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The quest of the Direct CP Violation

in the Kaon system at CERN: j
The NA31 and NA48 experiments

Lydia Iconomidou-Fayard

@mzpﬂ
Les deux ininis
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The Kaon-history time arrow

1947 Observation of Kaons in cosmic rays

Discovery of the A hyperons

1950 . < .- Evidence Concerning the Existence of the Mew
produced always in association Unctable Elomentary Neutral B
With I(aons V. Dn Horrem aso 5 Heswas

Department af Physics, [Fuipreity of Melbourus, Melhoarne, Axrralia
Dwpodier 30 1950
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1947 Observation of Kaons in cosmic rays

Discovery of the A hyperons

1050 . « e idenc i i . .
95 produced always in association E““ﬁ‘::ﬁ;ﬂ“ﬁf:ﬁfﬂEEﬂﬁ'ﬁme How
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Introduction of strangeness.
S : g i M.Gell-Mann
~1953 Its conservation implies particle e

production in pairs.
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The Kaon-history time arrow

1947 Observation of Kaons in cosmic rays

Discovery of the A hyperons

1050 . < e Evidence Concerning the Existence of the New
95 produced al'ways in association Unstable Elementary Neutral Particle
with Kaons Departauns of P ite, Uniomatty of Melbowsan, Melbewrme, Awsivalia
Dwpodier 30 1950
; : Introducthn of strell.ngeness.. : M.Gell-Mann
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1955 Proposal of how to find K2

Celebrating the 6oth anniversary of CERN  25/07/2014 10



The Kaon-history time arrow

1947 Observation of Kaons in cosmic rays

Discovery of the A hyperons

1950 . < .- Evidence Concerning the Existence of the Mew
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Wlth I(aons V. [. HorrEm axp 5 Hoswas

Diepariment aff Phyrics, [Tuipreity aff Melbourus, Methourne, Axriralia
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Introduction of strangeness.
~1053 Its conservation implies particle
production in pairs.
Physical Kaon particles:

M.Gell-Mann

1955 | MUNSSEIGHE u<<r> [REBSIIY
) Mi<M> [EEEEEEND)
1955 Proposal of how to find K2

. Observation of Long-Lived Neutral V
1956 Discovery of the K2 Particles*

K. Laxpg, E. T. BoorH, J. IMPEDUGLIA, AND L, M. LEDERMAN,

Columbia University, New Vork, New York

AND

., . W. Crinowsky, Brookhaver Nationcl Laboratery,
Celebrating the 6oth anniversary of CERN U ptom, New Vork

(Received July 30, 1956)






Kaons and symmetries in the 60’s

Weak interaction violates
both C& P symmetries,
preserving in general CP
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Weak interaction violates
both C& P symmetries,
preserving in general CP

CP=+1 CP=1
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Kaons and symmetries in the 60’s

Weak interaction violates
both C& P symmetries,
preserving in general CP

CP=+1 CP=1

Short-live K1 can decay only into 2body
Long-live K2 can decay only into 3 body
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Kaons and symmetries in the 60’s

Weak interaction violates
both C& P symmetries,
preserving in general CP

CP=+1 CP=1

Short-live Ki can decay only irtZ .pody
Long-live K2 can der~; unly into 3 body

PHYSICAL REVIEW LETTERS

EVIDENCE FOR THE 2r DECAY OF THE K,® MEson*t

J. H. Christenson, J. W. Cronin,} v. L. Fitch,} and R. Turlay?
Princeton University, Princeton, New Jersey

{Received 10 July 1091) Fitch, Turlay, Cronin, Christenson
Observation of 42 K,->m*r- decays Chateau de Blois, May 1989
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What happens to Kaons?

Physics particles: and
They are mixtures of the two
CP eigenstates K, and K,
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What happens to Kaons?

Physics particles: and
They are mixtures of the two
CP eigenstates K, and K,

The observed K ->2mt arises
because of the K;, K, mixing.
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CP eigenstates K, and K,
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Celebrating the 6oth anniversary of CERN

25/07/2014

L.Wolfenstein

L



What happens to Kaons?

Physics particles: and
They are mixtures of the two .
CP eigenstates K, and K, L. Wolfenstein

4

CP-Violation in the Renormalizable Theory
of Weak Interaction

The observed K >2r arises
because of the Kl ) K2 mlxmg Department of Physics, Kyoto University, Kyoto

(Received September 1, 1972)

In a framework of the renormalizable theory of weak mtEIECUDﬂ. problems of CP-violation

So— q
scheme w1thuut introducing any other new fields. Some possﬂ)le models of CP-violation are
also discussed.
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74 : ¢ quark, “75: t lepton,
‘77: b quark

¢

: top quark




CP Violation in the Standard Model

CP Violation naturally included in the
Standard Model if 3 quark families.
(only 3 quarks known in 1973!)

74 c quark, “75: 1 lepton,
: b quark, ‘g5: top quark

Vada Ve Vs 1-2%/2 A AX3rei
Mexkm=|Vea Voo Vo | = -A 1-2%2 AN )

AN(1—re)  —AN? 1

I/t‘d ‘/ta V;}b

A=sin3 O=phase
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CP Violation naturally included in the
Standard Model if 3 quark families.
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74 c quark, “75: 1 lepton,
: b quark, ‘g5: top quark
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A=sin3 O=phase

With 2 families : M = M*
=» CP is conserved

Celebrating the 6oth anniversary of CERN  25/07/2014

D



CP Violation in the Standard Model

CP Violation naturally included in the
Standard Model if 3 quark families.
(only 3 quarks known in 1973!)

