Very low wall losses.

® Therefore continuous operation

is possible.

Energy recovery becomes
possible.

Normal conducting cavities

¢ Significant wall losses.

® Cannot operate continuously with
appreciable fields.

® Energy recovery was therefore not
possible.
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coupler in order to have the voltage of several cavities available.
coupling slots  RF coupling loop
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Example: PETRA Cavity f_ =500MHz
R, =18010°Q

125kW - 2.12MV |
Without the walls: Long single cavity with too large wave velocity. Vo = ﬁ
K

Thick walls: shield the particles from regions with decelerating phase.
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The iris size is chosen to let the phase velocity equal the particle velocity.
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The iris size is chosen to let the phase velocity equal the particle velocity.
A

disc-loaded @ undisturbed
structure structure \,/ et
klystron v,>C
disc-loaded
structure
7 d |
N '
!é.?lfk‘ b !
—Z N ot
N Qe
beam axis E
. — 27 :
Loss free propagation: K = Y K o
k
mode wg
Standing wave cavity. Traveling wave cavity (wave guide).
klystron klystron
l TE,, l TE,,
LN L L L L~ rTrrrrrrrrTrrirririiliiye
s SR AR R NN W N Vi NN RN
™, ™, Y TE,,
standing wave reflection travelling wave
absorber
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Transport maps of cavities

(1) Linearization: E_(r,zt) =, fa E.0zt) = OE =0

u'=a)p+rypL

B,(r.zt)=, +50,E,(0,zt) = OxB=210E
(2) Equation of motion:
= E—: High energy approximation y2<<1:
=L (F -aF,)=--1[5(9,+%0 )E +aE,]
-pov[ (&3 L-%)d,)E, +aE]~-p0[r 2 Po"+ap,’]
U= I’\/B p denotes p, for simplicity

Focusing !

e

-=(rgprrap) +ayp LG

j 43;3) - _U(Z%)z
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(3) Average focusing over one period with relatively little energy change:

u'=-uls A= <p'2>

(4) Continuous energy change:

pI:Q, Q:<p|>

2 "o (A/1Q)

;—pZU~éu =~u 4p2
_ 42 dy 1 _p 1 ~ _p(81Q)
P =P or o= —r

AIQ 2
d—r+diri r—( )2 T

r(p) =n(-In(p) = dpr-/ L= /n
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ry (1 cosgln(p)) sinEIn(p)) \( A
aj_ 0 &% ( sin(cIn(p)) cosg n(p))j(Bj
ry (1 O cos(sln( )) sin(e ( )) 0 Y\r
a) |0 & —sm(eln(—i)) cosE n(—i)) ib (a
E, = i cosi#£z+a,)cost —kz+¢,)

:i osf¢Zz+a,)cos@,), a,=0
(P) = gycosth,) 2>:;igﬁcom)}e:;J;i(ggf—l

J
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r 1 0 ) cosgIn()) sinEin(:) |1 0 Y,
[j 0 & =sin(gIn(3)) cos@ln(ﬁ)) 0 %—.[ j

E, = 2.9,e""cosf@)cost +4,) , at=kz,k=mf, g, =g,

:% Z |(n+m)2T”z+¢0 +ei(n—m)2T”z—¢o +ein2T”z+¢o +ein2Tnz_¢0]

£ 200 8" * 08 +29, cOs@)lE™ = 3 f,E"
n= N=-—oco
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Average focusing over one period with relatively little energy change:

ry_(1 0 ) cosgIn()) sinein() |1 0 Y,
a) \0 &%) -sineIn(2)) cosgin(2)) 0 &

o

<

det(l\_A) =5

Because the determinant is not 1, the phase space volume is no longer
conserved but changes by p,/p.

A new propagation and definition of Twiss parameters is therefore needed:

r :\/ZJ L Bsin +q)
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B "’64,
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of |8 B 2

X 3 ) Twiss parameters in accelerating cavities

Crless

=r'= 23”;[— ﬁ?’sm(gﬁ+¢6)+ﬁwCOS¢/+¢6)]

=—2[r(pK+3 p")+ap]

B0V | g g By g2 B
' —\/ZJ mc( g ta a%-l_'gsz '8422

(sm(w + %)j
20'+BEy-py cos(/ + @)

—_pym BK+3E5)—(a+B45)L% | sinw + @)
g By cos(y + @)

) & LEPP

— (//':é,choicecAzl (rj— > m{ JB OJ(Sin(ng%)

VB B

CoS(/ + %)j

J

a+,82—p
a+y = B|K + (2%)2]
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For systems with changing energy one uses the normalized Courant-Snyder
invariant J,=J G, 7,

\/%\/%ﬁor_p: %5r_p:
e alo Bl% ElamT0 ala sl

Reasons:

J is the phase space amplitude of a particle in (x , a) phase space, which is
the area in phase space (over 2p) that its coordinate would circumscribe
during many turns in a ring. However, a=p,/p, is not conserved when p0
changes in a cavity. Therefore J is not conserved.

J, =J p,/mc is therefore proportional to the corresponding area in (x, p,)
phase space, and is thus conserved.

J

n
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Remarks:

The phase space area that a beam fills in (x , a) phase space shrinks during
acceleration by the factor p/p. This area is the emittance ¢.

The phase space area that a beam fills in (x, p,) phase space is conserved.
This area (divided by mc) is the normalized emlttance S

*=Va
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