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Excitation of a beam-bump (BB} can be effectively used for & number of
goals. Since BB is sensitive only to perturbarions of elements which ars
located inside it, errors and their consequencies spaced separately can be
aingled aut and etudied one by one. This technique (n prisciple can be
used to study the uniformity of the quadrupole distribution around the ring,
the beam stay clear size of the machine at different locatlons, the polarity
and probably even the atrength of mextupole magnets, slignmentn of different
monitors etc. It can be used also to increase the beam cross section if
that appears to bs deairable,

Design of PEP correctors (their mmber, location and connection) does
not allow to use them for excitation of s halfwave BB (with two correctors
only). The minimum number of correctore which can be used in thies situation
is three. The situstion for horizontal plane is agpravated atill more since
sost of horizontal correctors are hooked in pajrs. Figure 1 preaents
schematic lavoutr of horizontsl PEP correctors.

The presence of sextupole maghets interlacing the correctors makes
it necessary to uae fterative procedurc to find the corrector atrengths
for BR, since a prrturbed orbit is influenced by a field of a aextupole

mignet which in curn depends on the perturbed orbit value in the sextupole,
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Since the atrength of gextupoles are vather small as the firat guess of
corrector strengths for iterative procedurc can be taken the linear
solution neglecting sextupoles. Section 1 contains this solution.

Section 2 describes the program BB {taelf, and Section 3 some vesults of
caleunlationy with BB for PEP.

1. Linear BB
The simplest way for calculation of corrector strengtha for Linear

machine Is one using the superposition prim.:iplel. 1 ?lll shiow how 1t works
on the cxample of aix correctovs (mec Fig. 2). Suppose we know all trans-
formation matrises T, Which translate vector (X"} from point i (positiors
of six subsequent cerrectors) to pofut { = 6 (i = 1, 2...K). Let us demote
8, the torizontal kicks (st i1l unkmown), vhich f-th corrector gives to an

orbit. Then the condition of perfect beam-bump exited by all six correctors

ARV

i=]

is:

where T, = 1 (unlt matrix). Due to special form of equatiom (1) only 1,2

and 2,2 claments of T, are important. To simpllfy formanlae 1 use notations

l?

Tie " e (2)
22
Te = Py (3

They can be exprcasedz in forms of corresponding B-functiona, their slopes

a=- 812 and thelr phaces ¥:

- VBB, stne -7 , W
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fam becausy wwTroviors are consected in palrs lvl [ R and 5 = g
wadition (1) fy then cquivalent v two foltawing wquations

Vit P (g + Q) e N = 0, o
[}
(g + Pygd By + {Dgg +0ug) Uy ¥ (g + DU = 0 [$2]
for three {ndependent variable 01. u._‘ and es. One of them 1s an arbitrary
{in certain linitg) mmber, which scales the amplitude of the BE. Wo

choose U5 as this free variable amd express two others in tergs of lee

naghitude and two welght factors:
e =k Uy @

by = &y Uy [EH)

tquations (6} and (7) are easy to solve mow with respect to kl and kz:
k, = 1 [y " - ) -
ky =z ‘/51“5 8in (1 13) i-‘ﬂ!;B‘s sin (16 13) +

\/,;;Fs' stn (8, - &) +/ g sin (2, - zn)l ,(10)

Y seee s - .
ky == 4l gty sin (Rg= R) + BB sin (L~ 8))
+ JE£, sin (I £)) « /BB, atn (- lz)i W11

where

s e I - 3 _
L= Ery e (- 4y e JAyB, sin (8- 1) ¢
f“z“s aln (2, 9)) + /_“254 ein (L= £))

Formuiae (10-12) are used ip program BB to calculate the kicks. In cases

Q)

when some of correctors are single, l.¢. not connected into pairs, they
are internally made double to be able to use the same formulae. The put-

put for corpector strength takes thid into nccaunt and doubles the strength
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of 3 sanpde carrectar fo give correce value.

4. FProgram BB

The input foT projram BB I8 a parwmuter NBSI, which eades the type of
the BB une wants to produce, and a list containing sequentisl nueber, name,
longitudinal position (it nw), B-funceion (in m), slope a, phasc i, code apd
integrated scrength (for sextupole magwet only, m—2) of correceors (code
108), monitors {code 105} and sextupoles (codu 111), whieh are present
inside the desired location of the BB (Format( 3x, 19, A5, 19, 3FI8.5, 18,
F18.%) .

Ml clements are listed in the patural urder, S.e. 1o the order thoy
are in the machine Jartice. For each type of the BB there §s a feady made
input file (which is prepared for one of the PEP configurotions B: = 4,23 m,
£y = 0,35 @, v, = 2032, v, = 3823, 0" = - 0.00 m). Tuble 1 contatns
information on the BB type, the number of the first and the laut clemencs,
the value of paramter N851 and the name of the fopur flle fon BATOO) uwser
SYK.RL) for ecach of BB type. Flg. 3 fllustrates Jdifferent tvpes of BR
colcutated vigh the hetp of progran PETR:)S’.

The firgt line of the input 1jst contains chree fnteger gararciers
NLUST, NBSI and NPHS (formnt (3x, 378). NLIST {s number of elements in the
list, NBSI is the BB type code. If NPHS = 1 the E-phases in the list are
understood to be actually tuncs and cthey will be aultiplied by 20. Ocher-
wise the nunbers will be lefc unchanged.

The output of the program contains the rusults of rearssnging the
element 1ist, zevo order approximation and the results of iteracions to
find the desired corrector stremgth, Of real Interest are the thece lase
lines which give (in the case of successful run) the mmber of {teratloug

needed to reach the aceuracy of displaceaent lﬂ—am, kicks in raddans for
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cach of three subsequent correctors (some of them or all can be actually
pairs of correctors) and three wefght farctors kl' kz and 1.0,
1f progran fails it vecally tells a reason for that (like 'wrong

mmber if horirontal corréctors in beam-bump').

