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0 1 I nt rOd u Ctio n: Si ngl e tags Charge conjugations included
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02 Leptonic Decays
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Bridge to precisely measure
= Decay constant f,,, with input IV | CKMitter

= CKM matrix element IV 4| with input fLQ¢0,,
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g 1 00__ L 1 1 1 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 1 1 1 1
= C -50 0 50 100 150 200 250 300
— fp, (MeV)
: T L] I T T L] T I T T L] T | T L] T T I T L] L] 1 L] 1 L] L] | L] L]
A : CKMFitter 0.97343+0.00015 =
_0 2 _0 1 0 0 1 0 2 DELPHI W' S 0.94:0.32+0.13 s
. ' ) 2, 4 . . CLEO/BELL/BABR/BESIII D°— KTv, 0.975:0.007+0.025 -
M . (GeV /c ) CLEO L CRC AN 0.988+0.044+0.022 -
miss CLEO (P Vv, 1.009+0.052+0.021 —-—
CLEO TV, 1.088+0.069+0.018 —
BABR T(E VI VY v, 0.956+0.036+0.056 —
+ + — 0 BELL eV, T Y T v 1.025+0.019+0.029 -
B(DS — U v[,t) - (0528 i 0015 i 0014) /0 BESII@4.009 v, T(TV v, 0.944+0 063+0 027 —
CLEO WV, 1.007+0.040+0.018 -
BABR vy, 1.040+0.032+0.031 -
fD+ |VCS| = (24.2 5+3.5+ 3. 7) MeV BELL v, 0.976+0.026+0 021
. Eiﬁm%,??g KV, 0.974:0.014+0.016 -
H » 1 I 1 L 1 1 I L 1 1 L | L 1 1 L I 1 L L 1 I L 1 1 L | L 1
input fD LQCD ( 0(2014)074509)
, ICKMﬁtter s -1.5 -1 -0.5 0 0.5 1
Ccs IV I
m CS

_ m?, (1 — +
[Ves| = 0.974 + 0.014 £ 0.016 e PO =70 T ( s SM prediction: R =9.74 + 0.01

oz = (249.1£3.6+3.8) MeV/| P oG] BESHNITesult: R=10.2 £ 0.5
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03 Semi-leptonic Decays: ) R K(m)/etv,

— Single pole form

Veq k- ri(q? — L9
W | L
R . Ny Y 2 — ISGW2 model 2 .
RS Bk A N _p 2 TsGw2; 2 2
D4 & ERf— g Fol6) = 1) (14 522~ )
q /[ T=RE F P — Modified pole model
- ., S (0)
J ((].2) — 02 o2
f.(q) 3 | (1= w4 = ags)

— Series expansion model

filt) = ma@@o) (1 + kz_;?‘k(to)[z(ta toﬂk)
partial decay width

dlpe+, GZ|Ve|? | = Wo—E _
it = ame IPRIIEL (@) P (5 2)% % [3mplpel* + O(m7)]
Wo = (m% + ms — m?)/2mp, Fo = Wy — Ep + m3 /2mp
measure Vq(s) to test the unitary of CKM matrix

measure the form factors £ (0) to calibrate the Lattice QCD

calculation

test lepton universality via R =T, /T,



03 Semi-leptonic Decays: ) R K(m)/etv,

— Single pole form
Veq e Folg?y — )

PN f_"\\\ e, —ISGW2 model | .
Fol6) = 1) (14 522~ )

Ve
=% F P — Modified pole model
q

P fi(a?) = L L0)
f(a%)

a2 a2
(1 — 7)1 — aghk—)

— Series expansion model

filt) = Wﬂo(%) (1 + Zﬂc(%)[z(ta toﬂk)
. . o k=1
@ partial decay width

Tocve — SVl 5 [P (@) W) x [1mpl5p? + O(m?)]
Wo = (m% + ms — m?)/2mp, Fo = Wy — Ep + m3 /2mp

