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Main goals of charm physics at BESIII

Leptonic and hadronic decays of charmed hadrons (D, D*, D.;* and
A.") provide an ideal window to explore weak and strong effects

> D leptonic decays VLV VD
fo+ F<®,(0): better calibrate LQCD U = Vchcs V,
|V esl: better test on CKM unitarity V. V. V
" td ts th
> D hadronic decays o

D°D° mixing parameters and CP voilation
Strong phase in D decays: Constrain s
on the measurement of y/¢, in B decay,

which is the worst one of 3 CKM angles (0,0) "' (1,0)
> Rare D decays = New physics

> Absolute BFs of A *

Before BESIII, no absolute BF measurements of A" using
near A_,*A, production threshold data, in the past 38 years 2
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BEPCII: high luminosity double- rlng collider
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fSa‘relllTe View of BEPCII /BESIII

| Beam energy 1.0-2.3 GeV
y> Design Luminosity:  1.00X10% cm2s?!
¥ Optimum energy: 1.89 GeV

Achieved Luminosity: 1.00X10% cm2s?
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BESIII detector
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)VIDC: small cell & Gas:

He/C;Hg (60/40), 43 layers
0,,=130 um
o,/p = 0.5% @1GeV

p
dF/dx=6%

R, 7 QWWMJQ&%%
R e o0

o= 100 ps Barrel
110 ps Endcap

EMC: Csl crystal, 28 cm
AE/E =2.5% @1 GeV
oz = 0.6 cm/VE

Data Acquisition:
Event rate =4 kHz
Total data volume ~ 50 MB/s

Muon ID: 9 layers RPC
B 8 layers for endcap




> D9(+) samples at 3.773 GeV
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D" leptonic decays

GEf2,
In the SM: F(Dfy — Fve) = SW(SJIVCd(S)\Qmﬁm% 1—

Bridge to precisely measure
= Decay constant fy ), with input [V )| CKMter

s CKM matrix element [V 4| with input f-Qb, o,




Number of Events

Improved B[D*>u*v], fy, and [V 4|
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N =(170.31+0.34)x10*
B[D*>utv]=(3.71+£0.19+0.06) X 10

Input tp,, mp,, m,, on PDG and
o NV of SKMCFitter BGS]]I LQCD calculated fo,=207:4
cd MeV[PRL 100(2008)062002]

f..=(203.2+5.31.8) MeV V,[=0.2210£0.0058+0.0047




Comparison of f,, and prospect at BESIII

——— 209.0+9.3+2.6 CLEO-c

— 203.2+5.3+1.8 BESIII (2.9 fb™")
PRD89 (2014) 051104 (R)

- 203.2+2.5+1.8 BESIII (10+2.9 fb™")
Expected More 10 fb! data@3.773 GeV?

H 208.3+3.4 HPOQCD
PRDS6(2012)054510
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Better input fy, from LQCD
Taking from Aida X. ElI-Khadra’s talk at Beauty2014

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

I[1II[]IIII]III1|II]Ir

o small errors due to
fo./for g o
FNAL/MILC (ar + physical light quark masses
I also at Latti ) .
fDS — + improved charm-quark action (HISQ)
o+ + PCAC (no renormalization)
+ ensembles with small lattice spacings
R () S —— e —
+ ‘>work in progress by FNAL/MILC (Lattice 2014), ETM, HPQCD, ...
D
rE70)
Qi < ¢ First results for D mixing bag parameters
D

(all five) with local operators only by ETM

PR NI T TS NN U M A T T T T [N T N A A (2013, 2014) nr=2, 2+1+1
0 1 2 3 4
error in % e work in progress: FNAL/MILC (Lattice 2014)

review by C. Bouchard @ Lattice 2014

Better input benefit the systematic uncertainty
10



Evidence for D*-2>1*(n*v)Vv (40)

With 6 dominant D~ single tag Fitting to DATA

. Eepmc = 300 MeV w Eenmc > 300 MeV
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B[D,*> utv]=(0.495+0.067+0.026)%

B[D.*>1v]=(4.830.65+0.26)%

fpes=(241.0+£16.3+6.6) MeV
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Comparison of f,, and prospect at BESIII

Yty + +,
V2 7" = 1,012 £ 0.015 + 0.000 (V2 7M1 = 0,062 + 0.005 + 0.014
|V KM fiter| — 0. 97343 4+ 0.00015  ~2c difference can be better understood
EPJC75(2015)10 by ~3 fb-! data@4.18 GeV

Belle (V) 265.8+ 8.4+ 13.5
Belle THY
CLEQ-c 1 TE+T'}' 269.8+ 9.6+ 104 S——

Babar  trv(e"(ut)vV) 2455+ 8.6+ 12.2 eme—

G
[
('
Tv(
Tv(
™v(

u counter of BESIII may
help to suppress
background in D*2>u*v

vy 254.4+ 7.8t 8.5 ——

Roughly estimated with CLEO-c TvEW) — 2528:11.2¢ 5.5  =bm==
CLEO-c results CLEO-c Tv(p'V) 258.0+ 13.3+ 5.2 ——
CLEO-c tHv(n'7) 278.2£ 175+ 4.4 ———
If systematic is the same Belle W 2498t 6.55 50 et
as CLEO-c measurement Babar W'V 2659t 8.4+ 1.7 S —
CLEO-c p'v 25765103 4.3 e —
Result at 4.009 GeV is not Expected " 2EBEL 41 43 B

included due to large error " e Lol b e b L
_ 120 140 160 180 200 220 240 260 280 300
D.*=>1*v will further f,- (MeV)

iImprove measurements 12




Semi-leptonic decay D=2 K(x)l*v

Veq +
D _EE" g ‘ :;;_'-f-‘hrﬁ\'{;l'\. T - Ve
v SR N T .
g9 __f; wmmhn.— P
q
()
. . _ dr GE|Veas? -
Differential rates: dz — X 2ans P I(@)]

Bridge to precisely measure:

= Form factors f,P?K®(0) with input [V g |CKMitter

— Single pole form — Modified pole model
2y S (0) 2y J+(0)
S (qa”) = 1 — ]w%ile S (q7) (1— Aﬁp:c)(l — CVA%Z]C)
— ISGW?2 model — Series expansion model

2
Tsawe

—2
) = i) (1 B )] ) St (1 S otz

= CKM matrix element |V 4| with input f,-QCDD>Km(Q)
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Calibration of LQCD

