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@ Introduction and status of D (semi)leptonic decays
@ Lepton flavor universality
@ Decay constants f,+ , Form factors ff_”((”) (0) and CKM matrix
(s)

elements [V,
e The BEPCII and BESIII

© Recent results in BESIII
o D} — utuy,
e Dt — /Ty,
o D— Kuty,
oD — 7T,U,+l/u

@ Summary
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Leptonic decays in the SM

semileptonic decays:
pure leptonic decays: Hu:f+(112)<PD+PP)u
2
+f-(a")(PD —PP)us

» (¢=pp—prp)

Fu=fp(%)ppy

Lt = ayH(1 -~
” 7 L* = ayH (1 — 4%)v

Meanwhile, the quark weak interaction eigenstates are the mixing of flavor eigenstates described
by the CKM matrix

d’ Vu d Vs Vub
s = Vea Ves Veb S
v Via Vis Vi) \b

m

2
2 2
We have F(D—»lue):cs:—f(\\/cs(d)\fD)2m%mD <1—in2‘—> for pure leptonic decays,
+
s

2
dT(D—Plvy)  G% 2\12) > (3 2 i i m
=t (Vesqa) £+ (a))? 1P 1P +0(m) for semileptonic decays to pesudoscalar mesons.

The ratios of the decay rates can be precisely predicted: !

I‘(D~>f{u+u“)
T'(D—>Ketue)

1‘(D4>7ru+u“)

F(Dj*)7+u7):g‘74(l) r(tortur)
T'(D—ometue)

WD =7 v7) 5 66(1
I‘(Dj’_)lfi’y“) r(DF—utvy) m

=0.975(1) =0.985(2)

1 . . -
EPJC78(2018)501, PRD96(2017)054514 using a modified z expansion parametrization.
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Lepton flavor universality violation

Possible sources of LFUV:
@ Charged Higgs? ! " o . o

H* T
@ Leptoquark? ! ?

Evidence of LFUV at B factory:
R L(B>DWrtvy) 5o

W Electron Modes.
D™ = T(BSD® Ty, : : ) %7%111801”%”“7
@ R, = LBIoKO Ty Ty A I e

K = T(BT oK Fete) oF 1“ S
025 -

02f F ey s

B3 SM from DHMVILQCD

= T
R(D) ¢ [GeV?/c?]

Current status in the charm sector (PRD91(2015)094009):
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Experimental status of D — K (7)¢(*v, and D(t,,) — Ty,

Decay Other experiments (%) BESIII (%)
B(D® — K~eTv.) 3.55 £ 0.05 3.505 £ 0.014 £ 0.033
B(D° - K~ utvy,) 3.314+0.13

B(Dt — K%™"w.) 8.83 4 0.22 8.70 £0.12
B(DT = K°uTu,) 9.4+0.8

B(D° — et ve) 0.289 + 0.008 0.295 + 0.004 + 0.003
B(D° = 7w~ uty,) 2.374+0.24

B(DT — 1%t v.) 0.405 +0.018 0.363 + 0.008 & 0.005
B(DT — 7utu,) Not measured

@ Previous BESIII measurements have significantly improve the precison of the
electron modes.

@ Further study on the muon modes needed for precise LFU test.

Decay B(DF = uFv,) (%) BT = t7v,) (%)
Other experiments 0.556 £+ 0.025 5.55 +0.24
Decay B(D" = utv,) (%) BDT = 1tTu) (%)
Other experiments 0.0382 %+ 0.0033 < 0.12

The precision can be improved by the BESIII data.
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Measurements of fD(f,)’ 'E%KW( ) and Vg

Some theoretical calculations for decay constants and form factors

Methods fot+ Mev f ot Mev =R (0) P70
Lattice (MILC)2 212.6(0.4)&?3; 249.0(0.3)541??) 0.73(3)(7) 0.64(3)(6)
Lattice (HPQCD)3  208.3(1.0)(3.3) 248.0(2.5) 0.747(11)(15) 0.666(20)(21)
QCD Sum Rules* 206.2(7.3)(5.1)  245.3(15.7)(4.5) 0.75Efg) 0.67(j(;‘>”

PDGS 203.9(4.7) 257.7(4.1) 0.739(4) in DY decays 0.638(12) in D° decays

0.739(11) in DT decays  0.625(11) in D1 decays

Precision of D meson decay constants in experiment need to be improved to test theoretical
calculations.

