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HUNAN UNIVERSITY

Physics motivation

=)

| =126 GeV/e?

)

° -
N

)
...
/

)
.
¢,

gluon J g'o'ggﬁ C C C
- .
o :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
1 ‘ : Charm physics :
photon J = > QCD: Non-perturbative energy region
0,51 Mevic: 105.7 Mevics 1777 Gevics szewe 1 * > Standard Model test : High-precision = New Physics
-1 -1 -1 0 :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
112 a 112 a 112 a 1 )
=
electron muon tau J Z boson 8
(7)) <2.2 eVic? <0.17 MeV/c? <15.5 MeV/c? 80.4 GeVic? ) 8
= o0 0 0 £1
w
ey W
8. electron i muon tau J
“ ' neutrino neutrino neutrino W boson g
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k% Physics motivation

HUNAN UNIVERSITY

Tetraquark Hadronic molecules Pentaquark Glueball

' » Quark model allows for them.

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

- gq mixture, tetraquark, hadronic molecule or hybrid?

October/13/2024 Shulei Zhang@BESlIII 4



. v) {44 % Physics motivation

HUNAN UNIVERSITY

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

. , , X F(D(s) - §£Tv,) |Vcd(s)| £+ (@*)]* dq*

- y | [(D(s) > V) Voo | T(A1(47), 45 (g, V(g*)dq* |

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

» High statistics of charmed meson at experiments.
» CKM matrix elements |V .| /|V 4| meaurements => Test the unitarity of the CKM matrix (New Physics).

> Ryse = B(Diy = Xu™v,)/B(D) — Xe*v,) measurement => Test lepton flavor universality (LFU)

» Hadronic Form factor (FF) measurements = Test different QCD models (LQCD)

October/13/2024 Shulei Zhang@BESlIII 5
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RS Data sample

HUNAN UNIVERSITY

> Symmetric eTe™ collider @2 — 5GeV
» Pair-production near threshold
> DD@3.773GeV: ~20.3 fb’!
2.93 fb~1@2010-2011; 4.99 fb~1@2021-2022; 8.16 fb~1@2021-2022; 4.19 fb~ 1 @2022-2024

> DD} @4.13-4.23GeV: 7.33 fb~1

3.773 2010-11->2022-24  2.93=2203 2.7M(~7X) 17M(~7X) 0.8M

4.13-4.23 2012,2016-17,2019 7.33

October/13/2024 Shulei Zhang@BESlIII 7



i+ % Analysis method: Double Tag

HUNAN UNIVERSITY

Take Ds decay as an example (complicated case)

By(Ds—>yDs)

Charge conjugates implied K* Nigg = 2N DD Btag Etag
K" Nsig = 2Npi p=BragBsigBy€sig
Single tag 1

.
e’ mm—) y(1160) (EEEE——— C
. [

@ ’ | ! fo >n"n
N o
Vv B Stg

N sig

Stg ByNtag Esig/ €tag

B

Recoil side

e sig™= a .« a
et ¢, fo o By Xa Ntag€sig/€tag

October/13/2024 Shulei Zhang@BESlIII

> Mature method

> Absolute BF measurement

» Low background

» Systematic cancellation (t

: Umiss = Emiss — |Pmiss|

2 _p2 12 2
Mpiss = Emiss |meSS|

ag)



ik k¥ Analysis method : Maximum Likelihood Method

HUNAN UNIVERSITY

» Minimize the negative log-likelihood function.:

N
NII = zlnw(sﬂ- 1)
— Os

w(&;,n) is the decay intensity, o is the normalization factor, using signal
Monte Carlo samples:

Nselected
w(Sk M)

= | d§ w(§,n)e(§) «
-[ Nselected £ WSk, No)
» When the background is low, it can be directly subtracted in the NLL. :

NLL = (—InLgqtq) — (—InLpyg)

» background is high : N (£, ) B (5_)
N"m((1- i-1 z
2 “(( I Tagwle.me&) T TagB.( (51))

October/13/2024 Shulei Zhang@BESlIII




eSS Analysis method: Challenges

HUNAN UNIVERSITY

» Background:

» High background level, especially for muon channels!

