Resonant Cavities

TE Modes: Standing waves with nodes
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Resonant Cavities Examples

Rectangular cavity:

ot =6 + 6= )+ ()

Fundamental acceleration mode: wuo =C7 N2

L =L, =212em = f =1.0GHz

Pill Box cavity:

(E/B) _ (E/B)2 . (i
@, - C\/knm + (Tﬂ)2

B
C ( kf,m)l” is the mt" 0 of the nt" Bessel function.

k;i)r is the mth extremeum of J

Fundamental acceleration mode: a)élo) =C ro

2r=229cm = f¥ =1.0GHz
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Cavity Operation

500MHz Cavity of DORIS:
r=231ecm = f}' =0.4967GHz

i) { ------- e Z>
motor

2760 |

tuning
L plunger

: cavity
= -

| coupling loop beam

axis
~ ceramic window electri\c field
from klystron

The frequency is increased and tuned by
| a tuning plunger.
é J\

An inductive coupling loop excites the

magnetic field at the equator of the cauvity.
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cavity field [arb. units]

Bandwidth

-500 0 500 1000
Frequency — 1.3 GHz [HZz]

(1) The RF system has a resonant frequency @,

w,
(2) The resonance curve has a characteristic width Aw = —

A resonant L/C/R circuit also has such characteristics
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RF systems for accelerators

L and C: determined by the cavity geometry
I — R : shunt impedance, related to surface res. R
| 1
& I =|—+iCo+——|U,
S — R, L R iLw
~ 1 A ~ A
UC = > in — UCres = Rslin
| 1 1
L, >+ -Cw
R \Lw
P —fRe[ —+1Ca)+L |Re[U ]dt=iLl72
RF il c C 2 Rs C
E LCU;
|Quallity factor: Q=2r—=21-= C = wR C = Rs\/%
AE TP,,
R L
Geometry factor: E = E
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{g@)) Geometry factor

Q 6
DED A,o

V-E=Lp E'=LE(ar,at") V-E'=1p'
VxE=-0,B B'= L B(aF',ar") V'xE'=-d,.B'

- = o

V-B=0 p'= p(ai',at') V'B'=0
VxB=-L[L]+0E] j'=j(ar' at") V'xB'=L[L j'+9,E']

Reducing all sizes by a, letting the time pass a times faster, reducing all
charges by a3 and all currents by a2 leads to fields that are a times smaller !

2171 '
=LV _ o c-Y “Q_ac'
I ol' Vooa?)'

L

For any oscillating circuit C Is asize independent geometry factor !
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Superconducting Cavities

| Abell with this Q
~ would ring for a year.

o Q=101

CHYFERFD “»wu;;

|ad

\4

E =20MV/m

® Very low wall losses.

® Therefore continuous operation _ .
is possible. Normal conducting cavities

® Significant wall losses.
® Cannot operate continuously with

* Energy recovery becomes appreciable fields.
possible. ° Energb); recovery was therefore not
possible.
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The filed in many cells can be excited by a single power source and a smgle |put

coupler in order to have the voltage of several cavities available.
coupling slots  RF coupling loop

1.af ‘
1.2 /'
1 Voh -
p -
|
0.8 C et
0.6 I ™ ‘J \Qp
0.4 / / ] TITTIT7 77777 777777777777
.y ’4/ . o e R B B B 1 A ™ EN 5 E % R [ R [ o 0 A 1 @
o 0.2 0.4 0.6 0.8 1k tuning
z plunger
Example: PETRA Cavity f =500MHz
R, =18.010°Q

125kW — 2.12MV
Without the walls: Long single cavity with too large wave velocity. Vo = i
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 veIOC|ty.

T mode
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Long initial settling or filling time,

Small shunt impedance per length.
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disc-loaded
TE,, wave
from

coupling
klystron

!’
]

The iris size is chosen to let the phase velocity equal the particle velocity.
\

undisturbed w
structure \

disc-loaded

7] i structure
— -%\“ - |
N |
= %:%L T™,, wave nc i =g
= ‘\\\\,/ A i ’,'//Q .: ®
/\ ,"QQ E
beam axis 1
Loss free propagation: k = 2Z ! .
mode wg
Standing wave cavity. Traveling wave cavity (wave guide).
klystron klystron
|| TE, || T,
LI 90 0 1O 0 O L NP L L L L . 0 S
i T R W T T N
TMm / TMO1 ‘ TEm
standing wave reflection travelling wave
absorber
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(1) Linearization: EF(V,Z,t)= -£0d.E (0,z,t) = V-E=0
B, (r,z,t)= +%0,E(0,z,t) = VxB=L0F

