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Introduction

Tune shift, smear, and closed orbit variations caused by magnet strength fluctuations
are studied using the SSC realistic lattice, with clustered-IR’s. This lattice has a 60°
phase advance per cell and is set up using collision optics. Magnet strength fluctuation
is due to current modulation in the main power supplies. The SSC lattice consists of
ten main power supplies to drive the superconducting dipole and quadrupole magnets.
The effect of current modulation on each supply is examined separately. The particu-
lar power supply being studied has the magnetic field strength of all magnets connected
to it modulated by (AB/B)cos(wt) (where AB/B = fractional modulation amplitude),
and all other magnéts are unmodulated. The results presented in this report are for a
modulation frequency of zero (i.e. w = 0 ; a current offset). Of the ten main power sup-
plies there are four different magnet configurations to be studied which are the following:

+ 41 cell arc sector
0 42 cell arc sector (7 x 2r phase advance)
A low beta straight section
0 medium beta straight section
The realistic lattice is the following combination of these configurations:
+,0,0,+,0,+,0,0,+, A.

Lattice Settins_s_

Random errors are assigned to each dipole using a gaussian random number generator.
The sigmas associated with the gaussian distribution for each of the multipole errors is
given in Table 6. The zero amplitude tune is adjusted using the correction quadrupoles in
the arc spools (one focusing and one defocusing quadrupole per cell). The main quadrupole
strengths are fixed by the main power supply to which they are connected, and are mod-
ulated along with the main dipoles. For all of the results presented here the x-tune was
set to 78.265 and the y-tune to 78.285. The chromaticity is adjusted using two families of
sextupoles located in the arc spool pieces. The x and y chromaticity values are +0.003 and
—0.00001 respectively. Horizontal and vertical motions are not decoupled in this calcula-
tion. Since there are no skew quadrupoles in the system and no solenoids in the IR’s, the
only source of coupling comes from higher order multipole feed down which is very small
in our case.



Results

The linear tune shift is calculated using the 4 x 4 transfer matrix obtained from
TEAPOT? for the following cases:
+ zero frequency modulation of a 41 cell arc sector

with errors Av, ,/(AB/B) = -14.2 £ 5.4, -16.5 + 3.8
without errors ~15.3 £0.1, -15.3 £ 0.1

o zero frequency modulation of a 42 cell arc sector

with errors Av,,/(AB/B) = -16.5+ 2.1, -14.9 £ 1.6
without errors -15.7 £ 0.1, -15.7 £ 0.1

A zero frequency modulation of the low beta straight section

with errors Av, y /(AB/B) = +86.3, +73.6
without errors +88.3, +71.6

o zero frequency modulation of the medium beta straight section

with errors Av,,/(AB/B) = +38.9, +25.3
without errors +39.1, +25.0

Figure 1 shows that there is a linear relationship between tune and the amplitude of the
modulation (AB/B). So the results are quoted in terms of the ratio of the tune shift to
the modulation amplitude. To get the tune shift for any modulation amplitude, it is only
necessary to multiply by the modulation amplitude (AB/B).

Table 1 is a tabulation of the tune when the zero frequency modulation is applied
to different power supplies around the ring. Modulation of a 42 cell arc sector causes a
slightly larger tune shift than the same modulation applied to a 41 cell arc sector. In the
case without errors this difference is due to the larger number of cells in the 42 cell sector
(see last row of table 1). Random errors in the dipoles cause fluctuations in the tune which
are much greater than the per cell tune shift (i.e. Av,,/(AB/B) = —0.4,-0.4) caused
by modulation. Therefore, when random errors are included, the difference between a 41
and a 42 cell sector is due to the choice of random seed, and is not affected by modulation.
The tune shift per modulation amplitude due to modulation of a focusing and a defocusing
quadrupole in an arc cell is approximately +0.2. This implies that the contribution of the
chromaticity sextupoles to the tune is approximately —0.6 per ceil in the arcs. Modulation
of the straight sections has a much larger effect on the tune than modulation of an arc
sector. This is due mostly to modulation of the IR quadrupoles, which shift the tune per
modulation amplitude by +58.55 in the case of the low beta IR, and +10.75 in the case of
the medium beta IR (see tables 5a and 5b). Since the sign of the tune shift in the straight
sections is opposite that in the arcs, when all magnets are modulated the large shift in the
straight sections is canceled by those in the arcs.



Table 1 shows that when all magnets are modulated, the tune is approximately equal
to the sum of individual modulation of each power supply. This says that the size of
the tune shift is highly dependent on the phasing of the modulation. If the phase of the
modulation is zero then Av, ,/(AB/B) = 3.4,—-27.3 whereas if the phase of the straight
section is 180° relative to the arcs these values become +£247.9,+224.6. Further studies
show that the assumption of simply adding the effects of individual power supplies may
not be valid when the modulation frequency is other than zero. These studies will appear
in a seperate report.

