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Main physics goals
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4. Search for new semileptonic decays



Samples of D%*) and D_* at BESIII
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Single tag D°*) at BESIII
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Single tag D.* at BESIII
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Events /0.01 GeV?

Measurement of D*=>l+v
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Search for D*=>tt*v
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Fitting to DATA
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Previous measurements of D_.*>I*v

In the past 30 years, D.*=>1*v has been studied by WA75, CLEOII, E653, BESI,
L3, OPAL, ALPHA, CLEO-c, BELLE, Babar
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Measurement of D_*>|*v
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Previous measurements of D>K(n)l*v

In the past 30 years, studies of D2>K(n)l*v were made by MARKIII, E691,
CLEO, CLEOII, BESII, FOCUS, BELLE, Babar and CLEO-c
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Progress in LQCD calculations

Taking from Aida X. El-Khadra’s talk at Beauty2014

errors (in %) comparison: FLAG-2 averages vs. new results
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Analysis of D95 K(r)-et*v
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Analysis of D*>K(rn)%*v

PRD96(2017)012002
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Comparisons of fP>X{x (0)
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Measurements of |V 4|
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Test of LFU in D)5 xl*v decays
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Observation of D>Se*v

= Explore the nontrivial internal structure of light hadron mesons,
traditional qQ states, tetra quark system.

= With chiral unitarity approach in the coupled channels, BF is predicted to
be order of 5(6)x10-° for D°*) decays

= Improve understanding of
classification of light scalar
mesons
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Form factors of D> Ve*v

Decay rate depend on
GE|Vss|?

d°T =

(4?r}5m?DX'3I(“ " ity Ydm dg d cos(fk )d cos(f.)d

@ X = px«mp, pxk« is the momentum of the K system in the D rest frame

@ 5 =2p%/m, p* is the breakup momentum of the K« system in its rest frame
@ 7T can be expressad in terms of helicity amplitudes Hp, :|:

Hul:qj} =S W [(mﬂ H"F = {}‘j}[tﬂp -+ m}ﬂ-_[_'q"] — m -H'ri' “l: q 1J]
H=(q") = (mp + m)AL(q”) F mﬂi"f,f V(g*)
@ Vertor form factor: V(g”) = l:;—jlj,'g.—: or: FF ratie ry = V(0)/A;1(0)
f— [ mE.' :
' . Ay (D) 2 A+ (0] - -
@ Axial-vector form factor:A;(g°) = mlg?]ﬁ- 2(q°) = m; or: FF ratio r, = A,(0)/A:(0)
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PWA of D*>K-—rtetv

PRD94(2015)032001 Model independent S-wave phase measurement
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Study of D*->we*v and search for D*->¢et*v

PRD92(2015)071101(RC)
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Better precision or sensitivity
R ‘rH  Amplitude analysis of
i v D*>wetv is performed
100 60;_ 405__'_|—'_'_|—|_|_ . .
< : for the first time
%-5 OE]E 072 OI4 OIB OIS % 1I2 14 01 —OI.5 E] OIS 1
F(Gevieh cosé,
W‘ﬁi r,=V(0)/A,(0)=1.24+0.09+0.06
_ jg:_l_-——|_l—|_l_
i i i r,=A,(0)/A,(0)=1.06+£0.15£0.05
s 3 R R R 21



