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@ Introduction

A puzzle in charmonium decays
o e — 2y
o J/Y — ne
@ Charmed radiative decay
o DI — Dgy
@ Charmed semileptonic decay
o J/1) = D,/Dly,
o D— K*ly

Conclusion and outlook
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Charmed hadron: a meson containing at least one charm or anti-charm quark

@ "November Revolution"— The discovery of J/v particle in 1974,
greatly facilitated the establishment of the Standard Model.
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A puzzle in charmonium decay

@ Individual channel: Lattice vs PDG

Ne — 27v: 3.6 o tension
J/1 — yne: 5.9 o tension
@ Latest BESIIl measurement:

‘i_ CLEO 1 -y . PDG Jly—m,
1

\ | _!BESIN20131_—yy ||PDGyy-m,
+ [JcLEo+BESIN 2013 [ This work n_—7y
\* [ Jupacp 2023 [[]Meng et al. 2024
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—_— PRL97,172001(2006)
B EPJC76,358(2016)
—_— CPC44,083108(2020)
—_— PRD102,034502(2020)
- Sci.Bull68, 1880(2023)
© PRD108,014513(2023)
Lattice

PDG2024  —&

NRQCD PRL119,252001(2017) =&~
2 4 6 8 10 12
T(ne — 27)

6.67(16)(6) keV
C(ne —27) =< 5.1(4)keV PDG-fit(2024)
7.04739keV  PDG-aver(2023)

@ H-P.Wang and C-Z.Yuan, New puzzle in charmonium decays,

@ Ours is verified by HPQCD, Ty~ = 6.788(45)5¢(41)syst keV,

%108

& m, ~mP™  § PDG-fit
¥ omyp=mhh PDG-aver
e o]
| .
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Lattice & Experiments

2 C(ne — 27)
® EXP N PDG-fit
PDG-aver [l Ours VALUE (keV) ovis
30} ] 5.4+04  OURFT
] H
= Q o 3 9 o =
3 PDG(2024
£ 20 1 (2024)
= 20
B Ts n(1S) =y (1.66 £0.13) x10~*
H
Z 10r % ol Category:Raditv decays
§ ?T T % i i% %T $ The following data is related to the above value:
[ S———
7T 5 5%
T(7(18) = 77)
of e R
5e g ., & 4 ]
& r w4 woa @ & VALUE (keV) &vis DOCUMENT ID
L 51404 OURFIT Error includes scale factor of 1.2.

1985 1990 1995 2000 2005 2010 2015 2020 2025
publication year

@ The PDG-aver and PDG-fit are wrong before 2023 since the CLEO(08) experimental value is misused.
@ PDG-fit(2024) is lower since the I'tete! is changed: 32.0(7) — 30.5(5) MeV.
@ PDG-aver is removed from the PDG listing since 2024.
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Discussion

sl | @ ®
25 ; T 1
@ CLEO(08) and BESIII(13) extract the branching fraction of 2 I ]
L s @ ol @
Ne — 27 by §asl | ] i
J/p = Ane — 3y £ a1 fi |
3 () | Hommn ®
@ PDG23, Br(n. — 2v) 25
2 data e
05 1 15 2 05 1 15 2
M), (GeV/c)
VALUE (10~) as EVIS DOCUMENT ID TECN COMMENT
1.68+0.12  OURFT
2.2%0%  OUR AVERAGE
27408 £0.6 1 ABLIKIM 20131 BES3
1273 2 ADAMS 2008 CLEO Y(28) = wtn I/
* » We do not use the following data for averages, fits, limits, efc. ® o
2.0 109402 13 3 WICHT 2008 BELL B* — K*yy
2.80 997 +£1.0 4 ARMSTRONG 1995F  E760 PPy
<9 90 5 BISELLO 1991 DM2 I = vry
613 +4 4BAGLIN 19878 SPEC PPYY
<18 90 4BLOOM 1983 CBAL I/ = ney

1" ABLIKIM 2013 reports [D( 7:(15) = 77 )/Tuotat] * [B{ J/%(18) - y1e(1S) )] = (4.5 1.2 £0.6) x 10~° which we divide by our best value B{ J/4(15) ~» 7.(1S) ) = 0.017 £0.004. Our first error
B J/$(15) = 1me(15) ) = 0.017 £0.004. €

is their experiment's error and our second error is the sysfematic error from using our best valve.

