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Abstract

We discuss Lhe pion flux that would be availuble at the P2 channel at LAMPF with modifications
to vast leg of the channel. Modifications involve tayloring the oplics of the channel to match the pion
beam into a section of superconducting linac in both transverse dimensions and also longitudinally.
The performance of this channel with these modification is discussed, ‘The possible p flux with this
channel is also discussed.

1 Introduction

The LAMPY linac provides a micropulse of protans every ~5 ns that has a width on the order of 20 ps.
This particular time structure allows Lthe possiblity of manipulating the longitudinal properties {Ltime
spread or momentum spread) of a secondary beam of pions produced by these micropulses. The pos.
sibility of using this feature to aceelerite secondary beams of particles was lirst suggested by Nagle in
the carly "70s. While the passibility of accelerating secondary pion has long been recognized, the prae
ticadity of such an acceleridor has only heen realized with the advent of high gradient superconducting,
(S€C) cavity technology.

The first nse of & 8C cavity at. LAMPE to manipulide the longitadinal properties of a secondary
pion beam was the SCRUNCHER cavity al Low Faergy Pion (LEP) clinnel, This deviee, a 402.0 M1l
SC cavity, has been used to inereased the LEP pion flux[Hin o small momentum bite (Ap/p  10.4%)
by over a factor of 4. This inereased lux is obtained by transporting a Larpe momentum speard heaun
and then using the correlation between longitudinal position and particle enorpy that the beam line
introduces 1o the beam. ‘This correlion is removed by the RE lield of the SCRUNCHER cavity if
the field is approprietely timed and adjusted in magmitade e the energy of high enerpy particles
is decrease and the energy of low enerpy particles inciease  to minimizing, the enerpy spresud in the
hean.,

2  Application of SC cavities to higher energy pion beams

1'he highest energy pion beam at LAMPE is obtained at the P? channel  Fig. 1 show the Y pion flux
as piven in the LAMPE handbook. While a Plon Linear ACeelorator (PILAC) han dinenssed |2, 3] ana
means of obtaining 1 GeVoxb beam with a flux of -« x 10" /uec, the work discussed here is o modest
means of enlaacing, the P chanpel performance. "This dedign should not be confused with PILAC
which wies a zero depree extraction system to transporl the secondary beam to the accelerator, While
work deseribed here uses the same type SC cavitios as PILAC it should be considered as a paradlel
ellort using, the same cavity technolopy.



The optics of Lthe cast leg of the I’ channel have been studied4] and a first-order beam optics
solution found that matches the secondary pion beam into the 13-cm diameter aperture of a 805-M1iz
SC cavity in the transverse coordinates. This optics solution also minimizes the contribution to the pion
bucket size in time due to the geometric terms (i.e. (I|x)=(1| #)=0) and duc to the momentum spread
in the pioa beam (i.e. {I| 6)=0) at the entrance to the cavity. Since this work was first reported[4]
the ‘ unes, originally studied with the code TRANSPORT][5), have been verified using the code COSY
INFINITY[6], and higher-order studies are in progress.

I'ig. 2 shows the floor layout of the P? channel with the location of the new beam line indicated.,
This new beam line would add a 4 dipole to the PP3-East jine. This dipole is a 50° bend and is located
just downstream of Q16 in the existing beam line. ‘The new dipole is followed by a quadrupole doublet
that had the same dimensions as the doublet that sits on the floor in the Fast eave experimentad
area. After the doublet is the linac structure. Note that this arrangement points the heam at LAMPL
Staging Area  an existing building.

Fig. 3 shows the fimt-order envelopes for this beam line for 500-Mev pions for three different
effective lengths, all three solution have the same transver matching conditions. T'he effective length
is the length of a drift that would give the same longitudunal correlation in the beam as the beam line
does.

