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Introduction

The (semi-)leptonic decays of D mesons open a window for study of both the weak
and strong interactions

@ Determine decay constants and form factors, validate LQCD
@ Extract CKM matrix elements |V,| and |V4]
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@ Use measurements in charm sector to reduce theoretical uncertainties in |V,;|
and mixing

@ Check unitarity of CKM matrix and search for New Physics




BESIII Experiment

o BEPCII COLLIDER
symmetric eTe~ collider, double-rings, 2.0 GeV < E., < 4.6 GeV

o BESIII DETECTOR

| Electro Magnetic
ayers Calorimeter {

Sz

o DATA SETS
2.93 b~ ! at E.py, = 3.773 GeV
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Analysis Technique

ete” —cc — Dtag Dg,: Double-tag technique, Absolute measurement

™ 7/,” - Tag @ Tag Dy in hadronic decay modes
o Kt
‘ AE = EDtag - Ebeam

e 2 2
Myo = JE2 _—p?
r .D n BC beam b Dtag

Signal ’/ Yy,

@ Reconstruct D, using the remaining tracks not associated to Dy,
° EDsig = Eyeam, ﬁDsig = _ﬁbtag
e no additional tracks/showers
o (semi-)leptonic decay: missing neutrino, Uniss = Emiss — |[Drmiss| ~ 0

Niag = 2NppBragetag

Ntag,sig = 2NDDBtangig5tag,sig

@ High tagging efficiency

@ Extremely clean

@ Systematic uncertainties associated to tag
side are mostly canceled out

B — Ntag,sig Etag Ntag,sig
sig — =
N tag Etag,sig N; tag€
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@ D meson decays to a lepton and its neutrino via a virtual W boson

s
7
G} 2 m} 2 2 2
F[D — gV} = 8_71':szD (1 — ]75) fD|Vcd|
D

@ Measure decay constants fp+
o To verify lattice QCD
o Verified lattice QCD helps extract the CKM matrix elements |V;q| and | V|
from B-B oscillations
o Extract the CKM matrix elements |V 4|
o To test the unitarity of the CKM matrix
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D" — yty,

Phys. Rev. D 89, 051104(R) (2014)
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[BDT = "v,) = (3.71£0.19 £ 0.06) x 10 * |

@ Input 7p, Mp, m, and @ Input 7p, Mp, m, and
|Vea| from CKMFitter fp+ from LQCD calculation

S fyr = (2032 +5.3 & 1.8) MeV
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Comparions of B(D* — v,) and fp+

CLEO-c 205.8+8.5+2.5

CLEO-c 3.82:0.320.09 PRD 78, 052003 (2008)
PRD 78, 052003 (2008)

BESIII 203.2¢5.3+1.8

PRD 89, 051104(R) (2014)
BESIII 3.71:0.19:0.06
PRD 89, 051104(R) (2014) Average 203.9:4.7

LQCD 211.9+1.1 -

Average 3.74:0.17 Averaged by J. Rosner, S. Stone and R. Van de Water

[see Review in PDG2016]

clc b b b b by P R P R S E A NE S S S RN L
24 26 28 3 32 34 36 38 4 42 170 180 190 200 210
B(D"-p*v,) (107 fo: (MeV)

o BESIII made the most precise measurements

@ Precision of the LQCD calculations of fp+ reaches 0.5%, which is chal-
lenging the experiments




Dt — .

BESIII Preliminary

Split samples into two: u-like (Egpyc < 300 MeV) and w-like (Egmc > 300
MeV), fit these two MM? distributions simultaneously

" Eemc > 300 MeV

81k BESH

§ "F preliminary T:"\

g i

g Foy * from D
3 il

2, '3 % M

137427
D* — T it Vi)ve
events

o1 02 03 =

202 <01 0

T ; A &
I — Black filled histograms |BESII ¢ H e S(K-from D*
ook Preliminary are ‘eliminary < H 7 i
H MC-based backgrounds . H IS e
B it i H ; - -
St s 3 ¢ from D* i fromt
S0 ha
Bof

Number of event

|
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MM2 (GeVicf

02 03
MM2 (GeVic

@ > 4o statistical significance, first evidence

o B(D* — 7u;) = (1.20 £ 0.2445;) x 1073

o R= [ =mr) — 3914064

Consistent with the SM prediction (Rgy = 2.66 + 0.01)
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@ Consider the semileptonic decay where the D meson decays to a pseudoscalar
meson, a lepton and its neutrino via a virtual W boson

e+
wt Ve
¢ Vesay s(d)
- i
q q
2 2
dF(Dd;; Pev) _ GF;Z‘;ST(;)' I+ (@)

@ Measure hadronic form factors f27%(0), f277(0), - --

@ To verify lattice QCD B
@ Verified lattice QCD helps extract the CKM matrix elements |V;;| and |Vy| from B-B oscilla-
tions

o Extract the CKM matrix elements |V.| and V4|
@ To test the unitarity of the CKM matrix
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Phys. Rev.

