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DYNAMIC APERTURE MEASUREMENTS AT THE ADVANCED LIGHT
SOURCE*

W. Decking, D. Robin, LBNL, Berkeley, USA

Abstract sionn this aperture is reduced by the off-momentum orbit.

Alarge dynamic aperture for a storage ringis of importancThe invariant physical horizontal aperture is the minimum
for long lifetimes and a high injection efficiency. Measure—gr.Ound the ring Oﬂphyszx(é) = (Zue(5) — 77(.8)(.5)2/&(.5)
' with § = 42 the relative momentum deviation. Disper-

ments of the dynamic aperture of the third generation syn- . Fo . . :
sion is usually only present in the horizontal plane leaving

chrotron light source Advanced Light Source (ALS) usin he vertical physical aperturé, s, , momentum indepen-

beam_ excitation with kicker m‘?‘gnets are presen?ed. Trheent. The longitudinal motion of electrons is limited by the
experiments were done for varioascelerator anditions,

allowing us to investigate the influence of differentworkingihe'ght of t.he rf-bucket provided by thecelerating voltage
| n the cavity.

points, chromaticities, insertion devices, etc.. The results The electron motion is also confined by dvnamic effects
are compared both with tracking calculations and a simplle . X ed by dy '
eading to resonant or chaotic amplitude growth. The bor-

model for the dynamic aperture yielding good agreements;. . L )
This gives us confidence in the predictability of the non—aer of this motion is called the dynamic apertign . (9)

linear accelerator model. This is especially important fo‘f}lnd erends on the relat|v_e momentum deV|at|pn. The dy-
namic aperture is often estimated through tracking calcula-

future ALS upgrades as well as new storage ring deSignst'ions
One can also estimate the dynamic aperture using a sim-
1 DEFINITION OF THE APERTURE ple model in the following way: Electrons are lost when

L . their tune satisfies a resonance condition. From knowing
The aperture of an electron storage ring is the maximum vy OV a0d mo

transverse and/or longitudinal deviation from the design ofhe tune shift terms with amplitudez;, BAy”
bit an electron can experience without being lost. The siz@entum deviation%, %, one can compute the tune
of the aperture can effect both injection and lifetime. At th&hift due to momentum and transverse deviations:
ALS where one injects horizontally offset from the stored
beam the on-momentum aperture has to be large enough{o _ %A L i %M— 9y
accept the injected electron beam. From the pointof view ¢ dA, @™ 94, T 85 042
of lifetime it is important to have both sufficiently large 1)
on-momentum and off-momentum apertures. In particula¥hereAv, is the distance to the closest 'deadly’ resonance,
the lifetime of a low energy, low emittance electron storand is the emittance coupling factor. Knowing the dis-
age ring like the AL$ is usually given by the scattering of tance to the resonance defines a momentum dependent dy-
electrons within a bunch (Touschek effect) and/or by elastig@mic aperture.
and inelastic scattering of electrons with the residual gas. From equation 1 several ways to increase the dynamic
When electrons scatter within a bunch, they may transf@perture can be seen:
enough momentum to be outside the momentum aperture
of the storage ring. Depending on the dispersion function ® Increase the distance to the closest 'deadly' resonance
at the scattering position, scattered electrons start a beta- Y choosing a 'good’ working point.
tron oscillation in addition to the momentum offset. An ® Decrease the tune shift for large amplitude electrons.
electron with a large betatron amplitude usually reaches the  This is addressed in the design phase by adequately
off-momentum aperture at smaller momentum deviations. distributing the nonlinear elements. During operation
Elastic scattering of electrons with the residual gas excites one can lower the chromaticiff to small numbers.
betatron oscillations. The elastic scattering lifetime is thus ® Avoid excitation of resonances, which is achieved in
proportional to the on-momentum aperture. For more de- high periodicity machines, where a large number of
tails about aperture measurements using lifetime investiga-  identical basic cells decreases the number of excitable
tions see [1], [2]. resonances.

