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Abstract

The momentum aperture of the SPring-8 storagering isin-
vestigated through the Touschek lifetime. The measure-
ment shows that the aperture depends on the horizontal be-
tatron tune. The larger the horizontal tune becomes while
keeping the vertical one constant, the smaller the aperture
does. The possible explanation by asimple model based on
aresonance excitation is given.

1 INTRODUCTION

The beam lifetime is one of the most important parameters
for storage rings, especially dedicated to synchrotron light
source. The SPring-8 storage ring is a high brilliant light
source facility with the electron beam energy of 8 GeV, the
stored current of 100 mA, the natural emittance of 6.2 nm-
rad, and the coupling ratio below 0.1 %. Although the elec-
tron beam energy of the SPring-8 storage ring is consider-
ably high, the low emittance and the small coupling ratio
bring upon short Touschek lifetime [1], which becomes an
issue particularly in the operation with high peak current.
In order to understand the mechanism limiting the beam
lifetime, we perform various machine studies in Touschek
dominant (high peak current) operation. In this paper we
describe the results obtained through the machine studies.

2 HORIZONTAL TUNE SURVEY

The operation point of the SPring-8 storage ring is in the
neighborhood of ( 43.16, 21.36 ). The differential reso-
nance of v, — v, = 22 mainly contributes to the betatron
coupling. As changing the horizontal tune while keeping
the vertical one constant, we measure the beam lifetimein
two conditions with accelerating voltages 12 MV and 16
MYV, respectively. For the purpose that the Touschek effect
dominates over other lifetime effects, we fill 21 equidis-
tantly spaced buckets out of 2436 rf buckets with a high
current (1 mA) per bunch.

In the condition of rf voltage 12 MV the projection of
the lifetime at the distance from the resonance —0.18 cor-
responds to the 2v, — v, resonance. (In measuring the
lifetime with rf voltage 16 MV, we skip the point.) Sim-
ilarly, the blowing up of the lifetime with 16 MV at the
resonance distance 0.15 indicates the horizontal half inte-
ger resonance. Except the above characteristics, the most
remarkable oneisthat avay from the linear differential res-
onance the beam lifetime of 16 MV shows decreasing trend
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Figure 1. Measurements of beam lifetime as a function of
detuning.

asthe horizontal tuneincreasing. Thisfact strongly implies
that the increment of the horizontal tune makes the mo-
mentum aperture small, since the bunch volume changes
symmetrically with respect to the distance from the reso-
nance and the bunch length scarcely depends on the dis-
tance. Hence we investigate the momentum aperture at the
various operation points.

3 MEASUREMENT OF THE
MOMENTUM APERTURE

Measurements of the Touschek lifetime as a function of
the rf voltage were performed under different storage ring
conditions with various horizontal tunes for constant ver-
tical tune 21.36, which are shown in Figure 2. The beam
lifetimes stop lengthening though the rf voltage till gains.
Furthermore some of them having large horizontal tunes
decrease as rf voltage goes higher.

Due to the betatron coupling the transverse section
changes with the horizontal tune, which causes the change
of the Touschek lifetime. Hence we normalize the lifetime
at each operation point by the value at rf voltage 10 MV
in order to get rid of the effect due to the change in the
transverse section. See Figure 3. This procedure is jus-
tified by the facts that around the accelerating voltage 10
MV the beam lifetime increases according to the voltage
development and that the momentum acceptance isthen de-
termined by the rf bucket only. In Figure 3 we aso normal-
ize the lifetimes by the bunch Iengths which change cor-
responding to the accelerating voltage. At the same time
we measured the synchrotron frequencies to calibrate the
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Figure 2: Beam lifetime as a function of rf voltage with
different operation points.
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Figure 3: Normalized beam lifetime asafunction of rf volt-
age with different operation points. The dashed line indi-
cates the expected lifetime from the rf bucket height.

rf voltage and the bunch length, whose results are shown
in Figure 4. Note that the synchrotron tunes and hence the
bunch lengths do not depend on the horizontal betatron tune
as expected.

As aresult, we can conclude that the momentum accep-
tance islimited by the transverse dynamics. If the momen-
tum aperture was determined by the rf bucket height or the
physical aperture, the beam lifetime should be independent
of the horizontal betatron tune.

4 A SIMPLE MODEL OF THE
MOMENTUM APERTURE

Decking and Robin [3] gave the simple model of dynamic
limit of the momentum aperture, which we apply to the
case of the SPring-8 storage ring.

