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The different analytical solutions without space-time separation foreseen for the analysis of ADS experiments are described.
The SC3A experiment in the YALINA-Booster facility is described and investigated. For this investigation the very special
configuration of YALINA-Booster is analyzed based on HELIOS calculations. The results for the time dependent diffusion and
the time dependent P1 equation are compared with the experimental results for the SC3A configuration. A comparison is given
for the deviation between the analytical solution and the experimental results versus the different transport approximations. To
improve the representation to the special configuration of YALINA- Booster, a new analytical solution for two energy groups with
two sources (central external and boundary source) has been developed starting form the Green’s function solution. Very good
agreement has been found for these improved analytical solutions.

1. Introduction

Different current and planned experiments (MUSE [1],
YALINA [2], GUINEVERE [3]) are designed to study the
zero power neutron physical behavior of accelerator-driven
systems (ADSs). The detailed analysis of the kinetic space-
time behavior of the neutron flux is important for the eva-
luation of these ADS experiments. Current analysis for all
these experiments is based on the standard methods [4]—
Sjöstrand method [5] and Slope method [6]—both are
based on the point kinetics equations [7]. The point kinetics
equations are developed from different approximations to
the transport equation. Nevertheless, all these partial differ-
ential equations of the transport equation are solved by the
separation of space and time to derive the point kinetics
equations. The separation of space and time does not provide
useful results for cases with strongly space-time dependent
external source [8]. In recent years, two big projects have
been launched to solve the problem of subcriticality deter-
mination in ADS experiments and during ADS operation
for the future. In the 6th European Framework program in
the integrated project EUROTRANS, the domain 2, ECATS
[9] has been dedicated to ADS experiments and the analysis

methods for the experiments. In the same time frame, the
IAEA has launched the coordinated research project “Ana-
lytical and Experimental Benchmark Analyses of Accelerator
Driven Systems (ADS)” [10]. Different correction methods
based on Monte Carlo Results for the YALINA-Booster sys-
tem have been derived for the Sjöstrand method as well
as for the Slope method in EUROTRANS/ECATS [11, 12].
Good results have been achieved with this correction method
for the analysis of the detectors in the thermal zone [13].
Nevertheless, there is still a problem that exists in the fast
zone, which is the really important zone, since the follow-
up experiment GUINEVERE will be a pure fast system. The
results for the analysis of the fast zone of YALINA-Booster are
still not convincing, even with the use of correction factors.
Good results, but once more only for the thermal and the
reflector positions, have been shown in the IAEA CRP by the
US American group, especially. These results rely on the use
of correction factors from deterministic calculations [14].
The conclusion of the IAEA meeting suggests for further
activities, maybe a further CRP among others, the following
two topics: “Online Reactivity Monitoring and Control of
Sub-critical System”; “Determination of Sub-criticality Level
and Uncertainties Analyses” [15].
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2. Developed Analytical Solutions for
the Analysis of ADS Experiments

To overcome the problems in the analysis of the fast zone
in YALINA-Booster and in GUINEVERE as completely fast
system, it has been proposed from Helmholtz-Zentrum
Dresden-Rossendorf to solve a more elaborate approxima-
tion of the transport equation—either the diffusion equation
itself (1) or even the time-dependent Telegrapher’s equation
(2) [16] without separation of space and time. The Telegra-
pher’s equation and the diffusion equation without delayed
neutron production are solved completely analytically by
using the Green’s function method [17, 18]:
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Solutions for the Telegrapher’s equation have already
been provided for a Dirac type pulsed external source [19],
for the start-up [20, 21], and for the switch-off [8] of an
external source, even with consideration of the delayed neu-
tron production. For the comparison with the experimental
results, obtained at the YALINA-Booster facility, a special
external source (switch-on followed by a switch-off after a
finite time period) has been used for the determination of the
analytical solution for the neutron flux [22–25]. The derived
solutions for the space-time dependent neutron flux were
compared to the detector responses at different locations in
the fast area of the YALINA-Booster core [26, 27]. Major
results of these comparisons were a good agreement for
the spatial distributions during the pulse and only small
differences between time-dependent diffusion and time-
dependent P1 transport using identical cross-sections and
coefficients [23, 25]. The analysis of the specifics of the
YALINA facility forced to extend the analytical solution of
the diffusion equation using two energy groups, (3) [28]:
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For a better representation, especially for the experiments
in the GUINEVERE facility [3, 29], analytical solutions for
one energy group for a two-region system, consisting of a
multiplicative core with source and a reflective, only absorb-
ing surrounding (reflector), (4) [30], were calculated:
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For all problems symmetry of the system was assumed
and the solutions were derived for a half of the region. Reflec-
tive boundary conditions are used in the center of the system,
as well as at the outer boundary. In order to connect two
regions, continuous neutron flux and neutron current were
used for the two-region solution.

