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Asymmetric-energy B Factories
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PEP-II at SLAC

KEKB at KEK

Belle

BaBar

9GeV (e−) × 3.1GeV (e+)
peak luminosity:

1.21×1034cm−2s−1

8GeV (e−) × 3.5GeV (e+)
peak luminosity:

1.65×1034cm−2s−1

world record

11 countries, 
80 institutes, 
620 members

13 countries, 
57 institutes,
400 members



B Factories reach 1000fb-1 !!!

1 Billion B pairs1 Billion B pairs
Both B Factories exceeding design specifications
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Accessing the phase of the CKM matrix
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Experimental method

0B

0B
π π+ −

Interference of decays with and without mixing
(“double-slit” matter-antimatter experiment)

Time-dependent Decay Rates Asymmetry:

0 0

0 0

( ( ) ) ( ( ) )( ) sin ( ) cos ( )
( ( ) ) ( ( ) ) d dCP B B
B t f B t fA t m m
B t f

S Ct t
B t f

Γ → − Γ →
= = ∆ − ∆

Γ → + Γ →

2 2 2

sin(2 )
0

i i iq A e e e
p

C
S

A
γβ α

α

λ − − −= = =

=
=

•True in the case of tree amplitudes only
•C=0: no Direct CP violation
•Requires time-dependent measurement

•Boost of asymmetric B Factories
•Silicon vertex detectors
•B flavor tagging (PID)
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Trees and Penguins
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effα α α∆ = −• choice of final states: ππ, ρπ, ρρ, α1π

• challenge: measure or limit ∆α
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Controlling the Penguins

Large penguins lead to:
• sizable π0π0

And may give rise to:
• Direct CPV in any mode
• Large ∆α

Extraction of a from B→hh (h=π,ρ) requires a set of
measurements

• Strong upper limit on h0h0 leads to strong limit on ∆α
• Otherwise ∆α must be calculated from full set of 

measurements on all related channels
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Isospin analysis
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• SU(2) symmetry relating u, d quarks
• EW penguins and other SU(2)-breaking 

effects can be ignored at current precision 
levels

• Need full set of BF and ACP measurements

Gronau and London, Phys. Rev. Lett. 65, 3381 (1990)
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Time-dependent CP analysis

• Full reconstruction of one B decaying to CP eigenstate.

• Flavor tagging of the other B. 
• Mis-tag probability measured in Bflav sample.

• Measurement of ∆t.

• Extraction of S and C with ML fit on signal enriched sample.
• Signal PDFs from MC.
• Background PDFs from MC or sidebands
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Signal-background separation

2*2*
BbeamES pEm −= **

beamB EEE −=∆

signal

background

Event Topology
Variables combined in Fisher 

Discriminant or Neural Net

• PID info:
• DIRC + dE/dX (BaBar)
• Aerogel + dE/dX (Belle)

signal

background
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B ππ→
• Common wisdom (pre-2003):

– Best system for extracting α (experimentally easiest modes)

• But penguins turned out to be large:
– Sizable π0 π0 (BABAR and Belle)
– Large Direct CPV (ACP) in π+ π- (Belle)
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B π π+ −→
hep-ex/0607106
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New Results (ICHEP)
347x106 B pairs
675±42 signal events
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SSππππ = = −−0.53 0.53 ±± 0.14 0.14 ±± 0.020.02

CCππππ = = −−0.16 0.16 ±± 0.11 0.11 ±± 0.030.03

(S,C) = (0,0) excluded 
at a confidence level of 0.9997 (3.6 σ)
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B π π+ −→
hep-ex/0608035
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New Results (ICHEP)
535x106 B pairs
1464±65 signal events

SSππππ = = −−0.61 0.61 ±± 0.10 0.10 ±± 0.040.04

CCππππ = = −−0.55 0.55 ±± 0.08 0.08 ±± 0.050.05

S

-C

Large Direct CP Violation (5.5 σ)
Large Mixing-induced CP Violation (5.6 σ)

C. Touramanis - Alpha - HQL06 14



-0.4
-0.2

0
0.2
0.4
0.6
0.8

1
1.2
1.4

0 100 200 300 400 500

Belle
BaBar

A
ππ

-2

-1.5

-1

-0.5

0

0.5

1

0 100 200 300 400 500
BB

–
 (×106)

S
ππ

2.3σ discrepancy

(C = −A)

B π π+ −→ A long-standing issue
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0 0 0,B π π π π+→
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Nπ0π0 = 140 ± 25Nπ±π0 = 572 ± 53

0πρ ±± →B

(preliminary)

