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Introduction

Leptonic and hadronic decays of charmed hadrons (D, D*, D.* and
A.") provide ideal test-beds to explore weak and strong effects

> D leptonic decays VLV VD
fog+ F<™,(0): better calibrate LQCD U — VdV \V

|V esl: better test on CKM matrix unitarity

Search for lepton flavor violation

> D hadronic decays

DOD? mixing parameters and CPV

Strong phase difference in D° decays:
Constrain y/¢, measurement in B decays

(0,0) * (1,0)

> Absolute BFs of A" decays

No absolute BF measurements of A_* using near
threshold data before BESIII 2



s Charm samples at BESII|I
= (Semi-)leptonic D, decays
= Hadronic D, decays

= Al decays

= Summary



Recent D), D, and A" samples

Taking from Longke Li’s talk at joint workshop of BESIII/Belle/LHCb at Nankai

Experiment  Machine Cc.M Lumin. N(D) efficiency  advantage/disadvantage
B ~ CESR 2.9 x 10° © extremely clean enviroment
C _ -1 y
L"E% (eTe™) 307 GeV 0.8 fb 2.3 x 10%(D%) © pure D-beam, almost no bkg
St 417 GeV 0.6 fb! 0.6 x 10° ~10-30%  © quantum coherence
BEPC-II 377 G&V  2.92 fb-1 10.5 x 10° © no CM boost, no T-dep analyses
(ete™) ' ' 8.4 x 10° o
4.18 GeV 3fb! p+ 3x10¢
4.6 GeV  0.567fb? * * ok k

KEKB 1 9 © clear event environment

(ete™) 10.58 GeV 1 ab 1.3 10 © high trigger efficiency
~5-10% © high-efficiency detection of neutrals
PEP-II 1058 G&V 0.5 ab-1 6.5 » 10° 0 @ many high-statistics control samples
(eTe™) ' =4 e © time-dependent analysis
* & * © smaller cross-section than pp colliders

Tevatron 4 g6 TV 0.6 fb! 1.3 x 1011 ] . -

(pp) © large production cross-section

<0.5% © large boost: excellent time resolution
LHC 7 TeV 1.0 bt 50 x 1012 =70 @ dedicated trigger required
(pp) 8 TeV 2.0 fb~! ' @ hard to do neutrals and neutrinos
ok *
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BESIII detector

Nucl. Instr. Meth. A614, 345 (2010)
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D), D.* and A.* samples (pbt) at BESIII

> DO(+) samples at y(3770)
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(Semi)leptonic D decays

> Itv

> Pltv
> Vitv
> Sltv

> Rare SL decays



(Semi-)leptonic D decays
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Searches for D

*=2>1*vat BESI/II

22.3 pbtat 4.03 GeV

22.3 pbtat 4.03 GeV
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Events /0.01 GeV?

Newest results on B[D*=>p*v], fo. |Vl

818 pb-t at y(3770)
(2004-2008)
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Evidence of D*21*v (46)
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Fitting to DATA
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Previous measurements of D.*=>1*v

In the past 30 years, D.*=>1*v has been studied by WA75, CLEOII, E653, BESI,
L3, OPAL, ALPHA, CLEO-c, BELLE, Babar
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Results on B[D*>1*V], fo., V.| at BESII|

0.48 fb-1 data@4.01 GeV 3.19 fb-1 data@4.178 GeV
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Previous measurements of fo=<@_ (0)|V |

In the past 30 years, studies of D2>K(n)l*v were made by MARKIII, E691,
CLEO, CLEOII, BESII, FOCUS, BELLE, Babar and CLEO-c

= BELLE, 282 fb-! at 10.58 GeV = Babar, 75 fbl at 10.58 GeV
= it S | PRD76(2007)052005 4/
"l et DO>Ke'v |
6'5 : O 0.5 le(C}lc\/z) 1.5 2
0.25 [ b) D > wlw
°o ! 2 - G:-n.rzn:23 -1
PRL97(2006)061804 ) m Babar, 347.2 fb-!1 at 10.58 GeV
[ T T T T T T T T T T T T T ;'“77
= 2004-2009, CLEO-c, 818 pb-! at y” 06 © BoBar dato A
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Much improved LQCD calculations

Taking from Aida X. El-Khadra’s talk at Beauty2014

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

I[llll]llll]llfllll1lr

small errors due to
fp./fp+ __+_ o
FNALMILC (ar + physical light quark masses
I also at Lattic . .
f D, + improved charm-quark action (HISQ)
fD . + PCAC (no renormalization)
_ + ensembles with small lattice spacings
fDK (0) L e— —
+ > work in progress by FNAL/MILC (Lattice 2014), ETM, HPQCD, ..
D
FE(0)
Bz’ < + First results for D mixing bag parameters
D (all five) with local operators only by ETM
' R R U R R A U A R A B B A AN B B (2013, 2014) =12, 2+1+1
0 1 2 3 4

errorin %

review by C. Bouchard @ Lattice 2014

« work in progress: FNAL/MILC (Lattice 2014)




Impact of fP?X®, (g?) on LQCD
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Comparisons of fPZK®_ (0) with LQCD
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Improvements on [V g

ﬁ
fDeK(n)+(O)|VCS(d)| ﬁ

1:D(s)+|Vc:d(s)|

1

H
e

0.2200.005

PDG2016

0.22310.010=0.004

0.225+0.006:0.010

0.2210+0.00581+0.0047 BESIII(D *—u*v)
PRD89(2014) 051104 (CHARM2012)

0.2155+0.0027+0.0095 BESIII (D ">x e*v)

PRD92 (2015) 072012

0.2060.007£0.009
PRD91 (2015) 052022

HPQCD calculation
PRD86 (2012) 054510, CLEO—c (D *—ptv)

HPQCD calculation
PRD84 (2011) 114505, CLEO—c (D —Te'w)

BaBar (D 0—)EW§*’V)

0.2

03 04 05 0.6

|Vcd|

0.7

|Vcd(s)|

|Vcs(d)|

CKMFitter

DELPH W=
CLEO/BELL/BABR/BESII D'~ K ', 0.975+0.00740.025

0.97343+0.00015

CLEO (eI, 0.988£0.044+0.022
CLEO Tp, 1.009£0.05240.021
CLEO Ty, 1.08840.0690.018
BABR VT T, 0.956£0.036£0.056
BELL Tl T, 7TV, 1.02540.01940.029
BESHI@4.009 v, 7(n7 v, 0.94440.063+0.027
CLEO i, 1.007+0.04040.018
BABR W, 1.040£0.03340.031
BELL b, 0.97640.02640.021
Eﬁmﬁwm W, 0974+0.014£0.016

0.9410.3240.13  e——
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Weights of [V o

BESIII |V 4|#E>50% D, >tV LSRG, BESII Dt 1%
XV oo | BRI B A A F|50% A A

BES-III:(D"—p* w -
= ( 0"11. Vi.l) D> e, |V_[=0.214 10,003+ 0.009 (PDG2016) =] BES'"@f 17‘3 prefiminary:D1-4,) | aptonic D decay: IV <1.008:0.021 (PDG2016)
[T BESHIDmeY,) | 0 v, |V <0219 0,005 +0.003 (PDG2016) B EELLDCAN) .
; i o . BAER: (D S, semieptonic D decay: |V_|=0.975:0,007:0.025 (PDG2016)
B CLEOC(D'yv) v IV J-0230:£0011 (PDG2016) ] CLEofu, ) ¢
D CLEO-C:(DO/+ —m“’e*ve) == ::E:!g(@mg (u N, e‘x’:rv ) average of the determinations from leptonic and semileptonic:
. Weight Average: |V |=0.220 +0.005 (PDG2016 | 04" VeV‘»u ALSAN e
B ele0oreyy | ERea s ) N st pocar
[ ] BaBar(0'—rey,) . — gt:g :g‘::m :‘;; W decays: V=034 10.13 (PDG1G)
|:| neutrino-scattering Q‘; [ CLEO; (n ST,
o e CLEOIBELUBABRIBESIII:(D"O—sK'l'vl)
W I DELPHIW'c8)

15.6 %
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L_FU test in CS decay D™= xl*v at BESIII

Evidence of LFV at 45 in 0(+) -(0) , +
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Amplitude analysis of D*>Ve*v
PRD94(2016)032001 PRD92(2015)071101(RC)
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5 r 7 s0F
E',D 80 . s f
1) r = ] ;(.E__I—'_‘—'_\—f_
= 60 L 7 nf
fme 40:_ e + E 4 50 05 i 3 T
" ‘Model independent S-wave 3 sty *
20F — —_ —_
7 phasemeasurement - r,=V/(0)/A,(0)=1.24+0.09+0.06
E L N

0

I T T N I N TS TS N NN
07 0.8 09 1 1.1 1.2 1.3 14 1.5 1.6

my (GeV/c?) r,=A,(0)/A;(0)=1.06+0.15+0.05 22



Observation of D2>a,(980) ©e*v

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

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

= Improve understanding of
classification of light scalar
mesons

Events/(0.06GeV/c?)

