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Charm Physics

SM predictions :

{1 arather dull EW phenomenology of CKM parameters Challenging
1 alow frequency for the DD oscillations experimental
1 tiny CP asymmetries measurement
T extremely rare FCNC decay

Motivations for dedicated and comprehensive studies :
1 Provide an unique and powerful laboratory for studying the

impact of nopQCDdynamics and for testing the validity of

theoretical methods Charming

T Provides a calibration of the theoretical tools for the B degaysPromising

M Provide a novel widow on NP search
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DP-DP Oscillation and CP Violation
QuantunCorrelated Charm @ threshold

(Semi) LeptonidDecay

Hadronidecay

= =/ =2 =2 =2

Rare Decay

For each | will highlight recgmgressand speculate on future developmengs

Apology | can not cover afl results

1519/09/2015 H.P. Peng PIC 2015, Coventry, UK 3



Charm facilities

Hadron Colliders (Huge cressction, energy boost)

1 Tevetro(CDF, DO)
1T LHCIHCh CMS, ATLAS)

e*e Collider (mor&ine constrains, cleaanvit,~100% trigger eff.)

1 B-Factories (Belld®3aBa)
- Prompt D* decay . slow pion tag D flaver, (Pg* or D*- Dpr
- Semileptoni® decay :muontag D flavor, B D’ntn X or B D’mn, X
1 Threshold Productio€ LEO¢BESIII)

- Can not compete in statistics with Hadron colliders&ctries

- Only D meson pairs, no extra CM energydos

- Quantum correlations (QC) andt&iging are unique

- Systematic uncertainties cancellations while applying double tag technique
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D°-D° Oscillation and CPV
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DP-D° Osgcillation

DPis the only mixing meson with-type quarks

Neutral D massigenstatesre linear combination of flavor states

|D1) = p|D%) +q| D) Pl + lq|* =
|Ds) = p|D°) — ¢|D°) ¢ = arg(q/p)
Mixing parameters :
M2 —Mmy ..
r=—, — ~Mixing frequency
'y —T L :
y=—5-—  ~Lifetime difference
2
P(D° = D°t) = % |g e Tt {— cos(aI't) + cosh(yI't)}

Short distance is highly suppressed by the GIM mechanism and the matrix elements
within the SM. z ~ O(107°), y ~ O(107")

(NP, e.g. FCNC processes wittypp quark, might manifest in the loop)
Long distance is dominant, but theoretical uncertainty is x, y ~ 0(10_3)

Improving the constraints on the charm mixing parameters is important to testing the

SM, such as lonAdjstance effect.
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1 CP Violation occurs if |g/fj|or CPV phade 0

1 InSM, CPV is expected to be small for charm, theory calculation is challenging.
1 Enhancement hits at NP, and CPV search in charm provide probe for NP
i CPVindecay: A= (|As” — [Af])/(|A;" — |Af])
1 cPvinmixing: A = (/o = p/a)/(ja/pl" + o/l
qA5

 CPVininterference through: ¢ = arg (—)

1 No strong evidence for CPV in charm
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1 Measurement of tidependent ratio 6f X p* (RS) PRL 110 (2013) 101802
and B K'p- (WS) decays o

. — Fit

B Background

mix 5, DCS mix 5o

RS Dt RS K-+ o WS K+t m WS

CF DCS
1 Inlimit of small mixing and negligible CPV

A N A
R(t)?b’RD-I-\/RD Y ;—|— J (—)

Candidatesf 0.1 MeV/c?)
]
|

0 2.005 2.01 2.015 2.02
M (D"TH 1GeVic?

4 T

AD® = K27 )JAD" = K1) = VRp e <>
/ . / . TE . Data =
I =1c080ky +Ysindgr, 1 =YcoSdgy — TSindg, 6.5F _ Mixing fit 3
6F — Mo-mixing fit —i
f LHCHL fio' data @ TeV: ssf -
A sE 3
- DPflavotagged by slgwwchargdrom D* DPp* isE 3
- Extract tlhylenc¥itdoR(t)y 6 a ?;“ — :
- No mixing hypothesis excludedsat sE L =
0 2 4 y [&] £ 20

T

First observation of %P mixing in a single measuremeht
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PRL 111 (2013) 231802

PRL 112 (2014) 11180 4 8
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DP-DPmixing is confirmed by hadron collider CDFesmctollider Belle
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PRL 111 (2013) 251801
LHChupdated results with'gfp collision data A - - —
CPV search : splittifguid Dsamples, fit t6 (B g _ : LHCb _
Same parameterso: CPV “ B E
Different infR : direct CPV LA E
6B —
Di f f e ?eMy dam)yriidcet CPV _ " : :
1 Results compatible with CP conservation : - j,-—WJ AN
I{E o I}’B - o 4 _— —— No CPV _:
= m = (—0.7T+1.9% ) - P — E
1 The mixing Parameters are consistent with, 2.5 time f
more precise then previous results = :
0 D S —
Ht
]'D_---|----|----|----|-- LI N S B B B B L L B B I T T L |
I LHCb (a) CPV allowed (b)) No direct CPV ) Ne CPV
8 -+ 1 ]
L ---- 99.7% CL Y Vi
SL -- DPesan CL 1 --Dp 68.3%CL T --0955%CL Tl ]
— D" 68.3% CL — D" 6R3% CL :: — 68.3% CL et o
o= I-[]I.ll — lIIII - I[]I_II - I[]?EI I lll}l.ll — [I]: - :'lII_III - I'D_IJ I-'DI_II - lll]' — I[]_III - I[].IEI I
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http://www.slac.stanford.edu/xorg/hfag/charm/CHARM15/results_mix_cpv.html
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DP-DP mixing is well established in different experim|ents




Indirect CPV in D% h*h-

s ﬁﬁ@ JHEP 04 (2015) 043
Timedependent CP asymmetry for a neutral D meson

decay to a Gigenstate £ ISETHCD (o Sfpyl+ber
B !,_n. ln:];—Du—}K_K+ o — Linegr fit ]

(DY — f;t) —T(DY — f;t) < [ [l 1o band;

Acp(t) = '

T(DY = f;t) +T(D° — f31)

Approximated as lintr@e dependence :

N
Q
g
=
U
AN
O
:
|
Pull

¢ e
T o To00 2000 3000 4000 %EHCHCI
- s
— -T mw:z Adzr —_ ...I.|
( / ) yCOS(fb a:smqﬁ B 15F L|-1:jjtg.I |'h'| ' 4Data
F + F ee oF . — Linear fit ]
= 1oE D"=TW N
S [l 1o band]
[P flavor tagged by theorfrom SL-hadron decay. SE | =
Consistent with no indirect CPV hypothesis 0f —
Ap(K+HK™) = (—0.134 £ 0.07770-92)% S o
Ap(rtr™) = (=0.092 £ 0.14573:92%)% 2 o, ,LrLu_p.,.r- . R
Assume indirect CPV is universal: 0000 2000 000 4000 I%':l":":'

