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V) (44 % Physics motivation

HUNAN UNIVERSITY
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' > All matters are made out of quarks and leptons. ;
Quarks [ :
|

. » Ordinary hadrons: Meson and Baryon.
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k% Physics motivation

HUNAN UNIVERSITY

Tetraquark Hadronic molecules Pentaquark Glueball

» How about light scalar mesons:

f0(500), K*(700), f(980) and a,(980), etc

'y« Semi-leptonic decay of charmed meson is an ideal probe for their nature! |
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") K k Physics motivation

HUNAN UNIVERSITY

a,(1970)
. . . Mass K,
> How about orbitally and radially excited A s,
2++(23P2 ) 1 ++(23P1) 371 3D3) 2711 3D2) f,(2300)
. 0*@3's,) 17(3%) i Il TR
states of strange and light mesons s | |0 i) |
K(1830) 7) | f2(1950) $;(1850)
- K;(1430), K*(1410), K,(1270), K1(1400), K3(1430)  (|™"™ o | e [
f,(2020) M,(1645) $((12¢15§,g; )
> h,(1595) || M(1870) b
f0(1370), f(1500), f1(1285), f1(1420), f,(1270) @y ey 7Dy 1)
- a,(1450),a,(1260), a,(1320), b, (1235), ... 05 1) & |y | &
waa00) | [piaee |+ |b0270 f\(1285) | =
K(1460) | | k*(1a10) |  [2(1525) | |f,(1420) 4|
n(129) || ©(1420) |~ o250 | b 125) | —~
2ttt M(1440) )| | $(1680) | & |k, (1430) || Ky o
+ [y ! ] =
' % Semi-leptonic decay of charmed meson | o [sooamio) | mresgs -
| 2
'is an ideal probe for their nature! || 0TSy i) |
""""""""""""""""""" ke e |
m o782) |
n $(1020) | =0
0 1 2 3

Orbital excitation 6
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. v) {44 % Physics motivation

HUNAN UNIVERSITY

2?77 «= \Why is the semi-leptonic decay of charmed meson?

> > \I'(Dsy = S(A) £%vy)
. . J : EOC |Vcd(s)|2|f+(q2)|2 dqz

q qg TTTTTTTETETETmTTmEmTmmTmmmmmmmmmmmmm
» Clean environment: hadrons X can be separated from leptons pair.

» High statistics of charmed meson at experiments.
» Original purpose :
» Hadronic Form factor (FF) measurement -> Test different QCD models (LQCD/QCDSR)

» Ryje = B(Desy = Xu™v,)/B(D(sy — Xe™v,) measurement => Test lepton flavor universality (LFU)
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v’ | A1 k
.,‘v,, HUNAN UNIVERSITY

> Symmetric eTe™ collider @2 —5GeV 7

Data sample

E \ E
" P
o . 10 |
» Pair-production near threshold - p | s 2175 108 pb " _ E
L NS T e e -
> D5@3.773Gev : data below open-charm threshold -
07 2.23~3.67 GeV: 14 points ~110 pb~* |
2.93 fb~12010-2011 s
7 ! | |
1 6 |—2 /% ¥ (25) 4.23+4.26:1.0
— : -2
4.99 fb~1 2021-2022 Lwros | [Cyeamae | ¢(4040)05be | fb
4.36
| R y | ¥(3770): 20 fbt fbormo . ‘v iﬁi 05Hfb‘1 o
8.16 fb~1 2021-2022 .| 4 e ssnt Py ——
s | || o e ﬁ%f 4 _‘ _6.3-" Intota g
—1 - ! j T || [* LJ i‘* R scan data above open-charm threshold
4.19 fb 2022-2024 20 -t e "— i 3.85~4.50 GeV: 104 points, ~800 pb~*

~20 fb-! on the ¥ (3770) had been collected!
> DD} @4.13-4.23GeV: 7.33 fb~1
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i+ % Analysis method: Double Tag

HUNAN UNIVERSITY

Take Ds decay as an example (complicated case)

By (Ds->yDs) > Mature method

Charge conjugates implied K* Ntag = 2N D DgBtag €tag
K- Neig = 2N} - BragBsigBy sig » Absolute BF measurement
Single tag

=
e’ mm—) y(1160) (EEEE— C~ 1

m B Nsig » Systematic cancellation (tag)
\' ‘

59 ByNtag€sig/€tag
e

» Low background

Recoil side

¢ > KK 1 it

fo 9“ Tt_ _ -
B.. = Nsig : Uniss = Emiss — |Pmiss|
sig~
e* &, fo YN By P Nivgeigl€tag :Mz _ g2 _ o2
\ Mmiss = Emiss — |Pmiss
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‘ L e The differential decay rate of D,y > S £ v,

HUNAN UNIVERSITY

> Use least x2 method to fit the measured partial decay width in different q2 bin.
» Taking the correlations among q2 bins into account.