The derived Green’s functions Gi(ξ, τ | ξ0, τ0) are univer-
sal solutions for the solved equation, which are still inde-
pendent of the definition of the external source in space and
time.

The analytical solution for the time-dependent one- and
two-group diffusion equation with initial and boundary
conditions (1) to (4) is expressed by a double integral in
terms of the corresponding Green’s functions and the exter-
nal source, which has to be defined:

Φi(ξ, τ) =
∫ τ

τa

∫ R

ξ0=0
Gi(ξ, τ | ξ0, τ0)[S(ξ0, τ0)]dξ0 dτ0,

i = I or I , II.
(5)

Gi(ξ, τ | ξ0, τ0), i = I or I , II are the Green’s functions. A
Green’s function is a solution for the problem associated with
the given problem (one-group diffusion, one-group P1, two-
group diffusion, or two-region one-group diffusion) with the
same boundary and initial conditions, in which the nonho-
mogeneous contribution—in our case the external neutron
source S(ξ0, τ0)—is replaced by the unit impulse function
δ(ξ−ξ0)δ(τ−τ0). In a following step after the determination
of the Green’s functions, the different kinds of external
sources have to be defined. In this way, solutions for a Dirac
type pulsed external source [19], for the start-up [20, 21],
and for the switch-off [8] of an external source for the
time-dependent one-group diffusion and the time-depend-
ent one-group P1 equation were determined. For the com-
parison with the YALINA-Booster experiment the external
neutron source like it is used in the experiment has to be
included and the flux has to be determined by solving (5).

For the described YALINA-Booster experiment with the
switch on of an external source followed by a switch off
after a finite time step, a Heaviside function H was used to
model a source function. This Heaviside function is locally
concentrated at the center part of the system (see Figure 1).
In the figure the normalized spatial coordinate points to the
front, the normalized time coordinate points to the right,
and the source amplitude points upwards. The mathematical
definition of the described external source is given by

S(ξ0, τ0) ≡
⎧⎪⎨
⎪⎩

s(H(τ0 − τi)−H(τ0 − τa))
Δξ

, 0 ≤ ξ0 ≤ Δξ,

0, Δξ ≤ ξ0 ≤ R.

(6)

This source was used for the already mentioned compar-
isons of the one energy group time-dependent diffusion and
P1 solution with the YALINA-Booster experiments [22, 23,
25].

To improve the reproduction of the special experimental
conditions with the influences described in Specificity of
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Figure 1: Illustrative sketch of the external neutron source used for
the one-group analysis.
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Figure 2: Illustrative sketch for the combination of the space-
time dependent external neutron sources for the two-energy group
solution.

YALINA-Booster section an additional source has been intro-
duced into the two-group solution to represent the streaming
of neutrons from the fast area into the thermal area:

Sb(ξ0, τ0) ≡

⎧⎪⎪⎨
⎪⎪⎩

0, 0 ≤ ξ0 ≤ R− Δξb,

sbH(τ0 − τb)
Δξb

, R− Δξb ≤ ξ0 ≤ R.
(7)

Using the sources, defined in (6) and (7), a combined
source is created for the two-energy group analytic solution,
as it is sketched in Figure 2. It has to be mentioned that the
different contributions of the central source and the bound-
ary source can vary independently for the location and
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Figure 3: General configuration of the YALINA-Booster core.

for both energy groups. Thus for the experiments the cen-
tral neutron source in the thermal group is set to zero,
since the external source produced via the D-T reaction pro-
vides mono-energetic neutrons with 14 MeV. For the time
behavior of the boundary source, a simple approximation has
been used. The source has been used as constant, since the
start-up of the source is not of interest for the analysis and the
decay of the neutron flux in the thermal area is significantly
slower than in the fast area, due to the strong difference in
the neutron generation time.

