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NEW MEASUREMENTS OF DIRECT CP VIOLATION�H. FoxyInstitut für Physik, Johannes Gutenberg-Universität MainzD-55099 Mainz, Germany(Re
eived O
tober 28, 1999)After reviewing the theoreti
al formalism of "0=" and the predi
tionsof the Standard Model, I des
ribe the dete
tors of the NA48 and KTeV
ollaborations. The analysis methods of the two groups are 
ompared.The two new measurements of the parameter Re ("0=") are presented.PACS numbers: 11.30.Er 1. Introdu
tionSin
e the dis
overy of CP violation in 1964 [1℄ the me
hanism leading tothe phenomenon has been under investigation. So far the neutral kaon sys-tem is the only pla
e where CP violation has been observed. The StandardModel explains the observations by the mixing of K0 and K0. This is knownas indire
t CP violation, parametrised by ". However, the Standard Modelalso predi
ts the existen
e of dire
t CP violation in the de
ay amplitudeof K0 and K0, parametrised by "0. Eviden
e for dire
t CP violation was�rst found in 1988 by the NA31 
ollaboration [2℄. Until re
ently this resultwas not 
on�rmed by other experiments. Only at the beginning of 1999 theexperiments KTeV at FNAL and NA48 at CERN 
on�rmed the existen
e ofdire
t CP violation.In order to 
ompare these measurements to the Standard Model an in-trodution into the phenomenology of the kaon system is given in Se
tion 2.As many textbooks and papers give only a very short introdu
tion, most ofthe steps to get to the measurable quantity R are written expli
itly. Thenthe results of the four groups 
al
ulating "0/" are explained very brie�y.In Se
tion 3 the dete
tors and the analysis methods of NA48 and KTeVare des
ribed. As the des
ription 
annot be 
omplete only a few major� Presented at the XXIII International S
hool of Theoreti
al Physi
s�Re
ent Developments in Theory of Fundamental Intera
tions�, Ustro«, Poland,September 15�22, 1999.y Member of the NA48 
ollaboration. (3247)



