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[The following is o eomlunuol of material from mlcln in currend
periodicaly principally non=Russian, on the pm.‘.eh ueolonﬁn projected
at Rerkele and Brookbaven 7. '

1. Introduction \
I %

! The genaratics of extremely huh energy particles vith wu aid of spe- i
~1a] devices (accelerators) is one of the central problems of mn‘on physies,.

AL tha present time cmgm resonance accelerators have had m greavest

development. (Noter For the acceleration of electroms, oonuud we s | . |‘\
| being made of betatrons as well as resonance accelerators. Cf. ll!l, 25, ' ‘ -
161, 19U UM, 27, 31, 19L5) UM, 30, 119, 1946, The method o:( betatron ', \;\
acceleration is also used in the prtur,r stage of operation in chne ree ‘ ';g
sonance electron accelerators, called synchrotrons,) In theve dw&eu the .1 ‘ P‘

particles, revolving in a naguetic n-u, complete the same or wkr; nearly *‘;'- o - |
the same cycles, receiving ehergy f{rom . high=frequency oheu'lo Lﬂou vhen

iney puss the sccalerating gaps. The circular frequency ) of & P‘"“h o ;
.ouun; vith tot.n energy K in s ngmuc ﬂold H equalst

‘. c;ﬂ .
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where @ ® == (v is the velooity of the particle, and ¢ is the mm.gv
. of 1ight)s '
Yor rnonum the frequency of an dumuuu. mmmm -xmm
field &y mst equal (oﬁ"an {ategral multiple of) the eirevlar rm
(1.0 anguler velocity) the particlet :

'y

* whers q is a miltiple of resonance (usually q * 1. o

since the energy of a particle in the process of acceleration -ls ‘

: . {nerease, then in order for condition (1) 'to be fulfilled either parameter I

| ’ H or parameter w, of both must vary in 4 suitable manner. v o
‘ This is one of the differsnces between resonance accelerators ad

} cyclotrons, in which the pumhrl remain constant. Therefore t.ho opor-

ation of & eyclotron is diorupbed 8s soon as the relativistice ottcct ot m i

+ | iricresse of mass of the iond being accelerated begins to be felt.: m uu X

ﬁ . peason, &3 ie ueu known, the cyclotron is not suitable for ueohnuu :

o;bgtrom. In modern resonance. ucolouwn which q‘u: the prtuiph of

 wgutomatie phuiu"v tne relativistic mess increase does nﬂ M uu 3
 operation of the sccelerator. . T
rsoelerators vith & wagnetie field H'vhich variss over & poried of.;

time and with an accelerating field u‘ot "eonstant troquonq m -.uaa
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. ;  .aynchrotrond. Synehrotrons are used for the scceleration ot nutnu.
" (cf., for example, the dncr‘.l.puon of an 80=Mav mehnsna in v, ¥ ’

,, 501, 1949, and the description of Wie first moded of an Betev uyunrom-

| i, 3, S8, 29N, o SR
‘  Adeslarators vith o magnetio field whieh u oonlwn on;__'
i of time and an ucolorum doeirle field ﬂ.w a ehm;&u (dn ﬁnm}

. ,',wll

troquenq hnvc received eho name phuotron. thuo

" acoslerating heavy plrtm.u (protonl, doutom, u\d C-p. P'Aclu“ .v :;"_

(Cf. the description of the 184 ~4nch Berkeley phuo!.m, which' pndueu

’ -pnruelu and 200-Mev deuterons in UFN, 52. 396, 19h7.) ';x o .
o accelerator both the ucntic field and SRAERE

L00-Mev -
¥inally, if in a resunanc

L

the ncel.onting electric field vary’ linlnmoul].y, then’ '

the frequency of
Here the rule for vuyo,r,i,u Lo

seh an céeohuwr is called & lynchroph‘mtron.
ing H and &y L8 80 chosen that t.ho rediuvs of sho orbit will remain ¢ mum.. R L
been e-.\euhted in lolt ouu tor ﬂw} ‘ ” l

peRy
.
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The projected synchrophasctrons have

acoeleration of heawy particles. ‘ R

gelerstors, which vere firet propoud by V.. » 0

T e,

Modesm resonsnce ;u
Veksler /1.7 in 154k, ave based on the property of “sutomatic phasing’ or:

'phue lubniw. y : : . Co
In the theory of ueolu-non u has bocou c\m.o-uv o dcltmu
‘a8 the phue of the pu-uelo Q ‘the phu. of the numuu nm.mn

o woltage ¥ ® Vocos Gy b at the. ms \mon the pu-mm pm the uem‘uujnp

oum. opcnuon ot an uuhuw nquuu tl;ut c; tl

T m. 'l‘holucc
” 1

, ' age over sany moluuw the pluu 6! the particle showld nm'
SR -eerraspondtng to mtncunuy high ueohut.w volmO.' 14 i
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The property of sutomatie phasing means that for a definite interval
under initial conditions the phase of & particle during agoeleration mo\mo
danping ooeuuum around 8 certain stationary phase (phase pout) 'og R Rt |
corrnponunz to the accelerating resonsnce voltage V. L ] euﬁ The ‘

motion of a particle in resonance vith the accelersting vonuo is cslled
equilibrium motion, and the corresponding paramsters (energy, redius, orm, S _ %“
etc.) are oqunibrlu paramoters. Ceupled vith the oseillations of the . \!
phase (and this ulso lunl the energy) of a particle are the oscillatione '.\
of the radius of the orbit (2) sbout the equilidbrium poai tion {(Lhese are ;l‘
colled redial-phase oscillations). These rozliiatian: wave 8 frequency S \
congiderably lower than the circular feequency of the revolving particle; o L‘

41 other words, radial-phase oleinnuem take place nlmﬂ.y Ln eolpnruon ‘ .
. with the particles! poriod of rmluuon. Suptriwond on thuo o].ov uoﬂ..b AR h
letions of the radius are the much more rapid "free® rndhl and nrued ) S b
| : oscillations which are vell known from the theory' of the betatren. (lotu o ' 3
See, for example, Ya. P. ferletekiy, Journ Prys USSR; 9. 159.'19555, . "-’v“i""l . .. !
.  aleo UM, 27, 31, 19S). The frequenciesd . end G, of these olcmltlaﬁ‘" LA

are of the same order a8 the ecireular frequency () -nd lN oqun, rupceunly

tot | e
e | ‘ o werd T, @y" o+, ﬂ ‘ : SHEEL LA
, vhers the quantity : it
o d1nkR A e
- xmuao:ozmuuotunummnm,“” arises the ocafi S Sy, i

