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I. Iritroduction 

The phenomenon of beam blow - up in tr aveling wave electron linear 
accel erator s 1 has caused concern as one has attempted to increase the 
beam current and puls e length. Amon g the expl an ation s of t he observed 
phenomenon is one presented by Wilson2 in an alogy with the t heory of 
backward wave oscillators fo r a ccelerating-typ e fields. This explanation 
sugges t s that means exi s t to reduce the s erious consequences of the blow­
v.p by modifying the synchr onism of the beam and backward wave deflect­
ing mode. The effect discussed by Wilson tak es place for bunched o r un­
bunched beams. 

A similar concern h a s been expressed by Leiss and Schrack3 who 
point out that a bunched b e am may h ave a har mon i c which resonates with 
that component of the deflecting mode tr aveling with the b e am velocity. 
For c onvention al iris - loaded guide s, the deflecting mode frequency band 
i s approximately 500/0 above that fo r the accelerating mode. If the b e am 
bunching is, for example, at the 4th subharmonic of t he ac celerating 
mode (as it is at p re s ent for the AGS improvement p r ogram), then t h e 
6th harmonic of the beam w ill be app roximately resonant with the deflect­
ing mode. This phenomenon cle arly depends on the details of t he mode 
sp ectrum for different values of f3 and can p robably be influenced by 
transverse fo cusing and by p erturbation o f the deflecting modes whe r e 
nece s s ary . 

T he present work is an attemp t to formulate t he two corresponding 
effects for the case of a s tanding wave accelerator {p roton linac in the 
case of the AGS improvement p r ogr am). W e w ill not treat here the a ddi­
tion al serious effect of beam loadin g on the a ccelerating m ode. (In t his 
case the steady state effect can presum abl y be compensated for by ad ­
justing the power source to supply additional power at high beam cur ­
rents ; the trans ient effect will require beam injection while the fields 
are rising in an appropri ate way . ) 

II. ~avity Fields 

We shall consi der an iris-lo aded guide of l ength L = NLo' where 
L o is the cell length, as shown in, F ig. 1. T he deflection s will b e 
assumed to be confined t o the x - z plane, where z is t aken as the 
longitudinal direction . In this p l an e the jth normaliz ed s tanding wav e 
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deflecting mode can be written, because of Floquet! s theorem, as 

N-l 

E j ( ) X,o,Z 
x 

L P jn (x) sin kjnz 
n=o 

J' ) Hy (x, 0, Z = L Qjn (x) cos kjnz (2. 1) 

E
j 
Z 

(x, 0, z) = L R jn (x) cos kjnz , 

where 

k j = j 7r / L . (2. 2) 

If we define the space harmonic of concern as that foY' n ::: 0, the 
important components of the fields in the vicinity of the axis may be 
wriiten as 

E
j 
~ p" sin kjz x J 

H
j 

""" Q. cos kjz 
Y J 

(2. 3) 

j E z 
..... x R j cos kjz 

The fields are normalized such that 
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f dv Hi . m = 
, , 

(2.4 ) 

an d t he actual fi elds a re w ritten in terms of t he n o r mcil i zed fields as 

, E., =: I . c.j . (t ) Ej rxJ , 
j 

H = . L D j {f: } H j (X) , 

J 

whe r e C j and Dj a re related in th e apsence of b e am by 

• .. 
D · :;: ( Ec l w ) C· 

J j J ' 
C . =: -( jL c l w .) D . . 

J J J 

(2. 5) 

(2.6 ) 

R elation s c an be obtained betw e en:p j ' Q j " . R . v i a Maxw~ll ' s e qu?-tions . 
One m u s t, howev er, t ake into a ccount t h e com~onent Hz in obtairiing 
t h e se r elations

4 
s ince the modes are n ot pur~ly T E or TM, but a r e 

hybrid modes. Let us wr ite : 

(2. 7) 

In t h e p r e s ence o f a ~u~rent p u lse o f t h e fo r m 

to . - -- 1 -~ l wt J (x, t ) =: J ,\X, W ) e d w 
-00 . 

(2.8 ) 

it c an be s hown that Cj (t ) satisfie s a diffe rential equation wh o se s ol u­
tion c an be writte n in t he fo r m 

'J Lw t J' . C
j 

(t) ::; _.: . d w w2e_ 2 7 rx: w ) 
w w . 

j,...".,. 
E \ X l dv . (2. 9) 

J 

The pole s a re moved into t he upper half w - p lanE! b e c au se of losses . 
As s umin g t he losses t o be sma1l, one c an writ e for 'lat e tim es (aft er 
t h e beam pulse has passed thr o'agh the cavity) . 

