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1. SUNMARY

This paper describes the beanm diagnostics set at
GANIL in 1986 or being designed at present. After
reminding of the contrel system which allows to use
these diagnostics efficiently, we give a brief
technical description of any beam diagnostics which are
used from the control room to tune and to control the
accelerator, Lastly the probe locations along the bear
lines and inside the cyclotrons are shown on drawings.-
This paper exists with few illustrations as a GANIL
intsrnal report!,

2. BEAM DIAGHOSTICS CONTROL SYSTEM!¢r12

Any beam diagnoatica can bs used from the main
conacle . Every beam disgnoatlc device Lm controlled :

- either directly by the maln control computer vim
the CANAC Interface and a serial loop {ex : current
transformers , posiltion probes},

« or by & CAMAC sutonomous controller made with a
2080 or, mocre recently, a 68K microproceasor. These
autonomous controllers are linked to the main computer
via The CAMAC interface during ths operation or used
wlth a local console during the maintenance (ex : phase
and profile monitors).

Tha operators c¢an useé these beam diagnostlcs :

- elther one by one by selecting what they want
with a touch-panel, then by using buttons and shaft
encoders to control it and TV monitors to display the
data (ex : to control the probe position and to read
the beam intensity),

- or with programs which achieve sophisticated ac-
tions such as (among more 100 of then)

* measuring the beam phase law inside the SSC and
setting "the trim coil currents to get the good
isochronism,

* optimizing the injecticn or extractlion transmission,
¢ measuring the beam emjttance.

A few data may be more convenient in mome cases if
they are annlog. So, thess data are sent to the console
through an analog multiplexer (SOS) controlled by the
control computer via the CAMAC interface. They are

displayed on oscilloscopes {ex : beam profiles, beam
time structure) or on recorders (beam phase or
intensity},

The probe safety sgainat the beam power is
provided by a programmable controller whose status

can be read by CAMAC.

3 POSITION AND PROFILF MONITORS

In the beam lines

To tuns the position and the focus of beam, we
have got 50 profile monitors in the beam linea of the
accelerator and 60 in the experiment area{fig 3).

Thess monltors ars made with multiwire planea
which glve the vertical and tha horizontal profiles.
These wicea, mude with golden tungsten, 20 & m large,
are 0.5 or (| or 1.5 am distant according to the
location. They are directly soldered on a teflon
printed circuit. A high voltage ring extracts the
sacondary electrons %

capacitors or wlth current-tc-voltage convertors (more
sensitive} for every wire followed by an analog
multiplexor far every plans. It allows to display the
beam profile on the oscilloscopes of the main console
via the 50S (Signal Observatlon System) or to process
these profiles with a CAMAC microprocessor .

The nain problem (s that the :ires are fragile and
are often destroyed by fusion if + beam power is %too
high or by atom pulling out if 3 intensity i3 too
high. So, wa are trying to lmprove .em by changing the
materials, the size and the tensicn of wires and by
uslng dprings but without hoping much improvement. It
is why we are designing an electr-nic device which
automatically reduces the beam i: <nsity when {t
becomes dangerous for the wirea,

Another way which La, considersd is the use of
alectrons =mitted by the residual gaz ionisation and
detacted by a microchannel plate. The first tests are
full of proaise =,

utilizat.:n of these
Two mathods

A second and Important
moniters ls tha beam emittance measuremen:
are used at DI‘ESEHE‘:
= by moving a 3lit in front of a profile
allows to get the 3hape of the emittance,
= by computing from three consecutive beam

nitor, that

~afiles. In

this case, we suppose that the beam en.ttance is
elliptic.
4 staticns are equlpped to measure the beam _

emittanceifig 3).

