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Abstract

The request of beam time for long-time experiments and
contemporary the need to provide beam time to the detector
developers community, drive the INFN to invest in the com-
missioning of a new beam line test facility. In this work we
describe the necessary steps followed from the design to the
commissioning of the new beam line in the Frascati Beam
Test Facility.

INTRODUCTION

In the development of the detectors for the high energy
physics (HEP) and astro-particles physics, the test beam and
irradiation facilities are the key enabling infrastructures.

From 2005 the Beam-Test Facility (BTF) of the DAONE
accelerator complex in the Frascati laboratory of the Italian
National Institute of Nuclear Physics (INFN) has gained an
important role in the European infrastructures devoted to
the development and testing of particle detectors [1-3].

The presented proposal in 2016 aimed at improving the
performance of the facility extending the range of appli-
cation for the LINAC beam extracted to the BTF lines, in
the directions of hosting fundamental physics long term
experiments [4] and providing electron irradiation also for
industrial users.

To achieve this, it was requested to double the BTF beam-
lines, in order to cope with the significant increase of users
due to the much wider range of applications.

The original BTF line is in operation since 2002 [5, 6],
and from 2004 operates in opportunistic mode [7] during
the running of the DA®NE electron-positron collider. The
full LINAC beam can also be extracted towards the BTF line
without being intercepted by the target (within the 3 x 10'°
particles/s limit established radio-protection rules for the
current shielding configuration).

In the next paragraphs the steps from the Conceptual De-
sign Report presented in 2016 [8] to the commissioning
of the new line are described. The issues necessary to be
discussed for the reconstruction of the first line of the BTF
(BTF1) for a long term experiment and the processing dif-
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ficulties of the commissioning of the second line of BTF
(BTF2) are described.

THE DESIGN OF THE NEW BTF LINE

The main requirements from the users concerning the de-

tector testing beam-test activities can be easily summarized:

* Good quality beam, in particular from the point of view

of beam size, divergence and background, down to the

low end of the BTF energy range, i.e., few tens of MeV.

This requirement is particularly difficult to match if the
setup is in air, downstream of the exit window.

» Extending the energy range towards higher energies:
tracking and efficiency studies suffer from the Coulomb
scattering of electrons, which scales as 1/p. Higher
energies are also very useful for extending the range
for the calibration of calorimeters.

The Beam-Test Facility (BTF) is an extraction and trans-
port line, to produce electrons or positrons in a wide range
of intensity, energy, beam spot dimensions and divergence,
starting from the primary beam of the DAONE LINAC. The
LINAC accelerate 50 pulses/s, one transported in the spec-
trometer, the other can be either transported to a small ring
for emittance damping (and from there injected into the col-
lider rings), or to the BTF line, by means of pulsed dipoles.
A variable depth target (from 1.7 to 2.3 Xp) spreads the mo-
mentum distribution of the incoming beam, then secondary
electrons (or positrons) are momentum selected by means
of a 45 degree bending dipole and collimators (in the hor-
izontal plane). The beam intensity is thus greatly reduced,
depending on the chosen secondary beam energy central
value (from about 30 MeV up to almost the primary beam
energy) and spread (typically better than 1 percent at higher
energy, depending on the collimators settings). The beam
is then transported to the experimental hall and focused by
means of two quadrupole FODO doublets. The layout of the
beam selection and transport line is shown in Fig. 1, together
with the shielded experimental area.

The original idea for the new layout consists in a beam-
splitting dipole, wrapped around a double-exit pipe, that
can drive beam pulses from the upstream BTF beam-line
alternatively to the two new lines [9]. In case, the dipole
can be connected to a pulsed power supply for a fast switch
between the two lines. The first line drives the beam in
the existing experimental hall (“BTF 17), also profiting of
the existing concrete block-house, while the second will
transport the beam, with three additional dipoles, in the area
previously used as BTF control room (“BTF 2”), with few
civil engineering work. A complete optimization of the
new lines optics has been performed, in order to define the
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Figure 1: The BTF layout until 2017.
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Figure 2: The BTF2 new layout.

degree bending magnet and one 35 degree magnet.

THE NECESSARY STEPS FROM THE
DESIGN TO THE COMMISSIONING

udget for all the project was available from March 2018.
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new beam elements requirements, both using G4beamline
and MADX [10]. The original idea of a fast magnet for a
45 degree bending angle was excluded, so the design was
changed for a fast 15 degree dipole magnet and a new design
of the facility is shown in Fig. 2. The new magnetic line to

transport the beam in the BTF2 experimental hall after the
15 degree pulsed magnet consists by 6 quadrupoles two 45

The budget The financial aspect of the project was
shown in the conceptual design report presented in 2016.
After review of the INFN Machine Advisory Committee the
b
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The law authorizations All the requested legislation
steps for start a new activity in the building 54 of the labora-
tory was submitted to the relative authorities and government
agencies to obtain the permission. The agencies that request
clarification on the environment aspect of the activity re-
ceive the answers in the request time thanks to the effort
coordinated effort of the Safety Division, Technical Divi-
sion, Radio-Protection Division, Administrative Division
and Accelerator Division of the Laboratory.

The civil engineering activities After a first step where
the general requirements from the Technical Division was
collected related to the, building, cooling systems, power
supplies, electrical and interlock systems, a continue feed-
back loop with the designer of the Accelerator Division was
necessary, to produce the right actions to mitigate the risks
that could present this upgrade project in a 50 year old build-
ing with a lack of documentation of the status of the building
and auxiliary system.