3. Specificity of YALINA-Booster

The core of the YALINA-Booster facility, located in Belarus,
consists of the central target region, surrounded by the region
with 90% enriched uranium metal (Umet 90%) or 36% enri-
ched uranium oxide (UO2 36%) rods in a lead matrix. This
central region is surrounded by another fast region consisting
of a lead matrix with 36% enriched uranium oxide (UO2

36%) rods. In this region the three experimental channels
(EC1B, EC2B, and EC3B) are located (see Figure 3). The fast
region is decoupled from the surrounding thermal region
by the so-called “valve,” consisting of one row of natural
uranium metal (Umet) rods and one row of boron carbide
(B4C) rods. The thermal region consists of a polyethylene
matrix with holes, which are filled either with 10% enriched
UO2 fuel or with air. The core is surrounded by a graphite
reflector.

The SC3A configuration (see the HELIOS model in
Figure 4) of the YALINA-Booster facility is used for the com-
parison with the different analytical solutions. The configu-
ration has been modeled in all details in HELIOS for the
determination of the one- and two-group cross-section sets
[23, 24]. In the SC3A configuration the 90% enriched ura-
nium metal fuel of the inner fast zone is replaced by 36%
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Figure 4: SC3A configuration of the YALINA-Booster core in the
HELIOS model for XS preparation.

enriched uranium oxide fuel (tight rows of bright pink rods,
which surround the red target zone). The thermal region in
green contains the rods in deep blue and the empty positions
in brown, respectively. The graphite reflector is shown in
rose. The critical 2D HELIOS calculation has been corrected
with a leakage term (defined in the HELIOS input by using
the input buckling B2 option) in the third dimension to
reach a comparable result to a 3D MCNP calculation for a
critical problem [31]. This is used to correct for the really
small depth of the YALINA-Booster core ∼0.5 m. The keff of
the system with the above-mentioned leakage correction is
0.949090.

For the comparison of the space-time dependent analyt-
ical solutions with the real experiment a cross-section set is
needed. This cross-section set is calculated with the licensing
grade code module HELIOS 1.9 [26]. One-quarter of the
YALINA-Booster facility is reproduced in a two-dimensional
model in all details in unstructured mesh. The experimental
channels are all relocated into the modeled core quarter,
but only with the weight of 25%. The microscopic cross-
sections are taken from the HELIOS internal library with
190 energy groups. A two-dimensional 190 energy group
neutron flux solution is calculated using this library and the
above-given geometry with the SC3A material configuration.
These neutron flux solutions are used to produce condensed
one- and two-group cross-section sets for the yellow overlaid
reference element for the YALINA-Booster core in SC3A
configuration.

The external source is not taken into account in the
HELIOS calculation for the cross-section preparation. The
absence of the external source neutrons with 14 MeV from
the D-T reaction has the potential to influence the neutron
spectrum slightly in the very center of the system. Neverthe-
less it has to be kept in mind that the amount of external
source neutrons is small <5% and the slowing down to “reac-
tor energies” occurs after some collisions in the lead matrix.
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Figure 5: Detector responses in the pulsed neutron source experi-
ment at three different detector positions in the fast area of the SC3A
configuration of YALINA-Booster [31].

The YALINA-Booster facility has a very specific and
unusual design. The basic idea was to produce a small fast
subcritical reactor experiment for ADS study. The thermal
part around the fast system in the lead matrix was introduced
to reduce the leakage out of the fast system and to reach
an acceptable criticality level in a small facility; the overall
core size is below one by one meter. To create the possibility
of doing fast system measurements the “valve” was inserted.
In theory, the rows consisting of B4C and natural uranium
should prevent the thermal neutrons from the thermal zone
from entering the fast zone.

