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than a flat one. Two different geometries of grooves—triangular and rectangular—are studied. The effect
of strong magnetic field on SEY suppression is also considered.
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Abstract e

We show that a grooved surface can have an effec-
tive secondary emission yield (SEY) smaller than a flat
one. Two different geometries of grooves—triangular and )
rectangular—are studied. The effect of strong magnetic
field on SEY suppression is also considered. A

INTRODUCTION e

Suppression of the secondary electron emission is an b
important technique of mitigating deleterious effect af th
electron cloud in modern accelerators. Several methods are h
routinely used in practice to lower the secondary emission b) \M a
yield (SEY) which include special coatings of the metal A
surface, surface cleaning and beam scrubbing. In this pa-
per we study another approach to suppress effective SEY
which uses grooves on the surface of the metal. This
method can complement the surface coating and lead Figure 1: Triangular (a) and rectangular (b) grooves on the
even smaller total secondary emission. surface. Triangular grooves are characterized by the angle

The idea of using grooves to lower the electron emission. Rectangular grooves have a perigavidth « and depth
has been previously discussed in the literature [1, 2]. Ih.

a recent paper [2] Krasnov developed an analytical model
which demonstrates lower SEY as a function of the geo-
metric characteristics of the grooves. Our analysis in this

. . . . increases the yield. It is due to the fact that an initial
paper is based on a computer simulation which tracks or

bits of the secondary electrons and uses a detailed mo&é?ctron that travels perpendicular to the horizontal @lan

T - 1n Fig. 1a would hit the surface of the groove at an angle
Eg]r the energy and angular distiribution of the secondane(%T _ a)/2 relative to the normal to the surface. Since SEY

typically increases with the incidence angle, this meaat th
the number of first generation secondaries will be larger

SECONDARY EMISSION FROM than in the case of the flat surface. This observation shows

GROOVED SURFACE that it is not obvious whether triangular grooves suppress
A surface with grooves is shown in Fig. 1. I this pa_the effective_emission orincrease it f_o_ragiven angland
per we consider two types of grooves—triangular grovetshe.re.su“ might depend on the specific model of secondary

) ! emission.
with anglea, and rectangular grooves characterized by thé
periodb, width a and depthh. An initial electron whose In our simulation code we used a subroutine from the
trajectory in Fig. 1 is shown in red hits the surface at poifPOSINST computer code [4] to calculate the probability
A and produces secondary electrons shown with blue linesf the secondary emission with a given energy and angular
Depending on the emission angle, some of the secondargordinates of the secondary electron. The model imple-
electrons can escape the groove and move away from theented in this subroutine is described in Ref. [3]. The
surface. Other secondary electrons would hit an inner sidagular distribution of secondaries is assumedcos 9,
of the groove. With some probability they will be absorbedwhered is the angle with the normal to the surface, and
or they can generate another secondary electrons (which ¥ incidence-angle dependence of the secondary emission
call thesecond generation secondaries) whose trajectoriesyield § is given by the relatiod o [1 4 r1(1 — cos™ 6y)]
are shown in green. The process may repeat several timgkerer; andr, are positive numbers that depend on the
until the energy of higher generations of the secondarigsoperties of the surface. In the simulation we assumed
becomes too low and they are eventually absorbed by tlieat primary electrons hit the surface normal to the aver-
surface. aged plane (as shown in Fig. 1). To speed the calculations,
Note that although collisions of secondaries with sideve simulated only the first 2 or 3 generations of emitted

walls of the grooves would lead to suppression of the SE¥lectrons with abou x 10* incident electrons per groove.
there is a competing mechanism for triangular grooves th&ffective SEY was averaged over the groove period.




SEY FOR GROOVED SURFACES Fig. 3 shows the energy of the secondary electrons of
the first and second generations as a function of the pri-

In the case of triangular groove surface, the effectivgary electron energy. The average emitted electron energy
SEY does not depend on the size of the grooves and it fiecreases as more generations of electrons are considered
only a function of the angle. This gives certain flexibility and for the second generation it is smaller ttzy,.—the
in the practical choice of the dimensions of the grooves. Qfnergy corresponding to the maximum of the SEY 200
course, this independence of SEY on the size of the groovgg). For this reason, higher electron generations shottld no
holds only within some limits and breaks down when theontribute much to the total effective yield for a triangula
size of the grove becomes comparable with the penetratigiooved surface.
depth of the incident electrons in metal.