74 c quark, “75: 1 lepton,
: b quark, ‘g5: top quark

Vie Var Vas 1-X/2 A
Mexkm=|Vea Veo Voo |= -A 1-A2  /
Via Vis Vi AN(1—re®)  —AN? 1

A=sin3 O=phase

With 2 families : M = M*
=» CP is conserved

With 3 families : irreducible
phase = CP is violated if 6 # o
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CP Violation in the Standard Model

Box diagrams

CP Violation naturally included in the > K°-K° oscillation
Standard Model if 3 quark families.
(only 3 quarks known in 1973!)

74 c quark, “75: 1 lepton,
: b quark, ‘g5: top quark

Vie Vae Vs 1-2%/2 A AX3reit
Mekm =V Voo Voo | = -A 1-A%2/2 AN

AN(1—re)  —AN? 1

th ‘/ta V;}b

A=sin3 O=phase

With 2 families : M = M*
=» CP is conserved

With 3 families : irreducible
phase = CP is violated if 6 # o
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CP Violation in the Standard Model
N o

74 c quark, ° 75 T lepton,
q . 4

]/ud Vu_, Vub 1—)\2/2 A AXST‘E”
Mexkm=|Vea Veo Voo |= -A 1-2/2 AN

Via Vo Vi AN (1 —re)  —AN? 1

With 2 families : M = M*
=» CP is conserved

With 3 families : irreducible

phase =2 CP isviolated if 6 # o CPVin decay AS=1. Measured bY €
Call it « Direct CPV »
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CP Violation in the Standard Model
N o

74 : ¢ quark, “75: T lepton,
‘77: b quark, ‘g5: top quark

]/ud Vu_, Vub 1—)\2/2 A AXST‘E”
Mexkm=|Vea Veo Voo |= -A 1-2/2 AN

V;}d ‘/ta ‘/tb

AN(1—re)  —AN? 1

With 2 families : M = M*
=» CP is conserved

With 3 families : irreducible

phase =2 CP isviolated if 6 # o CPV in decay AS=1. Measured by ¢

N\ /
Call it « Direct CPV ‘
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Theory time-arrow of the Re(¢'/¢) size

Few permil
precision
seems enough

~1985

1989

|

Celebrating the 6oth anniversary of CERN  25/07/2014 29



Theory time-arrow of the Re(¢'/¢) size

Few permil
precision
seems enough

B6: QCD penguins
B8: EW penguins

nA

o APA2 1T 1doMeV 1] ALk .
£ 11107 [ﬁ][ = ] [—‘” [Bs — Z(x1)Bs]

1,3.10-4 E.,,{:LJ.GE‘.-""} F00Mel” Need 1074

precision!
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What we need to measure

Rmeas = Nb(K '>nﬂnﬂ}
Nb (K, ->m°r®)

r= L(K ->1tnP) / ['(K, ->mt'm)

['(Ks->mn%) / T(Kg->mhm)

Celebrating the 6oth anniversary of CERN  25/07/2014
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What we need to measure

Rmeas = Nb(K '}nﬂnu}
Nb (K, ->m°r®)

_ (K ->nn%) T(K ->TUT)
['(Ks->mn%) / T(Kg->mhm)
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What we need to measure

Rmeas = Nb(K ->rt°n®) / Nb(K, ->m*r)

Nb(K;->mn%) /' Nb(K->mt*mr)

_ (K ->nn%) T(K ->TUT)
['(Ks->mn%) / T(Kg->mhm)

| Channel | KS | KL | Challenges to face in an experiment

1) Isolate thevery rare K; to 2r decays

2) Suppress the abundant 3-body K; decays

3) Handle the very different K and K;
lifetimes (ctq=2.675cm, c1;=1554 cm

4) Measure precisely Rmeas -> R

Celebrating the 6oth anniversary of CERN  25/07/2014



The NA31 experiment 1981-1993

ORGANISATION EUROPE ENNE POUR LA RECHERCHE NUCLEAIRE
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CEEM/SPSC/81-110 SEGE: GENEVE, SUISSE
SPSC/P174
22 December, 1981

PROPOSAL

Taldphana: GENEVE [022) Dr. H. Wahl

Measurement of [nual’flnhl" Contral/Exchong : 836111 CERN - EF

Geneva, 8 July 1982

D. Cundy, N. Doble, I. Manmnelli, J. May, J. Steinberger,
H. Taureg and H. Wahl :

; 4
CERN, Geneva, Switzerland ————

F. Eisele, K. Kleinknecht and B. Renk
& - P . £ | g y g@ g g peFine d dad Fo Stn o
Institut fur Physik der Universitat Dortmund, Dortmund, Germany. T 171 Tor approval was & widespresd feeling that the
i _ " i ecommirtee should suggest to enlarge the collaboration with some
L, Bertanza, A, Bigi, R. Casali and G. Pierazzini physieist dedicated to this experiment,
Istituto di Fisica and Sezione INFN, Pisa, Italy Furthermore it was felt that the contributien frem CERN

should not exeesd 2 MSF. I hope some reassurance on these two

M. Holder and G. Zech points can be giwen in cime for the September 16th research beard.

Gesamthochschule Siegen, Siegen, Germany

Yours truly,
b
Joi oyt Bl e

J. Lefrangois
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The NA31 experiment in a sketch
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The NA31 experlment in,a sketch
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The NA31 experlment i a sketch
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The NA31 experiment in a sketch
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The NA31 experiment in a sketch
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The NA31 experiment : K, set-up
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plastic window
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The NA31 experiment : K, set-up
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The NA31 experiment : K, set-up
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The NA31 experiment : K. set-up
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The NA31 experiment : K. set-up
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The NA31 experiment : K. set-up
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The NA31 experiment : K. set-up
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The NA31 way
Alternate K and K; beams in the same detector
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The NA31 way