[ i w t j - ~ ] C j (t) - ( 7T I E ) r e j j r:x; W j ) . E dv + c . c : 

_ - (~ c )- l D
j 

co s ( W
j 

t + IP
j

) 

[ ] 

(2. lO ) 
iw tf- - . - 'i D j (t ) =: - .". C i e j j. (x, Wj> . E u dv + c . c . 
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In the presence of losses thes!? fields will decay at the rate 
w. 

e 

- _---.l t 
2 QJ 

(2, 11) 

The transverse aJl.gular impulse given to a particle er-tering the 
cavity at t = tm in the presence of deflecting fields can be calc1Jlated in 
the approximation that the trajectory is along the longitudinal axis, 01:e 
then has 

(e/pv) JL dz 

" (» 

(e/E pc) 

where 

'It. =: w.. tm + 0 i . 
J J .1 

dz Hl' cos k·z D
J
. sin e w z 

- J ' 'J 

(2.12) 

, ,In, \ -r- 'f' } 
J 

(2, 13 

Since one is interested on.ly in those modes for which k, and til Iv are 
al.most equal (phase Tv'E'locity of denectir~g mode approximately tIfe samp 
as beam velocity)., one may wr~l.e 

l:1 ex~ (eL!epc) L 
J 

where 

«i = (k i - W; / L 
" c ,J 

{2, 15) 

is the slip of beam re~,ative tolhE wa.ve~n its trar.sit through i:he c.a\' IW. 
If one adds 8..ngl1lar impulses dlJe to aD effects, The beam wE] be lost 
when 

A x /:)" ex f'J 2 1r a " (2. 16) 

where A x is the w8.'Jelength of the trans';.cerse oscillation ared a is the 
bore radivs. 

The remaining quani:il.y needed for our ar:a1ysis is T (w). Assum··, 
ing a single bur,eh of spatial dependerJ~p f (z) (symmetric aboui;2. '" 0 

Proceedings of the 1964 Linear Accelerator Conference, Madison, Wisconsin, USA

189



for convenience} whose center follows the trajectory z = vt, x = x (t) , 

one has 

where 6 t = 2 7r I w is the separatioE of beam bunches and 10 is the 
average current. ~riting 

f (u) e 
-i~ u v 

g (w) , 

OLf: finds, for narrow bunches, 

---j (x, w) 
1 
.~ 
Wo 

g (w) 

.W _ J':u e ' -v- u f (u) 

-00 (2.17) 

[ 

I -1 -iwt -iwz Iv 
8(y) i ~ (tm + z I v) I v + k J e m 

(2. 18) 

The normalization is such that for a. delta function bunch g ( w) = 1 
that is, g (w) is the relative harmonic content of i:he beam pulse. The 
relevant integral in (2. 10) is therefore 

J--- -' i Ix w.)· EJ dv = J \ .. , 1 
J 

-,i w, z Iv 
(10 I W 0 v) g (w j ) e J [ x (tm + z i E~ (x (tm + Z I v L 0, z) + 

+ v E~ (x (tm + Z L 0, z)] (2. 19} 

In the lim~t of small trans\erse displacements, one then finds from 
(2.3}, (2.7): 

[1 (X, wi) 
~ c. 

--j 
E dv -

-i tW, tm 
(I.o I w ) g ( w.) e J 

o J 
Hi JL dz 

o 

-iVlJZ/V 
l' [K ,0/. , k 

E; ~ j \x, v) sn:: j Z + 

iO£ z/L 
e J 

(2.20) 
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HI. Nonresonant Beam Blow-up 

If one considers that the beam has transverse displacement and 
velocity unaffected by the cavity fields in calculating the contribution to 
(2. 20), then the contribution of successive bunches will depend on thpir 
relative phase, and build·-up will be serious only if there is a resonance 
between a beam pulse harmonic and a defelcting mode. This phenomenon 
is treated in Section IV. If no resonar1ce exists, one must consider the 
effect of the field itself on the trajectory in order to get a significant con­
tribution to (2.20). This is the effect considered by Wilson, an.d the one 
we shall treat in Section III for a standing wave linac. 

