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Physics motivation

𝑉!"# =
𝑉$% 𝑉$& 𝑉$'
𝑉(% 𝑉(& 𝑉('
𝑉)% 𝑉)& 𝑉)'

Ø Nonperturbative region -> QCD

Ø High precision frontier  -> SM test

Charm physics
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Ø Hadronic Form factor(FF) -> Test different QCD models (LQCD/QCDSR) 

Ø CKM matrix elements 𝑽𝒄𝒅 𝒔 -> Test CKM matrix unitarity

Ø ℬ(𝐷(%) → 𝑋𝜇'𝜈()/ℬ(𝐷(%) → 𝑋𝑒'𝜈)) 

-> Lepton flavor universality (LFU) test. 

Ø Branching fraction and FF measurement 

-> Good laboratory for light scalar mesons study

𝐴 𝐷 ⟶ 𝑋ℓ𝜈 =
𝐺!
2
𝑉"#∗ 𝜈𝛾%(1 − 𝛾&)ℓ < 𝑋|2𝑞𝛾% 1 − 𝛾& 𝑐|𝐷(() >

𝛤(𝐷(() → 𝑉ℓ*𝜈ℓ) ∝ 𝑉", (
-𝔗 𝐴. 𝑞- , 𝐴- 𝑞- , 𝑉(𝑞-) 𝑑𝑞-

𝛤(𝐷(() → 𝑃(𝑆)ℓ*𝜈ℓ) ∝ |𝑉",(()|-|𝑓* 𝑞- |- 𝑑𝑞-

Physics motivation



2024/4/07 张书磊@BESIII 5

Light scalar mesons 𝒇𝟎 𝟓𝟎𝟎 , 𝒇𝟎(𝟗𝟖𝟎) and 𝒂𝟎 𝟗𝟖𝟎

Ø Play a important role in the dynamics of the spontaneous breaking of QCD 

chiral symmetry and in the origin of pseudoscalar meson masses. 

Ø Help to understand the confinement of quarks.

Ø Their nontrivial quark structure has remained controversial for many years!

Ø Interpretations: 𝑞2𝑞 mixture; tetraquark; molecule, etc.

Ø Semi-leptonic D decay is an ideal probe for their nature.

Physics motivation
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Physics motivation

Jose R. Pelaez, Physics Reports 658 (2016) 1,
“From controversy to precision on the sigma meson:
a review on the status of the non-ordinary 𝒇𝟎 𝟓𝟎𝟎 resonance”  
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BESIII experiment
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BEPCII collider

Ø Two ring symmetric 𝑒!𝑒" collider

Ø Circumference: 240 m

Ø Design luminosity: 1×10##𝑐𝑚"$𝑠"%

Achieved time: 5 April, 2016 

Ø Ecm: 2 – 5 GeV 

Ø Beam crossing angle: 22 mrad
𝑒!

𝑒"
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BESIII detector
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BESIII Collaboration
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Data sample

Ø Symmetric 𝑒!𝑒" collider

Ø Ecm: 2 – 5 GeV

Ø Charm collected through pair-

production near threshold 

Ø Asymmetric 𝑒!𝑒" collider

Ø Ecm: 10.8 GeV

Ø Charm collected through 𝑏)𝑏

decays and c ̅𝑐

CLEO-c

Belle, Belle-II



2024/4/07 张书磊@BESIII 12

Data sample

Experiment Data size Energy region Time 

BESIII 𝐷!($): 7.9 %b"&
𝐷'!:      7.33 %b"&

3.773 GeV
4.123-4.223GeV

2010/2011/2021
2013-2017

CLEO-c 𝐷!($): 0.82 %b"&
𝐷'!:      0.6 %b"&

3.770 GeV
4.170 GeV

Till 2008

BABAR 468 %b"& Near Υ(4𝑆) Till 2008

Belle 976 %b"& Near Υ(4𝑆) Till 2010
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Analysis method: Double Tag 

Take Ds decay as an example (complicated case) 

𝑈01(( = 𝐸01(( − �⃗�01((

𝑀01((
- = 𝐸01((- − �⃗�01(( -
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Analysis method: Single Tag sample 

𝐷(: 0.77 M

𝐷*: ~2.76 M (2.93 +b+,)
𝐷*: ~6.31M (7.9 +b+,)

