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LEETECH FACILITY AS AFLEXIBLE SOURCE OF LOW ENERGY ELECTRONS

A new versatile facility LEETECH for detector R&D, tests and calibration is designed and constructed. It uses elec-
trons produced by the photoinjector PHIL at LAL, Orsay and provides a powerful tool for wide range R&D studies of
different detector concepts delivering “mono-chromatic” samples of low energy electrons with adjustable energy and
intensity. Among other innovative instrumentation techniques, LEETECH will be used for testing various gaseous
tracking detectors and studying new Micromegas/InGrid concept which has very promising characteristics of spatial
resolution and can be a good candidate for particle tracking and identification. In this paper the importance and
expected characteristics of such facility based on detailed simulation studies are addressed.
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Introduction

Development of new high-energy physics colli-
der experiments calls for a rapid evolution of already
established and development of new innovative de-
tector techniques. To characterize new types of de-
tector systems and ensure quality of the already de-
veloped instruments high accuracy tests need to be
performed. Test beam facilities play a key role in
such tests.

Versatile test beam facilities permitting to change
beam parameters such as particles type, energy and
beam intensity are irreplaceable in characterization
and tests of developed instruments. Major applica-
tions comprise generic detector R&D, conceptual de-
sign and choice of detector technologies, technical
design, prototypes and full-scale detector construction
and tests, detector calibration and commissioning.

In this article we describe the design and simula-
tion of versatile source of electrons with adjustable
bunch intensity and particles energy, LEETECH
(Low Energy Electron TECHnique). The facility is
designed to deliver electron samples with energy
spread of about 2% and sub-nanosecond time
spread within a sample. A LEETECH like facilities
are particularly required for a wide range of tests
where the energy needs to be changed continuously
and detector response to low intensity particle flows
(down to 1 particle) needs to be studied. The
LEETECH finds its applications in scintillator mate-
rials studies for neutrino experiments, studies of par-
ticular crystal properties, and quality control for

many detector techniques. Particularly relevant are
the tests of Micromegas/InGrid technique [1] — the
micro-pattern gaseous detector with pixel readout
electronics, which provides 3D coordinate meas-
urement and has a performance approaching that of
silicon detectors.

The LEETECH source uses electrons from the
PHIL facility [2] at LAL, Orsay. The PHIL is a pho-
toinjector and a linear accelerator delivering electron
bunches with energy up to 5 MeV with 5 Hz repeti-
tion rate and intensity of 10% to 10% particles per
bunch.

Existing test beams facilities

A concise overview of existing test beam setups
is addressed in this section [3 - 7]. Test beams are
usually obtained from big and expensive accelerator
facilities with high energies between tens of mega-
electronvolts and 800 GeV. Operational cost of these
test platforms are quite high and user time is defi-
cient. Such an important combination of beam char-
acteristics as small time (tens of picoseconds) and
energy (down to 1 %) spread, possibility to precisely
adjust energy and reduced operational costs is highly
required. Precise testing of timing characteristics of
modern detectors requires test beams with short bun-
ches in picoseconds range. Therefore, LEETECH
facility delivering electron samples of low and ad-
justable energy, variable intensity in the sample, pre-
cise timing, accessible and having reduced opera-
tional costs, finds its place as a test facility for large
variety of detector techniques.
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Photoinjector PHIL

The PHIL (PHotolnjector at LAL) is an electron
beam accelerator at LAL. This accelerator is dedi-
cated to tests and characterization of the electron
photoguns and high frequency structures for future
accelerator projects (lepton colliders of next genera-
tion — CLIC, ILC). This machine has been designed
to produce electron bunches of low energy
(E <10 MeV), small emittance (¢ = 10 =z-mm-mrad),
high current (charge nearly 2 nC/bunch) electron
bunch at low repetition frequency (<10 Hz) [2]. At
the end of the accelerator, the normalized emittance
is about 4 mr-mm-mrad. Bunch length is short and
determined by laser pulses having FWHM duration
of 5 ps. PHIL is currently the 6-meters long accel-
erator with two extracted beam lines (Fig. 1).

Fig. 1. General view of PHIL photoinjector.

The direct beam line is mainly dedicated to the
2D transverse emittance and bunch length measure-
ment. The deviated line is devoted to the measure-
ments of the beam parameters (mean and dispersion
energy measurement of the beam). The injection in
the deviated line is performed by the Tesla Test Fa-
cility injector dipole.

The direct beam line is equipped with:

2 Beam Position Monitors;

1 phosphorescent transverse beam profile moni-
tor;

1 Faraday Cup.

The beam profile monitor is the phosphorescent
screen oriented at 45° relative to the beam axis. The
screen is a cerium doped yttrium:aluminum:garnet
(YAG:Ce) crystal scintillator of 300 pm thickness
and 40 mm of diameter.