PDG average for [V 44| in experiment: [V 4| = 0.218 £0.004 and |Ves| = 0.997 +0.017
CKM matrix unitarity test:

[Viwd |2+ Vs |2+ Vip |2=0.999440.0005 Va2 +Veql?+|Viq|?>=0.996740.0018

[Veal?+|Ves |2 4| Vep |2=1.043+0.034 Vs |2+ Ves |2+ Vis|2=1.046+0.034
Precison of |Vs| needs to be improved for more accurate unitarity test.

PRD90(2014)074509, PRL94(2005)011601
PRD86(2012)054510, PRD82(2010)114504, PRD82(2010)114505, PRD82(2010)114506
PLB701(2011)82, PRD80(2009)114005
using | Vg (q)| from CKMFitter
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The view of BEPCII
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BESIII

The BESIII detector




Data samples and Analysis method

BESIII has the largest DD samples around
3000 threshold.
o At center-mass energy near threshold, D
32000 mesons are produced in pair, which allows
é us to first tag a D meson (the Single
3 1000 Tagged D meson) and then looking for the
leptonic decays in the remaining
tracks (called Double Tag method)

MARKIII BESII CLEOC BESIII

Branching fraction of signal decay is
calculated by
The number of signal events is determined

Ngr = 2NppBsresr by examining the kinematic variables of the

; ; missing neutrino
2 7
Npr = 2NppBstBsig
N]tDOTt‘ Umiss = Emiss - ‘mmiss
Bsig = NtOt_‘
ST Esig

) . ) Mriiss = Efniss - |ﬁ]?niss
Esig = Z(NéTeéT,sig/eéT)/NSt%t
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Number of ST D mesons
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In total, about 2.5 x 106 ST D°, 1.5 x 10 ST DT and 3.9 x 10° ST DJ
are reconstructed.
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Analysis of D — (*v, at 4.009 GeV

aof D KK a00f D5 K'KTT 2ol Ds = K'KTUTP
Q4TI o
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i3 Published at PRD94(2016)072004.

I L
5 -0.1 -005 0

e

=)

00501 015 02 An overall total of 15127 £ 321 ST D; mesons are

MM? ((GeVic??)
reconstructed.
SD|Ves| =234.84+15.94+6.4 MeV 1+ reconstructed using 77 — 7wt o,

. F ot . . .
with % constrained: without the constraint:
(Dg —»pTvy
oty )=
B(DF =t 1,)=(0.495-0.067£0.026)% B(DF —ptr,)=(0.51740.075+0.021)%
oty )=
B(DF -7t 1,)=(4.834£0.65+0.26)% B(DJ =77 vr)=(3.28+1.83£0.37)%

BESIII LFU test at BESIII Sep 25th, 2018 11 /24



Analysis of D — pv), at 4.178 GeV

1631108061

50;(3) ] A S RS AN RS R

[ CLEOc —=— data " 3
6o . [T BKGI: real ST Dgand D; - p*v,, but wrong y( 3
40:7 79(2009)0520017 300 [ BKGII: wrong S'I'SD'sor;vronguD;ﬂ.l‘vu -

(b)

% F ] BESII1@4.178 1135.0 £ 33.1
S R BESIII prelimiNary

=
o
o

Events / 16 MeV/é
N
o

0.1 -o‘.o; 0 005 01 015 02 0.2 _O'le 8 V2/ 4 01 0.2
MM? (GeV?) miss( € c )
e
ij |‘/ch‘ = 242.5 & 3.55tat. & 3-7syst. PDG2017 550:0.23 —
CLEO 5.65£0.45:0.17 —_—
@ Lower background level compared to BABR 6.02:038:034 S
CLEOc with MUC information BELL 53120261020 —
@ The most precise measurement to date pESlEae ssmneroze
BE‘SM@‘:YUB 5.28:0.15¢0.14 -
. sralimires
R+ :M:10'1910_52 T T R . A
Ds I(DF —ptvy) 1 2 3 4 5 6

s
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Analysis of D — v,

pC) 2% (b) )
4000t
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@ Published at PRD89(2014)051104.

