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Asymmetries
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Asymmetries very often give access to interference 
effects and offer the possibility to measure phases.

Historical example



AFB(e+e-→µ+µ-)

PETRA (1980s):

Clear interference of Z boson seen

LEP (1990s):

Measurement of the Z coupling,
At Z pole:    no interference,                              
very small  AFB from Z couplings (~1%) 
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Systematic effects:
• Luminosity

• Time dependent detector effciciencies

• Acceptance, selection efficiencies

Cancel in 1st

order !

Typ. systematic error: +/- 0.1%  !!!!!!



Mixing Phenomenology 
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Mixing Observables

LHq mmm −=∆

HLq Γ−Γ=∆Γ

Mass difference and                                

decay width difference
can be linked to eigen-
values of mixing matrix
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Oscillation
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Ignoring ∆Γ and assuming q/p=1 (no CP in mixing):

Non-mixed

mixed
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Mixing Asymmetry
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CP Asymmetry
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CP Asymmetry
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Flavor specific asymmetry
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New Physics Sensitivity

New Physics
sB sBWsB sB

New Physics should effect mostly M12 (not Γ12):
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Experiment



Production of B Mesons

p

p

nb1=bbσ b500 µσ =bb10 Hz 50 kHz

GeV58.10ECMS =

Epp= 14 TeV

Easy to trigger and to record 
background level ~ x(3…4)

Signal looks pretty much like 
background (~ x 200)

Boost βγ =  0.56  

z≈250µm

Boost βγ =  15 … 30  

z≈ 7 … 15 mm



B Events



Measuring Bs Mixing
Principle:
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Event Reconstruction: Tracking



Event Reconstruction: K/π ID
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Proper Time Measurement
Bs → Ds(K K π ) π

K-
Ds

±

π+

K+

π±

47µm
~100 µm

440 µmBs
0(       )

mm15=L

tcL βγ=

Eigenzeit-Auflösung



Proper time resolution

For fully reconstructed B decays:

Relative momentum error < 0.1%

Error dominated by vertex resolution
σt ~ 40 fs



Finite Proper Time Resolution
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also effects the seen asymmetry (see below)



Measurement of Proper Time Resolution

High-rate dimuon trigger provides valuable calibration calibration tool:

• Trigger on distinct µµ mass peaks: J/ψ, Υ and Z

• Sample independent on lifetime

• Dominated by prompt J/ψ



Production Flavor = Tagging

Characterization:

εtag = tagging effi.

ω = wrong tag fraction

Advantage of e+e-
B-factories



Interlude: Υ(4S)→B0B0
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Effect on Asymmetry
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Sensitivity and Tagging Power

Statistical error of asymmetry
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Flavor Tagging at LHCb
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Effective Tagging Power
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Statistical Significance

Until now ignored: Proper time resolution
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Summary of different effects on mixing

Expectation for 2 fb-1  (1 yr):

150 Bs→Dsπ events, untagged

εtag~60%, B/S~1 (mostly short lived)
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CP Asymmetry in B0→J/ψKs
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B0→J/ψKs
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B0→J/ψKs
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Measurement of sin2β
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sin2β

B0 → D*+ π-
fast

→ D0π+
soft

→K-π+

→ψ(2S) Ks

→ µ+µ- → π+π-

B0(∆t)CPB
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PRL 94, 161803.  BB Mio227
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CP Asymmetry in Bs→J/ψφ
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CP Asymmetry Bs→J/ψφ
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Bs→J/ψφ

Vector mesons w/ JPC=1--

J/ψφ is admixture of CP states:

L = 0,2    CP = + 1
L = 1       CP = - 1 

Angular analysis to separate CP +/-1 states

L
CP )1(−=η

Bs→ J/ψ φ

µµ KK



Polarization Amplitudes

Physics parameters:

Angles in transv. basis:

⊥⊥ δδ ,,,,0 IIII AAA

φψθ ,,

sssss mm φ,,,, ∆Γ∆Γ



Extraction of CP Asymmetry

Signal PDF 

Dilution reduces the observable CP asymmetry: we need to know 
the dilution to extract the correct CP asymmetry and thus sinφs.



Angular Distributions



Angular and proper time distribution

CP=+1

CP= -1



Expectation

117k Bs→J/ψφ signal events

Prompt background B/S=1.8

Long-lived backgr.   B/S=0.5

εtag=0.56, ω=0.33 → D=6.1%

2 fb-1

Standard model prediction: 



Tagging Calibration
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Control Channels



Tagging in Control Channels



Tagging in Control Channels



Flavor specific asymmetry
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R Lambert, Imperial CPWG, 22nd January 2009

Many Asymmetries

Untagged, time-dependent measurement

Extra constant and time-dependent terms
Detector asymmetry δc

Production asymmetry δp

Background asymmetry δb
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Detection Asymmetries

• Matter detector → hadronic interactions are asymmetric 
• Magnet divides +/- charge, allowing +/- asymmetry

51

Charge distribution from MC

Kaon PDG cross-section
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Production Asymmetries

As the LHC collides protons with protons, events are not CP-symmetric. 
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Cluster Collapse

Enhances the production of species 
containing beam remnants at low 
transverse momentum (pt) 

pPN
PNP δ+== 1
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  lesantiparticproduced

Production asymmetry is effect of competing processes:



Production Asymmetries

Color connections
with quark remnants
‘drag’ antiquarks 
toward the beam

Color connections
with di-quark remnants 
‘drag’ quarks 
toward the beam

Beam Drag Redistributes particle-antiparticle content as a function 
of transverse momentum (pt) and rapidity (direction)

u
u

u

b

b

B+

g gEnhances production of high energy 
species containing beam constituents

Valence-Quark Scattering



Production Asymmetrie
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R Lambert, Imperial CPWG, 22nd January 2009

Subtraction method

Examine decays in different channels to the same final state:
detector asymmetries should be equal:

Measure            instead of        :

Independent of detector asymmetry

R Lambert, Imperial CPWG, 22nd January 2009 55
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Different hadronization models
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HERWIG uses clustering hadronization.

PYTHIA uses Lund String hadronization.


