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ABSTFlACT 

WE HAVE INVESTIGATED THE NONLINEAR EFFECTS 
(E.G. THE STRUCTURE RESONANCES) OF THE STAN- 
DARD BOOSTER LATTICE WITH SPLIT TUNES AND AN- 
OTHER ALTERNATE LATTICE WITH SHORT AND LONG 
STRAIGHT SECTIONS AND PERIODICITY OF 8. IN 
THIS NOTE, WE WILL GIVE THE RESULTS OF OUR 
ANALYSIS FOR THESE LATTICES IN COMPARISON 
TO THE STANDARD BOOSTEF! LATTICE WITH OPERAT- 
ING TUNES OF 'Qx = 4.82 AND Qy = 4.83. RESON- 
ANCES ARE CROSSED AT INJECTION BECAUSE OF THE 
SPACE CHARGE 'TUNE SHIFTS. THE STOP BANDWIDTHS 
ARE CALCULATED AND DISCUSSED. TUNE DIAGRAMS 
FOR THE STRUCTURE RESONANCES ARE INCLUDED. 
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I. INTRODUCTION 
---------------- 

We have studied the nonlinear effects on the Dynamical 
systems with the emphasis on nonlinear resonances. Some of 
our results were incorporated into a program "NONLINt' that 
we have used to study resonances of the AGS - Booster [l]. 
In this paper we present some of our findings (e.g. the 
structure resonances) for the standard booster lattice with 
split tunes and another (alternate) lattice with short and 
long straight sections and periodicity of 8 (also with the 
split tunes). We also give the results of our analysis 
for these lattices in comparison to the standard booster 
lattice [2,3] with operating tunes of Qx = 4.82 and 
Qy = 4.83. Resonances are crossed at injection because of 
the space charge tune shifts. The stop bandwidths were 
calculated using the program HARMON (through program MAD403 
r411 l 

The resonances crossed due to the space charge tune 
shift are shown in Figures 1 and 2 for the above lattices. 

SECTION II 
---------- 

The structure resonances for three alternate booster 
lattices are investigated. In this note, the stop band- 
widths were obtained using HARMON [4]. These stop 
bandwidth calculations assume that we are close to the 
resonance in question but far from all the others. The 
results of our studies of the resonances in other alter- 
nate AGS - booster lattices are given elsewhere [1,5,6]. 

The method used to calculate stop bandwidths in HARMON 
are given in detail by Guignard [7]. The perturbing part of 
the Hamiltonian near a given resonance can be expressed as: 

G= f(rl,r2) + g(rl,r2) 

where rl and r2 are the actions 

c:os $ (1) 

(proportional to the square 
root of the emittance) and conjugate phase $. As long as 
the contribution of the other resonances are small in the 
Hamiltonian (G) then t:he Eq.(l) is an approximate invariant. 
The stop bandwidths ar'e defined als the limit at which the 
l'emittances'V rl and r2 cannot grow without bounds. 

The lattices includes the eddy current sextupoles and 
chromaticity correcting sextupoles [2]. The stop bandwidths 
are calculated with the latticles tuned (to the betatron 
tunes) close to the resonances in question. The stop band- 
widths for these lattices are calculated and discussed in the 
following sections. 
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SECTION III 
----------- 

We investigate the standard lattice with split tunes for 
passing through resonances due to space charge tune shifts. 
The lattice is the standard AGS - Booster lattice but with 
tunes at Qx = 4.82 and Qy = 3. 83 and also Qx = 3.82 and 
Qy = 4.83. The possible resonances crossed (see Fig. 1) due 
to space charge tune shifts are Qx + 2Qy = 12, 4Qx = 18, 
2Qy = 6, 3Qx = 12 and 4Qy = 12 for the former case and 
4Qy = 18, Qx + 2Qy = 12, 2Qx = 6 and 4Qx = 12 for the latter 
choice of tunes. The stop bandwidths for each of these 
resonances along with the orbit parameters are given in 
Tables I and II for the two choices of split tunes in question. 

We find that th'e stop bandwidth for the second order 
resonance in both cases is extremely large. This suggests 
that the split tune configuation may be more troublesome 
than the original choke of tunes: of Qx = 4.82 and Qy = 4.83. 

SECTION IV 
---_------ 

In this section we have analyzed a separate function 
lattice with (a higher) periodicity of 8 and with short and 
long straight sections [8]. 

The operating tunes are split as Qx = 4.82 and Qy = 5.83. 
The resonances that we investigated are Qx + 2Qy = 16, 2Qx =8 
and 4Qx = 16 (see Fig. 2). Our results are given in Tables 
III . Here as with the above split tune lattices (Section 
III) the second order resonance proves to be very strong. 
Furthermore, the third order resclnance will be very difficult 
to cross (i.e.to tune out). 

V. CONCLUSION 
------------- 

The three alternate lattices investigated here have a 
strong second order resonances near the point where the space 
charge can shift the tune. From the comparison of these res- 
onances with those of the standard booster lattice [5,6] given 
in Tables IV, we conclude that tuning out the fourth order 
resonances in the standard booster lattice (at tune Qx = 4.82 
and Qy = 4.83) is a better choice than the others considered 
here (see Figs.l,2). These resonances could possibly be tuned 
out using a larger family of sextupoles and/ or octupoles. 
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TABLE IA 
-----_--- 

-__-_----__--_----_---~~~~~--~~~~--~--------~---~~~---~~---~ 

1 AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 

I 
I 

1 AND EDDY CURRENTS 
1 AT OPERATING TUNES (Qx = 4.82, Qy = 3.83) I 

!____________--_________________________~-~~~~--~--~~--~---~ 

I 
1 TOTAL LENGTH = 201.780000 NSUP = 6 

1 QX = 4.819999 QE! = 3.830001 

I Qx’ 

