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> (Semi-)leptonic D, decays
L foe €@, (0): better calibrate LOQCD ~ [enereeeeee 5
2. |V gq): better test on CKM matrix unitarity

3. LFU test and search of rare SL decays

> Hadronic D, decays

1. D°D° mixing parameters and CPV

2. Strong phase difference in D° decays:
Constrain y/¢p; measurement in B decays

(0,0) * (1,0)

3. SU(3) symmetry and break effect

> Absolute BFs of A" decays

No absolute BF measurements of A_.* using near
threshold data before BESI|I|I



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

= A decays

® Summary
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Experiment  Machine Cc.M Lumin. N(D) efficiency  advantage/disadvantage
B = CESR 2.9 x 10° © extremely clean enviroment
C _ -1 Y
L'g% (eTe™) 377 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 108 D
4.18 GeV 3 bt 3 x 10° Dy’
* ek
KEKB 1 9 © clear event environment
(ete™) 10.58 GeV L ab 1.3 10 © high trigger efficiency
o © high-efficiency detection of neutrals
PEP-II 1058 G&V 0.5 ab-1 6.5 » 108 ~5-10% @ many high-statistics control samples
ete” 2 time-dependent analysis
T : 5a b % © time-depend lysi
* * % © smaller cross-section than pp colliders
Tevatron ) g6 Tev 0.6 fb ! 1.3 x 101! i . .
(pp) @ large production cross-section
<0.5% © large boost: excellent time resolution
LHC 7 TeV 1.0 fb ! 50 x 1012 =70 @ dedicated trigger required
pp e . - ' & hard to do neutrals and neutrinos
8 TeV 2.0 fb! hard to d Is and
ok *
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BESIIT . | Beam energy: 1.0-2.3 GeV
detector , Z9 S Optimum energy: 1.89 GeV
003 N SN Designed luminosity:  1.00X10% cm2st
& Data taken from: 2009
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Nucl. Instr. Meth. A614, 345 (2010)

Magnet: 1 T Super conducting

4100 750 DC: small cell & Gas:
— s JWH(J:)'CSH,; (60/40), 43 layers
| 0, =130 um
ity S S SR 3 f = []5“/ IG V
e ] dbax—iva

e -~ ab/dx=6%
=

L] Rl = = e
- T, o; = 100 ps Barrel
110 ps Endcap

L
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Muon ID: 9 layers RPC
= 8 layers for endcap

EMC: Csl crystal, 28 cm Data Acquisition:
AE/E =2.5% @1 GeV Event rate = 4 kHz 20154 ETOF 74 ekt i,

oz = 0.6 cmVE Total data volume ~50 MB/s | 2> #$$5560 ps
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> 1tv
> P(f&tr/rF)Itv 2> Some selected topics
» V(RENT)IHV

> S(HFENT)IHV
> Rare SL decays
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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./fpy T

_+__

FNALMILC (ar + physical light quark masses
+ improved charm-quark action (HISQ)
+ PCAC (no renormalization)

+ ensembles with small lattice spacings

fD I also at Lattit
fp+
127(0)
B -
| | L 11 1 | I 1 1 1 | | | | L1 1 1 | I 1 1
0 | 2 3 4

errorin %

review by C. Bouchard @ Lattice 2014

+ First results for D mixing bag parameters
(all five) with local operators only by ETM
(2013, 2014) nr=2, 2+1+1

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

—
work in progress by FNAL/MILC (Lattice 2014), ETM, HPQCD, ...
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818 pb~* at y(3770) 2.93 fb! data@ 3.773 GeV
(2004-2008) ' @ 3. © BESIIZRAF 5 5 kil
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CLEO BESIII "

Bousv=(3.8240.3240.09) X 10 By, 5,,,=(3.7120.1940.06) X 10~ Dz 275 25 7 Al
%;iﬂﬂ%ﬂa AT, D3
_ _ FHEFTSNE@E , MR
f,,=205.8+7.5+2.5 MeV f,,=(203.2+5.311.8) MeV T ERESHIPH
i o ) PDGRHA , {15V [ HRTE
|V .4|=0.2210+0.0058+0.0047 HEIREMNA.8%PEE1.8%



fD+' st+*ufD+ :st+ tbtgz(zo:lzl')

Experiments

Femilab Lattice+MILC (2014)

HPQCD (2012)

Averaged Expected A | Expected A
fo.(MeV) 203.944.7 | 212.6+0.4%10 1.80 | 208.3+£3.4 0.8c
foss(MeV) |  256.9+4.4 | 249.0+0.3*11 . 1.7c | 246.0£3.6 1.4

forfoss 1.260+0.036 |1.1712+0.0010%0-0029 | ., | 2.5¢ | 1.187+0.013 | 1.9¢0

o SEIE /D T EREE (o, focw fo.fped®0.5%,0.5%,0.3%)
o i%_"ﬁﬁi’ﬁ?ﬁ)\%fD+’ st+’ fD+:st+ﬁ‘l%é/‘320'
o ISR PSR

14
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0.48 fb!l data@4.01 GeV
PRD94(2016)072004

LA BB B | I L LI L
16/ Mg signal region’ _ HOH-D; bkg
14 (a) |

12— as |4 |

10

Events /{ 0.01 (GeV/c?¢ )

[ 1=

gEHFHH = H
6-Mgb §ideband region E
e S
2= =

T 1L lIdl‘I Iy o000 o I I AN RLENE
€15 01 005 0 005 01 0145 0.2
MM ({GeVic’F)

fo.,=(241.0+16.316.6) MeV
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FHrD> K (m) e viBNH™ (0)|V o gl

2 2
AT(D° > K/n etv,) X G F |Vcs(d) | 3 fZ( 2)|2
dg” ) 2473 SRR
— Single pole form — Modified pole model
2 S (0) 2 ()
.fl ( - Tz = ] 3
) =T - f+lg) (1= )1 — o)
— ISGW?2 model — Series expansion model

pe = o2 .
F(@) = 11t (1 + %((ﬁna}{ - ff)) Fil(t) = m%(%) (1 + ; 7 (to) 2 (t, to)] )

Recently improved LQCD calculations on f,P?X®(0) [2.4(4.4)%]
provide good chance to precisely measure the CKM matrix
element [V |, which are important for the unitarity test of the .
CKM matrix and search for NP beyond the SM



fudLQCDITRAI ™, (q2)

PRD92(2015)072012

2.0 ubin ef af. (Fermilab Lattice Collaboration, MILC

| -, C. *)g ‘
jQ Dod K_e’ aNdration, and HPQCD Collaboration), Phys. Rev. Lett. @60 7 Tc_e+v
T —=—data

—

94, 011601 (2005). 3~ ——data
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Figure 7: Comparisons of the result of fit to experimental measurements and lattice calculations

for ££(¢%) () and f§(q*) (b).
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PRD96(2017)012002
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Events / (0.6 MeV/c?)

Events / (0.6 MeV/c?)

D> K u'vir 3z bR s

Events / (OEB MeV/c

Events Jﬁ.s MeV)

E<1'03 T — T r T T T
6ﬂ: (a) K’ _
40 BESIIN
20 .

1.84  1.86  1.88
Mg (GeVic?)

€1'03 I ] ]

80: (¢c) K'nnn* E
60F .

. BESIII]
40+ .
20F ]

g L e |

1.84 1.86  1.88

Mz (GeVic?)

%)

0
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N AT o
(=]

—

x10°

- -

(b) K'mn! -f
inary

3f () Ku'y,

1.84 1.86 1.88
Mg (GeVic?)

x10°

inary .

Total ST yield: (234+2) X 104

DT yield: 47100+259

I\Ill\|f|!IFIlHIF‘lIlIIHII|IH!||||||1|—|_I'|IHI
4 erroris from

PDG2017  3.33:0.13 AB(DODutY) .=

EMUL 2.14+0.34:0.34:0.19

E653 3.16£0.340.27:0.28 e —

CLEO 3.07:0.31:0.35:0.03 Al B

E667(1993) 3.19:051:05%0.03 ——

E687(1995) 3.31:0.13:0.14:0.03 WMerroris from e
A8(D3r)

BELL 3.45:0.10:0.21 —_—

BESIII

preliminary 34291001910035 ’

stat, syst.

050051152 25 3 35 4
BID"™K ) (%

19



D> K u'vVEZAFEEINIIFHR

Differential partial widths Assumed to be independent
of g2 following FOCUS’s
dr _ GF|VF'-T| |—> ||fK[q j [:WU — Ex )2 freatment
dqg= 8m3mp Fo
) (PLB607(2005)233)
X[ mp | pr | am m (m_;_;. - mie + 2mpExc)
1 L|pkl* | 1 K(q> 9= Pu Py
p mp —~ mi ., 7 (q7)
+ §m é + Em2 7D TR R o (,'-')} Wy = (m%} + mﬁ — mg)/QmD
+£1meFD|r'” |2] FD:WU_EK‘|‘m£2»/2mD
_ — ———
~ 80 X" /NDOF = 15. 8/15_ [ BESIII preliminary (b)
> Series expansion
& 60 parameterization fof| ~ _ 1.5 .
o rm factor (2" order): "=
£ 40 1 ==
Nﬂ"
§ 20 BESII prellmlnary : i
0 0.5 1 1.5 0 0.5 1 1.5
q2 (GeV?/c?) q? (GeV?/cY)

ff(g)“{’m‘ = 07148:|:000385tdt :I:{)Dﬂngybt fif/ff — —OTiggbtdtiﬂlb%
r = _1-94i0-215tat.:I:U-[}Tsyst.



HAREE =, <™ (0) Y SEIuFNIRIELE R

HPQCD 0.666:0.02+0.021
PRD84(2011)1145
05

BESI 1€, 0.73£0.140.06

BELL 71V 0.624£0.02¢0.003

BABR TEV, (5H0.0240.005 e
CLEO 7'y, 01665¢0.01%0.005
BESII 7€V, 0.6372+0.00840.0044

BESII 1", 0.6216:0.0115:0.0035+

HPOCD
PROg 201014505 74001 EO0TS

BESI Ke'v,  0.80£0.0440.03

03 04 05 06 07 08

0

BELL KT, 069500070022 memtime

BABR  Kev,  0.7270.0070.009

CLEO  Kev,  (.733:0.006+0.005

BESHI K, 0748:0007:0012

BESII  Keehv,  0.7246:0.0041:0.0115

BESII K&, (.736640.0026:0.0036

ES%MMM 0.7343:0.0033:0.0030

I T T N
045 0.5 055 0.6 065 0.7 0.75 08

0
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Events/(0.02 GeV)

@ (n| = cos¢p (ng| —singp (ns
@ (| = cos d¢(sin @p (ng|+cos dp (ns|)+sin o¢ (ggl;

D51V v ZELFIENDF A7

PRD97(2018)092009

C T T T T | T T T T | T T T T | T T
60 _n]re*\--‘R (b) Fnetv ) i I )
a0 D1=YY 0.6-1.2[n—v% >1.2 e = —
[ + - | 1 —=— Data ]
[ - ——— Simple pole
20 W r —- Modifisd pole 1
Rl o n . . - o —— Saries sxpansion -
E o
20 Fnety, (f) = 0.4 1 _
En—mrra? >1.2 — - 1 -
3 =] L i
0n: — —
L 1
“ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
01 0 0.1 01 0 0.1 0.1 0.1 0 0.3 1 1.5
2 - T
U, (GeV) gHGeVeh)
Fit parameters Simple pole Modified pole Series expansion
Fe(0)[Vea| (=1077) 5,15 £ 0.45 £ 018 824+ 051 £0.22 T.86 £ 0.64 £0.21
Shape parameter 173017 £ 0103 0,50 = 0.54 £ 0.08 —7.33 £ 1.69 040
Ji 0.80 —0.85 0.90
¥ 2 /ndf 0.1/(3-2) 0.3/(3 —2) 0.5/(3-12)

MDDt —=n'£1uy)

MDT—nityg)

