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CORRECTIONS

1.1 Purpose
The purpose of fbese corrections is to eliminate those components of
quadrupole ﬁeld n the booster Wh.lch excite the 2Q = and 2Qy =

]’\nncfn conta ; aicht qua ™ alag which ara
COOSter conlains Cigde QuUaaru PCies wiliCnl are

labled QVX1, QHX2, QVX3 QHX4, QVX5, QHX6, QVX7, and QHXS,
where QH and QV denote horizontal and vertical focusing quadrupoles,
and X refers to superperiod A, B, C, D, E, or F. These are the main
quadrupoles of the booster lattice. Each quadrupole has a main winding
consisting of 5 turns and an auxiliary winding (or trim winding) consisting
of 2 turns. The measured integrated strengths of the QH and QV
quadrupoles (see Refs. 4 and 5) are respectively 1.834 and 1.877 gauss per
ampere-turn. The auxiliary windings are used for the half-integer

resonance correction and are refered to here hv the names of the

s Vi LT

quadrupoles on which they are wound.

The auxiliary windings on the quads are connected together to form four
strings which are labeled QVSTR1, QHSTR1, QVSTR2, and QHSTR2.
Each string consists of the auxiliary windings of 12 of the quads connected



in series as indicated below. The ‘4’ and ‘-’

each auxiliary winding in the string.

QVSTRI: +QVAl +QVA7 -QVB1 -QVB7 +QVC1 +QVC7 -QVD1
—-QVD7 +QVE1 +QVE7 -QVF1 ~QVF7.

QHSTR1: +QHA2 +QHAS ~-QHB2 ~QHBS8 +QHC2 +QHC8 ~QHD2
~QHDS +QHE2 +QHES -QHF2 -QHFS.

QVSTR2: +QVA3 -QVA5 -QVB3 +QVB5 +QVC3 -QVC5 -QVD3
+QVD5 +QVE3 -QVE5 -QVF3 +QVFS.

QHSTR2: +QHA4 -QHA6 -QHB4 +QHB6 +QHC4 ~QHC6 ~QHD4
+QHD6 +QHE4 -QHE6 -QHF4 +QHFS6.

The division of the 48 auxiliary windings into four strings with the
indicated magnets and polarities insures that no 100, 58, 464, or 00
harmonic components are produced by any of the quadrupole strings. The
details of this scheme are discussed in Refs. (1-2) and in the appendix.

signs indicate the polarity of

The 12 auxiliary windings in each string are connected together with
number 2 (AWG) cable. The total resistance of each series string,
including the resistance of the windings, is 0.624 ohms. The estimated
inductance of each string is 0.77 mH. The net EMF induced in each string
by the currents in the main windings of the magnets is zero.

1.3 Excitation Scheme

The four strings QVSTR1, QHSTR1, QVSTR2, QHSTR2 are excited with
currents Jy, J2, J3, and Jy, respectively. In Refs. (1) and (2) it is shown
that the 2, = 9 and 2Q, = 9 resonance excitation components CX, SX,
CY, and SY produced by these currents are given by

cX J1
SX _ e J2
cy | =7 (Zﬁ) MQl 7, (1)
SY Jy

where
 28.139 —76.062 —37.769 —126.518

36.060 127.317 27.678 —77.381 2)
124.432 —9.590 —85.089 —45.423 |’
85.027 45.418 124.537 —9.564

M=



{Qv 0 0 0\
0 Qu O 0
Q=19 7 Qv 0 |}’ ®)
\ 0 0 0 Qn }
Qn = 3.668 x 107* and Qv = 3.754 x 10™* (tesla per ampere) are the
1ptegrated nnadrnpg]ﬂ strengths prodﬂ_ged bv each 2-turn mnn]mrv win -d.--

on the QH and QV quadrupoles, P 's the momentum, ¢P/e = 3.335641

FIpig P mam YT -1 2l ~1¢ 4 AT . 1nb o\ . __._1
L€sia-ifl per uev, ana the normalization comnst: 11L, 1V = LU/ &7}, 18 sSucn

