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Electron Positron Collider (BEPCII)

;% 5 » 2020: Upgrade to 2.45 GeV
= \5‘”’* e 2004: Start of BEPCII upgrade,
~N BESIII construction

* since 2009: BESIII physics run

= 1989 - 2004 (BEPC):

Lo = 1.OX 10°!/cm2s
= Since 2009 (BEPCII):
Loy = 1.0X 10°°/cm2s

Beam energy: 1.0 - 2.3 (2.45) GeV



BESIII Detector

RPC: 3 Electro Magnetic F;PCe:rSS MDC
e Sorkste g . 6,/p=0.5%@1.0GeV
SC e dE/dx resolution 6%
Solenoid . TOE:
Barrel . %+ or = 68 ps (barrel)
Endcap A 60 ps (end caps)
ToF %\; ) EMC:
Quadsripo.e S  AE/E =2.5% @ 1.0 GeV (barrel)
pt T —r—"—" ——-1— - -Q_VL—.—L

e AE/E=5.0%@ 1.0 GeV (end caps)
= 1.0 T magnetic field (superconducting solenoid)

= 93% geometrical acceptance of charged particles and photons



Charmed Hadrons

D mesons /\ baryon

[Figures from Physics 2020; 49: 499-512]



Charmed Hadrons
Near threshold production at BESIII

Advantages of operating near y(3770), w(4140), AC/_\C threshold:

(semi) leptonic

* Relatively high cross section for charm production %

. DD, A A produced in exclusive two-body channels

» Double-tag technique [Mark Ill, PRL 56 (1986)] P

7]\

hadronic

- DD, A_A_in quantum-entangled state (S=1, C=-1)



CKM Matrix

Testing Ground of the Standard Model

v, V.V .
u - s Tub « CKM matrix elements are
VCKM — Vcd Vcs Vcb
Vv, V. V, fundamental SM parameters
wp-tyoe:() * Deviation from unitarity: New physics

o At BESIII:

Precision measurement of |V |, | V.|

down-type:

[Figure from wikipedia.org]



http://wikipedia.org

D-meson decays

q(d,s)

'(u, d, | . /
Purely leptonic decay

Gif3,
F(D; —> f_l_yf) -

5\ 2
m
q o) 4
| V. |“ mom |
87 @l TP ma,
Decay constant flz)+
q

Semi-leptonic decay

dr(p"+ = pety,)  Gil Ve, I°
dg? ;

2473
Form factor ff (0)

Test for lepton flavor universality

[Figures by Hao-Kai Sun, Institute of High Energy Physics, Chinese Academy of Sciences]
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Decay channel D, — 1™,

10° =
R
g 10 £
EF
=S B
E !
Lt
101 E
-0.2 0 0.2 0.4 0.6
Y i [GeVz/c ]
BD* - ptv,) = (3.71 £0.19,, = 0.06,,) x 10~
fp+ 1 Vgl = (45.75 £ 1.20, + 0.39,) MeV

[Phys Rev D 89 (2014); 051104]
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BD;} — p*v,) = (549 £0.164, + 0.15,,) x 1073
foil Vol = (246.2 £ 3.6, £ 3.5,,,) MeV

[PRL 122 (2019); 071802]
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Purely leptonic decays of D"

PRD 104 (2021); 052009, D;” — tv_, T — 7tV

PRD 104 (2021); 032001, D" = tv_, T — pv

PRL 127 (2021); 171801, D — 71, T — ewv

SM:

+—F(D*?+_>wf)—967+()34 Df
/U o F(D;' _)/“”///t) - - RT/; = 9.775 £ 0.01

[PoS EPS-HEP2021 (2022) 543]



