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• B(s)
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1977
 

: b
 

quark discovery

BaBar

9.5‐10.5 GeV

 

: The series of 

 

ϒ
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Why
 

B physics
 

? 
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B hadrons :
• Many decays  ↔

 

many observables
• Mixing phenomenon and CPV
•

 

Many observables for which the SM don’t hide NP (ex: no CPV processes, 

 suppression mechanism like loops, GIM‐suppressed FCNC, etc..)
• Many different couplings to NP can be measured.
• Loop/boxes : NP part. can contribute even if too heavy for a direct observation.
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Effective theory : a game with scale and couplings  

2
eff

bqδ
Λ

Flavour

 

structure of the theory 

Scale of the NP (=mass of the new particles) 

NP ? A lot of choices .. !
•

 

Various realizations of SUSY : (MFV‐)MSSM, generic + mass insertion, 

 mSugra, GUT, w/ or w/o R‐parity, etc…
•Little Higgs Model
•4‐th generation 
• …
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The
 

LHCb
 

detector

pp

~1 cm

B

θb

b

b

does not occur

b

b
Single arm spectrometer

Acceptance : ~ 10 to 300 mrad

15% of σbb

 

with both b in LHCb

 

acceptance 
⇒

 

need for an efficient trigger
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• Very precise vertexing
• vertex detector : 8mm from beam
•Vertex detector is retracted during injection

• p/K/π

 

identification  
• 2 RICH detectors : separation up to 100 GeV

• Excellent momentum resolution 

• dedicated heavy flavour

 

trigger
• L0 : hardware trigger : high pT

 

hadrons and leptons : 1MHz
• HLT flexible software trigger (full tracking and vertexing) : 3 kHz



99

2011 : integrated
 

luminosity

• Rapid increase of the luminosity
• Data taking efficiency > 90%
• Offline data quality rejects < 1%
•

 

Sub-detectors all with > 98% 
active channels

Summer results

•LHCb

 

reconstruction/trigger efficiency 
sensitive to pileup (design : 2 1032

 

cm-2

 

s-1)

•Continuous (automatic) adjustment of 
offset of colliding beams allows luminosity to 
be leveled
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• Short introduction

• B(s)

 

→ μμ

• B → K*μμ

• Search

 
for physics

 
beyond

 
SM in Bs

 

mixing

 
or CP 

• B‐> K*γ
 

and

 
Bs

 

‐>Phi γ

• Hadronic

 
decays 

‐

 

Measurement of the UT angle  γ

 

/φ3

‐

 

Charmless

 

decays
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Bs μμ

SM : very rare (GIM and helicity

 suppression) 

SM NP

• Search for a very rare signal at hadron

 

colliders (Tevatron

 

and LHC)
• Sophisticated analyses 
• Look for signal in bins of NN and invariant mass
• A lot of efforts put on using as much as possible data instead of MC
• Blind analyses   
• Search for Bd

 

and Bs

 

(Bd

 

even smaller in SM) : would help to disentangle NP models 

 (both BR changed differently in leptoquarks

 

models …)
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Analysis strategy : 

• Soft selection 

• Discrimination between signal and background Boosted Decision Tree and B mass  
• BDT combining 9 topological and kinematical observables 
• BDT calibrated on B →hh

 

(signal) and B mass sidebands (background)
•2D plane (4 BDT bins, 6B mass bins)

•Mass resolution : 
• Interpolation between J/ψ→

 

μ

 

μ

 

and

 

Υ→ μ μ
• checked using Bd,s

 

→hh

• Normalization for BR extraction
• compare S with yields of events from known BR (Bd

 

→J/ψK, Bs

 

→J/ψ φ,

 

Bd

 

→hh)
• use fd

 

/fs

 

from LHCb

 

combined result (.267 +0.021

 

-0.020

 

)

• Extraction of the limit :
•

 

assign to each observed event a probability to be S+B or B-only as a function 
of the BR(Bd,s

 

→

 

μ

 

μ) value
•

 

exclude (or observe!) the assumed BR value at a given Confidence Level value 
using the CLs

