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THE SIMULTANEOUS AND NEARLY-COLLINEAR KO BEAMS FOR
EXPERIMENT NAA48

C.Biino', N.Doble,L.Gatignort, P.Grafstrom, H.Wahl, CERN, Geneva, Switzerland

Abstract

A system of simultaneouand nearly-collinear beams
of long- andshort-lived neutral kaons has beimstalled

2 THE SIMULTANEOUS K AND Kg
BEAMS

and extensively studied. These beams form an integral p2tl Layout

of the NA48 experiment at theERN SPS, which aims
to study direct CP-violation. The beam splitting is
achieved by anovel application of a bent silicon crysta

A branch of the 450 GeV/c primary proton beam, slow-

|_extracted from the CERN SPS towards the North Area, is

The principles and design of these beams, as well as tH&€d 0 producehe neutral kaon beamsThese are

performance are described.

1 DESIGN CONCEPT

In order to minimise systematicdifferences in the
relative measurement of thdecay rates K - 71O,
K, - I, Kg » ™’ and K —» 11T, beams of long-
andshort-lived neutrakaons, K and K, arerequired to
enter the saméducial region simultaneousland nearly-
collinearly, converging at asmall angle towards a
common set of detectors [1].

Whereas grimary proton beam of higenergy (450

installed in a 270 ntong, undergroundtunnel complex,
designedor high intensities.Due to thedifferent mean
decaylengths of K and K; (A, = 3480 m,Ag = 6 m,
respectively, for a meanp110 GeV/c), the beams are
derived from protons striking two separate targets,
respectively situated26 mand 6.0 m upstream of the
beginning of the decay region. The layout of the
simultaneous Kand Ks beams is shown schematically in
Figure 1 andthe nominal design characteristics of the
beams are listed in Table 1.

Table 1: Design characteristics of the beams

GeV) and high flux (10" protons/s) isrequired to

produce sufficient K - 2t decays, a proton flux that id

lower by afactor= 10° suffices toproduce a comparablg
number of K decays. The lower fluxenderspossible the

K, Kg
Primary protons per pulse 1802 | 3-10
SPS spill length /cycle time (s) 2.38/14.4
Production angle (mrad) 2.4 4.2

attribution of thedetected decays toglkor K, by tagging
the protons used to produce the K

The protons whichproducethe Ky are obtained by
splitting off a small fraction of the primary beam, takin

Length of K beam (m):
Target to final collimator/AKS: 126.00 6.07
gTarget to e.m. calorimeter: 241.10 121.10

advantage ofhe phenomenon othanneling’ in a bent

crystal. The method combines the functionsreducing

the flux, deflecting the selected protons away from

accompanying backgrourahddefining a beam ofmall

emittance, well-suited to produce thg K

Angle of convergence to,K Omrad | -0.6 mrag
Angular acceptance (mrad): +0.15 + 0.375
Useful momentum range 70 < B 170 GeVic
Fiducial length for decays =M =15-36m
K°flux at exit final collimator =210 | =210

The acceptancefor detectingthe m°r® and it decays

Decays between coll and detectqr=1.4-10° | =2-10?

are eachfunctions of the kaon momentum . Jpand

K°flux in useful g and z range 440" | 1.510°

longitudinal position of the decay vertex (z). It is theref
important to render the momentuspectra ofthe K_and
Ksdecays asimilar as possibl@ver the usefutange of

Ko o TP decaysper pulse in 40 45
useful g and z range

momenta (70 <,p< 170 GeV/c) and over thange of z,

Detector acceptance fofe evts = 0.20

which is chosen proportional to the meandécaylength
As- Weighting factors can then lagplied torenderthe z-
distributionsand hencethe acceptances equédr Ky and
K, decays.

