Available online at www.sciencedirect.com NUCLEAR

° INSTRUMENTS
g SCIENOE@DIRECT & METHODS
o IN PHYSICS
s ~3 RESEARCH
ELSEVIER Nuclear Instruments and Methods in Physics Research A 547 (2005) 455-463 Sechions

www.elsevier.com/locate/nima

The large-area micro-channel plate entrance detector of the
heavy-ion magnetic spectrometer PRISMA

G. Montagnoli®, A.M. Stefanini®*, M. Trotta®, S. Beghini®, M. Bettini®,
F. Scarlassara®, V. Schiavon?, L. Corradi®, B.R. Behera®, E. Fioretto®, A. Gadea®,
A. Latina®, S. Szilner™?, L. Dona®, M. Rigato®, N.A. Kondratiev®,
A. Yu. Chizhov®, G. Kniajeva®, E.M. Kozulin®, 1.V. Pokrovskiy®,
V.M. Voskressensky®, D. Ackermann®

2INFN and Dipartimento di Fisica, Universitd di Padova, I-35131 Padova, Italy
®INFN, Laboratori Nazionali di Legnaro, 1-35020 Legnaro (Padova), Italy
CINFN, Sezione di Napoli, I-80126 Napoli, Italy
A Ruder Boskovic Institute, Zagreb, Croatia
®Flerov Laboratory of Nuclear Reactions, JINR, 141980 Dubna, Moscow region, Russian Federation
fUniversity of Mainz and GSI, D-64291 Darmstadt, Germany

Received 7 February 2005; received in revised form 14 March 2005; accepted 16 March 2005
Available online 13 May 2005

Abstract

This paper describes the entrance detector of the magnetic spectrometer PRISMA recently installed at Legnaro. The
detector is based on rectangular (80 x 100 mm?) Micro-Channel Plates (MCP). It provides a fast time signal and its
position-sensitive anode allows to extract the X and Y information. It exploits an electrostatic field for the acceleration
of secondary electrons from a thin Carbon foil (=~ 20 pg/cm?) onto the MCP assembly. The electrons are guided by a
parallel magnetic field. Good performances were obtained in the laboratory tests. The detector is presently installed at
the entrance of PRISMA and gives resolutions <400ps in time, and 1 mm in both X and Y-axes, with efficiency
=~ 100%, in typical experiments with heavy-ion beams.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction
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many years (see e.g. Refs. [1-9]) in experimental
set-ups for nuclear physics studies at low and
intermediate energies. These detectors yield fast
time signals often used for measurement of Time-
of-Flight (TOF) of nuclear reaction products.
Accurate position sensitivity in one or two
directions has been also achieved by suitable
read-out systems. Possible sources of problems
that have to be solved with MCP detectors (and
especially for large-area detectors) are the back-
ground of X-rays, d-electrons and (unwanted) light
charged particles produced in the target, and the
sensitivity to external magnetic or electric fields.

This paper describes in detail the construction
and performance of the MCP detector used in the
magnetic spectrometer PRISMA [10] of LNL [11].
This detector is based on rectangular large-size
MCP, it gives time and X, Y position signals, and
it is placed near the scattering chamber. Its
characteristics and its carefully chosen installation
between the target and the first magnetic element
of the spectrometer make it very important for the
performance of PRISMA.

The most interesting features of this spectro-
meter are a very large solid angle (80 msr) and
momentum acceptance (£10%), good mass reso-
lution (1/300) via (TOF) measurement, energy
resolution up to 1/1000, and capability of rotation
around the target in a wide angular range from
—20° to 130°. PRISMA is based on a simple
quadrupole-dipole magnet configuration, but the
ion tracks are reconstructed event by event, via
software, using the position, time and energy
signals from the entrance MCP detector described
here, and from the array of focal plane detectors
[10,12] (FPD), on the basis of the detailed mapping
of the magnetic fields.

Two possible schemes for trajectory reconstruc-
tion can be applied, in general: one can use
position, energy and exit-angle information from
the focal plane detectors plus TOF along the
spectrometer, or one may substitute the exit-angle
with entrance angle information. A start detector
is required in both cases, but in the first hypothesis
it can be rather simple. However, simulations show
that only the second scheme (that we have chosen
for PRISMA) allows to achieve the design mass
resolution of 1/300. This puts stringent require-

ments on the start detector since (1) it should
provide good timing (TOF resolution better than
=~ 500 ns), (2) the entrance angle resolution should
be better than =~ 0.5° in the dispersion plane
(tolerance is somewhat larger in the vertical
direction), (3) thickness should be kept at a real
minimum in order to disturb the ion trajectory as
little as possible and (4) the detector should
withstand a high counting rate because of the
large solid angle.

