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Outline

* (Semi)-leptonic decay
* Hadronic decay

* Beyond SM



Adouble -ring collider with hig thm|n05|t

LINAC

>4 2004 started BEPCII upgrade,
:f'., BESIII construction

5 2008: test run
2009 - now: BESIII physics run

& * 1989-2004 (BEPC):
QO : L. =1.0x10%! fem?s
44> * 2009-now (BEPCII):

Lpeak

= 1.0 x10%*3*/cm?(4/5/2016)



D%*) and D,* data set at BESII|

» D%*) data
B @+/s=3.773 GeV.
* Integrated luminosity = 2.93 fb?, the world’s largest coherent DD
sample
« 10M D°D%produced
« 8M D*D produced

> D} data
B @5 =4.009 GeV
* Integrated luminosity = 0.482 fb™!
« 0.15M D! Dy produced
B @/s5=4.178 GeV
* Integrated luminosity = 3.19 fb™!
« 3M DD} produced
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2.93 fb! @3.773 GeV 3.19 fb'! @4.178 GeV
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(Semi)leptonic decay

Vg et
oW~
e T Ve
€& 7B %
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f(a®)
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DY, Neglect the mass of lepton
dr_ Gy’ 2)(2 . - - 50 () L
d 2:X24H3 ‘f+(q )l ‘Vcd{s)l (lefOTK a ’K rTT ;X:Efﬂrﬂf )

+»* Calibrate Lattice QCD
¢ Constrain on CKM matrix element |V |, |V 4|
+* Test Lepton Flavor Universality (FLU)
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Events / 16 MeV?%/¢?

fD;II/;SI = 246.2 £ 3.655c. £ 3.55y5¢. MeV
B(D} - p*v)=(5.49+0.16 +0.15) x 1073

PhysRevlett.122.071802 (2019)

Measure |V s| via Dy - u*v,

Contributes 28% to the
measurement on |V |

I I I I T | I I T I | T I I I I I | | |
CKMFitter

DELPHI W*> c§ -
CLEO/BELL/BABR/BESIII D°— KT, .
CLEO eV V. )v, ———
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Observation and Test LFU
viaD" -» 17V,

el

§ § oo 0 0.1
MM2 (GeV/c?)? MM2 (GeV/c’y
Test lepton flavor universality
2
2 my
+_ ot mT( _m_2>
sM: R = [P2TY) _ b/ —2.67+0.01
I(Dt-ptv) m2
m2 —2
{2

BESIII preliminary: B(D* - ttv,) = (1.20 + 0.24,,) X 1073 => R®*P = 3,21 + 0.64
consistent with the LFU within 0.9 ¢

T Egmc < 300 MeV [Ezmcmydeposit energy.  r— Fo\ - > 300 MeV
= O10° =

= aY] E

E BESIII : S f BESIII
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Measure 2~ and Test LFU
viaD® - K~ I"v,

PhysRevLett.122.011804 (2019)

00
> SM predict 3b (d) K, :
R =0.9751+0.001 f '
Our result 2;'
T DO K~ + :
R = (D"~ _” Vi) =0.974 4+ 0.007 + 0.012 1
r(p - K-e*v,) [
Coincide with LFU within 10

o1 0 01

U .__(GeV) —
> Constrainon f2~K and v, - miss :
* 3 parameter SEPPhys. Lett. B 633, 61
(2006)

f2-K0)|V.| =0.7148 + 0.0038 + 0.0029

AT/Aq? (ns'GeV2cd)




Firstly observe D - aye™v, decay

> Observe D? — agetv,
B(D° - age*v,) x B(ag - nm") PhysRevlett.121.081802 (2018) ©:4 ¢
= (1. 33+3§3+0 09) x 107 - - - P
B(D* - age*v,) x B(ag - nn®) < 3. 0
x 10~* @ 90% C.L.

20

> Help to determine the structure of

ay,f_0(500) , f_0(980) ol ) (C;"'-’f“'j
B(D* > f0(982))e+ve) L B(D* > fo(500)etvy) ||
B(D* - ay(980)etv,))
- R=1.0+0.3
two-quark state
e R=3.04+0.9
Tetraquark

Events/(0.0364GeV)
o

—
o

R =

M, (GeV/c?)
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Other results

> Measure Branching fraction and form factors of D — K*)0 et Ve
Phys.Rev.Lett. 122, 061801 (2019)

> Test Lepton Flavor Universality via D%+ — /0y,
PhysRevlLett.121.171803 (2018)

> Measure form factor and n — n’ mixing angle via DS — n(’)e+ve
Phys.Rev.Lett 122, 121801 (2019)

» Improve measurementon D — K /mev
PRD 96, 012002 (2017)

> Search for D — ye*v,
PRD 99.072002 (2019)

> Study of D - nrre™ v,
Phys.Rev.Lett.122 , 062001 (2019)

> Study of D? - Kmetv,
Phys.Rev.D.99, 011103 (2019)

> Measurements of the branching fractions of D — ¢etv,, ¢/nPutv,
Phys. Rev. D 97, 012006 (2018)
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PhysRevlLett.56.1655

A theory model: Diagrammatic Approach

All decays can be described in terms of six different quark

diagran:;C > LZK > .

