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Outline

. What’s Known.

. SR LS “Thermodynamics” (physics limitations).

An IBS Limited (deterministic) Approach: +H4E => no “Chromaticity Wall”.
Chromatic Control: (deterministic approach).

Pseude-khrebs: A Leading Order (reductionist) Approach.

Signal Processing 101.

“Closing-the-Loop”: In the Control Room (deterministic approach).

© N o Ok W DR

Model Based Control by Thin Clients (deterministic approach).

Challenge:
When a (brute force) numerical approach doesn’t “cut it”, how to “fix it”?
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SR LS “Thermodynamics”

* The horizontal emittance is given by (isomagnetic lattice)

£ T, (H, - Dy), 6§ = 1 (H, - Dy,

X

3 (E[GeV])F

e, [nmrad] = 7.84x10
e 0,3

N, is the no of dipoles, J, +J, = 3, F=1. No dipole gradients => J, = 1.

« With damping wigglers, the natural horizontal emittance ¢, scales with the
radiated power

1+ 8 2wtw

exw Yo O3, _ 3B, U,
€0ox U0+UW’ 660 1+_L_le
UO

i.e., on behalf of 5. High end Insertion Devices requires o5 < 1x10°°
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Intrabeam Scattering (IBS)

Equilibrium
SR, IBS SR SR IBS
ey =& t+g = T,(E7 ), - (D5 (p)+Ds ),
SR SR IBS
6¢ = 15(E” )(Ds (p)+Dg )
where
8=E_EO % =T~]Tﬁ f= Ny n=A AL = 1//B, O
= ’ X — y = , ’ = ; .
o 'y o/ [B. B,
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http://www.bnl.gov/nsls2/project/CDR/

Touschek Life Time Trade-Offs (NSLS-IIl CDR, 2006)
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http://www.bnl.gov/nsls2/project/CDR/

An IBS Limited (deterministic) Approach

1. Hor. emittance (natural): damping < diffusion.

2. Optimize (globally, for Insertion Devices):

0o 0 e Since

1
8X -~ p2 - Ps

Hor. _
Emittance Circumference (C) P bendradius.

 Fundamental limit is
1/Hor.. | Cost qf BS: (2-3)- ¢, ps.
Chromaticity Footprint
0 Cost of
Operations o
oo Power Consumption (P) 0]

« PETRA-3, NSLS-II, and MAX-IV avoid the “chromaticity wall” with damping wig-
glers and a 7-BA. A TME (reductionist) artifact; by ignoring (linear) chromaticity.
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NSLS-II CDR (2006): Parametric Evaluation

Table 4.2.3 Storage Ring Parameters for Number of DBA Lattice Cells Varying from 32 to 24.

Lattice DBA32 DBA30D DBA28 DBA26 DBA24
Circumference [m] 822 780 739 697 696
Bend magnet radius [m] » 25 25 2 2
Straight sections [n x (m)] 16x(8, 5) 15x(8, 5) 14x(8, 5) 13x(8, 5) 12x(8, 5)
Horizontal emittance, & (bare) [nm-rad] 1.7 2.1 26 32 41
Horizontal emittance, & (full set of damping wigglers) [nm-rad] 03 0.6 07 0.8 1.1
Straight Section Utilization
8 m straights
RF and injection J 3 3 J J
Damping wigglers 8 8 8 8 8
Undulators 9 4 3 2 1
5 m siraights
Undulators 16 15 14 13 12
. :(BS—OZ 0.25 nm-rad.
« C: ~$1 M/m.
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Implementations

. Ng: DBA, TBA -> 7BA. Reduced peak dispersion => a stiffer (nonlinear) system
(of ODESs) for chromatic control.

MAX-IV (7BA-20 => relaxed optics, by innovative engineering &, = 0.26).
PEP-X “baseline” (IME e, = 0.16) -> “ultimate” (2.8xMAX-IV 1/2.83 —» ¢, = 0.012).
USR7 (10BA-40 in the Tevatron tunnel ¢, = 0.003, @11 GeV).

« J, < J, = ¢, <> 05 gradient dipoles (incl. s-dependent), Robinson wigglers,
orbit (i.e., “dipoles”) in the quadrupoles. Insertion Devices => 65 < 1x10°°.

 F: chromatic straights (effective hor. emittance). Symmetric lattice => disper-
sion at the RF cavity.