B(D*-fol*v)+B(Dt-0olty)
B(D*-agl*v)

R

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

Events/0.0545GeV

® B(D° - ay(980) " e*v,) X B(ap(980)™ - nm")
= (1123331 (stat) + 0.10(syst)) x 107*
® B(D* — ay(980)°%*v,) x B(ay(980)° — nr°)
= (1477353 (stat) + 0.14(syst)) x 107*

- owmh wh

:
:

3T = T
i — =
5 ”\‘y

Events/0,0364GeV

3.00

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

<27x107*

@ 90%C.L
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Search for rare D decays

In SM, the BFs of charm rare decay are expected to be less than 10-°

= Search for FCNC
o 12 decay D°->
S 10 jﬁ‘l‘ ﬂ nﬂing DT method

14 |-

ol Bposy<3.8x10°

.

Number of events/0.002 GeV

] N i [v] o

it |t'!£g*zl:, “;‘
—-0.08 —0.04 o] 0.
AE®9 (GeV)

PRD 91(2015)112015
Consistent with Babar result

.Mr}_;(; [GOV/CZ]

ECMNC
dhesayn
optimize cuts
and study
backgrounds
based on MC
and sideband
data.

010 005 000 005 010 Yo os 0w oo

AE [GeV] LNV
B(D" =)\ [x107°] Ktete K_e'e! mfele” wﬂ:eﬁay
CLEO 3.0 S k. methot 1.1
Babar 1.0 0.9 1.1 1.9
PDG 1.0 0.9 1.1 1.1
This work 1.2 0.6 0.3 1.2
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First searches for D*=2ye*v and D%"v

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

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

(a) E+
d u
D* D°
Tree level amplitudes c »> > Cc
2 PRD 95(2017)071102(RC) _PRD 96(2017)092002
_E 8000 [ R l M N}
3 6000 — _ ! _ 1k JL‘/\J»
> B0 . T 0 :
o z ¢ 12%
s 4000 - z° M 123 | 7
= /o , p ] &
= 0 af
= —0.02 —0.01 ] 0.01 0.02 4 l ] ‘l> 4:
B(D*—y €*v,)(%) : @l IV IIGN
B[D* 376 Vllg10 mey<3-0 X 1074 e (VI M GV

@90%C.L. B[D*>D%*v] <1 X10™* @90%C.L. 25



D hadronic decays

> DOD° mixing parameters
> Strong phase difference

> SU(3) symmetry and break effect



DD% mixing and CPV

0 Op?n—flavor neutrlal meson transforms to its o Unique: only the up-type meson for mixing
antl—mesoiand vieevenas o Standard Model predicts: ~ O(1%)
K'e K Bl B, B)« B, D’ « D° c . ) r W
. % . — S AN ———
o Flavor eigenstate (|D°), |ﬁ>) #+ mass D é g,,,- D e isi D
eigenstate |D; ) with My, and I'; ) isp § _ W
ID1,) = p|D°) + q|§}) (CPT: p*+q*=1) (1) short distance (< 0.1% by CKM and GIM)
o Mixing parameters definition: ‘- €
o P D° /RK . WT} .::_jf'"r Do
B R V0 VR FER g N
- r- 79 - 2
2) long dist ~ 1%
@ under phase convention (2) long distance { )
CP|D°) = |D°%), CP|D°) = |D%), o Precise measurement of x, y: effectively limit
o with CP conservation (g = p=1/+/2): New Physics(NP) modes,
\D;2) = |D+ —) (CP eigenstates) o search for NP, eg: |x| > |y|
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DD% mixing and CPV

Decay Mode Observables Relationship
2ycp = (la/pl + |p/al) y cos o—
DO KK [x* Yep | (la/p| — |pl.fc‘3|:] rsing
Ap 24 = (la/pl - Ip/al) y cos o—
(la/p|+ |p/q|) zsing
=
L
DY KYatm— y
la/pl
&
Db K+ Ry, Ry, = (2% +y7)/2
Db K+a— g z" o' =weosdy o +ysindg, o
(Dalitz plot analysis) y" v =ycosdy | —xsindg
“Double-tagged” Hy;
branching fractions L ;
1 .:.. 1 ¥ RJ” — I:;I_'z + yQ‘J_l,lz
measured in Rp

P(3770) — DI decays

DK+

:Cr.a: ’
2t ) 12—
,Tj!+ ) —

' =zcosd +ysind
y' = ycosd —rsind
Ay = (la/pl* = 1/ (lg/pl* +1)
o't = [(1£ Ay )/(1F Ay x
(z' cosd £y sing)
y't = [(1£ Ay) /(1 F Ay 4 x

(¥ cosg Fa'sing)

T(D°K'w )+ (D" =K w') Ry,
0 F—— T r m—
DK tr Kt D" —=K 77+ T(D"=K"7m7)
(time-integrated) L(D° K tn )~ (D' =K 7t)
(D" Ktn )+ (D" K nt) Ap
¢ .DD—PK_K_:} r(ﬁ[]_}K+K—] !{+](T5Alnd]rwt ['A'Lt;;!{tgirt:ctg:_:il_)
I = ] T — =
DK K rin D" —=K K )+ T(D"=KYK™)
(time-integrated) DD —rtr )~ (D stz )
I-'IrD[]_HT+n_ J+I"|rD[] - :I .-'1} E:_}Amdmct {Aiﬁgimmm__,;]_]

BESEXY

IEEECPVEE:|a/p|.

BHEBCPVBEUALAA,

Rp

%*ﬁﬁﬁﬁ:sKm 5KmtO
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2]
o

Events/0.2

Residuals

1600
1400
1200
1000
800
600
400
200

[4))]
o

o

)
o

Evidence of D°D? mixing

= Babar, 384 fb-1@10.58 GeV
PRL98(2007)211802

XIZ + ‘,iZ

Twsl(1) J ) 2
=" xRy +/Rpy'Tt + 2 (I'r)

' Data |
[ ] Mixing fit
Random
- Misrecon. D°
Combinatorial

-~ No mixing fit

3.90

P NN TR ST N oo bbb b b b b

N TTT T T T T T
N
°:‘+‘* | :
—h
N
W

Rp=(0.303+0.016(stat)+0.010(syst))%
x'2=(-0.2240.30(stat)+0.21(syst)) x 10~3
y' =(9.7+4.4(stat)£3.1(syst)) x 103

(x"?, y') with correlation -0.95

= BELLE, 540 fb-1@10.58"GeV

PRL98(2007)211803
_ TKTwT) _
Yep = _7(K+K_}
A — (D" =K K')—7(D"—=K'K")
P 2P =K k) + (D" =K K)
0.16
2 -
Z : 3.20
~0.15 |
= -
A -
£ 0.14 -
z
— 0.13
0.12 F
- —O—
0.11
0.1:""""'
0 2000 4000

t (fs)

Ar = [0.01 = 0.30(stat) = 0.15(syst)]%.

yep = [1.31 = 0.32(stat) = 0.25(syst)]%.
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Observation of D°D? mixing

= LHCb, 3fb pp at 7/8 TeV = CDFII, 9.6 fb-1 pp at 1.96 TeV = Belle, 976 fb-! at 10.58 GeV

PRL110(2013)101802 (1fb)
PRL111(2013)251801

12 + _,.IQ 2
R(1) ~ Ry + JRpy' = + 2 (i)
T 4 T

6

= >100 B 1
sk LHCb 3
nd -

- @

RY[107]
n

6 3 -

R™[107)
N
[

— CPVallowed
C e N direct CPV -
Al T No CPV .

R*—R [107]

/-

tHt

x? =(5.5*49)x 107,
y' = (4.8 +1.0) x 1073

Rp = (3.568 = 0.066) X 10~

PRL100(2008)121802(1.5 fb™!)

