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Abstract

We present a proposal to study the use of a crystal as a ‘quarter-wave plate’ to
produce high energy circularly polarized photons, starting from unpolarized elec-
trons. The intention is to generate linearly polarized photons by letting electrons
pass a crystalline target, where they interact coherently with the lattice nuclei. The
photon polarization is subsequently turned into circular polarization after passing
another crystal, which acts as a ‘quarter-wave plate’.



1 Summary

The purpose of the proposed experiment is to study the use of a crystal as a ‘quarter-
wave plate’ (A/4—plate) to produce high energy circularly polarized photons, starting from
unpolarized electrons.

It is possible to generate circularly polarized photons using a polarized electron
beam, from either Compton scattering or using a crystalline material as a radiator. How-
ever, the currently available longitudinally polarized electron beams are of limited energy,
< 50 GeV.

We intend to study an alternative method in which one uses unpolarized electrons in
a two-crystal setup. Electrons penetrating the first crystal generate the linearly polarized
radiation. The polarization of these photons is ‘rotated’ in a second crystal, which acts
as a A/4—plate. By these means, higher energies and new physics opportunities will be
possible with already existing beam facilities.

Some of the topics that can be addressed with a circularly polarized high en-
ergy photon beam are, for example, the polarized gluon contribution to the nucleon
spin from polarized photo-production of jets and heavy quarks (produced via photon-
gluon fusion) [1, 2, 3|, and polarized photo-production of high transverse momentum
mesons [4]. This topic is of great importance since the recent polarized deep inelastic
scattering experiments?) have firmly established that only 30% of the nucleon spin is
carried by quarks, as first observed by the EMC Collaboration [5]. Another example is
the study of hidden strangeness in the nucleon. It was recently shown [6] that polarized
photo-production of ¢ mesons is sensitive to this issue.

This experiment will take two weeks for setup, calibrations, and measurement of the
linear polarization of the initial photon beam. The measurement of the circularly polarized
radiation, generated when the linearly polarized photons traverse the \/4—plate (second
crystal) will require four extra weeks. In both cases, the polarization will be detected
through the angular distributions of the 7% 7~ pairs resulting from p° photo-production
in a Be target.

The necessary thickness of the A/4—plate — and therefore the attenuation of the
photon beam — decreases with increasing photon energy. For this reason we request a 180
GeV electron beam which will give a high yield of linearly polarized photons between
96-144 GeV. This choice is a compromise between beam intensity and the thickness for
the \/4-plate.

We request at least six weeks of beam time between the 1999 and 2000 CERN SPS
run with the electron beam available in the H2 beam line in the North Area.

2 Theoretical background
2.1 Radiation of electron in crystals

Let us consider a charged particle penetrating a single crystal (Fig. 1a). For suffi-
ciently small angles of incidence to a crystallographic direction, the coherent scattering
off the atomic constituents (Fig. 1b) act on the particle as if the charges of the screened
nuclei were smeared along this direction (Fig. 1c¢). Thus, the particle is deflected by a
‘continuous string of charge’. Even though the forces are purely electric in the labora-
tory frame, locally the deflection will have the same character as that of the deflection
by a magnetic field. Furthermore, in the continuum approximation the field becomes of

1) The SMC Collaboration at CERN, the E142, E143, E154 and E155 Collaborations at SLAC, and the
HERMES Collaboration at DESY.



macroscopic extension - all along the crystal.
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Figure 1: a) Perspective view of the positions of individual atoms in a simple cubic lattice.
Below, the deflection of an incident particle by a string of atoms in b) the binary collision
picture and c¢) the continuum picture.

