If two partieles, each with total energy Eg, in the laboratory aystem, collide
the energy availablc in the centre of mass system is 25,,. The energy in
the centre system for a particle, with energy Ey in the leboratery, hitting a
stationery terget particle is given by
2
B =2+ auF
where My is the rest mess of the perticles,

Mtomasyndro&ashmlmtwmdadnglebma&oelmtwm
have the relationg

| (28,0)% = 245 + BT,
Futting mubers we find that
15 GeV Synchwoarash — 500 GeV with the target at rest.
7 Gev " = 400Gev " " v w
1.2 Intensity and yield
The mmber of interactiomsper second
aZN.'NleO'AHa-Eﬁ:“

=2Ale znm.:c

where N4, Np = No. of perticles/sq. em. in sach beam.
= cross seation axea of beam.
1 = length of terget section.
O = oroas section for interaction.
v-o-wpoitydputicles,whiohutamtobevelodtydnm.
I = Total no., of perticles in each beam.

Putting O equal to the geometrical cross-section of the mroton
5:10‘26m2
andn-S:Ho"’
No. of interactions/sec. = 107 for A = 1 8q. e,
1-1”&‘9.
R = 100 metres.

If the distribution of reactiom products is isotropie, this gives 100 disintegretiony
Mspwu.ma1mdumneﬁ'm§hetmm

1.3 Rackground
mmawmw.o.p.

" T

where beam is assumed to have a rectengular aross-section of height h and



readth /\ R. If there are n gas mucleons per c.c. then the ‘beckground ratio!
equals

] o x 2TRRAR
N

At10‘5msmssurc,n=5x1o12,andtaldngh=1an,R=100miruwe
obtain

Ratio = 3 x 10/ AR(in oms)
N

For N ,\,1015’ pressurgi of 108 ~ 10~ mms would be required.

1.4 Beam lifetime

The ratio of Coulcumdb cross-section to nucleer cross-section at 15 GeV is
approximately %. '

The rate of reaction equals n Vo . At 10~ ms mwressure, n =+5 x 1013
mucleons per C.C,, thus .

rate ofreactionss::w"zx}x 101015::10“26
= 7.5 x 10°%/sec.

Thus the mean 1life of the beam sgeinst reaction is 130 secs. Allowing for Coulomb
scattering this lifetime is reduced to 100 secs.

2. Meximum edvewlsting cherpe

The essence of the problem is to obtain a concentrated stack, with a perticle
density of the crder of 5 x 10W+ particles per sq. om. of crcss section area of the
beam, This is equivalent to 50 amps/sq.om. circulating current.

The circuleting cherge ot full energy can be written es the product of factars
in three woys (essuming no loss of particles during acceleraticn).

(i) N = Mumber protons accelercted psr sec. x the circulating time.

(ii) = No. of mrotons per buckets x No. of tuckets per sec, x the
circulating time,

(334) = No. of protoms per bucket x total lo. of buckets.
If & crrent of 30 milliomps 2t VU = «3¢ is injected for oné| this is

equivalent to 100 millicmps per bucket at full emergy ( V'= ). If 10% buckets are
acoummilated at full energy, the circulating cuxrent is given by (iii)

=100mampsx10’+
= 1,000 amps.

This would give o factor 20 in hend, Written in form (ii) this might be
N = 102 x 102 x 10°

2,1 Mumber of mrotons injected per bucket
With single turn injection, the muber of perticles injected is given by
N=27TR I (I is cwrrent from the injector (Iinsc))

opc
= 277 = 100 x 10-3

Rx 3 x 10° x 1.6 x 40719
._1210

8 for R = 100 metres.



With e 30 milliamp injectar end (3 = .3, 102 particles are injected in
one turn,

2,2 The muber of perticles accelerated per second
1¢ 1014 perticles are accelerated per second, the mean current is
Tpeen = 1014 x 1,6 x 1019 x 106Iuamp
= 16,4amp§.
The power required to accelerate this mean curvent to 15 GeV is
P=VI

16:10"6::15::109
= 240 kilowatts.

Tims with twe beems (o8 in en Ohkawe machine) there would be % megewatt beam
lcading. This beam loading camnotreawxamybeirmeasedhyanaﬂerofmgﬁwdey

Thus with 100 seconds circulating time, 1076 is the upper 1imit for the mumber
of perticles in each beem, This beam would be mede up of 104 buckets end in crder
to find the emergy spread (ond thus the radicl syresd) of this beem, the process of
beam gtecking must be examined.

3.  Beam stocking

This system of accelaration seems to be the most feasible and is the only cme
that has been studied in detail.
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Fig. 1, Eeem Stacking
3.1 o's Thecren

The equation of mobticn for v-f acceleraticn is

S8 Rl - )

Idonville's thecrem tellis us thet if we plot AR agedust ‘f’ 3
w




then phase area in these co-ordinates is comserved.

(1) This means thet if we lnow the energy spread from the injector, then we
know tlife energy syread at full energy.

(2) Beceuse of ‘phase displacement' if we take 'n' separate buckets up, we
will get n times this energy spread.

3.2 Addabatic switching

Enowing the energy spreed firom the injector, we may calculate as shown in
3.1 the energy syread of the beem at full emerpy, However, because this energy
spread is somewhat of a debateable quantity, we prefer to estimate the phase area
occupled by & bucket by considering what happens tc & monoenergetic 'line' of
varticles when the r.f, wltage is switoched on. This line will, of course, remain
2 line (by Lionville's theorem) end will thus heve no srea, However, becemse of
nop-linserdities the line becomes ‘twisted up' end can be thought of as enclosing
an erea. In order to keep this avea small, when the perticles are condensed into
an accelexrating bucket, the r-f voltege must be switched on adiebatically, Ve have
mmneaamdedmuﬁmg,whim&iaquickandalsolmepstheareaw.
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Fig. 3. Adisbatic Voltage Rise
This voltage rise law is

7o  wheve T is tobal time taken far switohing.
(-2

To moke the ghese area occupied by 2 pulse smeller, the switching time must
be increaged.

The first stage of any stecking system is the most importent and imposes the

linitations on the system. The first sbacking level should be as low
as possible %o cut down ecceleration time (e.g. 10 m.sec. requires 30 KeV/turn to
go from 40 MoV to 100 MeV). The time telken for ediabatic switching must elso be
taken into account in caleulating the;duty cycle. Thus i€ e small energy spread
is required for the final beam, the phase aree per pulse must be small, and thus
in twrn the repetition rate in the first stage must be low, A ] be
obtained between the requiremenis of amell energy siread apd repeti rate.
These limitetions are shown in Fig. 4 below, Y
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Withaawitchingtimgﬁ
we obtain a final beam of 1

3.4 Yoltage tavering

The energy spread ofthcbeammaybeim;rovedifmmbetheweeleratim
voltage vexry with radivs end thus with erergy. The phese eguation then becomes

At
a%én};g=§§r?("i“ ¢ -sin ¢ )
Iﬂmine'sthecrmmtnwbeappueduithwdimtea_é%am ¢ meammg
w

the phese area. Thus if the voltage is dropped dwring acceleration, in order far
area to be conserved, [\ E must olso decrease.

Further numerical investigation of this process is needed and this will be
done, when the 'Mercury computer'® is working,

4 millisecs end a circulating time of 200 seconds,
buckets with & radial spread of 10 cma,

Je. W. Burren
Building 412,
A.E.R.E,, Harwell.
2ith March, 1958,



