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Abstract 

The problem of steady state beam 
loading in electron linac guides is 
considered. Obtained solutions differ 
drastically from the results published 
in the other papers and books. The 
threshold currents which can be accele- 
rated in electron linacs were defined. 
It is shown that the efficiency of an 
accelerating guide in steady state ope- 
ration can't exceed 0.7 at the relative 
guide length P =l/h =5 and 0.83 atF=lO. 
The limiting charge of single bunch is 
obtained. It can't exceed 40 nC or 2.4x 
1o'l electrons/bunch for the 30 MrV po- 
wer generator at 2GIIz and the disc loa- 
ded guide (DLG) with the parameters/h= 
0.20. 

I. Introduction 
The theory of electron acceleration 

in a disc loaded guide takes into acc- 
ount the beam loading effect was deve- 
loped earlier. 'y293y4 But unfortunately 
it's not full and can't explain the fol- 
lowing practical phenomena: 
1. As a rule the calculations according 
to this theory differ from experimental 
results. 
2. The theory' predicts the possibility 
of obtaining the large valuesof effici- 
ency (up to about 100%) and accelera- 
ting currents. But experimental values 
of efficiency are small particularly in 
multy-section linacs. As for the cur- 
rents they don't exceed several ampers 
even at high values of RF power. 
3. The existing theoretical analysis 
and sofisticated mathematical models of 
beam unstability in high current linacs 
can't fully explain the beam break-up 

phenomena5. 
These factors stimulated the 

author to undertake the following 
investigations . 

II. Basic eouations and assumptions 
We consider the problem of elect- 

ron in linac section with assumption 
that the disc-loaded guide has constant 
dimensions, electrons interact with the 
operating mode only, longitudinal motion 
of electrons is taken into account,beam 
bunches is supposed to be infinitesi- 

mal, only relativistic case is consi- 
dered, there is no slip between elect- 
rons and the wave, the bunches are 
placed in -the crest of the wave. 

The power equilibrium equation can 
be writiy down in the following form' 

dz= -2ocP - $ I.,E , ( 1 > 
where P is the generator power; E is 
the accelerating field amplitude on the 
axis of the disc loaded guide;& is the 
attenuation constant; z is a longitudi- 
nal coordinate; I, is the amplitude of 
the first current harmonique. 1,=2q/T; 
q is the bunch charge; T is the RP osci- 
lation period. The disc loaded series 
impedence can be represented in the fol- 

lowing form4 
R 9 = E2/2P ( 2 1 

Determine the solution of the equation 
(1) taking into account (2). 
E=EinemtiZ- (IlHs/2d)(l - e'dZ) (3) . 

In the above mentioned works it was 
assumed that at the section input only 
the generator created field acted on 

the bunches and the radiation field of 
bunches is equal zero 

E in =E 
go - 

( 4 I 
In general case the last assum@ion 
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is not valid even for the first bunch 
entering the section. 

III. Initial conditions for a 
steady state operation. 

We suppose that the disc-loaded 
guide is m&hed to'the feeding rectan- 
gular guide by means of a coupler. We 
consider the case, when E 

go 
~0. Determi- 

ne the momentary power radiated by 
bunch with the charge q and velocity v 

P mom= qvEr (5) 

The average power P is equal one half 
the momentary power Pmom. Substituting 
P from (2) in (5) we get the radiation 
field 

E roDLG= (l/4) I,R& (6) 

If the coupler of DLG is the cavity with 
the length Lc=LDLG the radiation field 

of the coupler at the entrance of DLG 
is equal 

E ro,=(1/4) N$I,HsX f 

where nil,=sin(oJ tc/2)/(W tc/2) 

% - the time of bunch motion 
coupler. We can write that 

Era= EroDLG+ ErOc= $I,RSX 

(7) 

51, (8) 
in the 

(9) 

and 
E E in= go - Era= Ego- (101 

IV, Accelerating field, energy and 
efficiency 

Using (3) and (10) one can express 
the field which acts on the accelerated 
bunches 

E=Egoe -dZ-I,RsA l-(l-;J.F-d z (11) 

or 
E=E -CL2 

go e 
-m l-(1- cd)e-"Z , (12) 

1 0L.x 

--r;,=;;w = 12EgoA 
l (13) 

650 go 

The m, is the beam loading parameter and 
the I is the beam current,I=I,/2=q/T. 
The energy gain in a DLG with the length 
z=1 is expressed as 

V=EgoA $ 
[ 

The efficiency 

l-e -CL1 

?.=2ml c&x F-- 

-m d-(l-och)(l-e-K1) 
1 1 (cd)2 . 

(,41 

of a homogenious DLG 

We can determine m, for the maximal 
length z=l, at which E=O, V=Vmax,7=7mG 
These conditions correspond to the 
value 

e -0clm 
ml'l _ (1 -dAJeBQ1m (16) 

For steady state regime rn,s 1. The ca- 
se m,=l corresponds to such regime 
when acceleration is absent even at 
the input of a DLG. In other words it . 
corresponds to the threshold current 
of the bunches at z=O when the radia- 
tion field is equal to the field cre- 
ated by the microwave generator. Deter- 
mine the Vmax and 9 max from the para- 

meters 0c, X and 1, using (14), (15) 

and (16). 
The maximal energy is 

l-(1+=&d e 
-Cd, 

V maxzEgoX 
. 

[ I-( I-&Y) e-M1,l(wX) 
(17) 

The maximal efficiency is 

I (18) 
1 

m3 2e4fI: :I::; zIIl+ * 

V.Discussion 
From the expressions (13) and (16) 

we determine the limit current iL at 
the input cross-section of a DLG for 

yY$gs(..)-: F(a /A , t/h ,(“1;; 

where Cl - the radius of a disc diaph- 
ragm, t- the disc thickness, 

8- the phase shift per cell. 
In Fig.1 the current iL for the case 
8 =%/2 and t/J, ~0.03s versus the para- 
meters/X is shown. It's calculated 
using the data of the DLG Handbook6. 
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In Pig.2 the curves of the maximal effi- VI. Conclusion 
ciency versus f =1/x at fixed c6x are The obtained results could be of 
shown. interest in desingning of the accelera- 
In Fig.3 the curves of m,corresponding ting guides for storage ring, for super- 
the maximal energy and maximal efficien- conducting electron linacs and linear 
cy versus c& at fixed F are drawn.They colliding electron-positron beams insta- 
are calculated using (16) and (18) at llations. The conventional electron li- 

z=l, when the accelerating field is nacs operate in the pulsed regime, so 
equal to zero. one have to take into consideration the 

Now we estimate the limiting charge transients duration of which is about 
of a bunch being accelerated in a linac 103 periods of HP oscillations. This 
guide. Here we take into account only problem is considered in the Burshtein- 

the lower passband of a DLG. The limi- Voskresensky book5. 

ting charge could be determined from the The results of this paper can be 

condition that the radiation field at applied to other cases of linac DLG 
the input of DLG is equal to the genera- constructions. 

tor field. 

(20) 

Por t/X =0.038,6=%/2 and pw =l we have 

Iihat EgoA/= = 5.6(a /A )-2. The 
expression for qL can be written in the 
following form 

where qL- the limiting charge of the 
bunch, C; f - the operating frequency, 
MHz ; P 

69 
- the generator power, MW. 

Using the expression (21) bunch charges 
in termsof an electron charge (q,) were 
calculated for different loading para- 
metersQ/X. The results are summarised 
i,n the table for f=2GHz and P 

go= 3ok1vi - 
Table 
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Pig.1. Limiting current iL vs a/A . 
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