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a) il A k¥ Physics motivation

HUNAN UNIVERSITY

mass =2.3 MeV/c? 2 2 =%3.07 GeVic? 0 =126 GeV/c?
charge 2/3/ 0
spin 2 a 1 J
Hig
top gluon bodd®
=418GeV/c :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
" b . 5 Charm physics :
strange | bottom { photon J E > Nonpe rturbative reglon -> QCD E
0.511 MeVic? 105.7 MeVic? 1.777 GeVic? 91. ZGeVlc E > H Ig h preCISlon frO ntler -> SM tESt E
o - - E
3 112 y 12 y J 2 d EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETR
electron muon tau t Z boson O
3 Vud Vus Vub
m <2.2 eVic? <0.17 MeV/c? <15.5 MeV/c? 80.4 GeV/c? m V 'V EEEEEER "Vl LI l: V
= 0 0 +1 p— =
o w 1/2 w 1/2 w 1 . J g CKM Ilgdlllllllcsl I: Cb
3 2 Ve, Vi V
s lect t i
- AeutrinG neutrino neufrino . Wboson g td ts tb
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k% Physics motivation

HUNAN UNIVERSITY

» Hadronic Form factor(FF) -> Test different QCD models

» CKM matrix elements V45 -> Test CKM matrix unitarity
> B(D(S) - X‘LL+V”)/B(D(S) - X€+Ve)

-> Lepton flavor universality (LFU) test. €
» Branching fraction and FF measurement . X
-> Good laboratory for light scalar mesons study 9 9

g Gr
A(D — Xfv) = \/7 VeqUYu

2023/4/21 5K 45 % @BESII 4



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

2023/4/21 7K 5 4% @BESIII



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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GRS

HUNAN UNIVERSITY

BESIII Collaboration
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RS Data sample

HUNAN UNIVERSITY

Belle, Belle-l|

BESII

> Symmetric eTe™ collider > Asymmetric ete™ collider
» E.,:2-5GeV > E,.:10.8 GeV

» Charm collected through pair- > Charm collected through bb

production near threshold decays and cc

2023/4/21 5K 45 % @BESII 9



! HUNAN UNIVERSITY

Data sample

BESIII

CLEO-c

BABAR

Belle

2023/4/21

D*(®.293 fh~1 3.773 GeV

2010-2011

Df: 7.33fb™! 4.123-4.223GeV  2013-2017

Dt(®.0.82 fb~1 3.770 GeV
DY: 06fb~1 4.170GeV

468 fb~1 Near Y(4S)
976 fb~1 Near Y (4S)

5Kk %% @BESIII

Till 2008

Till 2008
Till 2010
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= RES Data sample

HUNAN UNIVERSITY

D%(+) samples at y(3770)

2010-2011
3.773 GeV

3000

2500

2000

1500

1000

900

0
MARKI DELCO MARKII MARKII BESII CLEOc BESII
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i+ % Analysis method: Double Tag

HUNAN UNIVERSITY

Take Ds decay as an example (complicated case)

By(Ds->yDs)

Charge conjugates implied K* Ntag = 2N D DEBtag €tag
K" Nsig = 2Np ¢ p:BragBsigBy€sig
Single tag l

=
e’ ) y(1160) <

1
; . = . —|n . I
. B.. = Nsig :Umlss — Emlss |pmlss| I
Recoil side sig ByNtag€sig/€tag L 5 , :

I . = . — |
|\ Mpiss = Efiss — [Pmiss| 1
¢ SKK C I __ !

fo >na'n
v B.. = Nsig
© et b, fo Y9 By Yo Niag€sig/€tag
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i+ % Analysis method: Single Tag sample

HUNAN UNIVERSITY
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‘ ', RS The differential decay rate of D, -> S fv,

HUNAN UNIVERSITY

5120980, /,(500), £,(980)

> Use least x2 method to fit the measured partial decay width in different g% bin
> Taking the correlations among q# bins into account
> FF in different form (The width needs to be considered ?)

f+(t) =

: — Single pole form — Modified pole model
£.(0) £:0)
I f+( ) 1= ;/MZ f+(q2> = 2 7
: e (1-Mq—21)(1-a;—2,)
: — ISGW2 model — Series expansion model
I
I