= -0.000004 QE! ’ = -0.000008 

1 ALFA = 0.4160743-01 GAMMA(TR) = 4.902470 
I BETAX = 3.80934E+OO BETAY = 1.519433+01 
I ETAX 
1 BETAX(MAX) l 

5.711563-01 
13.284572 BETAY(MAX) = 15.364436 

1 DX(MAX) = 2.757794 DY(MAX) = 0.000000 
I -2 
I NORMALIZED STRENGTHS [m ] 
---------------------~~~---~--- 

I 

i ID STRENGTH 
I 

I --- ---me--- 

I SXF 5.157643-02 
I 
I 

1 SXD -7.483963-01 
I sxv 1.35000E-01 I 

I 
1 Q SHIFT EFFECTS [PERTURBATION OF TUNES] 

; 
I 

I G22000 DQXDEX DQX I 
----_-- 

1 4.93770E+OO 
--_-mm--_ 

3.69541E-16 9.87540E+OO 

I 

GO0220 DQYDEY 
------- _---__-_- 

I 5.74386E+Ol 2.062073-15 l.l4877E+O2 
I GllllO DQXDEY 

------- -------- 
I -4.416553+01 5.488643-15 -4.41655E+Ol 
I DC!X 
I -a--_.--- 

------_- 

6.74490E-04 1 
DQY I 

----w--e 

L 

7.846123-03 I 
DQYDEX 

-------- ; 

-4.41655E+Ol 
DQY ! 

-------- I 
I -3.01650E-03 -3.016503-03 ! 

I 
I I 
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TABLE IB 
_____~~__ 

_---__-_____-_______~~~~~~~-~~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~~~~ 

1 AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 

-I 

I 

1 AND EDDY CURRENTS 
1 AT TUNES NEAR RESONANCE (Qx = 4.501, Qy = 3.511) 

I 

-____--_____--______-~~~~~~~~~~~~~-~~~~~--~~~~-~~~~~~-~~~~~~~- 

I 
1 

1 SEPARATED FUCTION AGS-BOOSTER LATTICE NSUP = 6 i 
1 DELTA(P)/P = 0.000000 I 
I 
l TOTAL LENGTH = 201.780000 

I ::: 

= 4.500821 
:;I 

= 3.510902 
= 

I AL;A = 
1.568697 -0.213745 
0.4871083-01 GAMMA(TR) 1 4.530929 ! 

I BETAX = 4.216843+00 BETAY = 1.567403+01 
I ETAX = 8.666943-01 
I BETAX(MAX) =13.363965 

I 
BETAY(MAX) = 15.936994 

I DXW=) = 2.785418 DY(MAX) = 0.000000 I 

I -2 I 

I NORMALIZED STRENGTHS [m ] I 
__--________________~~-~~~~~~~~ 

1 ID 

! 

STRENGTH I 

--- 

1 SXF 
--__---- 

5.15764E-02 I 

I SXD -7.483963-01 
I sxv 1.35000E-01 I 
I 
1 Q SHIFT EFFECTS [PERTURBATION OF TUNES] ! 

I G22000 DQXDEX DQX I 
---mm--- ----m.--- ---------a 

I 3.572223+00 3.981533-16 7.144433+00 4.87965E-04 I 

I GO0220 DQYDEY DQY 
-------- ----W.-m- ---___---_ 

I 5.587693+01 1.047273-15 1.117543+02 7.63278E-03 
I GllllO DQXDEY DQYDEX 

--__-__- ----_.--- ---------- 
I -2.904303+01 -4.117673-15 -2.904303+01 -2.90430E+Ol I 
I DClx DQY 

----_---- ---__----_ 

I 
-1.98364E-03 -1.98364E-03 

I 
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TABLE IC 
-----__-_ 

______--_--_-__---__~~~~~~~~~~~~~.~~~-~~~~~~~~~~~~-~~~~~~~~~~~- 

I 
1 

1 STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES ! 
1 AND EDDY CURRENTS I 
1 DELTA(P)/P = 0.000000 [EXO = 6.83003-05 EYO = 6.83OOE-051 I 

___-_--_--_--_____--~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~~~~-~~- 

1 FOURTH ORDER EFFECTS OF SETUPOLES [RESONANCE EFFECTS] :’ 

I 
l 4Qx = 18 

I 

----------------- I 

I COSINE SINE MODULUS RANDOM DE(S) 
I -1.12653-01 7.3267E-02 1.3438E-01 1.9692E-01 3.54523-04 

I 

I i 

DE(R) DQ(s> Da(R) DQ20(S) DQ20 CR) 
I 5.19533-04 8.86303-05 1.29883-04 1.28223-04 1.87903-04 

I 

I I 
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TABLE ID 
-----_.-- 

___-_-__--___---____~~~~~~~~~~~~~.-~~~~--~~~~--~~~--~~~---~~~ 

I 1 1 AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 
1 AND EDDY CURRENTS 
1 AT TUNES NEAR RESONANCE (Qx = 4.01, Qy = 3.02) 

i 

___-__--_--__-___-__~~--~~~~~~~~.--~~~~~-~~~~-~~~~~~--~~~~~- 
i 

NSUP = 6 
I 

i 

I = 3.019958 
-0.259775 

(TR) 1 4.010134 
1 

= 1.443103+01 

I 
1 SEPARATED FUCTION AGS-BOOSTER LATTICE 
I DELTA(P)/P = 0.000000 
I 
l TOTAL LENGTH = 201.780000 

I ::: 
= 4.009842 QY 

I AL;A 
= 3.970762 QY’ 

0.6218453-01 
I BETAX = 4.943:1E+OO 

GAMMA 
BETAY 

I ETAX = 1.342893+00 
I BETAX(MAX) = 13.819729 BETAY 
1 DX(MAX) = 3.045880 DY(MA: 

-2 
i NORMALIZED STRENGTHS [m ] 
________-___________----------- 

I 
I ID STRENGTH 
I --- -------- 
l SXF 5.157643-02 
I SXD -7.48396E-01 
I sxv 1.35000E-01 

! 