* £, <> 0g. damping wigglers. Requires achromatic straights => F = 3). But also
provide “free” beamlines. Insertion Devices => o5 < 1x10°°.

Nota Bene: While facilities based on DBAS, after converting to chromatic
straights, to my knowledge, have only reported the relative improvement.
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http://www-public.slac.stanford.edu/sciDoc/docMeta.aspx?slacPubNumber=slac-pub-13999
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Chromatic Control: First Principles

Challenge: How to control the swamp of undesirable terms generated by (linear)
chromatic correction for a strongly focusing lattice?

D
-1 DV+"' K2
M=A "e e A

Zero the undesirable terms in V; a highly over constrained problem. The most
effective approach: use symmetry (reduces all terms). For example, linear achro-
mats (in the phase-space variables): DBA, TBA, 7BA, etc.

Traditional design strategies:

1. Avoidance (weakly focusing rings with high periodicity): Introduce two chro-
matic families and choose the working point so that systematic resonances
are avoided.

2. Anti-symmetry (FODO lattices): Introduce two chromatic families separated
by horizontal- and vertical phase advance of kr, kK = odd. However, this will
drive hygyg; @and hgpyp, Systematically.

3. Higher order achromats (strongly focusing lattices): define a unit cell, repeat

it N times, and choose the phase advance so that all the 1st and 2nd order
driving terms are cancelled. However, the working point is now on an integer.
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Example: 5-Cell Second Order Achromat

1. Introduce two chromatic sextupole families.

2. The first order driving terms are cancelled by e.g.:

Cell V. y Vo | 2V, 2\/y 3V, Vx—ZVy Vx+2Vy
1 |(8/5, 3/5)=(1.60, 0.60) | 1.60| 3.20 |1.20| 4.80 0.40 2.80
2 3.20| 6.40 | 2.40| 9.60 0.80 5.60
3 4.80| 9.60 [3.60{14.40| 1.20 8.40
4 6.40|12.80|4.8019.20| 1.60 11.20
5 8.0016.00 1 6.00|24.00, 2.00 14.00

3. Introduce 1 more chromatic and 5 geometric (i.e., a total of 9 families => full
control of all the first order driving terms); to provide leeway for the choice of
working point (SLS Tech Note 9/97).

4. The required number of sextupole (-> multipole) families, placement, etc. can
be evaluated & optimized by analyzing the rank conditions for the Jacobian
of the driving terms (J. Bengtsson et al NIM 404, 1998).
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http://ados.web.psi.ch/slsnotes/sls0997.pdf
http://dx.doi.org/10.1016/S0168-9002(97)01168-6

First Order Chromatic Effects Cancelled Over 5 Cells
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First Order Geometric Effects Cancelled over 5 Cells
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NSLS-Il: Higher Order Achromats