3248 H. Foxpoints are dis
ussed. More detailed des
riptions 
an be found in the originalpapers [13, 14℄. 2. Phenomenology of the kaon systemAs the weak intera
tion violates strangeness S the states K0 and K0may mix. We 
an de�ne CP eigenstates asK1 = 1p2(K0 +K0) CP = +1 ; (1a)K2 = 1p2(K0 �K0) CP = �1 : (1b)As �+�� and �0�0 �nal states 
oming from K0 de
ays have a CP eigen-value of +1 the de
ay K2 ! �� is forbidden if CP symmetry holds.
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u,c,t0Fig. 1. (a) Box graphs illustrating the �S = 2 mixing between K0 $ K0.(b) Ele
troweak and gluoni
 penguin diagrams with �S = 1 whi
h dominate "0.Due to the CP violating phase in se
ond order weak transitions with�S = 2 (box diagrams �gure 1(a)) the physi
al eigenstates with de�nedmass and lifetime di�er from the CP eigenstates:KS = 1p1 + j�"j2 (K1 + �"K2) ; (2a)KL = 1p1 + j�"j2 (K2 + �"K1) : (2b)In the K0-K0 basis we �nd, with NK =p2(1 + j�"j2):KS = 1NK [(1 + �")K0 + (1� �")K0℄ ; (3a)
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t CP Violation 3249KL = 1NK [(1 + �")K0 � (1� �")K0℄ : (3b)The 
ontribution of �"K2 to KS and �"K1 to KL via mixing is 
alledindire
t CP violation. The de
ay of a K2 or K1 into a �nal state of oppositeCP via a weak �S = 1 transition (penguin diagrams �gure 1(b)) is 
alleddire
t CP violation in the de
ay.Due to strong intera
tion between the �nal state pions additional phasesare a
quired. The magnitude of these phases depend on the isospin I of the�nal state. In order to relate CP violation to measurable quantities we thushave to separate the de
ays into �nal states with I = 0 and I = 2. Forfurther dis
ussions we restri
t ourselves to �nal states with two pions. Apion is a boson with isospin I = 1, I3 = +1; 0;�1 for �+, �0, ��. Using theClebs
h�Gordan 
oe�
ients [3℄ for a (��)I �nal state, the 
ontributions ofI = 0; 2 to the 
harged and neutral �nal state are:j�+��i =q23 j(��)I=0i+q13 j(��)I=2i ; (4a)j�0�0i = �q13 j(��)I=0i+q23 j(��)I=2i : (4b)We 
an write the de
ay amplitudes into isospin I = 0; 2 �nal states ash(��)I=0jHjK0i = A0eiÆ0 h(��)I=0jHjK0i = A�0eiÆ0 ; �I = 12 (5a)h(��)I=2jHjK0i = A2eiÆ2 h(��)I=2jHjK0i = A�2eiÆ2 ; �I = 32 : (5b)Here the strong phases Æ0;2 are fa
tored out expli
itly so that the phases inthe amplitudes A0;2 are purely weak. Note that the strong phases do not
hange sign when going from K0 to K0 whereas the weak phases do.Now we 
an express the de
ay amplitudes A+� and A00 of the physi
alstates KS;L into two pions in terms of isospin:A+� ; S;L � h�+��jHjKS;Li= q23h(�+��)I=0jHjKS;Li+q13 h(�+��)I=2jHjKS;Li ;A00 ; S;L � h�+��jHjKS;Li= �q13 h(�0�0)I=0jHjKS;Li+q23h(�0�0)I=2jHjKS;Li :Using equation (3) one obtainsA+� ; S = 1NKp3 hp2(1 + �")A0eiÆ0 +p2(1� �")A�0eiÆ0+ (1 + �")A2eiÆ2 + (1� �")A�2eiÆ2i= 1NKp3 hp2eiÆ0(ReA0 + i�" ImA0) + eiÆ2(ReA2 + i�" ImA2)i :



3250 H. FoxTherefore we 
an write the measurable quantities �+� = h�+��jHjKLih�+��jHjKSi and�00 = h�0�0jHjKLih�0�0jHjKSi as follows:�+� = p2eiÆ0(�"ReA0 + i ImA0)� eiÆ2(�"ReA2 + i ImA2)p2eiÆ0(ReA0 + i�" ImA0) + eiÆ2(ReA2 + i�" ImA2) ; (6a)�00 = �eiÆ0(�"ReA0 + i ImA0) +p2eiÆ2(�"ReA2 + i ImA2)�eiÆ0(ReA0 + i�" ImA0)�p2eiÆ2(ReA2 + i�" ImA2) : (6b)We 
an now de�ne " and "0 as" = �"ReA0 + i ImA0ReA0 + i�" ImA0 � �"+ i ImA0ReA0 ; (7)"0 = 1p2 ReA2ReA0 � ImA2ReA2 � ImA0ReA0� ei(Æ2�Æ0) ; (8)! = ReA2ReA0 ei(Æ2�Æ0) ; (9)" and "0 are 
hosen in a way that they re�e
t the 
ontribution of indire
tand dire
t CP violation. We 
an 
hoose a phase 
onvention (Wu�Yang phase
onvention) su
h that ImA0 = 0. Then we see from equation (7) that " = �"whi
h is the mixing parameter from equation (2). " has no 
ontributionfrom the amplitude A2 and therefore no phase interferen
e. " measures theamount of indire
t CP violation. On the other hand "0 measures the amountof dire
t CP violation in �S = 1 transitions (that is dire
tly in the de
ayamplitude of the Kaon). It depends on the phase di�eren
e in the de
ayamplitudes A2 and A0. If the phases are identi
al, "0 vanishes. In
identally" and "0 have numeri
ally about the same phase.Experimentally j!j is measured to be 1=22: �I = 3=2 transitions aresuppressed. This is the �I = 1=2 rule. Using these relations we 
an expressequation (6) as �+� = "+ "01 + 1=p2! � "+ "0 ; (10a)�00 = "� 2"01�p2! � "� 2"0 : (10b)From this we 
an see that (using "0 � ")R � ���� �00�+� ����2 � 1� 6Re �"0" � : (11)



