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Abstract shows the position of the main diagnostics devices. The di-
agnostics for validation are grouped in the first of the line

the Diagnostics Plate, in order to precisely characteriz
the beam from the HWR. Due to the relatively long length
3t the beamline, the beam optics parameters are changing
fong the HEBT (Tab. 1).

The beam diagnostics system in the High Energy Bea
Transport (HEBT) line [2] of the IFMIF-EVEDA accel-
erator [1] will be responsible of the beam transport up t
the beam dump, and the control and characterization of t
9 MeV high-current deuteron beam delivered by the Hal
Wave Resonator cavity (HWR). The layout of the diagnos- Diagnostics plate

tics devices along the line and the challenging issues that CoO Sl
will be faced due to the especial requirements of the acce|™WR[ 9™t [=©0© @O0 tx op2 |oat|spec
erator are discussed in this paper. 3m a [CD
)
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The ion source and the low energy beam transport line, Y | serm
the RFQ and the HWR cavities represents the essential 3 | TPM (FPM/BTPM) %
components which deliver the outstanding properties of the @ |snm -
IFMIF-EVEDA beam. However, the reliable operation of CO | BLM IFMIF Profilers [
the HEBT is crucial for the validation and safe work of prototypes
the IFMIF-EVEDA accelerator. Therefore, the necessary Concrete &

beam diagnostics devices for a safe operation and valida- shielding

tion of the high intensity beam will be developed in par-
allel. These diagnostics will be located essentially along
the HEBT, which will contain the Diagnostics Plate [4] forFigure 1: Sketch of the position of the main diagnostics
the characterization of the beam and other important dﬁtong the HEBT. The lengths of the elements are approx-

vices for the beam control and transport. The design of thg,ative and scaled. Definition of the acronyms are given
diagnostics of this beamline will face several challenge%kmg the text.

coming from the delicate high-intensity low-energy beam
operation. Hereafter, the diagnostics that will be instll
to attain these goals will be detailed, and a brief explamati

: SR . . Parameter Value
of the main design issues will be given. Beam pipe length (m) ~11
Beam pipe diameter (mm)  100/200
DIAGNOSTICSLAYOUT Bunch frequency (MHz) 175
Beam energy (MeV) 5/9
The positions of the diagnostics along the line are deter- B 0.0727/0.0975
mined by the beam transport conditions: beam mismatch, Mean currentl,) (mA) 0.5/125
halo generation or beam positioning. The monitors on Pulse lengttT}, (us) 100/CW
the line are: DC and AC current transformers (DCCT and Duty factor (%) 0.1/CW
ACCT) to measure the DC and AC beam current fluctua- Bunch lengthy (ns) 0.15/1.5
tions and external noise; Stripline Beam Position Monitors Transverse size,, , (mm) 1/40

(SBPM), to measure the position, the mean energy by Time
Of Flight (TOF), and the bunch length and longitudinalTable 1: Beamline mechanical properties and range (ap-
emittance with buncher scans (BS); transverse profile moprox.) of the beam properties along the HEBT.

itors (TPM), based in ionization (BTPM) or fluorescence

(FPM), which will be also used to measure the transverse

emittance with quadrupole scans (QS); halo monitors, likpjagnostics plate section

segmented rings (SHM), either for control or characteriza-

tion of the halo; and beam loss monitors (BLM). Figure 1 The diagnostics plate is widely reported in [4]. It con-
tains the most essential diagnostics for the validation of

*jvan.podadera@ciemat.es the accelerator technology. The location of the DP in




the HEBT was carefully chosen to characterize as close Debunching In the longitudinal plane, without any
as possible the real beam out of the accelerating strueuncher cavity, the bunches are getting longer along the
tures. For this reason, the DP is located just downstreaREBT. As discussed in [4], this debunching process will
the quadrupole triplet at the extraction of the HWR (QT1)affect the high frequency components of the image current
The triplet is necessary both for beam transport and to caragccompanying the beam. These components will be fur-
out quadrupole scans for emittance measurements. Dowther reduced downstream the diagnostics plate, due to the
stream the DP a quadrupole doublet (QD2) is installed timcrease in the beam pipe diameter, and the longer length
handle the beam during transverse size scans with QT1 fof the bunches. Figures 2 and 3 shows the variation on the

the transverse emittance measurements. time and frequency domain signal components in the first
and last SBPM’s in the line. The first SBPM (BPM1) is
Magnetic Spectrometer section located in the DP, 1 m downstream the exit of the HWR,

o ] . and the last SBPM (BPM®6), is located 2 m upstream the
The magnetic dipole in the middle of the HEBT (SPEC),a5m dump entrance. The beam pipe diameter in BPM1
serves to shield sensitive accelerator components of the100 mm and in BPM6 is 200 mm. There is a clear re-

backstream neutrons from the beam dump. However, i@ ction of high frequency harmonics in BPM6, which are
to the high average beam power (1 MW), the beam shoulg,ost negligible forn > 2.