- - i i i

the external W emission internal W emission W exchange
C&\/ \/\Q 9 C
W annihilation horizontal W-loop diagram  vertical W-loop diagram

Each amplitude is determined by experiment!
14



D} — pn decay

-as a “smoking gun

»

for W annihilation process

> If the annihilation mechanism dominate the
D} decay
« B(DS - pn)~1%

» An open question to explain this BF

Phys. Rev. Lett.45, 1663 (1980)
Chiral suppression:10°

0.85

9, 031101 (2019)

4 et Phys.Rev.D9
N —— Fit 1
*-; 40 e Signal |
8 ....... Background
Q B My Sideband ;
g B '
Su- |
2 | |
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0.90
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|l.'"!;1 LTl 17 7
. Eatjiiypige & b
. r”wlmlr F ||! Tl=] *!-r:llr "1\

1.00

M_. (GeVic?)

® Our result
B(D} - pn) = (1.21+0.10+ 0.06) x 1073
Confirm the measurement by CLEOc

15



Events / (0.001 GeV/c?)

Measurements of absolute BF of D > PP

» Improved BF precision
» Important input for Diagrammatic Approach

Phys. Rev. D 97, 072004 (2018)
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Events / (0.001 GeV/c?)

Measurements of absolute BF of D > PP

» Improved BF precision
» Important input for Diagrammatic Approach

x10°
Phys. ReygolD 97 072004 (2C bbbot ) ] -
L + - p L +, 4 -
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] 1 1 L h A =
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D - K'w,m"w

@ Firstly observe DY - K*w

Events/10 MeV/c¢?

Events/2 MeV/c¢?

40
30
20

20
15

10

10}

Df »ntw

6 'ol?“

Z i |0Ié1~ ol "
M, . (GeV/c?)

B(DY - ntw) = (1.77

Tz +0.12) x 1073

e
T

9 195

(Gewcz)

5|g

Events/10 MeV/c?

Events/2 MeV/c?

arXiv:1811.00392

nUlI ?4 PP
M, (GeV/c?)

08

15

10

[B(DF - K*w) = (0.87,% 0.24 + 0.07) x 1073

n

—

il

—

——

19

‘*i'"bs' >
(GeV/c2)

5|g
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PWAof D? - K nttm*m™,
D° - K ntrn’n’and Dt - Ksntmtm™

» Golden reference channel
* Reduce systematic uncertainty of other BF measurement

» VV decay mode

- K*p
» AP decay mode

.« K;(1270)7, K,(1400)7, Ka,(1260), Ksa,(1260)
» VP decay mode

- K(1460)m

Phys. Rev. D 95, 072010 (2017), arXiv:1901.05936, arXiv:1903.06316

19



Other results

> DY - ay(980)°H) (= )+ (©
arXiv:1903.04118

> D;_ - KLK+,K5K+
arXiv:1903.04164

> D° - wn,nn’,nm’, nn® and '
Phys. Rev. D 97, 052005(2018)

20






Search for heavy Majorana neutrino
inD > Kme™

* LNV process : exchange a single
Majorana neutrino

u

D” /\ (\ K-
\) U
W+ T
ya
l+
W- a
[ 7
d

UL on BF at the 90% CL

104

03 04 05 0.6 07 0.8 0.8
m,, (GeV/c®)

1

arXiv:1902.02450
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Event/(0.003 GeV/c?)