@ measure V 4(s) to test the unitary of CKM matrix

@ measure the form factors £ (0) to calibrate the Lattice QCD

calculation

@ test lepton universality via R =T ,,/T,



03 Semi-leptonic Decays: ) R K(m) /%e*v,

B(D° - K~e*v,) = (3.505+ 0.014 £+ 0.033)%| [B(D° - m~e*v,) = (0.295 + 0.004 + 0.003)%

100 T T T T T T T 6 T T T T
[ D%-Ketv, | - Do ety, g
[ ——data 8 L —e— data 4
f; 80 — Single pole model | P N — Single pole model |
<‘,‘> : ----- Modified pole model - t},O 4 _"“ - o Moditied pole model _|
0 4| === Z5erles (2 par) % i 4 === zseries (2par) |
9 r === Z SOM0S (3 par) _(5 ----- Z series (3 par)
e I e |
S okE ] & L
g I T oot -
< 20~ \\\ _: 2 i b
0 . : : e 0 L L \
0 0.5 1 1.5 2 0 1 2 3
q? (GeV/c?) @ (GeVch)
2.0 T T T T T T T T T T 7/
(a) DKe'v, _ (b) D' e, /3
j S C. Aubin et al 1Fermilat.)-‘; Lattice Co]loabgrati-on“M]LC 5
o Collaboration, and HPQCD Collaboration), Phys. Rev. Lett.
15 |- [_JLQcDstat eror 94, 011601 (2005). ) erfor
LQCD syst. error A %f LQCD syst. error
B ~ 2 |
' &
o
1 -]
05 | L | 0 L L L
0 05 1 1.5 2 0 1 2 3
@ (GeVZch) @ (GeV?c?)

7(0) =0.6372 + 0.0080 + 0.0044

with |Vql/|V.
[Veal/[Ves| £X(0) = 0.7368 + 0.0026 + 0.0036

fT(0)|V.4| = 0.1435 + 0.0018 + 0.0009
X0V, =0.7172 + 0.0025 + 0.0035

IVeq] = 0.2155 + 0.0027(stat) + 0.0014(sys) + 0.0094(LQCD)
with £ (0)/£(0)
|Ves| = 0.9601 + 0.0033(stat) + 0.0047(sys) + 0.0239(LQCD)

[1] Phys. Rev. D92, 072012 (2015); [2] Phys. Rev. D96, 012002 (2017)



03 Semi-leptonic Decays: ) R K(m) /%e*v,

B(D° - K~e*v,) = (3.505 + 0.014 + 0.033)%| |B(D° - n~e*v,) = (0.295 + 0.004 + 0.003)% _
B(D° - K%*v,) = (8.604 + 0.056 + 0.151)% B(D® » n%*v,) = (0.363 £ 0.008 + 0.005)%
100 . . : : 6 . T
o l l DP-Ketv, l ] - : D“—m'{e‘v. i
r —e-— data . L —e— data . D’ - K-ety, NDp° - retu,
:,; 80 - — Single pole model | & A — Single pole model | Iy = % = 1.03+0.01 £0.02 I, = ‘)(_—“_) = 1.03 +£0.03 +£0.02
("‘> O T Modified pole model - o° 4 _"“ N Modified pole model _| rp" — K% Ve) 2I(D* = nety,)
o[ === ZS€NeS (2 par) % I ' === Z Series (2par) ]
9 r === Z SOM0S (3 par) _(5 ----- Z series (3 par) ‘1 OO T T | 25 ! |
2 i 2 : : L D —)FB‘V. D’—m°e*vg
e ® 5 Yool _ - \% ~ Data ] — X ~e- Data
g i I ] g g ‘ro 80 — \t — - Single Pole Model Vo 2.0 \ — - Single Pole Model
i \\ _ “‘> RN ~ BK Model °‘> LD -~ BK Model
ol L 0 L s s v — ISGW2 Model ) — ISGW2 Model
0 09 , d . 12 N 0 1 - 2 3 Q) 60 - zseries (2 par) | ) 15+ zseries (2par) |
9° (GeV'/c’) ¢ (GeV'ie) ‘Tm L z series (3 par.) ‘TUJ z series (3 par.)
2.0 ‘ T T T T T T T ‘ T 3/ c F " c
(a) D%Ke‘ve 2 (b) D”—m‘e‘vs ~ 40 N, 1 ~10} Bl
L data A I e S Y r . 9
C. Aubin et al. (Fermilab Lattice Collaboration, MILC o o L . o
o Collaboration, and HPQCD Collaboration), Phys. Rev. Lett. i E L ‘s 32
15 []LacDstat. error 94 011601 (2005). ) error [ 20+ _ — 05+
' LQCD syst. error R LQCD syst. eror o] L e T
O ~ 2F .
ke (o} .,
© & | ! L% !
0 ‘ 0.0
10 . ; | 0 05 1 15 2 0 1 2 3
, 2.4 2, .4
; o® (GeV°/c®) 9? (GeV</c™)
0.5 : . ! 0 I I
0 05 1 1.5 2 0 1 2 3
@ (GeVZch) @ (GeV?c?)