» FF in different form (The width needs to be considered ?)

: — Single pole form — Modified pole model I
f.0) Q) l

| Ik ( ) fi(d*) = -
T e 1) (1t |
M;,. M;,. I
: — ISGW2 model ~ Series expansion model . y

2

: 2 [0 = agto)(1 + Y 7 (to) [2(t:16) | )1
I f+(q2) = f+(qr121ax)<1 + E(qmax q )> P(t)q)(t’ to) k=1 l ] |
l

I __________________________________
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‘ L e The differential decay rate of D,y > S £ v,

HUNAN UNIVERSITY

> Point-like differential decay rate:

dr(D )—>Sf+1/{)) GI%|V d( )|2 3
quz = 2;.[35 Ps (m3)|f+(q2)|2

> Double differential decay rate:
(N.N.Achasov et al., PRD102,016022(2020); W. Wang, PLB759,501(2016) )

3z (m3 0 5.2) I+ (4)[2P(s)

2
d’T(D(5)=S¢*vy) _ GE|Vcas)]
dsdq? 192m4m3
q Dis)

( 91Prr/mn
' ) Flatte: f,(980 980
|mg_s_l(glpnn/m7+glpl{l{)|2 atte: fo( )/ ao( )

meF(s)

P(s) = < (s—mj%o)z _|_m]2c01..2 )’
MU0t (S) |

\ (mﬁ—s—gfnf;‘;z(s))z +m$r%0t(s) ) Bugg fo(SOO)
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/’M 'y First observation of D° - a,(980)"e* v,

HUNAN UNIVERSITY

10
> 2.93 fb~! data @ 3.773 GeV $
3 |
0 7o) =
» N3, = 25.7%8% § =
c
[ F
> ND, = 10239 g |
» BFs help to understand the nature of
the ay(980) 0
M,.(GeV/c?) U(GeV)
Decay BF (x10~%) Significance

D% — a0 (980) " eTve, ag(980)" — nw—

DT — ag(980)°%et ., ag(980)° — n=°

+0.33
154 009

166 22 011

< 3.0 (90% C.L.)

6.40

2.90
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a) il A k¥ Study of the decay D° — a,(980)" (nm™)e*v,

HUNAN UNIVERSITY
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o
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~
=)
=
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a
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j—re
o
T

> 7.93 fb~! data @ 3.773 GeV = Ny = 51.8 £ 10.0

Events / (0.03 GeV)

Events / (0.04 GeV/é )

> Updated BF measurement of D? — q,(980)~ e*tv,.
B(D° - a,(980) etv,, ag(980) = (nm™))
= (0.86 + 0.17 + 0.05)x10~*

|||||||||||||||

> First FF measurement:

Single-pole form for FF and Bugg form for a;(980)~
-> +a°(0)|Vcd| = 0.126 + 0.013 £+ 0.003

dI'/dg* (ns/GeV?/ %)

|||||||||||||||

- £7°(0) = 0.559 + 0.056 + 0.013 2 e o 0 02 o4 06

7* (GeV?/c%) q* (GeVZ/c?)

ps: |V.q| = 0.22487 + 0.00068 from SM global fit (PDG2024)
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ES Study of the decay D° — a,(980)" (ym ™ )etv,