= ﬁg tan? &p,

B — (10.74+0.81+0.51) x 10—*
Byyety, = (1.91+0.51+0.13) x 10—4
dp = (40 £ 3 £ 3)°(¢¢=0)

T ER BRSNS

netu,
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Fits to partial decay rates Comparisons of form factors

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIII
~ LQCDM_=370MeV 0542 +0.013 -
) L PRD 91 014503
N
b 4
% I LQCD M,=470MeV 0564 +0.011 -
b PRD 91 014503
= i
w LCSR JHEP 1511 138 0.495 0.030
g
(] L
=y
3 LCSR PRD 88 034023 0.432 £ 0.033
H
-} —
L --- Simple pole \ . p
1 -.- Modified pole %\\ RECTORN  PRD88 034023 BESIII preliminary 0458 :0.005 + 0.004
| — Serigs 2Par. @ X +n.w'e+v, o0 stat. syst.
+ DO d
+Tl”evﬂ+ % *LCSRcalculation p IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIII
O + M2
~ 0.8 ped LOSR uncetinis 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 0.5 0.55 0.6
NU' 3 4]
g ol £(0)
‘H ' - T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T
04 | LQCD M_=370MeV 0.404 £ 0.025 =l
. A . . . PN R SRR RSN R PRD 91 014503
0 05 1 15 02 04 06 08 acomney ok oo
qZ(GeVZ /04) PRD 91 014503
LCSR JHEP 1511 138 0.588 + 0.047
LCSR PRD 88 034023 0.520 +0.088
Case Simple pole Modified pole ‘ Series 2 Par.
[OOWVerl My x?/NDOE f1°@Vel o x*NDOF £V ri */NDOF
netve  0.450(5)(3) 3.77(8)(5) 12.2/14 0.445(5)(3) 0.30(4)(3) 11.4/14 0.446(6)(1) —2.2(2)(1) 1L.5/14 BESIII preliminary 0.490 +0.050 + 0.011
n'etv, 0.494(45)(10) 1.88(54)(5) 1.8/4  0.481(44)(10) 1.62(91)(11) 1.8/4  0.477(49)(11) —13.1(76)(11)  1.9/4 stat. syst.
! P P P P

0 o1 02 03 04 05 06 23
£:(0)
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MM2 fits

600"
[ -
400: PONDG201T 2264018
r:gzooi CLEQ PRD 80 (52007 2.2840.14+0.18
z L
=
8 BESII PRD 94 112005 2.3040.34:0.08
2100 (@100 Gev)
5 : BESII i 2.3040.05+0.08
F?j Pty ey syst.
501 N
12 14 18 18 2
A - BD:—vqa"v
0.2 0 02 04 -0.2 0 02 04
MM (GeV¥/cY)
Decay ") decay exxyst (%) Npr Bs. (%)
F _
ne’ Ve ¥y 41.11+£0.27 .
A0t 16.0640.31 183447 2.3240.06£0.06
T T
ne've nuw 14.07+0.10 . .
. 18.98-40.10 261+£22 0.824+0.07+0.03
1(;orrtmlnlng the bra(;mhw}g "
ractions measured in this wo Y Mivi
and B[D™ - ne*v ll n_n mIXIng angle
10.74+0.81+051)x 1074, . . N
D™ — oy — I'o;y —
o1 0l 13)X 107 (Dy = m'e”v)/T(Dy = me™?) _ jagy,

BESIII arxiv: 1803.05570) into
below equation, we obtain

I'(D" — n'etv)/T(D" — netv)

(%)

Comparisons of branching fractions

PDG2017 0.740.14

CLEQ PRD 80052007  0.68+0.15:0.06

BESII PRD 94 112003  0.93+0.30+0.05

(@4.009 GeV)
BESIII preliminary 0.82+0.07+0.03
stat. syst
cao v b by e Py I R
22 24 28 04 02 0 02 04 06 08 1 12
D—mev( A’)
T I T 17T I L I T 17T L T 17T T 17T L T 17T I L I T
LHCb JHEP 1501 024 0 ——
(Gluon excluded) Bgy—oJlyn'  43.5:1.4
KLOE PLB 648 267 0 ——
(Gluon included) o'y 39.7+0.7
KLOE PLB 648 267 0 ——
ooy 41.3+0.310.9

(Gluon excluded)

CLEO PRD 85013016  Dgon e*v, 40+3
BEsIII Digon’ €'V, 402414105
preliminary

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



BESIIBR S ReaEiI|V. . ol

[ | MethOd 1 fD(S)|VCd(S)| VCd(S)
D>K(r ..
= Method 2 f ( )+(O)|Vcs(d)| Vcs(d) Limited by both
DES)> statistics and
S .
= Method 3 f ",(0)[Veqs)l Veagl  +<— LQCDinput
For measurements, the first error is the combined stat. and syst. errors, the second is LQCD uncertainty
I I O O O I B CIKMlFil'terlllllIII|III|09934|3+60[I)01:5|||I||I|
DELPHI W= 3 0.9410.32+0.13
CLEO/BELL/BABR/BESIII D' KI*\-" 0.97510.007+0.025 L]
CKMFitter 0.22520+0.00085 ' CLEO AN 0.988:0.044£0.022 T
- PD CLEO T, 1.0090.052:0.021 o=
/ CLEO TV, 1.088+0.069t0.018 —-_—
J BABR TV T VTV, 0.956+0.036+0.056 -
- BELL veV T TV, 1.02540.019+0.029
CLEO/BELL/BABR/BESIII DD%T[W‘ 0.214£0.003£0.009 —— BESII@4.009 WY, T TV, 0.944+0.063+0.027 _._.
CLEO B, 1.00740.040£0.018 -
BABR w, 1.040:0.03340.031 -
CLEO . BELL A 0.976£0.026:0.021 *
pROBSQOIOSGH 1 020000 e o™ e om0l
Srimf;;m D-ne', 1.032£0.012+0.080 ==
BESIII 2.93 fb ;
D™=ty BESII@4.178 -
PRD89(2014)051104 DY 0.215240.0036:0.0022 == iy 0w, 074400140017 :
srimmary DK, 0.957£0.006:0.024 .
||||||||||||||||||||||||||| IIIII||III|III||IIII|IIII|II
0 005 01 015 02 -1.5 -1 -0.5 0 0.5 1
V| V|
cd cs

IR T RS2 KO (0)KE S THEORE BEFR ] [2.4(4.4)%) 25



I BES-I(D' -y,
[ BESHI(D"re'v,)
Il CLEOc:(D'p)
[ CLEOc:(D™>n%t,)
B Bele:D’-rev,)
[ BaBar:(0"-mev,)
[ neutrino-scattering

15.6 %

=k u SN | Vg | HINEE

BESIII V4 tXE>50%

D76, IV_J=0.214 +0.003: 0,009 (PDG2016)
D' v,: |V, <0219+ 0,005 £0.003 (PDG2016)
v |V J-0230:£ 0,011 (PDG2016)

Weight Average: |Vw|=0.220 +0.005 (PDG2016)

o\o

47-6‘

BESII D ,*>utvaf |V, | TTBR IR E N 28%

I BESHI@4.178 preliminary:(D 'V, )
[ BELL: (D'—,p'v )

I BAGR: (D -»p‘v

[ CLEO: (D N, )

= BESIII@4 009: (D —»p'v AT
[ BELL{D -»T‘Qevv,p v TN
(== BABR(Dﬂ‘(e v V,uv VW )
I CLEO: (o’w(ww )

[ CLEOY (D —n’(p‘V)v )

[ CLEO: (D Sfely V)v )

] CLEOIBELL!BABRIBESIII:(D"OaK'I'v')
I DELPHI(W'c8)

leptonic D decay: V_ |~1.008:0.021 (PDG201 6)

semileptonic D decay: V. |=0.97540,007:0,025 (PDG2016)

average of the determinations from leptonic and semileptonic:
IV_[<0.985:0016 (PDG2016)

W decays: |"J‘°‘°‘If:i°“3 (PDG2015)

BESIII D;—)ﬂvlﬂ??‘ﬁ%ﬁi)ﬁ, Xﬂ‘IVCSI
REREI B A EABI50% L4 26



CKMZERERIN SN

’

AV, IV, =0.1%
0.02%

< b

QB

EX&D=21*v
: BESIZRER XS
AV, IV, =36%

7.3%

AV, IV, =1%
0.4%

BAED DIV

AV, IV, =25%
12%
- i}/
<! le
B Q \
‘ T
AV, IV, =5%
3.1%

BESII4is 4 RAE _

ERRAEE T

AV, IV, =3%% AV, IV, =29%

6.8%

[ e’ s,

3.1%

1

N

/
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D> Ve viZIKEFiH 5%

@ m’ = (ppt +pp-) @ ¢ =(p++pu.)
@ cos(fx) = —|—|—r} ?’i @ cos(f.) = _%ﬁ
ﬂcc-a(x):&~a ﬂSin(x):(EXﬂ)~a
Decay rate depend on b variables and
T = %Xﬁf( .G, 0k, B, x)dm?dg” d cos(8y)d cos(8.)dx

@ X = pr.mp, Prr 18 the momentum of the K7 system in the ) rest frame

@ S =2p"/m, p* is the breakup momentum of the K7 system in its rest frame
@ 7 can be expreaaed in terms of helicity amplitudes Hp, :|:

(@) = 7 | — = ) mo + m)Ax(a?) — 472K An()]
Ha(a) = (mo + m)As(a) F 22255 V()

Mn+m
@ Vector form factor: V(g?) = 1—;;(%);2_? or: FF ratio ry, = V(0)/A1(0)
- v
@ Axial-vector form factor:A;(g”) = Aigwj =, Az(g?) = %; or: FF ratio r, = A(0)/A1(0)
1—g ,fmA 1—qg ,fmA

Determine FFs in D=>Ve*v and understand nature of resonance V 28



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

; ; ; SEr 140 g
= Fractions with >5¢ significance o LASS para, : E
FIDT = (K™n) o gsay €ve) = (93.93 4 0.22 4 0.18)% — 100F Model Ind. =
L ok E
FODT = (K1) g_yape €7Ve) = (6.05 + 0.22+ 0.18)% on 80 _ -
= sof g 3
[} r 3 ‘_,_.;_'['_‘ .
. . Aw] 40 -
m Properties of different Kn (non-) resonant : ;
amplitudes 0 E
70800 1 1112 1314 1516
my, (GeV/c?)
2y V(D) 2y _  A12(0)
2 T W V@) ==, A@0) =5
m q° dependent form factors in D*>K™0(892)e*v 1-q=/my 1-q*/my
= so00 T = Mya is expected to Mpsq 4y
= oo el O
Z 2 12 ol my = (1.81*§%5+0.02) GeV/c*
j" 8E Dfsl‘nl,::licet"z.-'-cz}l-‘l s 0.6 D-Slnl,::{cei'.;'?.-"czjll-‘l 1.4 mA — (261tg§_%i003) GeV/CZ
3 ol apierte, ] = ' A; (0)  =0573+0.011 % 0.020
< o 1§ ry = V(0)/A; (0) = 1.411 + 0.058 + 0.007
= bTeEEA e pE r, = A,(0)/A, (0) = 0.788 + 0.042 + 0.008
EE E Model independent form factors

cosOy



PRD92(2015)071101(RC)

D*>wne*ViRIGIT AR

Events/10MeV

D*=2>we*v

{ A A
0.3

[ =
L/
. C d
/; 7':‘*’ 2
0.4
U/GeV d B d

B[D*>@e*v]=(1.63+0.11+0.08)x 10"

g . _F
£ 2s0f
s

> o
W onf

) F
< 180F

c
2 120
L

Better precision or sensitivity

i I ‘1 Amplitude analysis of
v D*>we*v is performed
E 40ﬂ i :
ot : for the first time
00 0?2 OI4 OIB OIS ql(G;\leICJ)il 0—1 —OI.5 E] OIS cose11

2] 140;_ * (e)
wu r,=V/(0)/A,(0)=1.24+0.09+0.06
jg:_l_-—-—|_l—|_l_
r,=A,(0)/A,(0)=1.06£0.15+0.05 1



AKEFRIa RS

Events/0.010 GeV?/c*

ia inclusive MC

20

Events/0.010 GeV?/¢!

