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Abstract

The Beam-Test Facility (BTF) of the DA®INE acceler-
ator complex in the Frascati laboratory of the Italian Na-
tional Institute of Nuclear Physics (INFN) is devoted to the
development and testing of particle detectors.

The LINAC and BTF irradiation setups are discussed in
this work.

INTRODUCTION

In April 2020, the upgrade project of the facility with a
new line for testing particle detector [1-3] aimed at im-
proving the performance of the facility extending the range
of application for the LINAC beam extracted to the BTF
lines, in the directions of hosting irradiation test [4] and
providing electron irradiation also for industrial users.

The original BTF line is in operation since 2002 [5, 6],
and from 2004 operates in opportunistic mode [7] during
the running of the Frascati electron-positron collider.

The Conceptual Design Report (CDR) presented in 2016
[8] and the commissioning of the new line are described in
[9-11].

From 2022 both lines are available for the users. The
main line of the line 1 is dedicated to the PADME experi-
ment, the straight line of the dipole DHSTBO002 (see Fig. 1)
is dedicated to the irradiation test.

The irradiation test usually requires a non-opportunistic
mode of operation of the LINAC, to manage the beam us-
ing all the possible range of pulse length, repetition rate and
charge to fulfil the requirements of the users. All the possi-
ble value of the LINAC setup in dedicated mode are shown
in Table 1.

THE DAFNE LINAC FOR IRRADIATION

The DAFNE LINAC could produce bunches of electrons
and positrons for the Beam Test Facility. The BTF is used
usually for single particle test of detectors but is authorized
to receive up to 10'° particles per second, limit useful for
the irradiation test.

The DAFNE LINAC working point could be deeply
changed from the ordinary setup used for the DAFNE in-
jection at 510 MeV.

To obtain low energy beam up to 165 MeV with a pri-
mary electron beam with enough pulse charge that fulfills
irradiation test requirements, we need to modify the RF
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setup and manage the magnets to transfer this low energy
beam in the BTF (see Figs. 2 and 3).

Table 1: The DAFNE LINAC Performances

05% (electron) 0.5% (electron)
1.0% (positron) 1.0% (positron)
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Figure 1: The BTF layout with the 2 lines.
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Figure 2: The magnet elements of the LINAC: from the Helmholtz coil near thermionic gun up to the Uniform Filed
Solenoid near the positron converter, till all quadrupoles and correctors.
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Figure 3: The RF power distribution: to obtain the low energy beam with high charge requested for irradiation we accel-
erate the beam up to 350 MeV with the RF power station B,A,C and we decelerate it with the power of station D up to
165MeV , we see how we get more power from D station we decelerate more the beam.

The LINAC beam charge and energy spread is moni-
tored transfer one of the pulses of the 50 of the LINAC by
a pulsed magnet in the red dot area indicated in Fig. 1
where a second emission monitor system is installed in
vacuum. An example of the beam features is shown in
Fig. 4 [12, 13].
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Figure 4: The 165 MeV beam charge and beam spread
easured by a secondary emission monitor at the end of
the LINAC in the red dot area of Fig. 1.
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THE DAFNE LINAC FOR IRRADIATION

The diagnostic in BTF is described in more details in
[14-18].

For the irradiation test an Integrating Current Trans-
former model ICT-122-070-05:1 by Bergoz was calibrated
and installed at the end of the BTF1 line to provide the par-
ticle charge per bunch at the users and a flag behind the
DUT with the image acquisition system is in operation too,
to provide a more precise characterization of the beam de-
livered for the irradiation.
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Figure 5: The ICT Calibration Setup: A pulsed signal is
acquired by the oscilloscope and the response of the ICT
was measured. calibration to measure from 17 up to 1'° par-
ticles per bunch.
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Another ICT is installed at the end of the LINAC with
the same purpose, both signals are acquired and monitored
during the irradiation. This allows an optimization of the
beam transport and permit to reduce the background in the
experimental hall

The BTF ICT signal is acquired by the BTF acquisition
system and after having performed a pedestal subtraction,
the ADC value is converted to charge. It’s composed by a
crate VME with a VMIC 7807 that acquire by the VMEDbus
the QDC(V965b) signal managed by the scaler (SYS 3800)
and by the I/O register (CaenV513) more detail in [19].
This system permits to acquire every shot send to the DUT
and to show to the user the last 40 shot charge stability.

We test the calibration to measure from 17 up to 1'° par-
ticles per bunch using the setup shown in Fig. 5 where a
pulsed signal was used to calibrate the ICT.

In Fig. 6 on the left the end of the BTF1 line with the
ICT is shown. Behind the DUT (the blue PCB mounted on
support) a flag permit to optimize the beam size on the tar-
getand a laser permit to center the DUT.

L.

Figure 6: The end of line of the BTF1 where a DUT during
the eRAD project irradiation test is shown.

Both the ICT signal are acquired by a TDS3054 Oscil-
loscope and shown to the user by a LabVIEW interface
shown in Fig. 7 where an estimation of the particle per
bunch is given.

The image oh the shot passed the DUT is acquired and
shon in Fig. 8.

Figure 7: On the left the analogic image of the beam. On
the right the beam acquired by digital camera (BASLER)
and stored by the control system [12-13].

The camera image is acquired at 25 Hz and a gaussian fit
procedure of the beam spot is implemented in the control
system and store the fit parameter in a database accessible
by a web browser.
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Figure 8: The ICT signals, acquired by the BTF acquisi-
tion. The yellow is the charge signal at the end of the
LINAC and the red ones is at the end of BTF before the
DUT. In the green box the injection efficiency.

THE ERAD PROJECT

The general aim of the project is the use of electron
sources, available at the INFN-LNF to measure the behav-
ior and resistance of electronic components intended to be
subjected to radiation in the aerospace environment.

The values and results acquired with these measure-
ments will be compared with homologous measurements
performed with photons to define comparative resistance
thresholds and related indicators.

Remote tests have been done by using electrons beam
with energy of 500 MeV at different values of integrated
fluence (up to 6.48*10'% p/cm? and up to 2.41*10'? p/cm?,
depending on the device). The test at lower energy il sched-
uled in July 2022.

Obtained results are very promising and still to be fully
interpretated in terms of performances.
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