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* Introduction
* BESIII Experiment
* Charmed Meson Data Set and Analysis Method

(Semi-)Leptonic Decays
* Leptonic Decays: D™ — t™v,, D — u*vy,
* Semi-leptonic Decays: D° - K~ u*v,, Do) - n_(o)/ﬁv” ,DF - KMoty
D - nWety,, D - ay(980)etv,

Hadronic Decays
* Study of the Decay: D — pn
* Study of the Decays: D} - wn™*, Df - wK™*

« Amplitude Analysis: Dy -» wtn™n, DY > K~ ntn®

T[O

Rare decays
e Search for the FCNC Decays: D — h(h(’))e e”

Summary
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Introduction: BESIII Experiment

4 MDC: small cell & Gas: A TOF: Barrel: o = 100ps
He/C3Hg(60/40), 43 layers endcap: o = 110ps . T . 1 A ———
op/p = 0.5%@1GeV, (60ps for endcap after Scrl'elh'l'e view of BEPCII /BESIII
. OdE/dx = 6% ) upgraded to MRPC in 2015)
EMC: Csl crystal. 28cm MUC: 9layers RPC
AE/E = 2.5%@1GeV, (8 layers in Endcap)
o, = 0.6cm/VE Or¢p = 1.4~1.7cm
Magnet: 1T Super conducting
. RPC: 8
ayers ayers
SC Bam energy: 1.‘.0-2.‘3-GV |
i
=Rlenoie Optimum energy: 1.89 GeV
B?';e' Design luminosity: 1.00x 1033 cm-2s-1
. ;’ 2 Data taking from: 2009
i ¥ Achieved luminosity: 1.00x 1033 cm-2s!
sc A ;

Nucl. Instr. Meth. A614, 345(2010)
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Charmed Data Set and Analysis Method
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Data Set Used in this talk:
« 2.93fb"1@E,,, = 3.773GeV (~3.5x CLEO-c)
ete” - (3770) - DD
« 3.19fb"1@E,,, = 4.178GeV (~5.3x CLEO-c)
ete™ - DID:F - y/n®DID;

Analysis method (pair production):

* Single tag(ST): reconstruct only one of_Dﬁ
* Double tag(DT): reconstruct both of DD

NpT
NsT -€pT/€ST

 Calculate absolute BFs: B =

Advantages:
* Absolute branching fraction measurement
* Full kinematic constraint to reconstruct v or
neutral hadron(i.e. KL, n)
* Low background




(Semi-)Leptonic Decay: Motivation

— Single pole form
ch 3gp0emt I + /-| ((12) — /’i (0)
2 WFV(/ . 1-— Aré‘,,,,

Y NN Ty ~ ISGW2 model

B
\ @ ;‘ {7“] ':;; .]:1, \\>\ e 3 9 %SGWQ e
D 2T BR T Fol) =1t (14 B2 - )
A :’t © e Ft » ».\\q

s eI — Modified pole model
X6 F P ) 1.(0)
e [i(q7) =

f+(q2) — Series expansion model
fi(t) = —P(t}d}(t, to)ao(to) (1 + ;m(%)[d% to)}k)
2 dl oo+, 2| Vg2 E 5
(0 - ) = e Ve (1- 2 ) riies — GNP 5 62 () (M) x [3mplBel? + O(m)]
D+

WO:(mD—l—mP )/sz, Fo = Wo—Ep+m§/2mD

4 , , )
* Measure |V 45| to test the unitary of CKM matrix

* Measure the form factor fD(s)+, f£(0) to calibrate the LQCD

\- Test Lepton flavor universality in charmed meson decay y
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Leptonic Decay: D™ — t7 (= w7 v,)v;
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UL by CLEO: <1.2 x 1073 @ 90% C.L.

BESIII Preliminary:
B(Dt - ttv;) = (1.20 + 0.24 4,1 ) X 1073
Significance > 40

Test lepton flavor universality:

. . F(D+—>‘t+vt) .
= Torontv,) — 2.66 + 0.01 (SM)
e R= B(D+—>T+VT)[BESIII Preliminary]
~ B(D*-ptv,) [PRD89,051104(R)(2014)]
= 3.21 + 0.64
* (Consistentin 1o
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Events / 16 MeV/c?

