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LHCb	
  detector	
  
	
  
Phenomenology	
  and	
  New	
  Physics	
  
	
  
Bs-­‐>φφ	
  analysis	
  ingredients	
  
	
  
Results	
  
LHCb-­‐PAPER-­‐2013-­‐007,	
  arXiv:1303.7125	
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•  LHCb	
  is	
  a	
  forward	
  arm	
  spectrometer	
  	
  (pseudo-­‐rapidity	
  range:	
  2	
  <	
  η	
  <	
  5),	
  
•  Accurate	
  decay	
  )me	
  resolu)on	
  through	
  vertex	
  locator	
  (VELO),	
  
•  Accurate	
  par)cle	
  ID	
  provided	
  by	
  RICH	
  detectors.	
  

LHCb	
  Detector	
  

VELO	
  
primary	
  and	
  

secondary	
  ver)ces	
  	
  

RICH	
  
par)cle	
  ID	
  	
  

Tracking	
  
sta)ons	
  

momentum	
  resolu)on	
  	
  

Muon	
  chambers	
  
trigger,	
  μ-­‐ID	
  

E/HCAL	
  
trigger,	
  p,e,γ-­‐π0-­‐ID	
  



Mixing	
  
	
  
There	
  could	
  be	
  new	
  physics	
  	
  
contribu)ons,	
  that	
  would	
  	
  
manifest	
  as	
  new	
  contribu)ons	
  	
  
in	
  Bs	
  mixing	
  diagrams	
  	
  
(arXiv:1008.1593)	
  
Large	
  effects	
  are	
  ruled	
  out	
  through	
  exis)ng	
  measurements	
  of	
  Bs-­‐>J/ψφ	
  
	
  
Decay	
  
	
  
New	
  contribu)ons	
  could	
  also	
  appear	
  in	
  penguin	
  diagrams	
  (hep-­‐ph/0007328,	
  
arXiv:1212.6486v1).	
  
	
  
Loop	
  suppressed	
  è	
  need	
  large	
  
datasets	
  to	
  measure	
  
	
  
Now	
  becoming	
  accessible.	
  

Why	
  Bs	
  Physics?	
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Figure 1: Feynman diagrams contributing to the decay B0
s → J/ψh+h− (where h = π, K)

within the SM. Left: tree diagrams; right: penguin diagrams.
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Figure 2: Feynman diagrams responsible for B0
s–B

0
s mixing, within the SM.

diagrams responsible for B0
s → J/ψφ decays are indicated in Fig. 1. The effects induced41

by the sub-leading penguin contributions are discussed, for example, in Ref. [14]. The42

B0
s–B

0
s mixing box diagrams are shown in Fig. 2.43

The B0
s → J/ψφ mode proceeds via two intermediate spin-1 particles (i.e., with the44

K+K− pair in a P-wave). The final state is a superposition of CP -even and CP -odd states45

depending upon the relative orbital angular momentum between the J/ψ and the φ. The46

same final state can also be produced with K+K− pairs with zero relative orbital angular47

momentum (S-wave) [15]. This S-wave final state is CP -odd. In order to measure φs it48

is necessary to disentangle the CP -even and CP -odd components. This is achieved by49

analysing the distribution of the reconstructed decay angles in the helicity basis.50

The helicity angles are denoted by Ω = (cos θK , cos θµ,ϕh) and their definition is shown51

in Fig. 3. The polar angle θK is the angle between the K+ and the axis in the direction52

opposite to the B0
s in the K+K− centre-of-mass system. Similarly, θµ is defined in the53

µ+µ− centre-of-mass system with the direction of the µ+. The relative orientation of the54

K+K− and µ+µ− systems is given by ϕh, the azimuthal angle between the two decay55

planes. This angle is defined by a rotation from the K− side of the K+K− plane to the56

2



Bs-­‐>φφ	
  is	
  an	
  example	
  of	
  a	
  flavour	
  changing	
  neutral	
  current	
  interac)on	
  (FCNC)	
  
b-­‐>sss	
  =>	
  can	
  only	
  occur	
  through	
  penguin	
  diagrams	
  and	
  higher	
  orders.	
  