c
that VCX2+ 8§X?2 and VCYZ + SY are 10° times the resonance
stopband widths produced by the correction scheme. The matrix elements
in (2) are those obtained by Tepikian in Ref. (2) and are expressed in
meters.
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given by
{7\ / Ny \
J1 A
J ] 1 /cP 1 { SX \
‘ 2 =T(——\Q M| 22 (4)
J3 \e/ CY N
Jy SY
where
( -1.365 -1.833 6.054 4.130
a1 1 -3.916 6.347 0.560 -2.215 -
M= — . (5)
1000 1.868 —-1.357 —4.165 6.052
6.411 -3.819  2.253 0.444
Thus if ﬂie operator selects v_li_es for CX, SX,CY, and SY then
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the values of the excitation components produced by the correction scheme
for a given set of currents, then these values are obtained by substituting
the currents into equation (1).
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1.4 rower suppiies

Each of the four strings of auxiliary windings is connected to its own power
supply. These power supplies are bipolar and can deliver a maximum
current of 12.5 amperes at a maximum of 50 volts. Each 2-turn auxiliary
winding therefore provides a maximum excitation of 25 ampere-turns. This



is 0.22% of the maximum excitation of 11500 ampere-turns provided by
each 5-turn main winding during proton extraction. The maximum current
requirement is based in part on Tepikian’s calculation [3] of the quadrupole
strength required to correct the resonances. Since the resistance of each
string is 0.624 ohms, the minimum voltage required at 12.5 amperes is 8
volts. The additional voltage is sufficient to ramp the current in each
string from zero to the maximum current in half the booster cycle period
of 0.133 seconds.

1.5 Controls

The current in each string of quadrupoles is programed with a 400 point
function generator which has the same name as the quadrupole string. The
400 points are assigned values determined by the desired program and are
clocked at a rate of one point per ms for proton acceleration, and at a rate
of one point every two ms for heavy ion acceleration. The first point of the
function generator is clocked out at Ty and the function is held at this
value until the function generator recieves a start pulse at time Ty .
which is specified by the user. When the start pulse is recieved, the
function generator points are clocked out at the specified rate of one or two
points per ms. This continues until all 400 points have been clocked out, or
until the function generator recieves a stop pulse. The time, Ts,p, of the
stop pulse is specified by the user and must be at least 25 ms before T, for
the next machine cycle. When the function generator recieves a stop pulse
the clocking of points stops and the function remains at the value it had at
time Tgop. If all 400 points are clocked before a stop pulse occurs then the
function remains at the value of the 400th point.

The function for each of the four strings is normally obtained from the
functions specified by the user for the four excitation components. The
currents required in the four strings are then obtained from equation (4)
with P = 0.645 GeV/c. The user may sometimes find it useful to directly
specify the functions for the four strings. The values of the excitation
components are then obtained from equation (1) with P = 0.645 GeV/c.

The value of the current in each of the four strings may be read back at
time Tsample Which is specified by the user. Analog signals for each string
are available through a multiplexer.



2 THIRD-INTEGER RESONANCE
CORRECTIONS

2.1 Purpose

The purpose of these corrections is to eliminate those components of
sextupole fields in the booster which excite the 3Q, = 14, Q. + 2Q, = 14,
3Q; = 13, and @, + 2Q, = 13 resonances. These resonances must be
corrected simultaneously without altering the machine chromaticities or
introducing any unwanted harmonics.

2.2 Magnets Used

Each superperiod of the booster contains eight sextupoles which are labled
SVX1, SHX2, SVX3, SHX4, SVX5, SHX6, SVX7, and SHXS8, where SH
and SV denote respectively sextupoles located near horizontal and vertical
beta maximums, and X refers to superperiod A, B, C, D, E, or F. These
are the main sextupoles of the booster lattice used to adjust the machine
chromaticity. The centers of the sextupoles are located 55.2 cm upstream
of the centers of the quadrupoles—i.e. the center of SVX1 is 55.2 cm
upstream of the center of QVX1, and so on. Each sextupole has a main
winding consisting of 8 turns and an auxiliary winding consisting of either
one or two turns. The measured integrated strength of each sextupole (see
Ref. 6) is 8.215 x 10~* tesla/m per ampere turn. The auxiliary windings
are used for the third-integer resonance correction and are refered to here
by the names of the sextupoles on which they are wound.

