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ABSTRACT

WE HAVE STUDIED THE NONLINEAR EFFECTS OF THE AL-
TERNATE CONCEPTUAL AGS-BOOSTER ILATTICES. WE PRESENT
SOME OF OUR RESULTS FOR THESE LATTICES USING PRO-

GRAM "NONLIN" (WHICH WE HAVE DEVELOPED) INCLUDING
THE PERTURATION TO TUNE; EMITTANCE GROWTH; HAMIL-
TONIAN RESONANCE STRENGTH; FIXED POINTS; CHIRIKOV
CRITERIA; ISILAND WIDTH ETC. WE ALSO INCLUDE THE
RESULTS OBTAINED FROM PROGRAM HARMON FOR THESE
SAME LATTICES AND GIVE A COMPARISON OF THE RESULTS.
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I. INTRODUCTION

In our investigation of the nonlinear effects on the
dynamical systems we have developed and implemented a
program that calculates and obtains information about
nonlinear contributions in accelerators including [1]:
the perturbation of tune; emittance growth; Hamiltonian
resonance strength; generating function resonance
strength; fixed points; Chirikov criteria; Island width
etc. Using this program ("NONLIN") we study the struc-
ture resonances in the Alternate Booster Lattices due to
I) eddy current sextupoles and II) the chromaticity cor-
rcting sextupoles.

We also compare our results obtained from NONLIN with
those obtained from HARMON [2] for the same lattices [3].

The following Tables divided into two sections show-
ing the results obtained for the six Alternate Booster
Lattices using NONLIN and HARMON respectively.

The Tables labled with "[NONLIN]" corresponds to the same
Tables 1labled with "[HARMON]" for a given (Table number)
lattice.

IT. PROGRAMS' NOTATION:

, we note the following differences bet-
ns and magnitudes given in the results
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CONCLUSION

In this note, we have presented the results of the pro-
gram "NONLIN" to calculate the nonlinear effects in the six
alternate lattices to the proposed standard Booster lattice.
The comparison of our results using NONLIN and the program
HARMON for the investigation of nonlinear effects in accele-
rators is given.

We find that the results between HARMON and NONLIN agrees
qualitatively for the six lattices tested (i.e. the strength
of resonances may agree qualitatively but not quantitatively).

These programs agree quantitatively, in tune shift para-
meters and the stop bandwidth calculation for the third order
resonances. The differences in the stop bandwidths of the
other resonances may be due in part to the difference in the
canonical transformations used on the Hamiltonian.

Additionally, we can calculate emittance growth; sixth
order resonances; the Chirikov criterion (i.e., to determine
when two or more resonances could lead to chaotic behavior),
and generating function resonance strength with NONLIN (as
was illustrated in the previous section).
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RESULT OBTAINED FROM PROGRAM "NONLIN"



Page 5

TABLE I

1/3 AGS BOOSTER IATTICE  [NONLIN]

Circumference = 269.04001 P =38
vX0 = 6.8200002
vy0 = 6.8299994

Perturbation of tunes

= vx0 + 108.3684 * ex + -=79.42130 * ey
vyo + -79.42130 * ex + 238.0322 * ey

<
L
I

Given a beam with emittances

ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),

S s
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the perturbed tunes become
VX = 6.821977 vy = 6.840833 :
The emittance can grow to
exmax = 2.6963916E-04 at the 6 th element and
eymax = 2.5500849E-04 at the 6 th element.
The resonances are numbered as follows: i
4
No. Resonance Strength Stp bndw w
7 2vx-2vy = 0 6.8113E-07 3.9891E-02
Fix pts. wWidth Chirikov cr
1.2448E-03 1.8358E-05 3.4659E-03
l The generating function resonance strength
€ +lhhdo raciAmaA~a e fad +hnan 14+ AT Amard D)
LUL CilAO L CouviiAlivoe LDe \Clk_ (Y L~ o L1l cCLClic lk—)
N C+rvan~+h
LYNJ o [ S 8 C.I.l.\d w11
I 7 6.38614E-07 I



I 1/3 AGS BOOSTER ILATTICE [NONLIN]

Circumference 269.04001 P =38

vx0 = 5.,3398924

vy0 = 5.3498421

)

Perturbation of tunes
vx = vx0 + -150.7028 * ex + -116.8775 * ey
vy = vy0 + -116.8775 * ex + 50.65845 * ey

ex =

VX =

exmax =

vy =

TABLE II
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Given a beam with emittances
6.8300003E-05 ey =
the perturbed tunes become
5.321617

The emittance can grow to

4.6593347E-04 at the

6.8300003E-05

)
5.345319 :

(*pi m-rad),

6 th element and

eymax = 3.4503511E-04 at the 6 th element.

The resonances are numbered as follows: 3

No. Resonance Strength  Stp bndw ﬁ

Fix pts. width Chirikov cr :

5 1 vx +2 vy = 16 5.2152E-07 3.8179E-02 !

2.2907E-02 *%%*% *kk 3

4

7 2 vx -2 vy = 0 5.1138E-07 2.9949E-02 ;

6.177%E-03 3.0S521E-05 1.5449E-03 ;

8 2 vx +0 vy = 8 1.2576E-06 7.3649E-02 %

1.3914E-01 4.5675E-05 2.5720E-03 E

10 2 vx +4 vy = 32 3.6110E-07 1.0574E-01 E
6.7674E-02 1.4739E-05 2.2887E-03

11 3 vx +0 vy = 16  2.3942E-07 3.1549E-02 E

3.1549E-02 * % *% i

14 4 vx +2 vy = 24 8.3452E-07 2.4437E-01 I
1.4662E-01 7.1520E-06 5.4500E-03

15 6 vx 40 vy = 24 5.7171E-07 3.0134E-01 l

2.0089E-01 3.4218E-06 5.2026E-03 I

w ‘@




The generating function resonance strength

TABLE T

(CONTS . )

for each resonance is:

————— — ——— - — —— A ——— T —— —— t— —

Strength

4.20365E-07
5.43361E-07
3.25832E-06
3.21149E~07
1.51201E-06
1.52807E-07
1.55902E-07

(at the 6'th element)
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TABLE III

1/3 AGS BOOSTER LATTICE [NONLIN]

——— - ——— T S — . . ——— . . —— G T T e e — D G S GG G- = A —— G —— i ——— - —— — — — o ——

Circumference = 269.04001 P =28
vx0 = 5.8198376
vy0 = 5.8300958

Perturbation of tunes

= vx0 + 13.28599 * ex + -24.11663 * ey
= vy0 + -24.11663 * ex + 101.5044 * ey

< <
X
([

Given a beam with emittances
eXx = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),
the perturbed tunes become

vx = 5.819098 vy = 5.835382

The emittance can grow to

exmax = 1.7789334E-04 at the 6 th element and
eymax = 1.7159859E-04 at the 6 th element.