HUNAN UNIVERSITY

> 7.93 fb™! data @ 3.773 GeV = Ny = 51.8 L L A
> Updated BF measurement of D° — a,(980 W = coQM23]
0 7 Ads/QCD [24] ]
B(D° - a,(980) etv,, ag(980) = (nm™)) i ~§- LCSR 2017 [25] _
= (0.86 % 0.17 + 0.05)x 10~ - =y |- imaspunladn
> First FF measurement: =§:1 E ~1~ SU)-flavor [19] E
Single-pole form for FF and Bugg form for ag( 10 B
- £7°(0)|Vq| = 0.126 £ 0.013 % 0.003 I % o -
- £°(0) = 0.559 £+ 0.056 + 0.013 0is | ®_&P@_ N
ps: |V.q| =0.22487 + 0.00068 from SM glob: e S RS 6|

2 0 - 4 4
B(D"—>a,(980) e*v, ) (x10%)
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mﬂ 7 First observation of D™ — f,(500)e* v,

HUNAN UNIVERSITY

' Phys. Rev. Lett. 122, 062001 (2079) | Sl;g (Blg:~33.5%)
~ ' - - - - - 300F 3 :
%100__ + (@) ot 1 (e) |
D O E ] §200: §200- { J
- ol -_
5 J 1 —h‘ﬂ_“l-‘-“._'lf—t ] L 1 1 1 1 1 i 1
0705 1 % 05 1 15 Ors5 o0 o5 1 0= 0 2
m,(GeV/c?) X
N\EISOS- | () -25200 R A4oo- g
(8 [ + ] %150 8 g300- -
D+ = 100F 1e S =2 M
S | g1 g £ 5
% SE 1€ so = @0 3
RN A R e . ) i ——"I____I_‘_I_"——
H okl 1 "o A 0 2
m,.,(GeV/c?) X
> 2.93 fb data @ 3.773 GeV : ff (500) = (25 7+ 1.6 + 1. 1)% Signal mode This analysis (x1073)
---------------------------------------------------- " D() — ﬂ_”0e+ye 1.445 :t 0.058 :L_ 0.039
+ + + + DY = petu, 1.445 4 0.058 4 0.039
> R = B(D*-fo(500)e*ve)+B(DF £, (980)e v, ) > 2.7@90%CL Dt - natety, 2.449 + 0.074 + 0.073
B(D*t—ay(980)e*v,) ' Dt = plety, 1.860 =+ 0.070 == 0.061
Dt - we'y, 2.05 £ 0.66 +0.30

> Favor tetraquark (R=3, PRD82, 034016(2010)) for fy and ag 5 2 15000 ve: fo(500) ™ 06300043 40,03
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eSS Study of the decay D™ — f,(500)¢ v,

HUNAN UNIVERSITY

I a 10° 1":“3 oty & 14 i:iat: ety
_P /ly § _R f V_D_ 17_0 _092_028_(2_02 4_) %) _siﬁia(soo';)uw,,) %10 —sign:llgt‘?o(soéie"ve
> 2.93 fb~! data @ 3.773 GeV E - e Ef,z v
S S 10
»> First observation of D™ — f,(500)(r* ™ )u™v,. = ol

Signal mode Nobs S (0‘) Esig (%) Bsig( X 10—3) M,. . (GeV/c?) M. (GeVic?)

fo(500)ut v, 209+38 5.9 18.93+0.13 0.72+0.13 " 3 The measured BF of D* — }0_(50_0_){751,;-:

Pout v 496 =38 >10 19.86 +0.13 1.64 =0.13 | are closer to tetraquark assumption. !

]”()(500)e"'1/e 412 +43 > 10 44.76 £0.25 0.60 £+ 0.06 I R.M. Wang et al, PRD107,056022 (2023) I

petve 1237 £47 > 10 44.124+0.25 1.84 £0.07 | Y.K. Hsiao et al, arXiv:2306.06091 :
> First FF measurement of D™ — f,(500)(r*m™) ¢ v,. AN I o BRRNANE
Based Z series expansion for FF and Bugg form for fo(500) % osf ﬁgggﬁ _ af Taseres %
> £°(0)|V4] = 0.143 + 0.014 + 0.011 VR B D=
- f7°(0) = 0.63 + 0.06 + 0.05 L Tt T

¢ (GeVYcY) ¢ (GeV¥ Y

ps: |V.q| =0.22486 + 0.00067 from SM global fit (PDG2022)
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/’]ﬂl 7 Study of the decay D™ — f,(500)¢ v,

HUNAN UNIVERSITY

=+ data
— signal(p®e*v,)

— signal(fo(500)e+ve
== D'—>w e'v,
== other BKG

=+ data
— signal(p’u*v,)
s signal(fo(500)u*vp)
- D'sou'v,
== other BKG

> 2.93 fb~! data @ 3.773 GeV

sk sk et
R

Events / (18 MeV/c?)
Events / (16 MeV/c2)

»> First observation of D™ — f,(500)(r* ™ )u™v,.

