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Abstract

Photon Tagging in the 5-15 GeV region is considered. The advantage of
performing exclusive measurements in relation to obtainable photon flux is de-
scribed. Finally some technical problems in relation to implementing a photon
beam in the framework of the ELFE@DESY proposal are discussed.

1 Introduction

One of the principle aims of ELFE is to use a high-duty factor beam to investigate ex-
clusive and semi-inclusive reactions in order to obtain a more detailed understanding of
hadronic properties and their modifications in nuclei. Selecting out specific final states
incurs the price of smaller cross sections and thus high luminosities (say 1036/cm2.s)
are required to make such measurements feasible. In the case of electron induced ex-
periments where beam currents of 100/uA are common, achieving such luminosities is
not the intrinsic problem, it is designing large acceptance detectors that can cope with
the huge counting rates that is the main experimental challenge.

The case of real photon experiments is different as typical fluxes of tagged photon
beams are 108/s (equivalent to a few tens of picoamps). There is a limit set on the
target thickness in that one could not sensibly go beyond a few tens of centimetres.
In the case of a liquid hydrogen target this would give a target density of the order
of 1024/cm2 which combined with the maximum photon flux gives a luminosity of
1032/cm2.s. To make matters worse the flux is spread over a whole range of energies
and in the case of Bremsstrahlung is concentrated at the lower energies. The problem
of measuring small cross sections becomes therefore one of obtaining higher photon
flux. In this paper the limits on photon flux are analysed and it is shown that where
exclusive reactions are being measured higher tagged fluxes can be achieved.
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2 Limiting Factors on Obtainable Tagged Photon
Flux

As discussed in the contribution to the first ELFE Summer School [1] and references
therein the expression for the maximum tagged flux depends on the fraction of random
coincidences and is given by:

N^ = rjdP,/[r(l + f)] (1)

where r\ is the permissible fraction of random coincidences, d is the duty factor of
the accelerator, P7 is the probability a detected residual electron is correlated with
a photon at the target, r is the coincidence resolving time and / is the ratio of the
X-detector rate due to untagged photons to that of tagged photons.

In practical implementations this normally leads to a maximum flux of between
108 and 109/s which is spread over the whole tagged range. This is because a coinci-
dence time resolution between tagger and X-detector of better than Ins is not currently
possible. Of course one can increase the photon flux above this number but for ran-
dom fractions greater than 0.5 little improvement in the statistical accuracy of the
subtracted results is achieved.

This limiting flux is easily obtainable with Bremsstrahlung. In the case of photon
beams generated by laser backscattering [2] other factors can limit the flux. One
needs high power lasers (and mirrors capable of coping with them) and high electron
currents which are only available at storage beams. In this case the effect of the laser
backscattering on the beam lifetimes is crucial. In the case of a 100mA ring of total
length 850m (as at the ESRF) the total number of electrons is about 1012. In order
to have a beam lifetime of around 12 hours one can only remove about 107 electrons
per second. The HERA ring at DESY is about 6km in length and stores currents
of 30mA which leads to similar maximum fluxes. A dedicated facility with frequent
full energy injection could produce much higher photon fluxes if high power lasers can
be developed but soon one will hit the above limit imposed by random coincidences
between the tagger and X-detector.

A laser backscattered photon beam would definitely be preferable to that produced
using Bremsstrahlung as the the photon flux is spread evenly over the energy range
and high polarisations are easily obtained at the high energy end.

3 The special case of exclusive measurements

In the case of exclusive measurements where one measures all the final state particles
one can reconstruct the photon energy from the detected particles. Where the photons
are tagged one can construct the missing energy which is effectively the difference
between the reconstructed photon energy and that registered in the tagger. Cutting on
the missing energy peak greatly reduces the random coincidences between X-detector
and tagging elements. In order to exploit this potential advantage it is important to be
able to identify exclusive events. With two body final states one can exploit the strong
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kinematical correlations to select exclusive events. Also it is useful if all produced
particles are detected hence the need for high efficiency, high solid angle detectors.

Here the questions arises as to "whether one shoud tag at all?". Why not
use the two-body kinematics of the final state to verify exclusivity and reconstruct
the photon energy? Such experiments have in fact been done. Tagging, however,
provides for better photon energy resolution and better systematic errors as one does
not need a separate beam flux monitor as normalisation is achieved using the tagger
sealers. Tagging also provides a procedure for background subtraction which may be
very important.

With the above arrangement the improvement in tagged flux now crucially depends
on the systems missing energy resolution which is the combined photon and detected
particle resolution. The photon energy resolution is dictated by three main factors.
Firstly, the intrinsic resolution of the electron beam which can be worse (a few %) for
storage rings due to degradation by synchrotron radiation. Secondly, the optics of the
tagger spectrometer. Finally, the instrumentation of the focal plane. The resolution for
detected particles of course depends on the reaction and method of particle detection.
For reactions in the 10-15 GeV region one can imagine combined energy resolutions
of the order of lOOMeV. Thus one can reconstruct the photon energy within about
100 Mev and by applying the cut randoms generated by photons of other energies are
removed. In this way the maximum photon flux described above can be obtained for
every 100 MeV section of the tagged photon energy range. Thus where one covers of
the order of 10 GeV tagging range a factor of 100 is potentially available for exclusive
reactions. Note that in tagged photon experiments all photon energies are recorded
simultaneously and often theory is looking to measure the power dependence of the
reactions to probe the hard scattering mechanisms. Thus with a flux of 1010 per GeV
photon energy one can achieve luminosities in the 1034 region and cross-sections in the
nb region become accessible e.g. high p j regions in real Compton scattering or vector
meson production [3].

4 Tagging in the HERA ring
Laser backscattering is actually already performed at HERA [4]. The technique is used
as part of the polarimeter as the asymmetries in the produced photon beam reveals the
polarisation of the electron beam. An installation for doing real photon physics however
requires hall space for the detectors and a sharp bend section to momentum analyse
the residual electrons i.e. to install a tagger. This requirement is not so obviously
met at HERA where the four experimental halls are placed in straight sections of the
ring. The beam dipoles have a low field (0.16 T) and using them alone would lead to
considerable dispersion of the residual electrons along any tagger focal plane. Certainly
more knowledge of the HERA ring is needed before any strong recommendations can
be made.
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5 Conclusion

For semi-inclusive real photon work it seems one will have to be content with the 108/s
limit imposed by the tagging technique. For exclusive measurements, with good missing
energy resolution, higher fluxes can be achieved by off-line analysis cuts. In this region
laser backscattering is definitely the preferred mode of production although there is
still a need to design mirrors capable of coping with the high power laser light. More
work is required to be assess the modifications needed to implement photon tagging
in the HERA ring. The fact that the experimental halls are in straight beam sections
and that bend regions are shallow are the main problems to be overcome.
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