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DR PROTON AFTD FBAVY ION ACCELERATIOCN

Alexesev H.XN., Veselov I.A., Goldin L.L.,
Kruzlov B.I., Lebedev P?,I., Ilicolaev V.I.
Shevchenko V.G, (ITEP); Vasiljev A.A., (AD
A complex for proton heavy ion accelera- sage throuzh the accelerator can be avolded.

tion i3 being constructed on the base ol the
existing TT0T synchrotrone. T mchrotrone
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nagnet system is nct to be clanged. During
the years of operatilocn geveral new puildings
have been built arcund the ITEP accelerator.
Their rpresence makes 1% difficult to find
place fer a new linac - an injector of heavy

ions (fiz. 1). The existing linac is used now
for proton acceleration only. After certain
changes it would be possible to use it for
acceleration of helium.

The developed project provides for acce-
leration of iong (from hydrogen to uranium)
with éifferent initial states of charge. The
project 18 to be accomplislhied in three sta-
zes, First of them based on the existing
nagnet ring only. In this case, the ions of
the first half of the Mendeleev's table can
be accelerated up to about 3,5 GeV/a.m.u.,

and the heaviest ions up %o 0,7-1,0 GeV/a.,m.u.
At the second stage of reconstruction an
additional magnet ring is to be installed in
the exisiing tumnel, and the third stage in-
cludes a superconducting accelerator. In the
process of transition from the first ring to
the folowing omes the ions would be entirely
stripped. When the second stage of reconst-
ruction is accomplished the energy of heavy
ions would reach about 5 GeV/a.nl.U.; the rea-
lization of the third stage would raise it To
2C-25 GeV/a.m.d.

Ton sourse. As 1t was mentioned above
have no room for a long injector system.
means of a short system it is ilmpossible
verform a big number of rechargings, and
initial state of charge must be high enougn.
It seems inexpediant to begin the accelerati-
on of pmediumn ions from 1/A<0,1, and that of
heaviest ions from 1/4<0,05. It means that
the medium and heavy ilons states of charge
mist be not less n 12-14, aad preferably
> 20, A sufficient amount of such ions can
be generated by COp, laser source [1] if its
pulse energy is greater then several fens of
joules. Laser sets zgenerating such energies
have been manufact
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tured in several places.
Ton sources based on electron cyclotren re-
sonance [ 2], as well ag crycgenic sources

witx electron beams [3] can Le considersd as
reserve sources,., A laser souxce with accumu-
lnted energy about 200 O is now under develop-
ment. e hope that 1t would provide ions with
charge ueg of about 20.

Injector, A two-gap resonance accelerator
with sinzle or twofold beam passage (fig.2)
will be used as an injector. Lxperiance of
THP (Movosibirsk) shows [4 ] that 3 IV at
3 YHz can be obtained on the drift tube, Lner-
¢y increase in a single passage would be not
Tess than 5 ileV/charze, i1.e., about 70 tieV per
nucleus if i=14. The second passage would in-
crease this energy to 140-190 eV, The first
of the fismures is valid for acceleration re-
peated wout recrarzing, and the second one
“f the ions are stripped between the first
and the second accelervation. If the source
erits ions with charges 2 20, the second pas-

0018-9499/85/1000-169

W

Ve

\

E]

Sl Ui

My wregt

e gysten of twofold acceleration with
external particle return channel makes It

ik

easy to change the channel length axnd thus to
ajust the high volitage phase of the second

acceleration. Such a possinility is of great
importance for an universal injector whicl is
to be used for acceleration of ions with dif-
ferent 1/4 values.

An important feature of the itwo-gap acce-
lerator iz its stability egainst i/A changes.
The calculated values of the mean lon energy
and the useful phase ranpge at differeat valu-
es of 1/A are presenicd in the following tab-
le, In the calculations 1t vas supposed that

boncher ig ingtalled in front of accelerator.
Input and output beam parameters of two-gap

. _injector accelerator

s e ot o
Telative Ion
charce i/A

e e o e 2 e e e e o

0,1 0,2 0,3

Inection energy, leV/i 50 50 50
Ton energy at injector
output, lieV/i 5,7 5,4 5,0
Renm rmomentun variation at
injector input,ap/p, % 41 47 +1
Deam momentunt variation at
injector output,ap/p, +0,6 10,5 +0,3
Phase range capiured into - - -
acceleration 200° 1600 145°
Dunch phase range of the
heam leaving injector 30° 20°  30°

Vacuum problems. A cardinal improvernent of

vacuum 1il tie synenrotrone vacuun chamber is
required when changing from proton to ion ac-
celeration due to the fact that recharge
crogs-sections have very great (atomic) va-
lues. The experimental data analysis indica-
tes the possibility to estinmate total rechar-
ze cross-sections in the most important range
from 0,5 to 100 ileV per nucleon by a simple
empiric formula
-
6= 1+ 1077/ p
"he E~-values depend on lon types and
their charge, For UsYt its value is 7, for
20+ ~ 2,4 [5], for U0+ - 0,6, Zor Tib+ =1,
for Crd+ - 2,0 f6]and so on, Simple calcula-
tions show that for +=0,5 s acceleration

= CIT]2 .

tine thie necessary vacuu@TES about 10-10 tor
to accelerate U0+, 5410 tor for U0+,

)

and 3 .10~ for Uﬁ0+ (what seeng impogssible
in our concitions). It was considered that
not nore than three to fivefold vacuum los-
ses can be adeopted in the project. Greater
logs values are dangerous, bvecause twe or
three times vacuum deteriorations which are
always possible disturb in this cases the ac-
celeration totally.