20 T T T T T | ‘
0 + .
(&) D e PRD92(2015)072012 >"="-
- —®—aata - - ata
—_— C. Aubin et al. (Fermilab Lattice Collaboration, MIL _
LQCD Collaboration, and HPQCD Collaboration), Phys. Rev. Lett. | LQCD
15 - [ ]LQCD stat. e 94, 011601 (2005). [ ]LQCD stat. error
' FZZ LQCD syst. error B8] LQCD syst. error
o — 2 —
(=3 =4 &
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1 L
05 : : | . | . O | 1 | 1
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DO>K-e*v DO>metv
f (0)[V| | 0.7209+0.0022+0.0033 f *(0)[Vog| | 0.1475+0.0014+0.0005
Simple Pole
Mool 1.9207+0.0103+0.0069 Mool 1.9114+0.0118+0.0038
f *(0)|V.| | 0.7163+0.0024+0.0034 f *(0)[Voel | 0.1437+0.0017+0.0008
Mod. Pole
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Comparison of |V

Method:D [—utv

F—s— 1.009+0.040+0.020 CLEO-c

Method:D [—1tv

F—=— 1.015+0.030+0.018 CLEO-c

0.220x0.005 PDG2016

0.223+0.010=0.004 HPQCD calculation

PRD86 (2012) 054510, CLEO-c (D *—utv)

0.22510.0060.010 HPQCD calculation

PRD84 (2011) 114505, CLEO-c (D —Te*v)

0.221020.0058£0.0047 BESIII(D*—ut*v)
PRD89(2014) 051104 (CHARM2012)

= 0.995+0.016 PDG2016
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PRD92 (2015) 072012
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by large LQCD uncertainty
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Events /(0.018 GeV/ch)

Events /(0.018 Gevi/cH)

Analysis of D*>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) %

_B(Dt — K%e"’ye) B(D~ — Koe 7e)
OF =
> After reconstructing all other particles, - B(DT = Kietv.) + B(D™ — K}e 7,)
KL can b(_a 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

o IID‘—)K*T:*T:*TE“ tag 3,

o ‘muu o

3 | 8 + .

= 1e D*>K, e+vis

s . i measured for

= =

o g, LR 1 . .

Lﬁ el Lr:PJ'J-\_I ‘ujﬂ-"uuq_ M_H“Lﬂ '- Lﬁ th e fl rSt tl m e
g2 (Gevich) T2 (Geviich)

s T
- < ) i
S = PRD92(2015)112008
I . |.:.",_ . L% iy |_%J WLHL"‘ -'"“PLH " L----l-fl Ll Wlth 6 domlnant
""""" e et it oP e P phisose Tp ool o oan o loo o, 1TRTES o 1t e IR g2 0T '1 ". e .
qz(Ge‘v‘QIC“j g2 (Geviict) q?(eevzm*‘) D Slngle tag

fK,(0)|V| =0.728+0.0060.011 r,=a,/a,=-1.91+0.330.24 18



Absolute BF for D*=>K?O%*v via KO>rt0x0

800~

Events /(0.01 GeV)
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With 6 dominant D~ single tag

CPCA0(2016)113001

(=2 ]
| ]
L=
T | |

' 5013478 ]

O ot e

miss

00 01 02 03

(GeY)

Taking tp., Tp, B[D*>Ke*v] and
B[D*>K%*v] from the PDG as input

1 I LI
8.95+1.59+0.67 R’
BES[3]1]

8.83+0.10+0.20 R’ s+
CLEC[4]

% 8.83+0.22
PDG[1]

%4 8.96+0.05-0.21 K K’
é BESIITI([&]
%.

I—%% 8.5910.14+0.21 T _srorx®
/ AT 1470, K -

9 10 11 12 13 14

B(D'—K €*v,) (%)

[[D° - Ke'v]

=0.969+0.025

T[D* - K e'v]

Agrees with isospin conservation within 1.2c

19




Analysis of D*=>Ko(nP) e*v

_— =<1 pz T T T T T T

= >0l arXiv: 1703.09804,
§ I (a) submitted to PRD!
w 15+ 7
o~ | |
— 10

P i

= 5

W) L

=

Ll

y

-0.1 O 0.1
Umiss (GeV)

B[D" — K e'v] = (8.604 + 0.056 + 0.151)%

0.2

ITD° > K e'v]
[[D* - K e'V]

=1.03+0.01+£0.02

T T I T T T T I T T T T | T T T T I T T T
BES-II[14] &.95+1.59x0.67

CLEO-c [15] 8.83+0.10£0.20

PDG [8] 8.90+0.15

BESIII [16]
(K —KD)
BESIN[17]

(K —Kg—nr)

8.962+0.054+0.206
8.59+0.14+0.21

T_I{}is work 5.60+0.06+0.15
(K —Kg—mr)

5 6 7 8 9 10
B(D"—K e*vp) (107

3 =<1 Olz S
(b)) | .
1 -

02 o© 02 0.4
Umiss (GeV)

B[D" — z%"Vv] = (3.631+0.075+0.051) x 10~

[D° - 77 e"V]
21D — 7°%*V]

=1.03+0.03£0.02

CLEO-c [15] 4.05+0,16+£0.09
PDG [8] 4.0540.18
This work 3.63+0.0840.05 —

24 26 28 3 3.2 34 36 38 4 4.2
B(D*—n%*v,) (107)



Comparisons of FFs by D*=>K9(r%)e*v

submitted to PRD

1 OO T T I LI T T
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B —e— Dat 7
s P ata ]
< 80 - — — Single Pole Model
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arXiv: 1703.09804,

1 2
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LI 5 LN L L L L L [RLAL I
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D°— xe'v 3
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BABAR  0.610.02:0.005 et .
D' o'y, First ai
CLEO-c  0.666=0.019+0.005 secon d
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BESIII  0.6372:0.008:0.0044 are stal
D’ xe'v,
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Improved BF for D*>Ko%u*v

With 6 dominant D~ single tag

EPJC76(2016)369

_IO + — | | |
3000~ KIDmw'm 16516+ 130
o (8.72+ 0.07+ 0.18)%
2000 ] Our result
Simultaneous fits
% 1000 7] e (9.20+ 0.60)%
o PDG2014
S 0
£ 300 F——  (9.27+ 0.69+ 0.59+ 0.61)%
s FOCUS
200
: . | (10.30+ 2.30+ 0.80)%
100 BES-II
') | | | | 1 | 1
' 0.1 0.15 0.2 0.25
[[D° — K p'v] _ 096340044 Support isospin conservation in
Taking B[D%> K p*v] I[D" - K u'V] these two decays within errors
and B[D*>K%*V] . =0 : :
from the PDG as input I'D" > K u'v] _ 0.988 4 0.033 Consistent with theory

