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Progress in LQCD Calculation

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

small errors due to
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fDS __ alsoat Latti improved charm-quark action (HISQ)
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Number of Events
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Potential of measuring f,, at 4.18 GeV

IIII"'I"'I"'I"'I"'I"'I"'IIII
Belle W (UVY) 265.8+ 8.4+ 13.5

Belle Tv(e"vV) 254 .4+ 7.8+ 8.5 ——

CLEO-c tv(n™) 269.8+ 9.6£10.4 E——
Babar V(e (ut)vl) 245.5+ B8.6F 12.2 =——t—

CLEO-c ttv(e'vW) 252.8+ 11.2¢ 5.5 ——

CLEO-c tv(p'V) 258.0+ 13.3¢ 5.2 ——

CLEQ-c V(1’7 278.2£ 17.5¢ 4.4 ——
Belle (L4 249.8+ 6.5¢ 5.0 e

Babar (R4 265.9+ 8.4+ 7.7 ——
CLEO-c u*v 257.6+ 10.3+ 4.3 ——

Expect pu*v 3 fb-L: 1.5%Stat_+1.5%CLEOSyS_ e——

PR T R RN N TN T T TR TN TN AT T TN T T N U N N TN B

120 140 160 180 200 220 240 260 280 300
f. (MeV)

D> TV IE ATk — 55 B LR

11



Events / { 0.17 MeV/c?)

30000 |

20000

10000 |

DO>K(m)ev > 2250 (07)|V s |

- (@
;-Doé Kt

e (C)
D> K nt

40000 3
30000 |- D> Km0 :
20000 3
10000 5

™ 10000770 ]
DK n-m* 1

L Dtag
\ \ \
182 184 186 188
2
Mg (GeVic?)
'K e*w) /T eocan
——— (3.454H0.10+H0.19) 9 BELLE
[ (3.50+-0.03+0.04) G CLEO—c
H (3.505+0.014+0.033) % BESIII
PRDO92 (2015) 072012
T (K etw) /AT (K 7Tt )=<T FPEI013 ety
] ] (3.5330.27+0.434+0.05) %% E&91
[ E—————— (3. 49+-0.23420.234+0.05) G CLEO
——=—"— (3.80+0.101t0.17+0.05) % CLEOZ2
| — (3.60+-0.03+-0.05+0.05) 9 BaBax
- (3.554+-0.05) % PDGZ2014
I 1 1 1 1 1 1 1 | 1 1 1 1 I 1 1 I 1 1 1 1 I 1 1 1 1

" B[D

41-5; I 5 5.5
U 2>K-etv]

PRD9|2(2015)|072012|

: : ]
| a
@) B, . =(3.505+0.014+0.033)%
4000 — D" —>Ke'v
2000 — -
== L _
L
= = _
L 8] y I e T
o ) |
- 400 B, _. =(0.2950+0.0041+0.0026)%
w L D>z e'v
—
oL 300 [—
= L
(i
200 [—
100 —
o -
-0.2 -0.1 o 0.1 0.2
U iss (GeV)
Tt e /Tegean
}—_—{ (0. Z279+0.027+H0.016) T BELLE
H (0. 2880008 H0.003) % CLEO—c
H (. 29500 0041-0.0026) %
BESIII PRD92Z (2015)072012
H (0. 277000068 +H0.0099) %
Babar PRD91 (2015) 052022
I (T etw) /1 (K etw)=<[ TPF2012 (pravsr)
|————| (0359007 1120.01 1HO.005) 9 E&e91
I O.3661-0.1381+0.04600.005) % CLEO
— (0. 291 +0.021+-0.0 183 +0.004) G CLEOZ
H (0. 289 +0.008) %% PDEZ2014
1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

0.8 1

B[D® Dmev]




AT/g® (ns 'GeV e

WM BRI R UG D>, (0)|V o) |

PRD92(2015)072012
100 ' — T T 6 ' !
- %K ey, il - Dsmety, .
)\\ —— data 7 B —— data .
80 B N — Single pole model | = Single pole model
N, Modified pole model I A - Modified pole model |
60 - === ZE0fiRE (ZR21) | === 7 SEHES (2 par)
I Z seres (3 par) 1 8 1 e e Z geries (3 par)
40 — — |
0 \\ ‘ 5 )
0 | I B N 0 | | . | ‘\;:
0 0.5 1 1.5 2 0 1 2 3
o2 (Gevch) ¢ (GeVre')
— Single pole form — Modified pole model
oy [ (0) ‘ /1 (0)
Si(q?) = ———5— 7?) = s >
| g - ST = T (0 — e

