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Abstract
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The SPS is the final accelerator in the chain which will b D

used to fill the Large Hadron Collider (LHC), at presen -
under construction at CERN. The most critical limitatior 151
for single bunch intensity in the SPS comes from the lor 10l i

gitudinal microwave instability. One of the ways to raise
the instability threshold is to decrease the transition ener;
which can be obtained by perturbing the dispersion funi
tion. In order to test expectations an experiment was pe o |
formed in the SPS using the existing lattice. By adjustin P i
the betatron tune at 26 GeV to be close to a multiple of tt Pickup number
machine super period, a situation not acceptable for regu
operation, the transition energy was reduced from 22 to :
GeV. The results of this change on the beam were measui
directly from the bunch spectrum.
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Figure 1: Measured and calculated (MAD) dispersion for
low Ver

2 ESTABLISHING THE
1 INTRODUCTION EXPERIMENTAL CYCLES

The measurements described here were performed on the
The longitudinal emittance budget for the LHC beams ir26 GeV subcycle of the SPS supercycle. One optics of this
the SPS is very tight> 0.4 eVs at injection and 0.7  subcycle had the usual integer tune of 26, (normgl and
eVs at extraction. One possible cause of emittance growthe new one with the larger, (low v¢,.), had integer tunes
for single bunches comes at injection into the SPS fromf 24 in both planes.
the single bunch microwave instability mainly caused by The relevant accelerator and beam parameters during the
the impedance of about 800 intermagnet pumping portexperiment are given in Table 1. The values {gr are
cavity like elements with low quality factor Q and largethose obtained from the MAD programme. They indicate
R/Q where R is the shunt impedance. that these operating points can give a change of a factor

One way of raising the threshold of this instability is toN2'5 n. The d|sper3|'on around Fhe mgchme for the low
increase the slip factof = 1/72. — 1/~ of the machine ~¢» case is shown in Fig.1. The dispersion for the normal
. .

This can be achieved in a controlled way by placing twg " cycle is always positive, for the low.. cycle the dis-

- . 4 .persion becomes negative at certain positions. Fig.1 also
new families of quadrupoles in the machine. However i . . . . .
. : . shows the measured dispersion obtained by taking the dif-
order to make tests without installing extra quadrupole

large changes in can be produced in the SPS for ener ieiérence between two orbits at different energies.
g ges i P g For the low,- cycle re-matching of the injection line to

close to transition energy by operating at tune values close Co . o )
to a multiple of the super-periodicity of six. In this case res?ha?er;ﬁrvcllgjseggogr&?r:g':'rzr;f’ibﬁh\:\?er?:t;ﬁ;tﬁ:géizg?erg:;g?e
onant behaviour of the dispersion in the SPS arcs due to tﬁeCorrectl circulating beam without loss could bg estab-
uneven distribution of the machine dipoles causesthto . y 9 . )

S ) . ; . I{shed. Once the setting-up had been done it was possible
change significantly. This technique while allowing tests U switch between the two cveles fairly rapidly ensurin
differentn’s to be made without changes to the hardware %bat the iniected beam aram)éters remgine?j cc))/nstant 9
the machine, implies very careful setting-up of the machin J P '
especially concerning the orbit and transfer line matching.

This procedure has been described in more detail in [1]. 3 MEASUREMENT OF 75

Previous studies [2] have shown how the machin€or the lowy;,. case, where the dispersion changes rapidly
impedances can be measured from the spectrum of loag a function of tune value, tune knowledge may not be
single bunches injected above threshold into the machingufficiently precise to calculatgwith MAD.

Here this measurement was used to give an estimation ofDebunching can also give information about theFor
the influence of changes inpon the bunch stability. an intense beam the debunching depends on the machine
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Table 1: Accelerator and injected beam parameters o=
(a) Normalyr,
and bunch parameters and on intensity via the machine sooof A
impedance. For an inductive impedance, intensity effects e
can be easily taken into account [2]. However, interpreta- 2000
tion of the data can be affected by an increase in the mo-
mentum spread due to instabilities. We have used the avail- . ., :
able data, with the approach developed in [3], to estimate 5 = ————
the Change |r’ﬁ] = 2000 %f‘ﬁm\—:\
The parameters of interest are " %
_ 2 Ap _ (6Ne’y| [ImZ| 2 1 o M
7(0) p’ < (WEST?’(O) n > - @ o %
) ) ) ) ) [e] 20 40 TIG?TE [ﬁ(s)] 100 120 140
The first defines the debunching at zero intensity and (b) Low ¢

the second introduces the intensity effects for a parabolic
bunch.7(0) is the initial bunch lengthImZ|/n is the low
frequency machine impedance ahg/p is the relative mo-
mentum spread.