[[D* — K e'v]

prediction 0.97 within error 22



Lepton universality in DY"=2>g-O)+y

. . t
> Lepton universality (LU) ﬁ;soggeir Wlth 3(6) dommant DO( )smgle tag

B(D*® — 77 1) used for (52 - S
0+ _ _ L 2 /663 D TV Oprt §
Riy™ = B(D0(+) s 7 Ot V) 0.97 pP>0.5 GeYoo — f H Kom'n -~
= o0k Ot E
Expectations based on ZPC46 = 200 - o Other .
(1990)93, PRD69 (2004)074025, S ok ! :
PLB633(2006)61 and PDG16 = = (b)) D@ i \ .
- 2 so0f 1340842 D M‘ iy, :
BFs on PDG16: = - -
200 — =
R’,=0.82£0.08 (~2.00) 100 =
B(D'—-r~p*v) = (0.237+0.024)% 9(:2 0.0 o> o4
Large error in B[D®>ru*v] and no M7 (GeV¥/ch)
B[D*>nutv] measurement. BFs:  BD@°-srutv) = (ﬂ.Zﬁ?tD-.UU?iﬂ.DU-?}%
Improved measurements are desired agrees with PDG and with better precision
B(D*—>n°u*v) = (0.342+0.011+0.010)%
> Isospin symmetry (IS) measured for the first time
S|ED° > 7 ltv) LU: R?,=0.918+0.036  R{[;=0.921+0.045

RIS = 70
AHR V)'L agree with expectation in 1.5(1.1) o
PDG16: R5=0.911+0.043 (2.16) |s: R}:=0.990+0.054

BESIIl: Rj5=1.03+0.03+0.02 agrees with IS prediction within uncertainty



Search for D) - a,(980)“e*v

= Explore the nontrivial internal structure of light hadron mesons,
traditional gq 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
of classification of light

With 3(6) dominant D% single tag

L 14

scalar mesons g =
R = B(D*-fol*v)+B(D*»altv) g E
- B(Dt-aylty) °F

o]

\
|
L\
i

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

Events/0.0545GeV
oNaaa
/ LA A A

ONAOTON

- |

(c)

® B(D° - ay(980) " e*v,) X B(ap(980)™ - nm")
= (1123331 (stat) + 0.10(syst)) x 107*

5.9g

® B(D* — ay(980)°%*v,) x B(ay(980)° — nr°)

. 2 . . 3.0
= (1.47%%73(stat) + 0.14(syst)) x 10~ ’
0.5¢

= 12
m NGeVic)

ot

STIEr

Events/0.0364GeV
-]

® B(D* - ay(980)%*v,) x B(a,(980)° = nn°)

<27x107* @90%C.L
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Search for D* = hee

In SM, D°D° mixing, CP violation and rare decay of charm are small

D°D mixing x~y~10°=> I, =[x*+y°]J)2=10°
CP violationasymmetries ~107°

Raredecays<10™ With single tag method

M.G. Zhao (BESIII) arXiv: 1605.08952, prepared proceeding of Charm2015

Dt — Ktete FCNC decay
:\L._"- L8 = " - * - ) . " ..
— - - '-
I - s m - -
S o em T R T Blinding
-] - signal region,
and study
- backgrounds
DY —- K etet based on MC
188 -0 . . and sideband
= data.
6 - o " "Igél-. -
1.8 - L e S LNV decay
- . . :.-“ .
- & T aw - -
1.84 - i - - 1.84 " L

-0.10 0.05 0,00 005 0.10 =010 005 0.00

AE [GeV]

B(D" —3)\[><107°%] Ktete K etet wmiete

CLEO 3.0 3.5 5.9
Babar 1.0 0.9 1.1
PDG 1.0 0.9 1.1

This work 1.2 0.6 0.3
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Search for D* = DY%"*v

vﬂ
+
‘;TT‘< et Applying the SU(3) symmetry for the light quarks, this rare
> >

d a decay branching fraction can be predicted by theoretical
calculation and its theoretical value is 2.78x 1072 [EPIC,
D* DO 59:841-845(2009)]
c > > c

With 6 dominant D~ single tag

MDY > K a E af ] =
o3 £ sf =
£ Il jpretiminary E
‘_;:-__; “f . ; _ . f .__::.:_‘-. g; _r—-.r-"-"ﬂ-_.____ ; f
= CID" s> Kax'm 1 = °F E
— [ — - 3
e B 1 = 1 = =
— - —— — ]
= ol {1 s 3 I 3
= : ] s 2t TS = E
= of = : ] = e o -
SED" > K a*a® E s .
al - - 117 1 ]
2f ] = I 1 E
o i1.54 1.856 1.88 o _-15;;3; R 1.9
NI (Ge™N STy NP (GeWVicH)

B[D*->D%*v] <8.7 X 10 @90%C.L.
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Search for D* - yet*v

J.C. Yang and M.Z. Yang, NPB889,778(2014)

Various theory models
W M predict BFs in 105104

(a) o) Figure 1: Feynman diagrams of short-distance contribution at tree level (taken from
Ref. [1]). The double line represents the heavy quark propagator. Fig.(a) and (b)
are structure-dependent radiative decays, Fig.(c) is the Bremsstrahlung radiative
decay. Fig.(d) is suppresssed by a factor of 1/m.
) ()
Tree level amplitudes arXiv: 1702.05837[hep-ex], accepted by PRD(RC)
12
With 6 dominant D~ single tag @ F
& 8000 |-
1 50 [ T T T T I T T T T I T T T T | T T T T E :
B O 6000
} B - = :
= § = 4000 [
100 [~ = S C
= I & 2000
— i C
% - a -
S sof E b A ..
S~ - = -0.02 -0.01 0 0.01 0.02
=t B(D*—y e*v,)(%)