Leptonic Decay: Dg” — u*v,

[ BKGI: real ST D, and D] "V, but wrong (r')

300 [] BKGII: wrong ST D’ or wrong D=V,
BESII Pye Imninary
200
100
-0.2 -0.1 0 0.1
M2 (GeVZe)

0.2

SM

:9.7410.01

/B(D: — u'v,)=(5.2840.15
f[};" |VE'.S| = 242.5 £ 3.55tat. £ 3-?s}rst. MeV

+0.14

stat —

Test lepton flavor universality: R =

)x107°

syst

r(D->ttvy)

r(Dg-utvy,)

BESIII: 10.2 +0.5 (B(D} - t*v,) in PDG is used,

Qve are working on this channel now)

~

LQCD PRD90(2014)074509
CLEO eV Vv,

CLEO (P Vv,

CLEOQ TV v,

BABR eV T W VT v,
BELL (e v T VT, TV v,
BESII@4 009 1V, TV v,

CLEO K,

BABR W,

BELL nvy

BESI@4.178 -

249.0+£0.3+1.5
252 8+11. 2455
258.0£13.3¢5 2
278.3x17.664 4
244 6+£9 H14.2
262244 87 4
241.0£16.3+6 .6
257.6£10.3+4.3
2659+8 477
249 8+6 6+5.0

/

2018/09/06

preliminary vy 249 ©®36+£38 5 input

L 1 L 1 I L 1 L L I 1 L L 1 I L L 1 1 I 1 L 1 L | L 1 1 L 1 1 L L

-50 0 50 100 150 200 250 300
fp, (MeV)

L] I 1 L] L] 1 I L] 1 L] L] I L] L] 1 L] I 1 L] L] 1 I L] 1 L] L] I L] L]
CKMFitter 0.97343+0.00015 =
DELPHI W' S 0.94+0.3240.13 =
CLEQ/BELL/BABR/BESII D°— K v, 0.975+0.007+0.025 -
CLEOC THEe v T v, 0.988+0.044+0.022 ——
CLEO TPV v, 1.009+0.052+0.021 =
CLEO TV v, 1.088+0.069+0.018 ——
BABR e v T v, Vv, 0.956+0.036+0.056 —
BELL (e VWV Y, TV v, 1. 02540 019+0 029 -
BESII@4.009 v, TV v, 0.944+0.063+0.027 ——
CLEO v, 1.007+0.040+0.018 -
BABR vy, 1.040+0.033+0.031 = Taking f. 12D 35 input
BELL vy, 0.976+0.026+0.021 - 8 Tos P
BESHI@4 178 -, 067440 01440.016 [PRD 90, 074509(2014)]
preliminary B - ~Exp. LQCD

1 I 1 1 1 1 I 1 1 1 L I 1 1 1 L I 1 1 L 1 I 1 1 1 1 I 1 L

-1.5 -1 -0.5 0 0.5 1
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Semi-Leptonic Decay: D° - K~ u*v,

FittoSTM be_ angoymiss
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4th error is from

PDG2017 3.33+0.13 AB(DO2>u*X)

EMUL 2.14+0.34+0.34+0.19

E653 3.16+0.34+0.27+0.28

CLEO 3.07+0.31+£0.35+0.03

E687(1993) 3.19+0.51+0.51+0.03 ; ;

E687(1995) 3.31x0.13+0.11:0.03 4therror is from

AB(D°2>K'x')

BELL 3.45+0.10+0.21

BESIII

pre":mnary | 3.4297052;310&%? | | | | |

-05 0 05 1
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B(D*—K'u*v,) (%)
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Series expansion parameterization for form factor (2nd order):

0= pmaa )

1 TE(0)P(0)®(0,t0)

1+ 1(t)2(0.1g) 71 (to)l2(t:to)])

Fits to partial decay rates

- - . r
— 2 — 7]
£ 80 x?/NDOF = 15.8/15]
P'l -
- ]
& 60 -
|E :
£ 40 7
=
J 20 limi
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L 1 L
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Illl[IIlllllllIlllllllllllllllll lllllll
HPQCD
PRD82(2010)114506 0-747+0.011:0.015
BESII Ke'v, 0.80+0.04+0.03
BELL KT, 0.695+0.007+0.022 =t
BABR Ke'v, 0.727+0.007+0.009
CLEO Ke'v, 0.739+0.006+0.005
BESIII Ke'v, 0.7368+0.0026+0.0036
BESIII o
preliminary K #Vu  0.734320.0039+0.0030
IllllllllllIII|IIIIPtIaIt.IIFyISIt‘IIIIl IIIII!I
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£5(0)
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F5(0)|Vi| = 0.714840.0038 11 + 0.0029 .

r = _1-94i0-215tat. :|:U.075yst_

Projection on form factor

T T

BESIII preliminary

(g%

L L B R B L B

(b)

