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The magnetic structure of the base accelerating facility of NSC KIPT with a continuous electron beam with an

energy of 400 MeV is described.

The accelerator represents a recirculator, which is based on two standard TESLA superconducting accelerating
sections, accommodated in two straight sections of 5 m long. The energy gain per turn is 2x36,36 MeV.

The magnetic system is based on EUTERPE storage ring magnetic elements. With the use of four spreader mag-
nets and eight EUTERPE bending magnets in arcs, the beam gets an energy about 200 MeV.

In total twenty-four bending magnets ensure that the beam is guided along three turns, with a maximum energy

of 400 MeV.

The calculation of beam focusing in the recirculator is carried out. The focusing and dispersion functions in the
arcs, which are typical for the given installation, are represented.

Modeling of the beam movement in the accelerator has been carried out; the beam parameters during accelera-

tion and on accelerator output have been calculated.
PACS: 29.25.Bx

1. INTRODUCTION

The basic principle of the base accelerator facility
development [1] was creating a source of a continuous
electron beam with energy ~400 MeV with minimal ma-
terial and financial expenses. It was achieved by:

1. choice of a scheme of the accelerator with recircu-
lation, i.e. with multiple passage by the beam of the
same superconducting accelerating structure; this essen-
tially reduces capital expenses and operational costs;

2. use of the existing workplace and infrastructure —
these factors appreciably determine the general dimen-
sions of the installation;

3. integration in the magnetic structure of the mag-
netic elements which have been transferred from Eind-
hoven technical university [2].

2. MAGNETIC STRUCTURE OF BASE
ACCELERATING FACILITY

With the purpose of reducing the number of magnet-
ic elements and proceeding from the size of the avail-
able workplace a planar arrangement of magnetic ele-
ments was chosen with four spreader magnets and two
accelerating sections.
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In Table 1 the basic parameters of the spreader mag-
nets are given.

In the installation it is supposed to use TESLA su-
perconducting accelerating structures with a frequency
of 1.3 GHz (A\=23.06 cm). The injection energy in the
recirculator equals 10 MeV.

Table 1: Parameters spreading magnets

Magnet | Pole size Gap H-field
type strength

I type 50x50 cm?

T type 50%30 o’ 25 mm 06T

For the special case of arcs formed with only spread-
er-magnets, the condition of time synchronism looks
like:

2SH-(2Smt1m)=nA . 1)

Here S; and |; are respectively the lengths of curved
and straight sections of i-arc, A is the wavelength of the
RF-field in the accelerating section.

For a case k-m=1 and n=1 the difference of spreader
magnets bending radii is equal to:
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Ar= —— 2
m-2 @
The energy difference is accordingly:
AW[MeV]=3B[T]Ar[cm] . 3)

Here By is the magnetic field strength in the spreader
magnets. In case By=0.6 T (see Table 1) the energy gain
AW after passage of the accelerating section gives
36.36 MeV, the distance between the axes of the
straight sections is L=593 cm.

In Fig. 1 the bending magnets placing scheme of the
base facility is given.
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Fig.1: Lay out of the NSC KIPT base facilit.

In the arcs two types of bending magnets are used:
type A (up to an energy of 191.8 MeV) developed and
made at Technische Universiteit Eindhoven; type B (for
energy 191.8 MeV < W< 410 MeV), which will be pro-
jected specially for the given facility.

In Table 2 the basic parameters of the bending mag-
nets are given.

Table 2: parameters of bending magnets

Magnet type A B
Quantity 8 20
Design C-type, rectan- C-type,

gular poles rectangular poles
Pole size 120x480 mm? 120%x620 mm?
Effective 500 mm 640 mm
length
Gap 25 mm 25 mm

Magn. field

strength 135T 12T

For beam focusing quadrupole magnets are used [2],
of which the basic parameters are given in Table 3.
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Table 3: Quadrupole parameters

Quantity stock -32
is necessary-63
Sizes 310%210%210 mm’
Type rectangular
Effective length 274 mm
Max. gradient (15 T/m

For the chosen arrangement of bending magnets, the
coordinates and lens strengths which provide straight
sections achromaticy and vertical and horizontal beam
sizes of no more than 8 mm at an initial emittance of €
~10° m*rad and an initial energy spread of AE/E~10"
have been determined with the codes TRANSPORT and
MAD.