S EGE U (GeV) 0.1 0.2 B[D+9YG+V]|Ey>10 Mev<3°0><10_4

tion. Dots with error @900/ C L
ram shows the overall O n s
X C 1«
u

> brranching fraction

) The Ui

27

1
The black o
wized to the




A ' decays

C

Scale factor,/ F=3
+ . A} DECAY MODES Fraction (I; /) Confidence level (MeVyc)
> A‘C WaS Observed In 1979 Hadronic modes with a p: S = —1 final states
P K©° ( 23 = 0.6 )% 873
pHK_ [=1 ( 5.0 = 1.3 )% 823
pK*(Bgz_af_’._K [6] ( 1.6 == 0.5 ) % N 685
A(1232) - ( 8.6 == 3.0 ) > 10— 710
+ Yo
B f 2014 ” d .I: + SS«}EZ??-?-Z nnnnnnnnn t el E e x os ;2 eos
~ Before , all decays of A, P K (333 300%
P krl ( 1.2 = 0.4 ) % 568
1 +
are measured relat|Ve to AC Hadronic modes with a hyperon: S = —1 final states
. Aq+ o ( 1.O7+ 0.28) % a64
2>pK-n*, which suffer large At (sesasy% s
. . Axtata— (26 =+ 0.7 )% 807
error of 25%, with high energy S(1385)Frt e, T (7 %4 yx10-3
A
F(1385)  w o t, T — ( 55 = 1.7 ) =< 103 688
data. No absolutg i e
>(1385)F p?, =+ — Ax+t ( 3.7 &£ 3.1 ) =103 363
measurement USIng data /‘I.fr"‘fr"‘fr_:nonresonant . < 8 :10*3 CL=90% 807
. Axtata— a%total (1.8 + 0.8 )% 75T
+
produced at A " pair threshold Amtn o B (1o sosrn
7 b] ( B5 + 3.3 )x 10— 570
ﬁﬂ'if_c)_'_ o [B] (12 + 05 )% R 517
T T e, no 1) or w < 7 > 107 CL=90% 7aT
AKTEKD o (47 = 1.5 ) x 10— 3 S=1.2 443
=(1690)° K+, =0 . AKD (1.3 £ 0.5 )= 10—3 286
> Sum Of BFS Of known decayS >0+ ( 105+ o.zs)::s. 825
4 0 >+ 70 ( 1.00+ 0.34) % 827
=+, . i —3
A, " 1s only about 60% e (55 % 23)=10 o
>+ 0 < 1.4 % CL=95% 575
> mtat ( 1.¥ = 0.5 )% 799
qu.—"‘q.—c‘ (1.8 = 0.8 )% 803
FO0pt gt a— ( 83 £+ 3.1 ) =103 763
> In 2014, Belle reported A —
! Tt [B] (27 + 1.0 )% 560
Improved measurement of o Semiteptonic modes
- pap [€e] ( 2.0 = 0.6 ) % 871

B[A.* 2pK-=t], with a precision A R 2 e
Of ~5% e anything el (n:.‘:'.da: 1.7 ) % —
pet anything ( 1.8 + 0.9 )%

P anything (50 +=16 ) Yo —

Systematic studies of A_*, search for new decays, absolute BF
measurements are important to fully explore the A.* decay mechanisms



First absolute BFs of At 2 Al*v

— 2000F= 77— 1 200
300} PKS P PK'm K ¢n )
) it !
200f 1 1000} T 1 100} (L
100} S : '
I8 ‘ M5y, |
= P r® PR 200r,- y
= 400} A 200} P i
S 200 & 100 f 1oor .
= 200f ol i AV it
S ﬂm‘gx_\ wﬁ""‘""‘?‘*‘-*&.‘ S
S — 200F3 3
» Anr? ' Ao T
= 400f A 200f b )
3 g f 100} B
= 200t IR 100} I e
Pramemmtn Y W*‘—“‘ﬁ L., "f
Lool= 7 | wolZFT 226 228 2.30
| I
50 I‘ 1 200’“""‘“""-"‘:%"" .
M.“.‘»“‘-!&! T
226 228 230 226 228 230
4"113 e (GO\‘(/(."z )
) i
O 10F
) =
i : ' N
=
o 1
=
[ 9]
-~
= 1 |
210" g]
= i
1 1 1 1
-0.2 -0.1 (8] 0.1 0.2

Urniss (GGV)

B[A.*> Ae*v]=(3.63£0.38+0.20)%
T[A; > AR, JTA; D Ae*v,]= 0.96 £0.16+0.04

Theory (1 4- 9 2)%

Theorstical MWModeals dicated branching fr > At
TAE [1] 1.9%%
TR [1] EREC
STI(4) -synmetry limit [2]|9.29%
i [3] A AT
O [4] 5629
=2 (5] 1.08%%
THRZ (6] 2. 16
MNROQME [7] 1.42%%
O 2BR1[E] (3.0 == 0.8)%
QO S#RE (9] (2.6 o 0.47%%
QoD 2RE [9] (5.8 - 1.57%%
STER [10] 2.02% for AL — ATV
STNER [10] 1.58% for A — ALt g
HOS R [10] 47295 for Al — Al oy
HOMNR [10] 4.29% for Al — ATV ey
LO8Re [11] (2.0 £ 0.292% for Al — At ey (COF-type)
P 2014 [14] (2.1 -k 0617
BESIIL (2.682 & 0.88 4= 0.200%%
3 fb! help to explore FF studies
“F " PLB767 (2017)42

3

fam—

—

=

j—

-

Z

=
L
&=

02 01 0 0T o2
Umiss (GeV)

B[A, > Apv,]=(3.49£0.46+0.26)%
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Significantly improved BFs of A.* = decays

PRL116(2016)052001

ST: ~15000 DT: ~1000
3000 F 8 2 - g - g -
- pK? g pKm* ] i pK rrr® 100F  PK] - pKm* l* - pKow’
2000 F s C | 2 B i E
- s I'| S0F - f'* s 4
E 3 | 3 u | r
E . f-g. N o f J‘.“E-; o N JJLL a 1 ahh‘_h_.g._-.‘&&g
E r v E . _
2 S0F  Amt F AT +"|| 2w L 20 AnT F An? I L 451
= 400 « - S $| % 1of a g '
= 200 U A J 1 2 1 o ﬂ E B
%i f L l-‘l. L M:_}T‘N— o | -:-‘a %‘ E + ’11' L l'l 14L — ol 1' 1 ‘H\L
E 300;_ pKOTCO E ATt | 3 O E 20: pK;?TO : At : >
=@ 200 b =S J.I' E +I| [ it 5 15; E
| A | i g * ? jk
100 | | F | o | 53_ \ F E
W&L '—“‘F‘_*-F‘!-L?h_.g- if,_‘\L._ SO L M . k\L_L ST § A |'-.._|
g 15F 3 3
F 0 - F " - T F - + +
2005— pKSTr*:rc ’ll.lll T+ 2 0 10} ngrt*:n: EH0 g E*o
100 [ /3 i ' - sp IPl MML f {
2.26  2.28 2.3 2.26 2.28 2.3 226 228 2.3 226 228 23 226 23 226 228 2.3
My (GeVieD M. (GeWCZ)
sT _ Mode This work (%) PDG (%)
K 1.52 £ 0.08 + 0.03 1.15 4 0.30
DT __ _ ¥R pK- =t 584 +0.27 =023 50413
Ny~ = NAS“I‘!LZBEBJEU pKox® 1.87 +0.13 = 0.05 1.65 + 0.50
DT pROrtn 1,53 £0.11 = 0.09 1.30 £ 0.35 Much better
N;’ i £ pK-ntn® 453 +£0.23 030 34410 . -
S S
B, = — Azt 1.24 £ 0.07 £ 0.03 1.07 4 0.28 Precision
Nj Eij Arta® 701 +£0.37+0.19 36413
Artrmt 381 +£024+018 26407
NPT — N 57— E BB et 5%t 1.27 £0.08 = 0.03 1.05 +0.28
- P 1.18 £ 0.10 =+ 0.03 1.00 + 0.34

