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1 Introduction 

This note describes tne feasibility of developing a well 
collimated parent hadron beam with a high collection 
efficiency for higher energy hadrons- a collection 
efficiency greater than 50% for hadron momenta above 400 
GeV/c. The focussing device for this beam would be a 
super- conducting horn. Two observations (described in 
Section 2) were applied to design the horn that, on paper, 
would produce a highly collimated beam (described in section 
3). Normally the feasibility of a new device depends on the 
particulars of a project~ the horn design should arouse 
crucial criticisms that would condition its final technical 
development. The horn will be limited to slow spill 
applications because of beam effects on the materials and 
coolin<j fluids. 

The merits of the beam are discussed in S~ction 4. In 
particular a discussion is given about the possibility of 
using a lOOOm decay tunnel ,and also the possibility of 
using the muons from pi decay for a muon beam. 

2 ~ Collection of a Wide Momentum Band 

Two observations can be made about ·the collection of 
particles from a target: 

In the thin lens approximation, a single lens is able to 
focus a wider momentum band than any focusing-defocusing or 
defocusing-focussing system (See figure 1 and Appendix 1). 
This implies that a horn is able to focus a wider momentum 
band than any quadrupole lens system. 

Furthermore, if we relax the thin lens 
focussed momentum band can be made 
lens, the focusing is done by a field 
proportional to the distance R at which 
the lens. If L(R) is the path length of 
the lens and B{R) is the field strength 
the thin lens case. Indeed, for a horn, 
the field and path length in different 
the thin lens case. For example, 

approximation, the 
even wider. In thin 
whose strength is 
the particle enters 
the particle inside 
then L(R)*B{R)~R in 

we could contour 
ways to approximate 
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B(R)=k*R if L=constant 
B(R)=constant if L2L*R 
B (R) =k/R if L•L*R**2 -< 1.1 

In general, if B(R)•k*R**2with eft'he path of the.:c8article in 
the ma9netic field increases with Ras L(R)=L*R1'; therefore, 
if P>7!s the focussed momentum, parti~les with p greater 
than P• tend to leave the field later than particles with 
p='P» and hence under90 extra focussin9. The same happens to 
particles with p less than-,., which leave the lens earlier. 
This effect, negligible in the thin lens approximation, 
becomes effective as the thickness of the lens increases 
with respect to the focal length z (See figure 2). 
Naturally, only shapes of the kind shown in figure 2 are 
effective, while shapes suc_q,,as those given in figures 3b 
and 3c are much less conv(!)d1.ent. In principle it should be 
possible to find a function B(R}, [or possibly B(R,Z}] that 
will focus all momenta, but in practice the field should 
weaken so strongly with increasing R and/ or z that the 
length of the focussing system would be enormous; high 
momentum particles would never be able to leave the lens. 
However, when the ratio of the path length and Z is as much 
as 10 , a shape of B(R)=c1/R +cu'R**2 widens the momentum 
accteptance by a factor of four or five over the thin lens 
case.Since a field B(R)~ R-2 is technically difficult to 
achieve, a shape of B(R)~R is the most reasonable one to 
consider. 

\J ~ A well collimated high band parent hadron beam 

These concepts were applied to the problem of fabricating a 
parent hadron beam for Tevatron II. Choosing Z=S m and 
L=lOm for the length of the focussing lens, we can achieve a 
focussing effect as showri in figure 4, where the exi.t angle 
is plotted as a function of the entrance angle for various 
momenta. As can be seen_ in this figure, particles are 
focussed at different P• depending on~: P> =600 GeV/c for 
=0.2 mrad till P•=600 GeV/c for&=l mrad. '" 

//II 

A schematic of a section of such a lens is sketched in 
figure 5. The guiding idea is to put the s.c. wire in good 
thermal and electrical contact with a metallic core, which · 
should also provide a stable mechanical support for the wgre~ 
turn. The residual proton beam passes through the center 
without touching any element of the device. The azimuthal 
acceptance is given in figure 6 from which it can be seen 
that some percent of the particles produced would strike the 
super conducting wire. Indeed an absorber, with the same 
shape as the metallic bore, should be placed in front of the 
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lens to protect the s.c. wire. The absorber should not be 
in thermal contact with the helium bath to avoid boiling. 
(See fig. 7) To avoid absorbtion of wrong momentum and 
wrong sign particles in the surrounding bore, with 
consequent boiling of the helium, the lens must be divided 
into sections, with absorbers interleaved between them. For 
the limited length of the proposed lens a division into two 
sections with an absorber between them would be sufficient 
(C ic figure 7). 

c.. 
The choi~ of the total length of the lens is a compromise: 
Since the ratio between the path length of the particles 
inside the lens and the focal length Z is around 1, the 
accepted momentum band is only a factor of two greater than 
the thin lens case(See apain figure 4)1 but ,in this manner, 
the contribution of the beam divergence at the exit of the 
lens to the beam dimension at the end of the decay tunnel is 
negligible. 

