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A bstract

The NA 48/2 experin ent at the CERN SPS carried out data taking in 2003
and 2004. Analysis of the selected data sam ples of 7,146 K ! e e
decay candidates with 0.6% background, 1,164 K ! candidates w ith
33% background,and 120K ! € e canddateswith 6.1% background
allow ed precise m easurem ents of branching fractions and other characteristics
of these rare kaon decays.
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Introduction

R adiative nonleptonic kaon decays represent a source of inform ation on the
structure of the weak interactions at low energies, and provide crucial tests
of the Chiral Perturbation Theory (ChPT ). The current paper presents new

results related to study of the K ! ete ,K ! ,and K !
¢ e decaysby the NA 48/2 experim ent at the CERN SPS.
The avour<hanging neutral current process K ! e' e , induced

at one-loop level in the Standard M odel and highly suppressed by the G IM

m echanism , has been described by the ChPT i) ; severalm odels predicting the
form factor characterizing the dilepton invariantm ass spectrum and the decay
rate have been proposed 27 13) . The decay is fairly well explored experin en—
tally: twas rst studied at CERN @), &liowed by BNL E7772) and E8650)
m easurem ents.

TheK ! and K ! ¢ e decays sim ilarly arise at one-loop
levelin the ChPT . T hedecay rates and spectra have been com puted at leading

and next-to-leading orders; ) ,and strongly depend on a single theoretically
unknow n param eter €. T he experin entalknow ledge of these processes is rather
poor: before the NA 48/2 experim ent, only a single observation of 31 K !

candidates was m ade@), while the K ! € e decay was not
observed at all.
T he paper is organized as follows. In Section 1, a description of the
NA 48/2 experin ent is given. Section 2 is devoted to a rather detailed de-
scription of the K ! e' e analysis and its prelin inary results, which is
them ain topic of the paper. Section 3 brie y presents the prelim nary results
of the K ! analysis; a m ore detailed discussion is reserved for the
M oriond Q CD 2008 conference. Section 4 brie y presents the nalresults of
thekK ! € e analysis,which have recently been published'm) . Finally
the conclusions follow .

1 The NA48/2 experin ent

The NA48/2 experin ent, designed to excel in charge asymm etry m easure—

m ents ), is based on sinultaneous K ¥ and K beam s produced by 400
G eV /c prim ary SP S protons in pinging at zero incidence angle on a beryllium

target of 40 am length and 2 mm diam eter. C harged particles w ith m om entum

(60 3) GeV/c are selected by an achrom atic system of four dipole m agnets
w ith zero totalde ection (‘achrom at’), which splits the two beam s In the ver-
tical plane and then recom bines them on a common axis. Then the beam s
pass through a de ning collim ator and a serdes of four quadrupoles designed
to produce focusing of the beam s tow ards the detector. Finally the two beam s
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Figure 1: Schem atic hteral view of the NA 48/2 beam line (TAX17,18: m otor—
ized beam dum p/collim ators used to select the mom entum of the K * and K
beam s; FDFD /DFDF : focusing set of quadrupoles, KABES1{3: kaon lkeam
spectrom eter stations), decay volum e and detector (DCH 1{4: drift cham kers,
HOD : hodoscope, LKr: EM cabrineter, HAC : hadron calorinmeter, MUV :
muon veto). The vertical scales are di erent In the two parts of the gure.

are again split in the vertical plane and recom bined in a second achrom at. T he
layout of the beam s and detectors is shown schem atically in Fig.[dl.

T hebeam s then enter the decay volum ehoused In a 114m long cylindrical
vacuum tank with a diameter of 192 m for the rst 65m ,and 24 m for the
rest. Both beam s follow the sam e path In the decay volum e: their axes coincide
within 1 mm , whil the transverse size of the beam s is about 1 an . W ith
7 10'' protons incident on the target per SPS spill of 4:8 s duration, the
positive (negative) beam ux at the entrance of the decay volum e is 3:8 107
(26  107) particles per pulse, of which 5:7% (49% )areK* (K ). The
K *=K ux ratio is about 1:8. The fraction of beam kaons decaying in the
decay volum e at nom inalm om entum is 22% .

