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@ Introduction
@ CPV in DT — Kgn' at Belle

@ CPVin 7t~ — 7~ Ks(> 7°)v, at BABAR
@ CPVin 7+ — Kgrtv, at Belle

@ Summary
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Integrated luminosity of B factories
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violation in charm

@ In the SM CP violation is described by nonzero KM phase ¢ in CKM matrix
@ So far CPV has been observed only in the B and K meson decays

@ In charm sector of SM it is expected to be of the order of 0.1% or smaller

@ Discovery of the large CP violation in charm would be sign for New Physics

@ In general case there are three types of CP violation in D mesons: in decay
(direct), in mixing, and in interference between decay with and without mixing.
In charged D the only possible is direct CP violation.

@ The CP asymmetry in the D™ — Kgn™ decay:

A KT (D - Ksr*) —T(D~ — Kg77) — ABS 4 ARS
ND+* — Kgnt)+ T (D~ — Kgn™)

AAC =~ 0 is determined by the SM CF and DCS amplitudes
ACP = —0.332 £ 0.006 is induced by CP violation in K — K° mixing

Nonzero ASS would indicate the effects of New Physics.
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CP violation in DT — Kgm™ at Belle

Use the data sample of [ Ldt =977 fb~! collected by Belle

G100
RS Signal
S
)
=
Events reconstruction l
c
@ Ks is formed from 777~ with ) 3104 .
0.4826 < M_, _ < 0.5126 GeV/c B P
@ Common vertex fit(x3) of Ks and 7" to form M(K ) (GeVic?)
D* with 1.855 < My .+ < 1.885 GeV/c?, 1o F
production vertex fit(x%) of DT % Signal
® pCMS > 2.0, 2.5, 3.0 GeV/c? for the data: =
below T(4S), at T(4S), T(5S) to remove DT >
mesons from B decays and comb. background E
v > 1
i

1.8 1.9
M(K“Sn') (GeV/c?)
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AD —Kgm™ _ Nyec S —Ne S

rec - — —
Dt—sKgnt D~ —Kgm
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I , e , .
Al TES™T = (20.146 £ 0.094)%; No 7Ks™ 4 NDO 7K™ — (1738 £ 2) x 103
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Dt oKgnt DT Kgrt + +

sT _ s D cMs 7wt lab lab

Aree =Acp + Apg (cos O5°) + AT (P24, cos 07)
+ _ . R

@ AT - asymmetry between 7 and 7~ detection efficiencies

+
@ ARg - forward-backward asymmetry (v*-Z° interference), odd function of
cos HCMS

DT — K nt7™ and D® — K~ 7" samples are used to extract AT

-} A?Jr in 10x10 bins of (pl{}bJr, cos@if‘f),
< AT >= (40.078 £ 0.040)% (red triangles)

@ To apply A?+ correction each D* — Kgn™ is
weighted by 1 ¥ A™ in 2D PS
@ Correction for the asymmetry Ap ~ 0.1% due to

the different interaction of K® and K° with detector
is applied weighting Dt — Ksﬂ'i by 1 F Ap in bins

+ SKenl
STeorr is obtained

of Kg phase space, finally Arec

Dt —Kgnl,

+_ + .
Age ST =(Arec corr (4 cos OSYS) + A]r:)ec KS"corr( cos HSNS) /2
., i
AEB 7(Aic Kgmdorr (+ cos QCMS) _ APec KS"\'corr( COSGCMS))/Q

B. R. Ko, E. Won, B. Golob, and P. Pakhlov, “Effect of nuclear interactions of neutral kaons on CP

asymmetry measurements,” Phys. Rev. D 84, 111501(R) (2011).




K°® — K° mixing CPV asymmetry in DT — K%+

o Neglecting by DCS Dt — K°7t the SM K° — K° mixing
asymmetry should be calculated properly taking into account Kg
detection efficiency as a function of Kg decay time.