0 0.5 1 1.5
2/ 4
q2 (GeV7/cY)
T | \‘ T T T | T T T T | T T T T T T T T | T T T T | T
CKMFitter 0.97343+0.00015 =
DELPHI W*— c§ 0.94:0.32+0.13
CLEO/BELL/BABR/BESIII D" K1'v, 0.975:0.007+0.025 -
CLEO eV )V, 0.988+0.044+0.022 -
CLEO TPV IV, 1.009+0.052+0.021 -
CLEO TV )v, 1.088+0.069+0.018 —_—
BABR T(eV V. uv Vv, 0.956+0.036+0.056 -
BELL eV, V0, V0, )v, 1.025+0.019+0.029 -
BESII@4.009 v, tH(n'7,)v, 0.944:0.063+0.027 ===
CLEO W, 1.007+0.040+0.018 -
BABR wh, 1.040+0.033+0.031 -
BELL whv, 0.976+0.026+0.021 -
BESll@4.178 _, .
preliminary D;—u'v, 0.974x0.0140.017 .
BESIII Exp. LQCD
0 -
pre||iminaw ID =K utv, | o.s?57=o.oos=ol.oz4 -I
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Semi-Leptonic Decay : D? = K~ u*v,

/Test lepton flavor universality: \

. 2 . . M(DT—K~utv,) .
Inthe full 9% interval: R,/ = r5r=x=27,y[PrOS2 0v201202015)] = 0-978 + 0.007 = 0.012

\ « No deviation larger than 20 over g interval in this analysis /

PRD91(2015)094009)

1.5} Solid curve: SM prediction (C) ~ e
-~ with our fitted parameters :
[ Points with error bars: data

Red: in the SM
Grey: New physics constained
by previous experiments

BESIII preliminary

PR T W S T N S TR W W R 0.80

0- - 0.5 1 1.5 02 04 06 08 10 12 14
q? (GeVZ/c? £ 1GeV?]
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Events /(0.007 GeVZ/c?)

600

Semi-leptonic Decay: D — mu*tv 1 [arXiv: 1802.05492)

400}
200}
- D'— v,
300F
200f

100f

——
D—Ht'p.’;vu

__(GeV¥cY

2018/09/06

Measurement Results:

B(D° - np*v,) = (0.267 + 0.007 £ 0.007)%

B(D+ - np*v,) = (0.342 + 0.011 + 0.010)% (first measurement)

_ BR"[arXiv:1802.05492]
“/e ~ BD°[PRD 92, 072012(2015)]
D+ BR" [arXiv:1802.05492]

R
H/e = gD*PRD 96, 012002(2017)]
F(qun—u+vu)-_ TD+B(DQAR_H+VU)

RD = 0.905 + 0.027 £ 0.023

= 0.942 + 0.037 £ 0.027

~

° u' e = —
Ris 2r(D+-nutv,)  2750B(D*-mOutv,) 0.990 £ 0.041 % 0'035/
pot+) . . . . L. o )
* Rj/e comudes with SM prediction 0.97 within 1.9(0.6)o
R“S is consistent with no isospin violation and the value of electronic
decay Rfs [PRD 96, 012002(2017)] y

EuNPC2018 10



dI'/dq*(ns’YGeV/c*)

£.(q)

Semi-leptonic Decay

PDG2017 2.2010.19

PDG2017

branching fractions

0.74+0.14

CLEO PRD 80 052007 2.2810.1410.19 CLEO PRD 80 052007  0.68+0.15:0.06

BESIII PRD 54 112003 2.30:0.31:0.08
(@4.008 GeV)

BESIII PRD 94 112003 0.93+0.30£0.05
(@4.009 GeV)

BESIIl preliminary  2.3240.060.06

stat. syst.

BESIII preliminary 0.82+0.07+0.03

stat. syst.

I\\l\\l‘\l\‘l\\l\ IIIIIIIIII\l\II‘I\|
12 14 16 1.8 2 22 24 28 04 02 0 02 04 06 08 1 12
D ,—ne" v( b) BD;en’e*v(%)

Based on the result extracted with
the series 2 Parameters, we

"
determine |V | and f1 "(0)

Nominal result

e Partial decay rates are °
fitted simultaneously
by two 17/1’ subdecays

BESIII Preliminary

600

400+
,:'5 200}
a0
> |
=
3 L
3100
5
-
=

50

02 0 02 04-02 0 02 o4
MM’ (GeV?/c)
Fits to partial decay rates
20 + *
I
: : : \\\ : . . :
| - b ol ’°,,':.. (7 4™
0 05 1 15 02 04 06 08
*(GeV/cY)
2018/09/06

Case Simple pole Modified pole Series 2 Par.

