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Abstract  

The NEWTRAJ code for  t h e  computation of 
electron d ischarqes  i n  R.F. cav i t i e s  a n d  s t ruc tu-  
res i s  presented. 

The code is mainly or ien ted  to the  computat- 
ion of the  R.F. resonant d i scha rges  i n  the  TM 
monopolar modes of acce lera t inq  s t ruc tu res  a n d  
cavi t ies .  Nevertheless the code could be used fo r  

the  simulation of t he  non resonant electron 
loadinq  of R.F. s t ruc tu res  opera t ing  on the  
same modes. The code uses  the  R.F. f ie lds  a s  
oh ta ined  by the OSCAR 2D code to compute the  
t ra jec tor ies  of a n  electron s t a r t i n q  f r o m  a 
cav i ty  w a l l .  The f ie ld  emitted electron i s  
followed unt i l  i t  s t r i kes  a cav i ty  wal1,At the  
impact point a t rue  secondary  or  a Sacksca t -  
t e r ed  electron is genera ted .  The energy  a n d  
direction of the  new electron a r e  randomly gene- 
r a t e d  accordingly to the  d is t r ibu t ion  of t he  
reemission process. 

A comparison amonq a n a l y t i c a l  computations, 
experimental  measurements a n d  resonant  d i schar -  
ges a s  computed by ou r  code is presented .  

Introduction 

People working on the  des ign  of resonant 
cav i t i e s  and  s t ruc tures  for pa r t i c l e  acce lera tors  
often e x x r i e n c e d  the  b i t t e r  t a s t e  of a s t ruc tu re  
Flagued b y  the  Multipactoring, the resonant  
electron loadinq which occurs  a t  well defined 
R.F. f ie lds  levels.  

Only on few simple geometries t he  multipa- 
c tor ing  levels can  be  Dredicted by simple ru l e  
of thumb computations, a n d  often a Aiultipacto- 
r i n g  d ischarge  so bad ly  affect  a "nice cavi ty"  
t h a t  t he  cav i ty  may never  reach  the  des i r ed  
acce lera t ing  field.  

Sometimes, i n  "lucky s i tua t ions"  t h e  goal 
of t he  foreseen acce lera t ing  field leve l  is 
reached  only a f t e r  a pa in fu l ,  costly a n d  long 
R.F. conditioning of t he  cav i ty  sur face .  Rut t he  
klultipactoring ghost is only  s leeping ,  wai t ing  
for  some small per turba t ions  in s ide  the  cav i ty  
to s t a r t  a g a i n ;  o r  some usefu l  acce lera t ing  
field levels a r e  forbidden b y  a MultipactorinT 
level.  

W0rkin.g on Superconducting R.F. cav i t i e s  
t he  Multipactoring phenomenon becomes more a n d  
more severe,  because the  f ie ld  uns t ab i l i t y  is 
enhanced b y  the  h igh  Qo v a l u e  of the  resonator  
a n d  b y  the  sens i t iv i ty  to the  hea t ing  of t he  
superconducting materials.  

For t h a t  reason ,  working on S/C cavities 
for selection acce lera t ion ,  we have developed a 
computer code, NEWTRAJ, to simulate the  reso- 
n a n t  R.F. electron d ischarge .  
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The Newtraj code 

The Uewtraj code uses the  R.F. f ields of a 
monopolar TM modes, a s  computed by ou r  OSCAR 
2D [11 simulation code, to follow the motion of 
the  electrons in s ide  a n y  reasonable  shape  of 
a x i a l l y  symmetric acce lera t ing  cav i ty  or  structu- 
r e .  

A t yp ica l  cav i ty  shape  with the E-field 
d is t r ibu t ion  is shown in  f igu re  1. 

I 

Fiq.1 Field d i s t r ibu t ion  i n  a compensated 5 cell  
cav i ty .  

Since the  problem to be solved h a s  a 
ro ta t iona l  symmetry around a n  a x i s ,  we restric- 
t ed  ourselves to compute the  motion of the  
electrons in a p l ane  through tha t  ax is .  

