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o CP Violation in Beauty

o CP violation in Charm

o Some Rare decays
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iheltFCbiexperiment

measuements:

TT/IT/OT

Tracking system

Also very good for charm physics!
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Detector thought for doing b-hadron

Very good momentum resolution and particle ID.

Muon
system

ECAL/HCAL

Particle Identification
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LHCDb Integrated Luminosity at 3.5 TeV in 2011
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CP Violation in beauty

ANTIMATTER'S WHEN DID THIS
GONE MISSING... HAPPEN, SIR? I
Enour s } \’%
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QU

VM _ CKM Matrix =

NS S
SV SN

V.
Ver

Vi

where

| — VCKM

d

/ Unitarity Trlongle

VigVed +VisVes+V i pVer =0
VigVid +VisVis+V Vi =0
VegVia+VesVis+VpVin =0
VuaVistVeaVes+ViaVis=0
VuwVip+VedVip+VigVy, =0
[Vusvzb+VmV;b+VtsV;, =0 ]

B Trlongle
Unltarlty Triungle Matrix I

P. F. Harrison. S. Dallison and W. G. Scott Phys Lett B 680 209 328
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M.Gronau,D.London,D.Wyler,PLB253,483(1991);PLB 265,172(1991)

D.Atwood,|.Dunietz,A.Soni,PRL78,3357(1997)
+ 0=+
B — DK I

CP eigenstate D’ — K*K~

Cabibbo favoured D° — K "

Doubly cabibbo suppressed D’ — K*7~

Time dependent analysis
| R. Aleskan, |. Duniefz and B. Kayser, Z. Phys. C 54, 653 (1992) Jll R. Fleischer, Nucl. Phys. B 671, 459 (2003) |
B.—D'K"

B’ — DY g

Dalitz analysis

A. Giri, Yu. Grossman, A Soffer and J. Zupan, Phys. Rev. D 68, 054018 (2003)
A. Bondar, Proceedings of BINP Special Analysis Meeting on Dalitz Analysis

B* — D°K*

D— K an
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2010 data (L = 35.5pb™" )

01/12/2011

BR(B* — DK*)
BR(B* — D)

Ratio of branching fraction
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2010 data (L = 35.5pb™" )
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Ratio of branching ratio

BR(B* — Dr°) B~ GLW KKK

BR(B* — DK*) ‘ &~ K~
Rg,’i =(9.31x1.89+0.53)% PRELIMINARY T'BBMBK_/(
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_T(B =D}k )-T(B' = D/, ,K") _ #2r;sind,siny
(B~ — D.,, K )+T'(B* = D., . K") 1+r; £2r,cos8,cosy
_ 0 = + 0 +
R p, = I =Dk )+1(B DC”*K )=1+r32 + 27, COS O, COSY
(B~ — DK )+I(B* —= D K*)

M.Gronau,D.London,D.Wyler,PLB253,483(1991);PLB 265,172(1991)
LHCbH: RSRIAINEYN

R, =148x0.31+0.12 l
A, =0.07+0.18+0.07

CP+

HFAG averages including LHCb results

DCP K 1{CP+ & DCP KA

EPS 2011

PRELIMINARY CP+ PRELIMINARY
BaBar ' ' '1.18 = 0.09 = 0.05 BaBar ‘ " 0.25+0.06 = 0.02
PRD 82 (2010) 072004 e PRD 82 (2010) 0'72004 B
Belle bl 1.13+0.16 = 0.08 Belle 0.06 = 0.14 = 0.05
PRD 73, 051106 (2008) ' PRD 73, 051106 (2656)
CDF : N ., 18020242012 CDF 5 J o 0392017004
PRD 81, 031105(R) (2010) PRD 81, 031105{9) (2010) |
LHCb E - 41480312012 LHCb » 0.07 +0.18 = 0.07
LHCb-CONF-2011-031: | ' LHCb-CONF-2017-0%1 "
Average DL 1.20 £ 0.08 Average | 0.23 + 0.05
HFAG ‘ HFAG o
0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 .