Ar = (—0.125 £ 0.072)%

1519/09/2015 H.P. Peng PIC 2015, Coventry, UK 13



9.7fbl 1.96Tepbarcollision
PRD 90 (2014) 111103 (R

- * Data (9.7 ) E  DPis tagged with slpwn D*- D°p*
0.02 — CP violation allowed —
g Of— l } } --------- No CP violation _f 1 CDF Results :
< 002f M -
< 0021 .l TM F Sha 1 e Ar(KTK™) = (<0.19 4 0.15(stat) + 0.04(syst) )%
0o # E Ap(r71) = (<0.01 £ 0.18(stat) = 0.03(syst))%
-0.06 [ -
0.04 - (b)l | | | | = T Compatible with the absence of CPV
0.02F -
= - { } 1 1 Consistent with determination from other
e 0 { L -
E" 002f- i H‘{H } } | _i experiments
-0.04 + + + - A
- } 1 T Among the worl dbés be:
-0.06 - —
0 N
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http://www.slac.stanford.edu/xorg/hfag/charm/CHARM15/results_mixing.html
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Belle 2012

LHCb 2013 KK

LHCb 2013 nint

LHCb 2015 KK+nn

World average
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02 01 -0 01 02 03
A (%)

-0.030 = 0.200 = 0.080 % arXiv:1212.3478

0.088 + 0255 + 0.058 % PRD 87 (2012), 012004

-0.035 + 0.062 + 0.012 % PRL 112 (2014) 041801

0.033 £0.106 = 0.014 % PRL 112 (2014) 041801

-0.120 = 0.120 %

-0.125 = 0.073 %

-0.059 = 0.040 %

PRD 90 (2014) 111103 (R)

JHEP 04 (2015) 043

World Average-0.0590.040%
Consistent with the hypothesis
no indirect CPV irPD h*hr

of
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Direct CPV in D% h*h-

JHEP U7 (201Z] O«
1 Time integrated CP asymmetry receives ! LHCIBfbldatamuorflavor taggd® in B
contributions from both direct and indirectfCPY  hadron SL decay
o D(D® = f) = T(D" N 1) @ y 1 The raw asymmetry for a D meson decay
T )T ) P o, MO NDsp)
mw—N(D_}f)_l_N(D_)f)— CP D[ p
1 Assuminond.CPV is decay mode independent,
_ o T AndDA.,
Only the effect of direct CPV rent#igsin
AAcp:Amw(K.i'K_) Am(T T) ACP(K+K) Acp(ﬂ+ﬂ_)
AACP = ACP(K_K+) - Acp(ﬁ_ﬁ+)
(o (K- K*) — afin ()] +a?g 7 No significant CRVSCS decay at the levél [10
T AAcp = (+0.14 £ 0.16 + 0.08)%
. . KTK™) = (-0. . . 0
Vanish in the Acz( n _) B (700001520 10);
limit cpmtn = (-0.20£0.19 4 0.10)%
Most precise measurement of tintegrated CPX-JK*K") andA-dp*p’)
Belle update the results of similar analysis with fulbldstaasete s ee Tar aod s

http//belle.kek.jp/belle/talks/ CHARM15/nanut.pdf
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http://www.slac.stanford.edu/xorg/hfag/charm/Aprill5/DCPV/direct_indirect_cpv.htn

Combine timédependent and timetegrated CPV results

HFAG-charm [IEETEEEESS— — D oy
0.010 Winter 2015 COF = no |
Th BaBar
LHCb = Belle
CDF
0.005
LHCb

a4 = (0.058 4 0.040)%

| Aadit, = (—0.257 + 0.104)%

P =0.018 of no CPV

SR
=5 0.000 |
<
-0.005 |
—-0.010 B
Contours contain 68%, 95%, 99% CL
—-0.010 —-0.005 0.000 0.005 0.010
ind
aAcp
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interest for the search of NP and the

to charge meson pair

in decay® KK,

! DPdecay into a neutral mesons pair is part

1 SM predicts a 95% CL UL of 1.1% for dirgct

CP asymmetry with-Bdata

understanding of penguin contributions. Nt - N~
Acp = —
. | . N+ +N
1 CPV is expected larger if CPV exiSteoay
Y The DBflavor is tagged by the glofrom

D*- DPp*
CPV : :
1 The CP asymmetry is obtained Ksidsir

reconstruction categories

cufr LHClperformed the search of time integratec

THES

Acp = —0.029 4 0.052 4 0.022

arXiv:1508.06087
LHCHPAPER015030

1 Consistent with no CP Violation and with SM ex|

1 Three times smaller for uncertainty than previou

DecCt

measurement (PRD 63, 2001, 071101)
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1 Search for the time integrated CPV using data samiple 966 fo PRL 112 (2014) 21160

D

0.5
. . 0.04 BELLE
1 The flavor of B tagged with the sfovin decay B* D°p* cook By
5 o
=L
9 The reconstructed asymmetry : oof ! T !
D*t D% F D*” D% B 3
Nrec S = Nrec ° OlER, L e
AT‘GC p— D*+_>DO7T+ D*—_>DO7T— a oz ﬂl-_:n,_:_;lﬂ a.Be 1
Nfrec °* + Nfrec ; 0.0
:AC’P -+ AFB -+ A?S -:-.nz;_
o | S
= C -—{»—- -
The underlyin Estimated with CF decay B 3 |
CP asymmet D*- Dps Kp*ps o4
i s = | PRI UM B B PR
The Forwatshckward asymmetog tay2° S Al
interference and High order QED effects
Is an odd function of the cosine pblar angle Lower than leading order QED predictidn,
1 Corrected(ecc‘” : Highorder correction may bring better agregement

A" = Aop + AFB(COS 9*)

rec

Acp = |AL2 (cos 0°) + ALor (— cos 6%)|/2 No evidence for CP Violation

Tec

App = |A%27 (cos 0%) — AT (— cos0™)|/2 An order of magnitude improvement in pr|eCi

Trec

1519/09/2015 H.P. Peng

Acp(DY — 7%7Y) = (—0.03 +0.64 £ 0.10)%
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Twaebody Final States

l

Search for direct CPV in S§S IXh'

(LHCh3fb', JHEP 1410 (2014) (2&B3r469f3, PRD 87 (2013), 052012

Multtbody Final States

l
l

Modelndependent searches for CP¥ ipp-p* (LHCh1fb!, PLB 728 (2014) »85

Search for direct CPV in SCS décag'Rp° with Mod€in)dependebalitaznalysis

(BaBar476ft, PRD 87 (2013), 052010

Search for indirect CPV Wingp*p p* with a timdependent amplitude analysis

(Belle921f}, PRD 89 (2014), 093103

Timeintegrated CPV in SCS procespp p® (LHCh2fb', PLB 740 (2015) )58
Timedepender@alitzanalysis in°® Kp p*

(LHCb1fb!, LHCHPape20150 4 2, see Cant obdés )tal ks at LHCP 20
CPV via-6dd moments it DK*K p*p- (LHCh3f1, JHEPLO (2015)05

ééé.