PRL112(2014)111801
PRL111(2013)231802
=Ry vt = e R =Ry Ry Lt
9
F — Mixing fit ' :
- Prompt component (mixing fit) 0.006
7:_ * Data I
_ £ ==*No-mixing fit I
= of 616 - e 0S|
i 4
g 5 _
SSRPRRE'S 904 1 S S 0.004
4r -
3F
C | I - | 1 1 | 1 1 | | 1 | 1 1
0 2 4 6 8 10
t/t
2 __ =3
Y2 = ({'}03 — 013) % 1073 X= = (0{}9 T {}22) x 10
_ - -3
_"r"f = (4.3 + 43) xl”_B. }?" = (46:|:34} x 10
3 Rp =(3.51 £0.35) X 1072 Rp=(3.53£0.13) x 1073
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DD mixing parameter y.p

= BESIII, 3fb!at 3.773 GeV

PLB744(2015)339 ms s
F701 1000 | . Il 0.732 £ 2.800 £ 1.030 %
For D decay to CP eigenstates: |
2 3420 £ 1.390 £ 0.740 %
Rep= o< |[Acp=|"(1 F ycp)
1 ] _ Iy 7 . .
Yyop = _;[ymmml'ﬂ - |‘_r ) — xsine(| 2] |*r )] CLEO 2002 I: . || -1.200 £ 2.500 = 1.400 %
p. P i P i
. _ : 0.110  0.610 = 0.520 &
For CP tagged semileptonic D decays: Belle 2009 H"‘H S
2 2
 cp+ X |ﬂ£| Acp=] LHCH 2012 H 0.550 £ 0.630 = 0.410 %
Y o~ 1 RicpiRop- I’?F;F'P—I{('P—é-} L1102 0230 0110 &
Yor = — - 1100220 £ 0.110 &
4 Riop_Rops RicpiBRop- Belle 2012 H £0220+ ¢
- — ) BaBar 2012 H 0.720 £ 0.180 £ 0.124 %
Tvpe DModes
- BESIIL 2015 H_._H -2.000 + 1.300 £ 0.700 %
CPY KYK—,ntn, Kgu'n"
cCP- K2x° Klw, Kin
IES Kev, Kuv World average H 0.835 £ 0.155 %
I|IIII|IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII|
4322012345
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Strong phase difference o

CP tag atthreshold

S/ |
wivl A —

(N b, ffg’ |

Eigenstate (-) ' ﬂ/ w(377())L=1 C=_l
J.I "

\ CP anti-correlated

e =i S — B 1=K

AcPokn = Do K D1 —K-—7+

Bp,wk-n+ +Bp, o k—n+

2?-|- y=(1+ Rws) - Acpr o,

_ |D%) + |D% | D% — | D9
|D1) = — 7 |1Ds) = Ve
Type Mode
Flavored K at Ktr~
P+ KK, mtn, K907, 7070, )00
CP- K” 0 Kgn,K

Oy, is related to mixing

parameters X and y from x’
and y’

HAlBREHHE R
AKT_=(12.7+1.340.7) X 102
C0S8y=1.020.11+0.06+0.01

PLB734(2014)227
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DD mixing and CPV

< A HFLAV |cpv alowed E’ 60 1e
-9 - CKM 2016 | ' E CKM 2016 3c
1 = C 4o
:9-'_' 40 5a
0.8 [ C
< L
0.6/ 20— & |
0.4 )
0.2 r
o0
0 L .
—0.2 ] ;0 ~40 A T | e
c r ; ;
-0.4 I ?
4o -60 ;
_0_6‘...”-w-w---------------.SG I L1 \IIII 1 T 1 1 I
-06-04-0.2 0 02 04 06 08 1 1.2 0.6 0.8 1 1.2 1.4 1.6
X (%) la/nl
. 0.015
£) BaBar O noCPV
é: 1.2% ! LI % Belle BaBar
el _ 0010 L CDF KK+ Belle
‘I LHCDb SL KK+7m CDF
i | | LHCb prompt KK LHCb
0.8 . LHCb prompt 7z
r 0.005
0.6} s,
i %P 0000
0.4} 4
0.2} —0.005 [ | .
of 8 2 E
: g8
[ 1 _ L a
_0_2: L] 2(; 0.010 .
-0.4] 3o
I 40 —-0.015 : :
-0 6' T T T T T e e e e B-E-) —0.015 -0.010 —0.005 0.000 0.005 0.010
~06-04-0.2 0 02 04 06 08 1 1.2 ind
acp
X (%)

DOD° mixing is observed, no direct CPV is found a5



Strong phase: bridge to constrain y/¢,

= Quantum correlated D°D° decays in y(3770):

> CP asymmetry in mixing and decays

> Interference = strong phase parameters = Constrain
v/d5, Which is important for CKM UT

1.5|||||||||||||§|||||
[ | exdudedarea has CL= 095 |, s

Direct measurement N
a/dp, = (85.4F %0 W %o Amy&aAm,
__?_'379 o - sin2p
B/dy = (21.387 77 " >, Am; N
+8.0Y" - 8K g
y/bs = (68_8_5 = 0.0 - ZAR R —
C % ’ i
i 0.5 — ‘ . —
v is the worst measured angle, |
mostly due to systematic error 1ol A
Significant deviation from UT will - ¥ 250
imply NP beyond SM _1_5-1-0I (. I-ol-sl (| I0-|0I 11 | 1 I1!0I | I1-|5I L1 1

2.0
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Strong phase difference &g, .

Babar 2008 Opfimal Bins o T,:Bin yield measured in flavor decays
, 513 - e Measured at
[] ~ .
3 I - color suppression factor~(. 3-Factories
. * {5 strong phase of B decay
. eighted average of cos(Adp) and sin(Adp) respectivel
. Y g ( D) ( D) p y — Thmugh
where A3, is the diference between phase of D’ and D DK
. analysis
1
B K¢t 7 vs. Kg* Kt 7 vs. K{ n*
0.5 1 1.5 2 2.5 3 si2 gl‘i\lis‘: c:; s‘:’
Mirrored binning over x=y makes T e,
itso ¢, ands;=s, CP tags vs. K_ «* 1 I CP tags vs. K/ x* &

O Model prediction
® BESIII BESIII preliminary

VCLEO-c  CLEO, PRD82, 112006
Ci

relationship between (ci, ci’), (si, sl’)

Ci S
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Constrain y/¢, measurement
taken from Liming Zhang’s talk at FPCPV2016

vy combination at LHCDb

. _ . i
Determine y from CPV measurements — DK —rc
L HCb-PAPER-2016-032 yd ™
. - B~ JoK"
r | ) _ fi)
= 0% , LHCb - ‘\\ri,e“*"n‘-}
- " 1 TT—Dp%k—
06— | o
Y = (TZ_Zi%‘g syst. included
(.4
. GGSZ BaBar: y= (70x£18)°
0.2 . M GLW/ADS . — +13 o
15,55 I Others Belle: vy=(73""_15)
n{] 50 1] 150 B Combination PI'DSPE cts
[+
Used D decay modes’ '] Sample Tarar(¥)°
GLW: D— K'K- ADS: D x K- quasi-ADS D—x K wwx Run 1 8
" ¥ Run 2 4
- _ quasi-GLW D w'nx'm o ) Upgrade ~ 1
LUsE ‘D_’?f{f}_ i_:j" ks D_’iff_";;, Future upgrade  <0.5

o Current one syst. ~2° from CLEO strong phase measurements
o 15-20 fb-1 w(3370) data from BESIIl are desired to avoid syst. limitation

for upgrade scenario
P More 15 fb-1 y(3770) data@BESII will avoid
syst. limitation for y/¢; measurement 36



SU(3) symmetries and breaking effect

- Ratio of branching fractions of D to KK and pi pi

Br(D® - KTK™) _ ) g
Br(DO — ntga—) T 7
+ R=1 in the SU(3) flavour symmetry limit

R =

- Branching fraction of B(D° — K°K’) = (0.320 £+ 0.038) x 1073
vanishes in the SU(3) limit

- DDbar mixing parameters

z,y ~ sin® 0 x [SU(3) breaking]?

- Non-zero mixing parameters indicate large SU(3)
breaking effect
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Theoretical calculations