First Order Second Order Third Order
Geometric Chromatic Geometric Geometric
Cell| v, v, v, | 3v, [vi2v |v,*2v [ 2v, | 2v | 4v, | 4v, [2v,-2v |2v,+2v | Sv, [v,-4v |v,*4v [3v, -2v |3v,+2v,
1 | 1.500 [0.625| 6/4,5/8 | 1.50 | 450 | 0.25 | 2.75 | 3.00 [1.25| 6.00 | 250 | 1.75 4.25 750 | -1.00 | 4.00 3.25 5.75
2 | 3.000 |1.250 3.00(9.00| 050 | 550 | 6.00 [2.50]12.00| 5.00 | 3.50 8.50 [15.00| -2.00 | 8.00 6.50 11.50
3 | 4500 |1.875 450 |13.50| 0.75 | 8.25 | 9.00 |3.75/18.00| 7.50 | 5.25 12.75 [22.50| -3.00 | 12.00 | 9.75 17.25
4 | 6.000 [2.500 6.00 [18.00| 1.00 | 11.00 |12.00|5.00|24.00]|10.00( 7.00 17.00 [30.00| -4.00 | 16.00 | 13.00 | 23.00
1 | 1.400 [0.600]| 7/5,6/10 | 1.40 | 4.20 | 0.20 | 2.60 | 2.80 [1.20| 5.60 | 2.40 | 1.60 4.00 7.00 | -1.00 | 3.80 3.00 5.40
2 | 2.800 |1.200 280|840 | 040 | 5.20 | 5.60 |2.40|11.20]| 4.80 | 3.20 8.00 |14.00| -2.00 | 7.60 6.00 10.80
3 | 4.200 |1.800 420 |12.60| 0.60 | 7.80 | 8.40 |3.60([16.80| 7.20 | 4.80 12.00 [21.00| -3.00 | 11.40 | 9.00 16.20
4 | 5.600 [2.400 5.60 [16.80| 0.80 | 10.40 |11.20(4.80]|22.40| 9.60 | 6.40 16.00 |28.00| -4.00 | 15.20 | 12.00 | 21.60
5 | 7.000 |3.000 7.00 [21.00| 1.00 | 13.00 |14.00|6.00|28.00]12.00( 8.00 20.00 |35.00| -5.00 | 19.00 | 15.00 | 27.00
1 | 1.500 [0.583]| 9/6,7/12 | 1.50 | 450 | 0.33 | 2.67 | 3.00 [1.17]| 6.00 | 2.33 | 1.83 4.17 750 | -0.83 | 3.83 3.33 5.67
2 | 3.000 |1.167 3.00(9.00| 0.67 | 5.33 | 6.00 [2.33]12.00| 4.67 | 3.67 8.33 [15.00| -1.67 | 7.67 6.67 11.33
3 | 4.500 |1.750 450 |13.50| 1.00 | 8.00 | 9.00 |3.50(18.00| 7.00 | 5.50 12.50 [22.50| -2.50 | 11.50 | 10.00 | 17.00
4 | 6.000 [2.333 6.00 [18.00| 1.33 | 10.67 |12.00|4.67|24.00] 9.33 | 7.33 16.67 [30.00| -3.33 | 15.33 | 13.33 | 22.67
5 | 7.500 |2.917 7.50 |22.50| 1.67 | 13.33 |15.00/5.83|30.00]|11.67| 9.17 20.83 |37.50| -4.17 | 19.17 | 16.67 | 28.33
6 | 9.000 |3.500 9.00 |[27.00| 2.00 | 16.00 |18.00|7.00]|36.00|14.00| 11.00 | 25.00 |45.00| -5.00 | 23.00 | 20.00 | 34.00
S U.5. DEPARTMENT OF BBU“K“&"E"
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Rseudetkrebs: Leading Order (reductionist) Approach

« As an attempt to introduce more knobs, one may (artificially) reduce the sym-
metry of a multipole family. However, while a free parameter is obtained to con-
trol the leading order terms, the approach will (systematically) drive the next
order(s).

» So, for a systematic approach (of any scheme), effects (at least) one order
beyond the “knobs” must be included in the analysis.

The impact on NSLS-Il is summarized in Tech Note 90, 2009:

Order Hor/Ver Contr. for 8 = 2.5% | Contr. for & = 3.0% Order Hor/Ver Contr. for 8 = 2.5% | Contr. for & = 3.0%
(33.45,16.37) (33.45,16.37) (33.45, 16.37) 0 (33.42,16.35) (33.42,16.35) (33.42,16.35)
(=0.017,-0.037) (—0.0004,-0.001) (-=0.001, -0.001) 1 (0.0, 0.0) (0.0,0.0) (0.0,0.0)
(=65.9.10.1) (~0.041, 0.006) (~0.059, 0.009) 2 (-50.8, 15.4) (-0.032, 0.010) (~0.045, 0.014)
(-3.3x10%, 2.1x10°) | (=0.005,0.003) (~0.009, 0.006) 3| (-2.0x10% 2.0x10%) | (-0.032,0.003) (~0.055, 0.005)
(2.8x10", -2.7x10") (0.011,-0.001) (0.023. —0.002) 4 | (62x10* -1.6x10%) (0.024, 0.001) (0.050, 0.001)
Co.1x16° —6.1x16% | (~0.009,-0.001) o BT 5| (-1.2x10% -1.1x10°) | (~0.012,-0.001) (~0.030, -0.003)

TABLE 2. Residual Chromaticity for the Oct, 2008 Baseline
(working point #4, 3+6 sextupole families, C;I , = (0,0)).
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TABLE 3. Residual Chromaticity for Translated Chromatic Sextupole Pair
(3+14 sextupole families, &, = (0, 0)).
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https://ps.bnl.gov/sites/tn/TechNotes/90%20NSLS-II%20Analysis%20of%20an%20Asymmetric.pdf

“Closing-the-Loop”

u(t)
R h(t) = y(t)

Strategies (an iterative process):
* Design (“feed-forward”): model, guidelines, engineering, reality checks, etc.