New Measurements of Dire
t CP Violation 3251Thus the measurement of the double ratioR = � (KL ! �0�0)=� (KS ! �0�0)� (KL ! �+��)=� (KS ! �+��) (12)gives a

ess to the relative magnitude of dire
t CP violation.Reviews and introdu
tory arti
les about CP violation for further reading
an be found in [4℄. 2.1. Theoreti
al estimatesVarious di�erent methods are used to 
al
ulate the value of Re � "0" �.Due to the di�
ulties in 
al
ulating hadroni
 matrix elements, whi
h in-volve long distan
e e�e
ts, the task turns out to be very di�
ult. Severalnon-perturbative approa
hes are used to solve the problem. Summaries ofthe various results 
an be found in [7, 8℄. The following results have beenobtained re
ently (see also [9℄):1. The Dortmund group uses the 1=NC expansion and Chiral Pertur-bation Theory (�PT). They quote a range of 1:5 � 10�4 < "0/" <31:6 � 10�4 [5℄ from s
anning the 
omplete range of input parame-ters.2. The Muni
h group uses a phenomenologi
al approa
h in whi
h as manyparameters as possible are taken from experiment. Their result [6℄ is1:5�10�4 < "0/" < 28:8�10�4 from a s
anning of the input parametersand "0/" = (7:7+6:0�3:5)� 10�4 using a Monte Carlo method to determinethe error.3. The Rome group uses latti
e 
al
ulation results for the input param-eters. Their result is "0/" = (4:7+6:7�5:9)� 10�4 [10℄.4. The Trieste group uses a 
hiral quark model to 
al
ulate "0/". Theirresult is 7� 10�4 < "0/" < 31� 10�4 [8℄ from s
anning.The s
anning method assumes a �at probability within �1� of the the-oreti
al input parameters. It hides the fa
t that high values of "0/" are lessprobable as all input parameters have to mat
h perfe
tly.In general theoreti
al predi
tions are lower than the 
ombined experi-mental result (see �gure 6). However, given the enormous di�
ulties in the
al
ulation, already the agreement in the sign and the order of magnitude isregarded as a su

ess [7℄. The theoreti
al values are within the rea
h of theexperimental results when all input parameters are pushed to the extremeof the allowed limit. But this 
onspira
y of parameters is seen as unnatural.



3252 H. Fox2.2. Experimental measurementsDue to the smallness of "0/" also the experimental dete
tion is very 
hal-lenging. The �rst eviden
e for dire
t CP violation was found by the ex-periment NA31 in 1988 with Re("0=") = (33 � 11) � 10�4 [2℄. In 1992/93the experiments NA31 at CERN and E731 at FNAL presented �nal resultswhi
h had a probability of only 7.6% to agree. The CERN result [11℄ of(23:0 � 6:5) � 10�4 shows with more than 3� a 
lear eviden
e for dire
tCP violiation while the Fermilab result [12℄ with (7:4 � 5:9) � 10�4 is 
on-sistent with zero. The situation has been 
lari�ed only at the beginningof 1999 when two new experiments announ
ed their �rst results. KTeV atFNAL measures (28:0 � 4:1) � 10�4 [13℄ while NA48 at CERN measures(18:5 � 7:3) � 10�4 [14℄. Now there is general agreement that Re("0=") isabove zero and dire
t CP violation exists. Figure 6 gives a summary of thetheoreti
al predi
tions and the measured values of Re("0="). The two newmeasurements are des
ribed in the following.3. The new measurements of Re("0=") by NA48 and KTeV3.1. Prin
iple of the measurementAs given in equation (12) both experiments measure the four de
aymodes KS;L ! �0�0 and KS;L ! �+��. The limiting mode is KL !�0�0 ! 4
 for two reasons. On the one hand these KL de
ays are sup-pressed due to indire
t CP violation by 2:3 � 10�3. On the other hand theneutral �nal state 
onsists of four parti
les whi
h de
reases the a

