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ﬂ Introduction

e Semileptonic D Decays
e Semileptonic Ds Decays
@ Semileptonic Ac Decays

e Summary
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Infroduction

Charm semileptonic decays provide a window to study week and strong inter-
actions.

@ Consider the semileptonic decay where the D meson decays to a pseu-
doscalar meson, a lepton and its neutrino via a virtual W boson
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w Ve
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@ Measure hadronic form factors f2=K(Q), =7 (Q), - - -
@ To verify lattice QCD _
@ \erified lattice QCD helps extract the CKM matrix elements | V4| and | Vys| from B-B oscilla-
tions
@ Extract the CKM maitrix elements |Ves| and | Vg
@ To test the unitarity of the CKM matrix
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BESIII Experiment

@ BEPCII COLLIDER
symmetric et e~ collider, double-rings, 2.0 GeV < /s < 4.6 GeV

@ BESII| DETECTOR

RPC: 9

layers ‘

Electro Magnetic
Calorimeter

Sz

@ DATA SETS
@ D and D* Physics: 2.93 fb~ ' at /s = 3.773 GeV
@ D; Physics: 482 pb~' at /s = 4.009 GeV
@ Ac Physics: 567 pb~! at /s = 4.599 GeV
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Analysis Technigque

ete” - cCc — Dtag Dsis: Double-tag technique, Absolute measurement

@ Tag Dy in hadronic decay modes

w‘/ 7 Tag
D~ //4'!(*

R A BE =, -
o
o Mec = /Eum — p%tag

') beam

" Dt
Signal '/ Yy

@ Reconstruct Dy, using the remaining tracks not associated 10 D,
° EDsig = Ebeam/ 5Dsig = _/5Dtag
@ no additional tfracks/showers
o (semi-)leptonic decay: missing NeUtrino, Uniss = Emiss — |Bmiss| ~ O

@ High tagging efficiency
@ Extremely clean

@ Systematic uncertainties associated to tag
side are mostly canceled out

Ntag = 2NDDBtag5tag

Ntag,SL = 2NDDBtagBSLEtag,SL
_ Ntag,SL Etag Ntag,SL

BsL, = =
Ntag Etag,SL Ntagf

Yi FANG (IHEP) CHARM SEMILEPTONIC PHYsICs AT BESIII FPCP 2017 5/22



Semileptonic D Decays
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DO — K_e+l/e, T

Phys. Rev. D 92, 072012 (2015
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D+ — Koe+l/e, 7T09+I/e

arXiv:1703.09084 (hep-ex)
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Fits to Partial Decay Rates

Measure partial decay rates in g2 bins:

N ) .
— prd  __ 1 ins ( ~— | IVJ
AT = —pi = 1§~ =1),
! TDNtag TDNtag Z] ( )” obs
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Fits to Partial Decay Rates

@ Results of form factor fits for D — Petve (P = K=, 7, RO, 70)

Decay mode
DO — K- etue
D° = retue
D+ — KOetue
Dt — n%etu,

Single pole model

£ (0)| Ves(a)l
0.7209 + 0.0022 + 0.0035
0.1475 +0.0014 + 0.0005
0.7094 +£0.0035+0.0111
0.1429 + 0.0020 + 0.0009

Maote (G&V/C?)
1.921+0.010 + 0.007
191140012+ 0.004
1.935+0.017 + 0.006
1.898 + 0.020 + 0.003

Decay mode
DO~ K-etve
DO — - etre
Dt — K¢t e
Dt — nPetu,

Modified pole model

£ (0)[ Ves(a)|
0.7163 +0.0024 + 0.0034
0.1437 +0.0017 4+ 0.0008
0.7052 +0.0038 +0.0112
0.1400 + 0.0024 +0.0010