3. Some Results of Caiculstions

In a symmetric machine (1.e. in a machine with no errors) there are
four essentially different types of horizontal BB - two types with RBSI « O
one "inside an arc (type OA), awother crossing the symmetry point (type 08)
and tvo types with NBSI = 1 (type 1) and 2(type 2). Table 2 gives summary
of corrector poasitions, weight factors k and strengths for four diffarent
BB types. Tableg 3~5 contain some relevant machine parametars for five

typicol BB values for different beam-bumps.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
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manufacturer, or otherwise doet not nccessarily constityte of imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The vicws
and opinions of authors expressed hercin do not necessarily state or reflect those of the
United States Government or any agency theroof.
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table }
¢ NSRT N1LOW® 1ol BT PR Comment
e S RS T _.11__..':1__.-"___- . -

1 f} 10 92 BAXO [Three pair correctors [n-
side an arc

: 0 32 117 BBXS  |Three pairs crossing symm.
point

3 )} 18!} 243 BBX1 |Single + two pair carrect-
ors

A ] 172 217 BEX2 T™wo ringles + ague pair

5 3 - - - Puir + single + pair, used
only fnternally in program

6 4 141 188 BBY4 Pair + tuo singles, gymm.
with NBS] = 2

7 ] 117 174 BBX35 Two paivs + single, BymD.
with NBS1 = 1

*)  The numbers NLOW and XUP are the numbers of the first and the last
elements of the lattice in the BB (us they are listed by program

PETRDS)Y ecwunted [rom any tnkeracclon point,
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Table 2

Parameters of 88 for PEM

Type
Corr. 3% a ) o2 o2 [\ o
[
Posit. L 68762 76212| 111812 119262] 169212 176622
veights Y 1.4666 1.7198 1.0
strength ) 9,29320 0.%397 0.20
weight 3 1.4307 1.7018 1.0
strength L] { 0.50286 0.59564 0.35
os
L 111822 119262} 169212 176622] 190044 192454
k { -1.2612 ~1.3148 1.0
[ -.25223 - .26288 0.20
k { -1.2638 -1.3167 1.0
8 - 4623 - 4608 0.35
1
L 13226 68762 76212 | 111812 119262
k { -.47330 87264 1.0
L] -.09466 17453 0,20
k { -.47848 86456 1.0
[ -16%7 130260 0.3%
-2
L 2166782 13226 68762 16212
k { 1.0645 .88306 1.0
] .20889 17861 0.20
k { 1.025% 7885 1.0
3 35894 0620 0.5

«]0=
Table 3
BB of Type OA
-
8 Praawx [ Yz {% [ | % [Comax[Pmax] % | % L
wrad | we n o |m "
-0.2% [-12.5],3093[.1829] 4.6 [10.8 [182.8]396.7| 0.84]0.544] .956
L) .
-0.20 |- 7,3}.3126(.2032] 4.9 [10.6 {176.7]333.5] 0.70{0.525] .973
mrad
0. 0. 21 18 5.2 j10.5 [168.1]310.0| 0.69]0.500} 1.000
mrad »3172}.229%
a.20 | 7.2].3222}.2552] 5.5 ho.6 {176.3in7.2] 0.77]0.476] 1.024
0.35 | 12.8{.3260/-2743] 5,7 [10.7 [183.6[324.2} 0.96[0.4653] 1.041
Table &
88 of Type 05
L
T
e.': Frax vx “y gx "y € XRA% aymax Ty l‘ 12
mrad | mm m ] wm
-0.35 1-15.1}.3220),2556) $.2 | 9.8 |170.3]354.7}0.87 Jo.«8)1.016
-0.20 |- 8.6{.3198|.2444] 5.2 |10.1 [169.3]335.8|0.73 |0.430{1.010
a. 0 |z 18 5.2 |to.s |168.1]310.0[0.69 |0.500]1.000
.3172{.229%
0.20 9.1].u52].2142] 5.2 [11.1 |168.9|%1.1]0.71 [0.521]0.989
0.35 | 15.9[.3160[,2023] 5.2 [10.7 [269.4[¥70.9{0i83 [0.519}a.981




Table 4

BB of Type 1

o b To 4 e b L e

5 max| x y x 3y Pxmax|Symax]x % z
mrad e m m [+
=035 |-23.5|.3171].2211| 5.% fr0.7 [172.9]321.7} 0.73]|0.53010,970
-0.20 |- 7.8].3172|.2246] 5.3 |10.6 |170.2{06.4] 0.69(0.516(0.984

«3172{.2294%
a.20 7.01.3170].2366] 5.0 [10.4 |17).2]315.6] 0.70|0.48711.013
0.35 12.4].3067[.23871 4-9 |10.3 {173.8|320.2( 0.73|0.47811.022
Table &
B8 of Type 2

ve I v L |8 & *11 1

S |“max x | Yy x Y xmax | “ymax| %y % T
mrad | mm ™ m mm
-0.35 |=28.8).3047[.23791 4.9 [10.3 |185.4)321.8]|0.68 [0.493] L.007
-0.20 1-16.31.3097 .2337] s.0 |10.4 |177.6{316.4]0.68 }0.499] t.0m

0. 0. 121 18 5.2 10,5 1168,1]310.010.69 {6.500] 1.000

«31720.2294

0.20 15.81.3252(.2267| 5.4 |10.6 |176.4(314.210.71 10.500( 1.000
0,35 27.21.3313].225% ¢ 5.6 {10.8 |184.0(317.710.73 |0.500] 1.000
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