The aperture can be limited by several effects. The lin- ) o )
ear transverse motion of electrons is limited by the vac- 1€ total aperture is the minimum of all the aperture lim-
uum chamber aperture,. . In the presence of disper- itations discussed abovg. Itis often.d|ff|gul.t to.d|st|ngwsh

clearly between dynamic and physical limits in the mea-

* This work was supported by the Director, Office of Energy Researctsurements. Only good knowledge of the vacuum chamber
Office of Basic Energy Sciences, Materials Sciences Division, of the U-%iimensions, the optical functions and the emittance cou-
Defﬁr;wZ?tgég\';e':g;’r’r%:?gerggr”r;r;f;NO' DE-AC03-76SF00098.  1jing allows the separation of the two effects. We will thus

1The ALS is op’)erated with an enerdynfs —1.9GeV andanemit- ONnly use the term dynamic aperture in the following if we

tance 0f3.5 — 5.6 x 10~ radm. can exclude physical limits.
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2 MEASUREMENTS OF THE E20
APERTURE EﬁS?

A tool for aperture measurements is a beam kicker magne E
This is a fast magnet which permits the kicking of the bear =) 10r
over a single turn. A criteria for the aperture could be t(5
increase the kick amplitude until the beam is lost. A mea § 5/
surement of this maximum kick amplitude as a function o 3 ,
an artificial aperture limit (horizontal scraper) is shown ir - 806 ~—0.04 -0.02 0 002 004 006
figure 1. This measurement serves as a calibration for tl.c relative momentum deviation

kicker voltage. It also shows that at a certain point the kick . , . ,

amplitude is independent of the scraper position. This is'9ure 2: Maximum kick amplitude versus momentum de-

when the kicked beam hits another aperture in the ring. Viation at the following storage ring conditionsz, =
031,y = 0.22,¢, = 0.5,& ~ 0.5. The solid line is
the raw measurement, while the dashed dotted line shows

15 ) ) . .
s the derived dynamic aperture assuming synchrotron oscil-
° lations.
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Figure 1: Maximum kicker voltage versus horizontal § 5]
scraper position. § =S
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relative momentum deviation
To measure the aperture for off-momentum electrons,

the storage ring rf-frequency is changed to change the StcHi'gure 3: Comparison of measured aperture (dashed-dotted

age ring energy. This S|mulate§ a static off-mqmentuqi]ne)’ tracking calculations (solid line / circles), and tune-
situation, as the bunch centroid is not performing syn-

o . .shift model with aAy, = —0.14. The tune was,, =
chrotron oscillations. If the main reason for the dynamlci4 31 b — 899
aperture is the tune shift with momentum deviation, this = Y o
'static' measurement should be sufficient.

Figure 2 shows a measurement of the aperture versggq constraints were included in the model to simulate the
momentum deviation. The measured aperture is asyrfsglistic machine:
metric in momentum due to higher order tune shift terms,
which shift the lower momentum electrons faster towards e Physical aperture borders were included in the track-
the integer resonance. At a momentum deviatiorof ing to prevent electron oscillations outside the realistic
—0.03 one can see a dip in the curve, which is interpreted  vacuum chamber. This is important because large am-
as a resonance which is overcome for lower momentum plitude electrons may perform large, but stable oscil-
electrons when the tune is shifted beyond this resonance. lations which would be outside the physical aperture
To estimate the dynamic aperture with synchrotron oscil-  but not lead to a loss of the electron in the tracking.
lations, the dynamic aperture is assumed to be the small-e Linear field errors are simulated according to the op-
est envelope fitting into the measured aperture. With syn- tics measurements done at the ALS with the response-
chrotron oscillations it may be possible for electrons to  matrix fitting method [3]. This errors lead tofabeat
cross through resonances like the oné at —0.03 in fig- and thus a break in periodicity.
ure 2. The synchrotron tune at the ALS/is~ 0.008 or ap- e Random skew quadrupole errors were distributed in
proximately 125 turns per synchrotron oscillation. There-  all quadrupoles of the lattice and adjusted to obtain a
fore the dashed-dotted line, representing the inner enve- 1% coupling.
lope, is a somewhat pessimistic approximation of the dy- e The wiggler (see below) was simulated as a chain of
namic aperture including synchrotron oscillations. hard edge dipoles obtaining the correct linear focusing

