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Abstract some 240 acquisition crates located at 30 m from the

monitors.
Six years before the scheduled commissioning of the LHC

at CERN, the basic list of beam instruments has been es-

tablished. This early date is needed due to the impact of2 BEAM POSITION MEASUREMENT

the mechanical design of some detectors (mainly the bedii@jectory and closed orbit measurements are vital for

position detectors) on the cryogenic part of the machine @@mmissioning and operation of accelerators. To achieve

well as for other projects due to the long R&D periodigh luminosity, the azimuthal beam distribution becomes

(emittance measurements, tune and chromaticity diagng€ry complex, so that various phenomena (beam-beam

tics and control). This paper gives a detailed overview &rces, wake fields) strongly affect the orbits of individual

the basic requirements and specifications of all beam ipunches. Hence a system with high bandwidth capable of

struments foreseen for transfer lines and main rings [1]. measuring the transverse position of each bunch is desir-
able. In LHC it is foreseen to install BPM's reading both

1 INTRODUCTION planes at each lattice quadrupole which makes a total of

988 pick-ups spread over the two rings of 27 km circum-

Underneath the super-conducting dipoles around the LH‘&rence.

ring the annual radiation dose V\{iII be as low as 1Gy.This1 Mechanical design

is due to the extremely effective halo cleaning system

necessary to prevent magnet quenches. For beam inskigk-ups will be made of four buttons yielding enough

mentation this means that front-end electronics can B@nal gmplitude to measure the position of a pilot bunch

spread around the circumference, avoiding long and €5x%10" protons. Most BPMs will be located near supra-

pensive cables. conducting quadrupoles with local electronics mounted
outside the cryostat and receiving beam signals through

Table 1. Summary list of LHC instruments [2] coaxial cables of 1.3 m length.

Transfer lines between SPS and LHC (5 km) Nb] 2.2 Signal treatment
Beam position monitors (using LEP buttons) 110
Beam current transformers

In the context of the development of an orbit system for
the LHC a high bandwidth was achieved by extending the

geam loss T”O”'totfs It = Jiah 2(10 principle of the narrow-band normaliser with phase de-
creens using optical ransition radiation T tection to a wide-band time normaliser[3],[4]. The princi-
LHC main ring

ple of this new circuit is shown in Fig. 1.

Injection screens with optical transition radiation 16

Betatron matching, thin OTR foils 11 kHz 2

Beam position monitors 40 MHZ 988

Beam loss monitors distributed 150 kHz 4Q00NA O— ) —O OuTA
BLM for halo cleaning (ACEM) 40 MHz 10 T . —

Beam current transformer systems P ’«—“»‘ P P

Wire scanners for beam size calibration 4

Synchrotron light telescopes | «40MHz 4 g

Beam size detectors (R&D on the way) il 0o 7 )

Tune measurement systems using 4 kickers 2 N8 O [ oouTe
Chromaticity (from head-tail phase shift) 2 e e

Schottky pick-ups 4 To<Ts

On-line control systems of Q,Q’ and closed orbit 6

Dump lines Figure 1. Principle of the wide-band normaliser
Screens 10

Results obtained in the laboratory on the first prototype
prove that a linearity of 0.2% can be achieved over the
For distributed monitors like beam position (BPM) andull aperture, see Fig. 2. A bandwidth of more than
beam loss (BLM) data collection will be done througiO MHz and a dynamic range of 50 dB was achieved.

Beam current transformers
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NS T v "~ a_1.] 33 R&D onbeam profile monitors

..mi Calibrated....;
i Lineariséd..

6.0 Three types of monitors using the residual gas in the ma-

4.0 chine vacuum are presently undergoing tests in the SPS
2.0 with proton bunches separated by 25 ns:

0.0 1« An ionisation profile monitor constructed at DESY will
'i-g be tested with an additional magnetic field which

: : : : : : : should serve to collect electrons with minimum space
_60 1 1 1 1 . .
1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 charge blurring; .
) o * Another monitor collects ions accelerated by the
Normalised Position ) X . X
Fiqure 2. Position linearity with the wide-band normaliser beam’s electrostatic potential without any other ex-
gure <. Fositio carty € e-ha ormafise ternal field. The velocity distribution of those ions es-
2.3 BPM performances caping the vacuum chamber through a slit, is meas-
ured in a magnetic spectrometer and the beam size
Absolute accuracy shown in Table 2 is mainly determined can be deduced from the velocity distribution;
by alignment precision between the magnetic centre of theThe third monitor observes the light emitted by residual
quadrupole and the electrical centre of the BPM. For the gas molecules excited by the beam. Selecting a gas
pilot bunch this is determining, while for nominal bunches  with fast decay allows to get a clean transverse beam
the offset will be eliminated by using the K-modulation  profile and a local bump of nitrogen pressure of less

technique(5]. than 10 torr is sufficient to collect enough photons
Table 2. BPM performances in20ms. o o _
i i A fourth monitor is also giving promising results: it con-
Bunch type Pilot Nominal sists of an ion-gun accelerating a beam of ¥eKr' to an
Mode Traject] Orbit| Traject. Orbil energy of 2 keV which is sent at a right angle to the pro-
Absolute accuracy | 1.5mm 1 mm 150 pm 100|umton beam. The deflection angle of the ion beam is meas-
Resolution 0.5mmh 0.2mm 50pum 5pm ured as a function of the ion beam position and the de-
rivative of this function gives the proton beam profile.
3 TRANSVERSE BEAM PROFILES At top energy the r.m.s. beam size will be of some 400 um

