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SECONDARY ELECTRON EMISSION FROM THIN ALUMINIUM FOILS
PRODUCED BY HIGH ENERGY ELECTRON BEAMS
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The description of the experimental equipment and technique for measuring the secondary emission of electrons
(SEE) with application of accelerated electrons at the linear accelerator of the IHEPNP NSC KIPT with energies up
to 30 MeV and a standard secondary emission monitor [1] are presented. Experimental data of secondary electron
emission yields from thin aluminum targets (8 and 50 pm) for primary electron beam energies of 16 and 25 MeV
have been experimentally measured. The analysis of the experimental data and their comparison with the theory are
carried out. It is shown that the proposed technique for measuring the yields of secondary electron emission is useful
and applied for study of low-energy and d-electrons yields from thin foils, as well as to research the effect of the

density effect depending on the energy of the primary electron beam.

PACS: 79.00.00, 06.20.Jr, 07.07.Df
INTRODUCTION

In the interaction of relativistic electrons with mat-
ter, along with other processes, processes of inelastic
collision with atoms of matter and scattering by atomic
electrons are present. As a result of collisions, the pri-
mary particle changes energy and momentum. At the
same time, some of the electrons of the substance ac-
quire enough energy to leave it. The phenomenon of
electron emission from matter is widely used to register
particle beam current [2 - 5]. The spectrum of secondary
electrons consists of high-energy electrons with energies
greater than 1 keV (d-electrons) and low-energy elec-
trons with energies less than 100 eV [5]. High-energy
electrons are formed as a result of elastic scattering of
the initial electrons by the electrons of the substance,
and low-energy electrons — as a result of inelastic inter-
action with the atoms of the substance. Low-energy
electrons, colliding with the electrons of the substance,
quickly lose energy and therefore their exit is possible
only from a thin layer of the substance of the order of
100 A [6], in contrast to J-electrons, which leave the
entire volume of the substance.

Monitors consisting of one or several thin foils are
applied for registration the current of charged particles
[7]. In this experiment, we used a thin aluminum foil
with a thickness of 8 and 50 pum.

The peculiarity of the interaction of relativistic elec-
trons with thin foils is that the interactions with the first
and second surfaces are different. This difference is due
to the fact that the energy loss of relativistic electrons in
a thin layer of matter near the first surface will be great-
er than in a thin layer near the second surface. It is due
to the influence of the density effect, which is absent in
the thin layer of the first surface and is essential for en-
ergy losses in the thin layer near the second surface.

This phenomenon was discovered in the interaction
of ultrarelativistic electrons and positrons with silicon
and niobium single crystals [8 - 12].

The aim of this work is to carry out experimental
and theoretical studies of the yield of low-energy and ¢-
electrons from amorphous aluminum targets with a
thickness of 8 and 50 um in the range of electron ener-
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gies up to 30 MeV, as well as to experimentally meas-
ure the influence of the density effect on the yield of
low-energy electrons.

1. THE SECONDARY ELECTRON EMISSION
YIELD MODELING OF ALUMINUM FOILS

The modeling of a possible physical effect was car-
ried out using the Berger-Seltzer formula in the follow-
ing form [13]:
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where dE/dx is the ionization losses; F* is the function
that determines the energy transfer by secondary elec-
trons; ¢ is the parameter that takes into account the den-
sity effect in the case of complete compensation of the
relativistic effect inside the target.

It can be assumed that the number of generated elec-
trons in a thin layer of the target will be proportional to
the lost energy by the initial electron without taking into
account the density effect and taking into account the
entrainment of energy by delta electrons, and the exit
from the second surface will be proportional to the en-
ergy lost by the electron, taking into account the effect
of density and entrainment of energy by delta electrons.

To simulate this process on the left side of the equa-
tion, we used the data on ionization losses from [14], as
well as the S-values. The function F*, which determines
the energy removal from the target, was simulated by
the Geant 4.9.1 toolkit [15] and subtracted from the val-
ue of ionization losses (1). Further, the value of ioniza-
tion losses was calculated without taking into account
the density effect (6), and taking it into account, and
their ratio was found.