7OVl Mpae  x*/NDOF 1 (0) Ve o x*/NDOF /7" (0)V..| r \*/NDOF
netve 0450(5)(3) 3.77(8)(5) 12.2/14 0.445(5)(3) 030(4)(3) 11.4/14 0. Mf‘ 5)(@) —22(2)(1) 115/14
netve 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

EuNPC2018 11



Semi-leptonic Decay: D — netv,

Q)]
Taking | V.| CKMfitter and ff (0) | V.4 | extracted with the series 2 Parameters as input
obtain f,7(0) = 0.458 + 0.0054,4, + 0.004;,, fj"(O) = 0.490 £ 0.05054 + 0.011 4,

T T T T I T T T T | T T T T I T T T T | T
IIIIII\|||||\IIIIIIlIIIIl\II\lIIII |||||||I‘\I\I
LQCD M, =370MeV 0.404 + 0.025 =—te—
;.;};:;ht;:;;;ﬂev 0542 £0.013 — PRD 91 014503
n n’
Compare f,(0) . Compare [, (0) LQCD M_=470MeV 0457 0018
= e
oRD 91%'14503 0564 +0.011 - PRD 91 014503
LCSR JHEP 1511 138 0495 0,030 LCSR JHEP 1511138 0588+ 0.047
LGSR PRD 88 034023 0432 0,033 LCSR PRD 88 034023 0.520 +0.088
BESII preliminary 0.458 +0.005 + 0.004 BESIII preliminary 0.490 +0.050 + 0.011
stat. syst. stat. syst.
||||||\|||I|\IIIIIIlIIIII\II\lIIII |||||I||‘\I\I lllll‘ll‘llll‘lllllll
Compare |V,| 0-1 0.15 0.2 0.25 0.3 0.35 0.4 045 0.5 0.55 0.6 0 01 02 03 04 05 06
’ -
£1(0) 1N — 1'mxing £.(0)
T | LI I LI I T 17T | T 17T l L [ L LI " LI I T T | T | T | T T | rT | T T rTT | T | T
Only reported one PDG2017  Global fitin the SVD.97343+0.00015 . LHCb JHEP 1501 024 o —_—
uncertainty, but Paper only reported (Gluon excluded) Bgy—Jdlyn”  435+1.4
include both statistical PDG2017 W Boson 0.94+0.32 one uncertainty, but
and systematic include both statistical KLOE PLB 848 267 0
- (Gluon included) -on'y 30.710.7
PDG2017 D"—K"e'v, 0.875:0.007+0.025 - and systematic
KLOEPLBG4S267 o 15103109 —_—
-1y .30.340.
” PDG2017 Di-lv 1.00820.021 - LDy — n'e™)/T(DS — me™v) cottpp Ny
Taking £, (0) LD — n'e™v)/T(D* — ne'v) o
D, -
PRDSS 034023 as BESII  Di-we'v,  0.917:0.094:0.156 CLEOPRDBS01ANIE B¢ e 403
. . preliminary
input, we obtain L
BESII  Di-me'v,  1.032:0.012:0.080 —— PG P SR BESII Dyn’ €'V, 402414105 =
preliminary B(D —n-’e Ve) In preliminary
PRD.97.092009(2018)
lILILIIIIII\IJIJII\I\{\II‘IIIJII\II d I|III|III|III|III|III|III|III|III|III|I
are use
-04 -02 0 02 04 06 08 1 1.2 26 28 30 32 34 36 38 40 42 44

2018/09/06 |Vcs| EuNPC2018 tI)P (degree)
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Events/0.010 GeV%/c*

ATl (ns 'GeVicd)

Semi-leptonic Decay: D — K(*)0e*y,

BESIII
preliminary

8
T

S
T

-
=]

Fit to MM2

D.*>K%*v, BESIII
Nobs=117.2+13[9 <, at-preliminary
£4,=30.50% 3 ol

(=]

g

g2

§

i

10

0z i 0
MM? (GeV?/cY)

D,*>K*C%*v,
Nobs=155.0+17[2
+ £5,=28.68%

0.1 02 P

MM? (GeVic?)

Br[D,*>K%*v,] =(3.25+0.38,,, +0.14 oys +)x107 (3.9+0.9)x103[PDG2017]

stat —

Br[D,*->K*%*v, ]=(2.38:£0.26,,, £0.12,,)x10? (1.8+0.4)x10[PDG2017]

L i ;i-:k pole model -_.-_ :::;le pole model
) === modified pole model === modified pole model
B . — = 1 series (2 par) o === zseries (2 par)
o 3 BESII BESII
' preliminary —~ | preliminary 7
T 161 /
2 N i
1 1 1 1 1 1
0 0.5 1 05 1 15 2
o (GeVich o (GeViich)
D} — K%e™"v, Fits to partial decay rates
Model Parameter Value . (0)
Simple pole f(0)[Vog| | 0.175 £ 0.010 = 0.001 | 0.778 + 0.044 + 0.004

Modified pole model

Series two parameters | fi(0)|V,q| 0.162 £+ 0.019 + 0.003

£(0)|Veg) | 0163 +0.017 +0.003
a 0.45+ 0.44 +0.02

n ~2.94+232+0.14

0.725 £ 0.076 +0.013

0.720 £ 0.084 +£0.013

2018/09/06

D} - K*%e*v, Four dimensional un-binned likelihood fit

% 401 ) 40
E: 30 i 30
%_,:3" 20 ;]E 20
oa 0.8 1 1.2
? (GeV?/ct) costl,
T
= =
rmﬂ,,{ X
ry = 1.67 £ 0.34 + 0.16
= 0.77 £ 0.28 + 0.07
(Details of definition in back-up)
EuNPC2018 13