T hedecay volum e is follow ed by a m agnetic spectrom eter housed in a tank
lled w ith hellum at nearly atm ospheric pressure, separated from the vacuum
tank by a thin (0:31% X ¢) K evlar com posite w indow . A thin-walled alum inium
beam pipe of 16 an outer diam eter traversing the centre of the spectrom eter
(and all the follow ing detectors) allow s the undecayed beam particles and the
muon halo from decays of beam pions to continue their path in vacuum . The
Spoectrom eter consists of four drift chambers (DCH ): DCH1, DCH2 located
upstream , and DCH3, DCH4 downstream of a dipole m agnet. The m agnet
provides a horizontal transverse m om entum kick p= 120 M &V =c for charged
particles. The DCH s have the shape of a regular octagon w ith a transverse



size of about 2.8 m and a ducil area of about 4.5 m ?. Each chamber is

com posed of eight planes of sense w ires arranged in four pairs of staggered

planes ordented horizontally, vertically, and along each of the two orthogonal
45 directions. T he spatial resolution ofeach DCH is = = 90 m. The

nom inalspectrom eterm om entum resolution is ,=p= (1:02 0044 p)3 (pin
Gev/c).

T he m agnetic spectrom eter is follow ed by a plastic scintillator hodoscope
(HOD ) used to produce fast trigger signals and to provide precise tin e m ea—
surem ents of charged particles. T he hodoscope has a regular octagonal shape
w ith a transverse size of about 2.4 m . It consists of a plane of horizontal and
a plane of vertical strip—-shaped counters. Each plane consists of 64 counters
arranged in four quadrants. Counter w dths (lengths) vary from 6.5 an (121
an ) for central counters to 9.9 an (60 an ) for peripheral ones.

The HOD is followed by a liquid krypton electrom agnetic calorin eter

(LK r) 12) ysed for photon detection and particle identi cation. It is an al-
m ost hom ogeneous ionization cham ber w ith an active volum e of 7m 3 of liquid
krypton, segm ented transversally into 13248 profctive cells, 2 2 cm? each,
by a system of Cu Be rbbon electrodes, and w ith no longitudinal segm enta—
tion. The calorim eter is 27X y deep and has an energy resolution (E )=E =
0032= E 0:09=E 00042 (E in Gpev ). Spatial resolution for a single electro—
magneticshoweris y = = 0142= E 006 an forthe transverse coordinates
x and y.

The LK risfollow ed by a hadronic calorin eter (HAC ) and am uon detector
(M UV ), both not used in the present analysis. A detailed description of the

com ponents of the NA 48 detector can be found elsew here 13). Thena 48/2
experin ent took data during two runs in 2003 and 2004, w ith about 60 days
of e ective running each. About 18 10° events were recorded in total.

In order to sin ulate the detector response, a detailed G EAN T based 14)
M onte Carlo M C ) sim ulation is em ployed, w hich includes fill detector geom e—
try and m aterialdescription, stray m agnetic elds,DCH localine cienciesand
m isalignm ent, detailed sim ulation of the kaon beam Iline, and tin e variations

of the above throughout the running period. R adiative corrections are applied

to kaon decays using the PHO T O S package 1),

2 K ! e e analysis
TheK ! e' e rate ismeasured relatively to the abundantK ! N
nom alization channel (w ith 8 ! ¢"e ). The nalstates of the signaland

nom alization channels contain dentical sets of charged particles. T hus elec—
tron and pion denti cation e ciencies, potentially representing a signi cant
source of system atic uncertainties, cancel in the rst order.