The resonances are humbered as follows:

No. Resonance Strength Stp bndw

7 2 vx =2 vy = 0 2.9111E-07 1.7049E-02
Fix pts. Width Chirikov cr
4.9770E-03 2.1129E-05 1.2871E-03

ion resonance st
.

reng
(at the 6'th element)

No. Strength

7 3.53915E~-07

Page 8
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TABLE IV

COMBINED FUNCTION LATTICE [nonlin]

Circumference = 201.78000 P = 12
vx0 4.8199997
vyO 4,8299999

Perturbation of tunes

vX = vX0 + -0.3738223 * ex + -23.53927 * ey
= vy0 + -23.53927 * ex + 41.67454 * ey

Given a beam with emittances

the perturbed tunes become
vXx = 4.818366 vy = 4.831238

The emittance can grow to
exmax
eymax

W

1.8246108E-04 at the 14 th element.
The resonances are numbered as follows:

No. Resonance Strength Stp bndw

7 2 vx -2 vy =0 2.4532E-07 1.4367E-02

The generating function resonance strength

No. Strength

7 2.64501E-07

.

e

—— e ———————— ——— S ——— — ——— A —— —— " —— (———————t———— ——— —— —— — —— - ——

eX = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),

1.8585735E-04 at the 15 th element and

— e —  — ——  —— T — - — . — Y — W — D S = G —— . — S —— Y — — G ——— ——

Fix pts. width Chirikov cr
1.4246E-02 2.6343E-05 1.1599E-03

for each resonance is: (max of the 14'th and 15'th)

Page 9
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TABLE V

] COMBINED FUNCTION LATTICE

[NONLIN]

201.78000 P =
4.0101190
4.1101117

Circumference
vx0
vyO

W

A Perturbation of

—— e — — — — —— - —— Y ——— —— ——— - - —

-1017.564 * ex +
-764.1721 * ex +

vx0 +
vyo +

-764.1721 * ey
=-342.7070 * ey

Given a beam with emittances

eXx = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),
the perturbed tunes become
VX = 3.888426 vy = 4.034512

r The emittance can grow to

exmax = 6.4411538E-04 at the 15 th element and
eymax = 2.6812332E-04 at the 14 th element.

The resonances are numbered as follows:

No. Resonance Strength Stp bndw
{ Fix pts. width Chirikov cr
5 1 vx +2 vy = 12 3.7710E-06 2.7606E-01 ?
1.6564E-01 * % *%
7 2 vvx =2 vy = 0 2.5537E-06 1.4956E-01
1.3927E-02 6.1631E~05 5.1609E-03
8 2vx +0 vy = O 4.7862E-06 2.8031E-01
4.2481E-01 3.4292E-05 1.7385E-02
10 2 vx +4 vy = 24 2.3230E-06 6.8025E~-01
4.3536E-01 1.0328E-05 2.8017E-02
11 3 vx +0 vy = 12 7.4427E-07 9.8073E-02
9.8073E-02 * % *%
14 4 v +2 vy = 24 1.0178E-06 2.9803E-01
1.7882E-01 2.9182E-06 2.1720E-02
15 6 vx +0 vy = 24 1.0670E-06 5.6242E-01 3.7495E-01
1.7990E-06 2.4625E-02
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TABLE V (CONTS.)
L

The generating function resonance strength
for each resonance is: (max of the 14'th and 15'th)

No. Strength
5 2.01633E-06
7 1.47760E-06
8 5.18304E-06

10 1.32051E-06

11 4.68442E-06

14 5.99426E-07

6.35804E-07
——
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TABLE VI
"__ e mmm_
r
HYBRID LATTICE [NONLIN]
Circumference = 201.78000 P =12
vx0 = 4.8200002
vy0 = 4.8299999

Perturbation of tunes

VX = vx0 + =11.54457 * ex + -58.06120
vy = vy0 + -58.06120 * ex + 15.81874 * ey

Given a beam with emittances

ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),

the perturbed tunes become

VX = 4.815246 vy = 4.827115

The emittance can grow to

exmax = 1.5988557E-04 at the 11 th element and
eymax = 1.5675873E-04 at the 9 th element.

The resonances are numbered as follows:

AT - R i Y Fal SNy W, PN Fal Sous 1
NO. Xesolridlice olLrengtulrl oLD D
-y ~ -—ve e ~ - p— FaY -~ M TTO AT a%erd -

/ 4 VX —<4 VY = VU Lel/OULTU/ 1.
Fix pts.
(o] MANNTTITHATY ~ ~
OeJ47230LUD 4.

mia ~ da 2 e £ a3
1llc ycliciauvllly Luiiceul
for each resonance is

)

Chirikov cr
1.2756E~03

=J\e}

Page 12
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TABLE VII

HYBRID LATTICE [NONLIN]

Circumference = 201.78000 P
vX0 = 4.0099969
vy0o = 4.1099973

Perturbation of tunes

vx0 + -1653.976 * ex + -=1060.103 * ey
vy0O + -1060.103 * ex + -=490.6285 * ey

Given a beam with emittances

ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),
the perturbed tunes become

VX = 3.824625 vy = 4.004083

The emittance can grow to
exmax = 8.9018885E-04 at the 11 th element and
eymax = 3,2113239E-04 at the 11 th element.

The resonances are humbered as follows:

No. Resonance Strength Stp bndw
Fix pts. wWidth Chirikov cr
1 vx +2 vy = 12 4.4097E-06 3.2282E-01
1.9369E-01 *% * %
2 vx =2 vy = 0 3.6610E-06 2.1441E-01

9.8287E-03 1.9368E~04 2.3544E-03

2 vx +4 vy = 24 3.1102E-06 9.1076E-01
5.8289E-01 9.9481E-06 3.8942E-02

3 vx +0 vy = 12 9.3942E-07 1.2379E-01
1.2379E-01 * % *k

4 vx +2 vy = 24 1.4139E-06 4.1402E-01
2.4841E-01 2.7907E-06 3.1553E-02

6 vx +0 vy = 24 1.7413E-06 9.1782E-01
6.1188E-01 1.8026E-06 4.0107E-02
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TABLE VII (CONTS.)

The generating function resonance strength
for each resonance is: (at the 11'th element)

No. Strength
5 2.21538E-06
7 1.96125E-06

10 1.55718E-06

11 5.86242E-06

14 7.47274E-07

15 1.00456E-06

S mitete, GO,




TABLE VIII

——— — —— . — - " - —— S - G — - — - —— - G — - — - — i —— ———— - —— — ——

Circumference = 201.78000 P =38
vXx0 = 4.8200006
vy0o = 5.8299999

Perturbation of tunes
vx = vx0 + 26,87400 * ex + =246.9074 * ey
vy = vy0 + =-246.9074 * ex + <-173.8848 * ey

Given a beam with emittances

exXx = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),
the perturbed tunes become

vX = 4.804972 vy = 5.801260

The emittance can grow to
exmaxXx = 1.2314046E-04 at the 2 nd element and
eymax = 1.4639224E-04 at the 1 st element.
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TABLE IX

Circumference = 201.78000 P =38
1 VX0 = 4.6697268
1 vy0 = 5.6798048

Perturbation of tunes

vx = vx0 + 24.43950

* ex + -6137.145 * ey :
VY = vy0 + -6137.145 * +

ex + =-3108.220 * ey g
Given a beam with emittances

{ ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),

| the perturbed tunes become
VX = 4.252229 vy = 5.048347

The emittance can grow to
exmax = 1.7267074E-03 at the
eymax = 3.3265704E-03 at the

2 nd element and
1l st element.

|
! The resonances are numbered as follows:

No. Resonance Strength Stp bndw

B I 2 ol Bt ier Eobbac Attt Sl

Fix pts. Width Chirikov cr

5 1 vx +2 vy = 16 3.8182E-06 2.7952E-01
1.6771E-01 0.0000E+00 0.0000E+00

110 2 vx +4 vy

32 1.2068E-05 3.5339E+00
2.2617E+00 9.0354E-06 1.6637E-01

for each resonance is: (in the first element)

No. Strength

‘ The generating function resonance strength
l 5
I 10 1.44126E-05

_ﬂmm@xwwmmwm R Wy AT



Page 17

TABLE X

DG

Circumference = 201.78000 P =238
vX0 = 4.0099120
vy0 = 5.0200787
i
E Perturbation of tunes

vx0 + 1498.838 * ex +
vyo + 1276.833 * ex +

Given a beam with emittances
ex 6.8300003E-05 ey = 6.83
the perturbed tunes become

