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BESIII Data Taken near Threshold

* 20.3 fb! at Ecm 3.773 GeV: ete— W(3770)—DD
* 7.33fb " at Ecm 4.128 - 4.226 GeV: e*e~—> D.D:

Production of charm hadron pair
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to study another side
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Fully reconstruction Recoil four-momentum
Clean sample missing particle (neutrino)
Hadronic decays (Semi)-leptonic decays
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Absolute branching fraction
Amplitude analysis
etc.



Pure leptonic D decay

+—
DX
Glngz+ m?2 2
P — O~ T(D* [t — (S)V 2 zm 1 — l
JP =07 T(D = 1"v) = ——=|Vea| mimpy 2
G DZEKJS 2 m; ’ m?
p=1- T(DE~-1Tv)= = v e[ 1 — 1+
JF =1 ( () ™! V) a7 ‘ cd(S)‘ mlmD(;5< mzz)*+> ( mlz)*+>
(s) (s)
Decay constant fD(+) :
Calibrate Lattice QCD Lepton flavor universality
e Ve 1 utv, Ty,
CKM matrix element |V 44| : D*107°: 1 :2.67
Df1075: 1 :9.75 4

Test the unitarity of CKM matrix



D™ - u*v,

| «+Data |

- —All PDF

| --Signal PDF
—All background
B L 1% +
TNV )V,
400 [—Other background

600

200

Events / (0.01 GeV?*/c%)

N
-
s BN O | (o ) =l - 4

Short-distance electroweak
correction increases BF by 1.8%
[PRD98,074512, NPB196,83]

Long-distance electroweak
correction [inner bremsstrahlung
and virtual photon] reduce BF by

2.5% with 0.6% uncertainty

[PRD98,074512]
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Using the 20.3 fb™! full dataset Precision: 1.2%
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Dt - etv,and Dt - yetv,
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D* - e*v, is helicity suppression. Predicted BF < 107°
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First experimental study of D;* — e*v

Search for D** = [ty

Phys. Rev. Lett. 131, 14180(2023)

Events / (0.05 GeV?/c?)

Phys. Rev. D 110, 012003(2024)
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This correction accounts for tree-level radiative processes In
which the D meson decays into a real photon and an off-shell
vector meson, which subsequently decays weakly to a charged
lepton and neutrino. It is estimated using Eq. (12) of Burdman et
al. with the CLEO-c cut on the photon enerqgy, which is typical of
all the measurements. [PDG review]

> FERETIR(+1.8%) | BEIAE1.8%,3E8 FRAIE [PDG review il 2 7 1.8%]

LARGE mw, m; BEHAVIOUR OF THE O(a) CORRECTIONS
TO SEMILEPTONIC PROCESSES MEDIATED BY W

A. SIRLIN'
Department of Physics, New York University, 4 Washington Place, New York, NY 10003, USA

Received 17 August 1981

Using the current algebra formulation of radiative corrections and working in the framework
of the SU(2); x U(1) x SU(3). theory, we derive a theorem that governs the large m, m, behaviour
of the O(a) corrections to general semileptonic processes mediated by W. The leading asymptotic
dependence is logarithmic with a universal coefficient not affected by the strong interactions. As
a byproduct, we obtain the leading asymptotic effect induced perturbatively by the strong inter-
actions, which is of O(InIn (myw/.1)).
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| find controversial the way the Section 72.3.1 treats the
radiative corrections for D decays. When | referred to the
PDG review previously | kept in mind more the charged kaon
decay where high precision measurements already have done
long time ago and the theory for radiative corrections is well
established. PHOTOS cannot be a replacement for the
explicit radiative correction treatment for |V.;| and f,+
extractions.

[https://hnbes3.ihep.ac.cn/HyperNews/get/paper769/24.html]
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PDG Sec.7.3.1

To obtain the purely leptonic rates I'©) (Dt — pt (7)), we subtract the radiative contri-
butions as in Sec. 72.2.1, but use numerical values for the corrections appropriate for D mesons.
First, we reduce both the u*v and 77v branching fractions in Table 72.2 by 1.8%, which is the
universal short-distance electroweak contribution of Sirlin [4] evaluated using the D-meson mass
for the factorization scale. We do not adjust the experimental rates by the universal long-distance
correction [5|. This is because QED bremsstrahlung contributions have already been subtracted
at leading-log order from the measurements in Table 72.2 using Monte-Carlo estimates computed
with PHOTOS [12]. The p*v rates should also be reduced by the 1% estimate of the structure-
dependent contributions from Dobrescu and Kronfeld [17]. This correction accounts for tree-level
radiative processes in which the D meson decays into a real photon and an off-shell vector me-
son, which subsequently decays weakly to a charged lepton and neutrino. It is estimated using
Eq. (12) of Burdman et al. [7] with the CLEO-c cut on the photon energy from Ref. [74], which
is typical of all the measurements. We do not need to apply the structure-dependent correction
to the u™v branching fractions in Table 72.2, however, because the experiments have already in-
cluded it in their quoted results. Therefore, in summary, we reduce both the DT — u*v and the
DT — 77v rates by 1.8% to account for radiative corrections. It is worth noting, however, that

4] A. Sirlin, Nucl. Phys. B196, 83 (1982).
[5] T. Kinoshita, Phys. Rev. Lett. 2, 477 (1959).
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The products of decay constants times CKM factors
from the Particle Data Group [67],

(f,)ir|Vcd|)expt =45.91(1.05) MeV, (7.31)

(Foi Vesl) g = 250.9(4.0) MeV,  (7.32)

are obtained by averaging the experimentally-measured
decay rates into electron and muon final states. The value
for fp+|Veq| in Eq. (7.31) includes the correction from
structure-dependent bremsstrahlung effects that lowers the
D" - u'y, rate by ~1% [113,114]. Other electroweak
corrections, however, are not accounted for in the PDG
averages shown above. The electroweak contributions to
leptonic pion and kaon decays are estimated to be about one
or two percent [115,116], and the uncertainties in these
corrections lead to ~0.1% uncertainties in |V .|/|V .| and
\V.s|. Now that the errors on f, and fp_are well below half
a percent, electroweak corrections must also be included

when extracting |V ;| and |V_,| from leptonic D-meson
decavs.