-
o

0

0.2

0.1

0.1 0.2

BESIII D.*>K%*v, ©OBES/I D .*>K*%lv,
preliminary N°bs=117.2+13.9 preliminary J[ Nebs=1550+17.2
Fit background

MM? (GeVQ/(“)

B[D,*>K%*v,] =(3.251+0.38

10.

stat—

14

sys

.)x1073

(3.9+0.9)x10°3 [PDG17]

Taking [VCKMiiter | as input

MM? (GeV?/ct)
B[D,*->K*%"v, ]=(2.38+0.26,,,,+0.12 ,)x10"3

stat—

(1.8+0.4)x10° [PDG17]

T R Four dimensional un-binned likelihood
e s fit is performed. K* paramters are fixed
= 7 series (1 par.) ) w7 series (1 par,
i; " ; 40f 40
5 o @ 30 2 3o
Ul [Pjresmniina e el | i |M
! ~+£ SO Tre H H \ /
- \ ‘+' i 40
| I | ?\ I I | I o of . 3ol }
0 05 1 15 2 0 05 1 15 2 3 | 2 |
o (GeVic) o (GeViIct) g L % zoﬂTf—”L ( W'ﬁ
Model P Val 7. (0 = i 2 = r 7 :
Sirc:lpele pole fj(rg)T\e/:] 0.175 = oéouleo 0,001 | 0778 = 0.0(44) £0.004 T ////////// %//////////////////////////%
Modified pole model | f.(0)|V.y| | 0.16340.017 £0.003 | 0.725 £ 0.076 4 0.013 ! e ! = 2 z
P 0.45 £+ 0.44 £+ 0.02
ri f ;o . . . . . .
Series two parameters +(021V dl 212.6:41020;.29:?(?333 0.720 £ 0.084 + 0.013 rV:1 67103410 16

31
r,=0.7740.28+0.07



BRNED >t vHILFUSESE

11

Fitting to DATA

Eemc = 300 MeV w Eemc > 300 MeV
0 BESIII ™ 2.L BEsm
Preliminary f "j = E Preliminary Tqﬁk
L o %102 = T .
L) " E E
"E r

.‘

+
H:[.f 'FE' :
137+27 + + "_:
D+ — tH(— It Vi) ;
events 001 0 0.1

10

I

Number of events/0.02 GeV®
[=]
| T |||||||| T |||||||I T

jLinearscale > ! 5 LOG scale > l

: 0.2 0.3
200 T ol -
= ] - . =
%130:— BESIII : ‘§:i Black filled histograms ;BESII = .
250 B Preliminary [ =T are eliminary " .
= F . » i MC-based backgrounds = .
w140 et . g T r- < .
= E f. n = - ": n
Tz - Hi = F f»
E . w I =
si0E ¥ it B SE :
B s = H B F .
§ soF . ; E 10 ]
= E : = r Lk I ™, -
40 = ' _[: N . F
| =F q il :
0 b 0
0.1 0.z 03 -02 -0 0 0.1 0.2 0.3
M2 (Gewc?} MM2 {GeVicTF

4o B[D*>1t*v]=(1.20£0.24,,,) X 103

m2, (1 _ %)2 SM prediction: 2.66

BESIII: 3.21+0.64 32



DS nl* vy 3z b SFILFURLESE

_ B(D*™ — O utv)
- B(D°® — 77 Oety)
grocie: R, =0.82+0.08 (~2.1o)

Evidence of violation of LFU at 4o in ~0.985(2)

B(B — Dzv)
B(B — DPlv)

R(D(*))

B(D—»n~p*v) = (0.237+0.024)%

B OSE T Mty e ey
= r (2015) x contours .
T b SR s arXiv:1802.05492, Submltted to PRL
’ : Belle, PRL118.211801(2017) R(D)=0.300(8) HPQCD (2015) ]
o ot msncany ] +63, DS =
3 o R B Tpn'v RO T
E ] S = . B i
0.25F e T ' e———— =~ 200 Oth er
C HFLAV & & B
02fF o IR = S
1 1 1 PR I S S R | E 0 -
02 03 0.4 05 0.6 = -
R(D) = -
. . =< 300
Evidence at 2.6c in FCNC S -
m L
decays B*2>K*uu/K*e*e 200
_T(B-Ku'p) _ +0.090 100
Ri = F5 o Rerer) ~ 07451004 +0.036 -
T T ] Tie] 2 " inen %3 0.0' 0.2 0.4
113200 4y151600 © | < miss (GEVeY)
B[D*>nutv] = (0.267 +0.007 +0.007)%
L i}w ) [MeVie?] ) +‘ JJ;(K'e*e'!Nc\Th‘j\ - m(K*ere) [MeVe?] | B[D+9n0u+v] — (0.342 i0.0]-l i0.0IO)%
g}o + g 15 (e) 4 g i:_ f - . -
;272 + é 1: é i RiLT = UE}OE :I: 0021’51;&1; :I: UUQBH}PHE_ 33
0 tii(lg'z((f'] \Mzéeg\ 0 o K lle:W 1 9 m(l?'zf'f'v[Mi\’/('z\ 000

Riy = 0.94240.037 a0, £0.027 5.



D->KI*va 3z bk 5 = EFILFUREEE

EPJC76(2016)369
ol (8.72% 0.07% 0.18)%
+ w? T e (9.20+ 0.60)%
HDP" > K 4Vl 985.+0.033
F[D+ % K e+V] F—— (9.27% 0.69* 0.59+ 0.61)%

FOCUS

Consistent with theory

——— (10.30+ 2.30+ 0.80)%

prediction 0.97 within error
— 94 015 02 025
(D' 5K u'v)
i R, = £2=0.978+0.007__ +0.012
BESIII preliminary “ D SKev) stat st
—T T 120 e ;
1.5,__ Solid curve: SM prediction (c) ) BH: PRD91(2015)094009
| with our fitted parameters - 110k

L Points with error bars: data

3
(a4
- Red: in the SM
BESIII preliminary ] 090 Grey: New physics constained
0.85 by previous experiments :
0 05 1 15 L R R Y A T

q2 (GeVZ/c? ¢*[GeV?]



D+>Se* v =T RIE/ R

= Explore the nontrivial internal structure of light 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 arXiv:1803.02166, accepted by PRL
of classification of light . . . S

scalar mesons

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

R
B(D*-agl*v)

Events/(0.04GeV)

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

Event/(0.05GeV/c?)

B(Dt — fm{QSIIZII}']EJ’r.Jﬁ] x B(ag(980)" — ?;r?r'::'] M, .(GeV/c?)
= (1.661056 £0.11) x 1074, < 3.0 x 10~* at the 90% C.L.
Bi:DD — ag(980) et v, ) x Blag(980)" — nm™) F{DD 5 ag(980)~eT,)

— 2.0340.954+0.06 3°

— (1.331035 £0.09) x 10~ T(D+ — ap(980)%*1,)



D> Ae*vEEETHIS Ik

W o w3 e D*>K0,(1270)e* VR CFHL
o v SK; - Vel g DPKO(1270)evRCSHERE

BATRLAL)H 2 205 KR R
'; 2% 278%5%’%53?%0 EPJC77, 587(2017)

+
0 1 2% y D ~ o Table 1 Branching fractions of [} and Dy decays to (P, V, 5, A)etw.. Units are shown in parentheses. PDG average values are taken from Ref. [30], while data are not yet available for the 5

and A modes. When the error bar is comparable to the central value, instead we show the minimum and maximum values in the brackets

Channel Doex DK D on Do q D, K Dy 1 D=1
Theory (10 2) 0.41 +0.03 1032093 0.12+0.01 0.018 = 0.002 027 +0.02 236+0.21 0.89+0.00
C LEO 07 PG (10-%) 041 £0.02 5524£0.13 011001 002220005 039+ 0m 229£019 0742014
A Y Channel Dsp Dow DB Dy K* Ds—s
6= - Theory (10-2) 0.23 +0.02 021 +£0.02 75+07 0.19 £0.02 3.1+03
o F ] )
a E 3 PDG (1075 0227 ggg 017 £ 0.01 540 +£0.10 018 £0.04 239+0.183
S5 = Channel D = an(1450) D fo1500) D= f(1710) D - K3(1450) Ds - K3(1450) D, - fa(1500) D - fa1710)
% = - Theary (10-%) 0.54 £ 0.05 011 £0.02 (4.7£0.8)-10 4 29+3 27102 15£3 0.034 £ 0.006
o4 = Channel D = fi{1285) D — fi{1420) D s By(1235) D — hy(1170) D — hy(1380) D, - hy(1170) D, — hy(1380)
S°E E
—_ E 3 Theory (10-7) 37408 [002. 0,14} 74207 1415 10,002} 10,197} [T
o3 = Channel D = Ky(1270) D — K| (1400) D, - Ky(1270) D, — Ky(1400) D, — [(1285) D, - fi(1420)
e E E Theory (10-%) 172 [0.03, 0,10} 320432 {10, 2.6} 16.0, 36} 2545
SN o =
=°F R
o [ R
S B =
w'F b
a E - ITTTT] " E
0.1 -0.0B -006 <004 002 0 002 0.04 006 008 O E PJ ‘ 7 7 8 63 (20 1 7)
]
MM? (GeV/e2)2
Lpeoth(10_,) IF0FH0 oz 50l INF3 {00z o1}
1630707-008 Gpaune] D — (130 D — ¥HI1900) o — ¥(1310) ' — (1100}
:} Evid 281 pb-"
- | Eviden¢ p pe 1
— 16 E
2 E
% 1.4
&
— 1.2
od
S N, \
2 oe BESIII> AN B DO = Aety T
g ’
i 0.6 F
oa | i I
oz |
o E I
.8 1.0 1.2

My (Ge\h’c2) e e 36

B(D® — Ky (1270)e* v,) = [7.6 4} (stat) * 0.6(syst) + 0.7] X 107



DIt FinBEFER TS

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)).
vB
. gydi:
M I ”

(e}

E+
d u
D* D°
Tree level amplitudes c > » Cc
@ PRD 95(2017)071102(RC) _ PRD 96(2017)092002
E 8000 2 l M 4
3 6000 |- _ ! _ 1k JL/\J»
> C L 0 ' L0 '
G - 3 z 5
45 4000 - Z M z ot il '
— C %’ N ] % M3 4 h ]
g o0 f PULLDE B LA
= B /o . & ]
= 0 af
= —-0.02 —0.01 O 001 0.02 4 ] ] H%
B(D"—y e*v,)(%) : wl 11 AN
LMMEC (l(-?:\’fc’)l-ss Mﬂﬁi}evjfcz)w

B[D+9'Y€+V]|Ey>10 M€V<3'0 X 10_4 37
@90%C.L. B[D*>D%*v] <1 X10™* @90%C.L.



