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BEPCII and BESIII

Beijing Electron Positron Collider I BESIII Detector

MDC: Ap/p =0.5% @ 1GeV/c EMC: Csl (TI) 2.5% (5.0%)
e RE...SR__RE, dE/dx: ~ 6% barrel (endcap) @ 1GeV
Z7
Beam energy: 1.0 -2.3GeV 4100 73
Luminosity: 1X1033cm2s?
# Optimum energy: 1.89 GeV
‘? Energy spread: 5.16 X 10* R
;e : R e
b —~ No. of bunches: 93 GLEHC
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1P TOF: 0T=68 (60) ps MUC: RPC 9 (8) layers
barrel (endcap) barrel (endcap)
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BESIII Physics Data
Physics of BESIII 10 Billion J /1 collected by BESII|
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Charmonium Data at BESII|
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Charm leptonic decays
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Charm leptonic decays

Access the strong and weak effects

between quarks i W
D-I-
CKM matrix elements (s)
f ,

V|, |Vl = Test CKM matrix unitarity d(s) P

Decay constants and form factors o .
. . DD = ) = G fe Ve mifmps (1=
— Calibrate LQCD calculations ) “”
Branching fraction ratios (d" (V, V.V, Y d)
— Test lepton flavor universality (LFU) s' |=|V V.V, [ s
\th Vtthb Y, kb Y,

Search for new physics beyond the SM P
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Pure leptonic decay D™ — [Ty,

2
_ r(pt-ttv,) mz My —mz)*

SM: R_,, = = = 2.66
* Measurement of fy+|V 4] TR T r(Dtopt v,) T mE(ME —m?)?
. . + + R, =T@ 2T %) o1 i0.77
* First observation of D™ — 7 v mETD ooy oY
PRD 89 051104 (2014) D* - t"(zTv)v PRL123211802(2019)
3 AL B B B BN LA ) B B MY
10 E_ - E 103;
E 409i21 g 25 __1022
g 10 E % oF
50 g F \
§ 10 % 15
= :I 5 10}
13 2 _
Y s 20
- E:
10 01 —l—. ']' |
0.2 0 0.2 0.4 0.6 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
2 2; 4 2 2,2
Mg [GeVTeT] 5~2.7% Myies (GeV/c7) 5~11%
f)+|Vegl = 46.7 + 1.2 + 0.4 MeV fo+|Vog| = 50.4 + 5.0 + 25MeV
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Pure leptonic decay D} — [T Vi

D} - u*v

—— data
[ BKGI: real ST D] and D}—y*v, but wrong y(r")
- [[] BKGII: wrong ST D_or wrong D au*\/

(]
(=
O

* Measurement of fp+ [V

PRL 122 (2019) 071802
3.19 b1

* Leptonicdecaystopandt ;Zévgﬁ 643 5MeV
.2+3.6+3. e

* Different channelstotagt §~2.1%

Events / 16 MeV/c?
) S
o o

0.2 -01 ) 01 0.2
M (GeVZ/c?)

D} - ¥ (p"v)v PRD 104032001 (2021) D} — t+(ztv)y PRD104052009(2021) DI - ¥ (e” vv)v PRL 127 171801 (2021)

w — A0f 1 - ‘ ‘ b KIK 1000 -4 KK ] o00r KK o
@ 100— 4178 GeVH 2 4189 GeV] 2 4.199 GeV E ] ris : 600 F
3 Z 30- % ] 1 se0 75 S 00
: 2 0 P 2 200 £
~ = = - 5 ol
= g S | R SHONO o =ty © i LN
g gl £ 20 e =, ; 100 K{Kmr 1 150F KK 7w 400 (%
=~ ) o = E 5 HH
2 £ £ = 2 o 1300
g £ 10 < G 2 <] 2003
2 5] ] o ~ — E
2 = o = o e
M ik 2 5 = eefly
= o . 8 3 3 > 100 F
2 30p g 2 3 2 = &
& & o 4226 GeV] 2 s g f
> =2 > 5 £ = ELNH
& ] & £ 5 i
20r L E =
3 2 2% 2 B
= e = s 0o 05 1 1.5 2
< < = 200 ] 7 ¢ Data
£ £ 10- 2 ] —— Best fit
E I g 10 4 Non-D] background(BG)
- - r + (et
i i i —— e DEF 5 Xetv, BG
D= Kletv, BG
" S e S i . X - = DK BG
! 0.0 05 10 ! 0.0 0.5 10 ! 0.0 05 10 007‘2‘ T 514?.‘;5 S0 005 01 o015 02  thoo 1920 1940 m‘ag" 2000 "2020 h ot GeV ) I):Ht;‘[ oy
2 9 — —0. X . (GeV) — == Signal + all BGs
MM (GEV /(»-l) 2 2y2 extra &
M s (GeV/e®) Mi(D2) (MeV/c?)

