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In a framework of the renormalizable theory of weak interaction, problems of CP-violation
are studied. It is concluded that no realistic models of CP-violation exist in the quartet
scheme without introducing any other new fields. Some possible models of CP-violation are
also discussed.
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Fig. 4. Fitted masa distribution of 4y candidatos after
cuts.
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The birth of NA31 experiment

CERN/SPSC/81-110
SPSC/P174 . o o
22 December, 1981 AIM : Measure Re(g’/€) with 0.1% of precision

PROPOSAL 14 authors from 4 Institutes

10 pages of text, with

Measurement of I?'loolz/|ﬂ+__|2

* 9 lines on tracking
1 page on calorimetry

7 lines on veto anticounters

D. Cundy, N. Doble, I. Mannelli, J. May, J. Steinberger, 3 of a page on trigger
H. Taureg and H. Wahl :

CERN, Geneva, Switzerland

¥. Eisels, X. Flsiuknecht and B, RKenk 1,5 on charged and neutral background,

Institut fur Physik* der Universitat Dortmund, Dortmund, Germany 10 lines on time scale

half a page on systematics

L. Bertanza, A. Bigi, R. Casali and G. Pierazzini
Istituto di Fisica and Sezione INFN, Pisa, Ital.yf

- Half a page on Cost

11 References
M. Holder and G. Zech

Gesamthochschule Siegen, Siegen, Germany 11 (huge) figures




The birth of NA31 experiment

Very light and simple description of analysis,
background treatment and systematics

I 15 egsential that the uncertainties in these differences, as they affect
the ratio of accepted neutral and charged decays, be kept at the one per
aille level, We omit here a detailed discussion of the strategies to be

employed Co try to achieve this level, but limt ourselves to the claim

that ithough the problem is very challemging, such syscematic precision

is possible,
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ORGANISATION EUROPE ENNE POUR LA RECHERCHE NUCLEAIRE

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Very light and simple description of analysis,
background treatment and systematics

Geneva, 8 July 1982

I 15 egsential that the uncertainties in these differences, as they affect

the ratio of accepted neutral and charged decays, be kept at the one per

The committee at is last meeting decided to recommend
P 171 for approval. However there was a widespread feeling that the
committee should suggest to enlarge the collaboration with some

aille level, We omit here a detailed discussion of the strategies to be

physicist dedicated tec this experiment.

employed Co try to achieve this level, but limt ourselves to the claim

Furthermore it was felt that the contribution from CERN
should not exceed 2 MSF. 1 hope some reassurance on thesc two
points can be given in time for the September 16th research board.

that ithough the problem is very challemging, such syscematic precision

is possible,

Yours truly, s
o= =y A/ A

J. Lefrangois
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Daniel Fournier beggining of 80s
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Seeking for a new experiment after closing the CELLO chapter

The UAI and UA2 setups done
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Channel KS KL

R = I'(K ->nn?%) /I(K ->r'm)
['(K; ->mtm)

['(K;->mmY)
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The NA31 method

Channel KS KL
0.686 ~0.002
0314 ~0.002

r = LK ->nn) / T(K, ->m7r)

['(Ks->nn?) / T'(K;->m'm)

> Alternate Ks and Kl beams
- Detect concurrently Charged and Neutral Decays to
cancel out beam flux instabilities, in the same decay volume
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The NA31 experiment: the Liquid Argon
Calorimeter (LAC

PC BOARD WITH HORIZONTAL READDUT STRIPS
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The Orsay contribution to LAC
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The Orsay contribution to LAC
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Orsay contributions to Data Taking

AFBI (Atithmetic FASTBUS Interface)
Second level hard wired trigger

What for. Compute energy sums and first and
second moments

=>» Neutral events : cuts on vertex, CoG and
Energy in LAC to reject 3n°

=» Charged events : cuts on LAC/EHAD,
energy in HAD to reject ke3 and Ku3
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Orsay contributions to Data Taking

AFBI (Atithmetic FASTBUS Interface)
Second level hard wired trigger

Online Display: a 3rt? event

What for. Compute energy sums and first and
second moments

=>» Neutral events : cuts on vertex, CoG and
Energy in LAC to reject 3n°

=» Charged events : cuts on LAC/EHAD,
energy in HAD to reject ke3 and Ku3
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Wire chambers 2X and 2Y
Gaz : 30%Xe+55%He+ 5% CH4
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Test the charged background : The Transition

Radiation Detector for 1988 data takinc

Wire chambers 2X and 2Y
Gaz : 30%Xe+55%He+ 5% CH4

Radiators : ORSAY
WireChambers : SIEGEN
Electronics : ORSAY
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TRD: from construction to the analysis

g oy e Gy :
B oy

~ = =

Construction of the Radiators
Hall “taup” at LAL
Maitre d’oeuvre M.Dialinas
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TRD: from construction to the analysis

Dormees K= '™
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49800 025 05 0715 1 0 0.25 0.5 0.75 1
°TRD vs ELAC/ETRK max(ELAC/ETRK)

Vaiidation of the background yield in the signal
region.

