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One of the ways for increasing the efficiency in utilization
of the high energy accelerator beams is to enlarge the angles of
collection of the secondary particles up to the root mean squars
angle of their exit from a target. For the partieles produced in
hadron aallisiuns, thie angle is described by the exprﬂsﬂiun-

<g >~4—mmﬁf where /7. and P are the mass of the particle
end its momentum, /4 1s the mass of the I -meson /1/ {for ex-
ample, for antiprotons it is V?é:;;ﬂ.ﬁfp (GeV/c). In the case
when the angles of production are = 0,5 rad (at p<s 1 GeV/e),
the problem of collecting the secondary particles within the angle
~KB25 can only be solved with the help of parabolic lenses /2/
because these lenses can be very powerful. But with an increase
of energy and a narrowing of the production angle their use be-
comee low effective because of the current bridge of a finite ra-
diue which euts the paraxial fraction of the beam. More promising
in this energy range 1s the use of cylindrical lithium lenses
which pravi&e the focusing by a linearly growing magnetic field
inside the conductor with uniform current density /3/.
The Expréasionn for {O%) and a focal distance :f-—-7g%£;
f is the lens length) enable ome to derive the valus for the
field strength on the lens surface H, . This value provides the

collection of the root mean square production angle, i.e.
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« If the loeses, because n? nuclear sbsorption
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in the lens substance, are taken to be equal to 10-15%, then the

length of the lens made of 1lithium should be about 15 cm C.A iL =

= 120 cm). Thus, a collection of the antiprotons will be effec-
tive if a field on the lens surface is about 100 kOe. This re-
quirement derived on a field value does not depend neither on

the partiele momentum nor the Poecal distance. With the same field
and & given collection efficiency this allows one %o have the
lenses with the same focal distance for the particles of any
energies. In our case this distance turms out to be :fw 10415 cm.
An inerease in the particle momentum results only in decreasing
the lens aperture, total current and its duration. An increment
of the beam emittance because of both the multiple .scattiering in
the lens and the chrematic aberration is determined by . The
value of f ig independent of the momentum. This meane that the
relative value of the increment 18 constant. With the lemns of

15 cm long the multiple scattering asngle in Li is \,/{__' ~ 2 ‘ID

D (GeV/e)

that is equivalent to the appearance of a <r‘> x 0. (%gvft)cm effec~

tive source in its focus. In major cases, this :!a less than the

source gizes determined both by the primary beam and a target
length.

Application of the cylindrical lenses for collecting the
particles with a momentum of a few GeV in the full production
angle requires the E:raatian of the lenses with large apertures.
This application is complicated by a necessity to commute high
pulsed currents. For example, in order to collect the antiprotons
with P = 2 GeV/c within the £ 0.2 rad angle, the lemns of
15 cm long with the focal distance JC = 14 cm has the aperture
2% = 5.6 cm and should be gupplied by the current pulse of

~ 8 /.Aaen duration and Jﬂn 1.2 mA amplitude. In this case,

the cylindrical shape of the lens is inappropriate since a gig-

nificant part of its operating region near the entrance turns

out to be outside the beam, If one manufactures the lens with a

variable crogs section, thereby nearing the surface generatrix %o
the beam envelope, the average current density becomes larger
that leads -to a decrease in the necessary tntél current value.

In the case when the generafrix of the lens surface coincides

with the beam envelope, an equation of the envelope r'(z:l is the
following: '

Ciﬂr 2 2

d 22 r3 P . (1)
y _e o oH B
Here K = T where (r = 2P ia the field gradient at the
lens entrance, Vo, s the antrance radius, £ ie the beam
emittance. If [, > A ( AN is the beam size in its focus),

the term with § can be neglected that enables one to integrate
the equation analytically. And finally, depending upon Z, ,
[L]

the
main focal distance J': y the exit radius [, and the lens length
[ are obtained to be equal to: ]"’3 ""H ef”j: i S
f=2 +PA:]D( ) iy
e Poy = I m(zﬁz) (2)

Here Z, is the distance between focal plane and lens entrance.

An equation for the envelope of the lens surface has the form:

Fox /% i
2 =2, +4-=2/L of flp &
mzxerfmr (3)

In a careful consideration, because of the conic geometry, the
fleld distribution in such a lens is not strongly linear even at
constant surrent. However, the non-linearity eppeared at the di-
vergence angles < 0.3 does not exceed that al‘iéing from the

finite thickness of the skin-layer .{F?L at é}*hm and has the oppo-

gite sign. In comparisecn with the cylindrical lens, a gain in the




current depends on the ratio [Mgx /o . This ratio cannot be
made much more larger thap 2, at least, for two reasons: on the
one hand, because of overheating the lens enirance cross section
at 8/}5}4 and, on the other hand, because of the field non-l1i-
nearity on the lens exit at 5??@L€?0.5 /4/. Compared to the con-
sidered above cylindrical lens for collecting the antiprotons
with P = 2 GeV/c and @ =*0.2 rad, the lens with optimized
(according to (3)) profile should be supplied with the current
.Jo = 0,765 mA in the case of the same length ( L = 15 em) and

value is
gain in current' 1,58, The maximum aperture of the lens decreases

focal distance ( Jf- = 14 cm) at the ratio Iy /f,=2 , i.e. the 1

down to 2 A = 5.34 cm, the pulse duration can be decreased mnearly
by a factor of 3 because of a considerably less mean cross Sec-— ’
tion.