fps|Ves| = 244.8 £ 5.8 + 48MeV fps[Ves| = 243.0 £ 5.8 + 40MeV fps[Ves| = 244.4 £ 2.3 + 29 MeV
5~3.1% HFCPV2022 6~2.9% 5~1.5% °



Comparisons of f and f_

PDG |V 4|, |V,s| as input

FNAL/MILC PRD98,074512 212.7+0.6 .
RBC/UKQCD JHEP1712,008 208.7+2.87) -
ETM PRD91,054507 207.4+3.8 ——
FNAL/MILC PRD90,074509 212.6+0.4°) o
HPQCD PRD86,054510 208.3+3.4 ——
FNAL/MILC PRD85,114506 218.9+11.3 ——
CLEO PRD78,052003, pv+tv 206.818.712.5 il
BESIII PRD89,051104, uv  203.8+5.2+1.8 mlieem
BESIII Expected (20fb™), v  203.8+2.0+1.5 ===
lII|IIJllII|IlIIII|JIl[I
120 140 160 180 200 220
f5 (MeV)

|||1|r|||l1|||r|||[1||r|||l1||r||
NAL/MILC PRD98,074512 249.9+0.4
RBC/UKQCD JHEP1712,008 246.411.3" m
RBC/UKQCD PRD92,034517 254.0+2.0+4.0 -
ETM PRD91,054057 247.2+4.7 ..
FNAL/MILC PRD90,074509 249.0+0.3"] ]
FNAL/MILC PRD85,114506 260.1:10.8 ——
HPQCD PRD82,114504 248.0+2.5 "
CLEO PRD79,052002 1, v 252.8+11.245.5 I
CLEO PRD80,112004 t,v 258.0+13.315.2 i
CLEO PRD79,052001 v 278.3+17.6+4.4
BaBar PRD82,091103, 1, ..V  244.6+9.114.2 meiliem
Belle JHEP1309,139, 1, ... ..V 262.2+4.8+7.4 ——
BESIII PRD94,072004, uv, T v 241.0116.316 . Grmiimm
CLEO PRD79,052001, uv 257.6110.314.3 ===
BaBar PRD82,091103, pv 265.9+8.4+7.7 o
Belle JHEP1309,139, uv 249.8+6.6+5.0  =m=
BESIII PRL122,071802, uv 252.9+3.7+3.6 -
BESIII PRD104,052009, uv 249.8+3.0+39 =
BESIII PRD104,052009, t,,v 249.7+6.0+4.2 ==
BESII PRD104,032001, rm.v 251.615.9+4.9 ===

ESII PRL127,171801, 1, 251.12.4+3.0

IIlJ|IlIIlJII| IJIIrIIlJIlII

-50 0 50 100 150 200 250
fo, (MeV)
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Charm semi-leptonic decays
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Charm semi-leptonic decays

D" - Pl"v;, (P =K,m,n,n") ch\ W
C
Vsl [Veql = Test CKM matrix unitarity O }5/ g %
(s) W
Form factors = Calibrate LQCD calculations T
ACY
/e 2 Test LFU
ﬂ dI’ 2ivr (21— 13
= X F ) Vel
— Single pole form — Modified pole model
f+(0) £.(0)
f+ I+ 2): .
( ) 1 — 2/M§ofe . (1_Mjiiz )(l_anj )
— ISGW2 model — Series expansion model

2 ay(tp)(1 +Z"k Iy l 2 lfo)]k)

-2
f+(t) =
f+(q2) - f+(q31ax)(l +;‘_2(Qmax - q2)) P(T)(I)(T, ) k=1
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e Test of LFU R

* Extraction of f2°7(0)

Events /(0.007 GeVZ/c?

