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Basic crab cavities

Luminosity of the collider accelerators and related
topics

RF cavities and parameters

Pill box type crab cavities, mainly developed for KEKB

Compact crab cavities, mainly developed for LHC
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Colliding beams

?Ne ?Ons'igerft'he]]'d Particle bunch: N+ Particle bunch: N-
uminosity of collider e
accelerators Q-»"".,‘;; O4=O =§O <O
Luminosity is one of the o= ""_, O= a4 4=O=O
most important Collision
parameters
Number of physics
interactions (events) per dN
second =Lxo L

e L: Luminosity dt

e o: Cross section

. has to be increased to
obtain high event rate
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Luminosity
N+O g Ve N-
SLX ’/

Calculate luminosity

i Lz _
e Head on collision S =1Ly XLy

e Flat beams with uniform

distribution N ev — N_ t'J-/ \)

# of events for a particle N NN
. : — ) S
with a cross section of & ev + /

# of events for N+ particles Ney f N.N / S
= fN,N_o

If those collisions occur f dt
times per second

N,N_
L L

Luminosity for flat beams ] =

y
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In case of Gaussian
distribution we have to Lo NelV- fx = g’f
: : L.L - dy
modify the previous <y 4
1 2
e N, > N, — e_Zf’; R 7 N
e Same ox, oy for both ™+ " \2na,, V2ra,, Y
beams
1 X -
N_—- N_ e 20%- e *%-dxd
N_|_ N_ V2mo, VZH’J},_ Y
L f

4100, 0,
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Luminosity

In case of Gaussian
distribution N,N_

e Same oX, oy Amoxay

e But the other beam has
offset Ax 1 _@-Av? y?

N_ - N_ e 203 203
V21O, _

: e “9-dxd
Reduction factor V2ma,_ g
Ax?

a2
Ry = € *%



e
Luminosity

® In case of Gaussian
distribution

e Different ox, oy
e Define Xx and Xy

N,N_

I =
2Ty 2y, f




//

Finite angle crossing

To increase luminosity
e Increase beam bunches
e When bunches increased
parasitic collisions occur
To avoid parasitic collisions
e Beam crossing with finite
angle: 6¢c
e Make beam separation simple
e Reduction of luminosity
« Geometrical reduction factor R,

e May introduce coupling
between synchrotorn and
betatron oscillations in
circular colliders

pp, o < e I

Parasitic Interaction

collision point

1

V1+ p3

O-Z
¢p =—tanb./2

Oy

RL:

Piwinski angle



—_

=
Crab crossing

Kickback Kickback
Bunch rotation at the IP
e Horizontal kick at the bunch ~ ~
head Head-on
e Horizontal kick at the bunch Crab kick Crab kick

tail but opposite direction
e No kick at the bunch center

Bunch rotates so that it
collides head-on at IP

e Crab crossing

Crab cavity kick the bunch
with a phase advance of /2

Another crab cavity kicks
back the bunch after IP



Required kick voltage

Kick voltage given to the
bunch head ‘—
e L: length from the \ E i /CE
bunch center 2

e c:speed of light

e AV: kick voltage AV = Ve SN wppAt ~Ve@pp

e No kick to the bunch
center

e Same kick voltage to the
bunch tail, but opposite
direction
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Required kick voltage

Kick angle, X’ % JeaVx y = eAV, _ AV
Oftset at the IP E

e mi2: transfer matrix
component of the f¢_
betatron oscillation Ax

e Ad: phase advance

(sinAd=1) Ax = mypx" = \/BerapPip Sin A x'
Bunch rotation angle at Ax Vo wrp
the IP tan 6 = T = \/BcrabBIP CE/E,’

e Half ' 1
alf crossing angle /e

= 7]
x/ BerabBrp Wrr

Required kick voltage V




Single crab cavity scheme

One crab cavity in the ring Crab kick at IP Kickback

The beam wiggles in the whole m
ring l\ []