° C(_)%rection factor 1.040 4+ 0.005 was found to be applied to
A¥p = —0.3324£0.006 to take into account the details of the
Belle experiment:

AR} = (—0.345 + 0.008)%

Y. Grossman and Y. Nir, "CP Violation in 7 — v7wKg and D — 7wKg: The Importance

of Ks — K, Interference,” JHEP 1204, 002 (2012) [arXiv:1110.3790 [hep-ph]].
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B. R. Ko and E. Won, "Evidence for CP Violation in the Decay D™ — Kgfr’,"

arXiv:1203.6409 [hep-ex], submitted to PRL

0.005
Sour+ce oagp (%) . o
AT 0.064 g
Fitting 0.003 A 000
cos OSQ/IS binning  0.008 < Lo;
Ap 0.016
-0.015
Total 0.067 .
Experiment AE;HKSTr+ (%) 001
FOCUS —1.64+1.5£0.9 i ’
CLEO —1.3£0.7£0.3 < -0.02
BABAR —0.4440.13£0.10 0.03
Belle (3.20) —0.363£0.094£0.067 ’
New world average —0.4140.09 0.04

+

a —

i ——

O:— | | 0‘5 | | | | 1
|coségf‘”s|

This is the first evidence for CPV in charmed meson decays from a

single experiment and a single decay mode !

ABS = ADLTRs™ _ ARD = (—0.018 + 0.094 + 0.068)%
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So far no CPV has been found in the other charmed particle decay modes

Mode Acp (%) Exp Lum (fb_ ')  Publication
DT — ¢7r+/D§ — énT +0.51 + 0.28 + 0.05 Belle 955 PRL 108, 071801 (2012)
Dt — prt +1.74 4 1.13 £ 0.19 Belle 791 PRL 107, 221801 (2011)
Dt — n/xt —0.12 4+ 1.12 + 0.17 Belle 791 PRL 107, 221801 (2011)
DO — Kgx0 —0.28 4 0.19 4 0.10 Belle 791 PRL 106, 211801 (2011)
D0 — Kgn 4+0.54 + 0.51 + 0.16 Belle 791 PRL 106, 211801 (2011)
D0 — Kgn' +0.98 4+ 0.67 + 0.14 Belle 791 PRL 106, 211801 (2011)
DO — afr— 40.43 4 0.52 + 0.12 Belle 540 Phys. Lett. B 670, 190 (2008)
DY - KTK— —0.43 +0.30 £ 0.11 Belle 540 Phys. Lett. B 670, 190 (2008)
DI — Kgnt +5.45 + 2.50 + 0.33 Belle 673 PRL 104, 181602 (2010)
4+0.6 £ 2.0+ 0.3 BABAR 469 preliminary
DI — KgKT +0.12 £ 0.36 + 0.22 Belle 673 PRL 104, 181602 (2010)
—0.05+0.23+0.25 BABAR 469 preliminary
DT — KgKT —0.16 + 0.58 £ 0.25 Belle 673 PRL 104, 181602 (2010)
40.13 4 0.36 £ 0.25  BABAR 469 preliminary
DT - KTK— 4+0.35 + 0.30 + 0.15  BABAR preliminary
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CP violation in 7 decays

@ CPV has not been observed in lepton decays
o It is strongly suppressed in the SM (ASY < 10712) and
observation of large CPV in lepton sector would be clean sign of
New Physics
@ 7 lepton provides unique possibility to search for CPV effects, as
it is the only lepton decaying to hadrons, so that the associated
strong phases allows us to visualize CPV in hadronic 7 decays.
@ In 7= — Kgn~ v, there are two possible sources of CPV:
o SM CPV in K° — K° mixing, which appears in the time
integrated decay-rate asymmetry
o Effects of New Physics (MSSM, multi-Higgs-Doublet-Models),
which can be detected through the deviation of the time
integrated decay-rate asymmetry from the SM value as well as
through the difference in 7% decay angular distributions
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CP violation in 7= — 7 Kg(> °

J. P. Lees et al. [BABAR Collaboration], Phys. Rev. D 85 (2012) 031102

[arXiv:1109.1527 [hep-ex|]. Data sample of [ Ldt = 476 fb~' was analyzed

@ 0.92<Thrust<0.99 is calculated using all tracks and
photon candidates, event is separated into two

hemispheres: signal and tag

@ Signal hemisphere: 1 Kg — w77, 1 prompt

track® (not kaon®) and N,_o > 0;
Mrec(szier) <1.8 GeV/c2

@ Tag hemisphere: 1 prompt trackT identified as eT or

uT with PEMS < 4 GeV/c

@ To reject background from 7 decays with fake Kg and
qq y(Ks) > 0.4, y(7) > 0.2 likelihood ratio selections

were applied

Source Fractions (%)

e tag u tag
5 = 7TKs(> 070, 78.7 £4.0 78.4 £4.0
7t L KFKg(> 0n%), 42403 41403
7t o aFKOKOu, 15.74+3.7  15.9+£3.7
other(qq, fake Ks) 1.40+0.06 1.55+0.07
Al 199064 140602