Semi-leptonic Decay: D — a,(980)e ™ v, (121, 0s1802(2018)

/Explore the internal structure of light hadron mesons, traditional two quark states or tetra quark \
system:

* A prediction for the BF for D* — a,(980)%e*v, is : 5~5.4(6~8) x 107> for two(tetra) quark
description
A model-independent way to distinguish two different descriptions: R=1(3) for two(tetra)
quark . B(D* — £,(980)I* v) + B(D* — £,(600)I* v)
B(D" — a)(980)" v) '

[PRD 82, 034016 (2010)]

-

/

-
(=]
v I

N
o
T

PNC B(D" — ao(980) e ve) x B(ao(980)™ — 5 ~) 6.40 first observation!
g |s = (1.337933 + 0.09) x 1074
3 | g
§ of % OF B(D+ — a[)(980)[]€+1/8) X B(a[](QSO)U — T]’JTU) 2.90
Ezo.'. § | = (1.66103L +0.11) x 107*, < 3.0 x 10~* at the 90% C.L.
> 4 L
e |y 16}

P(D“ — aq (980}_€+I}e)
F(D"‘ — Qg (980)“6"‘1/8) = 2.03+0.95 + 0.06,

M, (GeVic?) ' h uGey) The result for D* — fyetv, is prepared by BESIII
2U138/UY/Ub EuNPC2018 14



Hadronic Decay: Dy — pn

/- The only kinematic allowed baryonic D decay mode \

* Help for understanding the dynamical enhancement of W-annihilation
* Short-distance expected:Br~10°
* Long-distance enhance to: Br~103

\.* First evidence by CLEO-c: (1.30 + 0.36""15) x 10~ [PRL 100, 181802(2008)] -

[PLB 663, 326(2008)]

(b)

(b) Long-distance effects

é 4Oi 1 Preliminary result: [Bp:_,,; = (1.22 + 0.10) X 1073
§ N J
o- [
§ ol { 1 | * Confirm CLEO-c’'s measurement with greatly improved accuracy
z i ! _,‘ “ 1 | = Consistent with the prediction of the enhanced BR due to long-
PR T ey distance effect
“Toss 09 003 1
M, (GeV/c)

2018/09/06 EuNPC2018 15



Events/10 MeV/c?

—
o
LIS LI

Hadronic Decay: D —» wmtand wK™

/° DI — wtt is a pure W-annihilation process,

B(DF » wK*) = 0.6 X 1073, Ap(DF » wK*) = —0.6 X 1073 (without p — w mixing)

B(Df » wK*) =0.7x107% Acp(Df > wK*) = —2.3 x 1073 (with p — w mixing)
« D} - wmnt: evidence by CLEO (2.1 + 0.9 4+ 0.1) x 1073 with a signal of 6.0 + 2.4 events
\- Df » wK*: CLEO set UL: < 2.4 X 10~3@90% C.L. [PRD 80, 051102(R) (2009)]

* With the BF of D — wmt™ as as one of the inputs,Q. Qin et al. [PRD 89, 054006] predicts:

Fit to the invariant mass M_+_-_o to get the DT yield

s
=
M
=

Consistent with CLEO’s measurement, but more precise.

/
BESIII Preliminary results: /

-
n
LIS T

30F

20}

—
=]
LI Ll LI |

B(D? » on*) = (1.85 £ 03054, + 0.19y5 ) X 1073
B(D} - wK*) = (1.1‘3 + 0.24g¢at, + 0.144y5 ) X 1073

Events/10 MeV/c?
n

=]

=)
@
=t
=~

VN 2 V¥ EE— 3 _ X BV 2
Mo [GeVICT M0 [GEV/c?]
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First observation ! implies a small p — w mixing.
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Amplitude Analysis : D —» T ™

Dalitz plot and projections

; — 30" —— [ T T -

(%)
T T

/ - \ - ™ EZO;— Sub-sample with
Motivation: T L EEY, Fullgample, Na LE~
. . 3 Wit - -.,.v. S ‘ % LA
* Improve the precision of Br(D{ — pn) N eE I8 §
S 2 1 “'-d“\ C:\'. LE m
Af‘“

* Search for W-annihilation process D — a,(980)n

M2 {(“f-vz/p“\

Amplitude Analysis:

e Signal is selected by DT method with 7 tag modes
* Get 1239 events with purity ~98%

* Include 4 amplitudes in this fit AP A o AN e
T M, (GeV/cd) Mo, (GeV/c')

100

Events/20 MeV
Events/20 MeV

N
(=]
T T

Events/40 MeV

I T
M_ (GeV/cY)

Preliminary: significances, phases, and fit fractions (FFs) for intermediate processes:

Amplitude significance (o) | _______Phase | F

D - p*y > 20 0.0 (fixed) 0.783 + 0.050 + 0.021
DF - (r*1®)yn 5.7 0.612 + 0.172 + 0.342 0.054 + 0.021 + 0.026
DY = ay(980)m 16.2 2.794 + 0.087 + 0.041 0.232 + 0.023 + 0.034

*The amplitudes agree with: A(DF — a,(980)*%) = —A(DF - a,(980)°™) within stat. uncertainty, thus we
set the magnitudes to be the same with the phase difference fixed to m.

