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Summary. — The recent detector upgrade of the Forward Array Using Silicon
Technology (FAUST) is discussed along with novel implementation of energy, position and particle identiﬁcation (PID) calibrations which solve challenges introduced
by the position-sensitive nature of the new silicon detectors. A slight positiondependence of the energy deposited in the silicon detectors can be accounted for by
using corrections derived from a 228 Th source calibration. The position will be calibrated by using α particles from a point-like source at the target position through
a tungsten mask of precision-cut stripes, which was positioned on the front-plate of
the FAUST array. The PID can be calibrated with equations based on the energies
deposited in silicon and CsI detectors, which can be veriﬁed with the proton-alpha
calibration beam used in the experiment. The status and prospects for these calibrations are discussed. Calibration runs and data from the 40 Ar + 58 Fe reaction are
shown.

1. – Introduction
The behavior of ground-state beta-stable nuclear material is fairly well understood,
but extrapolation of the behavior to extreme neutron-proton content and to densities
away from saturation density is far from established. Understanding the properties of
nuclear material at extreme n-p content and extreme density is relevant in describing
naturally occurring astrophysical environments [1]. Nuclear reactions allow the investigation of nuclear matter at these non-equilibrium values of pressure, temperature, density
and asymmetry. These quantities are explorable via a variety of diﬀerent observables in
nuclear physics experiments. The focus of this experiment is a deeper understanding
of the asymmetry term of the nuclear equation of state (nEoS) and the observable in
this case was chosen to be the proton-proton (pp) correlation function. Because of the
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Fig. 1. – Schematic of DADL, showing the equipotential lines on the uniformly resistive surface,
which allows position to be determined by charge splitting [6].

demonstrated sensitivity of pp correlation functions to spatial and temporal properties of
the source, as well as the ﬁnal-state interactions of the protons, the nEoS can be explored
using this observable [2-4].
It is important to have excellent angular and energy resolution for the particles of
interest when extracting correlation functions. For the purposes of this experiment, the
Forward Array Using Silicon Technology (FAUST) was upgraded to improve position information. Data were collected from a variety of systems, which allowed for the variation
of isospin asymmetry of the system while keeping either the total atomic mass or the total
atomic number constant for two sets of comparisons. The reactions were 40 MeV/nucleon
40
Ar + 58 Fe, 40 Ar + 70 Zn and 40 Ca + 58 Ni, all run at the Texas A&M Cyclotron Institute. The status of current calibrations of data from the successful campaign with this
position-sensitive upgrade are described here for the 40 Ar + 58 Fe system.
2. – Experimental apparatus
FAUST is comprised of sixty-eight ΔE-E telescopes positioned and gained for the
detection of light charged particles (LCPs) emitted from the excited source resulting
from heavy ion reactions [5]. Each telescope consists of a 2 × 2 cm 300 μm thick positionsensitive Dual-Axis Dual-Lateral (DADL) silicon diode backed by a CsI(Tl)-photodiode
detector for ΔE-E identiﬁcation of LCPs [6].
Figure 1 is a schematic of a DADL detector. The DADLs have uniform resistance
across the front and back of the detectors and employ charge-splitting to determine the
position of the detected charged particles to within 200 μm [6]. A reverse bias is applied
to the silicon semiconductor which depletes the conduction band. Electrons and positive
“holes”, liberated by ionizing radiation, migrate to opposite faces of the detector due to
the bias voltage. Because of the resistive surface across each face of the detector, the
electrons on the back of the detector split proportionally into two back signals, while the
resultant holes are charge split proportionally into two front signals. These four signals
allow the relative x and y position of the detected fragment to be determined. The two
front or two back signals are summed independently to determine the total energy, while
the diﬀerence gives an indication of the position of the hit. Guard rings and conductive
equipotential strips ensure a uniform potential across each surface of the detector [6]. The
signals were then processed via high-gain preampliﬁers and ASIC shaping ampliﬁers [7].
3. – Energy calibration
After signal processing, the addition of the two front or back signals gives the total
energy deposited in the Si detector. A 228 Th source was used for energy calibrations. The

STUDYING CORRELATIONS IN

40

Ar+58 Fe WITH FAUST

3

Fig. 2. – Raw energy spectrum of the alpha particles emitted by the 228 Th on detector 11. The
E-calibrated Full-Width at Half Maximum (FWHM) is 300 keV for the highest energy α.

ﬁve dominant α energies of 228 Th and its daughters result in the raw spectrum shown in
ﬁg. 2. The position-dependence of the widths of these peaks was investigated by plotting
the sum vs. the diﬀerence of the two front (or back) signals, which is a raw way of plotting
the energy of the α particle against the one-dimensional (1D) position of the hit on the
detector. The resultant two-dimensional (2D) histogram from the front signals is shown
in ﬁg. 3. These plots should be linear and horizontal, as the energies deposited by the
single energy alpha particles should not be dependent upon the position of the incident
radiation. This histogram is clearly curved, rather than ﬂat, indicating that the response
of the DADL detectors is not completely linear as a function of position on the detector
face. The widths of the Gaussian peaks at each energy in ﬁg. 2 are increased by some
amount with the location of the α particle hit, due to incomplete charge collection.
A position-dependent correction improves the resolution of the raw energies before
calibration. Each of the lines corresponding to an α particle energy from the 228 Th source
were ﬁt quadratically. So “a” represents the curvature of the line, “b” characterizes the
asymmetry, and “c” tells the y-intercept. Where x = 0, the alpha particle hit the middle
of the detector, and the measured values at x = 0 are used as a reference to which the
values at other locations are mapped. The results of these ﬁts are also depicted in ﬁg. 3.

