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Excitation of a beam-bump (BB) can be effectively used far * timber of 

goale. Since BB la eensitive only to perturbations of elements which a n 

located Inside it , errors and their conaequencics spaced separately can be 

singled out and studied one by one. This technique In principle can be 

used to study the uniformity of the quadrupole distribution around the ring, 

the beam stay clear size of the machine at different locations, the polarity 

and probably even the strength of aextupole magnets, sllermentH of different 

monitors e t c It can be used also to increase the bean cross section if 

that appears to be desirable. 

DesJjn of PEP correctors (their mmri>er, location And connection) does 

not allow to use then for excitation of a halfwsvc BB (with two correctors 

only). The minimum ninber of correctors witlch can be used tn this situation 

lm three. The situation for horlmntal plane la aggravated a t l l l more since 

most of horizontal correctors are hooked in pairs. Figure 1 presents 

schematic layout of horizontal PEP correctors. 

The presence of sutupole magnets Interlacing the correctors makes 

i t necessary to use iterative procedure to find the corrector strengths 

far BR. since a perturbed orbit is Influenced by a field of A aextupole 

Jttignct which In turn depends on the perturbed orbit value in the scxtupole. 

* Work supported by the nepnrtment of EnerRy, Contract r>F-ACOJ-76p0O515, 
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Slncc the atrenftth of sextupoles are rather mull as th* first guess of 

corrector strengths for Iterative procedure can be taken the linear 

solution neglecting aextupolca. Section 1 contain* this solution. 

Section 2 describes the program BR Itself, and Section 3 sone results of 
calculations with BB for PEP. 

I, Linear Bfl 
The simplest way for calculation of corrector stroiwrha for linear 

Machine la one using the superposition principle . 1 will show how it works 

on the cxanplc of six correctors (ncc KIR- 2). Support- wo know all trans­

formation natrlses T , which translate vector (x'> from point i {positions 

of six subsequent correctors) to point I • 6 (i • 1, Z.-.ft). Let us denote 

0^ the Horizontal kicks <still unknown), which t-th corrector gives to nn 

orbit. Then tbc condition of perfect beam-bump exited by all six corrector* 

Is: 

tt T " C 0 " ( " ) - <n 

where T„ • I (unit matrix). Due to special form of equation (1) only 1,2 

and 2,2 elements of T„ are Important. To simplify formaiitae 1 um not.itlonp lo 

H ' <*16 t 2 > 

T 2 • P16 <» 
They can be expressed2 in forms of correspond Inn S-functlons, their slopes 

a - - e'/J and their phases »: 

- ^ 6 " sin ( t 6 - ?t) , W) i 16 

>lfc - ^ t « » ( ( s - V - " 6 s l n C V e**l ( 5 > 
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: i . k Uv.m»,' i t>rr. ' i i . .rs a rc comii-ctcd in pair., t'j * , , ' } - ,_ and ^ • '-'0-

uMulitiuii ( l ) !•, tlu.il equivalent to two foIlnwiu K vi t iat ions 

"•!,, "•.!(,> "1 * «J6*%6> J * ' i e ' V 0 ' "'» 
I 

« I 6 * * » > f , l + ( p 3 ( . * ' « > " j + ( P 5 6 + " ° S " ° " > 

(or three independent var iable U . u- and «_. Onp of them i s an a r b i t r a r y 

(In c e r t a i n U n i t s ) nunber, which sca l e s the anplJrud* of the BB. We 

choose B, a s t h i s free va r i ab le and express two o the r s in tenm* of i t s 

magnitude- and two weight f ac to r s : 

" l " k l »5 « " 

»3 - l 2 » 5 . {»> 

Kflujtfons (0) and (7) a re easy Co sotvc now with respect Co k and k«: 

\/iJi "" " 5 " '4' *Styt 5 l " "t. - V | , U 0 ) 

k2 * " •)] v'V's s l ° <V V + A 1 * 8 i " ' V V 

[•v/ij lfj Bin < l 5 - t 2 ) * y S ^ a t a < t 6 - l j ) l , ( " ) 

where 

.'- - , 1 j r " , »1.V (I - «,) * /o",T 4 8 1 - ( t 4 - « , ) * 
(12) 

/ i l jBj nln («j- y + / i ^T 4 sin (t^- l.j) 

Formulae (10-12) ore used In progran BB to ca l cu la t e the kicks- In cases 

when some of correc tors are s i n g l e , i . e . not connected In to p a i r s , they 

art! In ternal ly made double to be able to use the sane foraulae- The ou t ­

put for cor rec to r strength takes t h i s into account and doubles the s t rength 

REPRODUCED FROM 
BEST AVAILABLE '.,OPY 

of i i.Ji.i.1. :• rn-cKir ».* f.ivi- rorrva V..1MV. 