Alternate K and K; beams in the same detector
Detect concurently charged and neutral
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The NA31 way

Alternate K and K; beams in the same detector
Detect concurently charged and neutral

3-level trigger system to select 21 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
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The NA31 way

Alternate K and K; beams in the same detector

Detect concurently charged and neutral

3-level trigger system to select 21 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

Date read via FASTBUS into a dual 168E array
DAQ controled by a VAXi1/750
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The NA31 way

Alternate K and K; beams in the same detector
Detect concurently charged and neutral

3-level trigger system to select 21 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

Date read via FASTBUS into a dual 168E array
DAQ controled by a VAXi1/750

n’n®: High energy and position rre : No magnet. Two drift chambers
precision LAr calorimetry with 4 wire planes each.
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The NA31 way

Alternate K and K; beams in the same detector
Detect concurently charged and neutral

3-level trigger system to select 21 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

Date read via FASTBUS into a dual 168E array
DAQ controled by a VAXi1/750

n’n®: High energy and position rre : No magnet. Two drift chambers
precision LAr calorimetry with 4 wire planes each.

Make K spectra similar to K Reduce eI
corrections
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Reconstruction of 1t in a nutshell

—>Charged tracks from the 2 WC

- E1and E2 energies from LAC +HAC

M*=9” (E1+E2)*/T + M2 T

Celebrating the 6oth anniversary of CERN  25/07/2014

54



Reconstruction of 1t in a nutshell

—>Charged tracks from the 2 WC

- E1and E2 energies from LAC +HAC

M*=9” (E1+E2)*/T + M2 T

=» Reject mpv : muon vetoes
=>» Reject nev: looking at LAC1/HAC
=>»Reject t'nmm® : no close photon
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Reconstruction of 1t in a nutshell

—>Charged tracks from the 2 WC

- E1and E2 energies from LAC +HAC

Ego = # ® [.i'l'f;r’;;u -m2xT)=xT)

_ E, E,
T_2+E+E_'l

M*=9” (E1+E2)*/T + M2 T

=» Reject mpv : muon vetoes
=>» Reject ntev: looking at LAC1/HAC
=>»Reject 'mm® : no close photon
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Reconstruction of 1t in a nutshell

—>Charged tracks from the 2 WC

- E1and E2 energies from LAC +HAC

Ego = # ® [.i'l'f;r’;;u -m2xT)=xT)

_ E, E,
T_2+E+E_'l

M*=9” (E1+E2)*/T + M2 T

=» Reject mpv : muon vetoes
=>» Reject ntev: looking at LAC1/HAC

=>»Reject 'mm® : no close photon
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Require NO accoplanarity

— K,—>m*n~ Données
@K —>n'nn’

M Haute masse

W K, — mev

MK —

Region de

contrdle

Checked from 1988 on with the
Transition Radiation Detector
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Reconstruction of m°m® in a nutshell
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Reconstruction of m°m° in a nutshell

Only four clusters in LAC
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Reconstruction of ®°m° 1n a nutshell

Only four clusters in LAC

Zxﬂ = ZLAC =

Use a 2 to test event
compatibility with a 2n°-decay

w0 = Mo Mgo + MMgo — 2 X Myo

™ : 2
ellipse = {m)2 + (—'-‘M“T]

Celebrating the 6oth anniversary of CERN
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Reconstruction of ®°m° 1n a nutshell

Only four clusters in LAC

Zxﬂ = ZLAC =

Use a 2 to test event
compatibility with a 2n°-decay

w0 = Mo Mgo + MMgo — 2 X Myo

™ : 2
ellipse = {m)2 + (—'-‘M“T]

3mn° background with fused or
lost photons appear at the tail
of the Rell distribution

Celebrating the 6oth anniversary of CERN

— K, —> n°n° Donndes
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Region
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The Energy Scale determination

ZK" = ZLAC -

Energy Scale = Distance Scale

Celebrating the 6oth anniversary of CERN  25/07/2014
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The Energy Scale determination

Celebrating the 6oth anniversary of CERN  25/07/2014



The Energy Scale determination

Anticounter’s main goal:
Veto early K decays
Used also as a distance scale
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Particles accompanying the
beam, recorded during an
event acquisition.







Particles accompanying the
beam, recorded during an
event acquisition.

Different in K¢ and K;

Build the overlay method

1) Record random triggers

2) Overlay them to the data

3) Each event on tape as : original,
random, overlayed.




Accidental activity

Particles accompanying the

beam, recorded during an Effect on K| events
event acquisition.

Can cause gain or
loss of a good event

Different in Kq and K;

=

@ Pertes—goins CH

Build the overlay method O Pertes-qains NE

E

0.
e
5008
0.
0.

o B8
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No laptops! Connection to
the computers via Modem




Working in NA31 in the 80's-90’s

No laptops! Connection to ; {
the computers via Modem '

TERLER]

No ROOT!

difer

« Plot » shown in a meeting
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Working in NA31 in the 8’8—0’

@

No laptops! Connection to ; __;f'! o3y ¢
the computers via Modem '

No ROOT!

No WEB! Very rare

: « Plot » shown in a meetin
VideoConferences 8
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No laptops! Connection to
the computers via Modem

No ROOT!

