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W hat is im portant? W hat is interesting?

• There are two basic routes to discovery

1. The H igh Energy Frontier
• LEP, H ERA, Tevatron, LH C, …

2. The H igh Precision Frontier
a) H igh statistics

• The ‘Factories’ ( φφφφ, ττττ-c,b, νννν,…)

b) Low system atics
• Electric D ipole M om ents, g-2, rare decays ( µµµµ, ππππ,K…), dark 

m atter searches, neutrino oscillations, anti-hydrog en… 

… and εεεε’/ εεεε

N ote: of course, all need high statistics, control of errors etc – but 
the characteristic feature that leads to discovery is energy, 
statistics or system atics



In the beginning …

• Ideas for the N A31 experim ent form ed in 
1980/1981, before I joined, to m easure εεεε’/ εεεε to a 
precision of a few per m ille
– Theoretical expectations were that εεεε’/ εεεε could be ~2%

• The proposal was approved by CERN  in 1982
– Theoretical expectations were that εεεε’/ εεεε could be ~0.2% !

• The full Collaboration was

CERN -Dortm und
1

-Edinburgh-O rsay-Pisa-Siegen

The spokesperson was H einrich W ahl

1) Later the Dortm und group m oved to M ainz.



εεεε’/ ε ε ε ε and the Double Ratio Technique

• εεεε’/ εεεε excites the theorists
– Relates to fundam ental (quark-level) processes

• experim ent m easures som ething different

ηηηη++++−−−− ==== εεεε ++++ ε′ε′ε′ε′

ηηηη00 ==== εεεε - 2 ε′ε′ε′ε′
Rηηηη ==== ηηηη00000000/η/η/η/η++++−−−−2222 ==== 1111 −−−− 6ℜ(6ℜ(6ℜ(6ℜ(ε′/εε′/εε′/εε′/ε))))

||||ηηηη++++−−−−||||2222 ==== ΓΓΓΓ(KL�ππππ+ππππ-)
ΓΓΓΓ(KS�ππππ+ππππ-)

CP violating

CP conserving



Experim ental considerations

• In order for R to be sim ply related to the quad 
ratio of the event num bers

F, A and C m ust cancel either between K L and K S

or between 2 ππππ0 and ππππ++++ππππ−−−−

Rηηηη==== ΓΓΓΓ(KL�ππππ0ππππ0)
ΓΓΓΓ(KS�ππππ0ππππ0)

ΓΓΓΓ(KS�ππππ+ππππ-)
ΓΓΓΓ(KL�ππππ+ππππ-)

ΓΓΓΓ
xy 

≈≈≈≈ N
xy

/ [Fxy

×××× A
xy

×××× (1 + C
xy

)]

CorrectionsAcceptanceFluxEvents

Rηηηη==== ΝΝΝΝ(KL�ππππ0ππππ0)
ΝΝΝΝ(KS�ππππ0ππππ0)

ΝΝΝΝ(KS�ππππ+ππππ-)
ΝΝΝΝ(KL�ππππ+ππππ-)



Principles of the Experim ent

• Concurrent detection of 2 ππππ0 and ππππ+ππππ-

– Flux cancels

• ‘Sym m etrical’ cuts against additional activity
– Accidental effects cancel

• Reduction of backgrounds
– and estim ate rem aining backgrounds from  data

• Reduction of reliance on M onte Carlo sim ulation
– Acceptance

• The Acceptance is a strong function of Energy & Vertex

Analyse the data in energy 
ranges so that residual spectral 
differences between K L and K S

are small

Make the K L and K S vertex 
distributions similar, and analyse 
in vertex ranges so that residual 

differences are small



‘H ow to m ake a K s decay with the K L lifetim e’

z

Decays

z

Decays

KL

KS

Fiducial region



The conceptual design

Train and K S AntiCounter Liquid Argon Calorimeter



…the target train



The target train …

XTGV!!!