𝐷': ~1.57 M (2.93 +b+,)
𝐷': ~4.15M (7.9 +b+,)
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𝛤(𝐷(') → 𝑆ℓ!𝜈ℓ)/𝑑𝑞) ∝ |𝑉*+(')|)|𝑓! 𝑞) |)

𝑆: 𝑎1 980 , 𝑓1 500 , 𝑓1(980)

Ø Use least χ2 method to fit the measured partial decay width in different 𝒒𝟐 bin

Ø Taking the correlations among 𝒒𝟐 bins into account

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

The differential decay rate of D(s) -> S 𝓵𝝂𝓵
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The differential decay rate of D(s) -> S 𝓵𝝂𝓵
Ø Point-like differential decay rate:

34(6(")→8ℓ$:ℓ)
3;&

= <'
&|>("|&

?@A)
𝑝B*
C |𝑓D 𝑞? |?

Ø Double differential decay rate:

(N.N.Achasov et al., PRD102,016022(2020); W. Wang, PLB759,501(2016) )

3&4 6 " →8ℓ$:ℓ
3E3;&

= 
<'
& >(+

&

FG?A,H- "
) 𝜆

)
& 𝑚6 "

? , 𝑠, 𝑞? 𝑓D 𝑞? ?𝑃 𝑠

𝑃 𝑠 = 

2!3""/"$
|0%

&KEKL(M.N////1DM.N22)|&
, Flatte: 𝑓5 980 /𝑎5 980

0'%6(()
((70'%

& )&*0'%
& 6&(() , RBW: 𝑓5 500

0(8)*)(()
(0(

&7(72!&
+,+-
.(
&,+-

𝓏(())&*0(
&8)*)& (()

, Bugg: 𝑓5 500
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First observation of 𝑫𝟎 → 𝒂𝟎(𝟗𝟖𝟎)"𝒆! 𝝂𝒆

Phys. Rev. Lett. 121, 081802 (2018) 

Ø 2.93 +b+, data @ 3.773		GeV

Ø 𝑁%./0
!
= 25.7+1.3'4.5

Ø 𝑁%./0
"
= 10.2+5.,'1.*

Ø BFs help to understand the nature of 

the 𝒂𝟎(𝟗𝟖𝟎)
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Search for the decay 𝑫𝒔! → 𝒂𝟎 𝟗𝟖𝟎 𝒆!𝝂𝒆
Phys. Rev. D. 103, 092004 (2021) 

Ø 6.33 +b+, data @ 4.178-4.226 GeV

Ø No significant signal is observed.

An upper limit is determined  at 90%CL:

ℬ 𝐷%' → 𝑎* 980 𝑒' 𝜈), 𝑓* 980 → 𝜋*𝜂 < 1.2×10+5

Ø First study of 𝑎* 980 − 𝑓* 980 mixing in the charm sector.

No obvious isospin violation is observed.
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Search for the decay 𝑫 → 𝑲>𝑲𝒆!𝝂𝒆
Phys. Rev. D. 109, 072003 (2024) 
Ø 7.9 +b+, data @ 3.773 GeV [2010,2011,2021]

Ø No significant signal is observed, upper limits are determined  at 90%CL assuming 𝑎*(980) contribution:

ℬ 𝐷* → 𝐾7*𝐾+𝑒'𝜈) < 2.13×10+1

ℬ 𝐷' → 𝐾7*𝐾7*𝑒'𝜈) < 1.54×10+1, ℬ 𝐷' → 𝐾'𝐾+𝑒'𝜈) < 2.10×10+1
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Ø 2.93 +b+, data @ 3.773		GeV

Ø 𝑅 = ℬ 0"→:! 1** )";# 'ℬ 0"→:! <=* )";#
ℬ 0"→>! <=* )";#

> 2.7@90%𝐶𝐿

Ø Favor	tetraquark	(R=3,	PRD82,	034016(2010))		for	𝑓* and	𝑎*

Phys. Rev. Lett. 122, 062001 (2019) 

First observation of 𝑫! → 𝒇𝟎(𝟓𝟎𝟎)𝒆!𝝂𝒆

𝐷5

𝐷*

𝑁!"#$
!
= 1498 (Bkg:~33.3%)