This choice comes out from the  followin,q 
argument:  
a )  the  e lec t r ic  field in  the  cav i ty  l ies  i n  the 
symmetry p l ane ,  a n d  the  electrons field emitted 
from the  su r face  move along the  f ie ld  l ines.  
b )  Secondary electrons reemitted by the  sur face  
could i n  pr inc ip le  have the  s t a r t i ng  velocity 
not ly ing  in  t h e  symmetry p l ane ,  bu t  the  va lue  
of t he  s t a r t i n g  velocity is low, ( the  typ ica l  
ener,gy is few electrons volts1 so the  motion in  
the  /\p di rec t ion  c a n  be neglected without a 
s igni f icant  change  in  the  resu l t s .  
c )  The reemission direction of the  backscattered 
electrons l i e s  in the  symmetry p lane  if the  
direction of t h e  pr imary electron does a n d ,  for 
t he  aforementioned arguments,  the  velocity of 
t he  primary electron c a n  be  considered ly ing  i n  
t h e  simmetry p lane .  

The r e l a t iv i s t i c  equat ion ,  i n  vector form, 
for  a n  electron moving in  the  R.F. f ield of a 
resonator is 

where m d  is the  electron res t  mass, e the 
electron cha rge .  2,z t he  e lec t r ic  a n d  magnetic 
f ie lds .  

With o u r  assumption of TM monopolar modes 
a n d  electron notion i n  theEj&lane, we obta in :  
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yeld due to the  enhanced hackscat tered inpin- 
oing the  surface a t  g lanc ing  an,gle. 
. 7  

For t h e  reemission direction t rues  
backsca t te red  a n d  secondaries  a r e  t rea ted  in  
the  same way. 

I n  both cases  the reemission direction i s  
randomly generated with a cos 9 dist r ibut ion 
around the norriial direct ion to  the  surface a t  
the  impact point. 

The enhanced backscat tered a r e  specula- 
r l y  ref lected a t  the  impact point.  

The energy of  the  emitted electrons 
deoends on the reemission process i n  the 
following way: 
a )  for the t rue  secondaries ,  for the impact 
ene rgy  dsr( 7 d f i A z  f h 0  the enerqy of the 
reemitted electron i s  a value nreset  in  input 
( t y p i c a l l y  2 t4 E.( ) for U ~ f l  L C / H A ~ / A ~  the 
ene rqy  of the secondaries  is randomly d is t r i -  
buted in  the r anSe  0 + I j ~ f l .  
5 )  for t h e  enhanced backscat tered the  
reemission energy is fixed to a value o f  0.8Lle~ 

c )  for the  t r u e  backscat tered the reemission 
ene rgy  is randomly d is t r ibu ted  with the 
d is t r ibu t ion  

th i s  set  of d i f fe ren t ia l  equat ions  is eas i ly  
in tegra ted  by a s tep b y  s tep  Euler method. 

The ' t ra jectory is followed u n t i l  t h e  elect- 
ron s t r i k e s  the metall ic wal l .  

A t  the impact point a secondary electron 
is qenerated.  

The energy and the direct ion of the new 
electron a r e  randomly generated accordingly to 
the  d is t r ibu t ions  of t h e  secondary emission of 
the cavi ty  wall  a n d  of the  backsca t te r inq  
p roces s . 

A t  each impact the  electron yeld i s  s tored ;  
the t racking  of the electron t ra jec tor ies  is 
stopped when: 
a )  the electron leaves the cavi ty  v i a  a n y  
coupling hole. 
b) the  product impact energy b y  yeld is lower 
t h a n  a fixed value.  
c )  th,e number of R.F. cycles  is h i a h e r  than  a 
va lue  given a s  a n  input  datum. 
d )  the R.F. phase  l a q  between two impacts is 
less  t h a n  10'. 

Secondary emission model 

When a n  electron,  accelerated by the R.F. 
f ie ld  of the  s t ruc ture  s t r i k e s  the c a v i t y  wal l  
a ne-..' electron is senera ted  by a random pro- 
cess  tak ing  into accaunt  the pro5abi l i ty .  
re la ted  to  the va lue  of the  impact enerp,y, of 
producinz t rue  secondaries  or backscat tered.  

F i r s t  assume t h e  secondary yeld 
d i s t r i b u f i p n w k  as a function of the  imuact 

where 

secondary yeld is reached (prese t  i n  i n p u t )  

d i s t r ibu t ion  (Dreset i n  i n p u t )  

u&= enerqy where the maximum of t h e  

go = maximum value of the secondary yeld 

9 
The backscat tered yeld is 

= i s  the inrJact a n z l e  of the electron. 

7 = 70 + (4  -4p)j"ini.el 
where is a q a i n  the impact angle  of the  
electrons.  

The f i r s t  term t a k e s  into account the  t rue  
hackscat tered yeld for the  mater ia l  used to  
bui ld  the cavi ty .  