2.1 Event selection

T hreetrack vertices (com patible with the topology of K ! e*e and
K ! 8 decays) are reconstructed using the Kalm an lter algorithm 18)
by extrapolation of track segm ents from the upstream part of the spectrom eter
back into the decay volum e, taking into account the m easured Earth’s m ag—
netic eld, stray eld due to m agnetization of the vacuum tank, and multiple

scattering in the K evlar w indow .
A Jlarge part of the selection is comm on to the signal and nom alization

m odes. It requires a presence of a vertex satisfying the follow ing criteria.
Totalcharge of the three tracks: Q = 1.

Vertex longitudinal position is inside ducial decay volum e: Zyertex >

Z nal collim ators

Particle denti cation isperform ed using the ratio E =p of track energy de-
position In the LK rto itsm om entum m easured by the spectrom eter. T he

vertex is required to be com posed of one pion candidate (E=p < 0:=85),

and two opposite charge e candidates (E =p > 0:95). N o discrin ination

of pions against m uons is perform ed.

T he vertex tracks are required to be consistent in tin e (within a 10 ns
tin ew indow ) and consistentw ith the triggertim e, tobein DCH ,LK rand
HO D geom etric acceptance, and to havem om enta in the range 5 G eV =c <

p < 50 GeV=c. Track separations are required to exceed 2 amn in the
D CH1 plane to suppress photon conversions,and to exceed 15 am in the
LK r plane to m inin ize particle m isidenti cation due to show er overlaps.

Ifm ultiple vertices satisfying the above conditions are found, the one w ith the
best t quality is considered. The follow ing criteria are then applied to the
reconstructed kinem atic variables to select the K ! e" e candidates.

e" e momentum within thebeam nom nalrange: 54G eV=Cc< P <
66 G &V=c.

e’ e transverse m om entum w ith respect to the m easured beam tra-—
jectory:p% <05 10° (Gev=c).

e'e dvariantmass: 475M V= < M oo < 505M &V =C?.
Suppression of the K ! 8 background de ning the visble kine-

matic region: z= M =M ¢ )* > 0:08,which approxin ately corresponds
tOM oo > 140 M eV /2.
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Figure 2: Left: reconstructed spectrum of e e invariantm ass; data (dots)
and M C sinultion ( led area). Right: the computed d .=dz (lackground

subtracted, trigger e clencies corrected for) and the results of ts acocording to
the considered m odels.

Independently, a presence of a LK r energy deposition cluster (photon candi-
date) satisfying the follow ing principal criteria is required to select the K !
Y candidates.

Cluster energy E > 3 G €V, cluster tin e consistent w ith the vertex tim e,
su cient transverse separations from track in pact points at the LKr
pkne R > 30an ,Re > 10am ).

de invariant m ass com patible with a ° decay: M e M o0j<
10M eV /.

T he sam e conditions on reconstructed €' e totaland transversem o—
menta asused or e"'e momentum in thekK ! e' e selection.

e'e Tvariantmass: 475M &V=C¢ < M .. < 510M ev=C?.

22 Signaland nom alization sam ples

The reconstructed &' e invariantm ass spectrum is presented in Fig.[2 (left

plot). The e'e massresolution is e = 42M eV /S, In agreem ent w ith

M C sinulation. The €' e mass resolution com puted by M C simulation is
= 23Mev /2.



In total 7,146 K ! e' e candidates are found in the signal region.
A fter the kinem atical suppression of the g decays, residual background con-—
tam nation m ostly results from particle m isidenti cation (ie. e identi ed as

and vice versa). The Pollow Ing relevant background sources were denti-
ed with M C simultions: (1) K ! 0 with misdentied e and ;
(2) K ! ge wih a misidenti ed e from the 8 decay. Background
estim ation by selecting the strongly suppressed L7) lepton num ber violating
K ! e e (\same=sign") candidates was considered the m ost reliable
m ethod. For the above two background sources, the expected m ean num bers
and kinem atic distributions of the selected sam e-sign candidates are denticalto
those of background events (up to a negligible acceptance correction). In total
44 events pass the sam e-sign selection, which leads to background estin ation
of (06 0:1)% . This result was independently con m ed with M C sin ulation
of the two background m odes.