2018/09/06 EuNPC2018 17



Amplitude Analysis : D —» T ™

BESIII Preliminary: B(D - n*n%n) = (9.50 £ 0.285,4,. + 0.415,5 )%, PDG=(9.2 + 1.2)%

BF(sub-mode n) = B(DI — n7"n)FF(n)
BF(D - p*n) 7.44 + 0.48,5, + 0.44,,, 8.9 + 0.9
BF(DZ — ay(980)7) * 220 +0.225,00. + 0.344ys. i

BF (D - a5(980)*n®) *

BE(DF — ay(980)0r+)s 40 0-15star £ 0.225ys )

*here, ao(980) — 7

« Improved precision for B(D§ - n*tn%y) and B(D} — p°n)
« DI - ay,(980)m is the first observation !
« Df - ay,(980)m have larger BFs compared with D} —» wn® and D - pn

2018/09/06 EuNPC2018 18



Amplitude Analysis : D° - K ntn'm

0

/Motivation:

~

* Provides a window to study the decays D - AP and D - VV

e Result can be used in branching fraction measurement and strong
phase measurement

Amplitude Analysis:

* Signal is selected by DT method with 1 tag mode D® - K~ n*

* Get 5950 events with purity ~99%

& Include 26 amplitudes in this fit

0 —
B(D" — K-m 87?3 IIPrelm(u

nary

8.98 4+ 0.13(stat) 4= 0.40(syst))%

250
200

lsnf— {

Events/(0.02 Ge V)

@ 3

L 1 L
0.0 0.5 1.0 15 20
Mass” K" (GeV/ch)

Events/(0.02 GeV?/c*)

L 1 4 L

0.0 05 1.0 15 20
Mass® T ¥ (GeVct)

2018/09/06

Events/(0.02 GeVc*)

Events/(0.02 GeV?/c*)

450
400
350
300
250
200
150
100

50

= LA SRR Bl L] Rl R R bl |

0.

1 1
10 15 20
Mass® Kn” (GeV/ch)

I,
L

(d)

1
1.0 15 20
Mass? ' (GeV/c?)

[
n

Events/(0.02)

Events/(0.02)

First measurement

Events/(0.02)

Events/(0.02)

0.0
cos 000

EuNPC2018

Amplitude mode

FF (%)

Phase (¢)

Significance(o)

D — 85
D — (K~7 1) s.wave (7770 5
D — {K_?TD}S_Wave{Tr+?TO)5

6.92 4 1.44 + 2.86
418+ 1.02 £ 1.77

—0.75 £ 0.15 £ 0.47
—2.90 £ 0.19 = 0.47

> 10
6.0

D— AP A— VP
D — K~ay(1260)*, ptn(9]
D — K~a,(1260)", p o 7’ [D)

D — K1(1270)" 7t K*‘ (8]

(
D — K(1270)°x%, K*7°[8]
D — K1(1270)°x", K*°7°[D]
D — K1(1270)°7°% K= p*[S]
D — (K 7% an™
D — (K*°7%) am?, K*°7°[S]
D — (K*%7%) 47°, K*°x"[D)
D — (p*K~)ar®, K~ p* (D]

JK*= 78]

28.36 £ 2.50 £ 3.53
0.68 + 0.29 + 0.30
0.1540.09 £ 0.15
0.39 +£0.18 £ 0.30
0.114+0.11 £ 0.11
2.714+0.38 £0.29
1.854+0.62£1.11
3.13 +£0.45 £0.58
0.46 £ 0.17 £ 0.29
0.75 + 0.40 £ 0.60

0 (fixed)
—2.05+0.17+0.25
1.84 £ 0.34 + 0.43
—1.55+0.20 + 0.26
—135£0.43 £ 0.48
=2.07+£0.09 £ 0.20
1.93 £0.10£0.15
0.44 +£0.124+0.21
—1.84 + 0.26 = 0.42
0.64 & 0.36 4 0.53

= 10
6.1
4.9
4.8
4.0
= 10
7.8
> 10
5.9
5.1

D — AP A —> SP
D = (K~7") sewaven®) am®

1.99 + 1.08 & 1.55

—0.02 £ 0.25 + 0.53

7.0

D— VS

D — {K_ﬂD}S-waveP"-
D — K*~(z*n%)s

D — K*%x"7%)

