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RESULTS ON CP VIOLATION FROM NA48�Bertrand Vallageon behalf of the NA48 CollaborationCagliari, Cambridge, CERN, Dubna, Edinburgh, Ferrara, Floren
e, Mainz, OrsayPerugia, Pisa, Sa
lay, Siegen, Torino, Vienna, WarsawDAPNIA/SPP CEA Sa
lay91191 Gif-sur Yvette Cedex, Fran
e(Re
eived April 10, 2001)The main goal of the NA48 experiment at the CERN SPS a

eleratoris the measurement of the dire
t CP violation parameter Re("0=") in theK0 ! 2� de
ays, with an a

ura
y 
lose to 2 � 10�4. The preliminaryresult obtained from 1998 data is reviewed. The use of intense K0S andK0L beams allows in parallel the investigation of rare CP violating de
ays.The future proje
t aiming to study dire
t CP violation with 
harged kaonbeams is brie�y dis
ussed.PACS numbers: 11.30.Er, 13.25.Es, 29.40.�n1. Introdu
tionCP violation was dis
overed in 1964 by Christenson, Cronin, Fit
h andTurlay [1℄, in the de
ay of the long-lived neutral kaon (
alled until then `K02 ')in two 
harged pions, with a bran
hing ratio 
lose to 2 � 10�3: `Eviden
efor the 2�-de
ay of the K02 meson'. This dis
overy showed that thelong-lived neutral kaon 
ould not be a pure CP eigenstate. As soon as 1964,Wu and Yang [2℄ introdu
ed a new formalism to des
ribe the neural kaonsystem, with K0S and K0L states, and the `impurity parameter' "K :CP symmetry being not 
onserved, the Hamiltonian eigenstatesK0S(S=Short) and K0L (L=Long) are no more pure CP eigenstates (K01 resp.K02 ), but 
ontain a small 
ontribution of the opposite CP eigenstate (K02� Presented at the Cra
ow Epiphany Conferen
e on b Physi
s and CP Violation,Cra
ow, Poland, January 5�7, 2001. (1953)



1954 B. Vallageresp. K01 ), parametrized by "K (in the hypothesis of CPT invarian
e):jK0Si = 1p1 + j"K j2 (jK01 i+ "K jK02 i) ;jK0Li = 1p1 + j"K j2 (jK02 i+ "K jK01 i) :It then 
learly appears that the parameter "K des
ribes the CP violationresulting from an asymmetri
 mixing between the K0 and K0 states, thede
ay pro
ess itself being CP 
onserving. This kind of CP violation in themixing is 
alled indire
t CP violation.CP violation 
an also arise as a 
onsequen
e of the de
ay into two pionsof the K02 
omponent of the K0L. This kind of CP violation in the de
ayis 
alled dire
t CP violation. It is linked to the phase di�eren
e betweenweak transitions amplitudes of the jK0i and jK0i to a two pions �nal stateof de�ned isospin I, and the relevant parameter in the kaon system is "0whi
h 
an be written as:"0 = "Kp2�h��I=2jHjK0Lih��I=0jHjK0Li � h��I=2jHjK0Sih��I=0jHjK0Si�:This expression immediately shows the smallness of "0, sin
e " = (2:28�0:02) � 10�3 and be
ause of the empiri
al �I = 1=2 sele
tion rule, andthe value of Re("0=") is expe
ted in the O(10�3) range. The smallness ofdire
t CP violation e�e
ts 
reated a tremendous experimental e�ort overthe last 2 de
ades to establish whether or not "0 was di�erent from zero aspredi
ted by the superweak model [3℄. The theoreti
al interest is twofold:�rst assert whether a CP odd state 
an de
ay to a CP even �nal state, whi
hwould immediately rule out the superweak model, and se
ond put 
onstraintson the parameters of the Cabibbo�Kobayashi�Maskawa V CKM matrix [4℄ inthe framework of the Standard Model (Fig. 1). A `pedagogi
al' formula(Buras [5℄) shows how "0=" is related to the V CKM 
oe�
ients:"0" � Im�t1:34 18�110 MeVMS(MC)�2 "0:75B6 � 0:4B8 � MT165 GeV�2:5# �MS340 MeVwith Im�t = jVubjjV
bj sin Æ. The theoreti
al un
ertainties on the matrixelement B6 � re�e
ting the e�e
t of the Ele
troWeak penguins, and B8 �
orresponding to the strong penguins, are su
h that no quantitative estimateof Im�t 
an presently be extra
ted from the measurement of "0=".The ratio of the CP violating to the CP 
onserving kaon de
ay ampli-tudes to a �� �nal state is di�erent for �nal states �0�0 and �+��, be
ause
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Fig. 1. Contributions to the determination of the unitarity triangle (from Buras).of their di�erent de
omposition on isospin eigenstates of I = 0 and I = 2.In other words, the two CP violating neutral kaon de
ay amplitudes intotwo pions: �+� � A(K0L ! �+��)A(K0S ! �+��) ' "+ "0and �00 � A(K0L ! �0�0)A(K0S ! �0�0) ' "� 2 "0
ontain di�erent admixture of the two CP violating pro
esses in 
harged andin neutral mode. This small di�eren
e is used by the �xed target experimentsto sear
h for dire
t CP violation in a signi�
ant di�eren
e from 1 of thedouble ratio of de
ay rates R:R � � (K0L!�0�0)� (K0S!�0�0)� (K0L!�+��)� (K0S!�+��) = ���� �00�+� ����2and derive "0=" as: Re�"0" � ' 1�R6 :