7(0) =0.6372 + 0.0080 + 0.0044

with |Vql/|V.
[Veal/[Ves| £X(0) = 0.7368 + 0.0026 + 0.0036

fT(0)|V.4| = 0.1435 + 0.0018 + 0.0009
X0V, =0.7172 + 0.0025 + 0.0035

with f*(0)/f(0)

IVeq] = 0.2155 + 0.0027(stat) + 0.0014(sys) + 0.0094(LQCD)
|Ves| = 0.9601 + 0.0033(stat) + 0.0047(sys) + 0.0239(LQCD)

[1] Phys. Rev. D92, 072012 (2015); [2] Phys. Rev. D96, 012002 (2017)



03 Semi-leptonic Decays: D™ — Kje*v,

Events / (0.018 GeV?/c%)

Events / (0.018 GeV?/¢c%)

fg t D" -K n* nf tag g
T oK 3
[<}] Q
0] 0]
w [+'e]
S o
<) e
2 2
o c
() 48}
= =
w ] ) L
0----.- - I 0.;- 1 1.5 —
q? (GeV?/c4)
—_ EREEENEEREEELEE .
S D" 5K n* nt 7* tag] %
[«}] J [44]
0] 10
[oe) 60_ —_ fes)
5 |3 | 5
=) ao- } 4 =)
c h 1 =
(1) 48]
> =
0 : , - Iﬂ.LE = .
q° (GeV?/c?) q2 (GeV?/ ¢

B(D*- K,e*v,) = (4.482 + 0.027 + 0.103)%

X))V, =0.728 + 0.006 + 0.011

g (GeV¥ ¢4
B(D* — KYeTv.) — B(D™ — K%~ v,)
B(D+ — Kletv.)+ B(D~ — K%~ ,)

Acp =

Dt>Kietv,

AL, = (~0.59 £ 0.60 + 1.50)%

Phys. Rev. D92, 112008 (2015);



03 Semi-leptonic Decays: |V .| and |V 4]

I T T T I T T T ] T T T I T T T l T T T I T
Belle 0.677+0.007+0.021
PRL 97, 061804 (2006) [D°— K'e*v,, D’— K'p*v,]

T T I T T T T I T T T T I T T T T I SAEE
Belle 0.140+0.004+0.007
PRL 97, 061804 (2006) [D°— w'e*v,, D°— wp'v,]

BABAR  0.707+0.007+0.005+0.007
PRD 76, 052005 (2007) [D°— K'e*v,] CLEO-c  0.150:0.004:0.001

PRD 80, 032005 (2009) [D°— we'v,, D*— n%*v,]
CLEO-c 0.719:0.006+0.005

PRD 80, 032005 (2009) [D°~ K'e*v,, D'~ K e*v,] 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,] BESIII T —

BESIII 0.728+0.007+0.011 PRD 92, 072012 (2015) [D"— x'e*v,]
PRD 92, 112008 (2015) [D'— Ke*v,]
BESIII 0.1400+0.0026+0.0007