Entries/ 0.027 GeV/c* Entries/ 0.027 GeV/c*

Entries/ 0.027 GeV/c*

A _ N(E"—=n"Ksir)-N(r~ =7 Ksv,)
raw

T N(rT—=7 Ksv, )+N(r~ —m~Ksv;)
Araw (1 — tag) = (—0.05 £ 0.27)%

Araw (e —tag) = (—0.32 £ 0.23)%
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Selection criteria and charge-dependent detector effects induce a
decay-rate asymmetry

o Use 7~ — 7w~ w v, control sample, in which asymmetry from
the SM and NP is suppressed. Measured asymmetry is consistent
with zero, asymmetries measured in data and MC 37 samples
agree within the experimental uncertainties oa = 0.12% (e-tag)
and oa = 0.08% (u-tag).

@ Nuclear interaction effects (not included in detector simulation
properly) for K° and KO are different, as a result additional decay
rate asymmetry for the decays with Kg appears. Asymmetry
correction is calculated on event-by-event basis using PEAB, gLAB
and nuclear interaction cross sections: Agorr = (0.07 £ 0.01)%.

e tag  tag
Detector and sel. bias (37) 0.12% 0.08%
Background subtraction 0.05% 0.06%
K°/KP interaction 0.01% 0.01%
Total uncertainty 0.13% 0.10%
Corrected asymmetry (-0.39£0.23£0.13)% (—0.12+0.27 £ 0.10)%

Combined asymmetry: A(e and p tags) = (—0.27 £ 0.18 + 0.08)%
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@ Measured asymmetry A includes contributions coming

=
= = _ -t h ; ;
from 7~ — K Kgsvy and 77 — 7 KOKOl/.,-7 so that: 5 1 s ros it
2 F E
A= fsignal Asignal KK g AKKg T 0g0A 0RO g g; 3
fsignal MKk g H, 020 oak ]
0.2} E

@ Taking into account SM expectations,
Axkg = —Asignal and A_gogo = 0:

fsignal ~fK K
_ gna
A= <f s Asignal

signal TTK Kg T, x0R0

Efficiency

@ CPV asymmetry induced by K° — K° mixing was
properly evaluated taking into account Kg detection
efficiency as a function of decay time:

0
A‘ég = (+0.36 £ 0.01)% (compare with
AL = (—0.345 £ 0.008)% for DT — K%x™)

Y. Grossman and Y. Nir, "CP Violation in 7 — v7wKg and D — 7wKg: The Importance

of Ks — K, Interference,” JHEP 1204, 002 (2012) [arXiv:1110.3790 [hep-ph]].

Agignal = (—0.36 £0.23 £ 0.11)%
was measured toobe 2.80 from the SM expectation
AEL = (40.36 £ 0.01)%
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The Ks7~ hadronic current is parametrized by vector (Fv(Q?)) and scalar (Fs(Q?))
form factor:

v

J* = (Ks(a1)m ™ (a2)[57"u0) = FV(Q2)<8W - Q“Q—?)(m - q2)u + Fs(Q*)Q¥

Effect of CP violating scalar boson exchange diagram can be introduced by replacing
the SM scalar form factor:

Fs(Q®) = Fs(Q®) = Fs(Q*)+7-Fr(Q®), Frr = (Ks(an)w ™ (a2)[5u(0), dr_ (ns) % dr . (7s)

~ v, different

dr

— = (a(@%) - B(@Q%)(Bcos? B — 1)(Bcos? ¥ — 1))|Fy(@2)2 + M2 |Fg %+
dQ2d cos Bd cos 6

. c
3(Q2) cos B cos YRe(Fy Fg(ng))

@ - angle between G; and direction to CMS frame in the Kgn rest frame
@ ¢ - angle between Py and direction to CMS frame in the Kgn rest frame

@ 0- angle between P, in CMS and momentum of Kg7 system in 7 rest frame (correlated with
g S

To extract CPV term the following observable is defined in bin ”i” of Q2 (dw = szd cos 6d cos 3):

ar__ar_y
Jf; cos B cos 1) = — It ) dw

- — ~ <cosﬁcos’u‘)>:__ — (cos Beos y)! |
Ji dw

ALP

i
r
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M. Bischofberger et al., Phys. Rev. Lett. 107 (2011) 131801
(T(3,4, 5s)-+off resonance data with [ Ldt = 699 fb~")