Signal mode  Nops S (0)  €sig (%) Bsig(x107?) o A_l"*i'“ievfz)_ __________ f"’:«fvfz)_ o
fo(500)utr, 209438 59 18.93+0.13 0.72+0.13 | © The measured BF of D* — £,(500)¢*v, |
Pty 496 +38 > 10 19.86 £0.13 1.64 +£0.13 | are closer to tetraquark assumption. l
fo(500)6+1/e 412 +43 > 10 44.76 £0.25 0.60 £+ 0.06 | R.M. Wang et al, PRD107,056022 (2023) :
pletve 1237 £47 > 10 44.124+0.25 1.84 £0.07 | Y.K. Hsiao et al, arXiv:2306.06091 :

oo oo - e o Ee e o Em EE EE o EE o S e O O S O O

> First FF measurement of D™ — f,(500)(n*m™) £ v,. —

LCSR [13] 0.495+0.165

Based Z series expansion for FF and Bugg form for f;(500)
= f1°(0)|Veq| = 0.143 £ 0.014 £ 0.011

- f°(0) = 0.63 £ 0.06 £ 0.05
This work 0.63+0.06:0.05
ps: |Vq| = 0.22486 + 0.00067 from SM global fit (PDG202 L

0
May/09/2025 7K+ %% @BESII £(0)

CCQM [14]  0.57+0.09

chPT [15] 0.79£0.15




k% Search for the decay D - KKe®

HUNAN UNIVERSITY

> 7.9 fb~! data @ 3.773 GeV [2010,2011,2021]

» No significant signal is observed, upper limits are determined at 90%CL assuming ay(980) contribution:
B(D° - KdK~e*v,) < 2.13x107°

B(D* - KdKJeTv,) < 1.54x107°,B(D* - K*K e*v,) < 2.10x107°

10F _signalMC ~ D'>KKe'v,| | -SignalMC  D*>KXKle'v] [ -SignalMC D' K'Ke'y,]
[ - Inclusive MC ] " - Inclusive MC [ - Inclusive MC
[ $Data 1 2 | ¢Data 41" $Data ]

Events / (5.0 MeV)
wn

2 = ’I - -
[ - - .Eh—-._‘ I|I||.--

90.1 -0.05 0 0.05 0.1 S)0.1 -0. | 0 005 0.1 90.1 -0.05 0 0.05 0.1
(GeV)

mlSS
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V)]’ﬂ kj? Study of the f;(980) and f,(500) through the decay D} » w m e™v
0 0 e

HUNAN UNIVERSITY

e_4
Qkﬁd‘-

—o- Data
— Total fit

| L] | L] | L] | L] | L] | L] | L] | L] | L] |
40

> 7.33 fb™" data @ 4.128-4.226 GeV > Ny, = 439 + 33

> B(DF - f,(980)et v,, f,(980) —» wtm~) = (1.72 £ 0.13 + 0.10)x1073
- s5 is dominant based on |f;(980)) = sin ¢| \/—g(uﬂ + dc?)) + cos ¢ |sS) r—
b = (19.7 + 12.8)°

> First form factor measurement with simple pole form:
> £°(0)|V,5] = 0.504 + 0.017 + 0.035
- +f°(0) = 0.518+0.018 £ 0.036 ( |V 4| =0.97349 + 0.00016 PDG2022)

Events / (0.010 GeV/c?)