 

binned method

LHCb-CONF-2011-037
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BDT distribution

B invariant mass distribution : 

Bd Bs
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Υ→ μ μJ/ψ→ μ μ

B invariant mass resolution : 
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Data

Combinatorial 

 
background

B→hh

 

misId

 
background

Signal (SM BF)
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Background only Background+SM

Exp.
Obs

Exp.
Obs

95%CL
90%CL

95%CL
90%CL

Bs

Bd

Exp.
Obs

95%CL
90%CL
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CMS and LHCb

 

(2010+2011) combined result : 

arXiv:1108.3018v1

~1 fb‐1 for LHCb, ~3.3 fb‐1 for CMS

LHCb-CMS combined could claim a 
3σ

 

evidence if BR=(5-6)x10-9

by 2012 winter conferences

0.021
0.0200.267s

d LHCb

f
f

+
−

⎛ ⎞
=⎜ ⎟

⎝ ⎠

p value (Bkgd

 

only) : 8% 
p value (Bkgd

 

+SM) : 55 % 
BR(Bs

 

→μμ) < 11 10‐9

 

@ 95 % CL 

 
(about 3.4 x SM)  
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• Introduction : b physics

 

and

 

LHCb

• B(s)

 

→

 

μμ

• B →

 

K*μμ

• Search

 

for new physics

 

in Bs

 

mixing

 

or CP 

• B →

 

K*γ

 

and

 

Bs → φ

 

γ

• Hadronic

 

decays : measurement of the UT angle  γ

 

/φ3
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B→K*μμ

μ+

μ-
K-

π+

Ф

B
θKθℓ

•Flavour

 

changing neutral current decay : 
BR = (3.3 ±1.0 ) 10‐6

•System described by 
•Invariant mass squared of the dimuon

 

system q2 

•3 angles to describe the decay 

•Probe of the helicity

 

structure of BSM physics
•First measurement : AFB

 

as function of q2

μμ

 

CM frame
μ+

μ-

θℓ B

(cos 0) (cos 0)
(cos 0) (cos 0)

B B
FB

B B

A
θ θ
θ θ

+ +

+ +

Γ > − Γ <
=
Γ > + Γ <

s0 value 
sensitive to NP 
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Bd

 

(not Bs

 

) meson : can be studied at B‐Factories

CDF  (EPS2011) : 6.8 fb‐1 

Low q2

 

behaviour

 
?
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Bd

 

→K*μμ

 

analysis strategy : 

•Soft selection 

•Event selection : Boosted Decision Tree  
• Trained on Bd

 

→J/ψK*0

 

(signal) and

 

side-bands

 

(background) from

 

2010 data
•

 

Variables chosen to minimize biases on angular acceptance : B kinematics, B0 
vertex quality, daughter track quality, impact parameter and K, π

 

and μ

 

PID

•Efficiency correction (angular acceptance) : 
• event by event correction

•Fit for observables :
•

 

simultaneous fit to the B mass and 
the angular distributions

• Analysis cross-check :
•

 

use the known Bd

 

→J/ψK*0

 

angular

 
distribution

LHCb-CONF-2011-038
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After the JPsi

 

and Psi(2S) vetoes :  

Clean signal, larger than CDF, similar 
to BELLE 

• Measure in 6 q2

 

bins 
• differential BF dΓ/dq2

 

normalized to the Bd

 

→J/ψK*0

 

known

 

BF 
• longitudinal polarization FL
• AFB 

• simultaneous fit to 1D projections of θK

 

and

 

θℓ

 

and

 

B mass
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Crosscheck on Bd

 

→J/ψK*0 :
When including S-wave, result is in very 
good agreement with BaBar

 

analysis

B signal region

B bkgd

 

region 900<M(Kπ)<980 MeV
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Results for AFB

 

, FL

 

and dΓ/dq2

 

:

LHCb: LHCb-CONF-2011-038
CDF: arXiv:1108:0695
BELLE: PRL103:171801,2009
BaBar: PRD73:092001,2006
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• Introduction : b physics