VX 4.199491 vy

5.1
to

at the
at the

The emittance can grow

exmax 9.4632553E-03
eymax

(I

2.0227776E~04

The resonances are numbered as

1276.833 * ey
75.72473 * ey

00003E-05 (*pi m-rad),

12458

2
-
2

nd element and
nd element.

follows:

No. Resonance Strength

b v

X

—— e —— ——— —— —— - —— - —— —— ——n T ——— ——— AL t—— D . — S — . —— > ——— — ——— S — -

ot~ aT=-% o5 ol Y AT s s T
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TABLE XTI

MR INC A REK ]

STANDARD BOOSTER ILATTICE SPLIT TUNES I [NONLIN]

—— T — —— - —— S — — A —— - — — - — D G —— - ——— T — —— - ——— ——— S —— T ———

Circumference = 201.78000 P =25s6
vX0 = 4.8199992
vy0 = 3.8300011

Perturbation of tunes
vx0 + 9.875389 * ex + -—-44.16544 * ey
vy0 + -44.16544 * ex + 114.8772 * ey

Given a beam with emittances

ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),
the perturbed tunes become

VX = 4.817657 vy = 3.834831

The emittance can grow to
exmax = 9.3103066E-05 at the 6 th element and
eymax = 8.4061801E-05 at the 10 th element.




TABLE XII

STANDARD BOOSTER WITH SPLIT TUNES I [NONLIN]

Circumference = 201.78000 P =25
vx0 = 4.5008211
vyO0 = 3.5109022

Perturbation of tunes
vx = vx0 + 7.144453 * ex + -29.04304 * ey
vy = vy0 + -=-29,04304 * ex + 111.7539 * ey

Given a beam with emittances

ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),
the perturbed tunes become

VX = 4.499325 vy = 3.516551

The emittance can grow to
exmaxXx = 1.6472676E-04 at the 6 th element and
eymax 8.6201551E-05 at the 6 th element.

The resonances are numbered as follows:

No. Resonance Strength Stp bndw
13 4 vx +0 vy = 18 1.8388E-08 4.3075E-03

The generating function resonance strength
for each resonance is: (in the 6'th element)

No. Strength

—— ———— — — T — —— - —— - ——— - - —— -

| 13 3.09927E~-08
NS ARG

Fix pts. Width Chirikov cr

- — ———— ————————— — S —— - ——— - —————— " ——— T —— T = ——— . ———— — ——— ———

1.8913E-03 6.3414E-06 1.8058E-04
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TABLE XIII

Circumference = 201.78000 P =256
vX0 = 4.0098424
vy0 = 3.0199578

Perturbation of tunes

VX vx0 + -10.78179 * ex + -57.78951 * ey
vy vy0 + -=57.78951 * ex + 108.0402 * ey

]

Given a beam with emittances

ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),

the perturbed tunes become

VX = 4,.005159 vy = 3.023390

The emittance can grow to

exmax = 1.2154784E-04 at the 10 th element and
eymax = 1.3938885E-04 at the 10 th element.

The resonances are numbered as follows:

No. Resonance Strength Stp bndw
Fix pts. width Chirikov cr
1l O vx +2 vy = 6 3.6860E-07 2.1587E-02

2.3005E-02 2.9205E-05 1.5720E-03

2 0 vx +4 vy = 12 1.4516E-07 3.4005E-02

2.1651E-02 4.5818E-06 1.9730E-03

11 3 vx +0 vy = 12 5.1799E-08 1.2096E-02
1.2096E-02 *% * %k

15 6 vx +0 vy = 24 1.8274E-08 9.6320E-03
6.4213E-03 2.2872E-06 3.317

Ta my v 3 e e aam it R e amm v o o o~ e e

Tu!:: gcue.Lat.;ug Lullbl— LU L oooullallicc bLLclLJ
for each resonance is: (in the 10'th element)

No. Strength
1 4.31316E-07
2 1.52855E-07
11 5.85155E~07
15 2.06349E-08

Page 20
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TABLE XIV

STANDARD BOOSTER LATTICE WITH SPLIT TUNES I [NONLIN]

' Circumference = 201.78000 P =56
= 4.6698065
vy0 = 3.6802068

Perturbation of tunes

vx = vx0 + 8.429522 * ex + -161.8193 * ey

Vy = vy0 + =-161.8193 * ex + 49.56433 * ey

Given a beam with emittances

eXx = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),

the perturbed tunes become

VX = 4.659330 vy = 3.672540

The emittance can grow to

exmax = 1.6464839E-04 at the 6 th element and
eymax = 2.2785737E-04 at the 6 th element.

The resonances are humbered as follows:

No. Resonance Strength Stp bndw
Fix pts. wWidth Chirikov cr
5 1 vx +2 vy = 12 5.4943E-07 4.0222E-02
2.4133E-02 *% * %
10 2 vx +4 vy = 24 3.2169E-07 9.4200E~-02

6.0288E-02 1.3511E-05 2.9657E-03

The generating function resonance strength
for each resonance is: (in the 6'th element)

No. Strength

5 5.68550E-07
10 3.68423E~-07
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TABLE XV

STANDARD BOOSTER LATTICE WITH SPLIT TUNES II [NONLIN]

Circumference = 201.78000 P =26
vx0 = 3.8199983
vy0 = 4.8299999

Perturbation of tunes

vx = vX0 + 6.983605 * ex + 200.6003 * ey
vy = vy0 + 200.6003 * ex + -66.52982 * ey

Given a beam with emittances

ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),
the perturbed tunes become

VX = 3.834176 vy = 4.839157

The emittance can grow to
exmax = 1.1529480E-04 at the 6 th element and
eymax = 1.4312129E-04 at the 10 th element.
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TABLE XVI

STANDARD BOOSTER ILATTICE WITH SPLIT TUNES II [NONLIN]

Circumference = 201.78000 P =256
vx0 = 3.5008779
vy0 = 4.5021882

Perturbation of tunes

vx = vx0 + 7.010273 * ex + 60.17466 * ey
= vy0 + 60.17466 * ex + -~5,151743 * ey

Given a beam with emittances

ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),
the perturbed tunes become
vx = 3.505466 vy = 4.505946

The emittance can grow to
exmax = 9.1532944E-05 at the 10 th element and
eymax = 2.0699165E-04 at the 10 th element.

The resonances are numbered as follows:

No. Resonance Strength Stp bndw

2 0O vx +4 vy = 18 6.6026E-08 1.5467E-02
Fix pts. width Chirikov cr

5.0968E-03 1.4151E-05 2.9057E-04

The generating function resonance strength
for this resonance is: (in the 10'th element)

No. Strength

2 1.26331E-07
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TABLE XVII

STANDARD BOOSTER LATTICE WITH SPLIT TUNES II [NONLIN]

Circumference = 201.78000 P =256
vx0 = 3.0101504
vy0 = 4.0201583

Perturbation of tunes
v = vx0 + 1069.106 * ex + 109.9859 * ey
= vy0o + 109.9859 * ex + 12.57230 * ey

Given a beam with emittances !
ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),
the perturbed tunes become

VX = 3.090683 vy = 4.028529

The emittance can grow to f
exmax = 3.5498552E-02 at the 10 th element and ‘
eymax 1.6244168E-04 at the 10 th element. ,

The resonances are numbered as follows:

No. Resonance Strength Stp bndw
Fix pts. Width Chirikov cr
8 2vVvVx +0 vy = 6 6,.7624E-05 3.9604E+00

