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The High Intensity Gamma-ray Source (HI
S) is a joint project between Triangle Uni-
versities Nuclear Laboratory (TUNL) and the Duke Free Electron Laser Laboratory
(DFELL). This facility utilizes intra-cavity back-scattering of the FEL photons in or-
der to produce a 
-
ux enhancement of approximately 103 over the existing sources.
At present, gamma-ray beams with energies ranging from 2 to 50 MeV are available
with intensities of 105{107 
=s, energy spreads of 1% or better (with lower intensities),
and 100% linear polarization. An upgrade is presently underway which will allow for
the production of 
 rays up to an energy of about 225 MeV having intensities in ex-
cess of 108 
=sec. The primary component of the upgrade is a 1.2 GeV booster-injector

which will provide for e�cient injection at any chosen operating energy of the storage
ring from 300 MeV to 1.2 GeV. In addition, an upgrade of the present OK-4 FEL to
a helical undulator system (OK-5) is underway. This new system has many advantages
over the present one, including making switchable linear and circularly polarized beams
available, an increase in power and a decrease in mirror-damaging radiation. The full
system, including the booster injector, is expected to be ready for use by 2006. TUNL
researchers, in collaboration with outside theoretical and experimental colleagues, have
proposed a broad based research program in nuclear physics which is designed to exploit
the unique 
ux, energy resolution and polarization of the HI
S beams. A description of
the presently available facility and the anticipated facility following the present upgrades
will be given in this review, along with a description of recent and planned experiments.
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1. The High Intensity 
-Ray Source (HI
S)

There are at present a number of facilities which produce polarized 
 rays for

nuclear physics studies. All of those facilities which employ Compton backscattering
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techniquesoperate by scattering conventional laser light from electronscirculating
in a storagering. In our scheme,intracavit y scattering of the FEL photons produces
a 
 -
ux enhancement of approximately 103 over the existing sources.The Duke
storage ring was designedto operate at energiesfrom 250 MeV to 1.2 GeV. The
Duke OK-4 storage ring XUV FEL can presently produce FEL photons up to
6.4 eV, with an upgrade underway which will increasethis to 12.5 eV. This will
allow for the production of 
 rays up to an energy of about 225 MeV having an
average
ux in excessof 108=sec. This can be obtained with a modest beamhaving
an average-storedcurrent of only about 100{150 mA.

The major components of the HI 
 S facilit y are the OK-4 XUV FEL and the
Duke 1.2 GeV electron storagering with its 280MeV linac injector. Thesefacilities
are located in the Duke University Free-Electron Laser Laboratory (DFELL). A
diagram showing the 
 -ray production scheme is presented in Fig. 1. In the case
shown here, the two electron bunchescontained in the ring can be thought of as a
lasing bunch and a scattering bunch. The lased photons from one electron bunch
are re
ected from the downstream mirror, then collide head on with the second
electron bunch at the collision point, producing gamma rays.1 The 
ux of 
 rays
can be increasedby increasingthe current in the target bunch and/or by operating
eight electron bunches.The present OK-4 FEL will soon be upgraded to a helical
undulator system(OK-5 2). The performancecharacteristics of the OK-4 XUV FEL
are described in other publications.3;4
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Fig. 1. Schematic diagram of the HI 
 S { the DFELL-TUNL 
 -ray facilit y.

There are a number of distinct advantages of this system as compared to
presently available ones. The �rst is the high 
ux which is already allowing us
to measure nuclear processeswith low cross-sectionswith good precision in re-
alistic times. The secondadvantage is the fact that tagging is not needed.The
high-quality of the electron beam permits energy de�nition by the use of collima-
tion alone.This meansthat, unlike many taggedsources,there will be NO untagged
high-energy 
 rays. In addition, the energy of thesebeamscan be currently tuned
from 2 to 50 MeV, and up to 225 MeV when the upgrade is complete. The energy
resolution of these beamsis exceptional. For example, for a 10 MeV 
 ray beam,
a 3 mm radius collimator located 70 meters from the collision point provides an
energyspread(FWHM) of lessthan 100keV (� 1%). These
 -ray beamsare 100%
linearly polarized, and the beam environment is exceptionally clean; backgrounds
are negligibly small.