In Fig.2,3 and 4 the dispersion and focusing func-
tions are given for the arcs with an energy of
46.36 MeV, 191.8 MeV and 373.6 MeV respectively.
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Fig.4,a (Figure caption for figures 2,a to 4,b)

3. CONCLUSIONS

The results of numerical modeling show, that the
presented magnetic structure takes care of proper pas-
sage of the electron beam which is accelerated up to
410 MeV at a maximum injection beam emittance of €
~10 mlthd. The accelerated beam has the following pa-
rameters: E=410 MeV, e~300® mftad., AE/E~3007.
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MATHUTHASI CTPYKTYPA BA30OBOM YCKOPUTEJIbHON YCTAHOBKHM HHII X®THU
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O SAAEPHOM U ®U3UKE BBICOKHUX SHEPI' M HA 400 M>B
A.H.Jloeons, H.C.I'yk, C.I.Kononenko, M. van der Wiel, J.I.M. Botman, ®@.A.llees, A.C.Tapacenko

Paccmorpena marHuToonTHuecKkas CTpykTypa 6a3zoBoi yckopurensHoH ycraHoBkd HHI[ XDTHU ¢ venpepsIs-
HBIM ITy4KOM 3JIeKTpoHOB »Heprueit 400 MaB. Yckoputens npeacTaBisieT co0oi penupKyISTOp Ha OCHOBE JIBYX
CTaHAapTHBIX cBepxnpoBosiux cekunit TESLA, ycTaHOBIEHHBIX B JBYX OOJIBIINX MPSMOJIMHEHHBIX IPOMEKYT-
Kax pemupKyIsaTOpa JIHHON 5 MeTpoB. IlpupocT sHEepruu 3a mOdHEI 000poT cocTaBiseT okoio 72 M»B. Marxu-
TOONTHYECKAs] CHCTEMa CIIPOEKTHPOBaHAa Ha OCHOBE MarHUTHBIX ateMeHToB Hakonutedss EUTERPE. C ucnonb3oBa-
HHEM 3THX MarHUTOB M YETHIPEX HOBBIX MarHWTOB, Iy4OK HaOWpaeT sHepruro okoso 200 M»aB. JIBaanars ueTsipe
JUIOJIbHBIX MarHnTa, 00ecIeuMBAIONINX IOBOPOT ITydka Ha TpH 00OpOTa, MO3BOJAT IOJIYYUTh MAKCHMAaJbHYIO
sHepruto 400 M»aB. [IpuBeaeHb! aMIIMTYIHbIE U AUCIEPCHOHHBIC (QYHKIMU (POKYCHPOBKH HA Iyrax pelupKyJsTO-
pa. IIpoBeieHO MoeIMpPOBAaHUE ABWKEHMS IydKa B YCKOpUTENE, PACCUMTaHBl TapaMeTphl IMydKa B MPOIEcCe YCKO-
PEHHS U Ha BBIXOJIC YCKOPHUTEIS.

MATHITHA CTPYKTYPA BA30BOI IIPUCKOPIOBAJIbHOI YCTAHOBKH HHII X®TI
O SAJAEPHIN TA ®I3UII BUCOKHWX EHEPITIA HA 400 MEB

A.M. doeonsn, I.C.I'yk, C.I.Kononenko, M. van der Wiel, J.I.M. Botman, ®@.A.llece, O.C.Tapacenxo

PosrnsHyTa MarHiToonTHYHA CTPYKTypa 0a3oBoi mpuckoproBaiabHOi ycraHoBkn HHI[ XTI 3 Ge3nepepBHUM
ITyYKoM eJeKTpoHiB 3 eHeprieto 400 MeB. [IpuckoproBad sBisie co0010 pEIUPKYIATOP HA OCHOBI ABOX CTAHJAPTHIX
Haanposigaux ceknii TESLA, sxi po3ramoBaHi B BOX BEJIMKHX IPSIMHUX BiJpi3Kax PEIHUPKYIATOPA JTOBXKHHOIO
5 metpi. [IpupicT eHeprii 3a MOBHUIA 00epT eNeKTPOHIB OM3pKk0 72 MeB. MarnitoonTudHa cucTeMa ClipoeKTOBaHA
3 BUKOPHUCTaHHSIM MartitHux enemeHTiB HakonuuyBada EUTERPE. 1li MarniTi Ta 4oTUpW HOBHUX MAarHiTH JaayTh
3MOry ozepxartu eHeprito 6mauspko 200 MeB. J[BaausTh 4OTUPH AUNONBHI MarHiTH, sIKi 3a0e31ne4yroTs Tpu obepra
My4Ka, J03BOJIATH OZepKaTu MakcumaibHy eHeprito 400 MeB. B poOoti npuBefeHi aMIUTITY/HI 1 AucHepciiiHi
¢GyHkUil QokycyBaHHs Ha Jayrax peuupkynstopa. [IpoBeieHO MoOpeNIOBaHHS pyXy Iydka B IPHCKOpIOBadi,
00YHCIIeHI TapaMeTpH ITydKa B IPOIIECi MPHUCKOPEHHS 1 Ha BUXO/Ii IPUCKOPIOBaYa.
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