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1 ABSTRACT ions for fixed target physics. Because of the large emit-

) , . tances of the beam (close to the physical acceptance of the
The extraction of protons from the halo of a circulatingyachine, in particular vertically) the control of the orbit, of

beam has been repeatedly demonstrated at the SPS. 15,2 e (QH=26.62 and QV=26.58), of the chromaticity
recent experiment a coasting lead ion beam was ava_lilattlaose to zero in both planes) and of the momentum spread
at a momentum of 270 GeV/c per charge corresponding {9 nortant all through the acceleration and in particular at
a total momentum of 22 TeV/c per ion and the possibily, energy. In the preparation of this experiment the above-
ity to extract ultrarelativistic lead ions with a bent CryStalmentioned corrections were performed and a single batch
could be demonstrated for the first time. We present the Sfias injected and accelerated up to 270 GeV/c per charge
pgrimentql challenges, the measurements performed duri\ﬂ/ﬂere all the ring power converters were frozen and the in-
this experiment and the first results. jection and beam dump kicker inhibited. Due to the low
intensity no relevant instabilities are observed.
2 INTRODUCTION To obtain the desired emittance growth, transverse noise

Extraction of high energy protons from a stored beam with'as applied to the beam as in the case for protons [1, 2, 5].

a bent crystal has been demonstrated successfully and Wéﬂ& Sett fth .
a good extraction efficiency at the CERN SPS [1, 2, 3] anO’ etting up ofthe experiment
other laboratories [4]. Atthe CERN SPS it was shown thaThe equipment available for this experiment has been iden-
protons could be extracted for a large range of energies bigeal to the one described for proton extraction in Refs.
tween 14 and 270 GeV and the energy dependence is[it 2, 3]. The extracted beam, deflected 8.5 mrad by the
good agreement with the expectation [5]. bent crystal, exits the vacuum chamber and passes three
More recently [6] fully stripped lead iorf88PL*2+ were  scintillation counters (used in coincidence). THEPB2+
deflected in a bent crystal in a beam line experiment at thiens are expected to give a very strong signal in these scin-
SPS with high efficiency. Encouraged by this result and duilators, at least two orders of magnitude above the one for
to the availability of Pb ions in the SPS we have conducteprotons and pions. Thus, the setting up of the correspond-
a short experiment where we stored a lead ion beam in tleg high voltages (HV) on the photomultipliers was done
SPS at a momentum of 270 GeV/c per charge, i.e. a total the following way: First, the crystal was misaligned (no
momentum of approximately 22 TeV/c. Using the standaréxtraction!) and background was observed in the detectors
experimental procedure we obtained Pb ions extracted froset to the nominal proton HV (e.g. 2450 \olts in SC1).
the coasting beam with a bent crystal. Itis the first time thakhen, the HV was lowered until the background signal dis-
an ion beam at high energy was handled in this way. appeared (2000 V). Finally, in order not to lose any ex-
In this paper we shall first describe the setting up of thgacted Pb ion signal, the HV was set 50 Volts higher for
SPS accelerator as a lead storage ring and discuss the @ata taking. Discriminator levels and delays remained un-
perimental difficulties connected with this high energy antébuched. Angular scans, obtained by turning the crystal
charge per nucleon. We present the results obtained aadd observing the coincidence rate SC1*SC2*SC3, show

estimate the extraction efficiency. about 20% of background (cf. Figs. 1 atoc). Thisis a
clear indication that the HV was not perfectly tuned for Pb
3 PREPARATION ions - due to lack of time. For the estimates of the extrac-
tion efficiency, the same triple coincidence was used in the
3.1 Setting up of the SPS for Pb "steady state” for a well-aligned crystal, and a 20% back-

The fully stripped lead ion beam is injected in the SPS Wiﬂground subtraction was applifed to the extragted beam rate.
a momentum of 13 GeV/c per charge in 4 batches (2'% 10 The extracted beam profiles were obtained from the

charges/batch) each long. The beam is accelerated to Auminescent screen (BTV) installed downstream of SC2.

momentum of 26 GeV/c per charge with a fixed-frequenc-yl/_hiS BTV is a standard SPS beam instrument, equipped

acceleration technique [7], it is debunched to fill the whol&ith various screens of different sensitivity, which can be

machine (23:s revolution period) to increase the effectivecNOSeN remotely. The screens are viewed by a CCD cam-

spill length for the experiments and then it is further accel€@ and more choice of sensitivity is available due to its

erated to 400 GeV/c per charge, the usual energy of le -p-hragm and gain. For the prgsent e.xperiment, the sen-
sitivity could be reduced dramatically with respect to pro-

* Also: Helsinki Univ. of Technology ton extraction, and very clean profiles practically free of
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background could be obtained. These are available either , T
directly on TV screens in the SPS controlroomorin a digi-?l 7
tized form, available at 20 ms intervals, for later evaluation22® |- Q)
Typical extracted Pb ion beam profiles are shown in Fig. 28 10000 s .

