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The NA48/1 experiment employed an intense neutral beam to
collect Ks and neutral hyperon decays. The experiment run in
2000 (accessing only fully neutral final states) and in 2002 (with
final states with also charged particles). Overall the experiment
has improved the Kg world statistics by a factor of &~ 50. In this
talk, a precise measurement of the Kg — 77 decay rate and the
first observation of the decay Kg — w9y are reported. These
decays are interesting in the framework of the chiral perturbation
theory, the theory of the strong interaction at low energy.

The decays K, — vy and Ks j, — 77 are important
probes of Chiral Perturbation Theory (ChPT), an
effective field theory of the Standard Model at low
energies.

The NA48 experiment has been designed to measure
direct CP violation in neutral kaon decays and comprises
Kg and Ky, beams created at two targets, near and far
from the decay region, which can be run together or
separately[1, 7].

The NA48/1 experiment [8] uses the near target
beam which contains K° mesons and hyperons. The
beam was produced on a beryllium target by 10'° 400
GeV protons at a production angle of 3.0 mrad in the
vertical plane. The target is followed by a sweeping
magnet and by a 0.36 cm diameter and 1.5 m long
collimator.

During the year 2000 data taking, the 90 m long
evacuated tube which followed the collimator system
was connected with the tank which contained the drift
chambers which were removed because damaged by the
implosion of the beam pipe. The detector elements used
in the analysis are the following:

e a liquid krypton calorimeter (LKr) [3] to
measure the energy, position, and time of the
electromagnetic shower initiated by photons.

e 3 sampling hadron calorimeter composed of steel-
plates interleaved with scintillator planes with a
readout in horizontal and vertical projections.

e a scintillator hodoscope upstream of the

calorimeters to detect charged particles.
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e photons escaping the outside limits of the
calorimeter acceptance are detected by seven ring-
shaped scintillator counters with iron converters.

The trigger decision is based on quantities which are
derived from the projections of the energy deposited in
the electromagnetic liquid krypton calorimeter[4]. The
trigger required that the total deposited energy FEi. be
larger than 50 GeV, the radius of the center of energy be
smaller than 15 cm, and the proper life time of the kaon
be less than 9 K g lifetimes downstream of the collimator.
The inefficiency of the trigger was measured to be at the
level of 0.1%.

In the reconstruction of neutral decays, it is assumed
the kaon mass and the z position of the decay vertex
can be calculated from the shower energies and the
distances d; ; between the clusters. Therefore if photons
are lost, the missing energy shifts the vertex position
down-stream towards the calorimeter.

1. Kg — v7v Decay

This decay amplitude can be calculated unambiguously
at the leading order O(p*) of the perturbative expansion
giving a branching ratio of (2.1 x 107%) with an
uncertainty of only few per cent [2]. The theoretical
prediction for Kj — 77 is much less accurate. The
Ks — ~v decay rate was measured by NA48 to be
(2.58 £ 0.42) x 1075 in good agreement with ChPT
using data from the two-day test run with a high-
intensity short neutral beam, collected in September
1999. However, this result is not precise enough to
resolve the higher order effects which are predicted to
be of the order of 20% of the O(p*) decay amplitude.

Using data taken during the 40-day run with a high-
intensity short beam in 2000, an accuracy of a few % has
been achieved.

The measurement is based on the principle to keep
small the systematic error derived from the subtraction
of the irreducible K; — 7y component. While the
current world average on BR(K — v7) has a relative
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error of about 3% [6], we have measured the relative rate
[(K, — vy)/T(KL — 37°) using a very similar setup
and the far target beam and obtaining (2.81 4 0.01¢.4 +
0.0245y¢) X 10~2. This result improves the current world
average by about a factor of four. Also the K, flux has
been derived using K — 370 decays.

In order to remove events with hadronic or
overlapping showers from the vy sample, a cut on the
shower width is required to be less than 30 above the
average value for photon showers of a given energy. The
background from Kg — 7%7° decays has been strongly
reduced by choosing a very short decay region only few
meters down-stream of the collimator exit.

In the near target data, almost 20000 events passed
the v selection cuts of which 7461 + 172 have been
estimated as Kg — 7. The z distribution of candidates
and background sources is shown in Fig. 1 Acceptances
were calculated using Monte Carlo with full detector
simulation.

