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 A short reminder of the CP Violation history 

 
For CERN contributions  to CPV measurements 
see previous seminar by Luigi Di Lella 6/06/2014 

 
 

http://indico.cern.ch/event/320481/contribution/1/material/slides/1.pdf 

We concentrate here to the CERN efforts to elucidate 
the Direct component of CP-Violation 

Many thanks to my colleagues 
Daniel Fournier, Ivan Mikulec, Guillaume 
Unal, Lau Gatignon, Eddy Mazzucato for  

sharing their memories  

The Menu  

NA31 and NA48 
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Observation of Kaons  in cosmic rays 1947 

1950 

~1953 

Physical Kaon particles: 
 
   τ1<<τ2 

M1<M2 

A. Pais 

1955 

Proposal of how to find K2 1955 
O.Piccioni 

Discovery of the K2  1956 

M.Gell-Mann 

Discovery of the Λ hyperons  
produced always in association  

with Kaons 
 

Introduction of strangeness. 
 Its conservation implies particle  

production in pairs.   
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Weak interaction violates 
both C& P symmetries,    

preserving in general CP  

CP = +1 CP = -1 

Fitch, Turlay, Cronin, Christenson 
Château de Blois, May 1989 Observation of 42 K2->π+π- decays 

Short-live K1 can decay only into 2body 
Long-live K2 can decay only into 3 body 
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Physics particles : KS and KL  

 They are mixtures of the two 
 CP eigenstates K1 and K2 

 

 
 
 

The observed KL->2π arises 
because of the K1, K2 mixing. 

  
Call it  “ Indirect CPV” 

 
 
 

SuperWeak force:  ∆S = 2 

L.Wolfenstein 

1972  
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Standard Model if 3 quark families.  

(only 3 quarks known in 1973!) 
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1976 

~10%   Gilman , Wise 1979 

~1985 

~2%    Ellis, Gaillard, Nanopoulos 

>0.2%  Gilman , Hagelin 
~0.15%*f(mt) Buras, Gerard  

1990 

Buras, Jamin,Lautenbacher 

~1995 10-4->16 10-4 

Buras et al, Ciuchini et al 

Few permil 
precision 

seems enough 

Need 10-4 

precision! 

1989 ɣ-penguins   Flynn, Randall 

 
B6: QCD penguins 
B8: EW penguins 
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Channel KS  KL 

π+π- 0.686 ~0.002 

π0π0 0.314 ~0.002 

πeν 0.386 

πμν 0.270 

3π0 0.217 

π+π-π0 0.124 

                      
    Challenges to face in an experiment 
 
1) Isolate  the very  rare  KL to 2π decays 
2) Suppress the abundant 3-body KL decays 
3) Handle the very different KS and KL 

lifetimes  (cτS =2.675cm, cτL=1554 cm 
4)  Measure precisely  Rmeas -> R 
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Protons  
from SPS   

Zoom 

Kevlar 
window 

Charged hodoscope 

Helium Tank 
In atm press 
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Protons  
from SPS   

Alternate KS and KL beams 

107protons/spill 

KS  integrated decay 
spectrum 

41 stations 
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 3-level trigger  system to select 2π and reject  3body events.  
          Synchronous  part : Counters, Energy, Hits  
        Asynchronous  part: Energy, CoG,  calo shower ,  acoplanarity 
Single rates ~105   , pretrigger 10KHz,  write on tape 1000events/burst  

Alternate KS and KL beams in the same detector 
 

Detect concurently  charged and neutral 
 

Date read via FASTBUS into a dual 168E array 
DAQ controled by a VAX11/750 

π0π0 :  High energy and position 
 precision LAr calorimetry  

π+π- : No magnet. Two drift chambers 
with 4 wire planes each.  

Make KS spectra similar to KL 
Reduce acceptance 

corrections  
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Charged tracks from the 2 WC 
 
 E1 and E2 energies from LAC +HAC 
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M2
K=ϑ2 (E1+E2)2/T + M2

πT 

  Reject πμν : muon vetoes 
Reject πeν: looking at LAC1/HAC 
Reject π+π-π0  : no  close photon 

Require NO accoplanarity  

Checked from 1988 on with the 
Transition Radiation Detector 

Charged tracks from the 2 WC 
 
 E1 and E2 energies from LAC +HAC 
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Only four clusters in LAC 

Use a χ2 to test event 
compatibility with a 2π0-decay 

E1 
E2 

E3 

E4 

3π0 background with fused or 
lost photons appear at the tail 

of the Rell distribution  
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Energy Scale = Distance Scale 

Magnets 

Anticounter 

KS target 

Anticounter’s main goal:  
Veto early KS decays 
Used also as a distance scale   

Scale known to <0.05% 
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Particles accompanying the 
beam, recorded during an 

event acquisition. 

Can cause gain or 
loss of a good event  

 
1) Record random triggers 
2) Overlay them  to the data 
3) Each event on tape as : original, 
random, overlayed. 

