


** Mixing in the kaon and B,,B, is well established and provide precision
tests of the SM CKM parameters
¢ Why looking into charm ?

**Mixing occurs very slowly

***Probe for NP via FCNC in the down- type quark sector
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Mass statesare: |D1) : m1,I'1 and  |Dz2) : ma, 'y

Dy =plD%) +4D% P FE -1
|D3) = p|D°) — q|DO) r_ 'y +1'

T

2
m1 — ma2 Oscillation frequency
F ?
u Decay width difference
]

SM predictions: X,y <102 (large uncertainties due to long distance contributions)

Unambiguous evidence for NP : x>>y
11

Y

d.s.b K=.n—,..
c ! T > /F\
DY W AW+ DY > \\/ > Do

> G

a aagvg I&’+,'ﬂ'+,...
Experimentally: first evidences of mixing in 2007, now firmly established at the % level

—
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+* CP can be violated

<*In the mixing : ‘P(DO — D% t) £ P(D° — D°,¢) \ ‘Q| # ‘p|
<~In the interference between mixing and decay ‘ ¢ 7é 0 \

> SM: indirect CPV O (10~ *)and universal

<*In the decay: P(D° — f) 4 P(D° — f) |Ay| # |-/Zlf|

=»SM: direct CPV could reach 102 depending on final state
only for SCS modes which have penguin contribution (second weak phase)

NP contributions can enhance both indirect and direct CPV up to (’)(10_2)

‘ [ Interest in charm is to look for NP effects in a SM suppressed environment ]
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*» Time Integrated rate of semileptonic (Wrong Sign) relative to CF (Right Sign) decays
2 2
I(D**—n,D0—m, D°(¢-v, X)/ [(D*"*—nDo¢*v, X)) p _ 7 Ty

2
+*»» Time dependent or integrated rates of tagged DCS (WS) decays compared to CF (RS)*
DO N K+7T_ / / g “é_\f
DO—>K+7T_7TO xay7¢7 Pl Af
¢ Ratios of lifetimes of tagged CP even final states wrt mixed CP states q
: * z g
D' - K K" n atwrt D - K~ nt ,y,qb, p
+*»» Time dependent amplitude analyses of tagged 3 body CP states xX,Y, ¢, % ‘
D° - Kntr~ and D — KKt K~
% Time integrated CP asymmetries Ay T,y ¢ q ‘
Several neutral and charged modes Af 2IITI D

* Different sensitivities are obtained for different modes and observables
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N. Neri, arXiv:1208.5877

HFAG: Heavy Flavor Averaging Group: http://www.slac.stanford.edu/xorg/hfag

= m N
% March 2012 20
= 60 U 30
% 40f
R
20
o
20
~ Mo _4:
No mixing T ot
B R IS RO H‘\lgg :\\\\\\
-0.5 0 0.5 1 1.5 02 04 06 08 1 12 14 16 1.8
x (%) lo/pl
_ +0.18 q| +0.18
xr — 0.65_0.19% ‘pl — 0'88—0.16
y = 0.73 + 0.12% ¢ = —10.1722
No mixing excluded with > 10 ¢ significance Consistent with no CPV at 1o

Mixing measurements are at the upper values of the SM
Can impose constraints to NP models
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**Experimental facilities
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BABAR DETECTOR FORTHE PEP-Il B FACTORY

Belle @ KEK BaBar @ SLAC

R I On resonance production of B meson pairs
2. Y Y(1S) _ —0 _
g ete” - Y(4S)—» B°B,B'™B
A Y28) o(BB) ~ 1.1 nb (~ 10° BB pairs)
T 10} s Y(3S) : . . .
o b F & N Y(as) Continuum production of Charm pairs
2 S| i t - "b - ..’_." \.,'.... = 3 s
S . s ete” = XcYe
e e e, 'K o(cé) ~ 1.3 nb (~ 1.3 x 10° X_Y; pairs)
From E.Won, PIC2011 light quark paiQED G 3 B-factory = a charm factory
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CDF@FNAL LHCb@LHC

pp collisions pp collisions
Designed for high p; physics Heavy flavor dedicated experiment

o(pp->ccX) ~1500 pb within acceptance
High boost, excellent vertex and p resolution
CP asymmetric

o(pp—ccX)~13ub in the CDF acceptance
CP symmetric

012
m\oe( 3—3’ 2 E. POLYCARPO - DO MIXING AND CPV IN D DECAYS @



+»* Determination of D flavour at production and decay, RS and WS
D*t — 7D K~X7"): RS(CF)
D*t — 7 DY(K*tX ™) : WS(DCS or mixing)