Figure 5 shows the detector responses at the three
detector positions in the fast zone of the YALINA-Booster
experiment induced by a finite source pulse. The neutron
generator was operated in pulse mode. The detector’s signals
were registered after each pulse. In Figure 5 the histograms of
pulses were produced by adding data from all pulses to each
other. For a more detailed analysis, the response of the source
monitor (blue line) is added to create an insight into the time
behavior of the external neutron source. The responses at
the two innermost detectors show the expected results, but
the response of the outer detector (EC3B in green) shows an
unexpected behavior. After the prompt exponential die out of
the neutron pulse, all curves should end at approximately the
same delayed neutron level. The stable level of the detector
response, which is significantly higher at the EC3B even after
0.03 ms, has to be explained. The most convenient explana-
tion for the high detector response after the die out of the
prompt pulse in the fast area is the inflow of neutrons from
the thermal system. Since the neutron generation time in
the thermal area is significantly longer, there is still a high
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Figure 6: Fast neutron flux (a) and thermal neutron flux, (b) in the different relevant fuel elements in the fast part of YALINA-Booster for
SC3A.

neutron flux available. The inflow of neutrons from the ther-
mal area should be suppressed by the design using the
“valve,” the combination of one row of B4C and one row of
natural uranium. The “valve” is more efficient for thermal
neutrons, since the absorption coefficient of B-10 for thermal
neutrons is high, but fission neutrons can penetrate the
“valve” since they are definitely not all well thermalized
before they appear at the “valve.” A conclusion of the describ-
ed effect of the insufficient die out of the detector response
is that fast fission neutrons born in the thermal area can
influence at least the outermost detector in the fast area.
Thus, “EC3B is affected by the thermal zone” [31].

A detailed analysis has been performed on the basis of the
HELIOS model, developed for the cross-section preparation
to explain the unexpected results in the cross-section sets
[22] and to confirm the thesis of the inflow of neutrons from
the thermal area.

The 190 energy group neutron flux calculated with
HELIOS is condensed for the detailed analysis of the spatial
neutron flux distributions on the basis of the fuel element-
like structures, marked in Figure 4. The relevant fast and the
thermal neutron flux (cutoff energy is 6.2506 · 10−1 eV) dis-
tributions are shown in Figure 6. The spatial distribution of
the fast neutron flux (Figure 6(a)) shows the expected cosine-
like distribution. An influence of the neutrons penetrating
through the “valve” is not explicitly visible here. The result
for the thermal neutron flux (Figure 6(b)) is in strong
contrast to the result for the fast neutron flux. In the fast area
the thermal flux has to be very low due to the lead matrix
in the fast zone of the YALINA-Booster core. The thermal
neutron flux shows a distribution which is neither expected
nor typical for a reactor core. In contrast to the cosine dis-
tribution of the fast neutron flux, the thermal neutron flux
grows exponentially with increasing distance from the center.
The thermal neutron flux is the highest in the corner of the
fast zone, which is surrounded by the thermal zone on both
sides. This kind of distribution can be explained only by

the ingress of thermal neutrons from the moderated outer,
thermal area through the “valve” into the fast area. The com-
parison of the thermal neutron flux shows an 18 times high-
er thermal neutron flux in the corner element compared to
the elements in the inner row. This significantly higher ther-
mal neutron flux in the outer fuel elements has strong
influence on the production of the cross-section set for all
kinds of deterministic calculations for YALINA-Booster. The
influence of the thermal neutrons on the cross-section pre-
paration is very strong, since the microscopic cross-section,
for example, fission of U-235, is more than hundred times
higher than for fast neutrons. The macroscopic production
cross-section νΣ f is roughly a factor of 3 higher in the
corner element than in the elements of the inner row. The
effect is only a spectral effect, since the materials in all ele-
ments are completely identical. In the standard cross-section
preparation a fuel element is calculated in infinite grid, where
this spectral effect is lost. Thus an adequate flux weighting of
the cross-sections requires a simulation of the full YALINA-
Booster core. Due to the strong differences in the thermal
flux distribution, the cross-sections for identical material at
different positions will vary significantly [22].