In Table 1 the calculation results for Al thicknesses
of 8 and 50 um are presented.

From the calculations, it can be concluded that the
ratio (dE/dx-F-6)/(dE/dx-F) in this range depends on the
initial energy of the electron and does not depend on the
thickness of the target.
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Table 1
Calculation results Al foils 8 and 50 um
8 um
Ee, | dE/dx, | dE/dX-F, |dE/dx-F-6,| (dE/dx-F-6)/
MeV | keV keV keV (dE/dx-F)
25 3.22 2.51 2.65 1.06
10 3.53 2.98 3.46 1.16
15 3.62 2.97 3.6 1.21
20 3.68 3.09 3.85 1.24
25 3.72 3.2 4.05 1.27
50 pm
25 | 20.15 17.14 18.01 1.05
10 22.09 17.86 20.88 1.17
15 22.63 18.26 22.23 1.22
20 23.0 18.74 23.45 1.25
25 23.29 19.05 24.37 1.28

The Geant 4.9.1 toolkit also allows calculating the
secondary electron yields. The dependence of
o-electrons yields on the primary electron energy and
target thickness are shown in Fig. 1.
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Fig. 1. Energy dependence of d-electron yields
from 8 and 50 um aluminum foils

In the studied energy range, there is practically no
dependence of the yield of §-electrons on the initial en-
ergy of electrons, but there is a dependence on the
thickness of the target.

The density effect reduces the ionization losses of
the beam with an increase in its energy. This phenome-
non is associated with the screening of the field of the
relativistic electron. Shielding occurs at a certain depth
of passage of the primary electron.

The yield of secondary electrons from the first sur-
face of the target, relative to the direction of the electron
beam, is observed experimentally, more than from the
second.

2. EXPERIMENTAL RESEARCH
OF SECONDARY ELECTRON EMISSION

The schematic of the experiment is shown in Fig. 2.
The initial energy of electrons was 15 and 30 MeV. The
dimension of the electron beam is ~ 7 mm. The primary
electron beam current did not exceed up 2 pA. The
beam dimensions were formed using replaceable colli-
mators with a diameter of 4 to 10 mm (not shown on the
Fig. 2). The targets (emitters) were aluminum foils with
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thickness of 8 and 50 um. As collectors were used alu-
minum plates with a hole in the center with a diameter
of 16 mm. The distance between the emitter and the
collectors is 5 mm. The collectors were supplied with
voltages ranging from -100 to +150 V.
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Fig. 2. The general scheme of the experiment
for research the SEE yields

Electronic currents from the emitter and the Faraday
cup (FC) were measured using an automated system
based on a universal gated integrating current voltage
converter [16]. The convertor has two independent
measurements channels (first current range is from -5 to
+5 nA for emitter current measurements and second -
from -5 to +5 pA for total electron beam current meas-
urements by FC) and communicates with the PC by
Atmega328 microprocessor via USB interface. At a
voltage of -50 V, the yield of low-energy electrons at
the collectors was shut off and the yield of J-electrons
from the emitter was recorded. At a voltage of +50 V,
the formed low-energy electrons were completely ex-
tracted out of the emitter. By varying the voltage on
different collectors, it is possible to determine the yield
of low-energy electrons from the first and second sur-
faces. When voltage > -50 V is applied to both collec-
tors, the electron current from the emitter will be due to
the emission of J-electrons. On Fig. 3,a,b shows the
V-A characteristics of an Al emitter with a thickness of
8 and 50 um for a primary electron beam energy of 16
and 25 MeV, respectively.

The experimental data on the V-A characteristics
were fitted applying the formula:

SEEYield ,% = &

1+ e(u-uo)/du
which is the Boltzmann distribution function, where
SEEYield — percentage value of secondary electron
emission yield; A; — the lower saturation region, corre-
sponds to the yield of delta electrons; A, is the upper
saturation region, corresponds to the total yield of sec-
ondary electrons; U is the value of the potential at C1 =
C2, C1 and C2, Uy is the distribution center; dU — con-
stant voltage.

