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We investigate the influence of gold doping on the transport range of a relativistic electron beam in high-density
deuterium—tritium (DT) fuel, which could be encountered in the double-cone ignition laser fusion. We develop the stopping
power model to include gold doping and then analyze the influence of Coulomb collision and bremsstrahlung on the electron
transport range with different gold doping ratios, consistent with the Geant4 simulations. When the gold doping ratio
increases from 0.5% to 30%, the transport range of a 10 MeV electron beam is decreased by 9.6% and 18.5% via the
bremsstrahlung. For the 1 MeV beam, the decrease of the range becomes 0.7% and 1.0%. We also investigate the transverse
broadening of the electron beam and radiated photon energy reabsorption in a spherical target. When the gold doping ratio
is 2% and the beam energy is increased from 1 MeV to 5 MeV, the bremsstrahlung photons cover 2.6% to 10.3% of the
total beam energy. Meanwhile, the reabsorbed photon energy is reduced from 31.6% to 8.9%.

Keywords: double-cone ignition (DCI) scheme, stopping power, Geant4, bremsstrahlung
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1. Introduction

Laser driven inertial confinement fusion (ICF),[!71 as
one of the main controlled nuclear fusion approaches, has
been widely studied®'#l and made major progress since
it was proposed. Via the mainstream indirect-driving cen-
tral ignition scheme, fusion ignition has been experimen-
tally achieved a few times at the National Ignition Facility
(NIF) in the USA>-17] since December 2022. Aiming for
higher energy gains with smaller energy laser drivers, scien-
tists are still exploring other ICF schemes, e.g., the fast ig-

nition (FI) scheme!!8-24]

as a direct-driving non-central igni-
tion one, which separates the heating from the target com-
pression. In 2020, Zhang er al. proposed the double-cone
ignition (DCI) scheme!®! to achieve quasi-isentropic com-
pression, which in principle is favorable for the heating by
the ps laser driven relativistic electron beams, and to enhance
the laser target coupling via a magnetically guided ignition
approach.[?%) The DCI scheme could significantly reduce the
laser energy demand and improve the stability of the compres-
sion. Recently, the feasibility of the DCI scheme has been
demonstrated. >’

In the DCI scheme,!> the fuel is compressed in two
head-on guide gold cones and gold doping in the deuterium—
tritium (DT) fuel is hard to avoid. In the cone-inserted FI

scheme,®! a gold cone is applied and there is also some

TCorresponding author. E-mail: weiminwang 1 @ruc.edu.cn

CSTR: 32038.14.CPB.add4df

gold doping in the DT. The relativistic electron beams gen-
erated by the ps laser pulse could significantly lose energy
through bremsstrahlung when they are transported in the DT
fuel doped with gold with a high-atomic number. Here, we
investigate the effect of gold doping on the transport range
or deposition position of the relativistic electron beam in the
context of the DCI scheme or fast ignition with a gold cone
inserted.[>>1 We calculate the electron range using the stop-
ping power model and Monte Carlo (MC) simulations with
the Geant4,[3%] which is an open code to accurately simulate
the electron beam transport. The stopping power model as-
sumes a continuous loss of electron energy based on the con-
tinuous slowing down approximation. Deutsch er al.*" de-
veloped the model with Coulomb collision and the collective
effect of plasma included. Based on the improved model by
Li and Petrasso,*®% Solodov and Betti!*! further developed
the collision scattering cross section to more accurately cal-
culate the electron transport range. In 2009, Atzenti et al.[*?]
incorporated the plasma screen effect to the model.

Here, we develop the stopping power model to include the
contribution of gold doping, i.e., considering the impact of the
gold doping on the mean scattering angle and bremsstrahlung
energy loss. The deposition position of electron beams is ana-
lyzed by the model and verified by Geant4 simulations to en-
sure reliability. We calculate the electron longitudinal range
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with different gold doping ratios to quantify the respective
contributions of Coulomb collisions and the bremsstrahlung
to the electron energy deposition. In addition, we investigate
the transverse broadening of the electron beam and radiated
photon energy reabsorption in a real spherical target with a
typical areal density of 1 g/lcm?. It is shown that the electron
energy deposition and the radiation energy loss strongly de-
pend on the initial electron energy when there is appreciable
gold doping.