The momentum aperture is determined by the longitudi-
na or transverse effect, i.e. the rf bucket height or the a-
lowabl e transverse amplitude, respectively. Aswell known
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Figure 4. Synchrotron frequency as afunction of rf voltage
with different operation points. The dashed line indicates
the expected bunch length from the rf bucket height.

the rf bucket height ¢,.; is given by

U
€rp = /thEOF (), (1)

where U, is the radiation loss, « the momentum com-
paction factor, i the harmonic number, E, the nominal en-

ergy, and ' (q) = 2 {\/q2 —1—cos™?! (l/q)} with the
over voltageratio ¢ = eV, ; /Uy (Vr5: the peak rf voltage).

The transverse motion of a particle is restricted by the
physical and the dynamical apertures. After the collision of
the Touschek effect at a dispersive point, an electron starts
to oscillate with a big amplitude around the dispersive or-
bit. It is enough large for the physical aperture that even
an electron with quite large energy deviation is not lost by
colliding with physical obstruction.

However the particle motion can reach the vacuum
chamber aperture by resonantly developing oscillation.
The tune shifts due to the momentum and the transverse
deviations are

Avy =M+ 267 4y - 20, 4 -,
Avy = €5 + (D67 + Coy - 205 + -+, 2

where 550”; ‘s are respectively the n-th order chromaticities,
2.J the horizontal emittances, and C"s the coefficients of
the amplitude dependent tune shift. In the Touschek effect,
the oscillation is generated by the dispersive orbit jump due
to the sudden energy change. Hence, we have

2], = 62 H (s), (3)

with H = vn2 + 2an,n. + 8n'? and s the position where
the collision occurs. Taking the small betatron coupling
into account, we can ignore the vertical amplitude effect.
The measured chromatic tune shifts in tune diagram, as
well as the expected maximum tune shifts including the
amplitude dependent tune shift, are givenin Figure 5. Note
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that the tune shift varies along the circumference because
the oscillation amplitude may change depending on the dis-
persion function. From Figure 5 we expect that particles
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Figure 5. Tune diagram. The open symbols denote the
measured chromatic tune shift. The solid lines represent
the expected maximum tunes shifts taking the amplitude
dependence into account. The resonance lines up to the
third order are represented by the dotted ones.

going across the linear sum resonance will be lost. From
the tune survey, we know that the other resonances cross-
ing the tune shift curve (v, + 2v, or the horizontal half
integer resonances) do not kill particles. Then, solving the
linear sum resonance condition derived from the tune shifts
by energy deviation (2), we get the dynamic momentum
aperture

_ _gsl + \/&?1 + 4a (1 — Vgo — VyO)
- 2a

ot 4)
withé,, = €V +ef anda = €242 +(Chy + Cay) H.
Here v, and v,q are the central horizontal and vertical
tunes, respectively. From Eq. (4) it isclear that the dynamic
momentum apertures 64 strongly depends on the betatron
tune.

Using the above momentum aperture, we can calculate
the Touschek lifetime [1]. Figure 6 shows the comparison
of the measured and calculated results for the fractional
tunes ( 0.16, 0.36 ). It should be emphasized that in the
collision one electron gets momentum and the other loses
same amount of momentum. Hence thetotal Touschek life-
time is the average of ones of the momentum apertures 4.,
whichisindicated by the dashed linein Figure 6. Although
the model is very simple, the calculation of the Touschek
lifetime agrees fairly well with the measurement.

The formula of the dynamic momentum aperture (4) im-
plies that the larger the linear chromaticity becomes, the
smaller the aperture does. We confirmed the prospect by
measuring the Touschek lifetime for the cases with differ-
ent chromaticities, whose result is shown in Figure 7. As
expected the lifetime with the chromaticity (0, 0) is the
longest for the large rf voltage.
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Figure 6: Normalized beam lifetimes as a function of rf
voltage of measured and cal cul ated.
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Figure 7: Beam lifetime as a function of rf voltage with
different chromaticities.

5 CONCLUSION

Itisclarified by the simple model that the momentum aper-
ture of the SPring-8 storage ring is determined by the dy-
namical effect. In order to improve the lifetime dominated
by the Touschek effect, one should take care the higher or-
der chromaticity and the amplitude dependent tune shift as
well as the suppression of resonance excitation.
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