The emission of synchrotron radiation by a charged particle passing a magnetic
field is among other things characterized by the critical frequency, w., beyond which the
number of photons per frequency interval, dN/dw, decreases exponentially. The photon
energy corresponding to this frequency is given by

hw, = 3vEB/ By, (1)

where 7y is the Lorentz factor, E the energy of the electron, B is the magnetic field and
By =4.4-10° T is the Schwinger field. Since the axial fields in a crystal correspond to
magnetic fields of up to ~ 10° T, a relativistic particle with v ~ 10° passing a crystal
is likely to radiate a large fraction of its energy into one photon, according to Eq. (1).
Calculated classically as above, it may even seem to radiate more energy than is available
and thus quantum corrections become important for the calculation as pointed out by
Schwinger [7]. The invariant parameter, x = vB/ By, is a measure of the quantum effects in
synchrotron radiation and already when y is around 0.1 the corrections become significant.
This is the basis of the so-called strong field effects which have been investigated in detail
by the NA43 collaboration at CERN led by Uggerhgj [8], and treated theoretically by
several groups, e.g., the group led by Baier in Novosibirsk and Kononets in Moscow.
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Figure 2: Enhancement in channelling radiation with respect to Bethe-Heitler value. Ra-
diation emitted by 150 GeV electrons penetrating a 0.7mm diamond at 0.6 mrad off the
(110) axzis on the (111) plane.

Another type of radiation obtained from the penetration of crystals is the more
familiar ‘coherent bremsstrahlung’ (CB). This type of radiation has a maximum when
the inverse formation length? of the photon coincides with the projection of a vector
of the reciprocal lattice on the direction of the electron. Equivalently, it is a resonance
phenomenon which appears when the waves emitted from the passage of subsequent planes
are in phase. Earlier studies, with the Omega spectrometer and a 80 GeV electron beam
radiating off a Si-crystal, have shown that linear polarizations of 10-60% can be obtain
with this method [9].

The two above mentioned phenomena can be combined in a single feature, the so-
called Strings-Of-Strings (SOS) radiation. This appears in the intermediate region when
the beam is incident in a plane, with a small angle to the axis. Here the influence from the
strong field of the atomic strings of the axis affects the motion of a penetrating particle,
in a way similar to the interaction with the planes in coherent bremsstrahlung. As a
consequence, there will be two contributions: (1) Planar channelling radiation stemming
from transitions between bound states in the transverse potential from the planes, and
(2) radiation of the coherent type stemming from the periodic interaction with the atomic
strings. These contributions appear as distinct features in a power-spectrum (Fig. 2) where
the planar channelling radiation (1) appears at hw/E ~ 0.2 and the SOS radiation (2)
peaks around hw/E ~ 0.7.

The average number of photons emitted by 150 GeV electrons passing a 0.7 mm
diamond, aligned as for Fig. 2, is shown in Fig. 3¢) . Note that the multiplicity is low,
even though the effective radiation length is ~ 0.3X,. The composition of the produced
photon beam was examined by converting the photons in the beam and analyzing them
with a spectrometer, see Fig. 3d). This shows that if the electron radiated more than 90
GeV, then the event is composed of a hard photons of >~ 100 GeV, followed by softer
photons of <20 GeV.

Planar channelling radiation has been shown experimentally to be completely lin-

2) The formation length can be considered as the length over which the photon and the emitting electron
become separated by one wavelength of the emitted radiation. In the case of pair creation, it is the
length required to separate the e™ and e~ by a Compton wavelength.
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Figure 3: ¢) The average number of photons emitted by 150 GeV electrons penetrating a
0.7mm diamond at 0.6 mrad off the (110) azis on the (111) plane. d) Counting spectrum
of single photon events, where the electron has radiated 90 GeV or more in the same
orientation as for ¢) (for details, see text).

early polarized at lower energies [10]. This is to be expected, since in the rest frame of
the longitudinal (along the planes) motion, the particle oscillates transversely as a dipole
oscillator.

