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1. Motivation

The apparently small betatron amplitude which will survive in the main ring
amd: {h‘e bhearn loss, both immediately after injection and during the parabola have
puzzled operators and theorists alike for some time, The beam loss seems in-~
sengitive to closed orbit correction and to radial R.F. steering, yet the loss is
precipitated by stimulating coherent betatron oscillations of only a few millimeters.
We sUSp@ctad that the loss might be to a virtual aperture stop, such as the unstable
regi@n which lies outside the separatix of a resonance, rather than to a physical
ob'étacle, We, therefore, set out to explore the mesh of regonance stop bands in
the working space:

20<vx, wy<20-5

Theory predicts that third and fourth order stop bands may be driven by
sextupole or octupole errors in the main ring magnets. The errors might be
fluctuations in the strong remanent sextupole field known to exist in both Bl and

B2 or to geometrical errors in magnet assembly. These errors have a random
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digtribution which can contgin the appropriate Pourier component. io drive the

o

resonance, e.g. 6lst harmonic deives v = 20733,

2. Technigue

The experiments at 8 GeV were performed using ihe prepulse with R.F.
on and with constent field. A single radial or vertical position monitor signal
{VF45 or HF48) was digplayed and photographed from a CRT together with &
circulating beam signal, (Figure 1) Beam survival over the firgt 0,4 seconds

after injection was measured from the intensily trace. The position monitor

trace was triggered at 0.4 seconds at the instant that a pinger was fired to

exeite poherent betatron ogcillations in the beam, From the {reguency of thege

ogeillations the tune of the surviving beam wag rmeagured.

The tune of the machine was adjusted with the @ Bump laverage guadro-
pole current) together with the tune splitter which alters the current in the D
gugds. The perturbations were programmed fo ocour only during the prepulse.
Once a correlation between the preturbations and the tune meagurements had
been egtablished, we deduced the tune from the currents. This was necesgsary
because near a stop band, betatron ggcillations either lock on to the beawm ag it
ig extracted or indicate the tune of the small ahd non-representative population

of protong which stay in the machine.

€y

3. R a:—zsg_lt's_

a. Scan.along Vi = oy

After a firgt exploratory traverse along the disgonal yx = vy, a scan

at intervals of U, 01 in tune was made. One photograph was taken 4t each
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point. (Figure 2} The influence of all the stop bands up to fourth order can be
clearly seen, The one third seemed particularly wide, as did the superpoesition
of all orders of stop band at the integer. Between these two regious there was
no clear plateau where survival approached 100%, We interpret this as an in-
dication that the third and perhaps the fourth integer stop bands merge into a
continuum for protons of largish amplitude and combine to eject the periphery
of the Injected beam, The strength of the third integer stop band varies linearly
with amplitude, the quarier integer increases guadratically. Since the beam is
1 cm diameter at half height, this represents a formidable limitation on the
performance of the machine which must be overcome before larger beams from
the booster can be accelerated. This aperture limitation causes the initial loss
which can be clearly seen on the intensity trace. (Figure 1) It is followed by
an exponential decay stretching right out to 0,4 seconds. We think this is due
to gas scattering which will cause the beam to grow in betatron amplitude and
leak out into the unstable region. Both the initial loss and the slow exponential
become more marked as the machine is tuned close to stop bands and eventually
no beam survives. The resonant process is similar to that employed in slow
regonant extraction,

The rounding of the peaks in Figure 2 can be due to the fune spread in the
beam due to momentum spread. Although dvy /dp;__. had been very well compen-
sated, dvx /dp cannot yet be independently varied, it was measured to be 20

during the run. This, for a momentum spread of <0« 1%, would produce a fune
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spread of 0-04. Another potential source of tune spread {the amplitude dependence
due to zero harmunic octupole drrors) proved to be very small &t these amplitudes

wrd was Purther reduced by getfing the 48 vorrection oetupoles to 15 amps/magnet,