Cavity location can be chosen
any where in the ring

e near the existing cryogenic Wiggling if no kickback
facility

e L. T e s N A

e Two crab cavities fabricated
and installed in the HER and
LER ring

e The location is 1 km away from
the IP, where a cryogenic
facility was operating for the
SRF accelerating cavities

e (Great cost reduction



4quired kick voltage in single crab scheme

Bunch head
Vw
Crab kick Ax' = —=2E IP
cE/e

X3 x1=xB xl xZ
(x;)"(xi =x;,+Ax')"(x;) » My ® (x;)

1 1

———————— M(51+C,52) —————————

W- 1- . h o
Coordinate transformation 1ggling in the ring
% xl Bunch rotation angle at [P
X =M (s2,51) g
Ye
6, cos ( — Y21 )y

X3 X5 o be _ o
(xé) Ms14¢,52) ( 2) an=- =+ B2 b1 - ¢’c E /e

Transfer matrix ;
Phase advance in the ring: yc~n

5 Phase advance at the crab: y21=7/2
\/; (cospz1 + ay sinyy) VB2B1siniy,

M(sz,sl) =

1
m (—(az — ay) cos Py — (1 + azay) sinyq) j[ﬂzj (cosyyq — ay sinthyy)
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Beam-beam parameter

O= <O
Beam-beam kick - x: o~ <O <=C<)=O <O
e Electromagnetic force of electrons PN o= <O <=O<=O <O

kicks positrons
 Kicking force is approximatel

roportional istance from the _
Igegltaé tional to the dista r,N= ﬁx,y +
$x y+ —
Tune shift 7T 2MY4 Oxy30yF
e This force is like a quadrupole magnet
e Tune shifts due to this kick Ni S( v+ . :
L = — f‘y + r.: Classical electron radius
*  Ap: & parameter 27" - ﬂ + v: Lorentz factor
- Beam-beam parameter € yx
Beam-beam limit '165"""""""""‘
e Ifwe increase N, ¢ increases A4 E
e Beam-beam parameter has a limit A2 B
« Bean-bean limit - =
e Luminosity has a limit < o8 =
Beam-beam simulation predicted & Ny J I . E
could be increased more than twice in i T S,
the crab crossing 04 g E
02 e -
SR R R S R
% 5 1 1.5 2
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/ | electric field
= N -
* Particle acceleration °
longitudinally or
transversely
* Time varying electric and e

Maximum 2.82026e+06 ...

magnetic fields in a cavity — o
magnetic rield =

e Resonate with the
resonant frequency

e Create large electric and
magnetic fields

e Those fields accelerate
charged particles

Mode 1 H-Field
Frequency 318,729 MHz
Phase 90
Maximum 4379 A/m
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RF cavity

Resonant frequency and DB =0
electro magnetic fields can DivE =0
be obtained from; RotE — dB
, OtE = — —
e Maxell's equations ot
e Boundary conditions RotH = 9b
Electro-magnetic fields ot
decay in time due to the
heating loss on the
boundary
e The ratio of the loss in one
cycle Pc to stored energy wU
U characterizes cavity Q =
performance P.

e Quality factor: Q=wU/Pc
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Beam acceleration
Lorentz force F=e(E+vXB)
e Charged particle with speed of
light enters into a cavity F =
zZ eEZ

e Charged particles obtain
acceleration: Lorentz force

d
We obtain the accelerating — iwt j, _ ikz
Voltqge when the cavity has Ve L E,e" dz f E,e™“dz

longitudinal electric field
Accelerating voltage Vc
e The EM fields vary in time V. =

e We have to take the travelling
time of a particle into account
e Transit time factor: T

o The ratio of Vc to the maximum
voltage T
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Shunt impedance

Shunt impedance
e Important parameter
e Ratio of Vc2 to Pc

e Efficiency of
acceleration

e In the lumped circuit
theory; R=Vc2/Pc/2

R/Q

e Another important
parameter
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Direction of acceleration