Modes Amplitudes  Br(FSI) Br(diagrammatic) Br(pole) Br(FAT) Br(FAT[mix])  Br(exp)
D 5 qatp Tv,(Ep) 6.5 3.92 + 0.46 3.5+ 0.6 4.74 (4.66 4.96 + 0.24 J
D 5 7%° Cp,Cv,(Ep,EByv) 1.7 2.96 + 0.98 1.4 + 0.6 3.55 3.83 3.72 +0.22
D° = 7% Cp,Cv,(Ep,Ev) 0.08 0.10 £0.18 0.08 + 0.02 0.85 0.18 < 0.26
D% — 7% Cp 1.1 1.22 +0.08 1.040.3 1.11 1.11 1.31 £ 0.10
D 5@ p* Te,(Ev) 8.2 £.34 + 1.69 10.24+ 1.5 10.2 10.0 9.8+ 0.4
D" - KTK* Tv,(Ep) 2.8 1.99 +0.24 1.6+0.3 1.72 1.73 1.56 +£0.12
D° o KK Ep,Ev 0.99 0.29 + 0.22 0.16 =+ 0.05 1.1 1.1 <1
D° 5 KK Ep,Ev 0.99 0.29 +£0.22 0.16 + 0.05 1.1 1.1 < 0.56
D — K-K=t Te,(Ev) 4.5 4.25 £ 0.86 4.7+ 0.8 4.37 4.37 4.38 £ 0.21
DY 4 5p®  Cp,Cv,(Ep,Ev) 0.24 1.11 £ 0.86 0.05 + 0.01 0.54 0.45
D° -5 nw  Cp,Cv,(Ep,Ey) 1.9 3.08 = 1.42 1.240.3 2.4 2.0
DY = no Cp,(Ep,Ev) 0.57 0.31 £0.10 0.23 + 0.06 0.19 0.18 0.14 + 0.05
D% 5 9'p"  Cp,Cyv,(Ep,Ey) 0.10 0.14 + 0.02 0.08 + 0.02 0.21 0.27
D 5 n'w Cp,Cv,(Ep,Eyv) 0.001 0.07 £ 0.02 0.0001 4+ 0.0001  0.04 0.02
DY s ot Tv,.Cp,(Ap,Av) 1.7 0.8 +0.7 0.42 0.58 0.81 £ 0.15
DY 5 7%w Tv,Ce,(Ap,Av) 035 0.3+0.3 0.95 0.80 < 0.34
DY s wte Cp 5.9 6.21 +0.43 5.1+1.4 5.65 5.65 5.421952%
DY 5 n% % Tp,Cv,(Ap,Av) 3.7 3.5+1.6 2.7 2.5
D" — KYK" Tv,(Av) 2.5 4.1 =+ 1.0 3.61 3.60 3.6751 051
Dt — K K*+ Tp,(Ap) 1.70 12,4+ 2.4 11 11 32414
DY = npt  Te,Cv,(Ap,Av) 0.002 0.4+ 0.4 0.7 2.2 < 15
DY s n'pt Tp,Cv.(Ap,Av) 1.3 0.8 +0.1 0.7 0.8
Dy - atK™® Tv,(Av) 3.3 1.5+ 0.7 2.52 2.35 2.25 + 0.39
D} 7" Kt Cyv,(Av) 0.29 0.1+0.1 0.8 1.0
Dy = K p° Cp,(Ap) 2.4 1.0 £ 0.6 1.9 2.5 2.7+ 0.5
DY 5 Ktw Cp,(Ap) 0.72 1.8+0.7 0.6 0.07 < 2.4
D - K+¢ Tv,Cp,(Av) 0.15 0.3+0.3 0.166 0.166 0.184 + 0.045
D = K%* Tp,(Ap) 19.5 7.5+2.1 9.1 9.6
DY s pK*t Tp,Cv,(Ap,Ay) 0.24 1.0 &+ 0.4 0.2 0.2
DY -9’ K*" Tp,Cv,(Ap,Av) 0.24 0.6 + 0.2 0.2 0.2

38
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Observation/evidence of D> w7

Double tag method

PRL116(2016)082001

< 80 D nn’ «— 40/ DO>nnd

S | @D—on S || B —oer

8 60 8 30:‘ y Decay mode This work Previous meausurements
S | S . D" = wrt (LTA£038£0.17) x 10* <34 x 10~ 2t 0% CL.
s 40 s 20 DP 5 wrd (10540.414009) x 1074 < 26 x 10~ at90% CL.
a | L 1 byt | -3 : -3
2 . = 10 Dt 1:3.13£(}.22£0.19)><10 b (33£021)x107
¢ | s DY =y (067+0.10+0.05) x 1073 (0.68+0.07) x 10-3

b5 706 07 08 09 85706 07 08 09 _ _ _
M, (GeVIc?) M, (GeVIc?) Studies of singly cabibbo-
400 _ suppressed decays is limited
(@) D"—ant 400F (b) D — an’ by data set and background

= 400F 1Aindf=7.714 | C | ofndf=1503 |

0 0 200f Benefit the understanding
1,200 T of SU(3) symmetry breaking
z“0 _F_ Z - and CP violation, improve

—— | theory calculation

0 02 04 06 08 f 0 02 04 06 08 1
le| |Hw| 39



Two-body decays of D, *

HIXHANEFFEZD >pn B IR ANAEREZD S>ont
FHXNED? DK

Under the model-independent approach:

Tild 1
U(d) A(Dg - wnt) = 7z (Ap + Ay)

u(d)

(Apy: P,V contain §'of qq configuration )

i § d Agy
i
d
: i BESYT
‘ Yo oot
o x ﬁgfl”m@qu
(b} Long-distance effects E [ E L
< LI S B — T T = (@] (@] [
2 - ol
= BESIII 1 3 3l
S “ppreliminary ) g g
S _ if TR
o L Y
= 1 } } { i - ) A R , s
A 4.1 r TS
, {.| , T. . .} A R L y
"0.85 0.9 095 1

M, (GeV/c) Branching fraction (1073)
: D - wn™  1.85+ 0.30(stat.) + 0.19(sys.)
Bprpi = (1.22£0.10) X 107 D » wK*  1.13 + 0.24(stat.) + 0.14(sys.)
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Events/(0.05 GeV?/c*) Residuals

Events/(0.05 GeV?/c*) Residuals

Amplitude analyses of D decays

PRD89(2014)052001

”“'i'.‘l" .-

— Total S+B

--= All coherent (S)
-- Background (B)
-- NR

‘K mzu)
-- K(1eso)

50001 — x(800)

° 05 1 15 p
m2.. (GeVic?)?
L
-zooi *‘ﬁ*
snoni

2000

m’u 0 (GeVIc?)?

Events/(0.05 GeVZIc") Residuals

20054 ¢ (d .
;"-—u-quﬁl.;aa;,.u ‘e

2035 N LK %o O

-400F ¢

8000[

2
242
mf(;n+ (GeVic?)

Mode

Partial Branching Fraction (%)

Dt K []7r+7r” Non Resonant

Dt p+K0 g =t

D* = p(1450)* K3, p(1450) " — 770
Dt = F(sm)“ﬂ,?"(ggz)“ - K70
Dt - Ky(1430)°7+, Kp(1430)° — K
D* - K'(1680)°x*, K (1680)° — Kr
Dt 5 Wt R 5 Kg-ﬂ'o

0.3240.05+0.2570 2
5834016203010
0.15+0.02::0.091 007

0.250 +0.012 + 0.015002
0.26 + 0.04 £ 0.05 + 0.06
0,09 0.01 £0.05:0%
054 +0.09 028703

NR+r"m"
Kg 0 S.wave

1.3040.124+0.12F 530
L21£0.104£0.16757

Help to determine the absolute BF, strong

phase, benefit y/¢,

Previous analyses only from

Marklll and E691

Events/6 MeV

. Events

o-
=

m(rr’n (Gem

Events'6 MeV
=
R

=
=
=]
; ]
=
1
Eventsi6 NI
= =

o L
L L
Events’s Mev

8

IGU—’ | A ‘fﬂ H ] 100
100) . -
NJ._‘_A_._I\:\L\ ll‘w)y\ |\ |
04 [ 08 1 ] 14 1§ 15
() (GeVic)) w(Kmr) (GeVic) -
a FTTTTTTTITTTTTT T = T T E
e 1 2 OB
© ‘ 2 i 8
g MM %zoon— MWHN S
L'EQGU)— N%(‘\ k“ - : r R\\ ®y
| )

=

- | | h L | | i )
08 08 12 ] 12 14 15
) GV oK TT) (GeVic)

Component Branching fraction (%) PDG value (%)
D=k *‘]p 099 £0.04 £0.04 £0.03 1.05+0.23
D”—}K‘a (1260)(p°77) 441£022£030£0.13 3606
=K ]'(]27())(1( 0 o' 0.07£001£002£0.00 0.29+0.03
D" = K;(1270)(K ")z 027 40024004 £ 0.01
DY = Kt 068 £009+0.20£0.02 051+023
D= Kt 0.57£0.03 £0.04 £ 0.02 099023
S ePar 1772005 £0.04 £0.05 1.88 +0.26




A_* decays



Measurements before 2014

(a) Charmed baryons + .
e V23080 g » At was observed in 1979
4
A Kn .
a » =0(2980) B > All decays of A.* were measured with
2Ac(2940) " - - -
e Ai hlg_h energy data and relative to pK-=*,
297 Tyt A (2880) G 06 which suffers an error of 25%. No
p,/) (2800) =< 3815) absolute measurement using threshold
> 1 M — = +
& Acn —A . Q.Q2770) 2 At data
g Zeioppo) == |~ © ¢
E s / nl — 04 é
g - E > Only about 60% decays are known
3 -(2640) £
El =1 o=/ - &
s T~ B >
25| i " ) Séale factor/ P
o o+ 1Y —02 Al DECAY MODES Fraction (I";/I) Confidence level (MeV/c)
Hadronic modes with a p: S = —1 final states
pK° (23 = 06 )% 873
pK_mat [2] (50 = 1.2 )% 823
— pK*(892)° 6] (1.6 + 05 )% 685
B A(1232)FF K— ( 86 + 3.0 ) x 10—3 710
A(1520) 7+ [b] ( 1.8 = 0.6 )% 627
p K~ 7+ nonresonant (28 &+ 0.8 )% 823
p KO0 (23 = 1.0 )% 823
23— p KOy (1.2 = 0.4 ) % 568
e R PRI s 1o o1 TR S —0.0