A ation of the aagmtie ﬁdd. ror lutbl.o leu.el t-lu qwuw |
the inequality 0< n‘ 1.
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v;lun '1 -ul c, {aee nnﬁ 1), vhiod are alpoul. smnuy

unaymetrically relative 40 @ ¢ ot The beundary values '1 ‘and ',. c’t

which en cesillating system for the phase u stild mnut pnltm.

oqm mpmmu o ®,md @y (the Latter nlu u Mmud from .
a certain trwulmam equation and also m a f .).

Automatic phasing takes place for & suffieiently lia,('aﬁlbﬂh')
varistion of tha accelerstor's paraseters - namely, potential of the mag-
netic field K, frequency of the accelerating field iy, ete.

As the theory showi [2.7, the phase behcvior of particles in reson-
ance accelerators is described by an equation which conforms with the equation

for a physical pendulua vith an external mement and adigbatically varying
coefficients

h'*beoof-r (L)
where a, b, and ¢ are llwly varying functions of time. Phase behavior
can be conveniently investigated on the phase plans within the “coordinates -
(¥, Q). An 11lustrative draving on the phas) plame for equation (L) is
shown in Figure 2 (the characteristics are the same as for Figure 1). The
closed oval orbite surrounding the point @A, eorrespond to the periediec
phase variationrhbout [ 4 o* Stch 1s the phase behavior for pirticlu‘ which
are caught up in the scceleration regime and, on the average, accelerated |
by the rnonmeo' nethod,

'rhol limit elu'n (lqpnrntrtz) separates the closed periodic orbits from |
the unclosed phase trajectories. The latter correspond 1o suehk particles |
as are not captured u the acceleration regime, fall subsequently iamto
eonplomy ditlorent phuu (corresponding to the lag among them), end are

unable to reach high vd.uc of energy. Obviously the *phase regien of
capture® lies vithin the limits (- ¥, @)
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:\vbon ! is the potential nergy of the pu'uelu. In other words, the

~with the s _ame redius and the ssme umtic £401d v in & wmﬁ\uotm. ik
" proporu.on to 0;(@)!(‘)» Besides, t‘_m the poht ot v'lu et the mundg‘,wf : ;-

ety B L R

Declassified
ified in Part Sanitized Copy Approved for Release 2012/05/25 : CIA- RDP82 00039R000100100077 6
A

- T T . - B O

An exposition of the theory © , .
sccelerator is bqond u:o scupe of this Mn‘, umn u .poufm dovout
to the plans for gianb unchuum designed o produno pmm vun cmr- &%
cles equal %o 10,000 Mev. o ¢ f ijj’ LA

liowever, sinoe we contesplate a further upoca.uou, it 1s m«um
to make & fev more rnu‘kl. In egresment mu ), (?), and (3) m nd!.uﬂ
of the equilibrium orbit in & synchrotron increases in proportion to the :
veloclty of the particle (and stops increasing only in the relativistie
reglon for B 41 . ‘ L

Rty ® ,':.‘3“‘. e

In the phasotron the squilibrium radius incresses connidnubl.y wore
repidly because of the decrsase of the frequercy ®) (¢) (and conu.nu
growing algo in the relativistic region)e ~

Al

e e '&‘v‘w
In order to keep the equilibriua radius constant durl.h; uéhernlon
(R® k= const.), a8 this takes place 4n the synchrotron, the frequency

¢ ’l.('” sust be incressed with time in proporuon o the veloeity ﬂ(t):

wl-"[?“\'-) "KOLV . Iy g (6):

froq\uncy of the electric fleld ooy must vaIy in the same vay & the fre- oy
quency of 8 pa.rticlo, ﬂieh moves in & boutm along an oqu!.ubﬂ-n orbit o

on the other hmd, for resonance the magnetio mu mat increase gt

o m cqumbm- udm ns 1imits are imposed on the vmmu ot the

e QFDENTIA

-y - e s EE
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- ummw.munﬂmﬂ#“w""m'“
| conditions may be & Wmmﬂ-dhqmwtm

m T f*t s '!a
remaln constant snd m. in uuua. resenanes sosclondtion wl) mt R
plase. With an arbitrery (hnulmt.twnn) inaresse of the in 't N SR
fiedd ‘
ormmuoumwmmamumuuw " " |
\\ msmumunuumunqnowmmayn(?:m |
v vembining (1), (3), ] DA
nf H(8)e mmmlom.s“w | |
. ' M |
w (6 = e . N
" o e ;a8 of ‘
‘ The total variation of frequency wiieh Li neeessas, i wae ey 1 t ;{
acceleration is determined from the initial By and final 't energies :“. . N
tho particle. A large varistion of the frequenay &y during accelers . o h
\ iven valie of the ; !
' presents cousiderable Lechnisal diffieultiss. For & giv - | i
o finad enargy the Feblo between the findl @y ¢ and inttidl lag | ‘
' quencies depends only on the {nivial energy end equals

\/:T%}T w

vl - () : .