State 4254+024 £+ 020 36+1.0 30

F
ePT = [Zj(ngij)/ Zij: Yt 156 1 0.20 + 007 27410

i




Events/(1.0 Me\//c

SCS decays A" 2 pK*K-and pr*rm

PRL117(2016)232002 _ +9pK;K+
9 Qyf
. o @ st
o APt || € 5 o
) ~ \S 1
> =10 S0k
a 0 = h.‘ =10p
o s ¢ Lllirhy I o |
00k T 1 U 0 iR
0 9.25 206 20 2.282 228 23 0 105 1.1+115 12 125 13
[ K ~ My (Geiic?) ~ MK K)(GeV/c)
[ v S S|
i M) >1) >10
il - C (¢) O
* 0 o o
i s H o
?25 260 20 28 28 2N e 226 21 228 229 230 z 1k ﬂ L 1
M Inalind M iRalfind IETH 20 18 2% 23 1 B 11105 17 125 13
My (GeViic?) MK K)(GeV/c)

These help to distinguish predictions from different theoretical models and

understand contributions from factorizable effects

Decay modes Brmode/ Bref. Brode B(PDG)
AY = prta (6.70 £ 048 £0.25) x 1077 (3.91 £0.28 £0.15+£0.24) x 10°° (35£2.0) x 1077
AF = po (1.814£0.3340.13) x 107 (1.06 £0.19 £ 0.08 £ 0.06) x 1077 (8242.7) x 10~*

AY = pKTK™ (non-¢) (9.36 £2.22 £0.71) x 1073 (5.47 £1.30 £ 041 £0.33) x 107* (354 1.7) x 1074

31



Observation of A.* = nK.m*

| PIRLI11I8(2017)}1|2001 B[A>nKn*]=(1.82+0.23+0.11)%

I'[A,*>nKom*)/T[A > pK]=0.62+0.09
T[A > nKom*)T[A > pKor]=0.9740.16

First measurement of BF of A_* decay
containing neutron
| T | h u|

c0sS = —0.24 + 0.08

07 08 09 1 11 046 4 0.5 I“-: / I[m ] ]‘-1' :I: [}] ]
Mz (GeV?/ch) M 4+ - (GeV/cz)

Help to understand SU(B) and iSOSpin involving a neutron. Under the isospin symmetry, its

amplitude is related to those of the most favored prot(m

symmetry and determine strong phase  modes A; — pK-z* and A} — pK°z® as A(nK’z’
Cai-Dian Lv et al, PRD93(2016)056008 A(pK=r*) + V2A(pK°z°) = 0. Hence, precise measure

Events/10 MeV?/c!
Events/2.5 MeV /c?

[2,3]. In the three-body A} decay to NKx, the total decay

cosd . ' . . . .
~ amplitudes can be decomposed into two isospin amplitudes
_ B(nK°z") — B(pK =t) of the NK system as isosinglet (I'”)) and isospin-one (7).
2\/8(;;1_(0;1—0) (B(pK—#nt) + B(nf(ﬂ;ﬁ} — B(pf(ﬂgrﬂjj In the factorization limit, the color-allowed tree diagram, in
which the 77 is emitted and the NK is an isosinglet,
- - dominates 1'%, and I'!) is expected to be small compared to

_ B(A, = pK97%) _ B(A, = nK%z") I L

— — 1) as it can only proceed through the color-suppressed tree
P — ) n — . . L . . .
BA, — pK 7™} B(A: — pKx™) diagrams. Though the factorization scheme is spoiled in

R
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Events/0.005 GeV /c?

Observation of A.* 2 Z-ntntn®

More studies of decays containing neutron

ol AT " | BESIpreliminary %
[ E}m 40 =
sl || NoPs=161.3+15p ©
[ =
| S
= 20
&
=

0.2 0.25 0.3 0.35

o
AN R T

AFDEnntnl BESIII preliminary

'lf Nobs=88.14r13.9

My — M, ( GeV /c?)
Preliminary results :

B[AS>E ] =(1.81+0.17)%

0.25 . -
My — M, ( GeV /c? )

B[A,"2Zn*ntn?]=(2.11 £0.33)% [First observation]
where the errors are statistical only. The sources of the systematic errors arise

mainly from the systematic uncertainties in PID, tracking, t° efficiency, fitting,
MC statistics and number of A_~ tags. The total systematic errors are

estimated to be about 5%.

The measured branching fraction for A_*>Z-n*nt is consistent with and
more precise than B[A .*2XZnrt |=(2.3%£0.4)% in PDG2015.



~~ onnl_

g 150%— A +9 p KSO Tag modes AE(GeV) Yields A +9 p K- n"'
3 1a0F- ¢ A7 — pKY -0.021, 0.019] 1220 + 37 ¢
NI ‘ A7 5 pKta~  [0.020,0.015] 6088 + 85
E 120; * P —
S 100 ‘\(\® 5 %00 '\(\
@ f . ((\ 2 400 . ((\
so[- \\ E \\
E e = Q
60 ‘ 300E Q‘
a0 Q 200
20— | ! 100 l i
ok I Dt tocedpermtoiont

2255 226 2.265 227 2275 2.28 2.285 2.29

2.2905 23

M, (GeVic?)

. 106+29 ——

Lo s
A

228
2'2‘? ”E E...I.:..a .-l-uln‘.:-.:u-..l:.-. -E sessrmassaanmann
2.265 ) : \’ i -
224 C - D E
2.255 ' i . : i )
225 I1I.1I I I1I.'-I1D:5= } ‘IIJ‘I‘I‘ . 11'15 : '.Llii‘ ‘1‘71L2I5 I 1tI3- I1I.I 5
M, (GeV/
A _BAY 9 A+ X) - B(A; 5> A+ X)
PTBAF 5> A+ X)+BA: » A+ X)

2255 226 2.265 2.27 2275 2.28 2.285 2.29 2295 3
M, (GeV/c)

Help to explore the source of missing
decays and search for new decay. Better
input for charm baryon and B physics

Nﬂg = N_g _{Hrl + Ng}fz - HD +r- {Nc + NE}_}'E

B(A: > A+ X) = (36.98 +2.18)% stat. only

Agrees with PDG2015 value (35+£11)%o,

Decay mode  Branching fraction(%) Acp
A=A+ X 38.02+£3.24

0.02 £ 0.06
A- A+ X 3670£3.04
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Events/(0.005GeV/c?)

8

N (o)}
o o
T

N
o

Observation/Evidence of D> on

Double tag method

D*>nn*
(@) D" — an*

506 07 08 03
M, (GeVic)

(@) Df—or
i lendf= 1.14

|||||||||||||||||||

0 02 04 06 08 f
I,

Events/(0.01GeV/c?)