— Series expansion model
flt) = m%(%) (1 D OIE fo}]k) 13



ZIELQCDHH&

PRD92(2015)072012

' T
(a) D°-»Ke*v,
L —=— data
—_— | QCD

T T T T T 1
C. Aubin et al. (Fermilab Lattice Collaboration, MILC | (b) D°»wetv,
Collaboration, and HPQCT Collaboration), Phys. Rev. Lett. — —=— data ¢ ]
94, 011601 (2005). — LQCD '

1.0

0.5

| [ ]LQCD stat. error

B LQCD syst. error

" [__]LQCD stat. error
FZ% LQCD syst. error

0 0.5 1 1.5 z 0 1 2
P (GeV3/ch P (GeV3/ch
DO>K-etv DO>metv
f (0| Vsl 0.7209+0.0022+0.0033 f,.7(0)|V 4l 0.1475+0.0014+0.0005
Simple Pole
Mpole 1.9207+0.0103+0.0069 Mpole 1.9114+0.0118+0.0038
Vod. Pol f  (0)|V el 0.7163+0.0024+0.0034 . (0)|V¢4l 0.1437+0.0017+0.0008
od. Pole
o 0.3088+0.0195+0.0129 o 0.2794+0.0345+0.0113
f (0| Vsl 0.717240.0025+0.0035 f,.7(0)|V 4l 0.1435+0.0018+0.0009 ‘
Series.2.Par
ry -2.2278+0.0864+0.0575 ry -2.0365+0.0807+0.0260
f (0)| Vel 0.719640.003510.0041 . (0)|V4l 0.1420£0.0024+0.0010
Series.3.Par ry -2.3331+0.1587+0.0804 ry -1.8434+0.2212+0.0690
r, 3.42234+3.9090+2.4092 r, -1.3871+1.4615+0.4677 14




f,X@(0)M €

fDeK(n)_i_(O) |VCS(d)| |é

= —0.7810.041+0.03 BES—II

PLB597, 39

- 0.739+0.007+0.005 CLEO-c
PRDS0, 032005, 3.Par.Ser.

0.695+0.007+0.022 BELLE
PRL97,061804, Mod.Pole

e 0.727+0.007+0.005 BABAR
PRD76, 052005, ISGW2

b 0.7368+0.0026+0.0036
PRD92 (2015) 072012
BESIITI, 2 .Par.Ser.

F~— 0.7474+0.011+0.015 HPQCD
PRP82(2010)1}4506
| | | | | 1 |

0.7 0.8 0.9 1

f.%(0)

D=>K
fo=>Km,(0)
S 0.7310.1410.06 BES-ITI
PLB597, 39
F—— 0.666+0.019+0.005 CLEO-c

PRD80, 032005, 3.Par.Ser.

—— 0.624+0.020+0.007 BELLE
PRL97,061804, Mod.Pole

F—— 0.610+0.017+0.011
PRD91 (2015) 052022
Babar, 3—Par. Ser.

Babar

Fa] PRD92 (2015) 072012
BESIII,2—-Par.Ser.

F—o— 0.666+0.020+0.021
PRD84 (2011) 114505

HPQCD

0.6 0.7 0.9 1

0.8
f,%(0)

15




‘Vcs(d)

= k1 B[D2>I*V]

n 5% 2 fO>K® (0)|V gl

Method:D ! —u+v
F—=— 1.009+0.040+0.020 CLEO—c

Method:D !—1tv
F—=— 1.015+0.030+0.018 CLEO—C

=- average (D ;—> 1*~r)

Method:D —Ketw

F—o— 0.961+0.011+£0.024 HPOCD
PRD82 (2010)114506
Based on CLEO—c&BaBar

| | 0.9601+0.033+0.0244
BESIII,RRD9P (2015)Q72012

1 1.2

Ve

|Vcd(s)|

|Vcs( d)l

IIII

g
®
eakns

0.230+0.011 PDG2 014 (vV)