1956 B. VallageTen years ago, the NA31 experiment at CERN reported a �rst eviden
eof dire
t CP violation: Re("0=") = (23 � 6:5) � 10�4 [6℄. The result ofthe 
ompetitor experiment E731 at Fermilab was in marginal agreement:Re("0=") = (7:4� 5:2� 2:9)� 10�4 [7℄. Clarifying the situation with a mu
hbetter a

ura
y was one of the main motivations of new experiments inboth laboratories. The methods of NA31 and E731 were radi
ally di�erent,as well as their limitations. E731 was statisti
ally limited, and thereforeused at best the statisti
al power of K0L de
ays, at the pri
e of a strongdependen
e upon the Monte Carlo simulation. On the other hand, the si-multaneous 
olle
tion of K0L and K0S de
ays allowed natural 
an
ellations insingle ratios of de
ay rates. NA31 appears more systemati
ally limited, be-
ause of distin
t K0L and K0S data taking periods, resulting in quite di�erenta

idental a
tivities. Among the strong points of NA31, we have to quotethe absen
e of ba
kgrounds for K0S de
ay modes due to the use of a targetunlike E731 whi
h uses a regenerator, and the similarity of the energy andvertex position distributions, resulting in a very small di�erential a

eptan
e
orre
tion and Monte Carlo dependen
e.The NA48 experiment at CERN was primarily designed to measureRe("0=") with a pre
ision of 2 � 10�4, taking advantage of the experien
ea
quired with the previous generation of experiments. The use of intensekaon beams allows this experiment to be sensitive to rare K0L andK0S de
ays.Its 
ompetitor, KTeV at Fermilab, aims at a similar a

ura
y on Re("0=")(E832 [8℄) and has a dedi
ated experimental setup for rare kaon de
ay studies(E799-II). 2. The NA48 beams and dete
torsThe extra
tion on Re("0=") is based on the double ratio te
hnique sket-
hed in the previous se
tion. The NA48 beam line was designed having inmind the minimization of the 
orre
tions to the double ratio of number ofevents from the four de
ay modes in a 
ommon �du
ial region. Two quasi-
olinear K0L and K0S beams are formed, and their 2� de
ays are 
olle
tedsimultaneously in order to maximize the 
an
ellations of beam �uxes, e�-
ien
ies, experimental a

eptan
es and losses due to a

idental a
tivity inthe double ratio.K0L are produ
ed by the intera
tion of the SPS 450 GeV proton beamon a beryllium target lo
ated � 240 m from the dete
tors, with a 2.4 mradtargeting angle optimizing the kaon over neutron ratio in the neutral beam,and a typi
al intensity of 1:4�1012 protons per 2.5 s spill every 14.4 s. Partof the remaining protons are 
hanneled by a bent sili
on 
rystal and putba
k in the neutral beam, then dire
ted to a se
ond `near' target lo
ated� 120 m from the dete
tors. Typi
ally, 3�107 protons hit this so-
alled K0S
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Fig. 2. The NA48 K0L and K0S beams.target separated from the K0L beam axis by 7.2 
m in the verti
al plane, witha targeting angle of 4.2 mrad whi
h makes the K0S de
ay spe
trum similar tothe K0L one. The resulting neutral beam is dire
ted to the NA48 dete
torsso that K0L and K0S beam are 
onvergent at the ele
tro-magneti
 