eptan
eof the dete
tor with respe
t to the �+�� �nal state. To rea
h the statisti
alpre
ision of a few 10�4 about 4 � 5 � 106 KL ! �0�0 de
ays have to be
olle
ted. First results with this a

ura
y are envisaged for the beginning ofthe next millenium.In order to minimise systemati
 e�e
ts all four de
ay modes are measuredsimultaneously. The quantities a
tually measured are the number of de
aysN+�;00S;L with N = � � � � a � �. � is the bran
hing ratio, � denotes the �uxof KS;L, a is the dete
tor a

eptan
e, and � the trigger e�
ien
y.To �rst order trigger e�
ien
ies are identi
al for KS and KL de
ays(�L = �S). If the �du
ial volume and the dete
tor are identi
al for KS andKL de
ays we also may assume aS = aL to a very good approximation.If the equalities above hold we 
an relate equation (12) to the measuredquantities N by expanding the equation with terms a00L =a00S , �00L =�00S and the
harged equivalent:R = � 00L =� 00S�+�L =�+�S = � 00L �La00L �00L =� 00S �Sa00S �00S�+�L �La+�L �+�L =�+�S �Sa+�S �+�S = N00L =N00SN+�L =N+�S :(13)
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tor 
omponents of the NA48 experiment. Note thedi�erent s
ale in the z and y-axis.Small deviations from the above stated equalities lead to 
orre
tionswhi
h have to be applied to the mesured raw value of R. These are themain sour
es of systemati
 errors.KTeV has started data taking in 1996 while NA48 followed one year later.The result KTeV has published is based on 25% of their statisti
s from 1997.A problem in their software level 3 trigger 
ode has made it ne
essary to usethe neutral data from 1996 and the 
harged data from 1997. However, theresult using 1996 data alone, albeit with in
reased systemati
 un
ertainty,is 
onsistent with the published one. NA48 has published the result of thedata taken in 1997.The analysis is performed in energy bins. In this way small di�eren
es inthe energy spe
trum have no systemati
 e�e
t as the energy spe
trum 
anbe assumed to be �at within one energy bin.3.2. The NA48 dete
torIn the design of the NA48 dete
tor the 
an
ellation e�e
t of the doubleratio is exploited as mu
h as possible. The key features are (1) two almost
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ollinear beams whi
h lead to an almost identi
al illumination of the dete
torand (2) the lifetime weighting of the events de�ned as KL events.The KL target is lo
ated 126 m upstream of the beginning of the de
ayregion. As the de
ay lengths at the average kaon momentum of 110 GeV/
are �S = 5:9 m and �L = 3 400 m respe
tively, the neutral beam derivedfrom this target is dominated byKL. The KS target is lo
ated 6 m upstreamof the de
ay region so that this beam is dominated by KS. The two beamsare almost 
ollinear: The KS target is situated 7:2 
m above the 
enter ofthe KL beam. The relative angle of the beams is 0:6 mrad so that they
onverge at the position of the ele
tromagneti
 
alorimeter. Figure 2 showsa s
hemati
 layout of the dete
tor.The beginning of the KS de
ay region is de�ned by an anti-
ounter(AKS). This dete
tor is used to veto de
ays o

