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Introduction

» Over the years, BESIII precisely measure the ground-state D) meson and test the standard

model (SM).
» Meanwhile, BESIII can also study the DE‘S) physics, which has the largest near threshold

data sample and clean enough.
» The theoretical studies are relatively slow and no experimental study of their weak decays

has been reported so far.
Total 7.33fb™! data sample can be used to D&) study.
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Electromagnetic Dalitz decay D** — D® e*e™

> A virtual photon converted to an e e ~pair have been observed in several light mesons
(w - mVete).

> Such decay in electromagnetic decays of mesons containing charm quarks, only D%
has been reported by CLEO(D:* — D, e*e™). The result can be used to compare
with the vector dominance model (VDM).

: __ B(Dit-Dfete”) 0
» VDM model expectation R,, = CRE 0.65%,

result of CLEO R,, =[0.72%3-12(stat) + 0.10(syst)]%.

> There is no experimental result for the corresponding EM Dalitz decays of D*Y and
D** have not been reported.




Electromagnetic Dalitz decay D** — D® e*e™

>»ete” - D*OpD*0

@ > Data sample: 3.19fb™1 @4.178 GeV
o

— * _64, » Single tag reconstruction method

e Signal channel : D*Y - D% e*e~

@ » Reference channel: D*° —» D%

/ > DY tag mode:

\ DO > K~ m?
P
= 2 ND*OE*OB(D*O — D09+3_)Bintssig

D> K ntrmt
» Nsig
» Nper = 2 ND*OE*OB(D*O = DY) BintEref B(D*° - D% "*e™) Nsig€ref

R,, = -
o B(D*° - D%) Nref€sig

» Mpc = \/Elgeam — |ﬁD*0|2



Electromagnetic Dalitz decay D** — D® e*e™
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: B(D*9->D%te™) _3
» Experiment measurement : R,, = 50000 (11.08 £ 0.76 £ 0.49)x10

» VDM model expectation: R,, = 0.67%, deviates 3.50 with experiment result.
> Using the world average B(D*® —» D%), determine B(D*® —» D% *e™)=(3.91+0.27 +£ 0.17 + 0.10)x1073 5




D:* —» Dn® relative to D:* — D}y

> Due to the quark SU(2) flavor-breaking effects, the D" decays are dominated by the
radiative process Di* — DJy and the isospin-violating hadronic process Dt — DI r?®

» The improved measurements of these branching fractions offer precise input for accurate
measurements of D& decays via DiTDJ | especially for precision measurements of the
D} decay constant and the CKM matrix element |V].

F[B]D;aD?y F[B]D§—>D_?7r0 BDf;*—)DS*nO/BDj*—»Djy
CM [14] 3.53 [(92.7 £ 0.7)%] 0.277200% [(7.3 4 0.7)%] (7.9+£0.8)%
2PT [2]° 4.5
yPT [3] 8 x 107°/B(D** — D*y)
2PT [4] 0.32 +0.30
2PT [5] 0.0081+9:9930
LFQM [6]° 0.18 & 0.01
RQM [7]° 0.321-0:009
QCDSR [8] 0.25 + 0.08
QCDSR [9] 0.59 + 0.15
NJLM [10] 0.09
LQCD [11] 0.066 + 0.026
NRQM [12] 0.21

NRQM [13]¢ 0.40




D:* —» Dn® relative to D:* — D}y
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» Mpec = \[(Ecm - J|ptag|2 + rnlz)s)2 - |ﬁtag|2

> M?%u'ss = (Ecm - EDS - EDS‘)Z — |_ﬁDS - ﬁDS‘

|2

>ete” > DD, DY - Dy, DIn®
>Data sample: 7.33fb™! @4.128-4.226 GeV
»Reconstruct D, D , missing y/m°

»Dt, D tag mode:

« DY > K*K ntvs D > KYK™n~

e Df > KK ntvs Dy - KK~

* D} - KKt vs D — KJK~

f = B(Ds* = D5'y)
" B(D;* - Diy) + B(D;* ~ D)
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D:* —» Dn® relative to D:* — D[y

PRD 107, 032011 (2023)
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% [ [l Other backgrounds
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B(D_*—n'D})/B(D_*—yD)
B(D:t - DFInY)
B(Di* - Dfy)
B(Dit —» DFy)=(93.57+0.3840.22)%  B(Di* - DIm®)=(5.76 +0.3840.16)%

= (6.16 £ 0.43 + 0.18)%

» Our measurement is consistent with the previous results but with better precision.