No WEB! Very rare A.M. Lutz
VideoConferences

Weekly and
collaboration
meetings

H.Taureg

NAA MA—uHWS 06.06, Y

A Bk s crteloked | So Yat se melol dinel
okl R oafrent wlew M Ceicecie—. .
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No laptops! Connection to
the computers via Modem

No ROOT!

No WEB! Very rare A.M. Lutz
VideoConferences

Weekly and
collaboration
meetings

“®  Simple hierarchy:
“#%. Asingle spokeperson
Heiner Wahl

« Relaxed »

organisation
Celebrating the 6oth anniversary of CERN

H.Taureg
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NA31-E731 and next

E731 Collaboration - Fermilab
L.K.Gibbons et al., Phys.Rev.Lett. 70 (1993) 1203.

130 140 150 180
Distance from Tacget (m)

Concurrent K; - Kg
Alternate rttrt and n°m®

Celebrating the 6oth anniversary of CERN

25/07/2014

77



NA31-E731 and next

Our final result is

E731 Collaboration - FermiLab Re(e/e) =[7.4+5.2(stat) £2.9(syst) I x 1074
L.K.Gibbons et al., Phys.Rev.Lett. 70 (1993) 1203.

The combined uncertainty is 5.9%10 7% Compared to

our previous publication [5], the statistical (systematic)
error is a factor of 2.7 (2.1) smaller. Our value is not
significantly different from zero. It implies Re(&'/e)
<17x10~* (95% confidence), which does not support
earlier evidence [4] for a large Re(e'/e).

130 140 150 180
Distancs from Tacget (m)

Concurrent K; - Kg
Alternate rttrt and n°m®
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NA31-E731 and next

E731 Collaboration - Fermilab
L.K.Gibbons et al., Phys.Rev.Lett. 70 (1993) 1203.

ATV

Trigger Flanes
120 130 140 15 180 1 180 190
Distancs from Tacget (m)

Veto

Concurrent K; - Kg
Alternate rt'rt and rom©

Our final result is

Rele/e) =[7.4 % 5.2(stat) £2.9(syst) 1 x 10 4,

The combined uncertainty is 5.9%10 7% Compared to
our previous publication [5], the statistical (systematic)
error is a factor of 2.7 (2.1) smaller. Our value is not
significantly different from zero. It implies Re(&'/e)
<17x10~* (95% confidence), which does not support
earlier evidence [4] for a large Re(e'/e).

Most theory schools favoured

=»The « verysmall €'/e» region
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Theoretical Predictions
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Bruce Winstein
Exper. Summary

signal of physics beyond the Standard Model.

Celebrating the 6oth anniversary of CERN
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PROCEEDINGS OF THE
WORKSHOP ON K PHYSICS

Andrzej Buras "
Theory Summary

(31)

Theoretical Predictions

e'fe = (10.4 +8.3)- 107" (32)

for the "scanning” method and the "ganssian” method respectively. We observe that the
"gaussian” result agrees well with the ET31 value and as stressed in [55] the decrease of m,
with m(2GeV) > 85 MeV alone is insufficient to bring the standard model to agree with the

NA3L result. However for By > By, sufficiently large values of |V /Vs| and Agz and small
values of m,, the values of ¢'/¢ in the standard model can be as large as (2 — 4) - 10°% and
consistent with the NA3L result.

Let us |11:1]:IE! that the future experimental and theoretical results will be sufficiently accurate
to be able to see whether £'/c # 0 and whether the standard model agrees with the data. In
any case the coming years should be very exciting.

Bruce Winstein
Exper. Summary

If Re(e'/e) is indeed of order 0.002, then we could already have a

signal of physics beyond the Standard Model.
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PROCEEDINGS OF THE
WORKSHOP ON K PHYSICS

——— RS S e . o = e e o e =

el — il T i S ——

Andrzej Buras
Theory Summary

0<efe<430-107

—4

New experiments:
NA48 (CERN) and KTeV (FNAL) s

ntly accurate
the data. In
any case the coming years should be very exciting.

Bruce Winstein
Exper. Summary

g If Re(e'/e) is indeed of order 0.002, then we could already have a
signal of physics beyond the Standard Model.
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The NA48 experiment at CERN

NA48 Experiment:

A precision measurement of £/ in CP violating KO — 27 decays

Cagliari-Cambridge-CERN-Dubna-Edinburgh-Ferrara-Florence-Mainz-
Orsay-Perugia-Pisa-Saclay-Siegen-Torino-Warsaw-Vienna Collaboration

Proposal 22 July 1990
Approved 28 Nov 1991

3 ¢'/e Run periods 97, 98-99 and 2001.
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The NA48 experiment: how to do better

1. At least 10x Hhe stxtichics
of present experiments

2. Reduction o sysematic
uncertainties by & fact 3

Principal elements:

. Ceneurrent dlefection of all 4
decay modes ihthe Same defecty

2. Toqqing o Kg and K :coll. beaws

3. Fast Ll calorimeter 24m e
for photon detection

4. Magnet spectrometer fec R'N™
4 reduce Sackgronvd +o 16 lenl
. New methed of evalysic h

kK
m W‘ .'w I_.:é'i_grl‘ﬁﬂg

Heinrich Wahl HEP2005
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The NA48 experiment

1. At least 10x the strtistics
of present experiments

2. Reduction o sysematic
uncertainties by & focty 3

Principal elements:

. Cencurrent defecHen of af 4
decay modes ¢nthe same defectr

2. Togging o K and Kk :coll. beaws

3. Fast Ll calorimeter 24m e
for photon detection

4. Moagnet spectreimeter fec R
4 reduce Sackgronvd +o 16 lenl
. New methed of evalysic h

Kok
rduce systemafic ever .