 

Build  the overlay method 

Effect on KL  events 

Different in KS and KL 
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No WEB! Very rare 
VideoConferences 

Weekly  and  
collaboration 

meetings 

« Relaxed » 
organisation 

No laptops! Connection to 
the computers via Modem 

Simple hierarchy:    
A single spokeperson  

Heiner Wahl  

A.M. Lutz 

H.Taureg 

« Plot » shown in a meeting 

No ROOT! 



Channel Nb of 
events 

Total bkg 
(%) 

KL->π0π0 109000 4.0 

KL->π+π- 295000 0.63 

KS->π0π0 

 
932000 <0.1 

KS->π+π- 

 
2300 <0.1 
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55 authors, 7 labs 49 authors, 6 labs 

Re(ε’/ε)=(3.30+-1.09 )10-3 Re(ε’/ε)=(2.03+-0.67 )10-3 

1988 1993 

Combined NA31 :      (23.0+6.5) 10-4    3.5σ 
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E731 Collaboration - FermiLab 
L.K.Gibbons et al., Phys.Rev.Lett. 70 (1993) 1203. 

Concurrent KL – KS 
Alternate π+π- and π0π0 
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E731 Collaboration - FermiLab 
L.K.Gibbons et al., Phys.Rev.Lett. 70 (1993) 1203. 

Tension  

Most theory schools favoured 
The «  very small  ε’/ε»  region 

Concurrent KL – KS 
Alternate π+π- and π0π0 
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Andrzej Buras 
Theory Summary 

S. Bertolini 

Bruce Winstein 
Exper. Summary 

New experiments:  
NA48 (CERN) and KTeV (FNAL) 
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3 ε’/ε Run periods    97, 98-99 and 2001 .  

H
einrich W

ahl H
EP2005 

10-4 
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Silicon  mono-crystal 
mounted on a motorized 

goniometer. 
Selects 10-5 of  the incident 

proton beam and  deflects 
them towards the KS target  
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12 scintillators with  alternating  
vertical and horizontal orientations 
 
Traversed  ONLY by KS protons 
Readout by a 1Ghz 8-bit FADC 
 
 Gives the proton time ~180ps 
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Looking at time-coincidences: 
Charged hodoscope-Tagger (π+π-) 

 LKr - Tagger  (2π0) 



 
 
 
 

Nead to know: 
How many KL are tagged as KS 

(in both π+π- and π0π0 ) 
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Niels Doble  

Niels 
Doble 

Per 
Grafstrom 

Lau 
Gatignon 

As usually:    the miracles of the beam masters  
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Weight KL spectra to KS one 

After weighting:  remaining 
correction for small residual 

differences.   

Blue : KS   Green : KL MC acceptance correction 
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Kaon mass in π+π- Neutral mode 

Field integral ->PT kick=275 MeV/c 
σ(p) = 1%  for 100GeV pion 

σ(E) ~1% for  photons>25GeV 
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« Large » collaboration  
(~160 authors)! Structured in groups with conveners! 

Per detector 
Charged 

reconstruction 
Neutral 

reconstruction 

ε’/ε analysis 
Rare Decays 

Regular rotation of spoke-persons:  Peyaud, Calvetti, Bluemer, Debu,Wahl 

Still possible to master the code and  
the methods in few months 

Friendly athmosphere, lively , 
motivating and inspiring discussions 

Several groups of  analysis running in parallel 
Data not realy blinded,  concentrate on checks 
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People 

Corrections 
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The 1997  statistics  

Result released in June 1999 

Result  delayed  looking for eventual biases. 
Conclude statistical effects. 

Is there any slope? 
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Regular meetings with 
draft agenda ! Presentations still in 

plastic slides. carefully 
copied (by Bernadette 
Bell) and sent by post 
to all institutions….. 

How many trees?  

 3 times more! 
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Collège de France 1996 
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Re(ε’/ε)= (16.4 ± 1.9) 10 -4 

Plot from I.Mikulec 2003 

World average 

Confirmation of a « large » 
Direct CPV component 

In next years, 
computations on lattice 

might improve the 
theoretical expectation. 
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"For leadership in the series of experiments that 
resulted in a multitude of precision 
measurements of properties of neutral K mesons, 
most notably the discovery of direct CP 

violation." 

2005 : the EPS prize  2007 : the Panofsky prize  

Italo Mannelli, Univ.of Pisa/INFN 
Heinrich Wahl, CERN 
Bruce Winstein, Univ. of Chicago 
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CP Violation is one among the very few 
poping-up, non-predicted discoveries 

It’s observation caused an avalanch of experimental 
and theory results that shaped the Standard Model 

The discovery of Direct CP Violating component 
demanded challenging experiments 

Several of the employed methods and analyses were 
pioneering and paved the way for the LHC experiments 

40MHz trigger 

Optimal filter for 
sampled calo signal 

reconstruction 

Beam channeling  

Handle 100Tb/year  
of data Accidental  studies 

through overlay 
First pc farms 

Remote data recording  
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Small experiments->  flexibility 

NA31 

Construct and install 
TRD in 1988, to Xcheck 
the K->πeν background 

Construct and ZTDC in 
1989 to Xcheck the 
accidentals in LAr 

NA48 

2000: Spectrometer in repair 
Take KL beam to Xcheck 

accidental tagging studies 

Also registered η decays for 
Xchecks on energy scale 

New PDG   
M(η) value!!! 