Using the BR(Ks — 7%7°) given in [6], we obtain:

BR(Ks = vy) =
= (2.78 £ 0.065¢a¢ £ 003555t & 0.020x¢) x 1076 =
= (2.78 £ 0.07) x 1075, (1)
where the external uncertainty is the one for BR(Kg —
7070).

The result is in agreement with previous

measurements, but has much better precision. It shows
the significant difference with respect to the O(p*)
calculations of ChPT and indicates that higher order
corrections increase the decay rate by about 30%.

2. K — 7%y Decay

With four photons in the final state the decay Kp —
7%y has almost the same signature as the CP violating
decay K; — %7, therefore the same data as for the
¢’ /e have been used. This decay is finite at one loop in
XxPT [10], but only 1/3 of the measured rate is predicted
at O(p*). At O(p®), the rate can be reproduced including
vector mesons exchange (VMD) and a tail at low m., is
predicted. The VMD contribution is parametrized by the
coupling constant ay, which has to be experimentally
determined. The ay magnitude is linked to the CP
conserving component of the K7 — mlete™ decay as
could enhance the state J = 2 for the two photons,
otherwise in the J = 0 state which is helicity-suppressed.

This rare decay is experimentally difficult to measure
because it has not a clear signature and in addition is
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Fig. 1. z vertex distribution of yvy candidates

affected by a very high background. In particular in
order to reject the 27° background, a cut on the x?2
of the best 2% combination distinguishes between 707°
and 7%y events. A cut on the transverse momentum of
the lowest energy gamma of the unpaired photons and
the spectrometer used to veto conversions and Dalitz
decays reduce the residual background to a negligible
level. The 27° background has been measured from
the same analysis performed on a sample of tagged
Ks — m°7° events. However, the highest source of
background comes from K, — 37° decays where several
topologies as missing photons, missing and overlapping,
and completely overlapping photons mimic the signal
channel. We cut on the zyertex < 3000 cm and on
the center of gravity of the energy at the calorimeter
front-face which are overestimate in case of an event
not complete. We also reject events if 2 (or 3) clusters
reconstruct 1 (or 2) 7% more than 6 m upstream of the
K decay vertex which is obviously wrong in case of 37°
event. This cut strongly reduces the background but
also the 49% of the signal. We are finally left in the
signal region, defined as 132 < mj 5 < 138 MeV/c?, with
2558 candidates affected by the 3.2% of background. The
unpaired photons invariant mass distribution is shown in
Fig. 2 together with the MC expectation and the residual
background. The result is[9]:

BR(K — myy) =
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Fig. 2. m(y3,7v4) invariant mass distribution for the selected
K1 — w0y candidates

= (1.36 £ 0.03¢a £ 0.045y5¢) x 1076
and ay = —0.46 & 0.035¢a¢ & 0.045ys¢, (2)

where the systematic error comes mainly from the
acceptance evaluation. For the low-m.,, invariant mass
region, we quote a model-independent upper limit:

BR(Kp — 7%y,
30 < m., <110 MeV/c>,0 <y <0.2) <6 x 1077 (3)

3. Kgs — w°%y~v Decay

In the Ks — 7%y, the photon pair is produced by
a pseudo-scalar meson pole. In the ChPT this pole is
dominated by the 7° contribution and the lowest order
is non-vanishing. Due to the presence of the dominating
Ks — 7% background, a cut on the two-photon
invariant mass is required: z = m.~2/mg? > 0.2. The
predicted branching fraction for this kinematic region
is (3.8 x 10~®) with higher order corrections expected
to be small [11]. In addition, the ChPT predicts the
momentum dependence of the weak vertex which can be
tested provided sufficient statistics is available from the
z spectrum distribution. No experimental observation
has been published so far.

From the high-intensity near-target data taken in
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Fig. 3. m(v1, v2) invariant mass distribution for the selected Kg —
w97 candidates. The data in the control region are compatible
with background while the signal region contains an excess of

events

extracted. The irreducible K7 — 7%y background was
estimated using Monte Carlo and assuming equal Kp,
and Kg production at the target. The backgrounds from
Ks — 7% and Kg — 772, have been suppressed
using kinematic cuts. Background from the beam pile-up
has been reduced using veto counters and imposing tight
time constraints on the showers detected in the LKr.