CDHS, CCFR, CHARMITI, 6K CHORU

0.22340.01020.004 HPQCD Calculation
PRDS86 (2012) 054510, CLEO—c (D *—tw)

0.225+0.006+0.010 HPQCD Calculation
PRD84 (2011) 114505, CLEO—c (D —Te*v)
0.2210+0.005 0 0047 BESIII (D "—u*wv)

PRDB89 (2014) 51104 (CHARM2012)

BESIII (D" —>n etv)
0.2155+0.002710.0095
PRD92 (2015)072012

0.206+0.007+0.009
Babar (D —n etv)
PRD91 (2015) 052022

S
v

0.3 0.4 0.5

|Vcd|

J7 £k 251, DK (O) B TN IR [1.7(4.4)%)]

16



Analysis of D*=>KO%*v and nle*v
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Comparisons of FFs by D*2>K9(r%)e*v
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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_ -B-(D+—)K,_e+v) =(4.482+0.027+0.103)%
interact with EMC and deposit part of

energy, thus giving position information

_B(Dt — K%e"’ye) B(D~ — Koe 7e)
. . Cr = 0 0
> After reconstructing all other particles, - BDT = Kpetve) + B(D™ — Kpemze)

K, can be inferred with position ApP*>KLetv=(-0.59+0.60 + 1.50)%
information and constraint U, ;=20
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D K 't-'a,!._; T 3
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Improved BF for D*=>Ku*v

Simultaneous fits
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Absolute BF for D*=>K?O%tv via KO>rt0x0
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i (e . -
+ Double Tag method o ® g?? ‘(nmm)ev
H - 1 BEE .
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measurements. | A ]
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mixing angle.(PLB 404, 166 (1997)) e ' (yo)ev
4+ Improve upon the Ds+ semileptonic ar 11 zyfsé
branching ratio precision. i Al 1 T
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Study of D2>Ve*v

1 2
@ m = (p+ Py ) ® ¢ =(p.: +Pu.)
- K K
) CIDS-[{;'H':I = |_H-;{ﬁ;_| 2 CGS{&E} = _EET
® cos(y)=¢-d @ sin(y) = (€ > i) - d

Decay rate depend on bles and
GelVsl? | )y
d’l = (LIPH%XI.J"I(-- 7", 0k . O, x)dm“dq“d cos(fk )d cos(f). )d

@ 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)
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PWA analysis of D*>K-rt*e*v

PRD94(2016)032001

= Fractions with >5¢ significance

FIDT = (K™n) o gsay €ve) = (93.93 4 0.22 4 0.18)%

FOOT = (K1) sowave €7Ve) = (6.05 + 0.22 + 0.18)%

= Properties of different Kz (non-) resonant

amplitudes

m g2 dependent form factors in D+9R*0(892)e+v

L 5000 T dak= ==

— N E —

e 4000 Fir E T}

] I rono=ignal DF kg ] (]

8_ 000 [ combinatarial hkg—; g_

= zooo 4 =

= =

= 1000 E =

& 12

8% 1 T2 1.3 1.6 — o8& o8 1

Events /0,024 GeV¥l

Fvents /0.04

- my (Ge o)

my (Ge’ic®) -

X AR R I A

n
0.z 0.4 06 08 1 1

a2 (CeWV2ict)

Fvents {0.04n

costl,

Model independent S-wave phase measurement

o L RN LA LALES AARANRARLE RS 27 ARA RRACH
= LASS para. ' 3
— 100f | ModelInd. 3
L C ]
E:C' 80— —
5] r . 7
= 60 =
% r e ]
a0 E E
20F -
s 0 T 12 1A 14 15 16
my, (GeV/c?)
v(0) 2 Aq,2(0)
V(g?) =——. A = L2
My is expected to Mpyq.4y
my = (1.81735540.02) GeV/c*
my = (2.61133240.03) GeV/c?
A, (0) =0.573£0.011%0.020

r, = V(0)/A4, (0) = 1.411 + 0.058 + 0.007
r, = A,(0)/A, (0) = 0.788 + 0.042 + 0.008