» How to describe background.

> Formula:

» Can the lepton mass be ignored? (e/u)

» Amplitude formula with considering the lepton mass terms (include S/P/D wave).

October/13/2024 Shulei Zhang@BESlIII 10
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1 M#A+Z  The differential decayrateof Do) - VL v,

HUNAN UNIVERSITY

2
I'(Dsy = VETv,) |Vcd(s)| T(A1(q?),A2(@*),V(q?), ...)dm?*dq*dcos(6y)dcos(8,)dx

» The decay intensity T can include components of S/P/D wave processes.

» Unbinned maximum likelihood method.

(implemented based on the RooFit framework).

» Form factor (single pole parameterization, double pole ...)

' A4;(0) Vo !
: l( 2) — 1 l 2 Mz V(qz) — 1 2 M2 :
' V(_O)q Ma A (o)q / "
2
l__fV__Al@______fz__Ai@___,'

October/13/2024 Shulei Zhang@BESlIII 12



i+ % c -> s semi-leptonic decay: D™ —» K*%e*v,

HUNAN UNIVERSITY

— fit

I non-sign IDbkg

(223 combinatorial bkg

»>2.93fb~1 data @3.773GeV 2

Events / 0.02 GeV/c?

06 08 1 12 14 16

6 08 1 12 14 16

»Nsi, = 18262 (background Level: 0.8%)

my (GeV/c?) my(GeV/c?)

> B(D* - K~ nte*v,) = (3.77 £ 0.03 + 0.08)% %: s .

fo—wave = (6.05 £ 0.22 + 0.18)% 3 :
> Form factor : % " | g

ry = 1.411 + 0.058 + 0.007, A Serienes T

r, = 0.788 + 0.042 + 0.008 . g

input Gr, Tp+, [Ves| = ?j il ;j 3
A1(0) = 0.589 + 0.010 + 0.012 (Zero-width) 5 o 1o

A;(0) =0.619 + 0.011 + 0.013 (Considering width)
October/13/2024 Shulei Zhang@BESlIII 13



f]ﬂ k¥ c -> s semi-leptonic decay: D° - K*"e*v,

HUNAN UNIVERSITY

—————————————————— S1000 |- =data (@| € 1 (b)
Phys e D99 011003REL BT | §

S s00f §, 19 .',,v” 4
> 2.93fb~! data @3.773GeV : : / .

> Ny, = 3112 + 64 (background level: 0.6%) TP A s (i)

mss

> B(DY - Ktetv,)= (1.434 + 0.029 + 0.032)% % 2007
S 150 ~ 200}
fs—wave = (5.51 +£0.97 + 0.62)% ‘:QD? ool 3
= o 100|403
» First measurement of the form factor. : g 50 [ .
v = 1.46 £ 0.07 £ 0.02, 02 04 06 0.8 1
g2 (GeV-/c?)
r, = 0.67 + 0.06 = 0.01
300 f+ __ 200
5 ﬁ 150
£ 200 [ 1 .
0 S 100
Y100t T |

x (radians)

October/13/2024 Shulei Zhang @BESIII ’ 14



ofl 7 A j? c -> s semi-leptonic decay: D

HUNAN UNIVERSITY

r—_—_—_—_—_

| JHEP12(2023)072 - b

| - Signal process
400 — -D;—>K'Kn*
--- D!>K'Kn'n®
""" Other BKG

> 7.33fb~1 data @ 4.13-4.23 GeV

Events/ (0.015 GeV)

» Ngig = 1725 + 68 for BF measurement

B(D§ — ¢putv,) = (2.25+£0.09 £ 0.07)x1072
B(DS — pu*v,)/B(DS — ¢pe v,) = 0.94 +0.08 -> No LFU violation mis