The second term is the  contr ibut ion to  the  

Results 

The f i r s t  check of the  code was performed 
on a Liult ipactoring d iscnarge  for  which a n  
a n a l y t i c a l  solution is known; a two noint 
d i scharqe  between the  ovposite end p la tes  of 
a c y l i n d r i c a l  c a v i t y  or i n  a q a p  of a ca-  
pac i t ive ly  loaded c a v i t y .  

I n  t h a t  case ,  to fu l f i l  the resonant  condi- 
tion the  time of f l i q h t  for an  electron, 
s t a r t i n q  f r o m  a s i d e  of the  c a v i t y  and  
inp inqinq  the opposite wall. m u s t  be  a n  
in teqer  multiple o f  a n  half  of the R.F. period ... 
1 .  

From the previous assurmtion the  dischar-  
qe field and  the impact enerqy of the 
electron a r e  eas i ly  writ teq d s  J function of 
the c a v i t y  lenqth ,  L ,  the f ree  space 
wavelenqth of the  P.F. field and the 
number of half period fl 

.5 using form& ( the  electron res t  mass ) the 
energy v a l u e  of 5.1 x 1 o 5 d .  
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The comparison between the  ana ly t i ca l  
coniputation a n d  the  r e su l t s  found by our 
IJEWTRA] a r e  renorted i n  Ta%le I .  Conclusions 

The NEWTRAJ code h a s  been successfully 
used  to  f i n d  the  re,?ions a n d  the  f ie ld  leve l  of 
Kul t ipac tor ing  d i scha rqes  i n  R .  F. s t ruc tures  
a n d  c a v i t i e s  for par t ic le  acce lera t ion .  

The arj,-reesent betvv-een t i l e  coii;?utetl ' ? 
l eve ls  a n d  the  resonant d i scharqes  rleasured 
on c a v i t i e s  is ve ry  ilood. 

'JE!d'T!IAJ has  Drover! ve ry  useful to pre- 
d i c t  t h e  d i scha rqe  behaviour  of cavi t ies  and  
to remove 5:ultigactoring leve ls  b y  some "ad 
hoc" solution as ;zraphite uaintin.? or by de- 
f in i t i ve  solutions a s  r e shap inq  of c r i t i ca l  
v a r t s  of cav i t i e s  i n  order  to push out the 
electron t ra jec tor ies  a n d  b r e a k  the  resonant 
condi t ions  genera t in?  the electron tr:ultiplica- 
t ion a n d  t h e  R.7. d ischarqe .  

The code was wideIy used  to pred ic t  
the Lultiaactorino, leve ls  of a prototype cavi- 
t y  for the ADONE s to ra se  r ing .  { 21 

By us inq  o u r  code the  impact region of 
the resonant t ra jec tor ies  was found a n d  the  
73arrier was overcome 5y paintin,? the  impact 
reqion by a q raph i t e  block, reducinq the  
secondary emission ye ld  i n  t h a t  re3ion [ 31 

Eased on the  prev ious  ex?erience we 
used our YET:iTEAJ to f ind  the  t ra jec tor ies  of 
the electrons fn the  ? , F .  1 cav i ty  of ADONE. 

\;e used the  information (Tot for t h e  
computer simulation to f ind  the c a v i t y  
reqioiis to be pa in ted  w-ith our"'o1qc'x magic" 
in  order  to reduce the  secondary coefficient 
in the impact reqion of the  resonant trajecto- 
r i e s  and wea.ken the  h.:P b a r r i e r s .  

Since then the  cav i ty  h a s  been worlcinq 
perfectly (i.e. without X:P t roub le s ) ,  for  
about one yea r .  I 4 1 

Finally we report  t he  resu l t  of a simula- 
tion tha t  expla ins  the  d i scha rae  i n  a 5 cell 
s t ruc ture  operated a t  4 . 5  GHz. The uni t  cell 
of t he  s t ruc ture  i s  a door-bell cav i ty  which 
is t ;ult ipactoring free[E; 3 

Nevertheless t he  f ive  ce l l  s t ruc tu re  
operated on the  2 1/3 mode showed a A!? 

::unnina the  simulation code VEKTRAJ 
the  resonant d i scharqe  was exnlained as a n  
empty ce l l  electron t r apn inq  a t  a 21.iV/m E p  
leve l ,  producing a seconclary yeld able to 
keep u p  electron multiplication. 

Tiqure 2 shows the  resonant trajectori.es 
3f t ha t  d i scharqe .  

a x  field leve l  of 2.1 ; . ' ( /vi .  
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Fig. 2 Empty ce l l  h;ultipactoring d i scha rge  of 
a 2 /5 acceleratinq s t ruc ture .  
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