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4 Hadronic decays
s (Semi-) leptonic decays

4 Rare decays
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BESIII@BEPCII RESTT

Beljmg Electron P05|tron Colllder(BEPCII) Beijing Spectrometer(BESIII)

e 75 1
Py ,
: RPC: 9 RPC : 8

Electro Magnetic
Iayers Calorimeter ayers

SC
Solenoid
Barrel
ToF
Endcap
ToF
sC
drupol
BESIII Quadrupole
detector  |[&"4 gt > Ei===s = : ' 3
- 5 + o : Main Drift . . . Muon
Double-ring, symmetry, multi-bunch e* e collider il p]Tlm-e Of_ pt‘lﬁght Elecgi(l)ll(l)ll?iﬁ:leettélc‘ (i
Ecm= 1.84 to 4.95 GeV Small cell, 43 layer AR CsI(T): 1=28 RPC
o 5 T8 or(barrel): 65 ps || CSI(TL): Ml Barrel: 9 layers
Energy spread: AE = 5 X 10 gg/dx%ﬁl/m on(endcap): 110 psl| Barrel 05=2.5% ||  Endcap: 8
Peak luminosity in continuously operation @E = 0. f= 0.5% ‘;t | || (update to 60 ps Endcap 0£=5.0% . la_ye}‘s_l G
3.77'GeVE 1% 102 cmi 25t s GeV with MRPC) Spat::arln- :
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Why charm meson physics?

Hadronic decay

y/< E ‘ " - Amplitude analysis
‘ d
C S DO

) K— 0

- — Get the information of D — VP, PP.. .,

w0 .7

where V and P denote vector and

. a S B pseudoscalar, respectively.
DO "W D+ "
i d 3 3
\ Absolute BFs measurement

v Probe non-perturbative QCD — Test theoretical calculations of these
v' Help to understand hadron spectroscopy BFs and benefit the understanding of the
v' Probe the weak decay mechanisms in quark SU(3) flavor symmetry and CP

DCS decays violation. ,



Why charm meson physics?

Pure leptonic decay Semi-leptonic decay

(q"‘) e

_ +
LD, = ') o | el | Vg I° I'(Dy) = Plty) < | £ (@D 1> | Vg I°
(s) s

Ideal bridge to access the strong and weak effects between quarks

v |V, | and |V, ;| — Test CKM matrix unitarity
vy Decay Constant fD(+) and form factor f, — Calibrate LQCD

v’ Branching fraction (BF) ratio — Test lepton flavor universality .



Data sets BESIT

+ 20fb™' @+/s =3.773 GeV 102
¢
_ w
ete” - ¥P(3770) - DD 10
p : o' 2.175: 108 pb~*
| = e e 'TY:;-.-!;'__;‘:_* ______ *_-_'_'__f_'__*___*_._‘_-_
2.93 fb~1 in 2010-2011 1 [ |
data below open-charm threshold
1 i 2.23~3.67 GeV: 14 points ~110 pb~?
* 7.33fb™! @ Vs = 4.128 — 4.226 GeV 200-308 Gv: 21 pois 50 b
1 | -
+ “d e 0.5 1 1.5 2 25 3
e"e - DDy 7 |
] J/P Y (2S5) Wp..| 4.23+4.26:1.0
3 ' ﬂ)_l
J/$:10B P(25): 2.7x10° (4040), 05 !
— 5 Yaowo ] | 4.36
« 10.6fb ! @ +s =4.237 — 4.699 GeV R pammont o W [ osmt |08,
Lna E
B i 18 3mt ok A L
| 2 i 4.60-4.95
ete” - D;+D;_ 3 ] ol T Wi ~6.3 fb™" in total
g ol L oaler T80 1 ‘” &T R scan data above open-charm threshold
< e ke v = 3.85~4.59 GeV: 104 points, ~800 pb~!
3 3.5 4 4.5 5