In 2010, three other phosphorescent YAG:Ce
screen monitors were installed on PHIL. The first
one is mounted at the entrance of the dipole. It pro-
vides important information on the beam behavior
just before the dipole magnet, which is used to ad-
just the beam for the mean and energy spread meas-
urement on the deviate line. Each phosphorescent
screen is complemented with a versatile optical sys-
tem (made of one or more achromatic lens) and a
Gigaethernet CCD camera (2 with 1/3" sensor for-
mat with 7.4 um pixel size and 2 with 1/2" sensor
format with 4.65 um pixel size). The CCD dynamic
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range is 8 bit. In order to avoid pixel saturation dur-
ing the measurement a remote control optical density
wheel is mounted in front of each camera.

One very important feature of the PHIL electron
bunches that duration of one pulse is a few of pico-
seconds and signals from different bunches are very
well separated in time which enables us to obtain
good time resolution for investigating of detector
timing characteristics.

A two meters extension of the direct beam line
has been constructed to accommodate the
LEETECH facility.

Principle of the setup

The LEETECH platform uses electrons from
PHIL to provide electron samples with adjustable
energy and intensity. Schematic view of the setup is
shown in Fig. 2.

Fig. 2. Geometry implemented into full Geant4 simula-
tion. End of the PHIL beam pipe (2), target (1), vacuum
chamber with magnetic field (4), entrance and exit colli-
mator systems (3, 5) and lead shielding are shown.

The principle of setup is described below. An Al
attenuator (1) is installed at the exit window of PHIL
beam pipe (2). After the attenuator the electrons
form a wide energy spectrum and solid angle distri-
bution. The entrance collimators system (3) selects a
direction of electrons sent to the spectrometer also
adjusting the intensity. Thus, obtained narrow se-
condary beam passes the magnetic field region (4)
inside the vacuum chamber. At the exit (5) the elec-
trons are again filtered by exit collimators system
and through the thin exit window impinged in the
test detector (6). The second exit window (7) with
collimators system is dedicated to the training and
monitoring purposes.

The electrons of a desired energy are selected by
choosing the magnetic field controlled by the current
in the dipole magnet. Output intensity can be com-
plementarily adjusted by changing the attenuator
thickness and magnetic field. In addition, the chosen
energy and intensity conditions may define a given



LEETECH FACILITY

choice of the attenuator thickness. Remote control
and monitoring of the collimator systems and dipole
current is provided via user friendly interface from
the PHIL control room.

Simulation

Before entering the manufacturing phase the full
Geant4 simulation of LEETECH platform was per-
formed [8]. Geometry of the setup used in the simu-
lation is shown in Fig. 2. A dedicated shielding in
the vacuum chamber suppresses contribution from
reflected particles and increases signal to noise ratio.

The full simulation is time and computing-
resources consuming, so that 12 hours of simulation
time is required using one CPU (Intel Core
i5-2410M) to obtain statistical sample of 10° prima-
ry particles sufficient to produce a spectrum shown
in Fig. 3. To increase the efficiency the MPI (Mes-
sage Passing Interface) parallel tool [9] was added to
the LEETECH simulation under Geant4.9.5 version
and later replaced with Multithreading feature for
Geant4.10.0 released.

Detector hits
350
300
250
200
150
100}

50

0Ea &

0 05 7 1.5 2 25 3
P, MeVic

Fig. 3. Typical spectrum of electrons at the exit
of LEETECH facility and Gaussian fit of the peak
(dashed line).

A fake detector volume positioned at the exit of
the spectrometer emulates the test detector in the
simulation. For all particles entering this volume
information about their type, position, momentum
and time is stored to the ROOT [10] file. If required
this information is used as an input to further simula-
tion. For example this technique is used to simulate
the response of diamond detector [12] installed at
the exit of the LEETECH spectrometer.

A typical simulation spectrum of electron energy
at the exit of LEETECH is shown in Fig. 3. A peak
on the spectrum corresponds to the chosen energy
value, while the remaining background from scat-
tered particles forms a tail to the left from the signal
peak. Simulation is used to optimize shielding and
increase signal to noise ratio.

The timing distribution obtained with the simula-
tion is shown in Fig. 4. This distribution corresponds

to the “wide” mode — fully opened collimators
(20 x 20 mm) at the entrance and exit to increase the
statistics. Its full width of about 300 ps can still be
improved by adjusting the collimators opening.
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Fig. 4. LEETECH timing characteristics for “wide”
mode of collimator system (simulation).