uring upstream. The posi-tion of the AKS also de�nes the global energy s
ale as the energy is dire
tly
orrelated to the distan
e s
ale (see equation (14)). The de
ay region itselfis 
ontained in a 90 m long eva
uated tank.The beam geometry and the la
k of angle information in the 
alorimeterdo not allow one to distinguish between the two targets in the neutral de
aymode. A dete
tor (tagger) 
onsisting of an array of s
intillators is situatedin the proton beam dire
ted to the KS target. If a proton is re
onstru
tedwithin a time window of �2 ns with respe
t to a de
ay, the event is de�nedas KS event. The absen
e of a re
onstru
ted proton de�nes a KL event.A magneti
 spe
trometer is used to re
onstru
t KS;L ! �+�� de
ays.The spe
trometer 
onsists of a dipole magnet with �momentum ki
k� of265 MeV/
 and four drift 
hambers whi
h have a spatial resolution of�90�m.This leads to a mass resolution of 2:5 MeV=
2. A hodos
ope 
onsisting oftwo planes of plasti
 s
intillator provides the time of a 
harged event witha resolution of about 200 ps. The four quadrants of the hodos
ope are alsoused in the trigger for 
harged events.A quasi-homogeneous liquid krypton ele
tro-magneti
 
alorimeter (LKR)is used to identify the four photons from a �0�0 event. Liquid krypton hasan intera
tion length of X0 = 4:7 
m whi
h allows one to build a 
om-pa
t 
alorimeter with high energy resolution (�E=E = 1:35% measuredfor ele
trons 
oming from a KL ! �e� (Ke3) de
ay) and very good timeresolution (< 300 ps). It 
onsists of 13212 2 � 2 
m2 
ells pointing to theaverage KS de
ay position. The spatial resolution is better than 1 mm forE
 > 10GeV. At 9:5 X0 (position of the shower maximum) a hodos
ope
onsisting of s
intillating �bres 
an be used to give an independent trigger.The ele
tromagneti
 
alorimeter is 
omplemented by an iron sandwi
h
alorimeter with 6.8 nu
lear intera
tion lenghts whi
h measures the remain-ing energy of hadrons for use in the trigger for 
harged events.
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t CP Violation 3255A muon veto dete
tor, 
onsisting of three planes of s
intillator shieldedby 80 
m of iron, is used to identify muons to veto KL ! ��� (K�3) events.
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Fig. 3. Layout of the main dete
tor 
omponents of the KTeV experiment.3.3. The KTeV dete
torThe prin
iple layout of the KTeV dete
tor is similar to NA48 as bothexperiments work in a similar environment. The main di�eren
e is the wayKS are produ
ed.KTeV uses two well separated kaon beams derived from a single target.This has two advantages: (1) The time stru
ture is identi
al for both beams.(2) It is possible to distinguish between events 
oming from either of thebeams from the vertex position. Both beams are dominated by the KL
omponent. The KS 
omponent is produ
ed by 
oherent regeneration inone of the beams (regenerator beam). This beam is attenuated by a movableabsorber upstream of the regenerator to yield about the same number ofKS and KL de
ays. The regenerator alternates between both beams everyminute in order to keep the dete
tor illumination identi
al for the KS andthe KL 
omponents.The beginning of the de
ay region of the regenerator beam is de�ned bya lead-s
intillator 
ounter at the downstream end of the regenerator. Thede
ay region of the va
uum beam starts at a mask anti-
ounter. The de
ayregion itself is also eva
uated.Similar to NA48 the KTeV spe
trometer 
onsists of four drift 
hambers;the magnet provides a momentum ki
k of pt = 412 MeV=
, leading to a



3256 H. Foxmass resolution of �m�+�� = 1:6 MeV=
2. For triggering of 
harged eventsa s
intillator hodos
ope is used.The ele
tro magneti
 