@ Event is separated into two hemispheres in CMS,
Thrust>0.9

9@ Signal side: Pg/r = W > 0.7, L(Ks) > 2 cm,

0.485 < M < 0.511 GeV/c , no additional v with
E, > 0.15 GeV

@ Tag side: 1 prong (e, p or 7(n > 0)x°)
N, (E, > 0.1 GeV) <5

N(t~ — Ks7~ v,) = (162.0 + 0.4) x 105, ——
N(rt — Ksntv,) = (162.2 + 0.4) x 10° J I _::::Zﬁ;&:"iz’“’
Q
BG source fraction %
KsKpm* (95 +3.2)% H
Kgntr® 3.7+1.2)%
KsK* (1.7 £0.2)%
atatrT  (1.79 £ 0.03)% v
other 7 (2.0 +0.5)% W (Gevic?)
ad (34£1.0)%
Total (22.1 £3.6)%
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To avoid possible bias, the CPV search is performed as a blind analysis

o.

S
Corrections 002 = +
@ Sources of artificial CPV are studied with ____._
7% — ¥t~ v events, associated corrections were 002 .
applied in event-by-event basis: oy e
@ FB asymmetry (v — z° interference), was tabulated as Y ;g gl
a function of G?E‘,f‘B O
. . q 5% Sverw
9 Asymmetry induced by detector (differencies between < 004 5 o
3 The
«t and w~ eff.) was tabulated as a function of (PYAB, o
) g
S
@ The effect of these correction on APY was found to be oo o -
small (O(10~2)-FB, O(10~*)-detector) since A bt S -
depends on the angles relative to the P, 004
v e T R T R

In(p®c/1GeV)

<COSBCOS’1ZJ>:__ (cos 3 cos w):_+

ACP =
= ¥
! 1-f; 1-f;

Q2 (GeV/c?)  Corrected and BG subtr. A°F (1079)

0.625—0.890 7.9+3.0+28
0.890—1.110 1.8+21+1.4
1.110—1.420 —4.6+7.2+1.7
1.420—-1.775 —2.3+19.1+5.5
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From the ACY the CPV parameter Im(ns) can be extracted:
Im(FF},)

T

AFP ~ Im(ns)% /C(Qz) dQ? = ¢;Im(ns)

Use several parametrizations of Fy and Fg from our previous study of

Mk, spectrum and floating relative phase (¢s = 0°...360°):

IIm(ns)| < (0.012 — 0.026) at 90% CL
Theoretical predictions for Im(ng) in MHDM:

Vi
—_ $
S !
mS 10 20 30 40 50 &0 70 80 50 103

VIm(XZ*)
2
m,mg
o~ X*Z |Im(XZ*)| < 0.15———5— (|Im < 0.026
m = R X7 In(X2)] < 015t ()| < 0020
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Summary

]

B-factories collected the world largest data sample with charmed particle and
7 lepton decays, which opened a new era in precise studies of CPV in charm
and tau.

Evidence (3.20) for CPV in DT — Kgn ™ has been observed at Belle with a
977 fb—! data sample. CP asymmetry is measured to be

Acp = (—0.363 £ 0.094 £ 0.067)%, which is the first evidence for CPV in
charmed meson decays from a single experiment and a single decay mode.
CP asymmetry due to the change of charm is consistent with zero,

ABS = (—0.018 £ 0.094 + 0.068)%.

Search for CP violation in 7= — 7~ Kg(> 7°)v, was done by BABAR with
a 476 fb~! data sample. The decay-rate asymmetry (—0.36 £ 0.23 4 0.11)%
is measured for the first time and differs from the SM prediction

(0.36 £0.01)% by 2.80.

Search for CP violation in 7= — Kg7~ v, analyzing angular distributions
was performed at Belle. Upper limits for CPV parameter are in range
[Im(ns)| < 0.026 at 90% CL or better, depending on the parametrizations of
the Fyv(Q?) and Fs(Q?). Improve previous (CLEO) limits by 1 order of
magnitude.

Further improvements in the sensitivity to the CPV asymmetry in 7 decays
require the detailed study of the hadronic form factors as well as
incorporation of the spin-spin correlations in 77 events.