(MAX)= 20.627309 
X) = 0.000000 

1 Q SHIFT EFFECTS [FOURTH ORDER E:FFECTS OF SEXTUPOLES] 

I G22000 
-----a--- 

I -5.390733+00 2.39243E-15 
I GO0220 

--------- 
I 5.402013+01 -9.149743-16 
I GllllO 

--------- 
1 -5.778953+01 4.132823-16 

DQXDEX DQX 
----_*---_ ---------- 
-1.078153+01 -7,36374E-04 
DQYDEY DQY 

----_.____ mm-------_ 
l.O8~040E+02 7.379153-03 
DQXDEY DQYDEX 

-------w- ----w-m-- 
-5.77895E+Ol -5.778953+01 

DQX DQY 
---.--m-m- -------__ 

-3.947023-03 -3.94702E-03 
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TABLE IE 
-----_.-- 

_____----__-----__-_~~~~~~~~~~~~~-~~~~~~~~~~~~~~-~~~~--~~~-~~~~ 

1 
I 

1 STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 1 
1 AND EDDY CURRENTS I 
1 DELTA(P)/P = 0.000000 [EXO = 6.8300E-05 EYO = 6.83003-051 1 

I 

I SECOND ORDER EFFECTS OF SEXTUPOLES [RESONANCE EFFECTS] 

I 2Qy = 6 
I -------------- 
l COSINE SINE MODULUS RANDOM DE(S) 
I 3.79433+00 -2.23813+00 4.40523+00 3.51563+00 1.7621E+Ol 

I DE(R) DQ (S) DQ (RI DQ20 (S) 
I 1.40623+01 8.81053+00 7.0311E+OO 8.81053+00 7%~~~00 

I 
1 FOURIER ANALYSIS. ORDER OF RESONANCE =3 
-_----___-_-___--___~~~~~~~~-~~~~~~~~~~~~~ 

I 3Qx = 12 
---_-_--__----_ 

j COSINE SINE MODULUS RANDOM 
I 1.49963-01 -6.29463-02 1.62633-01 6.6932E-01 2.::!%02 

DQ (S) DQ (RI DQ20 (S) DQ20 (RI 
8.0643E-03 3.31893-02 1.6666E-02 6.8591E-02 

I 
_-_---_---____--___---~~---~~~~~~~~---~~~~--~~~--~~-~-- 
I 
l FOURIER ANALYSIS. ORDER OF RESONANCE = 4 

1 4Qy = 12 

SINE MODULUS RANDOM DE(S) 

I 

I 
I 

1 
I 
I 
I 
I 
I 
I 
I 
1 
I 

I 
I 
I 
I 

-3.40033-01 -1.89453-01 3.8924E-01 1.2352E+OO 1.02693-03 
DE CR) DQ (S) DQ CR) DQ20 (S) 

I 
1 3.25873-03 2.5673E-04 8.1468E:-04 3.7142E-04 1.~:~:~Rb3 

I _____-_--_----____-_~~~~~~~~-~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i 
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TABLE IF 
---m-m-- 

I I 
1 AGS BOOSTER LATTICE 'WITH CHROMATICITY SEXTUPOLES 
1 AND EDDY CURRENTS 

I 

1 AT TUNES NEAR RESONANCE (Qx = 4.67, QY = 3.68) I 
__-_--_____--_-____--~~~~~----~~~~~~-~~~~~---~~-~~--~-~~~--~ 

I -I 
l SEPARATED FUCTION AGS-BOOSTER LATTICE NSUP = 6 
I DELTA(P)/P = 0.000000 

1 

I I 
l TOTAL LENGTH = 201.780000 
I QX = 4.669806 = 3.680207 
I QX' = 0.750768 ::I -0.135290 
I ALFA 

1 

= 0.4484243-01 GAMMA(TR) 1 4.722324 
I BETAX = 3.994153+00 BETAY = 

I 
1.54051E+Ol 1 

I ETAX = 7.124033-01 
I BETAX(MAX) = 13.302322 BETAY(MAX)= 15.607883 I 

I DX(MAX) = 2.754428 DY(MAX) = 0.000000 I 

1 NORMALIZED STRENGTHS I 

I ID 

STRENGTH i 
------ -_____--__- 

I 
I SXF 5.157643-02 
I SXD -7.483963-01 I 

I sxv 1.35000E-01 I 

I 
1 Q SHIFT EFFECTS [FOURTH ORDER E:FFECTS OF SEXTUPOLES] 

I 
I 

I 

I G22000 DQXDEX DQX 
----_---__ 

; 4.21477E+OO 
-_--_.-___ me---__--- 

4.39129E-16 8.429543+00 5.757373-04 

I 
GO0220 DQYDEY DQY 

---------- ------mm- ---__---__ 
1 2.478243+01 1.68949E-14 4.95648E+Ol 3.385283-03 

I 

GllllO DQXDEY DQYDEX 
---__----_ -----.----- --m---w---- 

l-1.618193+02 7.21102:E-14 -1.618,193+02 -1.618193+02 
I DQX DQY 

----~*----- ----a------ 
I -1.105223-02 -1.105223-02 I 

I 
_____--___-_--__--_-~-~~-~~~---~~~.~~~~~~-~~~~~~~~~~~~~~~~~~~~ 1 
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TABLE IG 
-____m_- 

/ STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES I 
1 AND EDDY CURRENTS 
1 DELTA(P)/P = 0.000000 [EXO = 6.83003-05 EYO = 6.83003-051 i 

~___-___--____-___--___-__-_-___-__---___---_--___-___--__--__~ 

1 FOURIER ANALYSIS. 0:RDER OF RESONANCE = 3 I 
I 
1 Qx+2Qy=l2 I 

--------------- 

[ COSINE SINE MODULUS RANDOM DE(S) 
I 

1 9.72753-01 -3.4598E-02 9.73373-01 3.3420E+OO 8.04433-02 1 
DE(R) 

1 2.7619E-01 
DQ(S) DQ(R) DQ20(S) DQ20(R) 