3
8.5169E+00 1.2575E-04 6.6981E-02

'—I
W
o
<
b
+
(@]
<
=
li

12 5.5942E-05
1.3810E+01

.3105E+01
.8594E-05 1.2184E-01

N P

The generating function resonance strength
for each resonance is: (in the 10'th element)

No. Strength
8 2.60064E-07
13 7.29373E-05
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TABLE XVIII

STANDARD BOOSTER LATTICE WITH SPLIT TUNES II [NONLIN]

Circumference = 201.78000 P =25
vx0 = 3.3298202
vy0 = 4.3398085

Perturbation of tunes

= vx0 + 7.947122 * ex + -270.0179 * ey
vy = vy0o + -=270.0179 * ex + -156.1402 * ey

Given a beam with emittances

ex = 6.8300003E-05 ey = 6.8300003E-05 (*pi m-rad),

the perturbed tunes become

VX = 3.311921 vy = 4.310702

The emittance can grow to

exmax = 4.2574492E-04 at the 10 th element and

eymax = 7.6328992E-04 at the 10 th element. ,
|

The resonances are numbered as follows: F

No. Resonance Strength Stp bndw

Fix pts. wWidth Chirikov cr

5 1 vx +2 vy = 12 4.9075E-07 3.5926E-02
2.1555E-02 %% **
10 2 vx +4 vy 24 5.2159E-07 1.5274E-01
9.7751E-02 8.7667E-06 7.4107E-03

The generating function resonance strength
for each resonance is: (in the 10'th element)

No. Strength
5 5.13995E~07
10 9.39615E-07
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RESULT OBTAINED FROM PROGRAM "HARMON"
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TABLE I

ALTERNATE AGS-BOOSTER LATTICE (1/3 AGS ) WITH CHROMATICITY
AND EDDY CURRENT SEXTUPOLES

AT OPERATING TUNES (Qx = 6.82, Qy = 6.83) [HARMON]

-—— v - —— - — —— —— — — ——

I BOOSTER LATTICE WITH SEP. FUNCTION ELEMENTS I
| DELTA(P)/P = 0.000000 I
I TOTAL LENGTH = 269.040000 NSUP = 8 I
(0):4 = 6.820000 QY = 6.829999
I QX! = 0.000000 QY! = 0.000000 l
ALFA = 0.221530E-01 GAMMA(TR) = 6.718681
I BETAX = 3.33250E+00 BETAY = 1.36827E+01 l
ETAX = 6.38422E-01
I BETAX (MAX) = 14.132757 BETAY (MAX)= 13.682687 I
I DX (MAX) = 1.937133 DY (MAX) = ($.000000 |
NORMALIZED STRENGTHS
' ID STRENGTH |
l SXV 6.698¢2E-02 |
SFCH 3.714C06E-01
I SDCH -9.857€68E-01 I
I Q SHIFT EFFECTS I
I G22000 DQXDEX DQX I
I 5.41842E+01 7.57342E-01 1.08368E+02 7.40156E-03 I
G00220 DQYDEY DQY
I 1.19016E+02 9,16056E-01 2.38032E+02 1.6258576E~02 I
| G1l1110 DQXDEY DQYDEX I
I -7.94214E+01 1.22141E+00 -7.94214E+01 -7.94214E+01 I
I DOX DQVY I
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TABLE IIA

ALTERNATE AGS-BOOSTER LATTICE (1/3 AGS ) WITH CHROMATICITY
AND EDDY CURRENT SEXTUPOLES [HARMON)
AT TUNES NEAR RESONANCE (Qx = 5.34, Qy = 5.35)

BOOSTER LATTICE WITH SEP. FUNCTION ELEMENTS

DELTA(P)/P = 0.000000
TOTAL LENGTH = 269.040000 NSUP = 8
oxX = 5.339892 QY = 5.349842
X! = 1.749702 QY' = 1.046964
ALFA = 0.364175E-01 BETAX (MAX) =14.497906
BETAX = 4.89019E+00 BETAY = 1.42118E+01
ETAX = 1.24746E+00
BETAY (MAX) = 14.211846 GAMMA(TR) = 5.240162
DX (MAX) = 2.219571 DY(MAX) = 0.000000
NORMALIZED STRENGTHS
ID STRENGTH
SXV 6.69892E-02
SFCH  9.83404E-02
SDCH -8.31124E-01
Q SHIFT EFFECTS
G22000 DOXDEX DOX

2.53192E+01 1.63113E+00 5.06385E+01 3.45861E-03
G1l1110 DOXDEY DQYDEX

~1.16873E+02 2.17484E+00 -1.16873E+02 -1.16873E+02
DQX DQY

—— . ——————— -—— e ———

-7.98239E-03 -7.98239E-03
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TABLE IIB

ALTERNATE BOOSTER LATTICE (1/3 AGS) WITH [SEP. FUNCTION
ELEMENTS] CHROMATICITY SEXTUPOLES AND EDDY CURRENTS

DELTA(P)/P= 0.000000 [EXO =6.8300E-05 EYO =6.8300E-05])
[HARMON]
l THIRD ORDER EFFECTS OF SEXTUPOLES [ RESONANCE EFFECTS] I
l 30x = 16 I
COSINE SINE MODULUS RANDOM DE(S)
1.5991E-01 -3.9287E-01 4.2417E-01 7.1560E-01 6.3099E-02
DE (R) DQ(S) DQ (R) DQ20(8S) DQ20 (R)
| 1.0645E-01 2.1033E-02 3.5484E-02 4.3468E-02 7.3333E-02 l
| oxezope I
l COSINE SINE MODULUS RANDOM DE(S) I
6.5086E-01 -6.5569E-01 6.2395E-01 4.1137E+00 7.6358E-02
I DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R) I

l 3.38557E-01 3.4148E-02 1.5204E-01 7.0574E-02 3.1421E-01 I
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TABLE IIT

ALTERNATE AGS-BOOSTER LATTICE (1/3 AGS ) WITH CHROMATICITY
AND EDDY CURRENT SEXTUPOLES [HARMON ]
AT ALTERNATE OPERATING TUNES (Qx = 5.82, Qy = 5.83)

BOOSTER LATTICE WITH SEP. FUNCTION ELEMENTS
DELTA(P)/P = 0.000000
| TOTAL LENGTH = 269.040000 NSUP = 8
0X = 5.819837 QY = 5.830096
X! = 0.000631 QY' = 0.000067
ALFA = 0.307175E-01 GAMMA(TR) = 5.705678
BETAX = 4.29045E+00 BETAY = 1.39083E+01
ETAX = 1.02027E+00
I BETAX (MAX) = 14.173987 BETAY(MAX) = 13.908285
I DX (MAX) = 2.015216 DY(MAX) = 0.000000
NORMALIZED STRENGTHS
I ID STRENGTH
I SXV 6.69892E-02
SFCH 9.83404E-02
I SDCH -8.31124E-01
I Q SHIFT EFFECTS
I G22000 DQXDEX DOX
I 6.63888E+00 1.03313E+00 1.32778E+0l1 9.06870E-04
G00220 DQYDEY DQY
| 5.07415E+01 1.31499E+00 1.01483E+02 6.93129E-03
I G11110 DQXDEY DQYDEX
I—2.41117E+01 1.75332E+00 -2.41117E+01 -2.41117E+01
DOX DQY
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TABLE IV

]