> D°D° mixing parameters
> Strong phase difference

» SU(3) symmetry and break effect



BESIIII{SEDDSR S Sy p

= BESIII, 3fb?tat 3.773 GeV

PLB744(2015)339 ms o
E701 1000 | 4 || 0.732 £ 2.890 £ 1.030 %
For D decay to CP eigenstates: |
; 2 3420 £ 1300 £ 0.740 %
Rep= o< |[Acp=|"(1 F ycp)
1 ] _ ] | - ,
yer = ;[ycosd(| '?l - |‘_r ) — zsing(| 2| |*r )] CLEO 2002 I : g | I -1.200 £ 2.500 = 1400 %
2 P q D i
. . ' 0.110 = 0.610 = 0.520 %
For CP tagged semileptonic D decays: Belle 2009 H ‘
21 2
Rf opx K |-"1£| *"1{:-"}’_-:- | LHCh 2012 - 0.550 = 0.630 = 0.410 %
7} ! { Ricp+ Rop- RHIP_ diclia ) 1110 = 0.220 = 0,110 &
Yop =~ — 110+ 0220 = 0.110 &
Ricp_Reps  RicpeRop Belle 2012 H £0.220 = 2
- — i BaBar 2012 H 0.720 £ 0.180 = 0.124 %
Tvpe DModes
- BESIII 2015 H_‘_H -2.000 + 1.300 = 0.700 %
CPtY KTK—, nrn, Kgrnn"
cCP- K2n°% Klw, KSI}
I+ I(LV ; RHV World average H 0.835£0.155 %
|||||||||||||||||||||||||| ||||||||||||||||||||

4 -3.2.101 23 45

Yep=(-2.0£1.3£0.7)% Yep ()
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BESIIIN{EDDSRE S5,

CP tag atthreshold

4 >
[ Kg f,
cP / .
Eigenstate (-) | ﬂ/ l|](3770)L=1 C=-1
n .
*~ CP anti-correlated
y _ Bpask-at — Bpysr—n+ O is related to mixing
CP—Kx = - B . T ’
Dy K-mt + Bpy - parameters x and y from x
’
2?+ y= (14 Rws) - AcpPKnr: and Y
Dy = DU+ D0 o 1D D%
V2 vz HATREHALE R
AKr__=(12.7+1.320.7) X 102
Type Mode
— = K C0SSy=1.0240.11+0.06+0.01
CP+ KtK— nta=, K3n070, 7070, o070
Cp— K{é)‘wo?}(fgn: ng PLB734(2014)227
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DORZIRtRZE: L9Ry/o;AIIRAETRE

Direct measurement

a/d, = (8s. 4+4 0y

+D 70\
B/db. = (21. 387077
v/bs = (68750

v is the worst measured angle,
mostly due to systematic error

Significant deviation from UT will
iImply NP beyond SM

1.5

1.0

-0.5

-1.0

-1.5

IIII|IIII|III
wouded area has CL= 085 |,

'

1

% Amy & Amg

Y

€K
sol. wicos2p =0
fexcl at CL = 0.95)

-1.0 -0.5 0.0

0.5 1.0 1.5

P

= 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

2.0
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D> K¢ B3I iRtEEA R

| Babar 2008 Optimal Bins |

3

O Model prediction

o T, Binyield measured in flavor decays

513 ‘ Measured at
3 o I color suppression factor~0.1 B-Factories
. » 0, strong phase of B decay
. eighted average of cos(Ad;) and sin(Adp) respectivel
, g g ( D) ( D) p y = Thmugh
where A3, is the difference between phase of Dand D DD*KSTW
s analysis
1
B K¢t 7 vs. Kg* Kgn* x° vs. Kl n* '
S S T S B S e S (JEI"\AS: C:’ S?
Mirrored binning over x=y makes T e b

itso ¢=c;ands;=s;

CP tags vs. K} x* x

CP tags vs. K/ x* &

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

Si Ci S

® BESIII BESIII preliminary
VCLEO-c  CLEO, PRD82, 112006
Ci

15 c‘a‘ﬂ; l

SRSAE N R L

0_5:_ K q* oS

3 q I ¥

oF r b
-0_5-— :t -5 }+ CH * j
-1 - - ’ I EF

1 aal Laasalasaal oo lasaal Lasaalisig —1.50 Lis .I....l....] Laasalaiaal |

0 1 2 3 4 5 5 7 8 Bin 0 1 2 3 4 5 6 7 8 8in
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taken from Liming Zhang’s talk at FPCPV2016

Determine y from CPV measurements e DK e T

vy combination at LHCDb

it

" R

|-CL

L HCb-PAPER-2016-032 /f ™

Tk

oy —

\\I‘E‘

_——"'"-f

S— R —

vy = (72.2%58)" syst. included

. GGSZ BaBar: y= (70x£18)°
: B GLW/ADS - — +13 s}
_. I Others Belle: vy=(73""_15)
n{] N 50 1{] 150 B Combination PI'DSPE cts
o
Used D decay modes’ '] Sample Tarar(¥)°
GLW: h— KvK- ADS: D— x K quasi-ADS D— r K- Run 1 8
" v Kat Run 2 4
- quasi-GLW D w'nx'm o Upgrade ~ 1
LI ‘D_‘g e i_:j" S D_’iff_;;, Future upgrade =0.5

o Current one syst. ~2° from CLEO strong phase measurements
o 15-20 fb- ‘V(3770) data from BESIIl are desired to avoid syst. limitation
for upgraae scenario

More 15 fb-! w(3770) data@BESIII will avoid
syst. limitation for y/¢; measurement

43



SU (3) XIFR1ER SR

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

Br(D® - KTK™) _ ) g
Br(DO — rtr=) 7
- R=1In 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® O x [SU(3) breaking]?

- Non-zero mixing parameters indicate large SU(3)
breaking effect
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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
DY -7 p* Te,(Ev) 8.2 8.34 £ 1.69 1024+ 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
D" 4 np®  Cp,Cv,(Bp,By) 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 ntp' 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) 1.70 124+ 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
DF - 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 - K*" Tp,Cv,(Ap,Av) 0.24 0.6 £ 0.2 0.2 0.2 15

[Qin, Li, Lu, FSY, PRD2014]
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Double tag method

PRL116(2016)082001
< 80 D nr’ «— 40 DO>nnd
S | @D—on S | (b —oer
8 60 8 30:_ y Decay mode This work Previous meausurements
S | S . D* = wrt (LTAL08£0.17) x 104 <34 x 10~ 2t 00% CL
s 40 s 20 DP 5 wrd (10540.414009) x 1074 < 26 X 10~ at90% CL.
a | £ 1 byt | -3 : -3
2 . = 10 Dt s im 1:3.13£[}.22£0.19)><10 | (353£0.21) x 10 |
¢ > DY =y (0.674£010£0.05) x 1073 (0.6840.07) x 10~3
B5 06 07 08 05 085 06 07 08 09 _ _ _
M, (GeVIc?) M, (GeVIc?) Studies of singly cabibbo-
0 _ suppressed decays is limited
(@) D"—art 400F (b) D — an’ by data set and background
< 400 indf=1.714 [ Aindf=153 |
0 0 200f Benefit the understanding
%200 T of SU(3) symmetry breaking
Z : _~_ Z - and CP violation, improve
—— | theory calculation

0 02040608 1 0 02040608 1
H,| | 0



Do) PP43 3z LL RIS i &

% 8000~ 'o . ' i 20000 .; + 2 i .; ? 4 . .
3 [0 KK w0 KE : @ The study of the hadronic decays of charmed D mesons is of
5 1 ot ] great significance in the study of the strong and weak
3 ol 3 o] 1" 1 interactions in D decays.
2 el 1wt L ] @ The analysis on D — PP modes will provide materials for the
» : study of S_UBS} breaking effect’ . And the observation of CP
sso00f " ' 7 ' ' ' ' ' ' violation in D decay is commonly believed to be indications of
D’ K0 2t %, Kin 1 T 0> Kl ) new physics.
1 =t 1] - ] & D° > K~n"isanimportant normalization mode.
o] 1% 1 ] € Most of the D decays have been studied by CLEO in 20102,
soof- : other measurements come from Belle?, BaBar® and CDF°, etc.
T I € Some of the branching fractions (BFs) are not well established.
- - With the 2.93 fb™* data taken at 3.773 GeV within BESIII, the
el T - p o results will help to improve these measurements.
gsm- T !
g m ok Mode N:fg‘;al e (%) B+ (stat)£(sys) Bepg
82000»
Em_ 1% D5 K'n® o0
< gfa 211054249 66.034025 (1.50540.01840.031) x 107° (1421 £0.025) x 107°
o relimain QYo emton (420£000:0087)x1070 (4011007 x 107
1 bty ] N o K=" 5377854767 64,984 0.09 (3.896 + 0.006 + 0.073) % (3.93 £0.04) %
ol 19 ng" 66530 4+ 302 38.06 4 0.17 (1.236 + 0.006 4 0.032) % (1.20 4 0.04) %
ol of ot Kan 05324126 31.96+0.14 (5.1404+0.068+0.134)x 107>  (4.85+0.30) x 1073
_ | ot K’ 3007+ 61 12.66+0.08  (9.562 4 0.197 £ 0.379) x 1073 (9.540.5) x 1073
=t D' K'y'
T S et et wrt 101084267 48.98+0.34  (1.259 +0.033 £0.025) x 1070 (1.2440.06) x 107
. (GaVie) W (GoVE) W GaVi) W Gevi KT 1834 +168 51524042  (2.17140.198 £ 0.060) x 10~* (1.89 +0.25) x 10~
gt 11636 +215  46.96+0.25 (3.7904+0.070£0.075) x 107°  (3.66£0.22) x 1073
+ + 72 48214031 (1393+0228+0.124)x 107*  (112+0.18) x 1074
Npopo = (10,621 + 29(5eqp)) X 103, Nprp- = (8,296 £ 315p0) X 105 1K 439
oy = £ B (tan) pto- = (8296 £ 31(sar) n'xt 3088+ 83 21494018 (5.1224+0.1404£0210) x 1073 (4.84+£0.31) x 107
/et —4 -4
quoted from Derricks talk given at APS2014 'K 87+ 25 22304022 (1377 £0.428 +0.202) x 10 ) (1.83+0.23) x 10 )
.o .o Kﬁﬁ 03884 4352  51.3840.18  (1.501+0.006 4 0.033) x 10~ (1.53 4 0.06) x 10~
TeB0" 2w ) hasieen sonected by thePOG mle:er B0 &0y KOKT 177044151 48454004 (31834 0.008+0.065)x 1070 (295+015) x 1073

For T
better precision than the present v.

alues.

7, it shows
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D T FHERRZMEFRZHIT AW

ER/SVNERE DS 5:3 ) M dot 2 B IXHAINE T HEZDS >pn
HFE KW EDS > oK

_ Under the model-independent approach:
H(d) A(DY - wnt =l Ap+ A
(D3 ) \/f( pt+Ay)

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

u(d)
d Apy i
d
[ d
0 . IZO‘ tp
% BES“ I
> 1 relimimgr
g - qaf g g y {b) Long-distance effects
o o[ < ————— : e
: NS 2 BESIII
h=4 - o i . . i
§ § < wmpreliminary .
L c i ]
i T %
i LT AN AT £ - 7
VA TR S TR TR T = } } }
My ¢ [GeVIc] My, [GeVICT e s lnllgn |
0 .}I L T. {. ll'

. . 0.85 '09"095"'1‘
Signal mode Branching fraction (107°) M, . (GeV/c?)

