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As a result of both theoretical and experimental 
work on the HEM-I I mode in the disc loaded wave-
g u i de i tis a p pa r e n t t ha tit wo u 1 d be p r act i ca I 
to use this structure for improvement of the 
energy spectrum of the electron I inear accelerator. 
/1, proposed scheme is shown in Fig. 1. The nearly 
parallel beam is transmitted through a dispersive 
isochronous momentum (energy) analyzer in such a 
manner that a parallel beam is formed, with the 
particles arranged transversely as a function of 
energy. If the bunches of the beam are synchro
nized with the longitudinal electric field of the 
HEM-I I mode of the waveguide particles passing 
down the axis wil I be unaffected while off-axis 
particles wil I be accelerated (or retarded) pro
portional Iy to their displacement. Adjustment 
of the power level will form the emerging beam 
into a nearly monoenergetic sl it or ribbon beam 
which can then be focussed onto the target by a 
quadrupole lens. Synthesis of an appropriate 
magnet system is not unique and further discus
sion is omitted here (I). 

The proposed wavegui~e structure is the disc
loaded cylindrical waveguid~ supporting the HEM-II 
(or TMII-like) mode (Fig. 2) for which the field 
components in the aperture (r < a) for the funda
mental space harmonic at the velocity of light 
are, neglecting attenuation (2), 

Ez :: Eo kr cos if cos (tilt - liz) 

Er;;: Eo [(~r/+(~rvJ cos r sm(tllt-j3;z) 

E,= £0[(1l- (~alj sm tp sm(wt-(iz) 

l)#Z = - Eo ler sm f C'OS(Ult-j3Z) 

lJHr = -Eo [(~r/-(~'~l+;Js;nf sm(tIIt-/Jz) 

7J1I,,::: Eu[(;'l' +( ~a):Z_1) cos fP J'm(wt-j.Jz} 

The equations of motion in cyl indrical coordi
nates for a charged particle interacting with an 
electromagnetic field are 

it (Ii) == ;'D (Ez + r8" - rp8r) 

:'drr)-lrrp= ;'.(Er +rf;Bz -i8,) 

~ :'t(,r2 p)== ~D(E,.+iBr-rBz) 

If the beam bunches are of negl igible length com
pared to the wavelength and are synchronized with 
the Ez component of the field, we have 

d ('J eED Cll 1 z ;;: ITI. Ifr cos fJJ 

~(l;)- lrr ;;: -;:.~o Ifrslnrp r; 
1t(,rZp)= :n.E~ Ifr smfrr 

• z 
Since ZZ + fo2+ (q;,)Z = c2 1';21 Eq (3a) is 
easily shown to be reducible to 

d T == e Ep k r cos m Irc-z-T-2---/-_-r-r-' z-+-/"-'01-'';-2-7 
cit m"cz r 72. Z' (' r' .J 

The transverse velocity of the beam is assumed to 
be negl igible so that for 1» / , fJJ = 0, and 
putting z'; ct, 

or, 

til' e£o k 
dt :: moe r 

1- 1; == (~~-;)kr f 
A practical structure at 2856 mcs might consist 
of a ten-foot waveguide with a 2 inch disc aper
ture, for which, in the TT /2 - mode, the follow
ing properties have been determined (3); 

Series impedance, Eo/v'P == 2.0 MV/m/VMW 

Figure of Mer i t, Q = 9000 

Group velocity, V;/c= O.OIS 

Thus for 5 MW input power Eo = 4.5 MeV/m, 
(eE.)./m,c Z ) = 0.92. At two cent imeters off the 
axis kr = 1.2 and a net energy correction of 
il7 = 33 or 16 MeV would be possible. Due to 
attenuation (I = 0.2 nep/m) this amount would be 
reduced to about 12 MeV. The total energy varia
tion which can be corrected is of course twice 
this amount. 

The principal deficiency of the system appears to 
arise from poor optics in the accelerator beam. 
Due to the finite beam diameter, and assuming 
part icles of all energies are distributed through
out the beam cross-section, a 'blurring' in the 
energy distribution in the cross-section of the 
ribbon beam wil I occur. As a result a residual 
energy spectrum width 

~q'= (-e:. .. ~) i kl< 
cannot be removed, where b is the beam diameter. 
For the above example CJ,/ = 3.3 MeV assuming 
a two mill imeter diameter beam from the accelera
tor, or an overall decrease of spectrum width of 
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ten times. 
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Fig. 1. Horizontal ray (energy) diagram for proposed system 

Fig. 2. Electric field configuration for the ~/2-mode (HEM-ll) 
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