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Abstract cal tune. In a series of the experiments, we performed
the measurement with a multibunch condition in which

A vertical tune shift depending on a beam current Was series of 12 bunches followed by 4 empty buckets are

observed in the UVSOR electron storage ring. The Vert"hoered in the ring. To measure the vertical tune, we used

cal tune increased as decrease in the beam current, and i€ o =\~ 1 othod with a band-limited noise source (col-

slope of the tune shift depended on the condition of the vac- . ; X
. . : . Ored noise source) and analyzed beam signals from a pick-

uum in the ring. Such change in the vertical tune was ex-
up electrode by a spectrum analyzer (Rhode & Schwartz,

plained by change in stability condition of trapped ions O'?:SEBBO). Figure 1 shows the setup of the tune measure-

the beam current. The experimental results in muItlbunchent_ We used the colored noise source which generates

condition. are discussed with computer simulation based Re noise signal whose center frequencyfisi.. = 850
a theoretical model. kHz and frequency spread i5f = +120 kHz. To adjust
the noise band to the betatron frequerfgywe performed
INTRODUCTION a method of frequency modulation by using a double bal-
) .anced mixer (R&K, M21CC). By adjusting frequency of
I_n the UVSOR electron s_torage_ fing, a cqherent OSC'lthe signal from the signal generator (Hewlett Packard,
lation of electron bunches in vertical direction has bee 657A) 10 frep + f5 — froise and mixing it with the sig-

observed in a mu|t|bynch operation, in Wh'Ch a Seres Qi) from the noise source we generated the colored noise
bunches (a bunch train) followed by a series of empty buc'\?\'/hose center frequency .. + f5 with the frequency

ets (a bunch gap) is stored in the ring. The oscillation an%'pread oftAf. Figure 2 shows beam spectra that corre-

p“tl.Jde is small enough to neglegt _|anuence on users e)é'pond to the vertical betatron sidebands in response to the
periments of the synchrotron radiation, however, it can bg,oreq noise signal that includes frequency-component of
observeq bY pickup electrodes with a spectrum analyz&fe vertical tune. A blue peak in Fig. 2 corresponds to the
The os_C|IIat|on depends on th? C(_)ndmon of the VaculBeam spectrum under the usual vacuum conditions (at the
in the ring; namely, the oscillation is clearly observed un;, eraged pressure &, — 48 nPa and the total beam cur-
der poor vacuum conditions and becomes weak in goqé/m of T,orar = 45.5 MA) and a red one corresponds to

vacuum cqndmons. The_ dependgnce implies that the phﬂ’fe spectrum when all the DIPs and IPs were turned off (at
nomenon is caused by ion-trapping[1, 2]. We have meq;av = 110 nPa andl;;,; = 41.0 mA), respectively. Al-
sured the betatron tune under different conditions of thfﬁough the beam currents for these two beam spectra were
vacuum, _and found that the vertica_l betatron tune (vert—Imost the same, those peak frequencies are different, as
cal tune) increases as the pressure increases. We have @ﬁ%rly seen in the figure. In order to determine the tunes,

observed change in the vertical tune on the beam currele calculated the first-order moments of the spectra. Fig-

and found that the vertical tune gradually increases as th(;e 3 shows that the tunes changed when the averaged vac-
beam current decreases. From these experimental res 'Il

h di d1th hch in th cal m pressure was intentionally changed. From Fig. 3, it
we have discussed that such change in the vertical tune %nclearly seen that the vertical tune increases with increase

the beam current is also ion-related; namely, a neutralith- the vacuum pressure, especially when all the DIPs and

tion factor, that is defined as the ratio of the ion density i'%everal IPs were turned off (14 IPs are settled in the ring
the beam to the circulating electron density, increases fd 4 IPs were switched off in the experiment) '
decrease in the beam current. We have tried to discuss the '

dependence of the neutralization factor on the beam current
with tracking calculation for the ions. The changes in the
vertical tune on the beam current from the tracking calcu-
lations are estimated and compared with the experimental
results. Colored Naise

OBSERVATION

Change in Vacuum Condition , o
Figure 1: Schematic diagram of the tune measurement sys-

We observed dependence of the vertical tune on the vagm.
uum conditions in the UVSOR-ring. We changed the vac-
uum conditions by turning off distributed ion pumps (DIPs)
and sputtering ion pumps (IPs) and measured the verti-
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, X107 ‘ ‘ bunch and the multibunch conditions were the same. The
fact that the change in the horizontal tune in Exp. 2 is very
small compared to that in the vertical tune also indicates

L5f that the change in the vertical tune in the multibunch con-
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the normal vacuum condition (blue), and both the DIPs and Oras ssaaties taerosssia s ®a%en
IPs were turned off (red).
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We observed dependence of the vertical tune on the Bunch Current [mA]

beam current in the multibunch condition (12 bunches +

4 empty buckets) without changing the vacuum conditionkigure 5: The average vacuum pressure for each experi-
intentionally. Figure 4 shows the measured tune shifts frofent in Fig. 4.

the tunes of the highest beam current in each experiment.