𝑁!"#$
" = 2017 (Bkg:~23.8%)

𝑓%!('(() = (25.7 ± 1.6 ± 1.1)%
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Study of the decay 𝑫! → 𝒇𝟎 𝟓𝟎𝟎 ℓ!𝝂ℓ

arXiv: 2401.13225 (Submitted to PRL)
Ø 2.93 +b+, data @ 3.773 GeV

Ø First observation of 𝐷' → 𝑓*(500)(𝜋'𝜋+)𝜇'𝜈(

Ø First FF measurement of 𝐷' → 𝑓* 500 𝜋'𝜋+ ℓ'𝜈ℓ
(Based Z series expansion for FF and Bugg form for 𝒇𝟎 𝟓𝟎𝟎 )

➔ 𝑓'
:! 0 |𝑉@A| = 0.0787 ± 0.0060 ± 0.0033

➔ 𝑓'
:! 0 = 0.350 ± 0.027 ± 0.015

ps: |𝑉@A| = 0.22438	± 0.00044	from	SM	global	fit	(PDG2022)
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Ø 6.32 +b+, data @ 4.178-4.226 GeV

Ø𝑁%./
:!(<=*) = 54.8 ± 10.1 (7.8	𝜎 significance)

Ø First	BFs	Measurement:

ℬ 𝐷%' → 𝑓* 980 𝑒'𝜈), 𝑓* 980 → 𝜋*𝜋*

= (7.9 ± 1.4 ± 0.4)×10+5

Ø No	significant	signal:
ℬ 𝐷%' → 𝑓* 500 𝑒' 𝜈), 𝑓* 500 → 𝜋*𝜋* < 7.3 ×10+5

ℬ 𝐷%' → 𝐾7*𝐾7*𝑒'𝜈) < 3.8 ×10+5

Ø BFs	help	to	understand	the	nature	of	the	𝑓* 500 and	

𝑓* 980 ,	and	test	different	theoretical	calculations.

Phys. Rev. D. 105, L031101 (2022) 

Study of the decays 𝑫𝒔D → 𝝅𝟎𝝅𝟎𝒆D𝝂𝒆 and 𝑫𝒔D → 𝑲𝑺
𝟎𝑲𝑺

𝟎 𝒆D𝝂𝒆
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Study of the 𝒇𝟎 𝟗𝟖𝟎 and 𝒇𝟎 𝟓𝟎𝟎 through the decay 𝑫𝒔* → 𝝅*𝝅7𝒆*𝝂𝒆

Ø 7.33 Qb*+ data @ 4.128-4.226 GeV ➔ 𝑁!"# = 439 ± 33

Ø ℬ 𝐷!, → 𝑓( 980 𝑒, 𝜈- , 𝑓( 980 → 𝜋,𝜋* = (1.72 ± 0.13 ± 0.10)×10*.

➔ 𝒔_𝒔 is	dominant	based	on	 ⟩𝑓( 980 = sin𝜙 +
/

i(𝑢_𝑢 + 𝑑�̅�) + cos𝜙 |𝑠 ⟩�̅�
𝜙 = 19.7 ± 12.8 ˚

Ø First	form	factor	measurement	with	simple	pole	form:

➔ 𝑓,
%! 0 |𝑉0!| = 0.504 ± 0.017 ± 0.035

➔ 𝑓,
%! 0 = 0.518 ± 0.018 ± 0.036 ( |𝑉0!| = 0.97349	± 0.00016	PDG2022)

Ø First	search	of		𝐷!, → 𝑓( 500 𝑒, 𝜈- , 𝑓( 500 → 𝜋,𝜋* (𝑀1"1# < 0.45 GeV/c2)

Ø ℬ 𝐷!, → 𝑓( 500 𝑒, 𝜈- , 𝑓( 500 → 𝜋,𝜋* < 3.3×10*2

2024/4/07

Phys. Rev. Lett. 132, 141901 (2024) 
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𝑫𝒔! → 𝑽 𝑺 𝒆!𝝂𝒆 : 𝑫𝒔! → 𝑲!𝑲"𝝁!𝝂𝝁
JHEP12(2023)072

