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Introduction
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@ Precise measurements of decay constants fD(+), form factors £ (q%) of Dy

decays can calibrate theoretical calculations with higher accuracy.

@ Precise measurements of CKM matrix elements |V 4

martix and search for NP beyond SM.

@ Test on lepton flavor universality in charm sector.

s)| can test unitarity of CKM
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Introduction

BEPCII

A rcrr~e'|°|‘ife vie\;u 01; BEI".EII / éESIE[I ;
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BESIIT o~ S Beam energy: 1.0-2.3 GeV i
detector Z@ S Optimum energy: 1.89 GeV !
9 \ R '\ ¥ Design luminosity: 1.00X10* cm2s!

RS S\ & Data taken from: 2009
« P> Achieved luminosity: 1.00X10% cm2s!
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Introduction

BESIII detector

Magnet: 1T Super conducting

‘ Nucl. Instr. Meth. A614, 345 (2010)

DC: small cell & Gas:
He/C;Hg (60/40), 43 layers
0,,=130 pm

a,/p = 0.5% @1GeV
dF/dx=6%

EMC: Csl crystal, 28 cm
AE/E =2.5% @1 GeV
0z=0.6 cmWVE

Data Acquisition:
Event rate =4 kHz
Total data volume ~ 50 MB/s

or= 100 ps Barrel
110 ps Endcap

Muon ID: 9 layers RPC
= 8 layers for endcap

60 ps for ETOF after
upgraded in 2015
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Introduction

Method and data samples at BESIII

Double Tag (DT) Method

The yields of each tag modes can be written as

Ntag =2- NDD . Btag *EST (1)

The yields of signal can be written as

Nsig =2 NDD . Btag . Bsig CEDT (2)

the branching fractions of semi-lepton decays can

be determined by

B — Nsig,/(‘(‘:DT/‘EST)
sig — Nno-

Note that Nz is determined by fitting the kine-

matic variables of the missing neutrino

Umiss = Emiss — |?miss|
M2

(3)

4)
2 2
miss — Emiss - |?miss|

Luminosity (pb%)

4000
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2000

1000

[ 0%0° sample at 3.773 Gev
[l O: sample at 4.178 GeV
[ D sample at 4.009 GeV
[] A sample above 4.599 GeV/

CLEO-c BESIII
| Hadrons
D—
P_e-p 4
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Leptonic Decays of D™ and D,

D* = 7"v; and D — ptv,

Phys. Rev. Lett. 123 211802 (2019)

DT — 7,

First observation with a significance of 5.10
B(D* — 7Fv;) = (1.20 + 0.24 £ 0.12) x 10~3

Number of events/0.02 (GeV/c?)?

Rp = % =3.21+0.77 (SM: 2.67)
i
for = (224.5 +22.8 + 11.3 +0.9) MeV
oNeRRE o 0 oi oz 03 |Veq| = (0.237 £ 0.024 4 0.012 + 0.001)

Miss (GeV/c?y

L O \ | Phys. Rev. Lett. 122 071802 (2019)
% eof e e T D} — ptv, at 4.178 GeV
Z F R ey B(DF — ptvy) = (5.49 +0.16 + 0.15) x 10~3
% o ‘( 3 fiop | Ves| = (246.2+ 3.6 £ 3.5) MeV
2 2P N d s +; for = (252.9 % 3.7 +3.6) MeV
T R T Rp, = [(B£27"0) _ 9984 0.52 (SM: 9.74)

MM (GeV¥c") s r(DF —ptvy)