The SOS radiation behaves in many respects as the coherent bremsstrahlung. The
important difference is that the SOS radiation is emitted while the particle is travelling
between planes, subject to the strong axial fields, while in the CB case the particle is
perturbed by the much weaker planar fields as it goes across planes. This has two conse-
quences: the SOS radiation is harder, and is not 100% polarized as in planar channelling
radiation. The NA43 experiment has shown that the emitted radiation is linearly polar-
ized for unpolarized electrons incident in the SOS region (See Fig. 4), but the degree of
polarization was not determined ®. Finally, the SOS radiation with respect to radiation
from an amorphous material has an enhancement which is inversely proportional to the
charge of the lattice nuclei apart from the dependence on lattice constants and density of
scattering centres. This means that the enhancement is about a factor of 25 in Si instead
of 40 as shown in Fig. 2 for diamond.

Similarly, pair production in the SOS-mode shows an enhancement (increase in yield
by use of a crystal compared to an amorphous foil of the same thickness) that can be up
to a factor 10 for the energies considered here, somewhat larger than for coherent pair
production. It should be noted that this is comparable to the enhancement for radiation
emission when averaged over all photon energies, ie. the decrease of the effective radiation
length.

2.2 Birefringence: Quarter—wave plate capabilities of crystals
Already in the early sixties, it was proposed by Cabibbo and collaborators [12]
to use a crystal as a A\/4—plate for energetic photons. This relies on the difference of
the indices of refraction, n, for the photons polarized perpendicular and parallel to the
crystallographic plane
R(ny —ny)hw - x4 = 7/2, (2)

3) A measurement of the linear polarization in SOS radiation is a part of our program.
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Figure 4: Evidence of linear polarization in channelling radiation from the cross-section of
ete™ pair production. Shown is the asymmetry, ie. the difference in pair production cross
sections for photons polarized parallel to and perpendicular to the crystallographic plane,
as a function of the energy radiated by the emitting electron.

where hw is the photon energy and x/4 the thickness of the A/4—plate. At that time the
effect was calculated with the theory of coherent pair production and bremsstrahlung. It
was found that the photon beam would be attenuated severely due to the large crystal
thickness required for a A\/4-plate.

Meanwhile, the above mentioned strong field effects, appearing at sufficiently high
energy, have shown radiation and pair production spectra which are not describe by the
theory of coherent bremsstrahlung or pair production. In particular, the predicted and
observed enhancements of radiation (See Fig. 2) are about one order of magnitude higher
than those calculated by coherent bremsstrahlung theory. This for example takes place
in the Strings-Of-Strings (SOS) region, where the electron traverses the strings of atoms
comprising the crystallographic axes. The photon multiplicity in this region is comparable
to that of coherent bremsstrahlung [8]. The SOS radiation bears some resemblance to the
traditional coherent radiation where the electron traverses the crystalline planes. The
increase is due to the fact that the electric forces near an axis giving rise to the SOS
radiation are about an order of magnitude higher than those near a plane, which are
responsible for the traditional coherent radiation. It is expected that the birefringence
effect, given by R(n, —n)), is a factor ~5 stronger for these crystallographic orientations
and photon energies [13].

3 Proposed measurement
3.1 Polarization measurements of photons using p° photo-production

The linear and circular polarization of a photon beam can be measured from the
77w~ angular distribution of photo-produced p° vector mesons, yp — p’p. In the rest

frame of the p°:
dN

3
dcos 040 = W(cosf,¢)° + > PsW(cosb, ), (3)

a=1



where the W (cos 6, ¢)¢ distributions are defined from the production amplitudes and the
spin density matrices (see Ref. [15] for full description), and 0, ¢ are defined as the
polar and the azimuthal angles with respect to one of the pions. The definition for the
polarization vector, P*, depends on the kind of photon polarization:

P, = Pp(—cos2®, —sin 29, 0), P, =Pc¢(0,0,+1), (4)

for linear and circular polarization, respectively, and where ® is the angle between the
~vp production plane and the polarization vector of the photon. In this notation + stand
for right and left handed photons and 0 < (Pr,, P¢) < 1. From Eq. (3)-(4) and under the
assumption of s-channel helicity conservation, the linear and circular polarization of real
photons can be found from:

o, = g{l-l—PL cos 2¢}, (5)

oc = g{lipc sin2¢}, (6)

where oy, ¢ are the cross sections, and ¢ = ¢ — ®.