The auxiliary windings on the sextupoles are connected togther to form
eight strings which are labeled SVSTR1, SHSTR1, SVSTR2, SHSTR2,
SVSTR3, SHSTR3, SVSTR4, SHSTR4. Each string consists of the
auxiliary windings of 6 of the sextupoles connected in series as indicated
below. The ‘4’ and ‘-’ signs indicate the polarity of each winding in the
string, and ¢/2’ indicates auxiliary windings with just one turn.

SVSTRI1: +SVA1 -SVA3 -SVC1/2 +SVC3/2 -SVE1/2 +SVE3/2
SHSTR1: +SHA2 -SHA4 -SHC2/2 +SHC4/2 -SHE2/2 +SHE4/2
SVSTR2: +SVA5 -SVAT7 -SVC5/2 +SVC7/2 ~SVE5/2 +SVE7/2
SHSTR2: +SHAG6 -SHAS —~SHC6/2 +SHCS/2 -SHE6/2 +SHES/2



SVSTR3: +SVD1 -SVD3 -SVF1/2 +SVF3/2 -SVB1/2 +SVB3/2
SHSTR3: +SHD2 -SHD4 -SHF2/2 +SHF4/2 —-SHB2/2 +SHB4/2
SVSTR4: +SVD5 -SVD7 -SVF5/2 +SVF7/2 ~-SVB5/2 +SVB7/2
SHSTR4: +SHD6 -SHD8 —SHF6/2 +SHF8/2 -SHB6/2 +SHBS/2

The division of the 48 auxiliary windings into eight strings with the
indicated magnets and polarities insures that no 144, 106, 96, 46 or 06
harmonic components are produced during correction of the 3Q, = 13 and
Q: + 2Q, = 13 resonances, and no 136, 96, 50, or 00 harmonic components
are produced during correction of the 3Q, = 14 and @, + 2Q, = 14
resonances. The details of this scheme are discussed in Refs. (1-2) and in
the appendix.

The 6 auxiliary windings in each string are connected together with
number 2 (AWG) cable. The total resistance of each series string,
including the resistance of the windings, is 0.3066 ohms. The estimated
inductance of each string is 0.003 mH. The net EMF induced in each string
by the currents in the main windings of the magnets is zero.

2.3 Excitation Scheme

The eight strings SVSTR1, SHSTR1,..., SHSTR4 are excited with currents
J1, Ja,..., Jg Tespectively. If J; = J; 4 for j = 1,2,3,4, then the 3Q, =p
and Q. + 2Q, = p resonance excitation components for p = 13 are zero.
Similarly, if J;;4 = —J; then the resonance excitation components for

p = 14 are zero. Thus, the 3Q, = 14 and Q. + 2@, = 14 resonance
excitation components C X4, §X14, CY14, and SY}4 produced by the
currents in the eight strings are given by

CXyy J1+Js
5X14 _l(ﬁ) Jo+ Js
crie |~ 2 \ep) M| Ly (6)
S},M J4 + J8

and the 3Q; = 13 and Q. + 2Q, = 13 resonance excitation components
CXi3, SXi3, CY33, and SY;3 are given by

CX13 Jl _JS
SX13 _ N (CS) Jz—Js
cyn | =2 \ep) M| 5 -7, (7)
SY13 J4 - J8



where
39.017 -230.433 -—8.606 -191.932

34.454 60.248 56.746 —147.730

Mis=1 195164 -59.570 0.214 —88.629 (8)
75.279  66.529 150.993 —14.219
and
52.718 —211.124 35.220 —252.319
M = | 33732 140525 50.665  54.026 | ()
148.590 —46.760 103.567 —83.961

62.797 92.117 131.038 61.137

The matricies M3 and M4 are those obtained by Tepikian in Ref. (2). In
equations (6) and (7), § = 16.43 x 10~* tesla/m per ampere is the
integrated sextupole strength produced by each 2-turn auxiliary winding,
P is the momentum, cP/e = 3.335641 tesla-m per GeV, and the
normalization constant, N = 250. The matrix elements in (8) and (9) are
given in units of m3/2.

