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1 Target Raster System

We start from the premise that the Compact Photon Source (CPS) target system should
be able to handle the the same heat load from the photon beam and microwaves source as
used in electron beam experiments. From the perspective of the low energy production of
free radicals in the target material this approximation is expected to be good within 10%.
However the free radical complex produced from a high energy beam (Ebeam > 20 MeV)
and the way these radicals can effect the polarization is not yet well understood. For now
we focus only on the ionization energy loss produced by the multi-GeV photon beam as
e+/e− pairs. The energy loss from these processes is approximately independent of beam
energy and is estimated to be about 2 MeV g−1 cm2.

For a photon intensity of 1.5 × 1012 equivalent photons per second it is necessary to
use an evaporation refrigerator with an NH3 target to combined the optimal cooling power
with a high polarization, high radiation resistant proton target material. For electron beam
experiments typically 100 nA is the maximum current on the target. The heat load in a 3
cm long target can be calculated for NH3 with density 0.917 g/cm3 leading to,

2[MeVcm2/g](1.6 × 10−13[J/MeV])6.25 × 1011[s−1](3[cm])(0.917[g/cm3]).

Only about 60% of the ionization energy is actually deposited into the target, leading to
about 0.33 Watts. Combined with the heat deposit from microwaves (0.5 W), used to
dynamically polarize the target, the cooling power of the UVA/JLab evaporation fridge
and pumping system is still not saturated. However, cooling power is not the only concern.
This heat load must be distributed throughout the target so that the target material beads
are not over heated on the material boundary to creat local depolarization. To do this
with electrons a beam rastering system can be used to distribute the beam over the surface
the target face. The slow raster that spirals out is only implemented after the faster raster
which distributes the beam in a 2 mm2 square pattern. Our high intensity photon source
is designed to use the fast raster system, however with out also some sort of slow rastering
there would be significant depolarization in the region around the photon beam spot due
to material interfacial thermal heating (ITH).
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The ionizing radiation inside the target is the primary source of the ṄH2 fee radical
but also the ITH. Using simulations with the previously mentioned photon flux with a 2
mm2 beam profile leads to 25 nA of ionizing radiation at the exit of the target in an area
of about 6 mm2 (containing 90% of the ionizing particles). Taking this spatial distribution
to hold the full 0.33 W heat load from the high intensity photon beam implies that about
100 target beads with an average radius of 1 mm hold all the heat. To calculate the effects
of this heat load on the local polarization we must first start with the heat equation for a
volumetric heat source. This can be expressed as,
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Using the corresponding values, this equation can be solved with the initial condition
T (0) = 1K. Q̇ is the volumetric heat load per bead which is conservatively estimated
to be 0.72 W/cm3. Using the specific heat for NH3 of Cp0 = 8.8 × 10−6 J g−1 K−4,
with ammonia Kapitza resistance Rα = 1.43 × 10−2 W cm−2 K−4, with TB as the liquid
helium bath temperature (1 K), and T is the dynamic material boundary temperature.
The solution to this relation gives the boundary temperature as a function of time and is
shown in Fig 1.

Figure 1: Ammonia bead temperature rise due to the beam heat load.

These results indicates that after a few microsecond the surface of the bead increases
by about 0.25 K. We can then estimate the time it takes to heat the bead all the way
through from the heat on the surface assuming spatial uniformity,

∆t =
ρV Cp∆T

Q̇
. (2)
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This give just a few µs. These times are small on the scale of the time it take for the
polarization to change. To estimate the time it takes to drive the polarization down from
the material beam heating. This decay time is related to the power of the microwave and
the spin-lattice relaxation rate. The equations of motion that give the rate of depolarization
can be approximated using the form,

dP (t)

dt
= βT 4(Plim − P (t)). (3)

The polarization limited by the new thermal conditions from Eq. 3 is contained in Plim,
which is an estimate based on the Brillouin function. The parameter β contains the rate
information and comes from polarization data. The starting polarization of 93% is used
for demonstrational purposes. Solving numerically results in an approximation of the
polarization drop over time.

Figure 2: Rotating Target Cup

It is worth noting that calculations here are only estimates and several necessary pa-
rameters required have considerable uncertainty. We use the results as only a guide to give
an order of magnitude check on the time need to rotate the target cell. Figure 2 indicates
that the beads should only stay within the same position in the ionizing shower for no
more than a few seconds or the polarization will change in the bead and would not register
in the NMR signal. A rotation on the order of once every few seconds is adequate for this
purpose.

The other demand on the target is of course the radiation damage induced by all forms
of scattering in the target. If the dose that is mentioned previously (25 nA) from the
ionizing radiation can be distributed over a standard target area of 570 mm2, then the
expected depolarization rate from radiation damage is still slower than that of an electron
beam at 100 nA.
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2 Design of Rotating Target

In order to increase the area of the target that the photon beam will interact with a rotating
target was developed to raster photons over the target cup face, see Fig. 3. The Kel-F
target cup is machined to include a gear that can be driven from a rotating shaft along the
target insert. Fig. 3 shows a design of the same dimension of polarized targets used in the
past (2.5 cm diameter by 3 cm length) that fill up the entire homogeneous field region of
the polarizing 5 T magnet. In the design shown there is no additional material from the

Figure 3: The rotating target cup driven by a gear and shaft with the NMR loop around
the target cell.

cup in the beam-line. The front and back of the target cell are made of a thin aluminum
foil (not seen in the diagram). The rotation is driven by a gear and shaft with the NMR
loop around the target cell. The NMR couples inductively to the target material by a coil
wound around outside of the cup. The rotating shaft passes through the top of the target
insert using a vacuum rotary feed-through which is then driven by a electric motor.

The target rotation in combination with the standard target actuator results in an
effective slow raster which spirals over the full area of the standard 2.5 cm diameter target.
The beam collimatimation provides the spot size on the target and couples directly to
the resolution characteristics for reconstruction at the cost of holding the beam location
in space fixed. We can still obtain uniform exposure of the target cell by a combined
rotation of the target cup synchronized with an up/down movement of the target ladder.
Rotation of the target cup has already proven viable in may UVA tests. Depolarization and
homogeneous radiation damage can easily be achieve by continuously moving the target at
a rate determined by the radius of the circle made through rotation on the target surface,
spending no more than a few hundred milliseconds on each target location. So even near
the center only 0.01 Hz is required. To avoid mechanical vibration that can induce noise
in the NMR signal it is possible to make several rotations in a single circle before moving
to the next actuator position. This reduces the up and down motion required to cover
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the same area. At UVA rotation rates of several Hz have already been demonstrated. By
completing a fixed number of rotations for each experimental run, false asymmetries and
fluctuations from the variations in target bead packing can be averaged out.
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