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(Semi-)leptonic decays

Heavy meson (semi-)leptonic decays provide an ideal window
to study the interplay between strong and EW interactions.
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From precise determination of the branching ratio it is possible to access to
« f,, decay constant, f (g°) form factors, Lattice QCD tuning

 CKM matrix elements Unitarity test of CKM
* |epton universality New Physics?




BESIII Data samples

/Center of mass energy can be shifted
at threshold openings:

e Very low hadronic background

e Challenge for detector performance

4 Dedicated data samples

DO data:
« E_=3/73MeV
* Integrated luminosity = 2.93 fb'!

D, data:
« E_=4009 MeV
* Integrated luminosity = 0.482 fb

.« E_=4178 MeV

* Integrated luminosity = 3.19 fb'!
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Charmed meson decay at threshold at BESII|

‘Example D" Tag mode
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Variables of interest (calculated in efe” reference frame)

Missing mass
Umiss = Emiss - ’?miss’

Mass beam constrained

Energy difference
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D decays

Selected topics (based on 21 M D° and 16 M D*):
« Semileptonic D* — K°%n®e* v_(PRD 96, 012002 (2017))

« Semileptonic D°—= K v (preliminary)
o Semileptonic DY — % v, (arXiv: 1802.05492 - submitted to PRL)
e Leptonic D" = 1" v_ (preliminary)



Dt — KO/m0 et V.

Study to extract CKM parameters (V_ and V_,) and form factors f*_(0) 7 (O) to tune the LQCD calculation

Differential decay rate F = G%@p
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World most precise results - within 1o agreement with PDG .




OV, from D" = K%n®e* v,

Itis also possible to extract the factors |f,(0)V | by fitting to the differential decay rates with
different form factor parametrizations and then extract the projections
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D= K ' v (preliminary)
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f+ (t) =

1 FE(0)P(0)®(0, 1)

DO— K- \/M(preliminary)

P(t)(I)(t t()) 1+ rl(to)z(O, t())

(1471 (to)[2(t, t0)])
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_ Submitted to PRL
D+(O) —> T[O() M+ \/M Al;lXir\szl 1?302(.305492

Test of lepton flavor universality

Present data lower of about 15% with respect to SM prediction. RO _ Do) — TT_(O)IJJrVu
Frror dominated by the accurancy of D° =ty (10% level) Lu DOH) — 7= 0)ety,
600F o Other D—7X peaking background " Improved precision on D® =ty |
i | ) _ 0o _
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o L THY )
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observed before) and possible test of lepton universality.
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Leptonic D* — 1" v_ (preliminary)

Search for pure leptonic decay of D meson (never

Signal: D* = T'v_ T 'V,

u-like events

mt-like events
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Two signal regions:

o u-like (E., . < 300 MeV);

- mt-like (E,,. > 300 MeV)

Simultaneous Fit to the missing-mass-squared
M = (Boeam — Ey+)* = (=Pp- — Dp)*

EMC

miss

/Preliminary Results
BF(D* —> T+VT) = (1.20 £ 0.24) 104

R=3.21 £ 0.64,
consistent with SM prediction

(R=2.66+0.01)at0.90 level
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D, decays

Selected topics
« LeptonicD, = p'v @ 4.178 GeV (Preliminary)

o Semileptonic D.* > nYe*v_ @ 4.178 GeV (Preliminary)
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D, data samples

CLEO PRD80, 072001 (2009)
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Leptonic D" = I"v

. . ¢
Leptonic D_ decays are helicity suppressed. D;{C>,\,YVM<
S vV

The expected ratios of D_ = eV UV TV, = 2x107°:1:10

G2 m2 2
00 G (-2 D

By studying the partial decay rate is possible to access
o form factor

o CKM matrix element \/CS

There is a discrepancy in f__prediction

from lattice (f,, = 249.0 £ 1.2 MeV) and experiments (f,. = 257.5 + 4.6 MeV)
that can be addressed by New Physics models (two Higgs-doublet, R-parity violation)




Leptonic D, = w'v, @ 4.1/8 GeV (preliminary)
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1) Signal/BKGI ratio constrained by signal MC
2) BKGII fixed via Inclusive MC Accuracy from 13% to 2.8%
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Leptonic D" = w'v, @ 4.1/8 GeV (preliminary)
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Closing the gap with the theoretical calculation!