»
S
»
=3
S

B(DF - f,(980)u™v,) - B(f,(980) » KK ™) < 545x10~*@90% C.L. (~2.20)

_E

» First FF measurement based on single pole parameterization:

Events/ (0.001 GeV/c?)
g

‘S‘v T T

» Partial wave analysis is performed = ¢ dominate

. . ; o8 T ;e Y TR B 05 i
» umass is considered in the formula My GeVIed) ¢ (GeV¥ich)
Table 5. Measured FF ratios and comparison with previous measurements. 2000 200 200 ' '
Experiments TV T i
PDG [42] 1.804+0.08 0.84:£0.11 150 150/ .
This analysis ~ 1.58+0.17+0.02  0.71-£0.14-0.02 g ) g | |
BABAR [25] 1.807+0.046+0.065 0.816-0.036+0.030 % o0 % % ‘”M
FOCUS [58]  1.549+0.250+0.148 0.71340.202+0.284 § i § § |
Theory TV T =] = = ]
CCQM [5] 1.3440.27 0.99+0.20 o ] . 4
CQM 6] 1.72 o3 . B we e B e e ey B P e g o
LFQM [7] 1.42 0.86 % G 0 05 1 o 05 0 05 1 ¢ 2 0 2
LQCD [3] 1.7240.21 0.74£0.12 cosO cos6), ]
HMXT[S] 1_80 0.52 :..........................................:
: U] < 0.02 GeV :
; - + -
October/13/2024 Shulei Zhang@BESII| P N2 =939, Bkg: (9.8 +0.7)% 15
L ’
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m“’l ¥ c -> s semi-leptonic decays: D — K*‘u+vu

HUNAN UNIVERSITY

> 7.91 fb~1 data @3.773GeV

» Ngig =

> B(D® - K~ n%utv,)= (0.729 £ 0.014 + 0.011)%

= 6436 + 119 (background level: 12.6%)

fs—wave = (5.76 £ 0.35 £ 0.29)%
B(D° - K* u*v,)/B(D° - K*"e*v,) = 0.96 + 0.08
» First measurement of the form factor. :
ry = 1.37 + 0.09 + 0.03,
r, = 0.76 £ 0.06 £ 0.02

October/13/2024 Shulei Zhang@BESlIII

Events/(0.08 GeV?/c*)

g

Events/(0.01 GeV)

-

Events/(0.13)

Events/(0.011 GeV/¢?)

08 1 1.
My . (GeV/c)

Events/(0.13)

-

W
8
T

Events/(0.42)

=

L P —— p

=]

16



m”ﬂ r 5 ¢ -> s semi-leptonic decays: D* - K*%e*v,

HUNAN UNIVERSITY

LN = 30.76/31 = 0.99

> 7.91 fb~! data @3.773GeV

Events /(0.002 GeV)
Events/ (0018 GeV/c?)

» Ngig =

> B(D*T - Kdn%e*v,)=(0.881 4 0.017 +£ 0.016)%
fo—wave = (5.41 + 0.35 + 0.37)%

= 3852 + 75 (background level: 6.54%)

0.8 1
M. . (GeVic?)

LN =19.79/20=099 ]

Events / (0.06 GeV¥)
Events/ (0.10)

» Measurement of the form factor.
rv = 1.43 + 0.07 + 0.03, _ slavie
r, =0.72 £ 0.06 + 0.02

Events/ (0.10)
Events /(0.32)