*** Measurement of proper time

/ secondary D contamination by IP distribution ,- \
Ts

Secondary

Prompt DY
v

P P

IP resolution, p, > 2 GeV
CDF Il 35 um

\ Hadron colliders /

' LHCb 22 pum
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***Experimental status: mixing and CPV
**Many results available from different experiments
**Here only most recent measurements
(due to lack of time)
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“* Time dependent amplitude analysis of D° — KK~ K+, Kon~ n™

+ j

% Preliminary |1 E"
R(t) X |A1|2€_yt -+ |A2|26_yt 2.5 7> —; 2
2 BELLE _f
: ICHEP2012 -
+2Re|A1 A5 cos(xt) + 2Im|A1 A5) sin(xt) . T Teeng ]
Ay = AEA | i
b2 1 -
1 0.5 Wl =
A, .A: Sum of quasi-two-body amplitudes + non-resonant term o é E—
M2 (GeV?)

Direct extraction of x and y !
(along with many resonance parameters)
Variation of average decay time across the m2,, m2_plane is sensitive to mixing

= (0.56 £ 0.1970 051 000) %, y = (0.30 £ 0.155 005 0:08) %

Complex analysis with many resonance parameters extracted along with x,y
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“* Time dependent Dalitz Plot Analyses of D° — KKK+, K%7r—n+

CLEO 2005/2007 ||

FPCP 2010

Belle 2007

|‘ 1.900 = 3.300 = 0.566 %
0.800 = 0.290 = 0.170 %

0.160 = 0.230 = 0.144 %

T = (056 + 0.19+0.03+0.06

V%

—0.09-0.09

HFAG-charm

BaBar/Belle measurements also fit D%nd DYseparately to test for CPV with null results

FPCP 2010

CLEO 2005/2007

Belle 2007

BaBar 2010

I % -1.400 = 2.400 = 0.894 %
0.330 = 0.240 = 0.150 %

0.570 = 0.200 = 0.148 %

0419 = 0.211 %

Most precise determination up to date

World average

y = (0.30 £ 0.15

+0.04+0.03
—0.05—-0.06

%o
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¢ Comparison of effective lifetimes of CP eigenstates to CP mixed

4 = ™
DY — K~ K1) A — TKK — TKK
YeP = Tp0 S kot ) = a
. TKK T+ TKK |
mixing CPV
1 . 1 .
vor = g 3]+ 5D weoso— (3] - [fmsine] - Ax = (3]~ [8) yeoso— (5] + ]3] xsine
¢=0,|t|=1—yecr=y ¢ =0, %‘Zl%AF:O
:.-:103 7, D' KYK-
[ yor =0 Smixing ] 3 % LHCb 3
8. ]
systematics dominated by secondary-like bkg §1 29/pb (2010) ?
10 :
yop = (5.5 £ 6.3etat + 4.15yet) X 1073 1 || 3
o =5 ' 2 4 T 6
Ar = ( 5.9 £ 5.9gtat z-lsyst) x 10 JHEPO4(2012)129 Decay time (ps)




7> arXiv:1208.6436 [hep-ex]

BELLE 7__C P — TC’ P y
Ar = — AY = (1_|_yC’P)AF
| TCcp T TCP :
Belle Preliminar CHARM 2012 CHARM 2012
_ y M. Staric G. Casarosa BaBar PRELIMINARY
= 1040 DK K z T Ay U baa
S 103 T g D% [JSignal
5 3 . - 10°F KK Comb.
> 107 242k + 114k . 8 ; M Charm
" 98%, 93% pure it E -
10 - B iy = 2| 137k events
b i m 107 purity 99.3%
E 10° —'"‘ah DKt S
3 104 lOE—
= ] e il
2 107 T i)
© 020 26M,99.7%pure . [ —
0 "”’mﬂ,.* Averaged over z +2 T T e
R T T R e B e
t (fs) t (ps)
yer = (+1.11+0.22+0.11)% yop = (0.720 £ 0.180 £ 0.124)%