Studies of D,*>K("%*v at 4.178 GeV

0 BES]| D+ K0e*| BESIII D, >K*o%e"},
- . . - 40 — . .
2 [|preliminary Nobs=117.2+13.9 £ pyeliminary Nobs=155.0+17.2
8 20} S 30}
g Fit background |f 1 2
%' via inclusive MC 3.2fb data@4-1.§829
E 10— E
& Data M _ e 10
sidebang ] 1
LI R T S T g b e
-0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2
MM? (GeVZ/c?) MM? (GeVZc?)
B[DS+9 K°e+ve ] =(3.25i0.38stati0.14syst)x 103 B[DS"% K*°e+ve ]=(2.38i0.265tati0.125yst)x 103
(3.9i0.9)><10'3 [PDG17] (1.8i0.4)><10'3 [PDG17]
Four dimensional un-binned likelihood
e fit is performed. K* paramters are fixed
‘Is; Né':ﬂ‘!)_ / ;5: - | ]l = 10
) i + @ (GevE/eh cosd,
Es
0 Dfﬁ ; 1!5 2 0 IJ!S : 175 é E “T g
o (GeViic) o (GeVic') % 2l é
g:rii pole Ea(rca))rr \e/::r| 0.175 i\ﬁ:yleo T0.001 | 0.778 £ 0&0&04) T 0.004 %/////////////////////////////%
Modified pole model | £,(0)|V.y| | 0.1630.017 +0.003 | 0.725 = 0.076 = 0.013 -’ e, ! K
i o 0.45 +0.44 4+ 0.02
Series two parameters f+(021|Vcd| 212.69241020;.29:?31033 0.720 4 0.084 £ 0.013 rV:1 67103410 16
. . . =0.77+0.28+ 22
Taking [VCKMfitter | as input r,=0.77+0.28+0.07




= With ~3/3 fb-! data taken at 3.773/4.178 GeV by BESIII, the leptonic
decay of D,">I*v and some semi-leptonic D decays, and improved
measurements of |V 44|, decay constants, form factors have been
obtained

= More results are expected in the near future
D.f2>t*v, fo, and |V 4|
D.*>n0e*v, form factors and |V 4|

D> K*K/mrne*v, form factors

D> K-utv, f.(g?) and |V 4
D >K,(1270)e*v

D’ Xev L All Cabibbo-suppressed D%®
decays and D.* decays are

restricted by the limited data
23



Prospects at BESIII

= With 20/6 fb-! data taken at 3.773/4.178 GeV, some elementary
constants can be further improved

Systematic error Statistical error
Expected with | Only Ds"™>u'v is
~3 b 20/6 fo-1 considered. The
contribution of
Afp [fp. 0.9% 2.6% 0.5% D.*>1*v will be
Afo o, 1.5% 1.5% ~1% |- gﬁgnhr;?yr%t;'tet;r
AfD—)K/fD—)K 05% 04% 015% than DS+9u+V
Afps T, 0.7% 1.3% 0.5%
IV [Ps+>1+ 1.5% 1.5% ~1% ¥
|V [PO>Ket | 2.5%(2.4%19CD) | 0.4% 0.15% <« Once tLQf;‘,D
uncertainties
A e 0.9% 2.6% ~1% reach <1% level,
[V 4|P0>me+v | 4.5%(4.4%"-ACD) 1.3% 0.5% Y| the Vsl Will be

much improved

= More or improved measurements of form factors of semileptonic
decays, containing scalar or axial-vector meson, which are now
statistically limited 24
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FSo:rl'elll‘l'e.a vl_ew of BE#’CII / BESIII f::: I‘KC'" -

. R “"’v..« -
£ - g - " - i,‘.‘—‘-' \ 0\\ . . ': By
3 S R — 1 44
= : R -...:... > N , 3 ? .~ »i

BEPCII collider

\

- -°< N

| Beam energy: 1.0-2.3 GeV
SN2 Optimum energy: 1.89 GeV

8 Designed luminosity: 1.00X10% cm-2st
Data taken from: 2009

. 33 2¢-1
>, Achieved Iu_m|n05|ty. 1.00><i0 cms |
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BESIII detector

Nucl. Instr. Meth. A614, 345 (2010)

Magnet: 1T Super conducting

am 750 JVIDC small cell & Gas:
- He/C;Hg (60/40), 43 layers
m a =130 um
— mg&:‘ B Q?%ﬁ z;g (0] f =0.5% @IGEV
Spmoien it ‘ ab/dx=6%

— i ‘ ] ?- -
MDC I =
ﬁ[ﬁ w d)
BN \ 3500 TOF:

H — o= 100 ps Barrel
‘H“ %W R R I <70 ps endcap updated in 2015

5100

(2373}
(11300

R RRR IR, 2:%:?:%2:&%"5355§$$§%2£f”