No CPV observation, more results are expected soon
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QuanturCorrelated Charm

@ Threshold
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Quantum Correlated D °D° States

50 For a physical process produé-liﬁgsmch as
. ete” =" — DD
¢ o o The BD pair should be a quartemelated state
The JPCofy 4is 1 -, adefinite C =1 state forDPpair
.'. DPmesons will hawpposite CP
D’ T

The quantum coherencedf fairs play an unique way to study :
1 Strong phase, cdasDouble tag events, e.gf KS. CP
1 Strong phaseg € (Dalitz : Kp*p VS. CP, Kp*p  VS.Flavor Tadsp*p- VS Kp*p
1 Charm mixing,,: Flavor tag VS. TP
1
1

Typical kinematic variablegs :
AE = ED — EBeam

Mpc = \/E?Beam _ﬁQD

Mixing parameterg+{® : K1™n)2, (Kp*)2
DCS : Wrong sign decay KS. Kl*n

- eeé
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Timedependent decay rate of WS protes&D, 1= 1008, +ysind

|

mostrecise measurement for the mpiiameter, sensitive tc | =y csdy, - £sidg,

Strong phask;, : Difference between the DCS and CF amplitide
<K—7T—|—‘DO>DCS

| mportant for extractinlg x an

= — g KT

(Kn|D%p,) = ((Kx|D% + (K7|D%)/vV2 = V2Acps = Akx £ Agr

|Acp—|* + |Acp+|?
2 - COS O, ~~ A =
K K CP—Krm |A('j})_|2 + ‘A(/'P_f_lQ

BT(DCP_ — K?T) - BT(DCP+ — Kﬂ')

Br(Dgp— — K7) + Br(Dcps — K)

Ignore the mixing effect
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Signal reconstruction

1 Double Tag (DT) p KCP Tag

Mode

Ko+, Ktm—
KtK-.7tm . K9
KQmx°, K2n, K2eo

Type
Flavored

S+
S —

0770 77070 ;0,0

1 Single Tag (ST) : CP Tags (5 motle3 @Bdes CP

BESTT 2.9 foty HatapLs 734 (2014) 2:

Ngrcp+  ccpi

BriDeps — Kn) = Nepr  Ekmept
,

Branching Ratio Measuremen{ :

Asymmetry of CP tagged D decayAcp—kr

(12.741.34£0.7) x 1072

Consider the mixing effect
2rir c080kr +y = (14 Riys) - Acpoka

External input from HFAG2013 and |PL

A

5

coSOr- = 1.02+0.11 £ 0.06 = 0.01
World best precision
The statistical errors dominant the pr¢

DCIS

BESIII 20 fiata, precision will reach §.0¢

) r%(ﬂ, = (0.347 4+ 0.006)%
oy = (0.66 £+ 0.09)%
e Ryys = (0.380 £ 0.005)%

1519/09/2015 H.P. Peng

CLEO-c results [phys. Rev. D 86 (2012) 112001]

cosdxx = 0817575700
cosdxr = 11570191000 (globalfit)

PIC 2015, Coventry, UK
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The mixing parameters extracted fretepiemelent deca¥t IKp is highly corrected,

It Is iImportant to access the mixing parameters directly.

vor = g [vooss (|7 +[2]) —wsine (|7] - [2])
2 P q p q

In absence of CPV, |P/q|=1a0d leading tg.r,= Yy

! The Bsemileptonaecay is sensitive tQ Thesemileptoniecay of the CP
flavor content and does not depend ¢n the eigenstated.p
CP eigenvalue j‘>
g Bpipsi—i =~ Bp_i(1 Fycop)

{ The total decay width of thedepend —

on its CP eigenvali® s =31°y-p @

]. (BDCP—.‘»l BDCP+—>I>
Yyop = - -
4 BDCP+—>l BDCP_—)Z
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(O Ycp Measurement

%
&) e

BEST 2.9 foy #atapLp 744 (2015) 333

K

K
e(u)

CHARM 2015

E7911999 e  0m2:28%:100% PRL 83 (1999) 32

Measurg-pusing Cfagged sereptoni® decay
1 Single Tag : 3 modes from CP+ and CP
1 Double Tag : CP Tag + $&moni©

Type Mode

P+ KK~ 77, Kin'q”
(P- K37° ko, K2y
Semileptonic KFe*v, KFptv

1 Branching fraction measurement
Nopiyg  Ecpt
Ncop+  €cp+il

3420:13%0:0740% PLB 485 (2000) 62

CLEO 2002 H—o—f—| 1200+2500: 140 % PRD 65 (2002) 09200}
Belle 2009 et 000610050 % oo (2009) 052006

LECh 2012 b 0550:060:040%  311ED (04 (2012) 129
Belle 2012 o LI0£022020.00 % Sparm 2072

0.720 + 0.180 = 0.124 % PRD 87 (2013) 012004

BESIII Results
Yep = €2.0° 1.3° 0.9%

1 Compatible with previous measurement

et | f—— L { Statistically limited, less precise than avel

World average . 0835+ 0.155 % ﬂ More data may he'p

P FreT

i { FRTTY FYITY YT T
43210123435

Yep (%)
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CKM direct Measurement The most sensitive method to cogstsaiowadays
oz/qb _ (87 6+ ) Determing /;through the measurement of the inference betwaedb- u
2 ' transitions whefidhd Bboth decay to the same final state f(D)

B/o1 = (21. 85+8 02)°
” [ o ™

-
B-— DOK K- Bk
’7/¢3:(73. ) W§<O B-— D°K
C
SR

u

Least precisel
measure ang|

D° K-

E 5() oo B HM =13 {(DYK-

Binned Decay rate :

[(B* - D(Kft*m)K®); = T; + r52T; + 2rpyT.T; cos(85 + ¥ — ASp)
=T; + 15°T; + 21/ T; T{c;cos(65 + ¥) +s;5in(65 + ¥)}

1 T: Bin yield measured in flavor decays
Measured at

1 rg: color suppression fadidr B-Factories

1 dg: strong phase of B decay

: - : :
R | elghted average of@af)(and sifiX d) respectively __|  Through

whereD dis the difference between phasenti® DP- Kgp*p
analysis

0.5 1 1.5 2 2.5 3

Mirrored binning over x=y makes
it SO &¢; ands =s;
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- 1
o [ & Model prediction
£ : s BESIT 29fby 4data
D> Kep'p
: { 1 Still statistical limited, only Statistical
13 i errors are shown
oo f Consistent with Cl-E@easurements,
1— but superior in statistical errors