D - wn™  1.85+ 0.30(stat.) £+ 0.19(sys.)
DI - wK* 1.3+ 0.24(stat.) + 0.14(sys.) By = (122£0.10) X 10
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D*>Kgntnd D> Krtrtm-

g Bug ,{

i Help to determine the absolute BF, strong
g phase. benefit v/b,

2 . iy | PRD89(2014)052001 Previous analyses only from

& | i MarkI1l and E691

S 4\ H o P 35“89(2014)@ 2001 4 o]

== 15 2
m2., (GeVic?)?

p \ ; ,Mf | \\;

2000

» E »n 3 # mKT) (l(iex ) m(K (lée\ )
g 200 +# (C) + g 2022-; Ct — (d Q‘Q:Q g z T T T 1 T z T i z
b=} ovﬂ\p *&wuﬁ’ > 3 e R AT : m a1 ‘ i3
w w%&# * w 3 * . | ( ) © I "]
& 200! 2 400 ¢ Sl H“WW] 1 ik uﬁmm 1
— i & 8000f : i g ! ""l\ 2
2 6000 = - ] 1™ ]
E I E 6000 ’ I + ) &i\ ] 100~
g‘“’“" 34000 n";_‘_l_‘_l\lrk\‘\\ M‘ L \

- - 04 [X] 08 1 12 4 16 N
= =3 m(gr) (GeVic?) mEw) (GeVich)
a 2 E w

= c

g g
T} i}

; 2000 e (g) % | H|(h) ;W
mg, . (GeV/c?)’ mg, . (GeVic?y’ ., M | \ ‘ b ]
r | \ 0
Mode Partial Branching Fraction (%) ﬁ;*“"::%k - \\ L —— - i
D¥ — KJr* 7" Non Resonant 0.32£0.05£025 7035 st G o) (GeVE)
D~ p+K“ pr ot 5.8340.162£0.30° (2 : —
D= p(1400)+K0, (1450)* — | 0‘15f0-02i0-09f32(1’f Component Branching fraction (%) PDG value (%)
Dt 7*(892)%, K'(892)° - K3n° 0.250 £ 0.012 £ 00157002 I 099 +0.04 £0.04 £0.03 105 £ 023
Dt - Fy(1430)°r+, Kp(1430)° — K 0.26 £ 0.04 £ 0.05 £ 0.06 D = K~a; (1260)(p"x") 441£022£030£0.13 36106
D* K (1680)"x*, K" (1680)° — Kr 0.09£0.01 £ 0.051 3 gg - ﬁi ::;())Eﬁ '_” ' ) 89; 1881 :ngg? 0.29£003
(.36 - 2 T PR VA1 F s VA1 Ja oV
i %_(, T R o K 0512009~ 0'38[5%19 D K]'A"pn e 068 009 020 +0.02 05140 13 19
NEiz L300 124012 g D= Kt 0574003 0.04 £ 0.02 099402
Kn" S-wave 121£0.10£0.161 )y DK rirn 177 £ 005 £ 0.04 £0.05 188+ (m
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g
BESH Preliminary

= ] nsof S1soF T T T |

2250 1 2 <

= ] = = |

C - ] €N (e

=2 | =100 10

% ] = &

E15F i 8 E

s i 3 z

Sk 1 & sof @

oo

1 ""15 a4 ’.
m{K e} (GeV/ie™)
T T T

m(K i \(bc\ c‘)

1 & Z1soF
i o )
] =150 = =f
=] ti
1 & =100t
| Zuoof = |
| B g |
i@ of 5 ser
o 04 o5 us Lo 0.6 58 1 ,
mm,! ) {Ge Vi) mg) (GeVieT)
s e £2 T ‘ ;
Zamp c Sl b }
= | Zus0 = |
Srsof S S ik
& # oo 8 |
Simt g Sl
fis | @ 6 |
50 R sob
9 ; 1 12 14 % T id e ol Tz e
MG (GeVich) m(K7 ) (GeVich) m(Ki) (GeVic?)
BESIPreliminary
. . - P - (W)
Component Branching fraction (%)

DT — KTa;(1260)7 (p07F) |1.684 £ 0.059 £ 0.131 + 0.062
D+ — KQa) {LZbU}+{f[]{3{}U) +110.149 £ 0.018 & 0.021 + 0.006
D+ s 1 (14000 (K*—n+ )t |1.105 4 0.045 + 0.048 + 0.041
Dt — K1(1270)0 (K2 p“}r+ 0.107 4 0.012 + 0.006 % 0.004
Dt —» K (14@0}1'(Ia’l}p('}n+ 0.042 4 0.012 £ 0.009 % 0.002

Dt — h{j«r+p 0.131 == 0.015 4+ 0.015 + 0.005
Dt »» K*—qgtgt 0.413 4+ 0.036 + 0.059 + 0.015
Dt —» Kqntata— 0.220 + 0.015 4+ 0.024 + 0.008

Stat. uncertainty from FF
Sys. uncertainty from FF

uncertainties related to B(D* — Klm*m*m™) in PDG
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seol l'reummary

Bﬁ Al t'reummary

Dt — K(1460)’n*, K(1460)° — K2p" —1.850 + 0.120 + 0.223 0.014 + 0.004 + 0.003
DY = (K2p°)a [1)]—: 2.328 + 0.097 = 0.068 0.011 =+ 0.003 =+ 0.002
DY = K2(p°nH)p 1.656 £ 0.083 £ 0.056 0.031 4+ 0.004 + 0.010
Dt —» (K*~nt)a[S]x? 1.962 + 0.047 + 0.073 0.132 4+ 0.011 + 0.011
Dt = (K*~n*)a[D]n™t 0.989 + 0.158 £ 0.229 0.013 =+ 0.004 % 0.004
DY = (K(x*x")s)anw™ —2.935 £+ 0.060 &= 0.125 0.051 =+ 0.004 =+ 0.003

Dt —» (Kgr )snH)pnrt

1.864 + 0.069 + 0.288

0.022 + 0.003 + 0.003

40 3 T T
240 3 :tu{ * |
210 i | f ng- ::;, vam +
g oF w T g vl ﬂWWﬁ gt i
§ ap 1‘ g * Ee P ﬁ B % }%%
4 10K = A t o Lok 1[4 | =
§ uofE f E _ 3 "Z w BT M}f b
ot ! r@*ﬁ"‘ﬁ al -
F , g5, : E
,6«u.‘.k S i 13 =5 :! " .:LA'.‘ I- nt A A_A\.. Al L
Maed K3t (GeViehy osth K 1 cnsth K =
f 1) v '; A-‘-.’gw T '.tO: T T 7':;
S0 4 1 ] 0g - — Dwn E
g 5 "* | g j"‘ Q nti
""' —Tea 1 E § Mk g i« |
5 J ] o xnk 3 i % ok Mé\* W i 3 % Lo} ‘{‘ 1
5 9 = e £ 3 i i
5 H, 1 : ¥ -3 ?R ﬁp- B ”; . E|
] & & af ] 4 I ”‘l 3
1ok \ 3 “ap \&M E
| : E
ﬁ'ﬁ" — A._.,.f*&.i.; e ;“-‘5 ; - T v '{C .......... '~ “:7,1‘:. il St A,tf.‘mﬁar'!
Mas® £ 2 (GeV/c™) Mars® 2% (GeVic) acth 2* enath 272
BESH Preliminar
Amplitude ? Fit fraction
DT — Kca1(1260)™, a1 (1 ’60)+ > pomr T [S] 0.000(fixed) 0.567 + 0.020 + 0.044
D" — Kga1(1260)™, a1(1260)* — fm 500)7" —2.023 £+ 0.068 £ 0.113 0.050 =+ 0.006 =+ 0.007
DY — K,(1400)°x™, K, (1 mn)” — K" " nt[S] —2.714 £ 0.038 + 0.051 0.380 + 0.013 + 0.014
D" — K1(1400)°7™, K1(1400)" — 1\"-7r+(u; 3.431 + 0.137 + 0.117 0.015 + 0.004 + 0.005
DY — Ky 1270)"n , K1(1270)° — 1\'”;;”{5] —0.418 £ 0.070 =% 0.087 0.036 = 0.004 =+ 0.002

First measurement!

8.08 + 0.13(stat) 4 0.40(syst))%

any

51
gt el

B(DY —

7E"qllli’nﬂlu': Ta




Dots with error bar: data; solid: total fit; dashed: D7 — p¥5;
dotted: D} — (¥ 1 %)-n; long dashed: D} — agn(980)w.

The significances, phases, and FFs for intermediate processes.

BESH Preliminar
] - ub—sample wlth Mo+
p N = 1 0 GeV/c?2
= =
— E
M,‘ (Gevich
.__: o0 | - = o - 2‘]: |
= = = | )
= [=] I
= 1% F | N T
E \ 13 o AN
= :\_\h - = &= [ / W1 T X
o *—c;:——ﬁvw | T ol .Yy
M, . (GeVicY) Moy (GeVic) M., (GeVicD)

L4

Obvious peaks for two
ag(980) mesons!

Amplitude | Significance (o) Prelimin ary NN

D} = ptn = 20
DY — (r*rm®)yn 5.7
DY - ag(980)m 16.2

0.0 (fixed)

0612 + 0172 4+ 0.342
2.794 + 0.087 +

0.041

0.232 +

The amplitude analysis agrees with the |sosp|n conserved expectation {A (D+

BF(D -= n*n’y) = (9-50 + 0.285¢4¢.

0.783 = 0.050 = 0.021
0.054 + 0.021 =+
0.023 +

0.026
0.034

0414 )% B¢SH Preliminary

BF(DF —» ntm®n)FF(n)

This measurement (%) | PDG value (%)

—

BF (D}
BF(DZF

—

—

BF(DS
BF(DF

—

BF(n) =
et 7.44
ag(980)m) * 2.20
ag(980) 7% =
ag(980)°%x*) = 1.46

*Here, ag(980) — m1}.

=

o

_I_

0-485tat.
0-225tat.

0.1 Sstat.

8.9+ 09

BESTT Preli_minarv
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(a) Charmed baryons + .
™ V23080 g » At was observed in 1979
4
A Kn .
= »=0(2980) B > All decays of A.* were measured with
A c(2940) / ; : _
e i hlg_h energy data and relative to pK-r,
- /w/\- 880) ot 06 which suffers an error of 25%. No
” 0| b (asan @S _ ab+solute measurement using threshold
¢ Acx | T 3 QR770) 3 A, " data
m T =T 8
% m ) k-
g 2.7 / nl M 64 B
£ V,_At.(z(zg) H%@ g > Only about 60% decays are known
L) —_— —C »
gl ﬁai,gz\ 5) :
g 2y gz - 8
S i z B >
‘J'-_l—.r(m()) ¥ Scale f.
25— \ a1 i ‘ v 02 At DECAY MODES Fraction (I;/T) Coni:i:ce;eenc:clfa?rref: (M:v;c)
Pt ! / “2_.* _Lo o Hadronic modes with a p: S = —1 final states
P R—nt s -
— pK*(892)° 6] ( 1.6 + 0.5 )% 685
;‘ i Aoy w e oo o
/ paso ™ oI (I
23 ~__J_/_2_+_V_z/£)_ _______________________ - p KO (12 = 04 )% 568

Systematic studies of A_*, search for new decays, absolute BF
measurements are important to explore A" decay mechanisms
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ST: ~15000 DT: ~1000
«— 3000
(=]
= B (a) RS sample 00E bk . . ]
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L.I}-' |
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2200_ ,l‘\ L L ‘ EU 10r | [ J
o I AN T
2000~  (b) WS sample %300 “JL“\\“LM % 4'“\“‘ 4 Mb
10005~ UKy f BT L T
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5 10 \\ Wi ] ]
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0 ]
£ 100 £ :
g | 9 20 Mode This work (%) PDG (%)
“ o “ o pK? 1.52 +0.08 + 0.03 1.15 =+ 0.30
20F (c) WS sample a0l pK- =t 584 40.27 & 023 50+1.3
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Bl ¥ ; pKSzta 1530112009 Nuch3better
02 21 22 23 24 25 02 21 22 23 24 25 pK mta® 453 +023+030 34410
M,,.(D"pr) (GeVie (D"pr) (GeVie Ax? 1.24 4 0.07 + 003 - :
D) (V) 0" GV Azt z? 701 £0.37+0.19 P re@ﬁ@?
Axtzzt 381 40.24+0.18 26407
Ozt 1.27 4+ 0.08 = 0.03 1.05+0.28
+ —
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BESIII,PRL115(2015)221806)

10

Events/0.010 GeV

-01 o] 0.1 0.2
Urniss (GGV)

B[A. 2> Ae*v]=(3.631£0.38+0.20)%
3 fb-! data help to explore FF studies

30

BESIII, PLB767 (2017)42 ()

20

10

Fvents/0.010 GeV

02 01 0 0T o2
Umiss (GGV)

B[A,">Apv,]=(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)%

Theoretical MWModals predicated branching fraction for AZ —» Aeti,
DB [1] 1. 0%

TR [1] 2.6

ST 4) -synmetry limit [2] [ 0.29%

R [3] A AT

QO [4] 5.62%%

2 [E] 1.08%

NRVE [6] Z2.15%%

RS [7] 1,429

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 AT — Aty
s R [10] 4.72% for AT — Alt g

HOMNR [10]

4.29% for AL — ATV oy

L OEFRs [11]

(5.0 == 0.5)9% for At

s ALV g (CF Lype)

PG 2014 [14]

(2.1 -k 0.68)9%

BEESIIL

(3.62 = 0.38 = 0.201%%

RHELQCDXT R A FHITHH

0.20

PRL 118, 082001 (2017)

— A, = AeTr,
- A= Apty,

1

c?'-‘\
% 0.15

U
lf% 0.10 |
N@ ~ |
= |—= 0.05H
=
k=l I
0.00 L
0.0

0.2

04 06 08
7> (GeV?)