Longitudinal acceleration

e Beam acceleration

Transverse acceleration Deflection

e Beam deflection Vi 1
» Whole bunch deflects

e Bunch rotation

» Bunch head deflects

« Bunch tail deflects, but in Rotation
the opposite direction

« Bunch center does not

deflect
« Crabbing
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How to kick the beam
Lorentz force F=e(E+vXB)
e Particle with v=c along v = ce, = (0,0, c)
Z-aXIs
The force accelerates F, = e(E, — cB,)
particles F, = e(Ex + cBy)
F, = ek,

e Z-comp: acceleration
e X-comp: horizontal kick
e Y-comp: vertical kick

d
Horizontal kick voltage Ve = f (Ex —cBy)e™# dz
0
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Panofsky-Wenzel theorem
Maxwell'seq: p g = _Z_f — —iwB = B, - ”%(aaix - aaiz)

V, can be given by E only

d
c 0E, c 0E,\ .
= E. —i— 2| plkz
Vy fo(x lwaz_l_lwax)e dz

Note that the first 2 terms

are combined
: . COEx p__.Cd ikz
e Itsintegral vanish at the (Ex—i——m)e™™ = —i—— (Exe™)
boundary because Ex=0
V. is given by the gradient L fd O, 4, _ 10,
o Vz * ), Yo ox  k ox

e The TE mode does not
kick the particle because
Ez=0
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Kick voltage

Kick voltage
e Horizontal kick
e Vertical kick
Shunt impedance
e T stands forx ory

R/Q




Voltage stability X
Voltage error: AV -

Bunch rotation angle

error: AO A6 =,/ ﬁcmbﬁ,p
e Proportional to V

cE/e

Geometrical reduction
factor
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Phase stability -

Phase error of one crab cavity:

A

Transverse kick of the bunch vV

center Ax = \/ BerapBrp E_/e A
e Proportional to A¢

Bunch position offset at IP:

AX A2

Geometrical reduction factor _iz

Absolute phase error of two Ry, = € 4oy

crab cavities has no
geometrical reduction

e Both beams have the same
offset at IP

e Because Ax=0
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CaVitytype
e Pill box

© Rectangu] - Cavity
¢ Coaxial cavity
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AN I A e
AN - z 3e+06
28e+06
25e+06
24e+06
22e+06
2e+06
1 8e+06
1 fe+06
1 4e+06
12e+06
1e+06
8e+05
Ge+05
4e+05
2e+05
o

Crab cavity shape

* Pill box type

* TMuio dipole mode

e 500MHz
® E_ and H_field :Ah::ifnum 2.99.827e+06V/m

X~ Mode 2 H-Field

| Frequency 507.846 MHz
Phase 90
Maximum 6923.02 A/m




¥/m
3e+06
28e+06
25e+06
24e+06
22e+06
2e+06
1 8e+06
1 fe+06
1 4e+06
12e+06
1e+06
 8e+05
Ge+05
4e+05
2e+05
o

SOM

e Same order mode
e Unwanted polarization

e Vertical kick

Mode 2 E-Field )
Frequency 507.846 MHz N 2

e Same frequency (- ] —

Mode 2 H-Field
Frequency 507.846 MHz
Phase 90
Maximum 6940.53 A/m
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— 2820406
\\\ e 2 fe+06

242405

220406
20406

1 8e+05

1 Fe+05

1 4e+06

1 2e+06
1e+06
8e+05
Be+05
4e+05
2e+05

LOM

* Lowest order mode

e Fundamental mode

* TMo1o monopole mode

Mode 1 E-Field i
frequency  318.729 MHz S 2

e Lower frequency: 320

MHz e 7
e Accelerating mode
e R/Q~100

e Need to be heavily
damped

2800
2400
2000
1600
1200

Mode 1 H-Field
Frequency 318,729 MHz
Phase 90
Maximum 4379 A/m



HOM

* Higher order mode
* TMo11 monopole mo

* Accelerating mode

* Should be heavily
dumped

V¥/m
205e+06

186405
1 Fe+05

414 1 4e+06
114 126406
1:: 1e+06
f:f% 8e+05
i:: Ge+05
P ALY 4e+05
:f : 22405
oo o
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HOM, Crab cavi

* TEu1 dipole mode
* Crab cavity?
* Answer is No!