In order to evaluate (2. 20),we must find the trajectory of that par­
ticle entering the cavity which is oscillating with fields 

c~ (t) 
J 

::. D . ( t+tJi\ j Sln w.,· '1'. j , 

J J 

at the time t m . According to (2.12) one has 

z 

x! (z) = (e !pv) J 
o 

(3. 1) 

(3. 2) 
t + z Iv m . 

Keeping only "those wave components traveling at approximately the same 
velocity as the particle, one Lnds 

x! (z) ~ .-

z 

-J dz Dk (tm + Z 

o 

(r .;; ) 
\j" t-) 

x (z) (e/2Epc) I] (Dk Hk/Wk)(L/O£k - KkHL!O\) [SiD (O'k z/L·- o/k) 
\: -

where 

(3, 5) 
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T.h.Et. Gonresonant character of the \' alues of tm implies that onl.Y the 
1 Ifk -1 w· t 

e component of (3.3) and (3.4) is needed with the factor e J m 
in (2. 20). In this approximation o~e has 

L 

~J 
io(. z /Lio( z I L 

dz e J I<L / Q(k)(i f: k - i - Q(k 'Z / L) 
o·i,\: z/L 

K· i (e - 1)] 
J 

o 

I (3.6) 
k 

where Mjk and m-ik are the amplitude and phase of all the factors not 
appearing explicidy in the last form of (3.6). From (2.10)., the pulse 
en1:(:'cring at tm contributes an:ncrement to the Held aLready present, 
wbich is given, including the decay of the field already present, by 

6 D (t) :::: 2 orr c " D, M j sin [w t -r ( wk'~ <1I\U t + 0k + m 'k] 
J f K J1::. J J m J 

(3. 7) 

This is our res'~lt. is., of course, dependent; on the mode spec" 
trum ( w, vs j), tbe timing of tbe pdses':' (tm ), the slip {©t, vs ,j}J and 
a 1 'i thE' o,l.er noD. "'xponen tl' "'1 f,··toY'C: appc.arl·-rg 'l'n M Po:.Y'i~""Ul ar1y ~'" j".Jo,. ~ _..- t'n. _t....... ._ •. _u ct.. """ct.'_. " ..<. ,,"' • J \. ... .i._ iko Col..!'. " .... \. ...... J_ ~. J. ..1....1..' 

cases of 10\<v group veloc:.ty (Wk close to w,), one should proceed direct'~ 
ly from (3.7) on a numerical. baf;ls. j 

We shaH try to reduce (3.7 ar"alytically by making further assump­
t~ons. In particular we shan assume a steady state solution for which iht 
contributions for k i j in (2. 71 alle'rag'" to Z(""O. thi s case 

6DJ" (t) ;;:: 2-rrc M
J
·J· D

J
' sin i'w,it -'-!it -'- ffiiiJ Crrw, w QiD sin (w.t + 0), 

' '.', -,' - ,J J,' } 0 J' J J 

(3. 8) 

';<We have already assumed that the: pul :3es are nonresonaEt and have 
ignored the term iE (w + w

1
) t m . If 1hey are resonant, the present 

considerations are moJ-ifiedUby a fa,tn" of 0rder 2. 
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which is equivalent to the relations 

7T w. 
2 7T C M jj cos mjj - J 

Wo Q j 

and 

From (3.6), one finds 

M·· cos m·· - (e Io/8w EPc) g (w.) (R2
J
./w

J
.HL/QL - K) L 

JJ JJ 0 J, 
1 

"Re I dx [i (L /01. - K) (1 - e io< x) - IXxe io<x L/ "'] 

o 

- K (1 - cos ()(. ) 1 ~ 

(3. 9) 

(3. 10) 

(3. 11) 

In the approximation of small coupling holes it can be shown that 

L 
0{ 

» K. 

Equation (3.11) then becomes 

Mjj cos mjj = (e 10/2 7r
3 

WoE pc) g (Wj)(R~1 W
j
) L3 g2 

where 

1 - cos O! - (<</2) sin<X. 
3 

2(01.1.".) 

( 0'-) 
J 

(3.12) 

(3.1$) 

(3. 14) 

is the same function as that defined by Wil.son, and has a maximum value 
of 1. 04 when C:t, = 2.65. 