Heinrich Wahl HEP2005

- how to do better

Hadron calorimeter

Liquid krypton
calorimeter

Wire chamber 4
"~ Wire chamber 3
Magnet

Wire chamber 2

Wire chamber 1
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One master piece:

om?3 of liquid krypton at 121K.
A total of 27X°
Made of ~13000 identical projective
cells converging to 11om in front.

Electrode positionning
accuracy +-45pm
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One master p
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One master piece:
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A second master piece :

Decay region

=»Silicon mono-crystal
mounted on a motorized
goniometer.

Collimator
Collimator

93
c E
E=
[
aQ

Cleaning
Final

>

[60 mm x 18 mm x 1.5 mm]

PROTON
BEAM
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A third master piece

—12 scintillators with alternating
vertical and horizontal orientations

| Decay region. :: 9
Readout by a 1Ghz 8-bit FADC

Final
Collimator
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Distinguishing K. from K, decays
Looking at time-coincidences:
Charged hodoscope-Tagger (t*m)
LKr - Tagger (2m°)

Beam identified from vertex reconstruction

Tagging

— window

Time(K®)—time(proton) (ns)

Celebrating the 6oth anniversary of CERN  25/07/2014



Distinguishing K. from K, decays

Looking at time-coincidences: Neads to know :
Charged hodoscope-Tagger (n*m) How many
LKr - Tagger (21°) (in both rt*r- and n°mnO)

Beam identified from vertex reconstruction

Tagging

K, are tagged as K

— window

o] 5 =(10.649+0.008)%

-6 - 2 8

Time(K®)— hme(proton) (ns)
Celebrating the 6oth anniversary of CERN  25/07/2014
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Minimize acceptance correction

Blue : Kg Creen : I, MC acceptance correction

o
.
i
o

=
o
o
Js
et
o
[e]
=
L
o
=
[8]
-
[i}]
=
=
o
0.

DKL weightéd
VK, not weighted

KS

0'55?0 B0 90 100 110 120 130 140 150 180 170

Kdaon energy (GeV)

< AKS position

' 18"z 25 3 remaining
Reconstructed proper time (c7s) : .
correction for small residual
Weight K, spectra to Kq one differences.
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Typical plots

Kaon mass in m+mn-

Neutral mode

Field integral ->P kick=275 MeV/c
o(p) =1% fori10oGeV pion

DA 0485 048 0408 05

0505 051 0515

o(E) ~1% for photons>25GeV
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Per detector reconstruction A
Neutral &
reconstruction 2




On the NA48 atmosphere

Charged Rare Decays

T e G ‘ reconstruction ‘ ¢'/¢ analysis
Neutral

reconstruction

Regular rotation of spoke-persons: Peyaud, Calvetti, Bluemer, Debu,Wahl
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On the NA48 atmosphere

Charged Rare Decays

T e G ‘ reconstruction ‘ ¢'/¢ analysis
Neutral

reconstruction

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

Still possible to master the code and
the methods in few months
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On the NA48 atmosphere

Charged Rare Decays

T e G ‘ reconstruction ‘ ¢'/¢ analysis
Neutral

reconstruction

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

Still possible to master the code and Friendly athmosphere, lively,
the methods in few months 5 motivating and inspiring discussions
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On the NA48 atmosphere

Charged Rare Decays

T e G ‘ reconstruction ‘ ¢'/¢ analysis
Neutral

reconstruction

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

Still possible to master the code and Friendly athmosphere, lively,
the methods in few months 5 motivating and inspiring discussions

Several groups of analysis running in parallel
Data not realy blinded, concentrate on checks
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Exemple of check list in 98 analysis

Gellafiphal B

diaLE]
O Lrila R B

Alpreal

AR o)
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Numerous checks

2001 data

total sy4 error

Cg=flicm
Cg<Fom

o
S w20 |
P2 < ioxto”

£ < 1Ex10
v ITT
ey X
=T tg
T<d g
fgging window £ 25 ns
fagging window + [.3 ns
accapt X dead fine
accept MBX dead Bme
refect DEH-ovfl £ 234 ns
refect PEH-ovff £ 350 ns
RO EXTRR CRISTErS IR '~
o Ks Kl imtensity weiglding
yradie s> X om
Frackradies > X cm
IHOH. &3, < 0.2
0 Mo 25yer. ot
ingoing iracks
aulgoing racks

L

R | I I
-0 1] o 20 30

R - Rpgarg (107

20

Estimated s ystematic

(- for correction vnder test

25/07/2002
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published 98-99 data

totul e error

Cg = 12cm

¢ < 7 Beaan Halo

AM_<35a
aM_ <250 [

22 20107

22 Lax10”®

Charg, Backg,

e 1it
v 8.9

Nent Backg,

T -r:.'i'.ﬂ'rs
T -r:Z.Qrs

Energy scale

fagging window = 25 a5
fagging window = .5 ax

Tagging

accent X dead time
accep! MEX dead tine
acceptt view DEH-ovlf
reject DCH-o vl + 281 as
reject DO HovA + 344 s
refect exira racks

o K& inten sty veltling

viadirs = 18 cm
frack rafirs > 18 o
won. asyhr. < L2
0 RO, 35 Wi ot
ingoleg racks
oulgolng dacks I

20 0

Estimated systematic

1 for correction vnder test

G.Unal, ICHEPO2 Amsterdam
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The obsession of checks

- [s there any slope?
The 1997 statistics

Table 1: Statistical samples (in thousands of events). Jindt = 25719

f‘i.rg — oY f‘i.rL — T

(]
©
14
2
o

]

o
(s}

— | o5 | tom | oost

Kagﬂ Energfr {Ge'\a;)=Em
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The obsession of checks

- [s there any slope?
The 1997 statistics

yindf = 25.7119

(=]
e 5
Table 1: Statistical samples (in thousands of events). P
E
Q
(=]

Result delayed looking for eventual biases.
Conclude statistical effects.