* Magnetic kick cancels
electric kick

* Remember Panofsky-
Wenzel theorem

e No kick when Ez=0

v e a3 9 0% P P 8B G
e s 1 3 e e A EE0SOTRRBOREE S
R E T N FRE R R R R R E
- c 1 2P0 BRBCDDBRGEEOBOENN S
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3e+06
28e+06
2He+06
24e+06
22e+06

2e+06
1 8e+06
1 fe+06
1 4e+06
12e+06
1e+06
8e+05
Ge+05
4e+05
2e+05

3500
3000
2500
2000
1500
1000
500
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" We can design TE-like ¢

* TE cavity with beam pipe
e Frequency: 500 MHz

* If the beam pipes shield ﬁ

Frequency 520.385 MHz

Phase 0 @ —
L4 04 Cross section A
the magnetic field
Maximum 4.96199e+06 ...

* We can obtain a pes |
horizontal kick
* R/Q~40

] T T
¥

- o =
o = wn wn
o o © o o
+ o+ o+ + +
=1 =1 o o
o&a a & =3 a8

¥
Mode 1 E-Field ﬂ
Frequency 520.385 MHz
Phase 0 7

Cross section A
Cutplane at X 0.000
Maximum 4.96199e+06 ...
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312e+06

2 Be+06
2 fe+06
2 4e+06
22e+06

2e+06
1 2e+06

Rectangular cell

* Crabbing mode, TM210
®* 500MHz

Mode 2 E-Field
Frequency 499.967 MHz £
Phase (]

Maximum 3.11807e+06 V/m

s

&
’
&
g
£
41
+
i

Mode 2 H-Field =
Frequency 499.967 MHz 2
Phase 90

Maximum 5937.12 A/m



e TMi120

* Vertical kicking mode

* Higher frequency than
the crabbing mode

* We can separate vertical
kicking mode from
horizontal kick mode

Mode 9 E-Field

Frequency 728.83 MHz
Phase [

Maximum 3.1445e+06 V...

Mode 9 H-Field
Frequency 728.83 MHz

Phase
Maximum

90
8289.29 A/m

Vim
314e+06

2 Be+06
2 fe+06
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Crab cavity cell for KEKB

Required voltage: 1.4MV

Operating temperature: &
4.4K s
Squashed cell /?\
Crabbing mode T | e e gg T i_“: E
e TM210-like mode —s +: ‘_.J, —ads 2 . : w L)
e 509 MHz B o - — || 2 E £ E
Coaxial coupler ; 3/‘ TN
|

e For LOM,SOMand T—==-- :
HOMs damping
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/ LOM, SOM and HOMs

Coaxial coupler
propagates these modes

TEM: No cut-off
(monopole)

TE1u: fc=600 MHz
(dipole)

Monopole

L]

po!

3%

=

(Do)

g

e

Dipole

TMM210
Crab Mode

Horizontal Polarization

TM110
LOM

TM310

TMI111

TMS10

TM130

Fan

o

231,

TEO011

TE211

TM211

Dipole
Vertical Polarization
TE101
. Th120
P
o
)
TE320
[ g 4
P Ly
Rt I
TM301
|
p q; CT}




//

LOM damping

Lowest order mode

e Fundamental mode
e Accelerating mode
e R/Q~100

LOM can propagate as the
TEM mode in the coaxial
coupler

Coaxial ferrite RF absorber
at the end of this coupler
heavily damps this mode

e (Q~100

TEM mode in the coaxial coupler
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SOM damping

Same order mode

e Another polarization of
crabbing mode

e Frequency above 600 MH:
by squeezing cavity cell
SOM can propagate as the
dipole mode (TEun) in the

coaxial coupler

e The cut-off frequency is
600 MHz

e Above the crabbing mode
e Blow the SOM mode

TE mode in the coaxial coupler



HOM damping

Coaxial coupler and coaxial
ferrite absorber

e Monopole modes

e Dipole mode above cut—ofbg o -

e Heavily damp those e m Noteh e -
modes o ] ‘:_[ ] — ==

e Notch filter for crabbing s =
mode rejection U"“"“" Peampe ﬁﬁz.:,;%;%rw

Large beam pipe and
ferrite RF absorbers

e Monopole>9ooMHz
e Dipole>750MHz



Compact crab cavities for LHC

Required for LHC application
Required voltage: 3MV ‘_‘
Frequency: 400 MHz

Operating temperature: 2K L
Narrow space between beam
pipes
e Nominal beam separation: 194
mm

e Beam pipe diameter: 84 mm
Can not use pill box type cavities

e 800MHz cavity clears size
roblem but the high
requency gives non-linear
kic(ll<
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Quarter wave resonator ¥