Model independent form factors
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Study of D*->we*v and search for D*>¢e*v

PRD92(2015)071101R
2 - 2 22F
S 100, D*>we*v = 2 D*->¢etv
5 8 = 1E
= N k= 14F
g 60 g 12t
I} C w 1E
40 08F
i . L] T 06E
200 1 A7 N, 04F
B 7;; 7 .3‘»»55/{-":—.6r i ;A,E —'/7»3.:“;5.5:7;';1%.:— 0.2 E_ N R R N B B
—%.2 -0.1 0 0.1 0.2 0.3 0.4 —00.2 -0.1 0 0.1 0z 0.3 0.4
U/GeV UiGeV
B[D*-> e*v]=(1.63+0.11+0.08)x103 B[D*>de*v]<1.3x10° at 90% C.L.
QBetter precision or sensitivity
R {  Amplitude analysis of
uf o D*> e’V is performed
100F eo;— 405__'_|—'_'_|—|_|_ . .
< : for the first time
%-5 0.%5 0.I6 0 [I35 07 OE]E 0?2 OI4 Olﬁ 0I8 ; 1I2 14 01 —OI.5 E] OIS 1
' (GeV'/c') FGeVich cose,
EE R
wu ry=V(0)/A,(0)=1.24+0.09+0.06
405__|_-—-—|_|—|_l_
0 2;’ G r,=A,(0)/A,(0)=1.06+0.15+0.05
-1 -0.5 0 05 1 -3 -2 -1 0 1 2 3 25



First observation/evidence of DY%*->a7%(980) e*v

@® To uncover the nontrivial internal structure of the light scalar
mesons, traditional qg state, tetra quark system, or etc.

i B(Dt=foltv)+B(DT —elty . :
® R = (0 =fo +) (+ ) provides a model-independent way to
B(DT—agl™v) ,

Phys Rev. D 82, 034016 (2010}

understand the classification of the light scalar mesons.
R=1(3) if those mesons are traditional ggbar (tetra quark) system.
This analysis alone will not get us to the answer, but will provide

an anchor for the further understanding of light scalar mesons.

® Semileptonic D decays provide a suitable environment

® The first measurement of the two signal channels, D° —
-t + 0.+
a0(980)"e*v, and D a(980)7€ V. Phys. Rev. D 92, 054038 [2015)

@ With the chiral unitarity approach in coupled channels, the
predicted BFs are order of 5(6)x10° for D D*)

S 14 2 — —_ —_ —_
é - g ® B(D° - ay(980)"e*v,) x B(ay(980)” = nm”) 594
o g = (1.12*%3L(stat) + 0.10(syst)) x 107

® B(D* — a,(980)°*v,) x B(ay(980)° - n=°)

BESIHT prel
. pre | , o 3.00
3 ok = )T 8 ek = (1473013 (stat) + 0.14(syst)) x 107
£ aar g Lok
s st
S B8F o 6f e s SR
ol W s ® B(D* - ay(980)%*v,) x B(ay(980)° —» nrt?)
0= b T %5 o1 0 0 0.2
glNcEvEE eV <27x107* @90%C.L
Projection of data set. the fit results and backgrounds on (left) M, and
(right) U for (top) D° — ap(980)e*r.and (bottom) D* — ap(980)%* .. 26
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RITF (D @ 0®) s FRE

D° — (3770) — D D"
) . -z;,-(377(_}) : JPY = 17—
e @ » i e D D°
® T ® IE B DA~F 4 T R AT FRAR S - |_> | 0>
@ L
[)0 'E‘f}_ =v—E(‘D ;"|D ;"—‘D J",|D ,.-"I)

At 3.773 GeV, y(3770)> DDA A [ B F LBk
> T >EMEESHic Ms, > L Ry/o .M &

> Doboﬁﬁééﬁ[fﬂCPﬁ&ﬂ( “g BMW;_:M;E ' ) Tl | J

m; 2015 g, A E

- sim2p 5 ]

a/d, = (854750 s o D
+D 79V = ooF 5

B/by = (21387077 j

+8.0
N
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v/d, at BELLE

B-— D°K- iU — D? K-
N B- — DO K-
()D° / \u
b . 0 w- ' fD)K:
N Ven m
B - Vi \ /
T Color Suppressed T
(B~ - DOK~) .
— i(6g—¢3) ,