7053£0.00400.0112
BESIII 0.7053+0.0040+0.0 PRD 96, 012002 (2017) [D*~ n%"v,]

PRD 96, 012002 (201 /)[D - Kle'v]

Average 0.7156:0.0033 Average 0.1426:0.0014

I 1 1 1 I 1 1 1 ] 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

058 0.6 062 0.64 0.66 0.68 0.7 0.72 0.74 011 012 013 044 015
KOV 75OV
o BESIII contribute to the |V 4(5)| determination dominantly
@ ||Vey| = 0.214 £ 0.002cxp. £ 0.0091.QcD

CS| = 0.958 £ 0.004cxp. £ 0.0241gcp (with LQCD calculations for

[PRD 82, 114506 (2010); 84, 114505 (2011)]

) CKM matrix elements determination suffers from large LQCD
uncertainties



03 Semi-leptonic Decays: f2~%(0) and f2°™(0)

T T T I T T T T | T T T T T T T T I T T T T T T | T T T T | T T T T I T T T T I T T T T
HPQCD 0.747+0.011:0.015 HPQCD 0.666+0.020+0.021
PRD 82, 114506 (2010) [N=2+1] PRD 84, 114505 (2011)[N=2+1]
Belle 0.695+0.007+0.022  mee——— T e
- - ——
PRL 97, 061804 (2006) [D"— K e*v,, D'— K u*v,] Belle 0.624+0.020+0.003
PRL 97, 061804 (2006) [D°— we*v,, D°—» np*v ]
BABAR 0.727+0.007+0.009 ——
PRD 76, 052005 (2007) [D°— K'e*v,] BABAR 0.610+0.020+0.005 —_—
- = 0 . ,
CLEO-c 0.739+0.00740.005 PRD 91, 052022 (2015) [D°— mwe*v ]
- \ Iee - 4 s 0
PRD 80, 032005 (2008) [D"— K'e*v,, D' K e*v,] CLEO-c 0.666£0.019£0.005 .
BESIII 0.7368+0.0026+0.0036 - PRD 80, 032005 (2009) [D°— me*v,, D'~ ne*v ]
PRD 92, 072012 (2015) [D"— K'e*v,]
BESIII 0.6372+0.0080+0.0044 —_——
BESIII 0.748£0.00720.012 PRD 92, 072012 (2015) [D°— we*v ]
PRD 92, 112008 (2015) [D*— Ke*v,]
BESIII 0.724640.004140.0115 —l BESIII 0.6216£0.0115:0.0035 —_——
PRD 96, 012002 (2017) [D*— Kle*v,] PRD 96, 012002 (2017) [D+— mwe+y]
1 | 1 I 1 1 1 1 | 1 1 1 1 | 1 | 1 1 I 1 | | | | | I 1 1 1 1 I 1 1 1 1 I 1 1 | 1 I 1 1 1 1
D—K Don
f. 7(0) f. 7(0)

@ assuming the CKM matrix is unitary, BESIII contribute to the
ff%K/ﬂ(O) determination dominantly