(2) Equation of motion:

q =2 Exact for a traveling wave with w/k = v
Nz because of: % cos(wt —kz+q,) f(z) = f(2)
pov(F —aF)———[ (0, +%0 )E +ak' ]
— 1 1 1 " '
- pov[ (dz ;(I_ET)at)Ez+aEz]~_p_0[r5p0 +Clp0 ]
U=T4p p denotes p, for simplicity
Focusing !

u'=a p+r\/;2’4p

W 1 (el o ' P r' P N_ P
byl o)
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Transport maps of cavities

(3) Average focusing over one period with relatively little energy change:

2 2
u'=—usE A= [(p”)

p

(4) Continuous energy change:
! '
p'=Q, Q=(p)

2 A/Q
Ay m Ly gy B2
dp* Q? 4p

d2 = doyp L _ 1 _,(a0F
(r\/7) NPT rN;3 r4ﬁ3

2 A/QY) -1 2
dp dp " p 4p p

— 1 (— PP NP SRS BPYN | B WP SR -Ly
’”(P)—TI( hl(p)) = dzr p277+p277 pzn npz

P

Georg.Hoffstaetter@Cornell.edu Accelerator Physics USPAS

June 2010



(4" 1V
0.-‘\% %“‘
) 5 6 e

N\ Transport maps of traveling wave cavities

"=-en, n(&§)=Acos(¢§) - Bsin(ef)
(1 0\ cos(eln(p)) sin(eIn(p)))( 4
‘(o g%')(-sin(gln(p)) cos(Sln(P)))( )

_(1 0 ][ cos(e In(£))  sin(e ln(pﬁi))]

0 8% —sin(e ln(pﬁi)) cos(& ln(pii))

8

=) g, cos(nZz+a,)cos(wt —kz+¢,)

= zg cos(n<L£z+a,)cos(g,), a,=0
n=0

Wl P ey ©
CrleSS &

~

1 O
e p'

(p') = gy cos(@,). (p") = Egncos (@) }8-%\/%2%) -1

7
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\&))) Transport maps of standing wave cavities

&, &
DED A,o

r I 0 \( cos(eln(=-)) sin(eln(=-))\(1 0 \/r
- L : P 4 1 Pi
al (0 & )|-sin(eln(5)) cos(eIn(:) (O 5 Na,
- in2tz *
E = Egne tTcos(kz)cos(wt+@,) , wt=kz, k=mT, g, =g,
% ign[el(n+m)2_nz+% l(n m)z—”z -@ +em2—”z+q00 n emz—”z %]
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Average focusing over one period with relatively little energy change:

r I 0\ cos(eln(-)) sin(eln()) (1 0
al |0 eZ] -sin(eIn(L)) cos(eln(L) |0 +5

<4

det(M) =~

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

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

r—\/ZJ P sin(y +¢,)
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‘;,0 Twiss parameters in accelerating cavities

CHESS & LE
a=-1f', y="
a=r'=_[2J n;c[ 2a+/3P sln(’(/J +¢O)+/51/J COS(I/} +¢0)]
a'z—%[r(pKwp )+ap]
(By') +a’ ", P Ja i .
a'=—\/2]% —ta a{)+[3’2p [3’4p2 sin(yy +¢,)
2000'+ 3 %z/} '— By cos(y +¢,)
g PEA D) (@t BT (sin@ +4y)
by p %'1/1' cos() +¢,)
. A
= l/} - ChOlC@ A=1 (I") 2Jmc( \/E 0 (Sil’l(’(/}+¢0))
i R P a+[3’2;
o'+y = /5[( (2 ) a B ( cos(y) +¢,)
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0 |
_ | VP 0 eostreg) G=a+pL

n p a 1

a 75 5 sy +¢,)

For systems with changing energy one uses the normalized Courant-Snyder
invariant J,=J b, g,

1 a L O 1+a° ~
75 Y|V "o _ A Ay
'(7" a) 0 \/E ﬁ \/E q 2mc (I" Cl) o /3 q 2me n

Reasons:

J is the phase space amplitude of a particle in (x , @) 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 py/mc is therefore proportional to the corresponding area in (X, p,)
phase space, and is thus conserved.
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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 e.

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

E= 7
by,
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