Systematic studies of A_*, search for new decays, absolute BF
measurements are important to explore A_,* decay mechanisms®



Improved BFs of A,* = hadronic decays

BELLE, PRL113(2014)042002 BESIII, PRL116(2016)052001
3000 ST: ~15000 DT: ~1000
| (a) RS sample 30 o i pK’n*ﬁ o e P ! pKn* Pt

20001 F +\| b s ! ‘I
|

\
b A Al A

Events / (5 MeV/c?)

mE AN - WA A C o oI
8 Am AT il Imm | >
PRl | F gl g 10F ot -
3 ﬁ I‘ | o E J
|
2w ' ’ "&"‘"""‘JL'-L < ”Lu ) hlu
2000 (b) WS sample P — minn N . S 1T (i E
i g— = 0 oK e - . § i prT Annn P
11}02_ T , , , gamp © ﬁ i +“‘ T f = *J ‘ h
2 2.1 2.2 2.3 2.4 2.5 ‘ I " 5 L ‘ |
100 v} '
M,,,.(D"pr) (GeV/c?) st T O A N i
| . K o ’
100 e K | vl I'o w; P b o
I a |
© o h | 5 ~
2 390k (a) RS sample L | (b) RS sample i ' LE h M{L
> > 80t | ] L} LT,
g L g I J[ "'""'"'""‘L\ e i V0 S 26 A8 23 2% A8 23 1% 138 13
8 200- g 601 N 226 28 23 2% 2B 23 226 18 23 MBC (GeVlet)
8 8t My (GeVIEH
< S 40
2 100F <
c c .
g | 9 20 Mode This work (%) PDG (%)
il “oo pK® 1.52 £ 0.08 + 0.03 1.15 4 0.30
20r (C) WS Samp|e a0t (d) WS Samp|e pK_ﬂ+ 584 0274023 50£1.3
13 | T 1 - pK97° 1.87 £0.13 4 0.05 1.65 £ 0.50
Sy ¥ T pKnta 1532011009 \/] UCthE[tt%r
02 21 22 23 24 25 02 21 22 23 24 25 pK n 2 453 +£0.234030 34410
: : +
LT WD Y. iniomeon pregibion
Artr zt 381 4+£024+0.18 26407
20t 1.27 4 0.08 + 0.03 1.05 4+ 0.28
+ - —_ .
B [Ac - P K n+]—(6.84iO.24+° 21_0'27)% THa0 1.18 +£0.10 + 0.03 1.00 & 0.34
Statas 425 +0.24 4 020 36+1.0

Xtw 1.56 +0.20 + 0.07 27410




First absolute BFs of A,"2>Al*v

BESIII,PRL115(2015)221805b)
=
O 105—
= ; K b
=
= 1
>y
=
107
S
-0.2 -0.1 o 0.1 0.2

Urniss (GGV)
B[A. 2> Ae*v]=(3.63£0.38+0.20)%
3 fb-! data help to explore FF studies

301~ BESIII, PLBZ67 (2017)42 ()

10—

Fvents/0.010 GeV

0.2 0.1 0" 01 0.2
Umiss (GGV)

B[A,">Ap'v,]=(3.4920.46+0.26)%

T[A > Ap v, JTA; D Aetv ]=0.96+0.16+0.04

Calibrate theoretical calculations:

(1.4-9.2)%

Theorstical Modeals predicated branching Fraction for A —» A=t
DAEN [1] 1.9%%
MR [1] ERCE

ST 4) -syrnmetoy limit [2) | 0.29%

g (5] 4 A5

L [4] ERCEES
E=r ] 1.08%%
T RIZ [6] = 15%%
RIS [7] 1.425%

O BR8]

(3.0 =L 0.8)%

QoD B2 (5]

(2.6 & 0,407

GO SRS (9]

(5.8 1.519%

STER [L0]

2.22%% for AL —» Aty

ST R [10]

1.58% for A o MEF

HOS R, [10]

4. 72% for

A — Al

HOMNR [10]

4.29% for Al — ATV ey

L OEFRs [11]

(5.0 == 0.5)9% for At

w ALYy (CE type)

PG 2014 [14]

(2.1 -k 0.68)9%

BEESIIL

(3.62 = 0.38 = 0.201%%

{RBELQCDX R A FHIHH&

0.20

1

—A, = AeTr,
- A= Apty,

PRL 118, 082001 (2017)

0.2

0.4

0.6 0.8
& (GeV?)

1.0

1.2
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Measurements of SCS decays A,"2pK*K-/r*r

BESIII,PRL117(2016)232002 A2 pKK*
Ol N opf  (a) o[ | (b
:(]500_ AS2pKnt p 9 3 f,_zu—
> | > | o |
0 (o 0 2" l1 l 2o}
C cCr
21000- 2 > J*h‘.‘il'l!]“;”] [J'::”' - 2 A
O 0 U gttt bty (U Rt SR RE
- [ - M, (GeVic?) MK K )(GeV/c)
v 5 < 3
2t ] >0 >10
™ £ o T | (o >0
0 0 = =
b b o O
11! L Ts ” ¥
' ' W B L | 2
?.25 26 20 2.282 29 24 B 1% 2.282 209 230 § abiEiii §
. J1I | ‘
MBC(GeV/c) MBC(GeV/c) s 10

2.'282 06 13 05 11 145 12 125 13
M, (GeVilc) MK K)(CeVic?)

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
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Observation of At 2 nK.wt*

BESIII,PRL118(2017)112001

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

0.7 0.8 0.9 1 11
Mz (GeV?/ch)

M.+ (GeV/c?)

Help to understand SU(3) and isospin
symmetry and determine strong phase
Cai-Dian Lv et al, PRD93(2016)056008

cosd

B(nK%z+)y — B(pK—zt)

A DNKen]=(1.8240.23+0.11)%

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

T 2 /B(pKoA) (B(pK-—r") + B(nKor) — B(pRor®))

R o B(A. — pK°z%) _ B(A, = nK%z")

Ry,

2 B(A, — pK Ty’ ~ B(A. — pK a2t

A >NKO )T [A 2> pKor]=0.9740.16

First measurement of BF of A * decay
containing neutron

cos§ = —0.24 + 0.08
)19 1.14 £0.11

involving a neutron. Under the isospin symmetry, its
amplitude is related to those of the most favored proton
modes A} — pK 2" and A} — pKz" as A(nK°z") +
A(pK~z") + V2A(pK°z®) = 0. Hence, precise measure-

[2.3]. In the three-body A} decay to NKx, the total decay
amplitudes can be decomposed into two isospin amplitudes
of the NK system as isosinglet (I'”)) and isospin-one (7).
In the factorization limit, the color-allowed tree diagram, in
which the 7" is emitted and the NK is an isosinglet,
dominates /(°), and IV is expected to be small compared to
1) as it can only proceed through the color-suppressed tree
diagrams. Though the factorization scheme is spoiled in

a7



Events/0.005 GeV /c?

Observation of A_* 2 X n*rtn®

BESIII, PLB772(2017)388

Nobs=161.3+15p

0.2 0.25 0.3 0.35
Myne — Mp ( GeV /c2 )

Preliminary results :

Events/0.005 GeV /c?

8
T

8
|

A2l

i

N°bs=88.1 4

1
0.2

B[Af2Zntnt] =(1.81+0.17+0.09)%
B[A, 2XZ nntn’]=(2.11+£0.33£0.14)% [First observation]

0.3 0.35
— M, { GeV/c? )

13.9

The previous one is consistent with and more precise than the PDG
value of [A 2 Xt |=(2.310.4)%.
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Evidence of A,*>pn and search of A_.*2>pn?®

BESIII, PRD95(2017)111102(RC)

4.2c

40_........|... T
— - (a) A
o0 1
3 30r .
= B i
1] B i
SN 1
— 20— + o ]
8 B i i i
s 0 “7%# f A ]
[ | 1 - _‘ ]
- 1o_l + + 1 + R g
0 DU st I-'!. e
151 4 data B
IELEEELE signal curve (b) ]
I background curve s
- — total curve ]
10 data in AE sideband N
: ---- datain Mm-no sideband :
ST 7

0L

225 226 227 228 229

Mgc (GeV/c?)

B[A, > pn]=(1.24£0.28+0.10) X 103

120 P
T —4— data =2 <27.9@ 90% C.L
— ==s==s signal curve 5 08
100 ... background curve 2 0.8
C total curve % 0.4
80 } data in AE sideband % 02 B
C ] E % 20" 40 60 D)BIU 100
l 1 = MN(AZ—pr
60 gl 4 +
I |
40 T 1
20 )
0:. NI R B N ESPLL L NS
2.25 2.26 2.27 2.28 2.29 2.3

Mg (GeV/c?)