In Section 2, the
stopping power model with gold doping effects is developed

The paper is organized as follows.

to investigate the energy deposition of a relativistic electron
beam in DT fuel, and the stopping power calculation re-
sults are benchmarked by Geant4. Then, we employ the
model to calculate the contributions of Coulomb collision and
bremsstrahlung to the electron transport ranges in Section 3.
In Section 4, utilizing the Geant4 simulation, we present the
transverse broadening of the electron beam and the reabsorp-
tion of energy from radiated photons within a realistic spheri-
cal target. Finally, a brief summary is given in Section 5.

2. Stopping power model with electron—-gold col-
lision and bremsstrahlung

In the DCI and cone-inserted FI, it is hard to avoid
gold doping in the DT plasma, and therefore, the impact of
gold doping on relativistic electron beam transport in the fuel
should be considered. We develop the stopping power model
to investigate the electron transport in gold doped DT fuel with
the bremsstrahlung energy loss and electron—gold collision in-
cluded, based on the conventional stopping power model in
pure DT fuel. Without the gold doping, the electron range
shows little difference between the stopping power model
and Geant4 simulation with the relativistic electron beam of
0.3 MeV to 10 MeV in the fuel with the density of 50 g/cm?
to 300 g/cm?, as illustrated in Appendix A. Our investigation
shows that when the gold doping is considered, the scatter-
ing angle of Coulomb collisions between electrons and ions is
enhanced and the electron energy loss is increased due to the
bremsstrahlung.

We utilize the electron energy loss rate dE/ds and the
first-order spatial moments of the electron distribution func-
tion (Pj(cos0)) = (cos B), which represent the energy loss of
the electron with its trajectory and the mean scattering angle

[43

via collisions,*?! respectively. Then, the energy loss of the

electron along the transport path is given by

dE dE
— = o)1 — 1
ix (cos 0) o (D)

and the electron transport range is given by!*!]

(x) = /E? (cos 6) (‘:f)l dE, )

where the mean scattering angle

(cos 0) = exp [ /0 4 (s')ds']

is related to the transport scattering cross sections ki (s) =
kS(s) + Kki(s) and e and i represent electron—electron and
electron—ion collisions, respectively. The deflection of elec-
tron trajectories is mainly caused by Coulomb collisions with
When gold is doped into DT fuel,
the electron—ion collision transport scattering cross section is
ki = kPT + kM. Due to k} o n;Z2, the high Z gold causes the
collision frequency to be dramatically enhanced and the mean

ions in dense plasma.

free path of electron collision to be significantly reduced.

In addition to the electron—gold -collision effect,
bremsstrahlung can also affect the relativistic electron beam
energy deposition in gold doped fuel. The Bethe-Bloch theory
states that the bremsstrahlung losses can be described in terms
of average energy loss per unit path length dE/dx. Seltzer
et al.***] combined the theoretical investigation of calculat-
ing bremsstrahlung cross sections in the field of the electron
and atomic nucleus to give the integrated radiative energy-loss
cross section @ﬁg&al. The reduction of electron transport range
by bremsstrahlung can be clearly seen in the radiative energy

loss rate of electrons. The electron linear energy loss rate is
dE  27mrimc*ne . E \*(y+1)
- = 2 n -
ds B2 o, 272

2
+1+1(y_1> —(27/_1)1112}
AN Ve

+ni (arg) (E+mc?) 2> Dieg, 3)

where g = ¢?/(mc?) is the classical electron radius, m is the
electron mass, n and n; are the electron and ion number densi-
ties, B = v/c is the electron velocity normalized to the speed of
lightc, y=(1 —ﬁz)_l/z, E=mc*(y—1), 0, = \/47nee? /me,
and « is the fine-structure constant. Here, the first term on the
right-hand side represents the Coulomb collisions and plasma
wave excitation. The second term represents bremsstrahlung
radiation contributions. We then substitute Eq. (3) into Eq. (2)
to calculate the relativistic electron beam transport range.