['(B~ = f(D°)K™) = AA7(r§ + 15 + 2rprp cos(8p + 8p — p3))

Belle MDdEl-DEpEHdE nt Dalitz [Phys. Rev. D 81, 112002 (2010)]

?8.422'2(“:1& + 3.6(syst) +/8.9(Model)

Belle Model-Independent Dalitz iphys. rev. 0 85, 112014 (2012)]

77.3ji‘é(smr} + 4.2(syst) 44.3(1:{ /57)) | CLEO KOorr+n~

Bellell #ol HCbJ 4 45332 2T AL ) 158 £ 4,
£ KD Dalitz3% % &9 58 20 5 1.0 B

HARFBESINGH— it (c;,s)), PABHY/9 8
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DO> KOzt~ DPA->(ci,si)

6,51can be measured using the Double Tags: at 3773 GeV ~§ 3t
DY Kea'a s (Ko ' or CP tags) S5
E
2 A
_th .
o ** bin
Gand s cands,
l“lv" “ll" h‘\ \-/‘1‘ -—\
(K vs CP tags] L Kia™n v CP tags] 0 e
R * Lo . ‘ (*" bin
Ksr'n v Ko s v Ksata 'R m?(sGeV?Ic‘)

- ‘ Mirrored binning over x=y makes it so ¢; = ¢;and §; = —s;
Use both (c.) and (ci,s) to further constrain the results (6 ) LT
Ci Sy

BESTTI preiiTinary

C; 8§

w15

o4 = o | :

,; ! t % Bl

- ok ; “L}
-05F osf- { Eq'
C O Model prediction i G I
4 = eI 1F
- Y CLEO-c ; :
S| FRETY PSR FERTI FUTTH FRTTE BT Y- YRS FRTRIRTRTE FETEE FTUTE FATTE FAUTE FITRE AW | IS A I AT I A A WA
1 2 3 4 5 [i] o 8 ] 1 2 3 4 L] [5 Fi ] 15 -1 45 [¥] [E) 1 15
Bin Bin G,

I BESIITE A X y/d I m: 3fb-1->2.10
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v/¢; at LHCD

Blow slides is taken from Liming Zhang’s talk

v combination at LHCDb

Determine y from CPV measurements __— DK “—“'“{‘fé!
| HCb-PAPER-2016-032 /'”f ~.
d | B"._ B g —vh f”K )
— \\]"HE' oo
. L
D'k —

=]
Y = (72_2ig:g syst. included

GaGSsz BaBar: y= (70£18)°

o onaps - Belle:  y = (73"13_15)°

P Combination PI'DSPE cts

0 A0 100 150
o
Used D decay modeg’ | Sample oear(7)°
GLW: D— k'K ADS: D x K- quasi-ADS D—x Knm Run 1 8
e v Ka Run 2 4
o . quasi-GLW D— rxx'a o Upgrade ~ 1
GLse D_'ﬁfi_} i_;f," cLs D_’gff_g, Future upgrade  <0.5

o Current one syst. ~2° from CLEO strong phase measurements
o 15-20 fb-1 w(3370) data from BESIII are desired to avoid syst. limitation
for upgrade scenario
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sAfEES M E

CP tag at threshold

/ »

sgmue) |/ WGBTT0O)L=1 C=-1
© (P anti-correlated

Mmoo — Boamsrmt = Bpi i

Bp, +x-a+ +Bp, s x—n+

2-r+ y= 14+ Rws) - AcProrn,

“_)[J\ 4+ |J'_)“> N |D{}} _ IE”}
lDl)_T |1D2) = vz
Type Mode
Flavored K —rt, Ktno
O P+ KTK- . 7tn K“ 7070, W[)W[} PO
CP- KQWO K9 37, K

Oy, is important to relate to
mlxmg parameters x andy
from x’ and y’

H e s RS R

Kr_=(12.7+1.3+0.7) X 102

C0SO

wi—1.0240.11+0.061+0.01

PLB734(2014)227
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DODOJE Aﬁ&ycplm“ BE