In totall12:2228 10°K ! Y candidates are found in the signalre-
gion. Theonly signi cantbackground source is the sem ileptonicK ! g
decay. TIts contribution is not suppressed by particle identi cation cuts, since
no / separation is perform ed. T he background contam ination is estim ated
to be 015% by M C sinulation.

23 Trigger chain and its e ciency

Both K ! e"e and K ! 8 sam ples (as well as K '3 )
are recorded via the sam e two-level trigger chain. At the st level (L1), a
coincidence of hits in the two planes ofthe HOD in at least two of the 16 non-
overlapping segm ents is required. T he second level (L2) isbased on a hardw are
system com puting coordinates of hits from DCH drift tines, and a fam of
asynchronous processors perform Ing fast track reconstruction and running a
selection algorithm , which basically requires at least two tracks to originate
in the decay volum e w ith the closest distance of approach of less than 5 an .
L1 triggers not satisfying this condition are exam ined further and accepted
nevertheless if there is a reconstructed track not kinem atically com patible w ith
a 0 decay ofaK havingm om entum of60 G &V /c directed along the beam
axis.

The NA 48/2 analysis strategy for non—rare decay m odes involves direct
m easuram ent ofthe triggere cienciesusing controldata sam plesofdow nscaled
low bias triggers collected sin ultaneously w ith the m ain triggers. H ow ever di-
rect m easuram ents are not possible for the K ! e" e eventsdue to very
lin ited sizes of the corresponding control sam ples. D edicated sim ulations of
L1 and L2 perform ance (involving, in particular, the m easured tin e dependen-—
cies of ocal DCH and HOD ine ciencies) were used instead. The sin ulated
e clencies and their kinem atic dependencies were com pared against m easure—
m ents for the abundant K ! 8 and K ! * decays in order to



validate the sin ulations.
The simulated values of L1 and L2 ine ciencies for the selected K !
8 samplare ", = 0:37% ,".2, = 0:80% . T he values of the integral trigger
ine ciencies for the K ! e" e sam ple depend on the a priori unknown
form factor; the corrections are applied di erentially In bins of dilepton in-
variant m ass. Indicative values of ine ciencies com puted assum ing a realistic

linear form factor with a slope = 23 are',;1 = 0:06% ,",, = 042% . The
K ! g sam ple is a ected by larger ine ciencies due to a sm aller invari-

antm ass of the e" e system , which m eans that the leptons are geom etrically
closer.

24 Theoretical input

T he decay is supposed to proceed through one photon exchange, resulting In a
spectrum ofthe z = (M =M ¢ )? kinem atic variable sensitive to the form factor
W (z) 2):
2 f— 12
d M x 3=2 2 ré e
—_—= 1;z;r 1 4— 1+ 2— z)T; 1
% a7 ) . = 3 ()] (1)

wherer. = m Mg ,r =m =Mk ,and (a;bjc)= a°+ P+ 2ab 2ac 2kc.
O n the otherhand, the spectrum oftheangle . between ande” iInthee'e
rest fram e is proportional to sin® e ,and is not sensitive to W (z).

T he follow ing param eterizations of the form factor W (z) are considered
in the present analysis.

1.Linear: W (z) = GgM Z£,(1 + z) with free nom alization and slope
(fo; ).

2. Next-toJeading order ChPT 9): W (z) = GeM 2 (a, + boz)+ W (2)
w ith free param eters (a; ;b; ), and an explicitly calculated pion loop term
W (z).

3. The Dubna version of ChPT param eterization involing m eson form fac—
tors: W (z) W M ;M ;z) 3),wj1'h resonancem asses M ,,M ) treated
as free param eters.

The goal of the analysis is extraction of the form factor param eters in the
fram ew ork of each of the abovem odels, and com putation of the corresponding
branching fractions BR ;3.