¢ Compact cavity
* Used for low beta beam accelerations
* Low frequency application
e If you make a 200MHz pill box cavity,
its diameter should be 1 m.
* Maximum E field exists at the open end
of an inner conductor
* Deflection by the E-field if the beams
pass along the red line
* Maximum H field exists at the short end
of an inner conductor
» Deflection by the H fields if the beam
pass along the blue line |
» E fields also contributes the beam
deflection
* Beam acceleration —
e 2 or 4 symmetrical configuratio:
avoid acceleration '

Mode 1 E-Field

Frequency 399.631 MHz
Phase 0

Cross section A

Cutplane atY 0.000 - -
Maximum 3.63955e+07 ...

~_Mode 1 H-Field
~ Frequency 399.631 MHz
~ Phase 90

~= Cross section A

. Cutplane atY 0.000

T Maximum  61463.1 A/m




Four QWR configuration
4RCC

* Consists of four QWRs

* Use the E and B fields for
beam deflection

* R/Q~1000

* No longi
accelerat

* Not FM




=
Crabbing mode

400 MHz T
Deflecting by E and H - :2::2:}

AT e 00000000000 00 o 1 4e+07 —
flelds = g ;A_; ] ol 1 26407 —]
: . Ee sl JGEE, S 1e+07 —
- i - -
No longitudinal - B dise B .
1 " - e e - 4 - - fe+06 —
t e -ty 2= - = =
acceleration i i R o 4e+05 —|
e l‘-"]‘—"“H Ty & L"‘é}f“.}"« % 2e+06
AR I O B LS A AR T
R/Q~1000 e :
* W, :‘:“_'l\_ b B oS b o e
- % =+ = = 4
- = or - - =i )
- - - > - -y - -
- e - b = - Lo
L L -t - - - - - -
L A - -y - - - - -
Mode 2 E-Field | il o <) e .

Type EField ‘== [ I
Frequency ~ 402.597MHz |
Phase O e
Cross section A £

Cutplane atY 0.000
Maximum 1.88253e+07 ...
Max. position 41.713, 0.00...




* 360 MHz
* Accelerating mode

202e+07 e

1 8e+07

1 fe+07

1 4e+07

1 2e+07

1e+07

ge+06

Ge+06

4e+05

2e+06

1]

Mode 1 E-Field

Frequency 360.779 MHz
Phase 0

Cross section A
Cutplane atY 0.000
Maximum 1.84428e+07 ...

=




1St HOM

® 445 MHz
* Deflecting mode

¥/m
1522+07 e
1 5e+07
1 4e+07 -
1 3e+07
1 2e+07
11e+07
1e+07
9e+06
8e+06
7e+06
Ge+06
He+06
4e+06
3e+06
2e+06

1e+06
u]

Mode 3 E-Field

Frequency 444,854 MHz
Phase 0

Cross section A

Cutplane atY 0.000
Maximum 1.4712e+07 V...




2" HOM

® 446 MHz
* Accelerating mode

158e+07 4
152407 -
1 4e+07 -
13e+07
1.2e+07
11e+07

1e+07
9e+06
ge+06
Te+06
Ge+06
5e+06
4e+06
3e+06
2e+06
1e+06

0

Mode 4 E-Field

frequency  446.151 MHz
Phase 0

Cross section A
Cutplane atY 0.000
Maximum 1.51318e+07 ...




4RCC (UK)

4-rod crab cavity
ULANC

Cavity size: 143x118 mm?

