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• A Perspective with a Little Distance
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Not a comprehensive review!





CP Violation ca 1978

• 64 Discovery

• 67 CPV in early universe (Sakharov)

Unconnected (like gravity)

• 71  FNAL K0 Program approved (not for CPV)

• 76  First calculation of  !" in KM (EGN)

KM provided a connection!

• 79 FNAL (E617), BNL & later CERN began programs

Seeking a new phenomenon: direct CPV

Elaboration of the predictions

Everyone learned about kaons in school

< 20 experimentalists  (today about 2000)

No WBS!





The Unique Laboratory of the

Neutral Kaons

???

< 3.5 x 10-10 ev

7 x 10-9 ev

3.5 x 10-6 ev

500 MeV
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Covers 20 orders of magnitude in scale

Experiments simultaneously sensitive to strong, electromagnetic, 

weak, CP violating & gravity forces
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Is CP Violation purely in particle/anti-particle mixing:

Or is there also a “direct” component:                ?
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Primary Features of the Fermilab

Approach
• Use of Regenerator to make KS

– Provides crucial checks and by-products

• Double Beam

– Side-by-side KS and KL beams
• Many potential systematic effects (nearly) cancel

• Precision em calorimetry

– Lead glass, CsI

• Detailed Monte Carlo simulations

– Beam and detector

– Collection of high statistics decay modes

• Blind Analysis



Double Beam

Regenerator to provide KS

Tracking chambers

EM calorimeter

Measure

Separately (later all 4 simultaneously)
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Double Beam

Regenerator to provide KS

Tracking chambers
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Fermi/Marshall; Dicke Switching





E617 (85)

CERN (72)

Princeton (72)

BNL (77)

The Early Measurements
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Subsequent Experiments

• FNAL

– E731

– E773

– E799

– KTeV

• CERN

– NA31

– NA481

• “Collider” experiments:

– CERN

– Frascati

1) Bernard Peyaud, Rene Turlay



From the E731 Proposal

1983
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E731a (87)

NA31 (88)

NA31 (93)

KTeV (99)

NA48 (99)

KTeV (02)

NA48 (02)

E617

“Evidence”
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Predictions at the time



KTeV Detector

KTeV: Arizona, Chicago, Colorado, Elmhurst,

Fermilab, Osaka, Rice, Rutgers, UCLA, UCSD,

Virginia, Wisconsin



KTeV Active Regenerator



KTEV em Calorimeter
 for  KL#$0$0

3100 Pure CsI crystals

27 rl 



• ~2x109 Ke3 decays used for calibration

– 0.03%/day/crystal



Semileptonic Charge Asymmetry from KTeV

%L(raw) = (3.42 ± 0.06) &10'3

%L = (3.32 ± 0.06 ± 0.05) &10'3





E617

KTeV



Yield after Background Subtraction

Vacuum Beam    Reg. Beam

K#$+$'     8,593,988         14,903,532

K#$0$0     2,489,537        4,130,392          

Raw double ratio:

8593988 /14903532
0.96

2489537 / 4130392
R = =

(no acceptance correction)

KL                 “KS”







Reweight KL decays to reg. beam distribution.

Needs no 

Monte Carlo

Used by NA48
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KTeV (99)

“Established”
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Using our  (s and )m 



Using our  (s and )m 



History of KS Lifetime Measurements



History of )m Measurements



Systematic studies #$/ #
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Re(!"/!) and Im(!"/!)

()* + '3Im(!"/!))

KTeV

NA48

NA48+KTeV

f.s. phase+CPT

2, contours

E731

E773
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CP/T Violation



Comparison of KTeV and PDG Branching Fractions
(Blucher et al)



Comparison with Individual Experiments

Moral: Beware of averaging many poor experiments.



The vast majority of the

measurements of neutral kaon

branching ratios and limits come

from this Fermilab program of

experiments



Very Recent Work on by KTeV



Direct CPV Summary
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Superweak is not the sole source of CPV

Satisfies one of the Sakharov Conditions

Subtle and perhaps important feature of Nature



Concluding Thoughts



The Next Steps in K Physics
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How did the Universe become matter dominated???

“Unfortunately , during the past couple of years, all the US-based

Kaon projects have been stopped”

A. Ceccucci in “Kaons:  Review and Outlook”

2006, hep-ex/0605120 v1

(Our CsI going to Japan ……)



  “I remember in 1949, on a bulletin board at

the Princeton IAS a photomicrograph of a

nuclear emulsion event, showing what is

now known as a K-meson decaying to three

pions.  We all saw it.

There could be no doubt that something

interesting was going on, very different

from what was then known.”

Jack Steinberger



My new field

(Observational Cosmology/CMB

polarization)
• Exactly 15 years ago: first COBE results

• Anisotropies generated at 10-35 sec

reconstructed from data at 1013 sec???

• Just can’t increase energy by 7!
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