-0.2 0 0.2 0.4 0.6
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 Data-driven methods for:

Significant signal (40 ) for
suppressed mode in 343/pb!.

[o—

Events / ( 7 MeV/c?)
: (=)

[—y
N

(=)

PID efficiency

Production and detection
asymmetry

B*—D(Km ) t* used as
normalisation mode.

]

B* — (nK), K"

LHCD Preliminary
343 pb-1
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[(B —[K'7 ], K)+T(B' —[K 7], K")
T(B —>[K 7], K)+T(B —[K7],K)
_IB —=[K'x"1,K)-T(B" = [K7"1,K") 2n,r, s1nysin(5B+6D/

T3 —>[K+yr']DK +T(B" —[K 7' ],K") 10

(. B
DK _ N F 1072 ‘ .
Raps =(1.60=01 e HFAG average including LHCb results

A =-039+0.17+0.02
World Average (HFAG): D Kx K A E

2 2
DS = =T, +1;, + 21y, c0SY cos(0g +0p)

ADS =

D.Atwood,|.Dunietz,A.Soni,PRL78,3357(1997)

R2K = (16+0.3)-107 - - Vi
ADS O=x=0. BaBar(2 ) U - : -0.86 +0.47 *515
PRD 82 (5070) 072006 :
Asps ==0.58=0.21 /| Belle  0g0
PRL 106 (2011) 231803 " T . o
CDF . | -0.82+0.44 +0.09
] CP ; PLHC2011 prellmlnarv ) ;
arge asymmetry, LHCb N ! -0.39+0.17 +0.02
a bOUT 50%' EPS 2011 preliminary
Average § -0.46+0.13
—— :
HFAG E
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Other channels which have the similar quark level interference can in
principle be added to the measurement of .

PRELIMINARY

LHCb-CONF-2011-036
2011 data (L =333pb™" )
T T L ! l ! ! '
LHCb 223 A% D°pK signal
Preliminary § =) =%_, p%K’ signal
\s =7 TeV Data £ Al— D°px bkg.
(D Low-mass A; bkg.
Random bkg.
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P AT

R0 XX
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RRXERRH R

2

XX

Poteles!
e

Events / (15 MeV/c?)
[«2]
[=)

(X

e
5800 6000
Mass (MeV/c?) M(D°pK’) (MeV/c?)

- DOt 0 __ o -
BROB =D Ko@) _96:15:08)-10° SR =D k)
BR(B-— D 7w a'xn™) BR(A, = D" px™)

=0.112+0.019701
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Another promising channel for the measurement of y are the decays B°>DK™.

These modes are both color suppressed therefore it can exhibits an enhanced interference.

The yet unobserved CF decay B, > DK’ is a potentially dangerous background .

'y
N

-y
[=)

[=2]

i

It : :
3 I

.‘\ ; ! |
i

I

B!!!!it)ﬁ&- v ’

5.2 5.3 5.4

The LHCDb Coll. arXiv:1110.3676v3

BR(B, — D°K™®) = (4.72 +1.07(star) = 0 48(syst) = 0.37(

Events / ( 0.01 GeV/c?)

5.5 5.6
m(D’K’®) (GeV/c?)

Normalization with B’ — D’ p’

Measured by LHCb, see N. Tuning'’s talk
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Both b—c and b—u diagrams are colour allowed
Time dependent analysis required

The first step is to observe the signal and measure the branching ratio

LHCb-CONF-2011-057

—
SS90 S S < 100
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B B’— D 60— W3- D
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Mass (MeV/c?) Mass (MeV/c?)

PRELIMINARY Data sample split for the two magnet polarities.

B(B; — DIK=) = (1.97 £ 0.18 (stat.) *50 (syst.) To30 (fs/fa)) x 10~
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The direct and mixing CP asymmetftries in By =2 7t * 71~ and B,>K*K
are related to the angle ¥ (need to use U-spin symmetry).