T T
/
Tag \D_/ Kt
et 7
—l ——
e-

Signal

/ i\

F_________

| ® Single tag (ST):
| fully reconstruct one D™

I AE=Ep — Epeam

|
) =
| Mgc = \/Ebeam — [Pp-1?
I PRL.124(2020)231801
% 80, K'nmw
I < o}
| Z
= 40
I 5 20
I & o
I 1.84 186 1.88
ME(GeV/c?)
|

‘Analysis technique

Charge conjugated
processes are implied

The signal branching

fraction:
signal
B _ NDT

sig — —

O Double tag (DT):
in the recoil ST D(_S),

analyze the signal D,

2
MMZ - Emiss - |f’)miss|2

2
Eniss = Ecm — \/|pD(_s)| + M;Z)(S) —Ex

Pmiss = _pD(_s) — Px
Unmiss = Enmiss — |pmiss|

or other variables

¢ x  BESII

Tag \ f
D"
et f
> 4178
GeV e
‘+
D: .
Signal
i\

<
D
X%y

y(m®)

_—_—1

| @ Single tag (ST): I

| fully reconstruct

one Dy I
l

| 2
I Mrec = \/(Ecm _1“1—’)0;'2 +m%)s_ ’ - |_I—’)D;|2 I

I PRD104(2021)052009

PRD 104 (2021) 012003 |

9000

K+K_11_'_ i ~+ DATA St p—a—
I o, 12000 " Mo drect signal ~ 8000F K"K & I
3 ! MC indirect signal
% 10000~ ' []MCbackground ; 7000
3 8 sl I
I: s
§ 8000 2 ok
° S, E
I 5 6000 ﬁ 400 I
g £ ot
Q 4000~ g
I £ 9 g I
Z amp o
2000 b "
0 W27 7. A 0L kit ot | I
I 2040 2080 2120 2160 2200 1930 1940 1950 1960 1970 1980 1990 2000
2 2
I Myec(MeV/c?) M, (MeV/c?) |
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PWA method BESTI

* Closed source / hand coded

— | Tensor formulism:|most of charm decays. [D* — Kom*m°70: JHEP09, 077(2023)]

— Helicity formulism: [e*e™ —» wn*n~: JHEP08,159(2023)]

GPUPWA.

— First PWA tool based on GPU

— Used in many PWA of light mesons: [/ /Y — ynn: PRD87, 092009(2013); J /¥ = ynn': PRD106, 072012(2022)]

FDC-PWA:

— Feynman Diagram Calculation
— Used in some baryon final states [y’ — ppn:PRD88, 032010(2013); e*e™ — pK~A: PRL131, 151901 (2023)]

|TF-PWA: |
— TensorFlow-based, configurable, GPU acceleration, AD
— as an example: [A} » Antn®:JHEP12, 033(2022)]

Other tools:

— Amptools: [x.; = nm¥m~: PRD95,032002(2017)]

— PAWIAN: [ete™ » ¢K+*K~: PRD108, 032004 (2023) ]
— ComPWA: [D° - KcK*K™: arXiv:2006.02800]




Hadronic decays



Df -mn i

0

ete” > D:*D; with7.33fb"1 @ /s = 4.128 — 4.226 GeV

D} - f,(980) p*: mainly a W-external emission channel.

D} — w 1" : solely via the W-annihilation process.

" |+ Data

— Fit

[l Background

|

Events / (15 MeV/c?)

5
M (rme) (

1 1 .
GeV/c?)

0.5 15
M () (GeV/e?)

Events / (15 MeV/c?)

0.5
M(m*r) (

f0(980)

1 1.5
GeV/e?)