* In the control room (“feed-back”, e.g. commissioning): Model Based Con-
trol, Orbit Response Matrix, Turn-by-Turn BPM data, etc.
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Beam Transfer Function & Model Based Control

h(t)

X(t) —
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LEAR, 1988 (pinger)
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SC, 1990 (tracking)

RHIC. 2006 (AC dipole)
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FIGURE 6. J, Spectrum: hyypy = (0.0), Ay, /J;" = 9.0+10 °
(acd_HV_inj_37.sdds).

Courtesy of J. Bengtsson
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http://lss.fnal.gov/archive/other/ssc/ssc-232.pdf
http://cdsweb.cern.ch/record/190442?ln=en
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http://www.google.com/webhp?sourceid=navclient&ie=UTF-8&rlz=1T4ADRA_enUS375US375#hl=en&rlz=1T4ADRA_enUS375US375&sclient=psy-ab&q=streun+sls+nonlinear+diamond&psj=1&oq=streun+sls+nonlinear+diamond&aq=f&aqi=&aql=&gs_sm=3&gs_upl=97326l104957l1l105375l42l40l5l0l0l1l380l9672l2-22.11l35l0&bav=on.2,or.r_gc.r_pw.r_qf.,cf.osb&fp=1aef0db0b8ed3188&biw=1006&bih=487
http://www.google.com/webhp?sourceid=navclient&ie=UTF-8&rlz=1T4ADRA_enUS375US375#hl=en&rlz=1T4ADRA_enUS375US375&sclient=psy-ab&q=streun+sls+nonlinear+diamond&psj=1&oq=streun+sls+nonlinear+diamond&aq=f&aqi=&aql=&gs_sm=3&gs_upl=97326l104957l1l105375l42l40l5l0l0l1l380l9672l2-22.11l35l0&bav=on.2,or.r_gc.r_pw.r_qf.,cf.osb&fp=1aef0db0b8ed3188&biw=1006&bih=487
http://www.google.com/url?sa=t&rct=j&q=streun+sls+nonlinear+diamond&source=web&cd=2&ved=0CCwQFjAB&url=http%3A%2F%2Fwww.diamond.ac.uk%2Fdms%2FEvents%2FNBD-workshop%2Fday3%2FAndreas_Streun.pdf&ei=4F1CT5H7F8Lh0QHG8JXABw&usg=AFQjCNEJFCNo-qzd-t7YDG7y8SVrrdl75g
http://www.google.com/url?sa=t&rct=j&q=streun+sls+nonlinear+diamond&source=web&cd=2&ved=0CCwQFjAB&url=http%3A%2F%2Fwww.diamond.ac.uk%2Fdms%2FEvents%2FNBD-workshop%2Fday3%2FAndreas_Streun.pdf&ei=4F1CT5H7F8Lh0QHG8JXABw&usg=AFQjCNEJFCNo-qzd-t7YDG7y8SVrrdl75g
www.diamond.ac.uk/dms/Events/NBD.../day3/Andreas_Streun.pdf

Discrete Fourier Transform (DFT)

The Discrete Fourier Transform (DFT) is defined by

|2nkn/N

Z X.€e
where

_ 1 42nkn/N _
n_NZ n=01..,N-1

Typical window functlons

i2mkv k ]
Rectangular: e rect(N) — sinc(m(n —Nvy)),
_ i2nkvy ./ k 1 sin(n(n =Nv,—1/2))
Sine; e sm(n—) — :
N/~ 21 (n —Nvg)?—(1/2)?
12nkvg . 20 k 1 1 :
Hann: e sin (n—) — —Z sinc(rt(n —Nv
N 2 —Nvy)?—1 (m( 0)
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Numerical Analysis of Fundamental Frequency

It has become fashionable to use (Laskar, 1993. NAFF)

( N_l
Max{[X()I} = Max;| »" kake—ianv
k=0

V

N

I.e., to solve numerically for a Hann window

Wk:sinz(nﬁk), 0<k<N-1

and component wise spectrum deconvolution by Gramm-Schmidt ortogonaliza-
tion.
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Frequency Domain Approach: Interpolation Formula