The position of the detector, half-way between
the target and the magnetic quadrupole represents
a compromise between angular resolution and the
need to keep its size within reasonable limits. At
that distance, the required angular resolution
translates into a position resolution of about
I mm. A vertical strip target is also used to limit
the beam spot in the horizontal direction to 1 mm.

PRISMA was mainly designed for high-effi-
ciency studies of elastic and inelastic scattering,
and of few- and multi-nucleon transfer reactions
induced by very heavy ions. PRISMA marks a
significant step further for the experimental
activity in this field, with its large efficiency and
high mass, Z and energy resolutions. Those heavy-
ion collisions at energies near or slightly above the
Coulomb barrier are an interesting research area
where reaction dynamics and nuclear structure
influence each other to a large extent. They are
also a valid tool for the population of moderately
neutron-rich exotic nuclei where new structure
effects are expected to show up. A y-ray detector
array [13] with 25 Clover detectors, called
CLARA, from the Euroball collaboration is
associated to PRISMA and allows for such
nuclear structure studies.

The MCP entrance detector of PRISMA
described here, gives the direction of the ions
with an uncertainty smaller than 0.5°, and off-line
ion tracking yields a careful determination of
their velocity. Therefore, a very effective Doppler
correction for the y-ray energies can be performed.

2. The MCP detector

The entrance detector of the PRISMA spectro-
meter is based on a pair of large-area
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(80 x 100mm?) MCP', mounted in the chevron
configuration. It provides a fast time signal, and
position information of the reaction products in
two directions X (along the PRISMA dispersion
plane) and Y. Its high-counting rate capability
allowed to install the detector close to the target
where, usually, a very high background due to
d-clectrons, X-rays and light charged particles is
present. In its location between the target and the
quadrupole magnet of PRISMA, it matches the
whole solid angle covered by the spectrometer.

A schematic layout of the MCP detector is
shown in Fig. 1, and a picture is reported in the
following Fig. 2. The inner detector assembly is
housed in a metal cage tilted at 45° with respect to
the optical axis. Two faces of the cage consist of
grids (entrance and inner grids), and are transpar-
ent to the ions. The other four faces consist of the
MCP inner surface, and of three stainless-steel
walls. All this box is biased at the same voltage of
the MCP (=~ —2000 V).

The ions coming from the target cross a first
grid of 20 um gold-plated tungsten wires spaced
I mm. Then the ions cross, sequentially, a second
grid (inner grid), a thin self-supporting carbon foil
(=~ 20 pg/cm?) biased to >~ —2300V, and an outer
grid in electrical contact with the inner one.

The inner/outer grids are placed symmetrically
on either side of the foil, at 4mm from it. The
inner grid accelerates (to 300eV) the secondary
electrons produced in the foil and emitted back-
wards, toward the MCP, while the outer grid is
used to balance forces on the very delicate foil. The
accelerated electrons reach the MCP pair surface
and undergo multiplication. The produced charge
is collected by the position-sensitive anode de-
scribed in Section 3.

In order to preserve the position information
[1,2], a magnetic field, parallel to the accelerating
electric field, is applied using an external coil (see
Fig. 1) installed half-way between the carbon foil
and the MCP. The electrons spiral around the
magnetic field direction, drifting (>~ 10cm) to-
wards the MCP. The magnetic field at the center of
the coil is >~ 120 Gauss. The preliminary tests (see

!GALILEO Corp., Galileo Park, P.O. BOX 550, Sturbridge,
MA 01566-9979 (USA).
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Fig. 1. Schematic view (from above) of the MCP detector. The
carbon foil center is at 25cm from the target.

Fig. 2. View of the MCP entrance detector.

Section 4) evidenced that the detector performance
is only weakly affected by the intensity and
uniformity of the magnetic field and/or by the
accelerating electrostatic field. Both fields may be
varied in a reasonably wide range [2].

