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Suppression of beam instabilities has become an important goal at synchrotron radiation light
sources, where highly sensitive applications like metrology, Fourier transform spectroscopy, and
microscopy are now in use. We describe measurements connecting beam size and position changes
to the onset of the saw-tooth instability and an instability generated by attempts to enlarge the
vertical beam size for lifetime improvement$DOI: 10.1063/1.1436538

I. INTRODUCTION II. ORIGIN OF INTENSITY NOISE

Most earlier applications of synchrotron radiation were 1 n€ equilibrium bunch length is given By

not very sensitive to source intensity fluctuations. Fourier
transform spectroscopy? however, is very sensitive to in- O
tensity noise in the audio frequency range, depending on the
scanning speed of the instrument. A Fourier transform infrawith electron speegs., momentum compactiofu.|, syn-
red spectrometer installed at the Synchrotron Ultraviolet Rachrotron oscillation frequencyf,,, and relative energy
diation Facility (SURB Il in 1997 indicated a significant Spreadoe/E,. During the saw-tooth instability the bunch

amount of intensity noise. Much of that noise was attributed€ngth oscillateland the longitudinal bunch distribution will
to bunch length oscillatiofsor the saw-tooth instabiliy® "ot be Gaussian anymore. Therefore we use a root-mean-
which is driven by the higher-order modes of the radio-Sauare definition of the bunch length for the nonsteady case

frequency cavity. Later it was discovered, that the intentional B(t)c| ne oe(t)

excitation of the vertical betatron oscillation with a broad- (o s(t)>rms~2ﬂ_f—n(t) E(t) 2
band noise source caused intensity noise as well. This oscil- i

lation is driven to increase the electron bunch volume and'he energy spread, beam energy, and synchrotron oscillation
thereby the beam lifetim€. The saw-tooth instability causes frequency change during the relaxation oscillations. The
both changes in the transverse and longitudinal beam size, #§ctuation in beam energy translates into a change in the
well as changes in the orbit radius. The excitation of theorE’z't radius, because of the constant magnetic guide field
vertical betatron oscillation using the broadband noise sourcg

causes the vertical beam size to fluctuate, because of ampli- E(t)A(1)

tude and phase variations at a given frequency. The changes p(t)= “eBc )

in transverse beam size and orbit radius induce intensity

noise in the collected synchrotron radiation. Through several'he changes in beam energy spread and energy cause varia-
improvements to the radio-frequency system and an increadi®ns in the horizontal beam size, which is givertby

in the electron energy, leading to more efficient damping, we TR

can now tune the upgraded SURF IIl macHine suppress oy (1) = \/Gx(t)ﬁx(t)+ E_) 72, @)

the saw-tooth instability. Replacing the broadband noise E(t)

source with a narrow-band frequency generator, tuned autQgith the horizontal emittance,, the average horizontal be-
matically with a feedback loop to keep the vertical beam sizg;.p function 8,, and the average horizontal dispersion
constant, solved the second problem. After eliminating thesg,nction 7.

two contributions to the intenSity nOise, SURF is now pro- In summary the bunch |ength oscillations are accompa-
viding synchrotron radiation with unprecedented stability. nied by changes in the synchrotron oscillation frequency and
beam energy spread. The changes in beam energy spread
cause both changes in the equilibrium orbit or energy be-
dElectronic mail: uwe.arp@nist.gov cause of the constant guide field and changes in horizontal
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beam size. Both the changes in the horizontal beam size as In Fig. 1 the two origins of intensity noise in the col-
well as the orbital radius cause intensity noise in the coldected synchrotron radiation at SURF are clearly illustrated:
lected synchrotron radiation. the saw-tooth instability and the broadband excitation of the
vertical betatron oscillation. By tuning the accelerator and
replacing the broadband excitation with a narrow-band fre-
Ill. DIAGNOSTICS DEVICES guency generator we could all but eliminate intensity noise at
SURF. This opens the way for noise sensitive synchrotron

radiation applications as, e.g., Fourier transform spectros-
Beam size and position variations will affect instrumentscopy.

that depend on the brightness or the radiance of the source.

