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A tribute to Italo : The NA31 years

Daniel Fournier, Lydia Iconomidou-Fayard, R.D.Schaffer
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Theory time-arrow of  the Re(’/) size

1976

~10%   Gilman , Wise1979

~2%    Ellis, Gaillard, Nanopoulos
Few permil precision

seems enough

~1985 >0.2%  Gilman , Hagelin
~0.15%*f(mt) Buras, Gerard

1989 ɣ-penguins Flynn, Randall

1990

Buras, Jamin,Lautenbacher

~1995 10-4->16 10-4

Buras et al, Ciuchini et al

Needs 10-4 precision!

2016
(1.1+-5) 10-4    

Kitahara et al 
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Theory time-arrow of  the Re(’/) size

1976

~10%   Gilman , Wise1979

~2%    Ellis, Gaillard, Nanopoulos
Few permil precision

seems enough

~1985 >0.2%  Gilman , Hagelin
~0.15%*f(mt) Buras, Gerard

1989 ɣ-penguins Flynn, Randall

1990

Buras, Jamin,Lautenbacher

~1995 10-4->16 10-4

Buras et al, Ciuchini et al

Needs 10-4 precision!

The NA31 proposal

2016
(1.1+-5) 10-4    

Kitahara et al 

Italo's Fest,  Pisa 2018



The birth of NA31 experiment

• 14 authors from 4 Institutes
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The birth of NA31 experiment
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7 Books submitted to LHCC for the Phase 2 
ATLAS Detector Upgrades…….
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The birth of NA31 experiment

• 14 authors from 4 Institutes

• 10 pages of text, with
• 9 lines on tracking
• 1 page on calorimetry
• 7 lines on veto anticounters
• ¾ of a page on trigger
• half a page on systematics
• 1,5 on charged and neutral

background, 
• 10 lines on time scale
• Half a page on Cost

• 11 References

• 11 (huge) figures
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The birth of NA31 experiment

Very light and simple  description of analysis, 
background treatment and systematics
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The birth of NA31 experiment

Very light and simple  description of analysis, 
background treatment and systematics
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Edimburg and Orsay 
joined in 1983
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Protons 

from SPS 

The NA31 experiment in a sketch
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The NA31 experiment in a sketch

Protons 

from SPS 
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Protons 

from SPS 

The decay region

The NA31 experiment in a sketch
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Protons 

from SPS 

Zoom

Kevlar 
window

Charged hodoscope

Helium Tank
In atm press

The NA31 experiment in a sketch
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TRD added in 1988
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Protons 

from SPS 

anticounters

The NA31 experiment in a sketch
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The NA31 experiment : KL set-up

Protons 

from SPS 

Alternate KS and KL beams

1011 protons/spill
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Protons 

from SPS 

Alternate KS and KL beams

1011 protons/spill

KL decay spectrum

The NA31 experiment : KL set-up
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Protons 

from SPS 

Alternate KS and KL beams

107protons/spill

The NA31 experiment : KS set-up
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Protons 

from SPS 

Alternate KS and KL beams

107protons/spill

41 stations

The NA31 experiment : KS set-up
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Protons 

from SPS 

Alternate KS and KL beams

107protons/spill

KS integrated decay
spectrum

41 stations

Italo's Fest,  Pisa 2018

The NA31 experiment : KS set-up



Alternate Ks and Kl beams
Detect concurrently Charged and Neutral Decays

23

The NA31 method
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Italo’s contributions : The LAC 
(Liquid Argon Calorimeter)
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Historical detail :
The  SPC scenario of  using the lead-glass calorimeter of  GAMS 

experiment was quickly abandonned, the detector was in use.

A dedicated Lead-Liquid Argon Calorimeter was finally chosen. 
Good energy response with less tails and good position resolution.



Italo’s contributions : The LAC 
(Liquid Argon Calorimeter)
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1536 channels

 Design of the detector (with CERN 
and G.Kesseler).

 Electronic calibrations in cold (with
C.Cerri)

 PeakFinder (hardware trigger with
Galeotti) to identify energy peaks in the 
calorimeter

 Neutral Hodoscope (with Pisa people) 
between Front and Back parts.

 Neutral reconstruction (with Roberto 
Casali)

Italo's Fest,  Pisa 2018

One channel: 
20 longitudinally
connected X or 

Y strips



Italo’s contributions : The LAC 
(Liquid Argon Calorimeter)

 Design of the detector (with CERN 
and G.Kesseler).

 Electronic calibrations in cold (with
C.Cerri)

 PeakFinder (hardware trigger with
Galeotti) to identify energy peaks in the 
calorimeter

 Neutral Hodoscope (with Pisa people) 
between Front and Back parts.

 Neutral reconstruction (with Roberto 
Casali)
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Some troubles with LAC

Shorts :  appearing during the 
various cool-down periods. Up to 
6% of channels disconnected.

Connecting channel strips in 2 
Interleaved groups of 10. In case of 
shorts, read only one (half
sampling).  

A shorted region in the Back was
cured after inserting honey-comb. 
Probably delamination of the G10..

Energy reponse drop from 0.03% 
to 0.5% per day. Recovered with
frequent re-fills
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Some troubles with LAC

Shorts :  appearing during the 
various cool-down periods. Up to 
6% of channels disconnected.

Connecting channel strips in 2 
Interleaved groups of 10. In case of 
shorts, read only one (half
sampling).  

A shorted region in the Back was
cured after inserting honey-comb. 
Probably delamination of the G10..

Energy reponse drop from 0.03% 
to 0.5% per day. Recovered with
frequent re-fills Controlled by AKS.
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Fit to fix the scale



Italo’s contributions : The Peak Finder
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 Design of the detector (with CERN 
and G.Kesseler).