N_, o(corr.)

40 DO%>nn°
i (b) D* — on® ||‘
30"
200
10/
8506 07 58 09
M, (GeVic?)
400F (b) " on®
- ylindf = 1,503 |
200}
o1
- |
0030408 05
H,|

PRL116(2016)082001

Decay mode This work Previous meausurements

Dt s wrt (274£058£0.17) x 107* < 34 x 10~*at90% C.L.
DY = wr® (1.0540.4140.09) x 107 < 26 x 10~* at90% C.L.
Dt —yrt (3134£022£019) x 107 (3534£021) x 10~
DY = (0.6740.1040.05) x 1073 (0.68+0.07) x 10~

Studies of Singly Cabibbo-
suppressed decays is limited
by data set and background

Benefit the understanding
of SU(3) symmetry breaking
and CP violation, improve
theory calculation
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Amplitude analysis of D> K-n*r*r-

Help to determine the absolute BF, strong phase, benefit y/¢,

Previous analyses only from Marklll and E691

Z T T :',,':,600' T y : prrrTrTT Amplitude b; Fit fraction (%)
fa i ‘: (b) gm ﬂ"‘* () 1 Do —= K*p° 235+0.06+018 65+05+08
: o | 1 | l 1 DP]—= K*p° —225+0.08+0.15 23+02=+0.1
W . J' o J D°[D] — K*p° 24940.06+011 79404407
i o 1 J o1 D' K af(1260), of (1260)(S 0(fixed) 5324 2.8 +4.0
M ' I wﬁ ] D"—»K— F(1260), af’ 1260 ; —2114£0.15+0.21 0.3+0.1£0.1

nt TIRTTTIN . cr, NI ‘%’”ﬂq' ‘";:ﬂ)l' AT D° — K;(1270)7* )[S] —u‘\:*%— 1484021024 01401201
) (GeVie) aKm) (GeVie) m[rr*n Ge\;c Db — Kf(l??(l)fr )[D] = K%~  3.00£0.09£0.15 07£024£0.2
T w' ‘{' MR D“—>K‘{127 )~ I [12?{} — K" —246+0.06+0.21 3.4+03=+0.5
Ezow "“W (d) j ‘mm (e) gm | D" = (p"K~)an™, (p"K~)a[D] — K~ p" —043+£0.09+0.12 11402403
: M\W B o 1 ‘ ~| D° = (K= p%prm —0144+0114+010 T744+16+57
e w i ‘ ' i D° — u\ :msp —245+019+047 20+07+19
| tg i w V1w DO — (K= p)ynt —1.344£0.12+0.09 0.44+0.10.1
f \\ 10 j,y'” = M D° — (K7 )pr+ —2.094£012+0.22 24+05£05
A I'ok' NI I __l,ﬁ”“ - \ M ‘1< e D° - K*(x*n)g —0.17 £0.11 £0.12 2.(_’>ﬂ:{}.6j:[].6
e (V0 u ) (V) ke GV D= (K0n )yrt —2134+0.10+0.11 0.8+0.1+0.1

QE ‘ T aasaaaananss B Nanannanssvenanany D" = (K~n*)sm™)amt —1.36+£0.08+0.37 56+09+2.7
o ng) 132 ” W‘(h} 560 et H () I D°— K~((rtx)smt)a —223+0.08+0.22 13.1+19+22
2 Wﬂ ﬂ b lh 1 D° — (K—n+)g(mtn)g —1.40+0.04+022 163+05+06
& N 18 ’ \ Ry {4 DOIS] = (K—wt)y(rtn— 1.594+£0.13+041 54+£12+19
w"l S . '{ﬁ 1 D° — (K—n%)s(xtn )y —0.16£0.17+043 1.9£0.6+1.2

o ; ] \& i 1 D= (Knf)y(rtn)s 258+ 0.08+025 29+05+17
"'*”B’.?M;'tds“i‘ ‘\ A OTTIUOTIR! R PO SO S DZ [Ix_ﬂi)ﬂﬁ )s —‘2).92i0..}4:().1—)2 [].L?)i{}.:li[].l
(m)m 5 wer) GV , D" = (K-rt)g(atn ) 245+0.12+037  05+£0.1+0.1

arXiv: 1701.08591,
submitted to PRD
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Absolute BFs and y., of DK, n°(n°)

® Two dimensional fits to Mg(tag) versus Mg(signal)
® Projections of DT evens on the Mg(sig) vs. K1r (for example)

400

ED—> Kgn®

350 FN,g = 163149
ka, = 14129

Entries / 1.0 MeV/c®

PEE T8 185" 188
My, / GeVic?

Branching fractions and asymm%{é%lstlcal @h‘lym =

— Br(D — Kp7n's)

R(D — K 's) =
(D— Kgr+'s) Br(D — Kgn's) + Br(D — Kp7's)

Table 10: Decay rates and the asymmetries of D —

187 188

Br(D —

Kgr's)

F T R
1.85 1.86 1.87 1.88
My / GeVic?

0
K ,7® and D — K32, 707

D — Kg,n°

B‘I‘[{b,,rn ((%)

Brl\'ur” (%‘)

R(D — Kgm)

Krm | 1.2084+0.041 | 1.061£0.038 | 0.0646£0.0245
K3m | 1.21240.037 | 0.985%0.036 | 0.1035£0.0237
Knar® | 1.25140.028 | 0.95340.029 | 0.135140.0186

All 1.23040.020 | 0.991£0.019 | 0.1077%0.0125

D — K9 77"
B'I'Kb,gﬁo(%) B"’[\'I‘Qﬂ—ﬂ(/) R(D — [\'S‘LQTTO)

Kr | 1.02440.049 | 1.29940.080 | -0.1183%40.0385
K3m | 0.887+0.043 | 1.09740.073 | -0.106040.0409
Krr¥ | 1.010£0.036 | 1.15840.060 | -0.068140.0313

All | 0.975+0.024 | 1.175+0.040 | -0.0929+0.0209

Entries / 1.0 MeV/
2 @ 2 B
o O O O

P&""Te4 185 1.8

[+
(=]
T T

Entries / 1.0 MeV/c?
Y
[=]

N
(=]
T

OTO

222 2 23
3,5 S‘!‘ ?I!‘B ?va

ellmlnaryf

A RooPiot of “The

mass (Gevi™ ]

(c) K% VS Kev ta

. -
e Constri mass (GeV)

side

R S 04
'The Beam Consiraint mass (GeV)

(d) K7=°
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Events / (1.2 MeVic?)

Events / (1.2 MeV/c?)

