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A high precision search for direct C P «iolation in K ! 3 decayswas perform ed by the NA 48/2
experim ent at CERN SPS.The asymm etry in the D alitz plot linear sbpesA4 = (g° g )=(* +
g )ismeasuredtobeAg= (13 2:3) 10% by studying 3:1 19K ! * decays

and A2 = (21 19) 10? by studying 91

15

00 decays. T he unique double-

beam system , the design of the detectors and the m ethod of analysis provide good control of the
Instrum ental charge asym m etries and allow to keep the precision of the result 1im ited by statistics,
reaching accuracy one order of m agnitude better than in previous experin ents.

K eywords: CP <riolation, K aon physics.

1. Introduction

M ore than 40 years after its discovery in
the m ixing of neutral kaons, the full under-
standing of CP violation is far from being
reached. Two recent breakthroughs spread
Iight over this puzzling phenom enon: In the
late 90s the experin ents NA 48 and KTe&V
con m ed the earlier indication from NA 31
experin ent Hrdirect CP-iolation n K ° sys-
tem . Secondly, in the beginning of this cen-
tury the CP-wiolating processes were found
In B mesons eld by the experim ents Belle
and Babar. In order to explore possble
non-Standard M odel (SM ) enhancem ents to
heavy-quark loopsw hich are at the core ofdi-
rect C P <riolating processes, various systam s
must be studied. In kaons, besdes the &
parameter n K ° ! decays, prom ising
com plem entary observables are the rates of
G M —suppressed rare kaon decays proceeding
through neutral currents, and an asym m etry
between K ¥ and K decays to three pions.

The K ! 3 matrix elem ent can be
param eterized by a polynom ial expansion in
tw o Lorentz-nvariant variables u and v:

M (u;v)j2 / 1+ gu+ hu?+ kv? + = (1)

where hjkj  Pjare the slope param eters,

and
S3 &) S1 3
u= m2 ; V= m2 12 (2)
where m is the charged pion mass, s; =
P B s = s=3 (1= 1;2;3), px

and p; are kaon and i-th pion 4-m omenta,
respectively. The Index i= 3 corresponds to
the odd pion®. T he param eter of direct CP
violation is usually de ned as:

+

g 9

Azi
S gt+g

i (3)
where g* is the linear coe cient in (1) for
K" andg {frK .A deviation ofA  from
zero is a clear Indication for direct CP viola—
tion. Severalexperin ents ' have searched or
such asymm etries both in K !
and K ! 0 0 decay m odes, and ob-
tained consistent with zero result with a
precision at the level of 10 . SM predic—
tions or A, vary from a fow 10 © to a few
10 °?,however som e theoreticalcalculations
nvolring processes beyond the SM > predict
substantial enhancem ents of the asym m etry,
which could be observed in the present ex—
perin ent.

+

2T he other two pions have the sam e charge.
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Fig.1l. Schem atic lJateralview of the NA 48/2 experin ent. Region 1 (from target to decay volum e): beam

and K

beam s; DFD F : focusing quadrupoles; KABES1-3: beam spectrom eter stations). Region 2: decay volum e
and detector (D CH 1-4: drift cham bers; H odo: hodoscope; LK r: electrom agnetic calorin eter; HAC : hadron
calorim eter; M UV :m uon veto). T he vertical scales for the two regions are di erent.

2. D escription of the Experim ent

The NA48/2 experinent at the CERN
SPS was designed to search for direct CP-
violation in the decays of charged kaons to
three pions, and collected data In 2003 and
2004. In order to reach a high accuracy in
the m easurem ent of the charge asymm etry
param eter A4, the highest possible level of
charge symm etry between K * and K
crucialrequirem ent in the choice ofbeam , ex—
perin ental apparatus, strategy of data tak—
ing and analysis.

A novel beam line (Fig. 1) with two
sin ultaneous charged beam s of opposite

wasa

charges was designed and built In the high
intensity hall (ECN3) at the CERN SPS.
T he charged particle beam s were produced
by 400 G &V protonsw ith high intensity from
the SPS impinging on a beryllum target.
Charged particles with momentum (60

3) GeV/c were selected symm etrically by
an achrom atic m agnet system (‘achrom at’)
w hich separatesvertically the two beam sand
recom bines them again on the same axis.
Frequent inversion of the m agnetic eld po—
larities in all the beam line elem ents provides
a high level of Intrinsic cancellation of the
possble systam atic e ects In the beam Iine.

TheK =K ux ratio is about 1.8.

The entire reconstruction of K !

* decaysand the determ ination ofthe
kaon chargein K ! 9 0 decaysrely on
a m agnetic spectrom eter. Two drift cham -
bers are located upstream and two down-
stream of a dipole magnet which de ects
charged particles horizontally w ith a trans-
verse m om entum kick of 120 M eV /c. The
m agnetic eld was reversed frequently in or-
der to cancel possble leftright asym m etries
In the detector system . The m om entum
resolution of the m agnetic spectrom eter is

(P)=p= 10% 0:044%p (pinGeV/c). The
acceptance of the spectrom eter is de ned
mainly by an evacuated beam tube passing
through its centre, w ith a diam eter of 16
an , in which the surviving beam particles as
wellasthemuonsfrom ! decays travel.

The reconstruction of K ! 00
decays is based mainly on the use of lig-
uid krypton calorin eter (LK r), which m ea—
sures the energies of the four photons from

9 decays. The LK r has an energy resolui—
tion (E)=E = 0:032= E  0:09=E 0:0042
(E in GeV) and spatial resolution for a
single electrom agnetic shower , = , =
0:42= E
dinates x and y. The use of a priori charge

0:06 an for the transverse coor—
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sym m etric detector helps to keep the result
nK ! 9 9m ode practically unbiased .