Despite the short distance (25cm) from the
large-bore quadrupole magnet (30cm diameter),
the stray magnetic field is at most a few Gauss,
thanks to a suitable shield placed in front of the
quadrupole.

The MCP detector (see Fig. 2) is housed in a
vacuum case, and fixed to a rectangular flange
where the vacuum connectors for high voltage,
DC-power for internal electronics, and for output
signals are placed. Fig. 2 shows the detector as
viewed from the target. The carbon foil is on the
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right; the electronics is fixed to the anode and to
the MCP pair (not visible in the picture) and can
be seen on the left.

3. The anode and the read-out system

The position-sensitive anode is composed of two
orthogonal delay lines made of 100 um gold-plated
tungsten wire, each one wound around a frame of
two plexiglas rods. The rods of the two lines have
different diameters in order to keep them insulated
from each other and both from the inner copper
frame acting as a reflection plate for the electrons,
according to Refs. [1,14] (see Fig. 3). The outer
delay line is 3 mm from the MCP output face.

The scheme of the voltage divider (placed in
vacuum) for the carbon foil, for the MCP and for
the DC-voltage levels of the delay lines, is reported
in the upper part of Fig. 4. The DC-voltage levels
of the two delay lines are adjusted so as to collect
half of the charge on each of them. Each delay line
consists of two windings with 1 mm pitch as shown
in detail in Fig. 3. Overall, they constitute a two-
wire transmission line, where only one wire collects
the charge (see Ref. [14] and Refs. therein for
details). The two windings are connected to low-
noise differential amplifiers [15] on one side (see
Fig. 4), in order to minimize the influence of fast
signals from the MCP. The whole anode structure
is directly fixed to the printed circuit board where
the voltage divider and the amplifiers are mounted
(see Fig. 2).

Copper frame
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Circuit board =3

Wires pair

Fig. 3. An artist’s view of one corner of the position-sensitive
anode.
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Fig. 4. A scheme of the MCP set-up, of the position-sensitive
anode and of the electronics (see text). All items above the
horizontal dashed line are in vacuum. The numbers just below
the line identify the signals shown in Fig. 5.

Fig. 4 shows schematically how the X, Y
position information is obtained from the differ-
ence in arrival time of the signal at one end of the
delay line with respect to a reference time signal.
This figure also shows that this fast time signal is
derived from the second MCP through a capaci-
tor. This signal is fed into a sequence of two fast
amplifiers (risetime 1.5ns, overall gain =~ 20), in
order to increase the counting rate capability of
the detector. The second amplifier is placed outside
the metallic box containing the whole detector.
The time signal is also used as start reference for
the TOF measurements through the spectrometer,
while stop signals are supplied by the focal plane
detectors.

Typical sets of signals are shown in Fig. 5. They
were obtained during one of the tests with
a-particles discussed in Section 5. From the top
to the bottom, they are pairs of: time (blue),
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Fig. 5. Two sets of time, X, Y and time amplitude signals
obtained with a-particles (see Fig. 4). The triggering signal is
the fast time signal shown on channel 1 (in blue). The time base
is 20ns/div, and the sensitivities for the four channels are
specified in the picture.

X (orange), Y (green) and time amplitude (pink)
signals as seen on the scope. We notice that for a
given time reference (the uppermost signal) trig-
gering the scope, the X and Y signals appear with
different delays (i.e. positions). The risetime of the
fast time signal is >~ 1.5-2ns. For heavy-ions with
A>=20-30, its amplitude is several hundreds of
mV, typically. Comparable signals can be obtained
with a-particles, by a suitable increase of the bias
on the MCP.

In the lower part of Fig. 4 (below the horizontal
dotted line), one sees the block scheme of the
standard electronics placed outside the vacuum.
The amplitude of the time signal is processed by
an independent electronic line composed of an
integrator and of a shaping amplifier. This allows
to control the working conditions of the detector,
and is used for further off-line analysis. Two
examples of such integrated time signal amplitudes
are shown in Fig. 5 (pink signals).

4. Tests with a-particles and UV rays
The position resolution of the MCP and read-

out anode was tested illuminating directly the
MCP surface with UV-photons emitted by a high

vacuum gauge. A mask with narrow slits was put
in front of the MCP entrance surface and the
image, we obtained, is shown in Fig. 6. One can
appreciate that distortion effects are negligible and
the position resolution is >~ 500—600 pm.

