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C

P symmetry is broken in the Standard Model.

3x3 guark-mixing matrix has one CP-violating phase.

M = VCd VCS VCb S

Prog. Theo. Phys. 49, 2 (1973)
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b Kobayashi Maskawa
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Wdlfensteiﬁ
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V= ~\ 1 — 1N + OO




Unitarity = b triangle relations in the complex plane,
9-9-, Vud T C?Vcd T Vd =0

(p,m) - AN - (1 = 5\7)

(07 O) c>;) Vcd (17 O) AN

1 Overconstrain by measuring angles and sides.




All measurements agree with the CKM mechanism.
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|s there some room for New Physics here?
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|s there some room for New Physics here?

0-7 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 _
- 8 : Ay / my. -

0.6 — i : AmM 4 S SK fitter —
ol ! / FPCP 13 _
— 8 <|)3 -
0.5 — g —
L —_
= _

- () —
0.4 S —
= _

— |3 U -
0.3 — —
0.2 _:
0.1 —
¢1 X

0.0 1 1 1 1 | | ] ] 1 1 I ] ] ] | -
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.

2l

excluding sin 2¢1 from the fit




|s there some room for New Physics here?
1 Scale M, by complex factor A, in BY—BY mixing:

excluded area has CL > 0.68
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|s there some room for New Physics here?
1 Scale M7, by complex factor A, in BY — BY mixing:
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There are three distinct ways

to measure CP:

* direct CP in decay (charged & neutral)

(B — f) #T(B - f)

e CP in mixing (neutral)
I'(B — B) #I'(B — B)

Ap/Ag| # 1

By 1) = p|B’) &+ q|B°)
q/p| # 1

« CP in interference between mixing & decay (neutral)

F(B — fcp) # F(B — fcp)

Notes: B could be replaced by D.
fcp is a CP eigenstate.

arg |———| # 0
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Direct CP Violation



Direct CPV in B* -J/yK*, B* ->J/yr*

No effect expected in b — scc (J/yK), possible in b — dcc (J/ym)

AJ/YX) = A(J/pX)gaw *+ A(X)

/ Cor'rec’rion{rec. asym.

between X* and X
Raw asym. between

rec. B* and B-

- Regular reversal of magnetic field

minimizes A(x)

- A(K) measured in K0 — K*r

Event selection chosen to minimize
statistical uncertainty on A(J/YK)gaw

N(JAp h*)12 MeV/c?

N(JAp h*) - Fit/12 MeVi/c®

N
o
o

—
o
o

N
o
o

o

* DO 10.4fb™

B* — Jhy K*

B -Jy
&% B, — Jy h*X
|[!ll combinatorial

.

¢
I

M (JAp he ) [GeV/c?]

PRL 110, 241801 (2013) _



Direct CPV in B* -J/yK*, B* ->J/yr*

%SJ 200~ * D010.4 fb"
Type of uncertainty ATPE (%) AT (%) = i [_;Sti Jhp K-
Statistical 0.36 14 & 1001 ’ . — PR
Mass range 0.022 0.55 =0
Fit function 0.011 0.69 = : ‘ “|
AAsracking 0.05 0.05 S 1
AAx 0.043 n/a N
Total systematic uncertainty 0.07 04y < 100k | ’
Total uncertainty 0.37 4.5 g i B, — Jhp h*X
Z - } |/l Combinatorial
200 4.0 . . 0 o1
5 5.2 5.4 5.6

M (Jp h*) [GeV/c?]

A(J/yK) = [0.59 +0.36(stat) +0.07(syst)] 7%
with a 1 % correction due to K*/K- asymmetry

A(J/yr) = [-4.2 +4.4(stat) +0.9(syst)] %

PRL 110, 241801 (2013)

13



Events / 3.5 MeV/c?

Events /0.8

BY) — 0 K*(892)

preliminary

Events/17.5 MeV

Events /0.1
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K" (892)

penguin-dominated mode
4-dimensional unbinned
extended maximume-
likelihood fit

projections shown here
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BY) — 0 K*(892)

preliminary

Likelihood Value
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Branching Fraction

.ACP = —0.22 &= 8
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Branching Fraction
0.02
0.03
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Lﬁcb

Polarization amplitudes and CP asymmetries in
B — dK*(892)° - L =11fb!

