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Outline

NA48:
- The quest for direct CP violation

- Rare K, decays
NA48/1: \3 experiments in 1:

— a multi-purpose

- Rare K. decays «—
- Hyper'on decays / kaon Iabor'a'ror'y
NA48/2:

- Direct CP violation searches
- Study of mm interactions
- Rare K* decays

Achievements, Key points, Surprises..
Outlook
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NA48 (1990-2001)
The quest for direct CP violation

CERN/SPSC/90-22
SPSC/P253
20 July 1990
PROPOSAL FOR
A PRECISION MEASUREMENT OF g'/e IN CP VIOLATINGKO —> 2 DECAYS

It is the aim of the proposed experiment to measure Ree/e with an accuracy of 2 x10-4,

decays from
K+ and K- can be identified and accurately measured. Data could be taken with alternating

polarity for the magnetic field of the spectrometer and the distributions in x obtained for both &~
e+, - and ta0a0 from K* decays in a situation where to a very good accuracy the
acceptance of the detection system, including the effect of accidentals, would be automatically

the same for the %
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The Quest for

Direct CP Violation
d el o= 8 . o . .
e B Indirect CP violation in
Rewerr e K% e mixing: €
s st SRt N Y =t d
Direct CP violation in s - ﬁd.uf
Wy —
the decay: € — K . s
o : IIL ; r
A fascinating 30-year long d a'n ‘
enterprise: "Is CP violation a s \W e Hq
peculiarity of kaons? Is it e N . L
. KO ' {
induced by a new superweak i o P
interaction?” a T a
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Direct CPV: 1996 a .

In any case, while the average is well within the range ex-
pected in the standard model, the evidence for a nonzero
effect is less than two standard deviations.

Re(g’/g) = (7.4+6.0) - 104 ¥ =% R

Not dlspr‘ The NA31 result is more interesting in that it tends to disagree with the latest
predictions from the Standard Model. On the other hand, the E731 result is

in the range favored by the Standard Model and as well it doesn't quite rule
out the Superweak Model (Ree//z = 0) with any confidence. The results differ
by about two standard deviations; nevertheless, the conclusions are sufficiently

different that it would not be appropriate to average the results prior to the
establishment of a non-zero effect.

The E731 result does not confirm the non-zero resutt of NA31 nor does it FRETN ' IHE

significantly disagree with it. so that we cannot as yet claim that dlrect CP vmlatlon is
established.

What are we to conclude from these experiments? The most important con- ??

non-zero. The NA31 experiment has wounded the superweak theory. The time y
has come to really kill it.

i
' However, a result consistent with zero will 'rmt' ru}e out Re(a’/s) = (23.0:|:6.5) ° 10-4
the standard model, because of the uncertainties in the

prediction.

Inconsistent with superweak
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The NA4S

concept: beam Simultaneous, converging

K< and K beams (<p>=100 GeV/<¢)

Ks beam produced
by close target
(no regenerator)

-  AKS counter

- [
Mron siweeping

E a Ilt C‘I'}i"stﬂ]_ r ;\ﬁ:,@ Lo

p deflection/attenuation
by bent crystal
channeling
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The NA48
concept: tagging

High time-resolution detector

-  AKS counter

= wm&\‘:;:",,\.\'_"&‘:

Mron siweeping

E a Ilt C‘I'}i"stﬂ]_ r ;\ﬁ:,@ Lo

KS identification
by p tagging @ 30
MHz and TOF
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The NA48
concept: detectors

High-resolution quasi-
homogemeous LKr calorimeter

. \\mﬂt\\tﬁ
N

- [
Mron siweeping

E a Ilt C‘I'}i"stﬂ]_ r ;\ﬁ:,@ Lo

Beam in vacuum pipe
through detector

4 drift-chamber
spectrometer
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The NA4S

concept: systematics Reference counters
for energy scale calibration

-  AKS counter

4
e
%

= wm&\‘:;:",,\.\'_"&‘:

Mron siweeping

E a Ilt C‘I'}i"stﬂ]_ r ;\ﬁ:,@ Lo

Minimize MC
acceptance correction
by event weighting

Use only K,
where K available
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The Liquid Krypton calorimeter

ELECTROMAGNETIC CALORIMETER

For the detection of the KO neutral decays, an electromagnetic calorimeter is required, with the °
following design performance:

a) recording of multi-photon events occurring at a rate of -1 Mhz;

b) energy resolution -3% / EW2 and with a constant term < 0.5%;

c) space resolution < 1 mm;

d) provision of KO neutral event trigeer with a time resolution of < 1 ns. to cope with the

rate of the tagging station.

13212 accordion towers 2x2cm? in projective
geometry. 10m3 liquid Kr.

Uniformity to 0.5% (0.2% after correction)
over several years!

0
0, _3.2% o 90MeV o 1,

E JE E

Better than 250ps time resolution

Better than 1 mm space resolution
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Direct CP violation: €’/¢
1999: proof of direct CP violation (after 36 years!) at >7 o

NA48 final: Re(e'/¢) = (14.7+ 2.2) - 104

Nice confirmation of NA31 result

Average: (16.7 £ 2.3) 107
Experiments:

NA48 (1997-2001): final result

KTeV (1997-1999): 5 statistics (1997)

NA48

(14.7+2.2)10™
KLOE: working (intferferometry?)
X?=6.2/3, consistency 10% 0 -
Room for improvement
(not for new experiments...) W o S

E731
(7.4+6.0)10

MK’ > 7272 )-T(K* > z*n")

= (5.04 £0.82)x10"°

INK’ > z'n )+T (K" > 7n'm) |
0 0.002 0.004 0.006
Re(e'/e)
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e’/e

why ?

The gualitative importance of €’/e # O frascends the theoretical
difficulties of computing such parameter in the Standard Model:

*CP violation no longer described by a sing/e number

- It is a property of weak interactions (no superweak)

* It is not a peculiarity of neutral K mesons (see B-factories)

* Qualitative confirmation of CAM paradigm

Theory:

Consistent with SM?
No! Yes! Maybe...

SM is accidentally a
quasi-superweak model.
Waiting for lattice (?):
¢'/e may become a
quantitative test of SM.

September 26", 2004

Re(e7e) x 10°

Theoretical predictions (SM)

i

I

of. 1t 11 }][ ______ el 8 1.8 CRPACS _
L Dortrnuand
- Hamburg L~
S Date of new measurements
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K, —alyy

First contribution at O(p*) in
chiral perturbation theory,
handle on O(p®) terms

1998-1999 data
2b5b8 events
(3.2% background, mainly 3n°)

N.of events

BR(K, —n'yy) =
(1.36 £ 0.03 £ 0.03 £ 0.03) - 10-°

Constrains the CP-conserving
contribution to K —nle*e™

— relatively small

September 26", 2004
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|
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m, [ MeV/cZ]
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NA48/1 (2000-2002)
The search for rare Ky decays

CERN/SPSC 2000-002

December 10, 1999 SPSC/1253 ADD.2

ADDENDUM 2 TO P253
A high seunsitivity investigation of Kg and neutral hyperon
decays using a modified Kg beam.

Kg — wlete

The present proposal, with no upgrades to the detector read-out, would yield about 7 events
at a, = 1. The physics interest for the Kg — 7°u™u~ is the same as for the electron channel.
However, the backgrounds to this channel are quite different. The decay rate is syippressed by
about a factor of 5 due to phase space.