Comparison of fp+ and fp+

Inputs from CKMFitter

@ Input: |Vy| = 0.22438 + 0.00044 @ Input: |Ves| = 0.973597%9%010

wpaco RRDBG, 0SS0 208.3:40:33 - HPaCD (2+) PROR 4S04 2480:14:21 -
- - I o 1060 241) PROSZ,OMSTT 254020240 -
RBCUKQCD (2+1) MEPIZLON 24641319 -
ETM4) PROSOSSTT  2074:37:08 -
ETM v PROSI, OS50 2472:39:14 -
FUILC (2+141) PROSE,7,074512 20240305 '
FMILC (2+1+1) PROSE, 074512 2409:03:03 ]
(Theory) :03:0. .
Average (Theory) 10304 Average (Theory) 297:03:03 .
L \ . | )
CLEO< (u'v,) PRD79,052001  257.6:10.3:43 —_—
CLEO<('v)  PROTEOS003  2058:85:25 —_—
BaBar (1'v,) PROB2, 091103 2659:84:7.7 —_—
Balle (1°,) JHEP1309, 130 2498:66:50 —
BESII (1" . 15341, ——
) PRD8S, 051104 232:53:18 BESI@A1T8 (1v,) PRLIZZ, 071802 252.0:3.7:36 —-—
BESII@A00D (', V)  PROSA 072004 2410:16366 et
BESII () PRLIZJ2VBD  2245:228:113 CLEO< (%, v) PROTS, 052001 256.0:7.:29 —
BaBar (1, V) PRD82, 091103 2446:9.1:142 —_—
Average (1'v,) - Belle (5, ) JHEP1309,130  2622:48:74 —_—
Average 2548:23:17 -
. 1 1 L
50 100 150 200 20 100 150 200 250 300
for (MeV) fo: (MeV)



Semileptonic Decays of D°, DT and DS

Events / (3.5 MeV)

0 —
D” — K vy,
PRL122 011804 (2019)
x10°
sh@Kwv,, b
— Total fit
2F DK
--- Other bkgs
1k
-0..1 (; ‘0.1
U, .. (GeV)
I . I (a) 7
80 +oue

AT/Aq* (ns'GeV-2c4)

60

40

20

0 0.5

1.5

g% (GeV¥c?)

VCe)

015 1
¢ (GeVie)

15

¢ (GeVie)

D% — K~ uty, at 3.773 GeV

B(D® — K~ utv,) = (3.413 4 0.0019 + 0.035)%
fK(0)| Ves| = (0.7133 £ 0.0038 == 0.0030)

£K(0) = (0.7327 + 0.0039 + 0.0030)

[Ves| = (0.955 + 0.005 4 0.004 4 0.024)

B(D° K~ ptvy)
B(DY—K—etre)

= (0.974 + 0.007 + 0.012) (0.975)

9
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Semileptonic Decays of D°, DT and DS
+ +
DT — nuTy,

PRL124 231801 (2020)

1.0 T T

80} Full g* region 0<q°<0.25 GeVYct 0.25<47<0.5 GeV/ct T
o @ o ®) G osl ® ]
T | 18 15 ¥

o 40 ouenis | 10 { | 10 . _
5 20 ! | 5 \ 5 = 0.6 .
Z 7 it L. MJWW ok =
© e — 0 : - E
3 y 0.5<¢°<0.75 GeV /et 075<47<1.0 GeV/ct 10 GeViesg? 0.4
FR G {EG) 2w
Z15 15 15 0.2 E

10 10 10 . ‘ .

5 s . sl I 0.0 0.5 1.0 1.5

2 (G 274
5000 or WL 05 01 00 09 oI q% (GeVT/ch
Uy (GeV) U, (GeV) U, (GeV)

Experimental confirmation for the first time since
it was predicted in 1989. (PRD39, 799)

(@ B(D* — nutv,) = (10.4 + 1.0 £ 0.5) x 10~*
£71(0)| Vey| = 0.087 + 0.008 + 0.002

£7(0) = 0.39 £ 0.04 £ 0.01

|Vea| = 0.242 4 0.022 4 0.006 + 0.033

-
=]

AT/AG* (ns'GeV2ed)

+ +
0.0 0.5 1.0 1.5 R= BB(D Sni V) .91 4+ 0.13

DT o V)
7 (GeVZet (Dt —netve)ppDC

10/23



Semileptonic Decays of

Comparison of £f277(0) and £27X(0)