03 Semi-leptonic Decays: ) R K(n)‘/OuJ’vﬂ

|B(D° > K~u*v,) = (3.413 + 0.019 + 0.035)%)|

3 .
x10 arXiv: 1810.03127
— | ] ) ~ L S m e s e e e e e S e e e e | [ L
_— - IV
? [ 14 arXiv: 1810.03127 [ arXiv:1810.03127
s nvy ‘ 1«7 80 . L
n I ] 5 60 J B
@ o 1A : [
: L {1 > | L
s | 1E 40 ] :
-t 1' 7 Ncn 1 B
o 2 1 |
S 15 [
W s ety <] - . ! !
2 1.4 2 24
U, (GeV) q* (GeV7/c%) * (GeV/c?)
HIlIIH‘\HI'I!H‘\III|r\\‘lll‘llhlr\\‘\f‘llllll\H AR RN LS RN RN IR AN U I o o o o o B o o o S B o s e o )
error is rrom i
boG20TT 335018 s ronfl HPaCD CKMFitter 0.97343:0.00015 .
o " PRD82(2010)114506 0-74720.01%:0.015 =t DELPHI W' c§ 0.94:0.3240.13 =i
oL 2 CLEO/BELUBABRBESIII D'~ K'y, 0.975:0.007:0.025
U 14:0.34:0.34:019 BESI  Ke',  080:0.04:0.03 ———s— | CLEO TV, 0988:0.044:0022
CLEO A 1000:0052:0021 ==
BG83 316030027028 — N BELL  KI',  0695:0.007:0.022 —e— CLEO AL sgoimesdill S
BABR TEVTAVI),  0956:0036:0056 ==
CLEO  3.07:031:035:003 — - y gy POV TUV T AT, 1025001060020 |
EGS7(1008) 31005056003 L BESII@4.009 1, (x'7,, 0944:0063:0.027 ==
Reiaital CLEO uy, 1.007:0.040:0.018
, CLEO  Kev,  0739:0006:0.005 - I prmisempingll 3
E687(1995) 3.310.13:0.11:0.03 A erorisfrom  eaem icy Ko 1040:0.033:0.
BT o 6 BELL i, 0976:0026:0021 =
BESH  Ke',  07368:00026:000%
BELL 3.45:0.10:0.21 —_— ¢ % Eiﬁr':fa‘:\'/ﬂa Dg—uty, 0.974:0.014:0.017 ]
BESH o Aus A
B 34130019 +0.035 . preliminary /¥ 07327 £0039£0030 BESIII DKy, S
preliminar e preliminary T 0.955 +0.005 + 0.004
\\Illll\‘\\\Illlﬂxﬂﬂi‘\q?“llll\\\‘|III|\\\\‘|III||\\\ I P T A i o B S | P ! PR N N (0 1S il | I
05 0 05 1 15 2 25 3 35 4 045 05 055 06 065 07 075 08 -1.5 -1 -0.5 0 0.5 1
0 K
B(D-Ku'v,) (%) (0) v |

[1] Phys. Rev. Lett. 121, 171803 (2018); [2] Eur. Phys. J. C76,369 (20




03 Semi-leptonic Decays: ) R K(m)%u*v

|B(D° > K~u*v,) = (3.413 + 0.019 + 0.035)%)|

H

|B(D® - m~u*v,) = (0.272 + 0.008 + 0.006)%|

Events /(0.007 GeV?/c")

L TRAVS

[~ PRL121,171803(2018)

%3

M2 (GeV¥eY)

