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NEWTRA], A COMPUTER CODE FOR THE SIMULATION OF THE ELECTRON DISCHARGE
IN ACCELERATING STRUCTURES
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Abstract
The NEWTRA] code for the  computation of

electron discharges in R.F. cavities and structu-
res is presented.

The code is mainly oriented to the computat-
ion of the R.F. resonant discharges in the TM
monopolar modes of accelerating structures and
cavities.Nevertheless the code could be used for
the simulation of the non resonant electron
loading of R.F. structures operating on the
same modes. The code uses the R.F. fields as
obtained by the OS5CAR 2D code to compute the
trajectories of an electron starting from a
cavity wall. The field emitted electron is
followed until it strikes a cavity wall.At the
impact point a true secondary or a backscat-
tered electron is generated. The energy and
direction of the new electron are randomly gene-
rated accordingly to the distribution of the
reemission process.

A comparison among analytical computations,
experimental measurements and resonant dischar-
ges as computed by our code is presented.

Introduction

People working on the design of resonant
cavities and structures for particle accelerators
often exverienced the bitter taste of a structure
plagued by the Multipactoring, the resonant
electron loading which occurs at well defined
R.F. fields levels.

Only on few simple geometries the multipa-
ctoring levels can be predicted by simple rule

and often a Multipacto-
"nice cavity"

of thumb computations,
ring discharge so badly affect a

that the cavity may never reach the desired
accelerating field.

Sometimes, in '"lucky situations" the goal
of the foreseen accelerating field level is

reached only after a painful, costly and long

R.F. conditioning of the cavity surface. But the
Multipactoring ghost is only sleeping, waiting
for some small perturbations inside the cavity
to start again; or some useful accelerating
field levels are forbidden by a Multipactoring
level.

Working on Superconducting R.F. cavities

the Multipactoring phenomenon becomes more and
more severe, becausé the field unstability is
enhanced by the high Qo value of the resonator
and by the sensitivity to the heating of the
superconducting materials.

For that reason, working on 5/C cavities
for selection acceleration, we have developed a
computer code, NEWTRAJ], to simulate the reso-
nant R.F. electron discharge.
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The Newtraj code
The Newtraj code uses the R.F. fields of a

monopolar TM modes, as computed by our OSCAR
2D [1] simulation code, to follow the motion of
the electrons inside any reasonable shape of
axially symmetric accelerating cavity or structu-
re.

E-field

A typical cavity shape with the

distribution is shown in figure 1.
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Fig.1l Field distribution in a compensated 5 cell
cavity.

Since the problem to be solved has a
rotational symmetry around an axis, we restric-
ted ourselves to compute the motion of the
electrons in a plane through that axis.

This choice comes out from the following
argument:

a) the electric field in the cavity lies in the

symmetry plane, and the electrons field emitted
from the surface move along the field lines.
b) Secondary electrons reemitted by the surface
could in principle have the starting velocity
not lying in the symmetry plane, but the value
of the starting velocity 1is low,(the typical
energy is few electrons volts] so the motion in
the anp direction can be neglected without a
significant change in the results.
¢} The reemission direction of the backscattered
electrons lies in the symmetry plane if the
direction of the primary electron does and, for
the aforementioned arguments, the velocity of
the primary electron can be considered lying in
the simmetry plane.

The relativistic equation, in vector form,
for an electron moving in the R.F. field of a
resonator is

(E+rV¥x 8 _"é’-?v

where m, is the e
- %
electron charge. E,B
fields.

With our assumption of TM monopolar modes
and electron motion in thez,z-'plane, we obtain:

V)
lectron rest mass, £ the
the electric and magnetic
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this set of differential equations is easily
integrated by a step by step Euler method.

The trajectory is followed until the elect-
ron strikes the metallic wall.

At the impact point a secondary electron
is generated.

The energy and the direction of the new
electron are randomly generated accordingly to
the distributions of the secondary emission of

the cavity wall and of the backscattering
process.

At each impact the electron yeld is stored;
the tracking of the electron trajectories is
stopped when:

a) the electron leaves the cavity via any

coupling hole.

b) the product impact energy by yeld is lower
than a fixed value.

c¢) the number of R,F. cycles is higher than a
value given as an input datum.

d) the R.F. phase lag between two impacts is
less than 10°.

Secondary emission model

When an electron, accelerated by the R.F.
field of the structure strikes the cavity wall
a new electron is generated by a random pro-
cess taking inte accaunt the probability,
related to the wvalue of the impact energy, of
producing true secondaries or backscattered.

First we assume the secondary yeld
distribution as a function of the impact

energy Vg, A2
250 (ugq /Ug&c)
(4 +{VensVnax)t)| 091

MAx = energy where the maximum of the
secondary yeld is reached (preset in input)
= maximum value of the secondary yeld
distribution (preset in input}
= is the impact angle of the electron.
The backscattered yeld is

’V] /ﬂa+[4 Aqo)IMM‘OI

where is again the impact angle of the
electrons.

The first term takes into account the true
backscattered vyeld for the material used to
build the cavity.

The second term is the contribution to the

where
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yeld due to the enhanced backscattered inpin-
ging the surface at glancing angle.

direction trues
secondaries are treated in

For the reemission
backscattered and
the same way.

