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1.0 Dynamic Aperture (DA): Analysis

Residual chromaticity (analytic model)

om0 v, (3) = 33.36+200—-13x10°5° —3.2x10°8" + 35x10"8" —9.7x10°5" + ...,
12 S 20—
o S Vﬂv/\bf\ v,(3) = 16.28+1.05 - 7.3x1018% + 1.2x10°6°% — 7.2x10°8" — 1.2x10°6° + ...,
£ // // ‘ \\ V. (3%) = 33.36+0.06—0.12-0.09 +0.03-0.02 + ...
IRy [ ] |lvy(3%) = 16.28+0.03—0.07 + 0.03—-0.005-0.003 + ...
| I
-40 -30 -20 -10X[mm] 0 10 20 30

Physical aperture by injection Bare Lattice With Misalignments
septum and beam pipe.

-2 Normalized Dynamic Aperture Normalized Dynamic Aperture
0.5 -4 160 —— 100 ——
& 150 —— % D
0.4r -6 igg 19 70 — 19
-8 120 —— 185 60 & 185
03 10 —— 50 \
‘ ; ; ; ; ; 10 100 (1 18 20 - 9 18
0.1 0.12 0.14 0.16 0.18 0.2 90 % 1 T ¥ 3 30 ; +4 175
80 Al Py 20 | vy
70 — Spihd 17 4 10 —— S S— H 17
60 — —  — - .
14 : : : : : : : 5 S it 165 A R EE
12} a5 B ‘s‘g = e ~ H 16 N T i 18
ey ~\ W - -
lop -, TS T, ] 20— 155 155
g 8t ll-_'"- | P i R 10 —— 322 324 326 328 33 332 334 336 338 322 324 326 328 33 332 334 336 338
* itk i
) || n|1 Bvi
(0150 I ]
-30 -20 10 0 10 20 30 40
13:20:04 x(mm)
( Office of BROOKHFEAUEN
A Science 30f 30 NATIONAL LABORATORY

U.S. DEPARTMENT OF ENERGY BROOKHAVEN SCIENCE ASSOCIATES



2.0 Control of Insertion Devices (IDs): Guidelines

The the leading order impact of a planar IDs is given by

P +Py By By
T > R ~5+0(p, )"
¢ 2079 4p)A1+08) 32(Bp)A(L+9) |

which drive beta and phase advance beat, tune shift, nonlinear resonances, and
amplitude dependent tune shift.

The propagation of the beta function in free space is: B(s) = By[1+ (S/BO)Z].
Therefore:

* stay clear => 3, = L/2,
- control of IDs: linear optics => B, = L/2%/3,

« control of IDs: nonlinear dynamics => 3, = L/24/5.
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2.1 Symplectic Integrators: Overview

Symplectic integrators based on fit of 3D field map to analytic basis:
» generating function, implicit (G. Wistefeld, J. Bahrdt, 1991),
e 1st order, explicit (E. Forest, K. Ohmi, 1992),
» 2nd order explicit (Y. Wu, E. Forest, D. Robin, 2001),
e generating function, explicit (G. Wustefeld, J. Bahrdt, 2006),
» obtain vector potential by fit 3D field for elliptical geometry (C. Mitchel, A.
Dragt, 2006).
Symplectic integrators based on direct integration of 3D field maps:
* RADIA kick map (P. Elleaume, 1992),

e obtain vector potential from 3D field map (three-pole-wiggler, aperiodic,
including radiation effects, J. Bengtsson, 2007).
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2.2 Impact of the Length of a CPMU on the DA
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2.3 Field Harmonics of Damping Wigglers: DW100
(with T. Shaftan and T. Tanabe)

Does comply with Laplace

DW field: By(z)
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I\ B, T

—e—byy. T
—%— 1st harm. fit

I error, 10x%

Spectrla

amplitude

10"