V. _fromD_— LV, and D° = K u* vV,

To extract |V_| for

DO — K v,

Take f,_ from
PRD82(2010)114506

/

Comparable precision
between

Combing stat. LQCD

and syst. errors unce‘rtainty
T I T T T T I T T T T I T T T T I T T T T T T T T I T
CKMFitter 0.97343+0.0001 .
DELPHI W'— c§ 0.94+0.32+0.13 3
CLEO/BELL/BABR/BESIII D°— K1'v, 0.975:07007+0.025 -
CLEO eV V)V, 0.988+0.044+0.022 -
CLEO TH(p*V,)v, 1.009+0.052+0.021 -
CLEO TV )V, 1.088+0.069+0.018 ———
BABR eV uv, Vv, 0.956+0.036+0.056 ——
BELL TV VWY, V0V, )V, 1.025£0.019+0.029 -
BESII@4.009 u'v, v (n'V,)v, 0.944+0.063+0.027 ~ ===
CLEO whv, 1.007+0.040+0.018 -
BABR whv, 1.040+0.033+0.031 -
BELL wv, 0.976+0.026+0.021 -
Eiﬁmiiw 8 Di—u™v, 0.974+0.014+0.017 .
Eéﬁminary D°—=Ku*v, 0.957+0.006+0.024 -
1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
-1.5 -1 -0.5 0 0.5 1

A

Cs

DO — K vuand D= u'v,

18



Semileptonic D" = n" e*v_ @ 4178 GeV (Preliminary)

At present time, no measurement of f1%+ form factor.
Moreover, complementary test of the n-n’ mixing
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Semileptonic D" = n" e*v_ @ 4178 GeV (Preliminary)

III}|1||III[II1|1

PDG2017 2.2610.18

CLEO PRD 80 052007 2.2810.1410.19

BESIII PRD 94 112003 2.30+0.31:0.08
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BESIIl preliminary 2.32+0.06+0.06
stat. syst.

cec e e b Py g g
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World’s most precise results! Accuracy down to ~3%(~10%)
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Semileptonic D" = n" e*v_ @ 4178 GeV (Preliminary)

World first measurement of form factor

Case Simple pole Modified pole Series 2 Par.

177 OVerl My x*/NDOF_f1”(0)Veel @ x*/NDOF 7" ()[Vesl 1 x*/NDOF
netr. 0.450(5)(3) 3.77(8)(5) 12.2/14 0.445(5)(3) 0.30(4)(3) 1L.4/14 0.446(5)(4) —2.2(2)(1) 1L5/14
n'etv. 0.494(45)(10) 1.88(54)(5) 1.8/4  0.481(44)(10) 1.62(91)(11) 1.8/4  0.477(49)(11) —13.1(76)(11)  1.9/4

No systematic uncertainty is considered

||||||||||||||||||| ||||||||| TT T[T T T T[T 11T IIII|IIII|IIII‘IIII T
LQCD M, =370MeV 542 + 0.013 —— LQCD M, =370MeV 0.404 + 0.025 —tiem—
PRD 91 014503 PRD 91 014503
LQCD M =470MeV  0.564 + 0.011 —— LQCD M, =470MeV 0.437 +0.018
PRD 91 014503 PRD 91 014503
LCSR JHEP 1511 138 0.4985 + 0.030 LCSR JHEP 1511 138 0.588 + 0.047
LCSR PRD 88 034023 0.432 £ 0.033 LCSR PRD 88 034023 0.520 £ 0.088
BESIII preliminary 0.458 +0.005 + 0.004 BESIII preliminary 0.490 £0.050 + 0.011
stat. syst. stat. syst.
RN N R RN N NN N I N NN e b by e ey 1