Cavity length: 500 mm
Peak E field: 32MV/m
Peak B-Field 61 mT
R/Q: 915

FM: 370 MHz

Not fundamental mode




~ Two QWR configuratio

DQW

* Consists two QWRs

* Mainly use the E-field for
beam kick

* No longitudinal
acceleration

* FM




e

Crabbing mode

®* 400 MHz

* Deflecting mainly by the
E field

* No longitudinal
acceleration

242e+07
22e+07
2e+07

1 8e+07
1 5e+07
1 4e+07
12e+07
1e+07
8e+06
Ge+06
4e+06
2e+06
o

Mode 1 E-Field
Frequency 396.139 MHz
Phase 0

Cross section A

Cutplane atX 0.000
Maximum 2.40176e+07 ...

Mode 1 H-Field
Frequency 396.139 MHz
Phase 90

Cross section A

Cutplane at X 0.000
Maximum 43584.6 A/m




HOM

® 410 MHz

e Near the crabbing
frequency

e Well separate after
longitudinal length
optimization

* Accelerating mode

Mode 2 E-Field

frequency  410.341 MHz
Phase 0

Cross section A

Cutplane at X 0.000
Maximum 2.13894e+07 ...

216e+07
2e+07

1 3e+07
1 fe+07
1 4e+07
1 2e+07
1e+07
3e+06
Ge+06
4a+06 -
2e+06 -
o%
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Longitudinal length

* To obtain larger kick

voltage

e Deflecting area has to
be increased

e Optimize longitudinal
length~\/2

* R/Q~500
* HOM: 457 MHz

N
l=»-<

155e+07

1 3e+07 —
1 2e+07 —
11e+07 —

Cutplane at X 0.000

= 9e+06 —
bt 8e+06
Y Te+06
= - Ge+06 —
= - Se+06 —|
= < 4e+06 —
e @ o 3e+06
O O o O O O DD TRt - 2et0
ol A0 e R R i S O D W A B O 907 12406
1 G O G R RS R R (R 1 i G O Y VN O G i R Y
G S e i o I R e )
B4 4444444444442 44448 70
Ly o -]

o === <

— 1e+07 —]




e
Transverse length

* Increase of transverse
length
e Results in shorter inner
conductor

160 to 100 mm
* Increasing HOM

frequency

* 575 MHz
» Well above FM

component1:outer
Material Vacuum

Type Normal
Epsilon 1
Mu 1

V¥/m
1D5e+0?]
9e+06 —
8e+06 —|
Te+06 —|
S = Ge+06 —
S RSt o 5e+06 — |
PO et
O e S - TR 4e+06 —
Ea o i DS 3e+06 —
e a4 4 W V. -
S aA N T e
] s 8 + E Y 1e+06
< T S S A 4 4 5 . o
2 s NN 4 1 poAe
- % xR f\ e I
% W N EL 2 S
- e 4 - -
PRI e
S P
X
Mode 1 E-Field ﬂ
frequency  399.464 MHz
Phase 0 & g
Cross section A
Cutplane at X 0.000
Maximum 9.43583e+06 ...
V/m
921e+06
85e+05;
8e+06
75e+06 —
Te+06 —|
65e+06 —|
Ge+06 —|
N S 55e+06 —
Se+06 —
LR SR RE = > 45e+06 — |
4 4 4= dm = > e 4e+06 —|
o = L o - 35e+06 —
o = A e S ol
25e+06 —|
R ey b b 90406 —]
R SR e | + ¥y Acae o s 1 5e+06
R s 3 R T e e 1e+06
-€o4—<—<—-¢-‘— S e S ba+0o
o PO ' B T NI N Y
BN ok S N v P A AT I
LR SRS 2
=
4 e ==
PR
- o o >
S et v e,

Mode 2 E-Field
Frequency 575.616 MHz
Phase 0

Cross section A

Cutplane at X 0.000
Maximum

8.17578e+06 ...

* === I



DQW

Double quarter wave cavity
BNL

Vertical kick

FM

Cavity size: 142x122 mm?

e Need slim waist to provide
space for the other BP

Cavity length: 384 mm
Peak E field: 43MV/m
Peak B-Field 61 mT

R/Q:345
HOM: 575 MHz




.. R T .". “a
* HOMs are well separate g, § :
2 - )
rom FM 0.01 N : x .
e Above 550 MHz I S
0.5 1 HOMI i:wquency [GHZ] 2 2.5

Mode 2 E-Field

Frequency  575.616 MHz
Phase 0

Cross section A

Cutplane atX 0.000
Maximum 8.17578e+06 ...