The currents required to produce a given set of excitation components are
given by

J1 CX14 CX13
J2 _ 1 CP) -1 SX14 -1 SX13
J3 - N (es Ml4 0}714 + M13 CY13 ? (10)
Jy S§Y14 SYi3
and
Js [ CX14 CXi3
Jo | _ 1 i) 1| 5Xus 1| $Xus
J7 - N (eS 14 CY14 - M13 CY13 (11)
Js S5Y14 SY13 /
where
-2.684 —-1.983 9.023 0.579
1 ~3.987 4.681 1.150 —1.988
-1 _
My = 1000 2.991 -1.635 —4.942 7.415 (12)
-1.103 -5.950 0.675 2.172
and
—5.969 0.561 12.238 —8.323
1 1.971  13.164 -1.397 -5.419
_1 -
My = 1000 4390 -4.167 -6.216 13.262 |- (13)

—6.246 —11.479  2.858  4.647
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Thus if the operator selects values for the eight excitation components

CXq4, §X14, CY1y4, SYq4, CX13, SX13, C’Y13, and SY,3, then substitution

Uf l:hCBC Vd}qu ll.ll:l) cqua.uuua \LU—lL} W]..Ll BIVU l/ll.c Lu.l].clll.'b J.cq_u.ut:d n l:hc
eight strings. Alternatively, if the operator wants to know the values of the
excitation components produced by the correction scheme for a given set of
currents, then these values are obtained by substituting the currents into
equations (6-7).

,..

2.4 Power Supplies

Each of the eight strings of auxiliary windings is connected to its own
power supply. These power supplies are bipolar and can deliver a maximum
current of 50 amperes at a maximum of 25 volts. Each 2-turn auxiliary
winding therefore provides a maximum excitation of 100 ampere-turns.
This is 3.6% of the maximum excitation of 2800 ampere-turns provided by
each 8-turn main winding. The maximum current requirement is based in

nart an Tanilkian’s salenlation (2] of tha cavtunala ctr th ranuirad ta
lel il J.Clll.l\.lml. » LaldvuliauiviilL LUJ \.IJ. IILLC BCAIIIAPULC Bblcllsbll J.Cliu.llcl‘. IIU

correct the resonances. Since the resistance of each string is 0.3066 ohms,
the mimimum voltage required at 50 amperes is 15.33 volts. The
additional voltage is sufficient to ramp the current in each string from zero
to the maximum current in half the booster cycle period of 0.133 seconds.

2.5 Controls

The current in each string of sextupoles is programed with a 400 point
function generator (described in section 1.5) which has the same name as
the sextupole string. The function for each of the eight strings is normally
obtained from the functions specified by the user for the eight excitation
components. The currents required in the eight strings are then obtained
from equations (10-13) with P = 0.645 GeV/c. The user may sometimes
find it useful to directly specify the functions for the eight strings. The

values of the excitation components are then obtained from equations
(R 0\ writh p — n RAR (‘n‘f /l‘

YYiudd

The value of the current in each of the four strings may be read back at
time Tysample Which is specified by the user. Analog signals for each string
are available through a multiplexer.



3 LINEAR COUPLING RESONANCE
CORRECTIONS

3.1 Purpose

The purpose of these corrections is to eliminate those components of skew
quadrupole fields in the booster which excite the @, — @, = 0 and

Q: + @, = 9 resonances. These resonances must be corrected
simultaneously without introducing any unwanted harmonics.

3.2 Magnets Used

With the exception of superperiods C, D, and F, each superperiod of the
booster contains eight correction packages centered 67.1 cm upstream of
the center of each quadrupole. Each package contains a horizontal and a
vertical dipole, and an additional set of coils which can be excited to
produce either a quadrupole or a skew quadrupole. The packages upstream
of quadrupoles QVX1, QHX2, QVX7, and QHXS8 contain skew
quadrupoles which are labeled QSX1, QSX2, QSX7, and QSX8. These are
the skew quadrupoles used for the correction of the @, — @, = 0 and

Q. + Qy = 9 resonances. Each skew quad has a 48-turn winding and a
measured integrated strength (see Ref. 7) of 5.45 gauss per ampere. In
superperiod C there is no correction package upstream of quadrupole
QVC5 and in superperiods D and F there is no correction package
upstream of quadrupoles QHD6 and QHFS6.