A hodoscope is used for precise time
m easuram ent of the charged particles and as
a com ponent in the trigger system for both
decay m odes. D etailed description of the de-
tector com ponents can be found elsew here *.

3. Asymm etry m easurem ent
m ethod

T he asym m etry m easurem ent isbased on the
com parison of the u spectra forK * and K

decays,N " (u)and N (u), respectively. T he

ratio of the u spectra N * (u)=N (u) is pro—
portional to
N*(@), 1+ (g+ gu+hu? "
N (u) 1+ gu+ hu? !

where g and h are the actual of the D alitz-

slope param eters ® . T he possble presence of

a direct CP violating di erence between the

linear sbpesof K ¥ andK , g=g* g,

can be extracted from a tto thisratio. The

m easured asymm etry is then given by A4 =
g=29g.

In order to m inin ize the e ect of beam
and detector asymm etries, we use the ra-
tio Rq(u), de ned as a product of four
N*' (u)=N (u)ratios:

Rqu)=Rys Rs Bs Bs=

1+L :(5)

=R
1+ gu+ hu?

The rstsubscriptU (D ) denotsa con gura-
tion of thebeam m agnet polaritiesw hich cor-
responds to the positive beam traversing the
upper (lower) path In the achrom ats. The
second subscript S denotes the spectrom e-
term agnet polarities (opposite for the events
in the num erator and in the denom inator of
each ratio) de ecting the kaon to negative x
(tow ards the Saleve m ountain, given the to-
pographicalsituation ofthe experim ent in re—
Jation to the m ountains surrounding CERN )
and J corresponds to the de ection of the
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plons in the opposite direction (tow ards the
Jura m ountain chain). The gpectra N * (u)
and N (u) foreach ofthe four individualra-
tios In (5) are obtained from successive runs
taken w ith the sam e beam m agnet polarities
and w ith the
tion by the spectrom eter m agnet. The pa-

de ected in the sam e direc—

ram eter g and the nomm alization R are ex—
tracted from a tto them easured quadruple
ratio R, (u) using the finction in eg. (5)°.
Them easured slope di erence g is insensi-
tive to the nom alization param eterR ,which
re ects the ratio ofK * and K

The gquadruple ratio method com ple-

uxes.

m ents the procedure of m agnet polarity re—
versal. It allow s a threefold cancellation of
system atic biases: 1) beam line biases can—
cel between K* and K  samples In which
the beam s follow the sam e path;2) thee ect
of localnon-unifomm ities of the detector can—
celbetween K ¥ and K samples in which
charged plons illum inate the sam e parts of
the detectors; 3) asa consequence ofusing si-
beam s, global, tin e
dependent, instrum entalcharge asym m etries
cancelbetween K © and K sam ples.

A reduction of possble system atic bi-
ases due to the presence of stray perm a-—
nent magnetic elds (Earth eld, vacuum
tank m agnetization) is achieved by the ra-
dial cuts around the average beam posi-
tion, which make the geom etrical accep-
tance to charged pions azin uthally sym m et-
ric. The only residual sensitivity to instru-
m entalcharge asym m etries isassociated w ith
tin e variations of any acceptance asymm e—
tries occurring on a tim e scale shorter than
the m agnetic el alternation period, which
are studied carefully by a num ber ofm onitors
recorded throughout data taking.

multaneousK * and K

PD ue to sm allness of the param etersg ad h in K !
+ mode,a twith a function Rg(u)= R (1+
g u)issu cient.
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4. R esult and conclusions

The whole 2003 and 2004 data-set contains
several sam ples w ith all possible com bina—
tions ofm agnetic el polarities in the beam
optics and in the m agnetic spectrom eter,
needed to construct the quadruple ratio (5)
and selfsu cient for g m easurem ent. The
raw asymm etry is extracted for each of them
separately, and the nal result then is ob—

tained as their weighted average. In to-
tal, 31  IOK ! * and 91 10
K ! 0 0 decays were selected for the

analysis. The result in temm s of linear slope
di erence g with only the statistical errvor
quoted is g©= (07 0:7) 10 orkK !

* and g® = (27 20) 10 for
K ! 0 0 decay mode. These results
are free of system atic biases In the rst ap—
proxin ation due to the in plem ented m ethod
of cancellation of various apparatus In per—
fections. H ow ever, the checks of possible sys-
tem atic contributions have been done, and
corresponding uncertainties w ere cbtained ©.
T he prelin inary results for the whole 2003
and 2004 data-set are:

A= ( 13 15me: Oy 1dhysr) 10°
(6)
Ag = (21 16tat: 1:stt: 0 Zext:) 104
(7)
correspondingly for K ! * and

K !
for a sin ilar precision of the results given
n (6) and (7), despite a factor of 30 In
the collected statistics, is the fact that the
population density of the D alitz plot ism ore
favourable in the K ! 00

0 0 decay modes®. The reason

m ode and

9 for K ! * and 7 for K ! 00
decay m ode.

4T he trigger error 0.9 in (6) is an upper lm it for
eventual charge asym m etric response of the trigger
system for K ! * decays and it is Ilim ited
by the statistics in the control sam ple used for this
estim ation; for K ! 00 decays this error is
included in the total system atic error. T he extermal
uncertainty 0.2 in (7) arises from the experim ental
precision on g and h °.
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+

B %93 3 ( ). The re—

sults are one order ofm agnitudem ore precise
than previous m easurem ents and are consis—-
tent w ith the predictions of the SM .
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