To verify the developed stopping power model given in
Egs. (2) and (3), we calculate the electron transport range with
initial energies of 0.5 MeV-20 MeV in DT fuel with gold dop-
ing ratio of 0.5%—-30% using the stopping power model and
Geant4 simulation. The difference & between the model and
Geant4 simulation is shown in Fig. 1. At p = 300 g/cm?, the
maximum difference is about 6%. At p = 100 g/cm?, the dif-
ference is basically lower than 10% and the maximum differ-
ence of 12%—-16% appears in the low electron energy range
< 0.5 MeV, which is below the favorable energy range for FI
or DCI heating. In the following, our investigation will be
based upon the stopping power model and Geant4 simulation.
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Fig. 1. The difference & between the stopping power model and Geant4
simulations with the initial fast-electron energies of 0.5 MeV-20 MeV
and the gold doping ratio of 0.5%-30%, where the fuel density is taken
as p = 100 g/cm? in (a) and p = 300 g/cm? in (b).

Note that we have calculated the difference 6 of elec-
tron transport ranges between the stopping power model and
Geant4 simulation with initial energies of 0.5 MeV-20 MeV
in DT fuel with gold doping ratio of 0.5%-30% and density
of 180 g/cm®-700 g/cm?. The maximum difference & is ba-
sically less than 10%. Therefore, in the typical range of laser
fusion we are interested in, the difference between them are
not significant.

Furthermore, we examine the influence of the electron
beam spread on the transport ranges and the results are shown
in Fig. 2. This figure displays the deviations of the aver-
age transport ranges between the electron beams with energy
spreads and the monoenergetic beam, where the central ener-
gies of 1 MeV and 5 MeV are taken. One can see that even
with FWHM energy spread of AEpwnwm/Eo = 50%, the differ-
ence between the two cases is only 1.27% and 1.02%, respec-
tively.

1.5

—e—EU:l MeV )
—e— EO =5 MeV

10 20 30 40 50

AEE\;VHM (%)
Fig. 2. The deviations between the average electron transport ranges
and those of monoenergetic beams as a function of the full-width at half
maxima energy spreads, where the central energy is taken as 1 MeV
(blue) and 5 MeV (red). In the Geant4 simulation, the plasma density is
taken as 300 g/cm? and a gold doping ratio is taken as 5%.

3. Effect of gold doping on the electron trans-
port range

We investigate the contribution of the Coulomb colli-
sion and bremsstrahlung to the electron transport in gold
doped fuel. We find that with the growth of the electron en-
ergy and gold doping ratio, the contribution proportion of the

bremsstrahlung increases and that of the collision decreases.
Therefore, the radiative losses of high-energy electrons by
bremsstrahlung should be considered seriously.

To quantify the contribution of Coulomb collision and
bremsstrahlung due to gold doping, we calculate the electron
transport range in three cases using the stopping power model.
In case 1, we calculate the electron range (x)pr in uniform
DT plasma by the collision. In case 2, we calculate the elec-
tron range (x)ay, in gold doped DT plasma by the collision.
In case 3, we calculate the electron range (x)ay—brem in gold
doped DT plasma both by the collision and bremsstrahlung.
We use ({(x)pr — (x)au)/{x)DT to quantify the contribution of
the collisions between electrons and gold ions, which tends to
increase the deflection angle and leads to the decrease of the
electron range. We use ({(x)auy — {(X) Au—brem )/ {X) Au t0 quantify
the contribution of the bremsstrahlung, which also causes the
electron range to be reduced.

Figure 3(a) displays ({(x)pr — (x)au)/{x)pT representing
the contribution of the e—Au collisions. It shows that the
gold doping plays an important role in the transport and en-
ergy deposition of the electrons with the energies ranging
from 0.5 MeV to 20 MeV. Particularly, only 0.5% gold dop-
ing brings 40% (with 20 MeV electron energy) to 70% (with
0.5 MeV electron energy) reduction in the electron transport
range since the transport scattering cross sections of e—Au col-
lisions are proportional to the square of the Za,. This is much
larger than the scattering cross section in the pure DT plasma.
As the electron energy grows, the range is less affected by
the collisions which are weakly correlated with the scattering
cross section and the scattering angle should not be signifi-
cantly changed.