The lens is supposed to carry a total current of 10 kA1 if 
the total cross section of the s.c. wires is 9 mm , the 
current density will be 1100 A/mm, well within the 
specifications of commercial s.c.wires. The resulting 
magnetic field will be B=0.50 Tesla from R=0.002 m to 
R=0.004 m and B(R)•0.2/R for R> 0.004 m. 

Two collimators ( c 1and c2in figure 7) cut th~ low momentum 
particles and define the geometry of the beam. Moreover, a 
reflector is added downstream from the magnetic lens to 
improve the .focussing. It profits of the fact that the lens 
(given the B(R) dependance of the field) focusses particles 
of the same momentum in a circular ring, irrespective of 
the entrance angle1 at a suitable distance from the lens 
particles leaving with a different momentum pass at 
different distances from the axis and can be handled 
independantly. , 

For the parent hadron beam, the accepted momentum band is 
very wide (See figure 8) , and the focussing is very 
good(See figure 9). This parent beam gives the high band 
neutrino spectrum of figure 10, compared in figure 11 and 12 
with the bare target and perfect focussing cases.The muon 
momentum spectrum is given in figure 13 and their radial 
distribution is reported in figure 14. 

L/ ~Conclusions Some interesting consequences of realizing 
~ighly collimated high band parent hadron beam must 
b~ointed out: 
1) Muons from K decay have a large divergence and can 
therefore be detected outside the hadron beam. This leads 
to the possibility of tagging the high energy part of the 
neutrino spectrum (E )J > l/4E p ) • 
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2)The small radial dimensions of the parent beam make the tagging 
very clean and clear. In fact, the strong angular correlation 
between the nu-event and the detected muon (See figure 16), 
together with the time coincidence should avoid any 
ambiguity in a not too sophisticated tagging system. 
3) The most energetic muons come from pi decay. 
They give a narrow spot at the end of the decay tunnel, 
only a little larger than that given by the parent hadron beam 
(See again figure 14). Why should we loose these muons 
and waste 1 km of shielding for them? 
Could they be bent (together with th residual 
proton and hadron beams) and be used for physics? 
4) If the answer is yes, why not do the bending 
at the end of a longer tunnel (for example lOOOm long)? 
The total fluxes of muons and neutrinos would increase 
proportionally. The less energetic muons are much more open 
in angle and absorbed in the residual shielding. 
In figure 17,18,19 and 20 are given the muon and neutrino 
spectra and the pi, K , and muon radial distributions 
assuming the length of the decay tunnel is doubled. In 
figure 21, an example of a simpletagging device is reported. 

. ~ 

Finally in figures 22,23, and 24 are given the nuetrino 
spectra and the hadron and muon radial distributions for the 
standard 500 m decay tunnel, but increasing the scale of the 
lens and collimators by a factor of two. T~is shows that 
diminishing the current density by a factor or four , or 
increasing the size of the lens to avoid radiation damage, 
does not drastically deteriorate the quality of the hadron 
or neutrino beams. 
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APPENDIX 

Suppose we have at a distance lo from a point source a circular 
lens, able to focus at infinity 
all earticles emerging with momentum 
p = p (see Fig. A.I). The bending 
power of the lens must be propor-
tional to the radius R: UH~ 

L(~) x 8(1?) ------: c. >< R -p 1> 

Figure A. I 
If L(R) << lo (thin lens approximation) particles with p IP 
emerge from the lens with a divergence 

e •. , = e,. -o1. = Din - e,. ~ = e,. ~ (P/) 
Si nee ~ f = o{ f ':: e In p -
The trend of the ratio eour/9

1
,,.= f-f with f'/p is given by 

curve I Fig. I of the report~ --;>" 

If we have two thin ciruclar lenses of opposite sign, the first 
a t1= to and the second at Z2 = I.5 , and the first one is focusing 
and the second one defocusing, with the notations of Fig. A.2 we have 

l·n the I lens ~ - 3.e t' - c. R, 
'"\ I • f l.v I J'I o/, = ~ 

in the II 1 ens - p f 
oli :. :!:___ y. ~ R1 

a-' ~. 

For the particular geometry of Fig. A.2 
~ i. ; ~I - (CL - 2 1 ) ~ ( 81 n - Q(' I j 

Fi g u re A . 2 ~ 1 ~ z. 

and hence - - - ) 
':.( ~ ~. E_ (I _ Z i. - Z1 ( h _ a( ') -:: ~ { I _ _L { 611A.I - v,) 

't f tl I>' .} (' ~ e I~ 
R, - ~ 

- - J. ( ~ )) I' / P1 ) and o(1 or-: c<,-a<.'-:. ~ (1-I t z. 1- e,IJ : e,I.,) f \/-2 /f , -
eo., T -:: e ,~ t c( f" T -: e /N (I + ~ (I - 2 ~f)) 