Component Phase (rad) FF (%) BRI

fo(1370)p™ 0.0(fixed) 249+3.8+21 5.08+0.8010.43
f0(980)p™ S99 13007 1282110 25710413 320
f2(1270)p™ 111 2018 2:9.10 95+1.74+06 1.941+0.36+0.12
(p*p°)s 1.0 4+-0.18 - 0.10 3.60+124+06 071+025+0.12
(p(1450)* %) 5 043 +£0.18+0.17 46+13+08 0.94+0.27+0.16
(p+p(1450)°) p 45840164009 86+13+04 1.75+0.27+0.08
o((pmr) = m i m0) 290 £0.15+0.18 249+12+04 5.08+0.32+0.10
w((pr) =t n 3224 0.21 6.09 6.9+0.8+0.3 1.41+0.17+0.06
af (p°nt)smO 378+0.16+0.12 125+1.6+10 2.55+0.34+0.20
ai((pm)s = nTa~7)n ™t 4824+0.15+0.12 63+19+1.2 1.29+0.39+0.24
7(1300)°((pm)p — w7t 2.224£0.14+£0.08 11.74£23+£2.2 2.39+0.48+0.45

Events / (15 MeV/c?)

B

++

Df-mtm

B¢—>7T+TL'_7TO

B¢—>K+K—

1% non—

= (2.04 £ 0.084¢a £ 0.054y5t )%

= (0.230 + 0.014, + 0.0105y5; )%

First time

> 4.0 deviation from

PDG value

Events / (15 MeV/c?)

05

1 1.5
M (nrrtn®) (GeV/e?)

BESII

arXiv:2406.17452hep-ex]




- ete” - Y(3770) - DD with 2.93 fb~1@3.773 GeV

Internal W-emission

« D' > K? ay(980) is the only W- .

annihilation-free decay among D to ap(980) /-

BESII

PRL132(2024)131903

Rescatter in the final state 7+

>
f < }a() (980)+
| 5

[x() (1430) D
pseudoscalar, which is the ideal decay in g 1
extracting the contributions of the W- qof D
§ - K2a2(980)+ }[
emission amplitudes involving a,(980) and 5 4l H*Ko<1430>*
to study the final-state interactions. i '
[E | .
s ‘ , *_ 0"_ ...... 08 """"""""""" 1 """""""""" 1 -
B+ knty = (1.27 £ 0.044¢a £ 0.034y5t )% e B o
— 0 & 601 %
B+ k9aq(980)* (o) = (1:33 £ 0.055ta¢ £ 0.045y5: )% : { :
= 4of H + ®
_ — 0 ER E
B+ L+ R (1430)° (oK) (0.14 £ 0.034r & 0.015y5 )% ol :
2 200
Amplitude Phase ¢ (rad) FF (%) Significance g 1’2 | 114' M (1G Vie?)
M (GeVic?) o (GeV/e?)
D — K%ay(980)" 0.0 (fixed) 105.00 £0.94 + 1.04 £ 0.07 >100 ’
DT — K;(1430)°z* 2.58 4 0.06 + 0.09 £ 0.01 10.83 +1.50 £ 1.27 £ 0.08 >10c  Destructive interference 11




BESII

« ete” - (3770) -» DD with 7.9 fb~1@3.773 GeV arXiv:2404.09219 [hep-ex]

* The measurement of the branching fractions for D — 1 a((980) and the corresponding relative ratio can constrain the
size and phase of the amplitude of the W-annihilation (W-exchange) process.

T T T T T T T ] 3 T T T T T T T T T T LT T T T T T T T T

T S 1 ae(980)T ] T S i
< 2 100 | a,(980) " S 5 lag(og0)t RO
¢ : 8 2 [a080T oo

2 Q 2 S "
o~ (] o~ (0]

= e = A

M*(wn) (GeV¥c%)
T [ T T T T I T T T T I I
‘\é 100_— a, (980)_ - % 100_— 0 ] “§ “‘;
s - s s
§; 50- . ++ + f . § §, §?
E M AT E E E
of ,a.m-'ijli-;rwfr,ﬂ_llg%j--_ it (.)|5 .....m_,.“.m,...,,Jluuﬂ..g..,,.m,,
M) (GeV/c?) M) (GeV/c2) M(non) (GeV/c?) M) (GeV/c)
FFo_, - + Significantly FF..+ o o
D”->m~ay(980) . DT-m"ay(980)
o = 7.5723 £ 1.75y5;  higher than o = 2.6 £ 0.65¢at £ 0.3yt
D%->mtay(980)~ unity. Dt-mtay(980)9

Bpogtp—n = (1.24 £ 0045 £ 0.035y5 )x1073 Bpt oty = (2.18 £ 01250 £ 0.055y5 ) X103



Ml
Polarization of D? - w¢@

Entries/(2 MeV/c?)