Figure 3(b) presents ({x)au — (X) Au—brem)/ (¥} Au to illus-
trate the contribution of the bremsstrahlung. The rate of
bremsstrahlung energy emission per unit volume is

Py =535x107"n. Y (niZ7) Ee% (W/em?), “

1

and radiative losses are highly dependent on both the ion
charge and the electron energy. The transport range of the
5 MeV electron beam is decreased by 4.3% and 7.8% with
the gold doping ratios of 0.5% and 10%, respectively. For
the 3 MeV electron beam, the decrease of the range becomes
1.5% and 2.3% with the gold doping ratios of 0.5% and 10%,
respectively. For the 1 MeV electron beam, the decrease
of the range becomes 0.7% and 1.0%, respectively. There-
fore, the bremsstrahlung with slight gold doping should not be
ignored when the electron energy is higher or much higher
than 1 MeV. Note that the bremsstrahlung energy loss rate
(dE/ds)raa = ni (ard) (E +mc*) Z2 D% linearly increases
with the electron energy, which results in the decrease of the
electron transport range with the growing electron energy.

075201-3
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Fig. 3. (a) <X>[’<£>; @A“ and (b) <'V>A“7<i_§l"“’b‘e“‘ versus the initial electron
energy, where the lines with different colors correspond to different gold
doping ratios of 0.5% (blue), 1% (red), and 10% (yellow) and the solid
and dashed lines are obtained according to the stopping power model

and the Geant4 simulations. The plasma density is taken as 300 g/cm?.

p =300 g/cm?, gold doping = 0.05

T T
Il Collision ratio (%)
] Bremsstrahlung ratio (%)

100

75+

Ratio (%)
o
o

25+¢

10 15 20
E() (MeV)

Fig. 4. The electron transport ranges are affected by the e—Au collisions
ratio (blue) and bremsstrahlung ratio (red) at different initial electron
energy E( according to the stopping power model, where we take the
plasma density of 300 g/cm® and the gold doping ratio of 5% (The
collision ratio and radiation ratio are normalized in such a way that
pT=Wau 4 au— DAu-bem 1).

()b () Au

One can also observe in Fig. 3 that the influence of the
bremsstrahlung and the e—Au collision on the electron range
reduction appears to exhibit opposite trends with the increase
of the electron energy. With lower electron energies, the e—
Au collision dominates over the bremsstrahlung effect. With
higher electron energies, the e—Au collision tends to have the
similar level of contributions to the bremsstrahlung effect. The

two effects result in the gold doping even at a low level of 0.5%
being important in the relativistic electron transport in high
density fuel in DCI or FI. The comparison between the e—Au
collisions and bremsstrahlung is shown more clearly in Fig. 4,
where the plasma density is taken as 300 g/cm® and the gold
doping ratio is taken as 5%. One can see that the decrease of
the electron transport range with the electron beam of 1 MeV
is almost entirely caused by e—Au collisions. For the electron
beam of 20 MeV, the bremsstrahlung cannot be ignored, and it
contributes more than half of the collisions.

It should be pointed out that the Geant4 simulations give
similar results and the same trend as the stopping power
model. In the Geant4 code, the fuel is considered to be a cold
target but not a plasma state, so the probability of large angle
scattering of electrons above 50 keV is overestimated to some
degree, resulting in the electron range somewhat less than that
obtained by the stopping power model.