@ 1703054 + 3405 ST D~ mesons
reconstructed using nine modes.

@ MUC information used to suppress fpo+|Veal = (45.75 £1.20 & 0.39) MeV
backgrounds.

B(D" — ptv,) = (3.714£0.1940.06) x 10~*
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Analysis of DT — 771,

BESII
Preliminary

137127
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First evidence with 4o statistical significance.

B(DY = 7tv,) = (1.20 £ 0.24) x 1073
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SM prediction 2.66 4 0.01.

Sep 25th, 2018

14 / 24



Analysis of D — K~ 'ty

High order term in the decay rate concerning lepton mass is considered.

GrlVes -
i = Sl 15 (0°) P (Mg

dg? = 8m3mp
1 — 12 2 2
X [smp|PK|” + mp +mi +2mpEx 2 2 2
[smolpicl” + 55 (mp + mic ) Wo = (md +mk —md)/(2mp)
+ m2 \PKl +1 m2mD mKR (fi((qz)) 9
mp ff(qZ) Fo:Wo—EK—i-mg/(QmD)
15?2
+ m
é | fK( 2) | ]
< ag < e
< eof ) ) N T T T T
3 (a) KT 3 80F (b) K'mr® ] PDG2017  3.33:0.13 —_
= =
© © EMUL 2.14+0.34£0.34£0.19 ———a—
e 1=
% g E653 3.16+0.34£0.27+0.28 —_—
2 2 — CcLEO 3.0740.31¢0.35£0.03 _—
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. N -
o Soflo RFQ“';PT s E687(1995) 3.31:0.13:0.110.03 —-
> ©) K*rrromr (7} uy, 1
2 6ot © 2 & 7100+259 BELL 3.45:0.10:0.21 —
© 5 1
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Analysis of D — K~ 'ty

Using two parameter expansion parametrization for Egé%%z““)"ﬁ““ 0.765:0.031 _—
F77"(¢%) (PLB633(2006)61) R o [
. . BELL KTy, 0.695£0.007+0.022 ——=—
In the flt! f7 (q2)/f+(q2) IS assumed to be BABR Ke'v, 0.727+0.007+0.009 —
independent of q2 CLEO  KeV,  0.739:0.006+0.005 -
BESIII Kfe Ve 0.748+0.007+0.012 —
D—K _ BESII  Kle',  0.7246:0.0041:0.0115  —e=
S (0)[Ves| = 0.7148 £ 0.0038stat. + 0.00295ys. sesi Kew  ommocomocs |8
géf‘w”‘,ary KV“W 0.734340. 0039:0‘ 0030 . ¥ ‘
0.45 05 055 0.6 0.65 0.7 0.75 0.8
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Analysis of

I(D° — K~ uty,)

Ryg- = = 0.978 £0.007 £ 0.012
(D% — K—etv,)
1.20
1a5f
1.5+ Solid curve: SM prediction 110b PRD91(2015)094009
with our fitted parameters
° L Points with error bars: data “"!; s ]
3 % 100} g
14 5 ’
1+ + oty %¢+L | & oos Red: in the SM
= AR + T
0.90F Gery: New physics constrained
BESI 1 pre| Iminary 085F by previous experiments
L L L L L L L 0.80 . . - * . * .
0 05 1 15 0.2 0.4 06 0.8 10 12 14
02 (GeVv¥c?) q’[GeV?)