D° — Ketvy, metu,

D 92, 072012 (2015)
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T T T T T
PDG2016 3.538+0.033

BES-II 3.82+0.40+0.27
PLB 597, 39 (2004)

Belle 3.45+0.07+0.20
PRL 97, 061804 (2006)

BABAR  3.522£0.027:0.045+0.065:
PRD 76, 052005 (2007)

CLEO-c  3.50+0.03+0.04
PRD 80, 032005 (2009)

This work  3.505£0.014£0.033
PRD 92, 072012 (2015)
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PDG2016 2.91:0.04

Sl 3.3+1.3t0.3

BE:!
PLB 597, 39 (2004)

Belle 2.55+0.19+0.16
PRL 97, 061804 (2006)

CLEO-c  2.88:0.08+0.03 -
PRD 80, 032005 (2009)

BABAR  2.770+0.068+0.092+0.037e=
PRD 91, 052022 (2015)

This work 2.95+0.04:0.03 -
PRD 92, 072012 (2015)
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Dt — K%ty,, m%*u,

Phys. Rev. D 96, 012002 (2017)
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Fits to Partial Decay Rates

Measure partial decay rates in g2 bins:

N, Nine 1 — i
Ari: prd  _ _ 1 vans(s l)ijN{)bs

DN tag TN tag ‘J
100 T T 100 ; T
3 D-Kev, 1 oK, Extract f4 (0)|V,s(q)| and other form
N L e data ] el T Singe Poe Model ]
B sop — Single pole model | KR e polesois]  factor parameters from measured
> [ Modified pole model ] % ISGW2 Model 2
() r --- zseries (2par) | L — zseries2par) ] : : g
§ eor B I oI gt partial decay rates in g~ bin
™ [ ] -
L 1 (=4
S awf B g 40 9
~ F ]
s [ b s
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— | e data il —~ o Dua
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3 o Modified Pole Model e 1SGW2
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Fits to Partial Decay Rates

o Results of form factor fits for D — Pety, (P =K, 7~ ,K°, 70)

Decay mode

D° - K-ety,
DO — 7 ety,
Dt — K"y,
Dt — 7lety,

Single pole model

f+(0)|[Ves(ay
0.7209 + 0.0022 + 0.0035
0.1475 + 0.0014 + 0.0005
0.7094 + 0.0035 + 0.0111
0.1429 + 0.0020 + 0.0009

Mo (GeV/c?)
1.921 + 0.010 £ 0.007
1.911 + 0.012 + 0.004
1.935 + 0.017 + 0.006
1.898 -+ 0.020 £ 0.003

Decay mode

D° 5 K—etu,
D — ety
Dt — K%,
Dt — 7%ty

Modified pole model

f+(0)|Vesay|
0.7163 + 0.0024 + 0.0034
0.1437 +0.0017 £ 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
0.294 +£0.031 +0.010
0.285 + 0.057 £ 0.010

Decay mode

D° 5 K-etu,
D - ety
DT — K%y,
Dt — wletu,

7“1’

f+(0)[Ves(ay
0.7172 + 0.0025 + 0.0035
0.1435 + 0.0018 + 0.0009
0.7053 + 0.0040 + 0.0112
0.1400 + 0.0026 + 0.0007

ter series exp
ri
—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 etu,
D° — netu,
Dt — K%y,
Dt = wlety,

Three-parameter series expansion

£+(0)[Ves(ay
0.7195 + 0.0035 + 0.0041
0.1420 + 0.0024 + 0.0010
0.6983 + 0.0056 £+ 0.0112
0.1413 + 0.0035 + 0.0012

r
—2.3338 +0.1587 + 0.0804
—1.8432 4+ 0.2212 + 0.0690
—1.76 +£0.25 + 0.06
—2.23 +£0.42 +0.06

r2

3.4188 + 3.9090 + 2.4098
—1.3874 4+ 1.4615 + 0.4680
—-134+63+14
14+25+04




Form Factors f,

e To determine ffﬁK(”)(O), use the measurements of ff_)K(”)(O)|Vcs(d)|

and the PDG values for |V4)| (assuming CKM unitarity)