PRL.128(2022)011803 BGS]]I

The polarization in the D — VV decay is sensitive to the V-A structure of electroweak interactions in the SM, spin

correlations, and the final state interactions, among other effects.

2-D unbinned maximum likelihood fit N.. —

B(D° - w¢) = (6.48 £ 0.96 + 0.40)x10™*

60F
- Mg signal +

07 075 08 085
M. (GeV/c?)

Entries/(0.6 MeV/c?)

60

sig —

40
20

100

50

% Data

[~ Mg signal — Total fit

— SIGNAL
— BKGI

— BKGlI
— BKGllI

My, (GeV/c?)

195.9 + 29.1
f, <0.24 @ 95% CL

I [ [ [ ] [
 PHSP ! ' Longitudinal polarization
R ———
2000F
15001
2 [
C 5
G>J L
1 1000F
500} : -
0 : " L " " 1 " 1 L % : 1 L 1 1 | 1 L 1 \
0 0.5 1 0.5 1

lcos6,| lcos6, |

w and ¢ are transversely polarized

13



(Semi-) leptonic decays



D5 >4, (£ =p1) BESTI

e u"v,, muon counter « TtF s ey, v 4940 e gty 2845
@4.237 — 4.699 GeV PRD110(2024)052002

@4.128 — 4.226 GeV  PRD108(2023)112001 ©@4.178 — 4.226 GeV PRL127(2021)171801
[ —-Da L + Kk Joooft T kw13 KK | _
_ \JMattachedy(n")D:—»p'vp . i 200 K ] H 600 R 1'+ - e+ve17T T+ - #+V Vs
- [ Unmatched y(n*) D!~ p*v, § Y _5: 1400 b= u
o~ 300~ [ Real-D, and non-D; 100 ¢ ¢ 4 500 P : F T T T ] N T T T T
g | e ] : ol [ oo i, ¢
N> i i o 0 oSla s . hE 400} :giegsl::}t . 150k — Best fit ]
é’ 550 r 2] 100 Kn'n 7 150 -' 1400 - - BKG 1 :f)i?:lm
e K % o 100 1300 I ' 100F DK 1
:\9 : 'L[ 2 SOF: : “ —5::_ ja00f . 200 1+ F Py Other BKG.
g i S : 100 > T
= 100 N ] < \°f h (Y
= - P . 100}, ) 1 a ©
L = 200 E [ o i S <
i > 1504 149 - ] ?3 F DTy, + Data 2 60 ——D§—>T;IVI | I + DamI 1
e e T | 1 00k 1506 4 ] § 200F —Beft 1 8 ) —Best
-0.2 g 0.2 IS S * 4m 2 | ~Bie S D]
M2 (GeV?/cd) oo ‘ Lo I 150F 1 & 4l o G e
+ + — . . . & ’OD £.5 1 15 2 : | ] [ ]
* T7 — 1" V; multivariate analysis 20L I 1008 Wty g T 1w
100 E: ¢ Non-D; background(BG) sof *‘, i t R | {
) g e D;-Xe'v,BG ), ] [x--o3
@4.128 — 4.226 GeV  PRD108(2023)092014 e gy (771 Dj~Kye'v, BG . . . ] . ——2/\3:3—.4__ ]
[T ) 0 05 1 15 2 T PR 00 05 10 15 20 02 00 02 04 06 03
[ 2411 +y, L E™_(GeV) - Signal+allBGs Eun' * (GeV) N M "':_' "‘0 B
§ 400~ — PDF: Total T - T+ — T[+17‘L' T —TT TV,
= Il PoF: signa ] T > ety v, (17.82 + 0.04)%
:15, 200 I FoF: BkG N
> i + + i 0 . .
@ - Al AR NZ: (17.39 £ 0.04)% Simultaneous fit with the same BF
0 + +.-05
Tt >ty 25.49 £ 0.09)%
s 3;1‘H+44+++4+++H++++++%++ ++++++H Hmﬁmmg T ( - )
2E LA i -t (10.82 + 0.05)%
-0.6 -0.4 -0.2 0 0.2 15