	
  
Measure ϕs,	
  defined	
  as	
  the	
  CP	
  viola)on	
  interference	
  between	
  mixing	
  and	
  
decay:	
  
	
  
	
  
I.e.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ϕs	
  =	
  ϕM	
  –	
  2ϕD 
	
  
	
  
	
  
⇒ Bs-­‐>φφ	
  is	
  sensi)ve	
  to	
  new	
  physics	
  in	
  mixing	
  and	
  decay	
  as	
  both	
  Bs	
  and	
  Bs	
  can	
  

decay	
  to	
  φφ.	
  
	
  
	
  
In	
  Bs-­‐>φφ,	
  resul)ng	
  from	
  a	
  b-­‐>sss	
  transi)on,	
  the	
  SM	
  predic)on	
  is	
  0.00±0.02	
  rad	
  	
  

Why	
  Bs-­‐>φφ?	
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Bs-­‐>φφ	
  is	
  a	
  P-­‐>VV	
  decay	
  =>	
  Final	
  state	
  a	
  mixture	
  of	
  CP-­‐even	
  and	
  CP-­‐odd	
  
eigenstates	
  è	
  need	
  angular	
  analysis	
  to	
  disentangle	
  them.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Analysis	
  Details	
  

To	
  obtain	
  greatest	
  sensi)vity	
  to	
  CP	
  viola)on,	
  need	
  to	
  be	
  able	
  to	
  resolve	
  Bs	
  
oscilla)ons	
  =>	
  requires	
  observa)on	
  of	
  the	
  Bs	
  decay	
  )me.	
  
	
  
Therefore	
  analysis	
  requires	
  good	
  understanding	
  of	
  efficiencies	
  as	
  a	
  func)on	
  of	
  
decay	
  )me	
  and	
  angular	
  observables:	
  
•  Selec)ons	
  such	
  as	
  impact	
  parameter	
  give	
  lower	
  efficiency	
  at	
  short	
  decay	
  

)mes.	
  
•  Shape	
  of	
  LHCb	
  detector	
  means	
  high	
  values	
  of	
  |cosθi|	
  are	
  less	
  efficient.	
  

	
  
These	
  are	
  taken	
  from	
  simula)on.	
  



•  PDF	
  has	
  15	
  terms	
  (6	
  P-­‐wave	
  and	
  9	
  S-­‐wave).	
  
•  F(t,cosθ1,cosθ2,Φ)	
  =Σi	
  Ki(t)fi(cosθ1,cosθ2,Φ)	
  ,	
  where:	
  

The di↵erential decay rate may be found through the square of the total amplitude leading to
the fifteen terms

d�

dtd cos ✓1d cos ✓2d�
/ 4|A(✓1, ✓2, �)|2 =

15X

i=1

Ki(t)fi(✓1, ✓2, �), (A.23)

where the Ki(t) & fi(✓1, ✓2, �)1 shown in Table A.1.

i Ki fi

1 |A0(t)|2 4 cos2 ✓1 cos2 ✓2

2 |Ak(t)|2 sin2
✓1 sin2

✓2(1 + cos 2�)
3 |A?(t)|2 sin2

✓1 sin2
✓2(1 � cos 2�)

4 Im(A⇤
k(t)A?(t)) �2 sin2

✓1 sin2
✓2 sin 2�

5 Re(A⇤
k(t)A0(t))

p
2 sin 2✓1 sin 2✓2 cos �

6 Im(A⇤
0(t)A?(t)) �

p
2 sin 2✓1 sin 2✓2 sin �

7 |ASS(t)|2 4
9

8 |AS(t)|2 4
3 (cos ✓1 + cos ✓2)2

9 Re(A⇤
S(t)ASS(t)) 8

3
p
3
(cos ✓1 + cos ✓2)

10 Re(A0(t)A⇤
SS(t)) 8

3 cos ✓1 cos ✓2

11 Re(Ak(t)A
⇤
SS(t)) 4

p
2

3 sin ✓1 sin ✓2 cos �

12 Im(A?(t)A⇤
SS(t)) � 4

p
2

3 sin ✓1 sin ✓2 sin �
13 Re(A0(t)A⇤

S(t)) 8p
3

cos ✓1 cos ✓2(cos ✓1 + cos ✓2)