The tune shift as a function of intial amplitude is obtained by tracking a particle for
512 turns with TEAPOT!. The results of tracking are used to calculate the tune from
the Fourier spectrum of the particle position at a beam pickup located in the arc, and
the smear is calculated from the variation of the linear invariant (W, ). The tune shift
(Av,,y) vs amplitude (A7 ) and the smear (S,,,) are evaluated for the following cases:

¢ no field strength fluctuations

+ zero frequency modulation of a 41 cell arc sector

' 0 zero frequency modulation of a 42 cell arc sector

A zero frequency modulation of the low beta straight section

o zero frequency modulation of the medium beta straight section
Figures 2a and 2b show the x-tune as a function of amplitude with and without random
errors in the dipoles respectively. Figures 3a and 3b show the y-tune as a function of
amplitude with and without random errors respectively. Without errors modulation has no
effect on the variation of tune with amplitude (see figures 2b and 3b). The variation in tune
with amplitude in this case is due to the chromaticity sextupoles (second order sextupole
effect which is equivalent to a first order octupole). When random errors are included the
linear relationship between the x-tune and A? breaks down for A2 > 0.15 x 10~ %m? at
Bz = lm. Even in the presence of random errors modulation appears to have little effect
on the variation of tune with amplitude. The x-tune for both the 41 and 42 cell arc sectors
drop more rapidly with amplitude in the nonlinear region (i.e. W, > 0.15 x 10~%m) than
any of the other cases (later it is found that the smear is also large for modulation in the
arcs). The variation in tune with amplitude is due to the chromaticity sextupoles and the
random errors in the dipoles. The contribution of the dipole errors to the tune shift with
amplitude is approximately 30%. With random errors the y-tune variation with A: is very
small and nonlinear for all amplitudes (compare figures 3a and 3b). All these data indicate
that modulation has little or no effect on the relationship between tune and amplitude.
Therefore, a DC current offset between power supplies should present no problems. Here
again, studies (to appear in a later report) indicate that when the modulation frequency
is not zero the phasing of the modulation between power supplies may become important.
Then modulation may effect the variation of tune with amplitude. However, the results
of the present study indicate that modulation should have little or no effect on the tune
variation with amplitude.



Figures 4a and 4b show the x and y smear respectively. Here smear (S,) is defined as
follows: '

A;nas —_ A;nin

S.=2- A:na- + Af'nin

where

W, =A‘:/ﬁ:
A, = /23 + (0,2 + B2 )?

Examination of these figures indicates that the smear with random errors is slightly worse
with modulation on an arc sector. Modulation degrades both the smear and tune variation
with amplitude when applied to an arc sector.
The closed orbit x and y position is plotted as a function of the location around the

ring (s) for the following cases: ,

a) (+)modulation of a 41 cell sector

b) (o)modulation of a 42 cell sector

¢) (A)modulation of low beta straight section

d) (o)modulation of medium beta straight section

e) no modulation
The closed orbit (both x and y position) with no modulation is zero or very small for
all positions (s) around the ring. This is true for both cases with and without random
errors. So these plots have been supressed. Figures 5a through 5d show the x-position of
the closed orbit with random errors in the dipoles. Figure 5b shows that the perturbation
of the orbit is localized when modulating a 42 cell sector. Figure 5a shows that when
modulating a 41 cell sector the entire orbit is modified. Therefore, the effect of orbit
distortion can be minimized by choosing the number of cells connected to a power supply,
such that the phase advance is n x 2w, where n is an integer (i.e. the supply drives an
achromat). Figures 5c and 5d show that when modulating the straight sections, the orbit
perturbation is moderately contained within the straight section being modulated. Notice
that the largest orbit distortion occurs when modulating a 41 cell sector or the low beta
straight section (figures 5a and 5c). In both cases the largest excursion is in the low beta
straight section. Figures 7a through 7d show the x-position of the closed orbit without
errors. Comparing these figures with figures 5a through 5d show that random errors have
no noticeable effect on the x-position of the closed orbit.

Figures 6a through 6d show the y-position of the closed orbit including random errors.

In all cases the deviation of the orbit is very small (less than 5um). The y-position of the
closed orbit without errors is not shown since they are identically zero for all s with and
without modulation.