Sensitivity to the parameter nggg

Our sensitivity will allow t{) put bounds
On gy to ~1% with one year of data taking.
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+r—ato—
Ky g—> mme’e

Tk
- et
1. |< E e"‘ K—L. ™
gEL’ S o g[\fl L =i
L~
CPV inner bremsstrahlung cpc direct emissic;g

TC
K T K. K.
ey et oF ST
e_ -_—

&
CPV direct emission Charge radius

For K, : interference gives
indirect CP-violating
asymmetry in the orientation
of n*n~ and ete~ decay planes:
large (= 14%) asymmetries
predicted

September 26", 2004

1/T dr /do
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1998-99 data
K. : 1162 events
Background = 3.2%

BR =(3.08 £ 0.20) x 107

wn

+F K —rnme'e

S Acceptance corrected
2 Ap=(14213.0, )%
1

0

-0.5 -0.3 -0.1 0.1 0.3 0.5
d=sin@cosy

A,=(142£3.6) %
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Kq— wmete”

Ks: first observation
621 events
Background = 0.1%

300
250 |- .
By mmge 621 events
200 | p :
_ n
150 [ signal region
: -05 -03 -01 0. 0.3 0.5
100 | . "
r K, -7 rx
50 _ ‘—>e+e'('}r) A(P — (0.5 i 4.3) %
4 042 0.44 0.46 048 0.5 052 0.54 No asymmetry for Ks

as expected

BR = (4.71 £ 0.32) x 105
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Unitarity triangle from K

(p.n)

KL — 7ovi :
Ks — nlete”
K; — nlete™ { & ?TO('J € — | M
Ki — m vy
g &
N
. . (0,0) (1.0) (1.4.0)
Required ancillary p
measurements |
_ | Kp— vy, KL—%e+e_f}f
et { Kr sete ete , ete putu™

V*usvud"' V*csvcd+ V*‘rsv‘rd =yt At A = 0 Height: Imo\‘T )
Ke3 K v KL= movv

September 26, 2004 M. Sozzi — NA48 results SPSC meeting, Villars



Unitarity triangle from K

(p.Nn)

’ T~
0t
. . (1.4.0)
Required ancillary
measurements
_ [/ KL = vy, KL > ete
o { L=xeve ete, eTe ptu

v*usvud"' v*cstd+ \/*TSVer EA* 7‘“c + }“‘r =0 Heighf: Iﬂ'\O\q-

|

Ke3 K—> vy KL — 'movv
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m, IGeV

0.55

0.5

0.45

04

0.35

First measurement: 7 events
Bkg. 0.15 +0.10 , ., (KL—eeyy and accid.)
BR = (58 +2'8_2_3 i08) X10'9

NA48/1: Ky — 10+ 8-

Ks — nle*er|

049 [

04 0.11 0.12 0.13 0.14 0.15 0.16 0.17

0.13 F
0.12 |

0.11

Blind analysis

m., /GeV Background-free

. .. Kg— mfprp

8]
L]
p Il 4 TR R TN R A T T T T Y NI N N
0.44 046 048 0.5 0.52 0.54
mmm(GeV)

First measurement: 6 events

Bkg. 0.22 +019 ., (accid.)

BR = (2.8 +15,+0.2) x109

Important information for KL decays: indirect CPV dominates

September 26", 2004
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Hyperons: =Z° beta decay

More than 2-10° =° decays in 2002 o

E9 —X*ev is only source of %* : ;‘I 'g_ = p n?
6238 signal events >0 |
(2.4% background) o] | +

| I|

BR(Z° —X*ev) = (2.51 + 0.03 + 0.11) 104 20 H |
10 —

(preliminary)

\
o Pttt L

L B L L L L L IR IR
.18 1.19 1.2 1.21 122 1.23 1.24 1.25 1.26

Y Mass (GeV)
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NA48/2 (2003-2004)
CPYV search in K* decays and more

CERN/SPSC 2000-003
CERN/SPSC/P253 add.3
January 16, 2000

ADDENDUM III
(to Proposal P253/CERN/SPSC)
for a Precision Measurement of Charged Kaon Decay Parameters with an
Extended N A48 Setup