Further tests of the position resolution were
performed by irradiating the MCP directly with o-
particles from a **' Am source. As for the previous
tests, a slotted mask was placed in front of the
MCP. The result is reported in the upper panel
of Fig. 7, where “PRISMA” appears, thanks to
suitable cuts on the mask. The mask holes have
& = I mm, with 5mm separation.

The time resolution of the detector was ex-
tracted from a TOF measurement. To this end a
smaller sizz MCP detector [16] (20 x 30 mm?),
providing the start signal, was installed between
the a-source and the large MCP (stop signal). The
distance between the a-source and the small MCP
detector was >~ 3 cm, while the two MCP detectors
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Fig. 6. X-Y two-dimensional spectrum obtained from the
MCP detector illuminated by UV rays, and covered by a
suitable mask. The projection on the X-axis is shown in the
lower panel. The real widths of the open slits are reported in the
upper panel.
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Fig. 7. Top: two-dimensional X-Y matrix of o-particles
implanted into the MCP, through a mask of holes with
diameter ¢ =1, and 5mm apart from each other. Only a
part of the whole matrix is shown. Bottom: the analogous X—Y
plot obtained in the test with the *Fe beam as described in the
text.

were at >~ 15cm from each other. The overall
time resolution measured in this configuration
is >~ 350 ps FWHM (see Fig. 8).

5. In-beam performance

After installing the MCP detector at the
PRISMA spectrometer, a first in-beam test of the
position resolutions in X and Y was performed,
with the *°Fe+ '""7Au reaction well below the
Coulomb barrier (186 MeV of *°Fe beam on a
200 pg/cm? Y7Au target). The spectrometer was
placed at Opp = 70° and the elastically scattered
3Fe jons were analyzed by PRISMA.

The same mask used for the laboratory tests (see
Fig. 7, upper panel), was placed near the carbon
foil (4mm apart and downstream of it). In this
case, a few holes were made larger (J = 3 mm).
By triggering on ions that reach the focal plane of
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Fig. 8. Time-of-flight spectrum of o-particles obtained in the
laboratory tests (see text).

PRISMA, one observed the structure reported in
the lower panel of Fig. 7. This X—Y plot is quite
comparable with the results of the tests with direct
implantation of a-particles, i.e. the transport of the
accelerated secondary electrons from the carbon
foil to the MCP with the help of the magnetic field,
keeps the position resolution better than 1mm.
The efficiency for the detected heavy ions was close
to 100%. The long-term stability of the MCP
detector (days of beam time) was also checked to
be excellent. Further tests performed during test
experiments with beams of *2S and ®*Ni showed
similar results as far as position resolutions,
efficiency and stability are concerned.

We remark that, in this test as well as in
the wusual working conditions of PRISMA
(Oprisma =30°, beam intensity up to = 20pnA,
target thicknesses ~ 200—400 ug/cm?), no particu-
lar problem for the MCP detector was caused by o-
electrons and other types of unwanted background
coming from the target, in spite of the relatively
short distance from it and of the large area of the
MCP. This is the positive consequence of various
conditions, i.e. (1) the detector is placed in a box
separated from the small scattering chamber (see
Fig. 1), (2) secondary electrons emitted backwards
with respect to ion trajectories are detected, (3)
the detector entrance grid, facing the target, has a
high-negative voltage (>~ —2000V), (4) the applied
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~ 120 Gauss magnetic field deflects unwanted
electrons away from the MCP.

The timing performance of the MCP detector
has also been checked in-beam, using a *°Ca beam
and a very thin ®Ni target (a vertical strip,
18 pug/cm? thick and 1.5mm wide, evaporated
onto a 20 pug/cm? carbon backing).

The beam energy was 120 MeV, very near the
nominal Coulomb barrier. The MCP detector was
placed at Oj,, = 54° (the central angle of PRIS-
MA), in kinematical coincidence with a 50 mm?
ion-implanted silicon detector (SD) at 6,, = 48°
on the other side of the beam direction. This SD
was placed at 180 mm from the target, witha § =
4mm collimator. Because of the wide horizontal
angle subtended by the MCP (54° £6°), the
kinematical coincidence was insured both for
scattered “°Ca and recoiling **Ni ions detected by
the silicon.