3.2 Beamline and tagging system

The beam requirements are fulfilled by the H2 beamline[17] for electron at 180 GeV,
that is, low emittance and thus the possibility of an angular divergence of ~50 uyrad. Even
though the beam intensity will be lower than at 150 GeV, the higher beam energies are
desirable for the following reasons:

— The required thickness of the A/4-plate is inversely proportional to the energy of
the photon beam. Therefore a thinner crystal can be used, which will reduce the
beam attenuation.

— The acceptance of the 777~ pair of the decay p° is around 55% and 90% for p° of 50
and 100 GeV, respectively, in the proposed setup. This gain is without a significant
change in the photo-production cross—section (See Fig. 5).

— The emittance of the beam decreases slightly as the energy is raised.

One drawback is that the characteristic angle for the SOS radiation decreases slowly with
increasing energy, but it is only 10% smaller at 180 GeV compared to 150 GeV.

In order to have high beam intensity and reduce the data taking time to a minimum,
we request:

— 5 x 10*2 protons/pulse on T2.

— A production angle ~ 3.0 mrad®.

— more open beam collimation compared to the NA43 experiment. That is, a beam
spot with @ 40 mm instead of @ 20 mm.

Under these conditions we should get 8 x 10* electrons/burst [11].

4) This is different from the standard 4.5 mrad and imposes certain restrictions on the choice of particles
and momenta in the neighbouring H4 beamline.
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Figure 5: Summary on data for p° photo-production cross-section [16] as a function of

W = ,/2MyE.,, where M, in the mass of the proton and E. the energy of the photon
beam.

The energy of the photons will be estimated in an event-by-event basis by tagging
the incoming and outgoing electron. We are only interested in events where E,/E, ~
0.7 (SOS mode). The probability of emitting a second photon in the radiating crystal
in the SOS mode is rather large. However, the typical energy of the extra photons is
below 20 GeV which is a harmless change to the photon energy measurement since this
information will only be used in the trigger, and the p° analysis will be based on the 77~
momentum and vertex reconstruction.

The tagging system is defined by two 1 mm spacing proportional chambers (P1-
2) located upstream of the B8 dipole magnet and one downstream (P3), as shown in
Fig. 6. These chambers have been offered by the SL-division. The angular resolution for
the electron track using the proposed positions for chambers P1 and P2 is ~ 10 yrad.
The typical angle for the emitted photon is rather small, # = 1/v. As a consequence,
both the impact point of the electron into the radiating-crystal, and the photon into the
analyzing-crystal can be predicted precisely. The integrated field in B8 is B - | ~ 4Tm
giving a total momentum resolution of dp/p* ~ 0.0002 GeV~!.

8
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Figure 6: Schematic drawing of the setup.

3.3 Setup
A schematic drawing of the setup for the 77~ detection is also shown in Fig. 6.
For the linear polarization measurement we will need:
— e~ = (crystalyaa) = (Betarget) = p° — w17,
and for the circular polarization:
— e~ = (crystalyas) — (V4 — plate) — (Betarger) — p° — nhm™.
Therefore the setup will be the same for both measurements with the exception of the
A/4-plate.

The 77~ spectrometer is defined by one drift chamber upstream of the Tr6 magnet
and two downstream. The resolution of the chambers is 100 ym and the Tr6 magnet has a
B-dl = 0.52 Tm. The length of the Be-target used to photo-produce p° is limited to 5cm
in order to be able to use its position as a constraint in the vertex reconstruction. With
this target length and the chosen chamber positions, the p° acceptance at 100 GeV is
better than 90 %, and the average angle for a pion and its resolution is 0.005+0.0001 rad.
Similarly, the momentum resolution is ép/p? < 0.0007 GeV~' | while the p° mass resolu-
tion is better than 0.02 GeV. Multiple scattering effects are dominated by the scattering
in the Be target and are of the order of 70 urad for a 50 GeV pion. A lead glass calorimeter
(LG) will be used to reduce possible backgrounds due to -y conversion in the target, by
discrimination of electromagnetic showers from hadronic ones. The chambers and the LG
system have already been used by the NA43 collaboration and therefore known to have
the required characteristics for the polarization measurements.