alorimeter120 m upstream the K0S target (Fig. 2).This 
onvergen
e at the dete
tors makes it impossible to re
ognize thebeam origin of 2�0 de
ays. Therefore a tagging 
ounter is pla
ed in theattenuated proton beam just after the bent 
rystal in order to identify thebeam from whi
h a de
ay originates by a time of �ight te
hnique betweenthe protons and the kaon de
ay produ
ts.The former CERN experiment NA31 mimi
ked the `�at' K0L vertex dis-tribution with a movable K0S target, to get similar energy and longitudinalvertex distributions, and therefore minimize the e�e
t of the K0L vs K0S life-time di�eren
e whi
h populates quite di�erently the de
ay region. In thesame spirit, NA48 applies lifetime weighting to theK0L events to make similardistributions and therefore minimize the di�erential a

eptan
e 
orre
tionin both neutral and 
harged modes. As a 
onsequen
e, the de
ay region islimited to 3:5 �s from the K0S target 
orresponding to � 40 m, and about2/3 of otherwise good K0L de
ays are reje
ted online by a lifetime 
ut. Anadditional in
rease of the statisti
al error of � 40 % is due to the weightingpro
edure, so that 3 years of high intensity proton beams are required torea
h the aimed a

ura
y of � 2� 10�4 on "0=".



1958 B. VallageThe main NA48 dete
tors are a magneti
 spe
trometer for the �+��mode, and an ele
tromagneti
 spe
trometer for the �0�0 mode (Fig. 3).The spe
trometer 
onsists of four high resolution drift 
hambers pla
ed oneither sides of a dipole magnet with a pT ki
k of 250 MeV/
, the spa
eresolution is �X;Y = 90 �m and the �+�� invariant mass resolution is2.5 MeV/
2. The 27X0 long liquid krypton ele
tromagneti
 
alorimeter hasa 2 � 2 
m2 granularity, a position resolution better that 1.3 mm, and agood energy resolution resulting in a �0 mass resolution of 1.1 MeV. Thesetwo dete
tors, as well as the 
harged trigger hodos
ope and tagging dete
tor,have time resolutions better than 1 ns to ful�ll the K0S tagging requirements.Further details on the experimental setup will be found in [9℄.
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Fig. 3. The NA48 dete
tors.The experiment was designed to be deadtimeless, all data being bu�eredfor 204:8 �s, with syn
hronous neutral trigger and asyn
honous level 2
harged trigger performing the online re
onstru
tion of �+�� 
andidatesin less than 100 �s. The versatility of these programmable triggers and thehigh data a
quisition 
apabilities allow the re
ording of large samples of
ontrol triggers as well as various trigger topologies for both the "0 analysisand the rare de
ays or hyperon de
ays studies.



Results on CP Violation from NA48 19593. The dire
t CP violation parameter Re("0=")The �rst data taking for "0=" took pla
e in 1997, with the 
olle
tion of0:5� 106 K0L ! 2�0 at a redu
ed beam intensity. This modest data sampleallowed a �rst determination of Re("0=") with an a

ura
y of 7:3 � 10�4[10℄. A trigger/DAQ upgrade was performed before the 1998 data takingwhi
h provided a sample of 1:1� 106 K0L ! 2�0. This dataset was used forthe preliminary result presented in this se
tion [11℄. The 1999 run, longerand more e�
ient owing to improved readout and overall DAQ/a