October/13/2024 Shulei Zhang@BESI!I 17



Al A ki? c->d semi-leptonic decays : D}

HUNAN UNIVERSITY

___________________ 2l 2 wof (d)
8 3 30}
© a0 ol
> 3.19 fb~1data @4.18 GeV 2 4o} O }
N - i G = —
» Ngig(Dg - K™e"v,) = 155.0 + 17.2 0 qzo(gewc)
» B(D&+ » K*%etv,)=(2.37 £ 0.26 £ 0.20)x1073
(Ds" > K*%e™ve)=(2.37 £ 0.26 £ 0.20) of (e) (f)
» Consistent with multiple theoretical calculations % 301 + % 401
5 20 5
ry = 1.67 £ 0.34 £ 0.16, r, = 0.77 £ 0.28 + 0.07 @ + i
> Consistent with the expectations of Lattice QCD and U-spin 1 -1
(d 3 s) symmetry: Form factors are insensitive to spectator quarks A0
. 401 () 1) * D;— K *v,
S 30 S
Use BESIII and CLEO measurement 2 ZOJf_TiFL"f"H‘i 3 30
[ o
TN 4 3
TR . palties == ——= 3
2E50)/ P =(0) | 1.16 £ 0.14 + 0.02 T 5
5+ K*"/T-IV?“P 113+ 0.26 + 0.11 o B, e P
p D3 K0 f DT o0 0.93 £ 0.36 % 0.10 02 oer 9 01 02

MM? (GeV%/c?)

October/13/2024 Shulei Zhang@BESlIII 18



TS| ¢ -> d semi-leptonic decay: D - p e™v,

HUNAN UNIVERSITY

| Phys. Rev. Lett. 122, 062001 (2079) | [Unissl < 0.06 Gey —» Nevent = 1495, Be: (33264 0.87)%

pt  _ : 0
___________________ ND* . =2017, Bkg: (23.82 + 0.69)%
(\,.-\ : T T ] 4_\150 T T T T T T 300_ T T T = T T T :
%100- + @ Iz} : la | = : © |
o | | 100} _ 18 5 M
L 1= 1 13 I = ]
D S sof 1€ : 1% 00‘ Bioil ]
2 | 2 8 ok I
L:-% : + ...'\-1_‘”_._‘" 4 LE + : - 1
075 =1 % 05 I 5 s o o5 1 ° ) 0 2
m,_(GeV/c?) X
o’l-\ N T T ] 4\ N 400 400_ T T I. ]
1 SO b | 5
S | 3 EISO: 1 Q300f 2300F 1
D+ = 100} 1S 1e S M
S [ =100 1 #200 & 200
S $ 18 5 E
% so 12 sof { @ 100F & 100} 5
> e — > = [ _——— TS ——
m [ [T -..______:3..-._,_‘"- m |-|. ........
053 1 . . == 0 2
m,..(GeV/c?) 4
1 :
» 2.93fb™" data @ 3.773 GeV : Signal mode This analysis (x1073)
+ + + 4. | GussssssEEEsEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES »
>R = B(D —fo(500)e ve)+B(D —f0(980)e Ve) > 2.7@90%CL D° - n 2%t 1.445 + 0.058 + 0.039
B(D*t—ay(980)etv,) D% = p~ety, 1.445 £ 0.058 £+ 0.039
(W. Wang, PRD82, 034016(2010), Model independently way) DI ¥ ,,;,,:e+,,e %-ggig-g%ig-gg
D™ - p’eTy, . ; g
=> BF results favor tetra-quark for f, and a, Dt - wety, 2.05 £ 0.66 + 0.30
D+ = £,(500)etv,, fo(500) > 7t~  0.630 = 0.043 & 0.032
> D - p: 1y, = 1.695 + 0.083 £+ 0.051, r, = 0.845 4 0.056 + 0.039 D* > fo(980)e*v., £o(980) » #¥a” <0.028

October/13/2024 Shulei Zhang@BESlIII 19



f’m k¥ ¢ -> d semi-leptonic decays : D? - p~etv,

HUNAN UNIVERSITY

g

g

§

Events/ (0.015 GeV/c?)

