CP violation results from the guark sector

INTERNATIONAL

e | GENTTRE i
C"C I'S | ThHEoORETICAL | i
SCIENCES '

TATA INSTITUTE OF FUNDAMENTAL RESEARCH /

heep://www.icts.res.in/program/PCPV2o13 Email: pc;r:olg@gmaﬂ.com Gagan M Ohanty . . ]
PCPV 2013 miFr mumba (- tifr

An ICTS Program on CP Violation in Elementary Particles and Composite Systems

gVl 4
L < School: 7 - 18 February, 2013
Workshop: 19 - 23 February, 2013

Workshop Speakers

< Y. Suzuki, lapan

T DT < M. Bona, UK
< H. Murayama, lapan
Topics ior School < P. Paradisi, ltaly

<+ E. A. Hinds, UK

<+ . Castelo-Branco, Portugal
< D. Budker, USA

< P. 5.-Wellenburg Switzerland
<+ A. Vutha, Canada

% Particle physics models

< Nuclear and atomic EDMs

% Molecular and solid state EDMs
< Principles of EDM measurements

Lecturers for School o s -y

e T < T. Fukuyama, lapan

o S. Raichaudhury, India < A. Soni, USA

o N. Sinha, India < G. Mohanty, India

< A. Vutha, Canada < E. Shintani, USA

o A. D. Singh, India < D. Mukherjee, India

a "; ‘;b:- ;—:;:" India 4 K. Jungmann, The Netherlands
o G. Gopakumar, Japan - HMibe, lopas

4 A. V. Titov, Russia
“ 4 ). Hisano, lapan
| < P. Geltenbort, France

¢s for Worksho /

4 Models of CP violation \
4 (P violation in K and B mesons

4 EDMs from particle physics

4 EDMs of atomic and molecular systems

# EDMS of solids : ‘;,::i
# Nuclear aspects of CP violation . - $. Laworeaux
4 EDMs using lattice QCD N. Mahajan
4 (P and T violations at colliders % . F. Eangarajan
4 (P violation in cosmology Venue: Fountain Hotel BK. Sahwuw:"nwmrl
# CP violation in neutrinos Mahabaleshwar, Maharashtra Y. Sakemi
4 Unexpected results for CP violation India i Iqs;“:
. ¥ Sl

Contact details: Dr. B. K. Sahoo, PCPV2013, Theoretical Physics Division, PRL, Navrangpura, Ahmedabad 380009, India




CP — A prelude

S00.000
years

- - ; = - plasma of
Era of L4 e 0 & : "~ = ' Pytiregen and Dackground
Huched 3" A " o) J

el

3 minules

Era of
Nuckrasynthesis glachuns
rn [ jL=aWjiply al] h rasd,

{anfmaner ran)
000N secands

{ *TAE, | TR annitelstas
Particle LA NNy Peicies arfimastiar
E’.. . 4 e i 150

' i COMIman) Eleciromagnatic B weak

40
W' =econds .
= slementary lovces become disting

Electrowesk S wr .
Era 3

particles Strong fonce Betamas
W08 gaconds —————————

distincl, perhaps causing
Inflation of unbaene.

107+ secands

FlpArOn ATt — anfigine —va ‘4—_: o L,
) > antelecions "'! fuarks A
aboes i Arirgy = anbngiuiron 5 -.'*E ey T.

Today’ s universe is matter
dominated

Where did all the antimatter
go that were created in equal
amounts at the beginning?

» (antiproton/proton) ~10~4in
the cosmic ray

» Thereisno evidencefor
annihilation photons with
the baryon-to-photon ratio
~ 6x10 % inintergalactic
clouds

o Cosmological generation of asymmetry: Sakharov’s three conditions (1967)

— Baryon number violation, e.g., proton decay,
— Thermal nonequilibrium, and

— Violation of charge conjugation (C) and parity (P) symmetries



CP In the Standard M odel

The CKM paradigm in the charged vector-boson (W) decays providesthe
framework for CP violation in the quark sector of the SM

W+
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CP Vcd VCS Vcb — 3 real parameters