Si
{ The reduction insccontribution to the uncertaigty.idf~40% 80% for 20Hulata
| $ 3
BELLE, Modeldependemalitz | 7V/®3 = (77.3715 g (stat.) + 4.1(syst.) £ 4.3(c;/s))°
PRD 85, 112014 (2012)

1 Crucial inputs for the future analysis carried at@iehd BELLE Il experiment

(stat. sensitivity reache?%)
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(Semi) LeptonicDecay
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V " Veq e’

Ok N

A%

q
B

q

e

f)
1 In CKM, the uncertainty is dominated by the unceft%’tg)tamdfﬁ P(¢f) of B

meson calculated in LQCD
T Precision measurement of {deptoniclecay rata can be used to valigatend
f,> KP)(cf) calculated in LQCD, and then improve LQCD caldylgindf5f P(¢?)
for B meson.
T Recent improved LQCD calculatify o0.5%) anl> *eX(c?) (1.7%, 4.4%) provide
good chance to constrain the CKM matrix ${gpetest thenitaritpf CKM and

search for NP
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I+

D
In SM : P(DE;) — €+I/g) = 871'( ) |Vcd(5)|2m§mD?;) (1 —
Bridge to precisely measure :
1 Decay constantgd,with inpu¥]| of CKMfit
T CKM matrix elempit,| with inputy ), from LQCD

Search for new physics

1519/09/2015 H.P. Peng PIC 2015, Coventry, UK
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D* Leptonic Decay

ete” =" - D D™ BES]]I 2.9 fbiy #lataPRD 89 (2014) 051104

9 D tagged modes o[ [z Data - _
107 5 P S s 409 21 signals
N,- = (17031 4 0.34) x 10* ™ Qe D decays
tag | | me non-DD procésses
10 ¥
e’ e -
small background benefllt0 3
+ -
K 4-—"'"\\ g C
YV from the advantage of |
threshold production

107!
0.2 0 0.2 0.4 0.6

B(D- mi=(3.710.190.06) 10*

|V of CKMFitter Others from PD fy,. of LQCD Most precise measurement,

but statistical uncertainty domin:
foe =(203.25.3°1.8) MeV | V.4 = 0.221C¢° 0.0058 0.0047
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Tag
18 tagged modes

Nglf = (94.4 4+ 1.3500 = 1-55y6) X 103

€

913 fi

Signal /w

B(D — ptv,) = (0.531 £ 0.028 + 0.020)%
B(Df — 7)) = (570 £0.21 T3 )%

I

JHEP 1309 (2013) 13

Events / ( 0.01 GeV¥c*)

Ds—'— — €+Vg ij (I\/IeV)
1wy, 249.8 + 6.6(stat.) = 4.7(syst.) + 1.7(mp_)
T, 261.9 + 4.9(stat.) = 7.0(syst.) + 1.8(m_)

Combination  255.5 + 4.2(stat.) + 4.8(syst.) £ 1.8(m_)

1519/09/2015 H.P. Peng

60

40

20

3 .
a “f

@ o 0o
TR T

' | ' L ' | L L ' I L L L 1 L ' L
0.2 0 0.2 0.4 0.6

Events / ( 0.05 GeV )
- [ M (2]

Events/ (0.05GeV) (O
vents/ (005 GeV Pull

Pull

Events / (0.05 GeV )
o a N

Pull

Mﬁﬁss(ntwamExfmgw) (GeV¥c?)

(a) electron mode

o
-5
o

Egc, (GeV)

howo 3 8 & 8
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2207

% 210f
3 B
. 200F
& C
100t

i (0.0393:0.0035+0.0009)% CLEO-c
e (0.0371+0.0019+0.0006)% BESIII
= (0.0382+0.0033) % PDG2014
wv+tv
L PR TR TN N TR T Y SN TR TR N N
0.04 0.06 0.08 0.1

B(D* = it v,)(%)

1

T
4

AE3.9 4= 4.6 (0.9

CLEO-c
BESIII
Average

el 4+ 8.6 H26

R

BESIII
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st+ (IVIeV)

: 2.7% with 2:92fb
Expected: 1.5% with 0 fb

T T | T T T | T T T | T T T ‘ T T T ‘ T T | T T ‘ T T T T | T T ‘
A (0.565+0.045+0.017) % CLEO-c ®-| (6.4220.81+0.18)% CLEO-c (T*—n*v)
' (5.30+0.47+0.22)% CLEO-c (t*—e*vv)
H (0.53140.02820.020)% Belle
o  (5.52+0.57+0.21)% CLEO-c (t+—p*v)
|-e-| (5.00+0.35+0.49)% BaBar (t* (e/1) v)
|—.—| (0.602:0.038:0.034) % BaBar
H (5.70£0.2177H% Belle (T* (e/|/m)v)
H Average H average
| | | | | | | | | | | | ‘ | | | ‘ ‘ | | I | ‘ | | | | | I | ‘
0.6 0.8 1 1.2 14 5 10 15 20 25 30

B(Dy — pv,) (%)

B(D} — 77v,) (%)

300 .
280 [ _ -
260 = ; S I I

240 i —]

- pif < ~ o w2 = = =

B = Lo ~ — o — — ]
220 - o

- —H —H

dé&o‘ T s 20 5 Olr-—-&-:r' T 2 805

M+ o H 0+ g A mﬁﬁ+%“5ﬂ

— e 05 2 = 3 — 202 m2 =3

O 5 = g << & o5 = g << g

O
-
m
~

2.5% with 0.68fb

BESIII expected: 1.25% with 8 fb
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The plots taken from GangﬂsTtal.k at CM
he experiment have worse
Experiment 203.9+47 256.9 = 4.4 Rl 1.260 £0.036 |—9o— precision
Lattice(HPQCD) 208.3 (3.4 246.0+36 | L1870 01}394
Lattice(FNAL+MILC) e ' '|—| o
o L=l T Precision of the LQCD
QCD Sum Rules e — ] ] . .
00D Sum Rule | - calculation &, fys,, forfos:
QCD Sum Rules 1 e reach-0.5%, are really
QCD Sum Rules — Em—— ] ]
QCD Sum Rules | M challenging the experiments
QCD Sum Rules ——] =
Field Correlations — B
Light Front (Fixed) Hr-— —*® 9 The experimental measured
150 190 330 200 240 280" S R T R ]
for (MeV) fos (MeV) oy /for and the LQCD calculation
Experiments | Femilab Lattice+MILC (2014) HPQCD (2012) different bast fo|‘fD+;fD9r
Averaged Expected A Expected A
f.(MeV) | 203.9+4.7 | 212.6+0.4*'°_, 1.80 | 208.313.4 | 0.80 . _
f,..(MeV) | 256.9+4.4 | 249.0t0.3411,, 70 | 2260136 | 140| T Improving measurement with
fo,foe. | 1.260£0.036 | 1.1712+0.0010*0002 | 2.55 | 1.187+0.013 | 1.9¢ larger data samples is expect
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\N+ o In SM, the differential rates :