No deviation large than 20 from 1 in ¢? interval (0.2, 1.5) GeV?/ct.
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Analysis of D™ — K%utv,

) ko—)ﬂ'+7r73l
3000 16516 =1 PDG2014  9.20:0.60 |
2000 i

1000 | BESII 10.30+2.30:0.80

Events/(0.005 GeV)
)

a00-® RO 70,0 + FOCUS 9.2740.69+0.59+0.61 ——
300~ 4198 £ 33 A
BESIII 8.7240.07+0.18 -
200 \
100~ P NS NP B I I
2 4 6 8 10 12
%2

B ~K'Wv,) (%)

@ Published at EPJC76(2016)369

@ Simultaneous fit for K° — 777~ and K° — #%#°
o F(D*’%f(o;ﬁ'uu) o
Rio = T SRt — 0.988 +0.033
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Analysis of D — muty,

SM prediction:
DD = mutvi)

TD S ret) = 0.985(2)

600F Submitted to PRL, arXiv:1802.05492
400 B(DO — 7 pty,) = (0.267 £ 0.007 £ 0.007)%
?5 200} B(D" — n°u*w,) = (0.342 £ 0.011 + 0.010)%
S b _ r(D°—rputu,) _
g 0: Rﬂ.— = WTFVZ) = 0.905 £+ 0.027 4+ 0.023
£ 300 consistent with SM prediction within 2.30
@ 200: r(p+ 0, +
E _ It =n%tuy)
100: Rﬂ.O = m = 0942 :l: 0037 :l: 0027
Cbgz s Lo (\)'4 : consistent with SM prediction within 0.90
M2, (GeVA/ch)
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Comparison of fp+ and fp+

Using
@ V.5 =0.97343 £ 0.00015, Vg = 0.22520 £ 0.00065;

@ 7,1 =0.5+0.007 ps, Tp+ = 1.040 = 0.007 ps.

TT 1T TTTT‘TTTT TT 1T TTTT‘TTTT]TTTT TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘T?TTT‘TTTT
i VEPImIGE st | CLEO 200.0:0.3:26
RBC/UKQCD 41, . 0103126 —a—t—
ETM ¢ PRDOL(2015)054507 2472447 4 PRO78(2008)052003
RBCIUKQCD PRDO2(2015)034517 2544244 - BESII (29 0°) 2032453418t
FNAUMILC PRDB5(2012)114506  260.1:10.8 . PRDBY(2014)051104(R)
HPQCD  PRDB2(2010)114504 2480225 . FNALMILC 2126:05 .
FNALMILC  PRDD(2014)074509 24904032 | arXiv:1712.09262 640.
CLEO Ty, 25284112455 == RBC/UKQCD 20874287 !
CLEO TV, 258.0413.345.2 — JHEP12(2017)008 T
CLEO Ty, 278,317,644 —_ ETM
BABR TEVI TN, 204,649,114 =t PRD91(2015)054507 ~ 207:4438 -
BELL TV, T vWFV) 262.2+4.817.4 - FNAUMILC
BESII@4.009 1Y), v, 2410+16.346.6 =t PRDB5(2012)114506 21894113 B
CLEO A 257.6:10.3t4.3 bt HPOCD
. Q
g‘éELR E:J giggigggg - PRDB6(012)054510  2083:34 —
''''' T FNALMILC 0
ﬁ;ﬁm‘%ﬂyﬂs v, | et PRDQO(‘2014)074‘509 ‘212'510-4‘12 | "" |
50 0 50 100 150 200 250 300 160 170 180 190 200 210 220
st (MeV) fy (MeV)
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Comparison of |V,

Using
® fp+ =249.0%0. 371 MeV, f275(0) = 0.747 £ 0.011 + 0.015;
@ 7,+ = 0.5£0.007 ps.