BDT



D* > £y, (0= p,7) BESII

+ 1
+  u*v,, muon counter °* T'V; 2.93fb"'@3.773 GeV
PRL123(2019)211802

20.3 fb " 1@3.773 GeV  4rxiv-2410.07626 p-like: Egyec < 0.3 GeV mt-like: Egpyc > 0.3 GeV

[ 7 _||||||| LI L T LI U L B

| 4Data L
—All PDF

600 — -Signal PDF 2 8 9 O

—All background

160 C10%F

----- TH=ntv)v,

400 — Other background I 120 —

XA |
L

0 0.2
= Total PDFs
w PDF: D — pv

-0.2 =
15—

®
S
[

PDF: D — v
PDF: D — t(— non-nv)v
e PDF: D = K1t T

I | 1 1 I | | | I 1

Events / (0.01 GeVZ/c%)
T

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

200 —

% 3 E EEE géo%gzbkg 5 é_
; (] MC: Smooth bkg 1
90.2- = -0.1 J 1_00 T 01 ) L(),z 0_—0.3 -02 -0.1 0 0.1 0.2 0.3 °"%3 02 -0 0 0.1 0.2 0.3
M2, (GeV¥/c4) Mes (GeV/c®)’ Mrss (GeV/c®)’
B(D* - y+vﬂ) = (3.981 + 0.079 + 0.040 )x10~* B(D* - ttv;) = (1.20 + 0.24 + 0.12 )x1073
fo+|Veal The most precise to date _ (D - ttv,) e e SM prediction: 2.67 + 0.01
T/ T (Dt o +yy T L

= (47.53 + 0.484a¢ + 0.245yst + 0.12j,y ) MeV ( nrvy) No LFU violation »



D ( S) — f +V Y (f = e, ﬂ) Charmed vector meson BES]]I

e DXt > ety, ©@4128-4226Gev e D" 5Ty, (£ =e 1) ©@4178-4226GeV
PRL131(2023)141802 PRD110(2024)012003
[Npr = 6.253% « bua A A E—
_ — Soxil HPQCD 274 £6 HH ~ | (a) e SN e ve ~ 10 M+VM
T4k E g(h_n v \r;h ‘tn:e 3. LPTHE 2724167 —— S 4 P § I
Ea 290‘ LPTHE 311+9 ] % [ ™ 5] i
3 /\ UKQCD 254 +17 —a— E : : ‘\ E :
é o . ETM 2688 £6.6 - é 2-— l‘ }I é 5_
2 I xQICD 274*:7 | - L% I J‘r‘ '_I L:%
v l’aﬁx This Let:er 21443‘“;‘+445V5L | | ke | | | L l _:_| ) | . . [ 3 !
—ol.2 ~o 02 0.40 50 100 150 20 20 30 30 9 -0.1 0.0 0.1 0 -0.1 0.0 0.1
M2, (GeV?/cd) fy;- (MeV) m,g (GeV) mm (GeV)
B(D:t - etvy,) = (2_ 1f(1):§ + 0_2))(10‘5 No significant signal. ~ Profile likelihood method.
— +59
foe+IVes| = (20838 +43) MeV B(D** - e*v,) < 1.1x10~5 @ 90% C. L.
fpr+ = (214%5% + 44) MeV  For the first time B(D** - utv,) < 4.3x107° @ 90% C.L.
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AT/A ¢* (ns'GeV2c?)