The "starting current ' ! for the beam blow-up is therefore given by the 
vall.ishing of (3. 9), that is for 

3 2 
7r E P (oj 1 

e 10 = 3 2 u 

g2 g L R. Qi 
J " 

(3.15) 
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The quantity Qj R1 is related to the ratio of the square of the electric 
field gradient along the axis to the power los s and therefore has the 
general form of a shunt resistance per em.it length for the deflecting mode. 
Sp e'.cific ally, if one defines rfl, as 

f L 

_ [(c/Wj) 0 dz (OE~/OX) 
r,e. L )( Power Loss 

and notes that Q. may be written as 
J 

Q. 
J 

one has 

where 

(Wj E/2if 1:Ej! 2 dv 

Power Loss 
::: ( W. E /2 P owe r Lo s s ) 

J 

L R~{clw",3Z '2 J' J 0 I , 

37'7 ohms. 

This leads finally to 

{3.16) 

(3. 1 7) 

(3. 18) 

(3. 19) 

(3. 20) 

As an illustration of the .::'rder of magrlitude of (3.20), we shall 
apply it to the first iris ca-v'ity in the propoE:ed ll.ew AGS ir~jector where 
we use the followill.g parameters: 

leading to 

Me 
2 

2 ircl w· 
f3 J 

D 
g2 '" g "" 1 
L '" 3 m 

- 940 Me-v 
::: 0.25 m 

0.6 
= 1. 25 

:e '" 20 megohms / m 

10 '" 2 amp. 

(3. 21) 

(3. 22) 
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Se7era-~ comments should be made at this time: 

1} The value of rJl has been chose'1 typical of accelerating modes. 
It will probably be considerably smaller since the square of a transit 
time factor should be induded to correspond to the particular space har-

, d Th' "1] d' h"h "t t' ttl':' monlc use. IS wl,Lea to an e-.;en 19 .er ' s ar Ing curren. 

2) Resonance between the defLed:ng mode and the beam bunch fre­
quency will lead to a reduction of' order of a factor 2 in (3.20) and (3.22). 

3) If the current is higher than the limit in (3,20), the build-up 
time can be estimated from (3.9) with an assumption for the order of 
magnitude of the "noise" in the cavity. The result win be of the form 

Const. 

10 - 10> starting 
(3,23) 

4) Although the pres2Et calculation is for a standing wave linac, 
the form of 'Wilson's result for a traveling wave Unac cap be obtained l:::)y 
going to the limit of large L in (3.6), The Sl.)m CV'2r k becomes an 
integral over k and a sum over beam pulses (m; leads to 

e 

if i,I - w' ')m At '\""k J U 

m 

- j) 8(k- j) . (3. 24) 

The fac t~)r ]\1[11 m 0 6) mL,S t th2:'1 be m 1.;,J,i:inlied by the factor 
(wo L/-rrvg,) ~~<d the seE-consistent condition /J,I;/D:: 1 leads to (3.20) 
multipJied oy the factor '! g Q; / W i L. This factox', which is the ratio of 
the dw::ay time to 'the filling time~ 1S not SlJrp):"2.si:c1g when one goes from 
a standing to a tra~ve1ing wave Lnac. The n~;t rEsult for the starting cur­
rent j s an. expr'essior'. of the form 

'T' W 
I 

~. . 
<:: 0 """" 

,_~ c :!! __ L_g,l c_~~~~~~: 
g2 g L3 

(3.25) 

which is identical in its dependence or:: the parameter's with Wilson 's result. 

':'An estimate of 1), bas beerl made for a model of independent cells. This 
leads to lj '" 1 megohm/m and gives a star~ing current of 40 amp. See 
Appendix" 
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5) The contributions from k 1 j 
indicat8d by the t:ca""l/eling wa'/e result. 
structure which confines contrib'G!ioLs 
estimate of the effect of the term 

in {3. 7) may not be negligible, as 
However, the factor Mjk has a 

to the vicinity at j '" ot.k '" 17". An 

(3. 26) 

for an adjacent mode can be made by taking t to be the build-up time, 
m . 

which is assumed to be of the same order as the decay hme, i. e., 

'" Q/w. 
J 

(3. 27) 

Fo:c this choice 

(Wk-w.)t -v Qlw.L. 
J m g.1' J 

(3. 28) 

The contributions will therefore be confined to the mode k :: j or will 
extend to the neighboring modes according to whethe:c the parameter in 
(:3.28) i.s greater than or less thaE 1. If it \vere not for the factor Mjk' 
on'.~ would then multiply (3.20) by the factor Vg Q/w. L as we did in 
(3. 25) for the traveljng wave case. J 

6) Proper numerical investigatioD of this phenomeno~l should be 
performed starting with (3.7), with alJ. appropriate deflecting mode 
spectrum. 