3.59753-02 1.23523-01 7.4349E-02 2.5527E-01 
I 

I I 
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TABLE IIA 
-----_---- 

___-__--_-_---_-_-__--~~~~~~~-~~~~~~--~~~~--~~~-~~~~~-~~~~~- 

1 AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 

1 

1 AND EDDY CURRENTS 
i 

1 AT OPERATING TUNES (Qx = 3.82, Qy = 4.83) I 
_____--____---___----~~~---~~~~~~--~~~~~-~~~~~~~~~~~~~~~~~~ i 

1 TOTAL LENGTH = 201.780000 NSUP = 6 

) ::: = 3.819998 QY = 4.830000 
= 

I AL;A = 
-0.000004 QY ’ -0.000006 
0.7074803-01 GAMMA(TR) 1 3.759611 

I BETAX = 4.620313+00 BE:TAY = 1.289283+01 
I ETAX = 1.49867E+OO 
1 BETAX(MAX) = 16.047983 BETAY(MAX)= 12.940117 
I DX(MAX) = 3.459309 DY(MAX)= 0.000000 

I -2 
I NORMALIZED STRENGTHS [m ] 

___--__--_____-__------------__ 

ID STRENGTH 
--- -----___ 

SXF -1.937393-01 
SXD -6.820973-01 
sxv 1.35000E-01 

FOURTH ORDER EFFECTS OF SEXTUPOLES 
Q SHIFT EFFECTS [PERTURBATION OF TUNES] 

G22000 DQXDEX DQX 
------- ---mm.--- -----___ 

3.491803+00 2.224453-16 6.98360E+OO 4.769803-04 
GO0220 DQYDEY DQY 

-3.326473+01 1.156723-15 -6.652943+01 -4.54396E-03 
GllllO DQXDEY DQYDEX 

--------- ----w----- ---------- 

2.005993+02 5.90557E-15 2.00599E+02 2.00599E+02 
Dc;!X DQY 

-----.----- --------a- 
1.37009E-02 1.370093-02 
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TABLE IIB 
------..-- 

/ AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES I 
1 AND EDDY CURRENTS 
i AT TUNES NEAR RESONANCE (Qx = 3.501, QY = 4.502) 

I 

________________________________________~~~~~~~~~~~~~~~~~~~ 
I I 

; TOTAL LENGTH = 201.780000 NSUP = 6 I 

QY = 4.502188 
QY ' 0.934611 
GAMMA(TR) 1 3.446939 i 
BETAY = 1.298913+01 

I 

BETAY(MAX) = 13.041884 
I 

DY(MAX) = 0.000000 

I = 3.500878 
= 0.965781 
= 0.8416533-01 

1 BRTAX = 4.961243+00 
i ETAX 1.90161E+OO 
i BETAX(MAX) 1 17.195597 
I DX(MAX) = 3.854957 
1 NORMALIZED STRENGTH,S [m -2 

___--__--____--_--_-------__ 

ID STRENGTH 
a-- -------- 

SXF -1.937393-01 
SXD -6.820973-01 
sxv 1.35000E-01 

1 
,-__ 

FOURTH ORDER EFFECTS OF SEXTUPOLES 
Q SHIFT EFFECTS [PERTURBATION OF TUNES] 

G22000 DQXDEX DQX 
-----_----_ -----.----_ -----_---__ 

3.505143+00 2.86906E-16 7.01028E+OO 4.78802E-04 
GO0220 DQYDEY DQY 

----__----__ -----.----_ -----_---__ 
i-2.575853+00 1.71454E-15 -5.15171E+OO -3.518623-04 

I GllllO DQXDEY DQYDEX i i ------------- ----~.------ ----------- 

I 6.01745E+Ol 7.35472E-15 6.017453+01 6.017453+01 I 

DC!X DQY 
----~.------ ----------- 
4.10992E-03 4.109923-03 I 

i 
I _--_-____--_________~~~~~~~~~~--~~~~~~~~~~~~~~~~-~~~-~~~~~~- 
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TABLE IIC 
-----__--- 

_--__---_-_--_--__--~~~~---~~~~-~~---~~~~--~~--~~~-~~-~--~~-~~~ 

I t 
1 STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES i 
1 AND EDDY CURRENTS i 
1 DELTA(P)/P = 0.000000 [EXO = 6.8300E-05 EYO = 6.83003-051 i 

I --_--_--__--_--___--~~~--~~~~~-~~----~~~~--~~---~--~~--~--~~~- 

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

I 
1 COSINE SINE MODULUS RANDOM DE(S) 
I 4.76893-01 4.0294E-01 6.2432E:-01 5.5601E-01 1.6471E-03 i 

DE(R) 
1 1.46693-03 

DQ(S) DQ(R> DQ20CS) DQ20(R) I 
4.11783-04 3.6672E:-04 5.9574E-04 

I 

5.3055E-04 i 

___-___-_________-__~~~~-~-~~~~-~---~~~-~~~--~~--~~-~~~~~~__~ -I 
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TABLE IID 
---_--__-_ 

I 
I 
I 

1 AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES i 

1 AND EDDY CURRENTS I 
1 AT TUNES NEAR RESONANCE (Qx = 3.01, QY = 4.02) i I 
I _--___--__--__------~~---~~~~~~~~--~~~~~~-~~~--~~-~~~~~~~~ J 
I 
l TOTAL LENGTH = 201.780000 NSUP = 6 
I QX = 3.010151 QY = 4.020158 
I QX’ = 6.037958 Q\! ’ 2.576143 
I ALFA = 0.1093133+00 GAMMA(TR) 1 3.024576 
I BETAX = 1.22766E+OO BETAY = 1.333343+01 
1 ETAX 2.64756E+OO 
I BETAX(MAX) 1211.310990 BETAY(MAX)= 13.401659 
I DX(MAX) = 4.656692 DY(MAX)= 0.000000 

I NORMALIZED STRENGTHS 
I ID STRENGTH 

--- -------_-- 
I SXF -1.937393-01 
I SXD -6.820973-01 
I sxv 1.35000E-01 
I 
1 FOURTH ORDER EFFECTS 
I Q SHIFT EFFECTS 

G22000 
-------- 

OF SEXTUPOLES 

DQXDEX DQX 
---_I---- ---------- 

I 5.34555E+02 4.37152E-13 l.O6911E+03 7.302023-02 
I GO0220 DQYDEY DQY 

-a--em-- ----,----- ---------- 
I 6.286133+00 -3.625993-15 1.257236+01 8.586863-04 
I GllllO DQXDEY DQYDEX 

-------- --------- ---------- 
I l.O9986E+02 -4.072153-14 1.099863+02 1.099863+02 

DQX DQY 
---------- ---------- 
7.51201E-03 7.512013-03 
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TABLE IIE 
-----_.--- 

I 
I 

1 STANDARD AGS ; 

1 
- BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES , 

AND EDDY CURRENTS 
1 DELTA(P)/P = 0.000000 [EXO = 6.8300E-05 EYO = 6.83003-051 ! 