In both cases the reemission direction is
randomly generated with a cos S distribution
around the normal direction to the surface at
the impact point.

The enhanced backscattered are specula-
rly reflected at the impact point.

The energy of the emitted  electrons
depends on the reemission process in the
following way:

a) for the true secondaries, for the impact

energy Yen 7 Vmar A0 the energy of the
reemitted electron is a value preset in input
(tynically 2 -4 gy ) for Ven £UMAX/AO the
energy of the secondaries is randomly distri-
huted in the range O ~Ugy.

b) for  the enhanced backscattered the

reemission energy is fixed to a value of 0.§Ugy

¢} for the true backscattered the reemission
energy is randomly distributed  with the
distribution

5+ 2 610 (Um /Upan)- £ J_
A+ (52 4sllen ) 4

Results

g2 -

The first check of the code
on a Multipactoring discharge for which an
analytical solution is known; a two point
discharge between the opposite end plates of
a cylindrical cavity or in a gap of a ca-
pacitively loaded cavity.

In that case, to fulfil the resonant condi-

was performed

tion the time of flight for an electron,
starting from a side of the cavity and
inpinging the opposite wall, must be an

integer multiple of an half of the R.F. period
T.

From the previous assumbDtion the dischar-
ge field and the impact energy of the
electron are easily written as a function of
the cavity length, L, the free space
wavelength of the R.F. field and the
number of half period M

=47 2

Eq= 8 "(r)"—:{p ey.

using fOl‘AM,cz (the electron
energy value of 5.1 x 1052(.

rest mass ) the
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The comparison between the analytical
computation and the results found by our
HEWTRA] are reported in Table 1.

Table 1
EOM.["‘V/M;J EHEWrRAj

6.4% 6.4
144 9.4
4.28 A3
0.92 0.9

AzA0owm L= Aowm,

N VO SO P4

The code was widely wused to predict
the liultipactoring levels of a prototype cavi-
ty for the ADONE storage ring. [ 271

By using our code the impact region of
the resonant trajectories was found and the
harrier was overcome by painting the impact
region by a graphite block, reducing the
secondary emission yeld in that region [3]

Based on the previous eXxperience we
used our NEWTRA] to find the trajectories of
the electrons in the R.F. 1 cavity of ADONE.

We wused the information got for the
computer simulation to find the cavity
regions to be painted with our'blqck magic”
in order to reduce the secondary coefficient
in the impact region of the resonant trajecto-
ries and weaken the kP barriers.

Since then the cavity has been working
nerfectly (i.e. without WMP troubles), for
ahout one year. L 4]

Finally we report the result of a simula-
tion that explains the discharge in a 5 cell
structure operated at 4.5 GHz. The unit cell
of the structure is a door-bell cavity which
is HMultipactoring free[5]

Hevertheless the five cell structure
operated on the 2T7/3 mode showed a MP
level at an Zmax field level of 2.1 ;V/y.

Qunning  the  simulation code NEWTRA]J
the resonant discharge was explained as &dn
empty cell electron trapping at a 2MV/m Ep
level, - producing a secondary yeld able to
keep up electron multiplication.

Figure 2 shows the resonant trajectories
>f that discharge.
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Fig.2 Empty cell Multipactoring discharge of
a 2 /5 accelerating structure,
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Conclusions

The WEWTRA] code has been successfully
used to find the regions and the field level of
Multipactoring discharges 1in R.F.
and cavities for particle acceleration.

The agreement between the
levels and the resonant
on cavities is very good.

NEWTRA] has nroved very useful to pre-
dict the discharge behaviour of cavities and
to remove Uultipactoring levels by some 'ad
hoc" solution as graphite painting or by de-
finitive solutions as reshaping of critical
parts of cavities in order to push out the
electron trajectories and break the resonant
conditions generating the electron multiplica~
tion and the R.F. discharge.

structures

comnuted 1P
discharges measured

References

£ 13 . P.Fernandes,

Electromagnetics
sonators
rence,

R.Parodi:
Fields in TE
and Waveguides'. Compumag Confe-
Fort Collins Colorado June 1986, 1EEE
Transactions on tiagnetics November 1985,

"Comiputation of
and TLi Re-

{2]. R.Boni, V.Chimenti, ?.Fernandes, R.Paro-
di, B.Snataro, F.Tazioli, M.Vescovi: "Studio di
fenomeni di scarica in cavita' risonanti sotto

vuoto", Atti della "Quinta Riunione di FElettro-
rmagnetismo Applicato”, St.Vincent 1984.

[3]. R.Boni, V.Chimenti, P.Fernandes, R.Paro-
di, B.Spataro, F.Tazioli: “Reduction of Multi-
pactoring in an accelerator cavity", Particles
Accelerator Conference, Vancouver Canada, Hay
1965, 1EEE Transaction on Huclear Science |,
October 1985.

{4). R.Boni: "Private Communication'.

[s]. P.Fernandes, V.Lagomarsino,
R.Parodi, R.Vaccarone, IEEE
liagnetics, MAG 19 1983.

G.tanuzio,
Transactions on

PAC 1987