and in order to perceive an emittance blow-up of a few

Keeping the_ highest possible transverse den_sity throu Ercent the beam size should be measured to 1-2% rela-
the whole injector chain up to the top energy in the LH, o accuracy. The best of the four preceding monitors
is one of the major goals to optimise luminosity. For th%ill be retained for operational use

reason OTR screens (producing optical transition radia-

tion) have been tested and will be provided in transf@.4 Synchrotron radiation telescopes

lines. They are made of Ti or Al foils, a few um thick and o
are viewed with high-resolution CCD cameras. The use of synchrotron radiation to measure transverse

beam profiles has been analysed [8] and seems delicate at
3.1 Injection matching injection energy where a special short magnet is needed to

oduce enough power in the near infra-red region. This

. pr
A new method has t_)een mtrogiuced fo.r beFatror) match! wer will rise by 5 orders of magnitude during ramping,
into a circular machine [6] which consists in using a thif) .1y is not easy to master at the detector level. This

detector to measure the beam size for several reVOIUti‘;c(ﬂ%at dynamic range stems from the fact that useful pho-
befored dumpm.g Fhe begm. ng)eTgetectors cavr\1/hbe eitishs belong to the higher part of the spectrum, well be-
secondary emission grids or screens. en r'”§/§nd the critical energy. Another possibility at injection

beam size is beating by less than +10%, which is easyetﬂergy would be to use the enhanced synchtrotron radia-

check,. this. means that the emittance blow-up by ﬁIqfon power produced in the fringe field of the same dipole.
mentation will be less than 1%.

At top energy, in order to determine the beam sizes during
3.2 Wire scanners physics, a UV tglescope receiving_ light from a 3.5 T di-

. ] ] pole could monitor permanently with a CCD camera the
Wire scanners currgntly u§ed in LEP will be very useful tf?ansverse beam density. Using a wavelength of 200 nm,
measure beam profiles with great accuracy since the Wifg, giffraction spot sizes will be of 300/130 pm for H/V-
position can be measured to +4 pum. Still they cannot Bgqfiles respectively, to be deconvoluted from beam sizes
used with more than 200 nominal bunches for the wire i gg90/480 um.
survive [7] and therefore cannot be used operationally, b, the detection of individual bunch emittances a photo-

will serve to calibrate the other types of monitors desytiplier with 16 anodes can acquire bunch sizes at a
scribed in the next two paragraphs. frequency of 40 MHz.
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4 TUNE AND CHROMATICTY required, and there is also very little dependence on en-
MEASUREMENTS ergy for machines operating well above transition.

Tune, chromaticity and transverse coupling need to be 5 INTENSITY MEASUREMENTS
controlled throughout critical phases of the machine cycle,

in particular during ramping and beta-squeezing. Beam transformers and many othef be_am diagnostics will
be located where the beam separation is 0.4 m.

4.1 Use of the transverse feedback
5.1 Beam current transformers

Signals may be injected into the feedback loop, eithﬁq order to obtain a bandwidth of the order of 1 GHz, cur-
white noise for broad-band spectral analysis, or a swept- '

. rent transformers of a single-turn variant or wall-current-
frequency sine-wave. The latter allows the measurement . . . . .

. . . monitor will be needed. Ferrite loading will extend the
of the beam transfer-function, i.e. the response in amplll—

tude and phase ower cut-off frequency.
' Once injection is completed and the beams are circulating,

4.2 Coherent oscillations created with a kickelhe fast beam transformers will serve to determine the
. . ) number of protons contained in each of the 2835 bunches,

One would perhaps not include this method, needing SRgith 1% precision. For practical reasons, this will not be

cial kickers, were it not for other possibilities that it progone on a single turn, which is acceptable as this infor-

vides: _ . _ ~ mation does not require continuous surveillance.
e coupling is easily measured, using a single kick in one

plane, and resonances can be studied, by "ticklin.2 DC beam current transformers

the t_Jeam. o o . These monitors are based on the principle of the magnetic
* very importantly, kicking to oscillation amplitudes ;jifier, using a null-method, and will measure the in-
greater than the size of the beam, which is poss'blet@hsity, or current, of the circulating beams.

injection energy, and using two pick-ups an odd Mubc peam transformers gurrently reach a resolution of 1
tiple of quarter-betatrop pgrlods apart, allows to OqIA, corresponding to>8.0 protons in an LHC ring. The
serve long-term evolution in transverse phase SPagg it drift is about A over 10 s, 1A over 1 day, and
for study of the dynamic aperture. Therefore addiz | |a over a week, but a significant improvement may be
tional single-turn kickers with er)ough' strength to dis; -hieved before the LHC start-ubresolution of JuA on
place the beams at 7 TeV byavill be installed. the one hand, and a nominal beam intensity of 0.54 A on

« finally, the kicks can serve for the measurement %e other, means a dynamic range sil(g, requiring an
chromaticity, via the head-tail phase shift (next Parasnajogue to digital conversion 1 bits.

graph).
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