Fig. 3 shows the distribution of the invariant mass
m 2 reconstructed from the vy pair associated with the
70 compared to the expected background contributions.

After background subtraction, (17.4 + 6.2) events
remain in the sample. Using the BR(Kg — 7°7°) from
[6], one obtains

BR(Ks = m°77).502 = (5.1 £ 1.65ta; £ 0.95y5) ™%, (4)

which agrees with the predictions. Unfortunately, the
statistical and background subtraction uncertainties do
not allow us to conclude on the momentum dependence
of the weak vertex.

Conclusions

The precise measurement of Ks — 7 decay indicates a
significant O(p®) contribution and provides an input for

year 2000, 31 Kg — m’yy candidate events have been higher loop calculations in ChPT.
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The precise measurement of K7 — 7%vyvy suggests
a small vector meson contribution and a small
CP conserving component in the K; — wlete”
process.

The decay Ks — 7%y has been observed for the first
time with a branching ratio in agreement with ChPT.

Interesting results on hyperon semileptonic and
radiative decays are coming soon.
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PE3VJIBTATU NA48/1-EKCIIEPUMEHTY B IIEPHI
3 POBIIA/IIB K5 TA HEUTPAJIBHUX TIIIEPOHIB

M. Mapminsg
Pe3smowMme

Excnepumenr NA48/1 BukopucTOBy€ iHTeHCHBHHUIT HeHTpaIbHHI
My40K JJis TOro, mob Bigibpatu posmanu Kg Ta HeiiTpaybHI rime-
porn. Excnepument npoxozus y 2002 p. (3 mocTymom mo Tinmbkm
[OBHICTIO HeHTpaJbHUX KiHneBux cramiB) i B 2002 p. (3 KiHueBu-
MHE CTaHAMH, [0 MAIOTh TAKOXK 1 3apsijkeHi sacTuHkn). B nimomy,
eKCIIEpUMEHT MOKPAIIUB CBITOBY CTATUCTUKY i Kg Ha dakTop
6am3bk0 50. VY mift poboTi onmmcaHO TOYHE BUMIPIOBAHHS IIBHJI-
KocTi posmagy mjisi Kg — 77 i mnepiie CIOCTEPeXKeHHsI PO3IaJLy
Kg — m9y~. 11i po3mau CTaHOBIATH iHTEpPeC B paMKaX KipaJbHOT
Teopil 30y1>KeHb, Teopil CUIIBHOT B3a€MO/Il IPY HU3bKUX EHEprisiX.

PE3YJIBTATHI NA48/1-9KCIIEPUMEHTA B I[IEPHE
10 PACIHAIAM Ks 1 HEATPAJIbHBIX TUIIEPOHOB

M. Mapmunu
PesmowMme

OxcmepumernT NA48/1 ucmosnb3yeT HWHTEHCUBHBIR HeHTpAIbHBIN
IMy<OK JJIst TOro, ITo0bl 0TOOpaTh pacmansl Kg u HeHTpaJbHBIE
CHIEPOHBI. DKCIEePUMEHT HIpoxoaus B 2002 1. (C ZJOCTYIOM K TOJb-
KO IOJIHOCTBIO HEHTPAIbHBIM KOHEYHBIM COCTOsSHHAM) U B 2002 r.
(C KOHEUHBIMH COCTOSTHHSIMHE, COAEPYKAIMMHI TaKXKe U 3aPIKEeHHbIe
gacTunpl). B mesoM, SKCIEPEMEHT yJIy<IiI MUPOBYH) CTATHCTH-
Ky mist Kg Ha dakrop okono 50. B aToM mokiaje mpeacraBiieHbl
TOYHOE U3MEepeHHe CKOPOCTH pacmaja ansg Kg — 7y U mepBoe
Habmogenne pacmaga Kg — w0yy. DTu pacmaigsl IpescTaBiIsioT
WHTepeC B paMKaxX KHUPAJIbHON TeOpUU BO3MYIIEHHUs, TEOPHH CUJIb-
HBIX B3aUMOAEHCTBUI IPU HU3KHX JHEPTHAX.
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