T_o some degr.ee, most applications are sensitive to this.qua}@r. Triggered beam imaging

tity. In the optical setup we used, the synchrotron radiation is

imaged onto an aperture, overfilling it, and a photodiode is ~ The data in Fig. 1 unambiguously show that intensity
placed behind the aperture to determine the amount of radidluctuations are caused by both the saw-tooth instability and
tion passing through its opening. Obviously, the amount ofhe broadband excitation of the vertical betatron oscillation.
radiation passing through the overfilled aperture will dependn addition, direct visual inspection and captured beam
on the image size and position, thus the size and position dfnageé3 showed .Iarge scale transverse size fluctuations dur-
the actual beam. Experiments performed in which an underNd the noisy periods.

filled aperture was used, showed little or no noise. The pho- Our discussion in Sec. Il connects horizontal size varia-
todiode current is amplified and displayed on an oscilloscop&ion to orbital radius variation during the saw-tooth oscilla-
(Fig. 1, top, but also fed into a spectrum analyz&ig. 1, tion. Our beam imaging instrume(Ref. 13 was capable of
bottom to analyze the beam stability. For SURF it has beerimeasuring both quantities simultaneously. To capture the
shown that the saw-tooth instability coincides with greatlymaximum variation of both beam size and orbital position,
enhanced microwave emission in theband microwave We triggered this instrument off the microwave bursts that

range? which is caused by spontaneous microbunching. ~ &ccompany the saw-tooth instability. Using a delay generator
the image acquisitions were done at various times after the

microwave emission, checking for correlation of beam size
and position with the delay time. The charge coupled device
camera used was capable of progressive scan imaging and
600 1 short integration times down to 1.2%s. This is faster than

the synchrotron oscillation period of about 2i5. However,

as already stated in Ref. 9, the quadrupole mode of the bunch
-650 1 [ oscillation is dominating thus operating at twice the synchro-
tron radiation frequency, which is too fast for our imaging
system. Anyway, we did observe a very large variation in

A. Intensity noise detection

-560

Detector Photocurrent | p,, (LA)

-700 1 . . .
beam size and a strong correlation between instantaneous
beam size and orbit radifsee Fig. 2 Other measurements
750 e R e SR during stable operation of SURF using the same instrument
0 10 20 30 40 50 60 70 80 90 100 showed an undetectable variation in beam size.
Time t (ms)
0
10 IV. CONCLUSION

A noise detection system to determine intensity noise in
synchrotron radiation beams was introduced and applied to
understand the beam noise at SURF lll. Using this detection
system we were able to tune the accelerator in a way to
suppress the saw-tooth instability. Furthermore it was discov-
ered, that the intentional excitation of the vertical betatron
oscillation using a broadband noise generator introduced

Signal S (dB V)

-70 1 «L"»‘,, o e i noise as well. This led to the introduction of a narrow-band
PO B i i i frequency generator, which is used together with an auto-
0 1000 2000 3000 4000 5000 matic beam size measurement system to keep the vertical
Frequency v (Hz) beam size constant by adjusting the excitation frequency.

FIG. 1. (Top) Photodiode signal vs time during the saw-tooth instability as Through tl.m.ed Imagm.g we (.:OUId Prove that our explanation

detected with our noise detectéBottom) Frequency analyzed photodiode 10F the origin of the intensity noise during the saw-tooth

signals for different operating conditions of SURF at 361 MeV. Saw-toothinstability is correct: bunch length fluctuations cause changes
instability abundant and broadband excitation of the vertical betatron oscilin the beam energy spread, beam energy, and synchrotron
lation (—); saw-tooth instability suppressed and broadband excitétion  qcjjjation frequency. The changes in beam energy spread
saw-tooth instability suppressed and narrow-band excitation— —); . . . .
same measurement with synchrotron radiation blocked to determine th@use fluctuation of the horizontal beam size. The changes in

noise floor(-- - -). beam energy cause variation in the orbit radius. Both of these
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FIG. 2. Horizontal full width at half maximum vs mean orbit radius or endmpnnected through the constant magnetic guide field, seé€8Hdor various

delays between microwave emission and image acquisition. We did not detect any correlation between time delay and beam position or size, presumably
because our imaging system did not have sufficient time resolution. Clearly visible, however, is the correlation between orbit radius and beam size fo
unstable beam: stable bed®), unstable beams @t: 0 ms(O); 0.1 ms(H); 0.3 ms((J); 0.5 ms(A); 0.7 ms(V¥); 1 ms(A); 2 ms(A); 3ms(4); 4 ms

(¢); and 5 ms(+).
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