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DESIGN NOTE

Straight SectLon Designs

Stralght Sectlon Lnsertlons are requlred €'8'-for RF accel-eratlon' lnJectLon and

extractLon. faeaily they should b; designe- ln such a lnay that when they are put 1n

the latttce the latitce iunctions in the ortglnal lattlce are not affected'

For the IRil,rMF Ikon Factory 30 GeV Syncrotronl) fo.tr straight sectlons (ss) are belng

consldered. Varlous kinds of SS havl been designed for this PurPose (several examples

are given ln Appendlx A). These can be broadly dlvided ln two naJor classes:

(a)Thephaseadvancelsadjustedsothatthematrlxofthel'nsertionbecomes3x3unit
matrlx (..2n insertlons"j or 2x2 negatlve unit matrlx ("n insertlons")'

1. Introductlon:

(b) The beta and alpha functlons of the lnsertion at
those at the break polnt of the lattlce'

the end points are matched wlth

2. n and 2t SectLons:

In prlnclple 2n LnsertLons are the best slnce'by the definttlon of unit matrlx B and n

both are natched. However they turned out to be too long for ue' In the 30 Gev

latttce we found them to be about 100 neters long'

r lnsertlons whlch matches B only, on the other hand, could be made about 50 meters

Long and rnlght be consldered as L posstble candldate' Some of the structures

consldered are:

Both types of Lnsertlons leave.the beta functions ln the orLglnal Lattlce unchanged'

The StmpLe collfiJ-i"".rai"""t) (diecussed tn sectlon 4) can be consldered as an

lntennediate stage. In all but itt. Zn SS, the dlsperslon functlon (n) and lts
derlvative (n,) io not match:. In an ldeal case n;nd nr would be brought to zero by

uslng disperslo"-I"nit"l""i"il lefore the SS so that they donrt get rnodlfied in the

lattlce. In lattlces wlth the transltl-on energy above the top energy' realized by a

nodificatlon of the n function, epeclal care wlth the ss design has to be taken I'f

dlsperslon suppresaors are not used'

Any Stralght sectlon wlll be composed of quadrupoles and drtft spaces ' There ls some

fl-exibtllty ln the way a ProPer tonbinatlon ls obtalned' For exanplet one can elther

have quadrupoles at tile 
"oa"- 

and a long free BPace ln between or have a defocussing

(focussing) quadrupole ln the rniddl., fo",rrrfng (aefocusslng) quadrupoles ln both ends

and tlso long drtfts in between'

To start with the deslgn, rough (tnlttal) parameters ltere obtalned by analytic formula

(Appendtx B) or sinply by guess. These Parameters may lnclude the phase advance (u)'

and a. The flnal- parameters for natchlng were obtalned by varlous fltting procedures'

The fittlng routines usually glve absurd results, oE,don't succeed' lf the inltlal
parameters are too far off. The conputer code DIMAT4) (with the fltttng routlnes

slnpl-e Flt and r,east square Flt) was used for designlng the Straight sections'

lP ar{t I
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QF and QD are horizontallY
) have mlrror sylonetry'Here FS and FL stands for short and Long drlft-spaces'

focussing ar,a aeiocusslng quads ' Note that all but (1

3. st t Sectlons nlth Lattice Func tions Matcht

In thls class B and aat the end polnt" o!-the lnsertlon are matched wlth those at the

break po1nt of tie regular latttce' In all cases consldered the lattlce was broken at

thePolntofreflecttonsyonetrywherecgoestozero.Thlsoccursbetweentwomagnet
blocks and at two places ln our superperlod'

TheStralghtSecttonswerealsodeslgnedtohavereflectlons}4nmetrysothatcl'szero
at the end polnts. Therefore ro-ttrI approach we only needed to match B* and Bt'

As nentlorr"d b.fote n wilL not be natched'

ThlsclassofSSwasgivenmaxl.munconsideratlonandseveraltypeswithvarious
Lengths, phase advance and beta functlons were desLgned' sone of the structures

considered are:
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The symbols. have been expl'alned ln the prevlous eectLon.

4. Col lins Insertions:

slnple ColLins Lnsertlons 2), 5) (.wtth an F and a D quad and a long drlft ln

berween - phase ;;;;;;;; etne niz for rhe maxtmtm irrft length) were also deslgned '

However *re requi;flii"F 
"ili,f,i::: :H:':H"ti;"1:H, b;.;ft,:ll,'*,i,'to.