D(-;) — P‘€+Vg

ete” - P (3770) —» DD with 20.3 fb '@3.773 GeV

+ ' p+
. .
D™ - n't7v, arXiv:2410.08603
06 s pr nu'v, (@) ] 15F —Thiswork --CCQM[1] (c)
| — Data fit 1 I - CCQM [6] —LCSR [7] i
04} ] [ - LCSRI[8] --LCHO [10]
02}
! " 4 AT,/AT, @ -
I | — SM prediction ]
0.4

=
[

B ————
L 1
1 1 1

0.0 02 04 0.6 0.8 0.0 0:2 04 0.6 08
q (GeV¥/cd)

B(D* - n'utv,) = (1.92 £ 0.284ar + 0.085y5 )x107% 8.60
B(D* > n'e*v,) = (1.79 £ 0.19¢a¢ £ 0.075y5¢ ) X107,

£ (0) [Veql = (5.92 £ 05655 + 0.13¢y5¢ )X 1072

The n — 1’ mixing angle in the quark flavor basis is determined
to be pp = (39.8 £ 0.85tar £ 0.35yst)”

ete” - D*D; with7.33fb"1 @ /s = 4.128 — 4.226 GeV

. + N, +
D - nutvy  prLI32(2024)091802

[ ¢D:—>TLI.H+V a T Doy *v b
60~ VD:—W]Z“W}ILV @ Dok, ®)
[ _—zseries

1 . +
4 I +Ds—>nm‘n_u Vi

e i ! ]
% oL 5 i T $ I a
S S R AR ¢l T ]
1r . . . T % 3
0.0 0.5 1.0 1.5 0.0 0.5 1.0

q? (GeV*/ %) @ (GeV¥/ %)
> 100

B(D{ - n'utv,) = (0.801 £ 0055445 & 0.0284y )%.
B(D - nutv,) = (2.235 + 0.051 150 & 0.0524,5; )%.

fl0(0) [Vs| = 0.452 £ 0.010445¢ + 0.007 .

ff,(')(O) [Ves| = 0.504 + 0.037 ¢ & 0.012ps¢.

AT/AQ® (ns”'GeV?c?)

£.(q)

BESII

+ N+
Ds — 77( e Ve PRD108(2023)092003

+nwe*ve 40 et
M., _e*ve ’nn 1[+

40 I —Simple pole T M€ Ve ]
—Modified
2 Par. z series]

20+

0 - i
1.0 - i
I

02 04 06 08

q? (GeV/cH)

B(DF - n'e*v,) = (0.810 % 0.0385; + 0.0245y5t ) %.

B(DF - netv,) = (2.255 + 0.039¢a¢ + 0.0515y5t ) %.

£71(0) |Ves| = 04519 £ 0.007 15pa¢ £ 0.0065y:.

