_eptonic and semi-leptonic decays of
charmed mesons at BESI |

Hailong Ma (for collaboration)

: P IR 44 8 sb G Lr 1P 75 £

sl ’; P S s AL B 47 72 AU 0T
ey

SRS Institute of High Energy Physics Chinese Academy of Sciences

psos_ 2018
International Conference on

Precision Physics of Simple Atomic Systems

Vienna, Austria, May 14th to 18th, 2018



Contents

= Motivation

= Charmed meson samples at BESIII

= Decay constants of D "

= Form factors of D>Pe*v decays

m Test of Lepton Flavor Universality (LFU)
m Search for D->Se*v decay

® Summary



Motivation
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The weak and strong effects in (semi-)leptonic decays of charmed mesons

[D? (cu), D*(cd), D,*(cs)] can be well separated

» The CKM matrix U describes the mixing
between different quark flavors in weak
reactions, and satisfies unitarity relation. The
elements can only be measured in experiments

U :Evcdv Evcb

Measurements of |V | are important to test the unitarity the CKM
matrix, which is important to search for new physics beyond the SM



Motivation

> The strong effects between different quark flavors can be parameterized as
the decay constants of D [f,] or the hadronic form factor [f,(0)], which
can be calculated in the Lattice Quantum Chromodynamics (LQCD)

errors (in %) comparison: FLAG-2 averages vs. new results

Determinations of fp, 4] S —
small errors dug to

and f+ (O) are im pO rtant fo./fp+ = FNALMILC (ar + physical light quark masses
to test the LQCD /b, — alsoat Latl | i proved charm-quark action (HISQ)
Cal cu Iat| ons fp= + PCAC (no renormalization)

+ ensembles with small lattice spacings

25 (0) . . m———
The fD(S)] and f+(0) that fDﬂ(O) Y)work in progress by FNAL/MILC (Lattice 2014), ETM, HPQCD, ...
pass experimental tests N | -

k . BfD -~ ¢ First result.s for D mixing bag parameters
will in return further L Eg'c',j"s’e;&';“)';"j'2°§fﬁtf“°“'ybyET“"
benefit the test on the ’ mlorin% ’ ’ N in!progress: Fl\!lAL/MILC(Lattice 2014)
C KM ma.triX un |tar|ty review by C. Bouchard @ Lattice 2014

» In the SM, the couplings of leptons to gauge bosons are independent of
lepton flavors.

Improved measurements of the branching fractions of these decays are
also help to test LFU in (semi-)leptonic D decays 9
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BESIII
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Charmed meson samples
> DO(+) samples at y(3770) =201020u

3.773 GeV
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Measurement of D* decay constant

2.93 fbl data@ 3.773 GeV
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Measurements of D,* decay constant
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Form factors in D> K(r)e'v
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Events / (0.6 MeV/c?)

Events / (0.6 MeV/c?)

Absolute branching fraction of D> Kp'v
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Improved analysis of D> K-u*v dynamics

Differential partial widths

dr GF|VH
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Comparisons of form factors f,X®)(0)
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Measurements of D+-)r|(”)e+v
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First form factor measurement of D;>n0et*v
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First form factor measurement of D.*-> K )Ve'v
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Comparisons of CKM matrix elements |V )|

For measurements, the first error is the combined stat. and syst. errors, the second is LQCD uncertainty
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LFU test in D*>1"'v decays

Eepmc = 300 MeV Eenmc > 300 MeV
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Evidence of violation of LFU at 4o in

Candidates / (40 MeV/c?)
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Candidates / (40 Me!

LFU test in D°™->xl*v decays
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LFU test in D->2Kl*v decays

BESIII, EPJC76(2016)369

[[D* — K u'V]
ID* — K e'v]

=0.988+0.033

Consistent with theory
prediction 0.97 within error
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First observation of D> Se'v

= Explore the nontrivial internal structure of light hadron
mesons, traditional qq states, tetra quark system.