201 o/

o rhea =
e 1.6

10, 0.8

(b)
0.7F

& o6
o+
S~

0.5F

04

dI'/dq? (ns/GeV?/c*)

\S) S o, 0
S T T T

0.5 05
¢ (GeV¥/c% ¢* (GeV?/c%

This work

CLFD [6]

DR [6]

QCDSR [7]

QCDSR [§]

LCSR [9]

LFQM [11]

CCQM [12]

10(0)

0.518 £ 0.0184¢at £ 0.0364ys¢

0.45

0.46

0.50 £0.13

0.48 £0.23

0.30 £ 0.03

0.24 £0.05

0.36 £ 0.02

Difference (o)

1.7

1.4

0.1

0.2

4.3

4.3

2.8

¢

¢ = (19.7 + 12.8)°

(32 £ 4.8)°

(41.3 £5.5)°

35°

Gk

(56 £ 7)°

31°

> First search of D} — f,(500)e* v,, f,(500) » w*tm~™ (M +,- < 0.45 GeV/c?)
> B(DF - f,(500)e* v,, f,(500) » ntr~) < 3.3x107*
May/09/2025
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Events / (0.010 GeV%c%)

& (=)
(=] (=)

[N
(=]

: —e— Data
| — Total fit x2/NDF = 0.6

[~ - - - Background
[ -~ D{—£,(980)e"v,

0.2

M2, (GeV?/cH)



/)]‘J k? Study of the f;(980) and f((500) through the decay D} » t m~e*v,

HUNAN UNIVERSITY

> 7.33 fb™" data @ 4.128-4.226 GeV > N,

=439 + 33

> B(DF - f,(980)et v,, f,(980) —» wtm~) = (1.72 £ 0.13 + 0.10)x1073
- s5 is dominant based on |f;(980)) = sin ¢| \/—g(uﬂ + dd)) + cos ¢ |s3)

(p:

(19.7 + 12.8)°

> First form factor measurement with simple pole form:

> °(0)|Vs| = 0.504 £ 0.017 + 0.035

> 7/°(0) = 0.518 + 0.018 + 0.036 ( |V.s| = 0.97349 + 0.00016 PDG2022)

This work CLFD [6] [ DR [6] [QCDSR [7]]QCDSR [8]] LCSR [9] [LFQM [11][CCQM [12]

10(0)  [0.518 £ 0.0185tat + 0.036ysc|  0.45 0.46 0.50 & 0.13 | 0.48 £ 0.23 |0.30 £ 0.03|0.24 £ 0.05 | 0.36 - 0.02
Difference (o) — 1.7 1.4 0.1 0.2 4.3 4.3 2.8
é é = (19.7 £ 12.8)° (32 £4.8)°[(41.3 £ 5.5)° 35° (8F3h)° — (56 £ 7)° 31°

> First search of D} — f,(500)e* v,, f,(500) » w*tm~™ (M +,- < 0.45 GeV/c?)

> B(DF - f,(500)e* v,, f,(500) » ntr~) < 3.3x107*
May/09/2025

5Kk %% @BESIII

dI'/dq? (ns/GeV?/c*)

60

NQ —o- Data
| — Total fit
16 L I | R —— Signal
S 40_ Background
<
=
P~ L
)
s 20 ]
>
m W g, 5 'zl |.u!l|.l.|.ll.
CcCQM  0.3940.02 e
LFQM 0.2410.05 —
LCSR 0.30+0.03 ——i
QCDSR 0.48+0.23
QCDSR 0.50+0.13
DR 0.46
CLFD 0.45
This work 0.518+0.018+0.036
| 1 1 1 I | 1 1 I 1 1 1 | 1
—0.2 0 0.2 0.4
S 0
£.0)
T T T L
L 60f } .
&~ X i
>
O
= 40p 7 7
(=} | ——Data
§ [ — Total fit x?/NDF = 0.6
F< I Signal
5 20 - - Background N
@ [ -- Di->£,980)*,
4 l
0.2

I 0.2
M2, (GeV?/cH)




$) MA%Z  search for the by (1235) in D — b;(1235)e*v,

HUNAN UNIVERSITY

> 2.93 fb~! data @ 3.773 GeV
» First search and upper limit measurement on BF:
B(D° - b;(1235) " etv,, b;(1235) > wr™) < 1.12x10™*@90%C.L.