Inputs from CKMFitter

@ Input: |V,y| = 0.22438+0.00044 @ Input: | V| = 0.9735975:9%010

weoen OB s os0zomn el waco o este waanaons —_—
e —
g Ll 0812:0038 M ete) RO, 054514 0765:0001 ——
A o) asua0z —_— P arsasm -
. . . . . ) )
CLEOe () PROBDOSZONS  0.666:0010:0005 —_— PROBO, 005 0799:0007:0005 -
BaBar(re’v,)  PROTE,O5005  0610:002:0005 —_— Batr Ky PR, ses oTz1:0001:0000
Belle (R) PRLYY, 061604 0,695:0.007:0.022 ——
Bele i) PRLY, 061 0.624:002:0000 —_—
BES (ke PROZ 002 07360:00026:00% -
BESI(rev)  PROOTOZ  06372:00060:0000 - BESH(Kev)  PRORION  anacnasn —
BESII(f0y)  PROSGOUOZ  06216:0011S:00035 —_ BESI)  PROS O orakodutootts i |
BESIIKIY)  PRLIZOMSN  0737:00009:00030 -
Aversge 061310006 -
verage aTse000s .
I 1 1 1 1 I | L . . L L
03 035 04 045 05 0.85 06 0.65 0.7 04 045 05 055 06 0.65 07 0.75 08
D1
£77(0) 270)
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Semileptonic Decays of D°, DT and [
(/)
DF — nVetv,

PRL122 121801 (2019)

600 T
400
gm0 B(DF — netre) = (2.323 4+ 0.063 = 0.063)%
: B(Df — n'etve) = (0.824 + 0.073 = 0.027)%
E o el Precision improved x 2 over PDG
20+
Hogl
-0.2 0 0.2 0.4 -0.2 0 0.2 0.4
MM? (GeV¥ct)
, . — Input:
-~ Simple pole F i
11 Mottt po T T 1 |Ves| = 0.97343 & 0.00015 (PRD98, 030001)
~ + 1% calculation
Tos s i o 1 £2577(0) = (0.4576 + 0.0054 + 0.0045)
- . ’
06 ‘ ] £2577 (0) = (0.490 + 0.050 + 0.011)
b | ‘ First FF measuremet
04 L L L 1 L L L L]
0 05 1 15 02 04 06 08
QAGeVich
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Semileptonic Decays of D°, D and D;

D — nUety,

PRL122 121801 (2019)

. T T T T T
CLFQM . LHCb ——

©
caM . (Gluon excluded) Bgy—>J/wm
3PSR —_— KLOE ()
(Gluon included) ¢—N"Y

ccam

—— KLOE (),
Lesa (Gluon excluded) ¢—NY
LQCD M,-370MeV —-—
LQCD M,-470MeV - CLEO Di,—n” e*v,
LCsR — o
Losn BESIII Dy etv,

BESII L 1 L L L I L L
- L L L L L 28 30 32 34 36 38 40 42 44
- - - . : : ¢, (degree)

n —n’ mixing angle ¢p can be determined

Losk T(DF —n'etve)/T(DF —netve)

r(DT—n’etve)/T(Dt—netue)
Input previous BESIII results (PRD97, 092009):
B(D* — netve) = (10.74 £0.81 + 0.51) x 10~*
1 1 — —4
0753 53 o4 05 o6 07 b5 o9 B(D*T — n’etve) = (1.91 4+ 0.51 4+ 0.13) x 10
£77%0) ¢p = (40.1£2.1£0.7)°

LQCD M.-370MeV C0t4¢)p =
LQCD M_-470MeV
Lcsr
Leskr

BESIIl
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Semileptonic Decays of D°, D" and D
F s

Comparison of | V4| and | V|

Inputs from FLAG (EPJC80, 2, 113)
Input: Input:
fb=m(0) = 0.612 £ 0.035 fP=K(0) = 0.765 £ 0.031
fp =212.0 + 0.7 MeV fp, = 249.9 + 0.5 MeV

Doy POG20 02890:0.0020:0.0133 —_— ok pocan pumom ]

D-Kiv PDG20 0939:0038 ——
Dopv HLAV avg (1909.12524) 0.2173:0.0051:0.007 ——

BESHIDer)  PRLIZZ 121801
W POG20 02000011 —_—

BESHI (D:avp\ !] PRL122, 121801 1.031:0.012:0.080 ——
BESINl (D" \x“a'»‘.) PRD96, 012002 0.2100.004:0.000 st

BESII(D-Kiv)  PRLIZZOMEOA  0355£0006:0026 -
BESHI (DD*M'\‘.' PRDS2, 072012 02155:0.002710.0095 =i

BESIID!~4,)  PRLIZOTIB.  0385:0.014:0014 -
Average 02210.004 | | Average 098740011 -

v e b b b by B ] e b b b b b b b o B Beaa
01 012 014 016 018 02 022 024 02 03 04 05 06 07 08 09 1 11 12
V| Vv
cod cs
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Semileptonic Decays of D°, DT and D/

D* — wutv, and D} — ¢et v,

B

Ensl0gy

Events /6 MeV

T T T T T

—4— Data
—— Total fit
- - - Peaking BKG

U iss (GEV)

B I0GV)

E»u&bzm‘

Phys. Rev. D101 072005 (2020)

D" = wpty,.