DS
C‘KIIM:YitteIr‘ rrrrTTTTTT ‘O.é7é4ét(;.02)0[15‘ T ‘.Y T = :EEEI%‘}RDV;\IM\MW(D;‘Iﬂlu) leplonic Ddecay: |V _-1.008:0021 (PDG2016)
DELPHI W= cs 0.94£0.3240.13  =——mtio——ri| — Eﬁig‘” :f“”)) 4 Vo PoG201
CLEO/BELL/BABRIBESIII D’ - K'\*v‘ 0.975£0.00740.025 - [ assm@Auus(n W, T ) average of the determination from leptonic and semieptonic:
CLEO INCAATA 0.988+0.044+0.022 - E :E;;(Dn‘u(wvv:wﬂ;ﬁ ) IV, [-036520.016 (PDG2016)
CLEO (P, 1.009+0.05240.021 - [ ELEg (0}-t(rT),) W decays: |V 0944013 (PDG2016)
P LEO:(D - T(p'T) o
CLEO T, 1088600600018 == 8 ot r
BABR VTNV, 0956£0.036:0.056  =a= B CLEOBBELUBABRBESIID0 K1)
+ + I DELPHIW' -t
BELL (VT VT, TV, 1,0250.019+0.029 -
BESII@4.009 |V, T (Vv 0.944+0.063:0.027 ===
CLEO 'y, 1.007+0.040£0.018 -
BABR v, 1.040+0.033£0.031 -
BELL HV, 0.9760.02610.021 -
BESI@3.773 0 s
preliminary DKy, 0.957:0.006:0.024
BESII@4.178
preliminary Hv, 0.974+0.014£0.016 .
e b b b b
-15 -1 05 0 05 1
IV
Cs

BESIII LFU test at BESIII Sep 25th, 2018 21 /24



Comparison of |V,4]

Using
@ fpi =212.6 04719 MeV, fP77(0) = 0.666 & 0.020 + 0.021;
@ 75+ = 1.040 £ 0.007 ps.

L I L B B i B B -EES'IHZ(D‘_’“‘V»} D ze'v,: |V_J=0.214£0.00320.009 (PDG2016)
[T BESILD'5rev,) | D pv,: |V_[=0219:£ 0005 0,003 (PDG2016)
I CLEOc(D"—p'y,) v V_j=0.230 1 0.011 (PDG2016)
[ CLEO-c:(D**»1%*v,)
I Belle:(D" ey,

[ ] BaBar:(D">netv,)
1 neutrino-scattering

CKMFitter 0.22520+0.00065 L} Weight Average: [V_|=0.220 £ 0.005 (PDG2016)

CLEO/BELL/BABR/BESIII Dﬂan'lv\l‘ 0.2140.0030.009 ——

CLEO .
PRD86(2012)054510 D™= 'V, 0.218+0.009£0.003 —

BESII 2.93 fb*

[Ty -
PRD89(2014)051104 WV, 0.2152£0.0056£0.0022 =

0 005 01 015 02
v

BESIII LFU test at BESIII Sep 25th, 2018 22 /24



Summary
@ Precision measurements of B(D

s Tw), B(D — Kutv,) and
B(D — mutv,) were performed at BESIII.

@ CKM matrix elements |V (a)

, D meson decay constants f,1 and hadronic form
(s)

factor P75 (0) are extracted. These results can help to test the unitarity of CKM

matrix and calibrate various theoretical calculations

@ LFU test are perfromed and no significant deviation from the SM prediction is
found at current statistics

R(DY) R(DT) R(K")  R(K") R(n~) R(7")
SM 9.74(1)  2.66(1) 00975(1)  0.975(1)  0.985(2)  0.985(2)
BESII 10.19(52) 3.21(64) 0.978(14) 0.988(33) 0.905(35) 0.942(46)

Thanks for your attention!
Dank ye!
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Backup: two parameter z expansion parametrization for

form factors

1 (0)P(0)®(0,t
P+ )= prram T (L t0)l()

where
2t t0)=1 [t —t—\/t1—to
*0 TV —tH/t1—1to’

tx=(mpEmg)?,
to=t4(1—/1—t_/t4).

P(t):z(t,m%; )

O(t,t0)=\ 3y (1) (VI =TV 0
X (V=T =) (VI =T+ /B )%/

X (tp—t)3/4

— 3
Xv= 3272 mg
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