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Ishordistancél  Irreducible theory err. SM BR Ref.
KL — mvv > 99% 1% (26+0.6) x 10711 [5]
K+ — mrvv 88% 3% (827538 x 1071t [5]
K. — mlete 38% 15% (35+0.9) x 107  [6]
KL — mOutpu~ 28% 30% (1.4+0.3) x10°1  [6]

Table 1: FCNCK modes with relevance for NP tests.

1. Thetheoretical landscape

Kaon is the lightest strange particle, studied since 60’s to test fundameaogarpes of na-
ture. The Standard Model (SM) dynamics at 1 GeV includes remarkabpfeameters. The
lagrangian,

Loco(my = mg, ms) + Loep+ Lis (My — My) + Lew, (1.1)

depends on light (up and down) and strange quark masses for the D Gspspin-breaking terms
arise from QED and from the differenog — my. The link to physics at the electroweak scélgy,
breaks many symmetries: pari§P, and flavor. As a consequence, Kaon studies reach the highest
sensitivities taCPT - and quantum-mechanics- violation tests. Moreover, lepton-flavor viol&ting
transitions, ultra-rare or forbidden in the SM, have been searcheeééades. No signal was found,
thus allowing to rule out new physics (NP) with tree (loop) level mediators lighten 100 TeV
(10 TeV) [1]. In recent years, the universality of weak couplingsjigarks and leptons have been
tested with improved precision by comparing the determination of the Fermi corfisien muon
decays with that from the combined measurements of nuclei and kaonsd@¢ayNo deviation

is observed from universality, thus ruling out NP models with tree (looml Imediators lighter
than 1 TeV (10 TeV) [3]. At present, the sensitivity in testing NP in leptoneflar CP violating
transitions withK decays is competitive with that froBidecays [4].

In future, the flavor-changing neutral current (FCNC) procebsesl in Tab. 1 will be crucial
for NP tests. These processes are dominated pgnguin and box diagrams and do not involve
long-distance contributions from processes with intermediate photongadvier, hadronic matrix
elements can be obtained from BR’s of leadiglecays, thus allowing precise theoretical pre-
dictions. Of uttermost importance, the BR’s ir— mvv modes are predicted at few per cent in
the SM and can deviate by more than 10% in many NP models [7]. A simultaneousreraast
of the two BR’s might allow identification of a specific NP model or, in abserfddp signals,
can give direct information on CKM matrix elements. In the remainder of thigpawvill briefly
discuss the future experimental activities related tadhe mvv modes.

2. Searching for K. — mPvv

The essential signature ofka — 1°vV decay is the detection of the two photons frafhin
absence of any other particle in the final stafthe main backgrounds are duektp — 1°7° with

1K, — yy is rejected since the photons are emitted back to back iftheest frame, with zero total transverse
momentum.
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two photons lost and® or n production from beam neutron interaction with residual gas in the
decay. In order to identify a signal with BR of the order of 4§ photon veto must be as hermetic
as possible and must include beam exit, while the beam decay region mdseog loigh vacuum.

The only sharp kinematic constraint is the invariant mass of the two detectédnsh This
is generally used to reconstruct the decay vertex position. Additional tgigaloconstraints are
advantageous: a small beam cross section together with the measurerméotarf directions
allows a redundant evaluation of the vertex position, while a microbunabaa Inight allow time
of flight constraints. The veto system performance and the experimsighd&re paramount.

The most recent experiment dedicatedto— mvv search was E391a at KEK [8]. A neutral
secondary beam generated from the 12-GeV KEK PS is tranported to-md¢er long, 107-
mbar vacuum decay region. The decay volume is enclosed by electroticagcgderimeters for
photon detection. In the forward direction, the calorimeter is made of pwé’,—é’m2 wide, 30-cm
deep Csl crystals. The decay region is screened by beryllium and lieasl figainst neutrons and
photons. Thé&, beam is collimated, with 2-mrad divergence and the beam spot has a widthof 4
at the photon veto, thus allowing a geometric constraintfovertexing. The experiment acquired
data in three run periods: Run | in 2004, Run Il from february to af@i@®with 14 x 10° protons
on target (POT), and Run Il from november to december 2005 withx1L08. Signal events are
searched in the plane of thé transverse momentum versus the vertex position along the beam.
A signal box is defined after after a careful evaluation of the backgt@ources by using a blind
analysis (see Fig. 1). No signal events are observed. Combining rigsuttsuns Il and Il E391a
collaboration obtains: B, — 1°vV) < 2.6 x 10~8 at 90% of confidence level [8], improving on
previous experiments by a factor of 20.