R.Fleischer PLB 459 (1999) 306
R. Fleischer and R. Knegjens EPJ c71 (2011)1532

W - _
u b d,s b
i
W T = g
) s &3 W <
b it
it
s d,s d, s
PA

d,s
u
it

_—— d, s

d, s

d, s

d
T P

Usng U-spin symmetry and neglecting penguin annihilation and
exchange topologies we expect A-p(B > 7K) ~ A , 9"
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o B9%—Kr - the most precise single measurement and first 50 observation at hadron machine!
o First evidence of CP-violation in B%—Kx decay!

<o3000[—
3 f LHCb
32500 - — - - Pn"mnw L
s \s =7 TeV Data
%2000
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:140 -
£ 120F
[
& 100
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55

54

Lo
57 5.8

K'r invariant mass (GeV/c

LHCb::

PRELIMINARY

Agp(B® — Km)=-0.088+0.011=0.008

Ap(B) = Km) =

0.27+x0.08+0.02

HFAG:
Acp(Bo_)Kl'. I) = 0.098"'0.012_0.011
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|

AL — —0.140 £ 0.020

A measurement of the B — K*K™
ifetime can be used to put

consfraints on NP fo the B | -
mixing.
. |(:| lllustration of 7 - measurement with 1% error
-1 i -
2010 data (L =37pb ) 180 135 —90 454)8 [geg] 5 90 1% 180
‘;: 700~ T " T T T 3 - 600 L
= - N Q ] J
E 60 LHCb 3 < 500 LHCb E | .
e r O = 22 +-1 MeV/c? £ o ]
T 50F s —6— AllK*K candidates
=7 N, .k = 300 +-19 ] 2 400 o =
£ 40f Noomp, = 222 +-17 Bl sk ]
@ gof mEK = 5361 +- 2 MeV/c? 300 | | Background E
200 E 200 .
’ 1oE 100
0 PP A 17
5200 5400 5600 5800 0 2 4 6
My (MeV/c?) decay time (ps)

Ty (B” — K'K™)=(1.44+0.10£0.01)ps

Topp (B = K'K)=(1.53+0.18+0.02)ps
7., (B, = K'K™)=(1.39+0.032)ps

0 R. Fleischer and R. Knegjens, Eur. Phys. J. C71:1532, 2011
Trae(BY) = (1.48£0.02)ps
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= Preliminary results overlaid ] Do 8fb!
0'4; — 68%CL [] CDF  52fb
- T 9% ‘ [] LHCb 03fb™
0.2 = ¢ Standard Model
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0 —
g |
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See talk by W. Hulsbergen
and talk by N. Tuning
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Scalar triple products of momentum or
spin vectors are T-odd, a real

asymmetry implies CP asymmetry in

(under CPT).

A. Datta, M. Duraisamy, D. London Phys.Lett.B701:357-362,2011
M. Gronau and J.L. Rosner arxiv:1107.1232

1
CDF measurement (arXiv:1107.4999)
A, =-0.007+0.064(stat)=0.018(syst)
A =-0.120 +0.064(stat) +0.016(syst)

~ 120 B

S LHCb Preliminary

£ 100/ \/s = 7TeV

&l —1—
8o~
60|

I R

0.4 0.2 0 0.2 0.4
U = cos(g)sin(¢)
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LHCb Preliminary
50— \[s=7TeV

Width = 14.0 0.8 MeVic*

8

Nsig(U<0) = 173.9= 135

Events/10 MeV/c*

(b)U<0

i 10 ] r o 1.4 i
5100 5200 5300 5400 5500 5600
Mass(¢9) (MeV/c?)
LHCDb Preliminary
\'s = 7TeV

Width = 14.0+ 0.8 MeVic®

LHCb-CONF-2011-052

LHCb:

A, =-0.064=+0.057(stat)+0.014(syst)
A =-0.070+0.057(stat)=0.014(syst)

PRELIMINARY [

Nsig{U»0) = 153.0 = 127

5100 5200 5300 5400

5500 56
Mass(9) (MeV/c?)




CP Violation In charm

Bl6 Bang
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In the SM .
* Indirect CP violation in charm is expected to be small
(<103) and process independent.