[arXiv:1403.2888]
B — pK*(892)°

N"ﬂk‘u
@ b — sss FCNC decay, penguin in SM ; N7 /.
—> sensitive to NP contributions in the e "\ &

loop. M E B H %O}/\'i
@ B —» K"K~ K*7t final state studied. = S
!.'L"h
@ | Nsjg = 1655 £ 42 d . d

y

{103'|ffff[ffffl""l"ff
> LHCb i
,%: B0y K0 ] @ Angular analysis of time-integrated decay rates to
~ 10°E E disentangle helicity structure of the P — V'V decay
k (L= 0, 1, 2):
E N ? 16 B — KO _ @ P-wave: longitudinal Ag and transverse,

_ + parallel A and perpendicular A _ ;

: iyt i o S-wave: Ag(Km) (B® — GpK ) and
l-l N ol Ag(KK) (B® — K*(892)°K—K™).

5200 5300 5400 5500 5600
My MeV/c?]

16



Polarization amplitudes and CP asymmetries in
B° — &K*(892)°-L =1fb"
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1020

LHCD

[arXiv:1403.2888]

— 240 F | I i _
L 220F LHCb =S
% e
2 %33;— === P-wave E z
= 2 ave _'; —
= 120F “keswme 4 T
< 80F 1 =
= ggé— 1 =
T 05, et . F e
S 07 800 900 1000 ~
my. [MeV/
=W SERREERRRRRRTS RS N U3 O
2 bt - ] Tap N T3
(1] i . 1 =
5'5'2—____,_____ l%__ S0 - PR -
s 0 [ "0 s 1 °
cos B, cos 9,
ASP =-0.003 -+ 0.038 (stat) 4- 0.005 (syst)
AGP = +0.047 4 0.072 (stat) & 0.009 (syst)
CP
AS(KW) = +0.073 £ 0.091 (stat) = 0.035 (syst)
AngK) =-0.209 -+ 0.105 (stat) 4- 0.012 (syst)

@ B%and B’ decays are separated according

to the charge of the kaon from the K*©.

@ CP-asymmetries consistent with zero.
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LHCD

THCD
Direct CP in B® — &K*(892)° - L =11fh"

[arXiv:1403.2888]

@ Final state tagged by K*® — K+ 7t~ decay.
@ Raw asymmetry measured from integrated rates:

N(B- — &K (892)%) — N(B® — b K*(892)9)
(892)0) + N(BY — b K*(892)9)

@ Correcting for production and detection asymmetries (determined using the control channel
BY — J/WPK*(892)°):

AP (dK*0) = (+1.5 4+ 3.2 (stat) £ 0.5 (syst))%

@ Systematic uncertainty from the difference in kinematic and trigger used to select
B° — J/WPK*(892)° events.

@ No direct &GP in agreement with (and a factor of 2 more precise than):

AP (dK*0) = (+1 + 6 (stat) + 3 (syst))% Babar [Phys.Rev.D 78, 092008(2008)]
AP (dK*0) = (—0.7 + 4.8 (stat) £+ 2.1 (syst))%  Belle [Phys.Rev.D 88, 072004(2013)]
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The weak phase ¢3 is measured in B~ — D) -
decays by the interference between two amplitudes if
both D)0 and D(*)? decay to a common final state

Vo

us K_ Vu

W
b = O
)

o AN X A_ﬁ\i(l)— in)

| —

Then B~ — BK‘ with \5} X |DO> + TBei((SB_qb?’)\Z_?O}
and BT — DK™ with \5} x | DY) + TBei(5B+¢3)|DO>

A(B- — D°K™)

where r, = A(B- = DK

~ (0(0.1) including colour suppression
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Three technigues to measure ¢s3 use rare decays
- _ (=) _
fthe form B~ — D° K

®,

v GLW: use CP eigenstates |D)12 o |D) &+ D)
Gronau and London, PLB 253, 483 (1991)
Gronau and Wyler, PLB 265, 172 (1991)
Gronau, PRD 58, 037301 (1998)
Gronau, PLB 557, 198 (2003)

v ADS: use |K "7~ ) state (CF for DY DCS for D")
Atwood, Dunietz and Soni, PRL 78, 3257 (1997)

v GGSZ: use Dalitz analysis of |[Ksm ™ 7~) state

Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003)
Bondar, Proc BINP Dalitz Analysis Meeting (2002) (unpublished)
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% B~ — DY K~ to measure ¢3 (=~): all 3 metho/ds

Combined ADS, GLW (1 fb)
and GGSZ (3 fb1)

PLB 726, 151 (2013)

2012: Before 1st LHCb results

NG S RASRASEREESS
S, LHCb -
T08p E
0.6 -
0.4 -
02 -

o P2

0 20 40 60 80 100 120 140 160 180

Y [7]

A A A
0.8 1.0

2013: After including LHCDb results

Any 5 AU
! v ' '

sol wicoa2f<0
jueed 2t ClL>a o2

o

08 1.0

By 2018, expect g, ~ 4°
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B — XS_|_d’}/

Expectations:
Channel Acp(SM)

B— Xyv  [0.6% , +2.8% |
B— Xgv  [-62% ,+14% ]

B— Xs1qy O . PRL 106, 141801 (2011) }

Cancellation due to unitarity,
negligible theory error!