Fig. 3. – Sum vs. diﬀerence for 228 Th source α energies deposited in detector 11. These ﬁts are
somewhat parabolic in shape, and asymmetric about zero. Each line is ﬁt quadratically. The
highest energy alpha ﬁt is black, followed, in order of decreasing energy, by red, green, blue and
yellow lines of ﬁt (color online).
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Fig. 4. – Corrected energy spectrum of the α particles emitted by the 228 Th source on detector 11.
The FWHM is now 180 keV for the highest energy α, a signiﬁcant improvement in resolution as
compared to the original ﬁg. 2.

The aim here is to remove any position-dependence of the energy. The curvature
and linearity of the ﬁts vary independently from one another, but in an approximately
linear manner with the energy of the α particles. In this case, the “c” parameter of the
ﬁt is where the single-energy alpha line crosses the center of the detector, so it is some
measure of the energy of the alpha particle. The non-linear components of this ﬁt can be
subtracted from the overall energy, to give a corrected spectrum and improve the energy
resolution.
Because curvature and linearity are dependent upon the sum, or the c value, a and
b can be replaced with linear functions that describe this relationship. Once these substitutions are made, the resultant equation for the corrected energy of any two front or
back signals looks like this:
(1)

2

Sumcorr = sum − a(sum)diﬀ − b(sum)diﬀ.

The resultant 1D energy spectrum, with improved resolution, is shown in ﬁg. 4. The
2D histogram with the straightened, horizontal lines after the correction is made is shown
in ﬁg. 5. Once the position-dependence is accounted for, the peaks from the diﬀerent
energy alpha particles have much better resolution. The resulting position-corrected
spectrum is shown in ﬁg. 4. Even a merely cursory comparison between ﬁgs. 4 and 2, the
spectrum before and after, shows that the resolution of the detector is much improved by
this correction. This process has been implemented on all detectors. The known peaks
of the α’s in the thorium spectrum have been used to convert the position-corrected raw
values into MeV.
Due to the thickness of the Si detectors, the α particles from the Th source do
not punch into the CsI detectors. Higher energy α and proton-α beams accelerated
to 15 MeV/nucleon and 10 MeV/nucleon, respectively, by the K500 Cyclotron were used
for the purpose of calibrating the CsI. The CsI calibrations for LCPs also depend upon
the PID, so are dependent upon the successful PID method described below.
4. – Position calibration
In addition to high positional accuracy of a detected particle within a detector, the
relative alignment from one detector to another must be known in order to take full
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Fig. 5. – The sum vs. diﬀerence for the 228 Th α in detector 11 after implementation of positiondependent correction to energy deposition. Each line is a quadratic ﬁt for a given α energy.

advantage of the angular resolution available with this upgrade. In order to calibrate
relative detector position, a mask of 0.040 thick tungsten was designed and produced.
To prevent the large beam spot from eﬀectively scattering elastic alpha particles around
the slits in the mask, an aluminum collimator was used to reduce the eﬀective source or
beam spot to 1 mm.
A photograph of this mask is shown in ﬁg. 6. Slits of 0.010 were angled through
the mask using wire electrical discharge machining (EDM) in order to allow α particles
from a source or elastically scattered oﬀ of a 197 Au target to reach each detector in
FAUST. The square cut through the center allows the beam to pass through, reducing
beam particle intereactions with the tungsten mask. The stripes from the mask can be
seen on the face of the detectors by gating on a single α energy from a thorium source
or elastically scattered beam, the spectrum from a 228 Th α is shown in ﬁg. 7.

Fig. 6. – Mask as machined by sinker and wire EDM by Reliable EDM of Houston, Texas.
Square hole in the center allows the beam to deposit into a faraday cup after the FAUST array.
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Fig. 7. – Position spectra of detectors, cut on the E of the highest energy 228 Th α in the silicons,
through the position-calibration mask.

5. – Particle identiﬁcation
The CsI energy calibration is dependent upon the particle identiﬁcation (PID). The
ΔE-E plot, derived from Si and CsI(Tl) signals, demonstrating the excellent diﬀerentiation between protons, deuterons and tritons for raw signals, is shown in ﬁg. 8.
The PID values can be extracted using the following equation:
(2)

PID = b ∗ ln(p0 ) − ln(b ∗ ΔE) − (b − 1) ln(E + p1 + ΔE),

where b is deﬁned as
b = p2 − p 3

(3)
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Fig. 8. – Representative ΔE-E plot, detector 52 for the reaction of 40 A MeV

40

Ar + 58 Fe.
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Fig. 9. – Detector 52, back ΔE vs. PID value, demonstrating the linearization of data from
ﬁg. 8 achievable via PID eq. (2).

and slopes and intercepts for the energy calibration of Si (ΔE) and CsI (E) are allowed
to be free parameters. All ﬁt parameters in eqs. (2) and (3) (p0 , p1 , p2 , p3 , p4 , b and the
slopes and intercepts of the Si and CsI calibrations) are varied by hand while viewing
PID vs. Si or PID vs. CsI as shown in ﬁg. 9. The parameters result in the distribution
of the PID vs. Si or PID vs. CsI being vertical bands when the free parameters are
ﬁnalized. These parameters are allowed to vary for each detector.
After using the transformations of eqs. (2) and (3), ranges of the x-axis PID values
in ﬁg. 9 are then used to deﬁne the particle types.
6. – Conclusion
The energy and position calibrations of the data set described here are ongoing.
Proton-proton correlation functions will be extracted and then compared to simulation
results. In this manner, the impact of the asymmetry energy term of the equation of
state on the shape and magnitude of the correlation function will be investigated.
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