C wo u
— N\ N\

d,s,b VY Nd,s,b
— AN~
U W B

« CP violation in the decay (different amplitude for a
process and its conjugate) is process dependent:

L

g « Negligibly small for Cabibbo favoured processes

/ « At the level of 103 possible for Cabibbo suppressed
decays
(a) Tm: :’%3

New Physics can enhance both direct and indirect!
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The CP violation of the decays D>KK and D->pipi is expected to besmall O(103) in the SM.

New physics can contribute enhancing this asymmetry (depending on the model)

Lifetime of the .
sample CE .Osymme’rry INn the
mlxmg

0 _ - D° —
D(D" = hi)=T(D" = hh) _ a (hh)+< )ag,;,
(D’ — hh)+ (D’ — hh)

TN

Direct CP asymmetry True D° lifetime

ACP =

AA., = A (KK)- A, (m) =[aly (KK ) - als ()] + <t>ag§:;’

Using U-spin symmetry A..(KK) and A, (7tr) are expected of similar size and opposite sign.
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We need to know the flavour of the D°. We use D° coming from D .

_ND" = D' (hiyx")~N(D"~ =D (hh))

A —0
N(D™ —= D°(hh)a*)+ N(D™ — D (hh)x")

raw

= A, (hh)+ A (hh)+ A, () + A, (D)

AAcp between KK and 7 7 is very robust:

« For decays in h*h- (self-conjugate) of D°the term A5(hh)=0
« The production asymmetry cancels out A,(D")=0
« At first order also Ag( ) cancels out

AAcp = Agaw (KK) - Agaw (7T 7T)

"LHCb
Prelimir
580 pb™’

1820 1840 1860 1880 1900 1820 18140 18160 1880 1900
m(K'K*) (MeV/c?) m(x*) (MeV/c?)
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We need to know the flavour of the D°. We use D° coming from D .

4 NO"ADYhkya) - N(D™ _"ﬂhhm A, (hh)+ A, (hh)+ A, () + A, (D)
N(D™ — D (hh)x*)+ N(D'~ — D (hi)x)

AAcp between KK and 7 7 is very robust:

« For decays in h*h- (self-conjugate) of D°the term A5(hh)=0
« The production asymmetry cancels out A,(D")=0
« At first order also Ag( ) cancels out

AAcp = Agaw (KK) - Agaw (7T 7T)

"LHCb
Prelimir
580 pb™’

1820 1840 1860 1880 1820 18140 18160 1880
m(K'K*) (MeVIc"") m(x*) (Mewc’)
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We need to know the flavour of the D°. We use D° coming from D .

_ND" = D' (hiyx")~N(D"~ =D (hh))

A —0
N(D™ —= D°(hh)a*)+ N(D™ — D (hh)x")

raw

= A, (hh)+ A (hh)+ A, () + A, (D)

AAcp between KK and 7 7 is very robust:

« For decays in h*h- (self-conjugate) of D°the term A5(hh)=0
« The production asymmetry cancels out A,(D")=0
« At first order also Ag( ) cancels out

AAcp = Agaw (KK) - Agaw (7T 7T)

"LHCb
Prelimir
580 pb™’

1820 1840 1860 1880 1900 1820 18140 18160 1880 1900
m(K'K*) (MeV/c?) m(x*) (MeV/c?)
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HFAG result which includes the
prelimary result by CDF
2 D Ber
'%0 = BaBAI2008 | A, G5 Prfi:
2 1l Bete 2008 e
'''''''''''''''''' AAcp CDF
* No CPV E=J A, LHCb Prelim.
= [SN A, BaBar
= 7/ /A, Belle
-2 — 2-dim 68% CL
------ 2-dim 95% CL
—|°—1-dim 68% CL | |
' '5 0 'd5 _oo NS B R RS BN, 7 S R R R SR R SR
Age [%] '-6.02 -0.015-0.01-0.005 0 0.005 0.01 0.015 I0(.’02
n
0_ _ aCP
a.p(D am)=(022+£024=0.11)% HFAG world average :
a.p, (D’ — KK)=(-0.24+0.22+0.09)% ind

a =(~0.023+0.232)%

Adg, = (<046 +0.310.12)% -
Aalt = (—0.447 +0.270)%

No evidence of CPV, but world average negative and 1.7 g form zero
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e Divide data into kinematic bins of (pT of D*+, n of D*+, p of
soft pion, left/right hemisphere) -- 54 bins

*split by magnet polarity (field pointing up, pointing down)
*split into two run groups (before & after technical stop)

Fit final states DO — K+ K— and m+ 71— separately => 432
independent fits.