These wire monitors are not sulted to control the
beam position after the tuning because of the beam loss
{up to 5 % a monitor) and their fragility. So, we are
designlng & capacitive position monitar '. The first

tests have sh-wn that we may expect very good
characteristics (60 dB beam intensity range with the
same gain, working down to 10 enA , 0.5 mm accurate},

In the SSC'sifig 1)

In each sector, there is a probe which moves
through the yoke from the first turn up to the
extracted turn. Three probes have a head with a finger
which gives the radial beam profile and one has three
fingers which estimate the vertical beam position.
These heads are cooled directly with water and the
small fingers indirectly with beryllium oxydes'?,

The characteristics of the mechanical aystem are:

- range : 2.5 a

-~ resolutian : 0.5 mm

- maximal speed : 25 mm/s

A small range probe gives the radial profile and
poaition of the last orbits just ucfore the extraction
deflector. As measuring with this probe is long, we
have dJdevelopped a multiwire profile monitor which
detects the last turns., It allows to adjust the turn
separation quickly. . -

To adjust the beam position in the injection and
extraction channels, we use kinds of diaphragms located
Ln front of theae channels and also the aovable probes



for the exzractlion. An improvement of this systea is
necessary because it is not sufficlent to know well the
beam orbit in the injectien and extrocticn es, »hlch
makes difficult a good tuning without beam loss.
considering settimg up new diaphragms wlth
Tingers to get the radial and vertical position of the
beam loss paint, and capacitive poaltion probes betueen
injection elemrntn to know the peeclas buenm poslLlan at
the channel inputs.

4. BEAM CURRENT MONITQRS

Interceptive probes

In the beam lines, we use the classical Faraday
cups, soma have been made by NTS (uese german
manufactory) and some new ones have Just been made by
GANIL wlth a permanent magnet(fig 2).

In the SSC*s, we use the movable probes to measure
the internal beam current, thls measurement being right
becauss the magnetlic fleld stops the electron emission.
We have a Faraday cup at the SSC center too {fig 1).

Any beam current con be reed with
current-towvaltage convertors.They have two outputs
(high and low galns) and a current logp to callbrate
them and test the continuity {rom the target up to the
control room, The resolution is limited at about 1 =nA
by ths random leakages in the cooling water circuit.

Non intercentive probes :

Though the Faraday cups are very ugeful tg measurs
the beam Lntensity with accutacy, in routine we prefer
to use the beam current tranaformers which are not
interceptive'®,
installed along
this

These current tranaformers were
the beam linea last year Bnd wi‘l be instalied
yeoar at the input of each experiment rocom {fig 2}.

The mechanical assembly has been designed to
reduce the different causes of noise. In particular,
three shieldings (from inside to outside : aluminium,
wumetal, soft {iron) reduce the slectrumagnecic
intecferencs and a suspension cancels the vibration.

The electranlc device conslats of a
current-to~voltage convertar and a synchronous detector
locked on the low frequency beam pulsation This
pulsation is natural with the PIG Source { ~ 200 Hz) or
made with a beam chopper when the ECR source 4s used
{530 Hz at preaent). A current loop allows to callbrate
the detector,

The resclution would be lesa than 1 enA (f all the
parasttic noises had been canceiled but there are still
some left and, In particular, the sounds which disturb
the transformer by microphonic effects.

In practice, the resolution is :

- from 2 to S anA with the PIG source because
there are many paresitic noises which have the same
frequency as the aourco pulsation.

« less than 1 enA or thap 5 enA according to the
duty cycle of the pulsation with an ECR source.

Regearches are in progress to {mprove
performances.

these

These transformers have became indispensable to
watch the accelerator efficiency because the beam
current glven by them ia displayed all the time. Yet,
thelr accuracy {8 not sufficlent to get an accurace
measurement aof the 5SC efficlency. 5o, we are
designing a differential current transformer which «ill
give the SSC beam loss directly with a resolution
better than 1 % of the total beam intensity. We shali
be able to get the SSC efficiency with a good accuracy.

S.._JUNCH LERGTH MCHITRAS

Electran Emission Prodes

Most af the bunch length probes use the secandary
electron emisslon produced by the beam on a target ar a
wirese?,

L the besan Minen {(fh ) we aue 4 conxind Fneodny
cups made by NTG. The electron current ts picked by a
high voltage grid, that allows to {ncrease the
sensivity and to make the inductive effact smallar.