D,y spin parity measurement

* There 1s no decisive experimental results of spin and parity have been reported for the
ground 18 states D, since the discovery.

* In PDG, the status of J¥ for D*? and D** are assigned to be 1~ while they need to be
confirmed experimentally.

* Although the quark model works well for the mass spectroscopy and spin-parity
assignment, experimental confirmation 1s essential for testing the quark model.

« Comparing with LHCb experiment, BESIII has clear DT D; data sample and can detect
the photon.

CHARMED, STRANGE MESONS
(C=8=+1)
Df = c¢s, D; =¢ s, similarly for Dt's

*+
Dy

1(77) Jo(77)

JP is natural, width and decay modes consistent with 1.

CHARMED MESONS
(C==+1)

+_ g 0 _ —_O_— - _ = . *1
Dt=cd,D°=cu,D =cu, D™ =cd, similarly for D*'s

D*(2007)°

Iy =1/2(17)

, J, P need confirmation

J consistent with 1, value 0 ruled out (NGUYEN 1977 ).

CHARMED MESONS
(C==1)
D¥=cd D°=cu, D =¢ u, D~ =c d, similarly for D*'s

D* (2010)i I(JP) - 1/2(1_) I, J, P need confirmation.




D,y spin parity measurement

> Data sample: 3.19b™! @4.178 GeV
> Decay chains: ete™ - DD, Dt - yDF ,Df - KK+
ete” > DD D0 5 D% D > K mtand ¥ - yy

ete” > D**D™,D*" > D, Dt > K ntnt and ¥ - yy
Partial reconstruction of y and DS and recoil side missing D
(similar technique for D** and D**)

> The joint amplitude of process ete™ - y* » DI (Ag)Ds,Dit - y(A,)DS shown as
A, 23,@) = ) FagoDyis,(bo, 60, 0)BW (miz)F] b1,61,0)
R

4 CM frame D}*rest frame
W) « (3+c0s26, )(3 + cos 26;) — 4 cos 2¢; sin? O, sin? 6, Dy
W@ (34cos26y ) (24+cos204+cos46,)— | T A oo
4 (142 cos264) cos2¢, sin®6, sin®6,
WG o (3+c0s26, )(398+271cos26,+130cos40, + 25500566,)
— 8(163+380c0s20; + 225c0s40,)cos2¢, sin®f, sin®8,

DJ*
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D,y spin parity measurement

-O :'"'I'"'I""I*""I""I""I': —O

© 0.04r 1  0.06 -COU

O'L) X ﬁ.h;' Ds Fj*ﬂﬁi} i orh) O'L)

o 0.03F - .. oy 4o )

Z o e ] D 0.04 o

= I <1\ X J1 ~

Somp st d g 2 =

- F 1~ 0.02 oY

= 0.01 1= : =
: - - ] n

0 1 2 3 4 5 6 0

> (sin? 6,) vs ¢ illustrate the different behaviors.
» Data obviously favor the 1~ assignment over 2¥and 3~.
» The significance is greater than 10g.
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Summary

» Based on the data sample from 4.128-4.226 GeV, BESIII have studied Dy,

decays.

« ete™ > D*OD*Y first observation D*® —» DO ete~
« ete™ - DI*D;, precisely measurement Dt —» DIy, DI m®

* The first experiment measurement DE‘S) spin parity, in high significance.



» Prospects for the future

In the near future, BESIII will collect 3fb~! @ 4.178 GeV, nearly 10 fb~1
data could be used to D(gy study.

» further improved the precision
e DY > D.Tete, 10 times larger than CLEOc
» Pure leptonic study
e DI ->eTv, BAM-561
Full Lattice QCD (PRL 112, 212002) and other theoretical calculations give the
B(D:t - etv,) up to 107>, is potential to measurement.
« D*" > ety,, D* > utv, BAM-448
the branching fractions of D** weak decays are at the 10710 — 107>, any

observation of the leptonic D** decays at a rate above the SM prediction would be a
potential hint of new physics. But now is challenging to present statistic.