Thus, he W“‘W‘W(N““ﬂ“'ﬂ)‘x“wi"“ff‘”"?.‘

the less necessary it is to modulate the frequency W), in s qulu- W

phuof.ron. As 40 evident from (8), in iho nuumu. uu (l&)‘ls) tu_ :

qwmv K in general practiqs does M depond on the Muﬂd :
u» devernined entirely by the muq -u-c.

i
5.\,
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' bcmtm, mehrophuotm, and linear accelerstore«the whnpiuotm '
‘ummcumwnmuormm. Mnuumlnqum . :
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eilated %0 produse partieles vith wergy of m order of Wndreds of Nov, K T
there have sppeared projects for the orestion or wish mole m Ma’.
mwmumnuunummuumummn:m
billien sdectron vilte, Aesleretors suleclated to produse’ porticdes ta K
this energy range have received in Ameriesn 1iterature the mxo bevatren:; -
(fron 10° ov » 1.3ev = 1 billicn elestron velte)s In 397 there vas des- .-
oribed in the Literature & pro\on sscalerstor of 1.3 » + 207 ov planned ot
Birminghan University. Here will be dmrund Wwo 10=Dev Nnuou whioh
are being planned in the USA at the Brookhaven Natiemal Leboretory under :
the leadership of Livingston and st Berkeley University [/ sic_/ under the ‘
leadership of Brebeek. ' |

The energy 10 Bev, &8 livingiton /) _J ™i=t.l eus, wes chosen vecause {
1) mndod the threshold for the formation of nuclesn pairs, namely 5.6 Iw.
[‘sJ This value is located in the same energy range as a definite sopniat
‘of primary cosmie rays. 1Ia the case of electrons, aeurdtnc to mary uthon :
radiation losses set a limit of the order of 1-2 Bev for the n:.llu mm‘j n

P

able energy of electrons in qeuul ascelerators. (Notet m rdut.ien . o
by ‘leotrons see UMY, 33, 277, 1947) UMY, 3, 398, 1948.) Per pm..m. fa o
radiation losses, which are inversely proportional to the tm pam- of

the potential energy of the particle, are negligibly small m -uma ot . ‘
several tens of Bev. Therefore, in the case of hravy particles the lnl- B

N

——

p_———

attainable energy, Af we refer to the nethods now used for m nemuu.u ue
of particles, is liuited ccly by teshnisal mnbuw and W M. oons - i

o: &ho four pﬂnel.pd practiecal types ot molmuﬂ--ﬂn pluut.m. ‘: ,

o . - N

Ly P
e e
e
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‘not by chance, thersfore, that both projects referred to propou to omlqv i*i

‘slons nnhunl of up to this tine must b mwnum (ufmc 1t lq i
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longth, While 1n addition the'diffienities of. mni’%n

and synohronising the qm- over 1ts whole leaghh -is " inu‘uu

This synchrophasotron with ite ring uM 1, it mu m‘ii‘* u’n*umdo-

able and precticable for generating 10=Dev pﬁ\&.

Furthersore, numm\omvalof'
vuhout. an iron core. The dunmu of a magnet kum 1M no ia. mr !
fast that the maximsm f1e1d intensity 1s not limited by mmmn .
the case of iron and in tho saving ‘of a large qunuv of Lron. However, | . ; E
this type of unﬂ. leads to intolerably high vnuu of reagtive power aﬂ | L . 1

creates very great difficulties of msehanivil desiom wwd nu.bmv.

i

o o

well & in the semse of odbtaining the necessary dxurl.buuen o! ws-moii
for oreation of & magnetic field of the appropriate eonnnnuu. It 10

neeolont.on of the synchrophoasotron type having uwuu vith iron ooru.
0f course, the known advantages of the synchrophasotron do ut lugly Shat o
“in the design and tonstructicn of these colossal devices thers are mot o NN
vhoxo seriss of seriows duﬂou:l.uu ooumud vith pnbl- ol mlm, N o
synehrotren, .and betatron Yechnology wilch miat be overoms: Mere. u-a-

e

-
»,
PR S

nptothuun). '

. 3 =t

- The anount of data nuuw oa the probh- of mamuu uunm
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' Dalvereity pujm. -l %o uu iu hda' of tho pnant, W umu

R uwaoﬂojmmmranmlotmﬁpm.
! ”um,mummmmnmuuemlmm-m-um
,elih.nbmt, apd. Uﬂoﬂw of mblo-m-lvnd,lﬁldw‘- 1
We vil) eonsider these two mm npmw. !

The ring magnet of the ncohnm wvill pnubl: ooaui.n rectilinear
omun-. 1.0.) V411 be.of’ ‘the 'ruciruk' W (uo Figure, 3). (This type
or -umt. received the nane érunpuh' :rd w ovd torl.) The rectilinear
sections, in which the pmm.o mu in the cbnn« of ¢ .umue field,
" ave inserted to facilitate the osoniling oi8 sovv!:lag of the devics, to

. accomodate the bulky uoohnuu system, to provide an lnpus nd output
for Wharbesa of puudu from the accelerator, ste.) The magnet ie =2t~ wp . |
of plates each 1.25 ca thiek, The maximum magnetic ncld nesr the orbit {
10 15,000 gauss. Accordingly the radius of the mui.brl- orvit ds R ® 2l ume i

Daring the operation of the accelerator an energy of 5-107 joules 18 to be ‘

stored in its magnetic. emm. The orou uuuoa of the nignat is C-shaped i

nnd has the drmon the onur -m. murupummxn-u

. cross section. 'fhe properties of f.hu ype of -umt. ary betng investigated ' |
- with a 1/4-seale model in tho form of\u 6° are. m muuon wmerg is |

Wy . .l Mev, The frequency of the mohutm cluu-u mu veries from

" a8 te 2 llo, L, & chvu-feu vu-uuu. lor m ‘reason \he wtille .
uuon of ruonmm nh thoee mu are wed 1n ‘ootren’ secelerstors /117 ,\

‘maets with great umonmn ia m 08¢ under eeumnuu. The rescnstor ( g
MdhmuunqlwsutmmuWImtﬂdmm li’.
T edge o extresrddnartly um«n. m eurmu ot ‘Wi ot of ene thov- 2
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sand smperes are required ia operations vwith sn untuned resonator. 7Theres ’
fore 1t 1a proposed to use an accelersting system of the "traneformer® ‘
type, d.00, W0 utilise an industion method of sccelerstien, Bot, haweves, }
for the vhole revclutien, as in ihe betatron, but in the narrov seceleratiag _
gap. Ome of the rectilinear sections of the chamber is surrounded by & ?
ring of leminsted or powdeved forromagnetic material whose weight reaches
several tens. The winding of this ring core is primary, and the ion besm
1uoif serves as a tum of the secondary vinding. The 4on besn is accel-
erated by the \M.rnnc electric £ield which is created in the chamber inside
the ring-shaped magnet. It is considaradbly easier to vary the frequency of
the ele trie field over a wide ranae u outh @ swetea. e Luirement of
energy per revolution must mount to AW ® 5.5 Aev. ludé 42as of acoele.
eration of protons is about 1 second. It is proposed first to test the
nethods, necessary ror synchronising the electric 7ield and the directing "
magnetic field, on an electron model 1 meter in diameter. A