E391a can be seen as a first step toward signal identification. Thestartiding and the
experience obtained will be exploited in the future KOTO (also known ag Etderiment [9]
at the new J-PARC accelerator [10], presently in preparation. Witreotsp E391aK; beam
intensity, running time, and signal acceptance are expected to be irtreaghly by a factor of
10 each. In the proposed setup, a 30-GeV primary beam witd@* protons per pulse, will
produce an intensi§. beam. After a 20-m long beam linK_'s will enter a decay region. In the
comparison with E391a, not only the beam halo will be suppressed byditivadl a factor of 10
with respect to the beam core, but the ratio of neutroK;tén the beam will pass from 40 to 7.
Moreover, the accompanying neutrons will be significantly softer thath®dyE391a setup, so that
it will be easier to reject the background from neutron interactions. TOE®& detector will be an
upgraded version of E391: the endcap calorimeter will be replacediby e 25 x 2.5 cn? wide,
50-cm deep Csl crystals from the dismantled KTeV experiment. Better segtioerwill lessen the
y-y merging probability, while incresing calorimeter depth will lessen the punautir leakage.
Moreover, new veto counters will be installed around beam holes anly peaduced high-rate
electronics will be used for read-out. Year 2009 was devoted to catisiniand survey of th&,
beamline, while 2010 was dedicated to the construction of Csl calorimetemdinezring run is
foreseen in 2011, while a first physics run with three to seven SM evemtsxpected in a three
year run, with an expected single event sensitivity.dd.8 x 1011, Possible future upgrades are
planned to acquire 100 SM events in three years of data taking.
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Figure 1. E391a data from Run Ill. Transverse momentum of the deteafedersusK, decay vertex
position along the beam. Dots represent data. No eventlieisignal box indicated by the solid line.

3. Searching for K* — rvv

The essential signature ofka™ — " vV decay is the detection of @™ — 7" decay vertex
in absence of any other particle in the final state. The main backgroueskfen are due 6 —
puv with a muon mis-identified as a pion &+ — mrt ® with two photons lost. For the first,
an excellent and redundantfu particle identification is needed. For the second, excellent and
hermetic photon vetoing capability is needed. Two-body decays are kjegteutting on the
missing mass at thi€ vertex, with a rejection on the order of40

Two different experimental approaches are pursued. In the fitkiwied by the BNL E787
and E949 experiments at the AGS [11Ka beam is stopped to rest in a sensitive target, emitted
pions are tracked in a magnetic spectrometer, and pions are slowed doest emd the entire
m— U — echain is detected. The PID information is redundant and allowagjéction. Photon
vetoing is demanding in this approach, since photons emitted frim at rest have low energy.
E787/E949 experiments are completed and the final analysis has been dinal2@08. Seven
K* — vV events have been identified [11]. The measured BR is compatible with the &M pr
diction, although with a large uncertaintBR = (1.73"1:32) x 1010, This result leaves plenty of
room for possible NP effects [7].

In the second approach, followed by the NA62 future experiment atNCERS [12], high-
energy kaons decay in flight. Advanced Cerenkov counters and metectdrs are needed to
perform particle identification. The advantage of this aproach compaitbdstoppedK decay
experiments is that photon vetoing has to be performed for high energgnsho

The aim of the NA62 experiment [12] is to detect aboutkl80— 1" vV events with ad’(~
10%) signal acceptance and a background on the order of 10 % in two yedasastaking. The
design is inspired by years of experience with the NA48 apparatus amdtinicture. For NA62,
the K12 beamline at the CERN SPS will be upgraded to increase the intensifiattypaof 50. In
the final setup, a 400-GeV SPS primary proton beam interacts into a berydirget and produces
an unseparated 75-GeV, 800-MHz beam witB% K, corresponding te- 5 MHz kaon decays in
a 60-m long fiducial volume. A transverse schematic view of the NA62 detiscshown in Fig. 2.

The guiding principles in the experiment design follow from the need to suathigh-rate
environment while guaranteeing high-resolution timing. The goal is to ident#igaal BR of
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Figure 2: Schematic view of the NA62 detector.

~ 10~19with a total background rejection of the order of4@gainst the leading* decay modes.

Two- and three-body decay modes will be reduced by a facter @b* by cutting on the
missing mass of reconstructed candidates. For this purpose, a faseamdracker of every
particle in the beam, the so-called Gigatracker [13], is used to measure timdivfliral beam
particles. It will also provide a momentum measurement for single particles wattisipon much
better than that given by the momentum bite of the beam. This system is pladeghupsjust
before the decay volume, and must sustain rates of up to 800 MHz. Deansto a 60-m long
fiducial region forK decays, a straw-chamber magnetic spectrometer is used to measure with high
resolution daughter particle momenta.