14 Re(Ak(t)A
⇤
S(t)) 4

p
2p
3

sin ✓1 sin ✓2(cos ✓1 + cos ✓2) cos�

15 Im(A?(t)A⇤
S(t)) � 4

p
2p
3

sin ✓1 sin ✓2(cos ✓1 + cos ✓2) sin �

Table A.1: Terms found in the total di↵erential decay rate

77

A.2 Time Evolution78

The A0(t), Ak(t) and A?(t) terms encode all of the physics of B

0
s mixing. The time evolution

of B

0
s mesons is described by

|B0
s (t)i = g+(t)|B0

s (0)i +
q

p

g�(t)|B0
s(0)i, (A.24)

|B0
s(t)i =

p

q

g�(t)|B0
s (0)i + g+(t)|B0

s(0)i, (A.25)

where

g+(t) =
1

2

⇣
e

�(iML+�L/2)t + e

�(iMH+�H/2)t
⌘

, (A.26)

g�(t) =
1

2

⇣
e

�(iML+�L/2)t � e

�(iMH+�H/2)t
⌘

. (A.27)

Therefore, the time dependence of each polarization amplitude is given by

Ah(t) ⌘ hf |B0
s (t)ih = [g+(t)Ah + ⌘h

q

p

g�(t)Ah], (A.28)

Ah(t) ⌘ hf |B0
s (t)ih = [

p

q

g+(t)Ah + ⌘h
q

p

g+(t)Ah], (A.29)

1
The factor of 4 in eqaution A.23 is included as a matter of convenience and is absorbed by the fi terms.

This makes no di↵erence to fitting as the fi terms are normalised to 1 on integration over the helicity angles.

19

P-­‐wave	
  (φφ)	
  

CP-­‐even	
  S-­‐wave	
  (f0f0)	
  

CP-­‐odd	
  S-­‐wave	
  (φf0)	
  
f0f0–	
  φf0	
  interference	
  
	
  
φφ-­‐f0f0	
  interference	
  
	
  
	
  
φφ-­‐φf0	
  interference	
  

7	
  

Analysis	
  Details	
  

With	
  this,	
  can	
  fit	
  for:	
  
Polarisa)on	
  frac)ons	
  Ai,	
  CP-­‐conserving	
  strong	
  phases,	
  δi,	
  and	
  CP-­‐viola)ng	
  
phase,	
  φs	
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Bs	
  decay	
  rates	
  (	
  Γs=[ΓH+ΓL]/2	
  &	
  ΔΓs=ΓL-­‐ΓH	
  ):	
  Gaussian	
  constraints	
  to	
  the	
  values	
  
measured	
  in	
  the	
  Bs-­‐>J/ψφ	
  decay	
  (LHCb-­‐PAPER-­‐2013-­‐002).	
  
	
  
Time	
  resolu)on:	
  Convolve	
  our	
  PDF	
  with	
  Gaussian	
  func)on	
  of	
  width	
  40fs,	
  where	
  the	
  
width	
  is	
  found	
  from	
  simula)on.	
  
	
  
Bs	
  oscilla)on	
  frequency:	
  Gaussian	
  constraint	
  to	
  LHCb	
  value	
  (LHCb-­‐CONF-­‐2011-­‐050)	
  
	
  
Flavour-­‐tagging:	
  Opposite	
  side	
  and	
  same-­‐side	
  algorithms	
  used	
  (explained	
  soon).	
  	
  

Analysis	
  Ingredients	
  

Example	
  )me	
  dependent	
  term:	
  

Flavour-­‐tagging	
  
Bs	
  oscilla)on	
  
frequency	
  

Bs	
  decay	
  rates	
  

The interference term =(Ak(t)⇤A?(t)) is found through equation A.36 to be530

=(Ak(t)⇤A?(t)) = |Ak||A?|{(1 � 2!)e��st[sin �1 cos(�mst) � cos �1 sin(�mst) cos �s]

�1

2
cos �1(e

��Ht � e��Lt) sin �s} (A.43)

where �1 = �? � �k. The form of <(Ak(t)⇤A0(t)) is the same as that of equation A.2, with only531

the prefactor changing, i.e.532

<(Ak(t)⇤A0(t)) =
1

2
|Ak||A0| cos(�2 � �1)[(1 + cos �s)e

��Lt + (1 � cos �s)e
��Ht

±2e��st sin(�mst) sin �s], (A.44)

where �2 = �? � �0. The interference term =(A0(t)⇤A?(t)) is of the same form as that of533

equation A.43, with prefactor and strong phase changes, i.e.534

=(A0(t)
⇤A?(t)) = |A0||A?|{±e��st[sin �2 cos(�mst) � cos �2 sin(�mst) cos �s]

�1

2
cos �2(e

��Ht � e��Lt) sin �s}. (A.45)