I. I. Bigi, "Probing CP Violation in 7= — v(Kn /K27 /3K/K37)~ Decays,”
arXiv:1204.5817 [hep-ph].

29 May 2012
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mixing effect in D™ — Kgm™ at Belle

Y. Grossman and Y. Nir, "CP Violation in 7 — v7Ks and D — 7Kg: The Importance
of Ks — Ky, Interference,” JHEP 1204, 002 (2012) [arXiv:1110.3790 [hep-ph]]

wE e —rese gt o1 ,
E [@7ndf=29.83721 A
E et
= po 162.5£36.5 =
E p1 -1050 +43.2
E E P2 0.06607 + 0.03996
- | p3 43.09 + 4.59

U,

e S ———————

T
e
x*Indf=118.77/118
= PO -0.9984 £ 0.0001
e pt -0.5209 £ 0.0070
1 b2 1.0230.003
wf p3 0.4757 £ 0.0057
E P4 -0.001797 +0.000033
s S ok
x*/'ndf=99.997/91
PO ~0.1063 + 0.0032
E P -0.05978 + 0.00357
= F p2 0.0173620.00131
T F B3 .0.001735:0.000188
E e P4 6.111e-05 + 9.216e-06
02 e
g Wwﬁaﬁmﬂgl‘
U,
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CP violation in 7= — 7 Kg(> 7°)

J. P. Lees et al. [BABAR Collaboration], Phys. Rev. D 85 (2012) 031102
[arXiv:1109.1527 [hep-ex||. Data sample of [ Ldt = 476 fb~" was analyzed

@ 0.92<Thrust<0.99 is calculated using all tracks and

photon candidates ‘§ 7k
@ Event is separated into two hemispheres: signal and tag §, Eg« 1
. || (S
@ Kg candidate is reconstructed from Ks — 77~ with ;2 Mm‘ 4, 3
0.488 GeV/c* <M _, __ < 0.508 GeV/c?, a e
R(IP,nt 7~ -vertex)> 3o, N
5 f/\”ﬁ.‘—— 7 K10
@ For the prompt track: |dr| < 1.5 cm, |dz| < 2.5 cm, §wp S % 1
PL >0.1 GeV/c §wf M"’w
3 wop e 4
@ For n° candidate: ELap, > 30 MeV, i i i |
0.115 GeV/c? < M4, < 0.150 GeV /c? ' Mass (covich
@ Signal hemisphere: 1 Kg, 1 prompt track® (not kaon¥) § Fasiits
and N_o > 0 er P 1
IS { hanl i ]
@ Tag hemisphere: 1 prompt trackT identified as e or H] J‘Jw Mx‘h
uF with POMS 4 GeV /c i Al — "

® Mec(Ksn¥nz®) < 1.8 Gev/c?

Impact of l\[,‘eC(szinﬂo) MC/data discrepancy on asymmetry is small and included

in systematic uncertainty
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@ To reject q@ background y(7) likelihood ratio is
used (5 parameters: visible energy, thrust value,

TOT
PL

regions): y(7) > 0.2

@ To suppress background from 7 decays with fake

Ks y(Ksg) is used (4 parameters:
R(IP,m 7~ -vertex), M

LAB prmLAB).
Prg s Oy ):

, number of neutral clusters in signal and tag

Entries/ 0.04
3

rtx—> 100 4
y(Ks) > 0.4 o 1
" 01 02 03 04 05 06 07 08 09 1
y@
Source Fractions (%)
e tag n tag E wb | E
5 S aTKs(> 070, 78.7 £ 4.0 78.4 £ 4.0 3 wp
7 L KFKg(> 0n%), 42403 4.140.3 Ewr b
o aFKOK O, 157437  15.9+3.7 i A :
other(qq, fake Kg) 1.40 £0.06 1.55 4 0.07 e ]
All 199064 140602 01 02 03 04 05 06 07 08 \')yl(KZ)‘
Data/MC correction to the qd and fake Kg background
evaluation from the study of the data at y(7) < 0.1 and
v(Ks) < 0.1
A N(r" — 7tKsp,) — N(77 — 77 Kgvy)
raw — -
Y N(rt — 7tKsi,) + N(7— — 7 Ksvy)
Aaw(e —tag) = (—=0.32+0.23)% ALaw (e — tag) = (—0.05 £ 0.27)%
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)

Im(FF)

W (Gevic?)

K{(800) + K*(892) +
K(5(1430) (solution 1)

W (Gevic?)

K{5(800) + K*(892) +
K (1430) (solution 2)

o 0.15

™~ v‘Kng
0.1 — data

—y— MC with Im(nszo.l)

@

4
©
N

1.2 l.‘4 l.‘G
W (GeVi/c?)

)

)
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t e
- - Ik
. ...-.j: :

B T B TS
K{5(800) + K*(892) + K{5(800) + K*(892) +
K™*(1410) K™*(1680)

o 0.3
8 (b)
0.02)
0.01— +
0| + |
-0.01-
-0.02F
-0.03 0.‘8 ‘1 1.‘2 1.‘4 l.‘G
W (GeVi/c?)
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