eleratore�
ien
y, allowed the re
ording of 2:0�106 K0L ! 2�0. The implosion of the
arbon-�ber beam-pipe during the winter shutdown damaged the four drift
hambers of the spe
trometer, and data taking with restrung drift 
hambersis foreseen to resume in July 2001 for 90 days at redu
ed proton intensityand longer spill in order to 
olle
t 1:5�106 K0L ! 2�0. Altogether, � 5�106of this more statisti
ally limited mode will be 
olle
ted, the statisti
s of anyother 2� de
ay mode being at least four times higher.Relying on events 
ounting, the extra
tion of "0=" is in prin
ipal straight-forward. The main di�
ulty is the pre
ise de�nition of the de
ay vol-ume, whi
h requires an ex
ellent knowledge of both neutral and 
hargedenergy s
ales. The high resolution dete
tors of the experiment allow asubstantial redu
tion of the physi
s ba
kground whi
h mainly a�e
t theK0L de
ay modes: in 
harged mode the Ke3 + K�3 ba
kground a

ountsfor (19 � 3) � 10�4, whereas the K0L ! 3�0 ba
kground is estimated to(7� 2)� 10�4. We will simply emphasize two key points of the NA48 anal-ysis method: the tagging and the events weighting.The tagging 
onstitutes the K0S=K0L identi�
ation. In 
harged modes,the de
ay vertex spa
ial resolution in the transverse plane is su
h that de-
ays originating from the K0S beam are easily identi�ed from those of theK0L beam. Be
ause of the 
onvergen
e of the two beams at the 
alorimeter,the 4
 
enter of gravity distributions will be identi
al for K0S an K0L de
ays.Therefore the beam origin of the de
ay will be attributed on the basis of atime-of-�ight 
oin
iden
e between the event time of the de
ay and the (non-)o

urren
e of a proton in the tagging station, and this for both neutral and
harged de
ays. The width of the 
oin
iden
e window of �2 ns (Fig. 4) hasbeen 
hosen to minimize the systemati
 un
ertainty 
oming from mistag-ging. Mistagging 
an o

ur from two sour
es: �rst the ine�
ien
y of thetagging 
ounters, whi
h will 
ause K0S events to be identi�ed as K0L. Whatreally matters is the di�erential ine�
ien
y between neutral and 
hargedde
ays, and the tagging 
ounters are highly symmetri
 to that respe
t. Anine�
ien
y of (1:97 � 0:05) � 10�4 is dire
tly measured in 
harged mode,whereas using 2�0 and 3�0 events 
ontaining a 
onversion, the 
omparison ofthe 
harged hodos
ope and ele
tromagneti
 
alorimeter times allows to put
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e between K0S;L events and the time of thenearest proton seen by the tagging 
ounter.a bound of 0:5�10�4 on the di�erential ine�
ien
y. The se
ond mistagginge�e
t is the a

idental tagging of K0L as K0S, due to a

idental 
oin
iden
esin the 4 ns wide window, and is as big as (11:05�0:01) % dire
tly measuredin 
harged mode. Using 2�0 events in `sides bands' of the time of �ightdistribution to estimate the a
tivity in the tagging window, as well as 3�0events to determine the di�eren
e of a
tivity between the tagging windowand the sides bands, a 
harged-neutral di�erential e�e
t of (0:3�3:9)�10�4is found and used to 
orre
t the double ratio R.The main originality of the NA48 analysis is theK0L weighting. It aims to
ompensate for the large K0S to K0L lifetime di�eren
e whi
h populates quitedi�erently the longitudinal de
ay volume. In fa
t, K0L and K0S de
ays aredete
ted in di�erent transverse positions of the experimental setup, whi
h
reate a strong di�erential dependen
e on the experimental a

eptan
e andlo
al ine�
ien
ies. In order to avoid a large 
orre
tion to the double ratio,K0L events are weighted roughly speaking by the ratio of K0S to K0L de
ayrates as a fun
tion of their proper time � :Weight(�) = �2�(� from K0S target)�2�(� from K0L target) � exp��� � 1�S � 1�L�� :