alorimeter (CsI) 
onsists of 3100 pure Cesium-Iodide 
rystals with an intera
tion length of X0 = 1:85 
m. In the innerregion the size is 2:5 � 2:5 
m2 and in the outer region 5:0 � 5:0 
m2. Thewrapping of the CsI blo
ks is individually tuned to optimise the energyresolution. Two beam holes of 15�15
m2 allow the two kaon beams to passto the beam dump. Tungsten-s
intillator anti-
ounters (
ollar anti) de�nethe inner aperture. The energy resolution is 0:75% as measured with Ke3de
ays.In addition 10 lead-s
intillator �photon veto� 
ounters are used to dete
tparti
les es
aping the de
ay volume. The ba
kground is further redu
ed bya muon veto 
ounter 
onsisting of 4 m of steel and a hodos
ope.3.4. Data analysis NA48To identify events 
oming from the KS target a 
oin
iden
e window of�2 ns between re
onstru
ted protons in the tagger and the event time is
hosen (see �gure 4(a),(
)). Due to ine�
ien
ies in the tagger and in theproton re
onstru
tion a fra
tion �SL of true KS events are misidenti�ed asKL events. On the other hand there is a 
onstant ba
kground of protonsin the tagger whi
h have not led to a good KS event. If those protonsa

identally 
oin
ide with a true KL event, this event is misidenti�ed as aKS de
ay. This fra
tion �LS depends only on the proton rate in the taggerand the width of the 
oin
iden
e window.Both e�e
ts, �+�SL and �+�LS , 
an easily be measured (see �gure 4(b)) inthe 
harged mode asKS andKL 
an be distinguished by the y-position of thede
ay vertex. The results are �+�SL = (1:5�0:1)�10�4 and �+�LS = (0:1119�0:0003). This means that about 11% of true KL events are misidenti�ed asKS events, however, this quantity is pre
isely measured to the 10�4 level.What is important for the measurement of R is the di�eren
e between the
harged and the neutral de
ay modes ��LS = �00LS � �+�LS . Proton rates inthe sidebands of the tagging window are measured in both modes to measure��LS. The result is ��LS = (10 � 5) � 10�4. Several methods have beenused to measure ��SL, yielding an estimate of ��SL = (0:8+3:0�1:0)�10�4 (seee.g. �gure 4(d)).Another important 
orre
tion is the ba
kground subtra
tion. De
aysKL ! �e� and KL ! ��� 
an be misidenti�ed as K ! �+�� de
ays, asthe � is undete
table. However, sin
e the � 
arries away momentum andenergy, these events 
an be identi�ed by their high transverse momentump0t and their re
onstru
ted invariant mass. The remaining ba
kground 
anbe measured by extrapolating the shape of the ba
kground in the m � p02t -
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Fig. 4. (a),(
): Minimal di�eren
e between tagger time and event time (�tmin).(b) �tmin for 
harged KL and KS events. (d) Comparison between 
harged andneutral event time. For this measurement de
ays, sele
ted by the neutral trigger,with tra
ks are used (
 
onversion and Dalitz de
ays KS ! �0�0D ! 


e+e�).plane into the signal region. In this way the 
harged ba
kground fra
tion ismeasured to be (23� 4)� 10�4.A similar extrapolation 
an be done in the neutral de
ay mode. Here theba
kground 
omes from KL ! 3�0 de
ays, where two 
 are not dete
ted.This leads to a misre
onstru
tion of the invariant �0 masses. In this 
asethe ba
kground fra
tion is (8� 2)� 10�4.The number of signal events after these 
orre
tions are summarised inTable I.The e�
ien
y of the triggers used to re
ord neutral and 
harged eventsalso have to be determined. Independent triggers are used whi
h a

ept adowns
aled fra
tion of events. In the neutral de
ay mode the e�
ien
y ismeasured to be 0:9988 � 0:0004 without measurable di�eren
e between KSand KL de
ays. The �+�� trigger e�
ien
y is measured to be 0:9168 �



3258 H. Fox TABLE IEvent numbers after tagging 
orre
tion (only NA48) and ba
kground subtra
tion.Event statisti
s (� 106)NA48 KTeV NA48 KTeVKS ! �+�� 2.09 4.52 KL ! �+�� 1.07 2.61KS ! �0�0 0.98 1.42 KL ! �0�0 0.49 0.860:0009. Here a small di�eren
e between the trigger e�
ien
y in KS andKL de
ays is found. This leads to a 
orre
tion to the double ratio of(+9 � 23)� 10�4. The error on this measurement is dominated by thetotal number of events registered with the independent trigger. This erroris one of the main 
ontributions to the systemati
 error of the measurementof R.The distan
e D from the LKR to the de
ay vertex is re
onstru
ted usingthe position of the four 
 