 

and

 

LHCb

• B(s)

 

→

 

μμ

• B →

 

K*μμ

• Search

 

for new physics

 

in Bs

 

mixing

 

or CP 

• B →

 

K*γ

 

and

 

Bs → φ

 

γ

• Hadronic

 

decays : measurement of the UT angle  γ

 

/φ3
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• Mixing and decay governed by Schrödinger equation :

• time evolution →

 

mass eigenstates

• 3 main parameters to measure (approximation) :  

Measured at 
Tevatron

Bs

 

→J/ψφ

 

(CPV phase in mixing) 
Asl

Bs

 

→KK

 

lifetime

Search
 

for new physics
 

in Bs

 

mixing
 

or CP 

• 5 observables :  



28

• With NP : 

• Correlation with other FCNC observables : 

Altmannshofer

 

et al, 
arXiv:0909.1333

Correlation between BR(Bs

 

→

 

μ μ) and

 

CPV in Bs

 

→J/ψ φ
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Experimental observables : 

• Mixing frequency : 
• Bs

 

→

 

Ds

 

(→KK

 

π)π
• flavour

 

tagging

 

and

 

decay

 

time

 

reconstruction 

• CP asymmetry in dileptons

 

: 
• CPV= 0 in decay
• probe CPV in mixing

• No result from LHCb

 

yet : 
•

 

more complicated that at D0 (asymmetric 
production)
• Two methods :

-Take only Bs, control asymmetry with 
control channels
- measure the (time dependent) difference 
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LHCb-CONF-2011-049
LHCb-CONF-2011-051

Time dependent CPV in the Bs

 

sector

 

: 

2βs
in SM : -2.1 ±0.1°

Decay time measurement and initial state flavour

 

tagging are crucial ingredients



31

Decay time : mL
t

pc
=

Primary 
vtx

B vtx

L=βγcτ ~1cm

z B vertex resolution : 
typically 0.3 mm

LHCb-CONF-2011-049

Decay time resolution directly 
measured from data :

Decay time resolution ~50 fs
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Initial state flavour

 

tagging :

Bs

 

→J/ψφ

 

or Ds

 

π

s

B

D

e,μ

K
Qvertex

K
PV

physics tracks

Opposite Side Tagging in LHCb

 

:
•Kaons
•muons, electrons
•vertex charge

Same Side Tagging in LHCb

 

:
•identify a kaon

 

that is close to signal B in phase space

Performances depend on the final state :

Not yet used
(winter 2012)

Bs

 

→Ds

 

π

Bu

 

→J/PsiK
Measured on data
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• Two main modes : 

• narrow φ

 

resonance : clean
• Vector-Vector final state (P-wave)

-

 

Full angular analysis (mixture 
of CP even and odd amplitudes)
- Measure Γs

 

ΔΓs

 

and φs

• slightly lower BF
•

 

Vector-Pseudo scalar final state (S-

 
wave)

- no angular analysis (CP odd)
- Measure ΔΓs

 

and φs

~8300 events ~1400 events
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Bs

 

→J/ψ φ fit result:

(φs

 

,ΔΓs

 

) ↔

 

(π-φs

 

,-ΔΓs

 

) 
ambiguity
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Bs

 

→J/ψ φ result

 

compared

 

with

 

Tevatron



36

Bs

 

→J/ψ

 

f0

 

fit result
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Simultaneous fit to both samples : LHCb-CONF-2011-056

• With present statistics : no sign of NP
• Next : 

• we

 

have more than

 

3 times

 

the

 

data recorded
• add

 

same

 

side

 

Kaon tagging
• break ambiguity

 

by fitting

 

S-wave

 

phase in bins

 

of

 

M(KK) 

Prediction from fit with 
NP phase, using Asl

 

but 
not φs
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• Challenging analyses at hadron

 

colliders :
• background rejection
• trigger
• mass resolution

• Introduction : b physics

 

and

 

LHCb

• B(s)

 

→

 