2

> 7.91 fb~! data @3.773GeV
» Ngiqg = 3337 + 77 (background level: 18.7%)
> B(D° - p~etv,)=(1.439 4+ 0.033 £+ 0.027)x1073

Events /(0.13)

» Form factor measurement:
r, = 1.548 + 0.079 + 0.041,
r, = 0.823 + 0.056 + 0.026 "

Events / (0.12 GeV¥/c*)

Y 1
2 (GeV¥cd)

g

Events/ (0.13)
Events /(0.42)

[ et e e e . s e . e el ]

October/13/2024 Shulei Zhang@BESlIII 20



il ) £ ? Comparisons of 1, and 1,

HUNAN UNIVERSITY

PRD 92, 071101(R)(2015) D' — we'v, 1.24+0.09+0.06 PRD 92, 071101(R)(2015) D' — we'v, 1.06+0.15+0.05
PRL 122, 061801(2019) D! - K (K'm)e'v, 1.67+0.34+0.16 PRL 122, 061801(2019) D! - K™ (K'r) e'v, 0.77+0.28+0.07
PRL 122, 062001(2019) D pety, 1.70+0.08+0.05 PRL 122, 062001(2019) D pety, 0.85+0.06+0.04
arXiv:2409.04276 D’ - p ey, 1.55+0.08+0.04 arXiv:2409.04276 D’ - p e, 0.82+0.06+0.03
PRD 94 032001(2016) D' > K (Krhe'v, 1.411+0.058+0.007 PRD 94 032001(2016) D' > K (Kmhe'v, 0.788+0.042+0.008

PRD 99 0111003(R)(2019) ) K"(K:n“) e'v, 1.46+0.07+0.02 PRD 99 0111003(R)(2019) D’ K"(Kgn') e'v, 0.67£0.06+0.01

JHEP12(2023)072 D! 5 oKK)pty,  1.58+0.17+0.02 JHEP12(2023)072 D! 5 oKK)pty,  0.710.140.02
arXiv:2403.10877 D' > K" (K7 ptv, 1.370.09+0.03 arXiv:2403.10877 D’ 5 K"(K") pu*v, 0.76+0.06+0.02
arXiv:2408.0422 D+I—>IK'°I(K;n°Te+Ye 1.43+0,07+0.03 arXiv:2408.04422 | 1|)+ —>KI'°(K§x°)e+ve 0.72:0.06+0.02 | | |
-4 -3 -2 -1 0 1 -4 -2 0
Iy r,

October/13/2024 Shulei Zhang@BESlIII 21



‘ 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
f0) /+0) I

L fuld) = 1) = :
: * 1-¢*/M2,, P Y SR l
M;%ole M;ale I
: — ISGW2 model ~ Series expansion model . y

-

: 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 __________________________________
October/13/2024 Shulei Zhang@BESlIII 22



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

HUNAN UNIVERSITY

> Point-like differential decay rate:

dF(D(s)—>53+V{’)_GI%“|Vcd(s)|2 3 2\12
dq2 - 24173 pf0|f+(q )l

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

32 (m3 0 5.02) I+ () I2P(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( )

mg, ' (S)

P(s) = 4 (s—-m% )2+m? I'%(s)’
rI'to

> sTsA tot() Bugg: f,(500)

L (m}=5=0% 7 25(s)2 +miTo, (s)

RBW: f,(500)

October/13/2024 Shulei Zhang@BESlIII 23



f]ﬂ 'y First observation of D° - a,(980)"e* v,

HUNAN UNIVERSITY

> 2,93 fb~! data @ 3.773 GeV

G

S
DY _ +6.4 & F
> NSlg 25.77c5 8 f
€ 20

-
Dt _ +5.0 e |
>N51g 10.2Z57 :ﬁ s

» Branching fraction (BF) help to understand

the nature of the ap(980) 0

M, (GeV/c?)
Decay BF (x10~%) Significance
D® — ag(980) " eTve,a0(980)" — npr~  1.337 55 £0.09 6.40
1+0.81
DT — ag(980)°et ., ag(980)° — nxO 1.66_g g + 0-11 2.90

< 3.0 (90% C.L.)