For D decay to CP eigenstates:
Rep= o |[Acp=|*(1 F ycp)

1 ; » P ¢ 7
Ycp = _][!.I'{‘l:_-ﬁi.?llilifl - |; 1) — zsine(|?| |‘r ] ET91 1999
2 P q D q
For CP tagged semileptonic D decays:
Ry op+ .f'l,_r|"g / CLEO 2002
Yep I ( Ri.cr+ Rcp- Ri.cp-Repy Belle 2000
JCoPp ~ = - e
4" Ricp-Repy  Riycp+Reop-
LHCh 2012
— - Belle 2012
Tvpe Modes ’
cCPt KTK—,n n, I(c;:ﬂ:”?r”
CP- K2n° Klw, I{ on
[+ Kev, Ixy.;u
World average

Yep=(-2.0£1.3+0.7)%
PLB 744(2015)339

AR RAREN RRRRNRRRRE RRRRN RARRY
CHARM 2012

4 321012 3 4 5

Yep (%)

0.732 = 2.890 = 1.030 %

3.420 = 1.390 = 0.740 %

-1.200 = 2.500 = 1.400 %

0.110 = 0.610 = 0.520 %

0.550 = 0.630 = 0,410 %

1.110 = 0.220 = 0.110 %

0.720 = 0,180 = 0.124 %

0.866 = 0,155 %
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Absolute BFs and y.p of DO2>Kg, no(n°)

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

400F = 100
ED — Kgn° £ - 0 [
350, N, = 1631:49 £ I I I ]
= E 80
300" kaa 14429 : b )
N S 160¢ 120 g
Sk F S [
o o el ] o
= £ E = = 60
s F 1205 3100 s I
SOF g 3 80 S
8150 gk 8 8 40
g : 4 ; 2
F E 20 / [
£ s T Rl ko o B LML v : S pibat? b Ld
Y YN 187  1.88 Pe3™ 184 185 186 187 188 P55"Te4 185 188 187 1.88 P&
My / GeVic?

Branching fractions and asymmestrle

R(D — Kgp +7's) =

1.86
My, / GeVic?

Br(D —

Kgr's) —

My / GeVic?

tatistical eh'lym o
Br(D — Kpn's) E

Br(D — Kgn's) + Br(D — Kp7's)

‘BESI IrlTp‘rellmlnaryr s

Table 10: Decay rates and the asymmetries of D — K9 ;7% and D — K2, 7% | ansra o) Ko s
D — K§ o
Brl\'gfr“((%) BI‘I\'LW”(%") R(D - [\’S.LWO) § o 3 o
Km | 1.208+0.041 | 1.0614+0.038 | 0.0646+0.0245 o 3
K3m | 1.212+0.037 | 0.98540.036 | 0.1035+0.0237 B = s
Km0 | 1.251+0.028 | 0.953+0.029 | 0.1351+0.0186 T a..c_.:i;.mr e ettt e
All | 1.23040.020 | 0.991£0.019 | 0.107740.0125 (c) KP=® VS Kev tag-side (d) K§° VS Kev signal-side
D — K9 77"
Brigo.0(%) | Bri,2.0(%) | R(D — Kgp2n" —
Kn 1.024i0f04()) 1_295:1:0.(08()) —(().1183:!:().0385) ® yCP ((KS.ITO’ KL.ITO) VS. KeV) -
K3m | 0.887+0.043 | 1.097+0.073 | -0.1060+0.0409 (O 98 i 2. 43) 00
Krr® | 1.01040.036 | 1.15840.060 | -0.0681+0.0313 33
All | 0.97540.024 | 1.175£0.040 | -0.0929+0.0209




Events / (1.2 MeVic?)

Events / (1.2 MeV/c?)

T
m; D*-KEK* J‘}
|
200:— I
_ i
100- {'. 4
I I
i s
LY 186 188
My (GeVich)
' L
L D'KIK {
l {1‘
s0- { '.
E by
A

1.64 1.86 1.88
My (GeVic)

ute BFs and Ap of D+9KS,LK+(1T0)

...........

Events / (1.2 MeVic?)

||||||

Events / (1.2 MeV/c?)
2
T
e _
——
Events / (1.2 MeV/c?)