J 
___-_____--_----_-_--~----~~~--~.---~~~-~~~--~~--~~--~~--~~~-~ ! 

I 
i 

I FOURIER ANALYSIS. ORDER OF RESONANCE = 2 ! 
I 1 
l 2QX = 6 I 

I -_------------ 

I COSINE SINE MODULUS RANDOM DE(S) : 
I 1.24793+00 7.74813-01 1.4689E+OO 1.7635E+Ol 5.8755E+OO / 
I DE (RI DQ(s) DQ (It> DQ20 (S) DQ20 (RI 
1 7.05393+01 2.93783+00 3.52693+01 2.9378E+OO 3.5269E+Ol / 

1 FOURIER ANALYSIS. ORDER OF RESONANCE = 4 1 

1 4QX = 12 
I 
I 

--_----------- i 

I COSINE SINE MODULtJS RANDOM DE(S) ’ 
I -1.8352E+Ol -l.O566E+Ol 2.11763+01 4.31503+01 5.5869E-02 ! 
I DE (RI DQ (S) DQ (:R) DQ20 (S) DQ20 (RI 
I 1.13843-01 1.3967E-02 2.846CJE-02 2.02073-02 4.11753-02 1 
I I 
___-_____________-__~~~~~-~~~~~~~~--~~~~~-~~~~~-~--~~--~---~~ J 



Page 17 

TABLE IIF 
-m----m-- 

_____-_-----__-___--~~~~-~~~~~~~~~~~-~~~~--~~~---~~---~~----~ 

1 AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 
1 

1 AND EDDY CURRENTS 
I 

1 AT TUNES NEAR RESONANCE (Qx = 3.33, QY = 4.34) 

I 
; 

______--___--_---___-~~~~~~~~--~~~~~~~~~~~~~~~-~~~~-~~~~--~~ 

TOTAL LENGTH = 201.780000 NSUP = 6 
QX = 3.329820 Q\! = 4.339808 
QX’ = 1.489621 Q>! ' 1.496112 
ALFA = 0.928495E-01 GAMMA(TR) z 3.281786 
BETAX = 4.947543+00 BE:TAY = 1.30637E+Ol 
ETAX 
BETAX(MAX) 1 

2.157773+00 
18.772303 BE:TAY(MAX)= 13.119966 

DX(MAX) = 4.128330 DY(MAX)= 0.000000 

NORMALIZED STRENGTHS 
ID STRENGTH 
--- ---------- 

SXF -1.937393-01 
SXD -6.820973-01 
SXV 1.35000E-01 

FOURTH ORDER EFFECTS OF SEXTUPOLES 
Q SHIFT EFFECTS 

G22000 DQXDEX DQX 
-mm----- ---_.---- ---------- 

3.97356E+OO 2.43621E-16 7.94712E+OO 5.42788E-04 
GO0220 DQYDEY DQY 

-----___ --we.---- --------__ 
l-7.807743+01 8.185103-14 -1.56155E+02 -1.066543-02 

I 

GllllO DQXDEY DQYDEX 
-----a-- ---_.---- ---------- 

I-2.70047E+02 3.26858E-13 -2.70047E+02 -2.700473+02 

I 
DQX DQY 1 

---_.----- w------m-- 

I 

l 
-1.844423-02 -1.844423-02 

i 
-----____---____--__~~~-~~~~~~~~~~-~~~~~--~~~~~-~~~~~~~~~~~- -i 
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TABLE IIG 
-----_.--- 

I 
1 STANDARD AGS - BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 
1 AND EDDY CURRENTS 

; 

1 DELTA(P)/P = 0.000000 [EXO = 6.83003-05 EYO = 6.83003-051 ! 

I 

I 
,,,-,,,__--_--_~---_-_--_____~_~___--~~---~~-~-~-~~-~~-~~~~~~~~ 

I 

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

I I 

I QX+2QY=12 
I __---_--------- 

I COSINE SINE MODULUS RANDOM DE(S) I 
I 8.5277E-01 1.69303-01 8.69413-01 3.28583+00 7.1851E-02 , 

DE (RI 
1 2.71553-01 

Da(s) DQ (Fc) DQ20 (S) DQ20 (RI 
3.21333-02 1.21443-01 6.64083-02 2.50983-01 I 
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TABLE IIIA 
-----mm---- 

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

AT OPERATING TUNES (Qx = 4.82, Qy = 5.83) I 
_-__-----_--_--____--~~~--~~~--~~~~--~~__~~~___~_________ J 

TOTAL LENGTH = 201.780000 NSUP = 8 

= 4.820000 QY = 5.830000 
= 0.000000 QY ’ 0.000000 

ALFA 0.434514E-01 
BETAX = 3.7;783E+OO 

GAMMA(TR) 1 4.797314 
BETAY = 1.263473+01 

ETAX = 1.222123+00 
BETAX(MAX) = 14.845045 BETAY(MAX) = 13.056088 
DX(MAX) = 2.442651 DY(MAX) = 0.000000 

NORMALIZED STRENGTHS 
ID STRENGTH 
a-- ---------- 
SF 2.809843-01 
SD -1.57786E+OO 
sv 4.465953-021 

FOURTH ORDER EFFECTS OF SEXTUPOLES 
Q SHIFT EFFECTS 

G22000 DQXDEX DQX 
-------- ---_.---- ----__---_ 

1.34370E+Ol 4.436513-01 2.687403+01 1.835493-03 
GO0220 DQYDEY DQY 

--------- -a-_.---- ----_---_ 
l-8.694263+01 4.40566E-01 -1.738853+02 -1.187643-02 
I GllllO DQXDEY DQYDEX 

----_----- a--_.----- --------- / 
I-2.46908E+02 5.874213-01 -2.46908E+02 -2.469083+02 I 

DC!X DQY I ---_.___-- _---_---- I 

i 

-1.68638E-02 -1.686383-02 ! 