In the second setup, the \/4-plate will also act as an unwanted target. Therefore,
an extra 1.6 Tm magnet, B7, will be used to deflect some of the produced particles away
from the Be-target.

The 77~ trigger will be defined by the beam defining vetos (Sc1-6) anti coinci-
dence with the electron tagging system and by a two track logic based on an array of
hodoscopes located downstream of DC3. The hodoscope array has been taken from the
beam hodoscope system of the NA47 experiment and will be modified and tested later
this summer.

To achieve high performance and reliability while keeping the cost low, we propose
to use standard CAMAC modules as front-ends and a PC as data acquisition computer. In
the presence of a suitable network infrastructure in the experimental area the data should
be sent directly to the computer centre for permanent storage and further analysis.



Table 1: Crystal thickness and photon angle of incidence.

Usage Crystal | Thickness | angle of incidence | effective radiation
(mm) to (110) (mrad) length
Radiator Si 4 = 0.3 mrad ~1
A/4-plate (CB) Si 100 1.5 mrad ~ 2
A/4-plate (SOS) Si 44 ~ 0.7 mrad ~ 2

The front end modules will be LeCroy FERA ADCs and TDCs housed in a CAMAC
crate. The FERA modules offer 16 channels per module, short conversion times, built-in
zero suppression and a high-speed ECL readout bus ("FERA Bus”) on the front panel. A
similar setup will be used for the PCOS2 system needed for the readout of the proportional
chambers.

If required, other CAMAC modules like scalers or IO-registers can be easily added.

The CAMAC crate will be controlled by the PC via a PCI-CAMAC interface. To
overcome the data rate limitations of CAMAC, it is planned to read out the modules via
the front panel bus directly into the PC. A suitable interface has been developed by the
NAA48 collaboration (DT16 -to- S-Link -to- PCI interface) and is currently being used in
their PC-based read-out system.

The PC houses the PCI-CAMAC and the DT16 interface as well as the disk buffer
for intermediate data storage. A PentiumlII-class machine does provide plenty of comput-
ing power for readout, online monitoring and data transport at the maximum sustained
data rates of 1 Mbyte/s. To be able to make use of software (drivers, etc.) and knowledge
existing in the NA48 collaboration we plan to use Linus as operating system.

To send the data to the computer centre, a single 100MBit/s Ethernet connection
to the north area high speed network infrastructure would be sufficient. The buffering and
data transfer scheme could be taken from the NA48 experiment.

As described above, most of the setup is available including detectors, readout and
DAQ. This is the case since they have been used in previous experiments by members
of this collaboration (NA43, NA47, NA48). The missing items will be rented from the
pool (crates, power supplies, etc.), with the exception of the equipment needed for the
modification of one of the two goniometers.

3.4 Crystals and target

This section gives some of the details for the crystals and targets to be used (See
Table 1). Two estimates for the best \/4-plate candidate are given. One operating in the
CB mode and the other one in SOS. Due to the complexity of the calculations we are
studying both options.

3.4.1 Radiator:

We will use a crystal radiator with a thickness of ~ 1 effective radiation length. This
will give us a relatively low photon multiplicity and a reasonable rate of photon emission.
A crystal of very low mosaic spread is needed, which limits us to choose between diamond,
Si or Ge. Diamonds are not yet available in the required sizes, but is under investigation as
described below. Ge is not our first choice, since the SOS radiation is not as well established
as for Si. We will use 4 mm of Si (110). This corresponds to a radiation probability of 22%

10



for energy loss between 96 and 144 GeV by a 180 GeV incident electron. The ‘SOS-peak’
is more pronounced for angles to the plane smaller than the characteristic angle 1, ~20
urad, which takes about 30% of the phase-space of the beam. Outside this angular region
the enhancement decreases by about a factor 2 for the angles of interest here, but the
polarization is expected to be affected only outside ~3 times 7)., ie. effectively outside
the main part of the beam. This means that an overall efficiency factor of 0.7 should
be included to take into account the angular dependence in the production of polarized
photons. The expected total beam polarization for photons with energies between 96-144
is expected to be at least 50% in the SOS mode.