Absolute BFs and A, of D*2>Kg, K*(10)

...........

o wE T
R N g Jrw |
L [ o F L £ 400 |
SN N & SN i
i "‘ 3 PO i o H
100~ ﬁ g 100~ }ll 1 g g '_ l{
[y Il l*k. »@ f
LY N °W“ R 1.86 188
e L‘%?T% e
150 150 ]
[ DKk { < F KK $§) } < < DK H
o (N {SE i - f
[ H S0 H - - [
i B! = [ = I .
T {{ \ § 1 ,* *'; § § . .’1‘
3 : . i \.gm
Loy 156 1. Ry 166 168 == 186 766 W
Mg (GeVich) Mg, (GeVic) Mg (GeVich) Mg (GeVic)
B(DT)—B(D™)
Acp = —
The first and second uncertainties are statistical and systematic B(D*)+ B(D~)
Mode B(D1) (x1073) B(D™) (x1073) B (x1073) Acp (%)
K%Ki 3.01 £0.12 £ 0.10 3.10 £0.12 £0.10 3.06 £ 0.09 4+ 0.10 -1.5+284+1.6
0 7o+ .0 i
KoK=m 5.23 £0.28 £ 0.24 5.09 :I:g%’gt' Plzﬁ)rell?ﬂﬁféi’ﬁl + 0.23 144+40+24
K%Ki 3.13 £0.14 £ 0.13 3.32 £0.15£0.13 323 +£0.11 £ 0.13 3.0+£324+1.2
K%Kiwo 5.17 £0.30 £ 0.21 5.26 & 0.30 = 0.20 522 £0.22 £ 0.21 -09+41x1.6
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BF measurements of some D) PP

Gk poy gt 1 =} po, kiK? . D% Kt
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,Npogo = (10,621 £ 29(514¢)) X 103, Ny~ = (8,296 % 31 4r)) X 103

quoted from Derrick’s talk given at APS2014

The B(D® - K~m*) has been corrected by the PDG value of B(D® = K*17).

For

better precision than the present values.

, it shows

The study of the hadronic decays of charmed D mesons is of
great significance in the study of the strong and weak
interactions in D decays.

The analysis on D — PP modes will provide materials for the
study of S_UE';} breaking effect’ . And the observation of CP
violation in D decay is commonly believed to be indications of

new physics.

D° - K~m* is an important normalization mode.

Most of the D decays have been studied by CLEO in 20107,
other measurements come from Belle?, BaBar® and CDF°, etc.

Some of the branching fractions (BFs) are not well established.

With the 2.93 fb~! data taken at 3.77

GeV within BESIII, the

results will help to improve these measurements.

Mode :iztnal e (%) Bt (stat) % (sys) Bepg

s otrT 211054249 66.03+025 (1.50540.01840.031) x 107°  (1.42140.025) x 1072
re I 183142 aﬂyi M3 62824032 (422040.020+0.087) x 1072 (4.01£0.07) x 1073
K™xt  537745+767  64.98+0.00 (3.896 4 0.006 + 0.073) % (3.93+0.04) %
K2r? 66539 +302  38.06 +0.17 (1.236 £ 0.006 + 0.032) % (1.20 £ 0.04) %
Kgn 9532+ 126 31.96+0.14 (5.149+0.068 £0.134) x 107> (4.85£0.30) x 10
Kén’ 3007+ 61 12.66+0.08 (95624 0.197 +0.379) x 107> (9.5+0.5) x 1073
wnt 10108+ 267  48.98£0.34  (1.259£0.033+0.025) x 107°  (1.24£0.06) x 1073
Kt 1834 +168 51524042 (21714£0.19840.060) x 0% (1.89+0.25) x 107*
't 11636+ 215  46.96+£0.25 (3.790 £ 0.070+£0.075) x 10~°  (3.66+0.22) x 1073
nk* 530+ 72 4821£031 (1.303£0.22840.124) x 10°%  (1.1240.18) x 10~*
't 3088+ 83 21494018 (5.12240.14040.210)x 107°  (4.84+0.31) x 107°
n'K* 87+ 25 22394022 (13774+042840202) x107%  (1.83+£0.23) x 107*
Kgﬂ'"' 03884+ 352  51.38+0.18  (1.59140.006 +0.033) x 107> (153 +0.06) x 1072
Kokt 17704+151 4845014 (3.183+£0.028+0065) x 107 (29540.15) x 107
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BFs of D*2>2K K(m)* and D°2>2(3)Ks

Comprehensive or improved measurements BF of D> KK will be helpful to

of 3-body decays benefit the understanding explore the SU(3) symmetry breaking
of the interplay between weak and strong in D decays

interactions in multibody decays, where

theory is poor than 2-body decays

< 600} (a) ? J1000f (D) 2 1 150 { 100} (d)
= 400} SO - % 1100 1 | | ]
isz— IE 3 s00¢ 14 1 s0 { 59 ## ]
T MINH +W E £ oo | E w ]
3 2ol MY | N d ; i”&%ﬁ’f{l # by
__El'_._. G } } — o } \.‘\ (}W ; 0% } m
% 20f 3 100 i 20f 1 2of
Ak + 5 bopth d ; g ] 10f :
T AT L T
Y as T8 1 .i;s O8a 186 _ 1.88 I[}1.33; 186 _ 1.88 .84 1.88

1.86
Mg (Gelich) Mo (GeVic?) Mg (Gelic?) Mg (GeVic)

Comparisons of the branching fractions (in 10~%) measured in this work with the PDG values

Decay maodes This work FDG
DY S KOKGKT 254205 £12 45120
PLB765(2017)231  D* - KgKsrt 27005 +12 :
D" - KoK 16720114011 1.7404
D" 5 KEKEKY? 72140334044 914£13 40




DO>K %+~ DPA->(ci,si)

6,8 can be measured using the Double Tags: at 3 . 7 73 G eV g 3
DY Kea'a s (Ko ' or CP tags) S5
E
2 2

It h

e o bin
/’C'vqn,dsv.._ Cﬂ”di\ \'/T e
(K vs CP tags] L Kia™n v CP tags] 0 e
R " | ‘ i*"* bin
0 05 1 15 2 25 3

- + - fo oot
Ker'z v Ken'n| Kz vsksr'n ] m? (GoVic")
Mirrored binning over x=y makes it so ¢; = c;and 5; = —s;

Use both (c.) and (ci,s) to further constrain the results (6 )

Ci Si Ci &;

3 - = = ol 5
: BESTIT preliminary :
3 h = o ] & :
0.55— I:F Eﬁ 0.55— E
f o I :
L _ # :
N 2 ;
C D Model prediction G I F
E o BES| o :ﬂ