--__---___--___-__-_~-~-----~~~~~~~~~~~~--~~~---~~~-------- I 
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TABLE IIIB 
------..--- 

-_-__---__-_--__--__~~-~~~~-----~~~~-~~~--~~~-~~~~-~~_~-~~_~ 

I 1 

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

1 

1 AT TUNES NEAR RESONANCE (Qx = 4.67, QY = 5.68) 
1 

I 
! 

--__-_--_------__--_~~--~~~~~~-~~~--~~~--~~~--~~~--~~~--~~~ 
t 

TOTAL LENGTH = 201.780000 NSUP = 6 

::I = = 4.669727 0.482878 QE! QE! ’ = 5.679805 0.560711 
ALFA = 0.4632363-01 GAMMA(TR) z 4.646210 
BETAX = 3.939193+00 BE:TAY = 1.25606E+Ol 
ETAX = 1.297733+00 
BETAX(MAX) = 15.138198 BETAY(MAX)= 12.968586 
DX(MAX) = 2.522402 DY(MAX)= 0.000000 

NORMALIZED STRENGTHS 
ID STRENGTH 
a-- ---------- 
SF 2.80984E-01 
SD -1.57786E+OO 
sv 4.465953-02 

FOURTH ORDER EFFECTS OF SEXTUPOLES 
Q SHIFT EFFECTS 

G22000 DQXDEX DQX 
-------- _--_.---- ---------- 

1.221983+01 4.71219:E-01 2.44396E+Ol 1.669223-03 
GO0220 DQYDEY DQY 

---_----_ ----_.--- ----------- 
j-1.554133+03 4.64310:E-01 -3.108,27E+03 -2.12295E-01 

/ 

GllllO DQXDEY DQYDEX I 
---_----- ----a.--- ----------- 

j-6.137243+03 6.1908l:E-01 -6.137243+03 -6.13724E+03 

1 

DQX DQY 
/ 

----_.---- ---_---__- ! 
-4.191743-01 -4.191743-01 I 

I ! 
-____--___--_____-__~~----~~-~--~---~~-~~-~~~~-~~-~~-~~~~~~- I 
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TABLE IIIC 
-----~~---- 

_-__--____--__-___--~~~~-~~~~~~~~~~~~~~~~~-~~~-~~~-~~~~~-~~~~~~~~ 
7 

I I 

1 ALTERNATE BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 
I 
I 

1 AND EDDY CURRENTS (WITH SHORT AND LONG STRAIGHT SECTS.) 
1 DELTA(P)/P = 0.000000 [EXO = 6.8300E-05 EYO = 6.83OOE-051 1 

i 
~__-____--__-_-__---___--_________---_-____--__--__--___--______-, 

I 
I THIRD ORDER EFFECTS OF SEXTUPOLES [RESONANCE EFFECTS] I 
I FOURIER ANALYSIS. ORDER OF RESONANCE = 3 I 
I 
l Qx+2Qy=16. 

I 
i --------------- 

I COSINE SINE MODULUS RANDOM DE(S) I 
l-6.74923+00 -4.53633-01 6.7644E:+OO 4.28063+00 5.5904E-01 I 
I DE (RI Da(s) DQ (5:) DQ20 (S) DQ20 CR) i 
I 3.5376E-01 2.5001E-01 1.5821E:-01 5.1669E-01 3.2696E-01 
I 
-----_--__--_--___-_-~~---~~~~~~~---~~~~~~-~~~-~~~--~~--~-~-~~--~ 
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TABLE IIID 
-m-----.-m- 

____--____-__---__----~---~~---~~.---~----~~--~---~~~-~~~--~~--. 

I 
1 ALTERNATE BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES ! 

1 AND EDDY CURRENTS (WITH SHORT AND LONG STRAIGHT SECTS.) ! 
1 AT TUNES NEAR RESONANCE (Qx = 4.01, QY = 5.02) I 

/-__---__--_--_--___-____-__-_______--_____________-___________~ 
I 

I TOTAL LENGTH = 201.780000 NSUP = 8 
I 

I ::: 
= 4.009912 QJ! = 5.020079 
=-13.657917 

I AL;A = 
QJ! ’ 3.139946 I 

0.615457E-01 GAMMA(TR) 1 4.030893 ! 

I BETAX = 3.855853+01 BETAY = 1.24667E+Ol 
I ETAX = 1.70938E+OO 

I 

I BETAX(MAX) =158.546396 BETAY(MAX) = 12.822298 ! 

1 DX(MAX) = 2.987292 DY(MAX) = 0.000000 
I 

I 
l NORMALIZED STRENGTHS I 

I ID STRENGTH ! 

--- --------a- 

I “SE 
2.809843-01 

-1.57786Ef00 
I sv 4.465953-02 
I 
FOURTH ORDER EFFECTS OF SEXTUPOLES 
Q SHIFT EFFECTS 

G22000 DQXDEX 
----m--s --_~--__ 

7.494213+02 1.71222:E+O2 1.498'84E+03 
GO0220 DQYDEY 

-------- ---_.----- 
3.786253+01 2.98517:E+OO 7.572493+01 

GllllO DQXDEY 
m---w--- ----I----- 

1.276833+03 3.98023:E+OO 1.276833+03 
DQX 

---------- 

DQX 
--_----__- 

1.023713-01 
DQY 

---------- 
5.172013-03 

DQYDEX 
--------- 

1.276833+03 
DQY 

--------- 
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TABLE IIIE 
-----~~--_- 

1 ALTERNATE BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 
1 AND EDDY CURRENTS (WITH SHORT AND LONG STRAIGHT SECTS.) i 
1 DELTA(P)/P = 0.000000 [EXO = 6.8300E-05 EYO = 6.8300E-051 i 

I 
__-___-___--__---_---~~--~~-~~~~~~-~~~~~~---~~~-~~~-~~~-~~--~~ 

I 
-I 

1 FOURIER ANALYSIS. ORDER OF RESONANCE = 2 
1 

I 
l 2Qx = 8. 