@ T(4S)= B

B
Xs+d

 Inclusive method: reduce model uncertainty but has high
background.
* High energy photon (1.7 - 2.8 GeV) and lepton (e, u) for tagging

. Mass veto for 7° (1) — vy

22



B — Xsiq Y

* Wrong tag factors

(On_ @

B XI

Xs+d

« Asymmetry in lepton ID, study In
B-X J/W(I'I), tag-and-probe

8:|: — Npass
Npass =+ Nfail
Ay = et — e~ Aget = (0.10 T 0.22)% : U
€ 6+ _|_ 6— 2.6 2.8 3 3.2 23.4 2.6 28 3 3.2 23.4
Mee (GeV/cC) Mee (GeV/cC)
 Asymmetry in BB bkg: measured In 53;103' H "l Signal
data (Ey< 1.7 GeV) - VE hm BB
Nt — N— 2 ::: : Continuum data
Abkg — N—l- _|_ N— Abkg — (—014 i 078)% E 54_ ;E I
» These asymmetries are bias!, must i K
correct them e = !



B — XS_|_d")/

preliminary

After background subtraction

x10" : I
1= : o | ]
F r} : — Positive .
_ oefb ' ..Negative 7  aw asymmetry is corrected for
QO B ' ' . ' ' .
O ogf { t 3 mis-tagging and asymmetry bias
s i P DK see previous page
Sofn B ey (seep Page)
dcbolz__‘}:lﬁl ;i BELLE T T e ————
it % I 4 ) Belle preliminary
oF i ﬁ$¢ : —i—#-—ﬁ = = T*hIS measurement, p——
oab b - 'E"I';',, o l: E ,>2.1 GeV —eo—] ‘& ] |Belle (772M BE)
E, (GeV)

I Py 1 BABAR (383M BB)
PRD 86, 112008

I ® | CLEO (10M BB)
PRL 86, 5661

-0.2 -0.1 0 0.1 5 0.2
ACP(B_) X5+d’Y) X 10-
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CP \/_io\ation
in BYBY Mixing



%

CP in mixing, time-integrated: a,, PLB 728, 607 (2014)

»70.02
Analyse B.°— D Xuv decays (2011 data).

_ I'[Dyp*1—-rIDfu~]
meas = E— +
I'[Ds u™]+ I'[Dg u™]
(©,0] _
as, a7 2o e 't cos(AM;t)e(t) dt
2 7% 7 5 | 7 o-hit cosh( ALH
J—ge st cosh(=55)e(t) dt

-0.02

B.° production asymmetry negligible:
highly suppressed (10%) due to fast 0.04-

oscillations. . | 5
Opposite magnet polarities: 004 0. 0 2&02
cancel most of detection asymmetries : ;l
of charged particles. a*,=(-0.06 £ 0.50 £ 0.36)%
Using large control samples: W(?rld 5 be.st measuremen’F,
correct for tracking (0.13%) and consistent with SM expectation

background asymmetries (0.05%);

account for difference in trigger and DO 30 deviation from SM
PID efficiencies for u* and W neither ruled out nor confirmed
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{59 OP in mixing with time-dependence:

‘{d d

d Viu W

3 Mixing due to 2" order weak transition, M4,, I';5 1 0
d NP could contribute to M, (m >> mg)

d Imperative to measure amplitude and phase of M, precisely!
d Theoretical input (lattice) CRUCIAL here to shrink this band

=0 Measure oscillation frequency
Am ~ 2|Mq,| p | Vig |

d Phase of M,, (or V) obtained via TD CPV.

(/o) =T(fe)
A(t) = (/) T () sin(2f ) sin(Amt)

d Vi and sin(2p) also measure apex using NP-sensitive processes! 27



THes Amplitude of B?S)B?S) time-dependent mixing

l T 1 T l

LHCb

= 041 <+ B D o .
Z - combined 1

0.2F .
0 \ \ LHCb Phys.Lett. B719, 318 (2013)
’ {|Amg = 0.5156 +0.0051 (stat) +0.0033 (syst) ps~"

ol 1fp1 - Single best measurement by BELLE
et 3 4l Amg =0.51140.005 % 0.006 ps~*

l_

: ~=-_ 10 15
I = Qo\dscay time 7 [ps]
| S
| S~
o l = -~ M
& e Tagged mixed
= | s LHCb o Tagged unmixed New J. Phys. 15 (2013) 053021
= 400 2% dy4  — Fitmixed Am, = 17.768+ 0.023 + 0.006 ps-’
2 L e Bt unmixed :
S " (B, oscillates ~35X faster than BY!)
= ' -1
= 00l 1 fb
\ n CDF, PRL 97, 242003 (2006)
| | Am_=17.77+0.10x0.07 ps~'
0 1 2 3 -