Direct CP-violation

More than 2 x 10* K* » at7*7¥ and 1.2 x 108 K% — 7%%* fully reconstructed
decays are expected to be collected in one year of typical SPS and NA48 operation. Such
statistics allows A, to be measured with a precision better than 2.2 x 107*, and A9 to
better than 3.5 x 107, including the estimated systematic uncertainties. An upper limit
for the asymmetry in K% — 77% decays could be obtained at a level of 102

Charged K,y decays (K — xaF1+u(0))

More than 10° K¢, charged kaon decays are expecting to be recorded in one year of
running of the proposed NA48 setup. These should allow o) to be measured with an
accuracy of 0.01 and the precision of the phase shift § measurement to be improved.
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NA48/2

SIMULTANEOUS K" AND K BEAMS

TAX 17 TAX 18 FDFD Final
Defining Protecting collimator
K collimators | collimator

Cleaning
collimator

0° prod. angle

60 GeV/c £ 5%

Quadrupole 2nd
FRONT-END ACHROMAT Quadruplet ACHROMAT

Beam
spectrometer

Unique simultaneous K+ and K- narrow band beam
Kaon momentum spectrometer
10! K* decays/year
Systematics cancellations
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KAon BEam Spectrometer

Close kinematics for Ke4 decays
Useful systematic check for asymmetry

Micromegas Time Projection Chambers

l,-:;-----------------n--i‘.-----------.ga.'.;...-..........
i 4 & .‘ Zem 0 4 e

VB
=KV e Stips (PA)
S e 1 il #
3 e n}’j"' E" LAV = 2R il em
# x| 4 : i r z_
: : ey ay - [P
FREE : i ; E mdiidiodeian)” bean
s 2 5*; [ K
,-H: : =3 Ngéz}mcrqn%n wh0 g
-HT m}mb ." r.’
Pl wl ; NI = kY o

Tmicmqas—qysampﬁﬁ-&uﬁm soge tf_|_+ tz - ost

12
Mesh N HImah
Micromegas -I— Fopm 0 o M0 Kem )

a2 % ““““

1% momentum measurement at 2-107/s
Track angle measurement
Less than 100 ps time resolution
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NA48/2: CP violation

Dalitz plot slope asymmetries in K* — 3n decays:
IM(u,v)|2 ~ 1+ gu+ f(uzv3) u,v: Dalitz variables

e (BR=5.6%): g » -0.22
om0 (BR = 1.7%): g # +0.65

Ag=(9,-9)/(g.+g)%0
would indicate direct CP violation

Previous experiments’
precision: few 10-3

SM predictions < 5x10-5,
possible enhancements beyond SM °

>2-10° m+m+m- decays on tape. Analysis in progress.

September 26, 2004 M. Sozzi — NA4S results SPSC meeting, Villars



NA48/2: Asymmetry analysis

0.008 r 0.008

g i 2Indf 6111
0.006 |- o A toffset 0.006 |- Ag,+offset=0+0,117.10°
0.004 | 0.004 |-
; © Atoffset L (44 )/2 + offset
0.002 [ 0.002 ;L_
0f #:++:3:=0=—0—;¢;:$:=¢=j: 0 _¢__[3_—”- 88— _.ﬂ_—”—_{:]_—:‘l;—ﬂ?_
-0.002 | -0.002 |-
0.004 | L0.004 | error of 4,: 2,710
-0.006 |- -0.006 |
L 1 I | | L ' I 1 | | A ] 1 1 | | | A 1 A 1 | 1 B 1 I ' 1 1 1 I 1 'l 1 1 I 1 1 'l i | L 1 1 1 ] |
-0.008 55 57.5 60 62.5 65 0008 T35 57.5 60 62.5 65
P, GeV/c Py, GeVic
0.008 ¢ 0.008 | Indf 6,711
0.006 |- L 0.006 |- A, ={0,131+0,117).10°3
0.004 | 0.004 |-

0.002 0002 [ (A, TA)2

3 oA
0 gmj—%ﬁi 0 _+_ S S SR _¢_‘+'