«
0.309 + 0.020 + 0.013
0.279+0.035+0.011
0.2944+0.031+0.010
0.285+0.057 £ 0.010

Decay mode
DO — K- etve
DO — retre
D+ — KOet e
Dt — nPetu,

Two-paramefer series expansion

£ (0)| Ves(ay|
0.7172 4+ 0.0025 + 0.0035
0.1435 4 0.0018 + 0.0009
0.7053 +0.0040 +0.0112
0.1400 =+ 0.0026 + 0.0007

n
—2.2286 +0.0864 + 0.0573
—2.0365 +0.0807 + 0.0257
—2.18+0.14+0.05
—2.01+0.13+0.02

Decay mode
D° - K-etue
DO — 1 etre
D+ — K%etve
Dt — nOetu,

Three-paramefer series expansion

£ (0)| Ves(a)|
0.7195 £+ 0.0035 + 0.0041
0.1420 4 0.0024 +0.0010
0.6983 +0.0056 +0.0112
0.1413 £ 0.0035 4+ 0.0012

n
—2.3338 +£0.1587 + 0.0804
—1.8432 +0.2212 + 0.0690
—1.76 £0.25 +0.06
—2.23+0.42 +£0.06

2
3.4188 £ 3.9090 £ 2.4098
—1.3874 + 1.4615 + 0.4680
—134+63+1.4
144+25+04
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Form Factors 274 (0)

e To determine 2™ (Q), use the measurements of f2%(™(0)

Ves(ayl (@ssuming CKM um’ron’ry)

| Vcs(d) |

T — — T
0.7470.0110.015 HPQCD 0.66620.02040.021
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PRL 97, 061804 (2006) [D°~ K'e'v,, D'~ K'uv,] Belle 0.62410.020£0.003
PRL 97, 061804 (2006) [D° -~ 1e*v,, D’ - miu*v,]
ABAR 0.727+0.0070.009
PRD 76, 052005 (2007) [D°— K'e*v,] BABAR 0.610+0.0200.005 ——
0. e
CLEO-c 0.739£0.007£0.005 PRD 91, 052022 (2015) [D° - Te'v,]
PRD 80, 032005 (2009) [0~ K'e*V,, D'~ Re'v,] CLEO-C 0666001950005
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P B S R oo b b b
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@ BESIII made the best precise determinations of these two form fac-
tors

@ The experimental accuracy is better than that of theoretical predic-
tions
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Determination of |Vesq)|

@ Measurements of the normalization factors ff_’K(“)(O)| Ves(ayl

— T
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——
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@ Using the LQCD calculations [Phys. Rev. D 82, 114506 (2010); 84, 114505 (2011)]

fO—K(0) = 0.747 £0019 =
fD-7(0) = 0.666 £0.029 =
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| Vies| = 0.958 £ 0.004exp; % 0.0241qcp
|Veg| = 0.214 % 0.002¢xpt = 0.0091qcp
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Determination of |Vesq)|

Global fitin SM

Leptonic D] decays

Semileptonic D decays

0.97343+0.00015

1.002+0.016+0.005

0.958+0.004+0.024

0.95 1

Leptonic D" decays

Semileptonic D decays

Average
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vl b b b b b
07 075 08 085 09
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R B T I o o o o
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@ Unitarity checks
Use [Vcsa)l values extracted
from leptonic and semileptonic
decays

IV JHV PV P —————1.020+0.028

IV Y PV Po- 0.9960.002

IV PV PV P ———— 1.025:0.028

0.9 0.95 1 1.05 11
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Semileptonic Ds; Decays
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Df — netve, n'efve

Phys. Rev. D 94, 112003 (2016)

@ 10 Dy tag modes, Ny = 13157 £ 240

ST ! vaa F ] F ! ' 3
R " aneve dee ] ’ 6: ) n'(ve0)e ve ]
S 10i PeekBkgE 1.5 - 4; 1
g 1 1k E
2 5L ] 2l 4
ST 1 0.5F B t 4
| AT
9).2 0.1 0 0.1 0.2 0.2 -%.2 -(;.1 b 0.1 6.2 0.2 9).2 »6.1 0 0.1 6.2 0.2
Umiss (Gew Umiss (GeV) Umiss (Gew
Decay mode INpet B (%)
D} — netve 585480 2304+0.31+£0.08
n —nrtr 3.8+£20
Df —n'etve 0 0.93 £0.304+0.05
n = yp 82+3.8

o B(D; — /et ve)/B(Df — netve) =0.40+0.14 £ 0.02
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Df — netve, n'efve