According to certain reports, [12_] Brookhaven Laboratory is alse plase ‘
ning a bevatron for acceleration of 3=Bev protons. On this project only . l
the folloving data have been published: o o
n°-915 e, \li-JNov, AW = 1,15 Kev, A = 0 om,
where A 18 balf, the height of the vacuum chanber, . ‘ [

L. The Berke Borkol University Bevatron Project . : \

the problens which are being analysed in wis projest not oly reléte )

in considerable messure to the gives device, but aleo are common to a1} - o ; \
large installations caloulated to produce particles with energies in the ' \*
hundreds and thousands of Nev. | i
of the ‘ehdef mmmsu mo-urd in the duun of & bonm o o

(or the quhmhuotm type) s the nesessity of -ouhuu e W

of the sccelerating slectrical mu mny times io correspond with the ur.l-
atiom L nuoiw of tlo proten (000 7. I w ﬂil (l). m
Y ) - n -

L
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it is desiradle to start the ;yuhmhuo\m regime at the greatest pese
' yible initial velooily. In setimeting the wmergy velus from vhich the
synchrophasotron regime must begin, the suthor of the project presesds from
the poipt that ab the present tise & wo=fold medvlaticn of frequency has
been schieved in the phasotron, and soon & three=fold modulation mhet be
reached /127, Therefore it is propossd to accelerate protons initially
in & betstron regime to a velooity esqual to ome, third of the speed of light
and then to conduct the acceleration up to the finsl energy in the mehr'o-
phasotron regite. Moreover, as will be Rade ¢lesr below, this circumstence
(the presence of an {nitial betstron regime) requires no supplementary in-
creane of the quantity of iron duo' to the cross section chosen for the ring
magnet (see Figure 5)s

For the input of particles at Lo Sy us e Pt un Tegiae 1Y is

also necessary, in so far as pesaitle, tv utilire Ligh voltage injectien so
af to decraasa the losees rerulting from the scattering of particles and
the divergence cf the beam due to coulomt repuleion, and also 9o as to avoid
the effect of asimuthal asymaetry of tre pagnetic fiedd. By asimuthal
arymmetry is meant the declination of the confipural ion of the directing
magnetic field l!| from axial symmetry, i.e., H. depends on the asimuth of
0 . If (@) s expressed ss a Fourier fteriest

/

L
He HR) /L 'Z ngcos (A v @g) [y (%)
‘ll ! .

then, in sgresment vith Bohm and Poldy [27, we correction BR to the
redius of the instartaneous orbit N which is introduced by the asimuthal -

T "m’.d’ - v‘;—;nv - - CE g T !-nvﬁq-w: e .
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asymne 37 b H s

hg - (20)
W =Ry Ex: m‘_—L oce (fo » &), | ,
where n is the index of diminution of the magnetic fieddr '
'3 In K ' |
, %._._l . S
ne & (1)
as is evident from (10), the circular orvit s distorted; vhereupon
tre lower harmonics (small velues of 7) nave the fl.nr;ut values, Therefcre,

we can consider approximately that
‘}’r" * .‘f' ' \‘ ' (12)

There is a danper cf ariautra) agymeebly in ¢%- JL0 .0 ot due W the com-
paratively small value .:;%E (the weed~ % Lie wiguh v e working region
1o the radius of the eq.ilibriun orbit), which, in agreement with (12),
imposes rather rigid requirements on the rugnitude of the asimthal vari-
aticn of the magnetic field !-:- » It is proposed that the injection be
dore with the help of 8 L-Mev Van de Graaf generator, which corresponds to
s sufficiently large initial magnetic field intensity of 120 gauss near the
orvit. The successive steps of the acceleration process ars shown in fable I.

In order to conduct the proton beam from the Van de (raaff generater
tmgonﬁ;ny to the orbit, it is éropou-d to use an elactriecal deflector
usde of deflecting disks of L.5 m redive. Here the slectrical field between
the disks must cq\.ul 10 kv/em. The effective width of the "injector®,
which introduces the danger of 1oes of particles bty oollision, is deter-
uined in this case by the thickness of the internal deflecting disks, At
the end of the sccelerating cycle the protom beam must be deflected on %

an oxternél or internal target, either by wpsetting the resonmce relation-
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ship tetween the frequency of the acecelerating fielc and the intensity of
tle magnatic field, or by superimposing & pulsating deflecting eleotric
field. The beam otteined from the Larget as a r‘uun must be utilised
ﬁarthr for various investigationa.

The general schematic disgram of the accelerator {a given in Figure L.
Ap 18 avidert, this o a “"racetrank" type acnrlerator connisting of feur
cuxxgd grrtions which are sonnected Uy short rectilinvar gaps, The redius
of tha eqdlibrium erhit R° Le determired from the final energy Fy and the

miaimum attairatle val e cf the magnetic field ntermity H

-t
-

in ajreement
with the formula E z HK {in electrpn volts), snd is causl to 2i.L = The
trngth of each of the metillieas "estione ' La @ Ln ennardance with
the "panetrack® the ry :“)h_?. whar. tae vatie & 6 7 it saoden fer the
tndex of diminutiorn of the mognetle fiele, tnm rectilirear gnpsr'dut.urb the
stabla m tion of tha particles iy very Jittle  [nject.cn must take jlace
rotwe of tha rectilinear gurs. The use of two inlsctzrs (Van de Grauft
gomerators would increese the intensity of the lems r.vrlacu'lernod prowona
and guarantee the dependability of oreration. 1In the third rectilinear gap
iu placed the accelerating apparatus. Finally, tre feurth snd last is
dreigred Lo facilitate the output of these products obtained from il.he cole
lision of the A'eceleutod proton beam with the turget. Moreover, a vacuum
purp. it curnected to each rectilines gup (see Figure )« The weight of
1ron required for the magnet is equal % 15,n tena,

The cross section of the magnet is shown in Pigure 5. Most important
here are the cross sectional dimensions (height and width) of the air geps
These dimensions to a significant degree determine the value 'pf the whole

spraratus as a unit, since the operating vo].u-,’ in wvhich the necessary ‘

. magnetic field must be created, depends cn them.
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; Selection of the height of the gep 1s deternined by the folloving
factorer a) angular dispersion of the input beam, b) distortion of the
magnetic field's plane of symmeiry, ¢) thickness of the chamber walls and
sise of the permissible gap between walls and magnet, end d) scattering o!‘
jons in the residual gas.