1.0 1.2
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BUHREA. > pK K /pr* n BRI 5332 b

BESIII,PRL117(2016)232002 AS2pKK*
[ [P (a) o | (b)
(@SOOTAC*%pK‘n* ﬁ &t; = >l
N N o o
> | > <t o |
0 (G) 0 Em h l :@1 [
c ol !
2f 2 ; iy, A AN
0 0 Y L i ! RV 0 4,2
' ' 9.25 226 227 228 228 I3 1 105 1.1+ 115 12 125 13
- - M, (GeVic?) MK K )(GeV/c)
W " — —
P P kS o |
= S00F - >1) >10
c C 0 (c) 0}
0 * 0 = =
b > O o
W | LU %5 ” %5
£25 206 22 2.282 29 2 2D 28 2 2.282 29 23 E i '.ﬂ E)
L ... b . I ' [ Il [
MBC(GeV/C) MBC(GeV/C) LUPQS 226 227 228 279 2’3 " D1 105 110 115 12 125 13

My o(GeVic?) MK K)(GeVic))

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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BHRAMNRIERF=ETA >nKrt

BESIII,PRL118(2017)112001

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

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

046 048 05 052 0.54
77+Tr (GBV/CQ)

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)

ASDNKt]=(1.8240.2310.11)%

A >nKOomT[A > pKt]=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 ")

R, =

2 B(A, — pK Ty’ B(A, = pK =T}

A >nKon*])/T[A > pKPrt]=0.97+0.16

First measurement of BF of A_* decay
containing neutron

cosd = —0.24 £ 0.08
[0 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} — pK'z" as A(nK°z") +
A(pK~n") + 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
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Events/0.005 GeV /c?

BHRMEA DI ntntn?

BESIII, PLB772(2017)388

wf AT .lr NOBs=161.3 415 Asdrmmtn

&
T

Events/0.005 GeV/c?

B
|
|—[—|
G

0.2 0.25 0.3 0.35 0.2 0.25 0.3
Mpyp— — M, { GeV /c? )

Preliminary results :

0.35
Myr— — M, { GeV /c? )

B[A.*2Xnrnt] =(1.81+0.1740.09)%
B[A,F2XZ ntntn’]=(2.11+£0.331£0.14)% [First observation]

The previous one is consistent with and more precise than the PDG
value of [A 22t |=(2.31£0.4)%.

Nobs=88:14r13.9
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E/RMUEA, D pnHIFEA > pn°

BESIII, PRD95(2017)111102(RC)

420
40_. . T T
—~ B (a) -
v [ i
% 30_— ]
= L |
Lo B |
o T :
8 B i i ]
s 0 “7%# R i
i i l - _. |
= 10_l + + 1 + R N
0_‘.fi1{'1.‘If{'ﬁ.‘l‘.l"'l""I.IIII‘III"
15f —+— data ]
------- signal curve (b) ]
I background curve s
- — total curve 7
10 data in AE sideband N
: ---- datain Mm-no sideband :
ST .
T SO J
T g R
225 226 227 228 229
Mg (GeV/c?)

B[A, > pn]=(1.24+0.28+0.10) X 10~

=k

o

o
L

60

40

20

No
)
U'|_

—4+— data EA <27.9@ 90% C.L
====== signal curve < 08
------ background curve 2 0.8
total curve % 0.4
data in AE sideband & o2
B § 020" 40 60 B0 100
1] 2 N(AZ )

+

-

.

Lt

i

2.26

P - I
2.27 2.28
Mg (GeV/c?)

B[A. 2> pn’]<2.7x10~* 90%CL

P |

2.29

2.3

3,.\;3-AM<.
Al = pn Al = pr® B,
BESIII 1.24 +0.29 <0.27 <0.24
Sharma er 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 A — EK+.
“Calculated relying on different values of parameters
b and a.
uJ



s A DAXDZEL

arXiv:1803.05706, acceppted by PRL

23 g
2,295 T e
2.20 " e
= . _.-;." . g
2285 et bl 0 S
S 228 F )
© E e
O 2.275 F | * e .
B 227 E . A
2.265 F c - D . N
= - o edl
226 = - uoae
2.255 T .
225 Eii ol 1 APPSO P
1.1 1.105 1.11 1.115 1.12 1.125 1.13 1.135
2
Mrm- (GeVicT)
NoE
p(GeV/c) [cos0]
[0.00.0.20) _[0.20,0.40) _[0.40,0.65)
[0.0.0.3) 5375 L 114755 917535
[0.3,0.5) 59.8+3-2 41.6+57 Ti.9+10.7
[0.5,0.7) | 86.7F105  72.5+10.0  74.g+i00
[0.7,0.9) 40.4+7-3 28.3+5-8 44.0+8-1
[0.9.1.1) 6.9+4-2 12.4+590 8.3+3-2
== (%)
p(GeV/c) |’r:0=3|
[0.00.0.20) _[U.20,0.40] _[U.40,0.05)
0.0.03) | 828 £0.38 822 £ 037 =501 £031
0.3.0.5) |29.03 £ 0.37 28.28 & 0.37 26.56 £ 0.33
0.5.0.7) [35.43 +£0.32 35.00 = 0.33 33.25 + 0.32
0.7.0.9) [39.68 +£0.47 39.27 + 0.50 36.56 + 0.50
0.9.1.1) [40.82 +0.14 40.21 + 0.14 37.76 + 0.12

B(AF — A+ X) = (38.2725 £ 0.8)%.

15+2.1)%in PDG  Acp = (2.17524+1.4)%.

s A > Xev ZLEE

arXiv:1805.09060, submitted to PRL
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S 60p

@ L

o B

s “oF

E B

c 20

2 C

L L
0 1 I 1 =* F
0 0.2 0.4 0.6 0.8 1

Momentum (GeV/c)

B(AF — Xetv.) = (3.95+0.34£0.09)%

F[:\j‘_h*{e+un}
T(D—Xetv.) 1.26 +0.12.




Larger threshold Af data at BESIII

H R EFALEB LA R
FER%: BESIIFTREAd A i R 208 4
o ) & AT ZE AR B A

') msngma  Serlor Research Posttions

J (hinese Acadamy of Science

Latest Issue ‘ Archive\ Jabs \ Lw‘nks\ Buyers guide\White papers \ Events\ Contact us Search
I I
REGISTER NOW CERN COURIER DIGITAL EDITION
Register as a member of Mar 18, 2016 CERN Caurier is now

cerncourier.comand get ful - BES|II makes first direct measurement of the A, at ~&¥aiable &2 regur
access to al features of the site.  hrachold digital edition. Click here

Registration is free. to read the digital edition.

The charmed baryon, /\;, was e
e S

I fifst observed at Fermilab in \
LATESTCERN COURIR o i ; KEY SUPPLIERS
ARTICLES oW, T, e \ T ANl E

Befing Spectometer (BSI1) | J A N I S
b Snecze dnanics experiment at the Befjing B g oy o mpeere

. Cryogenic Systems

¥ The longest proof Electron-Positran Collider Il it \Cw:f s

+ Electron-hole collider

¥ Imaging with muons

(BEPCI) has measured the Beam-constrained mass distribution
absolute branching fraction of ;»-]
A= pK'n' at threshold for the first time. Ild(!

—NMAEABEE KT YHE
XE, HHF6MPRL

» Towards a nuclear clock

5PDG14tl, AfZEAIIENREE iR
#3-51% . H5%/F1llE5EE(1-
2%)/KFH, SGiitRENRHIAE R

Golden SL mode B/B
B(Kev)=(3.55+0.05)% 1.4%
B(K%v)=(8.830.22)% 2.5%
B(dev)=(2.49+0.14)% 5.6%

Golden hadronic mode  &B/B
D B(Krm)=(3.88+0.05)% 1.3%
D+ B(Km)=(9.130.19)%  21%
Ds  B(KKpi)=(5.39£0.21)%  3.9%

Ao B(pKm)=(5.0£13)%(PDG2014)  26% B(Aev)=(2.1:0.6)%(PDG2014)  29%
=(6.8£0.36)% (BELLE)  5.3% =(3.63043)% (BESII)  12%
=(5.84:0.35)% (BESII) | 6.0% =(3.18:0.32)% (HFAG)  10%
=(6.460.24)% (HFAG) 3.7%

¥ & E4.65GeV, B RITFATHEL,
BB RATRAS, TF-IRA0%AKEFE
B(EE. P TFAETER)..

Sé PRL 101, 172001 (2008) [Belle Collaborption]
° 06 0.567fh~! AFA-@4.6 GeV
collected with BESIII
0.4

.f./.%#*ﬂ#ﬂ#hﬁ# _+_+_*_+_t*_+_+_+_+_ﬂ_+_#

L1 1 1 L1l I | | I | | | I - L1l | | | | I |
4.5 46,447 48 49 5 51 52 53 52.4
M(AT AY) GeV/e




Bellell[E

Epilogue: Belle Il

Flavour not just a B factory

@+/s = 10.58 GeV: o(cc) =1.180(BB)

All the attributes of B physics
experiment — hermeticity, PID,
vertexing, low momentum track and
photon reconstruction — good for

charm!

light mesons (K, 7, ..)

ele = er —}Dmg){fragnt?fg

-~

(D50, DI9* | D5+

e

™

e
signal

E st /(0142 WaViAc®)

Evenis per 0,01 Gey?

See H. Atamacan at ICHEP

and Belle |l Physics Book appearing soon

D* 5Dzt D' > K 7

A == T T T —] ng
= + 0 s DK 3 £
) e S
1|1'|E— + J."d"ﬁn't—l —E §
s = &
eor- T4 3
A =

E + =
= 4 3
R R R PR o, S = - SOV SN Sy USRS Y S~
14 1 [RE] Q156 ois
AM (GeV/e2)
Belle MC Simulation [5.5 ab]
g + +
bRl v, hackprosnd
e DT oty

40

| D+
_l_
D

tieli
oz

ll:_.ql']l__ln_':ll-'n] [Gav3]

]

R F [2=1]

D

O

38
3.5
5.2

D* — K

Baile N 2018 (preliminany)

chh-&n pa!

13

Me- = (GeV/e?)

1.85

2.8
1.7
0.4
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LT Millions of events
in 50 ab™?!