£ (0) [Ves] = 0.525 & 0.024¢at £ 0.00%yst-



"T;.~ \ ‘j}}
i A
IfiEAS
*

X

e Input |V 4] = 0.22487 + 0.00068 from CKM global fit

| 1 | | |
%LAG21(2+1+1£PJ C82( 2022)LI69

|
212.1+0.7

Comparison of the D5 decay constant

ETM@241+1)  PRD9] (2015)054507' 247.0+41 | rn |
FMILC(2+1+1) PRD98(2018)074512 249.9+0.4
FLAG21(2+1+1) EPJC82(2022)869 249.9+0.5
HFLAV21 PRD107(2023)052008 252.2+2.5
CLEO PRD79(2009)052002, t,v  251.8+11.2+5.3
CLEO PRD80(2009)112004, t,v  257.0+13.3+5.0
BaBar PRD82(2010)091103, t,,v  244.6+8.6+12.
Belle JHEP09(2013)139, 1., .,V 261.1t4.8+7.2
BESIII 6.32 fb' PRD104(2021)052009, t;v  249.7+6.0+4.2
BESIII 6.32 fo! PRD104(2021)032001, v = 251.6+5.9+4.9
BESII 6.32 fo! PRL127(2021)171801, 1,v = 251.12.4+3.0
BESIII 7.33 fb' PRD108(2023)092014, t,v = 255.0+4.0+3.1
BESIII 7.33 fo! JHEP09(2023)124, t,v ~  253.444.0+3.7
BESIII 10.6 fo! PRD110,052002, tv, D'Ds  259.6+3.7+4.6
BESIII 0.482 fb'PRD94(2016)072004, uv ~ 245.5+17.8+5.
CLEO PRD79(2009)052001, uv ~ 256.7+10.2+4.0
BaBar PRD82(2010)091103, uv  264.9+8.417.6
Belle JHEP09(2013)139, pv 248.8+6.6+4.8
BESIII 3.19 fb' PRL122(2019)071802, uv ~ 253.0+3.7+3.6
BESIII 6.32 fb! PRD104(2021)052009, uv  249.8+3.0+3.9
BESIII 7.33 fo! PRD108(2023)112001, uv, 248.4+2.5+2.2
BESIII 10.6 fb”" PRD110,052002, uv, DD 253.2+6.13.7

FMILC(2+1+1) PRD98(2018)074512 212.7+0.6

FMILC(2+1+1) PRDY90(2014)074509 212.6+0.4

ETM(2+1+1) PRD91(2015)054507 207.4+3.8

ETM(2+141) LATTICE2013(2014)314  202.0+8

FMILC(2+141) LATTICE2013(2014)405  212.3+0.3+1.0

FMILC(2+1+1) LAT2012(2012)159 209.2+3.0+3.6

HFLAV21 PRD107(2023)052008 205.1+4.4

CLEO,uv PRD78(2008)052003 207.248.74+2.5

BESIILuv PRD89(2014)051104,2.9fb™" 204.2+5.3+1.7

BESIILtv PRL123(2019)211802,2.9fb™' 224.7+22.5+11

IBESllI,uv arXiv:2410.07T26,20.3m" 211.5+2.3+1.4 | 0=1.2%

| | | | | | | | |

0 100 200

fp+ (MeV)

BESIII Combined tv

BE[SIII Combined ™ + N1V
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Rare decays
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ete” —» D:*D; with 7.33 fb™1 @ /s = 4.128 — 4.226 GeV
In the SM, the D} —» h*(h%)e*e™ involve both short-

X

D} - ht(h®ete~

distance (SD) and long-distance (LD) contribution.

SD: FCNC, suppressed by GIM mechanism.

LD: through a radiated photon or an intermediate meson

decaying to dileptons, can enhance the BFs to 107°.

B(Df > ntp(~ ete)) = (1.1713%3

B(D} > ptop(— ete™)) = (2.447887 0. 164y )x1075 440

B(D} -» ntnlete™ ) < 7.0x107° @ 90% C.L.

B(D{ - K*nlete” ) < 7.1x107°@ 90% C. L.

B(D{ - Kmtete™ ) <8.1x107°@ 90% C.L.
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X

e+

D -y p(770)*

e” - D:*D; with7.33fb™1 @ /s = 4.128 — 4.226 GeV

In the rare radiative decays of charmed mesons, the short distance

interaction of the ¢ — uy process make a negligible contribution.

The long distance, non-perturbative processes dominate these decays,
potentially enhancing BFs up to 1073,
To test the QCD-based calculation of the long-distance dynamics.

B(D} - yp(770)*) = (2.2 + 0.9p5; + 0. 25y )x107*

3. 80 smaller than the theoretical calculation of weak annihilation.

B(Df - yp(770)1) < 6.1x10™* @90% C.L.

Events/10.0 MeV/c?