0.747+0.011:0.015 HPQCD 0.666+0.020+0.021

C
PRD 82, 114506 (2010) [N,=2+1] R o s ot e
Belle 0.69540.007:0.002 el Lot
PRL 97, 061804 (2006) [D°~ K e'v,, D'— K'uv,] Belle 0.624+0.0200.003

PRL 97, 061804 (2006) [D°~ me'v,, D' wp*v,]

BABAR 0.727+0.007:0.009

PRD 76, 052005 (2007) [D°~ K'e*v,] BABAR 0.610£0.02040.005 —_—
CLEO-¢ 0.739+0.00740.005 PRD 91, 052022 (2015) [D°— we'v,]
0 Kery D Ren
PRD 80, 032005 (2009) [0~ K'e*v,, D' Rerv,] CLEO-C  0666:0.019:0005
BESIII 0.7368+0.0026:+0.0036 PRD 80, 032005 (2009) [D°— we'v,, D'~ ’e*v,]
PRD 92, 072012 (2015) [D°> K'e*v,]
BESIII 0.6372£0.0080+0.0044
BESIII 0.74810.007:0.012 PRD 92, 072012 (2015) [D'=> we*v,]
PRD 92, 112008 (2015) [D*— Kle'v,]
BESIII 0.725£0.004£0.012 BESIII 0.622+0.012+0.003 ——
PRD 96, 012002 (2017) [0 Kle"v,] PRD 92, 012002 (2017) [D'~ n%"v,]
P o T T T A S oo b b by
D—K Do
£77(0) £.70)

BESIII made the best precise determinations of these two form factors

The experimental accuracy is better than that of theoretical predic-
tions
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Determination of |V sq)|

@ Measurements of the normalization factors fﬁK(”) (0)|Vesayl

L e e LA B e T — T T T T T T T T
Belle n.s77tc.vﬂw7innzt 5 Belle 0.140+0.004:0.007
PRL 97, 061804 (2006) [D'— K'e"v,, D' Ku*v,] PRL 97, 061804 (2006) [D°- we'v,, D*> T ju'v,]
BABAR  0.707+0.007+0.005+0.007
PRD 76, 052005 (2007) [D°—> K'e'v,] CLEO-c  0.150:0.00420.001 —_—
PRD 80, 032005 (2009) [D’— we'y,, D' %e"v,]
CLEO-c  0.719:0.006£0.005
PRD 80, 032005 (2009) [D°— K'e'v,, D' Rev,] BABAR  0.1374:0.0038+0.0022:0.0009
BESIII 0.7172:0.0025:0.0035 PRD 91, 052022 (2015) [D°> we*v,]
PRD 92, 072012 (2015) [D"— K'e*v,
(2019 [D"> Ketv] BESIII 0.1435:0.0018+0.0009
BESIII 0.7280.007:0.011 PRD 92, 072012 (2015) [0 we*v,]
PRD 92, 112008 (2015)[D'— K’e'v,] BESII
0.1400+0.0026+0.0007
BESI” 0'70531:0‘0040:0 o112 PRD 96, 012002 (2017) [D*— ne*v,]
PRD 96, 012002 (2017) [0~ Klev,] | TR o o B
Average  0.7156:0.0033 Average  0.1426:0.0014
SR U R S I BRI I B P P B R | P B
0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.11 0.12 0.13 0.14 0.15
DK Don
7OV ETHOIV

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

fPK(0) =0.747+£0.019 = |V| = 0.958 £ 0.004exp; + 0.0241,qcp
fP=7(0) = 0.666 £0.029 = |V,4| = 0.214 £ 0.002¢xp + 0.0091qcn
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Determination of |V sq)|

Global fitin SM 0.97343+0.00015 Y Unltarlty checks
Use |V,y(q)| values extracted from
leptonic and semileptonic decays

Leptonic D; decays 1.002£0.016+0.005

Semileptonic D decays 0.958+0.004+0.024

Average 0.988:0.014 v |2+|V |2+|V |2 1.029+0.028
‘ ‘ ‘ ‘ ‘ ‘ us cs ts
07 075 08 08 09 095 1
Vel
cs
R R AR
Global fit in SM 0.22522+0.00061 - v d|2+lv cl|2+|th|2 - 0.996+0.002
u c