At present the vaguum in the accelerator
chamber is 1-2 x 10~° tor. Thus 1t is neces-—
sary to undertalile a radical reconstruction of
the vacuum chamber as well az that of the
whole evacuation syssem. Ve are planning to
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use digitributed evacuation with 3
cetter. Dirst experiments have bLeen success—
71J ful“ll]ed at TTED
e vcceleration frequency
rance raises irom 4 Lo 25-30 with trancition
from proto to dons,., To malke an acceleration
system wits so big frequency range is not a
trivial fasi. Wwo possibilities are under con-
slderation. The first one io a relay accele-
ration gchen ith two acce]_eration systens

notsnraryed

[

”oL“¢n~ one after another. In this case it
¥ 1 be necessary to insitall new accelera-

tioil stations 1nuuead cf thwose we have now,
The second possibility Ponsists in transiti

Zrow higier to lower v,f. harmoznics in the
procegs of nccelel‘aulou. such o transition

was uzed JIUR [7] and IHEP [8], The nain dif—

ficulty here is the necessity to accomplis!
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it in very beginnin" of the acceleration nyc
le, en % ; fi pulsations are par-
I .L

efficiency of

tids
invedticsated at

1lcu] rlJ DTOHOUHuCQ.
oceza 1s cmperinenta
proescent,

Paorticle extra

ction. The existing F
synoorotrone Ly no glow euslraction syst
and with the ejluting nagnetic blocl: arran-
gement creation ig impossible.

Particie exlraction can be accomplisihed
by means of their scattering, ueglaﬂlng or
recoarging on internal targets., The calcula-
tlois show that lightest lons only can be ex-
tracted by scattering, The most zimple me-—
thod ol lon extraciion is thelr recharging,

o
3

l.e. beanm stripping in the target material.
If the beain approaches the target slow enoupsl,
tie extraction process can be well stret ched

The lons gtripped in the target are swept by
tihe synchrotrone nasznetic fleld and brought
out ol the accelerator vacuum chamber. Tne
extracted beam can be directed to the exig-
ting ionguides if i/7 is smaller *han 0,7.
sorte considerations about intensity. Let
us evaluate Indensity losses av DJcctlon,
acceleration and exitraction. Tosses depend on
the acceleration scheme, Fach ion recharrse
deminisiies their nuuber T

by a factoer of 7
Loss fQCuo* evalualtions for single recharge
are given below.

Loss factoxr

dcceleration in injector 4,0
Recharge before the injection

into the main accelerator 7,0
Beam transportation and input

losses 1,5
LaptuLe invo acceleration

aroces 2,5
Iarmonic umber change 2,0
Output losses 1,5
Total losges 300

e et 108 accelerated particles we need
1011 pnltLPIQu at the injector 1nDuL. We cone-
sider this nuber as T@dlluth. (. th elect-
ron tean sources, particle number may be an
order of magnitude lower because such sour-
ces ‘*rlw iong much deeper, what makes unne-=
ce:sary their recharging before injection
izto the mai» accelerater).

clear already the scheme with
sition of ioms through injector is
from the zoint of view of itg
scheme either needs or does
thelr injection

on t: charse

R
As it e

licity. This
L need lon rechargze before
to the synchrotron depending

emerzing from the sour
uo“ble *"qn ition
b ts two recharges,
he source inoreases

3 iich becomes
reduced.

gche—
tnrou¢h injector
Humber of ions from
Taster than rcchar“o
necessary 1f the char—
mherefore it is too early now
o chioogse the {inal injection version,
Conclusion, As it follows from above, the
realizalion of the first sta age of reconstruc-
tion is not connected with any serious civil
engineering work or special eguipment congt-
ruction, The need of very hizh vacuum (10-10
tor) and tlherefore the total recongtruction
of the vacuun systen ig the most difficult
feature of the project. iz it wau nentioned
above devnlogment works in this field are
succegsiully advancing, The two-map accelera—
tor-injector is in the procegs of installa~
tiom, H-nn—**coueHCJ system is intensively

€3

woried at, Developnent of MC&VJ ion sources
is started. The first part of the projecy

can be accompnlished within next few vears.
The works on the second and %he third project

parts arc yet in an initial stage.
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