Spectrum of harmonics |

10° E|
| \\\HM\ \MHH L
L e AL
o 1000 2000 3000 4000 5000 6000
, f, arb. units
X 10 DW field: By(x) on the positive pole
0.5
0 y’
-0.5
-1
-1.5
-2
25H —*—byx). T
—— 1st harm. fit
I error, x10% X, mm
3 ‘ ‘ ‘ ‘
-15 -10 -5 0 5 10 15

Fitted Halbach Basis from Radia Model for DW

(with T. Shaftan and T. Tanabe)

| 7 Office of
4 Science

U.S. DEPARTMENT OF ENERGY

7 of 30

DW field: By(x)
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2.4 Field Deviations: DW100
(with T. Shaftan and T. Tanabe)

By(y,z) Bx(y,z) Bz(y,z) at x=13 mm from axis.
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2.5 Model Validation: DW80

Bare Lattice Impact of 5 Ideal Damping Wigglers Including Harmonics up to 9th
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3.0 Dynamic Aperture with 3 DW90

With locally corrected optics.
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Problem: one of the quads in the matching section is
significantly weaker than the other two. To fix it:

® Correct optics by using all non-chromatic quads,

* and adjust working point to v, y = (33.356, 16.266) .
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Dynamic Aperture (bare lattice, 2.5 DOF)
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3.1 Impact on the DA from CPMUs and DWs

1 CPMU

5 CPMUs
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3.2 Impact on the DA from EPUs
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3.3 The Driving Terms
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4.0 Design of Linear IDs: From First Principles

The first and second integrals are given by
L L s
l, =] B,(s)ds ~x', I, = B, (s')ds'ds ~ X
A =1y,

The problem is that these integrals are traditionally evaluated along a straight line
rather than the path followed by the electron. In other words, while the linear and
nonlinear focusing are of dynamic origin (like the coriolis force), it can be cor-
rected locally by using L-shims between the magnets and by minimizing the rele-
vant integral. Pioneering work has been done at the ESRF and BESSY-II.
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5.0 Impact of IDs on Momentum Aperture
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6.0 Control of the Driving Terms (SLS)
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® J. Bengtsson “The Sextupole Scheme for the Swiss Light Source (SLS): An Analytic Approach”
SLS Note 9/97.

® Y. Luo, M. Bai, R. Calaga, J. Bengtsson, W. Fischer, N. Malitsky, F. Pilat, T. Satogata
“Measurement and Correction of Third Resonance Driving Term in the RHIC” PACO?7.
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7.0 Conclusions

« No apparent show stoppers.

e Controlling the optics with DWs requires care. In particular, distributed (non-
local) correction with the achromatic quadrupoles, and fine tuning of the
working point.

« The EPUs are challenging devices that requires further study and guidelines
for how to control their nonlinear effects.

* No significant advantage of HISOR type EPUs over Apple-Il devices.

A first principles approach is to design linear devices based on the first and
second integrals evaluated along the orbit, rather than straight lines, and con-
trol the nonlinear effects locally by shimming. Pioneering work has been done
at the ESRF and BESSY-II.

* The driving terms can be controlled for a real accelerator with BPM turn-by-
turn data and the inverted sextupole response matrix; given a sufficient num-
ber of knobs.

| 7 Office of BROOKHFEAEN
4 Science 17 of 30 NATIONAL LABORATORY
PARTMENT OF ENERGY BROOKHAVEN SCIENCE ASSOCIATES



7.1 Future Work

* Need to evaluate the DA and Touschek lifetime for the new baseline lattice
with a full set of insertion devices, engineering tolerances, and corrections.

* Evaluate the merits/feasibility to improve the control of the residual horizontal
chromaticity by introducing octupoles/decapoles.

e Guidelines needs to be worked out for local control the nonlinear effects from
EPUs, i.e., with L-shims.

| 7 Office of BROOKHFEAEN
4| Science 18 of 30 NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY BROOKHAVEN SCIENCE ASSOCIATES



Back-Up Slides

| Office of BROOKHFEAEN
A Science 19 of 30 NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY BROOKHAVEN SCIENCE ASSOCIATES



Residual Chromaticity
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