All consistent with Ar = 0
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1 E’“W”" T amivi1208.5877
E791 1999 || . ;I 0.732 + 2890 + 1.030 %
LHCb 2012 |{ . }l 0.590 = 0.590 + 0210 %
3.420 + 1390 + 0.740 % | |
CLEO 2002 I% . %I -1.200£ 2.500 1 1.400 %
Belle 2012 H -0.030 = 0.200 = 0.080 %
Belle 2009 |+_._|.| 0.110 £ 0.610 + 0.520 %
L BCh 2012 }{. ._H 0.550 + 0.630 + 0410 %
BaBar 2012 ~ | 08025520088 %
Belle 2012 H L110£0220:0.110% 4.5 g
BaBar 2012 H 0.720 = 0.180 £ 0.124 %3-3 0]
most precise up to date
HFAG average H -0.022+ 0.161 %
HFAG average 0.866 = 0.155 %
Rossalaanalosaelonaslonasliass Lessaloseslonasl I P PP P P P P previous value
4-3-2-10 1 2 3 4 5| previous value -12 -1 08-0.6-04-02 0 02 0.026 +0.231 %
a,
Yep (%) 1.064 +0.209 % A, (%)
Including new BaBar and Belle results: significant improvement in the uncertainty
and lower value forycp.  (cpresults compatible withy) o
37 Nicola Neri - Charm mixing/CP violation results and HFAG averages |6 May 2012
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No single measurement of
mixing at 5 o

Recent results from B factories
show improved sensitivity

Combination of measurements
establishes mixing at > 10 o
level

Time dependent measurements consistent with no CPV in mixing and in the
interference between mixing and decay
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***Experimental status:
time integrated CPV asymmetries
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_I(D° — f) ~T(D° — J)

Acp

T = )+ TD° — f)

For a CP eigenstate f (K'K* or m™m):

Avan () =[Ace (1)) +{ o)+ (A () + [Ar (D)

Physics CP asymmetry /

f Production asymmetry

Detection
asymmetry of DO

Detection asymmetry

* .
. To first order
of “slow” pions

A more robust measurement is given by

[AACP = Araw (KK ) - Araw (.777.7'5) = ACP (KK ) - ACP (JTJT)]
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+** In terms of the direct and indirect components

Acp(f) = alip(h) + Laizs

(—
At
) | Adcp = Aadi} A <>afgbg

T

a"d : asymmetry due to mixing or interference between mixing and decay
adr: asymmetry in the decay amplitude

7 : DY lifetime  (¢) : average signal decay time
A<t> 7£ 0 : due to different decay time acceptances

A(t) =0 ‘ AA, mostly a measurement of direct CPV
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Until last year

Year | Experiment Results A(:)I Comment
2007 Belle Ar =(0.01 +0.30 (stat.) +0.15 (syst.))% E 540 fb~! near Y(4S) resonance
2008| BaBar Ar = (0.26 +0.36 (stat.) +0.08 (syst.))% . 384 fb~! near Y(4S) resonance
2011| LHCb Ar =(-0.59 +0.59 (stat.) £0.21 (syst.))% . 28 pb~! Vs =7 TeV pp collisions
Acp(KK) = (0.00 +£0.34 (stat.) +0.13
(syst.)% 1
2008 | BaBar Acp(n) = (=0.24 £0.52 (stat)) £0.22 0.00 | 385.8 fb™' near Y(4S) resonance
(syst.))%

2008 | Belle AAcp = (-0.86 +0.60 (stat.) £0.07 (syst.))% | 0.00 540 fb~! near Y(4S) resonance

2011| CDF | AAcp=(-046031 (stat) +0.12 (syst))% | 026 | 59~ Vs G e PP
Co ons

http://www.slac.stanford.edu/xorg/hfag/charm/

[ Results compatible with no CPV ]
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PRL 108, 111602 (2012)

0.6/fb: 1.4 M
D™ >
DO(K-K*)7t

A cp (%)

§ Enges/(gtn Meg c?