1 

---------e---e- 

1 COSINE SINE MODULUS RANDOM DE(S) 

1 
1 

l-1.73933+00 -1.63063+00 2.38423+00 1.36763+01 9.5366E+OO ] 
I DE(R) DQ(s) DQCR) DQ20(S) DQ20tR) i 
I 5.47043+01 4.7683E+OO 2.7352E+Ol 4.76833+00 2.7352E+Ol 1 

I I 
l FOURIER ANALYSIS. ORDER OF RESONANCE = 4 

I 
I 

l 4Qx = 16. 
! 

y_______-___ I 

COSINE SINE MODULJ_JS RANDOM DE(S) 
( 4.9350E+OO -4.8135E+OO 6.8937E:+OO l.l397E+Ol 1.8187E-02 I 

1 3.Oi%?O2 
DQ(s) DQ(F:) DQ20(S) DQ20(R) 1 

4.5469E-03 7.51713-03 6.57813-03 1.08753-02 ’ 

I I 
--~---~--~~----------~-~-~-~~~-~~--~~~~~~~-~~~--~--~~--~~-~~~~~ 
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TABLE IVA 
-------__- 

~-~--~~~-~-~---~----~---~--~~---~~--~~~~~~~~-~~~-~~~~~-~~~-~~ 

I I 
1 AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 
1 AND EDDY CURRENTS I 

I 
1 AT OPERATING TUNES (Qx = 4.82, Qy = 4.83) I 
I 

SEPARATED FUNCTION AGS-BOOSTER LATTICE 
DELTA(P)/P = 0.000000 

TOTAL LENGTH = 201.780000 NSUP = 6 
::I = = -0.000004 4.819999 QY QY’ = = -0.000009 4.829999 

ALFA = 0.4225633-01 GAMMA(TR) = 4.864680 
ETAX = 5.61040E-01 
BETAX(MAX) = 14.081628 BETAY(MAX) = 13.699223 
DX(MAX) = 2.864031 DY(MAX) = 0.000000 

NORMALIZED STRENGTHS 
ID STRENGTH 
--- ---------- 
SXF 5.903053-02 
SXD -8.041383-01 
sxv 1.35000E-01 

FOURTH ORDER EFFECTS OF SEXTUPOLES 
Q SHIFT EFFECTS 

G22000 DQXDEX DQX 
--a----- ---_.---- --------_- 

5.45504E+OO 6.00591E-16 l.O9101E+Ol 7.451583-04 
GO0220 DQYDEY DQY 

--------- ---_.---- ----_---_- 
4.330513+01 1.2552l:E-16 8.66101E+ol 5.91547E-03 

GllllO DQXDEY DQYDEX 
-_---_--- ---_I---- ----------- 

1-8.060823-01 1.55576:E-15 -8.060823-01 -8.06082E-01 

I 

DQX: DQY 
i 

-------- -----w---m i 

I -5.505543-05 -5.505543-05 I 

I 
__-___-__--__-____-_~~.~~~~------~~~~----~~~--~-~-~--~~-~~-- -I 
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TABLE IVB 
-------__- 

-__---__--------__--~~--~~~-~~~-~~~---~~~-~~~-~~~--~~--~~--~~-- 

I 
I 

1 AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 
1 AND EDDY CURRENTS i 
I AT TUNES NEAR RESONANCE (Qx = 4.01, Qy = 4.11) 
I i 
__-___-_-__---_--_-_-----~-~---~----~~~~--~-~-~---~--~~--~~-- 1 

l SEPARATED FUNCTION AGS-BOOSTER LATTICE 
I DELTA(P)/P = 0.000000 
I 
l TOTAL LENGTH = 201.780000 
I QX = 4.010087 
I QX’ = 4.380868 
I ALFA = 0.631572E-01 
I BETAX(MAX) = 14.766930 
I BETAX = 4.628403+00 
I 
l DX(MAX) = 3.169083 

NSUP 
QY 
QY’ 
GAMMA(TR) 
BETAY(MAX 
BETAY 
ETAX 
DY(MAX) 

= 6 
= 4.110047 
= 0.364414 
= 3.979134 

) = 14.019838 
= 1,39299E+Ol 
= 1.315803+00 
= 0.000000 

NORMALIZED STRENGTHS 
ID STRENGTH 

-------_-------------~ 
SXF 5.903053-02 

I 

SXD -8.04138E-01 
sxv 1.35000E-01 

I Q SHIFT EFFECTS 
------------------_ 

G22000 
------- 

DQXDEX 
---_-- 

I -4.568093+00 6.128233-16 -9.136173+00 
GO0220 DQYDEY 

------- ------ 

I 2.808643+01 2.857723-15 5.617273+01 

I 

GllllO DQXDEY 
--em--- ------ 

-2.141973+01 1.422513-14 -2.141973+01 
I DQX 

--- 
-1.462963-03 

DQX 
_-a 

-6.24001E-04 
DQY 
--- 

3.836603-03 
DQYDEX 
------ 

-2.14197E+Ol 
DQY 
--- 

-1.462963-03 

i 

I 
I 
I 

I 
I 
I 
! 
I 
I 
I 

I 
I 
I 
I 

] 

I 
I 
I 
I 
I 
I 
I 
I 
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TABLE IVC 
---mm---__ 