Experimental confirmation for the first time since
it was predicted in 1989. (PRD39, 799)

B(DY — wutv,+) = (17.7+1.8+1.1) x 107*

B(DT—wut vu)
B(Dt—wetve)ppa

R= =1.05+0.14

BESIII preliminary result

PWA is preformed to the final state D —
KTK~etwve with 604 events

No signal is observed significantly from f,(980)
or phase-space S-wave

B(DF — petve) = (2.35 +0.10 + 0.10)%
r, =1.79+0.19 + 0.06
r = 0.77 £ 0.15 + 0.07
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Semileptonic Decays of D°, DT and DS

D = KO)ety,

PRL122, 061801 (2019)

s 40
3 R -~ DK, | %
¢ 3 : 3 30
g (5} ]
% o o
3 S 20
$ $
% Yo ol c T
E g g1
<] & 3of w o 1 LT
g 220 gt it L =
2 2 o 02 -0.1 0 0.1 0.2 02 -01 0 0.1 0.2
§ 1
H H MM? (GeV?/c®) MM? (GeV?/c®)
M,.,. (GeV/c’) @ (GeVP/c?)
3 3 B(DF — K%twe) = (3.25+0.38 +0.16) x 103
§ § —
i @ B(DF — K*9etw,) = (2.37 4 0.26 + 0.20) x 1073

Precision improved x2 over PDG

0
£275°(0) = 0.720 £ 0.084 £ 0.013
r, = 1.67 +0.34 £ 0.16, r, = 0.77 + 0.28 + 0.07

0 .
1 (raians) First FF measurements
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Semileptonic Decays of D°, DT and DS

D — nmwe* v, (S-wave)

PRL122, 062001 (2019)

Events/(0.017 GeV/c")

Events/(0.017 GeV/c?)

- : : ;
ol — * @ ] )
- b oporrev] @ pure P-wave
<200 ]
3
e
2100 f -
4] _ e
0 ‘ . .
05 i R T
m, (GeV/c’) cosh,
! H ], 0
- Fif + Dfor'rety g 30
- BKG s
00F 1<
1,500} 3
2200
2
30 =100
.

1

m,.(GeV/c?

5=

First observation for S-wave contribution

BT = (nt 77 )s_wavee T ve)
B(Dt —ntr—etue)

=(25.7+£1.6+1.1)%
B(D® — 7~ 7%Tv,) = (1.445 & 0.058 & 0.039) X
“eTve) = (1.860 & 0.070 & 0.061) X
B(DT — f5(500)et ve, f(500) — 7t T) = (6.30 +

0.043 4 0.032) x 10~*

B(DT —(980)e T ve)+ B(DT — 5 (500)et ve)

R= B(DT —a9(980)e T vg)

> 2.7

Tetraquark description favored
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D — Ki(1270)%* v,

PRL123, 231801 (2019)

40 30
16} < _
@ S 30 %
& . § 520
% 141 S 20 @v;
Q > 2
= 1] 10
® -] @
f12f 3 10 &
= : B
. . . .. 5
10 . I =0 =0
s . L -5 -5
-0.10 -0.05 0.00 0.05 0.10 1.0 12 14 1.6 -0.10 -0.05 0.0 0.05 010

Upigs (GEV) Mypons (GeV/c?) U, (GeV)

B= (D" — Ki(1270)e*v.) = (2.3 £ 0.267%38 4+ 0.25) x 1073 (Significance: > 100)

Experimental confirmation for the first time since it was predicted in 1989. (PRD39,
799)

The predicted BFs are sensitive to 6k, and its sign.
Ok, is K1(1270) and K1(1400) mixing angle.
Our results agrees with the CLFQM and LCSR predictions when fk, =~ 33° or 57°.