The superconducting, 805-MHz linac has been studied in detail for one case  the acceleration of
MO MoV pions to 624 MeV. The aceelerator stencture in this particular case used 10 7-coll 805 MH2
cavitios and had a total length of just over 23 meters, The specifie cell grometry of the linac structure
is shown in Fig. 4. With thix accelerator the survival fraction when starting with 500 MeV pions ix
~06%. and the initial momentum spread (Ap/p 5%) is compressed b, a factor of two at the linace
ontput. With this information we can determine the 6241 MeV flux that is available, this is shown in
Fig. 5,

3 5 production rates

There are three p production processes ol infere: poegn e bd gpp.and a He oy U hurthen
discussions of there g production processen can by lonnd in Ret, 2], and elsewhere in these proceeding..
For the puipose of this disencdon consider the 5 po-ogme Fipee 6 (dee to 00 A0 NG shiows the gy
production rate that ix obtained when the tatal cioee section for this peaction is lolded with the Y s
lux. Also shown ie Fip, 6is the production gate that wonld be possible with 50 MeV of accsdepation
and with 100 MeV of acceleration. One sees that with a modest aceeleration (50 MeV) that the
production flux i inceeased by over an order of mapnitade,

4 Conclusion

A secondary pion heamline that this o siapie modilication of the LAMPEF P bealine s descrilesd,
I'hin beamline allows the lime stineture of the proton beam incident on the pion production tarpet (o
he preserved in the secondary beam while matching the tiansvere dimensions af the pion beam to the
apertuee of a superconducting, cavity, The initial temporad stracture in the proton beam is that ol a
R0H NI proton hinae that s fed by a 200 20 M2 diilt tabe linae, e the LAMPE acceleraton

With the wpitial tinmes spresed pueserved in the pion beam approprietely phased RE cavities can he
wsed 1o immediately accelerate the secomlbary beam, el no compression of the npgitadinal phace apace
ol the beam is eguired  High pradent! 7] sapercondndting, RY cavities are well suited for this fash
With a madent inetease in Che enerpy (50 MeV)Y of the pion heams from the 1Y cdannel at FAMPE the
y oduction Mas ax inereased by over an onder of mapnitnde



The superconducting cavities would also act as an RI' seperator, climinating any prions which
might remain in a x* beam. This would be of great beniflit to many of the LAMPF experiments|8]
that use 500-MeV xt beam that is currently available. The £ flux would be increased and the beam
purity would be inproved.

Further studies on the beamline and cavities are continning. Layout of magnets and target matching
systomn downstream of the cavitics is yet to be studied. Details of the cryogenic system are also being
ntudied.
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Fig. 1  LAMPF Handbook vaules for the P4 pion flux with 2 momentum bite of +2.5% assuming
a 1 mA primary proton beam current and a 6 cm thick A2 production target. The vertical dotted
lines at about 620 and 640 MceV, represent the maximum x - and r! energies, respectively, that are

kinematically possible. The solid and dashed lines are fits to the ! Nluxes for two different leugth
beamlines, 19.63 m (data points) and 24.66 m, respectively.
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Fig. 7 Flom layout of the P secondary pion beam lines at LAMPE.The madifeations to the ead
leg, e indicated,
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Fig. 3 First order envelopes for the modified PP Fast beam for three different effective drifts. All
three solutions have the same transverse matching conditions at the beam exit/superconducting eavity
entrance. The shaded areas indicate the lengths and apertures of the dipoles and quadrupoles in the
beaunline.
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Fig. 4 Coll prometyy of the capeveonductimg, 805 MUz hinae fo which the tramavere malching,

wan determined
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Iig. 5 'T'his figure is the same as Fig. | with the calculated x! flux at 624 MeV (open square)
oblained by accelerating 500-MeV pions.
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Figr. 6 The total cross tor the 1opooogn reaction s folded with the P x o tlux to determine
the available p production fluxes Also shown js the i Hux that would he available with H0 MeV ul
acdittonal acceleration, and the flux with 100 MoV of additional acceleration.