B(D® - ptv,) = (0.272 + 0.008 + 0.006)%
B(D* » n’utv,) = (0.350 £ 0.011 + 0.010)%

S

200

u/e

DO(+) RN n_(O)ﬂ'l'vﬂ

PRL 121 171803 (2018)

=

Data
Signal
BKGI
BKGII

- BKGIII

0.0 0.2
2 ~ 274
M2 (GeV¥ch)

04

';' i]+I _
D—>:rl:uvu_

0.2 0.4

M} (GeVZct)

SM: R
_I(D°>mnp*v,)

p/e

=0.985 + 0.002

R

R

#e = (D% > et v,)
_r(p* > nutv,)

=0.922 +0.030 + 0.022

=0.964+0.037 +0.026

HPGCD PRD84, 114505 0.666-0.02:0.021 ——
ETM (24141) PRD96, 054514 0.612-0.035 ——
Average (Theory) 0.644:0,022 ——
................... 1 L
CLEQ-c (me’v,) PRD80, 032005 0.666+0.019+£0.005 ——
BaBar (re*v,) PRD76, 052005 0.610+0.02+£0.005 ——
Belle (pilv ) PRL97, 061804 0.624:£0.02£0.030 ———
BESIII (re’v,) PRDS92, 072012 0.6372+0.0080+0.0044 ——
BESIII (r°e*v,) PRDY6, 012002 0.6216+0.0115+0.0035 ——
Average 0.633+0.006 =
e b b b e b e e e e b 1y
0.3 0.35 0.4 0.45 0.5 0.55 0.65 0.7
£277(0)
13
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Events / (3.5 MeV)

0 -t
D" - K u'v,
* Testof LFUR,, /. SM: R,/ = 0.975

0 , k—ut
* Extraction of f27K(0) and |V o I~ K p'v,)

#e = (D% > K-e* v,)

=0.9741+0.007 £ 0.012

B(D? - K p*v,) = (3.413 £ 0.019 + 0.035)%
f%(0) =0.7327 +0.0039 + 0.0030

V5| = 0.955 + 0.005 + 0.004 + 0.024,cp
PRL 122 011804 (2019) Average (haory - ==

HPGCD PRDB82, 114506 0.747-0.011:0.015 i —

ETM (2+4141) PRD36, 054514 0.765=0.031 ——

x10°

L ] ] 1 |

F (d) K'utv - e A
3 N u ] CLEO-c (Re'v,) PRDE0, 032005 0.739+0.007:0.005 ——

i ] BaBar (K'e"v,) PRD76, 052005 0.727+0.007+0.009 ——
2 ' Belle (Riv) PRL97, 061804 0.695+0.007+0.022 N

- BESII (K'e'v,) PRDS92, 072012 0.7368+0.0026:+0.0036 -
1 -_ BESlll(KEB‘\J‘] PRD92, 112008 0.748+0.007£0.012 ——

[ BESHI (K'e*v,) PRD96, 012002 0.7246+0.0041:0.0115 —

[ BESII (K'u°v,) PRL122, 011804 0.7327:0.0039:0.0030 -

Average 0.734+0.0028 -
R B R SR R SR R B
0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8
£274(0)
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Events / (0.05 GeV¥c?)

—h

D) - K~Oety_ and D —» K,(1270) e*v,

* Improved reconstruction and * First observation of D meson semi-
combined with previous BESIII results leptonic decay into axial-vector meson

* Supports isospin symmetry e Test of isospin conservation
B(D° - K~ e*v,) = (3.531+£0.024£0.017)%  B(D® - K,(1270) e*v,) = (1.09 + 0.13*393 + 0.12) x 1073
B(D* - K%*v,) = (8.62+0.007 + 0.14)% r(p° - K,(1270)"e* v,)
. — =1.20+0.20 + 0.14 + 0.04
r(p° - K e* v,) 1 039 4 0.021 r(pD* - K,(1270)%"* v,)
<0 = 105910 PRL 127 131801 (2021)
I(D* - K%+ v,) PRD 104 052008 (2021)
_ | b2 | (c)
100 - L o L
00 g E 40F i = 40
‘ 3 e | g |
200 S ~ I - L
i % 50 ‘E 20k ‘2 20
00 S ¥ v L
i = = H = *
o= — ° P 010 005 000 005 o100 V10 12 14 16
™ M2 (GeV¥cd) My ... (GeV/c?)
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Events/(6 MeV)