L R N 6m=m(hhn)-m(hf:')"-mr;:/(c;c)
Alt) = (9.83+0.22+0.19)107 27 | wo» A 0.6/fb: 0.4 M
§1m D™ ->
AAcp = (—0.824+0.21+0.11)% | &,.. Do)

3.5 0 away from zero . . . 3
First evidence of CPV in the charm sector om (MeV/c?)
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CDF Note 10784 (full RUNII data sample) Byeong Rok Ko ICHEP 2012
% 20 1'03 ,:‘o' . d-( CDF)Run I'l:e::mn::o . «10° . CDF RunIIP'reIi.min:lar.y
2 (D" =D (»ax)x) = 1£5804 © [T D [ K = -5 4=12854 & % ‘ - : * t
g T T N g opey §* b p"sp'n’, D'skK § 't p"-0'n, ponn
s 15 1 S 40F 4 ~ "~ A -
§ ;::'3 8.7 1) !g_ ) ;oam 9.7 15" % a3 \g 6 _
g 10 é’ Fit S »f M
2 ; [ vuttibeay D decays { v E
8 § 20} 1 wt w
5 ] oy ~ 3F
X sE X ot
')
027005 201 1005-015 GoVic 2 027005 L2 L I O s mm 18 T ST ST TR TR
nvariant D'z,-mass [GeVic nvariant D’z,-mass [GeVic m (GeV) m (GeV)
s s |0.282 M| | [o.123m]| ™
OF
<[> 976 fb-s
I 0.55 M I 1.2 M 540 fb1
Dkt (-0-32£0.21+£0.09)%
( P (-0.43+0.30+0.11)%
AACP — (_0.62 i 0.2]_ i 0.10)% D st n- (+0.55+0.36+0.09)%
A <t> L (O 26 :|: O 01)7_ P (+0.43%0.52+0.12)%
- ) ) (-0.87+0.41+0.06)%
AACP (-0.86+0.60+0.07)%
[ Belle preliminary ]
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Kindly provided by M. Gersabeck/HFAG,
Mod. Phys. Lett. A, Vol. 27, No. 26 (2012) 1230026

o 0.02 <
© QO O
% :: LA\QCP :::eall;relim
< 0.015 - s, @AAE:LHCb '
0.01 - 2:2' [ AA, CDF Prelim.
. f {: = :; ;:g:r Prelim.
0.005 |- § ] A, Belle Prelim.
m N
0 R
-0.005
Aafip = (—6.78 £1.47) x 107
cpP ' ' -0.01 S
CL for no CPV : 2x10° -0.015 3;3 3
-0.02""l'lll|lllllnk A N T T
-0.02 -0.015 -0.01 -0.005 O 0.005 0.01 0.015 0.02
) ind
al™ = (0.27+1.63) x 10°2| 3

* Plenty of theoretical papers since the evidence for AA.#0O (see backup slides)
* Values of the order of 102 seem possible due to enhanced penguin amplitudes
» Still, no clear picture on whether SM or NP=» more measurements needed
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**New time integrated asymmetries
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*** New results from B factories using full data samples

Dt — K? K™ scs tree+penguin
D;I_ — Kgﬂ'_l_ : SCS tree+penguin
Dt — K2rt :creDCs

No CPV in the SM
D — K?K™:crbes

Channel Acp (Preliminary) Experiment

DT — K77 |(0.3+2.0+0.3)% BaBar: arXiv:1209.0138v1[hep-ex]

D — KJK™|(0.28£0.23:0.24)% BaBar: arXiv:1209.0138v1[hep-ex]

" after subtraction of indirect CPV contribution from K,

- All channels compatible with no DCPV in the charm transition

E. POLYCARPO - DO MIXING AND CPV IN D DECAYS




+¢* Full amplitude analyses can provide magnitudes and phases for
intermediate states and their CP conjugates in a model dependent way

** Model independent methods able to detect local asymmetries are
important to avoid systematic uncertainties introduced by models

+** Recent results using the distribution of the asymmetry significance
¢ If CP is conserved, S, is distributed as a normal (u=0, 0=1).