We take the estimate of the electroweak corrections to
the leptonic D(J;)-meson decay rates from our earlier work
[23], which includes all contributions that are included for
pion and kaon decays. We first adjust the experimental
decay rates quoted in the PDG by the known long- and
short-distance electroweak corrections [117,118]. The for-
mer lowers the D" - and D -meson leptonic decay rates by
about 2.5%, while the latter increases them by about 1.8%,
such that the net effect is a slight decrease in the rates by
less than a percent. We then include a 0.6% uncertainty to
account for unknown electromagnetic corrections that
depend upon the mesons’ structure. This estimate is based
on calculations of the structure-dependent electromagnetic
corrections to pion and kaon decays [115,119,120], but
allowing for much larger coefficients than for the light
pseudoscalar mesons.

[117] T. Kinoshita, Phys. Rev. Lett. 2, 477 (1959).
[1181 A. Sirlin. Nucl. Phvs. B196. 83 (1982).
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Nuclear Physics B196 (1982) 83-92
© North-Holland Publishing Company

LARGE mw, m; BEHAVIOUR OF THE O(a) CORRECTIONS
TO SEMILEPTONIC PROCESSES MEDIATED BY W

A. SIRLIN'
Department of Physics, New York University, 4 Washington Place, New York, NY 10003, USA

Received 17 August 1981

Using the current algebra formulation of radiative corrections and working in the framework
of the SU(2), x U(1)xSU(3), theory, we derive a theorem that governs the large my,, m, behaviour
of the O(a) corrections to general semileptonic processes mediated by W. The leading asymptotic
dependence is logarithmic with a universal coefficient not affected by the strong interactions. As
a byproduct, we obtain the leading asymptotic effect induced perturbatively by the strong inter-
actions, which is of OQ(InIn (myw/.1)).
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RADIATIVE CORRECTIONS TO n-e¢ DECAY™*

Toichiro Kinoshita
Laboratory of Nuclear Studies, Cornell University, Ithaca, New York
(Received May 11, 1959)

As is well known, the ratio of probabilities for
m-e and 7- u decays is given by

m 2 m Z_m 2.2
R.=[—% m € ) _-1.28x10-* 1)
0 m m f_mT ’
m T M

neglecting electromagnetic corrections, if the
decay interaction is assumed to be

igilyua%( acoﬁ/ 8xu) ; 2)

where a= (1 +4y;)/2 and I represents either muon
or electron. This interaction is consistent® with

VoLUuME 2, NUMBER 11

PHYSICAL REVIEW LETTERS

the hypothesis of universal V-A interaction of
Fermi couplings.® Recent experiments* support
these assumptions strongly. The new measure-
ments are becoming sufficiently accurate to
justify a calculation of the effect of radiative
corrections. This problem has recently been
studied by Berman,® who has found surprisingly
large corrections to 7-e decay. In this note it is
attempted to understand the reason why the ra-
diative corrections are so large. We are also
interested to see whether the pion decay agrees
with the recently conjectured “theorem’® that the
radiative correction to the total probability of a
decay process is finite in the limit where the

477
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The former value is the most precise measurement in the

context of the standard model, while the latter does not use

any standard model assumptions. In both cases the addi-

tional systematic errors due to the D™ lifetime measure- .

ment and the error on |V,,;| = |V,,| are negligible. — [31] FSR: PHOTOS
The data have already been corrected for final state

radiation of the muon, as our Monte Carlo simulation

incorporates this effect [31].

is not helicity-suppress

) [32] EHIFRER D

In this paper we investigate the decay modes
B~ (D) — l"vy. There are two types of contributions:
internal bremsstrahlung (IB) and structure-dependent
SD) photon emission [6].

PHYSICAL REVIEW D 'VOLUME 51, NUMBER 1 1JANUARY 1995

Radiative leptonic decays of heavy mesons

e regarded as a mere radiative correction to the
purely leptonic decays has the potential to be of compa-

T. Gi
Los Alamos National tor Alamos, New Mesico 87545
Institut fiir Theoretische Ph , Ziirich, Switz
/e compute the i
m itute a nic dec used to
bre y
in the d
i rahla maanitnda and in eama racec aven much larcer Tn
PACS number(s): 13.40.Hg, 13.20.Fc, 13.20.He




Comparison of decay constant
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Comparison of |V ;|
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BESII  PRL132,091802, y/u™v,  0.907:0.067:0.078  +—H
| ] I | | | ] I ] ] | | |
-1 0 1
|Vcs|

Both pure- and semi-leptonic decays contribute
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Thanks for your attention
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Fig. 1. Feynmann diagrams for the decay Ds — uvy7y.