A more direct approach is to use a two-step (nonlinear) interpolation formula for
the spectrum. For example, the frequency of a peak is given by:

1 1
eCtangU ar AY N n 1+An_1/An
| 1( 3 7 )
: = =(n-S+
Sine VAN T A A
( )
Hann: = =ln-2+
ann v=gln TvA A

While the resolution of the discrete spectrum is only ~1/N, it is thus improved to
~1/N% o =2, 3, 4, respectively; i.e., ignoring the impact of noise (=> academic).
Taking the effect of noise into account gives instead
(3v) = ——= L
SNR"N™ N
Clearly, a time-domain approach has the same (fundamental) limitation.

For e.g. N = 256 with 1% or 5% noise we obtain ov ~ 4><10_5, 2><10_4, respectively.
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Signal Processing 101: Windowing

:'l LI ] LI L I TGt T1 7 T o0 1
0.6 — -]
9 @ N b
£ 3 0.4 — -
e E - ]
g £ o2 E
0.0 ©
0 2 8
n n
Figure T Rectangular window . Figure §: Sine window
1 [ AlE) 2A(k) 1
—_— Sl _ t ve— |k—1+ - =, k—1<Nv<k
V= -;k 1+Aik—1}+f1[k}} , k=l=Ne<k . N Alk —1)+ A(k) 2
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First Order Sextupolar Modes (SLS 9/97)

t "1'-"ﬁ[:[]{g-]_r]:".}
sin (7u,)
Aronov2J,2J,

sin (wr,)

I (N) = I, N2, )

Cos (E_J-_:H:.;.::. + @y +

oS (('J-_l-:]m b by 4 .\".’TI!_,.)

b Ligrmnerad
A,

Perturbation of the Action Variables.

Figure 7:

g, (N)

where
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ados.web.psi.ch/slsnotes/sls0997.pdf

On-Line Control of First Order Driving Terms

the frequency spectrum of the betatron motion. We deliberately excite the
first order modes with the following values

Azooeo = 6.944, 30000 = —1.8deg,

"l]UUQU == I(il”. GI][UU?U = -'-)'1.“(1(‘?;,

Aaoo = 8.26,  @ige00 = —70.2deg (165)
An easy calculation with formula (156) for the initial conditions

Jr=15x10 7 ¢,=0.0, Jy=10x10", ¢,=090.0° (166)

gives the spectrum

f A, b A, b,
3, 50x 10 7 —45.0deg - —
ve—2v, 3.0x10 7% 90.0deg 6.0x 10 ¢ —90.0deg
vp+2v, 1.0x10 7  450deg 20x10 7  45.0deg

(167)

Figure 7 shows the tracking results. Fourier analysis and interpolation of the
tracking data gives

/ _lr "-D; ";1; (D;f
3y 5.3 x 1077 —45.1deg — - (168)
ve —2v, 29x1077 —826deg 58 x 1077 94.6deg

vy + 21, 1.0x 107" 19.6deg 1.9 x 1077 49.0deg

The phase of v = v, — 2v, appears with the wrong sign since it is 1 — v
that appears in the spectrum due to aliasing. Let us simply point out then,
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Example: Source Analysis

FFT 2J, FFT 27,
0.7 0.7
0.6 0.6
. .
< 03 < 03 %
0.2 | | | 0.3 ‘ | Il
0.0 L Ll | ‘ I ‘ I, i i 0.3 Li—3-1 L : I ; L N
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
VX VK
FFT 2], FFT 21,
93 &
. 2D
0,33 02
<0 < els ok
0.0 ] | | 0.05 '
0 " " | 0 ol el : ol i i L
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Vy \r’ji
NSLS-Il nominal spectrum With a decapole component =>
Vyy = [33.12, 16.19]. 3V, —2vy
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RHIC: Model Based Control (PACO7)

Qx=2/3 Correction with RHIC Model Player
J.Bengtsson, Y. Luo, N. Malitsky, T. Satogata, ... (2006)

Challenges:

. .
86, (1) ~>®—>/d HX) e (i V) - e e voce > * Only.two chromatic

! s, s families. However, the
SBL S T sextupoles 12 arcs have indepen-

dent power supplies.