Tune shift due to modulation of the IR trim quadrupoles is estimated by applying a
zero frequency modulation to the IR focusing/defocusing quadrupoles. The amplitude of
the modulation is 10% of what was used in the previous studies, since the trim quadrupoles
are expected to contribute about 10% of the focusing power. The following cases are ex-
amined:

10% modulation on Q1 focusing/defocusing quadrupole

10% modulation on Q2 focusing/defocusing quadrupole

10% modulation on Q3 focusing/defocusing quadrupole

10% modulation on a single IR in a particular straight section

10% modulation on both IR’s in a particular straight section
The tune for the various cases is tabulated in table 4. The analyses of these data are
shown in tables 5a and 5b. Table 5b shows the tune shift for the above cases applied to
the medium beta straight section, where the tune shift agrees with the simple formula
Av = L Bk( é-,;’-’-). Table 5a shows the same results for modulation of the trim quadrupoles
in the low beta straight section. The simple formula appears to overestimate the tune shift
in the low beta IR’s where interference effects are not negligible. The effect of modulating
the IR trim quadrupoles by AB/B = 10~* will modulate the tune by less than 0.001.

Summary

Tune shift modulation is highly dependent on the phasing of the modulation on the
different power supplies. With modulation of AB/B < 1078, the tune can vary between
+0.00003 and +0.0025. Here it has been assumed that the total tune shift is the sum
of the contributions from modulating each power supply seperately. Preliminary results
indicate that this may not be true when the modulation frequency is not zero.

The change in tune with amplitude caused by the chromaticity sextupoles and random
errors in the dipoles is not affected by power supply modulation in the static cases studied.

Modulation of the arc power supplies causes the largest increase in the smear. The
combined effect of modulating all power supplies simultaneously with modulation frequen-
cies other than zero were not studied to estimate the effect of the phasing of the modulation
on the smear.

Closed orbit perturbations caused by the modulation are reduced, if the power supply
is driving an achromat.

Tune variation due to modulation of the IR trim quadrupoles (AB/B < 107°%) is
estimated to be less than 0.0001.

It should be noted that when all magnets are given an offset of AB/B = 10~* (which
is equivalent to Ap/p = 107%), Av, ,/(AB/B) is equal to +3.4 and —27.3 for x and y
respectively. This does not seem to agree with the chromaticity settings of +0.003 and
—0.00001 for x and y respectively.
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Q2- ITh-a
Q@3- Th-a
Q3f-b 557501 o0.04405
Q2~b 17 18.27 -0.08356
Q1f-b 97502 004892
mi p 8,63 o
Qid-b /55444 -004892
Q24-b  5599.33 0.0835
Q3d-b 308506 -0.04405
@3-T7f-b
@2-IP-b
Q1- I8- b
®3 - both TS —
Q2 - beth IR
@1 - both IR'S
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TEAPST
1947 18,50
-1 |.9¢ -10.28
3.83 379
-59% =592
3685 33.00
—-10.72  _ =i0.19_
875  _a3l
25,38 22.73
-2.14 -2.3
19.54 a—
-1/ 43 —
380 -—
- =6.05 —
- 3723 —
-10.8I —_—
873 —
2580 —
-2.25 S
/748 16,75
S5/.18 46.20
-4.3 -440
64 .27 S8.55

% Dfereme

1.6

| ]

43
/0.8
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WITH RANDoM EFFIRT

Table 5b)

A\L' (%) A\)un/( %) % D': ﬁ:’reuce
Med B B kK-l ek
7"5;_9”{907‘ TEATOT . TEAPOT™

QR34-a 93993 002063 .54 1.55 0.6
Qd-a 67640  0.044 56 - 240 -242 0.8
Q\f-a /100,09 002887 2.53 2.55 Q.8
my P 9.70

Qd-a 127348 002887 =292 =294 0.7
Q2f-a 2804.85 004456 q.95 10.00 0.5
Q3d-a  1963.01 002063 -322 -3.24 0.6
Q3-If-a - 168 -1.69 0.6
G2 -If-q 7.55 7.58 04
Q' -IK-a -0.37 -0.490 7.5
G3f-b 892.45 0.02043 146 — —
32d-b ¢3842 p.644 56 ~2.26 — —
QIf-b /0 32.26 (.02887 2.37 — -
mp /10,06

Qid-b /24897 002887 -2.87 — —
Q25-b  2744.00 0.0445 9.73 — —
@3d-b /191700 0.02063 -3.15 — —
0O3-IR-b - -1.69 — —
®2-Ik-b 747 — —
Q1-1IR-b -0.50 — —
43 -beth IRS -337  -3.3%¢ a3
@2 - both IR'S 15.02 /5.0 0.1
Di - ooth TR'S -0.87 -0.90 3.3

/.73 10,75
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Table ¢) random errors in the dipole chjnej's

n a b
lo“ncn" lo‘%n“

O ———

l ——

2 0.6/ 040 *

3 0.69 .35

4 0.14 0.59

) 0.16 0.659

A 0.034 40?5_}4— Fhese valves were excharsed sq -{—Lﬂf
7 0.630 4.06 - q,= 8875, b= g.£34
8 0.0064 0.02]

9 0.0056 0.003

* b2 IS o eﬁ&fm valve fah‘n? in‘o aocam{" bﬂ.?m'nj dp ma?nells