Purely leptonic decays of D"

| | | | | | | I | | | | I | | |
ETM(2+1+1) PRD91(2015)054507 247.2+4.1 o
FMILC(2+1+1) PRD98(2018)074512 249.9+0.4 o
FLAG19(24+1+1) arXiv:1902.08191 [hep-lat] 249.9:+0.5 o
HFLAV1S EPJC81(2021)226 254.5+3.2 =
CLEO PRD79(2009)052002, T v 251.8+11.2+53 fp—e—oi1
CLEO PRD80(2009)112004, T,v 257.0+13.3+5.0 —e—i
CLEO PRD79(2009)052001, t,v 277.1x17.5+4.0 ——
BaBar PRD82(2010)091103, T, v 244.6+:8.6+12.0  H—eo—H
Belle JHEP09(2013)139, <. v 261.1+4.8+72 H-o4
BESIII 0.482 fb! PRD94(2016)072004, wv 245.5+17.8+5.1 F—e—
CLEO PRD79(2009)052001, uv 256.7+10.2+4.0 ——i
BaBar PRD82(2010)091103, uv 264.9+8.4+7.6 H—e—H
Belle JHEP09(2013)139, pv 248.8+6.6:4.8 H—e—H
BESIII 3.19 fb’! PRL122(2019)071802. uv 253.0+3.7+3.6 reH
BESIII 6.32 fb! PRD 104 (2021); 052009 249.8+:3.0+3.8 Ho
BESIII 6.32 fb! PRD 104 (2021); 052009 249.7+6.0+4.2 Heeii
BESIII 6.32 fb! PRD 104 (2021); 032001 251.6+5.9+49 H—o—H
BESIII 6.32| fb! PRL 127 (2021); 171801 251.112.4:?.0 Hott |

| 1 \ | | \ | | | | | | |

0 100 200 300

f. [MeV]

Decay constant f;,.

From global SM fit:
V.| =0.97320 % 0.00011

[Prog. Theor. Exp. Phys. 2020, 083C01 (2020)]

Our combined result:

for = (251.4 £ 1.8, £2.2,,) MeV

SYS

[PoS EPS-HEP2021 (2022) 543 Mar 4, 2022]



Purely leptonic decays of D"

CS

| | | | | | | | | | | | | |
CKMFitter PT'EP2020(2020)083CO1 | 0.97320+0.00011 -l
HFLAV1S8 EPJC81(2021)226 0.969+0.010 .
CLEO PRD79(2009)052002, v 0.981+0.044+0.021
CLEO PRD80(2009)112004, < v 1.001+0.052+0.019
CLEO PRD79(2009)052001, v 1.079+0.068+0.016 ——
BaBar PRD82(2010)091103, <, v 0.953+0.033+0.047 HeH
Belle JHEP09(2013)139, <, v 1.017+0.019+0.028 HoH
BESIII 0.482 fb! PRD94(2016)072004, pv 0.956+0.069+0.020 i
CLEO PRD79(2009)052001, v 1.000+0.040+0.016 bt
BaBar PRD82(2010)091103, pv 1.032+0.033+0.029 b
Belle JHEP09(2013)139, pv 0.969+0.026:0.019 ¥4
BESIII 3.19 fb! PRL122(2019)071802, pv 0.985+0.014+0.014 ™
BESIII 6.32 fb! PRD 104 (2021); 052009 0.973+0.012:0.015 ™
BESIII 632 fb’! PRD 104 (2021); 052009 0.972+0.023:0.016
BESIII 6.32 fb! PRD 104 (2021); 032001 0.980+0.023:0.019 w4
BESIII 6.32 fb! PRL 127 (2021); 171801 0.978+0.009+0.012 g

| | | | I | | | | I | | | | I | |

-1 0 1

CKM matrix element | V__|
From LQCD:

[Eur. Phys. J. C 80, 113 (2020)]

Our combined result:

|V, | = 0.979 + 0.007,, % 0.008,,,

stat

[PoS EPS-HEP2021 (2022) 543]



Semi-leptonic decays
Recent highlights

. DV - p_,u+1/ﬂ, first measurement [Phys. Rev. D 104 (2021), 091103]

SM:

RB(D' — p‘/ﬁl/ﬂ)
— 0.90 + 0.11 [Phys.Rev.Lett. 122 (2019) 6, 062001 0.93 — 0.96

" B - pety,)

+04.)x 107

. B(D} — (f,(980) = 7°7")etv,) = (7.9 £ 1.4, £ 0.4,
« B(Df - (06— 72'071'0)€+I/e) <7.3% 107 at 90% C.L.
- B(DF - KKetv,) <7.3x107*at90% C.L.