25 Fitting procedure

The values ofd .=dz In the centre of each ibin of z, which can be directly
confronted to the theoretical predictions (), are then com puted as

N; N2 A, @ ")

d co=dz); = - BR (K ! °) BR(J) —: (2
@ e ) N, NS ( ) () . (2)
HereN; and N ? are the numbers of observed K ! e" e candidates and
background events in the i-th bin, N, is the num ber of K ! 8 events

(background subtracted), A; and "; are geom etrical acceptance and trigger
ine ciency in the i-th bin for the signal sam ple (com puted by M C sin ulation),

A, = 294% and ", = 1:17% are those for K ! g events, k is the
nom nal kaon w idth 19), z is the chosen width of the z bin, BR K !
O)= (2064 0:08)% (FlaviaNetaveraged®)),BR( )= (1198 0:032)%

(PDG average 19)).

T he com puted values ofd  .=dz vs z are presented in Fig.[2 (right plt)

along with the results of the ts to the three considered m odels. BR (K !

e" e ) in the full kinem atic range corresponding to each m odel are then
com puted using the m easured param eters, their statistical uncertainties, and
correlation m atrices.

In addition, a m odelindependent branching fraction BRy, ; in the visble
kinem atic region z > 0:08 is com puted by Integration ofd c.=dz.BR,; isto
a good approxin ation equal to each of the m odeldependent BR s com puted in
the restricted kinem atic range z > 0:08.

2.6 System atic uncertainties

T he follow Ing sources of system atic uncertainties w ere studied.

1. Particle dentdi cation. Im perfect M C description of electron and pion
dentdi cation ine clencies f . and £ can bias the result only due to the m o-
m entum dependence of the Ine ciencies, due to dentical charged particle com —
position, but di ering m om entum distributions of the signaland nom alization

nal states. Ine ciencies were m easured for the data to vary depending on
particle mom entum in the ranges 16% < £ < 1% and 11% < fo < 1%
in the analysis track m om entum range. System atic uncertainties due to these
m om entum dependencies not perfectly describbed by M C were conservatively
estim ated assum ing that M C predictsm om entum -independent fo and £ .

2. Beam line description. D espite the careful sin ulation of the beam line
including tin e variations of its param eters, the residual discrepancies of data
and M C beam geom etries and spectra bias the results. To evaluate the related
system atic uncertainties, variations of the results w ith respect to variations of
cuts on track m om enta, LK r cluster energies, total and transversem om enta of



Param eter e; Beam B ackground Trigger Rad. Fitting
D spectra subtraction e clency corr. m ethod

001 0.04 004 0.04 003 0.03 0.05 0.03

fo 0001 0006 0:002 0.002 0000 0001 0.006 0.003

a, 0001 0005 0:001 0.001 0001 0002 0.005 0.004

b, 0009 0015 0:017 0.017 0016 0015 0.015 0.010
M,/Gev 0004 0.009 0:008 0.008 0:006 0.006 0.009 0.006
M,/Gev 0002 0.003 0003 0003 0:003 0.003 0.004 0.002
BRips 107 0.02 0.02 001 001 0:02 001 0.01 0.02
BRy: 107 0.2 0.01 001 001 0:02 001 001 n/a

Table 1: Summ ary of corrections and system atic uncertainties (excluding the
extemalones).

the nalstates e"e ( ),and track distances from beam axisin DCH planes
were studied.

3. Background subtraction. A sdiscussed above, the sam e-sign event spec—
trum is used for background estin ation in the e e sample. The method
hasa lin ited statisticalprecision (with an average of 2 sam e-sign event in a bin
of z). Furtherm ore, the presence of the com ponent w ith two " e pairs (due
to both 8 decays and extemal conversions) w ith a non-unity expected ratio
of sam e-sign to background events biases them ethod. T he uncertainties of the
m easured param eters due to background subtraction w ere conservatively taken
to be equal to the corrections them selves.