164 166 1.66
Mg, (GeVic)

My (GeVIE)

Events / (1.2 MeVic?)

Events / (1.2 MeV/c?)

...........

_.
S
T

of

——

-
>

|||||||||||

Mg (GeVic)

Aoy — B(DT)—B(D™)
The first and second uncertainties are statistical and systematic B(D*)+ B(D~)
Mode B(D1) (x1073) B(D™) (x1073) B(x1073) Acp (%)
KgKi 3.01 £0.12 £ 0.10 3.10 £0.12 £0.10 3.06 £ 0.09 4+ 0.10 -1.5+284+1.6
K%Kiwo 5.23 :I:QEBStr ﬂ26re|impﬁ9 + 0.22 5.16 +0.21 4+ 0.23 14+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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Observation/Evidence of D> o

YN R7S PRL116(2016)082001
< 8¢ D'>nn’ —~ 40 D%>nnl
S | (@) D" — ont *§ [ (b) D' —aen® ‘
Q i o 30 A ﬁ
@ 60; o) : Decay mode This work Previous meausurements
S | . DF S ort (2T4E05820.17) x 1074 <34 x 10~ at90% CL.
s 0 s 20 D wrd (10540.414009) x 1074 < 26 x 104 ar90% C.L
a ! 2 Dt —yrt (3134£022£019) x 107 (3534£021) x 10~
c 20 S 10 0 .0 -3 =)y 103
g = g DY 5y (067+0.1040.05) x 1075 (0.68+007) x 10
(i A
B5 06 07 08 09 85706 07 08 09
M, (GeVic) M, (GeV/c) SCSZEZ I T BB A
. | R R
@ Dr—or 400F (b) D — an’
400} 1ndf=17.71 © | (indf=1503 | Singly-Cabibbo-Suppressed
8 920 _ BRI A BT Af]
%200¢ : SDAFEEAH SUR)MHR
z = R MERESR I TEAR, T kR
RN B T CPRE IR 3 1 T HA

0 02 04 06 08 f 0 02 04 06 08 1
le| |Hw| 35



BF measurements of some D)= PP

Gk poy gt 1 =} po, kiK? . D% Kt
° 150~ -
o 6000
= o - 150001 -
2
e 100 n
I 4000 - ~ 10000} B
§
i 2000 - soo0f 1 % ]
1s000F ! B
F 4 600 E
D> Kgn° 200 pO_, Kosn D—> Kosn'
10000 -+ 1500F 1
00 i
1000 4
5000 E 200 ]
500 4
h | N
1.84 1.86 1.88 1.84 1.88 1.88 1.84 1.86 1.88
M, (GeV/c?) M, (GeV/c?) M, (GeVic)
« 3 T 1500) T 8o0of
2 D't D*or'n
8 st
§ 3000 10001
%‘ 2000
2000
£
9 800 mt 0
“>‘ ol D> Kﬂ 10000
.
s
800 .
D'y’ ol R oot
8001
al 20000 4000
4001 }
L 10000 2000+
200
D' K'y'
\ h . . .
1.88 188 .84 86 188 186 188 1.88 188
M, (GeVic?) My, (GeVic)) M, (GeVic) M, (GeVich)

,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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Amplitude analysis of D*=> K50n+1|:0

) )
() 2 40 T E ¢ (c) T 0fh
RN (b) § m 8
= 2005— i‘#"'“—-: .......... < ﬁ# “ o 0
) 2 E Ny W agtey ? O b‘l‘“’ v T 20
T o 2 gt S it & 00
< & -400f ) 20 w0
> 1000 o i ‘ — Total S4B wc L ,u I
w ) i ] == All coherent (S} & 6000 2 ‘
y N>15000_ --- Background (B) > L S F
‘ [ q; 6000
500 g G P G [
| p 1o 4000 w [
© 10000 ° S 4000
0 °l [ e e C
2 S | 8, 3
[} 3 - - r
e 1 T 5000 c 20 T 2000
Ly g g 9
' 2 T o
er/ 0 Geﬂlcf w 0 P UL oL
Ojé 11\20 2 ( 0 05 1 15 2 N N
ks e, o (GeVic)’ Mo (GeVIC’) e, . (GeVic)