B(D* - by(1235)%*v,, b1(1235)°- wr®) < 1.75x10*@90%C.L.
=> Be comparable with the theoretical prediction [H. Y. Cheng and X. W. Kang, Eur. Phys. J. C 77, 587(2017)

5 4r

- 0 A -
) fuP
=~ ~
S 3F St
= r S2r
3 o
g N g 1F
H 1 '-— e = 76 m -
B /:::\\_~ :
0'======1z:.£r_’/_|_._.;1;1._._._.|_._ () 0 e | O S S W
-0.10 -0.05 0.00 0.05 0.10 -0.10 -0. 05 0.00 0.05 0.10
U, (GeV) U, (GeV)
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mM#kZ  search for the b1(1235) inD > b,;(1235)e*v,

HUNAN UNIVERSITY

> 7.93 fb~! data @ 3.773 GeV

»> First observation = N, = 35.6 £ 8.9 g W @ 5.26: D — b1(12>3§(;5_‘(b((o1t_)e+ve — g .
_ —_ — g 15 :_ g E o’ K)ntn®
B(D° - b;(1235)"etv,, by (1235)"> wr ™) § : .H‘ S s + B o
~ 10 ~ i ther D decays
= £ |
= (0.72 £ 0.1879:28)x10™* P 1 2 wf
> First evidence = N, = 17.5 + 6.7 N, i T
sig g 15F© 3.10:D" by (1235} Wwn)etv, W =me
+ 0,+ 0 0y % | . I
B(D — b1(1235) e Ve, b1(1235) — (DTL- ) E 10'_ + § 20:— .non-Dﬁdecays
N [ o - Other D decays
=(1.16 +£ 0.44 + 0.16)x10~* : A ER: ’
7 4, > B
» Isospin conservationcheck: [ 7 2
=12 14 16 0701 005 0 005 01
['(D%-bietve) M, (GeV/c?) U, (GeV)

=0.78 £0.1919:32

2I(D*t-bletve)
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/’]ﬂl *\? First observation of D™ — I_(1(127O)06+Ve

HUNAN UNIVERSITY

> 2.93 fb~! data @ 3.773 GeV : %
1.6_' (a) "\:
» Ngjg =119.7£133(>100) -~ | . .. . . .
% 1‘4.' . " e ._' 8 20
7 Agreewith O, ~33'ors7 L L | L
disfavor negative sets d 20 -
Lop . s s e = (5) FULE SR VW URNIE NV - —
-0.10 .-0.105 0.(I)0 0.&)5. 0.10 . . 14 1.6
U, (GeV) Mg 10 (GeV/c?)
B(Dt — K1(1270)%*v,)
This work (2.30 4+ 0.26 £ 0.18 + 0.25) x 103
CLFQMI[EPJC77,863(2017)](0k, = 33°) (3.20 4 0.40) x 1073
LCSR[JPG46,105006(2019)](fx, < 0) (17 ~21) x 1073

Ok, is the mixing angle of two states K;4(*P1) and K(°P,)
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A rZ First observation of D —» K,(1270)"e*v,

HUNAN UNIVERSITY

> 2.93 fb~1 data @ 3.773 GeV = Nsig = 109.0 £ 12.5 (> 100)
> B(D° - K;(1270)"e*v,) = (1.09 £ 0.13%392 + 0.12)x1073
» Agree with 8~ 33°or 57°; disfavor negative sets

> F, = 0.50 +0.17+ 0.08 agree with LCSR [J. Phys. G 46, 105006 (2019)]

(©

=
—

S
Events / (30 MeV/c?)

Events / (5 MeVZ/c%)

10 005 000 005 010 10 12 14 16
M2, (GeV?/cH) Mg ... (GeV/c?)
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MALT  First decay dynamics study in D —» K(1270)e" v,

HUNAN UNIVERSITY

F___________________q

| arXiv: 2503.02196 (Submitted to PRL) |

D*(D%

> 20.3 fb~! data @ 3.773 GeV = N, = 1270 + 56 (731 + 35)

Table 2. Fitted parameters and fit fractions, where the first
uncertainties are statistical and the second systematic.