The CP -odd S-wave polarization |AS(t)|2 term is evaluated as535

|AS(t)|2 =
|AS |2

2
[(1 � cos �s)e

��Lt + (1 + cos �s)e
��Ht

⌥2e��st sin(�mst) sin �s], (A.46)

and the CP -even S-wave polarization |ASS(t)|2 term is evaluated as536

|ASS(t)|2 =
|ASS |2

2
[(1 + cos �s)e

��Lt + (1 � cos �s)e
��Ht

±2e��st sin(�mst) sin �s]. (A.47)

The interference between the two types of S-wave term yields a time-dependent term537

<(AS(t)⇤ASS(t)) = |AS ||ASS |{±e��st[cos(�SS � �S) cos(�mst) + sin(�SS � �S) sin(�mst) cos �s]

+
1

2
sin(�SS � �S)(e��Ht � e��Lt) sin �s}.

(A.48)

The interference between the CP -even S-wave and the P-wave takes the same form as K5(t)538

with only modifications of the prefactor required, i.e.539

<(A0(t)ASS(t)⇤) =
1

2
|A0||ASS | cos(�SS)[(1 + cos �s)e

��Lt + (1 � cos �s)e
��Ht

± 2e��st sin(�mst) sin �s], (A.49)

<(Ak(t)ASS(t)⇤) =
1

2
|Ak||ASS | cos(�2 � �1 � �SS)[(1 + cos �s)e

��Lt + (1 � cos �s)e
��Ht

± 2e��st sin(�mst) sin �s]. (A.50)

The interference between the CP -even S-wave and the CP -odd P-wave yields a term of the same540

form as equation A.43, i.e.541

=(A?(t)ASS(t)⇤) = |A?||ASS |{±e��st[sin(�2 � �SS) cos(�mst) � cos(�2 � �SS) sin(�mst) cos �s]

�1

2
cos(�2 � �SS)(e��Ht � e��Lt) sin �s}.

(A.51)

The interference between the CP -odd S-wave and the CP -even P-wave terms is of the same542

36
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Analysis	
  Ingredients:	
  Flavour-­‐tagging	
  

proton proton 

Same side 

Opposite side 

K+ 

K- 

Signal Bs 

Primary vertex 

Opposite kaon 
tagger 

Opposite B 

Negative lepton 
taggers (e-,µ-) from 
b-quark 

Positive leptons 
from b-c-l cascade 

Vertex-charge 
tagger from 
inclusive vertex 

Event-­‐by-­‐event	
  incorrect	
  tag	
  probability	
  calibrated	
  mainly	
  from	
  B+-­‐>J/ψK+	
  (OS)	
  
and	
  Bs-­‐>Dsπ	
  (SSK)	
  =>	
  calibra)on	
  parameters	
  constrained	
  in	
  fi}ng.	
  
	
  
Total	
  tagging	
  power	
  =	
  ε(1-­‐2ω)2	
  =	
  (3.20±0.48)%	
  	
  

K- 

K- 

K+ 



Results:	
  Dataset	
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880	
  events	
  observed	
  in	
  K+K-­‐K+K-­‐	
  final	
  state	
  using	
  1.0	
  �-­‐1	
  LHCb	
  data.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Events	
  triggered	
  mainly	
  by	
  looking	
  for	
  good	
  quality	
  tracks	
  consistent	
  with	
  φ	
  mass	
  
and	
  exploi)ng	
  general	
  kinema)cs	
  of	
  B	
  decays.	
  
Mul)variate	
  offline	
  selec)ons	
  use	
  kinema)c	
  variables	
  and	
  track	
  quality	
  to	
  separate	
  
signal	
  from	
  background.	
  
	
  
Low	
  contamina)on	
  from	
  reflec)ons	
  from	
  B0-­‐>φK*	
  due	
  to	
  small	
  width	
  of	
  the	
  φ	
  
resonance.	
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Projec)ons	
  
background	
  
subtracted	
  
and	
  include	
  
acceptances	
  

Results:	
  Projec)ons	
  on	
  to	
  Observables	
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S-­‐wave	
  

Time	
  biasing	
  
selec)ons	
  
cause	
  low	
  
efficiency	
  at	
  
short	
  life)mes	
  

•  Shown	
  below	
  are	
  data	
  and	
  corresponding	
  fit	
  projected	
  on	
  to	
  each	
  of	
  
the	
  phase	
  space	
  observables.	
  