B[A.>pn?]<2.7x10~ 90%CL

B.\‘ram“
Al = pn AL — pn® B,.;:rap,l,
BESIII 1.24 £+ 0.29 <0.27 <0.24
Sharma ez al. [3] 0.2%1.7%) 0.2 1.0%0.1%
Uppal er al. [4] 0.3 0.1-0.2 0.3-0.7
S.L. Chen et al. [12] 0.11-0.36°
Cai-Dian Lii er al. [13] 0.45

*Assumed to have a positive sign for the p-wave amplitude
of A — YK+,

"Assumed to have a negative sign for the p-wave amplitude
of Af - EK+.

“Calculated relying on different values of parameters
b and a.
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Larger threshold A

data at BESIII

E R E A RS R R
TS BESHNIFFREE L B EE 4
XU AE ZEAR 1

»_g i SCNI0F Research Positions

(hinese Acadamy of Science

Latest Issue ‘ Archive\ Jabs \ Lw‘nks\ Buyer's guide |White papers \ Events| Contact us Search

| |
REGISTER NOW CERN COURIER DIGITAL EDITION
Register as a member of Mar 18, 2016 CERN Caurier is now

cerncourier.com and get ful
access to all features of the site.
Registration is free.

BESIII makes first direct measurement of the A, at 2vaiable as a reguar
digital edition. Click here
threshold

to read the digital edition.

The charmed baryon, /\;, was [

KEY SUPPLIERS

Electron-Positron Collider |1 )

Cryogenic Systems
(BEPCI) has measured the Beam-constrained mass distribution
absolute branching fraction of ;
fge pK'n' at threshold for the first time. d(!

37 REEE RRIEME X E,
HAF45PRL

I fifst observed at Fermilab in i
LATEST CERN COURIER 1976. Now, 40 years later, the f_m “
i
]

ARTICLES
Beijing Spectrometer (BESII)
¥ Sneeze dynamics

experiment at the Beijing

Laglnan)
1% 1AW

» The longest proof
+ Electron-hole collider

¥ Imaging with muons

» Towards a nuclear clock

0o
D+
Dy
Ae

c(nb)

Golden SL mode oB/B
B(Kev)=(3.55£0.05)% 14%
B(K%v)=(8.83+0.22)% 25%

Golden hadronic mode  4B/B
B(Km)=(3.88:0.06)%  1.3%
B(Kmm)=(9.1320.19)% 2.1%

B(KKpi)=(5.39:021)%  3.9%  B(gev)=(2.49:0.14)% 5.6%
B(pKn)=(5.0£1.3)%(PDG2014) 26% B(Aev)=(2.1:0.6)%(PDG2014)  29%
=(6.8:0.36)% (BELLE) 5.3% =(3.63£0.43)% (BESII)  12%
=(5.84+0.35)% (BESII) 6.0% =(3.18:0.32)% (HFAG)  10%
=(6.46+0.24)% (HFAG) 3.7%

¥ E 68 E4.62-4.63 GeV, ¥ AT
BRATFEAR? B EZTRE,
;{Iéﬁ?é%ﬂtlﬂ% FRa0%FK M

:, Phl collected WltT] BES|||

= R
R N i it
4.5"1‘4'5.'52;1—)"A.'é"i;.'é"'fs"'a‘s.i'”s':z'”f's'i"'54

GeV/c?
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“D+%§ﬁﬁfD+
JEORR D->K(m) 2

i% klﬂ?f_ NCR) SRR K OCDHHE
"CK_MﬁBijﬁlvcs(d)l MCKMAERE X IEME. #R
--DDORE S HY cp, ¢ DODYEE . ZAIRy/d.ME
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Observation of DCS decay of A.* =2 pK*rm

BELLE, PRL117(2016)011801

(b)

{/ u}p_ {c/ /E}p

K R H}f

4

(d)
p -
/ U} / —IJ}p
Ag{ﬂ e Ag{ﬂ/wﬁna}f
C, (u G~y (-u
\\Hg T \K\HE}K
(e)
/Z—//(d}p
Wi e
“""’-L
Tk
FIG. 1. Typical external (internal) W-emission diagrams for

(a) [(c)] A = pK x~ and (b) [(d)] Aj — pK n", and (e) a
typical W-exchange diagram of A7 — pK~n™.

B[A.* 2pK*n]/B[A.* 2pK-rt]~tan4d
sin6~0.225+0.001

]
=]
[=]
8

Events / 3 MeV/c?

i:%////

Events - Bkg

B[A.* 2pK*n]/B[A.* 2pK-nt]
~(2.351+0.27+0.21)%

2-1—5I 1 1 1 55 1 1 1 I2 25I 1 1 2-3 1 1 1 I2-35I 1 1 1 53 1
M(pK*'m) [GeV/c?]

53



Search for penta-quark in A_,*2pK*K-r°

BELLE, PRD96(2016)051102(RC) Inspired by the observation of two

hidden-charm pentaquark states
s P_.*(4380) and P_+(4450) in J/yp

(a) _r0 (b) “ 30
F"&s} W, {u} invariant mass spectrum at LCHDb
A:{u w u}ﬁo Aed u g
\a

SS
i,

Search for hidden-stangeness
pentaquark states in ¢p invariant

[ 10 o1 y V) [s + {) s
FIG. 1. Feynman diagram for the decay (a) A] — ¢px’ and mass spectrum

(b) Af - Pia.

=

vents / { 0.005 GeV/c?)

£ 0.002 GeVie™)
= =
T T
| |
Events / ( 0.01 GeV/c)
) o
= =
T T
»—._b—c
.'-l
|

Loy
=y
]

1 AT | 1 C T 1 L L L 1 1 1
225 23 235 1 1.05 1.1 Cov b b v by by v v by v v by g 0 1
m(K*Kpn?) (Gevic) m(KK) (Gevic) 1.98 2 202 204 206 208 21

m(op) (GeV/c?)
0)
B(A}Y — ¢ppr”) < 15.3 x 107, @90%C.L.

B(A] - KYK pn¥)yg < 6.3 x 107,

B(Af = Pa") x B(Pf = ¢p) < 83x 107

>



Measurements of A/"2>pK*K/pr*n/pK-=n*

-1
LHCb, 1711.01157[hep-ex] 1ib* data @ 7 TeV
’ —— . + !
A) — AF(phh')u~v, selection Prompt A — phh selectlon
: ><10
5 } g s @ : +IDlaml _I i
o ﬂ‘o LA L L B R B s XI'O L N AL B = e : :?ﬂllﬁt+
2L @ it 4 2 L ® } Data = o = ﬁng(gi\;uud_
% gl LHCH * _RIF |3 °| LHCH A —RillFi 5 5 '
z Sl | 2 A 3 Sigul z
T 50k g SOE w == =08 2
< al .Backg:rotmd_ ~ 2 g 10
§ g L el -,
Eor = 07T 228 23 232
g W E M(pK ) [GeV/c’]
ulo- ; : ? e ‘_\><103 o
TR 23 232 26 28 23 2% s 20 Sm] D
M(pK ™) [GeVic'] M(pr ) [GeV/c] = 15 = Total A
3 \E Backg;rouud
o xlF] LA L B B B o g 10 . - J
2161 () i |2 E
%141 LKCh Jrame 73 §
7 1af | sl 2
T W Background 4 = 23 232
Sos § M ) [GeV/c]
% ; ‘g "';‘1_4xm} ' '
¢ S ;: 12 ¥ Pl Fi
- : \ 3' 1 == Total A]
T am 23 m 2260 28 23 213 7 08 ) M Background
MinE A (21701 Minm 11 [2a1/e1 ; 06k
B(AT = pr—at i 204
( e P +} — (7.44+0.08+0.18) %, %02
B(ch — pK-m ) 0006 228 23 232
B (‘;.12- — pK~ K+ ) 170+ 0.03 & 0.03) % MoK K" [GeV/cl
A+ g = (L. : 03) %, Br‘1+—} ) = (472 £ 0.05+£0.11 £ 0.25) x 1073,
B(Ar— pK—7t) pm :
;+ + B"'1+_:" K KT)=(1.08+0.02+0.02 4 0.06 10_3
\F— pr K p

= (0.165 = 0.015 £ 0.005) %,

B(Af— pK—77%) B(AT = pr~ K1) = (1.04£0.09 £ 0.03 £ 0.05) x 107*,



Events /(0.018 GeV/ch)

Events /(0.018 Gevi/ch)

Analysis of D*2>K, e*v

» Regardless of long flight distance, K §(D+—)K,_e+v) =(4.482+0.027+0.103)%
interact with EMC and deposit part of
energy, thus giving position information

B(DY = KleTv.) — B(D™ — K%e v.)
Acp =

> After reconstructing all other particles, B(D* = Kyetve) + B(D™ = Kje7.)