The input beam can be so focused that the maximum amplitude of the
vertical oscillations will net exceed 7.5 ca. S ca is sufficient for the
chamber walls and the clearance. Vertical distortion of the aversge plane
san be rerrected with the aid of auxiliary eoils in the rectilinear sections.
The essential factor influenolng the chodee of helght for the chamber i
ohvisunly the scattering of tons ih the residual ges. wiien *»« pressure is:
| lf""q /Mg, the height of the ehamber avallable ¢ ur eotiin of protons

15 1% am, and the enorgy ineremetiy pol suv e om @ A3C0 ev, than sbout 10%

of trne particles intredured recch the maximum ennrgy (3 facters othar than

penttering are not taker intw wereurt),  Thoe height gelected for the alr

gap frem tne Arted conet tderitivas 1o 26 om *1
In the pereral case tnat fraction of the number of .dons introduced |

whieh reach maximum ensrgy (1f only scattering is censidered) is approxi-

mataly proportional % the qumuty ’ C

] ol

Olu‘./ ...23-.- (.13) 4 Do

vhere W; is the kinetic erergy of injection, »
7 and N are the atomic number and number of atoms per unit volume of f \I
the residual gas, , : o ]
AW s the energy incremant of an ion per revolition, . !E]
R, is the radius, , ‘

K is a constant, and : ' 1

18-

(ONHDENH”_'_}m,:,; LR

v . R P i S
\ A -
. Y . ¥ N

“ a ome gl e s A U w"‘-yrﬂﬁﬂi"
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24 iv the vertical dimension of the vacium chamberj this dimension is
enpraved 1o be ;weh emaller than the horigontal dimennion. (Concerning the
effwet of particles’ scattering on the residusd ges in the chember of &
synchrophssctron, sen the detailed work of Blackman and Courant [\2_7 )

o a result of lhe exponential facter e two-fold change in pressure can
increase particle lowses five ving which indicates the sensitivity of out-
put curtert Lo chamber pressure. We notice, m'nonr, that the energy losses
resulting from incumpiete vacuum are extremely omall) thus at 10-5 m/Hg

\he eneIgy 1N,|l'l of a ),=Mev protor. are 25 ev per revolution, and the losses
af a 10-Dev-protcn fal) to less than 1 ev per revoluticn.

The sclection of the radial dimension (the width of the operating reg-
tan! 1o a mope diffirult tusk than Lhe selection of e vl vical dimension.
ond it is determined by & large number of fartnre, These factors arei
«) angular divergence of the input beam, b) radial oscillations and come
npeewed ortits, which are determined by the Mtrarsparency® of the injector
(1.e , the chance for t.e lons % elude the injectcr in the process of
| socelaration), ¢) distertion of the ortit caused by upsetiing of the an
ratio in the scurse of betatronm scceleration, d) radial -phase o-emmm
{n the course of the synchrophasotron regine, and particularly durln‘ the ‘

transitional regime (in the umsnxon from betstron scceleration), e) ui—

1" muthal aaymaetry of the magnetic field, ) inaccursey in stlaining the
\
|

resonance relation (7) between the frequency of the accelerating field nndv
¢ ‘ the intensity of the magnetie field during \he iynchnphuotron regime, ; ‘
| ) sratial non-uniforaities of the magnet, and b) scattarisg in the residual ' \
gus in the vacuum chamber, . ]‘|
The change in the radius of the orbit resulting from & relative error .‘

in the 21l betatron condition 1s equal to /157 R f .\

O

.16

wt
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i
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vhoro u the magnetic field during injection, n = 07 is the index of
Mnmuuun of the magnetic fields For 4 © 0,1 this shange of redive in
| \he period of hesatron accaleration can reach 6.2 oma
The change of redius resulting from an inacourscy £ in fulfilling l.ha

syt hrophasotren condition (7) equals .

TR

For £ @ 0.1% this chanjpe can reach & maxinum of 1.5 oM.
The change of radlus duo to radialephase oscillations is equal to [2]

e W

/" *ui) @ 0 N
'_' Tl AT fﬂ-_‘, ey
wiere W 48 the kinetic energy of an fun, by 1% " -muwu of the phase

vacillations, P, {s the vidue of the steady phase (phuo point), and q is

tha number nf periods of the accelerating field in the Uime of one revolu~

t4cn of a particle (the reaonanve maltipiiar). The presence of the factor ‘ |
a-1/2 {a cnaracterintic for thie formula  The appearwice of this facter
1 tied in with thie fact that in this accelerator the frequency of the
«ternating acvelarating elechric field erceeds the eireular frequency of
rovelution by q times (q 6). At &hc‘ veginning of synchrophasotren sccel- ‘ [
cration A can reack 1 radian. When AW = 6300 ev and q * 6 this has .

value of 7.5 em for the maximus deviation of the radius from R, Alimw “ ; l

ssymaetry, if 1t reaches any noticeable val.e for the selected vd\xg of

injection energy, can Le corrected by shimming or properly sdjusting hgret | ¥
eurrent separately in the quadrants of the 'uootuek' amh m m | .‘ {
of the gap is several times greater than its huht. losses trcn mmrm L '\.‘
in this case (t.hrow collision vith the vertical wills) are unn . R . C . ll.