LHCbE[FEF [25451]

-1
LHCb, JHEP 1803 (2018) 043 1 b data @ 7 TeV

A)— AF(phh')u~v, selection PI'DHIDXEEAj_If? Ii?fllhf selection

-~
L 40 @ $Daa -
x10 x10° 2 LHCb % Full Fit
a LA L A B B B L L L AL B L R B © 30 :
20 @ Dt A2 O } Data %
2 qf LHCb % —RilFr 2 LHCb A —Full Fit £ 2
oy sk 3 =Sl | L 4f =51l =
- == W Background | = 4 [ Background 5 10
240— : - é 3 - 2 L
= or 122 0% 228 23 232
& W 1k MK %) [GeV/c]
¢ = ¢
101 e . x10°
s 0 o T T T L B —
0lonsuac L . 0 2 5k © + Data
226 228 23 132 226 228 23 132 =z LHCb P oeE
M(pK ) [Ge V] M(pr ) [GeV/c)] f 15 = Total A”
%107 §
F’I""lﬁ_‘ LI L LR L L R L AL r‘l-‘ LN DL LR LA B a
2 © { Data N § Daa 2
;1.4- LHCh —Full Fit 2 \  — FullFit ©
2 1f % Signal - % Signal
b | M Background | = M Background 23 232
s g M(pr ') [GeV/cl]
4. 3 i
06 E ~ —
=04 _cu = ¢ Data
“o0 v E — Full Fit
6 4 == Total A]
226 28 23 23 226 28 23 213 F M Background
Mk &4 TR/ Mo & [CaVe] g L
1+ —t 2o,
B(Af—=pr—m") E

= (7.44 £ 0.08 £ 0.18) %.
B(Af— pK—7t) ( )%

- 228 23 232
B(fl;!_ _s pﬁ’—fi"-f} ) MK K [GeV/c]
BATS pir) ~ (T0E0032£003)%, B(AY— proat) = (4724 0.05+0.11 £ 0.25) x 107,
B(AF — prK) B(Af = pK~K™) = (1.08 £ 0.02 £ 0.02 £ 0.06) x 107°,

= (0.165 = 0.015 + 0.005) %,

B(Af = pK-—77) B(Af = pr~K*) = (1.04 £ 0.09 £ 0.03 £ 0.05) x 107,



BESIIISZYIEIHR 545

s DO ST EAE — L E B R

DA H R,
ok DK (1) (2

AR F 2240, (0%) SHERIH HQCDIHH
“CK_MﬁBimlvcs(d)l MCKMAERE X IEME. Rt
--DDOR A B HY cp, S DODORA 295 y/¢.ME
~-DODK i A EHS 6 R

I?I'J %*f’?&ﬂ@%%ﬁﬁ%%%Tﬁﬁiﬂiﬁmﬁﬂéﬂﬁi&l‘éﬁl%{%é@ﬂﬂﬂﬁ

s 20164F, 7E4.178 GeVSREET3.2 fol D ¥R, DUEN/ED “ZEAF
B8, s CKMAERETT|V, | FHIEER

» BB ERBIERRKI-2F 58K
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22.3 pb! at 4.03 GeV 22.3 pbt at 4.03 GeV 33 pb-t around y(3770)

PRL74(1995)4599 PLB429(1998)188 PLB610(2005)183
NI S A 12 T T T T T
o (a) & recoll 3 D 9}1 Vv 3ED+9_LL+N
First absolyte F H |
measurem;%]-\ I :
2 0 ‘ — = 1 . !
b b reco:l g o|e
32} ()u : | 13
g ! LTI
& 0 s — = o8 | i ‘*‘ii".'iffu- =
(c)mecou zzzp>400MeWc 2 | *l ‘& 1
25 cp> 550 MeV/c % ] - 07 : ; A‘ s A:“ft_
0 ﬂlﬂ ﬂ D| H 0.6 L ] i I ]
18 1.85 1 95 2 0.2 0 0.2 0.4 0.6
D, Candidate Mass (GeV) Umiss (GeV)

180+80

f,, = (43075) MeV f . =(300%55"5) MeV f . =(3717£25) MeV

BESI BESI BESII o7



Eaﬂ*a:st+ Eﬁ'}]ﬂ%

m WA75, Fixed target experiment

25

20

Entry/0.05GeV/c

15 :

10

AFIET e

PTP89(1993)131

|

(b) 1

P i 1 L 1 L 1 I 1
] 0.2 0.4 0.8 0.8 1 0 0.2 0.4 0.6 0.8 1

Decay pp of g (GeV/c)

f,,,=232+451+20+48 MeV

m E653, Fermilab fixed target experiment

o

70.””1”"('ﬁ[""w"- 40
80 3%@+9HEV
NETY: PL8382(1996)299
2 40F < I
o S 20 |
©30k ° I
~N [ N [
o) T ts L
EZO *510_-
Mok S

0' Pl IFST I I AR

PRy 0 3 |
2 04 06 08 1 12 02 04 06 03 112
Py, [GeV/c] ny [GeV/c]

st+=194J_r354_rzo¢14 MeV

= CLEOII, 2.13 fb-t at 10.6 GeV

60 -~ —r——————————T———— T ——————————
38+10 D" utv ‘
40 |-
g
=
= L
=2
2 Lk
@
]
L L L ' 1 I
0.00 0.10 0.20 0.30

Mass difference AM [GcV!cZ]

fo..=344137+521+42 MeV
m BESI, 22.3 pb-t at 4.03 GeV

3 D,*>p*v signals,
PRL74(1995)4599

n 1 + " M N | 4 4 " 4 Il
T t t +

+— ——
(b) p recoil

| AL
2
0:.‘fl.=if t t H

+—t—f——+
(c) 8,4 recoil P_'zz > OOMeVIc

2_5i_ >50MerC é H
N N . W R |

1.8 1.85 1 95
D, Candidate Mass (GeV)

= (4307335"4) MeV

Events / 4 MeV

First absolute
measurement
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Eaﬂ*a:st+ Eﬁ'}]ﬂ%

20 |
18 |
16 |
14f
12 |

10 |

OPAL, 3.9x10°% e*e>qq

T T
+ Data
[l D, —Tv_ (in Z—cc events)
B Z—cc
[~ other background

22.516.9 D;* D1V

PLB516(2001)236

m(yD)) [GeV]

f,.,=286+44+41 MeV

575484 D.*Dp'v

A

I - *a
- -
- .
- [y
f *
L " s
B .
- s .
- .
- a
.
. ~
. .

(b)

=285119+40 MeV

= L3, Z>qq, 49.6 pblat 91.2 GeV =
20 15:6%6.0 D,/ Du'V E
+ Data =
i5 [ D,—tv. uv
E Background
S 10! PLB396(1997)327
= 8
g s | + 6
4
2 2.6 2.8 3 °
M(D) (GeV)
fp.=309158+331+38 MeV
s ALPHA, 3.97x10% Z hadronic decay
306462 D" 'V PLB528(2002)1
% 755, > ‘% Electron channel i 150
E | =) -
i {Wl% . #% S 100
25 | 24 i 25 e =
3 'l e b - =
o o] Tl 2
7-2 —1 0 1 Uz —2 -1 o 1 Uz _q;é
200 : o : =
E ol @ %’ Muon channel
= 100 [ ‘}{# | ‘% u%%
o fommyth P G¢W+++++¢» .
-2 il 0 1 2 —2 —1 0 1 .2 fDS+

4

3
Muv) (GeV/e?)

5
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In the past 30 years, D.*=>1*v has been studied by WA75, CLEOII, E653, BESI,
L3, OPAL, ALPHA, CLEO-c, BELLE, Babar

= Belle, 913 fb-1 at
10.58 GeV [2698 |*V]

e'e — DKXD!

= D_**D_", 600 pb
@ 4.17 GeV [697 |*V]
PRD79(2009)052001

Events /(002 GeV)

f,.,=263.318.2+1.9 MeV

wf Dst=21ty, 77etvy
1 MC Signal =
1 MG Backaround (BG)

3 PRD79(2009)052002

Events 1100 MeV
© 0 0 00 g o o

1 I
0.5 1.5

o

g
E... (GeV)

nnnnn

Signal for Ds*—=>ttv

f,,,=252.2+11.1+5.2 MeV
PRD80(2009)112004

Ds*—2>Ttrv, TT>pv

fp..=257.8+13.315.2 MeV

Events / { 0.01 GeV¥/c™ )

—F

&

— JHEP1309(

N

2

=

Events / ( 0.05 GeV

() lecton mode

ﬂ
oSl ?
3 (v -
R T muj@ u.¢ V“u.a “:_ . b
oD, Ko GV ‘ !
o :, )
Su- R .
¢ b muon mod
¢ AT am (o pion rode
9 v
¢ ¢
N o
2 ~
] i
2 H s
w ﬁm '
g
i
E o ,: i kL i
5 .
EEBL(GEU} EEB[(GE“
f,.,=255.5+4.2+5.1 MeV

m Babar, 521 fb! at
10.58 GeV [1023 I*v]

Events / 0.05 GeV3/¢?t

ete” — DKXD:™
—PRBS82{2010)091103

45 0 05 1 15 2
m(DKXpu) (GeVle')

Events / 0.05 GeV

) B
B, (GEV)

GV
f..,=258.616.4+7.5 MeV 70



Events /(0.018 GeV/ch)

Events /(0.018 Gevi/cH)

D+>KO e*v33ZLbLRYEIRNIE

PRD92(2015)112008

» 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

A _B(Dt — K%e"’ye) — B(D™ — K%e_ﬂe)
. R OF = 0 — 0 _ —
> After reconstructing all other particles, B(D* = Kpetve) +B(D™ — Kjemre)

!(OL can t?e inferred With_pOSitiOﬂ ApPH>KLeHv=(-0.6+0.611.5)%
information and constrain U, ;=0

Slmultaneous flt to event density 1(g?) Wlth 2 par series Form Factor

%, o bpdl D‘—)K*T:*T:*Tc“ tag T,
i ‘I':JIILI i
3 sk 8 O -
+
= = D*>KO e+vis
= o
= =
5 = E measured for
% T R, _ |_I 'Ih % - -
BSet e, I St [ the first time
g2 (Gevich) T2 (Geviich)
s T
1 = . i
fak] ai] !
e e :
(] L)
= =
] [
> = = | 1
o o iy (M
= = } WL T i
2 2 R ' ey
L L [!-'- -'" Lf]“‘nﬁﬁqw_w",‘_
g2 (Gev?rot) g2 (Geviict) q2 (Ge\,-’zfc“)

71
fK,(0)|V| =0.728+0.0060.011 r=a,/a,=-1.91+0.33+0.24
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CLEO, PRL110,131802 (2008)

[=2]
o

ﬁ (a) | 150}
100

S
St

o
Q

Events/(0.01GeV)
s

150 [
100 |

50|

02 01 0 0103 %
L% q2(GeVc?) cos 8_
g g 1505
3 20} 3 _
M~ o L
5 8 100
T 5 50|
Q.5 1.0 074
Invariant Mass (GeV/c?)
Decay Mode € (%) Niag s1. Bqp By (prev) B (QCD SR) Bg (ISGW2) B (FK)
D= p etp, 2603002 3046209 77012010 194 *£0.39+0.13 0.5 =0l 1.0 2.0
DT —p Ty, 4284003 4474 =245 217 0127508 2104 =01 oo 1.3 2.5
DT —we r, 1467003 1285+ 126 182 =*0.18 =0.07 L6707 £0.1 L 1.3 2.5
MD—p e w,) - + +0.08
b Y = 1.03 + 0.097008
BESIIMX LIEIEEFE
r,=V(0)/A,(0)=1.48+0.15+0.05
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The ‘long-standing puzzle’ of whether the Isospin conservation
holds in the exclusive semileptonic D decays

— I
g T a0 0 _ ufﬁ@én
PREARGRR | P oKy, DoK'y [PLB644(2007)20 SR

Motivati Measurement of the ratio

otivation T of the partial widths

sospin conservation implies oo K RES / MARK [L1PDGOD
F(D”—>K'e+ve)!1“(D+—>fne+ve):1 e T’ - k1" V4

L, pe ¢ —E— s ( +_)—0 +ve) 1.00£0.17+0.06 .44 £0.62[ 14+0.2

I 7o K'e*ve) I D SK e*vg):l. 1402 P I'(D* - K I'v))

BES MARK IIT | PDG(2 Obtained based on the branching

fractions quoted from PDGO02

_ '

I(D'>Ke'v)

[0 e 108+0224007(1.4440.62 1402 BESH|I 5208 2: B DA T bp F 2 R T
' filiEsFfE” . Solved the long-standing puzzle in

. i §
MO[IOI‘!d EW04 (2004 % 3 1) Obtained based on the branching D decays 1. Shi psey, ICHEP’04 3
ICHEP'04 fractions quoted from PDGO2