+ Deflection mode

B Horizontal mode
* Hybrid (deflong)
* Hybrid (deflong)
% Hybrid (def/hor)

» Hytmd (def/hor)

® Longitudinal mode

Mode 4 E-Field

Frequency  710.519 MHz
Phase 0

Cross section A

Cutplane atX 0.000
Maximum 1.12688e+07 ...

i

Mode 3 E-Field
| frequency 702144 MHz

Phase 0

Cross section A

Cutplane atX 0.000
Maximum 1.20825e+06 ...




* HOMs are extracted by
couplers

e Hook-type coupler

e Band stop filter at
400MHz

e L-type high pass filter
above 570MHz




RFD

e RF deflector

e Same topology

e Evolved from the parallel bar
geometry

ODU/JLAB/SLAC
Horizontal kick

FM

Cavity size: 147x147 mm?
Cavity length: 600 mm
Peak E field: 33MV/m
Peak B-Field 56 mT
R/Q: 287

HOM: 580 MHz




Cavity radius (mm) 147.5 143/118  142/122
Cavity length (mm) 597 500 380
Beam pipe radius (mm) 42 42 42
Peak E-field (MV/m) 33 32 47
Peak B-field (mT) 56 61 71

R/Q (Q) 287 915 318
Nearest mode (MHz) 584 370 575

RFD and DQW were chosen for LHC CC






V/m
6.22e+06

55e+06
Se+06
45e+06

4e+06
35e+06
3e+06

Analytical solution of EN .

* Consider EM fields in a
rectangular cavity

* Obtain analytical
solutions of the TEon1 e P
mode

Se+05
o

* Calculate its kick voltage

Mode 1 H-Field
Frequency 499.966 MHz
Phase 90

Maximum 11788.5 A/m




“\\\?:::hiﬁf%////////

//
El m ic fields 1
ectro-magnetic rields y
b
E, = lEU cosk x sinkyysink,z ke =0 ;
T
k : : k. = —
E, = —lEO k—gsm kyxcoskyysink,z y b
E, =0 k2 =4
v = —f—;k;;cz sin k,x cos kyy cosk,z =
Ky _ a
= —f—z Zz cosk,x sink,ycosk,z /
E :
H, = icos kyx cosk,ysink,z z,” d
Kyk,
CB, = —E,—= 2 #sink,x cosk,ycosk,z
kyks
CB, = —EO Kz Cos kyxsink,ycosk,z

CB, = Eycoskyx cosky,ysink,z



// /

Integration of analytical solution

Calculate kick voltage for E, = lEo 2 sinkyy sin k,z

the TE mode in a cB, = —E, kik sin k,y cos k2
rectangular cavity ‘
e Electromagnetic fields By = iEo Ky o
are given
5 _ CB, = —E, kik cosk,z
e A particle passes at :
x=a/2, y=b/2
A . kk
e Time factor et Ey = iEy—% ot
CB, = —E, kzk cosk,z el

c



Integration of analytical solution

Calculate kick voltage for
the TE mode in a

rectangular cavity Kk
E, = —E,—*sink,zsinkz
e Real part K
CB, = —E, izz cos k,z coskz
e Imaginary part E. =E, % sin k,z coskz

k?
kyk ,
CBy, = —E, izzcos k,zsinkz

c




// /

Integration of analytical solution

Calculate kick voltage for
the TE mode in a
rectangular cavity

d
V, = f (Ey — cBy)e*? dz
0

fod sink,zcoskzdz = — ﬁ—; (1 + coskd)

e Kick VOltage fod cosk,zsinkzdz = % (1 + cos kd)

- Field integration along 4 S
beam passage Jo sink,zsinkzdz = % sinkd
 Real part=0 fod cosk,zcoskzdz = :—2 sin kd

c

» Imaginary part=o0
d

« Kick voltage= -
ick voltage=0 ReV. =Ref (E, — ¢B,)e™ dz = 0
0

Vx| =0 a
ImV, = Imf (Ex — cBy)eikz dz =0
0