 Electronic calibrations in cold (with
C.Cerri)

 PeakFinder (hardware trigger with
Galeotti) to identify energy peaks in the 
calorimeter

 Neutral Hodoscope (with Pisa people) 
between Front and Back parts.

 Neutral reconstruction (with Roberto 
Casali)
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Italo’s contributions : The Peak Finder

05/09/2018 31

Peak
Finder

ADC

 Design of the detector (with CERN 
and G.Kesseler).

 Electronic calibrations in cold (with
C.Cerri)

 PeakFinder (hardware trigger with
Galeotti) to identify energy peaks in the 
calorimeter

•  Neutral Hodoscope (with Pisa 
people) between Front and Back parts.

•  Neutral reconstruction (with Roberto 

Casali)

Cables
to 

extract
the 

signals
from

the FT

FT

Orsay (Bob Chase et al)
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Italo’s contributions : the Neutral Hodoscope
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 Design of the detector (with CERN 
and G.Kesseler).

 Electronic calibrations in cold (with
C.Cerri)

 PeakFinder (hardware trigger with
Galeotti) to identify energy peaks in the 
calorimeter

Neutral Hodoscope (with Pisa people) 
between Front and Back parts).

 Anticounters (with Pisa people)

 Neutral reconstruction (with Roberto 
Casali)

Italo's Fest,  Pisa 2018

Left –right coincidence required



Italo’s contributions : the KL Anticounters
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 Design of the detector (with CERN 
and G.Kesseler).

 Electronic calibrations in cold (with
C.Cerri)

 PeakFinder (hardware trigger with
Galeotti) to identify energy peaks in the 
calorimeter

Neutral Hodoscope (with Pisa people) 
between Front and Back parts).

 Anticounters (with Pisa people)

 Tests on neutral reconstruction (with
Roberto Casali)

Italo's Fest,  Pisa 2018
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Italo’s contributions: The Overlay method

Particles accompanying the beam, 
recorded during an event acquisition.

Can cause gain or loss of a 
good event

Different in KS and KL !!!!
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Italo’s contributions: The Overlay method

Particles accompanying the beam, 
recorded during an event acquisition.

Can cause gain or loss of a 
good event

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

Different in KS and KL !!!!
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Italo’s contributions: The Overlay method

Particles accompanying the beam, 
recorded during an event acquisition.

Can cause gain or loss of a 
good event

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

Effect on KL events

Different in KS and KL !!!!

Italo's Fest,  Pisa 2018

Difficult technically. Work with Carosi, Calafiura, Augé.
Since, this pionnering work is the standard way to take into
account of the accidental activity (NA48,  ATLAS, CMS..)
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With N.Doble
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Italo’s contributions: The Overlay method

Particles accompanying the beam, 
recorded during an event acquisition.

Can cause gain or loss of a 
good event

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

Effect on KL events

Different in KS and KL !!!!

Italo's Fest,  Pisa 2018

Difficult technically. Work with Carosi, Calafiura, Augé.
Since, a variant of this pionnering work is used to take into
account of the accidental activity (NA48,  ATLAS, CMS..)
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With N.Doble



Channel Nb of 
events

Total bkg
(%)

KL->π
0π0 109000 4.0

KL->π
+π- 295000 0.63

KS->π
0π0 932000 <0.1

KS->π
+π- 2300 <0.1
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NA31 Direct CPV results
55 authors, 7 labs 49 authors, 6 labs

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

1988 1993

Combined NA31 :      (23.0+6.5) 10-4  3.5σ



The next era
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E731 Collaboration - FermiLab
L.K.Gibbons et al., Phys.Rev.Lett. 70 (1993) 1203.

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

S. Bertolini

Kaon 
Physics
Orsay
1996

More precise experiments, capable to achieve a precision of few 10-4 
have been designed to challenge the tension:
KTeV and NA48 (see Marios+Guillaume’s talk)



Souvenirs with Italo

Continiusly trying to improve the 
trigger (to resist : « the Anti-
Mannelli Panelli »)

Full of rich and diverse ideas

Expert on endless discussions  
(« he thinks lowd »). Often, after
coming painfully to an agreement 
he was making a remark… and 
another round was necessary

Always a driving force.
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Souvenirs with Italo

Continiusly trying to improve the 
trigger (to resist : « the Anti-
Mannelli Panelli »)

Full of rich and diverse ideas

Expert on endless discussions  
(« he thinks lowd »). Often, after
coming painfully to an agreement 
he was making a remark… and 
another round was necessary

Always a driving force.

• His role was determinant into the 
epsilonPrime saga

• He did the announcement of the 
first result in the LP1987

• NA31+Wahl : EPS 2005 

• Italo: 2007 Panofski Prize
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BACKUP
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The zero suppression 
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To save space on disk/tape, only the ADC above a certain threshold (~70 
MeV) were readout together with 2 more channels on the left and right to 
collect all energy. 
After the first run it was realized that some energy was lost in the case 
where the energy in the back (readout independently from the front) 
was small and no strip passed the readout threshold. To avoid this a 
hardwired connection was added from each strip in the front to its
counterpart in the back(at the level of the ADC crate) in such a way that
every strip readout in the front triggered the readout of its counterpart in 
the back( and vice versa). Internal note by RDS. 



Sources of systematics on double Ration R
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Reconstruction of 00 in a nutshell

Only four clusters in LAC

Use a 2 to test event compatibility 
with a 20-decay

E
1

E2

E3

E4

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

the Rell distribution
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Reconstruction of π+π- in a nutshell

M
2

K=2 (E1+E2)
2
/T + M2

T

 Reject μν : 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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The Energy Scale determination

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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The NA31 way

 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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