μμ

• B →

 

K*μμ

• Search

 

for new physics

 

in Bs

 

mixing

 

or CP 

• B →

 

K*γ

 

and

 

Bs → φ

 

γ

• Hadronic

 

decays : measurement of the UT angle  γ

 

/φ3
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Bs
 

→ φ
 

γ
 

and
 

Bd 
 

→ K* γ

Bd

Bs

High background
Challenging for calorimeter (Highest ET

 

photon)



40

Larger data sample

New calibration : width reduced to 100 MeV

Next : measure CP asymmetries
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Measurement of the UT angle  γ
 

/φ3
1. It is the most poorly measured angle :  

γ

 

/φ3

 

= 13
1468+
−

3. “SM candle”

2. The direct measurement is less 

 
precise than the SM prediction  (~3°)

σα

 

~ 6°
σβ

 

~ 1°
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3. “SM candle”

β

2(1 /2)λ η−
*

*
ub ud

cb cd

V V

V V

*

*
tb td

cb cd

V V

V V

12(1 /2)λ ρ−

α

γ/φ3

0

γ φ
⎛ ⎞

= −⎜ ⎟
⎝ ⎠

*

3 */ arg ud ub

cd cb

V V
V V

Interferences

 

between

 

b⎝c

 

and

 

b⎝u

 
transitions

Same

 

final state : 3 techniques : 
• GLW (Gronau, London, Wyler) : use a CP mode for the D0

 

decay Physics Letters B 265(1‐2), 172 – 176
ADS (Atwood, Dunietz, Soni) : use D0

 

CA(K‐

 

π+) mode for the Vub

 

decay and D0

 

DCS(K+π‐) for the 

 
Vcb

 

decay Phys. Rev. Lett. 78(17), 3257–3260
• Dalitz

 

GGSZ (Giri, Grossman, Soffer, Zupan) : use the D0

 

⎝

 

KS

 

π π or KS

 

KK decays 
Phys. Rev. D 68(5), 054018.

b

u

B‐
D0

K‐

W‐

u

u

c

s

Vus

Vcb

b

u

B‐

K‐

W‐ c

u

u

sVcs

Vub D0

NP in D0

 

mixing

 

is

 

small

Relative magnitude rB

 
relative phase δB

 

‐γ
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γ
 

from B →DK, D → CP eigenstate
 

(GLW)

More than 6σ

 

from

 

0

LHCb

 

result obtained with 40 pb-1

 

only



4444Vub

 

contribution clearly established

γ
 

from B →DK, D → Kπ
 

(ADS) LHCb-CONF-2011-044

~300 pb-1
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γ
 

from Bs
 

→DsK

Time dependent analysis of the Bs

 

→Ds

 

K decays
This summer : measure the BR (split by magnet polarity)   
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Summary 

Thank you for your attention

NP

LHC resultsLHC(b) is taking over CDF and TeVatron. 
The open space for NP is reducing

There is still room for NP, the coming year is going to be exciting
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Back up
 

slides
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240 pb‐1
0.28 pb‐1

32 pb‐1

Exp σ

 

(MeV)

ATLAS 174

CMS 67

LHCb 52

time resolution (displaced vertex)
PID 
Hadronic

 

trigger
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Bs ‐> mumu

49
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Some excitement

 

just before EPS : CDF has reported a hint  

For Bd

 

: 
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CMS

Efficiency

 

and

 

behaviour

 

of variables potentially

 sensitive to pileup

 

(e.g.