0

Z(O)chdl =0.087 +0.008 + 0.002

D* - n/wp*v,and D - p~utvy,

D* > np*v, PRL124231801 (2020)
80F Full q re;a!ion ] ﬂ::q2<0.25l GeVYct 0.'25<q2<0'.5 GeV?/ct
6ol @ { 2% o 1 2% ©

0:5<q2<0.’:75 GeVz:lc“ . 0. 75<q <1.0 GeV¥c4 1.0 GeVz/c‘kq
200 (@ 12 © 1 2% o
15F i 15¢ F
10} } { 10} 4
0 DI 2 0 L3S o \ .
01 0.0 01 01 00 01 01 0.0 0.1
l'l'IlSS (GeV) mIéS (Gev) mléé (GEV)

Events /6 MeV

oservation of D — 1 u* v, and extraction of |V 4]

bservation of D¥ — w u*v, , D® - p~u*v, and probe LFU

B

BD+—>(1) ”+vll

PDG
BD+—>a) etv,

DO-p~ ptv,

=1.05+0.14

=0.90x0.11

DO%—p~etv,

D* - wp*v,  PRD101072005(2020) DO - p~ptv, PRD 1041091103 (2021)
401 —#— Data sof L Mot
- —— Total fit % | —— Signal
e |5 of ot
: [ Simulated CBKG 2 B Simulated CBKG
20F 3 4o
10:— ] 20f

pd

11'111";';:'"4"1 """" e L D ) R 0HE*?%EF?&E‘ZE*{??}E’E‘?%}L_}E'%é%i*}%_‘é*i{éi*jif‘??&‘%?ﬁéﬁ%?fé*?é??f%%&ééféi?iii
------------------------------------------------------------------------------- -5 L ] 1
0.1 0 0.1 0.1 (2 Vb 01
ml';s € c
r‘I“IISS (Gev)
HFCPV2022 16



Ds semi-leptonic decays

222222222



e Sensitivetom

Search for D} —» ’e*v, and D} — ay,(980)%e*v,

O — 1 mixing

e Setting the upper limit

B(D} - nlev,) < 6.4 x 1073 @ 90% C.L.

Events/(20 MeV/c?)

arXiv: 2206.13870

01 0 01 02

MM? (GeV¥ ¢4

* Probe ay(980) — f,(980) mixing
e Setting the upper limit

B(D{ - ay(980)%e*v,) x B(ay(980)° - n'n)

<1.2x107* @90% C.L.
PRD 103 092004 (2021)

=
I I I
l

Events / (0.02 GeV?/¢*)
h
T I T ) I
|

MM? (GeV?¥c*)
HFCPV2022 18



[
=

Events / (0.02 GeV?/c%)
=

DY - f0(980) e*v, and D} — KoKoe v,

e First measurement

* Help to understand the structures of light scalar mesons

B(D{ - f0(980)%e*v,) x B(f(980)° - n'x?)
=(7.9+1.44+0.4)x10™*

R D:ata

| — Total fit
Signal

| —- Background

=

01 0
MM?*(GeV?c*

Events / (0.04 GeV/c?)

PRD 105 L031101 (2022)

-”-”.-“---I L L 1 :*._. T
1

A

0.8
M, o(GeVic?)

HFCPV2022

B(D} - K{KJetv,) <3.8x107* @ 90% C.L.

O YA ’ -
%40' { Data
= [ —cev,MC
& | —Background MC
e
~— 20} | -
zZ 1
21
[0 I B ,_JI _'—'1__11_ 1
0 0.1 0 0.1
2 2.4
MM? (GeV¥/c%)
- .
(c)
” ]
':]E — Nominal
) — Upper limit

ST
B(D'—ce*v,, 6—-n'n’) (x 107

Events / (20 MeV/c?)