= With chiral unitarity approach in the coupled channels, BF is
predicted to be order of 5(6)x10~° for D°*) decays

= Improve understanding BESIII, arXiv:1803.02166
of classification of light
scalar mesons

B(D*-fltv)+B(DT->altv)
B(D*-agl*v)

R

Event/(0.05GeV/c?)
Events/(0.04GeV)

R=1(3) if traditional qq
(tetra quark) system

0.8 1 1.2

B(Dt — r.’z.;;.lj:QSl}:]"{:"'j_;,_] x B(ag(980)" — ?;fr'::'] M, .(GeV/c?)
= (1.661 556 £ 0.11) x 1074, < 3.0 x 10~ at the 90% C.L.
B(D" — ap(980)"eTr,.) x Blag(980)™ — nm™) T(D° = ag(980)"e*w,)

. i , = 2.0. 95 4+ 0.0¢
— (1.331035 £0.09) x 10~ T(D+ — an(980)%+1,) 03+£0.95£0.06 ,




Summary

= Using 2.93 and 3.2 fb-! e*e- collision data taken at 3.773 and
4.178 GeV with the BESIII detector, experimental studies of
(semi)leptonic D, decays have been performed

1. Measurements of decay constants fy, ., form factors in semileptonic
D decays f,K® (0): better calibrate LQCD

2. Determinations of [V |: better test on CKM matrix unitarity

3. Search for LFU violation in D y=2>1"v, D->K(m)l*v decays

4. Observation of D->Se*v decays

= More results will be coming in the near future

22



Thank you!



100 | PRD96(2017)032002 | |
R D" K%ty D* O+ v,

— 7\% —e— Data ] —_ \k —e— Data 7
q'o 80 ™. — — Single Pole Model q'o 20 _\* — — Single FPole Model |
C\.‘ : +"»., ............ BK Model ] c\." i " ~ BK Model

% = —— ISGW2 Model - % — ISGW2 Model

@) 50 N z series (2 par) | ) 1.5 z series (2 par) ]
‘TU) L z series (3 par.) i ‘_'U) L z series (3 par.) |

| - = - | -
C\J; 40 — \“ 7] c\I; 1.0 —
= . | =
5 20 . 505
O i 1 | L | L | ‘“.l‘"- 7_ OO L | L
O 0.5 1 1.5 2 O 1
g2 (GeVZ3/ch) g2 (GeVZ3/ch
||||||||||||||||| LI T T 171 LI IlllIlllIllllllllllllllllllllll
BES-II[14] 8.95:1.50:0.67
CLEO [15] 4.05£0.16£0.09
CLEO [15] 8.83:0.10+0.20
PDG[8]  8.90:0.15
PDG [8 4.05:0.18
BESIIJ [16] 8.962+0.05420.206 el
(R'D_,K‘:J
BESII[17] 8.59+0.14+0.21
[RO—:-K;—*.':':'E:']
This work  8.60£0.06:0.15 This work 3.63+0.08+0.05 i
(K —:-K';—*.':'Ic'}
ca e e e e T TN T P I I N T T T NN N M A T Y SR A
5 6 7 p 8 9 10 24 26 28 3 32 34 36 38
B(D*'—=K e*v,) (109 B(D*—nl%"v,) (107)

Dynamles ia D*2>K(x)%*v

24



Events /(0.018 GeV/ch)

Events /(0.018 Gevi/cH)

Analysis of D*2>K, e*v

» Regardless of long flight distance, K
interact with EMC and deposit part of
energy, thus giving position information

B(D*> K e*v) =(4.482+0.027+0.103)%

A _B(Dt — K%e"’ye) — B(D™ — K%e_ﬂe)
. OF = 0 — 0 _ —
> After reconstructing all other B(D¥ — Kpetwe) + B(D™ = Kpe )

particles, K_can be inferred with position ApP+>KLev=(-0.59+0.60 + 1.50)%
information and constraint U ;.20

Simultaneous fit to event density 1(g?) with 2-par. series Form Factor
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Absolute BF for D*=> K%*v via K0=>n07?

With 6 dominant D~ single tag S RARE V/ZPC@(ZMP)HBIOM Bameas
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Improved BF for D*2>K%u*v

With 6 dominant D~ single tag

EPJC76(2016)369
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Consistent with theory
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Measurements of BFs of D.* & nUe*v

= Benefit the understanding of the source of difference of inclusive decay

rates of D) and Dg*

= Complementary information to understand n—n’ mixing

482 pb! data@4.009 GeV, PRD94(2016)112003
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Rare D semileptonic decays

Various theory models Applying the SU(3) symmetry for the light quarks, this rare
predict BFs in 10°-10 decay branching fraction can be predicted by theoretical

calculation and its theoretical value is 2.78x 1073 [EPIC,
59:841-845(2009)).
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