Hierarchical expansion of V -,

Wolfenstein parameterization of the CKM matrix V: PRL 51 (1983) 1945
Vig =1 — 2\ Vs = A Vi = AXN3(p — in)
V = Ved = —A Ves =1 — A2 Ve = AN ) LOOM)
Via=AN(1 —p—in) Vi =—AN Vie =1

r~0.22  A~0.80

A =~ sinf,. ~ 0.22 0016 1~034

magnitudes phases
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A triangleis at the heart

\ d-b* =0 |B Mesons
Vi Vo Vi

\th Vts th Y, Unitarity: 1st and 3rd columns
@2 ~ arg (Via/V))

¢ ¢y

P3 X arg@g ¢1 ~ —ar

» Check consistency of the CKM framework by precisely measuring the sides
and angles of the unitarity triangle

» Possible inconsistency between various measurements could be interpreted
as potential new physics contribution




B meson: A threefold Way

 CPviolationin decay: direct

A
— =1
Af

» can occur in both neutral A— = A(B = §)

and charged B mesons

> can have time-dependent and -independent Al # 1, where A = ({) (Af )
manifestations

» need two competing diagrams of different
weak as well as strong phases

~

+1| mmmp Bri1) =p|B%)+q|B°)

> only neutral B mesons are possi bl m2 .
affgcted P y ’%‘SM—lzﬂmm—% Sing1 ~5 x 104

» SM predictsavery small effect

e CPviolation in mixing: indirect

IMAg #0, || =1
e CPviolation from mixinog/decay interfer ence: l

A
» only neutral B mesons could be affected |;\ 7 Aop = nopd if
: 5 o pAaf
> pgrely ati me_dependent effect . /Af' £ = CP eigen-state
» arises due to interference between decays — >

with and without mixing



Major actors on our play

ete- collision
at 10.6 GeV

pp collision
‘ at7(8) Tev

pp collision
at 1.96 TeV
Muon Scintillators i
Muon Cﬁmnberd

agnetic calorimeter

[ i | ‘. S =
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Where do they stand now?

ete- flavor factories

» BaBar stopped taking data since 2008; most of their results are finalized
» Bélleisterminated w.e.f. June 2010; still finalizing some of their analyses
» Beéllell experiment ison track to start taking data in the early 2016

Hadron colliders

» CDF and DY have just stopped to take data
» ATLAS and CMS have an active B program but can’t compete with...
» LHCbisthemain player since 2010 and will continueto be so till 2016

Data recorded by LHCDb

2010 0.04 7
2011 1.1 7
2012 2.2 8
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B factories. performance to behold

u-.
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final samples -[

BaBar: 467 x 10°BB pairs
Belle: 772 x 10°BB pairs

>1ab™!
On resonance :
Y(5S): 121 b !
Y (4S): 711 fb !
Y(3S): 3’
Y(2S): 25 b
Y(1S): 6 !
Off reson./scan:
~100 b

~ 550 fb!
On resonance:
Y (4S): 433 fb™
Y(3S): 30 tb*
Y(2S): 14 b~
Off resonance:
~ 54 fb!



How to measure mixing induced CP violation?

» Reconstruct the B — f, decay
» Measure the proper time difference (t) between the two B mesons

By ~ 0.425

Flavor tag

A brilliant idea from P. Oddone %

> Determine the flavor of B,,, (whether B or BO) and then evaluate

Acp (f)

_ N[B%(t) = fep] — N[B°(t) = fcp]

~ N[B(t) = fep] + N[BO(t) — fep]

S¢sin(Amt) + Ay cos(Amit)

» S and A; are measures of mixing-induced and direct CP violation, respectively



Measurement of sin(2¢,)=sin(2p) in b — ccCs

PRL 108 (2012) 171802

» (Golden mode for CP
violation study with
very small theoretical

uncertainty
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» Experimentally easy
to identify

» CP-odd elgenstates
JWKe, w(2S)Ks and
11 Ks and CP-even
eigenstate J/yK,

~, 3k " o Skr

S t All combined @ |> ¢ + Data (b)