K, can be inferred with position ApP*>KLetv=(-0.59+0.60 + 1.50)%
information and constraint U_,;.=20

Simultaneous fit to event density 1(g?) with 2-par. series Form Factor

D*>K e+vis
measured for
the first time

Events /(0.018 GeV¥/cH)

Events /(0.018 GeV&/ch)

PRD92(2015)112008

Events /(0.018 GeV/cH)

Events /(0.018 Ge\V/ch

M With 6 dominant
D-;zl{Ge‘v:zf’c“j i i D-;Q(Ge\,;zfc“) i D_ Slngle tag

fK,(0)|V| =0.728+0.006+0.011 r=a,/a,=-1.91+0.33+0.24 56

.5 1
g2 (Gevio)



Absolute BF for D*=> K%*v via K0=>rt0xr?°

L=2]
[ ]
o ]

With 6 dominant D~ singletag /%PC4O(2016)113001 S RRRE
B0F T ' 5013478 | % a7 Eom
| s _
8.83+0.10+0.20 B’ _sm+m
| % CLEO[4]

Events /(0.01 GeV)
o
| o ]
o ]

% 8.8310.22
% PDG[1]

7
7 8.96+0.0510.21 ¥ —K°
200 %{ BESITII [&] T
B 7
[ | é 8.5940.14+021 T
i .3970.140. ¥ —»n'n’
ol ke ke i i i i / This work
90.2 -0.1 00 0.1 0.2 0.3 '///f""'
8 9 10 11 12 13 14
Uniss (GEY) B(D' =K e*v,) (%)
0
Taking Tp., T, B[DC>Ke*v] and D" > K eV _ 5 969+0.025
B[D*->K0%*v] from the PDG as input 1“[D+ N K eVv]

Agrees with isospin conservation within 1.2c

57



Simultaneous fits

Improved BF for D*2>K°%ut*v

EPJC76(2016)369

With 6 dominant D~ single tag
] _IO I_ I I |
s000-@  KODm'm 16516+ 130
o
2000 — —

V)
=
o
=]
o

300

Events /(0.005 Ge

200

100

-

——i

(8.72+ 0.07% 0.18)%
QOur result

(9.20+ 0.60)%
PDG2014

(9.27% 0.69% 0.59* 0.61)%
FOCUS

[D°

{  (10.30£ 2.30+ 0.80)%
BES-I1

|

| ! | ! I !

—> K #V] _ ) 963+0.044

Taking B[D?>Kp*v]
and B[D*2>K%*v]

[[D* — K V]

I[D* — K V]

from the PDG as input

=0.988+0.033

I[D* — K e'V]

0.1

0.15 0.2 0.25

Support isospin conservation in
these two decays within errors

Consistent with theory
prediction 0.97 within error 58



Measurements of BFs of D.* & nUe*v

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

rates of D) and Dg*

= Complementary information to understand n—n’ mixing

482 pb! data@4.009 GeV, PRD94(2016)112003

915_-'”"””'”“'”-'}-'D':n'a”'
8 - a) [MC

[ [EPeak Bkg ]
ﬁ TTY
e 10f £}Side By 7
S [ ]
S’
S
h
=
=¥
>
&2

-[I].Z 0.1 0

-q].Z 0.1 0 01 02 03

0.1 02 03
U miss (GEV} Umlss (GEV)
R CLEOII 95 = CLEOc09 — CLEOc15 PDG [4]
B(D_f _} -r;e+r/e) %] 230 £0.31 £0.08 — 248£02940.13 228£0.14£0.20  2.67£0.29
B(DT = y'e™v,)[%]  0.93 £0.30 £0.05 — 091+£0334+£005 068£015£0.06  0.9940.23
B(DY v/ ctve) 040+0.14+£0.02  0.35+0.09 £0.07 —

B(D] —&?re+az€]
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Studies of D.*>K®%*v at 4.178 GeV

o1 BESII) D+ K0e*| BESIII D> K*0e*,_
- ; 4 - 40 — . .
2 [|preliminary N°bs=117.2+13.9 < pyeliminary N°bs=155.0+17.2
8 201 S 30}
g Fit background | 1 °
%; via inclusive MC 3.2 fb- data@4.178_GeV
g 10— g
& Data M _ n% 10
sidebang s e L T
-L —I—L Tk TRy e e T
-0.2 -0.1 0 0.1 0.2 -0.2
MM (GeV?/c") MM? (GeVZc?)
B[D,*>K%*v, ] =(3.2510.38,,,+0.14, ,)x103 B[D,*>K*%*v, ]=(2.3810.26,,,+0.12, ,,)x10°3
(3.910.9)x10°3 [PDG17] (1.840.4)x10°3 [PDG17]

AT/ (ns'GeV2c?)

1 ! 1 N 1 | ! 1
0 05 1 1.5 2 0 05 1 15 2
o (GeVic) ¢ (GeVIc)

Model Parameter Value f.(0)

Simple pole 71(0)[Vq] | 0.175 £0.010 £ 0.001 | 0.778 £ 0.044 & 0.004

Modified pole model f(0)| Vg | 0.163 £ 0.017 £ 0.003 | 0.725+0.076 + 0.013
& 0.45 £ 0.44 £ 0.02

Series two parameters | £1.(0)|V.q| 0.1624+0.019+0.003 | 0.720 £ 0.084 - 0.013
n —2.94+232+0.14

Taking |[VCKMfiter | ag input

Four dimensional un-binned likelihood
fit is performed. K* paramters are fixed

.
\

¢ (GeVi/et)

40f

Events/ 0.2
Events/ (.27

201

1

A 0.5 ©.
cosl i X

r,=1.67+0.34+0.16
r,=0.7740.28+0.07 60



Inclusive decay A,">AX

g E, + 0 Tag modes MngAE (GeV) Yields + -t
8 :::; A2pKs A- SpKY 0021, 0.019] 1220+ 37 A2pKT
— 3 ] AZ = pK+a—  [0.020,0.015] 6088 £85
2 1201 . Q\( £ 500 . (\Q
@ 100— \0 @ F \
g .- X 3 400 e ((\
w 80 ?\\((\ w B ?\\
o - @
40; Q 200; Q
20; i . lv 100; l
2?2 2 8 2.285 2.29 ““ 3 2.2;.5 2.26 2.::: 2.;7 2275 2.28 2285 229 2295 223
M, (GeVic?) M,_ (GeVic?)
g 23 70629 ——— Help to explore the source of missing
= s s : - . :-_::-_' L peeeeeeseesseeaenasieas
i":_: N R I decays and search for new decay. Better
2205 K £ EEREE P - input for charm baryon and B physics
2280 . e
2'2?55: ' e R Nsig = Ns = (Ng + Ng)/2 =7+ Np + 71 (Nc + Ng)/2
R TR sesnanans : -“E ) i.............:,.:. ..... -_E : ............ sesasmsses . )
cnee TP B AN B(A; - A+ X)=(36.98 +2.18)% stat. only
2.26 C e » LB
et o Agrees with PDG2015 value (35+11)%,
1.1 1105 1.1 1.115 112 1125 113 1.135
M, (GeVic
Decay mode  Branching fraction %) Acp
BAF > A+ X) - B(ﬁ: S A+ X) AT = A+ X 385021324 0.02 4 0.06

ACP =
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Absolute BFs and y, of DK, %)

® Two dimensional fits to Mg(tag) versus Mg(signal)

® Projections of DT evens on the Mg(sig) vs. K1r (for example)

4UU—

ED— Kgn®

350; EN,yg = 163149
Nw = 14129

Pg3 T84 185 186
My / GeVIc?

Branching fractions and asymmeétrle

R(D — Kgp +7's) =

Table 10: Decay rates and the asymmetries of D — K9, 7° and D — K ;7

187 188

220
2007
180;
L 160,
2 140F
21200
2 1007

Br(D — Kg7's)

T g
1.85 1.86 1.87 1.88

My / GeVic?

85 186 1.
My / GeVIc?

A RooPiot of "The Beam Constraint mass (GeVI™

tatistical @hly

— Br(D — Kp7's)

Br(D — Kgn's) + Br(D — Kpn's)

D — Kg,n’

B‘I‘I\'SWU(O/EJ)

BIVI\'LW”(%)

R(D — I\,SLTFO)

Krm | 1.2084+0.041 | 1.061£0.038 | 0.064640.0245
K3m | 1.212+0.037 | 0.9854+0.036 | 0.1035%0.0237
Krr¥ | 1.2514£0.028 | 0.95340.029 | 0.135140.0186
All | 1.230+0.020 | 0.9914+0.019 | 0.1077+£0.0125
D — K9 77°
Brreear(%) | Brr,sm (%) | R(D = K312
Kr | 1.024+0.049 | 1.29940.080 | -0.118340.0385
K3m | 0.88740.043 | 1.097+0.073 | -0.1060=£0.0409
Krr | 1.01040.036 | 1.1584+0.060 | -0.068140.0313
All | 0.975£0.024 | 1.17540.040 | -0.0929+0.0209

Oﬂ.O'

Eevets/(0001) [ |
(0001) |

s 888538 8]
IR R

8

(¢) K#° VS Kev tag-side

]
The Beam Constiaint mass (GeV)

Entries / 1.0 MeV/c?

