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Physics motivation

mass = =23 MeV/c? =1.275 GeWie? =173.07 GeVic? 0 =126 GeVic?
charge = 2/3 23 0
Matter % spin = 12 ‘ ‘ ¢ J
nggs
Q Molecule [uw J{ _cham ) gluon boson
=4 8 MeVic? =95 MeV/c? =4 18 GeV/c?
v
¥ -1/3
. @ |- @ | @ . J
-
om o .down J strange / bottom ) l photon
0.511 MeV/c? 105.7 MeWic? 1.777 GeVic? 91.2 GeVl/c?
[ J
-1 -1 -1
e Electron o’ 102 3 1" 3 a . n
Nucleus & =
- electron muon tau l Z boson O
n
1 m <2.2 eVig? =0.17 MeW/c? <15.5 Me\V/c? 80.4 GeVlic® 8
2 0 0 0 +1
w
SLb L L W
8. electron muon tau |
: - W boson | <
Proton ﬂ neutrino neutrino neutrino L G
| |
| |
' > All matters are made out of quarks and leptons. !
Quarks | :
|

: > Ordinary hadrons: Meson and Baryon.
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Physics motivation

Tetraquark Hadronic molecules Pentaquark Glueball

> How about scalar mesons:
f0(500), K*(700), f,(980) and a,(980), etc

————————————————————————————————————————————————————————————————

Aug./14/2025 Mengyao Zhai@BESII| 4



Physics motivation

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

g § e e i

! 2 212 2
. ‘ :OC |Vcd(s)| |f+(q )l dq
» Clean environment: hadrons X can be separated from leptons pair.

» High statistics of charmed meson at experiments.

» Besides, the branching fraction (BF) measurement of semi-leptonic decay can be used to achieve:

» Hadronic Form factor (FF) measurement => Test different QCD models (LQCD/QCDSR)

» Ryje =B(D - X,u+v”)/B(D — XeTv,) measurement => Test lepton flavor universality (LFU)

Aug./14/2025 Mengyao Zhai@BESII| 5
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Data sample

> Symmetricete” collider @2 — 5GeV

102 T T T T |

T T
‘ &

» Pair-production near threshold 10

2.175: 108 pb~1

> D E @ 3 . 773G EV 1 a data below open-charm threshold

2.23~3.67 GeV: 14 points ~110 pb~!

5 93 fb-1 2010.2011 QLo+ crersesconboaccssevia 5 eciaue ] 200-308 Gov: 21 pois 550

| 1 L | Il Il | L 1 Il { L Il 1 1 ‘ 1
0.5 1 1.5 2 2.5

7 1 l 1 1 i [ 1 I T T T 1 T [

4.99 fb~1 2021-2022 T T . P EE=TE

¥(25): 2.7x10° | v@o40): 05 |

IR T T
1
1
1
|
1
1
1
|
]
]
1
]
t
[
[=
R
]
I
L
1
]
1
]
1
1
i
]
1
[
1
]
]
1
y
]
1
1
b
i
]
1
|
I
|
K
1
]
]

@

_ 1 ° } | Y(3770): 20 fb~1 |7,b 70 P %&j&‘? | i&i 0.;.16_1 13.;2_1
8. 16 fb 202 1-2022 R 4 - ‘: PT‘"“41:‘8-.$3fb—1 Hrm, l | | |
[oane~ F¥ i
: | 1 1 4.60-4.95 I
| ~6.3fblintotal |

4.19 fb~1 2022-2024

@
\\\|I\\\
-
P
-

~20.3fb ! on the ¥(3770) had been collected!
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Analysis method: Double Tag

Niag= 2Np5Biag€iag » Mature method

\ /0 pt Ntag,sig=ZNDﬁBtangigEtag,sig » Absolute BF measurement
ay/ ag /
\DO/D - 5 Niota > Low background

sig = a _a a
2 N € ial € i i
alVtag tag,szg/ tag » Systematic cancellation (tag)

I
—> |

: Umiss — Emiss _ |pmiss| :

I

[ 2 R o/ 2 2 |

leiss — Emiss |meSS| :

Aug./14/2025 Mengyao Zhai@BESII| 8



The differential decay rateof D - S v,
F(D — S£+V£)/dq2 X |Vcd(s)|2|f+(q2)|2

1 S:a¢(980), f,(500), f0(980)

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

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

I

; — Single pole form — Modified pole model I
£,(0) £.0) :

' fi(q°) = > fi(d?) = . I

I 1— Z/Mpzole (I—M?—j)(l—a%) I

| pole pole

|~ ISGW2 model — Series expansion model :

' !