The TOF difference ATOF between the two
ejectiles was measured by standard NIM electro-
nics. In particular, the timing signals were fed
into Constant Fraction Discriminators (Phillips
Scientific, model 715), and the SD was overbiased
by a factor 2.7. Fig. 9 shows the ATOF spectrum
measured with a narrow gate on the energy
spectrum of the *°Ca ions detected by the SD.
This procedure minimizes the kinematic contribu-

200
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320 340 360 380
Time (channels)

Fig. 9. Time spectrum measured using the in-beam kinematical
coincidence set-up described in the text. The time calibration of
the spectrum is 53 ps/cha.

tion to the ATOF spectrum width. A ATOF time
width >~ 400 ps FWHM was obtained, as shown in
Fig. 9.

It is reasonable to estimate that the SD
contributed for the larger part of this width, since
its time signal was intrinsically slower than the fast
MCP signal (the two risetimes were 6—7ns and
~ 2ns, respectively, with comparable signal-to-
noise ratios). Therefore, the time resolution of the
MCP detector is much better than 400 ps. This
refers obviously to only a part of the detector;
however, the time resolution has to be good over
all its surface, since the mass resolution is good for
all events detected in real experiments (see the
example here below). Actually, in PRISMA the
mass A is derived, in a first approximation, from
the position along the focal plane (Bp) and
from the TOF through the spectrometer, namely
A = Bp x TOF, and the TOF of the ions to be
analyzed is typically ~ 200—400 ns.

The first real experiments on grazing collisions
between heavy ions were performed with PRISMA
recently. Among them, a beam of %*Se has been
accelerated to 505MeV by the Tandem-ALPI
complex onto a ***U target (a 400 pg/cm? U strip
on a thin carbon backing). The scattered Se-like
ions were analyzed by the magnetic spectrometer
set at the grazing angle (61,5 ~ 64°). Fig. 10 shows
the mass spectrum of germanium isotopes ob-
tained after ion-track reconstruction, for a part of
the total accumulated statistics of the experiment.
The germanium isotopes were populated by
two-proton stripping reactions, and several neu-
trons were transferred as well. In particular, we
notice that a good mass resolution was reached
(AA/A ~ 1/280). This is routinely achieved in the
campaign of experiments presently being per-
formed using the PRISMA-CLARA combined
facility. Good time and position resolutions of the
MCP detector (as well as of the focal plane
detectors) are necessary ingredients for this suc-
cessful performance.

6. Summary and conclusions

A large-area MCP detector for heavy ions has
been installed at the entrance of the magnetic
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Fig. 10. Germanium isotopes populated by neutron transfer in
the reaction 505MeV #2Se on U, 6 = 64°, detected and
identified by the magnetic spectrometer PRISMA.

spectrometer PRISMA at LNL. It provides X, Y
positions and a fast time signal for the ions
entering the set-up. The detector uses a pair of
80 x 100 mm?> MCP detecting secondary electrons
produced in a thin carbon foil placed on the ion
trajectories. The electrons are accelerated to ~
300eV and a parallel magnetic field preserves the
position information, on their way to the MCP
pair.

The multiplied electrons are collected on an
anode consisting of two pairs of thin wire grids,
mounted orthogonally to each other on a common
frame, and used as delay lines. A fast time
reference signal is derived independently from the
MCP. The time distance between this fast signal
and the outputs of the delay lines, gives the X, Y
positions. The detector set-up includes fast ampli-
fiers for the time signal, for the signals produced in
the wire grids, and a voltage divider, installed on a
common board behind the anode structure.

Early laboratory tests were performed by
direct implantation of a-particles from a **'Am
source, onto the MCP surface. Position resolutions
~0.5mm in X and Y, and a time resolution
<350 ps have been measured. Final tests have
been performed by placing the detector in its

working site, i.e. at the entrance of the PRISMA
spectrometer, between the small scattering cham-
ber and the quadrupole magnet. Scattering of
medium-heavy beams (328, 40Ca, 3°Fe, *“Ni, 8286)
on heavy targets, has shown X,Y position
resolutions <1mm with >~ 100% efficiency over
all detector surface, and an accuracy of the time
signal better than =~ 400ps. The background
coming from X-rays, d-electrons and light charged
particles produced in the target, is not over-
whelming in the usual working conditions of the
spectrometer.

