










represent an interesting alternative to channeling for beam steering applications in
high energy physics such as beam collimation. To overcome the difficulty of a fixed
and small deflection angle, a multireflection system composed of many crystals has
also been studied [20]. This system should multiply the reflection angle with a small
decrease in efficiency. Fig. 13(a) shows the first successful multireflection attempt:
two quasimosaic crystals (PNPI) have been aligned and placed on the goniometer.
The plot shows the result of the angular scan where two almost overlapped channel-
ing peaks are visible on the left side while in the central region the double reflection
is present. Fig. 13(b) compares a frame of the scan in double reflection (grey plot)
with an amorphous one (white plot); the deflection angle is 23 � 4 � 0 � 4 µrad and the
deflection efficiency is 95 � 7 � 0 � 4%.
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Fig. 13. (a) Angular scan of two aligned quasimosaic crystals. The beam angular profile is
plotted as a function of the goniometer angle; the grey code represents the intensity in a
logarithmic scale. (b) The comparison between a profile of both crystals in the amorphous
orientation (white) and a profile in which they are both in reflection; the total deflection
angle doubles the single reflection one.

4 The H8RD22 2007 data taking

During 2007, the H8RD22 collaboration has performed three test runs respectively
in May, September and October. In the May and October runs, the setup (fig. 14)
consisted in 4 double sided silicon microstrip detectors with a position resolution
of the order of 5 µm (thanks to the fact the analog information is collected for each
strip) that allowed the reconstruction of the incoming and outcoming angle of each
single particle, differently from the 2006 setup.
The crystal was positioned on a 3 stage goniometer as in 2006; in this way, after a

preliminary optical alignment of the crystal itself with respect to the beam direction,
the crystal can be positioned automatically on the beam (linear stages), an angular
scan can be performed to observe the volume reflection (VR) and channeling effects
and it can be moved with a so called cradle stage to observe the axial channeling.
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Fig. 14. Experimental setup for the May and October 2007 runs; the photo shows one
silicon module. Each module consists of a double side silicon strip detector with 384 strips
per side (50 µm readout pitch) readout by 3 VA2 ASICs (Gamma Medica-IDEAS). In this
version of the telescope, the AC coupling is achieved through external quartz capacitors.

The September run has been dedicated to the observation of the channeling and
VR phenomena with electrons and positrons. The setup (fig. 15) has been modified
adding a scintillator-lead calorimeter and a NaI(Tl) calorimeter to tag the electrons
(the electron fraction of the beam was around 50%) and to reconstruct the spectrum
of the radiation emitted during channeling and VR. The calorimeters and a set of
silicon beam chambers were positioned after the last bending magnet of the line to
perform tests also steering away the primary electron/positron beam.

In the following the main results obtained in each run are listed.

� May run: the run has been performed with primary protons of 400 GeV/c with
a beam intensity of the order of a few 105 particles/spill (the spill duration is
4.8 sec); the maximum data acquisition rate is of the order of 3 kHz. The results
are the following:

� measurement of the volume reflection and channeling effects in several crystals
(quasi-mosaic, single strip)

� measurement of the VR with a multi-crystal setup (five quasimosaic crystals
have been aligned by hand on the beam to obtain a summed effect as far as the
VR angle is concerned)

� measurement of the dependence of the VR angle from the curvature radius of
the crystal itself

� first steps in the study of a possible multi-strip setup (up to 7 strips) in order to
understand the limits of the passive alignment

� measurement of the axial channeling with a single strip crystal� September run: the run has been performed with electrons and positrons of
180 GeV/c; while waiting for the electron beam setup, a scan has been performed
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Fig. 15. Experimental setup for the September 2007 run; the photos show the silicon tele-
scopes (S3 and S4, top left) that are used to measure the steered electron, the scintillator
lead calorimeter (top right) and the goniometer with the near crystal silicon telescope (bot-
tom).

also with hadrons (mainly pions). The DAQ rates were the same of the previous
run but the intensity of the beam was lower. The results are the following:

� measurement of the VR and channeling effects with quasimosaic and strip
crystals and electron, positron, hadron beams

� observation of the radiation emission in channeling and VR. The photon spec-
trum has been measured in two different ways: using alternatively the NaI
calorimeter and the scintillator-lead one and using large (9.5x9.5 cm2) silicon
beam chambers positioned after the last bending magnet as a spectrometer. In
this case, the energy of the emitted photon has been reconstructed from the
energy of the electron computed using the deviation angle of the electron itself
as measured by the silicon.� October run: the run has been performed with the same setup of May with

primary protons of 400 GeV/c. The results are the following:
� measurements of the multi-crystal effect with the 5 crystals controlled remotely

in two different ways; once the alignment and its effect on the VR had been
measured, the repeatability of the alignment has also been checked several
times to understand what to modify in the next run