-0.002 -0.002 |

-0.004 -0.004 |-

-0.006 -0.006 [~

_u.um"|||||||||||]|||||||||||_o.uua'.|....|.;..|..;.|...;||
55 57.5 60 62.5 65 55 57.5 60 62.5 65

Part of 2003 data (hot final cuts): no systematic limitation found
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Vus| f,(0)

September 26", 2004

V.. the Cabibbo angle

|Vl = 0.2196 + 0.0023 (PD62002)
1-3%, |V,12 = 0.0032 = 0.0014 (violating unitarity at 2.20)

Errors: 50% V4 (will reach 10-4) and 50% V, — Measure V. to 1073

BR of semileptonic K decays is best handle on V
it measures |V | f+(0): theory input required

0.25

0.24

0.23

0.22

0.21

o

+
K" decays K" decays
B o~ 0 -—
o 8 < .3
i T 3 S EL
T . w JSo o o g fSo
T 8 B~ x N . E&
— = > -
L O - < o © O =
i o Z =2E o - -4 =X
T o o »n3 o X X n3
- ® ® @
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Vus] f,(0)

September 26", 2004

V.. Cabibbo angle from NA48

KO.;: special NA48 run 1999
|V, |=0.2187 + 0.0028

K, 5. special NA48/2 run 200:

IV..|= 0.2241 + 0.0026

K" decays K° decays
i o ~ .
=) v o
0.25 | 23 =
i w + B8 S 8 . §&
o+ = o (3] ==
024 ¥ 8 TEZF| ¥ $ 4 g EC
o 4 < N QO @ O <« <
- O 2 < =X O - 4d < =X
. o m Z »ns o ¥ ¥ =Z wns3
0.23 | !
- 9 e $
0.22 - ®
i © o0
0.21 [ 6
i | | | |

- (K)

% KTeV (K%e3)
. KLOE (K=3)
s EB65 (K'es)
: Hyp. reanalysis
2% PDG2002 (hyp)
- PDG2002 (K)

X (
X2 PDG2002 (K*)
. PDG2002 (K‘l’)

0.21 0.22 023 0.24

Vsl

us

002 oupi|biuin wou} (0)+4 buisn

=0 — Y*evi NA48/1 run 2002

|V,|= 0.214+0.030-0.025
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SM unitarity:
|V,|=0.2274 + 0.0021
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7t interactions and QCD

002 -Ke4 decays allow study of low-
energy nrn dynamics (asymmetry
among di-pion and di-lepton planes

sensitive to strong phase shifts).

*QCD quantity predicted with best
precision: a,° = 0.220 + 0.005

N ‘BNL E865: 400K K*e4 events
 [Egs5ics] | a,’ = 0.216 + 0.013 + 0.003

[EB553/] ‘DIRAC goal: |ay-a,| at 6%

(hot using kaohs)

.0.16. U.;‘IB | (]':.2. 0.22 0.24 0.26
‘NA48/2 goal: >1M K*e4 events
and a,° 10 0.01

0.03 |

0.04
-

005 |~

-0.06 -

0.07 -

-0.08 -

Theory precision still not reached!
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2000
1800
1600
1400
1200
1000
800
600
400
200

NA48/2: K*_, decays

2003-04 run: High statistics (>1M)
Tiny backgrounds (<1%)

Analysis in progress

1600F
1400
1200
1000
&00
600

400

200

] 2 S NS SR I W B O Ll
0.28 0.3 0.320.340.36 0.38 0.4 0.420.44 .45

10005
soof
aoo:
4005

200]

m,, (GeVic')

1000
soo[
600

400f

200[

oLt ad o oo s adn Ll L
41 08-06 0402 0 02 04 06 08 1
cas(i_)
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b o el Lo Dl e o
- -08-06-04-02 -0 02 04 06 08 1
cos(d,)
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1200

1000

800

00|
400

2000

Kinematic variables
(background in red)