4. Trigger e ciency. As discussed earlier, the corrections for trigger
ine ciencies were evaluated by sinulations. In temm s of decay rates, L1 and
L2 corrections have sin ilar integralm agnitudes ofa fow 10 2 . No uncertainty
was ascribed to the L1 correction, due to relative sin plicity of the trigger
condition. O n the other hand, the uncertainty of the L2 e ciency correction
was conservatively taken to be equal to the correction itself.

5. Radiative corrections. Uncertainties due to the radiative corrections
were evaluated by variation of the ower e'e invariantm ass cut.

6. Fitting m ethod . Uncertainties due to the tting procedure were eval-
uated by variation of the z bin w dth.

7. Extemalinput. Substantialuncertainties arise from the extermalinput,

as BR ( g ) is experin entally known only with 2.7% relative precision L9,

The only param eter not a ected by an extemal uncertainty is the linear fom
factor slope  describing only the shape of the spectrum .

T he applied corrections and the system atic uncertainties (excluding the
external ones presented later) are summ arized in Table[d.



= 235 0:15%¢at¢: 0:09%yst: 0:00ext: = 235 0.18

fo= 0532 0:012gc:  0:008syst: 0:007ge:= 0:532 0016

BR; 107 = 3:02 0:04ctat: 0045y st 0:08ext: = 3:02 0.10
a, = 0579 0:0124c:  0:008gyst:  0:007eye.= 0:579 0016

b, = 0:798 0:053sar: 0037syet:  0:017exe. = 0:798  0.067

BR, 107 = 311 0:044tat: 004gyst: 0:08ext: = 311 0.10
M,=GeV = 0:965 0:028sar: 0018gs. 0:002¢4¢.= 0:965 0.033

M =Gev = 0:711 0:010stat: 0007syst: 0:002¢4¢.= 0:711  0.013
BR; 107 = 3:15 0:044tat: 004gyst: 0:08ext: = 315 0.10
BRn: 10’ = 226 0:03stat: 003gyst: 0:06ext: = 226 0.08

Table 2: Results of ts to the three considered m odels, and the m odel-
independent BR, ;1(z > 0:08).

2.1 Results and discussion

T hem easured param eters of the considered m odels and the corresponding BR s
in the full z range, as well the m odel-independent BR, i(z > 0:08), w ith their
statistical, system atic, and extemaluncertainties are presented in Tablk[d. The
correlation coe cients between the pairs ofm odel param eters, not listed in the
table,are ( ;§)= 0963, (& ;b )= 0913,and M ;M )= 0:998.

F its to all the three m odels are of reasonable quality, how ever the linear
o —factor m odel leads to the smallest “. The data sam plk is insu cient to
distinguish between the m odels considered.

T he obtained form factor slope  is In agreem ent w ith the previousm ea-
surementsbased on K * | ‘*ee i) angx 1 * 2O)samp]es,
and_further con m s the contradiction of the data to m eson dom inance m od—
els'2Y) | The obtained fo,a+ and by are In agreem ent w ith the only previous

m easurem ent'®). Them easured param etersM , andM area few % away from

the nom inalm asses of the resonances L19) .

T he branching ratio in the filllkinem atic range, w hich is com puted as the
average between the two extrem es corresponding to the m odels (1) and (3),
and includes an uncertainty due to extrapolation into the inaccessible region
z< 008, 1is

BR= (308 0:04gtar: 0:04gyst: 0:08ext: 007y 0qe1) 10 = (308 0:12) 10 :

It should be stressed that a large fraction of the uncertainty of this result is
correlated with the earlier m easurem ents. A com parison to the precise BNL
E 865 m easurem ent @) diam issing correlated uncertainties due to extermal BR s
and m odel dependence, and using the sam e external input, showsa 14 dif-
ference. In conclusion, the obtained BR is In agreem ent w ith the previous



m easurem ents.