These parameters, calculated for the theoretical values
of the two cycles and the bunch parameters, Table 1, are
given in Table 2. A low-frequency inductive impedance of
10 Ohms, estimated from hardware [4] is assumed. As one
can see intensity effects cannot be neglected. tger = 52.72.6 ms for the normaly,, case andy., =
33.6+1.0 ms in the lowy,,. case.

Figure 2: Mountain range display for normal and low

Cycle Q. Q 1/Q

Hz Hz S

normaly;. | 7.9 | 16.0| 0.063
low 4 12.1| 37.6| 0.027

In the normaly,, case they is believed to be well known,
0.55 x 103, For initial bunch parameterg0)= 25 ns and
Ap/p= 3.6x10~%, the debunching time 33461.0 ms then
gives an inductive impedance of 16495.3 Ohms. This
value is similar to the value of 18.7 Ohms found in [3] from
the debunching of 5 ns bunches. These values are higher

An approximate formula to describe debunching othan the value of~10 Ohms that was estimated from the
a parabolic bunch under the influence of an inductivknown machine elements [4]. Differences can occur due
impedance above transition, valid at the beginning of dae instabilities which increase the momentum spread, sug-
bunching when < 1/9Q, is gesting increased impedance. It seems however that mea-
surements of ;.;, using bunch length are affected less than
when using peak line density.

Table 2: Debunching parameters

7(t)/7(0) =~ [1 + (2 + Q*)?]'/2. 2)

The bunch length increases k42 for a time t given by . .
For low~;, assuming the impedance of 16.9 Ohms found
taes = 1/0/Q% + Q2. (3) above, we findj=0.92+0.03 x 10~?. Using the value of 10
Ohms,p=0.96+0.03 x 10~3, while for zero impedance=
Fig.2 shows the bunch profile turn by turn, corrected fot.03£0.03 x 10~3. These are all lower than the 303
pick-up response, for the two valuesgf. As expected expected from calculations with MAD for the nominal tune
from (1) the beam debunches faster for lgy. Measure- values. Taking into account a possible increase in momen-
ments on a number of practically identical bunches gaweim spread would push these values even further down.



4 INSTABILITY MEASUREMENT: plitude are blue. These figures allow the mode amplitude

TECHNIQUE AND RESULTS reduction mentioned before to be clearly seen, (see the re-
duction of the red hot spots when comparing the normal
The technique for measuring the resonant structure of t@d low~,, data).

accelerator impedance is given in detail in [2]. Single

bunches are injected into the machine with RF off. The lon- R o =80 2000
gitudinal profile of the bunch is observed turn by turn using Al
a wideband longitudinal monitor. The signals produced are
analysed in frequency domain either directly using a spec- 2000
trum analyser, or by FFT of the waveforms acquired by a
digital oscilloscope. The bunch is observed during a time
of the order of 192 and for each frequency the peak am-
plitude of the spectrum analyser signal is recorded. This 500
is repeated for 10 injections and the average at each fre- AL
quency point found. The bunch intensity is chosen such (;’)O,c\’f(;r;;‘;ﬁff’%f%hz
that the bunch is above threshold for normgl and the
injected bunch length such that the spectral width of the
stable bunch profile allows good resolution between peaks.

This procedure was carried out for the two cycles while
keeping the injected beam parameters constant. The results
are givenin Fig.3.

The peaks of these spectra are centred at frequencies
which correspond to resonant impedances with high R/Q.
From numerical simulation it is known that the mode am- so0
plitude is a function of R/Q and N. = o

The mode spectrum is dominated by a peak around 200 (b) Low ey O - 2 GHz
MHz which is not reduced by changing Further peaks
around the known machine impedances, [2], 400 MHz, 800
MHz, 1100 MHz, 1500 MHz and 1900 MHz are reduced Figure 4: Contour plots for the bunch spectrum.
by a factor in the range of 1.5 to 2.5. The same applies
approximately for intermediate frequencies.
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5 CONCLUSIONS

It has been confirmed that one possible way to increase the
microwave instability threshold at injection into the SPS is

35

30 | Beam parameters: to lower thev;,.. The method of changing;,. described
T=25ns here, while very effective for tests, is not acceptable oper-
9 2 e ationally and solutions with new families of quadrupoles
2 20} ‘ must be used.
£ Machine parameters: We thank our colleagues in the PS for providing the sta-
g S| J Lo ble injected beam and those in the SPS operations group
=

for setting up the cycle.
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The data from the FFT of the mountain range display
shown in Fig.2 can be also be presented as contour plots as
in Fig.4. The vertical axis gives the time evolution of the
spectrum. The horizontal axis is the frequency and the am-
plitude at any time and frequency is colour coded. Regions
with high mode amplitude are red, regions with low am-

Figure 3: Bunch spectrum measured with the spectru
analyser at each frequency