28

decay time [ps]



b — C
WY Phase of BYBY mixing ¢,
r(fcp) B lj(fcp)

A(t) =

o sin ¢, sin(Am. t)

C(fep)+T(fep) LHCb 1.0fb™ + CDF 9.6fo "+ D@ 8fb~ +ATLAS 4.91b~

B, 2Jly ¢ (¢ 2 K'K)

PRD 87, 112010 (2013)

|
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3
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Q 7'
o
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~
.
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. N ‘
= N L d
' \‘ PR
. . H
n Y -7
A Y
A
h —O
a7 O
/3
V4
’ O

(@)
1
—
o
1
o
(@)
o
(@)
o
(@)
—
o
—

(&2 I I I I

‘ Spring 2014 \

\ 68% CL contours
(Alog £L =1.15)
LHCDb

&
S
LAl

27,600
events

-----

Candidates / (2.5 MeV/c:')

" /ATLAS

-
-
--
--------

5360 5380 5400 5420
m(J/y K'K') [MeV/c?]

= 001 £ 007 (stat) & 0.01 (syst) rad,

= 0.661 + 0.004 (stat) + 0.006 (syst) ps~'.
= 0.106 + 0.011 (stat) + 0.007 (syst) ps~'.

4 Large improvement in precision on ¢,

—->Tight constraints on NP, but O(20%)
NP contributions not ruled out.

5400

mJ/yr'n) [MeV] qbs = 0.075 = 0.067 £+ 0.008 29




CP Violation
N Mixing & Decay
INnterterence



Time-dependent CP asymmetry  ° - fer

in mixing & decay interference: e
(B — —I'(B —
Asymmetry(At) = ( _ fep) — I fep)
F(B — fcp) -+ F(B — fcp)
= Acp cos(Am At) + Scp sin(Am At)
. also denoted —Ccp
. : 21m>\cp _
Mixing & decay interference: Scp = - 5 = —&fep SIN(2001)
1+ ‘)\CP| )
Decay via multiple paths:  Acp = L= [Acp[® 0 4f\< for single
1+ [Acp|? Feynman
— diagram
q AfCP to fep
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Normalised Events /[0.0025 GeV/c?]

Events /[0.8]

Normalised

0 0
Bd %CUKS _--

_ V;b // U’E’f \\ sz _ .
preliminary b : b —= < - Uy
u
BO BO W+ \< <
0
d d - d Ks
> :
| 8 ;
12 penguin-dominated (tree
- is color- and Cabibbo-
1" suppressed)
w 2,‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - Eg) ol T ‘ ,,,,,,,,,,
S O bR 85 ot Ty TRRA G L | , |
. S 5 T "4 7-dimensional unbinned
525 526 5.27 528 5.29 2.3 -015 01 005 O 005 0.1 ]
Ve [GeVIC B extended maximums-
- R T L el '
. S8 14 —wme | lIkelinood fit
70- 1 £ : ’
60; E 1% i . :
p i 4 projections shown here
:
10F = 2\ |
g oo oo Bg e gy arXiv: 1311.6666
3 + T ©3 IS B = == O T ] -
| ST g S submitted to PRD
o= -10 -6 -2 2 6 _1_0 Zox -1 -06 -02 02 0.6 H1 32



0 0
B; — wKg arXiv: 1311.6666
submitted to PRD

preliminary

o)
|O

N
IOIII

W
o

Events / [1.875 ps]
N
IOI T [

—
o
I

TE |
< Z 05 : . :
-75 5 25 0 25 5 75 -1. _51 5 _1 -O 5 O O 5 1 1.5

Acp = —0.36 =0.19 +0.05
= +0.91 = 0.32 == 0.05

n
O
o

|

First evidence (3.10) for CP in this mode.
No sign of New Physics.



counts /50 MeV/c

0 / 0 u,c,t b u
b *x ) L H
Bd % 77 K be sz ; K0 W a n
. - _ —=0
preliminary B’ 9 B Vs
d | S <’
d d ' d d
penguin-dominated (tree is color- and Cabibbo-suppressed)
& n Ks +
g %500 Emoo - tOtaI
i = Bb—udscBG
200 j:: qq BG
823 5214 525 526 527 528 5.55‘ 0.2 015 -0.1 005 0 0.05 0.1 0.15 0.2 0 0.2 0.4 0.6 0.8 1
M, [GeV] AE [GeV] Rep