lusters. The formula used isD = 1MKsXi;j EiEj r2ij ; (14)where Ei is the energy of 
luster i and rij the distan
e between 
luster i and
luster j. This formula dire
tly relates the distan
e s
ale to the energy s
ale.It is therefore possible to �x the global energy s
ale with the measurementof the known AKS position in the neutral de
ay mode. In addition more
he
ks on the energy s
ale and the linearity of the energy measurement 
anbe performed, su
h as the measurement of the invariant �0 mass and the useof the known position of an added thin CH2 target (a �� beam produ
es�0 ! 2
). The 
omparison of all methods gives an un
ertainty of �5�10�4in the global energy s
ale.A very important feature of the NA48 analysis is the weighting of the KLevents. The di�eren
e in the lifetime between KS and KL events produ
e adi�erent illumination of the dete
tor: There are more KL events de
aying
loser to the dete
tor and they are therefore also measured at smaller radii
loser to the beampipe. If the dete
tor e�
ien
y depends on the radius thise�e
t 
ould lead to a bias in the measured value of the double ratio R (seeequation (13)). NA48 weights the KL events a

ording to the measuredlifetime su
h that the distribution of the z-position of the de
ay vertex ofKS and KL events are equal. Using this method the in�uen
e of dete
torinhomogenities is minimised and the analysis be
omes nearly independentof Monte Carlo methods. In fa
t the a

eptan
e 
orre
tion due to small de-
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tor di�eren
es is quite small. The pri
e to pay for the gain in systemati
sis the loss in statisti
s.Although the a

eptan
e is almost equal there are nevertheless smalldi�eren
es in the beam geometry and dete
tor illumination between de
ays
oming from the KS and the KL target. These remaining di�eren
es are
orre
ted for with Monte Carlo methods. Using the Monte Carlo to 
al
ulatethe double ratio R the deviation from the input value 1 is (29� 12)� 10�4.Table II gives an overview of all 
orre
tions and the 
orresponding sys-temati
 error. It should be stressed that many of the systemati
 errors arealso statisti
al in nature like already stated for the error on the trigger e�-
ien
y for 
harged events. These errors 
an be redu
ed signi�
antly in futureruns. TABLE IICorre
tions and systemati
 errors of NA48Sour
e Corre
tion Un
ertainty�10�4 �10�4Charged trigger +9 23 (stat.)Re
onstru
tion � 3Tagging dilution +18 9 (stat.)Tagging e�
ien
y 0 6 (stat.)Energy s
ale, non linearity � 12Charged vertex � 5A

eptan
e +29 12 (MC stat.)�0�0 ba
kground �8 2�+�� ba
kground +23 4Beam s
attering �12 3A

idental a
tivity �2 14 (stat.)All +57 35 (stat.)The result of NA48 using the 1997 data sample isRe �"0" � = ( 18:5 � 4:5 (stat) � 5:8 (sys) ) � 10�4 : (15)3.5. Data analysis KTeVKTeV has the same physi
al ba
kground as NA48. The methods to reje
tba
kground events are in prin
iple the same. To determine the remainingba
kground sideband events are used to normalise the Monte Carlo predi
-tion. The key numbers are: a fra
tion of 6:9�10�4 
harged ba
kground from