W
L |
—

03

m2 .. (GeV¥/c?)
N
N
|

102

Si — Ni(D+)—aNi(D_) a'=Nt0t(D+) :
“ \/Ni(D+)+6¥2Ni(D_), Ntot(D_)’ 1.55—

0.5 1 . 15 — 2
2/-4
Phys. Rev. D 78, 051102 (2008) , Phys. Rev. D 80, 096006 (2009) mi.. (GeV7/cY)
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m . (GeVrc)

Phys. Rev. D 84, 112008 (2011

Sensitivities studies with toy MC P-value for consistency with no CPV
Binning x? /ndf p-value (%)
No evidence of CPV in this decay with (a) Adaptive | 32.0/24 12.7
different binning strategies (b) Adaptive Il 123.4/105 10.6
(c) Uniform | 191.3/198 82.1
With 35 pb: 370 k signal events (d) Uniform Il 519.5/529 60.5

purity ~90% _
Expect ©(107) events reconstructed with ~2fb*!

u:f " mov'rc‘)’
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** Model independent efficiency corrected anisotropy-like measurement

o
)

— 1) e > 2
S

BaBar PRELIMINARY

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

2 2.5 3

m?(K'K") GeV?

4 -3 22 -1 0 1 2 3 4 5
Normalized Residual

—

Asymmetries across resonant regions

no CPV
Ergm— R observed
T 120
1.5 100
[ 80 Acp %)
- 60 -0.65 = 1.64 = 1.73
_ " -0.28=+ 0.37 + 0.21
N -0.26 + 0.32 + 0.45
T — . 1.05 = 0.45 += 0.31

Full amplitude analysis with allowed CPV phase differences and
fractions also provide null CPV

Corrected DP integrated asymmetry also consistent with O

CHARM2012
http://indico.phys.hawaii.edu/getFile.py/access?
contribld=48&resld=0&materialld=slides&confld=338
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b 4000F 7 T, 7 =
Phase space is 5-D > - 180x10° events 'LHCb .
E 3000~ PU rity 95.8 % iLPreliminary .
, - a0 )
Extension of 3-body method: 5-D binning < . 1fb -
£ 2000 -
Control channel is K- m*m*m R : ]
1000 - -
g 24 :— | r ! o I ' ' ! | ! ! ! I ! ! ! | R —_~: : p~ e Q E
S Sof LHCv E ’ T80 1900
o 1sf |relminary 3 D° mass (MeV/c?)
L 16F =
E 1f c ,
Z f E Npins  p-values (%)
8 é— —g —
6F = 15 97.1
4F E ‘
2F E 29 95.6
0 E—t— —
N 4 66 99.8
SCP

LHCb-CONF-2012-019
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arXiv:1207.0825v1 [hep-ex]

SM prediction for CPV : (9(10—6)

2
s 107 g = 0.003+0.014
-4 o = 0.887 + 0.009
, : - I
Bin by bin asymmetry significances 8 1¢?
show no evidence for CPV
10
Full amplitude analysis with allowed CPV
phase differences and fractions also 4
provide null CPV - —3 3
Significance
. ~350 k signal events with low background
Dalitz Plot distribution reweighted 2 § S ~ 353000
. . . 2 15000 ' - B~ 37000
according to instrumental asymmetries z : :
g
Corrected global asymmetry consistent g 10000 6.0 fol
with null CPV '§ '
© 5000
Results consistent and with comparable
precision as Babar/Belle Q! T )

Mass(K ') [GeV/c?]
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-
Sp B -
@ D

2T o Several new or updated results from B
‘ factories and CDF during 2011/2012

¢ LHCb presented the first evidence of CPV
In charm decays, supported by updated
CDF and Belle results.