1 bl loesls |...|..'CLEO_c Y- YRS FRTRIRTRTE FETEE FTUTE FATTE FAUTE FITRE AW 1 :. 1 1 1 Las o |

1 2 3 4 5 [i] o ] Bir? 1 2 3 4 L] G 7 =] B 1.5 1 5 [1] us 1 1.5

Better input to constrain y/¢,
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Blow slide is taken from Liming Zhang’s talk at FPCPV2016

vy combination at LHCDb
Determinel.-_ L gt?—nF"]A(F:I’ E\Fa{'_ gl;;?; é'gments /D"ﬁ:-\ri

- IF - K-
S y o' ®n=7) 7z
= osf \ /
0.6 - EQK’_
o L=]
oab Y = (72 2+88Y)" syst included
: "~ mmocasz BaBar: y= (70+18)°
02—
:  mmoam0s - Beller  y = (73*1%_5)°
05 S0 100 150 B Combination Prospects
[+
Used D decay modes’ [°| Sample Tarar(¥)°
GLW: D— KK ADS: Dok quasiADS D x Kwm Run 1 8
L K=" Run 2 4
- quasi-GLW D— xr'e o m R Upgrade ~ 1
oesE D_'EEE—;;;- f_:le ors D_i?:f,;\‘ Future upgrade  <0.5

o Current one syst. ~2° from CLEO strong phase measurements
o 15-20 fb-! w(3370) data from BESIII are desired to avoid syst. limitation
for upgrade scenario

More y(3770) data at BESIII will better constrain on y/¢4-



Prospects on fy ., f<®™,(0), [V gl and A.*

= Precision of the LQCD calculations of fy,, fye,, fp.ifps IS
0.5%, 0.5% and 0.3%. Measurements of ), and [V 44| DY
D)*2I1"v are still statistics limited. More 10 fb-* data near
3.773/4.18 GeV will help to improve precision to 1% level

= Measurements of |V 4| by D>K(r)e'v is restricted by
precision of LQCD calcualtion 2.4(4.4)%. Improved
theoretical calculation will be very helpful

= Measurement of = (0) by D->re*v decay is still statistics
limited. More 10 fb-! data at 3.773 GeV can improve
precision to 1% level

= In addition, with more 3 fb-1 data in 4.6-4.65 GeV will
help to improve B[A.*2pK~='] to about 2% level and
further explore FF in A_;*>Al*v decays
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Summary

= With 2.93, 0.482, 0.567 fb-! data taken at 3.773, 4.009 and 4.6
GeV, BESIII have studied D, *>I*v and D°>K(n)1*v, searched for
D*0)2>a,(980)°Ce*v, hee, ye*v and D%*v, measurements of D
haronic decays, absolute A.* BFs using near threshold data

s Improved measurements of decay constant fy, and form
factor f,.P?K®(g?) are important to calibrate LQCD calculations

= Improved measurements of CKM matrix element |V 4| are
Important to test the CKM matrix unitarity

= ~80/80/60% of exclusive DYD*/A.* decays are known, more
studies and BFs of D°*) and A_ * are expected in the near future

= ~3 fb-! data@4.18 GeV was accumulated in 2016, measurement
of fpe, and |V | by Dty first FF studies of D,*>n0etv,
Improved BFs of D.* decays...are expected in the near future

m More results with better precision are expected with more data



Thank you!



Study of D> Ve*v

2 2
@ m = (p+ Py ) ® ¢ =(p.: +Pu.)
- K K
@ cos(lx) = |_H-;{ﬂ;_| @ cos(l:) = —Ef—l
® cos(y)=¢-d @ sin(y) = (€ > i) - d

Decay rate depend on
GE|Vss|?

d’T = XBI(m" q" k. 0.\ )dm dq’dcos(fx )d cos(t.)d

6 sl
(47)°mp
@ X = pyxmp, pk« 15 the momentum of the K system in the D rest frame

3 =2p" /m, p¥ is the breakup momentum of the K« system in its rest frame
@ 7 can be expressed in terms of helicity amplitudes Hy :|:

Ho(a”) = 7+ [(mﬂ. m — %) (mp + m)As(a”) — 4725z Ay o’ j]

H+(g%) = (mp + m)Ai(q°) F mﬂi"f,f Vig)

@ Vertor form facter: V(g") = l:;—jnf';,—; or: FF ratio ry = V(0)/A1(0)
—a2/mZ )
@ Axial-vector form fﬂﬂtﬂﬂ.-ﬂl-_{q ) = 3 ﬂ'l'f} — Agf_qz]l = ITL:E%:. or: FF ratio r, = A,(0)/A;(0)

46



PWA analysis of D*>K-rte*v

PRD94(2016)032001 Model independent S-wave phase measurement

; ; ; PFr 140 g
= Fractions with >5¢ significance o LASS para. - E
FDT = (K1%) 055y €ve) = (93.93 + 0.22 4 0.18)% — 100 [ Modelind. =
E C 7
FOT - (K1) s_ywave €7ve) = (6.05+ 0.22+ 0.18)% on 80F A E
= e0f 3
£ C A .
. . e 40 .
= Properties of different Kz (non-) resonant : ]
amplitudes o E
007 0800 T 1112 1314 15 16
my (GeV/c?)
2y . V(0) 2y _ Aq12(0)
. m— V(q ) - 1— Z/mz 2 Al,Z (q ) - 1— Z/mz
m g2 dependent form factors in D*>K™(892)e*v a/my 4°/Ma
< s000 S = My is expected to Mpyq.y
e 132 my = (1.81*3%240.02) GeV/c?
= S.B 1.2 1.4 1.6 = 0.6 0.5 1 1.2 1.4 1_|
. i} my = (2.61%52240.03) GeV/c?
g ]2 A, (0) =057340.011+ 0.020
E } SIS 3 2 ry = V(0)/A; (0) = 1.411 + 0.058 4+ 0.007

QZ (GeVZich)

r, = A;(0)/A; (0) = 0.788 + 0.042 + 0.008

Fvents /0.04
Fvents /0.04n

Model independent form factors

0.5 1
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Measurements of BFs of D.;* 2 nUe*v

= Benefit the understanding of the source of difference of inclusive
decay rates of D%*) and D *

= Complementary information to understand n—nm’ mixing

PRD94(2016)112003
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Umjss (GEV} Umlss [GEV}
BESI CLEOII 95 — CLEOc09 — CLEOc15 PG ]
B(DY = netve)[%] 230 £0.31 £0.08 — 248+020+0.13  2284014+£020 2674029
B(D;r = ety )% 0.9340.30 £0.05 — 091+£033£005 068£015£006  099£0.23

O "W ] N ( | 0 ( |
B(DZ —netve) 0.404£0.14£0.02  0.354£0.09 £0.07 — — —
B(DT —=nety.)
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