SPSC meeting, Villars



Some pioneering concepts

Bent crystal channeling
* Proton tagging at 30 MHz
» Overlapping simultaneous Ks and K, beams
* LKr calorimeter with projective towers
40 MHz pipelined deadtimeless trigger
» Central Data Recording in Meyrin

100 TB/year of data
»  Overlapping simultaneous Kt beams

Kaon beam spectrometer at 20 MHz
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Key points

A succesful precision research project,
thanks to the presence of 3 important ingredients:

1. An accelerator capable of providing
and beams

2. A , experimental
apparatus with calibration linked to well-known
physical quantities

3. A robust strategy of reducing the systematics
to the accurate knowledge of
relative positions and angles
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Unforeseen : eta mass

2

Byproduct of LKr calorimeter
energy scale calibration in NA48

Use n — 3n° — 6y decays
(background free, no K5 beam)
from 2000 run

Decay vertex from m mass
constraint: measure M, /M,
independent from energy scale

4.20 shift (0.1%) from PDG on M,
Check with K, — 3m°

events per 0.1 MeV/c

2

events per 0.1 MeV/c

M()= (547.843 + 0.051) MeV/c?
M(K?) = (497.625 + 0.031) MeV/c2

8a

o

40

30

Pl

10

0

TR
0003
23000
20000
15000
10000

5000

=AM>= 5501 30 keV/c?

n—3x"

l = o 0

-0.004 —0.002 o 0.002 5.1304

<AM>=—43% 1 keV/

September 26", 2004 M. Sozzi — NA48 results

=0.004 =0.002 Q 0.002 0.004
M(K °)-M(PDG) (GeVic %)
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Unforeseen : DCH movements

NA48/2 2003: | Mean kaon mass |

Calibration of -

spectrometer ficld e KBT & K-Bl -

with K+ mass difference 0.4935{ . _O_—o— +35 keV/c2
Calibration of 049365/ — .
spectrometer alignment osoea- K*BL & K-BT )

WlTh Ki mass for' r‘lghT- 0.493523—

vs. left- deflection F L |

ay-sample
Detect and follow

movement of DCH by Very high quality control of
#um/day in 2003 run the detector systematics
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Unforeseen : ay,-a, from K*— 1rmim?

NA48/2: the process n*'n- — mOn° can contribute to
the ' n® Dalitz plot above its threshold

The distortion is
linked to the m*m
phase shifts a,° - a,°
[N. Cabibbo - PRL 93
(2004) 121801]

and allows a precise
extraction of those

Test: 2004 data vs MC

Test: 2004 dats MC

e
e

With NA48/2 unprecedented statistics the standard
parameterization is no longer enough

September 26", 2004
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More than 80 Ph.D. students

A constant flow of publications

f : Detector papers

©F  Physics papers

, | DirectchV Definitely not a “single
result” experiment!
-

|

90 1998 2000 2002 2004

L

1992 1994 1

W
i
-

September 26, 2004 M. Sozzi — NA4S results SPSC meeting, Villars



Outlook

A 15-year long enterprise
8 years of data-taking
Some accidents, quickly overcome
A wide range of physics topics:
CP violation, CPT tests,
K,, Ky, K* rare decays, chiral perturbation theory,
hyperon physics, hadronic physics,

exotic searches, meson masses
26 physics papers and 20 technical papers so far
Independent analysis, monthly analysis meetings

3 workshops at CERN with theorists
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About 120 authors 16 £ 2 institutions
More than 80 Ph.D. students, many theses
A strong, dedlc_ated and passmnate collaboratlon

NA4E collaboration
Pisa - 2003

Looking forward towards a brlght future
September 26, 2004 M. Sozzi — NA4S results SPSC meeting, Villars



Spare slides
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Data-taking periods

1997

5.3M K, »rOr0
1998 >26G KtL—>3Tr

1999 2.96 =0 decays

2000

2001
2002 P =¢’/e results

2003
2004
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