/ S .| / — total
300 |- K S 400 |- I &>~ K
Jfﬂlr AL > | AL B comb. BG with fake n’
| 5™ comb. BG with fake K {
| ? comb. BG with real n’ and K}

0 0.5 1 1.5 2




BY) —n' K° No sign of New Physics

,ore//m/naur)yoz_ BY s 1 K0 g,
:.120_— : 35;
gmoi g 30F
T sof = 25
60: 202
- 15
O 10F
% 6 4 =2 0 2 4 6 8 0°
1 At |ps]
> 1
£ 051 ~—I~+_J_. A’_ 2 o5
£ 0_—]~ - ! =
e b=, A : 5 0
Gos- T <05
&% 4 =2 0 2z 4 6 8 d 6 4 2 0 2 4 6
Decay mode —&£+Sy Ay
n/Kg +0.71 = 0.07 +0.02 £ 0.05
nK? +0.46 + 0.21 +0.09 £+ 0.14

U/KO +0.68 = 0.07 = 0.03 +0.03 £ 0.05 £ 0.04




right-handed photon in SM

O

0
B, > final state

—0
\ /\,Q/ left-handed photon in SM

B4

For 100% photon polarization, there is no common svy
final state = no time-dependent CP. |n reality, for
BY — Kgn~, SM expectation is Scp ~ 2(ms/ms) sin(2¢1).

New Physics with alternate helicity structure can give
time-dependent CP without affecting I'(b — s7).

Atwood, Soni, Gronau: PRL 79, 185 (1997)
Atwood, Gershon, Hazumi, Soni: PRD 71, 076003 (2005) .,



By — Ksny

preliminary

—90

O
Ngf

o '
o708
560
S50
>

w40

30

10 BELLE

e e R PRSP BRI T
9.2 522 524 526 5.28

M, [GeV]

penguin mode

Evel\n)ts / 100.5 )
L

—h
a0
UL LA

10}

0 5
I\leodiﬁed

3-dimensional extended maximume-likelihood fit
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By — Ksny

preliminary

N
o

events / 2[ps]

—l
o

6)

>. OF
2 0.6F
e 04F
02k
E TOF
o -0.2F
N 0.4F
0.6
= _0.8F |
m - 1 1 1 1 1 1 1 1 1
S o8 6 420 2 4 6 81

At [ps]

0

Acp = —0.48 £0.41 £ 0.07
Scp — —1.32+£0.77 = 0.36

... both consistent with O
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LHCD

Time dependent CPin B - KTK=-L =1fb~

[ J. High Energy Phys. 10 (2013) 183]
Time-dependent CP asymmetry:

ACP“) B F§2_>KK(1‘) - ng—>KK(t) - —Cxkxk cos(Amst) + Skx sin(Amst)

r§2—>KK(t) + Tgo_ ki (1) cosh (AZFS ) — A%, sinh (ATFSI‘)

where Cki = direct GP, Skik = mixing-induced GP and A‘,%;ES =_CF in interference.

Time-dependent analysis, flavour-tagging to identify initial Bg flavour: calibrated using flavour-specific
B° — K7t~ events.

— [ - Eﬁ
o~ C 3 - 'E; 0.3
S 2500] LHCb v 2000, LHCb £, Hep
S (a) S (b) R
P > 1600, S 0l
g - 2 1400 S -
» 3 . o
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= ar _ar Ckxw =0.14 +0.11 £ 0.03
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2= 2k
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LHCD

Time dependent CPin B — - L =11fb"

[ J. High Energy Phys. 10 (2013) 183]
Time-dependent CP asymmetry:

A%P (1) — Moo, () = Tgo_, (1) _ —Crncos(Amgt) + Spnsin(Amgt)
r§0—>7wt(t) + rBO—>7T7T(t) cosh (ATth) — AArd sinh (ATth)

where C,. = direct €P, S, = mixing-induced &P and AAFS =_CF in interference.

Time-dependent analysis, flavour-tagging to identify initial B° flavour: calibrated using flavour-specific
BY — K7t~ events.