Confidence = Uncertainty ~0.1% (Gain of factor 2)
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Test the accidental activity: the ZTDC for the
1989 half-data taking

The NA31 baseline method :
—>Overlay by software the events with random triggers
—> Compute gains and losses

Lydia Iconomidou-Fayard 06/12/2023 @



Test the accidental activity: the ZTDC for the
1989 half-data taking

The NA31 baseline method :
—>Overlay by software the events with random triggers
—> Compute gains and losses

To test the baeline result:
|dea born at the end of a shift, L_‘ 1
Daniel discussing with Ken Peach

')
s = ’
-

Seeking for a “easy to build” and fast solution

Lydia Iconomidou-Fayard 06/12/2023 @
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Clusters that
triggered

Mode

KS overlay
KS ZTDC

KL Overlay
KL ZTDC

Losses-Gains %
Charged

(0.90+-0.04)%
(0.89+-0.06)%

(1.45+-0.05)%
(1.52+-0.08)%

Loosses-Gains %
Neutral

(1.20+-0.05)%
(1.30+-0.07)%

(1.55+-0.06)%
(1.78+-0.10)%
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The LAL-Orsay NA31 group

The “seniors”
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The LAL-Orsay NA31 group

The “seniors” The Post-Docs
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The LAL-Orsay NA31 group

The “seniors” The Post-Docs The HDRs
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The “seniors”

The LAL-Orsay NA31 group

The Post-Docs The HDRs

M. Corti

The PHD’s

M.Hassan

6/12/2023



The LAL-Orsay NA31 engineer-technician team

TRD : F.Berny J. Brugnon, J.P. Coulon, M. Dialinas, J.P. Marolleau, E.Plaige,
D.Richard, J.P Richer

Calorimeter readout et AFBI “C.Arnault, A.Bellemain, R.Bernier, A.Bozzon-
B.Chase, J.P.Coulon,J,C, Drulot, J.P. Marolleau, E,Plaige, J.P. Richer,
A.Roudier



At that time Daniel was
professor at Orsay University

Despite the load of lectures, he
was driving the Orsay activities
efficiently and in all areas

Construction, data taking,
Full epsilonPrime analysis

Lydia Iconomidou-Fayard

Daniel in NA31 and after
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The LHC delays.......

Daniel pushed and encouraged
people to join
“intermediate”experiments

06/12/2023 °



At that time Daniel was
professor at Orsay University

Despite the load of lectures, he
was driving the Orsay activities
efficiently and in all areas

Construction, data taking,
Full epsilonPrime analysis

1989-1992 associate at CERN
Start involvement on LHC
Studies on LArg calorimetry

Lydia Iconomidou-Fayard

Daniel in NA31 and after

The LHC delays.......

Daniel pushed and encouraged
people to join
“intermediate”experiments

A small team from LAL joined
NAA48, the “new CERN DCPV in
kaons experiment”

Aim : higher precision, more
cancellations

06/12/2023 a



Daniel in NA31 and after

NA48 :
HC delays ?Challenglng homogeneous
Liquid Krypton calorimetry
—>Record all 4 modes
concurrently thanks to very

clever beam setu
hed and encouraged P

:ople to join
diate”’experiments

Bent crystal

Defininig
Collimator
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Daniel in NA31 and after

NA48 :

At that time Daniel was —> Challenging homogeneous

professor at Orsay University The LHC delays....... Liquid Krypton calorimetry
—>Record all 4 modes
concurrently thanks to very
Despite the load of lectures, he - clever beam setup
was driving the Orsay activities Daniel pushed and encouraged
dynamically and in all areas people to join

“intermediate”experiments
Daniel , from ATLAS side, was
closely following the NA48
progress

Construction, data taking,

Full epsilonPrime analysis
A small team from LAL joined

NA48, the “new CERN DCPV in
kaons experiment”
In 192222, Sabatical at CERN Aim : higher precision, more
Start involvement on LHC cancellations
Studies on LARg calorimetry

Lydia Iconomidou-Fayard 06/12/2023 e

Very satisfied to see the final
confirmation of the NA3 |
result
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The “final” overall picture
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What | remember about Daniel in NA3| is that he was one of the nicest
collaborators to work with. Clearly, he was understanding everything of the
experiment, the details of the electronics, of the detectors and of the data
analysis, besides having a deep understanding of the physics that we were looking
for.The impression | had is that he was a very good scientist.

| would like to say few more things about him.

| have appreciated very much his positive active contribution to the work of
the CERN LHC scientific committee, during the time of the construction of the
LHC accelerator and detectors.