2 ADAMS 2008 reports [[( 7:(15) — 4y )/Tuota] % [Bl J/#(1S) — nc(18) )] = ( 37 £0.3) x 10~ which we divide by our best value B( J/3(1S) — 7.(1S) ) = 0.017 £0.004. Our first error is
their experiment's error and our second error is the systematic error from using our best value.
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:PDG24-update

VALUE (10~%) [e£3 EVIS DOCUMENT ID TECN COMMENT
1.66 +0.13 OURFIT Error includes scale factor of 1.2.
* » We do not use the following data for averages, fits, limits, etc. ® ®
3.2+1.0+03 T ABLIKIM 20131 BES3
0.9 *5? 101 1214 2 ADAMS 2008 CLEO %(28) = mFr )P
2.0 £39 +0.1 13 3 WICHT 2008  BELL B* — K*yy
2.80 *087 +1.0 4 ARMSTRONG 1995F  E760 =y
<9 90 5 BISELLO 1991 DM2 I/ — vy
6144 4 BAGLIN 19878 SPEC =Ty
<18 90 6 BLOOM 1983 CBAL J/b—ney
1 ABLIKIM 20131 reports [[( 7(1S) — 77)/Ttotatl % [B( J/%(1S) — me(18))] = (4.5 +1.2 +0.6) x10~° which we divide by our best vu|uew

= (1.41 0.14) x10 "2 Our first error is their experiment's error and our second error is the systematic error from using our best value.
-

2 ADAMS 2008 reports [T'( 7.(1S) = 77)/Totat] X [B( J/%(1S) — me(15))] = (1.2 *27 0.3) x10~® which we divide by our best value B( J/%(15) — yn.(15)) =

(1.41 +0.14) x102. Our first error is their experiment's error and our second error is the systematic error from using our best value.

Br(J/¢ — yne) : 1.7(4)% — 1.41(14)%
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@ New method for J/¢ — 7yn. without momentum extrapolation

V(0) =1.90(4), Br(J/¢ — yne) = 2.49(11)1a¢(5)exp %0

L [ & a67 § a85 & a98] | v D.Becirevic(2012) —_
' 3 ] > HPQCD(2012)
1651 3 ¢ 3 ¢ ¢ $ ] L.C.Gui(2019)
@ ¢ o HPQCD(2023)
16F o Y.Meng(2025)
. - ; o PDG24
W ¥R -
1.45 —r—
] —
1.35 1
0.4 0.5 0.6 0.7 0.8 0.9 1 11 14 15 16 17 18 19 2
‘ V(0)
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A breakthrough in charmonium decay

° BT(J/¢ — '7770) X Br(nc — 27)
o Ours: 5.43(42) x 1075  BESIII: 5.23(40) x 106

3
28 x10

107
~ Co; ‘|
%:- Cooiy CLEO 1 vy PG Jiy—yn,
5 a0l ! !.‘ [ IBESIN2013 n vy ||PDG yy-n,
g Foille [JcLEO+BESII 2013 [T This work n_—vy
0 ¢ i [JHpacp 2023 [[IMeng et al. 2024
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Disconnected contribution in charmed radiative decay

o Target: J/v¢ — yn., Di — vD,, D* — vD

Ensemble C24P29
a(fm) 0.10524(05)(62)

mx(MeV) 292.3(1.0)

L3xT 243 x 72
Ncon 450 x 72
Nuis 450 x 72 x 256
Zy 1.57353(18) v P
cs,l

o Preliminary: ‘J/LWEOM — 0.05(3)%, V(0) = 1.8640(57)stat (9)aic
J/wﬁwz
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D decay mode

D’s‘i I(JF)=0(1")

J¥ =1~ established by ABLIKIM 2023AZ.