Events/0.1

40r

BESII

arXiv:2408.03980 [hep-ex]
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ql 0 1
cosfy
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Summary BEST

Based on 20 fb~! y(3770) data and 7.33 fb~1 @ /s = 4.128 — 4.226 GeV data, BESIII
have reported many important results on the charmed mesons: the amplitude analysis for the
hadronic decays, dynamic studies for the semi-leptonic decays, precision measurements on
the pure leptonic decays, the rare decays, DCS decays, and so on.

More precise measurements for about Do) decays are coming soon based on the 20 fb™1

P(3770) data.
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Observation of ay(1817) in D] decay

&~ eof onstructive PRD105(2022)L051103
§ —— Data { ¢
§ — Total fit I
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M(ay(1817)*) = 1.817 + 0.008 + 0.020 GeV/c?

'(ay(1817)*) = 0.097 + 0.022 + 0.015 GeV/c

B(D} - ay(1817)*n®) = (3.44 £ 0.52 £ 0.32)x1073,

Stat. significance: > 100
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Pure leptonic D(S) decays

» Axial current (nonperturbative)

<O0|sy,ysc|Di >= ipufng)

(fp, : D{;, decay constant )

» Veacs): CKM matrix element, fundamental SM parameter, measured from

experiments.

» In the SM, ignoring radiative corrections, the decay width:

2
2 m%

Gr
I' = 811' fD() |Vcd(s)‘ mf mD(S) <l_mé+ > (fze,ﬂ,‘t)
(s)
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» Branching fraction: Br(DE;) - {tv,) =T Tpt, (TDE;) : lifetime)

2
Br(DE“S) - £7v,) « [fDZ;) ' ‘Vcd(S)‘ ]

/ \

Input f Dy, from LQCD calculations Input |V 45| from SM global fit
/ \
Extract [V 44| Extract f Dy,

O The decay constants f D’ help to calibrate the LQCD calculations;

[0 The CKM matrix elements |V 4.5 [: help to test the unitarity of CKM.
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On the other side, although the f,(1710) is well
established in the PDG [4], its quark structure is still
unclear. The two most possible candidates are a glueball or
a vector-vector, i.e., K*K*, molecule [1,5,6]. If the
fo(1710) is a K* K* molecule, there should be an isovector
partner a,(1710), just as the nearly degenerate f,(980) and
a(980) for the case of KK molecules. If it is a glueball, a
second state as pure glueballs must be 1soscalar. Therefore,

whether a,(1710) exists is crucial to understand the picture
of f,(1710).
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Both a;(980) and f;(980) decays to
K*K~.Impossible to sepatate them here

Isospin configurations:

a,(980) =1 —» (|K*K~>-|K9KO>)
f0(980) I=0 — (|K+*K~>+|K°KO>)
The comparison of K*K~ and KoK o
spectrum will reveal more information!
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> Search for the flavor changing neutral current decay D° — n%vv

(a) (b)
| v
01
' ”
¢
.

(c) (d)

LD and SD contributions (3, ¢, d) to neutral D decays (a, c, d) and charged D decays (a, b, c, d).

songtz@mail2.sysu.edu.cn ‘ 15
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Why charm meson physics?

- 1 _
Quantum correlation D°D? : [¥(3770)) - 5 (ID°)|D°) —

|D°)| D))

* Provide direct access to the D® — D° strong-phase difference

v' Important input in CKM y measurement

v’ Precise test of perturbative QCD calculations in charm decays, mixing and CPV

Different methods depending on the final states of D decays
e GLW : D decaying to CP eigenstates

e ADS : D decaying to CF/DCS eigenstates

e GGSZ : D decaying to self-conjugate eigenstates

Flavour Kivr:Fw:Fw  KEnFa0, KEn¥F ...
CP-even KtK—, ntn—, n0x0 KO 70 KOTFO Kow nta— 70T
CP-odd K%'/ro Kon, KOSw, SqS, K&WOWO

Self-conjugate Kg I

0 ,KOK K-,
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