•  Can	
  separate	
  fit	
  by	
  CP	
  eigenstate.	
  



6	
  April	
  2013	
   CP	
  viola)on	
  in	
  Bs-­‐>phi	
  phi	
  -­‐	
  Sean	
  Benson	
   12	
  

Results:	
  S-­‐wave	
  Crosscheck	
  
Although	
  measured	
  in	
  angular	
  and	
  )me	
  dependent	
  fit,	
  also	
  possible	
  to	
  
measure	
  S-­‐wave	
  using	
  mKK	
  lineshapes	
  (rela)vis)c	
  Breit-­‐Wigner	
  shape	
  
for	
  P-­‐wave,	
  Fla�é	
  for	
  S-­‐wave).	
  
=>	
  Do	
  a	
  2D	
  fit	
  to	
  mKK	
  vs.	
  mKK	
  as	
  a	
  sanity	
  check	
  (ignores	
  interferences)	
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Figure 19: Fitted shapes of the P-wave (red), �f
0

S-wave (green) and f

0

f

0

S-wave (blue).
Note the scale of the z-axis is arbitrary.

which is smaller than the previously assigned systematic uncertainty.413

11 Fit Bias414

Biases are accounted for in the systematic uncertainties through the use of simplified415

simulation studies. For these studies, datasets of the same size as the signal, with the same416

tagging e�ciencies as the data are used (for the case of tagged events, an average mistag417

rate of 0.374 is used). The same physics parameters as the nominal sFit result are used418

to generate the simulated datasets. In total, one thousand simulations are performed.419

The results of the Gaussian fits to the pull distributions are found in Figure 25. The420

systematic uncertainty due to fit bias is taken from the mean of the Gaussian fit. The421

uncertainty is given in Table 19.422

30

φφ	
   φf0	
  

f0f0	
  

=>	
  Find	
  total	
  S-­‐wave	
  
frac)on	
  of	
  

(2.12±1.17)%	
  



The	
  dominant	
  systema)c	
  uncertain)es	
  arise	
  from	
  )me	
  acceptance	
  and	
  S-­‐
wave	
  
	
  
Sta)s)cal	
  likelihood	
  for ϕs shows	
  non-­‐parabolic	
  behaviour	
  è	
  only	
  
a	
  68%	
  C.L.	
  is	
  quoted.	
  
	
  
Small	
  dataset	
  è	
  Feldman	
  Cousins	
  	
  
analysis	
  is	
  used	
  to	
  provide	
  a	
  coverage	
  
corrected	
  68%	
  C.L.	
  including	
  systema)c	
  	
  
uncertain)es	
  of	
  
	
  ϕs 	
  in	
  the	
  interval	
  [-­‐2.46,-­‐0.76]	
  rad	
  
The	
  p-­‐value	
  of	
  the	
  Standard	
  Model	
  	
  
hypothesis	
  is	
  16%.	
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Results:	
  ϕs 

same side kaon (SSK) flavour tagging methods are used [20,21]. In OS tagging the b̄-quark127

hadron produced in association with the signal b-quark is exploited through the charge of a128

muon or electron produced in semileptonic decays, the charge of a kaon from a subsequent129

charmed hadron decay, and the momentum-weighted charge of all tracks in an inclusively130

reconstructed decay vertex. The SSK tagging makes use of kaons formed from the s quark131

produced in association with the B0
s

meson. The kaon charge identifies the flavour of the132

signal B0
s

meson.133

The measured mistag !, is related to the predicted mistag ⌘ through ! = p0 ±�p0/2+134

p1 · (⌘�h⌘i), where p0, p1 and �p0/2 are the calibration parameters determined by control135

samples [3]. The parameter �p0/2 depends on the initial flavour and the ± sign is used for136

a B0
s

or B0
s

meson. For OS and SSK tagging we find p0 = 0.392±0.008, p1 = 1.000±0.023,137

h⌘i = 0.392 and �p0 = 0.011± 0.0034 p0 = 0.350± 0.017, p1 = 1.00± 0.16, h⌘i = 0.350138

and �p0 = 0.019± 0.005, respectively [21]. For events tagged by OS and SSK, the tagging139

decisions are combined. In the fit ! is constrained by the calibration parameters for each140

candidate. The total tagging power is expected to be "
tag

D2 = (3.83± 0.25) %, where "
tag

141

is the tagging e�ciency and D = (1� 2!) is the dilution. Untagged events are included in142