I 1 

1 STANDARD AGS - BOOSTER WITH CHROMATICITY SEXTUPOLES 
1 AND EDDY CURRENTS I 

1 DELTA(P)/P= 0.000000 [EXO =6.83OOE-05 EYO =6.83003-051 I 

~_--__--___-__---__--__--__--__-____------__--_---_--__--__-___-~ 

I THIRD ORDER EFFECTS OF SEXTUPOLES [ RESONANCE EFFECTS] I 
I 
l 3Qx = 12 1 

-a--mm---m--e I 
I COSINE SINE MODULUS RANDOM DE(S) 
1 1.3lOOE-01 -7.6377E-02 1.5164E-01 6.94773-01 2.2558E-02 1 

i 
I DE(R) DQ (S) 
( 1.03353-01 7.51933-03 

I 

I Qx + 2Qy = l2 --------------- 
l COSINE SINE 
I 9.2324E-01 l.O306E-02 

1 DE(R) Da(s) 
I 2.89923-01 3.41243-02 

I 
_---__-_-_--____-___----- 

DQ (RI DQ20 (S) DC220 (RI I 
3.4451E-02 1.5540E-02 7.1199E-02 I 

I 

MODULUS RANDOM DE(S) / 
9.2329E-01 3.5080E+OO 7.6304E-02 I 

I 
DQ(R) DQ20CS) DQ20(R) I 

1.2965E:-01 7.0524E-02 2.67953-01 , 
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Table IWD 
-------..- 

_________________-__~~---~~~---~~.~---~-~~~---~--~~-~-~~~-~ 

1 AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 
7 

1 AND EDDY CURRENTS I 

1 PARAMETERS AT START OF LATTICE I 

I __-___-_--_--__-___--~~~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~~~~~ 
-I 

TOTAL LENGTH = 201.780000 NSUP = 6 I 

QX = 4.501049 QY = 4.5109 ; 
QX'= 1.699386 QY'= 0.010820 

ALFA = 0.4945463-01 GAMMA(TR) = 4.496729 
I 

BETAX = 3.98217E+OO BETAY = 1.37381E+Ol I 
ETAX = 8.51585E-01 I 

BETAX(MAX) = 14.176944 BETAY(MAX) = 13.812846 I 
DX(MAX) = 2.890904 DY(MAX)= 0.000000 

-2 I 

NORMALIZED STRENGTHS [m ] I 
-----------------------~-~~----~~~-~~~-- 

I 
I 

ID STRENGTH 
I ----- -------- 

SFCH 5.903053-02 i 

SDCH -8.04138E-01 
i 

SFED 1.35000E-01 I 

I 

IQ SHIFT EFFECTS [PERTURBATION OF TUNES] 

I G22000 DQXDEX DQX 
I ---_-__ ----__. _---__-- 
I 3.765923+00 -8.910303-17 7.531833+00 5.14424E-04 

I GO0220 DQYDEY DQY 
---se-- -----e. _---- 

I 3.74536E+Ol 3.32694:E-16 7.49072E+Ol 5.116163-03 

I GllllO DQXDEY DQYDEX 

I-5.443143+00 
------- -----_* --v------- 

1.24852'E-15 -5.44314E+OO -5.44314E+OO 

DQX DQY 
--m---e. --mm---- 

-3.717663-04 -3.717663-04 
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Table IVE 

1 AGS BOOSTER LATTICE WITH CHROMATICITY SEXTUPOLES 
1 AND EDDY CURRENTS 1 [EXO = 6.8300E-05 EYO = 6.83OOE-051 
____-____-___-_--__--~~~~~~~-~~~~~~~~~~~~~~~~~~--~~--~~~--~- 

I FOURTH ORDER EFFECTS OF SEXTUPOLES 
I RESONANCE EFFECTS, DELTA(P)/P = 0.000000 

cos SIN . DE DQ DQ(20) 
------ ------- ------mm-- ------__ -----mm-- 

4Qx = 18 
------____ 

1.37923+00 -1.0106E+00 1.86853-03 1.12773-03 1.6315E-03 
4Qy = 18 
------_--- 

3.46493+00 -8.12123-01 3.8891E-03 2.34733-03 3.3959E-03 
2Qx+2Qy=18 
--------mm 

l.l083E+Ol -2.7383E+OO 6.238OE-03 5.32453-03 7.7031E-03 
2Qx-2Qy= 0 
---a----a_- 

I -3.7045lz+01 3.07673+00 3.7173E+Ol 

I FOURIER ANALYSIS. ORDER OF RESONANCE 
-__-__----_---______~~-~~-~~-~-~~~~~- 

I 4Qx = 18 
I__-_________ 

COSINE SINE MODULUS RANDOM 
I-1.40473-01 7.4337E-02 1.5893E:-01 2.1098E-01 4.1:;i:104 
I DE(R) Da(s) Da(R) DQ20 (S) DQ20 CR) 
15.56633-04 l.O482E-04 1.39163-04 1.5165E-04 2.0132E-04 

1 2Qx+2Qy=18 
--w------m--- 

1 COSINE SINE MODULUS RANDOM DE(S) 
I 8.66033-01 l.O192E+00 1.3375E+OO 1.76863+00 1.7643E-03 

I DE(R) DQ(s) DQ(R) DQ20 (S) DQ20 (R) 
I 2.33303-03 6.23783-04 8.2483E:3-04 9.0245E-04 1.19333-03 

1 4Qy = 18 
------------- 

1 COSINE SINE MODULUS RANDOM 
I 5.93953-01 5.48993-01 

DE(S) 
8.0881E:-01 7.1490E-01 2.1338E-03 

I DE(R) DQ(s) Da(R) DQ20 (S) DQ20 CR) 
I 1.88613-03 5.3346E-04 4.7152Ei-04 7.7177E-04 6.82173-04 

I 
l 2Qx-2Qy= 0 
-------------- 

; COSINE SINE MODULUS RANDOM 
1 1.8614E-01 O.OOOOE+OO 1.8614E-01 1.76863+00 
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Fig. I. The standarci AGS - Booster lattice at three different op- 
erating points: .G= ('4.132,3.83), B = (4.82,4.83) and 
A = (3.82,4.83). The dozted lines give the tune shift 
due to space charge. 
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PERIODICITY = 8 
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Fig. 2 Tune diagram for the 8 peridicity lattice with long 

and short straight sections. The point A is the op- 

erating tunes of ox = 4.82 and Qy = 5.83. The tune 
shift due to space charge is shown in the dotted line. 