[Phys. Rev. D 105 (2022), L03110]




Transition Form Factors

D’ — K~ Ity n~ Iy,
D+ — Kol—l_l/l, ﬂ'Ol—l_I/l

[Phys Rev D 2015; 92: 072012, Phys Rev D 2017; 96: 012002]

fo

— = (0.865 = 0.013, compatible with LQCD

fo

Observable

Measurement

Prediction/fit

B(D° - K~etv,)
|Ves| £ (0)

f5(0)

B(D° - n~ety,)
|Vcd|fj-r(0)

f(0)

B(D* — K%™*v,)
f¥(0)

B(Dt — n%*v,)

fi(0)
fF0)/fX(0)

B(Af — AeTv,)
B(Af - Autv,)
B(AY — Aptv,)/B(AT — Aetv,)

(3.505 == 0.014, £ 0.0334y5¢)% [30]
0.7172 = 0.0025¢,¢ = 0.003Sys¢ [30]
0.7368 = 0.0026t¢ & 0.0036y5¢ [30]

(0.295 = 0.004t5 = 0.0034y5)% [30]
0.1435 = 0.00184, & 0.0009 [30]
0.6372 = 0.008045¢ = 0.0044y; [30]

(8.60 % 0.06415 = 0.154551)% [31]
0.725 % 0.004stat & 0.0124y¢ [31]

(0.363 &= 0.008,,¢ £ 0.0055ys¢)% [31]
0.622 == 0.0124¢a¢ &= 0.003yst [31]

0.865 + 0.013 [31]

(3.63 = 0.384ta¢ £ 0.204ys)% [33]
(3.49 £ 0.464, £ 0.2755t)% [34]
0.96 =& 016, = 0.04y5: [34]

0.747 £ 0.011 £ 0.015 [28]

0.66 =+ 0.02 + 0.02 [28]

0.747 +0.011 % 0.015 [28]

0.66 & 0.02 & 0.02 [28]

0.84 + 0.04 [32]

[Eur Phys J C 2020; 80: 113]

28
30]
31
32
33
34]

Eur Phys J C 2020; 80: 113

P
P
P
P
P

nys Rev D 2015; 92: 072012
nys Rev D 2017; 96: 012002
nys Lett B 2006; 641: 50-6

nys Rev Lett 2015; 115: 221805

nys Lett B 2017; 767: 42—7



Events/0.010 GeV

AT decay

First direct measurement of muonic decay
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v‘“: ‘‘‘‘‘‘‘ (\\«E\Vy
— | o 1 1o v i) .
o 0 0.1 0.2

Decay Al — Auv,
BN, - Autv,) = (349 £0.46,, £0.27,,) X 107

stat — SYS

BN — A//t+l/ﬂ)
=0.96 +0.16_, + 0.04. .
B(AF — Aetv,) '

Consistent with lepton flavor universality

[Physics Letters B 767 (2017); 42-47]