8000 f ¢

4 EXPECTATIONS FOR LEAD IONS i .

6000 |- .
The main difference between lead ions and protons is the ool .
high mass and charge state. Both have an impact onthe ..., . o, L
interaction of the ions with its environment, in particular 200 :

with the crystal. Important for the acceptance for channel- ot . . .. . . . .. .
50 100 150 200 250

ing is the critical angle). which scales with,/Z/p. For ° goniometer angle. [yurad]

a highly charged ion the relevant parameter is the momenz 1500 |

tum per charge/Z and therefore the critical angle for ions gmoo g

is equivalent to the angle for protons at the corresponding ' b) KN .

momentum of 270 GeV/c, i.e. 9/rad. Protons with a 8§20

momentum of 270 GeV/c have been successfully extractedz0o0 - .

from the SPS [5]. 000 b .
Furthermore, the dechanneling scales like Z/p, leading 6000; .

to a dechanneling like for protons of equivalent momentum : .

per charge. Similar arguments hold for the multiple scat- “°f, ..., +"" .

tering in the crystal and its effects, i.e. widening of profiles 2000 |-

and increased impact parameters, should be comparable to o(; A R R
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However, due to the dependence of the inelastic nuclear , F
cross-section on the atomic mass #;, x A%, the § g
losses due to inelastic collisions are strongly increased?: s C) .
Worse, the electromagnetic (Weizsaecker-Williams) break8 3000
up cross section is very important for such highly charged, 2s00 F .
fast ions. As a result, we expect a significant decrease of 5y ,
the contribution of multiple pass extraction to our extrac- 1500 b
tion process. 1000; e : e e e

5 RESULTS 50 |-
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5.1 Angular scans

The results of three angular scans can be seen in Figs. 1 ato

c. The experimental procedure is similar to the one used for. ) .

extraction of protons [1, 5]. The three angular scans wefddure 1: Angular scans, taken at different times to study
taken at different times during the experiment to study thEProducibility, Pb ions, 270 GeV/c per charge.
reproducibility. While the widths of the angular scans for

proton gxtrachon was d|ﬁ|cglt to reproduce [1, 5], the I|m- re similar to the profiles obtained with the scintillator ho-
ited statistic for Pb ions available at present seems to 'nC@l'oscope for protons [1, 5]

cate that the reproducibility is better. Furthermore, after the T

background of 20 to 25 % is subtracted, the full width hal[__’ 3 Efficiency

maximum (FWHM) of the scans in Figs. 1 ato cis between”

45 and 55urad, thus significantly narrower than the onesThe efficiency of the extraction process we define as the
measured for protons between 14 and 270 GeV/c [5]. Onatio of the number of extracted particles to the number of
may try to speculate whether these narrower angular scapesticles lost from the circulating beahy;:

are due to a suppressed contribution of multiple pass ex-

traction to the total extracted rate, or a reduced phase space €ontr = Leatr (1)
acceptance for multiple passes. ; Tiost

The number of extracted ions is determined from a
threefold coincidence of trigger scintillation counters
Profiles of the extracted beam were measured with a lumsC1*SC2*SC3 and the background estimated from the
nescent screen and the CCD camera, and could be digitizee¢asured angular scans is subtracted. As mentioned above,
and stored. The results can be seen in Fig. 2. The profiléee high voltage could not be adjusted to an optimum value

5.2 Extracted beam profiles
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'§35°0§ g o] 6 CONCLUSION
= £ Looof We have demonstrated for the first time that fully stripped
2000f- 10001 lead ions?°8PB*2* can be extracted from a stored SPS
1500 ﬁ: beam at a momentum of 270 GeV/c per charge, corre-
1000p- 400f sponding to a total momentum of the ions of approximately
P ‘ 200F 22 TeV/c. Care was taken to suppress possible background
O 75 I signals in the detectors. Although the error on the extrac-

. 5 75
Horizontal profile [mm] Vertical profile [mm]

tion efficiency is substantially larger than for protons, the
Figure 2: Horizontal and vertical profiles for optimum®Stimated efficiency reaches values up to 10%. Afirst anal-
alignment, Pb ions, 270 GeV/c per charge ysis indicates that the width of the angular scans may be

significantly smaller than for protons, which can be possi-

bly explained by a reduced angular acceptance and could

indicate a suppressed multiple pass component of the ex-
for the ions and the error on the number of extracted pafraction process.

ticles is therefore increased. The number of particles lost
from the beam is determined from the beam intensity mea-
sured with a beam-current-transformer (BCT) at 19.2 s in-
tervals and thus from the measured beam life time. Due ¥f& would like to express our gratitude to Albert Hofmann

lack of time, the calibration of both measurements coul¥ithout whom this experiment would not have become a
not be done carefully and the extraction efficiency is therd®ality. Only his proposal to use a coasting lead ion beam in
fore less accurate than the ones reported for protons [$i€ SPS for another experiment and his friendly generosity
For the calculation of the efficiency we use rather consefo make the beam available to us for a few hours made this
vative values and estimate an error on the efficiencies §fudy possible. We would also like to thank the operations

approximately 35 - 40 %. The results of our efficiency esticTeW of the SPS for their help running the machine in this
unusual mode of operation.
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in most of the experiments with protons, was positioned at a

distance of about 10 mm from the closed orbit. For the last

measurement an alternative crystal with slightly different

properties (miscut) was used at a larger distance of approx-

imately 20 mm from the orbit. Significant differences are

not observed between the two types of crystals.

Compared with the measured efficiency from proton ex-
traction at 270 GeV/c which was about 18% [5], the ef-
ficiencies for lead are about a factor two smaller, although
this comparison is based only on a few measurements made
for lead extraction. We show the efficiencies for different
values of the noise excitation on the ion beam, i.e. beam
lifetimes. Asiitis the case for protons [1, 5], no clear corre-
lation can be observed and the variation of the efficiencies
is even slightly larger than for protons, but with the present
precision a clear conclusion cannot be reached.
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