[ltr]r; ft "#;. 
fo, are not roo drfrerenr ar rhe p;ot wrrere qK = -o,'

The structure of Slnple Collins lnsertlon ls:

FS QF FL QD FS'

5. Transformers:

If the lattlce functl.ons at the end polnts of ss are not natched wlth those at the

breakpolntofthenormallattlcethentransfor:mersarerequiredtodothisnatching.
The values of lattlce functlons at the tIrc ends of transformera are different' At the

one end it le uade as that of the break point U oi ttt" normal lattlce and at the other

aPll{l I
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end as that of the end polnt s of sS. Therefore they equl'valently transform the

lattice functLons of point s to that of the polnt b'

,'i"p'B"l"t.:]onl#o:lll: :ffi :H"::'H':#"i:.[Il:',:ll,1il:'"!":i:',:i:l'H.il:itli
and slnilarly lf 

"s, 
slmbollzes sS, then the conpletely natched structure would llke

bTs "s" "Tb'
However, in our case 1te avolded the need of transforners by naking the lattice
functions of point s equal to those at the polnt b at the flrst step ltself '
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APPEI{DIX A

Here we mention the paraneters of few selected stralght sections '

1 n Sectlon

2

EIP Er.al1

Structure: QF FS QD FL QD FS QF QF FS QD Ft !D-FS 
qF

i"igit": FL-= fS i"t"r", fS =-l meter, QF = 1.5 meters, QD = 1'5 metera'

Total length: 46 meters.
strength of quads: QF = .0987107 n-1, QD = -.1075857 n-1.
Phaseadvance: ux=ry=n'

ColLins Insertlon

Structure: FS Qf FL QD FS

Lengths: FL = 2O meters, FS = '5 meters, QF = 2 meters' QD = 2 meters'

Total length: 25 meters.
Strength of quads: QF = nq = '10073288 meter-l'
Phase advance: u,,. = 14 = frf 2'
e--: ry = 23.675 f,eter6 and 4 = -5 = -4'3784'

3. Straisht Sections havins reflectlon symmetry

c)

Slnce they have reflection 6)rmmetry dx = 5, = 0 always '

a) Structure: FS QF FL QD QD FL QF FS

Lengths: FL = 4.-O meters, FS = 1.5 meters, QF = .75 meters, QD = '75 meters

Total length: 14 meters'
Strength of quads: QF - .Og22L meter-l, QD = -.09021 meter-l'
Phase advance: ux - hr = '125
B* = 23.544 neters, b'= f9.553 meters'

b) Structure: QF FS QD FL QD FS QF

Lengths: FL=8meters, FS =lmeter, QF =lneter' QD =Lmeter'
Total length: 14 meters'
strength of quads: QF = .L2256 meter-l, QD = -.1193 ueter-I
Phase advance: ux = .154, ry = '116'
* = 23.544 neters, b = fg.A52 neters.

Structure: QD FS QF FL QF FS QD

Lengths: FL = 15 meters, FS = 1 meterr
Total length: 22 meters.
iii."gttt ir q,r"ast--qi-= .10504 meter-I,
Phase advance: ux = .L77, W = '247
B* = t3.094 meters, b = g+.t69 neters'

QF = 1.3 meters, QD = 1.2 rneters'

QD = .11575 meter-l.
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APPENDIX B

In thls appendlx we rnentlon a few analytlc formulas and results which were very

frequentlY used.

a)IftheSShasmirrorsynnetryandRl.sthetransfermatrixofflrsthalfoflt'
thetransfermatrl.xofthefullsslsobtalnedby

2R n R22
)g = f 

2*ttRzz-l
'2Rrr Rzr

c = 0 always.

2Rt2 R22-1

S ll = S tt means

phase advance and B functton can be obtalned by uslng deflnitlons of twiss matrlx

,cosu+aslnu Bsinu 
)t=[ -rsLnu cosu-crsl-nu

Therefore u = co8- t (zn ltRzz -1),

and B = R 12|SQRT(R r t/R zz - Rt 12) .

b) The R matrix of one half of the mirror s)4nmetrtc ss ls glven below Ln tno cas€s'

1) Structure: F1 F2 E2 QD QF Fl

Lengths: Fl = llrRF2 - L2, QF^: tt3 QD = n,
Strlngth of quadd: QF = [], QD = kz
and 0, = k 1m 11 0, = k2m2

HorLzontal matrlx elements

R11 = cos 0, (cosh ez+ k2 i, sinh ez) - kt sln 01 (l/tt stnn e

Rt2 = ( l, cos et + l/kt etn 01) (cosh e2 + k r9', atnh 02)

+ (-krC, sln 0, * cos er) G/kz slnh 0, + 9, cosh 02)

R2] = k, cos 0, slnh 0z - k1 sLn 0t cosh 0,

RZz= k2 (t, cos eI + 1/k1 sln 01) stnh 02 + (-ktgtsln 0t * cos

And slnllarl-y ln the vertlcal- plane'

,+9., cosh 02)

01) cosh 0,

BP81-41 I
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11) Structure: Fl OF F2 OD QD F2 QF FI
+

R

S1'nbols as Ln Part (1)'

Horizontal natrlx elements :

R11 = cos 0, cosh 0z - k1 sin eI (f2 cosh 02 +Llkzstnh 0z)

R Iz = (l/kt sln 0, * l't cos 01) cosh g, * (cos 0r -k tgt eln 01)

( 1., cosh ez + L/k2 sinh 02)

R2t = k2cosOt slnh 0z - k1 sLn et (9'2k2 slnh 0, f cosh 02)

R2z= kz (1/k1 sln Oi + gt cos 01) etn oz + (-[rk, ain 0, * cos 01)

(Lzkz slnh 0z + cosh 0z)

And slnilarly ln the vertl'cal plane'

atP ar{l I