ALTERNATE AGS-BOOSTER IATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS
AT OPERATING TUNE (Qx = 4.82, Qy = 4.83) [HARMON]
BOOSTER ILATTICE OF COMBINED FUNCTION ELEMENTS
DELTA(P) /P = 0.000000
TOTAL LENGTH = 201.780000 NSUP = 12
oX = 4.820000 QY = 4.830000
QX' = 0.000000 QY' = -0.000003
ALFA = 0.509860E-01 GAMMA (TR) = 4.428684
BETAX = 1.15267E+01 BETAY = 1.15697E+01
ETAX = 1.56754E+00
BETAX (MAX) = 15.591579 BETAY(MAX)= 15.607346
DX (MAX) = 2.239726 DY (MAX) = 0.000000
-2
NORMALIZED STRENGTHS [m ]
ID STRENGTH
SFC -2.76326E-01
sDC -1.02324E+00 i
SXV1 4.46595E-02 g
SXV2 5.58243E-02
SXV3 7.81541E-02
SXV4 3.34946E-02 ]

e e o et e s —— —— — — - — —— T — — — —— - —— — —— ——— — —— T —— T —— - ———

p Q SHIFT EFFECTS [PERTURBATION OF TUNES]

G22000 DQXDEX DOX

f-1.86911E—01 1.60308E+00 -3.73823E-01 -2.55321E-05

' G00220 DQYDEY DQY

2.08373E+01 2.19891E+00 4.16746E+01 2.84637E-03

G11110 DQXDEY DQYDEX

-2.35393E+01 2.93188E+00 -2.35393E+01 -2.35393E+01
DOX DQY

-1.60773E-03 -1.60773E-03

s
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F
ALTERNATE AGS-BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES ‘

SRR R

BOOSTER LATTICE OF COMBINED FUNCTION
DELTA(P) /P = 0.000000
|
TOTAL LENGTH = 201.780000 NSUP
OX = 4.010119 QY
OX'= 0.671394 QyY"
ALFA = 0.689755E-01 GAMMA (TR)
§ BETAX = 1.04933E+01 BETAY
ETAX
BETAX (MAX) = 14.547907 BETAY (MAX)
DX (MAX) = 2.873679 DY (MAX)
NORMALIZED STRENGTHS
ID STRENGTH
SFC -2.76326E-01
I SDC  -1.02324E+00
SXV1i 4.46595E-02
i SXV2 5.58243E-02
SXV3 7.81541E-02
l SXV4  3.34946E-02
l Q SHIFT EFFECTS
G22000 DQXDEX
I ~5.08782E+02 1.34757E+00 ~1.01756E+0
| G00220 DQYDEY
I -1.71354E+02 1.88448E+00 -3.42708E+0
G11110 DOXDEY
I -7.64174E+02 2.51264E+00 =7.64174E+0
I DOX
|

AND EDDY CURRENTS

AT TUNE NEAR RESONANCE (QX

= 4.01,

-5.21931E-02

QY =

—

4.11) [HARMON]

ELEMENTS

n

12
4.110112
3.951067
3.807611
1.04988E+01
2.15115E+00

14.295551
0.000000

| T | | S 1 R

—— — — o ——————

~-5.21931E-02

——_nm—mmmr

l
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TABLE VB
I ALTERNATE BOOSTER LATTICE WITH [COMBINED FUNCTION ELEMENTS] I
WITH CHROMATICITY SEXTUPOLES AND EDDY CURRENTS i
I DELTA(P)/P= 0.00 (EX0=6.8300E-05 EY0=6.8300E-05) [HARMON]
I [HARMON ]
I THIRD ORDER EFFECTS OF SEXTUPOLES [ RESONANCE EFFECTS]
I 30 = 12
COSINE SINE MODULUS RANDOM DE (S)
1.2896E+00 2.7465E-01 1.3185E+00 9.2934E-01 1.9615E-01
DE (R) DQ(S) DO (R) DQ20(S) DQ20 (R)
1.3825E-01 6.5382E-02 4.6083E-02 1.3512E-01 9.5237E-02
I Qx+2Qy=12
COSINE SINE MODULUS RANDOM DE (S)
3.2830E+00 5.8184E+00 6.6807E+00 4.5129E+00 5.5212E-01 J
DE (R) DQ(S) DQ(R) DQ20(8S) DQ20 (R)
3.7296E-01 2.4691E-01 1.6679E-01 5.1029E-01 3.4471E-01
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TABLE VI

ALTERNATE AGS-BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES |
AND EDDY CURRENTS ‘

AT OPERATING TUNE (Qx = 4.82, Qy = 4.83) [HARMON] I
hybrid BOOSTER LATTICE OF COMBINED FUNCTION ELEMENTS
DELTA(P)/P = 0.000000
TOTAL LENGTH = 201.780000 NSUP = 12 '
QX = 4.820000 QY = 4.830000 ‘
QX' = 0.000054 QY = 0.000031 i
ALFA = 0.478141E-01 GAMMA(TR) = 4.573220 ‘
BETAX = 1.00758E+01  BETAY = 9.76910E+00 E

ETAX = 1.43651E+00
BETAX(MAX) = 14.058073 BETAY (MAX) = 13.935099 !
DX (MAX) = 2.306863 DY (MAX) = 0.000000 i
NORMALIZED STRENGTHS
ID STRENGTH E
SFC -1.89019E-01 ‘
SDC  -9.73867E-01 ‘
SXV1 8.34574E-02 i
SXV2 6.72683E-02
SXV3 3.76814E-02 l
Q SHIFT EFFECTS E
G22000 DQXDEX DQX !
-5.77230E+00 1.39254E+00 -1.15446E+01 -7.88496E-04 i
G00220 DQYDEY DQY
7.90935E+00 1.81900E+00 1.58187E+01 1.08042E-03 I
G11110 DQXDEY DQYDEX l
-5.80613E+01 2.42533E+00 -5.80613E+01 -5.80613E+01 I
DOX DQY
-3.96559E-03 -3.96559E-03 I
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TABLE VIIA

ALTERNATE AGS-BOOSTER LATTICE {(1/4 AGS) WITH CHROMATICITY
AND EDDY CURRENT SEXTUPOLES
AT TUNES NEAR RESONANCE (Qx = 4.01, Qy = 4.11) [HARMON]

hybrid BOOSTER LATTICE OF COMBINED FUNCTION ELEMENTS
DELTA(P)/P = 0.000000

TOTAL LENGTH = 201.780000 NSUP = 12

oX = 4.009997 QY = 4.109997

ox' = 1.290876 QY' =  3.696270

ALFA = 0.665890E-01 GAMMA(TR) = 3.875241

BETAX = 9.90474E+00 BETAY = 9.63097E+00
ETAX = 2.05177E+00

BETAX (MAX) = 13.715713  BETAY(MAX)=13.673790

DX (MAX) = 2.937144 DY (MAX)= 0.000000

NORMALIZED STRENGTHS

ID STRENGTH
SFC -1.89019E-01
SDC -9.73867E-01

SXV1l 8.34574E-02
SXV2 6.72683E-02
SXV3 3.76814E-02

Q SHIFT EFFECTS

~8.26976E+02 1.48420E+00 -1.65395E+03 -1.12965E-01
G00220 DQYDEY DQY

-2.45315E+02 1.99024E+00 -4.90630E+02 =3.35100E-02
G11110 DQXDEY DQYDEX

-1.06011E+03 2.65366E+00 -1.06011E+03 -1.06011E+03
DOX DQY

=-7.24052E-02 -7.24052E-02
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TABLE VIIB

MM
ALTERNATE hybrid BOOSTER LATTICE WITH [COMBINED FUNCTION

ELEMENTS] WITH CHRCMATICITY SEXTUPOLES AND EDDY CURRENTS
DELTA (P) /P= 0.000000 [EX0 =6.8300E-05 EYO =6.8300E-05]

——— . D . —— . —— . —— S —— - — - —— S — S T S Gt T B = e e e S e G — T — G — T G T — ———— —— - —— ]