I 0 ) 0

g | — BuaJhsz = 4kk 1 B ->JiyK,

- F — B oy(29)K, S [ real Jhy, real K|
22K — B> 4Ks -~ [ = real Jhy, fake K|

£ [ — Fitresult 2 3kp Bl fake Jiy

> $ |

- W o

1k

52 522 524 526 528 5.3

M, (GeVic?) pg’ (GeVic)
Decay mode £ Nsig Purity (%)
J/WKg —1 12649+114 97
Y(28)(UT47)K S —1 904+ 31 92
»(28)(J/YyrTnT)KS —1 1067+ 33 90
X1 K3 —1 940+ 33 86
J/ YK} +1 100404154 63




Results on sin(2¢,)=sIn(2p) in b — cCs

PRL 108 (2012) 171802

» Most precise measurement
of the mixing-induced CP
violation in B-meson decay

Asymmetry patternin line
with the CP eigenval ue of
the decay final states

Direct CP asymmetry is
consistent with zero, as
expected mmp a negligible
height difference between
B? and B tagged decays
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0.667 & 0.023(stat) £ 0.012(syst)
0.006 £ 0.016(stat) £ 0.012(syst)
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Indeed, a great achievement

sin2p Lo

PRELIMIMARY

=12 =) BaBar ' '; ' 0.69 + 0.03 + 0.01
o PRD 79 EEDDE} 072009 ;
£ BaBar ¥ : , 0.69 +0.52 +0.04 £ 0.07
@ 1 PRD 80 .ri%né‘ 112001 | e
BaBar J/y (hadronic) Kg : 1,56 + 0.42 £ 0.21
PRD 69 (2004):052001 ; :
‘ Belle ; : 0.67 + 0.02 + 0.01
0.8 | PRL 108 (2012) 171802 | |
' : ALEPH j : | 0.84 1155+ 0.16
- .{; " . PLB 492, 259 (2000) 7
e e S S NS, S ——, 7 OPAL ' - 3.20 "8 + 0.50
* i * L2 EPJ C5, 379 {1995) | - *
0.6 . CDE 5 N 0.79 *pa
PRD 61, 072005 (2000) ;
LHCb ’ : | 0.73 + 0.07 + 0.04
LHCb-PAPER-2012-035 | T
Belle5S : N 0.57 + 0.58 + 0.06
PRL 108 (2012) 171801 ! >
Average : : | 0.68 + 0.02
HFAG |
-2 -1 0 1 2 3

2005 2010

$1 = (21.4 £ 0.8)°

What is the source for CP violation in the SM?
the Kobayashi-Maskawa phase is the source

Markand 2013
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Determination of ¢.=a

e Measure time-dependent v, W,
CP asymmetry inb — u
tree dominated decays

b

N
cl

Vub

Q
o
o

d >

e Additional complication arises due to possible b — d penguin contributions

* Thesine coefficient (S) accessed in the time-dependent
CP study hereis not just sin(2¢,) rather msin@ e

Considering relative penguin-to-tree contribution (r = |P/|T|[) and BaBar notation:
strong phase difference between the two diagrams (9): C.=-A

Srr = sin(2¢s) + 2r cos i sin(¢; + ¢9) cos(2¢2) + O(r?)
» additional inputs required to determine the penguin pollution
* Empl Oy an isospi N anaIySiS Gronau and L ondon
A =AB® - ntr) = e 2Tt~ + P | PRL 65(1990) 3381
V2Ag0 = A(BY = 7070) = ¢=i02700 1 p
V2A,0 = A(BT = nt70) = e702(T+= 4 T00)
Ar- + V2400 = V2A 40
f_1+_ +/2A0 = \/§z‘1+o

¢, can be resolved up to an 8-fold ambiguity ¢, € [O,r]




Results from the i system

difference used to

BaBar notation:

be more than 2c BaBa lllll - _
— Cr=—A
pt ar Xiv-1206.3525
BELLE aI’XIV13020551 wl C — _025 i 008 i 002
C=-0.33+0.06+0.03 S=-0.68+0.10+ 0.03
A =+0.64+0.08+0.03 &
L HCh-CONF-2012-007
direct CPviolation @56 e . C=-011+0.21+0.03
98 o5 o4 02 0 S=-056+0.17+0.03
i
= 0 .%_ o0 e
L [ |
02 b .l [ .= | .. T .». .. S
=
0.4 _ ..................................................................................................... E ...... P
-06 | } + E
08 | =
1 F
2000 2005 2010