-]
=]

[+
S

N
o

N
(=]

ellmlna_ryl a——

(d) K{=° VS Kev signal-side

® yop ((Ksmr?, K 1) vs. Kev) =
(0.98+2.43)%
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Events / (1.2 MeVic?)

Events / (1.2 MeV/c?)

Absolute BFs and A, of D*2 K, K*(rt°)

- ~
[ D'-KEK' [‘t 3 DoKK {1| $ g DK l
200 | i 20m- || E E 100+ I*.ll
[ B | o .“.‘-
i | F E 3 3w H
o | § o i1 E § I
. f}* g | ' ;,\\3 G |
0: o: I ﬁ‘" L
- Mgc 1(32\!1’(:2) " " Mge }gwcz)gs
o 1T TR g
100;— H ? 100 % l‘ E E
R
al { | s f | } 2 8
ST AUED & AN z
* My 1(gwcz) m - My }gw&) " ' My (GeVicd)
p B(D+) — B(D™)
cp = -
The first and second uncertainties are statistical and systematic B(D*) + B(D~)
Mode B(D1) (x1073) B(D7) (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
KgKisrrO 523 £0.28 £ 0.24 5.09 :I:gE‘DSl[ ﬂZE)re“mﬁ,%Pﬁl + 0.23 14+40+24
K%Ki 3.13 £0.14 £ 0.13 332 £0.154+0.13 323 £0.11 £ 0.13 3.0+£324+1.2
K%Kiwo 5.17 22 0.30 = 0.21 5.26 & 0.30 = 0.20 5.22 £ 0.22 £ 0.21 -09+41x1.6
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BFs of D*>2K.K(wt)* and D%>2(3)K;

Comprehensive or improved measurements
of 3-body decays benefit the understanding
of the interplay between weak and strong
interactions in multibody decays, where
theory is poor than 2-body decays

BF of D> K K will be helpful to
explore the SU(3) symmetry breaking
In D decays

v _ _ _ : _
< 600} (a) ? J1000f (D) 3 ] 150 1 100} (d)
w a | 3 r ! ] 1 L ]
< 400¢ 'y ] ; it 1 100 [ | ]
- 5 f' ] Sm_- .l -_ 501 #+ 1
£ 200 : : ] ] s0 g ]
o ! ol A" S é
o *N 5 Fi ool . z
z 2o # _sz».-w' A 119 M ﬁ !
= of : op : H\‘ GW : of* : hﬁ*ﬂ
% 20 100 E 20;- ; 2“;‘ ]
“ ‘“%%W&Wﬁ pntoolin, |k ]
%8s 186 8 O Tae Taa  Oai K 188 .84 186 _ 1.88
Mg (GeVlc® } M. (GeVic)) Mg (Gelic?) Mg (GeVic)
Comparisons of the branching fractions (in 10~%) measured in this work with the PDG values
___ Decay modes This work FDG
DY 5 KIKSKT 234405 £12 45420
PLB765(2017)231 D' = KeKirt 21005 12 -
D" - KIKL 1.67T£0114£011 1.7404

DU = KEKEKY 72140334044 01413 64




D.* 2> n’X and n’p*

PLB 750(2015)466 . |

. - . . E awl -
s00f Ds— KeK 2000k D,— K'Kr 2000F D K'K'w. i
F 1500F r
300 " 1 bovicstmgpired © Lol
200F it 1000} i 10001 2 3 [
100 f ;A soof a 2 f
= L BRI e N
T . . \7\,\ \ ‘ . B g 50~ P 201
ng 300F D.— KIK*'nn D,— mww D,—mm E e
> 300} Wl
= 2000F I
g 200 #t oot 2001 Hﬂ‘ F FAY 1 : 1
} # [ ' & g' n 0 1 Lt S, ! ) L BN 1 L ]
% LOOL it -ttt b 1000 &..\.\\ 1ooff ' kel Sy 194 196 198 2 092 094 0% 098 1 10
o . ‘ T, . . . 3 ‘ . M My (GeV/c?) M) (GeVrc?)
D=, 1500F Dy—nn’ 2000 D, —nnn
n PY
N|[D.* ’X]=68=x14
1000} . S 'rl = —_
R e T L > +
f s00 | \"“m\,__\ sook
M L 4 L L L y . . L ]
194 196 198 2 194 1.96 198 2 194 196 1.98 2

M. _ (GaV/n?)

~15.6 K ST

Events / 2 MeV/c?

BeLeolDst 2 n’p*1=(12.5%2. 2)% ;
PRD58(1998)052002 1

g e ) 1 P A
1.94 1.96 1.98 2 -1 -0.5 0 05 1

[—| ~ My (GeVic?) cosf,.
RESTHA(3.010. 5)%0/T41F .
F.S.Yu PRD84(2011)074019 N[D* 2> n’p ]=210£50

BPDG“SUM[DS* > 4 n’X]=(18.6iZ. 3)% B[D.* > n’X]=(8.Si 1.8=x0. 5)%
Busr[Ds" > n°X]=(11.7%£1. 8)% B[D," > n’p*]=(5.8%1.4£0.4)%
PRD79(2009)112008 5 CLEOPRD88(2013)032009— %X
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BFs of DY*)>PP

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_UBS} 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 20102,
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 3.773 GeV within BESIII, the

g Or DOy tn? 7 #%F p’ KK’ 1 Wf D% K'n* ]
3
5 w0 ~ 15000 -
S
= 100 g
E 4000 [~ - 10000 B
H
& 2000 d sooof 1 S0 4
1s000F ! B ' '
0 0 2000k 0 3 0ol 0 . -
D> Kgn D> Kosn D'—» Kgn
10000 4 1s00f ]
400 h
1000 B
5000 E 200l ]
500 4
n ! n
1.84 1.86 1.88 84 1.86 1.88 1.84 1.86 1.88
M, (GeV/c) M, (GeV/c?) M, (GeVic)
o~ a T T 1 1500 T 800
9 D'omtnd D'’
8 a0
§ o 1000
ér 2000f
£
® 500 mt* 0
£ 1ok ] D' K'n 10000
aof
800 .
L) o+ -
D*>a™ o R el D*o>nKY 1 wo} D' KK
600 1
ool ol | aoo0o} 1 0o
L 4 10000F 1 2000F
200 2
. D' K
1 1 1 1 1 4 i T T o §
1.64 86 188 186 188 184 186 188 184 186 188
M, (GaVic) My (GeVI) My (GeVic) M, (GeVic)

, Npopo = (10,621 £ 29(514¢)) X 103, Ny~ = (8,296 & 31 ¢qr)) X 103

For
better precision than

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).

the present values.

results will help to improve these measurements.

Mode N:fg‘;al e (%) B (stat)£(sys) Bpog

- alaT 211054249  66.034£025 (1.50540.01840.031) x 107°  (1.42140.025) x 107°
e I 1NN a.sﬁyi 73 62824032 (4.22940.020+0087) x 107 (4.0140.07) x 1073
K-t 5377354767 64.9840.09 (3.896 + 0.006 + 0.073) % (3.93 £0.04) %
K2r" 66539 +302  38.06 4 0.17 (1.236 4 0.006 + 0.032) % (1.20 £ 0.04) %
Kﬁn 05324+ 126  31.96+0.14 (5.1404+0.068+0.134) x 10~°  (4.85+0.30) x 10~°
Kon' 3007+ 61 12.66+0.08 (95624 0.197 +0.379) x 1072 (9.5405) x 1073
Oat 101084267  48.98+£034 (1259 +£0.033+0.025) x 1073 (1.2440.06) x 10~°
'Kt 1834+168 51524042 (2.1714+0.198 £ 0.060) x 10~*  (1.8940.25) x 10~*
prt 11636 £215  46.964+0.25  (3.790+0.070 £0.075) x 1073 (3.66+0.22) x 1073
nKt 439+ 72 48214031 (1.3934+0.228+0.124) x 1074 (1.1240.18) x 107
n'nt 3088+ 83 21.4940.18  (5.122 40.140 £ 0.210) x 10~° (4.84 +0.31) x 1073
n'K* 874+ 25 22394022 (1.377+04284+0.202) x 107*  (1.83+£0.23) x 107*
Kint 938844352 51384018  (1.591+0.006+0.033) x 1072 (1.5340.06) x 1072
K§K+ 17704 £ 151 48.45+0.14  (3.1834+0.028+0.065) x 107°  (2.95+0.15) x 107°

, it shows
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So far, no rare D decay is found
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