THIRD ORDER EFFECTS OF SEXTUPOLES [ RESONANCE EFFECTS]

30x = 12
COSINE SINE MODULUS RANDOM DE (S)
1.6394E+00 2.8678E-01 1.6643E+00 7.2788E-01 2.4758E-01
DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R)
1.0828E-01 8.2526E-02 3.6093E-02 1.7055E-01 7.4592E-02
Qx+2Qy=12
COSINE SINE MODULUS RANDOM DE (S)
5.4062E+00 5.6395E+00 7.8122E+00 4.0555E+00 6.4563E-01
DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R)

3.3516E-01 2.8874E-01 1.4989E~-01 5.9672E-01 3.0977E-01
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TABLE VIII

ALTERNATE BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS (WITH SHORT AND LONG STRAIGHT SECTS.)
AT OPERATING TUNES (Qx = 4.82, Qy = 5.83) [HARMON]

____________________________________________________________ -
TOTAL LENGTH = 201.780000 NSUP = 8
oX = 4.820000 QY = 5.830000
QX! = 0.000000 Qy! = 0.000000
ALFA = 0.434514E-01 GAMMA(TR) = 4.797314
BETAX = 3.71783E+00 BETAY = 1.26347E+01
ETAX = 1.22212E+00
BETAX (MAX) = 14.845045 BETAY (MAX) = 13.056088
DX (MAX) = 2.442651 DY(MAX) = 0.000000
NORMALIZED STRENGTHS
ID STRENGTH
SF 2.80984E-01
SD -1.57786E+00
SV 4.46595E-02 |
FOURTH ORDER EFFECTS OF SEXTUPOLES
Q SHIFT EFFECTS
G22000 DOXDEX DQX
1.34370E+01 4.43651E-01 2.68740E+01 1.83549E-03
G00220 DQYDEY DQY

-8.69426E+01 4.40566E-01 -1.73885E+02 -1.18764E-02
G1l1l110 DQXDEY DQYDEX
-2.46908E+02 5.87421E-01 -2.46908E+02 -2.46908E+02

DOX DQY

-1.68638E-02 -1.68638E-02
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TABLE IXA

ALTERNATE BOOSTER IATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS (WITH SHORT AND LONG STRAIGHT SECTS.)
AT TUNES NEAR RESONANCE (Qx = 4.67, QY = 5.68)

[HARMON ]
TOTAL LENGTH = 201.780000 NSUP = 6

ox = 4.669727 QY = 5.679805
X! = 0.482878 QY = 0.560711
ALFA = 0.463236E-01 GAMMA(TR) = 4.646210
BETAX = 3.93919E+00 BETAY = 1.25606E+01
ETAX = 1.29773E+00

BETAX (MAX) = 15.138198 BETAY (MAX)= 12.968586
DX (MAX) = 2.522402 DY (MAX)= 0.000000
NORMALIZED STRENGTHS

ID STRENGTH

SF 2.80984E-01

SD =-1.57786E+00

SV 4.46595E-02

FOURTH ORDER EFFECTS OF SEXTUPOLES
Q SHIFT EFFECTS

G22000 DQXDEX DOX
1.22198E+01 4.71219E-01 2.44396E+01 1.66922E-03
G00220 DQYLEY DQY
-1.55413E+03 4.64310E-01 -3.10827E+03 -2.12295E-01
G11110 DOXDEY DQYDEX
-6.13724E+03 6.19081E-01 -6.13724E+03 -6.13724E+03
DQX DQY

-4.19174E-01 -4.19174E-01
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TABLE IXB

ﬁmm
| ALTERNATE BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS (WITH SHORT AND LONG STRAIGHT SECTS.)

DELTA(P)/P = 0.000000 [EX0 = 6.8300E-05 EY0 = 6.8300E-05]
[ HARMON ]

THIRD ORDER EFFECTS OF SEXTUPOLES [RESONANCE EFFECTS]

FOURIER ANALYSIS. ORDER OF RESONANCE = 3

I Qx+2Qy=16.

I COSINE SINE MODULUS RANDOM DE (S)

-6.7492E+00 -4.5363E-01 6.7644E+00 4.2806E+00 5.5904E-01
DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R)

I 3.5376E-01 2.5001E-01 1.5821E-01 5.1669E-01 3.2696E-01
o

‘“
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ALTERNATE BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS (WITH SHORT AND LONG STRAIGHT SECTS.)
AT TUNES NEAR RESONANCE (Qx = 4.01, QY = 5.02)

[HARMON ]
TOTAL LENGTH = 201.780000 NSUP = 8
QX = 4.009912 QY = 5.020079

QX! =-13.657917 QY = 3.139946

] aLrFa = 0.615457E-01 GAMMA(TR) = 4.030893
BETAX = 3.85585E+01 BETAY = 1.24667E+01
ETAX = 1.70938E+00
BETAX (MAX) =158.546396 BETAY (MAX) = 12.822298
DX (MAX) = 2.987292 DY (MAX) = 0.000000

I NORMALIZED STRENGTHS

I 1D STRENGTH

SF 2.80984E-01
SD -1.57786E+00

l SV 4.46595E~02
FOURTH ORDER EFFECTS OF SEXTUPOLES
Q SHIFT EFFECTS

| G22000 DQXDEX DQX

I 7.49421E+02 1.71222E+02 1.49884E+03 1.02371E-01

I G00220 DQYDEY DQY
3.78625E+01 2.98517E+00 7.57249E+01 5.17201E-03

l G11110 DQXDEY DQYDEX

I 1.27683E+03 3.98023E+00 1.27683E+03 1.27683E+03

L
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TABLE XB

— S e S —

ALTERNATE BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS (WITH SHORT AND LONG STRAIGHT SECTS.)
DELTA(P)/P = 0.000000 [EX0O = 6.8300E-05 EYO = 6.8300E-05]

[ HARMON ]
FOURIER ANALYSIS. ORDER OF RESONANCE = 2
20x = 8.
COSINE SINE MODULUS RANDOM DE(S)
-1.7393E+00 -1.6306E+00 2.3842E+00 1.3676E+01 9.5366E+00
DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R)
5.4704E+01 4.7683E+00 2.7352E+01 4.7683E+00 2.7352E+01
I FOURIER ANALYSIS. ORDER OF RESONANCE = 4
40x = 16
COSINE SINE MODULUS RANDOM DE(S) i
4.9350E+00 -4.8135E+00 6.8937E+00 1.1397E+01 1.8187E-02 I

DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R)

o

3.0069E-02 4.5469E-03 7.5171E-03 6.5781E-03 1.0873E-02




TABLE XTI

S|
AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES

AND EDDY CURRENTS
AT OPERATING TUNES (Qx = 4.82, Qy = 3.83) [HARMON]

———— ——————————— ——— ——— — ——— T ——— S ——— T ———— ——— T ———— —————

TOTAL LENGTH = 201.780000 NSUP = 6

634 = 4.819999 QY = 3.830001
(o). & = =0.000004 QY! = -0.000008
ALFA = 0.416074E-01 GAMMA (TR) = 4.902470
BETAX = 3.80934E+00 BETAY = 1.51943E+01
ETAX = b5.71156E-01

BETAX (MAX) = 13.284572 BETAY (MAX) = 15.364436
DX (MAX) = 2.757794 DY (MAX) = 0.000000

-2

NORMALIZED STRENGTHS [m ]

ID STRENGTH

SXF 5.15764E-02

SXD -7.48396E-01

SXV 1.35000E-01

Q SHIFT EFFECTS [PERTURBATION OF TUNES]