FIGURE 1. Mo
i
10 Theo I Sy Sotiioe b . » More knobs vs. reduced
. ry myfm— W | Model Player .
" ) Input| | Sextupales .
11 Controfofthe First Orde_r Hie Generators Inp:t I Sext H’a‘me— |Trim |Accum. Trim Yalue |J I att I C e S y m m et ry.
Uiz (=) E e (2 () rafamel| |1 |bo6-a0 -0.004716108 0 0169809
e e 1 (ro01.| |2 [oof-ssnt 0.023791 0| -0160337 . .
M=A"e RA, = (rooii1.| |5 |bie-sxd10 000316388 o -0160397 ® Sextu pOIe CerU'tS |ater
=¥ P T PR 5 oo | |4 big-se -0.0275436 0 0169809
ey e —1 5 [hoto-sio -0.0193403 0 0.163809 H .
L ” :—:;E;;E B [bo10-sa11 0.0408572 o -07160397 rewi red tO p rovi d e 12
by = [2d,e " = [2d cos(d,) ,2J,sin(] % Insooon | |7 |pit-ss 0.00611518 0 0169309 | .
There are two chromatic terms 7 |n1oozo | |B_|biT-sxd0 -0.035137 o] -0160397 I n d epen d ent, Sym m et-
& [roozo | |2 |boz-sdio ~0.0104859 0 0.163809 i
" v = T PO o e, - PP .
Py = 33 [byl)=AbylmlBys  hggyy = 23 u‘ o Clear | Calculate send rc k no b S.
i=1 i=1 cl = [ —_— I — T

« Status (on chromatic
control) given at CERN
2011.

Nikolay Malitsky, APEX Workshop 2006
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http://accelconf.web.cern.ch/accelconf/p07/PAPERS/FRPMS109.PDF

Beam Studies SLS (2007)

Resonance A. Streun, 2009.
guesses

example: set

Progy = 6107 - m?
with auxiliary sextupoles
and pinger magnets

!

try to identify resonances

aQ. +bQ =n

peak [mm] Tune Guess min.dist. [ a ]| b | |
X 1.83895 20.42643
3 0.02222 20.25797 20.25803 -0.000003 | X
4 0.01860 20.14714 20.14714 0.000001 [ 3
9 0.00845 20.48409 20.4839%4 0.000039 feck

o &1 1000 turn FFT
2

_________________________________________________________________ sine window
Y 0.39925 8.74197 eak interpolation
1 0.12353 8.57357 8.57357 -0.000000 [ 1 ‘ -1 | 12 ] p p
3 0.03584 8.68453 8.684456 0.000017 [ 1 -2 3]
A_ Streun, PSI NLBD-II. DIAMOND. Nov 2-4. 2009 1
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www.diamond.ac.uk/dms/Events/NBD-workshop/day3/Andreas_Streun.pdf

Control of Off-Momentum Aperture (SLS)

Normalized* life time [hrs mA / um]

D6

v = for ideal lattice

0.2

0.1

9. Best results up to now

05F

D.4F

0.0F .

|

Normalized* life time as

function of RF voltage™*

* normalized to bunch current

and vertical beam size ' ¥

** without 3" harmonic cavity ,: |
E y ske‘-..-*-f uads and
= Theory ¥ e

aux.sextupoles

pr?
(6DTRACY: o 5

simulation)

ON

4

20 |

1.0 15
RF-voltage [MV]  ( normal operation' )

A. Streun, PSI

NLBD-II, DIAMOND, Nov 2-4, 2009
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www.diamond.ac.uk/dms/Events/NBD-workshop/day3/Andreas_Streun.pdf

Control of Nonlinear Resonances at DIAMOND (2010)