£. .'rug ram BB 

fl.*.' input for proHf.im BB Is a parunuter KBSl. wfitfh todes Lin- type of 

tlif BB one wants to product!, and a l i e * containing sequential number, narsu, 

longitudinal pos i t ion (it. nn), fJ-function (in m>, s lope a , phase i , code and 

integrated s t rength (for s tx tupolc magnet only,m ) of cor rec tors (code 

108), BoniLors (code IDS) and scxtupole* (code 111), which arc present 

inside the desired locat ion of the BB (KonutC J*. 19. AS, 19, 3F18.5, 18, 

F 1 S . » . 

All elements a re Ha ted in the na tu ra l ord«.'r. i . « . in the order they 

QXv in ihe machine l a t t i c e , for each type of the BB there I s a ready made 

input H i e (which IK prepared for one of the PEP configurat ions B • 4.21 n . 

(?.* - Q.3S n, v x • 21.32, v - IB.23, T,* - - 0.00 n ) . Table 1 contains 

information on the BB type, the number of tins f i r s t and the l a s t elements, 

the value of (.zirntaiivr HHSl and the name of the input f i l e (on BATQUl user 

SYK.RU for u.Kh of BB type. Fig. 3 I l l u s t r a t e s different tvpi-d of RB 

calculated ul t l i tin- help of program PETROS . 

Tin1 f i r m l ine of the input IjsL contains three inwjter parnrrtiers 

NLliT, HBSI and .WHS (format (Jx, 318). NLIST In nunber of elements in t h t 

l i s t , NBSI i s the SB type code. If NPHS - 1 Che e-phases In the l i s t a r e 

understood to be ac tua l ly tunes and they wil l be mul t ipl ied by 2». Other­

wise the numbers wi l l he lof t unchanged. 

The output of the program conta ins the r e su l t s of renr rants int. t h e 

element l i s t , zero order approximation and the r e s u l t s of I t e r a t i ons to 

find the desired co r r ec to r s t reng th . Of real i n t e r e s t an* the three l a s t 

l i n e * which give ( i n the case of successful run) the number of i t e r a t i o n s 

needed to reach the accuracy of displacement 10 a, kicks In r.idlans for 
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cach of three subsequent correctors (soma of them or all can be actually 

pairs of correctors) and three weight far tors kj. k, and 1.0. 

If program fall i It uaually te l l s a reason for that (like 'wrong 

ni«btr if horizontal correctors In benm-bunp'). 

3. $o*e Result* of Calculations 

In a ayanwtric machine (I .e . In a machine with no errors) there are 

four essentially different types of horizontal BB - two types with HBSI - 0 

one'Inside an arc (type OA), anochei crossing the sysssetry point {type OS) 

andtvo types with HBSI - 1 (type 1) and 2(type 2). Table 2 gives suonary 

of corrector positions,, weight factors k and strengths for four different 

BB types. Tables 3-5 contain some relevant machine paranetftrs for five 

typical BB values for different beam-bumps. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi­
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer­
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof The views 
and opinions of authors expressed herein do not necessarily slate or reflect those of the 
United States Government or any agency thereof. 
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t! NSHI M.OW* NUP* K i l l Comment 

1 () 1U 1 () 1U 92 imxn Three pair correctors in­
side an .ire 

- [) J2 117 BHXS Thri/e puirs crossing synm. 
point 

3 1 181 243 BHXJ Single + Lwo pair correct­
ors 

/. 2 172 217 BBX2 Tvo s ing l e s + otic pair 
5 3 " - - Pair + s ing l e + p.iir, used 

only Internally In program 
(> /. 1/.3 1B8 BBX4 Pair + cuo s ing les , syraa. 

uith NBS1 » 2 
7 i 117 179 BBX5 Two pairs + s ingle , syne* 

with NBSI - 1 

*) The numbers NLOW .ind HVV arc the- numbers of the first and the last 
elements of thf Ijitticf in the QB (IUS they aft: listed by program 
PETRQS) counted from nny interaction point-