» Both experiments are now in good agreement



World average of ¢,=a

» AlImost a precision measurement

% --- nn/pp/pn (BABAR)

crmiziprely. - -- Tmn/pp/pm (Belle) we= CKM fit
3 nn/pp/pr (WA)

¢o = (88.5737)"

» Dominated by BaBar's 8
results on B* — p*p? 4

s s b rk3105 T

PRL 102 (2009) 141802

0 20 40 60 80 100 120 140 160 180

>
X final resultson B — pp, especially B*— p*pP, are eagerly awaited
for mm) nine times more data compared to its last result on p*p°



Measurement of the angle ¢.=y

ls,

: : K~ i Vuh

A b V;:b > 2 A @ B~
0

B_; | = Atay ~ Vep Vs ~ AN P : ;D i Asup ~ Vup Vs ~ A)\3(p - i’?) i III :l
I s v/ < X/

7
1/(5,‘3‘ 5

> |nterference between the two amplitudes where both D° and D°, coming from B*
or B~, decay to acommon final state

» Relative magnitude of the Al Vv
suppressed amplitude "B = T ™~ VaVe

X |color supp] = 0.1-0.2

> Relative weak phase is ¢, and relative strong phase dg

Three proposals depending on the D final state

v' D =Dp: CPeigenstates such as K*K-, n*n-, Kgn®
Gronau-London-Wyler (GLW) method

v D = Dpq doubly Cabibbo suppressed decays such asKr
Atwood-Dunietz-Soni (ADS) method

v' D =Dp,,: three-body decays such as KK*K-, Kgntn~
Giri-Grossman-Soffer-Zupan (GGSZ) method

» Different B decays (DK, D'K, DK"™) come with different (rg, dg)



Going by the conventional method

» Sensitivity dominated by

X, =TIy COS(6; £y),

the measurementsin D -

mesons decay to three- b
body final states (e.g.,
Kgn™n™) that exploit the > 0

B—DK™ | ——_

difference between the
B* and B~ decay Dalitz 0.2
plots

T Br—DK?

Giri et al., PRD 68 (2003) 054018 =04 bou ..

-0.4

PRD 81 (2010) 112002

0.2 0 0.2 0.4
X

PRL 105 (2010) 121801 4= Similar results from .

=

y. =TIy sSin(é; = y)

| ——— g SR |
n.q- - R—]Ljnnﬂla*ﬂ s
-~ B—[Dy];.K with a5-180"
T e
0.2 | A
| B'>DK"! x|
N /
of e et
! :
02] + /0
11 f :’:'- ! |"I
\_ | D'k
04k T s e |

0.4 -0.2 0 0.2 0.4

X

/>
SELLE

¢3 = (80.8713 5 £5.0+8.9)°
rg = (161139 £ 1.1770)%
0p = (13747135 £ 4.0 £ 22.9)°

¢3 = (73.97555 + 4.2+ 8.9)°
rp = (19.6775 £ 1.37$ )%
0p = (34177550 £ 3.2 £ 22.9)°

Combining both B modes, Belle obtains: ¢ = (78.471%% £ 3.6 + 8.9)°
» Accuracy in the DP model description (last error in above results) is the second
largest contributor to ¢, after the statistical uncertainty

» |t would call the shot in the precise determination of ¢4 at the next-generation
flavor factory == |00k for a suitable aternative

%



¢5 from amodel independent Dalitz-plot fit

» Avoid the model error by “optimal” binning of Bonder, Poluektov, EPJ C 55 (2008) 51

the Dalitz plot (choice of bins guided by model, o %
but not the extraction of ¢) e‘% 54

©

» Minimize y? infit to al binsfor each mode ~ o
X’

Expected number of B°2DK" events in bini is:  E15F

N==h {Hi +12K i+ 2V KK (mic+ 'Hi-""i]} Tt

where z+ = rpcos(dp % ¢3), y+ = rpsin(dp £ ¢3) 0.5¢

=

K: #eventsin bini from flavor-tagged D — Kqn*n™ of the 00 L

D"— D= decay channel

¢; and s contain information about the strong-phase difference
inbini == usethe CLEO datafor y(3770) — DDV

PRD 82 (2010) 112006
>
S PRD 85 (2012) 112014
s = (17315 £4.1+£4.3)°
op = (129.9 + 15.0 £ 3.8 £ 4.7)°
rp=(145+30+1.0+1.1)%

> 8.9°model error=» 4.3° ©: stat error little worse due
to (a) the method itself and (b) smaller rg = 6 ~ 1/1g

> 0.3f
D.E-
0.1
o

0.1

02

1T 2 3
m(K_*) (GeV?/c?)