Muon ID: 9 layers RPC

==,

8 layers for endcap

EMC: CslI crystal, 28 em Data Acquisition:

AE/E =2.5% @1 GeV Event rate = 4 kHz
oz=10.6 cm/\/E Total data volume ~ 50 MB/s
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Improved BF for D*>K%%u*v

With 6 dominant D~ single tag

EPJC76(2016)369

3000 @) K>t

2000
Simultaneous fits

165161130
fel

% 1000~ ] e (9.20+ 0.60)%

O PDG2014

&

S 0

S

2 300 —— (9.27+ 0.69+ 0.59+ 0.61)%
= FOCUS

200

100

(8.72+ 0.07% 0.18)%
QOur result

Taking B[D?>Kp*v]
and B[D*2>K%*v]
from the PDG as input

{  (10.30£ 2.30+ 0.80)%
BES-I1

|

| ! | ! I !

[D°

—> K #V] _ ) 963+0.044

I[D* — K V]

[[D* — K V]

— =0.988+0.033
I[D" > Ke'v]

0.1 0.15 0.2 0.25

Support isospin conservation in
these two decays within errors

Consistent with theory
prediction 0.97 within error 28



Absolute BF for D+>K%*v via K0 7070

. . . CPC40(2016)113001
Wlth 6d0m|nant D_Slngletag IIIIII %IIIIII(IIIII)IIIIIIIIIIIIIIII
B0 T 5013+78] | % Saaisy T o
| = //
I t 8.83+0.10+0.20 T’ ;e
600+ “ — gﬁé CLEO [4]

] - PDGI]
: %

% 8.96+0.05+0.21 K —K°
/ BESIII [6]

Events /(0.01 GeV)
o
| o ]
o ]
|

8.59+0.14+0.21 T —x°n°
e bk s e i i I_% This work —nT

$2 01 00 01 02 03 ool S0
8 9 10 11 12 13 14

Umiss (GEV) B(D+—>Koe+ve) (%0)
0 =
Taking 1., 1o, BID*>Ke'v] and [ID" > K eVl _ 9690025
B[D*->KP*v] from the PDG as input [[D" > Ke']

Agrees with isospin conservation within 1.2c
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Measurements of BFs of D_.*>nOe*v

= Benefit the understanding of the source of difference of inclusive decay

rates of D) and Dg*

= Complementary information to understand n—n’ mixing

482 pb! data@4.009 GeV, PRD94(2016)112003

915+Dm e AtAMasasns T
S | a) [MC [ ¢)
I [EPeak Bkg ] I
= - . - 4- =
o 10p i i5ide Bkg 7 I
S | ]
P
o
[-¥]
-
i : i
T . VR T V¥
Umjss (GEV} Umlss (GEV)
BESI CLEOII 95 — CLEOc09 — CLEOc15 PDG [
B(DT = netv.)[%] 2304031 £0.08 _ 04840204013 22840144020 2674029
B(DT = y/etu,)[%]  0.93+0.30 £0.05 _ 00140334005 06840154006 099+ 023
B(Df v/ etve) 04040144002  0.35+0,00 40,07 _

B(D] —&?re+az€]
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Measurements of BFs of D_*2>¢/nOutv

482 pb! data@4.009 GeV, PRD97(2018)012006

The ratios of BFs
>
[=¥]
: T[D; — ¢Vl
§ S+ —= = 0.86+0.29
= [0y —¢e'v]
%
= Ds =741 _4 051024
D, > ne'v]
[D; =71Vl _1 144068
[[D; —>7'e'V]
g mode Bgesm (%) Bepg (%) e’ mode Bgesm (%) Bppg (%)
Df = ¢uty,  1.94£053+0.09 - Df = getv,  226+045+ 009 2.39 + 0.23
D = nuy,  2.42+046+0.11 - D = petv, 230+031+008[8] 2.28+024
D — q’p_blu 1.06 =054 =007 e D s ew, 0.93 £ 0.30 £ 0.05 [8] 0.68 =0.16

BFs of semi-muonic decays are 31
measured for the first time