The skew quads are connected together to form four strings which are
labeled QSSTR1, QSSTR2, QSSTR3, and QSSTRA4. Each string consists
of six of the skew quads connected in series as indicated below. The
polarities of the skew quads in each string are all the same.

QSSTR1: QSA1 QSA7 QSC1 QSC7 QSE1 QSE7
QSSTR2: QSA2 QSA8 QSC2 QSC8 QSE2 QSES
QSSTR3: QSB1 QSB7 QSD1 QSD7 QSF1 QSF7
QSSTR4: QSB2 QSB8 QSD2 QSD8 QSF2 QSF8

The divison of the 24 skew quads into these four strings allows one to
independently correct the @, — Q, = 0 and @, + @, = 9 resonances. The
details of this scheme are discussed in Ref. (2) and in the appendix.



The six skew quads in each string are connected together with number 2
(AWG) cable. The total resistance of each series string, includjng the

n 771 1. mh ctirnatad indiirtanca ~F
resistance of the skew quads, is 0.771 ohms. The estimated inductance of

each string is 12 mH.

3.3 Excitation Scheme

aveitad

e four strin , an R4 are excited
w1th currents J1, Ja, J3, and J4 respectively. If I; = I;,, for j 1,2, then
the @, + @, = 9 resonance excitation components are zero. Smula.rly, if
Jj+2 = —J; then the @, — @, = 0 resonance excitation components are
zero. Thus, the @, — @, =0 and @, + @, = 9 resonance excitation
components produced by the currents in the four strings are given by

(£)-F(D™(a12) »
(g‘g): ('Z%>N(Jz 53) (15)

N, = ( 90.254 87.046 ) N, - ( 71.556 —14.017 ) (16)

and

where

4.517 23.301 43.519  82.487

The matricies N; and N, are those obtained by Tepikian in Ref. (2). In
equations (14) and (15), @ = 5.45 X 10~ tesla per ampere is the
integrated strength of each skew quad, P is the momentum,

cP/e = 3.335641 tesla-m per GeV, and the normalization constant,

N = 10%/4x. The matrix elements in (16) are given in meters.

The currents required to produce a given set of excitation components are

given by
() -v@ P () ()] o
and ] ;
1 [cP
() 2@ (5) (&) oo

10



N-1_ L [ 13628 —50912) ., 1 ( 12666 2.152)
' T 1000\ -2.642 52788 J° 2 T 1000 \ —6.682 10.988 |
(
Thus if the operator selects values for Cy, Cy, and Sg then substitution of
these values into equations (17-18) will give the currents required in the
four strings. Alternatively, if the operator wants to know the values of the
excitation components produced by the correction scheme for a given set of

currents, then these values are obtained bv substituting the currents into

RIATILVSy vailal VLSST VGduls Qit Ulvaausua Uy MASVIVAVIILE vail Lliitliy

equations (14-15).
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Each of the four strings of skew
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quadrupoles is connected to its own power
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has a maximum integrated strength of 135 gauss. This is 0.64% of the
maximum integrated strength of 2.1 tesla provided by each main
quadrupole during proton extraction. The maximum current requirement
is based in part on Tepikian’s calculation [3] of the skew quadrupole
strength required to correct the resonances. Since the resistance of each
string is 0.771 ohms, the minimum voltage required at 25 amperes is 19
volts. The additional voltage is sufficient to ramp the current in each
string from zero to the maximum current in half the booster cycle period

of 0.133 seconds.

LR

3.5 Controls

The current in each string of skew quadrupoles is programed with a 400
point function generator (described in section 1.5) which has the same

name as the skew quadrupole string. The function for each of the four

ctrineg i narmally ahtainad fram tha fiinstinone enasifind hy +ha 11aan for
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the four excitation components. The currents required in the four strings
are then obtained from equations (17-19) with P = 0.645 GeV/c. The user
may sometimes find it useful to directly specify the functions for the four
strings. The values of the excitation components are then obtained from
equations (14-16) with P = 0.645 GeV/c.