Fit to the dm = m(D’x,)-m(D’)-m(s,) with the
' model described in (LHCb-PUB-2009-031)

D™ and are allowed to have different resolution

>
=]

-
>
(=

LHCb
Preliminary
580 pb™!

Events /(0.15)

100

2
. . o . . X _ 21 1
Consistency for Aa., among individual fits 4 Dof=" /215 ®

Example of Fit:
DO->KK, First bin, first run block, Magnet Up

o 2 3 3 8 10 12 14
d m (MeV/c?)
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eElectron and muon vetoes on the soft pion and on the DO daughters
e Different kinematic binnings

e Stability of result vs time

e Toy MC studies of fit procedure, statistical errors

eTightening of PID cuts on DO daughters

*Tightening of kinematic cuts

 Variation with event track multiplicity

e Use of other signal, background lineshapes in the fit

e Use of alternative offline processing (skimming/stripping)

* Internal consistency between subsamples (splitting left/right, magnet
up/ down, etc)
 All variation within appropriate statistical/systematic uncertainties.

LHCb
Preliminary
580 pb!

The result seems pretty
stable against systematics!

8 10 12 14 16 18 20
run blocks
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=a 0.02
©

Fm _—
statistical
< 0.01 5 EPS 2011 independent)

LHCb band drawn by R

' :
hand, not HFAG approved! E—J A, LHCb Prelim.
A, BaBar

0.01

" A, Belle

0.005
0
-0.005

Band drawn “by
hand” not HFAG

-0.011 T
-0.015 R o
0.08.020.015 -0.01-0.005 0 0.005 0.01 0.015 0.02

e T T T ' T ag',‘,’ PRELIMINARY

LHCb-CONF-2011-061

Statistically compatible with world average (and CDF result)!
World First Evidence of CPV in charm (3.50)!
Statistically dominated, eager to analyse more datal

Contribution from CPV suppressed by A) = (i)~ () =(9.8x0.9)%
T T

therefore the main contribution is from direct CPV
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One place to look for NP contribution is D* >K* K- 7+ .Use of Miranda
method for ‘spotting’ CP asymmetries in the Dalitz plot.

LHCb: 2010 dataset of 38 pb-’
: ataset of 38 pb-

1.5 2
mZ-. (GeV¥/c?)

The LHCb Coll. arXiv:1110.3970v1 : :
(submitted to Phys. Rev. D) Measurement very robust against bias:

1) Blind analysis
2) Run with two magnet polarities
3) Validation with ‘toy’ studies

No evidence of CPV in any binnings!




CRViinicharmimiXing

01/12/2011

An important way to search for anomalous CP violation in charm mixing:

Yep

A =

" T(D"—=K'7)

7(D° = K*K)-1(D° —> K'K") A

(D’ —=K*K")

—1~ycos¢g, —xsing, %)

(—2)ycos¢, —xsing,

0 S 0 tKT 2
7D’ = K'K)+7(D° = K'K") Y or measurement (LHCh-CONF-2011-054)

Ar measurement (LHCb-CONF-2011-046)

Am Al
X:—,y = —

r 2T

- Need to know the flavor of the D we use D* >DOr *.
Need to separate the confribution of charm coming form B

- Preliminary
L=28 pb'1 — prompt

— secondary

5 10
InGA(IP )

Pt PRELIMINARY

. doa LHCh: A, =(=0.59+0.59+0.21)%
et HFAG: (0.12£0.25)%
— seconda

Y 3| |LHCD ., = (0.55+0.63+0.41)%

HFAG: (1.11+x0.22)%

4 5
Proper Time [ps]