N NV N
-~ Ve
D Jd D > N dl’ GH|Veas)|”
el T o i =% g P @)
q [ T=&E F P
f(a)

Bridge to precisely measure :
{ Form factor® K0P, (cf) with iNpuW] 4] ofCKMfit

. . Simple Pole Model ~ £.(¢?) = f;(g/)lz
- Validaté&®, (g2 calculated in LQCD ¢/ pone} 0
Modifed Pole Model - () = 1z = )
) - . .
Imprové P, (0) calculated in LQCD, then imjMgve SGW2 Modkl @)= (qm)mu(qnm A
- Improve the precision ofitfirityriangle Series Expansion — £4(¢7) =y Lokeo k{102l o))

T CKM matrix elempnt| with inpu® “®), (0) from LQCD
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ete” — " — DDP BESI 2.9 fity idataarxiv:1508.0756

5DPtagged modes
Npgo = (2.793 £0.004) x 10°

Clean signals bengfit

Events/ ( 2.5 MeV )

\ from the advantagq of

threshold productign

B(D" = K~ e*v,) = (3.505 + 0.014 4 0.033)%
B(D" = 77 etv,) = (0.295 £ 0.004 +0.003)%

]
[
o
o

o
LI —

400 _
300 R
200 _
100 _

Most precise measuremerlﬂs
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AT/q? (ns”'GeV2c)

100 w ‘ | ‘ T
s D°—Ke', i
L —e— data n
80 N —— Single pole model |
e N — Modified pole model -
60 r === Zzseries (2 par.) ]
s z series (3 par.) ]
40 - 7
20 - .
ol | ;
0 0.5 1 1.5 2
o (GeVZch)
6 T T 1
| Dlsmety, e
—e— data B
N —— Single pole model
4L B> Modified pole model |
| -== Z5eries (2 par.) i
----- z series (3 par.)
2l _
. | ‘ \)\
0 1 2 3

o (GeVc?

Fit with different FF

parameterization
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INGY)

20

— BESII 2.9

eyl ataarxiv:1508.07

s
— Single pole model — LQCD N‘@L
i H
Madified pole model ¥ [ LacD stat. eror @
15 — it 3
--- zseries (I par) 15 LQCD syst. error ﬁ_"ﬁ‘.}ﬁ“\- ‘(‘$\
Z series (3 par.) @ ‘&‘ i\.{!‘
s
—
1.0 |- o
-«
[ -
05 I : ' 0.5 1 1 1
0 0.5 1 1.5 2 o 05 1 15
q2 (Gevzﬂfcd') q2 (Gev%rcd)
T T T T
' ' T b) Du—nﬂa"c=
3 3 —=—data
— Single pole model — LQcD
L i B |:| LQCD stat. emor
Modlﬁed pole model LQED =yst. error
=== zsenes (2 par.) —_— 2+ .
2 z series (3 par.) g +
—
1+ - g
e s
D | 1 |
D | 1 | 1
0 1 2 3 0 1 2

F (GeVict)

Projection on FF with

| Vel from CKMfiter
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Events in 2 Me V/c?

3000

ign sideband " T sidebbnd 2 !

s kinematic fit

2000+ |

1000

o data after first

o data after final
selection

## signal
peaking
== non peaking |
= BB ]
® Il light + tau _

T T
I-F‘......L ot (e n = INER] NanE IR e e

0.15 01?‘3 0.2 0225 0.25 0275 0.3
m(D rr]—m{_D }{GeVz’L )

events / 0.3 GeV?

80000

60000

40000

20000

* unfolded

- === gtatistical uncertainty

| ‘ ;,_"/
l 1 - —z—expansion o/ XA

0.6~ * BgBar data .'*-_"—

_ -- effective 3 pole

0.2
spectrum —
{

T T T T |‘_ ot L

1

) 3 0 1 2 3

2 2
GeV
qz(GeVz) q(GeV)

B(D° — w7 etv,) = (0.2770 £ 0.0068¢0¢ = 0.0092, 5 £ 0.0037 0 ) %

LQCD calculation

£7(0) = 0.610 = 0.029,.,,

Vea| = 0.206 £ 0.007¢4, £0.009100p

Vg = |Vis| = 0.2252 + 0.0009

1519/09/2015 H.P. Peng

f2(0) = 0.610 £ 0.020,4p £ 0.005.44
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Comparisons of BR

Finetv) /Tioem

= (0.279+0.027+0.016)% BELLE

MK e*v) MTen
——— (3.420.520.4)% MARE-III
p———] (3.8240.40+0.27)% BES-TI
|—-—| (3.45+0.10+0.19)25 BELLE

H (3.5040.0320.04)% CLED-¢

H (0.238x0.008+0.003)% CLEO-c

{0.2950+0.0041+0.0026)%0
BEEIII

H (0.2770+0.0065+0.0092+0.0037)%
BaBar PRD31,052002(2015)

(3.505£0.014£0.033)% BESIII

PG R I(me*v) /T (K etv)x T

P——  (0.359+0.071+0.011:0.005)% E&91

(K e*v)

MK e*wv) /TE o5 )=
|——| (3.53+0.27+0.4320.05)% Es91

— (3.49+0.23+0.2320.05)% CLEOD I {0.366+0.138+0.046+0.005)% CLEO
— (3.80+0.10£0.17£0.05)% cCLEO2 | | (0.20140,021+0.018+0.004)% CLEOZ
- (3.6040.03+0.05+0.05)% BaBar
H (3.5540.05)% PDC14 H (0.2585+0.008)% PDG-I-'I
|||||||||||||||||||||||| |||||||||||||||||||
0 -+ 0 0 -aT 0
B[D'— Ke*v] [%] B[D'— me*v] [%]

BESIII experiment achieved most precise measurement.
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Comparisons of FF

o0, 7840.0410.03

Fﬁ

——

o

BES-II
PLB597, 39

0.739+0.007+0.005 CLEO—c
PRD80, 032005, 3.Par.Ser.

0.6950.007+£0.022 BELLE
PRL97,061804, Mod.Pole

0.72710.007+£0.005 BABAR
PRD76,052005, ISGW2

0.747+0.011+0.015 HPQCD
PRP32{2UID}1 4506
| | 1

- (.7310.1440. BES-IT
PLB597, 39

= 0.666+0.019+0.005 CLEQO—¢
PRDB8O, 032005, 3.Par.Ser.

— 0.624+0.020+0.007 BELLE
PRL97, 061804, Mod.Pole
— 0.610+0.017+0.011 Babar

PRD91 (2015) 052022
Baba —P3 Ser.