0.1 0.15 0.2 0.25 0.3 0.35 04 045 05055 06 0 01 02 03 04 05 06
£(0) f:(0)



Summary and outlook

* With the world largest sample at 3.773 GeV, BESIII has a leading role in D meson
leptonic and semileptonic decays searches, with the ability to measure with high
precision branching fraction, f_, f form factors and CKM matrix elements.

+ Thanks to the production at threshold, the environment is very clean and it is
possible to start testing lepton universality in several D decays

« [he data at Dﬁs threshold can be used to search for studying complicated decay
topologies, thanks to the almost background-free environment

* The newest data sample at 4.178 GeV will be used to improve the statistical accuracy
of the processes and in a near future other semileptonic decay measurements are
expected
 First measurement of f"_form factor to tune the LQCD calculation

+ the CKM matrix elements and the form factor determination will follow ’



Artwork @ zoo9 Phil Allora

N > 0O O
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Additional Material
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List of D/D_ (semi-)leptonic publication

D Decay @ 37//3 MeV

Do — (K-/1t) er v (PRD 92 (2015) 072012)

D+ — (Ko/70) e+ v (PRD 96 (2017) 012002)

D+ — K_e* v (PRD 92 (2015) 112008)

D+ = w/d e v (PRD 92 (2015) 071101)

D+ — K- 7+ e+ v (PRD 94 (2016) 032001)

D+ — Ko i+ v (EPJC 76, (2016) 369)

D+ — Ko e+ v, K, — moro (CPC 40 (2016) 113001)
D+ — p+ v (PRD 89 (2014) 051104 (R))

D, Decay @ 4008 MeV

Dt — t/pr v (PRD 94 (2016) 072004)
D, — noerv (PRD 04 (2016) 112003)
Do — d/M0er/ur v (PRD 97 (2018) 012006)
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D

Tag side reconstruction

decays
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Form factor parametrizations

4 <

. Single pole Modified pole
2 f+(0) f (O)
q°) = %) = -
J+(@) 1—q?/m2,, f+(7) (1—¢*/m7.. )1 —ag®/m7,.)
(s) (s)

D. Becirevcic and A. B. Kaidalov, Phys. Lett. B 478, 417 (2000)

/ ISEW2 / Series expansion
’ - N TR e
P () = F(ne) (14 TG = ) ) - Y

B \/t+—q2—|—\/t+—to
00

D. Scora and N. Isgur, Phys. Rev. D 52, 2783 (1995)

2y 1 2
f+(q7) = P@)0(@. 10) kz_oak(to)[Z(q ,to)]k

T. Becher and R. J. Hill, Phys. Lett. B 633, 61 (2006)



BESIII @ BEPCII

W Muon counters:
-G - 1 Tesla Magnetic field  6,=1l4cmv-17cm

Electro Magnetic
layers Calorimeter ayers

SC.
Solenoid

Electromagnetic
Calorimeter:

dE/VE (1 GeV) = 2.5 %

Barrel
ToF

Endcap
ToF

0, (1 GeV/c) ~ 130 um — i - '
dp/p (1 GeV/) = 0.5 % 29




e*e central collider 50
CM energy: 2. - 4.6 GeV ) NG x
(@3770) 10383 Cm_2S_1 —_-,.-.-. o

deS|gn

Tia_" 1men "s uare | ‘
(% jr“iz_;\~ 13 km .
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BEPCII @ JHEP (Beijing)
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This work 3.63+0.08+0.05 —_——