measured for the first time

|B(D® - n°u*v, ) = (0.350 + 0.011 + 0.010)%|

3 .
x10 arXiv: 1810.03127
— El_l_'_l_l- . . a Tr r, ., rUrrTrTT ™ ™ i
_— - Iy
% K-ut 1% arXiv:1810.03127 L arXiv:1810.03127
s nvy ‘ 1«7 80 L
n [ ] 5 60 B
%) 2'_ 1= L
: L {1 »w L
s | 1£ 40 .
e 1' 7 Nc' B
S 14 20 -
- E |4
> 1 = [
lu | S PP o WO < 0 — 0|5 — :I M 115 . ] 1 1
2 1.4 1 2.4
U, (GeV) q* (GeV?/c?) ¢ (GeVYict)
\\I||I|\‘\\\I|I|r\‘\lll|r\\‘l||4l|hlf\\‘\f‘llllll\\\ Il|l]Ylll]lv!!IVIYINITIYIY|YIIIYI_ITI’IIIIIII ll“"{"“lr“] T "‘II',
error is rrom i
PDG2017  333:0.13 A0 IN) =-= HeQeD = sl e il
o s PRD82(2010)114506 0-74720.01%:0.015 DELPHI W= c§ 094:032:0.13
oL a2 CLEO/BELUBABRBESIII D'~ K'y, 0.975:0.007:0.025
U 14:0.34:0.34:019 BESI  Ke',  080:0.04:0.03 ———s— | CLEO TV, 0988:0.044:0022
CLEO N, 1009:0052:0.021 ==
BG83 316030027028 — N BELL  KI',  0695:0.007:0.022 —e— CLEO AL LRGO0RDth  Feee
BABR TEVTUVT)N,  0956:0036:0.056 ==
GLE0 307031035003 B | BABR  Ke',  0727:0.007:0.009 - BELL T{EV TV, T 0TV, 1.02520.019:0.029 -
E6B7(1993) 3.19:0.51:0.51:0.03 —— T BESII@4.009 1y, (x'7,)v, 0944:0.063:0027 ==
PRI CLEO v, 1.007:0.040:0.018
, CLEO  Ke',  0739:0.006:0.005 - o prmisempingll 3
E687(1995) 3,31+0.13:0.11:0.03 AN erroris from e BABR Fon UaU20.055:0.
AB(DHKT) R — BELL uy, 0976:0026:0021  ®
e’y k +0). +0). L ]
BELL  345:0.10:021 _ ; SS::E;;N Di-p'v, 0974:0014:0017  ®
BESH o Ao Ko
B 34130019 +0.035 . preliminary /¥ 07327 £0039£0030 BESIII DKy, S
preliminar Rei A preliminary £ 0.955 + 0.005 + 0.004
TN . AT T T [T [ S A I B Wirsc Jih A I P P A AR ol A A o3
05 0 05 1 15 2 25 3 35 4 045 05 055 0.6 065 0.7 075 08 -1.5 -1 -0.5 0 05 1
0 K
B(D™>K'u*v,) (%) f4(0) e

[1] Phys. Rev. Lett. 121, 171803 (2018); [2] Eur. Phys. J. C76,369 (2016);



03 Semi-leptonic Decays: ) R K(n)‘/OuJ’vﬂ

|B(D° » K~u*v,) = (3413 + 0.019 + 0.035)%)| |B(D® > n~ptv,) = (0.272 4 0.008 + 0.006)%|
x10° arXiv: 1810.03127 -
; [ o o X T T W'V, |- PRL121,171803 (2018)
_— - Iy 4
I 1% arXiv: 1810.03127 L arXiv:1810.03127
2 | Ky, 1«7 80 [
= i 5 I <
- Q L "'>
0 10 60 L ¢
Q 9 - - g
S L {4 »w L =3
P 1E 40 - £
el 1'_ b Nr ._ =
& 1220 :
> 1 = [ ] :
lu N S TP UE o st q M B BRI R | 1 1 1 a]-z -
-0.1 0 0.1 0 0.5 1 1.5 0 05 1 15 M2, (Geviet
U (GeV) q? (GeV¥c?) 0 (GeViie) measured for the first time
i
|B(D® - n%tv, ) = (0.350 + 0.011 + 0.010)%|
\\I||I|\‘\\\I|I|r\‘\lll|r\\‘Illllf\\‘\‘llllll\\\ |||l]¥lll]lv!¥l¥l¥l‘ITIX|X|XII|!|_ITI’IIIIIII lll|l¥{Il|||TIVl T ",II,,
4% error s from HPQCD CKMFitter 0.97343:0.00015 .
PDG2017  3.33:0.13 AB(D°Su'x) === PRD82(2010)114506 0.747:0.0110.015 - DELPHI W' ¢§ . 0.94+0.32:0.13 40 Eur. Phys. J. C76,369 (2016) —
CLEO/BELL/BABRBESIII D™ KI'v, 0.975:0007:0025
EMUL  2.14:0.34:0.34:0.19 BESI  Ke',  080:004:003 ———e— [ CLEO eIy, 0988:0.044:0022 = —
CLEO TN, 1009:0052:0.021 ==
BG83 316030027028 — N BELL  KI',  0695:0.007:0.022 —e— CLEO AL LRGO0RDth  Feee
BABR TEVTVT)N,  0956:0036:0.056 ==
CLEO  3.07:0.31:035:0.03 —_— . 3 oy POV Ty TN, 102500100020 o
E687(1993) 3.18:051:051:003 —_— Lo BESII@4.009 1y, v'(x'T,)v, 0.944:0063:0.027 ==
R CLEO v, 1007:0.040:0018 =
Ketv + +
E6B7(1995) 3.3%20.13:0.140.08 Mhermorisfron  —am CLE0 SRS . BABR e UMD002008T: el
AB(DHKT) O S — BELL iy, 0976:0.026:0021
e’y 1+ L ]
BELL 3.45:0.10:0.21 —_— ¢ RIS Séﬁ:\ﬂli‘:\'/ﬂa Di-u'v, 0.974:0.014:0.017 ]
BESH oo Koo Ao
Eriﬁr‘:]'mar 3.413 +0.019 + 0.035 . preliminary /¥ 07327 £0039£0030 BESII DKty S
By Do Asm AM preliminary =k 0.955 + 0.005 + 0.004 e oy ,
T N T AFEYINE AUNANI AU VETUTII SV el AU 0 IVEPE 1 PRI I P Y N | { - 9)_2 -0.1 0.0 0.1 0.2 0.3
05 0 05 1 15 2 25 3 35 4 045 05 055 0.6 065 0.7 075 08 -1.5 -1 -0.5 0 05 1 Upe (GeV)
0 K
B(D-Ku'v,) (%) (0) v |