20 T T T T 20
x

(z)
—— (=)
e - <-73>DT bremsstrahlung 1
+-(z)

DT collision
DD collision

Z)DD bremsstrahlung

(Z) bremsstrahlung (fm)

110
15
== 4
0 : : : : 0
0 1 2 3 4 5

Gold doping (%)

Fig. 5. The electrons transport ranges (x) affected by the collision (left

axis) and bremsstrahlung (right axis) versus the gold doping ratio in

DD and DT targets, respectively. In the calculations, the initial electron

energy is taken as 1 MeV and the plasma density is taken as 300 g/cm?.
We have also performed calculations with DD targets.
The electron transport ranges in DD targets differ from those
in DT targets due to the modified mass number A of the
background plasma (A = 2.5 -+ A = 2). This reduced ion
mass number A leads to an increased ion number density
n; = Nap /A and larger transport cross sections for ion scat-
tering. Consequently, the enhanced collisions between the
electron and DD ions result in a significant reduction in the
electron beam range, as shown in Fig. 5. This figure presents
the ranges of 1 MeV electrons in DD and DT targets with
different gold doping ratios. As the gold doping ratio in the
fuel increases, the deviations in electron range between DD
and DT targets become progressively smaller. The reason is
that the doping of high Z gold makes the transport scatter-
ing cross sections less sensitive to changes in the mass num-
ber A. A comparison between the electron transport ranges
affected by collisions and those affected by bremsstrahlung
shows that the mass number has little effect on the electron
range via bremsstrahlung. This indicates that the substitution
of DT targets with DD targets primarily influences the electron
transport ranges through collision rather than bremsstrahlung.
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4. Influence of spherical target on electron beam
transmission

In the last section, we have investigated electron transport
in an infinite target, which is a conventional configuration and
frequently discussed in the literature. In this case, the trans-
verse broadening of the electrons in transport is not considered
in the energy coupling efficiency to the target““*31 as well as
all of the bremsstrahlung photons that are reabsorbed since the
target is infinite. Here, we discuss the electron transport in a
spherical target with a typical areal density. In this configura-
tion, the effects of electron transverse broadening and escape
of the bremsstrahlung photons away from the finite target can
be appropriately considered.

We use Geant4 to simulate an electron beam transport in
a spherical target with an areal density of pR = 1 g/cm? with
different gold doping ratios. As the doping ratio increases,
the number of electrons around the axis decays more rapidly,
which hinders the target heating. With the growth of the elec-
tron beam energy, the total energy of the bremsstrahlung pho-

(a) z=3 pm, Ey=1 MeV
0

tons increases, but the total energy of the photons reabsorbed
by the target decreases.

Figure 6 shows the electron number distribution as a func-
tion of the transverse position (x) at two longitudinal positions
(z=3 wm and 7 wm). One can observe that the transverse
broadening of electron beam transport in dense fuels with dif-
ferent gold doping ratios, which also shows the influence of
gold ratios on the transverse broadening. Comparison of 2%
and 5% gold doping can illustrate that higher gold doping ratio
results in stronger transverse broadening of the electron beam
because electrons collide more frequently with gold ions, lead-
ing to large-angle scattering. Consequently, higher gold dop-
ing impairs the electron transport and target heating. One can
also see that with the growth of the electron energy the trans-
verse broadening is weaker. At a smaller longitudinal position
z =3 um, the electrons roughly follow a normal distribution
in the transverse direction. As the electrons transport deeper
into the target and collide with the target, the electrons tend
to gradually deflect outward, and only a minority of electrons
can maintain on a straight trajectory.

(b) 2=7 pym, Ey=1 MeV
0

200 200

150 150
100 100

50 50

(¢) z=3 um, Ey=2 MeV
0

(d) z=7 pm, Ey=2 MeV
0
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100 100
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50 50

0 0
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Fig. 6. Electron number distributions at different transverse positions, which are collected in the longitudinal positions z =3 pum [(a), (c), (e), (2)] and 7 um
[(b), (d), (f), (h)]. In the Geant4 simulations, we calculate the transport of the electron beam of 1 MeV [(a),(b),(e),(f)] and 2 MeV [(c), (d), (g), (h)] in a DT
plasma with 2% [(a)—(d)] and 5% [(e)—(h)] gold doping. The typical areal density of the spherical target is 1 g/cm? and the plasma density is 300 g/cm?.