Ø 7.33 $b%& data @ 4.128-4.226 GeV

Ø 𝑁'() = 1725 ± 68 for BF	measurement

ℬ(𝐷'* → 𝜙𝜇*𝜈+) = (2.25 ± 0.09 ± 0.07)×10%,

ℬ(𝐷'* → 𝜙𝜇*𝜈+)/ℬ(𝐷'* → 𝜙𝑒*𝜈-) = 0.94 ± 0.08 ➔ No	LFU violation

ℬ(𝐷'* → 𝑓. 980 𝜇*𝜈+) R ℬ(𝑓. 980 → 𝐾*𝐾%) < 5.45×10%/@90%	C.L.		~2.2𝜎

Ø First	FF	measurement	based	on	single	pole	parameterization:

Ø PWA	is	performed	->	𝜙 dominate

Ø 𝜇 mass	is	considered	in	the	formula	

|𝑼𝒎𝒊𝒔𝒔| < 𝟎. 𝟎𝟐 𝐆𝐞𝐕
939	signal	events	with	(9.8±0.7)%	Bkg2024/4/07
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Light scalar mesons via semi-leptonic D decays at BESIII
Channel Publication Status

𝑫𝟎 → 𝒂𝟎 𝟗𝟖𝟎 *(𝜼𝝅*)𝒆,𝝂𝒆 PRL 121, 081802(2018) Update in process (Draft review)

𝑫, → 𝒂𝟎(𝟗𝟖𝟎)𝟎(𝜼𝝅𝟎)𝒆,𝝂𝒆 PRL 121, 081802(2018) Update in process (Group review)

𝑫 → 𝒂𝟎(𝟗𝟖𝟎) (𝜼𝝅)𝝁,𝝂𝝁 No In process (Group review)

D→ 𝒂𝟎(𝟗𝟖𝟎) (𝑲�𝑲)𝒆,𝝂𝒆 PRD 109, 072003(2024) Published

𝑫, → 𝒇𝟎(𝟓𝟎𝟎)(𝝅,𝝅*)𝒆,𝝂𝒆 PRL 122, 062001(2019) Update in process (Group review)

𝑫, → 𝒇𝟎(𝟓𝟎𝟎)(𝝅,𝝅*)𝝁,𝝂𝝁 arXiv: 2401.13225 Submitted to PRL

𝑫, → 𝒇𝟎(𝟗𝟖𝟎)(𝝅,𝝅*)𝒆,𝝂𝒆 PRL 122, 062001(2019) Update in process (Group review)

𝑫𝒔, → 𝒂𝟎(𝟗𝟖𝟎)𝟎(𝜼𝝅𝟎)𝒆,𝝂𝒆 PRD 103, 092004(2021) Published

𝑫𝒔, → 𝒇𝟎 𝟗𝟖𝟎 (𝝅𝟎𝝅𝟎)𝒆,𝝂𝒆 PRD 105, L031101(2022) Published

𝑫𝒔, → 𝒇𝟎 𝟓𝟎𝟎 (𝝅𝟎𝝅𝟎)𝒆,𝝂𝒆 PRD 105, L031101(2022) Published

𝑫𝒔, → 𝒇𝟎 𝟗𝟖𝟎 (𝝅,𝝅*)𝒆,𝝂𝒆 PRL 132,141901(2024) Published

𝑫𝒔, → 𝒇𝟎 𝟗𝟖𝟎 (𝝅,𝝅*)𝝁,𝝂𝝁 No In process (Memo review)

𝑫𝒔, → 𝒇𝟎 𝟗𝟖𝟎 (𝑲,𝑲*)𝒆,𝝂𝒆 No In process (Draft review)

𝑫𝒔, → 𝒇𝟎 𝟗𝟖𝟎 (𝑲,𝑲*)𝝁,𝝂𝝁 JHEP12(2023)072 Published
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Summary and prospect

Summary:

Ø BESIII has the largest data samples at 𝐷�̀�/𝐷�𝐷(∗ threshold.

Ø Light scalar mesons are studied systematically via semi-leptonic D decay. 

Ø BFs and FF measurements help to understand the nature of light scalar mesons. 

Prospect:

Ø BESIII has 20 fb-1 @3.773 GeV in total now.

Ø More results are on the way!

Thank you!