3260 H. FoxKe3 and K�3 de
ays and a fra
tion of 27�10�4 neutral ba
kground from 3�0de
ays. An additional sour
e of ba
kground is s
attering in the regenerator,and, to a lesser extent, in the �nal 
ollimator. The ba
kground levels inthe regenerator beam are 107� 10�4 in the neutral mode and 7:2� 10�4 inthe 
harged mode. The event numbers after ba
kground subtra
tion 
an befound in Table I.The main di�eren
e in the analysis te
hniques of the two experimentsis the treatment of the a

eptan
e 
orre
tion. KTeV is not using eventweighting but uses very detailed Monte Carlo studies to 
orre
t for dete
tordi�eren
es in the KS and KL de
ays. Ke3 and 3�0 de
ays are used to modelthe dete
tor and the agreement between data and Monte Carlo is very good(see �gure 5). This leads to a large 
orre
tion of (+231 � 13) � 10�4 to R.The main sour
e of systemati
 un
ertainty is a slight disagreement betweendata and Monte Carlo 
omparison in the �+�� de
ay mode in the va
uumbeam. A slope in the z-vertex distribution of (�1:60�0:63)�10�4 m�1 hasbeen found whi
h is applied as a systemati
 error.
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t CP Violation 3261The energy s
ale is determined using the known position of the regener-ator edge. The 
omparison of the measured position of the va
uum windowwith the real position gives an un
ertainty of the global energy s
ale of4:2 � 10�4 on R. A summary of all systemati
 un
ertainties 
an be foundin Table III. TABLE IIISystemati
 un
ertainties on R of the KTeV experimentUn
ertainty (�10�4)Sour
e from �+�� from �0�0Trigger (L1/L2/L3) 3.0 1.8Energy s
ale 0.6 4.2Calorimeter nonlinearity � 3.6Dete
tor 
alibration, alignment 1.8 2.4Analysis 
ut variations 3.6 4.8Ba
kground subtra
tion 1.2 4.8Limiting apertures 1.8 3.0Dete
tor resolution 2.4 0.6Drift 
hamber simulation 3.6 �Z dependen
e of a

eptan
e 9.6 4.2Monte Carlo statisti
s 3.0 5.4Regenerator-beam attenuation1996 versus 1997 1.2Energy dependen
e 1.2�m, �S, regeneration phase 1.2TOTAL 16.8The result is obtained by �tting the time distributions of events in thede
ay region for di�erent kaon energy intervals. These distributions aregiven by the interferen
e of CP 
onserving KS de
ay amplitudes with CPviolating KL amplitudes and depend on the regeneration amplitude andphase as well as on the relative phases �+� or �00 between the KS and KLde
ay amplitudes. For KL this leads to the vertex distributions determinedby the a

eptan
e variation, as shown in �gure 5. Fitting was done �blind�:During the analysis phase, the result of the �t had been 
overed up by arandom o�set. The result was only un
overed one week before the resultwas announ
ed. Given the deli
ate situation of the previous measurementsthis was done to ex
lude any bias by the experimenters.The result isRe �"0" � = ( 28:0 � 3:0 (stat) � 2:8 (sys) ) � 10�4 : (16)
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al estimates and experimental results of Re � "0" �. The grandaverage (21:2�4:6)�10�4 of the last four experimental results is marked as shadedarea. The theoreti
al estimates shown as bands are a result of a s
anning of theinput parameters. 4. OutlookBoth experiments have so far analysed only a fra
tion of their �nal statis-ti
s. The number of events will in
rease by an order of magnitude. Alreadynow the proof that dire
t CP violation exists is unambiguous. Both exper-iments will rea
h a pre
ision of O(10�4). In addition the third experimentthat will measure Re("0="), KLOE at the �-fa
tory DA�NE in Fras
ati,Italy, started data taking in 1999. In a few years we will therefore have avery pre
ise experimental result on Re("0="). In order to fully exploit thismeasurement the theoreti
al 
al
ulations of "0/" within the Standard Modelhave to improve. Most probably the �nal answer has to 
ome from latti
e
al
ulation. Only then it will be possible to determine whether "0/" hasanother 
ontribution from New Physi
s beyond the Standard Model.I wish to thank Prof. K. Kleinkne
ht and Prof. H. Czy» for giving methe opportunity to give this le
ture at Ustron 99. I owe many thanks toV. Martin and Prof. L. Köpke for reading the manus
ript. I would also liketo thank my 
olleagues from the NA48 
ollaboration without whom thisle
ture would not have been possible.
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