4. Comparison with the Experiment

4.1. One Group P1 and Diffusion Solution. The experimental
results, shown in Figure 5, are compared with the developed
analytical approximation solutions for the first 0.01 ms on a
logarithmic scale for a qualitative comparison in Figure 7.
The results for the analytical solution for the different
detector positions are given as lines, and the experimental
results are given as diamonds in the identical color. This
graph already shows one of the major problems. The mathe-
matical representation of the external neutron source by two
Heaviside functions is only an approximation of the detected
pulse of the external source. In the experiment the external
neutron source is created by a D-T reaction in the target
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Figure 7: Comparison of the analytical results for the space-time
dependent neutron flux (full line—P1 transport; dotted line—
diffusion) with the results for the SC3A experiment at the YALINA-
Booster facility on logarithmic scale.

in the center of the YALINA-Booster facility. Unfortunately,
switch on as well as switch off of the accelerator, which pro-
vides the source with deuterium ions, takes some finite time.
With this limitation it is impossible to create really sharp
pulse fronts for the external neutron source.

Additionally, the source detector is located in another
room with a distance of roughly 4 meters from the target, and
the signal, taken from the source monitor, follows another
chain of electronics which might have other time properties.
Both facts cause some time delay in the source counts com-
pared to the counts in the core. These effects have been taken
into account by an estimated time correction of 2 μs for the
source.

Nevertheless, a good qualitative agreement between the
analytic approximation solutions (P1 transport—solid line,
diffusion—dotted line) and the experimental data is obser-
vable. Especially, the spatial distribution in the plateau phase
shows a good agreement. This exactly confirms the need and
demonstrates the progress of the developed analytic appro-
ximation solutions derived without separation of space and
time in contrast to the currently used methods based on
point kinetics.

The detailed comparison of the developed analytical
solutions with the SC3A experimental results at the YALINA-
Booster facility on linear scale is shown in Figure 8. It is once
more observable that the response of the source detector in
the experiment (blue diamonds) does not have the sharp
rectangular time behavior like it is used in the development
of the analytical solutions. The switch on of the accelerator as
well as the switch off of the accelerator cannot be performed
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Figure 8: Comparison of the analytical results for the space-time
dependent neutron flux (full line—P1 transport; dotted line—
diffusion) with the results for the SC3A experiment at the YALINA-
Booster facility on linear scale.

in sharp way like it is defined in the mathematical way.
This fact causes observable differences in the results for the
experiment and the analytical solution on the linear scale.
Nevertheless, there is a good agreement between the analy-
tical results with the experimental results. The detector res-
ponse for the three different detector positions EC1B red,
EC2B black, and EC3B green is given at different time
points of the experiment by diamonds. The time behavior
of the neutron flux at the different positions of the detec-
tors calculated with the analytical solution for the time-
dependent P1 transport solution is given by the full-lines and
the results obtained with the analytical solution for the time-
dependent diffusion solution with the dotted line: EC1B-red;
EC2B-black; EC3B-green. Both analytical solutions show
similar behavior with only minor differences in a short
time period after the step change in the external source,
for the switch on as well as for the switch off. The com-
parison with the experiment demonstrates that the devel-
oped solutions without separation of space and time can
reproduce the behavior of the neutron flux at the different
detector positions. A small overestimation for the diffusion
solution in comparison with the time-dependent P1 solution
is observable in the initiation phase of the transient. The
neutron flux grows rapidly after the switch on of the source.
After roughly 10 neutron generations the neutron pro-
duction exceeds due to multiplication of the external neutron
source. The calculated neutron flux rises as long as the
external source is in operation and would reach a steady state
value if the external source would be operated long enough.
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The neutron flux decays very rapidly in an exponential man-
ner after the switch off of the external source. The response at
the outermost detector is somewhat lower in the calculation.
This difference can be once more explained by the ingress of
neutrons from the thermal area.