- > 0.5¢
73 = B
1400 g %4 LHCDb
S 1200f
g . :
§1ooo-- f
T goof 1
1] C =
© 600 2
400}
200 T S SR T [ R
7 I ; By, SO . Decay time [ps]
Og57""%2 53 54 55 56 57 58 0= 3 6 8 10 12
Invariant x* mass [GeV/c?] Decay time [ps] CT(TC =-0.38 :l: 0.15 :|: 0.02
= 4 =4
=) * = r -
a 2 a2y 87-(7-[ - 071 :|:013:|:002
0 L 0 I . . _IJ1J,
Loty e e e th i e o R o ety o 5.6 o from (0, 0)
4L | | | | | | a4 | | | | |
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Normalised Events/ (0.0025 GeV/c?)

Residuals
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=
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R

554 B35 SR E57T E98 555 B3

M, (GeVic?)

tree-dominated mode
with penguin pollution

Events /(0.0125 GeV)
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Residuals
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/-dimensional unbinned extended maximume- likelihood fit
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Bg st

PRD 88, 092003 (2013)

w11 + B2
L BELLE

250 —

200F # 1 Scp = —0.64 4 0.08 = 0.03
150 A =
- 1 Acp = +0.33+0.06 + 0.03

Events / (1.5 ps)




Y1 S Flm
JT; J-E CP Moriond 2014
PRELIMINARY
BaBar ) *j . -0.68=0.10=0.03
PRD 87 (2013) 052009 g '
Belle | e -0.64 x0.08 + 0.03
PRD 88 (2013) 092003 ; h
LHCb N § . 071013+ 0.02
JHEP 1310 (2013) 183 '
Average * 10.66 = 0.06
HFAG correlated average
-0.9 0.8 0.7 -0.6 0.5 -0.4
+ - Flm
JT; JT; CCP Moriond 2014
PRELIMINARY
BaBar n N -0.25 = 0.08  0.02
PRD 87 (2013) 052009 | = =
Belle .0.33 + 0.06 4 0.03
H—rh—H :
PRD 88 (2013) 092003 ; :
LHCb 1 -0.38 = 0.15 4 0.02
JHEP 1310 (2013) 183 | ' :
Average * 0.3140.05
HFAG correlated average
06 05 -04 03 02  -0.1 0

4+ - m
T T SCP A\ CCP Moriond 2014
CCP PRELIMINARY
| | | | |
i ~—BaBar -
Belle |
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\ i
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/
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/ é
/ 5
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-0.8 E_
| | | I
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Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof
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O O O - = '
Lg— pp ‘\

penguin-dominated mode with 7

color-suppressed tree J . 7 ] - »1

not a pure CP eigenstate; needs angular analysis to extract the
longitudinal component and isospin analysis to extract ¢s

o-dimensional unbinned extended maximume- likelihood fit

00— T~ T T 90F
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a0t
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Events / (0.01)
Events / (0.04)

40

501 ST 20k
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06 0.8 1
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Bg — ,00,00 and Bg S atrT

. extract oo

B — nm 23.8% < @9 < 66.8° _
Is excluded @ 10 C.L.
BY — 7tx— 772M BB pairs used
B+ — ’ﬂ'+ O 772M BB o IR

B = pp by = (84.9 £ 12.9)° Ady = (0.0£9.6)°| Bosk

' 0.8

0.7

0.6;

0.5¢

0.4;

0.3;

_ 0.2t
BY — p'p"  T72M BB pairs used 03 “

B* — p*p’  85M BB 0 30 60 90 120 150 180

B — ptp~ 535M BB 9, (°)

PRD 88, 092003 (2013)
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1C

P\ summary for b — ces

sin(2p) = sin(29,) Y

PRELIMINARY

BaBar :
PRD 79 (2009) :072009

BaBar '
PRD 80 (3 05);112001

BaBar JAp (hddronic) K :

PRD 69 (2004):052001

0.69 + 0.03 = 0.01

., 0.69+0.52 +0.04 =0.07

1.56 = 0.42 + 0.21

Belle : 0.67 = 0.02 = 0.01
PRL 108 (2012) 171802

ALEPH : 0.84 7982 . 0.16
PLB 492, 259 (2000)

OPAL : 3.20 *350 = 0.50,
EPJ C5, 379 (1998)

CDF 0.79 Y04
PRD 61, 072005 (2000)

LHCb ; 0.73 + 0.07 + 0.04
PLB 721 (2013) 24

Belle5S ' 0.57 + 0.58 = 0.06
PRL 108 (2012) 171801

Average : 0.68 = 0.02
HFAG

-2 -1 2 3
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1C

sin(2p") = sin(2¢}" ) EIEXE]