11
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4 Appendix: Sum and Difference Resonances

A detailed discussion of the theory of sum and difference resonances may
be found in Ref.(8). Following are some basic results.

m1 . b Y o 11 al i
The resonance is defined by the equation
mQ@. +n@Q, =N, (20)
z 1 v 5 \ =2

where @, and @, are the horizontal and vertical tunes, and m, n, and N
are integers. If m and n have opposite signs, the resonance is called a
difference resonance; otherwise it is called a sum resonance. The order, I,
of the resonance is

I =|m|+ |n|. (21)

If the tunes are sufficiently close to the resonance, i.e. if they are within
the resonance stopband, and if n is even (odd), the resonance will be
excited by the Nth harmonic, in azimuth 6, of the normal (skew) 2I-pole
fields present in the machine. The resonance condition (20) arises from the
first-order perturbation treatment of the vector potential terms z!™/yl"|
associated with the 2l-pole field. The width of the stopband is proportional

to the eh‘eng‘fh of the 21-nn]p field, and for resonances of order 3 and hiuhm‘

also depends on the amplitudes, J and Jy, of the betatron osc1llat10ns If
I |

A $irman mma Tvaaw raIAR AN ,S H 4+ hao meze -
thc tu.uca alt lical lahc 1TJVILALILE, aia l.f T 7‘— U, T 1— U, I:llt:ll tll qud-lltlty
C =nJ, —mJ, (22)

is a constant of the motion. For the case of the difference resonances this
implies that the amplitudes are bounded; for sum resonances the
amplitudes can increase without bound. In the presence of space-charge
forces the amplitudes are generally bounded as discussed in Ref. (9).

4.1 Excitation Coeflicients
The excitation coefficient for the resonance (20) is of the form

C 2nr ,
K= ; J/(; ﬂl,'"/zlﬂil"/le(s)e"l’ds, (23)

12



where p is the momentum,
Y(s) = m(pz — Qz9) + n(py — Q,0) + N, (24)

s ds s ds ot-IB
#z(s)=/0 B.(5)’ Hy(s) = o By(s)’ K(S)ZW, (25)

and B = By(B;) if n is even (odd).

4.2 Resonance Correction

For the correction of the mQ, + nQ, = N resonance we require
Ko+Kk=10 (26)

where kg is the excitation coeflicient due to imperfections in the machine,
and k is produced by the resonance correction scheme. For a set of point
correction elements we have

K m n 1)
w= O Y LAl gl e, (27)
i

where K is the integrated strength per unit current of each correction
element, I; is the current in the jth element, and

Brj = Bz(85)s  Byi = By(s5), %5 = ¥(s;). (28)

If the correction elements occupy the same relative positions in each of P
superperiods, and we let ¢ and p denote the gth correction element in the
pth superperiod, then (27) becomes

P
K= CE Z ZImﬂLrg/2lﬂLz/2lei¢pq’ (29)
p=1 ¢q
where

Ypg =Yg+ 2xN(p—1)/P. (30)

Now, if we choose

2n M

Ipq = Iq CcOoSs —P—(P - 1) = qup, (31)

13
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where

p L P
uli 2r M 1 ¢
SuN = E :CIZ‘A'N(p—l)/P cos _P_(p _ 1) — 5 § :(Xp—l + Yp—l)’
p=1

p=1
r

X = 2 (NHM)/P g _ gizn(N=-M)/P

Here we see that since
P
(Zz-1)> 2771 = 2P -1,
p=1

2 mmmim ccsmlace AT L AL _ DT olnnn ¥ 2 e 2idee . ML___ O -
GJMN 1D ZC1U ULLTDD Y T Ui — iy WIICIC 1 1D ally uu,t:scx. LIIUD AN D
as a filter for unwanted harmonics. For the case of the Booster, P = 6
we find the following values for Spyrv and fp:

M N | Suyn |Uun Vun

14 14| 3 | 3/2 3/2

13 13| 3 | 3/2 3/2

13 5| 3 | 3/2 3/2

14 4| 3 | 32 3/2

9 9 6 3 3

0 0 6 3 3

13 14| 0 | 3/2 —3/2

14 13| 0 | 3/2 -3/2

14 b 0 3/2 -3/2

13 4| 0 | 3/2 -3/2

9 0 0 3 -3

0 9| o 3 -3

and

MIA [ i i fs fe
141 -1/2 -1/2 1 -1/2 —1/2
1301 1/2 -1/2 -1 —-1/2 1/2
9 1 -1 1 -1 1 -1
0 1 1 1 1 1 1
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where

ik 2 M
Sun =Unn +Vun, Unn =Y e2™NE=2/P ¢oq

(2p—-2). (36)

4.3 Correction of Resonances 3Q, = 14, Q. + 2Q, = 14,
3Q. =13, and Q. +2Q, = 13.

These resonances are corrected with the eight strings of sextupoles listed in
section 2.2. Since the auxiliary windings on the sextupoles in superperiods
B, C, E, F have half as many turns as those in superperiods A and D, and
are wired with the opposite polarity, f, will have the values tabulated for
the case M = 14 or M = 13. For the correction of resonances 3Q, = 14
and Q; + 2Q, = 14, the currents in each superperiod are given by (31)
with M = 14 and ]3 = —Il, I4 = —-I2, I7 = —I5, Is = “‘Iﬁ. I.le, J2, J3, J4
are the currents in sextupoles 1, 2, 5, 6 of superperiod A, and J5, Js, J7,
Jg, are the currents in sextupoles 1, 2, 5, 6 of superperiod D, then (32)
becomes

CX14 Jl +J5
SX14 _Q (S) J2+ Js
CYs | 2 M Js+J7 |’ (37)
S5Y14 Ji+ Js

where C X4 and SX;4 are the real and imaginary parts of the excitation
coefficient for the 3Q, = 14 resonance, CY;4 and SY74 are the real and
imaginary parts of —1/3 times the excitation coefficient for the

Qs + 2Q, = 14 resonance, and

My = 3(M, — M), (38)
[ BCa B Cu ﬂ:ézczs BHCs )
M= | BarSa s, Bl TS 20
a — 1/2 1 2 1 2 1/2 ? ( )
Bz1 Byi1Ciyr ﬂ,z By2Cy2 ﬂzs BysCys  Bz6 BysCuys
ﬂ;fﬂylsyl B82Sy BBy Sys ﬂ” 2,65y /
B, BMC.  BPC.r BPChs
M= | FSo BSa BESe S (40)
B136..Css B28,iCo BLB,1Cy B850,

\ﬂi32ﬂy35y3 ﬂiﬁzﬂy‘lb‘w ﬂi?zﬁsﬂsw ﬂl/zﬂyssys
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Crj = costfzj, Szj =sinty;, Cyj =costhy;, §y; =sinpyj, (41)
Yz = 3poj + (N - 3Q2)05,  Yyj = Baj + 2py5 + (N — Q2 — 2Q,)0;. (42)

Similarly, for the correction of the 3Q, = 13 and @, + 2@, = 13
resonances we have

CXi3 Ji—~Js
sx, | ¢ (g) o — Je
CYiz | 2 Mis J3—J7r |’ (43)
SY13 J4 - JS

where M3 is given by (38-42) with N = 13.

Now, since Spyry = 3 for (M, N) = (14, 4) and (13, 5), correction of the
3Q, = 14 and Q; + 2Q, = 14 resonances can produce a nonzero excitation
coefficient for the 2Q, — @, = 4 resonance, and correction of the 3Q, = 13
and @, + 2Q, = 13 resonances can produce a nonzero excitation coefficient
for the 2Q, — Q. = 5 resonance. Evaluating (32) for the 2Q, — @, =4
resonance we find

Ji+ Js

cxY, _C(S) Jo + Je

(an)‘z )M Lt | (44)
Ja+ Js

where C XY, and SXY, are the real and imaginary parts of —1/3 times
the excitation coeflicient for the 2Q, — @, = N = 4 resonance, and

M, = 3(M, — My), (45)
M. = [ Bel’BnCi B38iC Bif*isCs BidBueCo 16
a= 1/2 1/2 1/2 1/2 ) (46)
Bl ByiS1 Bry By2S2 Brs BysSs B ByeSe