Kagﬂ Energfr {Ge'\a;)=Em
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The obsession of checks

- [s there any slope?
The 1997 statistics

Table 1: Statistical samples (in thousands of events). Jindt = 25719

Result delayed looking for eventual biases.
Conclude statistical effects.

. 140 160 180
Result released in June 1999 Kaon Energy (GeV)

The NA48 experiment at CERN has performed a new measurement of direct CP
violation, based on data taken in 1997 by simultaneously collecting Ky and Kg

decays into 77" and 7F 7. The result for the CP violating parameter Re (¢//<) is
(15.5 + 4.5(stat) £ 5.5(syst '
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The NA48 family

Regular meetings with
draft agenda !

DEAFT AGENDA FOR THE LEr AMALYSIS MEETING
on Thursday 10 october 1%%6 at 9 o'cleock

in the conference room 530-R-030

MARTINI : Calibration of sums
V. MARZULLT : Propagaticn delays (calibration)

. FORMICA : Propagaticn delays (single cell data)

5. CREPE : Timing single cells

. FAYARD : Time resclution of the sums
J. OCARIZ : Switching problems

. UMAL : Cure of switching problems,
maasurements on Trx cutputs

. WAHL : studies of hardware problems
(calibration, swiktchingl

GIUDICT : Drift time measurements, calibration
problems with sums

. CECCUCCI :  Cell-to-cell intercalibration

. FUME : Mautral reconstruction of sum read=out

Heinrich Wahl
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The NA48 family

Regular meetings with

draft agenda ! Presentations still in
DRAFT AGENDA FOR THE LEr ANALYSIS MEETING plastic slides. Carefully
on Thursday 10 october 1996 at 9 o'cleck COpiEd (by Bernadette
in the confersnce room 530-R-030 Bell) and Sent by pOSt
Erni . calibeation of ouns to all institutions.....

V. MARZULLTI : Propagation delays (calibration)

. FORMICA : Propagaticn delays (single cell data)

5. CREPE : Timing single cells

. FAYARD : Time resclution of the sums
J. OCARIZ : Switching problems

. UMAL : Cure of switching problems,
measurements on Trx outputs

. WaHL : studies of hardware problems
(calibration, swiktchingl

. GIUDICT : Drift time measurements, calibration
problems with sums

. CECCUCCI : Cell-to-cell incercalibrakcion

. FUME : Mautral reconstruction of sum read=out

Heinrich Wahl
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The NA48 family

Regular meetings with

draft agenda ! Presentations still in
DRAFT AGENDA FOR THE LKr ANALYSTS MEETING plastic slides. carefully
on Thursday 10 octcber 1996 at 9 o'clock copied (by Bernadette f = =
in the conference room 530-R-030 Bell) and —T by pOSt 'E $
eTm . calibeation of suns to all institutions.....

V. MARZULLT : Propagaticn delays (calibratiom)

. FORMICA : Propagation delays (single cell daca)

A L
A

. CREPE . Timing single cells
. FAYARD : Time resclution of the sums

How many trees?

. CCARIZ : Switching problems 3 B U

. CECCUCCI : Cell-to=cell incercalibrakticon

. UNAL : Cure of switching problems, :, p i i)

maasurements on Trx outputs Sl i F
. WAHL : studies of hardware problems it h LS v \ w:‘ g

(calibration, switching] g b B2 b

v ’ 4 ‘f’.{ Lé‘t

. GIUDICT : ODrift time measurements, calibration & i & in 2]

problems with sums | ; g %’ il

) . . T

. FUNKE : Mautral reconstruction of sum read=out

Heinrich Wahl

3 times more!
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2003 : The overall picture

KTeV old 20%

Plot from [.Mikulec 2003

reanal. 20%
(96)97 data
combined

World average

o
=

i

i

Re(g'/e)= (16.4 £ 1.9) 10 4

Confirmation of a « large »
Direct CPV component

2001 data —o
combined

In next years,
computations on lattice
might improve the
theoretical expectation.
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Kaon conferences: a place to meet

RARE
DECAY e e Sy P
SYMPOSUm ¢ .,

\ Internatlonal Workshop

l_l(apn :2005"7':

The Conference follows
former editions with similar
emphasis on Kaon physics,
aiming al a comprehensive
discussion on the latest
experimental and theoratical
achievements, including
precision tests of the SM,
study of non-perturbative
QCD, impro s in CP
and CPT tests, development
of new projects sensitive to
physics beyond the SM

Celebratlng the 6oth anniversary of CERN

Laboratori Nazionali di Frascati dellTNFN
May 21 - 25, 2007

PROCEEDINGS OF THE
WORKSHOP ON K PHYS

MP \E
SUR LA PHYS

©June 09(Tue) » 12(Fri), 2009 @ EPOCHAL TSUKUBA

[Ty CP.ana T vioution KM ez and Favor Mixing« Rars dcays  prciss SW i +CPY and
h - b Mechases - oglon ity o
perturbation Meory + Physi ndar

v a

-

TP EFFSsNRIGIRTTERENOLY

and llavor violabon » Laftice
1 Model + Futurs opgortuaities in Kaon Physics

http:l’!kaonOQ.kek.ij

KAON 2001

g \‘i\()) U\&ﬂ | 1nternalinr:::.‘.olr:J!:;c:;::\:(j::’ Violation
\V/ (: L
PHVSICS .