The large-area MCP detector described in the
present paper is currently used in the heavy-ion
experiments with the spectrometer PRISMA and
the combined PRISMA-CLARA set-up. Its timing
and position signals are fundamental for off-line
reconstruction of the ion trajectories, and conse-
quently for their mass identification with resolu-
tions A4/A = 1/280—300. Its precision allows a
very accurate Doppler correction for the y-ray
signals detected in the Clover array.

Acknowledgements

We would like to acknowledge all other
members of the PRISMA-CLARA collaboration,
and all technicians of the Tandem-ALPI accel-
erators, who made possible the experiments with
PRISMA. Grateful thanks are due to the staff of
the Target Laboratory of the GSI, for producing
the high-quality carbon foils used in the MCP
detector, and to Mr. M.Negrello (INFN - Padova)
for his professional work on electronics.

References

[1] O.H. Odland, W. Mittig, A. Lepine-Szily, G. Fremont,
M. Chartier, M. MacCormick, J.M. Casandjian, Nucl.
Instr. and Meth. A 378 (1996) 149.

[2] D. Shapira, T.A. Lewis, L.D. Hulett, Nucl. Instr. and
Meth. A 454 (2000) 409.

[3] A.N. James, T.P. Morrison, K.L. Ying, K.A. Connell,
H.G. Price, J. Simpson, Nucl. Instr. and Meth. A 267
(1988) 144.

[4] G. Montagnoli, F. Scarlassara, S. Beghini, A. Dal Bello,
G.F. Segato, A.M. Stefanini, D. Ackermann, L. Corradi,
J.H. He, C.J. Lin, Nucl. Instr. and Meth. A 454 (2000) 306.



G. Montagnoli et al. | Nuclear Instruments and Methods in Physics Research A 547 (2005) 455-463 463

[5] H. Keller, G. Klingelhofer, E. Kankeleit, Nucl. Instr. and
Meth. A 258 (1987) 221.

[6] M. Lampton, O. Siegmund, R. Raffanti, Rev. Sci. Instr. 12
(1987) 2298.

[71 A.N. Andreyev, V.V. Bashevoy, D.D. Bogdanov, V.L
Chepigin, A.P. Kabachenko, O.N. Malyshev, J. Roh4, S.
garo, A.V. Taranenko, G.M. Ter-Akopian, A.V. Yeremin,
Nucl. Instr. and Meth. A 364 (1995) 342.

[8] R.E. Renfordt, H. Noll, K. Sapotta, Nucl. Instr. and
Meth. A 185 (1981) 157.

[9] S. Saro, R. Janik, S. Hofmann, H. Folger, F.P. Heberger,
V. Ninov, H.J. Schoétt, A.P. Kabachenko, A.G. Popeko,
A.V. Yeremin, Nucl. Instr. and Meth. A 381 (1996) 520.

[10] A.M. Stefanini, et al., Nucl. Phys. A 701 (2002) 217c;
F. Scarlassara, et al., Nucl. Phys. A 746 (2004) 195c;
A. Latina, et al., Nucl. Phys. A 734 (2004) El.

[11] A. Dainelli, et al., Nucl. Instr. and Meth. A 382 (1996)
100;
A. Lombardi, et al. IEEE Trans. Nucl. Sci. NS (1998)
1129;
LNL Annual Report 1999 LNL-INFN(REP) - 160/00.

[12] S. Beghini, et al., to be published;
E. Fioretto, et al., LNL Annual Report 2003 LNL-
INFN(REP) - 202/2004, p. 143.

[13] A. Gadea, et al., Eur. Phys. J. A 20 (2004) 193.

[14] M.B. Williams, S.E. Sobottka, IEEE Trans. Nucl. Sci.
NS-36 (1989) 227.

[15] S.E. Sobottka, M.B. Williams, IEEE Trans. Nucl. Sci.
NS-35 (1988) 348.

[16] W. Starzecki, A.M. Stefanini, S. Lunardi, C. Signorini,
Nucl. Instr. and Meth. A 193 (1982) 499;
A.A. Bogachev, et al., unpublished.



	The large-area micro-channel plate entrance detector of the heavy-ion magnetic spectrometer PRISMA
	Introduction
	The MCP detector
	The anode and the read-out system
	Tests with  -particles and UV rays
	In-beam performance
	Summary and conclusions
	Acknowledgements
	References