The signal is sampled after an amplification
{1 GHz bandwith) to obtain a signal with a cycle
frequency of 0.3 Hz (pulsad PIG source} or 28 Hz
{continuous ECA sourze} . This iow frequency signal is
easy to send and to dispiay i{n the contral room via the
S05. [%s acqulsition by the control ccrmputer via the
CAMAC Interfaces is golng to be set. That will allow to
compute the bunch lenpth according to di{flerent
criteria (at the holf height, for 95 % of tha pulse
area,.,.) and to eliminate the sudjectlvity of a vlsual
measurement,

A new probe was deveicpped fast year . It is very
sensitivm becaujye the target hos a trapeznldal shape
which lnereases the alsctron emissien . 10 % ppas i3
enqugh to de A good measurement. [%3 timea respanse is
Jess than 300 ps with the same wslecironic device as
before but improved (2 GHz bandwith).

Inside the sSC  {fig 1} we use 1 special probe
which s set sn nne »f the movabie yoke probes . It
consiats of twp kinds of combs which are {nterlaced!?,

One of them i{s conrected ro the imner gonductor of
the ~oaxifal cable and is polarized negatively (500 Y}
Lo extract the =leckrons from (tself toward *he ather
comb which is ¢onnected to the grounded zonductor. Thig
eleztrcn #nission is not dlsturbed by rthe magnetic
(ield becouse it is parpiiei to rhe comb plane.

These probes arey mainly wused €5 study the
accelerator tuning and to understand {ts behaviour
better but they are more and more used In routine

during the tuning time.

Wlth the SSC interpal probe, we can mAasure :

- the Lnjected bunch length to study the S5C phase
acceptance, .

- the accelerated bunch length to see the effectd
of the phase compresslon,

-~ the central phase on each turn to refine the
phase law becnuse this prabe is considered as the 16th
85C phase probe (see § 6).

#ith the beam (ine probes, we can measure :

- the energy spread to optimize {t,

~ the correlation betwaen the phase extension and
the energy lnside the bunch {longitudinal emittance},

- the =ffect of the buncher, The bunch Llength
measurement on a probe simulating in positicn the SSCL
center allows to adjust the phase and voltage of the
buncher quickly and accurately.

Xcay Emigsion Probe :

A second method consista in detecting with a
microchannel plate the Xrays produced by the beam on 2
thin target. An electronic device records the arrival
tlme of Xrays on a nultichannel analyser. The time
spectrum obtalned on the analyser represents the time
structure of the bunch . The time resolutlon is very
good {100 ps about} and the sensitivity is almest
without {imit, -

This probe is located just before the experiment
area and is mainly ugeCul to verlfy the time structure
of the beam provided to the physiclists and to optimize
it when that is possible (fig 2),

This probe aliows to detect vary low intensity
beamg that the physicists sometimes ask for.



§. BEAM CENTRAL_PHASE MONITORS

Description : “r193e¢3e?

The knowledge of the beam central phase is
essential for tuning and controlling the beam at GANIL.

In the beam lines, there are 8 capacitive probes
which consist of & cylindrical electrode charged by a
high Lmpedance amplifier{fig 2)}.

In the SSC's there i3 a set of 15 palrs of plane
electrodes charged by 50 ohms and located along a
radius between two sectors (fig 1 ), The bunch leng:h
probe met on a movable probe can be used as a 15th
central phase probe.

For each probe in the beam linas and for each set
of probes in the SSC's, there is an electronic unit
which detects the central phase and the amplitude of
the beam. This detection {3 made with two synchronous
detectors in quadratures locked on the double frequency
of the injector RF. They giva the components X and Y of
the second harmonic of the probe wignal. These
detectors ares made with analog multipliers. All these
units are controlled by a CAMAC microproceasor which is
linked to the msin computar and to the consoles.

We can make two types of mesmsurements.

=~ the phase abgolute measurementa which give the
corponents X and Y of the beam vector by making the
difference batween the vector with beam and the vector
without beam, therefore tha phase and amplitude of the
bean by computing them.