AT hadronic decays

Previous world
Decay channel BESIII (%) averages (%) [78]
Two-body CF
pK? 1.52 4+ 0.08 £+ 0.03 [76] 1.15+0.30
Ar? 124007 :£0.03[76. 1074028 [76] Phys Rev Lett 2016; 116: 052001
YOt 1.27 +0.08 +0.03 [76 1.05 4+ 0.28
Tt 1.18 +0.10 £ 0.03 [76] 1.00 £ 0.34
>tw 1.56 & 0.20 & 0.07 [76’ 2.7+ 1.0 [81] Phys Lett B 2018; 783: 200-6
20Kt 0.590 £ 0.086 &+ 0.039 [81] 0.50 £ 0.12
2(1530)°K+ 0.502 = 0.099 = 0.031 [81] 0.440.1 [82] Chin Phys C 2019; 43: 083002
RN 0.41 +0.19 £ 0.05 [82] 0.70 = 0.23
>ty 1.34 4+ 0.53 £ 0.19 82 First evidence [83] PhyS Rev D 201 9, 99: 032010
> (1385)™n 0.91 4 0.18 +0.09 [83’ 1.22 +0.37
Neutron-involved [84] Phys Rev Lett 2017; 118: 112001
nKom™ 1.82 +£0.23 +0.11 [84 First observation
Z:]T:]T: . 1.81 £0.17 = 0.09 85 | 2.1:‘:0.4- [85] Phys Lett B 201 7, 772 388_93
X ntnTm 2.11+£0.33 £0.14 [85] First observation
SCS [86] Phys Rev Lett 2016; 117: 232002
p 0.106 + 0.019 + 0.014 [86] 0.082 + 0.027
pn 0.124 £ 0.028 = 0.010 [87] First evidence _ _
pr” <0.027at90% C.L. [87] First measurement [87] PhyS Rev D 201 7’ 95: 111102
prta~ 0.391 & 0.028 & 0.039 [86] 0.35+0.2

pK"K~ (non-¢) 0.0547 4 0.0130 & 0.0074 [86] 0.035 4+ 0.017




AT decay
Singly Cabibbo Suppressed Decay to nz™

- ¢ data
Decay AT — nrx™ 2o . I | Aon
BN; — na*) = (6.6 £ 1.2, £ 0.4,)x 107" % 100 -2, | A
80 % ¢ - ==+ background
BN — nx™) = T & 4 .
- = > 7.2 at 90% C.L. PN qq
@(AC — P ) *2 = %9 1 11 12 13 . AYA -bkg
QO - eV/c2 .
pr" from Belle [PRD 103, 072004 (2021)] Z 40 Moee (GeVic) |
Inconsistent with phenomenological models \ L — “t

0.9 1.1 12 13
[Phys Rev Lett 128 (2022): 142001] M,.. (GeV/c?)




'

CKM Matrix Elements

1-00 [ 1 1 1 1 1 [T 1 | [T 1 | 1 1 | (1 1 | [ 1 1
0.98 — Indirect |
— “ —
- B physics i
0.96 — _
B Direct n
0.94 — —
B Nucleon & Kaon -
0.92 — _
| excluded area has CL > 0.95 -
0.90 L 1 1 1 | [ 11 1 | L 11 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1

0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.26

v |

* Constraints expected from future data taking plan
[Chin Phys C 2020; 44: 040001}

* Indirect constraints (from B decays)
related to | V.,|, | V., | by unitarity
* Direct constraints combine purely leptonic and

semi-leptonic D, decays from BESIII experiment

* Circled region of the global combination

corresponds to 68% confidence level



Strong Phase Difference between D, D,

1.5 L | LI N I L ) I B B B B ¢ StrOng phase dlﬁerenCeS between CF and DCS
mf_ X _ » Input for CP violation phase angle (phase of V)
* Test physics beyond SM

Vud V;tkb
Vca’ Vz‘kb

p+in =

Recent results:
. PHYS. REV. D 101, 112002 (2020): D, — K., ztn~

N em aweso 1« PHYS. REV. D 102, 052008 (2020): D, - K¢, KTK~
18 e e e e 15 20 JHEP 2021, Article number: 164 (2021):
p D—-Kntn' D> Knatrntrn,

[Chin Phys C 2020; 44: 040001]
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