il =

o R s CONFI!)FMTW

’, . . € - -y Y .-_.,_,“., \ v
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An important and cemplex rroblem i that of the nLransparercy® of the
tnteetor daring sccleration, 1 e, the pmb!u ol how the pnﬂicln can
¢lade Lhe injactar in the process of acoelerstion. As ¥ideroe and Toushsn
hve ab~wm, the wyransparency® nf e injecter depends on %‘hl velocity with
wrich the tenie ortit shrinke during injection. The amount by which the
radiug of the ortit decreasss in one revelution 19 equal to gt' L. Bven
tar X+ 1 meter e amount of shrinkege equale imly 0.075 cm. With such @
smal) ALcinkrge the portion of iund caplured in the syatem s estinmated at
1% The ceyture affioiency nan be ‘.nlrrund. hewever, L we vary in an
ADE PR © maneer the valua ni e ratio ._z,, vhere f a the average value

¢ e mmoetie field {asade of the ortit, and H is the value of the magnetic |
flald near the ortit. For example, it the quartity fl Ls kept constent in

the injection period, tres tne radius ot the mytit in nne revolution will
be reduesd Ny 2.5 EM.

yrom all the anme enumeinter fuctery \.e velue for the radial dimen- !
sian of the opersting repion is choser. a8 120 en, vnlch‘u about 5% of the
vquilibrium rudius. Ja note hat in order tw paarantee the necessary value |
n < 0.7 the height of the gap must vary anly ty On7 om over the 120 cm "
distance 11

For urgo:; valies of magnetic field intensity the width of the operating i
reg.on can te mude emaller. This is due to the fact that the amplitude of \
free oscillations tapers off as H"l"z, while the amplitude of phase oscile
1stions decressed during acceleration in proportion to H"lh- N“'M‘, where oo ;
W Ls the kinetic energy (the values cited are suiteble for relativistic and !
noterelativistic CAS08). 1,

Accordingly it is proposed that for larger values of magnetic field ‘ ~
intensity the volume inside of which the magnetic fleld is generated (bacause \

of saturation of the special sharp edges of the tips of the poled be decreassd

- la - -
o - S
S . ¢
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PR ! » t A R ;‘."v“
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(see Pigure 5)s In this menner & conaiderstle decresse n‘:&m\h alergy
required ean be achieved. The stored magnetic energs osn be salouleted

fron the forwila M = 1% 108 *, where I, 10 the saximm fi01d 1n \he

¢tp, 4 10 the Length of the gep, @ 1o the magmetie m.;f through the winde
ings eta s that part of the total mmber of aapere=turns which gemerates
the f461d 4n the gap. Tuklng the intansii7Al7, 000 guuss ia the fron end |
'Y 15,ooo gauss in the gap andews = 0.8, we obtain the value 14,8 megajoules
for M. The most important parameter in the problem of supplying the nagnet
with power is the time lag during vhich the magnetic field grows from sero
to 1ts maximum. As this time 1&g 1- increased the cost of the mutlm

apparatus decreases. However, a large inorease of tha uec;ouuon time 18 .

1imited by the following fastore: 8).1loss of energy in the residual gas,
b) scattering in the residual ges, o) divergence of the ion beam due %
space charge, and d) the necensity for the ions to elude the injector.
These factors have been discussed above, except for the eoffect of a space ‘|
charge. The maximum ewrrent in a bemm & l result of the space charge is l ‘
of the order of 10'6 smperes, i.e., much higher than could be expected frow
the other considerations. Therefore the effeact of the space charge is ;-
important, . : ', , »%
A The period of acceleration, on vhat is the same thing the time for the E\
growth of the magnetie £1e1d, vas selected as 1 ueond. |
Another iwportant question in the omrgiliu of the magnet is the means ‘ ‘i
to create a huge séore of energy. Generally speaking, this energy oan be 4'
stored in condensers, accumulators, or revolving flywheels. The first m ZH

sesns seem unsuitable in this particular case due te the inmense sise and '

T
CONFIDENTIAL ..,
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sonplexity of the equipment. It is proposed to emplay thres-phase, SOmcyele
g‘!u;zuun'-gungnﬁ, gonor;uan which are hooked up to the hmt through
{gnitrons serving &8 rectifiersinverters. In order to ressh an energy of
48-10° Soules n 1 second. in the magnetic eircuit, 60,000-kilwatt generators
are noceusary. To decrease the reaction force on the foundation, it s
desirable to employ two 30,000 kv machines which rotate ia opposite directions.
" With the aid of the rectifier«inverter, 60=cycle alternating current

is converted into direet current which rises to a maximum in 1 seocond and
falls to sero in the ssme time. While the ourrent is rising the energy
enters the magnrtic circuit from Q-.hl generators. After the maximum value
of curre~t has besn passed the process begins to move in the opposite dir-
ectinn, and the energy sterts to return to the generators. The latter now
nperate as electric motors, turning heavy fywheels, Suitadble ;tor rectifiers
fnverter action is the pentnde ignitron GL 506, whizh operates At 4 maximua
current of 900 anperes for & return voltage of 20,000 volts. For a poten-
tial of éo,ooo volts in the uqetie eircuit the current amplitude must
reach 1,800 amperes, for which 36 ignitrons in & threesphase, Mll-wave
rectifier are necessary. ‘\m.h the mathod described for energising the mag-
netic oircuit the current in it will rise and fall linearly with time.

when the rotational veloeity of tha rotor in a generator is 1800 rpm,
a flywhesl Li.5 m in diameter and 4.5 m in length and welghing 30 tons ie
required to maintain the velocity within limite of 10% of this valus.

Since the magnet requires 300,000 aspere-turns and the amplitude of
the current is LSOO asperes, then the nusber of turms in the basie winding
must be 62. Taking the current density in the eonductor as 160 amp/sq oa,

we arrive at a cross sectional area of 1.7 sq om for the eonductor vhen the

effective current i ﬁ LBOO = 2760 amperes. The oopper in the windings

. (“*"
o COwDRNWL .
: P [ETRNL PR TR A el K AR RERIEE
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Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100077-6