7) Motion in the y d:irectior: has be~';]"l neglected. If this is taken 
into account, the cavity oscilla~lOPs may b,:"lEduced with rotating polar­
ization. This can, of C01jrse, be pre~Tented by destroying the azimuthal 
symmetry. 

rf .,." . Resonant Beam Bl0'0' .. :1.:lI:'" 

The other possible seriOl~s effect p~r·evLously mentioned occurs if 
one of the harmonics of the iJearn frequeY-~cy resonates with one of the 
deflecti.Eg modes. In this case the tcans\.'>o:rse motion of the bunches 
itlduces cavity fields wbich may then bLild up from successive pulses. 
Since the buEd-up leads to deflections, this ph'2Ylomerwn involves not 
m::ly the transverse focusing syste1nJ bvt the er.tLt'e transverse history 
of the beam in preceding cavities. 

According to (2. 20), the mth be am bU:::1ch, traversing a cavity with 
average transverse displacement a'.-:d aY1gle giv8E by x and Xl , gives 

m m 
a contribution to the current 'of 
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~ w,) . E" dv 
J -~ W 4-

- (10 g/2 w o ) R j (L/cL) e 
~ '"m J (x m K

J
" ix' )(e i of. - 1). (4. 1) 
, m 

The contribution to the field is therefore 

(4. 2) 

l "h t-" sin «(J./2) . d' t 'h t th ~f' t· . bl 1 ',' e actor g3 ::c -7-' -- In lca es t a' , e eLec IS apprecla e OYhY 

for those deflecting h(~9.es ,with phase velocities close to the beam 
--:lW' t 

\Telocity. The factor e J m indicates that the contributions of succes-
sive bunches win be out of phase unless 

W, {j,t/2-rr 
J 

W,j W 
1 0 

(4. 3) 

that is, urless the ratio of deflecting mode frequey'ccy to beam frequency 
is close to an .integer. 

The angular deEection due to the presence of deflecting modes is 
ghren by (2. 14). If o[',e also includes the effects of the focusIng forcee, 
the coupled set of equations {2. 14) and (4. 2) allow one to follow the 
p:c'ogresE'J of the effect from cavity to cavity and from pulse to pulse 
numerically. [The effect treauo--;d in Section In may even be included by 
adding (3.8) to (4. 2)J It is clear that in this case the effer:t depends 
even more sensiti'lely on the deflecting mode spectrum. 

An order of magnitude estimate of the effect can be made iEthe 
steady state condlti.on (constant values of 11 m , x~ from pulse to pulse) 
by including the field decay due to losses. The field after the entrance 
of the nth bunch is then 

00 

(7r C 10 g L R-; 
J 

{ 
i w· (t - i:y ) + i !iYJ,,!2 1 _c_ 

I ) R .< g3i W ,e e 
. 0 

J 0 . 'J' 0 J 

~,' K· ix') J ' , 

m:=:o 

',I w ,- s) .- {w, /2 Wi Q,]} 

i W' (1. ~~ tn ) + i «/2 

{ 
J' 'K . "} ~ k I g L H· g'J / 2 Wi ) He e ,~X -, j lX) • (4. 4'j 

\ 0 J 0 0 ' ----, ,- - " 
• c (w . / 2 Wi Q.) -~ i ( w I w ., S 

J 0 'J' ' J' 0 
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Since Qj will normally be much larger than I W j /w 0 -8/, (4.4) can 
be reduced to 

, '.", [ , KoX1COSxo-xsin 
Dj (t)::: (7f c 10 g L Rj g 3 ) J ,w j - S Jw 0 

XO] J 
, (4. 5) 

where 

x 0 = W 0 (t - t n ) + of. / 2 . 
J J 

(4.6) 

The deflection of the nth bunch in this field is given by (2. 14). 
The cos X 0 term in (4. 5) corresponds to 'it 0 = 0( j / 2 + 7f /2 in (2. 13 ), 
while the ~in X j term corresponds to '" j = J «j / 2. One th~refore has, 
using (3. 18), 