18/23



Conclusions

BESIII has studied leptonic and semi-leptonic decays with data taken at 3.773 and 4.178 GeV

@ First evidences for: @ Precisely measured:
e Dt — ap(980)°et v o Decay constant fp,
. . . )
@ First observation for: o FF ff(O). ff(O) and f+n (0)
o D — rtu, o |V and | Ve
o Dt — nuty, ) )
o DO — 25(980)" et @ Test the lepton universality:
o DT — £,(500)etve @ No evidence for LFUV in charm
o Dt = nuty, at 1.5% precision
+ +
° DY = wptuy @ Light Hadron Results
@ First measurements the dynamics on: @ n —n' mixing angle
° Df — T](/)e'*'l/e @ Test on Ok, and it sign
o Df — KO ety, @ Tetraquark description favored
o DY s KOr—ety, for ap(980), f(500) and £,(980)

By using data at 4.19-4.23 GeV, D] leptonic and semi-leptonic decays are being studied.
More (3770) data (17/fb) will be collected in the next two years. More results from BESIII to
be expected.

Thank you
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Conclusions

Back up
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Conclusions

D° — K~ (7 )eTve

PRD92 072012 (2015)

2000 |- @) ]

2 oo : D% — K~ etw, at 3.773 GeV
= 0 —et — [
@ B(D® — K~ eTve) = (3.505 + 0.0014 + 0.033)%
= 0
2 4o ®) fX(0)|Ves| = (0.7172 4 0.0025 + 0.0035)
z +
@ 300 |-
G 500 £K(0) = (0.7368 + 0.0026 + 0.0036)

100 +—

| s = |Ves| = (0.9601 = 0.0033 + 0.0047 + 0.0239)

EE
U, (GeV)

miss.

2

D° — n~etw, at 3.773 GeV

B(D® — 7~ etwe) = (0.295 + 0.004 + 0.003)%
sy £7(0)| Ves| = (0.1435 + 0.0018 + 0.0009)

" £7(0) = (0.6372 % 0.0080 & 0.0044)

|Vey| = (0.2155 = 0.0027 = 0.0014 % 0.0094)

AT (ns Gev )

o8

AT/ (ns 'GeV i)

¢ G0V 21/23

1 2
f (GeVirch)



Conclusions

D+ — K°(n%)e* v,

PRD96 012002 (2017)

25 x10° x10°
- _20F S 201 (a) n < (b)
7 ? 3 <
o150 z e
o 5 o >
5 g J1or <
g 2 2 o 1r
5 5 sk S s g
>
w I ’
00 St

01 0 01 02 02 0 02 04
U6 (GeV) Uniss (GEV)

B(D* — Ketve) = (8.6 £ 0.06 + 0.15)%
B(D+ — n%*tv.) = (0.363 + 0.008 + 0.005)%

(@

fD=K(0)|Ves| = 0.7053 + 0.0040 + 0.0112

0o 05 1 15 2 "o 1 2 3

(Gevac) a2(Geviic) ff‘”r(ON Ved| = 0.1400 £ 0.0026 + 0.0007



0(+ —(0),,+
DY) — =) U

PRL121 171803 (2018)

ey
=3
S

TN rlc'u*v e Do n“u*lvu-
% ol ma B(D® — 7~ ptv,+) = (2.72+0.08 +-0.06) x 103
] 400 F " BKGI 4
5 Pt B(D* — m%utu,+) = (3.50 £ 0.11 £ 0.10) x 103
% 200
£
5 = ednr = Input:
0 0.0 0.2 04 0.0 0.2 04 put:
My (GeVrct) My (GeVYc) B(D® — 7~ etwe) = (2.95 £ 0.04 + 0.03) x 103

T ohemy [ P oy | B(DY — m%etre) = (3.63 £0.08 £0.05) x 1073
S 45 AT/A (=) 0 R
K] - = B(D°—n" pnv,)
o L -+ BT erry = (0.92240.030 £ 0.022)
§ ] %E*ggd: B(D+—r7r0;4+l/“)
g — BT aterily = (0.964 £ 0.037 £ 0.026)

15 #} ‘/ J
& T /ﬂﬁiﬂch;u i “(’LL P“edft“)’":

05 TR V)

0 1 2 0 1 2 3 B(D—ometve) 0.985 4 0.002
qX(GeVyc?) qAGeV¥c?)
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