Leptonic D* decays  0.217+0.005£0.001
P Y

Semileptonic D decays 0.214+0.002:0.009 |V |2+|V |2+|V |2 1 1.025£0.028
cd cs cb
Average 0.216+0.004
v v b v b v b 0 |
T B P B B W
0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23 0.9 0.95 1 1.05 1.1
V.
cd
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o m? = (pr +px ) 0 ¢* = (pe +pu,)?

e cos(fk) = TKIf(K| @ cos(b,) = —%
o cos(y)=¢-d o sin(y)=(éxD)-d

GF|VCS|2
(4m)0m

o X = pg-mp, pgr — momentum of K system in the D rest frame

d°T = Xﬂ'( 2 42,0k, 0., x)dm?dq®d cos (0 )d cos (6, )d x

o §=2p*/m, p* — breakup momentum of K= system in its rest frame
@ 7 can be expressed in terms of helicity form factors H Lo, 4!
Ho(q?) = 5% [(m3 — m® — g%)(mp + m)A1(¢?) — 4 222K A3(g?)

2my, mpm
Hi(q%) = (mp + m)Ai(¢*) T ?n”;lfﬁl V(g?)
@ Vector form factor: V(g?) = 17‘;53)"12
e Axial-vector form factor: A;(¢?) = lAql ?’)nz ,As(g?) = < j\;z(;)r)ni
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Dt - K rnte'y, Phys. Rev. D 94, 032001 (2016)

e 1.5 M D~ tags, 18262 D™ — K ne™ 1, candidates
o Partial Wave Analysis

r"§500(} T ?Ih "'§ )
40008 ;":Mg ,,,m & w0t Variable S+P
o B oot} 107 rs(GeV)~! -11.574+0.58+0.46
Lo g " .‘ ry) 0.08+0.05::0.05
e A :).6 08 1 12 14 .6 aé/sg(GeV/C)_l 1.94+0.21+0.29
L, eV MGV bU2.(GeVio)™h  -0.81+0.82:+1.24
“gm = gl f Mg (ng)o(MeV/c ) 894.60+0.25+0.08
2 o 1S % soz0 MeV/c?)  46.42+0.56+0.15
o R rew (GeV/e) ™! 3.07+0.2640.11
g B 97 04 06 08 T 12 0 my (GeV/c*) 1‘81J—r8%§i0'02
R(GeVe?) my4 (GeV/c?) 2.61702240.03
s rv 1.4114+0.058+0.007
& w0, ra 0.7884-0.042+0.008
Epwa f5(%) 6.05:0.22+0.18
' 12 E ) 93.93+0.2240.18
gl 0.5 0 0.5 1 G—‘ -2 -1 0 1 2 3 Xz/n’df 292'7/291
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Phys. Rev. D 92, 071101(R) (2015)

e B(D" — we'v,) = (0.163 £ 0.011 + 0.008)%
o Amplitude analysis

> E > E w0
3250 (a) 3160 (b) S 120k (c)
el o 140F F
S 200 ,’:120_ S 100
] - &
° S b
2 150F 2 100F o sop t
o o 80F 60F
> >
i 1o0p " eop 7 40 /7//§7 7
E 40 // ¢ 7 / 7 7
% 700000 2087 ff IS NET 000000000
AL LA S S IAND o AAAA ISRV ML P
8.5 0.55 0.6 0.65 0.7 0 0. 2 04 06 08 1 12 14 -1 -0.5 0 0.5
m(GeV?/c?) (GeV3/c*) cos0,
0 160 © 140
o d o e
S 140f (d) £ 120k + (e)
£120 &
[ S 100
g ]
o 100 2 gof
8 8 t
60F i 60fF
40 /5 //5 7 + 40 ’;; 700
E 7000000000
ST 40 STv4%
A L 1 0
1 0.5 0 0.5 I R R
cos6, x

° Hadronic form factor ratios at zero momentum transfer
rv = 1l = 1.24+0.09 +£0.06, r2 = 420 = 1.06 +0.15 + 0.05
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o With 2.93 fb~! data taken at 3.773 GeV, BESIII provided
many key measurements on (semi-)leptonic D decays:

@ Branching fractions
@ Decay constant
@ Form factors

Q@ CKM matrix elements |V | and |V,

Thank you!
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