= o | confirmed, most likely a direct CPV
effect

5+ Still not clear whether SM or NP

+** High precision measurements in different decay modes are needed in order to clarify
** CLEO-c, Babar, Belle and CDF are analysing their final datasets

** LHCDb has already in disk the world biggest charm samples in many decay modes
» Similar purities as the B factories
» Careful analysis of systematic effects using data driven (often CF control samples) methods

¢ BESII can give important contributions (strong phases for time dependent WS
measurements)
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Charm mixing and CPV in charm decays are considered a promising
laboratory to probe for NP effects due to the predicted SM suppressions

+** Pioneering work of hadron and e*e charm factories and excellent work
by BaBar, Belle and CDF established mixing

+* High luminosity and charm cross-section at the LHC, excellent
performance of LHCb are producing large samples of many charm
decays

“* AA, measurement from LHCb may be the first hint of NP from the LHC
¢ No any other evidence of CPV in the charm sector

+¢* CDF and the B factories are analysing final datasets

* LHCb will be able to see large effects, if they exist

** Measurements provide constraints to NP parameters

+»* To go below SM expectations we need a big step forward

arXiv:1208.3355v1 [hep-ex]
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D
The Belle II Detector:  arxiv:1011.0352v1 [physics.ins-det]
Balle I

Csl(Tl) EM calorimeter: . 74 m . RPC m &K, counter:
waveform sampling B T scintillator + Si-PM
electronics, pure Csl —m /' for end-caps

for end-caps Rt L LT

4 layers DS Si Vertex

Detector — ‘
2019 CERN-LHCC-2012-007 2 layers PXD (DEPFET), 5.0m
4 layers DSSD :
Calorimeter+Muo
RICH Remove M|, SPD, PS
New photon detectors New calorimeter FE electror ome-of Fligt, Aerogel

Central Drift Chamber:
smaller cell size,

Time-of-Propagation counter
(barrel); ... :

- A M long lever arm prox. focusing Ke’rdgei RICH
Tracking L WAV AV (forward) .
New silicon trackers A. J. Schwartz CHARM 2012, Hawaii: Belle If Charm Prospects 8
Reduce straw coverage + 3;
a) fiber tracker !f

b) larger silicon tracker

Y o-m N
& 2017 W

Vertex Locator

a) New pixel detector
b) Improved strip detector
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Extra slides

From Zazzle.cor;.pr
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Projected Precisions

AA_, Belle 2
| AA(; LHCD upgrade

A, Belle 2
I A, LHCb upgrade

T

~ o CPV

|

®

FTTTT

-0.005

B

-0.01 f— ; lo @ Charm 2012
- i P S T SR E SR SR S S E T
008,01 -0.005 0 0.005 0.01
ind _ _
ace ~-A.
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. ] ( Do(t) )A. Zupanc, arXiv:1109.1362v1 [hep-ex]

2(59)-le-21(39); 5

where M and I are 2 X 2 Hermitian matrices. Diagonal elements of the effective

Hamiltonian Heg = M — II describe flavor-conserving transitions D° — D and

D° — D, while off-diagonal elements describe the flavor-changing transitions D° <>

D°. The hermiticity of M and I requires M, = M;,, M;; = M}, '\ = I';, and

I';; = T4, and the CPT invariance requires M;; = My = M and I'y; =Ty =T
The eigenstates of the effective Hamiltonian H.g are

|D1.2) = p| D% £ q|D°), (2)

while the corresponding eigenvalues are

/\1,2 = (M - §F) :t% (M12 - §F12) =My — §

The coefficients p and g are complex coefficients, satisfying |p|? + |¢|? = 1, and

qg | My - %:F’fz _ ’g
P Mz — 5T12

I'i». (3)

e'?. (4)

p

The real parts of the eigenvalues A; 2 represent masses, m; 2, and their imaginary
parts represent the widths I'; ; of the two eigenstates |D; ), respectively. The time
evolution of the eigenstates is given by

|D1,2(t)) = e12(t)|D12), e12(t) = e tmy =il 2/2)t (5)
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¢ Ratios of time integrated rates of WS to RS semileptonic decays

Theoretically clean, however experimentally difficult (very high rates required)