PRELIMINARY
b—ccs World Average W ; ' 0.68 +0.02
[ TBaBar T e ] : 0.66+0.17+0.07

X Belle e 0.90 %55
= Average e 0.74 *513
P BaBar »—Jlr—~057¢oosiooz
< Belle R ' 0.68 +0.07 = 0.03
= Average it : 0.63 + 0.06
I v’ BaBar i [ e bk———6:94 *051 £ 0.06
S Belle il © 0.30+0.32 +0.08
. Average i — e 0722019
o BaBar F— 1T . 0.55 +0.20 + 0.03
x> Belle 4 i 0.67+0.31:0.08
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B BaBar ! @~ [t} ! 065:012+003
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1.6

PV summary for b — sqq penguins

‘Moriond 2014

PRELIMINARY
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1C

PV summary for b — sqq penguins

sin2p") = sin2¢;") vs Cyp = 'ACPW

Cep =-Acp PRELIMINARY
I I I I I I
04 -
0.2 + 3 7
: ,o,:’z%'e'i&os
i LN
[ 1 b—ces SR
O iR T -
5 n' K’
0o | — 1 KK K ]
' 7 Ky
l 0
L p K
O oK
-04 (S) .
el £ K
| K'K K’
| | | |
-0 0.2 0.4 0.6 0.8 1

sin(2p°™ = sin(2¢S™

Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof
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Summary

« Many new CP-asymmetry results emerging from
Belle, LHCDb, ...

e | did not

* No signifi

nave time to talk about D decays here

cant deviations from Standard Model

expectations — no New Physics yet
 Many results are still statistics-limited

« Many LH
data set;

Cb analyses have used only 1/3 of existing
more data will arrive in 2015

* Belle Il will take up where Belle left off — physics
running starts in 2016
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KEK B Factory and Belle: 1999-2010

cc, ui, dd, (0T ete — Y(nS) — BH B .



Integrated luminosity at the B factories

1200

wol—T1 —T1 — | | 1°0d12 ab™
| . ‘ : {On resonance:
0, /1 T(5S): 121 fb!
| | T(4S): 711 fb?
o001 | rY(3S): 3fbt
400 | I Y(2S): 25fb~ 1
| | T(1S): 6fb*
2001 |Off resonance/scan:
0! 155 fb~*

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

# of BB @ T(4S) :

772M (Belle) and 475M (BABAR)
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LHCDb Detector

Vertex
Detector

reconstruct vertices
decay time resolution: 45 s
IP resolution: 20 ym

Dipole Magnet

normal conducting
bending power: 4 Tm
regular polarity switches |

RICH detectors=

K/m/p separation

Highlights from LHCb — CP Violation in the B Sector | Julian Wishahi




@ LHCb detector: Key aspects

Tracking system _
op/p ~ 0.5% Calorimeters

e, vy, nY, ID
hadronic, EM triggers

Muon System

wiD & u(w)
triggers

RICH Systems
p/K/mt separation

2 —-100 GeV

Si detector:
Op ~20 Mm

(0 Large bb xs in forward region (~50,000 b / sec into LHCDb). D
d Precision vertexing, excellent PID — crucial for b,c physics

d High BW trigger (~4kHz to tape ~ 10X CMS, ATLAS)

A Fully hadronic b triggers (in addition to w, uu, etc)

\D LHCDb is a GPD: If it’s in our acceptance, we can trigger on it!




LHCb Data Taking 2011 & 2012

= 25 '
2 2012: 4 + 4 TeV 2012,
T R R Delivered Luminosity 2.21 fb™’ :
@ of | Recorded Luminosity 2.08 fb™
O 2011: 3.5 + 3.5 TeV |
> wn Delivered Luminosity 1.21 fb™
> —  Recorded Luminosity 1.10 fb
o 2010: 3.5 + 3.5 TeV I
>, 1.5 Delivered Luminosity 0.04 fb™' -
— Recorded Luminosity 0.04 fb Py
N 011
®) T
£ =l _
3 0 e
1 S -
@ I
g . _ 2010
£ Apr Jun Aug Oct Dec
Date
Integrated luminosity data taking efficiency >93%
1fb'@ 7 TeV (2011) >99% of detector channels
2 fb™ @ 8 TeV (2012) working
>99% of collected data good for
analysis
Highlights from LHCb — CP Violation in the B Sector | Julian Wishahi 10
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A moving centre of mass is required to measure
the time-dependent CP in B — J/¢y K° cic

CP-sensitive decay

W Iy
ta tcp// 0
|t ’ /

— & _ K
B | h \S)./Vﬂfr
B |
N | | \n‘
| _ — — — >V | 50
| | +\$
| |
|—> K+
lAZIab~200um | H+
0.56 BaBar o
By =< 0.425 Belle Az >~ ¢y AT

~ 25 LHCb

56



Time-dependent CP asymmetry in b — cés IS
typically dominated by one tree diagram/