Fially,a rstm easuram ent ofthe direct CP violating asymm etry of K *
and K decay rates in the full kinem atic range was obtained by perform ing
BR m easurem ents separately or K * and K and neglecting the correlated
uncertainties: (K )= (BR® BR )=BR" + BR )= ( 21 15g¢.
03gyst:)% . The result is com patible to no CP violation. H ow ever its precision

is far from the theoretical expectation 2) of j K .)j 10 5.

3 K ! analysis

ThekK ! rate ism easured relatively to theK ! 9 norm alization
channel. The signal and nom alization channels have identical particle com —
position of the nal states, and the only cut di ering for the two channels is
the one on the Invariantm ass. T he used trigger chain involves the so called
\neutral trigger" based on requirem ent ofm inin alnum ber of energy deposition
clusters in the LK r calorim eter.

About 40% of the total NA 48/2 data sam ple have been analyzed, and

1,164 K ! decay candidates (with background contam ination esti-
mated by MC to be 33% ) are found, which has to be com pared with the
9)

only previous m easuram ent nvoling 31 decay candidates. The recon-
structed spectrum of nvariant mass in the accessble kinem atic region
M > 02 GeV/c? is presented in Fig.[3, along with a M C expectation as-

sum ing ChPT O (p°) distribution 1) ith a realistic parameter €= 2. ChPT
predicts an enhancem ent of the decay rate (cusp-like behaviour) at the m ass
threshold m 280 M eV /c?, independently of the value of the ¢ param eter.
T he observed spectrum provides the st clean experin ental evidence for this
phenom enon.

A sthe st step of the analysis, the partialw dth of the decay wasm ea—
sured assum ing the ChPT O (p°) shape with a xed parameter ¢ = 2. The
follow ing prelin inary result, which is in agreem ent w ith the ChPT com puta—
tion for ¢= 2,was obtained:

BR = (107 004gar: 0:08ger:) 10 °:

A combined tofthem spectrum shape and the decay rate is foreseen to
m easure the ¢ param eter.

4 K ! e" e analysis

TheK ! € e rate ismeasured relatively to theK ! Y nomal-
ization channel. T he signaland nom alization channels have identical particle
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Figure 3: T he reconstructed spectrum of invariantm ass for theK !
decay (dots), and its com parison to M C expectation assum ing ChPT O (o°)
distribution with ¢= 2 ( Ikd area).

com position of the nalstates. T he sam e trigger chain as for the collection of
K ! e"e isussd.

W ith the ullNA 48/2 data sam ple analyzed, 120K ! € e decay
candidates (w ith the background estim ated by M C tobe 6.1% ) are found in the
accessible kinem atic region M o > 026 GV /c?. This is the rst cbservation
of this decay m ode. The reconstructed spectrum of € e variantm ass is
presented in Fig.[d, along w ith M C expectations for background contributions.
T he spectrum provides another evidence for the rate enhancem ent at the
m ass threshold.

The nalresults of the analysis have recently been published 10), The
m odelHindependent partialw idth in the accessible kinem atic region ism easured
to be

BRM o> 026GeV=c’)= (119 012, 0:04g..) 10 °:

The ChPT param eter ¢ assum ing O (p*) distibution 8) yas measured to be
¢= 090 045.

C onclusions

A precise study of the K ! e' e decay has been perform ed. The data
sam ple and precision are com parable to work’s best ones, the prelim inary
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Figure 4: The reconstructed spectrum of € e invariantmass for the K !
€ e decay (dots), and M C kackground expectations ( 1l&d areas).

results are in agreem ent w ith the previous m easurem ents, and the st lin it
on CP violating charge asym m etry has been obtained.

A precise study of theK ! has been perform ed. The st clear
evidence for a rate enhancem ent at m ass threshold has been obtained. The
prelin nary m easurem ent of BR agreesw ith the ChPT prediction. A detailed
spectrum shape study is foreseen.

The st observation of the K ! & e decay, and m easurem ent of
its param eters, ncliding the BR , have been perform ed. The M .. spectrum
provides an Independent evidence for the cusp at the m ass threshold.
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