… and the detector



… Calorim eter perform ance

Anti Counter Position



Brave N ew W orld

• N A31 (bravely) decided to use Fastbus as its data 
acquisition technology
– Adopted by LEP

– W ould m ean that we would 

“get a lot of help that we otherwise would not get”

• Bob Chase rem arked (perceptively) that we would 

“need a lot of help that we otherwise would not nee d”



Som e events

3ππππ0

2ππππ0
ππππ+ππππ-

ππππ+ππππ-



Data Taking

• 1982 Test beam  work

• 1983 Test beam  work

• 1984 First data with full beam  (no liquid argon)

• 1985 Full beam  and detector, restricted readout

• 1986 First run of the com plete experim ent

• 1987 Special run to m easure phase differences
– Prelim inary result announced in July 

εεεε’/ εεεε = 0.0033 ± 0.0011
• 1988 M ore εεεε’/ εεεε running

• 1989 Final εεεε’/ εεεε run



From  a contem porary sem inar

Simple Ratio

0.912
Becomes 

0.977 
after binning in 
energy & vertex



Key points in the analysis

“The devil is in the detail”

• The energy scale

• Statistical analysis

• Accidentals

• Backgrounds

• Trigger efficiencies

• Reconstruction efficiencies

• The acceptance

• Rate effects

• Instrum ental effects



M aking the cancellation happen



O ther physics

1987
First observation of K S�γγγγγγγγ
N ew m easurem ent of K L�γγγγγγγγ

1988
Search for K L�ππππ0000e+e-

M easurem ent of K L�ππππ0000e+e-

1989
Search for K L�ππππ0000h0 0 0 0 ; ; ; ; h0�e+e-

1990
M easurem ent of the phases φφφφ+- and φφφφ00, and the phase difference

M easurem ent of K L�e+e- γγγγ
O bservation of K L�ππππ0000γγγγγγγγ

1991
O bservation of K L�e+e-e+e-

1992
M easurem ent of K L�ππππ0000γγγγγγγγ

1993

N ew (final) m easurem ent of εεεε’/εεεε
Search for K S�ππππ0000e+e-

1994
Search for K L�ππππ0000ππππ0000γγγγ

1995
Branching Ratios ΓΓΓΓ(KL→→→→2ππππ0)/ ΓΓΓΓ(KL→→→→ππππ+ππππ-ππππ0) and ΓΓΓΓ(KL→→→→3ππππ0)/ ΓΓΓΓ(KL→→→→ππππeνννν), 
M easurem ent of K L�e+e-e+e- & parity of the K L
Search for K L�γγγγγγγγγγγγ

1997
M easurem ent of the K lifetim e

M easurem ent of K L�e+e-γγγγγγγγ

εεεε’/ εεεε = 0.00230 ± 0.00065

εεεε’/ εεεε = 0.0033 ± 0.0011  [1987]



[1986] Presentation of the ‘Cheque’ for 200,000 K L�2ππππ0

H einrich W ahl

N A31 Spokesperson



… and in action …



The neutral kaon system
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CP conservation

• Since CP| 2ππππ> = +| 2ππππ>

• CP conservation im plies that

� KL cannot decay into 2 ππππ

! N ote that CPT im plies

1111.... εεεεS = εεεεL = 0

εεεεS ==== εεεεL



ε′/εε′/εε′/εε′/ε

.

2π2π2π2π state can be either I=0 or I=2

ππππ++++ππππ−−−− is 2/3 (I=0) and 1/3 (I=2)

ππππ0ππππ0 is 1/3 (I=0) and 2/3 (I=2)

ηηηη++++−−−− ==== εεεε ++++ ε′ε′ε′ε′

ηηηη00 ==== εεεε -2 ε′ε′ε′ε′
Rηηηη ==== ηηηη00000000/η/η/η/η++++−−−−2222 ==== 1111 −−−− 6ℜ(6ℜ(6ℜ(6ℜ(ε′/εε′/εε′/εε′/ε))))
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