) *
o K ¥ﬂ




ied in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100077-6

|
[

\UNFIDENfy4

woizha 32'3' tons, while the !?ﬂ orerating losases for continunus operatien
rednh 1360 kilowatts. The motor power required can be estimated from
aperating losses in the winding, losses in the iron, and generator loases.
the reqiirement impuned on the losses in the iron is that they should not
ratoed 18 AL the energy stored in a cyole, or LBD,000 Joules every two
sacondn, t.e., 240 bw. Loases irn the gwnerators should amcant to absut 3%

ol thair reastive power, i.e., 1900 \w  Therefore the motor mwint develop

N g e Vet e Tie actor mush La aaynchronous with lapging rotatton

. af the rotor (1 e, large relativa slippage) so a3 to develop approximately

L]
corutart towsr whan the rotaticnal veloclty veries withl- the limite of 104

The power reauivament ~&r e Lowored in ApAration with a lewer pulse
i Propienay  Fur axample, {1 we tu.e threa pulses per minute instead of thirly,
‘ Loae the powar required for moters and generators can be decreased by

LT simen . Howaver, thiy econamty aneiaugly will aat he worth while, since
LoroAoat of ecipmand for wpplying power nares up only a ssall portion -\!‘l
bam tntal coat sf Lie apparatus, ana in order to henefit Crom nperu.!.én At a
iow pulme freguency the generatore mist oe constructed with a capacity to
withatand largs mumentary overloads,

The variaition of the centrul megnetic flux, w:leh is necessary for
realizasinn »f the betatron regime, is achieved with the ald of a supple- ‘

) men'ary winding around the intsrnal or external vertical yokes (see Figure 5). : *\
The centra' flux can mest conveniently be controlled by malntaining the )
sppropricte ratio between tne voltages of the basie and auxiliary (betatron)
windings, This can be accomplished by enqr(h‘iu the auxiliary winding from :
a rectifier hooked up to the main generstor through a variable voltage 5

transformer (variak).

e e

s e, ciwms s oal o cee  memsees - - e
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The cross sectienal area of the inner yoke comprises L.5% of the ares
circusiscribed by the orbit. Thersfore, while the ficld on the orbit varies
from 120 to LSO gauss (this corresponds to accelerstiom in the Betatrom
regine: eee Table I), the average magnetic field intensity (demaity of the
magnatio flux) necessary in the inner vertical yoke ia order to confarm %0 .
the 211 betatwen condition mast vary bty the following amount?

lsoune * 11,000 gauss

The magnetio flux donuit.y during injectioa is taken oqud. to 7000 gauss
in the direction opposite from that of the magnetic flux in the alr gep.
During the betatron regime the flux in the inner yoke reverses its direc~
tion and again reaches a density of 7000 geuss, so that the change of flux
density i» equal to the required value of 14,000 gauss (see Figure 8). ‘
Corresponding to this quantity there is a change of 500 gauss in the -Q;-
netio flux at the pole tirs and a change of 336 gouss in the thlﬂl m@tw
inside the air gap.

To generate & magnetic field density of 7000 guuu in the anr yoko,
2,00 ampers tirns or 600 asperes in 4 turws are required., The dugntian of

the betatron regime le

S L 1A i
-ﬁ%ﬁﬁ- 2 0.022 9eea, ‘

whish eorrupo.n'dl to a frequency of 25 cycles/sec. At this frequency losses
by Foucault currents in the tranaforser iron (plates 0,15 em thick) reach ' i
M.46 watt/xgy or U800 kv in continuous operation. During éne half oycle

theae losses are

-%— = 96 Kkilojoules,

When the potential in the suxiliary winding is 20,000 velts, the asplitede

o LT T

of the current i'cqnind to uake up for these lesses is LOO amperes. Thus, - L
tae total current across the suxiliary winding must equal 600 - 480 9 1100

amperss .

. mNFlE{lAL
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At the begimning of the synchrophasotron regine IGM flux through the
tnner yoke egain starts %o fall off, and et the end of the scceleratioa it
rnenu o saximm in the opposite direoticm, vhen the magnetic flux denally !

equals = 15,000 gauss (see Pigure 6). Tor tais & potential of the order of
500 volte must be applied ¥ the auxiliary winding in the spposite direstica
{ from that whioh is applied in the betatron regine. In the following half '
cyole (idle in the sense of accelerstion) a pounuﬂ of the order of 200
| volts must be applied to the auxiliary winding u order to bring m valus
of the magnetic flux up to <7000 gauss, which is the starting coadition for
the next eycle (see Figure 8). Obvsouu, the decreese of magnetic flsx
density in the inner yoke trom o'rooo %o =15,000 gauss (during the synchro- - :
phasotron regime) will seem to be a reverse betatron action) 1.0., it \rn.l
generate a certain denping field. However, this effect is ET boeuic of
the slowness of diminution of the magnetic flux demsity and oan be sasily
compensated for by {ncreasing the amplitude of the accelerating nynehm‘- ‘ i
phasotron voltage by several percent. | |
The accelerating system 1s pluced in one of the rectilinesr npl,
i shown in Pigure 7, and can be described as a resonator 3466, neters i.“‘ . 'y
stretched longitudinally scross the gap. The l‘roquoncy of the .lhot.ﬁe'd , :
f1eld in the resonator is modulated by varying the capacitance vith m ald o {
. of rotating condensers, also nbam in Pigure . When the ratie bomn the | ('1
| maximss and minimum upuiun“ of the fouuu qondmtn 10 16, m m—
quency can be varied from 3 to 12 megacycles. since duriag seeeleraticn e R
\ine for & revolution of the ions changes froa 1.0 pees, the frequency rengs R
used in cperation at the sixth harmonie (q * 6) viu be from 3.3 ‘o 10 noga- o
sycles. e ‘ v‘ Y A ‘. - // i‘
The value of the required insrement of mm‘u‘ﬁ@& :au S|
frn-uuu'pr;uun . o R
AW = ‘3‘%“ m-e s ‘ e rn;v.-" w"
‘Mro-n-ils.owplllpnund mmwmmuuocyww. S

i )'i)
v : A
b

1 - C » 1
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The oquilibrium phase P, is chosen wproxiuu),: -q\ul to 60°, or, in other
words, the amplitude of the voltage is taken &8 12,000 volta., This approx-
{mates the well-known conditions for the operation of an officient phasotron,
where the power required of the generator may be sstinated s being of the
order of 100 kv, The relation (7) between &), and H, which must be realised

g e ¥ !