The experimental data fitting and processing results
of the SEE vyields from Fig. 3,a,b are presented in the
Table 2.

In the Table 3 the calculated and experimental val-
ues of N; and N, for an Al target with a thickness of 8
and 50 um by formulas (1) and (2) respectively are pre-
sented, where N; — the total low energy secondary elec-
tron yields from the first surface and N, — the total low
energy secondary electron yields from the second sur-
face and N;/N, — the ratio and main determined parame-
ter of density effect existence.
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Fig. 3. Experimental V-A characteristics of Al foils:
8 um thickness, Eprimary = 16 MeV (a);

50 um, Eprimary = 25 MeV (b)

Table 2
Experimental data analysis
Eprimary = 16 MeV with Al foil 8 um
Value Standard
Error
Reduced Chi-Sqr | 0.004 -
Adj. R-Square 0.997 -
Cl=C2 A 0.36 0.012
Ax 3.38 0.008
U 1.3 0.089
du 3.12 0.095
ArA 3.02 -
Reduced Chi-Sgr | 0.001 -
Adj. R-Square 0.998 -
A 0.36 0.004
C1 A, 1.98 0.004
U 1.93 0.076
du 2.81 0.068
Nl :Az-Al 1.62 -
Reduced Chi-Sqgr | 8.6E-4 -
Adj. R-Square 0.997 -
A 0.36 0.004
Cc2 Ay 1.73 0.003
Uo 1.85 0.081
du 3.27 0.078
N7 =A7'A1 1.37 -
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Eprimary = 25 MeV with Al foil 50 um
Standard
Value Error

Reduced Chi-Sgr | 0.011 -
Adj. R-Square 0.996 -
Cl=C2 A 1.07 0.03
A, 4.75 0.03

Ug 3.317 0.35
du 4.97 0.32
ArA 3.68 -
Reduced Chi-Sgr | 0.003 -
Adj. R-Square 0.996 -

A 1.06 0.014

C1 A, 3.04 0.014
Ug 4.29 0.35
du 5.73 0.32

N]_ :Az-Al 1.98 -

Reduced Chi-Sqr | 0.0022 -

Adj. R-Square 0.996 -

A 1.04 0.013

c2 A, 2.73 0.012

Ug 2.39 0.316

du 4.56 0.305

N2 :Az-Al 1.69 -

Table 3

Low energy electron yields comparison analysis
for Al foils 8 and 50 um

Calculated data
EMeV —g N, Ny/N,
16 0.0215 | 0.0178 1.2
25 0.0227 0.018 1.26
Experimental data
E, MeV N, N, Ny/N,
16 0.0162 | 0.0137 1.18
25 0.0198 | 0.0169 1.17

CONCLUSIONS

The SEE vyield research was carried out when rela-
tivistic electrons with energies of 16 and 25 MeV pass
through Al targets of 5 and 80 um. The yield of low
energy electron yield was investigated as a function of
the potential on the collectors in the range of -50 to
+120 V. The excess of the yield of low-energy electrons
from the first surface over the yield from the second was
established, which indicates the influence of the density
effect on ionization losses. The experimental results
agree with the calculated ones within the experimental
errors. The difference in the experimental and calculated
data on the yields of J-electrons is due to the design
features of secondary emission monitor. It is shown that
the yields of low-energy electrons depend on the initial
energy of the beam, while the yields of delta electrons
depend only on the thickness of the target in a given
energy range.
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BTOPUYHASA SMUCCHUSA DJIEKTPOHOB U3 TOHKUX AJTIOMUHHUEBBIX @OJIbI" HA TYUYKAX
BUCOKO2SHEPI'ETUYHBIX DJIEKTPOHOB