This full Geant4 simulation is used to validate
LEETECH geometry, to study angular and momen-
tum distribution of the electrons after attenuator for
different attenuator thickness and to estimate number
of delivered electrons as a function of magnetic
field, attenuator thickness and collimator opening.

Attenuator thickness

Dependence of angular and momentum spectra
on the thickness of attenuator was studied. This sim-
ulation was performed with the detector positioned
behind the attenuator. Momentum spectra of elec-
trons after passing the Aluminum attenuators of dif-
ferent thickness are shown in Fig. 5. The obtained
spectra show that different attenuator thickness fa-
vours different energy samples, so that attenuators of
different thickness are foreseen to be produced.

Normalized number of electrons
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Fig. 5. Momentum spectra of electrons after passing
the Aluminum attenuators of different thickness.
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The angular distribution of electrons’ flight direc-
tion after the attenuator is shown in Fig.6. In
agreement to naive expectations, for thin attenuators
the flight direction is smeared around the original
flight direction. For thicker attenuators wider distri-
bution of deviation angles is observed. This fact has
to also be taken into account for calculations of the
intensity of the delivered samples.
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Fig. 6. Angular distribution of electrons’ flight direc-
tion after the attenuator. Lines numbered 1, 2 and 3
correspond to the 0.1, 2 and 4 mm attenuator thickness,
respectively.

Variation of magnetic field

In this section we study the intensity of the deli-
vered samples as a function of applied magnetic
field. This dependence for different thickness of the
attenuator is particularly important since it can be
directly measured in the experiment and confronted
to the simulation results.

Simulation was performed using primary elec-
trons of 3.5 MeV/c momenta for aluminum targets
of 100 um, 2 mm and 4 mm. The obtained intensi-
ties of delivered sample depending on the applied
magnetic field are shown in Fig. 7.
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Fig. 7. Magnetic field scans for different attenuator
thicknesses. Circles, squares and triangles correspond to
the 0.1, 2 and 4 mm attenuator thickness, respectively.

These distributions are in agreement with the spec-
tra shown in Fig. 5. Note that the magnetic field
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shown on the horizontal axis of Fig. 7 is proportional
to the electron momentum shown on the horizontal
axis of Fig. 5. For each attenuator, a maximum cor-
responding to the maximum energy of electrons after
the attenuator and slow rising edge, are observed.

However, maximum intensity for the attenuator
of 100 pm in Fig. 7 is lower than that for the attenu-
ator of 2 mm. This can be explained by the inclina-
tion of the beam pipe with respect to the vacuum
chamber by angle of 23°. In case of the 100 um at-
tenuator the beam solid angle after the attenuator is
narrow and the main part of the beam goes aside and
hits the collimators. Therefore the number of elec-
trons accessing the vacuum chamber becomes sig-
nificantly smaller than the total number of electrons
after passing the attenuator. In case of the 4 mm at-
tenuator the beam solid angle is wider so bigger part
of electrons accesses the chamber.

Shielding in the vacuum chamber

The internal shielding of the vacuum chamber
was designed to optimize a quality of the delivered
samples. Four different geometries of the shielding
illustrated by Fig. 8, were suggested and included in
the simulation.

Fig. 8. Different arrangements of the lead blocks inside
the vacuum chamber aiming at the reduction of contribu-
tion from scattered particles.

The ratio between the number of signal electrons
and background hits was chosen as an optimization
parameter. The obtained distribution was fit in the
signal region with the Gaussian function to estimate
the number of signal electrons. Remaining entries
were attributed to the background category. The re-
sults of this study are shown in the Table.
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Optimization of the shielding in the vacuum chamber

using simulation. Number of signal electrons, number

of background entries, their ratio and Gaussian width
are shown for the geometries outlined in Fig. 8

Id | Signal | Background Ratio, % o, keV

a | 1242 139 11.2 53

b | 1484 242 16.3 52

c | 1348 175 13.0 55

d | 1414 186 13.2 52
Summary

A new facility LEETECH delivering low-energy
electron samples with adjustable energy and intensi-
ty of the delivered samples was designed. The R&D,
calibration and quality control programs with
LEETECH are identified for a wide range of instru-
mentation techniques. The intensity of delivered
samples ranges between few and 10° electrons.
Bunches with a duration of hundreds (tens for fur-

ther studies) of picoseconds are delivered at a fre-
guency of 5Hz. Samples energy is chosen in the
range between hundreds of keV and the maximum
PHIL energy of 5 MeV, with resolution of a few per-
cents (down to 1 % for further studies). Remote con-
trol of the entire setup has been developed.