EELLE

0.3 i
-03-02 01 0 01 02 03

X



LHCDb israpidly catching up...
» First measurement of GGSZ (D — KKK, Kgtr and model independent)

ar Xiv:1209.5869

+
] S R AL Dp.it, K X, vs y, modind fxksais
= - LHCb A B* - (K n'm) K (c) ] ¥ | | PRELIMINARY
g i Downstream K ¢ : '
s 150 N Sum, incld. combinatorics ]
. % EETTTERTTE Signal ] i
% 100} 7% Mis-ID -
é NI Partially reconstructed E
50 : 3 i
? 47 ] .llmﬁ.-bﬁd.i.&w.-u—. e T Y~ < T IR |
5200 5403[} . 56+00 5800 i i
m{(K°m*r) K*] (MeV/c?) aiindl
® [ L 0t q : Belle B®
S [ LHCb B* - (KK'K) K* (a) 5 LHCb B
§ 40-— g Kg. _ _ _ 02~ EEl Averages i
S M ——— Sum, incld. combinatorics . '
a5 i | i Signal .
5 7% Mis-ID | ; ; ; ! :
E 20K NN\ Partially reconstructed _ 02 -0.1 0 0.1 02
= Contours give -2A(In L) = Ay = 1, corresponding to 80.7% CL for 2 dof “
v et aday

520- ' 5400 5600 5800 — 44+43 ) — 7:|:4 5 _ 137_|_35 o
m[(KK'K) ) K¥] (MeV/c?) b3 = (44755)° 5 = )70, 08 = (137755)




¢, Using GLW and ADS methods

» Two complementary approaches where D mesons decay to
1) CPdtates, e.g., KK, n*n (CP+) & KgrP,

PLB 253, 483 (1991)

Kan (CP—) GLW PLB 265, 172 (1991)

2) doubly CKM suppressed final state ADS PRL 78, 3257 (1997) PRD 63, 036005 (1991)

§ % § o
« 80 o 80
o o
e 7 S 70
o =
gl = 60
250 gso
$ 40 $ 40
Y 30 W 305
2
10, i, g 10
0 18 & iden oL T ol 9 0 o J
-01-0050 005010150202503 -01-0050 005010150202503
A E (GeV) A E (GeV)
<O

» Observables sensitive to @
Repy =1.03£0.07+0.03
Rep- =1.13+0.09 £+ 0.05
Acpy = 0.29+£0.06 £ 0.0
Acp- = —0.12+0.06 £ 0.01

> 1st Evidencefor ADS mode
B — DK (3.50 significance)

CPV

BELLE

Events / 10 MeV

% S50 > SO
o O ¢
g 40- g 4o
o - o C
E 30: E 30:
5 5 F
|.|>.| 20_ ﬁ 204
108 105
"‘1'
990050 00501015 0202503 G10.05 0 0.05 010150202503
A E (GeV) A E (GeV)
Preliminary
B-—D'K-,D*—Dn®,D—K*r 165_—>D*K_,D*—>DY,D—>K+7I_
121
101 > g
: 2
a: =
6 P
5
4 H l l :
e O P w
O:H'_“‘__gx < _f' iRl i :
-0.1 0 0.1 0.2 0.3 -0. 0.1 0.2

AE (GeV)

AE (GeV)



Events /(5 MeV/c?)

15

10

ADS resultsfrom LHCb

PLB 712 (2012) 203

il

<l

|I

1[4l
N
i

» 1st observation (5.8c significance) of the suppressed mode

LHCb  _| LHCb  _
Apk =-0.52+0.15+0.02 | |
— s — . _B:%'["TF]E)K_ — Llel f LU L el ,g_’f.._>{_g+.[(;].ﬂ,i(; —_
| judlh s L 1
LHCb LHCb |
B =[rnK'] B'=[rn'K] -
5600 5400 5600
m(Dh*) (MeV/c?)