b, Compensation of a Stop Band

tnitil farther correction magnets zre installed we are somewhatl Hodted in
the correction we can apply, Neverthelegs, a sine and cosine phase of 61sf har-
monic sextupole can be penerated and was used to cancel out one of the four inter-
secting third order resonance, Jyx = 81, To do this we plaved the working point
at the vesonant value and veried the two phases of the harmonie. The contour plot
of the trensmission is to be seen in Figure 3. The width of the vx = 20 33 stop
band can be deduced from the amplitide of this correction. The full width is
found to be within 0:02 and 0-08 for a beawm of this size. This is also not incon-
sigtent with what ig known about the sirength of rémanent sextupole field in BU's
aud B2's, The wide vallevs in Figure 2 séeem sboul twice as wide as thig, perhaps
because several stop bands combing on the diagonsl, The width of the guarter
.é.'n‘i;.@gfge-z“ checks well with whal ig knowit about the ectupole content of the remanent
Field in the guadrupoles.

A gecond scan with the sextupoled ot thelr best seiling revealed ag-improved
thangmission on either side of the 20 2.;;{-2;‘?% complex of resonances, (Figure 4} We
extended thig scan to cross the half Integer. Clearly one dannol expect g marked
dmprovement until further multipoles are installed to attack the other resonanves

#f the 20+ 3% value.
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c. Survey of the Diamond

With the aid of the tune splitter we were able to make similar scans along
lines parallel to the main diagonal but displaced to have tune splits of +0- 08,
012, +0-18, £0-25. Figure 5 shows the survival plotted as a contour map.
The two islands of stability are to be seen and a vestige of survival with a large
tune split. The pattern of known stop bands fits the contour map well.

Clearly the normal operating point is correctly centered in the largest
region of stability at vy = vy = 20-2.

d. Measurements at 27 GeV

If the sgtop bands are excited by the remanent field pattern rather than by
geometrical errors in magnet assembly, the stop bands should be much narrower
at 2V GeV,

We repeated the 8 GeV diagonal scan on a 27 GeV flat top. The conditions
were somewhat different. The initial fast loss could not be included in the sur-
vival ratic calculation. Survival was measured not at 08 sec but over a 1+5 sec
interval on the flat top. These two effects might be expected to compensate o
some extent,

The other difference was that measurements clearly showed that vx and vy
were split by 0:05, This should reduce the clear space between resonances. We
did not employ the tune splitter to correct for this split.

Figure 8 shows the survival scan. Loss at the peak ig smaller than at 8 GeV

but it is difficult to say whether the resonances have become narrower.



A 27 GV the momentum spread will be larger than at injection due to
the recent passage through trangition and @ measurement of the chromaticity
wt 27 GeV revealed u «;}fo dpof 30, Iis possible that the apparent width of the

resofanoes at 27 GeV is broadensd somewhat by the chrometicity, The widlth of

the third is cerialinly brosdened by ihe stagy

i

ering ofyx and ¥,

This particylar experiment must be repeated at a higher énergy and using

a programimed tune split 1o redtoré o the disgonal before gne can identify the

origin, remanent or geometrical, of the errors which will have to be compensated,

&,  Futire Work

Clearly g powerinl disgnostic method is now available and we intend to
use it to try to compensate stop bands onee the nécegsary correction magnets
becorme available, lndependent control of vertical and radisl chromaticities mmay
2186 aid beam survival bul to enlarge the 1 cm "hole!” within the stop bands in
_'mﬁ@-zr to aceept & larger booster beam may take some time even if the compen-

sation proves only to be necessary at injection.
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the driving ervors prove {0 be geormetrical in origin rather than
remanent, ramped corrections will have to be applied gt least up to 50 GeV,
Setting up this kind of eneryy depeadent corvectionmay prove s very long busi-

negs, We, therefore, wish to identify the gource of the errovs 48 quickly as we

It still remaing 8 poseibility that the resuninces, which seem somewhat

Broader than theory would predict from the reémunent feld, are driven by a few
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bad magnets or by the gtray field of a beain transfer magnet. The search for

such objects should not be abandoned.
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UPPER TRACE:

LOWER TRACE:

CIRCULATING BEAM (INVERTED)
100 ms. /div.

RADIAL POSITION SHOWING
COHERENT OSCILLATION
AFTER PING

100 ms. /div.

FIGURE 1
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FIGURE 4



FIGURE 5
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FIGURE 6