Results obtained with a fraction of 2010 data, but LHCb has a large sample!
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Projection from 370 pb’

In presence of SM signal
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Luminosity [fb™]

Evidence of B> ¢ 4 at LHCb is :
possible between winter For more details see the talk by
conference and the end of the Niels Tuning.

running period at 7TeV.
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Theory mmBinned theory |
—o-LHCb

@ I I Theory predictions from C.Bobeth et al., arXiv:1105.0376v2
< - and reference therein
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Time evolution for an untagged sample of B> ® ¢

R(t) o e-fs’{cosh(Ar% )+ A, sinh(Ar% )

F. Muheim, Y. Xie, R. Zwicky, PLB 664:174, 2008

* In the SM photons are emitted almost completely left-handed

polarized
- Apis sensitive to fraction of right-handed photons (even for small @)

(Ap ~ 0in SM)
« Can be enhanced by NP with large Right-Handed currents.
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T T T T T T

N, = 210421
ey = 5361 Mevic?
Oy ™ 1504 13 Mevic?

B
60 LHCb Preliminary
Vs=7TeV [L=340.1pb"

—
Ny = 1599 £ 58
= 5275+ 5 MeVic?
Ky

ey ™ 153 5 MeVic?

400E- LHCb Preliminary
350F- Vs=7Tev [L=340.1 pb”

g
Events/(80)
B

Events/(80)

n
3

30

20

-
..
e
Som
.....
......
.....
.....

10 ..................... * .....

50 = -
250‘)‘ PR ;-5000. — 5500 N solog ok A 5000 — .5500. ’- .soloo.z
M(Kry) (MeVic?) M(K'Ky) (MeVic?)
B(BO—>K*O’)’)
= 1.52 &= 0.14(stat) £ 0.10(syst) £ 0.12( f
B(BY— ¢) (stat) (syst) (fs/ fa)

SM expecfgﬁon 0RO ~. Ali, B. D. Pecjak, and C. Greub, Eur. Phys. J. C55 (2008) 577-595

Future steps: Direct CPV in By 2K* y , Measurement of baryon radiative

decays, Photon Polarization in B> @ y .




What | did not cover in this talk

o Measurement of the BR(Bs—>K*K*)

o Limits to LFV B*>h-* u* l
o Measurement of mass of B resonances

o Measurement of excited B states

o Measurement on XYZ states
o Measurement on B_. decays
o B production measurement
o Electroweak Physics

o ... and many more
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Conclusions

o LHCb is over taking other experiments in several B-physics
measurements

o World largest sample of exclusive B-decays

o Many propaedeutical measurements towards ¥ (with Tree and
Penguin) have been done

o LHCbeauty is also a nice “LHCcharm™:
o We search in several decays for direct CPV
o We also look for mixing induced CPV in DO
o We have the world first evidence of CPV in charmin AA., = A,

P (KK) - A, (T 7T)

o We have many measurements in rare decays that already severely
constraint NP :

o BR(B>u 1)
o AFBIin Bd=>K* u u

o We are also studying radiative decays (e.g.B,>d » )

© MUCH MORE WILL BE COMING SOON, STAY TUNED!
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Unitarity Triangle

Im
N2z n VigVia +VisVis+ViyVin =0
Vudvzb + Vcdvzb +thV;b =0
fo
VudVip ViaVio VsV VgV
! 2| LY *
T VeV, 5 . W VasVig o
p(1-32/2) 1 p (1-02/2+pA?)
Sides: Measurement of the angles:
V,s PB-decay (AZ) > (A,Z+1) +e +v,  cos Vg
V,s K-decay K>l + 0" +v, sin 9¢ B —
KO- + 2% +v, a= B—pp
V.4 v-productionofc's v,+d— ¢ +c cos ¢
Vs D* > Ko+ £+, sin ¢ B— pr
V,, B-decay bosu+l+v, B—J/uwK
Vep _ bosc+l +v, VK,
V,y Amin B%-B° = B—¢K,
B— D(*) D(*)
*)
y = B—D'n