The full Geant4 simulation of the facility has
been performed. Desired parameters of the simulated
samples were obtained by adjusting the dipole cur-
rent and collimators position and by choosing the
attenuator thickness. Time of the simulation was
significantly reduced using tools for parallel compu-
ting. Further improvement of timing characteristics
of the delivered samples will be studied.

Next experiments at the built facility are planned
to systematically confront simulated parameters of
LEETECH to the measured values.

Research was conducted in the scope of the
IDEATE International Associated Laboratory (LIA).
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MVIAT®OPMA LEETECH SAK KEPOBAHE /IKEPEJIO HU3bKOEHEPI'ETHYHUX EJIEKTPOHIB

Po3po6iieno HoBy yHiBepcanbhy ycranoBky LEETECH mnst 3ama4 TecTyBaHHs Ta KajaiOpyBaHHs AeTEKTOpiB. Buko-
PHUCTOBYIOUH IIyYKH €JIeKTpOoHiB 3 npuckoproBada PHIL na6Goparopii LAL, Opce, BoHa € NOTY>KHUM IHCTPYMEHTOM JUIsI
mHpokoro koia R&D nmociipkeHp pi3HUX THUIIB AETEKTOPIB, MOCTAYAI0YH «MOHOXPOMATHYHI» IMYYKH HU3bKOCHEPIeTH-
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YHHUX EJIEKTPOHIB 3 PETyIhOBAHOIO €HEeprie€lo Ta iHTEHCHUBHICTIO. Cepex iHIIMX iHHOBAIITHUX JOCHTIMKEHb yCTaHOBKA
LEETECH 6yzne BUKOPHUCTOBYBAaTHCH U TECTYBaHHS Ta30BHX TPEKOBHX JETEKTOPIB Ta MOCIIIKEHHS HOBOI KOHIIETIIi
Micromegas/InGrid, sika mMae ayke MepCreKTHBHI XapaKTePUCTHKH MPOCTOPOBOI PO3IIIBHOI 31aTHOCTI Ta MOXe OyTH
XOPOUIMM KaHJHMJIAaTOM JJIsl TPEKIHTY Ta iieHThdiKanii YacTHHOK. Y JaHiil CTaTTi po3MIsSHYTO BOXKJIMBICTh Ta OYiKyBaHi
XapaKTEePUCTUKH TaKOT yCTAaHOBKH, OTPUMaHi 3a JOMOMOTI'OI0 JAE€TAIbHUX CUMYJISILIIH.

Knrouosi cnosa: Micromegas/InGrid, npuckoproBau PHIL, ra3oBi TpekoBi cucremu, Geant4, MOHOXpOMATHYHI MyYKH.
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IJIAT®OPMA LEETECH KAK YIIPABJISIEMbIA HCTOYHUK
HHU3KOSHEPTETUYECKHX 2JIEKTPOHOB

Pa3paborana HoBas yHuBepcanbHast ycraHoBka LEETECH mns 3amad TecTupoBaHHS M KaIHOPOBKH JIETEKTOPOB.
Hcnonp3ys myuku snekrpoHoB yckoputeis PHIL ma6oparopun LAL, Opce, ona npeacraBisger coOOi MOIIHBIA HH-
CTPYMEHT i mupokoro kpyra R&D unccrnenoBanuil pa3nuyHbIX TUIIOB AETEKTOPOB, NMPEIOCTABII «MOHOXpOMAaTHYE-
CKHE» ITyYKH HU3KO3HEPreTUYECKUX IEKTPOHOB C PETyIHpyeMOit SHepIrueil 1 MHTEHCUBHOCTRIO. Cpenyl APYruxX MHHO-
BalMOHHBIX HccienoBanuii ycranoska LEETECH Oyner ucnonp30BaThes Ui TECTUPOBAHUS T'a30BBIX TPEKOBBIX JETEK-
TOPOB ¥ HCCIIeIOBaHUS HOBOW KoHIenmu Micromegas/InGrid, koTopast iMeeT 04eHb epPCIIEKTHBHBIE XapaKTePUCTHKA
MIPOCTPAHCTBEHHOH pa3pemniarolieil CHoCOOHOCTH M MOXKET OBITh XOPOIIUM KaHIUIaTOM ISl TPEKWHTa U HAeHTH(UKa-
MU YaCTHIl. B MaHHOW cTaThe pacCMOTPEHBI BAXKHOCTH M OKHAIAEMBIC XapaKTePUCTUKA TaKOH YCTAaHOBKH, TIOTYYCHHBIC
C TIOMOIIBIO JeTaTbHBIX CUMYJIISIIHHA.

Knrwuesvie crosa: Micromegas/InGrid, yckopurens PHIL, razoBsie TpekoBble cuctembl, Geant4, MOHOXpOMaTHYe-
CKHUE ITyYKH.
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