C.I'. Kapnycw, I' /1. Kosanenxo, 10.I'. Kazapunoe, B.H. /Iyouna, B.1H. Kacunoe, C.C. Kouemoes, O.A. Illlonen,
U .H. Ilnaxoes

[IpuBeneHo omnucaHe HKCIEPUMEHTAILHOTO 000pYI0BaHNS M METOAMKH N3MEPEHUSI BTOPUYHON AMUCCHH 3JIEK-
TpoHOB (BDDJ) ¢ mcmonp30BaHMEeM YCKOPEHHBIX JICKTPOHOB Ha JHHEHHOM yckoputene MDOBIAI HHI XDTU ¢
sHepruamMu a0 30 MaB u craHgapTHOM MOHUTOpPE BTOPUYHOM 3MUCCHH [1]. DKCIIEpUMEHTAIBHO U3MEPEHBI BBIXOIbI
BTOPUYHON 3JIEKTPOHHOM IMHCCHU M3 TOHKHX QJIOMHHHEBBIX MHIIeHeH (8 n 50 MKM) Ipu 3HEprusix NepBUYHOTO
3MEeKTpOHHOro nydka 16 u 25 M»aB. [IpoBeneH aHanu3 3KCIEPUMEHTAIbHBIX JAHHBIX U MX CPaBHEHHE C TEOPHEH.
ITokazaHo, 4TO MpeANOKEHHAs METOUKA U3MEPEHUSI BBIXOJOB BTOPUYHON SMUCCHH 3JIEKTPOHOB MO3BOJIET MOJIY-
4yaTh JaHHBIE TI0 BBIXOZAM HU3KOIHEPTETUYECKUX M J-3JICKTPOHOB, a TaK)Xe MCCIEeIOBaTh BIHMsAHUE 3¢ deKxTa mioT-
HOCTH B 3aBHCHMOCTH OT SHEPTHH IEPBUYHOTO MTy9IKa IJIEKTPOHOB.

BTOPHUHHA EMICIA EJIEKTPOHIB 3 TOHKHUX IIVIIBOK AJTIOMIHIIO HA ITYYKAX
BUCOKOEHEPTETUYHUX EJIEKTPOHIB

C.I'. Kapnycs, I /l. Kosaneuxo, 10.I'. Kazapinos, B.M. /lyoina, B.H. Kacinos, C.C. Kouemog, 0.0. Llonen,
IM. llInsaxoe

Hanano ommc excriepuMeHTaIHOTO 00NIaIHAHHS T4 METOAMKN BHMIpPIOBaHHS BUXO/IB BTOPUHHOI eMicii elIeKT-
poHiB (BEE) mpu BukOpHcTaHHI IydYka NPHCKOPEHUX EJIEKTPOHIB Ha JiHiHOMY mpuckoproBadi I@BESA® HHI]
X@TI 3 eneprieto 1o 30 MeB i crannapTHOro MoHiTOpa BTOpuHHOI eMicii [1]. OTpuMaHO excriepuMeHTalbHI JaHi
0 BUXOJ]aX BTOPUHHOI eMicii elIeKTPOHIB 3 TOHKMX MilleHeH antoMiHito (8 i 50 MKM) /1t eHeprii NEpBUHHOTO ITy4-
Ka esieKTpoHiB 16 1 25 MeB. IlpoBeneHo aHaii3 eKClIEpUMEHTAIbHUX JIAHUX 1 MOPIBHAHHA iX 3 Teopieto. [Tokazano,
1110 3aIpPONOHOBAaHA METOAMKA BUMIPIOBAHHS BUXOJIiB BTOPHHHOI €MicCii €JIEKTPOHIB JO3BOJISIE OTPUMYBATHU JaHi 1o
BHUX0JIaX HU3bKOCHEPTETUIHHX 1 J-€JIEKTPOHIB, a TAKOX JOCIITUTH BILUTUB €(eKTy TYCTHHH B 3QJICKHOCTI BiJ eHepril
HEPBUHHOTO ITyYKa €JIEKTPOHIB.
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