New Results (ICHEP)
347x106 B pairs

hep-ex/0607106

0.019 0.088 0.014CPA = − ± ±



Summary on   from Bα ππ→
Averages

B (π+π0) = (5.75 ±0.42)
B (π+π-) = (5.20 ±0.25)   × 10-6

B (π0π0) = (1.30 ±0.21) 
C (π0π0) = −0.35 ±0.33
S (π+π-)  = −0.59 ± 0.09
C (π+π-) = −0.39 ± 0.07

Averages
B (π+π0) = (5.75 ±0.42)
B (π+π-) = (5.20 ±0.25)   × 10-6

B (π0π0) = (1.30 ±0.21) 
C (π0π0) = −0.35 ±0.33
S (π+π-)  = −0.59 ± 0.09
C (π+π-) = −0.39 ± 0.07

More data needed to:
•Resolve π+ π− issue
•Achieve meaningful 
constraints on α

41  (90% C.L.)α∆ < °
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B ρρ→
• Challenging:

– Experimentally complicated
– Angular Time Dependent analysis to extract CP content

• But turned out to be most sensitive to α:
– Small ρ0 ρ0 (small penguin pollution)
– Dominant longitudinal polarisation (CP-even final state)
– No significant 3-body and 4-body components

0 0ρ ρ π π π π+ − + −→
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CP in a vector-vector final state

• three partial waves: 
– S  (L=0, CP even)
– P   (L=1, CP odd)
– D  (L=2, CP even)

• three transversity amplitudes:
OR
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Nρ+ρ0 =390 ± 49232x106 B pairs (preliminary)

0.12 0.13 0.10CPA = − ± ±
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0 0 0B ρ ρ→ hep-ex/0607097

347x106 B pairs (preliminary)
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ρρ→Bα from
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0 0( )B ρπ→
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Monte Carlo

Time-Dependent Dalitz plot 
analysis and Isospin 

symmetry assumption



0B ρπ→ hep-ex/0608002

347x106 B pairs (preliminary) A. Snyder and H. Quinn, Phys. Rev. D, 48, 2139 (1993)

• UML fit with 27 coefficients (bilinear form factors)
• Simultaneous fit for time-dependence
• Fit includes ρ(1450) and ρ(1700)
• CP parameters extracted from subsequent fits to these coefficients
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hep-ex/0609003

ρ+π− ρ−π+ ρ0π0
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• Dalitz + Isospin (pentagon) analysis
• 26(Dalitz) + 5(Br(ρ±π±), Br(ρ+π0), 

Br(ρ0π+), A(ρ+π0), and A(ρ0π+))

449x106 B pairs
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CKMfitter           http://ckmfitter.in2p3.fr/Putting it all together UTfit http://utfit.dreamhosters.com/
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Summary and prospects
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• Large data samples and elaborate analysis techniques
allow direct α determination with precision of 100.

• Result in excellent agreement with global U.T. fit
• More data from the B Factories will clarify possible 

experimental discrepancies, and could provide precision 
around 50.

• LHCb and Super-B required to go beyond that



Backup material
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Exclusive B reconstruction
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B1

ϒ(4S)
B2

Kinematic variables:
∆E=E*B - √s /2 

mES= √(s/4 - p*B
2)

All particles detected
Total E, p in Y(4S) frame:

E*B , p*B

∆E  : 
σ~1

5 M
eV

m ES
: σ

~3
M

eV

Extraction of background characteristics



A real B0→ π0 π0 candidate event
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New New BaBarBaBar results: results: BB00 →→ ((ρπρπ))00 (1)
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New New BaBarBaBar results: results: BB00 →→ ((ρπρπ))00 (2)

Sρπ = 0.01 ± 0.12 ± 0.028

Cρπ = 0.154 ± 0.090 ± 0.037

Aρπ = −0.142 ± 0.041 ± 0.015
a more physically intuitive way to represent direct-CP quantities:  

Aρπ = 0.03 ± 0.07 ± 0.03+−

Aρπ = −0.38+0.15 ± 0.07−0.16
−+

parameters from the quasi-two-body description of B → ρπ :
∆Sρπ = 0.06 ± 0.13 ± 0.029
∆Cρπ = 0.377 ± 0.091 ± 0.021
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An interpretation An interpretation 
of the new of the new BB00 →→ ((ρπρπ))00 resultsresults

0

0.25

0.5

0.75

1

-100 0 100

δ+- (deg)

C
.L

.

B A B A R
P R E L I M I N A R Y δδ++−−

[5, 63]º
at 68.3% C.L.

0

0.25

0.5

0.75

1

0 50 100 150

α (deg)

C
.L

.

B A B A R
P R E L I M I N A R Y

αα
[75, 152]º

at 68.3% C.L.

no constraint at 2σ level

δ+ − = arg(A+*A−) :
the relative phase between the amplitudes of

B0 → ρ−π+ and B0 → ρ+π−

The constraint on α from B0 → (ρπ)0 is relatively weak – but free from ambiguities!
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