' |

_ I ¢
2o, 2)) | 0= el 1 )a(’(t‘))(uzr" o) |2(00)] )
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The differential decay rateof D - S v,

> Point-like differential decay rate:

dr(D-S¢tvy) GE|V as)l® 3
oS0 SVl b () I (g2

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

AZ(mD,S g f+(g*)*P(s)

d? F(D—>S€+w) GFlvcd(s) |
dsdq? 19274m3,

( 91Prm/mn
; Flatte: f,(980 980
m§—=5=1(91Prr/mntI1PKKII?’ atte: f(980)/a,(980)

mg,I'(s)
P(s) = 4 (s—mjzco)2+m]2c01“2(s)'
et (S) , Bugg: f,(500)

(mf-s-gi——4-2(s)2+miT{o.(s)

Aug./14/2025 Mengyao Zhai@BESII|
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Study of the decay D° — a((980)™ (nm™)etv,

"U
<
%2
DY
D
S
)
<\
-
=~
'\
)
©
-
DN
S
-
N
S
N
8",

N
o

[ 7]

o
—
[$)]
T

> 793 fb™" data @ 3.773 GeV = N, = 51.8 + 10.0

—y
o

> Updated BF measurement of D° — q,(980)" e*v,.

B(D° - ay(980) " etv,,ay(980) > (nm~)) N
-0.2

= (0.86 + 0.17 + 0.05) x 10~*

Events / (0.03 GeV)
S
Events / (0.04 GeV/c?)

=y
[=]
[4)]

o

08 1 12
M, . (GeV/c?)

> First FF measurement: @ | e ®

Single-pole form for FF and Bugg form for a,(980)~ +
> £2(0)|V,q| = 0.126 + 0.013 + 0.003 :
—)f+°(0)—0559+0056+0013 . . . ' , -

0.2 0.4 0.6 0 0.2 0.4 0.6

ps: |V.q| = 0.22487 + 0.00068 from SM global fit (PDG2024) 9 (GeVY/c?) 42 (GeV/c¥)

|

dI'/dg? (ns'/Ge V¥ c?)
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Study of the decay D° — a((980)" (nr )e* v,

| Phys Rev. D 111, LO91501 (2025) : s t@ S 20F

__________________ (t"oD) % §15 I
> 793 fb~! data @ 3.773 GeV => N, = 51.8 T e _
20 — ¥ This work n
> Updated BF measurement of D° — a,(98( - =ocomps -
B =7 Ads/QCD [24]
B(D° - a¢(980)"e*v,,a,(980)"—> (nm7)) i - LCSR2017[25] |
_ _4 15— ¢ LCSR 2021 [26] —
= (0.86 +0.17 + 0.05) x 10 = I Ep—
> First FF measurement: T '  SUGfavor (19 _
Single-pole form for FF and Bugg form for a ( Lo~ % -
- £7°(0)|V.q| = 0.126 £ 0.013 £ 0.003 - + -
- £%(0) = 0.559 + 0.056 + 0.013 05 _&];D_ -

ps: |V.4| = 0.22487 £+ 0.00068 from SM glob: E— 2' S — "' T — é

B(D"—a,(980)e*v, ) (x10%
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Study of the decay D' — a((980)°(nt®)e* v,

Events/(0.

»Signal significance: 2.90

> First evidence of D" — q,(980)° e*v,.
B(D* - ay(980)°%etv,, ay(980)°> (nm°))
= (1.6679%; +0.11) x 10™*

M, .(GeV/c?)

> 20.3 fb~" data @ 3.773 GeV => Ngjg = XX + XX

> Updated BF measurement of D" — q,(980)° e*v,.

-02 -015 -01  -0.05 0 0.05 0.1 0.15 0.2

B(D* - ay(980)°%etv,,a,(980)°—> (n?) ) = xx + XX Upe(GeV) T Y e
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Study of the decay D — a((980)~ (e )u*v,

| —data
| @@ Signal MC

- nlnntn-
(K /m)yntnn®
- K n*n

| [lother background

> 20.3 fb~! data @ 3.773 GeV

> Ng;

sig = XX+ XX

»B(D° - ay(980) utv,,a,(980) > w7 ) = XX + XX

| --data

B Signal MC
- nthntn
— (K /in)ynnn®
- K nt*n
| [Mother background

Emﬂ *W;HM i Wﬁ@hﬁ L

0.1 0.2

0
(G ‘ ‘ ‘ : U (GeV)
My os0) (GeV/e?) U, (Gev/e?)

Background of D° — a,(980)~ (m n)u*v,
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Study of the decay D™ — a((980)°(nm”)u*v,

| =data
. [l Signal MC
- KK
= KSD/K,_)H n°n®
- nnn n
.KD/K 2%t vy

> 20.3 fb~" data @ 3.773 GeV => Ngjg = XX £ XX

»B(D* - a9(980)°u*v,,a0(980)°—> 1 ) = xx + xx

F(DO_)aO_M-I-Vu) = XX + XX 0 0.2
T .0 .+ — T ' ' U . (GeV) ' ‘
ZF(D _)aoﬂ VH) miss

7-I-dlatal T e
" W Signal MC
*IKS°/KL°n+n

EMJ ;LIMHH{&{HH{,{&#HW; M‘} ﬁﬁ\g I .ETKS:K; ) ,;: 0770

» Isospin conservation check:

E#www*%uww h“MmM@

3 .KOJK 2%t vy
—WD'D

3 - mp°D’