M, — iz/;zﬂyscs ﬂi£25y404 ﬂi425y707 ﬂ;};ézﬂySCS
= 1/2 1/2 1/2 1/2 ,

3 By3S3  Bry ByaSs B3 ByrS7  Brg BysSs
C;j=cosv;, S;=sint;, ;=2 — pzj+(N-2Q,+ Q)8;. (48)

Similarly, for the 2Q,, — @, = 5 resonance we have

(47)

Jy—Js
CXY5 _ crs J2 - J6

( $XYs ) T 9 (;) M Js—J: |’ (49)
Jy— Jg

where M is given by (45-48) with N = 5.
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4.4 Correction of Resonances ), - Q,=0and @, + Q, =9.

These resonances are corrected with the four strings of skew quadrupoles
listed in section 3.2. (Only the skew quads in sections 1, 2, 7, 8 of each
superperiod are used.) These strings can be excited so that f, will have
the values tabulated for the case M = 0 or M = 9. The currents in each
superperiod are given by (31) with M =0or M =9 and I, = I, I, = Is.
If J; and J; are the currents in skew quads 1 and 2 of superperiod A, and
J3 and J, are the currents in skew quads 1 and 2 of superperiod B, then

(32) becomes
Co) C/Q Ji+J3
(So)_a(;)Nl(h%*h) (50)

(&)-5@~(12) -

where Cj and Sy are the real and imaginary parts of the excitation
coefficient for the @, — @, = 0 resonance, Cy and Sg are the real and
imaginary parts of the excitation coefficient for the @, + @, = 9 resonance,
and

oo (A oA s i)
Bz1 B, 811 + Bo7 By 57 ﬂzzﬂ S12+ B8 Bs Sis (52)
e (fon ssron dfatons atotcn)
Bzi B S + B Byr Sar By Bya S22+ Brs Bys Sas
(53)
an = COs ’(ﬁnj, Sn]' = Sin'l/)nj, (54)

P15 = Haj — My + (Qy — Q2)0i, Y25 = aj + pyj + (9 — Qz — Qy)0;. (55)

4.5 Correction of Resonances 2Q, =9 and 2Q, = 9.

The 2Q, = 9 and 2Q, = 9 resonances are corrected with the four strings of
quadrupoles listed in section 1.2. Since these strings are wired so that the
auxiliary windings on the quads in superperiods B, D, F have polarity
opposite those in superperiods A, C, E, f, will have the values tabulated
for the case M = 9. The currents in each superperiod are given by (31)
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with M =9 and Il = 17, Iz = Ig, I3 = —I5, I4 = —-IG. If J], J2, J3, J4 are
the currents in quadrupoles 1, 2, 3, 4 of superperiod A, then (32) becomes

cx 7y
sx | _(c 7,
cy |~ (;) MR g, (56)
SY T;

where Q is given by (3), CX and SX are the real and imaginary parts of
the excitation coefficient for the 2Q, = 9 resonance, CY and SY are the
real and imaginary parts of the excitation coefficient for the 2Q, =9
resonance, and

M = 6(M, + M,), (57)
,6:1:101'1 ,312Cx2 :31'30.1:3 ﬂx4Cx4
M. = ﬂzlszl ,61‘2Sx2 ,3133.1:3 ,3:1:4514 (58)

T ﬂylcyl ,ByZCyZ ,BySCyS ,By4Cy4 ’
ﬂylsyl ,ByZSyZ ,BySSyB ,3y4Sy4

ﬂx7Cx7 :61‘80.1:8 "‘,31'5 C.1:5 ",31-601'6
ﬂ:t7S:c7 ,6:1:831‘8 “,31'551'5 ",31-651'6
M, = : 59
b /By7cy7 ,HySCyS _,ByS Cy5 _:ByGCyS ( )
ByrSyr  BysSys  —BysSys  —BysSye

Czj = costyj, Szj=sint,, Cyj=costh;, §y; =sin,,, (60)
Yzj = 2025 + (N —2Q2)0;, ¥y = 2py; + (N - 2Q,)8;, (N =9) (61)
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