The influence of the electron beam energy absorbed by
the finite spherical target can be more clearly observed in
Fig. 7. The increases of initial electron energy and gold dop-
ing ratio cause the decrease of the electron energy absorption.
For 2% gold doping ratio, the electron energy absorption pro-
portion is 71% with the initial energy of 1 MeV and it signif-
icantly decreases to 17.7% with the initial energy of 10 MeV.
This is due to the fact that the range of the higher-energy elec-
With the
given initial energy of 2 MeV, the energy absorption propor-
tion is 75.8% with the gold doping ratios of 0.5% and it de-

tron beams is much greater than the target size.

creased to 58.1% with the gold doping ratios of 10%, where
the bremsstrahlung radiation loss has been counted. The en-
ergy absorption is lowered with the growing gold doping ratio
because the doped gold leads to the increase in electron energy
loss due to bremsstrahlung.

In contrast to the infinite target which can absorb all the
bremsstrahlung photons, the finite target significantly influ-
ences the reabsorption of the bremsstrahlung photons. Fig-
ure 8 displays spectra of the generated bremsstrahlung photons
and the photons reabsorbed by the target. Figures 8(a)-8(c)
illustrate the energy of the reabsorbed photons is mainly dis-
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tributed below 200 keV, since relatively soft x-rays are more

(a) Gold doping =2% (b) Eg=2 MeV

easily reabsorbed by the target. For the electron beams of 75 7

1 MeV and 5 MeV, the total generated photon energy accounts . .

for 2.59% and 10.3% of the electron energy and the reabsorbed i/ 55 § "

photons energy accounts for 31.6% and 8.93% of the total % % 67

bremsstrahlung photons energy, respectively. Basically, as the 2 35 2

electron initial energy increases, the electrons lose more en- < < 02

ergy via the bremsstrahlung, but the photon reabsorption de- 15— 1; ST 1;
creases. In Figs. 8(d)-8(f), we proceed to simulate electron Ey (MeV) Gold doping (%)

beams of 1 MeV transp orted in the spherlcal target with gOId Fig. 7. The proportion of the electron energy absorbed by the spherical target

as a function of the initial electron energy (a) and the gold doping ratio (b),
where the gold doping ratio is taken as 2% in (a) and the initial electron en-
ergy is taken as 2 MeV in (b). In the Geant4 simulation, the target is taken
with an areal density of pR = 1 g/cm? and a density of 300 g/cm>.

doping ratios of 0.5%, 2%, and 5%, respectively. As the gold
ratio increases, the total energy of both the generated photons

and the reabsorbed ones grows.

(a) Eg=1 MeV (b) Ey=3 MeV (c) Ey=5 MeV
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Z, = Z,
800 800 800
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900 900 900
600 600 600
- < -
z < z
300 H 300 300
0 0 ' 0
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
E, (keV) E, (keV) E, (keV)

Fig. 8. Spectra of the generated bremsstrahlung photons (blue bars) and the photons reabsorbed by the target (brown bars), obtained from the
Geant4 simulations. The gold doping ratio of 2% is fixed in the first row and different initial electron energies of Ey = 1 MeV, 3 MeV, and
5 MeV are taken in (a)—(c), respectively. The initial electron energy Ey = 1 MeV is fixed in the second row and different gold doping ratios of
0.5%, 2%, and 5% are taken in (d)—(f), respectively. The target is taken with an areal density of pR = 1 g/cm? and a density of 300 g/cm?.

32 . . . . 1500 25 . . 160
(a) Gold doping =2% (b) Eo=2 MeV ===
R - B 2
~ 1000 & - 120 5
5 g 3 5
e} = e .
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2 5 2 =
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s s0 g 80
~ o8 RN
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E, (MeV) Gold doping (%)

Fig. 9. The proportion of the bremsstrahlung photon energy (blue solid line with circles) reabsorbed by the target and the total energy of bremsstrahlung
photons (orange dashed line with stars) versus the electron initial energy in (a) and the gold doping ratio in (b). The gold doping ratio is taken as 2%
in (a) and the electron energy is taken as 2 MeV in (b). The spherical target is taken with the areal density 1 g/cm? and the density 300 g/cm’.