The effect of the fast neutrons, which travel from the
thermal into the fast area, is the starting point for the discus-
sion of another important fact. Currently, the analytic appro-
ximation is only for one region and one energy group and it
has only been applied to the fast area of the system. However,
the keff for the fast area is not known and even a prediction
is very problematic, since, on the one hand, the fast area
is heavily influenced by the thermal area and the “neutron
valve,” and on the other hand, the model for the cross-sec-
tions is only two-dimensional. These two facts make it near-
ly impossible to draw a reliable balance between neutron
gains and losses for the fast region. Additional problems are
caused by the definition of the boundary, since including or
excluding of the strong absorber in the “valve” influences the
result significantly. A rough estimation of the keff has given
a value around 0.6 for the fast region. This value has final-
ly been used for the calculations with the analytic approxi-
mation solutions. This means an analytic solution for two or
more regions would be needed to overcome this problem at
least partly. Ideally the solution for the thermal area should
be additionally expanded to two-energy group. Summing up
all mentioned above, we can conclude that a really com-
plicated experiment like YALINA-Booster is not the ideal test
case for the development of a new analysis method. A sys-
tem like Guinevere [3], consisting of only two regions, a pure
lead region containing the fuel, and another pure lead region,
acting as reflector, will simplify the problem. Nevertheless, at
least an analytical solution for two regions would be need-
ed even for this kind of system to determine the real multi-
plication factor for the system.

4.2. Diffusion versus P1 Transport. The decision for either the
time-dependent P1 transport equation or the time-depend-
ent diffusion equation for the further development of the
analytic approximation solutions is very important. It is
required to solve a second-order equation for the develop-
ment of the analytic approximation solution for the P1 trans-
port equation. To solve only the time-dependent diffusion
equation would lead to a significantly reduced complexity in
the solution, since there is only a first-order partial differen-
tial equation in time to solve. This reduced complexity offers
the possibility to invest more into the spatial or energetic
domain of the problem by tracking a system with two or
more regions or more than one energy group [28].

It has already been demonstrated that there is a visible
deviation between the results for the time-dependent P1

transport equation and the time-dependent diffusion equa-
tion [8, 20, 21]. An evaluation of the deviation Figure 9(a)
and the difference Figure 9(b) between the P1 transport and
the diffusion solution for the three different detector posi-
tions in YALINA-Booster is shown in Figure 9. The structure
of the deviations is identical for all three detector positions.
The major deviations occur certainly in the moments direct-
ly after the change in the external neutron source. The

deviation in the beginning is rather high since the neutron
flux used for normalization is comparably low. This devi-
ation dies out after roughly 50 neutron generations for the
case of a constant operating source. Following the switch off
of the source the deviation rises once more but only to rough-
ly 3% and dies out rapidly during the fade away of the neu-
tron flux. The deviation in the beginning is strongly depend-
ent on the distance from the source. The reason for this
deviation is the infinite velocity of a perturbation in the dif-
fusion equation compared to the finite velocity of the spread-
ing of the perturbation in the P1 transport solution. Due to
this fact, the time delay of the reduction of the deviation
increases with increasing distance from the external source.

The difference between the time-dependent P1 result and
the time-dependent diffusion result is normalized on an
average plateau value of 2 · 106 counts per pulse. This way of
evaluation avoids the weighting of the difference by different
flux values, which leads, especially in cases of very low neu-
tron flux, to tremendously high deviation. The evaluation of
the difference gives a good overview on the quality of the
result independent of the actual flux level. The difference
during the whole transient is below 4% with peaks at the
points of the changes of the external source. Negative differ-
ence indicates overestimation by the diffusion result.

Both evaluations show significant differences between the
diffusion and the P1 result, but these differences are low in
comparison with the differences between the experimental
results and the calculations. The major reasons for the dif-
ferences between experiment and calculation are the limited
representation of the real external source in the experiment
and the difficulties to represent the complicated geometric
structure (three different regions, three dimensions) of the
experimental facility by one energy group, one region, and
one-dimensional analytical solution.