Table 2 

Parameters of BB for PEP 

TabJe 3 
BB of Type OA 

Type 
Corr . <X1 CXI CM (32 co cm 

OA 
Pos i t . L 68762 76212 1UB12 119262 169212 176622 
weights S{ 1.4666 1.7198 1.0 
Strength S{ 0.29320 0.34397 0.20 
Migh t U 1.0307 1.7018 1.0 
Strength U 0.50286 0.59566 0.35 
OS 

h 111B12 119262 169212 176622 190044 1974S4 

U -1.2612 -1.3169 t .O U -.25223 - .26288 0.20 

U -1.2638 -1.3167 1.0 

L 

U - .44231 - .46084 0.35 

L 13226 68762 76212 111812 119262 u -.47330 .87264 1.0 u -.09466 .17453 0.20 u -.47S48 .86456 1.0 

2 

u -.16747 .10260 0.3S 

, 2186782 13226 68761 16212 u 1.0445 .88306 1.0 u .20889 .17661 0.20 u 1.0255 .87485 1.0 u . J5894 .30620 0.35 

6 5 X 
max y ' • » 

e 
y max 8 yaax a* I 

X 
I 

mrad « • a n -
- 0 . 2 ' ' -12.4 .3093 .1829 4 .6 10.8 182.6 396.7 0.84 0.S44 .956 

-0.20 - 7.3 .3126 .2032 4.9 10.6 176.7 353.5 0.70 0.525 .975 

0 . 0. 21 
.3172 

18 
.2294 

5.2 10.5 168.1 310.0 0.69 0.500 1.000 

0.20 7.2 .3222 .2552 5.5 10.6 176.3 317.2 0.77 0.476 1.024 

0.35 12.8 .3260 .2743 5.7 10.7 183.6 324.2 0.96 0.459 1.041 

Table 4 
88 of Type OS 

6 5 
mrad 

X 
max 

V X v y «. r 
1 xjnax 

m 
yntax 

SB 

X I 
X 

1 
2 

-0 .35 -15 .1 .3220 .2556 5.2 9.8 170.3 354.7 0.87 0.484 1.016 

-0.20 - 8.6 .3198 .2644 5.2 10.1 169.3 335.8 0.73 0.600 1.010 

0. 0 2! 
.3112 

18 
.2294 

5.2 10.5 168.1 310.0 0.69 0.500 1.000 

O.20 9.1 .3152 .2142 5.2 11.1 168.9 341.1 0.71 0.511 0.989 

0.35 15.9 .3140 .2023 5.2 11.7 169.4 370.9 0l83 0.519 0.981 
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TnMe \ 
BB of Typo 1 

mrad 
MX 
no 

v » \ "y "x "y 
m 

•Smax 
Dl 

* 
* 
ran 

1 
X 

1 
z 

-0.35 

-0 .20 

0 . 

0.20 

0.35 

-13 .5 

- 7.8 

0 . 

7 .0 

12.4 

.3171 

.3172 

21 
.3172 

.3170 

.3167 

.2211 

.2246 

18 
.2294 

.2366 

.2397 

5.4 

5 .3 

5 .2 

5 .0 

4 . 9 

10.7 

10.6 

10,5 

10.4 

10.3 

172.9 

170.2 

168.1 

171.2 

173.fi 

321.7 

316.4 

310.0 

315.6 

320.2 

0.73 

0.69 

0.69 

0.70 

0.73 

0.530 

0.516 

0.500 

0.487 

0.478 

0,970 

0.984 

l.QOO 

1.013 

1.022 

Table 6 
8% at Typ« 2 

"5 
mrad OKU 

X 
V 
y *•* s e 

waax 
n 

yaax 
D 

ft 

°y 
nan 

'* I 
z 

^ * 

-0 .35 

-0.20 

0. 

0.20 

0.35 

-26 ,8 

- 1 6 . 3 

0 . 

15.fi 

27.2 

.3047 

.3097 

21 
.3172 

.3252 

.3313 

.2379 

,2*337 

18 
.2294 

.2267 

.2254 

4 . 9 

S.O 

5.2 

5.4 

5.6 

10.3 

10.4 

10.5 

to .6 

10.8 

185.4 

177.6 

168.1 

176.4 

184.0 

321.8 

316.4 

310.0 

314.2 

317.7 

0.68 

0.68 

0.69 

0.71 

0.73 

0.493 

0.499 

0,500 

0.500 

0.50D 

1.007 

1.001 

1.000 

1.000 

1.000 

http://173.fi
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