G22000 DOXDEX DOX

—— — ———— —— — — - ——— —— - ————

4.93770E+00 3.69541E-16 9.87540E+00 6.74490E-04
G00220 DQYDEY DQY
5.74386E+01 2.06207E-15 1.14877E+02 7.84612E-03
G11110 DOXDEY DQYDEX
-4.41655E+01 5.48864E-15 -4.41655E+01 -4.41655E+01
DOX DQY

-3.01650E-03 -3.01650E-03
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TABLE XTIA

AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS [HARMON ]
AT TUNES NEAR RESONANCE (Qx = 4.501, Qy = 3.511)

SEPARATED FUCTION AGS-BOOSTER LATTICE NSUP = 6
DELTA (P) /P = 0.000000
TOTAL LENGTH = 201.780000
0X = 4.500821 QY = 3.510902
1 ox' = 1.568697 ' = -0.213745
ALFA = 0.487108E-01 GAMMA(TR) = 4.530929
BETAX = 4.21684E+00 BETAY = 1.56740E+01
ETAX = 8.66694E-01
BETAX (MAX) =13.363965 BETAY (MAX) = 15.936994
DX (MAX) = 2.785418 DY (MAX) = 0.000000
-2
NORMALIZED STRENGTHS [m ]
ID STRENGTH
SXF 5.15764E-02
SXD -7.48396E-01
SXV 1.35000E-01
Q SHIFT EFFECTS [PERTURBATION OF TUNES]
G22000 DQXDEX DQX

3.57222E+00 3.98153E-16 7.14443E+00 4.87965E-04
G00220 DQYDEY DQY
5.58769E+01 1.04727E-15 1.11754E+02 7.63278E-03
G11110 DOQXDEY DQYDEX
-2.90430E+01 -4.11767E-15 -2.90430E+01 -2.90430E+01
DOX DQY

-1.98364E-03 -1.98364E-03
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TABLE XIIB

STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS

DELTA(P)/P = 0.000000 [EX0O = 6.8300E-05 EYO = 6.8300E-05]
[HARMON |

COSINE SINE MODULUS RANDOM DE (S)
-1.1265E-01 7.3267E-02 1.3438E-01 1.9692E-01 3.5452E-04

I DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R)
I 5.1953E-04 8.8630E-05 1.2988E-04 1.2822E-04 1.8790E-04
B

A R A A

-“M
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TABLE XIITA

AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS [HARMON]
AT TUNES NEAR RESONANCE (Qx = 4.01, Qy = 3.02)

e e - —— — - U ————— ——— —- ——— T ————— —— - ————— > S = ——— - S ——— o S

SEPARATED FUCTION AGS-BOOSTER LATTICE NSUP = 6

DELTA(P) /P = 0.000000

TOTAL LENGTH = 201.780000

QX = 4.009842 QY = 3.019958

QX* = 3.970762 QY"! = -0.259775

ALFA = 0.621845E-01 GAMMA (TR) = 4.010134

BETAX = 4.94361E+00 BETAY = 1.44310E+01

ETAX = 1.34289E+00

BETAX (MAX) = 13.819729 BETAY (MAX)= 20.627309

DX (MAX) = 3.045880 DY(MAX) = 0.000000
-2

NORMALIZED STRENGTHS [m ]

ID STRENGTH

SXF 5.15764E-02
SXD -7.48396E-01
SXV 1.35000E-01

Q SHIFT EFFECTS [FOURTH ORDER EFFECTS OF SEXTUPOLES]

G22000 DOXDEX DOX
-5.39073E+00 2.39243E-15 -1.07815E+01 -7.36374E-04
G00220 DQYDEY DQY

5.40201E+01 -9.14974E-16 1.08040E+02 7.37915E-03
G11110 DQXDEY DQYDEX

-5.77895E+01 4.13282E-16 -5.77895E+01 -5.77895E+01
DOX DQY

-3.94702E-03 -3.94702E-03
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TABLE XIIIB

STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES

AND EDDY CURRENTS

DELTA(P)/P = 0.000000 [EX0 = 6.8300E-05 EYO = 6.8300E-05]
[HARMON ]

SECOND ORDER EFFECTS OF SEXTUPOLES [RESONANCE EFFECTS]
20y = 6

COSINE SINE MODULUS RANDOM DE (S)
3.7943E+00 -2.2381E+00 4.4052E+00 3.5156E+00 1.7621E+01
DE (R) DQ(S) DQ (R) DQ20 (S) DO20 (R)

1.4062E+01 8.8105E+00 7.0311E+00 8.8105E+00 7.0311E+00

FOURIER ANALYSIS. ORDER OF RESONANCE =3

30x = 12
COSINE SINE MODULUS RANDOM DE (S)
1.4996E-01 -6.2946E-02 1.6263E-01 6.6932E-01 2.4193E-02
DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R)

9.9568E-02 8.0643E-03 3.3189E-02 1.6666E-02 6.8591E-02

FOURIER ANALYSIS. ORDER OF RESONANCE = 4
4Qy = 12
COSINE SINE MODULUS RANDOM DE (S)
-3.4003E-01 -1.8945E-01 3.8924E-01 1.2352E+00 1.0269E-03
DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R)

3.2587E-03 2.5673E-04 8.1468E-04 3.7142E-04 1.1786E-03

R
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TABLE XIVA

AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS [HARMON]

AT TUNES NEAR RESONANCE (Qx = 4.67, QY = 3.68)
SEPARATED FUCTION AGS-BOOSTER LATTICE NSUP = 6
DELTA(P) /P = 0.000000
TOTAL LENGTH = 201.780000
X = 4.669806 QY = 3.680207
ox!' = 0.750768 QY! = -0.135290
ALFA = 0.448424E-01 GAMMA(TR) = 4.722324
BETAX = 3.99415E+00 BETAY = 1.54051E+01
ETAX = 7.12403E-01
BETAX (MAX) = 13.302322 BETAY (MAX)= 15.607883
DX (MAX) = 2.754428 DY(MAX) = 0.000000
NORMALIZED STRENGTHS

1D STRENGTH

SXF 5.15764E~02
SXD ~7.48396E-01
SXV 1.35000E-01

Q SHIFT EFFECTS [FOURTH ORDER EFFECTS OF SEXTUPOLES]

G22000 DOXDEX DOX

4.21477E+00 4.39129E-16 8.42954E+00 5.75737E-04
G00220 DQYDEY DQY

2.47824E+01 1.68949E-14 4.95648E+01 3.38528E-03
G11110 DQXDEY DQYDEX

-1.61819E+02 7.21102E-14 -1.61819E+02 -1.61819E+02
DQX DQY

-1.10522E-02 -1.10522E-02




Page 48

TABLE XIVB

_ ﬁ
STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES

AND EDDY CURRENTS
DELTA(P)/P = 0.000000 [EX0O = 6.8300E-05 EYO = 6.8300E-05]