1463 £ 1.70 £ 2.41
0.80 & 0.38 + 0.26
0.121577 + 0.12

—2.39+£0.11 +£0.35
1.59 +0.19 + 0.24
1.45 4+ 0.48 £0.51

= 10
4.1
4.1

DSVPVSVP
D — (K*_'ﬂ'+)vﬂn

2.25 4+ 0.43 £ 0.45

0.52+0.12 4+ 0.17

> 10

D—=VV

D[S] = K*~p*

D|P] — K*~p*

D[D] — K*=p*

D[P] = (K~ 7%)vp*

D[D] — (K~ x°%)yp*
D[D]) — K*=(ztx%)y
D[S] = (K~ 7% (xt 7))y

5.15 £ 0.75 £ 1.28
3.25 £ 0.55 £ 0.41
10.90 4+ 1.53 4+ 2.36
0.36 £ 0.19 £ 0.27
2.13 4+ 0.56 £ 0.92
1.66 £ 0.52 £ 0.61
5.17+ 1.91 4+ 1.82

1.24 + 0.11 £ 0.23
—2.80+£0.10£0.18

241 +0.08 % 0.16
—0.94+ 0.19 £ 0.28
—1.93 £0.22+0.25
—1L17+0.20+0.39
—1.74 4+ 0.20 + 0.31

> 10
> 10
> 10
5.7
> 10
7.6
7.6

D—TS
D — (K_ﬂ+)5—wave(770770)']"
D — {K_TFD}S-wave{TT+TTG)T

0.30 = 0.21 = 0.30
0.14 4+ 0.12 £ 0.10

—2.93+0.31 +£0.82
2.23 +0.38 & 0.65

5.8
4.0
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Search Rare Decay: D — h(h\"))e*e™ irro97,0720150018)

D — X, 171~ are good channels to study FCNC transitions ¢ > ul*1~

* Four-body D° decays with [4*17] 50/, pair have been observed at LHCb (~107° — 1077)

[PRL 119, 181805(2017), PLB 757, 558(2016)]
\. The previous UL for four body D° decays with ete™ are ~10™% — 107>

e BFsofc — ultl™ in SM <10~?, enhance by long distance effect through virtual vector ~107°

j

1 d d B PDG2015
D' Koreve D' KiK'eve ecay modes (><10_5) (><10_5)
05 DT — rtrlete < 1.4 -
Dt — Ktnlete™ <15
. . . L Dt — T KleTe™ < 2.6
0 001 002 003 0.04 0.02 0.04 0.06 Du 0.02 0.04 0.06 DT 5 KT Kse+e_ <1.1 -
1 _ _ DY — K- Ktete™ <11 < 31.5
D% K'Ke'e D™ Kree D - ntr—ete™ < 0.7 < 37.3
o . . D 5 K—xtete T < 4.1(25+1.1,260) < 385
D% — rOete™ < 0.4 < 4.5
0 0 0 ! . L D% — nete™ < 0.3 <11
0 0.01 0.02 0.03 0 0.01 0.02 0 0.02 0.04 0.06 0.08 DO - we+e— < 0-6 < 18
1 1 1 1r 0 0.+.—
D’ nle*e” D" ne'e D’> o e*e’ D™ — Kse € <12 <11
T in Me+e_ regions:
ST st s sy [0.00, 0.20) GeV/c? <3.0(1.57%9)
[0.20, 0.65) GeV /c? < 0.7
| 1 1 1 | 1
" o.c;)s 0.01 oats 0 0.005 o.:n 005 o 0005 0.1 o015 "0 0.01 0.02 [0.65, 0.90] GeV/ c? <19 (1.04_'%'.54)
B (x 10%)

e 4-body D*decays have been searched for the first time.
* Precision of other decays have been improved with one order.
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e Using2.93fb~! and 3.19fb! eTe™ collision data taken @ 3.773 and 4.178
GeV with BESIII detector, experimental studies of charmed decays have been
performed:

* Measurements of FFs and |V, 4(s) | : better calibrate LQCD and test CKM
unitarity

* Test lepton flavor universality in (semi-)leptonic decay: consistent with SM

« Measurements of W-annihilation process D - pn, Df - wn* and D —
a,(980)m

* First observation of D - q,(980) e*v,, D} - wK™

e Amplitude analysis for D > ntmr nand D® - K ntn%x?

* Improved UL for FCNC process D = h(h())e*e~ 7é Y,
ank you!