- b it
B, > J/Y Ks > R <
. - d 7. s

* limited opportunity for New Physics in tree;
more likely (?) to appear in B B mixing

.. butin b — suu, sdd, sss is dominated by
(or has only one) penguin diagram

B, > ¢ Ks b

 New Physics may appear in the loop



ADS method measures ¢s3 via the interference in rare
B~ — [K"n~|p K~ decays

V —
bV DY fCabibbo
_ — avoured
b O W c D decay
u
colour K
suppressed
v U
us K_
%% S doubly
- - Cabibbo
. suppressed
D decay
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ADS rate and asymmetry (relative to the common decay):

Favoured Suppressed =

E% %K iy ﬁ §<>
F(K+ K+ T([K— 7| KT)
(| K~ 7T+ K-)+T'(|Ktn— | KT)

Common W : -
L S 3 =172 4717 4+ 2rprp cos(ds + 6p) COS 3

(
B—— MNKTn | K7)-T([K 7T K™)
N(|K—nt|K-)+T'(|[Ktn=| KT)

=2rgrpsin(ds + 6p)sin g3 / Rpk

0 + - —
where rp, = A(l_) — K7r7) — (0.0613 + 0.0010

0 +
A(D? — K¥m™) and r , was defined earlier
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e Observables for B*—D(—KKn)h* %,

* This is the first ADS-like analysis to use Singly-Cabibbo-Suppressed (SCS) modes.
Label final states as OS or SS comparing K* with B*

* Analysing three-body D final state requires knowledge of how the average
interference amplitude (KKSKR) and strong phase difference (5/<5/<n) vary across the

D Dalitz plot
— This is taken from a CLEO-c measurement, Phys. Rev. D 85 (2012) 092016

* Decay rates for B*—D’K" are:

lf\ ok =2 1+ l'f;/'f) — 21'/;1'/)/\'[\-2[\-:(’()S((S/; + v — (51\-31\-:) e
IS pe =2z 5+ 719 + 2rprpR0ry cos(0p £ 77 + 0ok ) ;: A/\\ ®)
« Measure yield ratios (e.g. Rpy/p, ss) and charge éﬁli | \\\
asymmetries (e.g. Ag p) between the 0Sand SS = | \ig |
samples, and between DK and Dm final states. O5F L hc T [
* Analysis is done across whole Dalitz plane, and NS s

' . 2 (KK) [GeV?¥/ ¢4
a restricted region around the K*lL resonance, where s

the coherence factor ki, is higher (=1.0 vs =0.7). 60



ss

Measure 8 yields, with
B*—D%K* and B*—D'rt*
separated by OS/SS and
charge of B*

Entries / (15 MeV/¢?)

Charge-summed yields
for OS and SS DYK* are 71
and 145 respectively.

Sensitivity to y appears to
be improved by taking K™
region, due to higher

coherence factor.

Good prospects for future
analysis of K™*region with
more statistics.

Results for B*—D%—KKmt)h* 4@&

7’

v T Y v v 14

300 - LHCb ﬁ

+ gt o~ + il 1
B' > [KK'7x], ‘b’j 30 LHCb

Sum, incl. combinatorics |

= 2 -
2(*) e 1Y eessssaen s'gnal - 2()

Partially reconstructed

l()()‘ 1088

Entries / (15 MeV/c?)

IS

vvvvvv T Y

B* - [KK*'7],K* (a) ]

Sum, incl. combinatorics 7

5200

> 4”:,’ . 3 (’:)” ’ fm 0P55200 5400 5600 S80(
MUB LA 1y ) [MeVic] m(K°K*% ], K*) [MeV/c?]
Observable Whole Dalitz plot K*(892)* region
Rss /08 528 £ 0.058 £ 0.025 257 +£0.13 =+ 0.06

0.092 + 0.009 £ 0.004
0.066 £ 0.009 £ 0.002

RDI\'/Drr. SS
Rpk/Dx, 0s

0.084 £+ 0.011 £ 0.003
0.056 £ 0.013 £ 0.002
0.026 £ 0.109 £ 0.029
0.336 £ 0.208 £ 0.026
—0.012 £ 0.028 &= 0.010
—0.054 £ 0.043 £ 0.017

Ass. px 0.040 + 0.091 + 0.018

Aos. DK 0.233 4+ 0.129 + 0.024

Ass. px —0.025 4+ 0.024 + 0.010

Aos. pDx —0.052 £ 0.029 £ 0.017
iﬁ.ss im_;_g
0.3} 0.3
0-35 0.25
(D.l 0.2
O.IS 0.15
O.I 0.1
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