BES-I LR 4TRSH DA FHE THRN _
RS, R TR TS CLEO-c confirmed the BES-II result

Paper published In | s~ e 45— Puzzle”, T'(D° > K e',)

608 (2005) 24 ~ =1.00+0.05+0.04
ELAGOS 2009 I'(D" > K%"v,)




BRERK S IIED > K e vir3ZLE

CPC40(2016)113001
89541591067 B s
800— T T LI B I % 1 0.1, 3T, +
5013+ 78 7 BES [3]
I { 8.83+0.10+0.20 R'_syer-
600 ! — 2¢? CLEO [4]

i % 8.8310.22
_: % PDG[1]

%4 8.96+0.05-0.21 K K’
/ BESIII [6]

Events /(0.01 GeV)
N -
Lo
L o ]
I

8.59+0.14£0.21 T —>mor”
e b ks e i I_% This work —nT

§2 a1 00 o1 02 03 koo o R UNRLLLLLL
8 9 10 11 12 13 14

Umiss (GEV) B(D+—)K06+Ve) (%0)
0 -at
Taking 1., 1o, BID*>Ke] and [D" = K eVl _ 596940025
B[D*->KP*v] from the PDG as input [[D" > Ke']

Agrees with i1sospin conservation within 1.2c 5



D*>K v 3Z EbRIpSHH NS

EPJC76(2016)369

165161130

3000

W (872% 0.07+ 0.18)%

2000 QOur result

Simults

%1000 e+ (9.20+ 0.60)%

e PDG2014

o=

S 0

=

2 300 —— (9.27+ 0.69+ 0.59+ 0.61)%
5 FOCUS

200

| 2

{  (10.30£ 2.30+ 0.80)%
BES-I1

100

| | | | | I |
0.1 0.15 0.2 0.25

Taking B[D?>K-p*v S
and BQ[JD+[-)I_<0e+v}]L ! ID° — K u'v] _ 0963+0.044 Supportisospin conservation in

from the PDG as input D" — Roﬂw] these two decays within errors
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Events / (2.5 MeV)

PRD96(2017)012002
. %1072

b)) 4

D’ —Ke'v,
=B 2K e v) 634001 £002
(D" = K'"'v,)

]'UH —t .‘
=t B 2T o) 0340032002
(D" = 7'e'wv,)

02 0 02 04

Umiss (GeV) Umiss (GEV)
UL UL B S DL I DAL BLALEN LN LA IR B
BES-I[14] 8.05+150+0.67

CLEO [15] 4.05+0.16:0.09
CLEO [15] s.23+0.1040.20
PDG [8] 8.00+0.15
PDG[8
BESII[16]  £.062:0.054:0.206 8] 4052018
_'.K':']
BESIN[17] 8.50£0.14£0.21
N
This workk®  8.60+0.06£0.15 This work 3.63:0.08+0.05 ——
{ﬁa—vﬁg—*r{'r[]
IIIIIIIIIIIIIIIIIIIII IIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
& i T 8 9 10 24 26 28 3 32 34 36 38

. 7
B(D' =K e*v,) (107 B(D'—nle*v,) (107) °
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= 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-_.. T eanes I T
S | a) [MC : [ ¢)
[ [EPeak Bkg ] L3f -
L) [ — ] [ i -
e 10 i i5ide Bkg 7 [ I
< - 1E I
P - !
5 0.5 !
-
i : i
T . VR T V¥
Umjss (GEV} Umlss (GEV)
BESI CLEOII 95 — CLEOc09 — CLEOc15 PG ]
B(DT = netv.)[%] 2304031 £0.08 — 048+ 0204013 22840144020 267+ 0.29
B(DT = 'etv)[%] 0934030 £0.05 — 0014033+0.05 068+015+006 0994023
B(Df /et ve) 0404+ 0144002  0.35+ 0,00 +0.07 _ _

B(D] —H?E'I'!/e]
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PRD97(2018)012006

> BFs of semi-muonic D_*

482 pb! data@4.009 GeV

o l | " decays
(a) 10f- (b) - are measured for the first time
T } 5 : > Benefit testing of lepton flavor
z l \ l | | universality and measuring the
S ofeperdla il o Ve n—n’ mixing angle
2 Yo s (@) J ]
T o) 1 e 2 + +
| ' ; LD, 2> duvl _ 664029
sk { | ] Dy — ¢e'v]
TR RN R R
Y B Y e Y R Sy " — =1.05+0.24
U, (GeV) I'[D; —ne'v]
HD. 274Vl _y 14,068
b —n'e'v]
p mode Bgesm (%) Bepg (%) e’ mode Bgesm (%) Bepg (%)
Df = ¢uty,  1.94+053+0.09 Df = getv,  226+045+009 2.39 +0.23
Di —nuty,  242+046+0.11 D »netv,  230£031£0.08[8] 228+024
D; - nqu'y,  1.06%+054+007 Di = yety, 093+£030+0.05([8 0.68+0.16
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FIG. 1. Feynman diagram representing the four-quark semi-
leptonic decay D} — we™v.

Events /6.25 MeV

CLEO, PRD84, 012005
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@ no helicity suppression in contrast to pure leptonic decay, and simpler non-perturbative
QCD calculation without final-state hadron

models [.'-QC[:I'1 light front quark‘, & NR constituent quark model” VMD* factorization”

B heo. 10— * 10— °

10~ > (enhanced by LD) 10~ °

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

Tree level amplitudes
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Search for D,j*>yetv
@BESIIl is ongoing
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Applying the SU(3) symmetry for the light quarks, this rare m;

decay branching fraction can be predicted by theoretical ek

calculation and its theoretical value is 2.78x 1073 [EPIC, oot

59:841-845(2009)). “'": Ny

Momentum{GeVic)

e
v.;},< | PRD96(2017)092002
E i . - T -
> 3 ; 3

P
|Vud|2 N 094

D+

Cc > > C

& o K & & 0O = K W & W
T LI I I | LR RARRY |

Ty

1.84  1.86  1.88 1.85 1.9
M2, (GeV/c?) M2 (GeV/cd)

Events/(1.2 MeV/c?)
=] N'”hllld\lt: [ ] h--a.e....h‘.. ] "]
Events/(6.0 MeV/c?)

B[D*>D%*v] <1 X 10 @90%C.L.52
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o Open-flavor neutral meson transforms to its o Unique: only the up-type meson for mixing

anti-meson and vice versa:

o - B o Standard Model predicts: ~ O(1%)
K'e K% B« B, B« B, D’ « D°

¢ . d, 4 ] L c W

o Flavor eigenstate (|D°), |ﬁ>) #+ mass D é ; D de isi D
eigenstate |D; ) with My, and I} ) isp § _ W
ID:,) = p|D°) + q|§}> (CPT: p*+q*=1) (1) short distance (< 0.1% by CKM and GIM)
o Mixing parameters definition: p /P/(K N
. = My — My _ - [ [141, o N T,
R A (2) long distance (~ 1%)
on Istance (~ 1%
@ under phase convention -
CP|D°) = |D°), CP\DO) DY), o Precise measurement of x, y: effectively limit
o with CP conservation (¢ = p=1/+/2): New Physics(NP) modes,
\D;2) = |D+ —) (CP eigenstates) o search for NP, eg: |x| > |y|
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Events/0.2 ps

Residuals

= Babar, 384 fb1@10.58 GeV m BELLE, 540 fb1@10.58 GeV

16001
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iy
N
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3]
o
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c'n
o

PRL98(2007)211802 PRL98(2007)211803
P L _TKmT)
Tws(0) o gyt Ry Tr + 2 2 ST S
—TI't - 4
e p D" — K" K*) — 7(D" — K*K7)
P D =K K)+7D° =K K)
= T T T .l ba'ta‘. T { '::0 16 -
- a) [ ] Mixing fit = < L
- Random _E a 320’
= Il visrecon. D° - /_\t:: 0.15 |-
— Combinatorial | =
f_ -~ No mixing fit —f .Z|. 0.14
= - R
- E 2
= 39 Z 0.13
] ' E 0.12 [
: z i +
; : : 0.11 F
3 E oL
e 0 2000 4000
t (ps) t (fs)

Rp=(0.303+0.016(stat)+0.010(syst))%
x'2=(-0.2240.30(stat)+0.21(syst)) x 103
y’:(9.7:|:4.4(stat):i:3.l(syst))>< 1073 yep = [1.31 = 0.32(stat) = 0.25(syst) |%. 34
(x"?, y') with correlation -0.95

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



DODOwb (= H’Jﬁﬁ'&k

= LHCDb, 3fb1pp at 7/8 TeV = CDFII, 9.6 fbl pp at 1.96 TeV = Belle, 976 fb-! at 10.58 GeV
PRL110(2013)101802 (1fb%)

R[04 R 107

R~ R [107

PRL111(2013)251801
: 12 + 2 2
R(1) ~ Ry + RD.‘/'JL L2y (i)
T 4 T
6f I | I =
- >100 ;
s __ LHCb -
4 :—A'.{"H E
Y . . ) :
6 » (b) 4 =
sE — CPV allowed
. e Ny direct CPV
N L No CPV -
g 3 4 o S

T

2 =(55*+49)x 10>,

Rp

= (48*1.0)x103

= (3.568 = 0

066) X 1073

PRL100(2008)121802(1.5 fb-)

PRL112(2014)111801
PRL111(2013)231802
R(t/7) = Ry + JRpy'(t/7) + r :va(r/ﬂll R(1/7) FRS((://T) ~ Rp V/}TD}.;% i X' l ¥ (%)2
9
F - —Mixing fit ' _
- Prompt component (mixing fit) 0.006
7:_ ¢ Data I
_ b ==No-mixing fit i
""E 6F 6.1 - © 0006
i 4
g 5 _
ST 97 1 S F—— 0.004
4r -
3t
r | L] |

0III2III4I I6II 8III10
t/t

> = (0.08 = 0.18) X 10
y = (4.3 +4.3) X107,

Ry, = (3.51 =0.35) x 10~

X2 = (0.09 £ 0.22) x 1073
= (4.6+34) x 1073

Rp=1(35340.13) x 1077
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P(3770)— DI decays

Decay Mode Observables Relationship
2yep = (lg/pl + |p/ql) y cos ¢
DO K+K- 7+ Yep (la/rl - Iir..fc;lﬁi' rsing
Ap 24 = (lg/p| — [p/al) y cos o—
(lg/p| + |p/g|) rsing
T
1
DP o KYatm— v
la/pl
&
D K+ Ry, Ry = (2* +47)/2
Db K+g— g0 z" " = weosdy o +ysindg o
(Dalitz plot analysis) y" Y =ycosdy . —wsindg
“Double-tagged” Ry
branching fractions L .
1INE 1 .J‘l RJ” — I:;.]‘,'z + yQ}:l,lz
measured in Rp

' =rcosd 4+ ysind

y' =ycosd —rsind

%, y' Ay = (lg/pI" = 1)/(la/pl* +1)
D* s K+m~ 22+, 2 ' = [(1£Ay)/(1F Ay )]V x
y't, oy’ (' cos ¢ £ 3 sing)
Yt =[(1£Ay)/ (1 FAy)) Y
(v cos¢ F a'sing)
D" K'n )+ (D" K ") Ry,
D S K+n K-t (DK n7)+T(D"=K'r ) '
(time-integrated) LD K+ ) — [(D° K- )
D" K*tr )+ [(D°=K 7t Ap
ND"=K'K )-T(D"SK'K ") Ay + L Ajndireet ( gindirect o, _ 4 )
DO KK et [(D"=K'K )+T(D"SK'K ) =
(time-integrated) “D[]_”rJrn_} (D rt )
P’ —=rta )+ (D" s777) A+ +L 0l Apgirect (Aimgireet &~ —A )

™D

BasHxy

) # CPV$ ¥ :|a/pl.¢
HECPVE H:ALALA,
RD

ﬁ m % ? ﬂ :8Kn' 8chO
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DD mixing is observed, no direct CPV is found o