with an accuracy of 0.1%, can be sutomatically maintained in the following
manner. To the rotating condenser is attached 'a "eollar® which activates &
rhanesat or some other device pemmitting one to obtain a voltage proportional
to the required magnetic field. This voltage is conpenaated for by a voltage
Laken off & ¢oil which rotates in the magnetie fteld. The potential dif-
forence 18 fed into the control device in order that a corresponding small
" variation of the resonator frequency msy take place. It 1o proposed that
the plates of the rotating condenser be shaped in such a manner that m
frequency will vary according to & rule as closely approashing (7) as pos=
sible, so that the frequency correction reqiired in operation will not be
great.
The vacuum chamber is composed of porcddn soctio;in each 30 om wide
and 120 X 27 em in cross sectior, and with wall thickness of 1,875 em
(3/4 of an inch).
The joints between the individual sections are sealed with rubber »
gaskets which are shesthed with thin metsl plates. A pair of ucun. punps '
! 1s located at each rectilinesr section (see Figure L), Two plastic rings e o
with diemeters of the order of the diameter of the orbit are attached u : ‘ A
) | the sharp edges of the pole tips and close off tho spase around the vmnn : |
chasber (these rings in cross section are vishble t.n Figure 5). The volune o
bo\mdodbyunﬂm‘ndulopohupouovmudhorhrum"qom. J
pressure on the vacwwa chamber. This space must contain hydrogen or un- .
at low pressure, Thus if any ges penetrates iato m ohanber ‘4% '111 hvo
a small stomic number, 88 a result of vhioh lunl h'n ammm vm e
deoressed, . ‘ : - N L :
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l CONFIVENTIAL

The expected ourrent of secelarated ioms at the cutput of the ascelerstor
can be estimated spproxinstely by the following peans. The time Anterval
At, in vhich the instanteneous orbita during injection sre vithia the bounde
aries of the operating region, is deterwinod by the formila v '

m-(l-n)'!nt‘%- | i

where B, is the value of the magnetic field in the period of injection and %
AR 18 the width of the operating region. In this cease

Hy = LU gauss, 3K s S8y Hy o 15,000 gauss/sec, 7T Ca?e
Re

From this the paxisum time for capture of lons by the scoelerator 18
LU ® 120 p seus Assuming that each of the two Van de Graaf? generstors
i 1 roduce & curromt of 50 m'croamperes and conpiderirg that carture takes
place in each two secords, whersupon for varicus rensons only 2% of the
paximum possitle value is captured daring injection, ve oblain 1.2 0" 10
amperes as the average velue of the current captured ss 8 result of injections 1
Morooni-, {f we take into consideration that only 108 of this amount reaches
the end of scceleration because of scattering, then ve receive 1o‘u anperes 1
a8 the aversge current at the output. This curnnt‘h sufficient for experi- .
mental purposes, particularly if we take into consideration the fact that it '
consists of irdividual pulses with much greater instantaneous values of
" gurrent. ;
Also cited in the project are certain data on the expendi tures con- ‘
necudluiu\ construction of 8 bevatron, and these may elicit conniderable e 1
interest. The cost of tre megnet 18 setimated ot 10 million dollers, wi
cost of the apparstus which supplies the magnet with power 1s estimated 1
ot 1 willion dollars, The over-all o8t of the devies is estimted ot 15-20 l

»

atllion dollars. ’ ' ' \
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(ONFIDENTIAL

In conclusion we present a table scmteining the values of the besie

paraneters of the projected symebrotren for the generetien of 10,000-Nev
protons (Teble n)o
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Buccessive Btages in the Ascslerstien Proeess

AL Injestion | AG the Begianing | &t Naximn Buerey
‘ of 1.:0 Synohre=
Energy of Iom L Mev | 55 Mev 10,000 Mev
Magnetic Field | 120 gaues "l 450 geuss 15,000 gauss |
Teloetty of Iom | 0.0072:0 | 0.333:C C.996+C I
A
e I
. Values of Basic Parameters of Berkeley Synchrophasotzon R "
— : ’ -.
. Radius of Orbit ks m
' Length of Rectilinear Section 61w
| Haight of Alr Gap of Magnet 20 om '
: wideh of Cperating region at Low Lrargies 110 cm ‘l
)‘ “(ndex of Dininution of Magnetic Field , 0.7
! Weight of Tron in Magnet 13,000 tons
) ‘Heuht of Copper in Magnet \; . 40D tens
| Energy Stored in Magnet " I,AB-J.O6 joylu ,
‘!; Period o!" Acceleration ‘ 1 second
; Frequency of Pylees of Aeeolmud Tons at Output 30 per winwte \ ‘
; Power of fgnncntor (Total) _ 60,000 kv ““\ '{
| Power of Motor (To!-;l{\\\ 5,000 bp , i : x
; A-plit\ido of Voltage at Accelerating 7ep . 12,000 volu v' ( h» :
', Pnergy Increment of Ien per mvolﬁy_.!.gi o L ‘ 6:) Kev : . ; |
' proquency Mange of Generater ) 03tl0M | N 1\ \
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{e accelerating voltage and the phase
Meurs 1. :ln:;::‘ :}r-: ;1-:::); i 8 resonanee accelerator.

iy nahren 80d Motinl

" [
tgure 2. Plcture on the rhase plane for the phese of & partics in
- Fieus ) resinance accelerslor.
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Loron =ik e projested proton
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Plgure 4, Diagrams of the jrojected bevatron at the University ¢ .
' A- chamber; B- rumetz 0 motor-generators; D« Yan de Greaff gen

)

tor; B~ target; Fe vacuum oumps O= control apparatus, trangformers,
:‘\: re::ufioru H= accelerator section.
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™ e A A
Figure 5. Crose section view of the ring sagnet of the bevatroni A= basic
windingj Be vacuum chambar; C= region cf .artical vacuumj
De suppleme tary (tetatron) windings.
y
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Figure 6. Gragh of the variation of magnetic field {ptonnity in the alr gap
and of magnetic flux density in the inner vertical yoke ¢ the
bevatton magnet: A= hetatron reeime 0.0C seconds, B synearo-
rhasotren regime; C- magnetic firla inLengity in ‘he air g&)) D- B
magnetic flux density in the inner yoke,

Figure 7, Diagrea of the accelerating system of the tevetron vhich e Placed
in one of the rectilinear gaps.
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