October/13/2024 Shulei Zhang@BESlIII 24



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

HUNAN UNIVERSITY

[ S 4
Qe::?ct

(=)
(=]
LI -

—o- Data
— Total fit

IS
[=]
T L

> 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

Events / (0.010 GeV/c?)
[3*)
(=]

I ‘ e, =
12 °

— . . . 1 - _ e
- s5 is dominant based on |f;(980)) = sin ¢| ﬁ(uu + dd)) + cos ¢ |sS) 6; LI
¢ = (19.7 £12.8)° 10 03
() (b)
> First form factor measurement with simple pole form: g 8 ~Data 07
> 4 —Fit T osf
> £2(0)|Vis] = 0.504 + 0.017 + 0.035 g 2 J/H/r
> £/°(0) = 0.518 + 0.018 + 0.036 ( |V,s| = 0.97349 + 0.00016 PDG2022) & ° " |
¢ (Ge(\)/é/ ¢ . e (Ge(\)i;/cA)

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

f°(0)  ]0.518 £ 0.0184as £ 0.0364ysc|  0.45 0.46 0.50 & 0.13 [ 0.48 + 0.23 [0.30 + 0.03[0.24 4 0.05 | 0.36 + 0.02
Difference (o) — 1.7 1.4 0.1 0.2 4.3 4.3 2.8
é 6= (19.7+£12.8)° (32 £4.8)°[(41.3 £ 5.5)° 35° )" — (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*

October/13/2024

Shulei Zhang@BESIII

[=.)
(=]

Events / (0.010 GeV¥c%)
1S 3

| —e—Data

[~ - - - Background

L — Total fit x?/NDF = 0.6

[ - - Di— £, (980)*v,

0.2
M2, (GeV?/ch)



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

HUNAN UNIVERSITY

| Phys. Rev. Lett. 132, 141901 (2024) . T
___________________ § 40- :E%Etf:und 7
» 7.33 fb™" data @ 4.128-4.226 GeV > Nz = 439 + 33 g |
‘g 20 .
> B(DF - f,(980)et v,, f,(980) —» wtm~) = (1.72 £ 0.13 + 0.10)x1073 E uES, S8 M didy1
_ CCQM 0.39:0.02 e
- s5 is dominant based on |f;(980)) = sin ¢| L (uu + dd)) + cos ¢ |sS) LFQM  024:0.05 ——
\/E LCSR 0.30+0.03 ——i
¢ = (19'7 i 12'8)0 QCDSR  0.48+0.23
. . . QCDSR 0.50+0.13
> First form factor measurement with simple pole form: 2| r >
> £1°(0)|V.s| = 0.504 + 0.017 + 0.035
f % This work 0.518+0.018+0.036
- f7°(0) = 0.518 £ 0.018 + 0.036 ( |V 5| = 0.97349 £+ 0.00016 PDG2022) Sl v gl ool
i
This work CLFD [6] | DR [6] |QCDSR [7]|QCDSR [8]] LCSR [9] [LFQM [11][CCQM [12] . fﬂt) | _
ff_"(O) 0.518 £ 0.0184¢at £ 0.0364yst 0.45 0.46 0.50 £0.13|0.48 +0.23 |0.30 + 0.03|0.24 £ 0.05| 0.36 &+ 0.02 I i
Difference (o) = 1.7 1.4 0.1 0.2 4.3 4.3 2.8 N Zok \ o
o} ¢ = (19.7 £ 12.8)° (32 £4.8)°|(41.3 £ 5.5)° 35° (8%zH° e (56 + 7)° 31° § - -
S [
S 4 7 °
> First search of D — f,(500)e™ v, f(500) = m*m™ (Mp+,- < 0.45GeV/c?) 5 [Tam" """
§ 20 __---B?ckground . =
> B(DF - f,(500)e* v,, f,(500) » ntr~) < 3.3x107* S