8 T
L (b)
6: t Data
[ —- KgngJ’vc MC
4} — Background MC
2_
0 -0.1 0 0.1
MM? (GeV?/c*)
(d)
— Nominal
— Upper limit

T 10
B(D_:—>K§K§e+v€) (x 10




D - Xe'v,

* Double tag analysis

* No evidence for unobserved exclusive
semi-leptonic modes

* Determine the ratio of DY and D*

semi-leptonic width

B(D{ - Xe™v,) =(6.30+0.13+0.09 + 0.04)%

r(Df - Xe*v,)

=0.7901+0.016 + 0.011 + 0.016
r(D§ - Xe*v,)

HFCPV2022

Events/(MeV/c?)

Events/(MeV/c2)

20
18
16

14 ¢

12
10

= ha

=

PRD 104 012003 (2021)

| ' ' "-._"
da ""'w'l'-'l""l..‘l il |. P LR (R o e s (AT

'D | By g fog
1930 1940 1950 1960 1970 1980 1990 2000

2
M, (MeV/c9)

|

Mk
ik

I L%

HC i
pognipafiy .-..l."'.l“iil... i. i . | ;. i -I.I"'r'd P P

i

M, (MeV/c?)

1930 1940 1950 1960 1970 1980 1990 2000
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Comparisons of |V.4| and|V ]

T T T T 1 T T 1 T T 71 I 1 T 11 LI IR B $ L I LA
SM fit PDG2020 0.97320+0.00011 L
DELPHI PLB439,209, W* 5 0.94:0.32:0.13 ¥
. PDG PDG2020, D-KI*v 0.939:0.038 -
SMfit PDG2020 0.22529+0.00041 n CLEO PRD79,052002, D;_nm_\,' 0.981:0.043+0.021 -
CLEQO PRD80,112004,D >t v 1.001:0.052:0.020 --
CLEQO PRD79,052001,D -1 v 1.080+0.068+0.016 —--
PDG  PDG2020, D" 7 ”I'v  0.214:0.00310.009 == BaBar PRD82,091103,D~7,,, v 0.949:0.035:0.055 ==
' Belle JHEP1309,139,D° 5t v1.017:0.019:0.028 -
BESIII PRD94,072004,D —uv, © v 0.936:0.063:0.025 ==
) CLEQ PRD79,052001, D —pv 1.000:0.040:0.016 -
CLEO PRD78,052003, D" »uv+tv  0.218+0.009+0.003 —— BaBar PRD82,091103, D —pv 1.032:0.033+0.029 -
Belle JHEP1309,139, D —pv 0.969+0.026+0.019 -
BESII PRL122,121801, D —n'ev 0.917£0.094:0.021 ===
BESIl PRD89,051104,D°5uv  0.2150+0.0055:0.0020 == BESIIl PRL122,121801,D,>niev  1.031:0.012:0.080 ~  —a=
BESIIl PRL122,011804, D’ >Kpuv 0.967+0.004:0.007 "
BESIII PRL122,071802, D —uv 0.985:0.014+0.014 n
BESIII PRD104,052009, D —pv 0.973:0.012:0.015 L
BESIIl Expected (20fb™), D*»>uv  0.2150+0.0021+0.0017 i BESIII PRD104,052009, D;—nm,\' 0.972+:0.023:0.016 -
BESII PRD104,032001, D1 v 0.980+0.023+0.019 -
BESIlI, PRL127,171801,D -1, v 0.978+0.009:0,012 "
L T T T T T I B T T A SR AT A A |
0.05 0.1 0.15 0.2 15 -1 05 0 0.5 1
V| V.|
cd Ccs

HFCPV2022

21



Charm meson rare decays
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New Physics Searches at BESIII

@ Uniform blinding strategy and datasets

Common ¥ Common statistic and standards

standards _
Symmetry & tools \OSharlng methods, tools and codes )

" ®BNV & LNV processes )

Exotic

/0 Dark photon )

@ LFV processes

\0 Other symmetry VlOlatIOIl/

" ®FCNC processes By Veryrare Exotic @ Invisible signatures
SlEETE searches
€ Charmonium weak decays @ Light Higgs, Z'
\0 Other rare decays p l \0 Exotic resonances Y
Very rare * New Physics Searches at the BESIII Experiment, S.J. Chen and S. Olsen,

Nation Science Review 8, nwab189 (2021), arXiv: 2102.13290
* New Physics Program of BES, D.Y. Wang, in “30 Years of BES Physics”

HFCPV2022 23



D*0

EM Dalitz decay D*? —» D%e*e™

* EM Dalitz decay D** — D%e*e™ observed for the first time with 13.20

e Determine the branching fraction ratio relative to D*® - D%

!
2

Y

Events / (2.0 MeV/c?)