The considered previously designs nf the strong-field li-
thium lenses for focusing narrow beams /3,5/ have turned out to
be inappropriate for creation of the powerful lemses with large
1ithium volumes. For this reason, & new version of the lens has
been designed and tested (see Fig.1). With the help of a two-side
hydraulic bag (2) wherein a pressure is about 1000 atm, two steel

cups (1) with an effective water cooling system (3) are pressed

to tha contact surfaces of the coaxial current-connections (7) n\
and simultaneously they are packed, thereby creating a sealed
cylindrical volume £illed with lithium.A thin-wall two-layer i;
tithanium shield of the cylindrical, conic, or any given shape

is inserted into the cylinder., The outer coating of this shield

consiste of two parts which go into the disks at the centre and

are clamped with the metallic vacuum seals between the sides of

the cups. The surfaces of the coatings and disks which touch .

each other are separated by means of the oxidized tithanium and

electrically connected only at the welding points on the sides.
The fraction of lithium inside the shield is an operating volume
of the lens which is supplied with the current through the pe-
ripheral fraction of lithium the lithium contacting with the in-
ternal surfaces of the current-connesting cups. The injection
and extraction of the beam is carried out through berillium
plugs 6 and 9.

The distinstive operational feature of this construction
under intense thermal conditions is due to a large extension of
1ithium upon heating. This can lead to the loss of sealing at
the points of packings and contacts so that application of hydraul-
ic bags keeping up the constant contact stress is of principal
importance. When varying the regime of average heating the excess
of lithium, because of extension, is passed through the channel
(8) into a special buffer volume. For the tests a 15 cm conic
lens whose entrance diameter is 2 cm and whose exit one is 5 cm
was manufactured. This lens wa;.supplied by the unipolar gainusoid-
al current pulse of ~ 1.5 Ju.aec duration that corresponds to

5}/T; = 0,8 on the entranceldiamatar at the temperature of 1li-
thium T = 20°C. The operating-life tests were carried out at
the repetition frequency Y = 1 Hz with'a further increasing of
the current amplitude from :]a = Eﬂﬁ kA by 100 kA in each
100 thousands pulses up to the amp!itude Jo = 900 kA correspond-
ing to the field on the entrance diemeter Ho= 180 kOe.

Based on these tests, three types of lenses have been de-
signed for different focusing conditions. These lenses have the
game layout.

1. The first lens ie the considered above lens with optim-
jzed profile described by eq.(3) which has been designed for col-



lecting the antiprotons. Its momentum is 2 GeV/c and the linear
angiﬂ 1s 0.2 rad in the project of antiproton storage rings with
electron cooling on the electron energy.

2. The egecond lens is the lens for collecting the antiprotons
within the root mean square production angle \f(“ﬁj}-é‘ 0.06 rad with
the momentum P = 648 GeV/ec corresponding to their meximum output
from the target at the primary proton beam energy E ~ 100 gev,
With such angles of entrance the lens"' aperture is not large,
therefore,it is of c¢ylindrical shape, its diasmeter is 2 em and
the length is 12 em. At a current of 750 kA the field on the
purface is 150 kOe and the focal distance of the lems is 12 em.

Due to'scattaring the effective beam size in the focus is

ey

(4r2}=0.1 m.
3. The third lens is the lens for creating optical structures
comprising several objectives for shaping the beams of L - and
K -mesons which sare the parents of neutrino in the energy range
higher 100 GeV where the application of the lenses compared to
the magnetic horn and parabolic lenses &n esgsential gain in the
integral neutrino flux, the antineutrino background level in the
netrino beam and Inversely, as well as in ths poeeibility to in-
crease the duration of the extracted prutnn beam up to several
milliseconde /7/, For such systems the lens of 15 em long and
5 em diameter with a maximum field on the surface of 60 kOe has
been manufactured, This lens is suppliad by the current pulse of
75C kA amplitude and 6 f;aac duratien which provides a sufficient
homogeneity of the curreant density over the croes section /4/.

All the lenses are placed in the Same coaxial current-wrappers
connected to the statiomary current-commections with the help of
hydraulic contacts /1,87, These contacts allow the long-distance
sWwitching-off of the lenses and their evacuation from the active

zona if ihe damage occurs,
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FIGURE CAPTION

Fig.1 Cross section of the lens with current-wrapper:

1 - current-connecting cups, 2 - hydraulic bag,

3 - water cooling channels, 4 - tithanium body of the lens,

5 - operating lithium volume; 6,9 - berillium plugs,

T - coaxial current-connections, 8 - entrance channel for

1ithium, 10 - entrances for the water cooling system.
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