Results on CP Violation from NA48 1961The beginning of the de
ay region is de�ned by the K0S anti-
ounter posi-tion, 6 m from the K0S target. A 
ut on the re
onstru
ted Zvertex position isapplied on K0L events, whereas the anti-
ounter itself is used for K0S events.The 
ost of the weighting pro
edure is an in
rease of the statisti
al un
er-tainty by 36 %, and the gain is that allK0L distributions be
ome quite similarto the K0S, up to small irredu
ible residual di�eren
es showing the di�eren
ebetween the K0S and K0L beams. A full Monte Carlo simulation is then ne
-essary to estimate the di�erential a

eptan
e 
orre
tion to the double ratio,whi
h a

ounts for (31�8:5)�10�4 with this weighting pro
edure althoughit would be as high as � 200�10�4 otherwise (Fig. 5). This a

eptan
e 
or-re
tion is the largest 
ontribution to the overall 
orre
tion of (37�24)�10�4applied on the double ratio of raw number of events, the e�e
t on "0=" being6 times smaller, and illustrates the robustness of the NA48 analysis method.
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Fig. 5. A

eptan
e 
orre
tion vs kaon energy with and without K0L weighting.For the � 1� 106 K0L ! 2�0 
olle
ted in 1998 by NA48, the preliminaryresult reads: Re�"0" � = (12:2 � 2:9stat � 4:0syst)� 10�4 :It is quite 
ompatible with the earlier result on 1997 data [10℄, and 
onsti-tutes in itself a 2:5� signal of dire
t CP violation. The agreement with the



1962 B. VallageKTeV result is not quite perfe
t, but one has to wait for �nal results of both
ollaborations before drawing 
on
lusions on the exa
t level of dire
t CPviolation and its 
ompatibility with the Standard Model predi
tion whi
hrequires an improvement of the theoreti
al un
ertainties. The analysis ofboth 1998 and 1999 NA48 data is being �nalized with a threefold in
reasein data statisti
s, while the systemati
 un
ertainty goes below the 3� 10�4level, and will be in shape for the summer 2001 
onferen
es.4. CP violating rare kaon de
aysUnlike its KTeV 
ompetitor, the hyperons and rare kaon de
ay studiesin NA48 were performed during the standard "0 running, with the parasiti
re
ording of events satisfying a wide variety of trigger 
onditions. Amongthose, we will 
on
entrate here on the de
ays 
losely related to CP violation.4.1. KS;L ! �+��e+e�The de
ay K0L ! �+��e+e� is expe
ted to pro
eed mainly througha �+��
� state. Two dominant 
omponents 
ontribute to the amplitude:an indire
t CP -violating K0L ! �+�� with inner bremsstrahlung, and aCP -
onserving photon M1 dire
t emission followed by internal 
onversion.The interferen
e of these two amplitudes results in a CP -violating 
ir
ularpolarization of the 
�, whi
h 
an be probed by studying the 
orrelation ofthe e+e� plane relative to the �+�� plane: the � angle between these planesis a T odd variable. In the model of Sehgal and Wanniger [12℄, a non-zerovalue of the �3 term of the � angular distribution:d�d� = �1 
os2 �+ �2 sin2 �+ �3 
os� sin�
onstitutes an unambiguous sign of indire
t CP violation. The e�e
t is thenparti
ularly visible in the CP -violating asymmetry de�ned as:A� = N
os� sin�>0 �N
os� sin�<0N
os� sin�>0 +N
os� sin�<0for whi
h the theoreti
al predi
tion of [12℄ is 14.4 %.A dedi
ated 4-tra
ks trigger was implemented in the 
ourse of the 1998NA48 "0 data taking. A total of 1337 signal events was sele
ted from 1998and 1999 data, with 35 ba
kground events 
oming mainly from K0L !�+��
 with 
onversion 
 ! e+e�, overlayed K0L ! ��e+�e and K0L !�+e���e, and K0L ! �+���0D with �0D ! e+e�
. The main K0L ! �+���0Dba
kground is suppressed 
utting on the P 020 kinemati
 variable:P 020 � �M2K �M2�0 �M2���2 � 4M2�0M2�� � 4M2K(P 2T )��4 �(P 2T )�� +M2���



Results on CP Violation from NA48 1963
tail from

KL→π+π-π0
D

signal region

KL→π+π-e+e-

Data

MC

Data

MC

MC KL→π+π-π0
D

Double Ke3 evts

1337 candidates
in

signal region

S/B = 38

KL→π+π-e+e-

Fig. 6. Top: distribution of the P 020 dis
riminating variable; bottom: �+��e+e�invariant mass distribution, where the solid lines delimit the signal region.whi
h is positive for ba
kground and negative for �+��e+e� events. Fig. 6shows the P 020 distribution and the �+��e+e� invariant mass distribution.The Monte Carlo used to 
ompute the a

eptan
e 
orre
tion in
ludes a formfa
tor F in the M1 dire
t emission term:F = ~gM1 "1 + a1=a2(M2� �M2K) + 2MKE�
 # ;where we borrowed the values ~gM1 = 1:35+0:20�0:17 and a1=a2 = �0:720 �0:029 GeV2=
2 from KTeV [13℄ to allow easier 
omparisons. The prelim-inary bran
hing ratio is:BR(K0L ! �+��e+e�) = (3:1 � 0:1� 0:2) � 10�7