Editors
F. Costantini, G. Isidori, M. Sozzi

g i " U

FRASCATI PHYBICS SERIES

2013 Kaen Physics International Conferunce

KADINTZ - (wther kaem sunderens rs]

Bgr 2900 and May it
Urevennity of Wachigan, A Arbar. Mhchigan - USA

e theory »Chiral
ek n aoh e .o L0 3, B CorMERAGS 2t 3 G 2 WL 18 EAEFINGE e AESIE, 20 s 3 gl wirkng P e of
a7, The dm of KAGHTE % 1 rested e xpermenval st 1 Kaom Prsarion and BELN, FEStant bul 80 imied 1 gt

ke -G an T wialation - CXM Makra and Rane Decays - Laptan Universalty - Lafioe Gauge Theory - Chiral Perturbation Theary -
npheatirn ] koo s LIE Uaamrwonset Tomscpmasts st 3nd.
e, ] ctecors ALYl b e

Facrstcaltachres. s msl an sbeancon
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e Physics Prize

Jowt Berrsbeu
i

Chatemam
High Fnergy Pasticle Phyaica Derision
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e Physics Prize

Chtrmn
High Fnergy Pasticle Phyaica Derision
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man
High Fnergy Pasticle Phyaica Derision

Lisbon » Forrugal

" 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

11)
violation.
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CP Violation is one among the very few
poping-up, non-predicted discoveries
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Direct CP Violating
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pioneering and paved the way for the LHC experiments




CP Violation is one among the very few
poping-up, non-predicted discoveries

i \‘ i 1:1":‘ _'='.' NS0 Uiis Lt .r .

Vo e

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

O

Direct CP Violating

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

40MHz trigger

Handle 100Tb/year
of data Accidental studies
through overlay







TRD in 1988




7

Conclusions(2)

TRD in 1988

Construct and
to Xcheck the
accidentals in LAr

........
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Conclusions(2)

2000: Spectrometer in repair

TRD in 1988

Construct and
to Xcheck the
accidentals in LAr
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Conclusions(2)

2000: Spectrometer in repair

TRD in 1988

Construct and
to Xcheck the
accidentals in LAr

Also registered for
Xchecks on energy scale

New PDG
M(n) value!!!

Plot from I.Mikulec 2002
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Conclusions(2)

2000: Spectrometer in repair

TRD in 1988

Construct and
to Xcheck the
accidentals in LAr

Also registered for
Xchecks on energy scale

Pl % New PDG
: ' M(n) value!!! =
% ‘«*\ Reconstructed WC w
% W e el

i j l mﬁ 1 h II -l = . e 1880 1870 1‘2152\‘1[ 1820 2000
nL - in 18 months! ;
— ey S5 “‘i Plot from I.Mikulec 2002
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Conclusions(2)

Small experiments-> flexibility

NJ
Moreover : Both NA31and NA48
experiments pursued in parallel a rich
== and diversified program on rare kaon

Construct

) Xcheck
g studies

Construct < decays. ;
to X NA48-> NA48/1, NA48 oF
accident 467> 4 /, 4 /2 rgy scale

\ \ : Reconstructed WC
A - ey - in 18 months!
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As in nowdays, the ingenuity of CERN accelerator
and beam divisions , were the necessary condition
for the success of the DCPV experiments
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Conclusions (3)
As in nowdays, the ingenuity of CERN accelerator

and beam divisions , were the necessary condition
for the success of the DCPV experiments

CERN played a determinant role in the
discovery and confirmation of DCPV, with
stamina, ethics and cooperation.

CPviolation in the Kaon System was a

huge portal for physics and physicists.
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As in nowdays, the ingenuity of CERN accelerator

and beam divisions , were the necessary condition
for the success of the DCPV experiments

CERN played a determinant role in the
discovery and confirmation of DCPV, with
stamina, ethics and cooperation.

CPviolation in the Kaon System was a

huge portal for physics and physicists.

Baryogenesis: B factories:
Sakharov 67 Belle, Babar
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Conclusions (3)
As in nowdays, the ingenuity of CERN accelerator

and beam divisions , were the necessary condition
for the success of the DCPV experiments

CERN played a determinant role in the
discovery and confirmation of DCPV, with
stamina, ethics and cooperation.

CPviolation in the Kaon System was a

huge portal for physics and physicists.

Baryogenesis: B factories:
Sakharov 67 Belle, Babar

Expect more answers for the 7oth anniversary of CERN?
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Reconstruction of °n°® in a nutshell

Only four clusters in LAC

Use a %2 to chose the two most [ >rr Data
o 1: o o O K, —> m"n"n® MC
n°-like photon combinations

Contr
ol

' region

w0 = Mo Mgo + MMgo — 2 x Myo

m : 2
ellipse = {m)2 + (—SW]
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Tagging inefficiency Accidental tagging

k,—> T, w0
80% due to tagging ineff from tagging
20% due to charged hodos ineff

-30 -20 -10 o 10 20
Time(event)—time(proton) (ns)

Table 2: Different evaluations of K tagging inefficiency for 7°7° events. Table 3: Measured values of parameters Ay, AW and Aags.