D MASS

2112.2 £ 0.4 MeV v
mp.i—mps 143.8 = 0.4 MeV v
D= WIDTH < 1.9 MeV CL=90.0% v
D} DECAY MODES

D}~ modes are charge conjugates of the modes below.
. Scale Factor/

Mode Fraction (T'; / T) Conf. Level — P(MeV/c)
I Diy (93.6 +0.4)% 139 v
Ty Dix® (5.77 £ 0.35)% 48 v
T3 Diee (6.7+1.6) x 1073 139 v
Ty ey, (21'33) x 10° 1056 v

@ Branching fraction first determined by BESIII
Br(Dyt —etve) = (21503 +0.256.) x 107°

@ Radiative decay D} — D, can be used to estimate the D total decay width.
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lattice QCD

2Vert(¢*)
* / e /
(Ds(P) 7 (0)|D5 ,(P)) = ——————€uvapPaPp
mp, + mpsx
¥ This work .
0.5 I HPQCD
0.4
=
4 3
3
= 0.3
3
0.2 I
54
02 -0.15 0.1 -0.05 0 0 2 4 , 6 8 10 12
7/, a*[fm?’] %1078

@ The right farmost points are included with the new method

@ It gives I'(D; — vD,) = 0.0549(54) keV, much precise than 0.066(26) keV by HPQCD
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New constraint on fp- |V

@ BESIII+ HPQCD
for[Ves| = (207.97556.... £ 9. 9ystiexp £ 41 5apst.tate) MeV

where I'5t* = 0.0700(280) keV.

@ BESIII+ Ours
fpx[Ves| = (190.5753 7 £ 9. 1ayst.exp £ 8. Tsyst.tare) MeV

where IS4 = 0.0589(54) keV.
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J/w — D/DJV]

@ Current measurements

channels Upper limit  J/1 number Refs
J/¢p — Dseve 4.9 x107° 5.8 x 107
J/¢p — Dseve 1.3 x 107° 2.3 x 10®
J/¢p — Dev.  7.1x107%  1.01 x 10'°
J/¢p — Duv, 56x1077  1.01 x 10'°

BES & BESIII collaboration

@ Future measurements ?

channels Upper limit  J/1 number Refs
J/y — Dseve — 1.01 x 10™  BESHI
J/¥ — Dspv, — 1.01 x 10'°  BESIII
J/¢ — Dseve — ~ 10" STCF
J/v — Dspv, — ~ 10*2 STCF
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J/Y — D/Dly, decay width

3z 2 P~ —
5 1 ¥ Cont.Limit 0.97 E ¥ Cont.Limit
S.s - | 5 osees {
? £ 0.9696 3
! * =
2z, 0.9694
i ) . . g 0.0692 L
0 2 4 6 8 10 12 0 2 4 6 8 10 12
*ffm]? 0% *[fm]* 10
1 - 0.9744
P { § Cont.Limit 5743 § Cont.Limit
x
s 1 7 09742
B L Zo0.9741 }
08 2
! . = ooma
Zos 09739
B . . . i . . . . . .
0 2 4 6 8 10 12 0 2 4 6 8 10 12
a’[fm]* <103 a’[fm]? 102

@ The branching fraction

Br(J/¢ — Dseve) 1.90(6)stat (5)v,, x 10710

Br(J/¢ — Deve) = 1.21(6)stat(9)v,, x 1071
@ The ratio between p and e
Rj/p(Ds) = 0.97002(8)stat
Ry (D) = 0.97423(15)stat
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cifvar]

19273m3,

e
/ dg*q*X(g*)"* x
Jo

(1 @) + @) + @)

This work

EPJC (2022)

BESIII (2025)

rv =V (0) /A (0)
r = A2(0) /A (0)
B(D —» K*tv) x 102

1.445(36)
1.041(76)
4.63(44)

1.50
0.68
2.12(3)

1.37(9)(3)
0.76(6)(2)
2.073(39)(32)

My = 292.3(1.0) MeV,a = 0.10524(05)(62) fm

Form factor in D K" Iv, on C24P29

BEESIE, 12:00-12:15 (FA—)

Form factor in D K" I on C24P29
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Conclusion and outlook

@ Conclusion

o A puzzle in ne — 2y and J/¢¥ — yne

@ The most precise I'(D; — Dyv) = 0.0549(54) keV and R.. = 0.624(3)% for the Dalitz decay
D; — Dgete™

@ The methodology of J/¢ — D/Dlv, can be applied to various P — V semileptonic decay

@ Outlook

v Disconnected contribution in charmed radiative decays
e J/Y — yne, Di — vDs, D* — D

v Charmed P — V semileptonic decay: D — K* and Dy — ¢

o More systematic continuum limit @ — 0 and chiral limit m, — me"vs
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