F—o— 0.66610.02010.021

HPQCD :>
PRDB84(2011) 114505

0.8
f.%(0)

0.9 1

06 07 08 09 1
£,7(0)

1 BESIII experiment achieved most precise measurement.

1 The experimental accuracy is better than that of theoretical predictions
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Extraction of | V.4 and |V,

. 1.013+0.040:0.013
|--| 0.230+0.011 PDG15 (vV)
CDHS, CCFR, CHARMII , CHORU — 0.975:0.026:0.021 Belle
F——  1.0410.033:0.032 BaBar
0.22100.00580.0047 BESIII(D*—u*v)
N Reported at Charm2012

PRD29(2014) 051104
1.093£0.069+0,020 CLEO-c(n'v)

0.223+0.0100.004 HPQCD Calculation .
PRED86 (2012) 054510, CLEO-C {D'—i;u*?] < 0.99340.044£0.024 CLEO-cie'wvv)

Based on CLEO-c¢ measured B[D —p’v]
L01440.052+0,022 CLEQ-c(p*wv]

0.965+0.034+0.049 BaBar{{e/ulv)

PRD84 (2011) 114505, CLEO-c (D—n"e*v)
Based on CLEO-c £ (0)<|V_,

average {D:—>l*v}l

"'I 0.2250.0060.010 HPQCD Calculation
H BESITI D'—netv)

061+0,011+0,024 HPQCD Calculation

1]
PED82 (2010)114506, CLEQO-c&BaBar

——
| 1.030+0.019:0.030 Belle({e/u/m)v)
F.{
0.206+0.007+0.009 PRD91,052022(2015) =
-

BESIII

0.2 03 04 05 0.6 0.7 1 1.2 1.4 1.6
V| Ve

BES used theptoni®*- ntnto extract th¥,]| for the first time

The accuracy is better than that of PDG2015 avenageté@ctions
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T T T | T T T | T T T | T T T | T T T | T T T T T T | T T T | T T T | T T T | T T T | T T T
lcbnaelwansyél?isun | el 02157400045 {‘E’)‘Obif‘"ﬂsjs . o 0.983+0.011
'e — I!.I — \r'e S—} v
PLBT743, 315(201 EPJCT5, 10{2015) |
HFAG-charm'2014 HFAG-charm'2014 ' " '
Doro 8D 5y 4 0:219£0.006 D-Ke'v, &Disly) 0.998+ 0.020
, DELPHI at LEP-2
PDG142014 0.230+0.011 —
(v-¥ interaction) (W= c5) 094, :+0.13
PDG2014 N PDG14'2014 -
s s, 4 nlracton) -0 0.225 + 0.008 Do Ke's, ADs [ 0.986+0.016
lobal fit in the SM « 0.22522 +0.00061 Global fitinthe SM » 0.97343 £ 0.00015
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 1 | 1 1 | | | | | | | | |

016 018 02 022 024 026 028092 094 09 098 1 1.02
vV | V_
cd cs

Comparison between the PDG 20140HBA®R014 Global analysis and Global fit in SI

The values from the global analysis deviates from that obtained from the SMsglobe
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PR P

&) Semileptonic D- VI*nj Decay

e

Sy <o
“Nice gnd 1! >

Decay rates depend on 5 variables3afmim factors
G| Vs
(4n)fr

@ X = pxxmp, pxr is the momentum of the K system in the D rest frame

¢TI = XBI(m. q°. 8. be. x)dm*dg*d cos(f )d cos(he)d

@ 3=2p"/m, p is the breakup momentum of the K7 system in its rest frame

@ T can be expressed in terms of helicity amplitudes Hp +:

) 1 2 ) 2 2 mh ek )
Ho(q°) l(mo —m" —q°)(mp + m)Ai(q°) — 4= Ay (q )]

~ g mp+m
® m’ = (ppr +pg-) H(7') = (mo+m>A1(2q2>¢ QE%%V(&)
@ cos(fk) = '9"(};;(—' @ Vector form factor: V(q°) = m%—; or: FF ratio ry = V/(0)/A4(0)
® cos(x)=¢-d @ Axial-vector form factor:A;(¢*) = %, As(q?) = %{; or: FF ratio r = A(0)/A¢(0)

1 BESIII: 2.92fPWA of B K p*e'n,,

0 ¢’ = (Pt + pVe)2 Preliminary results, 5ee n ftadk@at@C8IARM 2015
r-K .
@ cos(f) = — . fr 1 BESIII :2.92#Study of D w /efn,,
© ArXiv:1508.00151
] sm(X) = (e X I’)) -d f CLEQGC: 818 pb [¥- r-|+nI Dr- r 9/ b\n|

PRL 110 (201831802
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Hadronidecay

1519/09/2015 H.P. Peng PIC 2015, Coventry, UK 45



e

@ Observation of SCS decay D% w p°

80l

600F

~‘7400y
z 0 @.9 f1b1y ﬂata

 CLEGc (281pB)y Hata did nobbeserveCSC
decayD’%- wp° [PRL96, 081802 (2006

! Theory predict®’ % w p°~1.3 10* due to the
destructive interference between color
suppressed diagramiBRD 81, 074021 (2010

o)
o
T T | T T

0 02 04 06 08

D*  wp 55

N
O T T T

eo)

Events/(0.005GeV/c?)
N
S

M1 BESIII first observation :

- Consistent with theory prediction in BR

2

)
A
o

- w helicityangle~cos’q distribution

-  BR(B h pconsistent previous measurement

0 02 04 06 08 1
I

=2
=
CD
O B
~ - Ho
o -
: — 0
Decay mode This work Previous meausurements = 20 B D W I9
— [~
DT = wrt (2744 058+0.17) x 107 < 3.4 x 10~* at 90% C.L. w B
DO — wr® (1.05+0.4140.09) x 1074 < 2.6 x 10~* at 90% C.L. S 10r¢
DT = prt (3.134£02240.19) x 1072 (3.534£0.21) x 1072 Lﬁ i
DY -y (0.674£0.10£0.05) x 1073 (0.68 £0.07) x 1073 8 I i R R
S5 06 07 08 0.9

{88 tSGSNDE GrEl Fd /1! waname@eviE®d NI RS
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@ Absolute BR of L .*hadron decays

e

1 Absolute branching fractionloft are not well determinsahce its discovery

-  BFsof~85%decay modesemeasured relatied - pKp*

- Howevemno completely madelependent measurements of the absaltite*BFpK p*
(from Argus and CLEO very old results)

- The uncertaintiekBFs ot ;*decaysire 25%~40% in PDG2014

T UntiBel | eds -fndepgemdmmaiterd:
- Bl pKp')=6.840. 241 0. 27+0. 21)4B%[PRLeLE3i(2914)0n2002]e a ¢
1 Measurementsing the threshold pgaroductions via+e annihilations

(ete- L. L. )is unique: the most simple and straightforward
- BESlIllIpreliminary analylsésed oB67pb data @ 4.6GeV