B(D® - K°u*v,) = (8.72+£0.07 £ 0.18)%

[1] Phys. Rev. Lett. 121, 171803 (2018); [2] Eur. Phys. J. C76,369 (2016);



03 Semi-leptonic Decays: test of LFU

150 arXiv: 1810.03127 | ]| In full ¢ interval:
I l 5 - —
L [Konv, | r(p® -» K ptv,)[arXiv: 1810.03127]
e} . #/e " T(DY - K-etv,)[PRD92,072012(2017)]
a2 " + ¢ T _
1 o e t + i =0.974 %+ 0.007 %+ 0.012
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The FFsin D — K%e*tv, are extracted for the first time:

Model Parameter Value f.(0)

Simple pole f.(0)[Vg] | 0.175£0.010 £ 0.001 | 0.778 £ 0.044 + 0.004

Modified pole model f1(0)|Ved| 0.163 +£0.017 £0.003 | 0.725 +0.076 + 0.013
a 0.45 +0.44 +0.02

Series two parameters | f1.(0)|V 4| 0.162 4+ 0.019 £ 0.003 | 0.720 4 0.084 £+ 0.013
rn —2.94+232+0.14

Inserting |Vcq| = 0.22492 =+ 0.00050 obtained by CKMfitter, the f,(0) can be obtained.
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The form factor ratios in D - K*%e™v,
are extracted for the first time:
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Signal mode arXiv: 1809.06496  this analysis (x107°) PDG (x10~7)

D° — 7=t 1.445 + 0.058 4 0.039 -

D = p=et . 1.445 + 0.058 + 0.039  1.77 + 0.16
DT — ™ W+€+V€ 2.449 4+ 0.074 + 0.073 -

Dt — pletu, 1.860 £ 0.070 4 0.061  2.187417
DT — wet e 2.05 £ 0.66 £ 0.30  1.69 £ 0.11
DT — fo(500)e ve, fo(500) — 777~ 0.630 + 0.043 + 0.032 -

DT — £0(980)e " ve, f0(980) — wha™ < 0.028 -

« The m*m~ S-Wave contribution is observed for the first time;

* Hadronic FF ratios D — pe*tv, at g%=0 are obtained:

ry = 40 =1.695 + 0.083 + 0.051 T _ 40
VEa,0) " TR 27 4,(0)