SM:A;=A; =0

7
DF =D e
f
no (DY — Ktu v,)
T T(DO — K—utv,)
R N 5132 _|_y2*
™9
x2,y2<<1
q]? =~ |p|?

E791 1996

CLEO 2005

BaBar 2007

World average

WTl"lTrrl"l’l’rrl"l’rlj‘l’m’rlTl—r
Moriond 2008

0.300
. 0.110 " 500 %

I { o { I 0.160 = 0.290 = 0.290 %

0.070
H 0.004 * (0 %

Belle 2008 ﬁ 0.013 = 0.022 = 0.020 %

H 0.013 = 0.027 %

J_lIllIIlllllllllllllIlIllIIIlIIIllIIIllIILL
-02-01 0 0.1 0.2 0.3 04 05

R, (%)

Still not sensitive to reveal mixing
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“*Ratio of WS D**—m*DYK*mr) to RS D**—n*DAKm*)

DO n n (cc included)
A - xX“+y
W R(t/7) = Rp + \Roy (/) + 2~ (t/7
JF

DO A?CS DCSD Interference Mixing

yvanel

o AP 2’ = ysindy + xcosdy
A=Ay 0= AGT|? y' = ycosdy —xsindy

[ 0 s = strong phase (can be obtained by CLEO/BESIII)]*

Fit to decay time distributions of RS and WS provides : y’, $/2 and Rp

X/2 _|_ y/2
2

*Measurements are available from CLEO and are used in HFAG fits

Ratio of integrated rate of RS and WS provides : Rg = Rp + VRpy' +
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¢ Interference between DCS (WS) and Mixing+CF decays

Year | Experiment Result Comment
1998 | ENALE791 [ Rg=(0.68 %34 _:.+0.07)% 500 GeV mt™N interactions (2 x 10'? events)

Rp = (03320063 - +0.040)%

Rp= (047 *011 - +0.04)%
X=00+15+£02)%
y=(=23*13_ ,+03)%

Rp = (0429 ¥0063 _ . +0.027)% D O ; K —|— T —

— +0.167
Rp= (0381 -0163009% [0 i1 eractions (1 x 106 reconstr. D — K () decays)
x'2=-0.059%

y'=10% 0 —
Ry = (0.377 + 0.008 + 0.005)% D — l S T
Rp = (0364 £ 0.017)%

x'2= (0018 ¥0021 ;,3)%
' =(0.06 *040 . .)%

2000 | CLEO L.V 9.0 fb~! near Y(4S) resonance

400 fb~! near Y(4S) resonance ; . . .
First Evidences of Mixing

Rp = (0.303 £ 0.016 + 0.010)%

x'2=(-0.022 + 0.030 + 0.021)% 384 fb~! near Y(4S) resonance
y'=(0.97 044 +031)%

no mixing excluded at 3.9 o

Ry =(0.415 £ 0.010)%
Rp = (0.304 = 0.055)%

x'2=(-0.012 + 0.035)%
y' = (0.85 + 0.76)%

15! at vs = 1.96 TeV (Tevatron) no mixing excluded at 3.8 ©
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DY - Kta 79 ws)ywt DY - K—7t#x% (RS)

Year | Experiment

Result

Comment

RpXK *71~ % = (0229 +0.015 0013 /10 )%

2005 Belle 281 fb~! near Y(4S) resonance
RgK*n~ it )=(0.320+0.018 0018 ' ..)% )
RpX * 71~ %) = (0.214 + 0.008 + 0.008)%
Ry = (0,023 Y0018 0 +0.004)%
2006| BaBar 0 g 230.4 fb~! near Y(4S) resonance
<RD(K *nxw )>=(0.164 _002210.012)%
a<y'K *n~ 1% > =(-0.012 ¥0006 _ ¢ +0.002)%
Ry = (0.019 ¥0016 +0.002)%
2006| BaBar M= SUDAS ) 230.4 fo! near Y(4S) resonance

x"K*n~ 7m0 =(2.61 1057 (0 +0.39)%

V'K * 1~ 10 =(-0.06*35 (4 +0.34)%

384 fb~! near Y(4S) resonance

(dN;

f

dSlzdSBdt

(812, 813, 1) _ e‘r‘{
DCSD

2 + 2
— xsin87)(Tz) + =2 |A-2(T1)?
Mixing

Interference

|A71* + |A7||Afl[y cosé 7

Interference

N

BaBar 2008 (PRL 103,211801 (2009)
no mixing excluded at 3.2 ¢

$12 = SK—n+
513 — SK— 70

Time dependent amplitude analysis:
}- -Resonances magnitudes and phases

J_aj//
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:

L a) on”
o551 DT

A

Events/(4 MeV/c)

:

Residuals — %10° events perl MeV/ic
_"%055;6&83:8

M“_l(‘w\ /ri;“

'i;: :: b) ¢m

B D- |

g Ll

B\ j

z

i :‘WMWWMW#MMWW\{?L
M, (GeVie™)

237k SCS decays 723k CF decays

AAcp = (+0.51 + 0.28 + 0.05)%
Assuming no CPV in CF decay, measures CPV in SCS decay

I":WHWM ‘hmw W’ﬂwwm*w“ P82 184 186 188 10 102

M(x*n) (GeV/c)

decay

PRL 108, 071801 (2012) PRL 107, 221801 (2011)

:

Events/(4 MeV/c)

:

L Tesretes

1082 184 186 188 19 192
M(x*n) (GeV/S)

Red histogram: fit to the data points

Acp (%)

Dt — nty
Dt — 7y

, >
No evidence for CPV

+1.74 +£1.13 +0.20
—0.12 4+1.12 + 0.20

Great improvements wrt

previous results
From V. Vagnoni FPCP 2012
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Already presented at PIC2011 From V. Vagnoni FPCP 2012

 With 4-body decays the phase space becomes 5-dim.
— difficulty grows dramatically

* A possibility is to use T-odd moments, e.g. BaBar in
D*—> K Kstst decays PRD 84 031103(R) (2011)
— Define a triple product Cr = pg+ - (Pz+ X Pr-)
— Define the quantity A; for D* and its analogue for D
I'Cr>0)—TI'(Cy <0)
I'Cr>0)+TI'(Cyr <0)

— Then the difference A ; = 1(A; — A7) measures T violation

— BaBar gets |- A 7(D7)=[-1.20 + 1.00 (stat.) + 0.46 (syst.) ] %
A +(Df)=[-1.36 +0.77 (stat.) £ 0.34 (syst.) ] %

Ar =
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Mass and widths of physical neutral meson states

From M.Gersabeck, Mod. Phys. Lett. A27 (2012) 1230026.

50 years 2007

Ks K. D, D,

N

-0.02-0.015 -0.01-0.005 0 0.005 0.01 0.015 002 -10 -8 6 -4 -2 0 2 4 6 8 10
ps’ ps’

2006 «
B.. B.n
-3 2 -1 0 1 2 3 -15J-1o Ls 0 5J 10L 15

Charm: both x and y very small (~102)
First evidences only in 2007
Now firmly established
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Already presented at PIC2011

* Modes include D%->K.r°,

DO%->Kn, and DK’

— Events tagged via D*

From V. Vagnoni FPCP 2012

791 fb!

< -
© 20000 3
> [ O
= - D K.m©
o - S
e )
210000 -
= [
>
Ll

&14 0.145 0.15 0.14 0.145 0.15

e

T 0.145 0.15

46k

<
decay %
PRL 106. 211801 (2011) %

0 0_0 e
Aoy HS™ 0.2840.194+0.10 “
Apo_mgn &7a

. +0.54+0.514+0.16 G 2000
0 0 _ 7 > |
Acp 5™ +0.98+0.67+£0.14 % |
}j 1ooo-—
* No evidence for CPV ==
Belle IT

T
M(KZn'n)-M(KZn') (GeV/c?)

27k

ST SOOI RS OO INRTININ M e NSO SOOI SRR NN DN

0.145 0.15 0.14  0.145 0.15
M(K2n'7)-M(K2n) (GeV/c?)

Black histogram: fit to the data points
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