CLEO-c 2.48+0.29+0.13
PRD 80, 052007 (2009)

CLEO-c 2.28+0.14+0.20
PRD 92, 012009 (2015)

BESIII 2.30+0.31+0.08
PRD 94, 112003 (2016)

PDG2016  2.28:0.24

CLEO-c
PRD 80, 052007 (2009)

CLEO-c
PRD 92, 012009 (2015)

BESIII
PRD 94, 112003 (2016)

0.910.33+0.05

0.68+0.15+0.06:

0.93+0.30+0.05

PDG2016 0.68:0.16

P TN TN IR I A L
1 12 14 16 18 2 22 24 2
B(D;' -ne'v,) (%)

[
.6 2.8

0 02 O

B(D; ~e) (%)

@ Agree to previous measurements within uncertainties

4 06 08 1 12

@ Help improve upon the Dy semileptonic branching ratio precision

@ Provide complementary information to understand »-n’ mixing
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Semileptonic A. Decays
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/\—g — Ae+Ve

Phys. Rev. Lett. 115, 221805 (2015)

@ Theoretical predictions on B(AE — Altv,) vary from 1.4% to 9.2%
@ BESIIl performed the first absolute measurement of B(Af — Aetre)
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54 — — 200F%
2 Ann® ' AT I
£ 400 A 200 \ 4
3 I\ i 100) # Z
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A ittt o, P =
) T 226 228 230 S
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50) b ZOOM 4 810"
] 1 > >
o Y £ -
226 228 2.30 226 228 230 02 01 0 o1 02
Mpc (GeV/c?) Uniss (GeV)
. (9 + -+ O,
Ntag Nseml Esemi (%) B(Ac — Ae Ve) (%)

14415+ 159 103.5+10.9 30.92+0.26 3.63+0.38+0.20
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+ +
Ne — Ay,
Phys. Lett. B 767, 42 (2017)

@ BESIIl performed the first absolute measurement of B(AL — Autv,)

~ 114 / ” % T
% 8
Nyl / — 21
% 112 : O-
A ug,:.,,.n %

] 'E 100~
= / / // g |

02 07 o1 0 01 02
mlss (GeV) Umiss (GeV)
Ntag Nsemi Esemi (%) B(AZ:L — /\,U+Vu) (%)

14415+ 159 78.7+10.5 245+02 3.49+046+0.27

@ Test of lepton universality
o T(AE = Autv,)/T(NE = Aetre) = 0.96 +0.16 +0.04,
compatible with unity

@ Our results provide stringent tests on the non-perturbative models
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@ The BESIII results provide important input for calibrating the LQCD
calculations

@ The first LQCD calculation of form factors governing Af — Aétv, de-
cays [Phys. Rev. Lett. 118, 082001 (2017)]

0.20 : : : : :

% 0.15 |
&)
T I —A. = Aety,
R 0-10 _" --Ac—= Apty,
C:? = 0.05 4'
o=
< I
()()0 Il 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2
¢ (GeV?)
@ The first determination of |V| based on B(AY — Alty,) measured

by BESII

0.947(24)rqcp(14)-_(72)5, = p

0.951 (24)LQCD(]4)TAC (56)5, f=e
|Ves| =
0'949(24)LQCD(]4)7}C (49, L=epn

Yi FANG (IHEP) CHARM SEMILEPTONIC PHYsICs AT BESIII FPCP 2017 20/ 22



@ With 2.93 fb~', 482 pb~' and 567 pb~' data taken at 3.773 GeV,
4.009 GeV and 4.599 GeV, respectively, BESII provided many key
measurements on heavy flavor physics:

@ Branching fractions and semileptonic form factors;

o CKM matrix elements | V| and |Vg|.
@ Prospect:

e In 2016, ~ 3 fb~' data were collected at 4.18 GeV, many interesting

studies of semileptonic D] decays will be done at the BESIIl experiment

in the near future.
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Thank you!
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