It would seem to be an attractive consideration to use diamond, which is superior to
silicon as a radiator because the enhancement in the SOS region is almost a factor of two
larger. The question necessarily arises as to the attainable size. Our Schonland colleagues
have experience in the production of composite diamond targets : they have made two
targets, each consisting of 16 diamonds of identical size and orientation, which they have
arranged in a 4 by 4 matrix. Each diamond tile was 5 mm by 5 mm by 1 mm thick. The
mutual alignment of these tiles is 170 prad, and an investigation will be carried out as to
how much better the alignment can be made in order to be useful for our purpose.
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Figure 7: Estimated An = R(n —n.) at room temperature as a function of the angle of
incidence into a (110) Si crystal.

3.4.2 \/4-plate:

As explained in section 2.2, the ‘goodness’ of a crystal as a A/4-plate depends on
its birefringence capabilities. This is determined from its #(n — n,) where the indices
of refraction n) and n, correspond to the component seen by photons with parallel and
perpendicular polarization with respect to the crystallographic plane. The optimal results
for the crystal thickness, the photon angle of incidence and attenuation are given in
Table 1 for crystal orientations where we are dominated either by CB or by SOS radiation
effects. The calculations are based on the methods of Ref.[12] in the case of CB and on the
recent SOS results of Ref.[13]. In both cases we are assuming an average photon energy
of 150 GeV.

11



All numbers are summarized in Table 2, where we have defined the figure of merit (FMO)
as €,V/N, where ¢, is the degree of circular polarization (assuming a 100% linearly po-
larized incident photon beam) and N is the number of surviving events out of 100 after
taking into account the attenuation.

Estimates from coherent theory:

Figure 7 shows the A\/4-plate efficiency as a function of the thickness of a (110) Si crystal
at room temperature. As shown in Fig. 7, the optimal value of R(nj —n,) is 1.15 x 1077
for an angle of incidence of 1.1 mrad®. This corresponds to a thickness of about 180 mm.
The maximum production of circular polarization is limited to about 80% (see Fig.8).
However, in order to reduce the beam attenuation we prefer to use a 100mm crystal
where the efficiency is about 70%, so that for 50% input linear polarization one still gets
about 35% circular polarization. The beam attenuation will be about a factor of five.

Estimates from SOS theory:
Very recent results [13] have been obtained for the case of Si and Ge crystals in the
SOS-mode.

For a 92mm thick Si (110) crystal at room temperature, aligned 0.7 mrad off the
axis on the (100), plane one can obtain a ‘true’ \/4-plate. That is, a 100% degree of
circular polarization for an incident photon beam that is originally 100% linearly polarized.
However, this will reduce the photon beam severely, such that only 1.6% of the photons
remain. Instead, one may choose to reduce the degree of rotation into circular polarization
to 38% by reducing the crystal thickness to 22.1 mm, but leads to a reduction of the
photon beam intensity by to 63%. The optimum value for the FOM corresponds to a
crystal thickness of 2L, where L=22.1 mm=attenuation length. This choice results in a
70% rotation efficiency.

For a Ge (110) crystal at 100K (with a weak deterioration expected when the
temperature is raised to room temperature) aligned 0.5 mrad off the axis on the (100)
plane, one obtains a A/4-plate for a 20 mm thick crystal which leaves 1.4% of the photons
100% circularly polarized. The number of circularly polarized photons is maximized for
the thickness 4.8 mm where again 37% of the photons survive, with a degree of circular
polarization of 37%.

All these numbers are summarized in Table 2.