> B(Dt - K;(1270)%%v,) = (2.27 £0.11 + 0.07 + 0.07)x1073 — Valne

0 — 4 —3 'rA (><10_2) —11.2+£1.0£0.9
» B(D” - K;(1270)"e"v,) = (1.02 + 0.06 + 0.06 £+ 0.03)x10 v (x107%) —43+1.0+24
pr- (%) 79.3 4+ 2.0 4 25.7
» First form factor measurement (K;(1400) is not observed) fﬂK*(sgm (%) 10.94 1.2 3.0
_ %) 71.8+2.3+23.9
2/Nbin= a 80F . /Nbin= < 2/Nbin= I~ 2/Nbin= pK (
gwo L %/Nbin=62.7/48 (a) ol x2/Nbin=72.0/50 (b) ;200 x*/Nbin=49.2/48 g % x*/Nbin=52.9/64 l @) fﬂK*(ng) (%) 195+1.9+59
S S W g w ' m, (1270) (MeV/c?) 127143 £7
E sor E " i 40 FK1(1270) (MGV) 168 &= 10 £ 20
[ 8 20
(5)‘-'—"---54-'- o, *0e ot e o y®et et | 50 Bt o i e e e el | (5)‘=‘r-s°w-ﬂ~w.n.‘-m--ﬂ v omem -I 3 i ¥ TV P 1 7 | [ 1
E 05 00 05 10 05 00 05 10 0.2 0.4 0.6 04 0.6 0.8 ] ’ w [ ]
cos6. cosB q2 (GeV¥c?) M, (GeV/c?) |
= [ y2/Nbin=69.7149 ©| =190F ;2/Nbin=34.3/50 ®| 2 [ amvin=77.857 ® 0.5- A | 05
2 2 : b s =t \]
E E E [ Background <0 — LFQM1
=S & so0f = Total fit e
5 = 3 - - - K,(1270) > Kp S-wave 9:2;0, 701
§ g g - - - K,(1270) - K & S-wave -0.5F '
= = R b = - - - K,(1270) > K ' D-wave
§ qwr--n—-wm‘a---- 2 - = o § -..‘-»-.-Mn.-wm-- - = § --bdaf-pg—rrw-u'\r- .~ d . | | |
- 08 1.0 12 - 0.8 1.0 1.2 1.0 12 1.4 1.6 -0 o0o_ 100
M, (GeV/c?) M (GeV/c?) My s (GeV/c?) B (°)
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/’M k¥ n —n' study in the Decay D —» n'¢™

HUNAN UNIVERSITY

|P/7ys Rev. Lett. 134, 111807 (2025)| CEAr o @] 1of ST -comi () ]

e
™

e €
=)

> 20.3 fb~! data @ 3.773 GeV

T T T T L T T T 3
[ 5D - ey, (b) [ 4 AT,/AT, @ 1
| — Data fit i | — SM prediction

> First observation of muonic channel (8.60)
B(D* - n'u*v,) = (1.92 £ 0.28 +£ 0.08)x10™*
B(Dt - n'etv,) = (1.79 £ 0.19 + 0.07)x10~*

» LFU test: R,/ = 1.09 £ 0.19 £0.03

AT/A ¢* (ns'GeV?2ch)

e
-
T

2+

e
™

l ——
l s T

00 0z 04 06 08 00 0z 04 06 08
q? (GeV?/ ct)

- | I D*I—m' +Iv |D+—|>n'u+\|/ o
' 1X1 —_ ° L0 ise wor is wor I
» 1 —n’ mixing angle: ¢p = (39.8 + 0.8 £ 0.3) : * Thiswork + Thiswirk
L 7 CCQM [6] ~ CCQM [6] _
. — LCSR [7 RQM [9 —
> First measurement of form factor 081 JﬁL SLOSR[ wRQMB]
S| ¥ LOHO [0 .
’ - = 06 # N
£ (0)|Veg] = (5.92 £ 0.56 +£ 0.13)x1072 o U5 | .
0.4 i N
0.2 -
0

I 1 1 1

4 6

. B(D"—n'T'v) (x10™)
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V{J‘ {4 4 % Summary and prospect

HUNAN UNIVERSITY

Summary:
> BESIII has the largest data samples at DD/D.D} threshold.
» Scalar/axial-vector mesons are studied systematically via semi-leptonic charm decays.

» BFs/FF measurements help to test different QCD modes and understand their nature!

Prospect:

» BESIIl has 20 fb! @3.773 GeV in total now.

» More scalar/axial-vector/tensor mesons could be studied via semi-leptonic charm decays.
2K,(700),K;(1430), fo(1370), f(1500), a((1450) ...
-> K,(1400),a,(1260), b1(1235), f1(1285), f1(1420) ...
- a,(1320), f,(1270), K5(1430) ...