B(D*®* > D%*e”) =(3.914+0.27 +0.17 £ 0.10) X 1073

o
=
L
)
=
L

=)
=
T

40 -

&
=
L

20 -

Events / (2.0 MeV/c?)
Events / (2.0 MeV/c?)
Events / (2.0 MeV/¢?)

4 30000
I =
20000 - =
r =
<= 20000
9
- —
10000 - ~°g
L 3 10000
=

M, (GeV/c?) M, (GeV/c?) M, (GeV/ch)
HFCPV2022

0 i i 0 EE PO o Bl ek 0 L i o i o .
1.98 2 2.02 2.04 1.98 2 2.02 2.04 1.98 2 2.02

2.04

PRD 104 112012 (2021)

E+
-.!.9 “"fj;vr§\J<e

D""E ) D’
c c
(a)

v W;ﬁg‘<§
c c
pD® p°
u u
(b)
24



Search for FCNC process D° —» %vv

* InSM, FCNC is highly suppressed by GIM mechanism,
only through loop diagram, a very small BF 10°~101>

* The suppression in charm decay is much stronger
than B & K system, stronger diagram cancellation

e Analyzing 10.6 X108 D°D? pairs
* B(D°- ) <2.1x107* @ 90%C.L.

e The first constraint on charmed hadron to di-neutrino

«x10° 400

L AL IS B B
[l D° decays involving Kt

[l D° decays not involving Kt

Non D° decays

E —#— Data ====== Wrong tags

350 F — Total it + = = == Other D° decays

300 :_ = T Signal Shape

Events / 40 MeV
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Search for LNV & BNV decay D° - pe™, D —» n(n)e®

BNV can happen with A(B — L) = 0 at dimension-six operators PRD 105 032006 (2022)
While A(B — L) = 2 allowed at dimension-seven operators 1_8; D® - pe-
B(D° - pe*) < 1.2 X 107 @ 90%C. L. o
B(D° - pe~) < 2.2 x 107° @ 90%C.L. < ool
B(D*D) > fi(n)e*(7)) < 1.43x107° @ 90%C.L.A|[B—L| =0  '*p
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Search for charmonium weak decay | /¥ —» D~ e v,

Allowed in SM, but highly suppressed Nigna JHEP 157 (2021)
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J/¢ inclusive weak decays predicted at 108
B(J/¥ > D e*V,) <7.1x 1078 @ 90%C.L.

The upper Limit (UL) is improved by more than
two orders of magnitude

The result is compatible with theory prediction . .y
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and approaching the inclusive BF limit. B/ w—D'e'v +c.c) (x10%)
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Events /( 10 MeV)

Search for LFV decay J /Y — ett™

Analyzing 10.087 X10° J/y events PRD 103 112007 (2021)
Two data samples: 2009+2012 (1), 2017-2019 (ll)
Searching process J/y — et, T - nrn’v The 15t submitted paper based on

full 10 billi data of BESIII
B(J/P — et) <7.5%x 1078 @ 90%C.L. u illion J /1 data o

Improve the previous best limits by two orders of

magnitude, comparable with theoretical predictions 1 -
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Search for LFV decay J /Y — eipﬁ

* Analyzing 8.998 X 10° J/{ events
* Searching for two back-to-back e u
e B(J/Pp—en) <4.5x107° @90%C.L.

* Improve the previous best limit by a factor of > 30 = ?\.5”
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* The most stringent BESIII upper limit measurement
* The most precise CLFV search in heavy quarkonium
e Excluding the parameter space of some models
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Summary

Improve CKM matrix |V, V4| & form factors £+, f)+ with charm leptonic decays

Rare decays and violating decays (LNV, BNV, LFV) to probe New Physics beyond SM
BESIII has great potential with unique datasets and advanced analysis techniques
BESIII has collected 101° J /1 and 2.7 x 107 1’ events
BESIII will collect 20 fb~! @ 3.773 Gev DD

More & better results are coming soon!
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Thank you!
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