 

Isolation,flight

 

length) 

 checked

 

on data 
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Bs
 

mixing
 

and CPV  : search
 

for NP 
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B(s)
 

mixing
 

: search
 

for NP 



5555
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Cd

 

and Cs

 

depend on fd

 

and fs

 

and integrated mixing probability
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Why γ/φ3

 

at hadron
 

colliders
 

? 
• γ/φ3

 

is not precisely measured, the result is dominated by Dalitz‐GGSZ from B factories
•Sensitivity is obtained through b⎝u

 

transition 
•Effective BFs

 

of the order of  few 10‐8

 

to few 10‐7

Challenges : 
• Fully hadronic

 

decay : trigger, background use of displaced vertices information
• PID is important : distinguish D0⎝K‐

 

π+

 

from D0⎝K+ π‐

σ(bb) σ(inel)/ σ(bb)  Yield (B⎝D0
CF

 

K‐)

CDF ~ 100 μb 1000 full dataset 

10fb

 

‐1

 

max

1500 (5 fb‐1)

LHCb ~290 μb ~300 0.035 fb‐1 ;

~1fb‐1

 

(end of 2011)

440 (0.035 fb‐1 )

BaBar

BELLE

~1 nb ~4 425 fb‐1 (BaBar) 

700 fb‐1

 

(BELLE)

~1940 (BaBar)

~3400 (BELLE)

Ldt∫

More statistics is needed

hep‐ph/0201071 (CDF)
Physics Letters B 694 (2010) 209, Eur. Phys. J. C 71 (2011) 1645 (LHCb)
SLAC‐R‐0504 (B factories)
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GLW method
B±

 

⎝

 

D±

 

K ±

 

at hadron

 

collider

 

use only D+

 

⎝

 

KK or ππ

•3 unknowns : rB

 

, δB

 

and γ

 

/φ3

•3 independent quantities (R+

 

A+

 

=‐

 

R‐

 

A‐

 

)

•2 measurements at hadron

 

colliders

should be combined with other methods

Could be also done using B0

 

⎝

 

D±

 

K*0 

Different rB

 

, δB

 

(rB

 

~3 times larger)

BR rB
B+ D0K+ (3.7 ±

 

0.3) 10‐4 0.1

B0 D0K*0 (4.2 ±

 

0.6) 10‐5 ~0.3
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ADS method
B±

 

⎝

 

D K ±

 

at hadron

 

collider

 

use only DDCS

 

⎝

 

K+

 

π‐

 

and DCF

 

⎝

 

K‐

 

π+

•3 unknowns (same as GLW)  : rB

 

, δB

 

and γ

 

/φ3

• rKπ

 

, δKπ

 

known from elsewhere (CLEO‐c)

•2 independent quantities

⎝

 

should be combined with other methods to extract γ

( ) ( )
( ) ( )

( )
( )

( ) ( )
( ) ( ) ( )

2 2

2 2

2 sin sin

2 cos cos

2 cos cos

DCSDCS B K B K
ADS

DCS B K B K B KDCS

DCSDCS

ADS B K B K B K
CFCF

B D K B D K r r
A

r r r rB D K B D K

B D K B D K
R r r r r

B D K B D K

π π

π π π

π π π

δ δ γ
δ δ γ

δ δ γ

− − + +

− − + +

− − + +

− − + +

Γ → −Γ → +
= =

+ + +Γ → +Γ →

Γ → +Γ →
= = + + +

Γ → +Γ →

Could be also done using B0

 

⎝

 

D K*0 

Different rB

 

, δB

 

(rB

 

~3 times larger)

Could also be done with other D decay 

 
modes (quasi 2‐body)

( )
( )

0

0
0.0613   0.0010 K

A D K
r

A D K
π

π

π

+ −

− +

→
= = ±

→

Phys Rev D80, 031105(R) (2009)
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KK P wave and PiPi
 

S‐wave
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Bs
 

→J/ψ φ
Similar to sin2β

 

at B‐Factories 

 using Jpsi

 

Ks 

Complex analyses :
• time dependent
• Flavour

 

tagging
• full angular analysis for J/ψ φ(B‐>VV decay)
• should measure at the same time Γs 

 

and

 

Φs

6500 events

LHCb CDF

Time resolution ~50 fs ~100 fs

tagging power 2.1 % ~4.8% (OST+SST)
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Many other results …

Tension between inclusive and 

 
exclusive determination of Vub

 

:

PDG2010 : 

> 6.8 σ

 

stat

Confirmed by 

 
LHCb

 

in D0

 

p K‐
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