B— DK




Vi Vi Vb
CKM . i )
V=1 =CKM Matrix= V, V_ V, = Standard rapresentation: s, =sin?, c¢; =cos1
Va Vs Vi
. & * * =
(1 0 0 Ci3 0 313918 Ci2 S92 0 dede + stvcs + VUb va 0
0 023 323 0 1 0 —312 012 0l|= V:;d vtd + VTIS Vts + v:b vtb = 0
(0 —Sp3 Cp3)|-5136° 0 ¢y o 0 1 VigVid+VesVis+VpVip =0
( C1 2013 31 2023 S1 3ei5 de Vt*:s + de VZS + vtd V;s = 0
—S12C23 — 0123235139‘;5 C12Co3 — 5125235136 SpaCy3 VuwaViyp+VeadVep +VidVip =0
' 5
| 512523 —C12C23513€"°  —C12S23 — 512C23513€"  S23C13 VusViptVesVigp+VisViy =0

245 i 1 '12 1 A 4 2
-A-A*A°(p+in-3) 1-?—(§+E)l AL

2
\A,13[1—(p+h1)(1—%)] —ARZ-ApMp+in-1) 1-3A220

. 3 2

=A, S§,;8In0,=AAN, s,;=AA",
2% _at 3(p—im)
-5 -% A AA (p—im)

/

Wolfsteln parameterization

panding as a function of the sin of Cabibbo angle:

5;5€088, = AA’p

+0(25)

A A A°
}\.3, 7\.3, xS
A4, A2 A2
A A A°
x3, x3’ 7\,3
A4, A2 A2

7.




Gamma with Trees

A(B"—D°K)=Ae™, A(B —D K)=Ae%™
AD’ — f)= Afeiaf and A(BO — f)= Aj—tei&f f being a generic final state of D-meson.

The 0s are strong phases and y is the week phase, while A are real and positive

AB™ = (), K )= AA ™ + A, Ace

T(B™ = (f),K™) = AZAZ( /2 +1,; + 21, A_ Re(e" ™))
_A

i(‘su'H%f_Y)




GLW method

In the GLW method the D meson is reconstructed when it decays into a CP eigenstate

(e.g. K K), therefore the % =1,0,=0,7 and CP=+1,1 =
f

= T(B" = [fep. 1K) =ALA; (141, =21, co8(5; —7))

We have:
_ (B~ — D.,, K )-T'(B* = D.,,K") _ +27, Sin, siny

“ TB =D K)+T(B*—= D>, K*) 1+r2+2r,cosd,cosy

_T(B"— DK )+T(B" = DG, K")

=147, +2r,cosS, cosy

: 2T (B~ — D°K")




ADS method

In the ADS method it used the interference of
B~ — D’K"™ followed by doubly Cabibbo-suppressed D’ — K*7~

and the suppressed B~ — D K- followed by the Cabibbo-allowed D —>K'n
0 —
-, - |AD® - k"7 )H
A a’

Since 1, ~ 5% and r~10% the interference can be quite large!
_I'(B"—=[K'n"|,K")+I(B" = [K 7" ],K")

I
o
2 2
R, = =71, +7, + 21,7, 08y cOS(0, + DI
—

. I'(B” —=[K" +] K)+I'(B"=[K'n"],K")
_IB =[K'7n 1,k )-I'(B" = [K 7" 1,K") _2r,r,sinysin(d, +5,)
A B " ¥D
- (s (B —[K'n ],K)+I(B* = [K 7*],K*) AADS




Other ways of extracting Y’
GGSiZ:

In this method the DO is reconstructed when it decays in 3bodies
(e.9.KOm 7).
Ae” = f(m?,m’)

Ase” = fm?,m”)

T(B" — [K 7], K¥) o |z m)| 2 | £ Om2m| 4213 o2 m2) || f 2 m2)cos(8, + 6, (m2.m2) 1)

Bs 2DsK (Time dependent CP asymmetry):

The interference between the direct decay and the decay after
mixing allows to access Y. The non-zero A [ allows to include non
tagged events in the analysis.

