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Abstract Since a design of a cooling channel with 200 MHz cav-
ities has already been presented in the US study Il pro-

'Muon coollngh|s Oﬂe of the.bllnldl.ng blockshfor a Ne;:- osal [3], we have simulated a system based essentially
trino Factory. It has the potential o increase the muon flu n the same engineering constraints, but with differences

at the detector by an order of magnitude. Different Set-UP§ e to the different beam dynamics, that in our case has
for the experimental observation of cooling are prOposegharacteristics similar to the 88 MHz cooling channel. In
and discussed by an international collaboration [MICE]. Ir{he US proposal there are two possible schemes: SFOFO
this paper we present the results of the tracking studies forléttice 1 and 2. Preliminary simulations [5] showed that,
cooling (_axperimen'F based on 2.00 MHz cavities with SUPCTEor our beam dynamics, the second scheme, with groups
conducting solenoids and liquid hydrogen absorbers. Foft o cells separated by solenoids, gives a more uniform
200 MeV muons passing through a system of 4 cavities g, gnetic field and better performances. We have therefore
7.6 MV/m, the number of muons in a given acceptance inpaqeqd our simulations on this set-up with the difference that
creases by a factor of about 10 %. This is believed to b 5o 4 scheme with equal solenoid polarity. This cheap
well within capability of the measurement apparatus and,tion is not the one proposed for the full-scale cooling

s_ufﬁment to gather |mp_ortant information for the final de'channel, butit can give a clear demonstration of muon cool-
sign of a full-scale cooling channel.

ing.
The solenoid configuration is illustrated in Fig. 1 where
1 INTRODUCTION the magnetic field lines as computed with the POISSON

code [6] are shown. In the input and output diagnostic

A Neutrino Factory (NF) based on a muon storage ring isections there are two continuous solenoids with a radius
an important tool for studies of neutrino oscillations. lon-of 33 cm and length of 2 m. At the entry of the cooling
ization cooling of muons is fundamental for a NF, but hashannel there is a 47 cm long liquid hydrogen absorber in-
never been realized in practice. In the CERN layout for thgerted inside a solenoid of 21 cm inner radius. The absorber
NF, the cooling channelis based on 44 and 88 MHz cavitieis followed by a system of two cavity cells resonating at
with integrated superconducting solenoids [1]. 200 MHz with an average effective gradient of about 11.8

An international collaboration on a muon ionizationMV/m. In the middle of the cells and outside of them there
cooling experiment (MICE) has been set up in order tas a short solenoid (18 cm) with a large radius of 61.5 cm.
study the feasibility of a section of cooling channel thatAfter the two cells, there is another 40 cm long solenoid
would be able to give the performances required for a NRvith an aperture of 21 cm that contributes to maintain the
For the CERN case, a cooling experiment has been prmagnetic field as uniform as possible. The second part of
posed which is a small subset of the 88 MHz part of théhe cooling channel is identical to the first, with two more
final channel[2]. cavity cells followed by the exit absorber. The total length,

As an alternative to the cooling experiment based officluding diagnostics, is 8.6 m, and we have assumed a
88 MHz cavities, we present a system at 200 MHz as prd*hysical aperture of 20 cm. The total energy lost in the ab-
posed in the US study Il design for a NF [3]. The aim is tosorbers at a kinetic energy of 200 MeV corresponds to the
verify the possibility of using cavities at 200 MHz with the energy gained in the cavity system.
same beam characteristics as in the 88 MHz case, and to
compare the cooling performances in the two cases. Even
with a completely different beam optics, the beam dynam- 3 BEAM DYNAMICS

ics shows a similar cooling efficiency. The coil arrangement shown in Fig. 1 results in a longitu-
dinal magnetic field on axis of Fig. 2 from which the PATH
2 LAYOUT simulation code gives the emittance diagram of Fig. 3.
For a kinetic energy of 200 MeV and\E =
The use of pill-box cavities with conductive irises res-+30 MeV, the final normalized rms emittance is
onating at 200 MHz prevents the possibility of integratingd630m mm mrad, which, compared to the input emittance
the solenoids into the cavities as in the case of 88 MHz [4pf 4900r mm mrad, gives a reduction of about 5.6 % with
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Figure 1: Solenoid |ayout and magnetic field lines ComFiggre 4. Output emittance vs input emittance (r.m.S., nor-
puted with POISSON. The system has a cylindrical simMalized) at 200 MeV.
metry with respect to the horizontal axis.
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Figure 2: Longitudinal magnetic field on axis. malized) for an input beam of 200 MeV.