* More results will be coming in the near future.
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BACK-UP
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Semi-leptonic Decay: D — K(*)0e*y,

2018/09/06

Study of the form factors in D_.*->K*%e*v, [preliminary ]

The differential decay rate for D — K*%e* . can be expressed in terms of three helicity

amplitudes (H; (%), H-(¢?) and Ho(q?)) [PRL 110, 131802 (2013)]

dsr 3 PK~q° -
= — _G2|Vl? B(K*® — K*77)|BW(mk)|?
dmi » dq2 dcosfx dcosfe dx 8(47)* M3,

X [(1+ cosBe)?sin®Ok |Hi (g%, mkr)|?

+ (1 — cosbe)?sin®Ox|H-(q%, mk,)|?

+  4sin®fecos®Ox|Ho(g%, mkr)|?

+  4sinfe(1 + cosbe )sindk cost cosx Hi (g%, mu)Ho(a%, mkx)

—  4sinfe(1 — cosbe )sinfk coshk cosxH— (g%, m)Ho(q?, mk =)
—  25in?0esin®0 i cos2x Hy (g%, mi - )H_(q%. mk)]-

The helicity amplitudes of H, (g?), H_(q?) and Hy(g?) take the form of

2Mp. Pk~
H+(q?) = (Mp, + mk+)A1(q?) F M—:%wq?) and

4M2 Pzﬂ
Ho(q%) = 55 [(MB, — ik — a*)(Mp, + mkx)A1(q?) — 752857, A2(a?)],

A; (0 V(0 V(0 A>(0
A,-(q2) = Eé/-’\)?,a. and V(q2) = ﬁ%' ry = Zf(a)? and rn = zﬁa‘}

The Breit-Wigner function of K*0 line shape takes the form as
g mol o(p/po) B
RN = =

mye —imol(my )

. . o (. Blp)
where B(p) — —\/1+];?=2p2 with R = 3 GeV 1 and r(mKn-) = rO(;P;)3 m”:(ﬂ‘ ( B(}f:)))z_‘ = Al
EuNPC2018 23



Hadronic Decay: D — PP (pro97,072004]

BFs of D — PP are obtained using ST method:

Mode B (x1073) Bppe (x1073)
Dt = gta0 1.259 +0.033 + 0.023 1.24 4+ 0.06
Dt = K*a® 0.232 £0.021 £ 0.006 0.189 + 0.025
D" - 'y 3.790 £+ 0.070 £ 0.068 3.66 + 0.22
D™ - K™nq 0.151 £0.025 £ 0.014 0.112£0.018
D" - 'y 5.12+£0.14 £ 0.024 4.84 +0.31
D* - K*y/ 0.164 = 0.051 4+ 0.024 0.183 +0.023
D* - Kn* 15.91 £ 0.06 +0.30 153+0.6
D" - KYK* 3.183 £0.029 £ 0.060 295+0.15
D0 - gtz 1.508 £ 0.018 + 0.022 1.421 £+ 0.025
D° - K*K- 4.233 £0.021 + 0.064 4.01 £0.07
D% —» K¥n* 38.98 £ 0.06 £0.51 394+04
D" - K9n" 12.39 £ 0.06 £ 0.27 120+ 04
D" — Kn 5.13 +0.07 =012 4.854+0.30
D’ - K%y 9.49 +0.20 £ 0.36 9.5+0.5

The results from BESIII are consistent with the world average values within uncertainties.
The BFsof D" > 7'z’ K'z’,x'n,n'n ,Kix" ,K{K" and D’ —» K z° K n,KJn are determined
with improved precision.
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Search for D™ — ye+ve [PRD 95, 071102(2017)]

* no helicity suppression in contrast to pure leptonic decay, and simpler non-
perturbative QCD calculation without final-state hadron

models pQCD?! light front quark”® & NR constituent quark model® vmD* factorization®
Biheo. 10~ % 10 ° 10 > (enhanced by LD) 10>

[1][PRD 51, 111 (1995)] [2]JMPLA 15, 2087 (2000); [3]PLB 562, 75 (2003);
[4]MPLA 27, 1250120 (2012);[5]Nucl. Phys. B 889, 778 (2014); 914, 301 (2017)

7))
c
150 . T 1 i
= :tptal fit GE) 8000 [
o el und 5
B C roun
= .0 _ﬁﬁeng/ u Q. 6000 |
o L e x B
= O :
L | “5 4000 |-
o 50 = K
! 8 2000 |
it E —
9% 0.1 0 0.1 0.2 é‘ 2002  -0.01 0 0.01 0.02
U. (GeV
miss (GEV) B(D*—y e*v,)(%)

B(D* - ye*v,) < 3.0 X 10"°>@90% C.L.
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Search for D* — D%e* v, pross, 092002(2017)
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 The heavy c quark remains unchanged while the lighter d quark decays weakly
Biheo = 2.78 X 10713 by it’s form factors in the SM [EPJC 59, 841 (2009)]

2D fit to each tag mode
B(D" - yetv,) < 1.0 x 107*@90% C.L.
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