_‘Pst AF t
s 5 _ —9. 2 2 € . s
§< §< Tg/sg(t) = 2 [A72(1 + [Af1%) 5~ - ((cosh =
’ ’ . < g €Tt ATt
b ¢ 5 5 Tpopof(t) =2- |AF*(1+ [A7%) . (cosh
. B, D: B, K- o 2 2

1+ 60 = 3larg(h7) — arg(\)]




Y with penguin

:4000 W - B’ - k'k BB - K WA, — P Wl svoey
| ety [EEss BY - K'K” [l Av — PK
8 =k @B - K @BA,—px | A,—Kp [ Combinatorial

d,s

u
it
—— d,s

oW o )
u b d.s b
u
w+ 7= 9
L , . w <
u
it
.5 d.s d, s d,s
PA

b
d,s

d. «
T P
W . ; I
b d, 5 u
u ds
7 52 E
/ ﬁ W < N . . 53 54 55 56 ":(76‘ i cg).e
Toe T e Adir = 2d sin(9)sin(y)
1 + 2d' cos(¥') cos(y) + d™
| Decay mode | Contributing diagrams | dir 2d sin(¥) sin(7y)
g::;i;: T, P%P,‘,“’P’Zgw’ E 77 1 — 2dcos(d) cos(7y) + d?
2~ " EW
BY > K- T, P, PG . . .
B KK | T,P,PA Poy, B miz _ _sin(@a + 2) — 2d cos(¥) sin(¢a + ) + d”sin(¢a)
B S K K- PAE 1 — 2d cos(¥) cos(y) + d?
BY -t PAE

_sin(¢s + 27) + 2d' cos(¢) sin(@, + ) + d”? sin(¢,)

mix

e 1 + 2d' cos(¥') cos(y) + d”




BR measurements :

0 + - + -
B — KK LHCb: 2011 data, L=320pb' B, — '
~ 30 \ ~ 8op /
> f LHCb > 700 LHCb
S B0 Preliminary s Preliminary
s F \s =7 TeV Data o 60 \s =7 TeV Data
< 20 - F
g2 7 g SoE
& 15— 4 T it 402—
e 3o§—
- T -
”!40 ‘ ‘ ’ 205_
4‘ 102—

U'I°
o
—t
o
(V)
o
w

' %5 51 52 53 54 55 56 57 58

4 55 7 5. 54 55 56 57 58
K*K' invariant mass (GeV/c)

71 invariant mass (GeV/c?)

R(BO — K*K™7)=(0.137 0e (stat) £ 0.07(syst))-10™°
BR(B, — ") =(0.98%7; (stat) = 0.11(syst))-10™°

\

T
- Using new LHCD reasult (LHCb-CONF-201 1-34)} N

\ Vil




Usng U-spin symmetry and neglecting
penguin annihilation and exchange topologies we
expect:
dir + -
Cop =—An T TU CCP ﬁ
PRELIMINARY
o - _ . . . . . . ! |
Acp(B; — T K7) ~ Aﬁ’,ﬁf,,_ BaBar ! -0.25 0.08 = 0.02 NS
arXiv:0807.4226
Belle -0.55 + 0.08 = 0.05 ‘
[ > H
’ PRL 98 (2007) 211801
Average i -0.38 + 0.06
HFAG correlated averagé

-d.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1

A (B —> Km)= A, — A, =-0.0880.011(star)=0.008(syst)
World Average: -0.098"00,3
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2010 data (L = 35.5pb™" )
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”§ LHCb Preliminary g 150 LHCb Preliminary
230 =
Tz’ EIO-
Lgzo g2 | -
5
10 J-|>
gty o T AT T
0 e =0 S ST TRy 20B) (MeVic)
5200 S408) Mev/c)
PRELIMINARY
, : . BR(B®*— DK~
Ratio of branching fraction ( - +)
BR(B™ — Dn™)

RET =(12.075) 1.0)%