- Kinematics does not allow addgamiales, clean

- Fully reconstruct the paird double tagged method
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s

12 Decay I\/Iodes@

Mode

1519/09/2015 H.P. Peng

BGS]]I 567 pB @ 4.65eV

SeeX |

a otalkuat GHARM?2015 for detall
A least square global fitter [CPC 37, 106201 (2013

bal fit B PDG B Belle B
48+ 0-08 [ +15+0-30
5774027 | 50+1.3 @
\\ 012654050
T 1.43+0.10 | 1.30+0.35
\%@ﬂw@ 4.25+022 | 34+1.0
\\ At 1.20 = 0.07 | 1.07 & 0.28
Q‘D Artqd 6.70+0.35 | 3.6+1.3
% Arta—at 3.67+0.23 2.6 0.7 )
S0+ 1.28 £ 0.08 | 1.05+0.28 Global fit :
Y+ 70 1.18+0.11 | 1.00+0.34 | Stat. Err. only
Yot 3.58+0.22 | 3.6+1.0
St 147+0.18 | 2.7+1.0
A Bq—c+' pr+) :
- BESI | | have comparabl e

preci

A Improved precision of the other 11 modes significanti§nostly

PIC 2015, Coventry, UK
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Others Hadronic Decay

A lot of others progress on milladyhadroniadecay
(Amplitudddaltiz analysis (e.g."D KKK /K K*p~),
please see the talks :

1 PeteMWe i d e talk & €Chlarm2015
T Angel o Di Cantoodos talk at LHCEF

1 éé
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Rare Deca
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&) How rare of rare Charm Decay

100 7

10P ™

10-
10k ©
10> "
10 P
10> ©
10° 7
100y
10>
106 M1
10p Mm
10p M
10p MO

10:MI‘I
10pMP

A

PR P

<

@ ¥
1 ‘

Charm provide a unique environment for

testing the SM rare/forbidden decayand searching for NP
Cabibbdavor
SingleCabibbsuppressed SM predictions and experimental reaches
DoublCabibbsuppressed 1CLE@
Radiativeecays - K9/ f g/ wgBESlY
Doy K*g I'gr BESIII final/B factor
Long distance: . . ) .
Vector meson Dominance D% g MY bMIFE ) hVIF) 5 | e
SupeB
Short distance FCNC DY + g A hiE e - SuPet-char
D’- ntm/ete

D- (hhntnt/(hh)etet

D (hme
Forbidden decays: LNV, LFV, BNV D- (h)ye
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K'Kee
aTae L

K (892 "1e 1.7

LF

................

C.L.

80%

+ T

1 Very few limit below, me still well above SM predlctlo
1 Many channels studies more than a decade ago
1 LHClshows great potential in several process; (eagnDbut still 186GM and BONP)
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Summary & Prospects

A Charm physics provide a unique environment for the testing SM and searct
from new physics, very broad topics

- DJ-_DJI\/Iixing 1s well established in a single experiment
- CPV no CPV observed at@level, need more data and new method

- QuanturrCorrelated@threshold unique input for testing CKM, mixing
and searching for CPV

- Semileptormlecay Validate LQCD calculation and improve the CKM matri
elements measurement. LQCD prediction is precise, and challenge
experimental measurement.

- Hadronialecay :more precise measurement are necessary

- Rare decay Iots of measurements, but limits are still well above SM
prediction
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Summary & Prospects

7 Results still coming in from Belle with full data-s@50fb")

1 BESIII team has built and developed technology with charm at threshold, and
more and wide results are coming

1 LHChs producing a wide new results, includiadjtzplot/amplitude analyses

1 Perspectives :
- BESII will continue to F8ryéars, will continue play role with the data

produced at threshold.

- LHClrunll(20152018), 10 times charm data¢2)., Z better trigger,

50fbY) will play the key role for charm in next few years. %
- BELLHI will collect 505ome*e collision @
- Supet -Charm Factory (Russia, China)? im@
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Backup Slides
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CPVinDy* Kh*@ LHCDb

ParadN a i tddk@tsCharm 2015 JHEP 1410 (2014) 25
= Search for direct CP asymmetry in the SCS decays 3fbt
* Measured asymmetries are affected by other asymmetries
DE Kt DE S KOhE Dt
m e AT T A A AR
measure i Production f’'s detection Con:ection due to
asymmetry asymmetry CPV in kaon system

= Combine with CF decays where CPV is not expected.
Take asymmetries to isolate CP asymmetries e.g.

DKot DE 3 KOrt + A;'O = (-I—OOT:E 002)%
-Acp_} '8 = Amea: E — Aﬁga;"?” - AKD ce:IcuIation described in
JHEP 07 (2014) 041
+ 01+
« Results: Acp 5% = (+0.03£0.17 £0.14)%
D KOxt
Ap ° = (4+0.38 £ 0.46 £ 0.17)%
= (Can also get a sum of both SCS asymmetries using CF D) = Ksh+
(s)
DESKOKE D KOt
Ap % +Ap % =(+0411£0.49+0.26)%
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Paras\ a i tdtk@atsCharm 2015
= Search for CPV in the SCS decay D — KKt using triple products
D' K-Ktnnt D' K*K-ntn~

CT = PK+ (pn+ X pw‘) €T = PK-- (p':r‘ X p?r"')

* These are non-vanishing since there are four distinct final state particles
* These triple products are odd under T (hence the name “T-odd")
= We cannot reverse the decay, their P-odd nature is more important

* |n the absence of final state'interactions (FSI) due to long-distance
strong interaction effects, if the number of decays with Ct < 0 is different
from the number of decays with Ct > 0 this implies parity violation.

*  We form triple-product asymmetries for both D flavors:

) _F(CT>0)—F(CT<U) _4__F(—€T>0)—F(_€T<U)
‘CT_F(CT>0)+F(CT<0), JCT_F(_WT:’O)"FF(_UT(O)
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CKM Fitter 2015 Summer

Direct Measurement

o)y = (87.6733)°
Blo1 = (21_85458:2&;)0
Vs = (7328

1 df;is the least precisely measured ang

1 Precision is statistically limited

the UT of CKM

flavor sector

1 Precise measuremernyfqfis needed to test

le

1 Any difference between tree measurenjent to

loop measurement might be a sign of NP in

1519/09/2015 H.P. Peng

Y = arg(=VuaVup/VeaVey

)

GGSZ@ality method i B DK isMost

sensitive method to consgraimfowadays

With the amount of dat#&lcollectingy /3 f
measurement soon will be systematically

BESIII can help reducing the systematics

providing more informatiorf-orkep*p-
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BESIII performing analysis witH £.9flata

Same method as CEE@ERD 82 (2010) 112006)
BaBar2008 Optimal Bins

BaBar2008 Equal Distance Bins

ol b b b 1

0.5 1.0 1.5 2.0
m? (GeV?/c*)

Result of splitting the
Dalit”ZHSP into 8

2.5 3.0

equally spaced phase
bins base ddaBar
2008 Model
1519/09/2015 H.P. Peng

o = N WA OO N

(GeV?/c?)

m2

3.0
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1.5
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1.0}

N W H~ o (o] N o
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o

T
1.0

I
1.5 2.0

m?2 (GeVa/ct)

0.5 2.5 3.0

m?2 (GeV?/c?)