! Permanent address: INFN, Torino, Italy

2.2 Primary proton transport to the Karget

The 450 GeV/c primary proton beam passes through a
pair of dump/collimators to select theanted flux of
nominally 1.510" protonsper SPS pulse(2.38 s spill
every 14.4 s). This beam is transported ovelistance of

2 For the NA48 collaboration (Cagliari,CambridgeCERN, JINRDubna, Edinburgh, Ferrara, Florence, MainAL Orsay,

Perugia, Pisa, Saclay, Siegen, Torino, Vienna, Warsaw)



838 m and is finally focused anddirected vertically (12.2 mm diameter) for the defining collimator, that
downward at an angle of 2.4 mrad onto thet&get. The maximise the acceptance of the neutral beam.

choice of 2.4 mrad reduces the flux of neutrons per useful

K, by a factor=4, for only 25%reduction ofuseful K

per proton. These ratios relate to the relabaekgrounds

from proton- and neutron-induced sources.
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Figure 1. Schematic layout of’eams 2 > 92 =
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2.3 The Kbeam

The schematic layout of the Karget station is shown
in Figure 2. The K target consists of a 2 muliameter,
400 mm longrod of Beryllium, aligned along the 2.5 The bent crystal
(horizontal) K axis. It is immediatelyfollowed by a - ) o
copper collimator of 15 mm aperture, through which the \{\{her) positive particlenter a crystawithin a small
neutral (K) and the remaining proton beams exit. A(.crltlcal) angle to its planes, thecollective Coulomp
10.8 Tm, vertically deflecting dipolemagnet serves to f1€ldS can causéhem to becchanneled'. Ifthe crystal is
sweep awaycharged particles, whereby the primary mechanicallybent, some of the particlesill foIIow_ th_e
protons are deflected further downwards/g mrad. At a planesand arethus deflected. The present application

distance 0f10.95 m from the target, they impinge on dduires only a small fractior &-10%) of those protons
bent crystal, centred 72 mm below thebiéam axis. The to be deflected which diverge towart® crystal from the

crystal is designed to split offwanted,small fraction of ~Ku target. The crystaholder should allow the angle of
the protons bydeflectingthem through arupward angle deflectlon to_bg flne—tuneg/,vhllst being insensitive to
of 9.6 mrad, back tothe horizontal. The majority of heatandirradiation by=10" pr9t0n§/cn% per pulse. The
protonsandother particles, notleflected bythe crystal, Selution adopted has beelescribed indetail in [2]and is
continueundeviatedWith the exception ofnuons, they ~Shown schematically in Figure 3. _ ,

are absorbed in a pair of dump/collimators (TAX+18), A mono-crystal of silicon, cut to dimensions of

fitted with tungsten-lined passages for the wanted beam.50x18x1.5 mm parallel to the (110) planes, is used. Itis
The neutral (K) beam is collimated in threiccessive Pent through an angl@,=18.7 mrad (greaterthan the

stages by ‘defining’, ‘cleaningand ‘final’ collimators. required beam defle_ctiop angﬂe9.6 mrlad).over 56 mm of
The final collimator islocatedfrom 120.7 to 124.3 m IS length, by pressing it against thglindrical surface of

from the target and has aperture(from 54 to57.5 mm &N aluminium block, which haseen preciselynachined
diameter)which fits in the gap of the lassweeping to the specified radius of curvature (R=3.0 m). Thestal

magnet. This igpreceded bythe cleaning collimator, of NOlder is inturn mounted on a motorised goniometer,
such anaperture as to preverparticles produced or which allows the crystal to baligned onthe incident
scattered athe edges ofthe defining collimator from beam with two transverse displacements and two rotations

striking the final collimator. It islocated=20 m (or about axes perpendicglar to the beam. When the crystal is
~3 \o) upstream of the latter, to let KS which may pdotated through an azimuthal angbe= +28.7 about the

regenerated oits edgesdecayaway before reaching the vertical axjs, the 'beamraversesihe crystal diagonally.
fiducial volume. The condition that particles from the!n€ effective fractionalength of the crystaraversed and
target should not strike the cleaning collimator leads to 4}f"NCce the vertical angle deflection ofthe beam is then

optimum longitudinal position <41 m) and aperture 90verned by adjusting the angte Moreover, a coupling
(given by dy'/dx=1/Ran®) is introduced between the

