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Outline

• Introduction: reminder of CP
• Discovery at BNL ? ε
• Search for direct CP: e’/e
• Results from CERN and FNAL
• Conclusions
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The story starts in the 1940’s 

V particles in cloud 
chamber

• strangeness

• Quark model

• t -? Puzzle

• K0 -K0 mixing

KL  prediction by Pais + Gell Man
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CP violation in K decays

Weak and Weak and CCPP
eigenstateseigenstates::

KS ~ K1 + ε K2 CP(K1) = +1 K1 = (K0 + K0)/√2

KL ~ K2 + ε K1 CP(K2) = -1 K2 = (K0 -K0)/√2

Indirect CP violation comes from mixing of CP eigenstates K1 and K2 in weak 
eigenstates KS and KL ? mixing parameter ε = (2.28±0.02)x10-3

Direct CP violation results from asymmetric decay amplitudes 
Γ(K0 →ππ) ≠ Γ(K0 →ππ) ? parameter ε’
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Theoretical calculations

of ε’/ε within SM

range [4-30]x10- 4

CP violation parametersCP violation parameters::
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η+−= (ε+∆+δ) + ε′ ε : CP , CPT in K°-K° mixing
η00= (ε−∆+δ) - 2ε′ ∆ : CP , CPT in K°-K° mixing
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CP violation: is it a mystery?

• Unexpected phenomenon
• Disturbing discovery of KL? p p at BNL by Christenson, Cronin,Fitch,Turlay
• Kobayashi and Maskawa give a modern explanation
• Sakharov’s conjecture for baryon asymmetry of the universe
• CP violation = matter-antimatter asymmetry ~3x10-10

• Need also thermal non-equilibrium and processes with ∆B?0
• CP violation from CKM not sufficient
• Phase transition not strong enough
• CKM too cool
• New source(s) needed
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BNL 1963: proposal
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BNL 1963: the experiment

• Letter of Intent by J. Cronin, V. Fitch, R. Turlay: April 1963

• Agreement of BNL directorate: May 1963

• Apparatus ready: June 2nd 1963

• 40 days of running: end of July 1963

1- regeneration on C, Cu, Pb 70000 triggers

2- CP limit 47000 triggers

3- Adair effect on H2 23000 triggers
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BNL 1963: the first hint

R. Turlay’s first notice 
fall 1963

Peak at 0° for

events @ K mass 
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BNL 1963: the experiment

Page from data book @ beginning of CP violation run
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25th Anniversary of 

CP violation discovery.

Blois May 1989.

Short bibliography on CP discovery and early experiments/
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Why measure ε'/ε?

Unitarity triangle 
Constraints on models
(SM, SUSY …)

   )Im( *25
tstdVVA?? =
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E617 at Fermilab 1980-1985

January 1979: Proposal

4x25.4cm carbon regenerator 
KL? 2π0 mass peak BKG ~8%

KS? π+ π− inelastic BKG ~1.7% KL? 2π0 inelastic BKG ~14.6%
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Basic principles 

E731 uses regeneration NA31 uses movable  target
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E731 at Fermilab 1985-1990
Pb glass calorimeter

Regenerator in vacuum

Poor linearity

KL? 2π0

KS? 2π0
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NA31 at CERN 1982-1990

December 1980: Proposal Experiment in
North Area

Movable KS target 
TGV

The Kevlar window

The vacuum tunnel
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Status in 1989
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Final results  in 1996
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CP LEAR LOI 1984
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Strangeness Κ° (Κ°) signed at t=0 by K+(K-)

Direct observation of time evolution K0(t) ? K0(t)

Strangeness of decay signed with Ke3

T invariance ⇒ K°(t) observed from K0(t=0)
identical to K0(t) observed from K°(t=0).

Measurement of T invariance without CPT 
hypothesis

T violation: AT ≈ 4Re(ε) if CPT invariance holds 
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CPLEAR Results
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E832 (KTeV) at FNAL

Double KL beams (<p>=70 
GeV/c)
Regenerator for KS
Pure CsI calorimeter
KS/KL by event position
MC acceptance correction
Maximize statistics
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KTeV at Fermilab 1992-2002

π+ π− Data/MC ratios π0 π0 Data/MC ratios

The Regenerator
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NA48 at CERN

Simultaneous near/far targets
Converging beams (<p>=100 GeV/c)
Liquid Kr calorimeter
Tagging by time-of-flight
Lifetime weighting to minimize 
acceptance correction
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The weighting method used by NA48 at CERN
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Data Taking Periods

1997

1998

1999

2000

2001

2002

2003

NA48:   ε’/ε

ε’/ε

ε’/ε

ε’/ε low intensity

KS

KS

KS

NA48/1: KS

KL

no spectrometer

NA48/2: K±

CERN-NA48

FNAL-KTeV

1996 ε’/ε

ε’/εRare Rare

Rareε’/ε

= ε’/ε results

Total: 5.3M  KL→π0π0

Total: 7.1M  KL→π0π0
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Experimental results on Re(ε’/ε)

Final result (1997-2001)

Half statistics (1997)

Direct CP violation 
observed with neutral K

i.e. 2 numbers for CP
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More results expected from 
KTeV and KLOE

χ2 =6.2/3
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Re(ε’/ε) and the SM

Despite huge efforts, ε’/ε not yet computed reliably
Measured value is roughly compatible with the SM

Expect improvements from lattice

Date of exp. measurement

SM theoretical predictions

Exp. value
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100 TB~0.16%5,000,000NA48-CERN2001

~0.48%10,000,000KTeV-FNAL2001

~2.7%428,000NA31-CERN
Final

1993

100 GB~5.0%410,326E731-FNAL
Final

1993

~5.0%52,200E731A-
FNAL

1990

~4.0%109,000NA31-CERN1988

~5.0%6,950E731-Test-
FNAL

1988

~17.6%1,361Yale-BNL1985

10GB~11.3%3,152E617-FNAL
Chicago-
Saclay

1985

Data volumeBackgroundKL? 2π0ExperimentYear

Yields and background for KL? 2πO
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The experimental results have higher 
precision than current calculations.

The fine cutting is left to theory ...

Direct CP violation has received 
experimental evidence in K0 system

ε′⁄ε = (16.7 ±2.3)x10-4

The legacy of ~2 decades of experiments

The holy grail measurements: KL → π°νν , K+ → π+νν

BNL E926 (KOPIO), KEK E391 ? M. Sozzi’s talk

hopefully the harvest of the next decade
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… I trust that you will 
be one of those to know 
the solution to this 
splendid adventure.

With best regards from 
your old boss.

René Turlay: a gentleman dedicated to physics and to people

A true leader in physics

A grand master in understanding human beings