- W

[ other background

== Total

+

0.1 0.2

0
Umiss (GEV)

SRAN

) o1 0 0.1

12
a)(980) (GeV/c?)

b o) Background of D* — a,(980)°(n’n)u*v,
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Study of the decay D™ - K m e™v,

»20.3 fb~" data @ 3.773 GeV = N, =

»BF measurement : B(D" » Ktm ey, ) = XX + XX £ X

P fo_wave = XX £ XX £ XX

»S—wave: B(D" - (K™t ) s_pave€ Ve ) = XX £ XX £+ X3

e LASS model result expect

K S
. g
s .
B ’
s ;
- b
;
. y
- I
d .
Point by fitting o B
S
o K5
-~ o
o R
- 0
0 g
.
-
K

Aug./14/2025

XX

...........

me,(GeV/c?) G(Gevic?)
(a) m?® distribution (b) 4 distribution

cos8,

(c) cos# distribution (d) cos #, distribution

(e) y distribution
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Study of the decay D° - K nle*v,

¥ndof=0.93

> 20.3 fb™" data @ 3.773 GeV => Ngjz = XX £ XX

> First BF measurement : B(D° - K nletv,) = xx + XX + %X

fS—wave = XX + XX + XX — T L G5 ——

M., (GeV/c?) g4 (GeV¥ct)

¥Yndof=0.85 ndof=1.10 |

S—wave: B(D® - (K™% s_pave€tVve) = XX £ XX £ XX

) B B B B BB ] L B L — — T T ]
—[— Model-independent - - + Model-independent B |
— Normal solution —: o :— — Normal solution —: e —05 cog 0, - 0.5 1 -1 s o, 05
= % . 0
6. I‘.---l--‘-l.0 8 1 1 1 1 1 1 1 1 2 1 1 1 1 4 1 1 1 1;6 -.—'|'--_|--‘-:-‘.I_--.:---\.-"'----l..-| 1 | E
. . . . . .6 0.8 1.6
M, ,(GeV/c?) MK,,(GeV/é)
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BESIII Publication

PRL121, 081802(2018)/2.93fb?!
PRD111, L091501 (2025)/7.93fb™!

Dt - ay(980)°(pn®etv, PRL121, 081802(2018)/2.93fb2
D - a((980) (nm)u*v, None
D - ay(980) (KK)e*v, PRD109, 072003(2024)/7.93fb!

PRL 122, 062001(2019)/2.93fb"!
PRD110, 092008(2024)/2.93fb!

PRD110, 092008(2024)/2.93fb!

BESIII Prospect

Decay Mode

D° - ay(980)~ (ym)etv, Group report (20.3 fb1)

Group report (20.3 fb1)
Group report (20.3 fb!)
Group report (20.3 fb?)

Dt - fo(500)(rtm)etv, Charm group review (20.3 fb1)

Group report (20.3 fb1)

D* > fo(500) (),

Dt - fo(980)(rtm)etv,

PRL122,062001(2019)/2.93fb"!

Charm group review (20.3 fb?)

Dt - K mtetv,

PRD94, 032001 (2016)/2.93fb!

CWR review (20.3 fb1)

Dt > K mn uv,

None

Group report (20.3 fbt)

Dt - Kdn%¢tv,

JHEP10(2024)199/(e)7.93fb
arXiv:2506.05761/20.3fb!

Summitted to PRL

D - K~ nletv,

None

CWR review (20.3 fb1)

D° - K nutv,

PRL134,011803(2025)/7.93fb!

Group report (20.3 fb1)

D° - Kdn—¢tv,

Au

JHEP03(2025)197/(e)7.93fb
arXiv:2504.10867/(p)7.93fb?

CWR review (20.3 fb1)
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Summary and prospect

Summary:

> BESIII has the largest data samples at DD threshold.

» Scalar 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 20.3 fb'! @3.773 GeV in total now.

» More scalar mesons could be studied via semi-leptonic charm decays.

- K*(700), K (1430), f,(1370), f,(1500), ay(1450) ...

Shark gous/

21

» More results are on the way!
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BESIII experiment

— ey B Rt

[BEPCII and_BESI‘I—g m\ 5
B > ¥ om

- . - A - . _'
- -ﬁ; ? Al = ne
) ! . \ E : ™" pr '_‘ " _
-

»

CsI(TI) calorimeter
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BEPCII collider

> Two ring symmetric e*e™ collider

» Circumference: 240 m

> Design luminosity: 1 X 1033cm

Achieved time: 5 April, 2016

» E,:2-5GeV

» Beam crossing angle: 22 mrad

Aug./14/2025 Mengyao Zhai@BESII|



BESIII detector

| RPC: 8
RPC: 9 Electro Magnetic ayers

layers Calorimeter

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

MO TOF EMC
Fp < 0.5% Q1 GeV ot 80 ps Barrel %E < 2.5% @1 GeV

5(:5//$<)_ < 6% ot 110 ps Endcap 6z=0.6/VE

MUC
d(xy) <2 cm
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