Figure 3 shows a comparison of the measured aperture and longitudinal dynamics properties.
with tracking calculations and with the tune-shift model. ) .
Electrons were tracked through the ALS lattice with a sixJ he tune-shiftAv, for the tune-shift model was chosen to
dimensional symplectic integrafor The following errors fit the measured aperture. Measurements, tracking and the
tune-shift model agree rather well for large off-momentum
2The tracking code TRACY2 was used. electrons. For on-momentum electrons the measurement
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shows smaller horizontal amplitudes. The horizontal phy:s :%\20’
ical aperture of the ALS isr 20 mm, thus the measurement v
(and the tracking) show that the horizontal aperture is lim %515’

ited through dynamic effects. £
. . 5} L
To investigate the dependence on the tune, the tune glo
moved towards the integer resonance, parallel tejhe,, g 5l

coupling resonance. Figure 4 shows the aperture for th
tune setting, again compared with tracking calculations ar g - ‘ ‘ ‘
the model. The measured dynamic aperture is only slight -8os 004 o entum a2, 004 006
smaller than in the previous case (figure 3) and the tracking

and tune-shift model agree better with the measurementSgyre 4: Comparison of measured aperture (dashed-dotted
The integer resonance defines a clear limit for the dynamig,e) tracking calculations (solid line / circles), and tune-

aperture. The tracking thus shows the expected behavighift model with aAr. = —0.11. The tune was shifted to
(increase of dynamic aperture with distance to the intq/—x = 14.27, v, = 8.18y.

ger resonance) while the measurements indicate that =
momentum electrons are lost at almost the same large tral
verse amplitudes. Large transverse amplitude particles & égi&
for instance more sensitive to additional nonlinear fields £
which we have not included in the tracking.

s |

20r

210
The effect of periodicity breaking in a highly periodic %
machine can be shown with the insertion of a wigjier & 5f

X

= (RS

the ALS lattice. The vertical focusing effect of the wig- 3 ,

gler is locally compensated, which leaves a breaking of tt £_ 806 5.0 0.02 0 002 004 006

ideal 12-fold symmetry. The aperture measurement shov.. relative momentum deviation

a slight degradation of the dynamic aperture when the wig- .

gler is closed (see figure 5 compared with figure 4). This ig§|gure 5: Comparison of measured aperture (dashed-dotted

in good agreement with tracking calculations. line), tracking calculations (solid line / circles), and tune-

To show the importance of coupling, an aperture mea?—hlft model with aAy, = —0.1. The twne was, =

surement was performed with the skew quad circuits powff‘w’ vy = 8.18 and the wiggler was closed.
ered. This should decrease the on-momentum dynarn%20
aperture considerably, because electrons with large ho )

zontal amplitudes are coupled in the vertical plane, whel g

they are lost at the small gap vacuum chanthefis sit- %1 | I
uation was also modeled in the tracking. The results ai 3
displayed in figure 6. The agreement between measur g 5
ment and tracking is good. The tune-shift model fails ir 5
this case, because it does not take intmaot the vertical

aperture limit.

§ ‘
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-0.02 0 0.02 0.04 0.06
relative momentum deviation

Figure 6: Comparison of measured aperture (dashed-dotted
3 CONCLUSION line), tracking calculations (solid line / circles), and tune-
shift model with aAr, = —0.09. The tune was/,, =
The aperture of the ALS was measured with the help of @127, 1, = 8.18 and the wiggler was closed. In addition
horizontal kicker magnet. The results of this measuremestie skew quadrupole circuit was powered.
agree very well with previous measurements using lifetime
techniques [1], [2]. The dynamic aperture is also derived
from tracking studies and from a rather simple model. The 4 REFERENCES
agreement between measurement and tracking is good. TR\, pecking et al., “Lifetime Studies at the Advanced Light
nonlinear accelerator model has to be improved to predict goyrce”, EPAC98, Stockholm, 1998.
the behavior of large transverse amplitude particles. T
simple model can be used to understand the tracking d
and to optimize the operating conditions of the ALS.

ga W. Decking, D. Robin, “Momentum Aperture of the Ad-
vanced Light Source”, EPAC98, Stockholm, 1998, and ICFA
Workshop on Nonlinear and Collective Phenomena in Beam
Physics, Arcidosso, 1998.

$The wiggler has a peak field @fT, 0.16 m period length, andm  [3] D. Robin etal., “Model Calibration and Symmetry restoration

tmi‘ length. ) ] of the Advanced Light Source”, EPAC96, Sitges, 1996.
The smallest vacuum chamber gap in the ALS has a full height of

A~ 8mmatf, = 4m.
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