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l. Introduction:

In htgh current eynchrotrons space charge defocusslng forces and bean lnstabilities at
the tran.itLon .o"tgy (Ej) llnit the beam current' Therefore for the TRIIIMF IGon

Factory the lattl""-i" bEfng deslgned ln such a way that Yg stays above the top

energy of the sYnchrotorn.

The methods of raising Ya 1) , 2), 3) ' 4) ' 5) consLsts of lntroduclng a large kth
hannonic ln the latttce runctions lr'tth k Just above v* or 2v*. It ls usually done

wlth the help of k palrs of quadrupoles. Another method has been developed for the

proposed nain synchrotron where the sane has been achieved by nodulating the drlft

"pr""". 
In addition to raisl.ng T1 the deslgn.also,,Provldes long drlfts at certain

pi""." whtch rnay be utlllzed for beam extractioll v/, etc.

2. Theory:

In the notation of courant and snyder 4) (Page 42) the transltion energy J-s glven

by

1 v3 : l"k2 |

v2-k2Yr 2 R k=0
3/2I tnB -lk0

wtth ak e d0,
2r p

and where Br P and R have thelr usual ueaning'
other harmonic (k=n) is present one obtains

For k=0, 
^02=R/ 

v3 and when onlY one

I 1 (r*lal v3 v2

RW )
Yt 2v2

Therefore Yg can be changed frorn Y6=v by lntroduclng a haroonlc of anplltude att

and the change wlLl be l-arge lf v I's clos€ to n'

3. Method:

The deslred harnonlc nay be obtalned wtth the heLp

w!.th n "compeneatlng nagnets" wlth reversed flelds
here requlree nelther of them.

ofn
4) ,5)

pairs of quads l)'2)'3) or

TBI83

The nethod develoPed

SUEJECT

Methods of Designlng Synchrotrons wtth Htgh Transl'tlon Energy

DAIE FILE NO.

August 198 TRI-DN-83-36
mue Ranesh C. GuPta

DESIGN NOTE

PAGE

1of64004 WESBROOK MALI. VANCOUVER, B.C. V6T 243TRIUMF



.t

The f1 t Bte Ln the method of raL s tng Tt to a 8UPe rpers P ( I 1 ) and then 1n t he next tep to
clo to but below an tnteger n ll= n our casetune e I baslc FODO celI has a t,une of ebout

I t roduc e the nth harmonlc In our ca e a nce an
wL th f basic e11s

25 ke the f.ollowing 8uPerPerlod our c
Ire ma

FODOFODOtr'ODOFODO 
(A)

The har:monlc k=r ls present if the trm halves of the above superperiod have different
net focussing strengths with one half havlng above the average value and the other hal-f

below.

I{e suggest tlro neht ltays of dotng tt:

(a) By nodulatlng the focussing strengths of the magnets ln a conblned function

machlne or equ1valently Uy n-autaltng ttre etrengths of quads in a separated

functLon machLne'
(b) By rnodulatlng the spacLng of the magnets'

since at this stage rre are considering to use the cERN/rsR magnets for the maln

synchrotron, the if"fa lndex of the magnets cannot be changed' In exanple (i) of the

next section we lllustrate a case wherE the focusslng of F magnets has been modulated

by proper pairing of the magnet blocks '

Severalconblnatlonsofnodifylngequaldriftstounegualilrlftshavebeentrl.ed(e.g.
see examples ii,1ii, iv of the iexi sectlon)' The aim was to raise Yt wlth keeping'

themaximaofFx,Byandnxtothelowestposslblevalue.oneofsucha
comblnatlon ls:

Eggoo+,ootsoonoFoqoo (B)

abcd

where a single o means a short drift and trrc ors (oo) means a long drtft' we have als

deflned the new lenses 8, b, c and d by conbLning the F and D Dagnets which are

separated by a short drlft '

Thedeslredharmonlchasbeenlntroducedlnthlswaybeeauselensdlsnetdefocusslng
and b is focussiig-*rlr, a & c havLng the same strength ln flrst approxlnatlon'

The ISR Dagnet6, both F and D, appear ln tlrc types of blocks - short blocks and 1-ong

blocks - wtth a srnall dlfference in thelr focusslng Propertles' Thts dlfference may

regarded as a nodulatlon of the klnd descrlbed ln optlon (a). The dtfference may

further be lncreased by Lncreaslng the seParatlon bltween the two short bLocks ' Then

gotng ro an optton wnrln 1s hybrli of (a) and (b) more varl'etles to obtain a Proper

combinatlon 8rlse.
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The 1a rgest Po s Ie dt erence t I'een t rt r was

b taln a long
tlon 6)

free 6pac e whe re 8ep tum and kicke t magneta can be Put fo r beam
o
ext rac

4. Examples:

The orlglnal Lartice conslsts of etght egual drifts of length 3'l t wtth Yt-belng

10.2. We present four examples tn itrtctr Jt 1" raised to about 33' In the first
exarnple optlon (a) has been ueed and tn th! laet three examples optlon (b): with thre

ways of rnodulattng the drlfts. t.te mentlon that ln the exarnples consldered' all lattl
have reflection "!*"try 

rn the superperiods (though not all have the polnt of slrnnet

e
c

at the sane Place).

(1) Slnce the fteld lndex of the Eagnets cannot be changed, the nearest equivalent of

it has been done. The length oi ttt" magnet has been changed by replaclng one

ehort F block to another pir"" ln the r"y ." Lndl.cated ln Flg. 1. Now the 1:3

ratlo of the lengths of tire new F rBagnets gives the deslred variation ln the

focusslng ptop".ii"". Slnce the nagnet length ratLo Ls strictly 1:3 one does not

have much fl-extbillty ln this option'

(rry The superperiod ls made up of t$o halv,es wlth each half having four equal drifts '
The difference between the drift lengths of two halves ls raiped ttll ]t reaches

thedeslredvalue(Fig.3).Thetwodrtftlengthsobtalnedare:4.87L3mand
2.L287 m.

(1rr) In the flrst half of the superperlod the four drlfts have a successLvely

lncreasl'nglengthsandtheseconahalftsreflectionsylntretrlcofttlfiiththefou
drlfts t".irng I ".r"""""rvery 

decreaslng l"engths (Ftg. 3). The precise drift
lengths ctran[e according to a sine function and the obtalned va]'ues are

reslectlvely :L.7592, 2'6296, 4'3704, 5'24A8 in metres'

(1v) Thls ls baslcally the same example a6 the lattice B (expl-atned ln detalL ln
Bectlon 3). In itre first half we have four drlfts arranged as:

Short Long Iong Short
and ln the seconil half as:

Long Short Short Long'
The obtalned value of the long drlft ls 5.57 n and of the short drift ls 1'43 o'

5. Concluslon:

Te conclude by saylng that for ralslng the translLl-on energy the basLc design of the

synchrotron ltseli ciuld be made tn eich a way that. tt lnherentry contal'ns the desired

har:nonlc, rather than lntroduclng lt wtth the help of additlonal quadrupoles ln an

otherwise origlnally oPtltnlzed lattlce'
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