- the phase relative measurements which give the
beanm phase variation and the beam intensity versus the
time. A delay line 1s adjusted to make Y = O at the
{nitial time and get the phamse variation directly from
¥/X and the amplitude from X. .

The actual resclution 59 (NF degrees) is auffi-
clent for the GANIL beam. It depends on the beam energy
W(MeV/A} (except in SSC's), on the beam intensity
I(enA) and on the bandwith B(Hz) of the measurement
signal by following formulas :

In the beam lines :1.6¢ = VB.VW

In the SSC's 11,80 = 0.3V

Two examples with a 10 Hz bandwith :

= in the beam lines, we get a resolution of 0.1
degree with a 100 enA beam at 10 MeV/A,

= in the SSC's, we get a rasolution of L degree
with a beam of 1 enA , that is enough to adjust the SSC
phase law. N

The offset drift i3 lems than 0.2 degree for the
relative measurement and the accuracy is less than 1
degree for the comparstive absoluts measurement hetween
probes. The true phase absolute measurement with the
accelerator RF as reference is very difficult to make
and its accuracy is low (5 degrees).

Usg 1!

These central phase measurements have two uses :
the accelerator tuning and, this one made, its
controlling.

For the accelerator tuning, we use the phase
measurements : .

= to tune the phase of the buncher before SSCl by
recovering the same beam phase at the SSC1 input after
the buncher is switched on. We rather use the bunch
length messurement now (see § 5},

- to adjust the SSC magnetic field topology to
obtain the good phase law,

- to recover a gaod acceleratar tuning after a
whut-down because the beam phases are used as tuning
references,

- to optimize the beam energy by measuring the
difference of the beam phase between two probes.

As any shift of %he accelerator tuaing {nduces a
beam phase shif%, we watch the b2am phase perranently
at the input and the output of each cyclotran to
control the tuning. Some parameters are vecy sensitive
(SSC magnetlc fleld and RF level mainly}. So, four beam
phase lock lonna compensate their shift .

- Two loops keep the beam phase diffzrence
congtnnt botween the SSC autput and the SSC input hy
modifying the SSC magnetic field level

- One loop keeps the team phase constant at the
S§SC1 input by modifying the injeactor RF level and one
at the S5C2 Input by =modifying the stripper voltage .

These feedback lioops ars efficlient and make =the
bram very stable and the operation mora confortable.
Yet, these loops are rudimentary because they
covpencate the shifts of all <the parameters by
modifying one of *hem only. That may induce a vad
tuning after a.vmle. So, they are only a help but rthey
do not replace the operators,

7. _COUNTING SYSTEM OF BEAM TURNS IN SSC's

It is not possible to know the number of urns
with the movable yoke probes tnside S3C2 because the
turna overlap 2n2 anorher, and yet, Lt ls necessury to
know the numper of turrs %o be ahle to renake the same
tuning of S3C2 every time.

A device has been designed *a do that!}l , We
detect the beam intensity at *he lnput and nutput of
the SSC from the phase capscitive prebes with A rast
synchronous detector and a !ast numee{c usgctlloscope.
Then, wve compute the z=rass co latton function between
thesa %wo ovean intensities with an agple [I. If the
beam has a random ssructure with a large (raquency
spectrum {1 3 MHz., %he maximum of this (unction {8
obtained for the time of flight i between these two
probes. From L , we c¢an 3Jeduce the right number of
turns. The heam random strocture 09 natural with a PTG
source and wmade artificiolly by medulating the ECI
injection line buncher RF level with 2 noise source
when the ECR source is used.

A signal to noise ratic as low as 0.5 or eaven less
allows to get a good result, which is obtained with a
20 enA beam intensity In 5SC2 .

We also use this system with SSC1 because it is
faster (A faw seconds) *han using the movable proves
(about 3 minutes).

Soon, we shall use the int.rnal bunch length probe
located at the last turn instead of the output phase
probe to be able to compute the number uf turns without
extracting the beam,
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