RADIATION PROJECT INTERNAL BEPORT ®O. 3

Stored-Energy Linac Porameters

by
David C. dePackh

Head, Electron Beams Branch
Plasma Physics Division

|5 Jaacary |48



ot

RADIATTON PROJECT INTERNAL REECRT NUMBRH 3

STORED-ENERGY LINAC PARAMETERS
by

D, C. DEPACKH

15 January 1968

Electron Beams Branch :
Plasma Physics Division

mm Hﬁm Iﬁhwatar:r ; ,
_ Iﬂhimt qﬂ- :




STORED-EMERGY LINAC PARAMETERS

by
D, C. DEPACKH

Theae are single-particle, paraxial, completely relativistic calculations
intended to establish the approximate dependence of the parameters of a
stored-energy linac on emergy, current, etc. Where applicable the notation
is that of RPPR Wo. 2%,

Consider a single THD!.I‘J cavity. Let ';'c be the crossing phage of the
electron at the center )Hlane, L be the electrical length of the cavity.
Then the energy gain of the electron in crossing the cavity is

¢ o

c Vg
AT = e\ Edz = Enl!ac.d’m} S cos @dg
¢ _-%¢

c e

= (Mocfm} cos ¢ sin ﬁ;ﬁe.

if the cavity length {g L = ¢¢}.f2ﬂ. then the mean emergy gsinm per umit lemgth
is AT/L = T’, so that

E e, cos ¢ (nin ¥p /d9,). (1)

We adopt the Kilpatrick criterfon® with somes simplifications. We first
suppoge that V/V# is slways small (if the ejected particle is taken to be a
proton, then V* is given by

Ve e (1/m) x 10°(L/X)® ev);

it then follows from the curve in zef. 2 relating the quantities W and V
that W/V . 0.6 V/V¥, or W ~- 0.6 V2/¥, It is récognizad that by optimizing
the pressure and conditioning the nlectrodes the Eilpatrick
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breakdown voltage can be excesded by a large factor, smd this voltage
will therefora be used here only for reference purposes. ¥he W-E

curve of ref. 1 can, over the interesting range of parametars, be fittad
by the approximate formula

W = 10%0-8 g~s.0®

(units are volts and cm); it may be noted that this gives, undar de
conditions, a dependence

"c L’ﬂ‘q“‘

this being reasonsbly nesr Maitlemd's® index of 0.7 and Staprams's® of
0.8 for vacuum tulies. %Thus

0.6 {?!Li’h’ (n/10°) = 10%°°® E:’""
for the maximum ﬂﬁld; Putting V/L = !u and solving gives
B = 1.1 x 10% \"%-0¢, (2)
For t;.he nund-n:;a:gr criterion we have from ref. 1

A= 6.8x1C° (K/B)ie /r’. )



For . T, o cavity we have® (d = skin depth)
Q= (Ad) x 0.77/(2 + 0.77A/L) . (%)
For the power per cm we have
P = akit £°/Q
and for tha t'ﬂtﬂ.l power {‘l‘ﬁ = overall energy gain)
P, = Pr /T’ = wkit T _/Q. (5)

Define the constamts C:

C; = cos ¢, (taken as 1 in the rest of these calculations)

Co = 1.1 % 10° (at V=V, the Kilpatrick voltage; V/Vy will
subsequently be made variabls)

Cs ® 6.8 x 10° (k/b) 1t
Cs = k.1 x 10° (for copper)
cl,, % 0.413

Ce = 18.8 x 10%%te ¥

Cy 3C3%/€;Cy = B2 x 10° (k/B)it, sec ¢_.
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Now define normalized variables according to ¥’ = KT, En s K1,
A ®Kgu, Q@ =Keq, P, =Kgp, 80 that

T = N(sin !;alfh‘}. Nepo2e e Thk. q = p-hr’f‘:. +1/¢.), p = 1/qu.

On comparing these with eqs. (1) through (5), one can cbtain the K's in
terms of the C's:

Ky = CyCqeC, 024

K, = CyC,0-248

X, = c,0-6228

K, = G,c,008118

g = (Cq/Cy)Cy 005,

We reduce the normslized equstions to
b= (B9, /sin 39 )° 2%, p = y~/2(0. 013 + 1/9.);

these are plotted in figure 1. They indicate the dependence ef normalized
wavelength and power on the electrical length of the cavity. Pigure 2
shows the dependence of the normalizing factors K, for the wavelength and
Fg for the total power. To find the sctual vavelength and power required
these should be multiplied by the appropriste factor dependent om cavity
electrical length, as displayed im figure 1. It should be particularly
noted that, for fixed ‘?ﬂ". shortening the accelerator increases the power,
28 does increasing T/V, at comstant cavity electricsl lemgth.
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