The comparison of the time-dependent diffusion and
the time-dependent P1 solutions, both without separation
of space and time, shows that already the diffusion solution
provides good results for the evaluated finite source pulse
experiment. The limitation for the recalculation of the exper-
iment is given by the incomplete representation of the char-
acter of the source pulse. Unfortunately, the pulses are not as
sharp as it would be needed for a detailed analysis of puls-
ed source experiments based on a Heaviside step function.

4.3. Two-Energy Group Solution. The results of the analytic
approximation solutions for the time-dependent one- and
two-group diffusion equation for three different detector
positions (EC1B, EC2B, and EC3B) are compared to the
detector response in the experiment SC3A in Figure 10.
First of all, the same conditions (difference in the temporal
source shape, influence of the thermal zone. . .) exist, but the
observed time period has been extended for the analysis of
the delayed neutron level. The detector response for the three
different detector positions—EC1B (red), EC2B (black), and
EC3B (green)—is given once more by diamonds at different
time points of the experiment. The time behavior of the
neutron flux is calculated in this case with the analytical
time-dependent one group diffusion solution (Figure 10(a)).
The neutron flux at the different positions of the detector is
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Figure 9: Evaluation of the deviation (a) (deviation = (ΦP1/Φdiffusion − 1)∗ 100) and difference, (b) (difference = ΦP1 −Φdiffusion) between
the time dependent P1 transport solution and the time dependent diffusion solution at the different detector positions.

given by the full lines: EC1B-red; EC2B-black; EC3B-green.
The comparison with the experiment demonstrates that the
developed one group solution without space and time sepa-
ration can reproduce the behavior of the neutron flux at the
different positions of the detectors, like it was demonstrated
before. The neutron flux decays very rapidly in an expo-
nential manner after the switch off of the external source.
Two points show deviations which have to be discussed: first,
the response at the outermost detector (green) is somewhat
lower in the calculation. This difference can be explained
by the location close to the thermal area position. Second,
the steady state value of the neutron flux after the switch
off of the source is in the experiment significantly higher at
the outermost position than in the calculation. This differ-
ence indicates once more that there is an influence from
the thermal area to the fast area. The neutrons have a sig-
nificantly longer lifetime in the thermal area; thus there is still
a high neutron density available in the thermal area, while
the neutron density in the fast area has already decreased sig-
nificantly. This gradient between the fast and the thermal
area leads to the possibility of a neutron inflow to the fast
area.

The results of the improved mathematical model, which
uses the time-dependent two-group diffusion equation and
an adopted source, are shown in the right part of Figure 10.
The external source is a combination of the central external
source pulse and the time independent boundary source (to
reproduce the incoming neutrons from the thermal area),

like it is shown in Figure 2. The first significant difference
can be seen in the values after the die out of the pulse. The
adopted solution shows a very good agreement when the
effect of the pulse has died out and the neutrons are still
streaming from the thermal area into the fast area due to
the significantly slower decay of the prompt flux in the ther-
mal area. Thus the influence of the thermal area on the fast
area can be represented with the new model. With the know-
ledge of having captured this effect, a close look on the peaks
is of our interest. In the one group analysis without caring
for the neutrons streaming into the fast area, an increas-
ed deviation was visible in the outermost detector EC3B.
Now this deviation has vanished nearly completely. The
representation of all peaks is good and reflects a good
reproduction of the spatial distribution of the neutron flux
during the pulse. Additionally, the time shape of the pulses
at all detector positions has improved and comes closer to
the experiment. This improvement can be explained with the
use of two different neutron velocities, or neutron generation
times, in the two energy group solution, which is simply a
better approximation of the real continuous energy flux. The
change in the horizontal axis is caused by the different, in the
two-group case averaged, neutron generation times.

Overall, the comparison of the results of the different
analytic approximations with experimental ones from the
YALINA-Booster facility has been successful for the SC3A.
The extended solution has only been required due to the very
special design of the YALINA-Booster facility.
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Figure 10: Comparison of the analytical results gained with the analytical solution of the time dependent diffusion equation (one-group—
(a), two-group—(b)) with the experimental results for the SC3A configuration of the YALINA-Booster facility.