a particle transmission of 100 %. The initial beam paramelysnkatgdr; I '; pos.?ble tof (;]hange the.scf).lelr(;mg currents Iand

ters ares, , = 1 m, a, , = 0, and the number of particles WQL \r’]\”t other va ij.elsdo :\ N mggrlwzgtlc6|e o examhpﬁ,

is N = 50000. The cavity system is set to work on crest.wIt the magnetic fie shown In ™g. (on .aX'S)' whic

If we define the cooling efficiency as the increase of the® about a_factor of 1.5 hlgher th_an the previous case, the
ame cooling performance is achieved even if the emittance

number of particles inside a given acceptance, and use . L X
acceptance 15000 mm mrad (normalized) in both trans- along t_he channel (Fig. 7), is higher. This demonstrates the
flexibility of the proposed scheme.

verse dimensions, we get an efficiency of 8.8 %.
In Fig. 4 we show the output versus input emittance. For
an input emittance of about 3060mm mrad (r.m.s. nor- 4 FIGURE OF MERIT OF THE
malized) the equilibrium emittance is reached. Below this COOLING EXPERIMENT
threshold the beam is heated. The transmission remains
100 % up to the maximum emittance that we have simu- !N the cooling channel of the NF, the relevant figure of
lated, 10000- mm mrad. In Fig. 5 we show the cooling ef- Merit is the increase of the number of muons in the accep-
ficiency, as defined above, for a range of input r.m.s. emit@nce of the downstream accelerators. This acceptance is
tance. It is negative for small input emittances (heating}€fined independently in the three planesy(and longitu-
and goes up to about 20 % for the largest input emittancedinal). To increase the figure of merit, correlations between
We have run the same set-up at input beam energiest@le planes have to bg minimized at the pomt. of transition
140 MeV and 230 MeV, adjusting slightly the solenoid{Tom solenoidal focusing to quadrupole focusing.
field, and also in these two cases the transmission is aboutN the cooling experiment, the emittances are measured
100 % up to the largest input emittance. |n5|_de the_ solenoid field. If_tr_le _bea_lm dynamics of thg ex-
With the scheme of the cooling channel that we have jjperimentis not chosen to minimize inter-plane correlations,
there is no possibility to compensate for these correlations.
In a general solenoidal beam transport, correlations will
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Figure 3: Transverse emittance (r.m.s., normalized) along

the channel with and without absorbers. Figure 6: Alternative longitudinal magnetic field.
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timized the cooling efficiency, which has to be well in the
range of the proposed emittance diagnostics [8]. We find

E

% 12000 No Ao ber s - E that in terms of cooling efficiency this scheme shows a per-
§ 10000 ,/\\ /,f formance comparable with the 88 MHz case. The set-up
§ :ZZ ANV A VA at _200 MHz has a naturally _hlgher acceleration gradient
S T which results in a better cooling rate per metre. However,
0 p B s s 0 the overall cooling performance of the two systems (8 cav-
S z [ ities at 88 MHz versus 4 cavities at 200 MHz) is, as the

total absorber length is the same, comparable. The choice

Figure 7: Transverse emittance (r.m.s., normalized) along trequency is therefore a technical one, i.e. for a required
the channel with and without absorbers for the magnetig,inimum cooling efficiency one has to consider the total

field of Fig. 6. length of the system, number of cavities used, achievable
gradient and rf power.

6700 ¢ A major difference between the two schemes is the ar-

6200 [ rangement of the solenoids. The large bore solenoids be-

a [ / tween and around the 200 MHz cavities result in a mag-

S7e0 \ netic field pattern which is less homogeneous than in the

# muons

5200 F case of the 88 MHz cavities, where the solenoids (all iden-
4700 [ —*— 2D projections| tical) are integrated in the cavity such that they are close to
N —-—2D =lip=old the beam and generate a periodic structure. Consequently,
e s 0 1 for the 200 MHz system, the coil arrangement and hence
2[m] the magnetic field along the channel vary much more. This
results in strong coupling between the planes, thus giving
Figure 8: Number of muons inside a 4D volume oflarge transverse emittance oscillations along the channel.
(150007 mm mrady for a cooling experimentat 200 MHz.  Another technical difference is that the 200 MHz cavi-
ties have to be separated by conducting windows in order
to achieve the required gradient. This could result in un-
acceptable high dark current. Also, windows might break

I:Siuring cavity conditioning.

mainly develop between theand they plane. Therefore,
an algorithm was developed to count particles in 4D or 6
hyper-ellipsoids, to be used as figure of merit for the cool-

ing experiment in the presence of inter-plane correlations 6 ACKNOWLEDGMENTS
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