The result of simulations for triangular grooves with
anglea = 60° on copper surface with maximum SEY

In fig. 4 we compare results for grooves with an angle
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Figure 4: Comparison of the effective SEY #&° and40°
Figure 2: SEY as a function of incident energy for triangugroves.
lar grooves withoe = 60°.

. N .« = 40° and60° (and the reference case of the flat surface).
dmax = 1.75is shown in Fig. 2. The top curve gives .
As one may expect, smaller angles result in a stronger sup-

the reference value of( F) (whereE is the incident en- : L . i
. ression of the emission, with a maximum SBY,. =
ergy of the electron) for a flat surface (without grooves\S 9 for a — 40°

for normal incidence. The blue curve is the effective SE
with grooves when only first generation of secondaries is Fig. 5 shows results of the simulation for rectangular
taken into account (that is each secondary electron is @@0oves assuming = 2b. Red dotted lines correspond
sumed to disappear when it hits a wall). The red dots show
the result of simulation with two generations of secondarie
taken into account (second generation secondary electrons [
do not produce secondaries when they hit the wall). Asit 1.5
is shown in the picture, the maximum effective SEY de-
creases to a value of about 1.3 in this case.
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_ _ to h/a = 1, while the top curve corresponds to a reference
Figure 3: Energy of secondary electrons for triangulafiat surface. As in the case of triangular shapes, deeper
grooves with an angle = 60°. grooves show higher suppression of secondary emission.



EFFECT OF MAGNETIC FIELD 60° grooves, the SEY actually exceeds the emission for a

o . flat surface for primary electrons energies absva0o eV.
Even a weak magnetic field changes the orbit of the Sefrowever, in the case af)° groove angle, there is a notice-
ondary emitted electrons and affects their collisions witl},,o suppression of the SEY.

grooved surfaces. For example, the Larmor radius of aye haye to emphasize here that the angular distribution
200 eV electron in 1 Tesla field is abayt = 25 microns, ot secondary electrons was assumedos 6 as in the field

which is much smaller than the size of the groove. In thgqq case. This may change in a very strong magnetic field
limit when rz, is much smaller than the depth of the trlan-[5]’ to which case our results will not be applicable.
gular grooves, the effective SEY should not depend neither

onry, nor the size of the grooves, and is only a function of

the anglex. The reason is that in the limit, — 0 most of SUMMARY AND DISCUSSION

the secondaries in their spiraling motion collide only with  We presented results of computer simulation results

the tilted side surface of the groove in the vicinity of theshowing that one can suppress the secondary electron yield
emission point. with a groove surface design of the vacuum chamber. The

In our simulations, we have studied so far the effect ofmagnitude of suppression of the SEY depends on the angle
the magnetic field for the triangular groove profile. The reef the triangular grooves and on the aspect ratio of rectan-
sults of the simulations for angles = 60° anda = 40°  gular grooves.
are shown in Fig. 6 and 7 respectively. The black curve in Without magnetic field, the suppression depends only on
these plots shows again the secondary emission yield fdimensionless parameters that characterize the geonfetry o
the grooves. In the case of triangular shapes, this paramete
is the anglex. For rectangular grooves there are two such
parameters: the aspect rafiga and the fractior /b of
the surface occupied by the grooves. With magnetic field
the suppression for triangular grooves depends only on the
angleq, in the limitry — 0.

For the cases considered in this paper, we found that
SEY suppression in strong magnetic field is not as effec-
tive as without magnetic.

Introduction of grooves on the surface will change the
properties of interaction of the beam with the wall. To min-

0 1000 2000 3000 imize the impedance, grooves should be oriented along the
Energy, eV beam orbit. Another consequence of the grooves is that
the beam electric field will be concentrated on the edges of
Figure 6: Secondary emission yield in a magnetic fieldhe grooves with a relatively small magnitude of the beam
a = 60°. electric field penetrating to the bottom of the grooves. Due
to this shielding, secondary electrons emitted near the bot
tom of the groove will feed a suppressed electric field of

SEY
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