Figure 9 presents the generated bremsstrahlung photons  the electron initial energy increases, the total photon energy

and the photons reabsorbed versus the electron initial energy

and the gold doping ratio. It is more clearly shown that as

increases approximately linearly and the reabsorbed photon

energy dramatically decreases from 31.3% (with 1 MeV elec-
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tron energy) to 4.94% (with 10 MeV electron energy). The in-
creased energy of the escaped photons is harmful to fuel heat-
ing. The photons are more likely to be captured when the tar-
get has a higher gold doping ratio, as presented in Fig. 9(b).
The photon reabsorption increases from 15.6% (with 0.5%
gold doping ratio) to 24.1% (with 10% gold doping ratio).

5. Conclusion

In the context of DCI scheme and FI, based on the range
of electron transport in pure DT fuel, this paper develops a
stopping power model that takes into account gold doping and
modifies the calculations for collision and bremsstrahlung in
gold doping DT fuels. Using the developed stopping power,
we investigate the transport range of electrons with differ-
ent gold doping ratios. We find that as the initial energy of
the relativistic electron beam increases, the contribution of
Coulomb collision to the electron range gradually decreases,
while bremsstrahlung linearly increases significantly. For ex-
ample, when the initial energy of the electron beam is raised
from 1 MeV to 5 MeV and transported into a plasma with 5%
gold doping, bremsstrahlung causes the electron range to drop
from 0.98% to 17.1%. Then, Geant4 simulates the transport
of relativistic electron beams in a finite spherical fuel. We ob-
serve that increasing the gold doping ratio in the fuel leads to

(a) p=50 g/cm?

— Stopping power
--- Betti 2008
Geant4 e-e+te-i

10

p{z)(g/cm?)

E() (1\18\/)
(c) p=200 g/cm?

— Stopping power
---Betti 2008
Geant4 e-ete-i

o

p(z)(g/cm?)

Ey (MeV)

1

more rapid decay of electrons around the axis and negatively
affects the proportion of electron energy absorbed by the tar-
get. Furthermore, the partial bremsstrahlung photon energy
loss may be reabsorbed by the finite fuel. Geant4 simulation
indicates that as the initial energy of electrons increases from
1 MeV to 5 MeV in a spherical target doped with 2% gold,
the fraction of energy in generated photons relative to the total
electron beam energy increases from 2.59% to 10.3%. How-
ever, the probability of photon energy being reabsorbed de-
creased from 29.9% to 9.24%, significantly reducing the effi-
ciency of electron energy utilization. Finally, the initial energy
of the electron beam ranges from 1 MeV to 10 MeV, the pro-
portion of photon absorption declines from 31.3% to 4.94%,
which significantly lessens the electron energy deposition.

Appendix A: Comparison between the stopping
power model and Geant4 simulation

We calculate the range of the relativistic electron beam
with the initial energy ranging from 0.3 MeV to 10 MeV (with
an energy interval of 0.01 keV) in uniform pure DT fuel with
the density of 50 g/cm®~300 g/cm?. Figure A1 show that there
is little difference among the stopping power, Betti’s empirical
formula, and Geant4 simulation.

. (b) p=100 g/cm?
— Stopping power

--- Betti 2008
Geant4 e-ete-i

~

p(@) (5/cnr?)

IS
10° 10’
E() (I\/IGV)
(d) p=300 g/cm?
8 ;
— Stopping power
a0 --- Betti 2008
g Geant4 e-ete-i
2
0 4
& .
QU /
b=t}
10° 10!
Ey (MeV)

Fig. Al. Electron range areal density p(x) of 0.3 MeV-10 MeV with the plasma density of p = 50 g/cm? in (a), p = 100 g/cm? in (b),
p =200 g/cm? in (c) and p = 300 g/cm? in (d), where in each plot the blue solid line corresponds to the stopping power, the red dotted line to
the Betti’s empirical formula, and the yellow diamond line to the Geant4 simulation, respectively.
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