This work  8.60+0.06+0.15
(RD—)KE—)TCWC_)
L I 1 L L 1 I L 1 1 L I 1 1 L 1 I L Il 1 L I L L L I 1 1 L I 1 1 L | 1 1 1 I 1 1 1 I 1 1 1 I Il 1 1 I L
5 6 7 8 24 26 28 3 32 34 36 38 4 4.2
B(D*—K’e'v,) (109 B(D'—n%*v,) (10%)

World most precise results - within 1o agreement with PDG

Test of isospin symmetry using previous BESIII results (Phys. Rev. D92,072012 (2015)):

. (D’ - K-e™v,)
K7Dt - K%"v,)

'(D° -z e'y,)

= 1.03 4+ 0.03 + 0.02,
20(DT — 7'e™v,) 034005500

=1.03£+0.01 £0.02 I,

|sospin prediction confirmed
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't (O)] and \\/CS@\ from D" = K%m%e* v_

ﬁm factors

Using the value of V_and V_,

V.s| = 0.97351 + 0.00013

|Vea| = 0.22492 4+ 0.00050
from the Standard Model constraint fit

It is possible to extract

%(0) =0.725 + 0.004 £ 0.012

f7(0) = 0.622 £ 0.012 + 0.003

~

6%4 matrix elements \

By using
fX(0) =0.747 £ 0.011 £ 0.015

f7(0) = 0.666 + 0.020 + 0.021

from LQCD calculation
It is possible to measure

V.| =0.944 +0.005 £ 0.015 £ 0.024

|V.q| = 0.210 + 0.004 £+ 0.001 £ 0.009
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Rufe

DO— K- vu(preliminary)

Combining with D° — K- e* v_at BESIII (PRD 92 (2015) 072012)

1.5} Solid curve: SM prediction (C) —
- with our fitted parameters
" Points with error bars: data

T

=

BESIII preliminary

0 0.5 ] 1.5
q2 (GeV¥c?)

e (flz)

1.20

11s: PRD91(2015)094009)

1.10

1.05

1.00

0.95

090 Red: in the SM ]
Grey: New physics constained ]

08 by previous experiments ]

0.80 et

06 08 10 12 14

¢*[GeV?]

0.2 04

Integrating over all g2 bins

D’ — K uv,)

e - - =0.978 +0.007
IND" — K e'v,)

stat.

£0012_, Lepton universality
confirmed
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Leptonic D* — 1" v_ (preliminary)

Search for pure leptonic decay of D meson and possible test of lepton universality.

- :
Previous measurements 4 L 2. (1 om2, )2\
At present, only Upper limit (BF < 1.2 102 @ 90% C.L. ) with R= F(D+ — T+V) - Mg* ;
an integrated luminosity of L = 0.878 fbt (PRD 78, 052003 (2008)) LDT = prv) o (1 _ i;)

N \ TN e

Expected sensitivity )

* Based on the theoretical ratioR = 2.67 + 0.01
and previous measurement of BF(D* — u*vu) =(3.74 £ 0.17) 10*

expected branching ratiois  BF(D* = t'v) = (9.99 £ 0.45) 10*

* BESIII has slightly more than three times the integrated luminosity of CLEO, so we expect to see some

\_ signals. Y.

BESIII Analysis strategy )
Signal: D* = t'v_T'=> "V,

Main background: D* — LV, but treated as part of the signal.

Other background: single charged tracks events Y.




Leptonic D" — t" v_ (preliminary)

Simultaneous Fit to the missing-mass-squared M2, . = (Fyeam — EM+)2 — (—pp- ﬁu)?

miss
tag

divided in two sample region, based on the energy deposited in the EMC
o p-like: E . < 300 MeV (signal + p contamination)

