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Abstract

An elaborate diagnostic system is presented for efficient & &,

commissioning of a 10 MeV linac and a 10-75 MeV
racetrack mlcrotro_n, which will serve as |.nj_ectors for the linac
electron storage ring EUTERPE. These injectors will be
commissioned in two stages. First, proper injection ofrn
a 10 MeV electron beam into the microtron will be en-
sured. OTR, beam position and current measurements will
be used to characterize the linac beam properties along the
connecting beamline, such that the beam can be matched
to the calculated acceptance of the microtron. Second, a
75 MeV electron beam will be extracted and optimized.
Many beam position monitors will be used to fulfil the mi-
crotron’s closed orbit conditions and to optimize certain
critical parameters. One of the microtron magnets will b
used as a spectrometer to determine the energy of the
jected beam and the potential and phase of the accelerat
cavity.
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Figure 2: Beamline from LINAC10 to RTME.

2am at extraction. The RF frequency is not an adjustable
ﬁ)@ameter; it is dictated by the structure of LINAC10.

The beamline (see fig. 2) guides the electron beam from
LINAC10 to RTME [2]. Its 12 adjustable parameters are:
one group of identical dipoles, six quadrupoles, four cor-
1 ACCELERATORS rection magnets and one slit. The dipoles¥,, are ex-
, cited by one single power—supply. The quadrupoles; Q
A 10 MeV linac (LINAC10) and a 10-75 MeV race- Qs, are all excited independently. Dipolesnd M, can
track microtron (RTME), connected by a doubly achrobe excited slightly differently from Mand M, to correct

matic beamline, will serve as injectors for the 400 Me\/,[he beam position in the vertical plane. Quadrupoles Q

electron storage ring EUTERPE [1]. This accelerator com-
bination has 36 adjustable parameters in total: 8 parameters
for LINAC10, 12 for the beamline, and 16 for RTME.
LINAC10 (see fig. 1) accelerates the electrons to an en-
ergy of 10 MeV. Its 8 adjustable parameters are: the gu
filament current, three groups of solenoids, and four bea
steerers. The gun filament current defines the energy di
tribution of the extracted electron beam. Three groups o
solenoids focus the beam during acceleration. Two bea
steerers for each of the two transversal directions centre t
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Figure 1: 10 MeV linear accelerator.

Figure 3: 10-75 MeV racetrack microtron.



and @ have small dipole fields incorporated to correct thstage of the commissioning.

beam position in the median (horizontal) plane of RTME. A current transformer will be used to ensure that a max-

The slit between Mand M, matches the LINAC10 energy imal beam current is injected into the microtron.

spread to the RTME energy acceptance [2]. An OTR-setup will be used to determine beam widths
RTME (see fig. 3) accelerates the electrons from 10 tand divergences, which are measured as a function of the

75 MeV. Its 16 adjustable parameters are: two main bendtrength of a quadrupole that is placed some tens of cen-

ing magnets, twelve correction dipoles, the amplitude artémetres upstream. Hence, the shape of the transversal

the phase of the cavity potential. The main bending magmittance is determined [4].

nets provide recircular acceleration. Twelve correction Four Twiss—parameters are sufficient to describe the

dipoles (one for each orbit) ensure the microtron’s closefbrm of the calculated RTME acceptance for both transver-

orbit conditions [3]. The amplitude of the cavity potentialsal directions, denoted hyandz, e.g.a,, 3., @. andg..

and the phase—difference between the microtron cavity afthe equivalent Twiss—parameters of the beam emittance

LINAC10 are adjusted with an RF attenuator and a phasean be retrieved from the emittance measurement with the

shifter, respectively. OTR-setup. From the differences between measured and
the desired values of the parametels,( = a, — a,, etc.)
2 DIAGNOSTIC SYSTEM tunes for the beamline quadrupoles can be calculated from

Although settings can be calculated for all adjustable pa-Q, = %daz + %dﬂz + %daz + %dﬂz, (1)
rameters described in the previous section, in practice these da, 9B da, 9p:

settings will not be ideal. This is caused by different kind%vherez’ — 1,..,6, denoting the beamline quadrupole. The

of errors, such as magnetic field imperfections and align;, tia| derivatives are obtained from calculations.
ment errors. These errors cannot be incorporated in the

calculations, but they can influence the beam dramatically. 4 ENERGY
The effects of these errors must be counteracted with the