1964 B. Vallageusing K0L ! �+���0D as normalization 
hannel, whi
h is in good agreementwith the theoreti
al predi
tion of � 3� 10�7 (Sehgal and Wanniger) and infair agreement with the similar number from KTeV [14℄.The CP -violating asymmetry is maximal where the interferen
e of theM1 dire
t emission and the inner bremsstrahlung is the biggest. The experi-mentally observed asymmetry is the 
onvolution of this interferen
e with thedete
tor a

eptan
e, whi
h enhan
e the observed e�e
t. On the other hand,full simulation of the dete
tor shows that in the absen
e of interferen
e theobserved asymmetry is zero, and that no asymmetry is generated by appa-ratus e�e
ts. Fig. 7 shows the observed angular distribution together withthe Monte Carlo simulation before and after unfolding of the experimentala

eptan
e. The asymmetry is found to beAL = (13:9 � 2:7� 2:0) %in agreement with the re
ently published value from KTeV [13℄ as well aswith the theoreti
al predi
tion of [12℄.
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Fig. 7. 
os� sin� distributions. Top: observed in the data; bottom: after a

ep-tan
e unfolding.



Results on CP Violation from NA48 1965NA48 o�ers the unique opportunity of exploiting an almost pure K0Sbeam from the near target. The K0S ! �+��e+e� 
hannel was lookedfor, be
ause the de
ay amplitude is dominated by the CP even inner brem-sstrahlung 
omponent and the expe
ted asymmetry of the � angular distri-bution is AS = 0.The �rst observation of K0S ! �+��e+e� was re
ently reported [15℄based on 56 events normalized to 105 fully re
onstru
ted K0L ! �+���0Devents originating from theK0S target. The analysis of this de
ay mode reliesboth on the good vertex resolution for K0S=K0L identi�
ation and on the useof the tagging 
ounter to provide an extra fa
tor 20 in reje
ting ba
kgroundfrom the K0L beam.At the end of the 1999 "0 data taking period, 2 days were devotedto a high intensity K0S test in order to estimate the rates for the futureNA48 program [16℄. The proton beam intensity was in
reased by a fa
tor� 200, yielding a sensitivity equivalent to several years of operation with thestandard K0L +K0S beam setup. In parti
ular, 724 K0S ! �+��e+e� signalevents were 
olle
ted, whi
h add up to 921 events when 
ombined with 1998and 1999 data. Fig. 8 shows the �+��e+e� invariant mass distribution ofthe 
andidates for the 
omplete sample. The bran
hing ratio:BR(K0S ! �+��e+e�) = (4:3 � 0:2� 0:3) � 10�5translates to the inner bremmstrahlung 
omponent part ofK0L!�+��e+e�:BR(K0IBL ! �+��e+e�) = (1:3 � 0:1) � 10�7 in good agreement withtheoreti
al expe
tations. The � angular asymmetry 
an also be a

uratelymeasured: AS = (�0:2� 3:4� 1:4)%, 
ompatible with zero, whi
h 
on�rmsthat the CP violating asymmetry AL observed in K0L ! �+��e+e� is notan artefa
t of either apparatus or �nal state intera
tions.4.2. KS;L ! �0e+e� and K0S ! 3�0The high intensityK0S test des
ribed in the previous se
tion was also usedto sear
h for K0S ! �0e+e�, whose bran
hing ratio 
an be related to theindire
t CP violation 
ontribution to the K0L ! �0e+e� de
ay. Indire
t CPviolation was also looked for in the K0S ! 3�0 de
ay during a dedi
ated 2000running period. These two de
ays are among the main goals for the future2002 physi
s program [16℄ re
ently a

