K-n~ b D->K*'mrn® 0 gl ] m B i i
1 10000F 1 300F i : o = !
2000 - i i __ S0 1 i ] 2000%, D> rnnt E : E 1 0 g_
T PN P g F
ot TN TS\ S iy 2 .
. 100001 . i
10000 _ e _D!E)K*n'rrr : (I) 1 E_l
1 1s00F i F
5000 1 1000} ] . =
| N = : 10"
182 184 1% L8 L8 LM 186 188 152 184 186 1% 02 0 0.2 0.4 0.6
My, [GeV/e!] Miliss [GeV2/c4]

N, =(170.31+0.34) x10*

B[D*>utv]=(3.71+0.19+0.06) X 10

Input ty,, mp,, m,, on PDG and
;rr‘]f’j“'i/tDrngkrl\r/‘ﬁ}?QeF;DG | | | | LQCD calculated f,,=207+4
cd MeV[PRL100(2008)062002]

f,,=(203.245.3%1.8) MeV IV [=0.2210:0.0058::0.0047
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Events | { 0.001 GeV}

Events | {0.001 GeV)

B[D.,t=2>1*v] and f., at 4.009 GeV

482 pb! data

15127 + 312 D,
events in total

Events /{10,001 GaV}
Everts /{0,001 GV}

Mode Niag

KsK~ 1065 + 39
KTK—m~ 5172 4+ 114
KTK rnr 1900 £ 140
KK+ m—m~ 576 + 48
T T 1606 £ 139
T 814 £+ 52
T T 2172 £ 150
mn'(n = 7tr ) 440 £ 39
] TTmTy) 1383 4 143

H-DWQ HH O QO Q O o
i
_|_
|
1
I

Mg signal: (1.962, 1.982) GeV
Mg sideband: (1.946, 1.956)
and (1.986, 2.000) GeV

Events / | LO01 GaV)
Events | { L0017 GaV)
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Events / ( 0.01 (GeV/c?F)

16

14

12

10}

M

S vhow

fps+ Pased on SM-constrained fits

o 2
vecsignalregion 1 ‘non-D,* bkg s W (1 ) gr) 976
- (@) | 1 T s (1 - i’z—)
- I _ ng_
- + |4 | Ds*bkg Constrained fits give 69.3+9.3 D> ptv
v T . E signals or 32.5+4.3 D,*>1*v signals
I ]
Tl B[D."2>utv]=(0.49510.06710.026)%
: T 1 after considering 1% yutv final state
444 LT
shagp! B[D.*2>1"v]=(4.83%0.65+0.26)%
I
- ##':,.j These are consistent with results without
e SM-constrained fit
: || ’/l Taking Gg, m,, Mg, and [V |=|V,4| and B
= | PelidE as input, we determine decay constant
=T AR ANTRARE
15 615" 0.2 f...=(241.0+16.3+6.6) MeV

MM ((GeV/c?Y)

Precise measurements of |V | and fy,, are hopefully to
be done with 3 fb-! data at 4.18 GeV in the near future. 24



Comparisons of |V )|

lculated f,
= Method 1 BIDyy ' DIV] | e M
Input fP>K®_(0) of LQCD
= Method 2 fD%K(n)+(O)|VCS(d)| ﬁ VCS(d)

Method:D ! —u*v H

0.230+0.011 PDG2014 (VV)
- 1.009+0.040+0.020 CLEO—c

CDHS, CCFR, CHARMII , CHORUS

L]
—r—

"‘I 0.22340.01010.004 HPQCD Calculation
PRDS86 (2012) 054510, CLEO—c (D T—ut*w)

Method:D }—1ttv

H 0.225+0.006+0.010 HPQOCD Calculation
—=— 1.015+0.030+0.018 CLEO—c PRDS84 (2011) 114505, CLEO—c (D —>Te*v)
-
: H 0.2210+0.0058+0.0047 BESIII(D*—u*v)
PRDE9 (2014) 051104 (CHARM2012)
D*+t—1%
= average (D ) H BESTTIT (D°—m etv)
0.2155+0.0027+0.0095

Method:D —>Ketw PRD92 (2015) 072012

F—— g%‘é%ot-gyﬁoigﬁt HeocD iai 0.206:0.007-0.009
Based on CLEO—c&BaBar " E%nggoﬂﬁ 625‘2'%22
o 0.9601+0.033+0.0244 Lo v b v v b v b v v by
ESIII,PRD9L (2015) Q72012
! BESLIT FRDOIP (2015) Q7204 0.2 03 04 05 06 0.7
1 1.2

|V |Vcd|

Method 2 suffers larger theoretical uncertainty in f,P2X®@(0) [1.7(4.4)%]

cs



Summary

» Precise measurements of D semi-leptonic
decay branching fractions, form factors and
Vsl have been extracted recently based on
2.93 fb-! data at y(3770) by BESIII

> 3 fb! data at 4.18 GeV is almost in hand,
more results on D.* leptonic and semi-leptonic
decays are expected in the near future

» Further improved calculations on FFs of
D->K(m)I*v will helpful to improve [V )|
measurements

26



Thank you!