be very carefully controlled in this dispersive region, to
avoid any beam loss or even a bigger damage. For this
reason, beam loss monitors will be placed along the dipole
to react fast to any beam loss. In addition, the injection
and extraction will be controlled by a set of DCCT’s and ——
SBPM'’s. Both sets will be completed with a transverse pro-
file monitor for the measurement of the energy spread. The oAb b A A e A A
resolution of these monitors needs optimizing to achieve | S ———— : : —

the required energy spread resolution.
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The last part of the beam line has an increasing aper-
ture since the size of the beam is increased by a quadrupole T - p - - -
triplet (QT3) to adapt the power deposition to the require- Time (ns)
ments of the beam dump. The design of the instrumenta-
tion located in this area will be more complicated due to
the bigger aperture of the beam pipe, as it will be explainddigure 2: Comparison of the beam and image current at
later. In addition, due to the vicinity to the beam dumpdifferent BPM positions along the diagnostics plate.
these diagnostics will support the highest radiation kvel
in the accelerator vault outside the beam dump room. Even
though all these are drawbacks for the instrumentatios, it i
an advantage for the tests of the transverse profile monitor
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for the target of the future IFMIF accelerator (ITPM). On 10 . .
the other hand, in this drift region, the beam should be con- " 5
trolled to avoid too high power densities €00 kW/cm?) o . o
in the beam dump because of beam size reductions, or 104 o
beam losses in the beam pipe before the dump. A pro- 10 .
file monitor, an SHM and a beam position monitor willbe 10° . ; i
installed for this purpose 1 m upstream the beam dump. 10° .
107
MEASUREMENT CHALLENGES o
[ ]
IFMIF-EVEDA will be the first accelerator in achiev- 10’“’6 T "

ing such high deuteron current. In combination with the
CW nominal operation or with long beam pulses (down to
100 ps), any interceptive diagnostics device could be de-

stroyed. In addition, even though the beam energy is IOWi ure 3: Comparison of the frequency components of the
compared to other accelerators, the range of the deuter H%

. e : ge current at the beginning (BPM1 position) and end
in the material is also quite short. That means all the pow BPM6 position) of the HEBT

will be deposited in a very small area, increasing the ener '

density and limiting the use of interceptive diagnostics.

Harmonic number



Beam damage Out-of-control bunches could cause a _ Beam parameter Monitor  Quantity

strong damage along the HEBT. According to [5], the time  DC current DCCT 4
before causing a stress damage in the material is given by: AC current ACCT 2
) Position SBPM 6
_ _“T€0z0y Transverse profile FPM 1
A R (Eq) I ) BTPM 1
wheree is the elementary charge constamt, ando, the T TPM/ITPM 31
o . ; Y ransverse halo SHM 2
beam rms size in the horizontal and vertical direction re- Transverse emitance os 1
spectively,Iy the average beam curremt,,, ., the Bragg i 8
peak maximumkE, the mean beam energy angl.. the Longitudinal emittance BS 1
maximum heat density value before mechanical failure. Al- Energy spread SPEC 1
though it is very unrealistic that such an accident can hap- Meaq energy TOF 1
pen during real operation, it represents a conservative es-_-ongitudinal profile SBPM 1

timation of the reaction time for the Machine Protection _B€am losses BLM TBD

System. Figure 4 compares the time for stress damage a'Ea(ljble 2: Preliminary list of the monitors used in the HEBT

melting of the material in case of a perpendicular impacfor the measurement of several beam parameters (DP in-
in a copper structure at different points of the HEBT. The P

cluded).

10000 5

10004 due to the mechanical flexibility of the DP, another devices
o e could be installed in the future for further tests. For exam-

maP1 siess ple, transverse profilers, like Secondary Emission Moaitor

ol SRraousies: or Wire Scanners, could be installed to cross-check or com-
plement the non-interceptive profilers at low current or low

° duty cycle. In the same way, fast faraday cups or particle

detectors might be studied.
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In spite of some challenging and exciting requirements,

Figure 4: Damage time caused by an out-of-control bundhe beam diagnostics system for IFMIF-EVEDA seems
impacting perpendicularly to a stainless steel wall. feasible at this stage. Some critical points for the openati

of the machine, like the control of the beam losses and the
stress damage criteria produces maximum reaction valuegam halo, the measurements with electromagnetic detec-
almost one order of magnitude smaller than those calcters, or the measurement with a non-interceptive transvers
lated and used in SNS and J-PARC [5, 6]. Therefore, furofile monitor, will be followed up very closely during all
ther simulations should be carried out in order to evaluatée development of the project.
a reaction time as input for the MPS under more realistic

failure conditions. REFERENCES

Radiation damage In addition to structural damage, [1] A. Mosnier, A. Ibarra, A. Facco, EPAC'08, p. 3539, 2008.
any beam loss along the accelerator will activate the m&l C. Oliver etal., EPAC'08, p. 3041, 2008.
terials and produce a high neutron and gamma flux. T3] B. Brafias et al., EPAC'08, p. 259, 2008.
keep the maintengnge of the accelerator hands-on, the befﬁﬁ“l. Podadera et al., EPAC'08, 2008.
losses are to be limited to less thaikV/m. This require-
ment imposes a strict condition to the beam loss or ha{g
monitor, which need to monitor unexpected fast losses
down to 106 beam particles or control the halo grOWth.[e] H. Takei, H. Kobayashi, Derivation of simple evaluatiorl
The monitors will be connected to the Machine Protection Method for thermal shock damage on accelerator materials

. . . .. caused by out-of-control beam pulses and its application to
tshfltgggg?ﬁzgﬁ;%Z‘SOZ;hS‘aegﬁcbe;SO?;y devicesto limit  ;'o \pc. 3. Nuc. Sci. Tec., 42, 12, 1032-1039 (2005). 2001-

209, 2001.

] R. E. Shafer, How long an SNS beam pulse would damage a
copper accelerating structure?, SNS Technical Note, 2001.

MONITORS SUMMARY

The list of the main diagnostics devices to be installed in
the HEBT is givenin Tab. 2. Itis important to point out that