Plot from I.Mikulec 2002 

Reconstructed WC   
in 18 months! 

Moreover :    Both NA31 and NA48 
experiments  pursued in parallel a rich 
and diversified program on rare kaon 

decays. 
NA48-> NA48/1, NA48/2 
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Baryogenesis: 
Sakharov 67 
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CP violation  in the Kaon System was a 
huge portal for physics and physicists.  

As in nowdays, the ingenuity of CERN accelerator 
and beam divisions , were  the necessary condition 

for the success of the DCPV experiments  

B  factories: 
Belle, Babar 

 
CERN played a determinant role in the 

discovery and confirmation of DCPV, with 
stamina, ethics and cooperation. 

  

A lot of questions remain on CPV.  Answers expected from  
 NA62 (starting in 2014! ) , LHCb, neutrinos, SuperKEK, … 

Expect more answers for  the 70th anniversary of CERN? 

Baryogenesis: 
Sakharov 67 
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10-11 July 2014 
© Clare Elliot 
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Joyeux anniversaire 

Gratulerer med dagen 

Feliz aniversário! 

Grattis på födelsedagen 

생일 축하합니다  
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Only four clusters in LAC 

Use a χ2 to chose the two most 
 π0-like photon combinations 

Data 

Contr
ol 

region 

Control 
region 

Data 
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Tagging inefficiency Accidental tagging  

80% due to tagging ineff 
20% due to charged hodos ineff 

Sources of ∆αLS 
--Different trigger losses  

--Different reco losses 
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Collimator Anticounter 

1) Large angle scattering in the  
collimator borders (unexpected) 

2) Scattering in the anticounter 
material (expected) 

3) Hot-Spot: Kaons surviving the 
beam dump!  (unexpected) 4) Normal beam (~97.4%)  

Charge-neutral   asymmetric 
Correction on R  = -0.39+-0.08% 

Kaon 
interactions  

at the KS 
beam  

collimation  
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 1998 and 1999 runs   
Protons in target for 2.4s every 14.4 s 

2001 run   
Protons in target for 5.2s every 16.8 s 

Lower  instantaneous   intensity I 
Xcheck of accidental losses vs I 

Plots from G.Unal  
ICHEP 2002 

A.Ceccucci SPSC 2001 
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NA31 (93) NA48 
98+99 

NA48 
2001 

Kl 0.3 106 3.3 106 1.5 106 

KLc 0.8 106 5.2 106 7.2 106 

KS n 1.3 106 14.4 106 2.2 106 

KSc 3.2 106 22.2 106 9.6 106 
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Augusto Ceccucci 
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1.6μs shaping 
 3 CMOS switches sample the 
signal  
Total charge: 
          Q= (QB-QA)-(QC-QB) 
 

From 1989 on:  
Compute the signal derivative. 
  Use the zero-crossing time of the 
calo signal to identify  accidental 
activity   (« ZTDC ») 
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Signal preamplified at cold 

Shaped and digitized  in the 
« Calorimeter Pipelined Digitizer » 

Bipolar signal  ~70ns FWHM 
4 gains  (0-50GeV) 

Asynchronous s  40Mhz  
sampling  of the signal by a  

10bit FADC   

Exemple 

Signal (E, T) reconstruction: 
Using  optimal filtering  

Time in ns 
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…..together  with detailed 
minutes  
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Common to two decay 
channels recorded 

concurrently  At first order, corrections  
on Rmeas cancel  out IF : Common to two beams  

recorded concurrently  

 
Moreover, for a given mode:  

Different backgrounds for KS and KL  
and much  different decay spectra.  

 

The best:  
record all 4 numbers 

concurrently 
in the same detector 

 
Not trivial at all 
because of the 

very different KS 
and KL lifetimes  

 
The whole challenge: 
compute remaining 
corrections   Acorr 
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Direct CPV affects differently  the 
two Kaon 2π decay channels  

 
η+- = <π+π-|KL>/<π+π-|KS > = ε + ε’ 
η00 =<π0π0|KL>/<π0π0|KS > = ε - 2ε’ 
 
DirectCPV/IndirectCPV = ε’/ε 
 
 
 
 
 

 
 

Experimentaly, one needs to 
measure  4 decays : 

Such that R = Rmeas x Acorr 

Rmeas sensitive to flux, trigger, 
detector ,acceptance  and 
background differences 

between 4 modes 
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Lead conversion plate 

Readout electrodes 

Spacer 

Stack of lead conversion plates alternating with 
readout planes suspended in a liquid argon bath  

 
Alternate vertical and horizontal 

readout strips 12.5mm wide. 
 
 

A total of 1536 channels, each made of 20 
longitudinaly connected vertical or 

horizontal strips.  

The neutral hodoscope used for 
triggering divides the detector into 

front and back parts 

σ(π0)= 2Mev  
 σ(x,y)< 1mm 
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Protons  
from SPS   

Helium Tank 
In atm press 

WC1 and WC2 
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