� measurement of the VR effect in a diamond crystal; only a very preliminary
result has been obtained due to missing information on the bending angle of
the crystal

� measurement of other points for the R dependence of the VR to check the
simulation and analytical computation results

� measurement of the VR and channeling effects as a function of the hit position
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of the particle on the crystal in the horizontal plane (border effect). This mea-
surement will be fundamental to understand the behaviour of the multi-crystal
system

� first test of a very short crystal (less than a single oscillation period) to under-
stand the behaviour of the particle inside the channel.

The results have still to be published so they can’t be reported in detail here. As
an example, fig. 16 shows the angular scan of 5 aligned quasimosaic crystals. The
deviation angle is 5 times the single crystal one with an efficiency of the order of
90%.

Fig. 16. Angular scan of 5 aligned quasimosaic crystals. The crystals have been aligned
with piezoelectric motors.

5 H8RD22 roadmap for 2008 and 2009

The future plans of the collaboration will move on two different guidelines:

(1) the development of a complete system for the collimation of LHC beams with
indications also for the possibility of employing crystals in ILC

(2) the study of the radiation emission in curved crystals and in undulators to
study the possibility of employing such radiation in several ways and to un-
derstand what will happen in an electron/positron machine

Both the guidelines will require hardware and software developments and several
test periods, as it is listed in the following.
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LHC collimation
From the hardware point of view, the following items need to be investigated:

� development of a remotely controlled system to align crystals on the beam; the
system has to be compliant with the materials that can be used in the LHC accel-
erator and has to stand the vacuum requirements. The first version of the align-
ment system will be tested in August/September 2008� development of a dedicated setup to pre-align crystals before putting them on the
beam. The alignment using the primary protons of H8 at the moment requires
too much time even with the remote control and even keeping in mind that this
was the first test. The Russian part of the collaboration is designing a X-ray
facility to pre-align the crystals measuring the diffraction of X-rays on the crystal
surface. This will reduce the time for the following test of the crystal ensemble
on H8 (also considering a mass test for the application in LHC). A possible
prototype of this facility will be tested with the August/September 2008 multi-
crystal ensemble� development of a dedicated tracking setup with high resolution silicon microstrip
telescopes with a system on chip readout to fully exploit the beam intensity (go-
ing from a DAQ rate of 3kHz to 25kHz thus acquiring more than 105 particles
per spill). The tracking system will be ready for the August/September 2008 run� during 2008 and 2009, other possible materials for crystals (diamond, germa-
nium, ...) will be tested on H8.

In the last months, the possibility of performing tests on the SPS has been pursued
in order to test the efficiency of the system and the effect of the multipass. The
LTC has approved the experiment which is called CRYSTAL. A dedicated radiation
hard tracking and beam profile measurement setup inserted in roman pots to be put
inside the vacuum pipe will be developed to measure the crystal effects on the halo
(obtained perturbing the primary beam) of the SPS beam. The development of this
second tracking system will start during 2008 to be ready for a run in 2009.
Provided that the SPS test is completed successfully, a request to perform a test on
the LHC beam halo will be submitted.

Radiation emission
The study of radiation emission from bent crystals is a novel topic as far as vol-
ume reflection is concerned (the H8RD22 collaboration has observed for the first
time this phenomenon at very high energies). The study of the radiation emitted
by (straight or bent) crystals when used with electron or positron beams is very
important for two reasons:

� to understand all the details for the use of crystals in the future electron/positron
machines� to understand the possibility of using such radiation in different fields. From this
point of view, a good example is represented by the undulator and the dream of
using it as a crystalline wiggler to produce a high intensity photon beam.

15

EU contract number RII3-CT-2003-506395 CARE-Note-2007-020-HHH



This second guideline will proceed in parallel with the first one, which is the main
topic of the next 18 months at least. During 2008, a long (14 days) run has been
foreseen on the SPS H4 electron/positron beam to develop the photon tag detector
setup to measure the integral photon spectra, the energy of the single photons and
the intensity of the produced photon beam. This setup will be based on a magnetic
spectrometer with silicon detectors and dedicated imaging calorimeters.

A first test phase (July 2008) will be performed at the CERN PS T9 beam line
in order to test the detectors and to reproduce the low energy measurements and
simulations. During August 2008, the setup will be moved to the SPS to study the
photon emission with high energy (greater than 100GeV/c) beams. The results of
these tests will allow to write a detailed program for the following years.
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