Search for D » h(h')e*e™ decays

* Clean FCNC process to search for NP
* Potential long distance (LD) effects

Phys. Rev. D 97, 072015 (2018)

— . ; — — Signal decays B (x107%)
D" n+nﬂe+e-§ [ D> K*nﬂe+§e- | D' Kgmere;‘ Dt - ntalete” <14
: Dt - Ktalete <1.5
: P E DY - KSntete <2.6
: LR Dt - KVK*ete™ <1.1
' S— '-"“‘-‘I' o A DY - K-Ktete~ <l1.1
] S A : D 5 rtrnete <0.7
D" K Ke«:‘e : D—)n*n?*e E D—)Kn*:e* . DO N K_}r_l_e_‘_e_% <41
- D — 1% te <0.4
a A ' b : DY — pete <0.3
. i m_..L._r_ : D’ - wete” <0.6
; : Cof ' E D’ - Klete <12
3bpos, TcoéJ,e- ] D°—>né+e' i Du%w?e- "in M+, regions:
; ; - ol : Lol [0.00,0.20) GeV /c? <3.0 (1.5%59)
E i ; : 5 5 [0.20,0.65) GeV/c? <0.7
K P STy Wy 0.65.0.90) GeV/c?>  <1.9 (1.0493)

1.84 186 1.8 184 186 188 184 186 188 1.84 186  1.88
M (GeV/c?)



Summary

v (Semi)-Leptonic decay
« Contribute 28% and 41% to the measurement of V.; and V
« Test the Lepton Flavor Universality widely
- Determine the form factor f2-%,(X = K, , K* ...) precisionly

v' Hadronic decay

* Improve BFs of two body decay more and more
« Perform PWA for multiple body decay widely

v Rare decay
« Searching the FCNC process
« Searching for NP
* Found no NP clue

24



Back up



Charm decays + LQCD

Charm decays +
B decays + LQCD

26



Test Lepton flavor universality via
DO/+ N n.—/Ol+vl

PhysRevLett.121.171803 (2018)

g . 0 -1+ Data LQCD + 0+
> SM predict R = 0.985 + 0.002 LT e =1 PETE
0 F(DO - 7'[/,["'1/”) S :g" %;— Ripy + —
R"Y = g _
[(D° > me*v,) < 5] -
— 0.922 + 0.030 + 0.022 g %%%X
Rt '(D* - mutv,) = |
= 1.5 1
(Dt - metv,) S 1
= 0.964 + 0.037 + 0.02 S Gaasanisies +F+ =
Coincide with SM with 1.70 and 0.50 0.5 | . . _ |
> LQCD prediction is coincided with 0 1 2 0 1 2

2 27 4 2 2/ 4
data very well. ¢*(GeVcY) (GeV¥c?
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Weights of measurement on |Vigqg)|

® BESII ;D;r - uty, CLEO-c: DY* 5 n~/%*y, M BESII @4.178 preliminary: D — u*v, m BELLE: Di > tH(e* i, mt i, v,
W BESII:D° » 7 e*v.m BELLE: D° » ey, B BELLE: D — utvy, B BaBar: D - tt(etv, utv)v,
B CLEO-c:D™ — ptv, M BaBar:D° —m~etv, W Babar:Df - utv, W CLEO-c:, Df = t¥(n ™, pTv, e 0) v,

CLEO-c: DF - ptv, W CLEO-c/BaBar/BELLE/BESIIl:, D° — K~¢%v
B BESIIl: @4009 DS — p*v,, DY - t*v, @ DELPH: W* - ¢§
BESIII contributes .
on |V, :
more than50%  Veisht Veal weight on |V|

0.1%

18.3%
3.2% \
1.0%

37%

16.6% '

15.6%

19.0%
28.3%

41.6%

11.9%

BESIII contributes 2.9% ‘

28%, reaching 50% if 10.7%

DF — t*v_done 79 279 6:2%

11.5%

28



3 000 — Data taken at around DD threshold

Data taken at around D}D; threshold

Data taken at around D;D; threshold

N
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o
|

MARKIII BESII CLEOc BESIII




Comparison of |V

CKMFitter 0.22520£0.00065

CLEO/BELL/BABR/BESIII Dﬂ—>r.'|+\x-'I 0.21410.0030.009

CLEO .
PROBG012)0d510 WV 021840.008:0.008

BESIII 2.93 b
PRD89(2014)051104

D'’V 02152:0.0056:0.0022 ==

0 005 01 015
V]

0.2

B BES-1I:(D -p'y) Do ze'v, V_j=0.214 0,003 +0.009 (PDG2016)
[0 BES-I(D"xe'y,) | D' v, |V_j=0.219 +0.005 + 0.003 (PDG2016)
Bl CLEO<c:(D'-p'y,) VAV V_J=0.230 £ 0.011 (PDG2016)

[ ] CLEO-c:(D™*-n™%"v,)

Weight Average: [V |=0.220 = 0.005 (PDG2016
B Bele:(D’ne,) gnt Average: IV J { )

[ ] BaBar{D">ne',)
[ | neutrino-scattering

o°
©

~
o)

15.6 %
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