MC simulations
e m-like: E.,,. > 300 MeV (mostly signal)

s —1 Eemc <300 MeV . ¢ Eemc > 300 MeV
e (Ew(fE 3 - Doty (31015_ MC
. . . . + %1025 ;I :gxn& %1023_
Unbinned maximum likelihood fit components: |22} : <
; + + @ | 3ok h :
e Fixed D" = 1 v, to PDG value ai With e o)
° F|Oaﬁﬂg D> SN 1—>\/ —'} ' signal size input:
T . ~03  -0. 1o 118125
« Floating D" = Kt 1 5k Mo LA A
. A | Sisof y events
e Fixed D" — K, 11" to PDG value @ | b By e
8 SimE ',: : '?‘ Black ﬁllegrlénsmgrams
° r gm 3 ;: + 'f MC-based hackgrnunds
@ | Em— [ \ Em
. £12% g E H
i : .

o rl.rﬂ‘il‘if 1%"&-

03 02 -01 0 01 02 03
MM2 (GeVic? MM2 (GeWc Y



Leptonic D" — t" v_ (preliminary)

. . . . 9 L 2 - — \2
Simultaneous Fit to the missing-mass-squared M ;. = (Fheam — Eu+)” — (—th—ag — D)
divided in two sample region, based on the energy deposited in the EMC
o -like: E ., < 300 MeV (signal + 1 contamination

K | EMC (sig M ) Real data
- . >
e m-like: E.,,. > 300 MeV (mostly signal) [ Eamcs 300 Mev N Fo 300 Mev
. . . . + %10‘; "-. . g:::xl:- %10‘;
Unbinned maximum likelihood fit components: e | | i
. n 4 b %105 B gk
o Fixed D" = 1 v, to PDG value 3|5 P
e Floating D* — 1'Vv = 7 R
T - 03 S0z o o oiT _events 02 01 0 01 02 03
o FlOaﬁﬂg Dt — KI_T[+ — ‘:?;gg_ BESII ; !f Black filled histograms EBI_Es_m '.'.: A
. A %‘BD;P"E"minaw ¢ :. MC-basedE::lu-:ckgrounds Eelmmaw " :
« Fixed D" — K 11" to PDG value o | ger i i :
5 Eu £ i §or #h—{
* .E !zm— "-' E =
el Sl Lid

—. e -
-03 =02 =0.1 0 01 0.2 03
MM2 (GeV/ic)’ MM2 (GeW/c??



|
|

| LOG scale >

~ Linear scale > |

=

Number of events/0.02 GeV*
=

L BESHI ™

E Preliminary f %

. by

e ".'f.l "h"“
RN

D+ — T+(_’ 18 vt)vt + +

Leptonic D* — t" v_ (preliminary)

Eevc < 300 MeV

- D* 'y

- DY
- D* '

ber of events/0.02 GeV*

3

=)

EEMC > 300 MeV

L BESHI
E Preliminary

137427

events

-02 -01

0

N\ 137 £ 2/ events
/ % Significance > 40

“ @@ EVIDENCE

01 02 03

= BESII
E Preliminal H
g ry Ry

.
[l

-03 =02 =01 0 01 0.2 03
MM2 (GeV/ic’

are

gliminary

C-based backgrounds :

£

Number of even

&

=

w
TTT

1 BF(D* - t*v,) = (1.20 % 0.24) 10°*

} i 1 R=321+0.64
& consistent with SM prediction
@ (R = 2.66+0.01)at 0.90 level

0.1 0.2 0.3
MM2 (Ge Vic®)®
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LeptOHIC DS+ — |+ \/| @ 4009 Ge\/ PRD 94 072004 (2018)

Measurements of D" = t'v_and D" — LV,

T is reconstructed in HVT and fit to the missing mass squared distributions
Two branching ratios are extracted

1) Standard Model constrained to D, —S{v,
”12 2
2 + C y A

n 1 —— 12
rot >ty ’”it) o
A= =)~ a1 =976 $

I -
Results: all:
+ oty ) = =

B(DS -7 I/T) = (483 +0.65 + 026)% 2 1113 Sidebands

B(D} = pty,) = (0.495 4 0.067 + 0.026)% I -

MM? ((GeV/c?P)