[ HARMON ]
| |
FOURIER ANALYSIS. ORDER OF RESONANCE = 3 I
Qx+2Qy=12 I
COSINE SINE MODULUS RANDOM DE (S)
9.7275E-01 -3.4598E-02 9.7337E-01 3.3420E+00 8.0443E-02
DE (R) DQ(S) DQ (R) DQ20(S) DQ20 (R)
2.7619E-01 3.5975E-02 1.2352E-01 7.4349E-02 2.5527E-01 I

| - —_—
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TABLE XV

r ID——
AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS [HARMON]
I AT OPERATING TUNES (Qx = 3.82, Qy = 4.83)
I TOTAL LENGTH = 201.780000 NSUP = 6
I ox = 3.819998 Qv = 4.830000
QX! = -0.000004 QV! = -0.000006
ALFA = 0.707480E-01 GAMMA(TR) = 3.759611
BETAX = 4.62031E+00 BETAY = 1.28928E+01
ETAX = 1.49867E+00
BETAX (MAX) = 16.047983 BETAY (MAX)= 12.940117
DX (MAX) = 3.459309 DY (MAX)= 0.000000
| -2
I NORMALIZED STRENGTHS [m ]
| ID STRENGTH
I SXF  -1.93739E-01
SXD -6.82097E-01
l SXV 1.35000E-01
| FOURTH ORDER EFFECTS OF SEXTUPOLES
I Q SHIFT EFFECTS [PERTURBATION OF TUNES]
G22000 DQXDEX DOX
I 3.49180E+00 2.22445E-16 6.983GOE+00 4.76980E-04
I G00220 DQYDEY DQY
~3.32647E+01 1.15672E-15 -6.65294E+01 -4.54396E-03
| G11110 DQXDEY DQYDEX
I 2.00599E+02 5.90557E-15 2.00599E+02 2.00599E+02
DOX DQY
l 1.37009E-02 1.37009E-02




TABLE XVIA

AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS [HARMON]
AT TUNES NEAR RESONANCE (Qx = 3.501, QY = 4.502)
TOTAL LENGTH = 201.780000 NSUP = 6
QX = 3.500878 QY = 4.502188
QX! = 0.965781 Qv'! = 0.934611
ALFA = 0.841653E-01 GAMMA(TR) = 3.446939
BRTAX = 4.96124E+00 BETAY = 1.29891E+01
ETAX = 1.90161E+00
BETAX(MAX) = 17.195597 BETAY (MAX) = 13.041884
DX (MAX) = 3.854957 DY (MAX) = 0.000000
-2
NORMALIZED STRENGTHS [m ]
ID STRENGTH
SXF -1.93739E-01
SXD ~6.82097E-01
SXV 1.35000E-01
FOURTH ORDER EFFECTS OF SEXTUPOLES
Q SHIFT EFFECTS [PERTURBATION OF TUNES]
l G22000 DQXDEX DOX
I 3.50514E+00 2.86906E-16 7.01028E+00 4.78802E-04
I G00220 DQYDEY DQY
~2.57585E+00 1.71454E-15 ~-5.15171E+00 -3.51862E-04
| G1l1110 DQOXDEY DQYDEX

_—
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TABLE XVIB

m——

STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES

AND EDDY CURRENTS

DELTA(P) /P = 0.000000 [EX0 = 6.8300E-05 EYO = 6.8300E-05]
[HARMON ]

FOURTH ORDER EFFECTS OF SEXTUPOLES [RESONANCE EFFECTS]
4Qy=18

COSINE SINE MODULUS RANDOM DE (S)
4.7689E-01 4.0294E-01 6.2432E-01 5.5601E-01 1.6471E-03
DE (R) DQ(S) DQ(R) DQ20 (S) DQ20 (R)
1.4669E-03 4.1178E-04 3.6672E-04 5.9574E-04 5.3055E-04
| —




TABLE XVIIA
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AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS
AT TUNES NEAR RESONANCE (Qx = 3.01, QY = 4.02)
[HARMON ]
TOTAL LENGTH = 201.780000 NSUP = 6
QX = 3.010151 QY = 4.020158
QX! = 6.037958 QYY" = 2.576143
ALFA = 0.109313E+00 GAMMA (TR) = 3.024576
BETAX = 1.22766E+00 BETAY = 1.33334E+01
ETAX = 2.64756E+00
BETAX (MAX) =211.310990 BETAY (MAX)= 13.401659
DX (MAX) = 4.656692 DY (MAX)= 0.000000
NORMALIZED STRENGTHS
ID STRENGTH
SXF -1.93739E-01
SXD -6.82097E-01
SXV 1.35000E-01
FOURTH ORDER EFFECTS OF SEXTUPOLES
Q SHIFT EFFECTS
G22000 DQXDEX DQOX
5.34555E+02 4.37152E-13 1.06911E+03 7.30202E-02
GG0220 DQYDEY DQY
6.28613E+00 -3.62599E-15 1.25723E+01 8.58686E-04
Gl1110 DQXDEY DQYDEX
1.09986E+02 -4.07215E-14 1.09986E+02 1.09986E+02
InYe)'¢ nOv
LIS A 1% 1
7.51201E-03 7.51201E-03
TR
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TABLE XVIIB

STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS

DELTA(P)/P = 0.000000 [EX0 = 6.8300E-05 EYO = 6.8300E-05]
[HARMON ]

FOURIER ANALYSIS. ORDER OF RESONANCE = 2

20X = 6

COSINE SINE MODULUS RANDOM DE (S)

1.2479E+00 7.7481E-01 1.4689E+00 1.7635E+01 5.8755E+00
DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R)

7.0539E+01 2.9378E+00 3.5269E+01 2.9378E+00 3.526%9E+01

FOURIER ANALYSIS. ORDER OF RESONANCE = 4

40X = 12
COSINE SINE MODULUS RANDOM DE (S)
-1.8352E+01 -1.0566E+01 2.1176E+01 4.3150E+01 5.5869E-02
DE (R) DQ(S) DQ (R) DQ20(S) DQ20 (R)

1.1384E-01 1.3967E-02 2.8460E-02 2.0207E-02 4.1175E-02
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TABLE XVIIIA

AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES
AND EDDY CURRENTS
AT TUNES NEAR RESONANCE (Qx = 3.33, QY = 4.34)
[HARMON ]
TOTAL LENGTH = 201.780000 NSUP = 6
QX = 3.329820 QY = 4.339808
QX! = 1.489621 Qy! = 1.496112
ALFA = 0.928495E-01 GAMMA(TR) = 3.281786
BETAX = 4.94754E+00  BETAY = 1.30637E+01
ETAX = 2.15777E+00
BETAX (MAX) = 18.772303 BETAY (MAX)= 13.119966
DX (MAX) = 4.128330 DY (MAX)= 0.000000
NORMALIZED STRENGTHS
ID STRENGTH
SXF  =1.93739E-01
SXD  -6.82097E-01
SXV  1.35000E=-01
FOURTH ORDER EFFECTS OF SEXTUPOLES
Q SHIFT EFFECTS
G22000 DQXDEX DOX
3.97356E+00 2.43621E-16 7.94712E+00 5.42788E-04
G00220 DQYDEY DQY
-7.80774E+01 8.18510E-14 -1.56155E+02 -1.06654E-02
G11110 DQXDEY DQYDEX
~2.70047E+02 3.26858E-13 -2.70047E+02 -2.70047E+02
DOX DQY
~1.84442E-02 -1.84442E-02
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TABLE XVIIIB

1r'

STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES

AND EDDY CURRENTS

DELTA(P)/P = 0.000000 [EX0 = 6.8300E-05 EYO = 6.8300E-05]
[HARMON ]

—— - —— — — i — - —— ——— — . — T - . S —— T S S —— A — T e — - —— T —— f—— — . — = - — —— ——

THIRD ORDER EFFECTS OF SEXTUPOLES [RESONANCE EFFECTS]
FOURIER ANALYSIS. ORDER OF RESONANCE = 3

0X+2QY=12
COSINE SINE MODULUS RANDOM DE(S)
8.5277E-01 1.6930E-01 8.6941E-01 3.2858E+00 7.1851E-02
DE (R) DQ(S) DQ (R) DQ20 (S) DQ20 (R)

2.7155E-01 3.2133E-02 1.2144E-01 6.6408E-02 2.5098E-01

i
|