adjustable parameters. Consequently, the calculated paThe calculated optimal energies will be used as a first
rameter settings must be tuned by using beam measuggtimate when the commissioning of the accelerator com-
ments. bination is completed in the second stage. Three param-
The 3 groups of solenoids, two of the LINAC10 bearreters related to energy are of importance for this purpose:
steerers and the beamline slit will be set to fixed valueshe injection energy of RTME, the amplitude of the cavity
The other 30 parameters will be tuned. More than 30 beapbtential, and the phase difference between LINAC10 and
properties have to be measured throughout the microtronfigee RTME cavity. The injection energy is determined by
tune these 30 parameters of the injectors. All beam propehe strength of M and the beamline slit; the beam current
ties are generally functions of all 30 free parameters, whighassing the slit is optimized by varying the gun filament
leads to a very complex set of equations. The beam propefarrent. The cavity potential can be adjusted with an RF
ties to measure have been chosen such that they depend@8nuator. The phase difference is set with an RF phase
as little parameters as possible (preferably one); hence tgiifter.
complexity of the set of equations is broken down. The left-hand microtron magnet will be used to measure
In two stages the commissioning of the accelerators withese three energy parameters. This magnet is excited such
take place. In the first stage the RTME cavity will be
replaced by a temporary beamline with a quadrupole, an
OTR-setup and a current transformer. The matching of the
transversal emittance of LINAC10 to the calculated accep-
tance of RTME with these diagnostics is described in sec-
tion 3. In the second stage the accelerator combination will
be built up completely. The adjustment of the most sig-
nificant energy parameters is presented in section 4. The
control of the beam position throughout the accelerators is
handled in section 5. The optimization of certain basic pa-
rameters, such as the magnetic field strengths of the main
RTME dipoles, is discussed in section 6.

Einj + Ecav cos(¢)

Standing wave cavity

Einj
-4

Ecav cos(®)

3 TRANSVERSAL ACCEPTANCE
Certain diagnostic elements in a temporary beamline will
be used to match the LINAC10 transversal emittance to the

calculated acceptance of RTME. These diagnostic elemenksgure 4: Left-hand RTME magnet used as spectrometer.
will be installed instead of the RTME cavity in the first



that the beam is extracted immediately after the first cawlipoles can be adjusted with the measurement of one single
ity passage without recirculating in RTME, see fig. 4. Th@PM.

excitation current of the magnet in combination with the However, the beam properties must be reproducible as
BPM's just before and behind the magnet give the mean ea-function of the parameter settingsg. if the LINAC10

ergy of the beam within a few promilles, relatively. This enbeam is unstable or not reproducible, it is impossible to set
ergy is measured for different settings of the phase shiftahe RTME injection energy. The LINAC10 centre coils will
which results in a sine—like form of the energy as a functiobe tuned on beam position just behind LINAC10. Conse-
of phase, quently, a residual angle might be left. This angle is impor-
tant in the definition of the energy by Mind the slit. Thus,

if the angle is not reproducible, the RTME injection energy
cannot be fixed.

The cavity energy gain is assumed to be established by
the energy measurements. However, if the beam will be
recirculating in RTME beam loading effects will influence
this energy gain. A correction mechanism might be neces-
sary.

Matching of the longitudinal emittance of LINAC10 to
be placed along the accelerators. Most of these BPM'’s Wi}]be RTME Iongitudinal acceptance cannot be done directly.
be used to tune the correction dipoles. n fact, the estimated energy paramete_rs as defmgd in sec-

. T . tion 4 are results of numerical calculations. Starting with

BPM's for both transversal directions will be used atthese values as a first estimate. the experi .

L ) , periments with the
many places. The BPM's directly behind LINAC10 arediagnostics described in section 6 will point out if another
used to adjust the beam steerers of LINAC10 both in thC oice of these values is necessary
horizontal and the vertical plane. Two BPM'’s for the hor- '
izontal and vertical transversal direction are placed just
before and just behind the RTME cavity. The horizontal 8 REFERENCES
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E = Einj + Ecqu CO8 ¢ (2)

The injection energyE;,;, is the mean of the function.
The cavity potential E.,,, is the amplitude of the har-
monic part. At the same time the phase—differenges
calibrated.

5 BEAM POSITIONS

Thirty—two stripline beam position monitors (BPM'’s) will

BPM's that only measure the beam position in the hori-
zontal plane are placed at 24 places in the microtron’s drift
space. Eleven of these 24 BPM’s and the horizontal BP
at the extraction point of RTME will be used to control the
12 correction magnets in RTME [3].
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6 OTHER CRITICAL PARAMETERS

Thirteen of the 24 BPM’s will be used to optimize certain
parameters: magnetic field strengths of the main RTME
bending magnets, RTME injection energy, cavity poten-
tial and phase difference between LINAC10 and the RTME
cavity.

Basis vectors are used to fit the beam positions in all thir-
teen BPM’s by a least—square method. A basis vector is de-
fined by the beam positions as a function of a unit deviation
in one of the parameters. Basis vectors for all parameters
mentioned above are retrieved from numerical calculations.
The fit—parameters obtained from the least—square method
are used to tune the parameters.

7 CONCLUDING REMARKS

The setting of most adjustable parameters can easily be re-
trieved from beam measurements. The complexity break
down of the set of equations mentioned in section 2 can be
carried through up to a very high degregg.all correction