3.0r

25|

n
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(6]

-
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o
&)

Starting with the equally spaced

BaBar2008 Modified Optimal Bin:

TeUvs v vuo

(b)

L

L g ) oo e g

0.5

bins, bins are adjusted to optimize

the sensitivelygoA secondary

adjustmesimoothbinned areas

smaller than detector resolution
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100 : : : : : 6 ' —
> D’—Ke'v, ] - D '>mety, .
B —e— data 1 & - —e— data 4
80 B —— Single pole model | N(J —— Single pole model
NS e Modified pole model '> a4l v~ e Modified pole model |
60 B --- z series (2 par.) o | - == zseries (2 par.) |
e S L z series (3 par.) ] ‘T(D ----- z series (3 par.)
= _ w [~ —
40 - 7 = B -
g 1T 2 B
20 — - & i |
i 14 < L \\
%0 o5 1 15 2 0 | ' | ‘ |
: 5 4 : 0 1 2 3
GeV-/c 2, 4
o ( ) F (GeVZc?)
Single pole model
Decay mode K{ N0 Vieaiay | Mpaie (GeV/c?)
D" —+ K= etu. 0.7209 + 0.0022 =+ 0.0035 1.921 £+ 0.010 £ 0.007
D — 7 etw. 0.1475 + 0.0014 + 0.0005 1.911 + 0.012 + 0.004
Modified pole model
Decay modo K{ Yoy|v, e (e} | s
DY — K—e* 0.7163 + 0.0024 £+ 0.0034 0.300 = 0.020 £ 0.013

D" >« E+il'

0.1437 4+ 0.0017 = 0.0008 0.279 £+ 0.035 £+ 0.011

Decay mode

DY - K—ety

€

Two-parameter series expansion

K{ f0)|1.-3fd]| T
0.’?1?? 4 0.0025 £ 0.0035 —2.2286 4 0.0864 £+ 0.0573

D" — 7 etv. 0.1435 4+ 0.0018 =+ 0.0009 —2.0365 <+ 0.0807 & 0.0257
Three-parameter series expansion
Decay modo K{ 0| Vearay | 1 T2
DY » K—et 0.7193 + 0.0035 &= 0.0041 —2.3338 4= 0.1587 + 0.0804 34188 4 3.9000 + 2.4008
DY & & e"‘;r 0.1420 4 0.0024 4= 0.0010 —1.8432 4 0.2212 4+ 0.0690 —1.3874 4 1.4615 + 0.4680
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- Never been studied BGSI'I Preliminary, 2.9ty iata,seeF e n f talknabCGharm2015

- A CP asymmetry with magnitude of&b&t03 due td<®- Km
[PLB 353(1995) 31, 363 (1995) 266]

IXing

- K reconstruction :
1 Get position of tharKEMC by fining a neutral cluste

1 Use the constrainUofiissO to get the momentum of

Simultaneous fit to event density}

with 2-parameters series FF

BESIII Preliminary Results
Acp(DT = Kretve) = (—0.59 £ 0.60510; £ 1.48551)%

Events 7/ (0.018 Gev?rct)

O =K 17 tag

[=ap]

Events /{0.018 Gev¥

Y|

[ 07— K" 7ttt tag |
he

e

B(D" = Kpe"v,) = (44824 0.027¢01 £ 0.1034,5:)%

Events /{0018 GevwZ/ct)

i D" oK tag
:l\‘l‘

F1(0)|Ves| = 0.728 £ 0.006 + 0.011

Vs = 0.975 4 0.008 4 0.015 + 0.025
with f5(0) =0.747+0.019 (PRDS2,114506)

Events # (0.018 Gewv?rct)

Events /(0.018 SevZict)

Events /{0.018 GevZict)
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PWA of D*- K-p*e*n.

BESIT 2.9 fo'y idata,seeF e n ftaknabCGharm2015
140

T T°T
BESII S+K ' (892) based on LASS Para.

I:HIIIII

4 BESII Mod. Ind. S+K '(892)

120

} BABAR Mod. Ind. S+K ' (892)+K ' (1410)

100

oo
(=]

-
ot
+*

3
4
X

O, (degree)
3

wt
ot
H
L
.
.

B
ja

o
o

IIIIIII|III|III|III|IIIIII"‘I.

11 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 I L1 1 1 I L1 1
07 08 09 1 1.1 12 13 14 15 1.6
m,(GeV/c?)

)

Modelindependent measurement of BESIII are consistent
with its result from amplitude analysis withly .
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ParasN a i tddk@tsCharm 2015 JHEP 10 (2015) 005, 3.6fb

= To eliminate the effects of FSI, which conserve P, we form an asymmetry
of asymmetries which cancels out the FSI; any remaining asymmetry
implies that either C or P is violated, i.e. we have CPV
1

a‘g;odd (D%) = 5 ( Acy — Eﬁr)

* | HCb measured these asymmetries using SL flavor-tagged D decays.
Ac, = (—71.8 £ 4.1(stat) &+ 1.3(syst)) x 107°

raCh —'_C'"r = (—75.5 £ 4.1(stat) £ 1.2(syst)) x 1072

alp° (DY) = (1.8 4 2.9(stat) + 0.4(syst)) x 107

* We also searched for local CPV in bins of phase space, and evidence of
CPV in bins of proper time. No CPV was found.
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& ley,

/ é’O’%

% 2
ALY o

c,ands, can be calculated from double tags%f Rp*p- VS. B (K, p*p- or CPeigenstatep

Kp'p™ VSKp'pr Ko p'p™ VS Kp*pr
.-,-.‘ff?i
i
GiO
CP Tags VS.{&p CP Tags/S Kp'p

Relationship between (c, 0 &;, S8

Only ¢ s, from - K p*p" is used to calculatay
However adding ifD K p*p- to calculate & @nd use the relationshipdo

s;to further constrain the results in a global fit
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of- x2/N,, = 54.28/49 = 1.11 0ok 32/N, .= 55.80/49 = 1.14
]

T r = .. = - - . - -
- (8] 0.5
cosOy °
) —05 09 05
cosO,

1 K¥(892) mass and width 1 Pole mass
MK*0(892) (894 60 + 0.25 + 0. OS)A[BV/C

[ reao(s02) = (46.42 £ 0.56 £ 0.15) MeV /2

5
X

1 The fractions of components 1 Form factor and ratios :
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