LeptOHIC DS+ — |+ \/| @ 4009 Ge\/ PRD 94 072004 (2018)

Measurements of D" — t'v_and D" — LV,

T is reconstructed in HVT and fit to the missing mass squared distributions
Two branching ratios are extracted

2) Non Standard Model constrained |dentified three region and constrained ratio between
the three using real data from other processes

o 8C 1 - e
E @ G 10 s ©
8 °fF 1 3t I
= $ | P
S 18 i
e | S s 3
$ i 1 I 5 2
[ 1 § :
Results: 015 01 -005 0 005 01 015 02 P -
MM? ((GeV/c?)?) £ :
: s
af 41 14
B(D{ - ttv,) = (328 £ 1.83 £ 0.37)% N Ju _i L—'

B(D} — ptv,) = (0.517 £0.075 £ 0.021)% oTSRT Gos 0 Ghs 1 015 02 0 ‘” B0 0 U D1 6iE 02

MM2 ((GeV/c?)?) MM? ((GeV/c?)?)



LeptOHIC DS+ — |+ \/| @ 4009 Ge\/ PRD 94 072004 (2018)

Measurements of D * — t'v_and D" — LV,

T is reconstructed in HVT and fit to the missing mass squared distributions
Two branching ratios are extracted

f,. decay constant

fpr = 1 : \/&‘TB(D-g+ -~ 'y, @ D" = wv, from SM constrained fit
C o Grmg(1 = 359)| V. Mp} Tp} \Vcs| = 0.97425

DS

Results:

fpr = (241.0 £16.3 £ 6.6) MeV
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DO— K- \/M(preliminary)

Data - MC simulation in very good agreement. e e e

4th error is from
EEEEEEERR RN EEREEREEEEE _ PDG2017  3.33:0.13 /AB(DO—)W)() -
F 1 [ (c)cosﬁwh
ol e ] L ] EMUL 2.1420.34+0.34=0.19 .
I BESIIprelimirtarys” | : /
: : 1000+ . E653 3.16+0.34+0.27+0.28 y
20001 — mi B
[ ; : CLEO 3.07+0.31:0.35:0.03 —_—
o . o SH R E687(1993) 3.19+0.51:0.51:0.03 —
2 S  1500- o -
3 3 b E687(1995) 3.31:0.13+0.11:0.03 4t error is from e
o f A e T S AB(D°> Kt
e F b, | 2 BELL 3.45+0.10+0.21 —
g o 12 BESIII
g ‘ = preliminary 3'429i0£;%0£’%t5. N
2°m-— .‘l' —- E(e)cosﬂx E I\IIIIILlIIIIlIIIIlIIII|II\IIIIIIlIIlIlIIIIlIIlI
_ 1500 E 05 0 05 1 15 2 25 3 35 4
g 1 E o stemttosmn ] 0 T+ o
000t BESII] B(D"—=Ku*v,) (%)
02 04 06 08 1 World most precise measurement

Momentum (GeV/c)

From ~4% to ~0.5% accuracy 42



Semileptonic D" = n" e*v_ @ 4178 GeV (Preliminary)

LHCb JHEP 1501 024

Paper only reported (Gluon excluded)
one uncertainty, but
include both statistical
and systematic

KLOE PLB 648 267
(Gluon included)

KLOE PLB 648 267
(Gluon excluded)

CLEO PRD 85 013016

Combining this work results and
the ones of ArXiv: 1803.0557/
D" = nYe'v_in

BESIII
preliminary

B—>J/ qmo
o'y
$-n'y
Dz;,,)—)n('j e'v,

DE'S)—H]” e'v,

el —
43.5+1.4
—
39.7+0.7
el —
41.3+£0.3+0.9
40+3 -

26 28 30 32 34 36 38 40 42 44
¢P (degree)

I'(Dy — n'e*v)/T(Dy — ne*v)

o~ t4
I'D* — n'e*v)/T(D" — netv) cot’ep