Vit e N V1 U
1.64+0.5(stat+syst) 30— B~ 3.0 &+ 1.0(stat)

Single Kg beam 1.90+0.42(stat) AW =W _ W+- 1.3+ 1.1(stat)
T T (o) - 1060

Sources of Ao g
--Different trigger losses

--Different reco losses
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Some funny (and dangerous..) effects

Collimator Anticounter

aon
interactions
at the KS
beam
collimatien

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

Celebrating the 6oth anniversary of CERN  25/07/2014 142



Exemple of Acorr in 98-99 NA48 result

—

_ |n 10_ Cgc-«::?'cm

AM_<350c

n T~ trigger inefficiency M <250
AKS inefficiency

pr?430110"
-0
Reconstruction Of 7 7__|_“

p71<15x10"
Y171
¥ <9.9

Neut. Backg.
tagging window t 2.5 ns .
tagging window = 1.5 ns L, | Tagging

accept QX dead time
accept MBX dead time
accept 1 view DCH-ovfl —
reject DCH-ovfl + 281 ns Accidentals
reject DCH-ovfl £ 344 ns
reject extra tracks
no Ks/Kl intensity weighting

of nTn~
0.0
O T
Background fo m
Scattermg
Tagging © Aajg

Tagging : Aagy, |
statistica

Acceptance systematic

Accidental activity

Long term variations of Kg¢ ingoine ke ..
outgoing tracks —

otal correction on R | +35.9 7
-2 10 20 30

R-R

04
- Estimated systematic standard ( )
for correction under test

T<dltg
T2

y radius > 18 cm
track radius > 18 cm
mom. asym. < 0.2

Acceptance
no mom. asym. cut

H-H-H-H- H- H-H HH- HoH HH
O BB W W WY NOT OO
PO O RO OO 0000 MO

PO
o
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candethéeisstnticitizes

Protons in target for 2.4s every 14.4 s

Protons in target for 5.2s every 16.8 s

=
b

=
b4

Lower instantaneous intensity |
Xcheck of accidental losses vs |

=
=
ol

Ewent ksss from acoidentsls

=
i
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NA31 (93) | NA48 NA48
98+99 2001

3.3106

5.2 106
14.4 106

22.2 106
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1998-1999/2001 Comparison

1998-1999 2001

Accidental Tagging 10.6 % 8.4%
Probability
MBX Efficiency 98.3% 99.2%

Drift Chamber 11.8%
Overflows (n° n°)

STAT Error 15
(104 on R)

30/10/2001

Celebrating the 6oth anniversary of CERN  25/07/2014
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The NA31 calorimeter : the readout

-

Compute the signal derivative.

=» Use the zero-crossing time of the
calo signal to identify accidental
activity (« ZTDC »)

- ~
[ T |

-
w
5]
o
s
=
0
=
o
4]
=
c
2
—
o

e
in

=>1.6ps shaping

=>» 3 CMOS switches sample the
signal

=>»Total charge:

Q= (Qp-Qa)-(Qc-Qp) i EREY

Temps (us)
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The LKr calorimeter signal & reco

Signal preampliﬁed at cold Asynchronous S 40Mhz
sampling of the signal by a

Shaped and digitized in the 10bit FADC

« Calorimeter Pipelined Digitizer »
Bipolar signal ~7ons FWHM : e

4 gains (0-50GeV) Exemple

Signal (E, T) reconstruction:

Using optimal filtering
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The NA48 tamily

.....together with detailed

minutes
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£le change relative to PRL 83, 22 (1999)

background efror o x2/ndf = 32/19

Re(e'/e) x 10°

miscellaneous
improvements,

each change
consistent
with its o, ,,

use KTEV Am, 1g
instead of PDG 1998

MC fluctuation {1a if MC) 0BG 9 100 110 120 1;:€ac:|:|hjEn1frgy1{EéjﬂW:'}?D

and
recalibration
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The double ratio

Rrﬂeas — Nb(K -}T[C'T[D} Nb“{ -:>T[+]T)
Nb(K->mn%) /' Nb(K ->mt'rr)

two decay
channels The best:

record all 4 numbers
R

concurrently
in the same detector

Not trivial at all
because of the
very different Kg

and K lifetimes
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The observables

Experimentaly, one needs to
measure 4 decays :

Rmeas = Nb(K, ->rt°n®)  / Nb(K, ->mt*r)

Nt =< | K >/<mtm|Kg> =€ + € Nb(K->m°r®) /' Nb(K, ->1*m)
N°° =<m°m®|K; >/<m°m®| K¢ > = € - 2¢’

Such that R = Rmeas x A

Ccorr

DirectCPV/IndirectCPV=¢'/¢

['(K->mn®) / ['(K->m'm)

R = (K ->nn?) / ['(K, ->1t'm)
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The NA31 Calorimeter-the structure

Lead conversion plate

Alternate vertical and horizontal
readout strips 12.5mm wide.

The used for
divides the detector into
front and back parts

A total of , each made of 20
longitudinaly connected vertical or
horizontal strips.

=>»o(n%)=2Mev
73 0.8 5 OME CELL
> 4 G(X,Y)< 1mm DIMENSION IN MM
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The NA31 experiment in a sketch

: anticounter-rings
plastic l.urm.l:h:l-.-.u1 L

anricnumer-ringsl'!
P \

VA VS | Helium Tank

In atm press

Protons
from SPS

K, collimatar “neutral beam dump

A R

’E

sweeping magnets <

K, target B

‘proton beam dump “muon veto counfers

\

= hadron calorimeter
!

!

| phaton calorimeter
|

wire chamber 1 wire chamber 2

collima Fors
K. beam frain displacement

]
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