Red and blue circles in Fig. 4 represent the results in the

multibunch condition but in different vacuum condition. DISCUSSION

Blue triangles in Fig. 4 represent the results for the horizon-
tal tune in Exp. 2. For comparison measured tune shift in
single bunch operation is shown in Fig. 4. Figure 5 show@s[z]

the change in the averaged pressure in the ring during each r.Ep By(s)
experiment. The pressure in the Exp. 2 of the 12-bunch Ay, = omE Ae / 7.(5) (02(5) + 7, (5))
train was higher than in the Exp. 1; this is because we in- ¢y ‘ Y
stalled a new vacuum chamber in a beamline between thesbkerer, the classical electron radiugj, the rest mass of

two experiments. As seen in Fig. 4 and 5 the dependencetbk electronF the total energy of the electron, the aver-

the tune on the beam current tends to become larger whaged line density of the electrongthe neutralization fac-

the vacuum pressure is higher, as seen in the Exp. 1 anda, 3, (s) the vertical betatron function and. ,, (s) the hor-

in Fig. 4 and 5. On the other hand, the dependence in tliwontal/vertical beam size, respectively. In Eq. (1) the tune
singlebunch condition was much smaller than in the multishift is proportional to the line density of the electran

bunch conditions although the bunch current in the singleramely, the tune decreases as the beam current decreases.

Vertical tune shiftAr,, due to the trapped ions is written

ds, (1)
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For the Exp. 1 and 2 in Fig. 4, however, the vertical tun¢he theoretical calculation in Fig. 7, the partial pressure of
increases with decrease in the beam current just contrahe CO gas is used as the gas densiyin Eq. (1). As

to the prospect from Eg. (1). One of causes of the diseen in the figure, the results of the tracking calculations
agreement is that the neutralization facfanight strongly reproduce qualitatively the experiments, namely, the ver-
depend on the beam current; namely, in Fig. 4 the neutraleal tunes gradually increase with decrease in the beam
ization factor could increase largely as the beam current dedrrent, and moreover, the magnitude of the change in the
creases. We have estimated theoretically the dependenceeitical tune agrees quantitatively with the experimental re-
the neutralization factor on the beam current by evaluatingults inAv,, ~ 1073, In the region where the bunch cur-

a capture rater of the ions as a ratio of the number of therent is lower than 15mA, the agreement between the ex-
trapped ions to total number of the created ions. To evaluaperiments and the tracking becomes as not good as in the
the capture rate, we have performed a tracking calculatidrigher bunch current. We have a speculation that this dis-
of motion of the individual ions that are affected by the atagreement comes from the effect of other ions that have
tractive force of the continuous passage of the bunch traismaller A/Z ratio than CO'; the critical mass[2] in the

In the calculation, we assume CQons because CO is one multibunch condition becomes smaller thajiz = 16 be-

of the main component of residual gas in the UVSOR-ringow the bunch current of around 15mA. It is supposed that
Figure 6 shows with contour map the capture rate for dithe main candidates of such ions come from dissociation
ferent bunch current at each position in one superperiod of CO" ions because of the multiple ionization process;
the UVSOR-ring. As seen in the figure, the capture rateer example, ¢ and O". In Eg. (1) and the calculation
gradually increase as the bunch current decreases in all theFig. 7 it is assumed that spatial distribution of the ion
positions and saturate below 10mA/bunch. cloud is identical with the beam size; however, in general,
the size of the ion cloud could differ in different beam cur-
rent. To consider the change in the ion cloud size and the
ion density on the beam current is also the next subject.
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Figure 6: The capture rate for different bunch currentin the ° a3
multibunch condition at each position in one superperiod of o . — - . =1
the UVSOR-”ng Bunch Current [mA]

Figure 7. The experimental results and tracking calcula-
factor is written asy — %a, whereD, and D, are the tions of the change in the vertical tunes. Empty and filled

CO gas density and the electron density in the beam, r(éi_rcle_s correspond_ o the experiments and the tracking ca-

spectively. With the measured pressure in Fig. 5 and tﬁ:éulatlons, respectively.

capture rate that is averaged over the whole UVSOR-ring,

we have estimated the dependence of the vertical tune on

the beam current for Exp. 1 and Exp. 2 in Fig. 4 from REFERENCES

Eq. (1). The experimental results and the theoretical calr) R p. kohaupt, DESY Interner Bericht No. H1-71/2, 1971

culations are shown in Fig. 7. To discuss the ion-related  (unpublished).

effect clearly, we have subtrapted th? change in the V.e.r 2] Y. Baconnier, G. Brianti, CERN Internal Report No.

cal tune on thg beam current in the smglg bunch con'd.m CERN/SPS/80-2 (DI), 1980 (unpublished).

from the experimental results of the multibunch condition; ) , o

it is supposed that the change in the vertical tune in the i8] A Chao, Physics of Collective Beam Instabilities in High
A . . Energy Accelerators,, (Wiley-Interscience Publications, New

gle bunch condition is mainly caused by the wake field that York, 1993)

could cause the strong head-tail instability[3]. On the other ' '

hand, to estimate the theoretical value of the change in th P-A. Readhead, Can. J. PhyS, 2449 (1969).

vertical tune, we have estimated partial pressure of the CO

gas from the average vacuum pressure in Fig. 5 by using

the quadrupole mass filter settled in the UVSOR-ring. In

With the capture ratey, the equilibrium neutralization
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