What | have admired the most of him, has been his engagement in the ATLAS project,
taking the responsibility with his collaborators to build the liquid argon calorimeter.
At that time, it was an incredible project, many years of work ahead, with many
problems to solve, with no guaranties of been successful on a critical component
of the experiment, sealed in a cryostat, as we know a very big responsibility.

When | have seen the reconstructed two photons invariant mass distribution

of ATLAS, showing the Higgs mass, | realized the that was a dream coming to reality,
beautiful.
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Looking back over 15 years to NA3I, the first thing
that comes to mind is that Daniel was a very

agreeable and friendly collabotator and an excellent
physicist. In addition, he always carried out his many

responsibilities in his characteristic calm and
efficient manner. His passion for calorimeters took
precedence over NA48, but it turned out to be an
excellent choice.
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peux aussi dire que j’ai vraiment apprécie la facon dont
Mr Fournier m’a considéré en tant qu’étudiante. J’ai toujours
eu 1°impression qu’il me traitait de facon juste et equitable.
Je suis aussi sure que je ne serais pas la seule a commenter
sur son tempérament: Je ne crois pas l’avoir vu perdre son sang
froid une seule fois (avec moi ou avec quiconque), ce qui,
considérant la pression et ses responsabilités dans la
collaboration NA31 (il fallait livrer les TRD a temps, les
calibrer, s’assurer que 1’on pouvait séparer les electrons des

muons, ..) est remarquable. J’ai travaillé sur plusieurs
missions (Astro-E, XMM-Newton, Suzaku, Fermi, RXTE, Swift,
Hitomi) quand j’étais a la NASA et je peux témoigner que cette
capacité a rester calme sous pression est tres rare.

Transmets toutes mes felicitations a Mr. Fournier et un
bonjour a ceux que je connais.
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Daniel’s qualities (on top of calm..) to mimic:
Reaction
Innovation
Perseverance
Hard work
Organisation
Efficiency

Lydia Iconomidou-Fayard 06/12/2023 a
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—> Charged tracks from the 2 WC Require NO accoplanarity

- El and E2 energies from LAC +HAC
Données 1988+ 1989
— K_~>m*n" Données
@K —>n'nn’
M Houte masse
WK, —>mer
2K =

Ego = ﬁ * I‘.ﬂ-fi-u -m?xT)x T}

Region de

contrile

_ E B
T-2+E+E‘_-1

M%=9% (EI+E2)/T + ML T

=> Reject Tuv : muon vetoes
=>» Reject nev: looking at LAC1/HAC

=>»Reject m'nm® : no close photon
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Reconstruction of piOpi0 mode in NA31

Only four clusters in LAC

Use a y? to test event compatibility
with a 2n%-decay

o = Mygo

)? + (

Mg
ellipse = {SEI{ET"‘.’J

S03(Eynsa)

3n® background with fused or
lost photons appear at the tail of
the Rell distribution

Mo + Migo — 2 X Mo

)1

— K, —> n"n® Donndes
O K, —> Ot MO

Region
de
controle

10 .
Rellipse
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=134

Cible K5
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L Lt £ T3 T
Al

E; x Ef x [(&-‘. - !Ej)z + (yi = yJF]

Anticounter’s main goal:
Veto early K decays
Used also as a distance scale
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PROCEEDINGS OF THE
WORKSHOP ON K PHYSICS

Andrzej Buras
Theory Summary v ‘3

0=efe<430. 107 (31)

and
¢'fe = (10.4 £8.3) - 1074 (32)
for the "scanning” method and the "gaussian” method respectively. We observe that the
“gaussian” result agrees well with the E731 value and as stressed in [55] the decrease of m,
with my(2GeV) = 85 MeV alone is insufficient to bring the standard model to agree with the
NA3I result. However for By = By, sufficiently large values of [V /Vy| and Agz and small
values of my, the values of /¢ in the standard model can be as large as (2 — 4) - 10~* and
consistent with the NA31 result.
Let us hope that the future experimental and theoretical results will be sufficiently accurate
to be able to see whether £'/c 5 0 and whether the standard model agrees with the data. In

Bru ce Wl n Stei n EXPer any case the coming vears should be very exciting.
Summary

If Re(e'/e) is indeed of order 0.002, then we could already have a =2 New experiments:
NA48 (CERN) and KTeV (FNAL)

84

signal of physics beyond the Standard Model.
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1986 Data

R, = 0.977 + 0.004

statistical error only

1988+1989 data

Mode de

Nombre d’ | Bruit de fond
i |00
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- — Pions

—— Electrons »Truncated Mean

*Likelihood

Events / bin
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