October/13/2024 Shulei Zhang@BESlIII
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Ak

HUNAN UNIVERSITY

Study of the decay D™ — f,(500)¢ v,

4 == data
lar)(/v 2401.13225 (Accepted in PRD) g" s |Gy
____________________ § o D"—wwf"'v,L § 10°
> 2.93 fb~! data @ 3.773 GeV % e §mz
5 g 10
= a2k

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

Signal mode  Nops S (0)  €sig (%) Bsig(x107?)
fo(500)uty, 209+38 5.9 18.9340.13 0.7240.13

TaR7p 496 £38 > 10 19.86 +0.13 1.64£0.13 | are closer to tetraquark assumption.
fo(500)et v, 412443 >10 44.76 +£0.25 0.60 = 0.06 - R.M. Wang et al, PRD107,056022 (2023)
et 1237 + 47 > 10 44.12+0.25 1.84 +0.07 | Y.K. Hsiao et al, arXiv:2306.06091

=+ data
— signal(p®e*v,)

— signal(fo(500)e+ve
== D'—>w e'v,

== other BKG

| = The measured BF of D* — £,(500)£*v,

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,.

(@)

1.5

1.0

fﬂ
£.(q%

0.5

(b)

.....................

Based Z series expansion for FF and Bugg form for f(500) £ G0,
805 H1,500y,

> o(0)|V,ql = 0.0787 + 0.0060 + 0.0033 Bl N -;

< 02l == 5 ]

> £(0) = 0.350 + 0.027 + 0.015 A =
.0 0.5 P (Gel‘.]ﬂZIc“) 1.5 2.0

ps: |V.q| =0.22438 £+ 0.00044 from SM global fit (PDG2022)
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=+ 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?) L _ A_l_“ievi Cz)_ _________ _A_’_(G_evfz)_ L
f()(500),u,+1/p, 209+ 38 5.9 18.934+0.13 0.724+0.13 : -> The measured BFof DT — fO(SOO)f"'V{, :
Pout v 496 =38 >10 19.86 +0.13 1.64 =0.13 | are closer to tetraquark assumption. !
fo(500)6+1/e 412 +43 > 10 44.76 = 0.25 0.60 4 0.06 | R.M. Wang et al, PRD107,056022 (2023) I
pletve 1237 £47 > 10 44.124+0.25 1.84 £0.07 | Y.K. Hsiao et al, arXiv:2306.06091 :
: + + =) pt ' '

> First FF measurement of D™ — f,(500) (™™ )¢ v,. s omseae

Based Z series expansion for FF and Bugg form for f;(500) CCQM[14] 0572009 ——

= f1°(0)|Veq| = 0.0787 £ 0.0060 £ 0.0033 ChPT[IS]  079:0.15

- f_l_O(O) == 0350 i 0.027 i 0015 This work  0.350+0.027+0.015

ps: |V.q| = 0.22438 + 0.00044 from SM global fit (PDG2022) ’ B
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. v)]fl k¥ Summary and prospect

» Summary

BESIII have performed high-precision measurements on charm meson semi-leptonic decays
to vector mesons (p, w, K™, ¢) and scalar mesons (f;(500), f,(980), ay(980) )using the unique
advantage of charm meson pair produced at threshold .

» Absolute branching fraction measurements using double-tagging method
» Hadronic form factors measurements through amplitude analysis.
» Can help to measure CKM matrix elements|V .| /|V 4]

» Help to understand the nature of light scalar mesons

» prospect
» BESIIl has ~20 fb'! @3.773 GeV in total now.
» More studies are on the way, especially the muon channels.

» More jointed measurements of multiple channels
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BESIII experiment
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[BEPCII and—BESIII ik
= ‘%
S

CsI(T1) calorimeter
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> 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
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| 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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