Further rejection oK ;2 3 4 andKep 3 4 background will be obtained with a ring-imaging Cerenkov
counter (RICH), used to efficiently and non-destructively identify dieigpions from muons and
electrons. The RICH [14], will provide rejection for muons with less tha®®bis-ID probability
for events not identified by the muon veto. More than three standard dexsatior/ 1 separation
should be achieved in the — vV pion momentum range, 15 p; < 35 GeV. Time determina-
tion with a resolution better than 100 ps should be guaranteed, to efficientli midiicGigatracker
information. This performance will be obtained bu using a 17-m long, 3-melier volume, filled
with 1 atm Ne gas acting as Cerenkov radiator. In a dedicated test bearpriatiotype with~ 20%
of the total number of channels, a muon rejection better than 1% has beemrewsagth an overall
pion loss of few per mil (see fig 3) and a time resolution better than 100 pg figeses holding
across the momentum range of interest.

The r/u separation is critical to achieve sufficient rejectiongpe decays. For this purpose,
additional information will be provided by a sampling calorimeter, the so-callemhmwato, placed
after the 27Xg’s of the existing LKr NA48 electromagnetic calorimeter. Rejection of baakigdo
from nuclear interactions of charged beam particles other khawill be guaranteed by a differ-
ential Cerenkov counter, the so-called CEDAR, placed befors enter the decay region.

Rejection of modes witli®’s and/or (possibly radiative) photons will be provided by a her-
metic, high-efficiency photon-veto system, covering from 0-50 nyadission angles. This has
to provide a rejection factor of $againstkt — mtn®. Photons emitted at very small angle,
<~ 2 mrad, will be detected by compact calorimeters in the forward direction, widgaired
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Figure 3: Result from a RICH prototype beam test: muon mis-identificaprobability as a pion as a
function of particle momentum. To estimate the effect irstiby the use of a fixed ring position in the

prototype, measurements were repeated comparing founmnadigt positions of the mirror, corresponding to
different colors in the plot.

inefficiency of< 10-® above 6 GeV. In the angular range between 1 mrad and 8 mrad, the existing

NA48 LKr calorimeter will be re-used, profiting of a measured inefficieac§0~° for photons
above 6 GeV. At large angle, between 8 mrad and 50 mrad, a new sysieralled LAV) will
providey detection with an inefficiency.~ 10~* above 100 MeV.

After an intense R&D activity, the re-use of SF57 lead glass blocks frondigraounted
OPAL barrel electromagnetic calorimeter, already instrumented with R-228&hlatsu photo-
tubes, has been validated for the LAV. The inefficiency measured witicated test beams satis-
fies the requirements and is comparable with other alternatives, includirgdedifiating-fiber or

lead/scintillating-tile sampling calorimeters (see Fig. 4, left).
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Figure4: Left: results from large-angle photon veto prototype beastst Inefficiency for electron detection
as a function of particle momentum is compared for a fibergalketer “a-la KLOE” (circles), for a structure

alternating scintillator and lead tiles, “a-la CKM” (sgea), and for a structure made of OPAL lead-glass
blocks (triangles). Right: data from test with electronme&harge integrated by a QDC with 0.1 pC LSB
versus time over a 30 mV threshold, meausred with a protaif/fiee LAV front-end electronics and a TDC
with 0.25 ps LSB.
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The LAV will be made of 12 stations of increasing diameter to cover hermeticadlgigular
range from 7 to 50 mrad. Each station will be composed of four or five $agtaggered to guaran-
tee that incident particles must encounter at least three blocks, comdisg to more than 28p's.
Since high sensitivity to photons in the range from 20 MeV to 20 GeV is reguihe front end
electronics must guarantee a wide dynamic range. A simple and costyeffeatiition to this prob-
lem, easy to scale and to integrate with a common NAG62 trigger and data acquiditastrincture
has been adopted: a time-over-threshold discriminator, with multiple adjustabshdtids. Sig-
nals will be clamped, split into two, amplificated, and discriminated with two threstioldllow
slewing corrections. The digital output will allow accurate leading and tradohge time determi-
nations. From the time-over-threshold, a 10% resolution measurementaiidrge will be made
(see Fig. 4, right), allowing the LAV system to operate as a calorimeter asawellveto. Test
beam results show that a fractional energy resolutioh0%E (GeV) /2 and a time resolution
~ 300 p£(GeV) /2 are achieved.

In September 2005, the experiment was presented to the CERN SPS ComndifteBacem-
ber 2005 the R&D was endorsed by the CERN Research Board. In Dec@@@8, the experiment
was approved by the CERN Research Board. At present, the coltadmoleas 191 participants
from 25 institutes. Construction and commissioning will last until 2010, and tsiegiysics run
is expected to take place in 2013.
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