4.4. Two-Spatial Region-Solution. The final idea is to use a
solution with two spatial regions, especially for the analysis
of the experiments in the GUINEVERE facility [3, 29]. The
two-region solution without separation of space and time for
the coupled system of a multiplying core with external source
and a reflecting surrounding has been derived recently. The
flux and the current density are continuous across the inter-
face between two media, and the outer boundaries are reflec-
ting. The exact analytical solution is expressed in terms of a
Green’s function. The solution is developed by the applica-
tion of the Laplace transformation [30]. The problems that
occur for the one-region solution in YALINA, where the
multiplication factor has been calculated only for the region,
which is simulated, should be eliminated with this solution
for GUIEVERE, where only two regions exist.

The solution will not be applied to YALINA, since two
regions would not be sufficient for this complicated con-
figuration. The experiments in the GUINEVERE facility are
planned in the beginning of 2012. The successful coupling of
the GENEPI accelerator with subcritical VENUS reactor has
been announced on October 28, 2011. Early in December an
official start-up is scheduled and the first experiments start.

5. Conclusion

A newly developed methodology for reaching a deeper
understanding of ADS experiments has been presented as
basis for a new method for the analysis of ADS experi-
ments. In the last years at the Helmholtz-Zentrum Dresden-
Rossendorf the developed method for the solution of the
time-dependent P1 transport equation, avoiding separation

of space and time and based on Green’s functions, is promis-
ing. Further solutions for the time-dependent diffusion
equation for one region and one- and two-energy groups
have been used and compared with the YALINA experi-
ments. A special solution for a finite pulse of the localized
external neutron source has been developed for all analytical
solutions. As an input for the new methodology, a cross-sec-
tion set has to be created. This is performed with the
HELIOS code with a detailed two-dimensional model for
the whole core of the YALINA-Booster facility. This detailed
two-dimensional transport model has been used to get a
deeper insight into the specificity of the YALINA-Booster
experimental setup. The detailed analysis of the fast and the
thermal neutron flux distribution in the fast area has shown
a strong influence of the thermal area on the fast area. This
strong influence requires a significantly increased effort for
the cross-section preparation. A full model should be used
instead of the standard method, which uses a fuel element
in reflective surrounding, to catch the effect of the neutron
ingress from the thermal to the fast area.

The first comparison of the results of the analytic approx-
imation solutions with experiments from the YALINA-
Booster facility has been successful. Good agreement
between the experiment and the calculation was obtained in
space as well as in time. The comparison of the time-depend-
ent P1 results with the time-dependent diffusion results has
shown that the differences between the modeling and the
experiment cause in the case of YALINA significantly strong-
er differences than the use of different transport approxi-
mations. For a better representation of the specifics of the
YALINA-Booster setup, a two-energy group solution with
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a special arrangement of the sources has been developed
which leads to improved results. Since the complicated
YALINA-Booster system cannot be represented by a one-
region solution the analysis had to be concentrated on the
fast zone only. A drawback of this reduction is the limitation
of the keff calculation only to the fast zone. For a prediction
of the keff for the SC3A configuration of the YALINA-
Booster facility a calculation for the full system would be
essential (at least 3 regions). To overcome this problem for
the future experiment GUINEVERE a two region solution
has already been developed for the full representation of the
GUINEVERE configuration.

Generally, it has to be mentioned that the advantage of
the analytical solution over the numerical method lies in
the following: the ansalytical solution is an exact solution,
which gives dependences on variables; the numerical method
is only an approximation to the problem, which causes an
inaccuracy, if a large region is considered. Additionally, the
numerical method does not give a continuous solution and,
in some cases, can be time and resource consuming due to
the number of iterations.

Overall, very promising results have been obtained, and
a good agreement between the experiment and the calcu-
lation has been met in space, as well as in time by using ana-
lytical solutions developed without separation of space and
time. The flexibility of the analytical solutions for the com-
plicated experimental settings has been demonstrated. Thus,
analytical solutions without separation of space and time
are a very promising tool to develop a new method for the
analysis of ADS experiments.
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