3.4.3 Be target:

A target length of 5cm has been chosen as a compromise between p° event yield,
multiple scattering of the 77~ pair and the vertex resolution. This corresponds to 14%
and 12.5% of radiation and interaction length, respectively. The cross section for yp — p%p
is ~ 10 pbarn in the useful photon energy range. Therefore, we expect ~ 5 x 10~% photo-
produced p° per incoming photon.

5) Tt must be noted, however, that according to the theory of strong field effects the usage of coherent
theory becomes imprecise/erroneous when the angle of incidence becomes comparable to or smaller
than about twice the so-called Baier angle, © = U/mc? [14]. Here, U denotes the height of the
transverse potential which leads to ©® ~ 0.3 mrad for the (110) axis in Si.

12
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Table 2: Summary of calculated values in % for different crystals and thicknesses for
(quasi-) \/4-plates in the SOS mode [13]. The figure of merit (FOM) is defined as e./N,
where €, is the degree of circular polarization (assuming a 100% linearly polarized incident
photon beam) and N is the number of surviving events out of 100 after taking into account
the attenuation. (*) This value was optimized for a mazimum number of photons.

Crystal Circular fraction of Figure
(thickness, mm) | polarization | surviving photons | of merit
SOS \/4-plate
Si (110), (91.6) 100 1.57 1.3
Si (110), (22.1)* 378 36.8 2.3
Si (110), (44.2) 70 135 2.6
Ge (110, (20.0) 100 1.41 1.2
Ge (110), (4.8)* 36.8 36.8 2.2
Ge (110), (9.6) 70 13.5 2.6

CB \/4-plate
| Si (110), (100.0) | 70 | 20 3.1
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4 Event yields and beam time request

The first step of this experiment will be to measure the linear polarization of the
initial photon beam. This should be at least a 10% measurement since its uncertainty
will enter as a systematic error in the second step, where the A/4-plate is added and will
transform only part of the linearly polarized photons into circular ones, and will act as a
polarizer as well.

A data sample of a 1000 p° will give a statistical error on AP/P between 0.2-0.03
depending on the photon linear polarization. We have assumed that the polarization will
be between 20-80% in these estimates.

Using the proposed radiator, we expect to have 1.5x10° photons per hour with
energies between 96 and 144 GeV starting from 180 GeV electrons in the H2 beamline.
This is after taking into account the requested electron beam intensity, a 22% radiation
probability in the useful energy range, a 50% beam availability and a 70% beam angular
acceptance. This means that we will have about 180 p° per day, and therefore at least a
full week of data taking has to be taken assuming that the polarization is between 50-80%.

For the \/4-plate we will choose a crystal thickness that will transform the polariza-
tion for at least 35-70% of the surviving photons. This is a compromise between \/4-plate
efficiency, accuracy of the polarization measurement and beam attenuation that can be
as large as a factor of five. The expected accuracy on the measured linear and circular
polarization can not be given apriori, since they depend on the absolute value of the po-
larization and efficiency of the A/4-plate. However, in Table 3 we give several possibilities
for the SOS and CB mode were we expected the \/4-plate efficiency to be 37.8% and 70%,
respectively. We can see that 4 weeks are needed to measure the circular polarization.

The time estimates assume that only one of the proposed \/4-plate candidates
will be tested. Since different phenomena are used in the two cases, that is, coherent
bremsstrahlung (CB) versus strings-of-strings (SOS), it will be desirable to study both.
Following the outcome of the cross checks for the calculations for the efficiency of the
A/4-plate in the two modes, we will decide whether to use CB or SOS first.

In summary, at least six weeks will be required to have the first study for using a Si
crystal as a A\/4-plate. The data taking can be split in two parts 1999-2000, but enough
time should be given in 1999 to have better understanding of the \/4-plate before 2000.
For this reason we request 4 weeks at the beginning of the 1999 SPS run. In addition to
the installation and removal of the experiment apparatus, at least one full day each is
needed to change the layout of beam elements forth and back as required.
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