Figure 2: Schematic layout of the KL target station



vertical angle (y’)and the lateralposition (x) of the The resultingproduction angle of.2 mrad renders the
protons that can behanneledThus both therertical and ratio of K to K, decays inthe fiducial region (defined in
the horizontal emittances of the beame defined by the units ofAg) approximatelyequal atthe two ends of the
crystal. momentum range used (70 and 170 GeV/c). The sweeping
magnet isfollowed by asteel collimator block,which
Si cut// to (110) planes again contains passages for the neutral beams, the one for
[60 mm x 18 mmx 1.5 mm] F) ©=x287 Ks being filled with inserts, graduatedfrom a beam-
A defining aperture 08.6 mm diameter a4.8 m from the

'l
L

;8,2 18.7 mrad target to a final diameter of 6 mm at the exit, 6.Cafter
4 ro the target. At this point the Kand K beamsemergeinto
! ‘' Rozom a commondecayvolume. For a given bearacceptance,
\ \ PROTON the useful flux of K leaving the collimator relative to
! N BEAM neutron-induced background from the edgegflefining
aperture is maximised by the choice of the distance of that

Deflection:

6= 9.6 mrad aperture from the target to be close tvs1

T i
\T - 3 OBSERVED RATES

Projection perpendicular The rates in the Kand K; beamscan be monitored by

o beam direction, z: A stopping one of them in thedump collimators
downstream ofthe K_ target. Somerelevant counting
;o N rates at nominal intensities are listed in Table 2.

/ \\
/ Ty I y =Wy, Table 2: Measuredrates from KS(downstream of
' | \ - TAX 17), KL (downstream ofTAX 17) and Bkgd =
backgroundfrom KL target station + protondump,
measured by detectors of the experiment.

1
Rtan® Counting rate/SPS pulde K| K. | Bkgd | Total

=0.61 mrad/mm
Figure 3: Schematic arrangement of the bent crystal | Protons to K~ *10?| 1.5 - - 1.5
Protons to K *10 - 3.0 - 3.0
Sum of Veto rings * 10| 2.0 0.6 4.2 6.8
2.6 The Kbeam Wire Ch.lrate  *fo 1.2 | 0.07] 09] 2.2

The second ofthe beam dump/collimatoownstream | Wire Ch.4 rate *10 1.1 [ 0.05( 05 1.7
of the crystalTAX 18) contains aset of tungsten-alloy] Charged rate in NA48 1.5 0.07| 0.7 2.3
inserts with graduatedapertures of smallest diameter | hodoscope (Q-OR) * £(
2.4 mm, aligned on an axis 72 mm belandparallel to | Coincidence of oppositf 9.0 | 0.3 | 0.4 | 9.7
that of the K beam. There follows two magnets of| quadrants of charged
opposite polarity, whictdeflectthe transmitted protony hodoscope (QX) * £0
back onto the K beam axis. Inbetweenthese, the| Muonrate (MU) *10| 2.3 001l 1.6 3.9
protons pass through BAGGING STATION, which [k, rate (QxMU)*10° [ 2.0 [ 0.0 [ 0.1 21
allows, by measurement of the time of flight between tirS
station and the main detectors ofthe experiment, to
distinguish whether anbserved K decayoriginated frpm ACKNOWLEDGMENTS
the Ksbeam. The protons are steered throughctbaning
and defining collimators on the K beam axisand are The authors wish tacknowledgehe contributions of
refocused to a point 109 metres downstream of the crystH]€ collaborating institutes and of the technical sftafh
Before reachingthis focus, theyare again deviated away SL. EST, MT and TIS Divisions of CERN.
by further dipole magnets to a point 72 mm above the K
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beam at an upward angle 86 mrad.Herethey impinge REFERENCES
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so as to intersect the (horizontal) Exis nearthe centre

of the detectors, at a distance from thga€get of 120 m.