scope_gut

- ,L_\ B i3
o1 0z 03

5
«1p° ¥ floquet space o ®2d x10 %10 1o’ X foquat space %10 LELd %10 %10
) 10 kil i 4 a
: (f 0 . i’ 3 &
driving terms normal form \ g driving terms nomal farm 3 11.‘ 4
1 1) ) Sy Fia e -5 1 ﬁ o
",} \ 0 500 1000 O 500 1000 0 " 2 o ‘m 1000 0 .mn 1000
%10 LE10 » 'ﬂ- 510 prill
05 5 0 (11 "‘* L 0
- 0 5§ 0 . 200 400 0 & a 4 0 e aw 600 0 0
me ¥ floquet space i %10 Yl . 3”3‘\«[“\0«‘“9 ot m" YaJ
0 500 10000 O 500 1000 L S00. 4000 0 5001000
1
% tune: 0,222237  tung! 0332693
] 0
05 08 :
1:0.00513 1.140e+12 3 1 - s R
=1 . Eﬂﬁl
2:0.22220 8.101e+11 10 2201240 Zsser Izl
1 . . L L _z a A -2 0265 1.
a o1 02 03 04 i Z a 200 400 3: 0,16043 9.63%+101 -1 -0 an ('F3 & 04 =2 ('] 4 n 208 400 600 il RFDesLz A0
X spectrum ¥ spectium ¥ ypocinm | mpectum 4:0.31030 134341211
4:0,44452 6,993+ 10 2 0 L 1 S 000428 13360412 1 -1
1 5: 0.38275 5.734e+10 0 1 12 12 € 0.33923 1.06%e+122 0
y tune: 0,382661 w0 i1 7:0.381325.124e+11 1 -2
1: 0.00296 3.4122+11 00 E0.046444.94604111 2
i i 2 0,38264 1,588e+11 0 1 Yane:sbsaes
0l _ 1:0,35690 2.002¢4 110 4
b i 3: 016049 6,7462+10 1 -1
H . 2 07661869678+ 100 2
4:0.39498 6.294e+10 1 1 L
5 045718 3.27%+101 -2 4.0.00232 2.9360+ 1030
s
50,0052 25650410 3.0

6: 030995 19536+ 101 1
71033269 1.947e+10 10
8 0.38159 1.524e+101 -2

Vi +2v, = 52 compensated.

3v

X

= 82 compensated.

In collaboration with R. Bartolini,
|. Martin, and J. Rowland.
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Model Based Control by Thin Clients

Client-Server Architecture for HLA ~ * " coraporation

Production MMLT Scripting stem L] Completed
HLA Client|| Client | |HLA Client Yo | By o, proved by G.
PVAccess'CAQ PVAccess’'CAQ PVAccesss'CA]Q  [PVAccess/ CAC Shen, L. Yang,
Ethernet and J Ch0|
PVAccess PVAccess | PvAccessiCAQ PVAccess/CAQ PYAccessCAQ e Tracy-4: Tracy-3
[ Model i- Magnet .
e ||__sever rncere || chems | [ eResoesyr || Come_ interfaced to
Arrays Svr -
. L L Matrix,
Tracy-3 s? pps— Q oigason Python and Lex/

—— magnets, any

=
= channels

Yacc based lat-
tice parser.

e Name srv, Twiss
oieribued IPVAICAS] [PVAICAS] [Pvalcas] [pPvalcAas] [pva]cAS] [pPvA]CAS srv. etc.

Front-Ends [Diagnostics| Power Supplied | RF Vacuum Utilitiesetc..| | Diag& PS
1 I 1 I | I
Physical Physical Physical Physical Physical LS2 Simulation
Device Device Device Device Device (Tracy-3)
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Conclusions

1. We have shown how a first principles, rather than the traditional TME (reduc-
tionist) approach, provides a systematic strategy for the design of an IBS
limited synchrotron light source. In particular, the insights gained from a
proper understanding the scaling laws; governed by physics.

2. And summarized on how this approach was used for the NSLS-1I CDR (2006).
In particular, how come a DBA-30 with damping wigglers, outperformed the
originally proposed TBA-24 (2xSLS).

3. Similarly, MAX-IV has avoided the “TME trap” (i.e., the “chromaticity wall”) as
well, by implementing a (realistic) 7BA (with relaxed optics); by clever engi-
neering.

4. Which recently inspired PEP-X to re-baseline.

5. We have also shown how the control theory problem for a (nonlinear) system
ODEs, can be pursued all the way to the control room. By controlling the Lie
generators (i.e., the equations of motion) directly. Facilitated by a scalable
(aka client/server) software architecture for model-based control.

6. Bottom line, a “round beam” synchrotron light source is now within the hori-
zon.

U.S. DEPARTMENT OF BROOKHFEVEN

EN ERGY 30 of 30 NATIONAL LABORATORY
: BROOKHAVEN SCIENCE ASSOCIATES