> More results are on the way! . QW/
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RS WRiB=NsE=/EBESIII-Belle II-LHCb3Z&aFIRIX SIS

HUNAN UNIVERSITY

> rEIERE (B , =R ) : BESII & Belle Il gg] - 202546 527H-30H

> EKE (BNER , 5K PBF ) : BESII & LHCb R OTHEBIERT OB
> RS (A3 ) : BESII

. o ® (N8
JEMMIER : https://indico.ihep.ac.cn/event/24764/ gn@
.\ m
BGS]]I B E=EREFNERAH
Be//elI i

FRFYEARERIHTERENRFTRAEFRANGAEREXRER. BIMRSRETRNNTF NRNFARET) , TBTEFENNFERMERNIEMMEYE, ATRITE
- FRES MR (CPIRIR) ML, HE@FHEHERMET iﬁ’J‘\Eﬁzﬁ%Tﬁ#’? . REBFYIEAGAR &m%&%ﬁmiﬂ'}ﬁﬁ@ﬁﬁ

HELREIEAE, BESIIEIRT 20245 E#H5TA 720 /fbfpsi(3770) BIEMITRER; Belle IE307E10.6 GeVHHEE Rt RE 71600 /fofEIE; LHCbELIRETeVAERERITRET18
/TOROEIE . IXLEEIBIRM T IBEBNRBTFHE, EEFRFENRMIBEAR. ELL 2R, BFFBESII-Belle I-ILHChEZZFMEHKATHIRRREVNEN, RR=TSFAERETFSHEM
E’JEE)&E A % $R 38 F AN GUTIZIC S5 LA AR S E = E %ﬂe%nﬁzsﬁ&%mg*ﬁmm RAAEEIEBEE SRR DE, HUUNE, SERUERLETHME
BAAENEENS, UHRESEZIEAREXNIERR.

HEETHISEMIENME: 20177FEFREENER, 2019FLAMEAREENE"E. ABKSTHISHBRIMEAZ. MR, FEAREFREED, FWEHTHE
BENZRARPONBEHNEE EFRFRRZRNME . FWAOXRENBHITCBESHEREEN, UMEHSTER, BEFENMREZ ANINLRRSEIE, WEEFE
ERFERRED SRR

RIMIL: https:/indico.ihep.ac.cn/event/24764/

SiNETE): 20256 H27H-308 (278 M)

WK KOTEBIHABE (BEHE)

REW: PWH/MELFE15007T/A; FE10005T/A; RETBCEME., RINA—RHRE, RABE, RSBRTIHBIPOSHF. IR, MEHE., HREAEFRIRFRR—RKH
FRRE, *EBRRTHERINGRBEUBFHHERRRBREARNCEME.
KICEME LA/ 2025F6813H.

RIEKRA: Z=RE GHREINA) , 15956934447, lilongke@hunnu.edu.cn;

) [N

B F (hEAZ) , 18810459153, 222027@csu.edu.cn; ‘( ~ A \6 (o

& (#RAA) , 18670371710, shanw@hunnu.edu.cn; O A !

SR GHiRAZ) , 18153781818, yujiesheng@hnu.edu.cn; )
)

HKBE GHRIAZ) , 19911568964, zhangshulei@hnu.edu.cn,
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https://indico.ihep.ac.cn/event/24764/

BESIII experiment

HUNAN UNIVERSITY

_ﬁ“.-..““l it -~-:::.
[BEPCII and—BESIII ik
= ‘%
S

CsI(T1) calorimeter
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RS BEPCII collider

HUNAN UNIVERSITY

ey

> Two ring symmetric e e~ collider

» Circumference: 240 m !
> Design luminosity: 1x1033cm™2%s71 :
Achieved time: 5 April, 2016 \

> E.,:2-5GeV ',

» Beam crossing angle: 22 mrad \
et
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Pl A & Z BESIII detector

HUNAN UNIVERSITY

ey

| RPC: 8
RPC: 9 Electro Magnetic ayers

layers Calorimeter

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

. WPe TOF EMC
Fp < 0.5% @1 GeV ot 80 ps Barrel %E < 2.5% 01 GeV

5(;,5//;;‘) < 6% 5t 110 ps Endcap 6z =0.6/VE

MUC
d(xy) <2 cm
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