PRD89(2014)052001

TABLEIV. Partial branching fractions calculated by combining our fit fractions with the PDG’s D* — Kiz*a®

branching ratio. The errors shown are statistical, experimental systematic, and modeling systematic, respectively. 1 1
Zer e e neopene me®  Dalitz Plot Analysis of

Mode Partial branching fraction (%) C h arm meson d ecavs can
D* - K§r" 7" nonresonant 0324+0.05+0257% y
s o0 0.43 1 1 1 1
D* =K p7 = S8 016503075 provide rich information
D+ — p(1450)7K}, p(1450)F — 7*7" 0.15 +0.02 +0.097957
- kr(892)"xt, K*(892)° — K2a 0250+ 0.012 + 0.0150 %3 about param eters of sub-
— K;(1430)°7", K;(1430)° - K% 0.26 4 0.04 - 0.05 £ 0.06
—>K*(1680]D *, K-(1680)° — Ki? 0.09+001 +0,05% resonances and strong
D™ =i & = Kl 054 £0.09 £02875% p hases
NR+®z 130£0.12 £0.12703
K2 S-wave 121 £0.10£0.16%3
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Amplitude analysis of D> K-ntr*r-

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

Previous analyses only from Marklll and E691

Events'c MeW

Events/6 hMel

Events:6 MeW

I I wgf T ‘ A T ‘| T Amplitude i Fit fraction (%)
: | (b) | ol fi (] 3 Do[S] = K*p° 2.3540.06=0.18 6.5+0.5+08
5 #
2l (*1 1) | i 1 D[P = K*° —2254+008+0.15 23+02+0.1
E J' 2 J Kq D°[D] — K*{° 2494006011 7.9+0440.7
Y 1M JoL 1 Do Kaf(1260), of (1260)[8] — 0(fixed) 532428+40
R’“M ' ) f 1 D' K-af(1260), af (1260)[D] — g7+  —211+£0.15+021 0.3+£0.1+0.1
Y "!ﬁ*f”"“l'{ ok m«{ et D° — Ky (1270)7+, K7 (1270)[S] — K0z~  1484+021+£024 014+01+0.1
: oK) GeVid) T m(mn)(ﬁev ) D° — K;(1270)n+, K; (1270)[D] — K*°n~  3.00£0.09+£0.15  0.7+0.2+0.2
T 3 T ) ‘ D° — K[ (1270 )« K;(1270) = K—¢° —246+0.06+021 34+03+05
1 4 12 (o) 3 2 D¢ (K )armt, (P°K )a[D] = K p°  —043+000+0.12 11+02+03
= 0 "”WE'E*SIII eliminany. """ Tir16457
18{ o " DE \ £ —0.144£011+010 74+1.6=+57
Wﬁ ‘-"m ‘ | @ D° — (K- w+)5,-p —245+0.19+047 2.04+07+1.9
o | tl 1 M}M R 4 D° — (K—p°)ynt ~1.3440.12+0.09 04+01+0.1
[ _

f f \ D° — (K*n )pr* —2.004+0.12+022 24+05+05
ooy : “ | D“—m*% )s —0174£011£012 2.6+0.6+0.6
16 15 1 1 T 0y (K0 . N : .

E T M g D"—w(fff Jom )amt —136+£008+0.37 56+£09+27
0 Hw(g) ]z ” W‘(h} i D° — K~ ((r*7 )am)a —2234+0.08+022 131+1.9+22
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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™

FCNC
_ . Search f%r FCNC @ decay
B Blindin:
g 12 de-cay D 9 signal r%gion,
S 10 Ing DT mEt Od optimize cuts
B and study
o °F backgrounds
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Consistent with Babar result
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= EHFE3.773/4.009 GeVRKER]2.93/0.482 fbl KIEEA,

BT A RIFRE R FER
--Decay constant f, SR EZEKRLKLQCDH
--Form factor fP2K@, (g?2) WiFEMCKMEEFE 4
--CKM matrix element [V )| IEfE. SRITCPBIAR
~Yepr Okn

—5EFHZE (c, s WIS . More w(3770) data help further
reduce input uncertainty of measuring y/¢, at Belle2@LHCb

--More results are expected in the near future
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