epted at CERN and are des
ribed inmore details in these pro
eedings [17℄
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Fig. 8. Top: �+��e+e� invariant mass distribution; bottom: � angular distribu-tion, 
ompared to K0S ! �+��e+e� Monte Carlo.5. Dire
t CP violation in K� de
aysNow that Dire
t CP violation is established in K0 ! 2� de
ays, mea-suring its emergen
e in other pro
esses is of great importan
e in order tobetter understand the origin of this e�e
t.The NA48 
ollaboration has proposed to look for a manifestation of CPviolation through the measurement of the Dalitz plot de
ay parameters inK� ! �+���� using an extended NA48 setup [18℄ also a

epted at CERN.The matrix element for the de
ays K� ! �+���� 
an be parametrizedby: jM(u; v)j2 / 1 + gu+ hu2 + kv2 ;



Results on CP Violation from NA48 1967where u=(s3-s0)/m2�, v=(s1-s2)/m2�, s0=(s1+s2+s3)=3 and si = (PK�Pi)2,PK and Pi are the four-momenta of the kaon and of the pion (i = 3 for theodd pion).If CP 
onservation holds, then the 
oe�
ients g, h and k are the same forK+ and K� de
ays. A measurement of dire
t CP violation 
an be obtainedthrough the observation of a non-zero value for the asymmetry:Ag = (g+ � g�)=(g+ + g�) :Theoreti
al predi
tions for Ag in the framework of the Standard Modelare in the O(10�6 � 10�4). However, theoreti
al predi
tions in the frame-work of the Standard Model depend strongly on the value of "0=", and somesupersymmetri
 models 
ould give a value as high as 10�4 [19℄. The bestmeasurement of Ag 
omes from an old experiment performed in 1970 [20℄whi
h obtained Ag = (�7:0 � 5:3)� 10�3.The proposed experiment will use simultaneous K+ and K� beams witha 
entral momentum value of 60 GeV/
 and a momentum bite �P=P =20 %. Both 
harged beams would be sele
ted with the same geometri
ala

eptan
e and dire
ted along a 
ommon line pointing towards the NA48dete
tor. To a

ommodate these features, a modi�
ation of the presentNA48 beam elements downstream of the present K0L target is ne
essary toimplement two `a
hromats' and the 
ollimators. A kaon beam spe
trometerinstrumenting the se
ond a
hromat is under study, in order to allow themeasurement of both the 
harged kaon sign and its momentum to � 1%, andtherefore put additional kinemati
al 
onstraints on the de
ay. The foreseenkaon �uxes are 4:4 � 106 K+ and 2:5 � 106 K�/
y
le, yielding 12:7 � 1010K+ and 7:1� 1010 K� de
ays/year for a de
ay region of 50m and 120 daysrunning time per year at 50 % e�
ien
y. This would allow NA48 to rea
h ana

ura
y of � 1:4�10�4 on Ag per year, where the limitation is of statisti
alnature. 6. Summary and outlookCombining 1997 and 1998 preliminary result, the NA48 experiment hasmeasured Re("0=") = (14:0 � 4:3) � 10�4 more than 3 � from zero, andtogether with KTeV establishes the existen
e of dire
t CP violation. The"0 program will be 
ompleted in 2001 with a rebuilt spe
trometer, yieldinga �nal statisti
s of � 5 � 106 K0L ! �0�0. The improved systemati
s onthe tagging, trigger e�
ien
y, a

eptan
e determination and a

identals willlead to a �nal un
ertainty � 2:5 � 10�4, 
lose to the design goal.The investigation of rare de
ays 
on
urrently with the measurement of"0=" allowed the measurement of theK0L ! �+��e+e� BR and CP violatingangular asymmetry, as well as the �rst observation of K0S ! �+��e+e�.



1968 B. VallageThe NA48 approved future program will allow the investigation of indi-re
t CP violation in K0S ! �0�0�0 and K0L ! �0e+e� using a high intensityK0S beam in 2002, as well as to probe dire
t CP violation e�e
ts throughthe Ag asymmetry with better than 2 � 10�4 a

ura
y using 
harged kaonbeams.It is a pleasure for me to thank the organizers of the Cra
ow EpiphanyConferen
e on b physi
s and CP violation, both for the physi
s 
ontent ofthe meeting and for their kind hospitality. This �rst 
onferen
e of the newmillennium is 
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