B* — [rTKT], K*




Combined measurement of ¢.=y
» From the new player (LHCDb):

= 1F ! =
O ooF E _ +17
= o0sf LHCb LHCD 63 = (T176)°
08':'— Preliminary —':'
0.7F = m?"B = (95 + 09)%
06F = _ +10yo0
3 LHCh op = (119715)
il 68% VLI®
ST S v .
B3E 68% CL | [55.4, 87.7]° io°
02F 95% CL | [41.4,101.3)°
O1F . 95% L £
%203 60 8 100 120 140 160 18
Y [°]
» From the old horses (Belle and BaBar).
a 1 o Ir ::_: a5 1 =1
‘ol ? tBaBar :} 9 A
; 0sf figt 0.8 { B\
05f asf 06} }? l\
D.d: __________ § J SL ', . S ﬂ.d} Daf l i l
s y, | 0af 02} i
P02 40 W B0 00 720 140 160 B0 R T e T ”u" 20 =‘.m s;:ﬁ;n 00 120 140 160 180

&, (degres) B {degree)

¢3l°]  re(DK)[%] dp(DK)[]
BaBar 69+17  9.07;° 105 + 19
Belle 68 +14 11.2+1.5 116737
B factories 67411 10.24+1.1 11175




Overall picture

CKMfitter Group, J. Charleset al., EPJ C41 (2005) 1

0.7

0.6
05 =

0.4

1=

eidudadamahas CL= 045

0.3

0.2

0.1

= I-{'IIIIIIIllfl-l]IIII|IIII|III[]JIII

0.0

-0.4 0.2 0.0 0.2 0.4 0.6 0.8 0

Confirmation of the CKM paradigm as the lone source for CP violation
in the SM mmm) not sufficient enough to explain the matter-antimatter
asymmetry observed in the universe

Need additional source(s) beyond the realm of the SM



An(2¢,) in b — qQgs transitions

sin(2p*") =si

(2¢1 B]EAC

PRELIMINARY

b—ccs  World Ayerage . 0.68 +0.02

g, BaBar { P b’eé’+’o’1’7’+’o’o’7'

= Bele : : 0.90 *2%3

% BaBar : : ' 0.57 £0.08+0.02

- Belle : ' 0.64+0.10 + 0.04

x: BaBar *— 0.94 '3 £ 0.06

* Belle ! s—e—df ! 0.30+0.32+0.08

<, * BaBar | : ' 0.55+ 0.20 + 0.03

% Belle : k—— 0.67 +0.31£0.08

& BaBar || 0.35 0% +0.06 + 0.03

°. Belle ! : —0.64 10334009 +0.10

0% BaBar : : - | 0.55°'0%+0.02

3 Belle : ; ' 0.11+0.46 £ 0.07

& BaBar ! : : 0.74 %015

~° Belle : 5 : 0880

f,Kg ~ BaBar ! {048 0,52+ 0.06 + 0.10

fy Kg BaBar : ; §,2o'~+052*007+007

n’x’ K, BeBar—————— i 1-0.72+0.71+0.08

on°Ks BaBar : (11 7

n %N@aBar : —— ;0.31+005+009

= BaBar : + 0.65+0.12+0.03

; Belle : 676 0 1s

b—qqs Naive average H 0.64 +0.03
-2 -1 0 1 2

Need to pin down the experimental error
on each of these measurements before we
can draw any solid conclusion here (LHCb
and Belle |1 would play adecisiverole)

« Naive average of sin(2¢,°")
obtained 1n various b — qgs
processes is consistent with
the value obtained in b — cCs

 However, we need to be very

careful here because of

theory uncertainty

Chenget al.,
PRD72, 094003

0.1 0 0.1 0.2

Asin2B  Beneke PLB 620, 143
Wiliamson and Zupan, PRD 74, 014003



0.4

Gear change: B, from B.— J/y¢, Jyn*n-

Only measurable angle of thes.b* = O triangle |B,meson

¢ Standard Model ] po 8fb"
— 68% CL CDF 10fb’
T 9% CL LHCb 03 fb’

,L{I|||I||I||III||I:||||I||IIII
[

il
|

38

a
-

Earlier hints of large anomalous
effects not confirmed
T (T (T T

III||1|I||IIII||"

» Bigimprovement in
precision ==y L HCD
ISthe key player
L HCb-CONF-2012-002

» A > 0isfinally
established

» Uncertainty on f3
almost four times
that on B=¢,

» Still long way to go
before catching up
with theory

2 = 0 1 2

(W

3
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What about CP violation in B mixing?