the fit as these increase the sensitivity to �
s

.143

The total S-wave fraction is determined to be 1.6+2.4
�1.2% where the double S-wave144

contribution A
SS

is set to zero, since the fit shows little sensitivity to A
SS

. Using a145

sideband subtracted fit to the two-dimensional mass, m
KK

, for both kaon pairs yields a146

consistent S-wave fraction of (2.1± 1.2)%.147

The results of the fit for the main observables are shown in Table 1. Figure 2 shows148

the distributions for the decay time and angles with the projections for the best fit PDF149

overlaid. The likelihood profile for the CP -violating weak phase �
s

, shown in Fig. 3, is not150

parabolic. To obtain a confidence level a correction is applied due to a small under-coverage151

of the likelihood profile using the method described in Ref. [22]. Including systematic152

uncertainties, discussed below, an interval of [�2.46,�0.76] rad at a 68% confidence level153

is obtained for �
s

.154

Table 1: Fit results with statistical and systematic uncertainties. Amplitudes are defined
at t = 0.

Parameter Value �stat. �syst.

�
s

68 % C.L: [rad] (�2.37,�0.92) 0.22
|A0|2 0.329 0.033 0.017
|A?|2 0.358 0.046 0.018
|AS|2 0.016 +0.024

�0.012 0.009
�1 [rad] 2.19 0.44 0.12
�2 [rad] �1.47 0.48 0.10
�S [rad] 0.65 +0.89

�1.65 0.33

The uncertainties related to the calibration of the tagging and the assumed values155

of �
s

, ��
s

and �m
s

are absorbed in the statistical uncertainty, described above. Other156

systematic uncertainties are determined as follows, added in quadrature and given in157

5
systematic uncertainty on �

s

is 0.22, significantly smaller than the statistical error.176
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Figure 3: Scan of the �
s

profile likelihood.

In summary we present the first study of CP violation in the decay time distribution177

of hadronic B0
s

! �� decays. The CP -violating phase, �
s

, is restricted to the interval of178

[�2.46,�0.76] rad at 68% C.L. The p-value of the Standard Model hypothesis is 16%.179

The precision of this �
s

measurement is expected to improve with larger LHCb data sets.180

Acknowledgements181

We express our gratitude to our colleagues in the CERN accelerator departments for182

the excellent performance of the LHC. We thank the technical and administrative sta↵183

at the LHCb institutes. We acknowledge support from CERN and from the national184

agencies: CAPES, CNPq, FAPERJ and FINEP (Brazil); NSFC (China); CNRS/IN2P3185

and Region Auvergne (France); BMBF, DFG, HGF and MPG (Germany); SFI (Ireland);186

INFN (Italy); FOM and NWO (The Netherlands); SCSR (Poland); ANCS/IFA (Romania);187

MinES, Rosatom, RFBR and NRC “Kurchatov Institute” (Russia); MinECo, XuntaGal188

and GENCAT (Spain); SNSF and SER (Switzerland); NAS Ukraine (Ukraine); STFC189

(United Kingdom); NSF (USA). We also acknowledge the support received from the ERC190

under FP7. The Tier1 computing centres are supported by IN2P3 (France), KIT and191

BMBF (Germany), INFN (Italy), NWO and SURF (The Netherlands), PIC (Spain),192

GridPP (United Kingdom). We are thankful for the computing resources put at our193

disposal by Yandex LLC (Russia), as well as to the communities behind the multiple open194

source software packages that we depend on.195

7



•  A	
  first	
  )me-­‐dependent	
  tagged	
  analysis	
  of	
  CP	
  viola)on	
  in	
  the	
  
interference	
  between	
  mixing	
  and	
  decay	
  for	
  the	
  Bs-­‐>φφ	
  decay	
  yields	
  a	
  
68%	
  C.L	
  of:	
  

	
  
	
  [-­‐2.46,-­‐0.76]	
  rad	
  

	
  
•  The	
  p-­‐value	
  of	
  the	
  Standard	
  Model	
  hypothesis	
  is	
  16%.	
  	
  

	
  
•  S)ll	
  2�-­‐1	
  of	
  2012	
  LHCb	
  data	
  yet	
  to	
  analyse	
  =>	
  eager	
  to	
  see	
  what	
  
awaits	
  with	
  the	
  full	
  combined	
  2011+2012dataset.	
  

Summary	
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