= 0.845 £ 0.056 + 0.039



04 Summary

. + +., . pt +., .+ + .
Measurementsof D" = u Vy; DT > 17y, Dg > 1y, fD(+S) and CKM elements:

fy+|Veql = (45.75 + 1.20 + 0.39) MeV
fos |Ves| = (242.5£3.5+ 3.7) MeV

fo+r =(203.2+5.3+1.8) MeV ; Vg4l =0.2210 + 0.0058 + 0.0047
ot with |Vcd|/|vcs| with fD"'/fD;' | Cdl

fD; =(249.11+3.6 + 3.8) MeV |Ves| = 0.974 +0.014 + 0.016
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« Measurements of D? — K‘(n_)e+ve(u+vu), FFs and CKM elements:
fT(0)|V,4] = 0.1435 + 0.0018 + 0.0009

X))V =0.7172 + 0.0025 + 0.003

with [Veg /| Vel with £ (0)/f(0)

7(0) = 0.6372 + 0.0080 + 0.0044 [Veql = 0.2155 + 0.0027(stat) + 0.0014(sys) + 0.0094(LQCD)
%(0) =0.7368 + 0.0026 + 0.0036 [Ves| = 0.9601 + 0.0033(stat) + 0.0047(sys) + 0.0239(LQCD)
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0/+ _
- Measurements of D » K®%+y, and DY* - ntm~/%etv,
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Study of the form factors in D_*>K%*v, S —"
- amim simp‘le' pole model
The differential decay width for D} — K%', is given by et “‘“d‘_““(’zl’:'“)“""e'
q,o ‘&,“ — 7 SEerles ar.
dr(Df — K%tre) _ GEIVcdlng ()P > BESIII
dq? 2473 KO ‘ "3 preliminary
c
where pko is the momentum in the rest frame of the D~ meson. ol
[
4
q2 = (Ecm - ED.— - E,}. - EK°)2 - U - ?D,_ - ?'}- - ?K°|)2'
The parametrization of form factors:
@ Simple pole model: q? (GeV?/c?)
f'
f(q?) = 1—0;/(3’)’;,016’ where my,g1e = mp-+ = 2112.14 0.4 MeV/c?. ———r
CUCET + simple pole model
@ Modified pole model: modified pole model
f ( 2) - f+(0) 2 — — Z series (2 par.)
T q - (1_q2/Msole)(l_aqz/Msole)- BES/// /
— .. e
@ Series expansion [two parameters]: ‘:g; 1.5 Ppreliminary Val

F () = B Jo(to) (1 + ki'% ri(t0) (2, 1)]¥).

Fit to partial decay rates in D_.*->K%*v,

XQ _ Z(Ar?easured _ Ar}cxpected)cifl(Ar}neasured _ Ar?XDected)

q? (GeV%c?)

i



Extracting FF for Ds > KCev

- The differential decay rate depends on 5 variables (PRL 110,131802)
and cab be expressed in terms of 3 helicity amplitudes:

d®r 3 2 2 Pk =G>
2 4 GFI cdl 2

dmy . dq?dcost dcostedx 8(4r) Mg

x [(1+ cosOe)zsin20K|H+(q2, mi)|?

+ (1 — cosbe)sin®O |H-(q*, mk+)|?

+  4sin®fecos?0x|Ho(q?, mkr)|?

4+ 4sinfe(1 + cosBe)sinfk cosh cosx Hy (g%, mi)Ho (g%, mk )

—  4sinfe(1 — cosbe )sindk cost x cosxH—(q?, my)Ho(q?, mk )

—T " B(K*® = K*77)|BW(mg)|?

—  25in?0esin®0 cos2x Hi (g%, my - )H_ (g%, mk)].

The helicity amplitudes of H, (q?), H_(q?) and Hp(g?) take the form of

2Mp. Pk »
Hi(q%) = (Mp, + mk+)A1(q%) F M—D";ﬁv(qz) and

amM?3 p2 -
Ho(9%) = 5,5 [(MD, — mk» — @*)(Mp, + mK,,)Al(q )= ijﬁ"‘ (a*)],

A(q)_—l,%)m—and V(q)—%, V—A o) andrz—ﬁlig;-

- We perform 5 dimensional fit to extract the form factor ratios, rv and r».