» Semileptonic asymmetries in both B, and B, systems are expected to be small
In the SM

> DO reported an inclusive dimuon asymmetry w FRID . (ZOI) C 2200

3.9c away from SM prediction 0.02 ——— | —
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Different stories from LHCb and B factory

» Semileptonic asymmetries in both B, and B, systems are expected to be small
In the SM

> D reported an inclusive dimuon asymmetry w PRD 84 (2011) 052007

3.9c away from SM prediction arXiv:1207.1769  arXiv:1208.5813
L HCb-CONF-2012-022
. g o o —
> Incl udlng results on a4 and ay® individually 50,01/ R
(from DO u~vX samples) puts combination 3 -
at 2.9 from the SM < 0
O e e —
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Direct CP violation from B — Kt
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: R K" BO — K T+P
B” b u - B” _ B+ N K+7IO T + P + C + PEW
d > d d b 1> Ignoring the suppressed C and Pg,
T p two modes have identical diagrams

except for the spectator quark

3 Direct CP asymmetry Ace = K55 55 o sin Agsin A where A (AS)
IS the weak (strong) phase difference between two diagrams that mostly
contributeto B® - K*r~ and B* — K*xt!

 Now since strong and weak phases are same for these diagrams, we
expect Ap to be same mmp AA -5 should be zero
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But results are quite different!!!
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ﬁ_ﬂ.ﬁ'w = “ﬂCF(K+ 770) — ﬁcp(KF (s ) = +0.112 £ 0.027 = 0.007

d LHCb isanew player inthefield
d WA value AA . = 0.127+0.022 (5.5c significance)==»New physics?

» We are one of the principal authors for this paper (accepted to PRD-RC)



Before concluding anything concrete...
J Modéel-independent sum rule proposed by Gronau, Atwood and Soni:
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Test the same with much more data
J Modéel-independent sum rule proposed by Gronau, Atwood and Soni:
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 In the above extrapolation, we have used current central values with the
statistical uncertainties properly scaled up

 Although systematics are treated as non-scaling, the main B® — K9r®

systematics (tag-side interference) can be reduced by measuring At in
semileptonic By, decays
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Hot off the press. CPV in charm decays

|A(~p |+[E +| Ap( Wq

| +[Ap(D*)

Physics CP asymmetry

/ [ Production asymmetry

LHCD

Detection asymmetry
of “slow” pions

Detection
asymmetry of D0

[ No detection asymmetry for D decaysto

+_

self-conjugate modes such as K*K-, &t

d By taking the difference A, (f)—A,.(f'),

the production as well as pion detection
asymmetries largely cancel out

» Thus, LHCb measures the A - difference that

IS very robust against systematics
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First evidence of CPV in the charm sector
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L HCDb leads the show...

= E'j 0.02 HFAG-charm
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d AAprelated to mainly to direct CP violation as contributions from
indirect CP is suppressed by the difference in mean decay time

J However, we need results from other related nr and KK modes before
Interpreting the result as evidence for new physics or not

> We are involved with the search for CPV in the decay D° — =90 at Belle



Conclusions and future prospect

» Results obtained on CP violation in the quark sector is consistent with the
SM, except for
1) Direct CP violation difference in B — K= decays
2) Mixing-induced CP violation in b — qqs transitions
3) Very recently, CP violation in the charm sector
4) and few more not described in thistalk

» All these anomalies [especially 2)] beg for a more precise measurement

» Good motivation for Belle 11 aswell as for the upgrade of LHCb

Thanksfor your kind attention
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Some interesting non-CPV results (1)

B:,a"f v (update hadronic tag) (arxiv:1208.4678]
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Some interesting non-CPV results (1)

B'21'v (update hadronic tag) (arxiv:1208.4678]
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Some interesting non-CPV results (2)
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Some interesting non-CPV results (2)
B> D¢y
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