P()®(t, 1))

2
f+(qz) = f+(qr%zax) (1 + %(qnzwx - qz))

2023/4/21 5K 45 % @BESII 14



Pl A & Z The differential decay rate of D, -> Scalar fv,

HUNAN UNIVERSITY

> Point-like differential decay rate:

dU(D(=StTve)  GE|Ves|? 3
quz = 24:3 pf0|f+(q2)|2

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

d’T(D)~>StTve)  GRIVes? 52
= A2 (mz S 2) 2Y1%2P(s
dsdqz 192n4ml3)(s) D(S)’ ’q |f+(q )l ( )
( __91Pmn Flatte: a,(980)/f,(980)
Im§—s—i(g1Prr+t91PKrK)I?’
Pls) = o) RBW: £, (500
| em e ) fo(500)

2023/4/21 7K 5 4% @BESIII
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/’M *\? First observation of D° — ay,(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

2023/4/21 5K 45 % @BESII
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/’]ﬂl }‘ 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 -1, (980)e*v,) > 2.7@90%CL Dt - natety, 2.449 + 0.074 + 0.073
B(D*t—ay(980)etv,) ' D+ > plet, 1.860 + 0.070 + 0.061
Dt - we'y, 2.05 £ 0.66 +0.30

> Favor tetraquark (R=3, PRD82, 034016(2010)) for fo and @y p- 2 7es0er. 1080) oain o o0
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@ V}]‘J A i? Study of light scalar mesons through D —» n°nle*v, and D} - K3K e*v,

HUNAN UNIVERSITY

| P/?ys Rev. D. 105, LO371017 (2022) | %zoii?ﬁm @ %205
___________________ g —— ::gcl:(a;round g
> 6.32 fb~! data @ 4.178-4.226 GeV =i < uf
> NS]:"(%O) = 54.8 + 10.1 (7.8 o significance) Sl T e e ——
9 MM*(GeV?3/c* M_,_(GeV/cr)
> First BFs Measurement: @ ’ PG :
gmr—*-gjiz:f MC A ﬁ 6;_*.1223;?0 v MC -
B(DS-I- — f0(980)€+ Ve, f0(980) - T[OT[O) 8 :-—BackegroundMC | 8 4:-—Backs;ro:mdMC -
=T 1% | I :
= (794 1.4+ 0.4)x10~* 51 ] 8% 8 -.
LE 0- TP _..---1—‘—._!] ‘_.-‘_:1 Pt S [5 C- . = e D i O
> No significant signal: R = nleetiey
B(D; - fo(500)€+ Ve,fO(SOO) — 1T TL'O) < 7.3x107% T ©) | d) |
B(D& - KdKPetv,) < 3.8 x107* £ —Nominal | —Nominal
3 — Upper limit — Upper limit
> BFs help to understand the nature of the f,(500) and | ' ' '
f0(980), and test different theoretical calculations. e Em— R io
B(D+—>oe+v o—-n'n’) (x 10 B(D!—KKJev,) (x 107
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/’]KJ 5 Study of the f((980) through the decay D —

HUNAN UNIVERSITY

i 28007297 Bubried 0 PROY W
RS -o- Data
> 7.33 fb~! data @ 4.128-4.226 GeV E ol Sl
» Ny = 439 + 33 S
B(DF - £,(980)e* vy, £,(980) - m*m™) §
= (1.72 4+ 0.13 +£ 0.10)x1073 |
-» sS is dominant based on qgq mixture picture ’ M, (GeV/c)
> First form factor measurement based on single pole: 27 ®)
o(0)|V,5] = 0.504 + 0.017 + 0.35 é B 06
ps: Have considered the width effect of the f;(980) _ji i S:J/‘/’—/’/
) o3 |

0.5
¢ (GeV?/c*)
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k% Summary and prospect

HUNAN UNIVERSITY

Summary:

> BESIII has the largest data samples at DD/D.D; threshold.

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

» BFs and FF measurements help to understand the nature of light scalar mesons.
Prospect:

» BESIIl has 8 fb'! @3.773 GeV now.

» In the coming 2024, BESIII will have 20 fb-! @3.773 GeV in total.

%/ﬂ%/
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» More results are on the way!