The increase in transverse amplit ude due to this angular deflection is 

6A O! x 
2: Ax e 10 g g~ L W j Ij. K j ( w j / c ) 

j 2 Mc 2/31Qj (W j .,. s wo ) 
(4.8) 

For the independent cell model used before, and t he AGS improvement 
p r ogram parameters , including 10 = 100 rnA, one finds (see Appendix ) 

3 x 10 - 7 
/::.Ax ,..., s WI m e ters . (4. 9 ) 

o 
( 1 - --w-:- ) 

J 

Thus, for a resonance acc u r ate to 10 -
3 , t h e increase in fr ansverse 

amplitude from this cavity i s '" O. 03 cm. Since it is unlikely that this 
resonan,ce will persist to an accuracy of 10 - 3 fo r several cavities, the 
effect appears not to b e seri ou s . If it should turn out tha t the resonance 
is more serious in_§ne of the cavities, a p erturbation of the deflecting 
modes of order 10 can undoubtedly be readily p rovided for. 

In summary, therefore, it app e a rs t hat the transverse motion of 
t he beam can lead to a build-up of the defle cting mode if there is a reso ­
nance between the beam and,defle Gtingmode frequencies. A rough esti o

-

mat e of the effe ct indicates that it is small, but numerical estimates 
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usmg .8), (4.2) ar:.d (2.14\ are desIrable. For thebe and other reasons 
it: is I'ecommer:.ded that both the accelerating and deflecting mode spectrum 
be measured carefully at several values of f3. 

We have of course neglected the,; ari.ation. of cell geometry withIn a 
cavity. This should reduce the effects discussed in this paper even fljrther. 

V. Summasy 

We have calculated the bu.ild~up of deflecting modes due to t;wo 
separate causes. The first ,Sectioris the nonresonant effect: that 
comes from the det1edion of the beam by the transverse fields already 
preser:'. 'These deflections indiJce further transverse fields which have 
a componeEt in phase with the original field. The approprial:e equat.lOJl 
governing the behavlOr of a bunched beam dUE to thls effect is (3. 7), with 
Mlk and mjk defined in (3.6). For an§£EFoxlrnat~ treatment of the steady 
state behavlOr, (3.20) is releva'lt. A furthe::' approximate calcu1ation of 
rJt is cor,tained in the Appendix, ar.dt.he correspoEding current limIt is 
givE·r i.n (A-12). 

The second ct treated (Secti~on J is the resonant buEd-up of 
thE:" deEecLIng modes dtle t.o the trarSi/eJ.'se osC'iEat.ions of the bf.'am. The 
aH:'rage dispJ.acem':mt ard aLgIe of a bE-'am bunch wEh respect to the longi­
Ludir;,al cavity axis j,r:.duces a tran8vf~rse iield, Successi\ e bUEches ca~ 
b'_lL~.d up !.hi s field jf ihiC'1''? is a resonance b,?tweey~ tbe transverse mode and 
OPf' of: t;nc harmOYHCS of the b"~am. The appropria!:e equatio]",s governiflg 
::he bliL!.d'~up o+. j,h"~se cot.;pled "dlsp'!.acemEnt e1.d" o::~cil1ations are 14. 2) 
ard 2.14). For an .?p.2r0..21,Dl_c!:,~!::, treatmer:t of the stE,ady state behav.lOr, 
(4.5" (4.7) and {4. 8) a:c'c Y'f'levant. A f:lrther approxi.mate cal,cu]afwr: of 
!], /Qi is coc:ain>ed in Hlf; Apper,chx, and tlw correspondm,g limit is given 
in {A'· 1 OL 

NlJlneri(~al computatior:. of the combiratjon of the above two effects 
can a~so be pe~(formed. Fo~. i:his p'J.rpose the field increment per pul se 
)s the sum of .8) ar.d (4.2), 

It is clear that both effects lnnlL the contribu:,joES to those modes 
will C'h 51:p no more than 1800 ber-and ihe beam. add: I ion, the secor~d 

(1: is slgnifica:::li, orlylJ tbe reSOLan(~p e.\\sts. Fo t.hese reaSOFS It lS 

lmport8.n.f to measure the mode spectrum for ~,h<c cavdlE's accuratel,y for 
both the accelerating ar;.d deflecting bands at SFIl era} val1Jes of fj . 