The building 54 of the laboratory was modified for adding
the new radio-protection shielding for the BTF2, a new en-
trance was realized and the building was modified to receive
all the auxiliary systems as the new electric distribution and
the required cooling system distribution for the magnets el-
ements with their interlocks and for the experimental area.
A new room of the roof of the BTF2 for the power supplies
was prepared considering all the necessary auxiliary systems
(network, cooling, controls). The new control room of BTF,
far away 60 m from the experimental halls, was prepared
in 2018 with all the auxiliary systems to accommodate the
users.

The design and commissioning of the magnetic ele-
ments During the design phase was evident that the main
constrain for the installation of the new BTF line was the
space limitation. The Magnetic Service of the Accelerator
Division has collected the requirement for a 20 T/m magnetic
fields for the six quadrupoles and the requirements for the
different dipoles, the fast pulse dipoles, the 2 H-type bending
dipoles and the last 35 degree C-type bending dipole. The
Magnetic Service has provided the Magnetic design to the
Mechanical Engineering Service of the Accelerator Division
that has produced the mechanical design for the bids. All
the magnets delivered are characterized with their power
supplies by the Magnet Service in the new measurement
magnet area. More details on the magnetic elements are
in[11].

The design and commissioning of the vacuum ele-
ments The requirement to adapt the BTF1 for long term
experiment and the needs to remove all the Beryllium win-
dows, drive the development of a safety system to protect
the LINAC vacuum from the accidentally events that could
happening during the installation of experience in both BTF
lines.

The vacuum system has been designed by the Vacuum
Service of the Accelerator Division in order to allow the
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Figure 3: The BTF Vacuum system layout.

installation of elements in the transfer line without exposing
the LINAC vacuum to risks. It is compose by fast valves, vac-
uum measurement systems, pumping devices, collimators
for beam manipulation, beam stopper for safety procedure,
thin Mylar windows for vacuum LINAC separation and thin
Titanium (25 um) and Aluminium windows at the end of the
lines as shown in Fig. 3.

/%) y L. I
Figure 4: On the left the 3D design and on the right the
commissioned BTF line.

The design and commissioning of the mechanics ele-
ments Most of the magnets and auxiliary mechanics sys-
tem drawings are produced by the Mechanical Service of the
Accelerator Division. They produce different 3D mapping
of the BTF areas to reduce the installation time and the risk
of the interference during the installation of all the elements
as shown in in Fig. 4. Thanks to this method a detailed
schedule of the activities has provided the tools to optimize
the resources.

The radio protection system The radio-protection Ser-
vice has followed all the procedure for the authorizations and
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Figure 5: The layout of the BTF2 safety system.

provides the guidelines for the search procedure of the BTF2
area. The installation of the safety system for the BTF2 is
shown in Fig. 5. Thanks to their support the beam commis-
sioning of the new line is ongoing. The radio-protection
limit for BTF2 is 10° particle/s with an energy of 730 MeV.

Figure 6: On the left the new BTF2 DAQ system under test,
on the right the controls of the new magnets implemented
in DCS.

The control system As shown in Fig. 6, all the new
magnetic elements power supplies controls are implemented
into the DA®NE Control System (DCS) [12] thanks to the
support of the Control Service of the Accelerator division,
and a BTF2 Data Acquisition System based on SIS3153
Ethernet-VMEDbus interface was developed, installed and
tested as shown in Fig. 6 during the test phase, where the
SCALER, QDCs, PIO, TDCs and the Timing Unit are visible
on the left.

THE FIRST BEAM COMMISSIONING IN
BTF2

Driven by simulations and thanks to the possibility to
check the beam at the straight exit of each dipole in the new
transfer line, the first beam was transported at the exit of the
new line in few working hours. The diagnostic used for this
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Figure 7: On the left high the pixel detectors low the cumu-
lative distribution, on the right the lead glass calorimeter
and low the particle count identification by the ADC counts
(thanks to !CHAOS [13] integration of BTF DAQ).

test is a silicon pixel detector for details see [14—18] and a
lead glass calorimiter as shown in Fig. 7.
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Figure 8: On the left the beam spot accumulated for about
2000 bunches with single particle detected by silicon pixel
detector, on the right the Gaussian fit of the cumulative
distribution (o = 0.25 mm, oy = 0.46 mm).

After few days of optimization of the line parameters we
obtain the best focused beam at the exit of the BTF2 for a
450 MeV electron beam bunch with single particle for bunch
is shown in Fig. 8.
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Figure 9: The BTF1 straight exit windows and the measured
beam spot at various energy.

We test the possibility to transfer the beam between the
two lines simply turning on and off the 15 degree pulsed
magnet to find the best beam possible for the two lines. The
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Figure 10: The BTF2 exit windows and the measured beam
spot at various energy.
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Figure 11: The plot of the measured BTF2 and BTF1 beam
size vs Energy.

measurements of the beam spot with silicon pixel detector
are shown for an energy range from 450 MeV to 35 MeV in
Fig. 9 for BTF1 and Fig. 10 for BTF2.

For the BTF2 a pretune of the magnet provide the possibil-
ity to check the beam quality for different energy of electron,
as shown in Fig. 11.

CONCLUSION

The commissioning of the BTF2 line will continue in the
next months to scan all the possibility and to provides to the
users the parameters of the facility. The call for the users is
scheduled to be published at the begin of 2022.
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