EsLmatE:s of the magn.ltJdE's of the two effects diEC1JSspd ha've bp,'ll 

made- for the AGS rmpYOVerrh~nt: program paramelers. Although these 
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are ex:tremely crude, the values obtained are not at all serious and 
should not prove troublesome. 

We have not treated th8 case of two transverse dimensions, nor 
have we considered the effects of the induced fields on the bunching of' 
the beam pulses. Moreover, we have treated each cavity as having a 
constant value of v and a unii'o::'m cell geometry. These effects will 
hopehlly not be serious. Besides, one always has the possibility of 
perturbing the transverse modes to modify transverse effects. We have 
also not considered the possibihty of longitudinal beam blow-up. 
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APPENDIX 

We shall estimate rj. and Q for the denecting modes under the 
assumption that the cells are approximately uncoupled. In this case the 
fields in the m th cell are TM 11 0 of the form 

where 

E~ - A~ Jl (PU rib) cos 9 

- A~ J~ (Pll rib) cos 9 

J 1 (Pl1 rib) 
Am Pll rib 

sin 9 , 

b =: Pll clw .. ," 
J 

(A-I) 

(A-2) 

and p 11 is the first zero of J I' 
be shown to be 

The Fourier decomposition of EJ can z 

- J 1 (p 11 rib) cos 9 A~ 
N-l 
~ sin k. Lo 
~ In 

k. L 
n = 0 In 0 

cos k. z, 
]n 

(A-3 

where kin is given by (2.2). The relevant deflecting mode (n - 0) in 
the vicin"ity of the axis is therefore given by 

Comparison with (2.3) indicates that 

where 

sin k j Lo 

k. Lo 
.J 

(A-4) 

(A··S) 

(A~6) 

The quantity AJ is obtained from the normalization condition (2.4). 
. u 0 

It can be shown to be 

, (A-7) 

Proceedings of the 1964 Linear Accelerator Conference, Madison, Wisconsin, USA

201



From (3. 18) one has 

2 
~ Zo gl (Wj/C) 

(A - 8) 
4Pll 

For small holes one can show that 

2 2 
K W / c "" (p 11 / 4 f3 ) (a/b ) (A - g) 

wher e a is the hole radius. Equ ation (4.8) can then be written as 

Ax e 10 Zo L g gr g~ (w/c) Pl1 a
2 

32 Mc
2

(1 - s W /w .) f321f b 2 
o J 

(A - 10) 

In or der to obtain rJ, or Q j indepen dently, one must calculate the 
power loss. This is obt a ined from the square of the tangential magnetic 
field on both the guide and cell w all s . and turns out to be 

- 1 
Q. 

J 

2 8(w./c) 
] 

where 8 is the skin depth. E quation (3 . 20 ) then b ecomes 

(A - 12) 

LEISS: Does not the reson ant b e am blow-up a.lways contribute in a 
serious way? 

GL UCKSTERN: It does in the sense that the nonaxial component of the b e am 
current can be in cre ased by the respon s e of the c avity. However, t his 
depen ds on a re son ance b etween the transv erse mode and a m ultiple of 
the beam frequen cy. In addition the p resence of tr ansverse forces may 
modify th e build -up. 
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E. KNAPP: Isnlt the value of shunt impedance used (20 Megohms/meter) 
high? 

GLUCKSTERN: Yes. As a first conservative calculation I took a value 
comparable with the accelerating mode. However, for the transverse 
one should take the appropriate space harmonic with a phase velocity 
equal to that of the particle. In this case the "starting" current is in­
creased by a factor of order 10. 

W ALKINSP..A W: Shouldn It one include other field components for the 
transverse modes? 

GLUCKSTERN: Yes. Although the only components which do not vanish 
in the x-z plane are the ones used_. the relation between these components 
depend on the other components-·-in particular, on OHz/Oy. This has 
only been taken into account approximately in the present calculation. 

LEISS: Isn It it true that both effects (resonant an.d nonresonant beam 
blow--up) are present together and are part of the same effect? 

GLUCKSTERN: I do not believe the two effects are the same, but both 
effects should be taken together in any proper calculation. 

LEISS: Aren It there important resonant effects in your calculation of 
nonresonant beam blow~up ? 

GLT.TCKSTERN: I donlt believe that these modify the results by more than 
a ractor 2. 
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