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Wave Propagation and Signal
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Wave Pr?pagation in a Cylindrical Waveguide
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Dispersion relation
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Periodic structures of
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General Accelerating Cavity and Structure Theories

Nuclear Instruments and Methods in Physics Research A3 11 (1992) 437-443 & METHODS

North-Holland IN PHYSICS
RESEARCM

Nucl. Instr. and Meth. A311 (1992) 437-443. il

Analytical formulas for the resonant frequency changes due to opening
apertures on cavity walls

J. Gao

Laboratore de L' Accélératenr Linéawre, 91405 Onan ceder, France

Recewed 30 May 1991 and m revised from 27 August 1991

Cited by: T.P. Wangler, RF Linear Accelerators, John Wiley& Sons, Inc. 1998.
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Slater Perturbation Theory
B D L 2 ~2
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1+ =W, (.

The frequency change due to energy change in a cavity

where AW, and AW,, are the time-average electric and
magnetic energies stored in the perturbation volume.
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H. Bethe and R.E. Collin Theories on Equivalent Dipoles
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where € is the permittivity of vacuum, go is the perme-
ability of vacuum, P and M, M, are the electric and mag-
netic dipole moments, respectively. Ej is the electric field
perpendicular to the surface of the ellipse. H; and H, are
the magnetic fields parallel to the major and minor axis of
this ellipse. I; and {; are the lengths of demi- major and
minor axis, respectively (see Fig. 1). K(ey) and E(ey) are
complete elliptic integrals of the first and second kinds [6].
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Electric coupling L TU
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2a
HO <+ OH

H © « (OH
T4 = || e || B
@b @ ® ®
AW _%l) . hv’l?l,] . h,

where Py is the dipole moment corresponding to first cav-
ity, E'l = 1/2Eq, E’z is the electric field of the second
t:lwity seen by the electric dipole of the first cavity, with

= 1/2¢e~"19Eq, d is the thickness of the common wall
wgcrc the aperture is located, and Ey, Eg are the electric
fields at the center of the aperture in the two cavities when
the aperture is replaced by an ideal metallic boundary.
Therefore according to eq. 2, one can get the frequency
change of the first cavity as
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where 8 is the phase difference between Hy and Ho.
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DISPERSION RELATION OF
SLOW WAVE STRUCTURE

According to Floquet's theorem it i1s known that

F(r,z + D) = F(r, z)e?PP
Mode in a periodic structure
8 = BoD, where By is the foundamental wave number,
and D is the space periodicity of the periodic structure.

N E? N E,Ecos(BoD) __
uz o wg(l + Eﬂafgﬁl — ?ﬂafﬂ i e l&)
N , E? .
wl, =wy(1+ —a’ep—) where N is the number of the same

w2 — W2f2(1 e EaafoElEﬂcos(ﬁOD} e_ﬂld] type Coupllng apertures In eaCh CaVIty
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Fig. 6. Magnetically coupled slow wave structure,
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Electric Field Distributions for Different Modes®
(it is possible to chose other modes)
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Disk-loaded Accelerating Structure Theory
(Application of the general theory)

Farticle Accelerators, 1994, Vol. 43(4), pp. 235-257 © 1994 Gordon and Breach Science Publishers, S.A.
Reprints available directly from the publisher Printed in the United States of America
Photocopying permitted by license only

ANALYTICAL APPROACH AND SCALING LAWS
IN THE DESIGN OF DISK-LOADED TRAVELLING
WAVE ACCELERATING STRUCTURES

J. GAO

Laboratoire de L'Accélérateur Linéaire, IN2P3-CNRS
et Université de Paris-Sud, Centre d’Orsay,
F-91405 Orsay cedex, France

(Received 9 July 1993, in final form 1 October 1993)

Starting from a single resonant rf cavity, disk-loaded travelling (forward or backward) wave accelerating
structures’ properties, such as the coupling coefficient K in the dispersion relation, group velocity Vg,
shunt impedance R, wake potential W (longitudinal and transverse), the coupling coefficient 3 of the
coupler cavity and the coupler cavity axis shift 8, which is introduced to compensate the asymmetry caused
by the coupling aperture, can be determined by rather simple analytical formulae.,

KEY WORDS: Travelling wave, accelerating structures and perturbation methods

Cited by: T.P. Wangler, RF Linear Accelerators, John Wiley& Sons, Inc. 1998.
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h
R A closed pill box cavity
as the starting point

Panofsky and Wenzel® proved a theorem which
says that if a charged particle at the speed of light passing through a closed cavity of
arbitrary shape containing em fields, the transverse kick experienced by this particle
can be expressed as:

pL= ]dZ[VlE Zt)]t—z/c

where ¢ is the electrical charge and wy is the angular frequency of the mode corre-
sponding to F.(z,t). It is obvious that T'E,,,,,; modes have no influences on the par-
ticle either longitudinally or transversely if this particle crosses the cavity along the 2
axis. Our attention, therefore, will put on 7'M,,,,,; modes only.
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In the cylindrical coordinate system the em field distributions of T'M,,,,,; modes are:

TM,, modes' EM fields

. . ITR _, (Umn [
in a closed pill box By = = T (TR )cos(mcf»)sm( f) )

ITmR? mn \ . (1
Ey = % m (%fr) sin(me) sin (%) (3)

m [
E, =¢coJm (uR ) cos(me) cos ( ',;z) 4
. R2 TrLTL l

Hr = _menlfﬂ%;:TJm (HT ) Eln(m‘;f’) cos ( Ez) (5)
Hy, = —jwmngfnu J’ (UER )cos(mqﬁa) cos (Izz) (6)
H,=0 (7)
m=0,1,2,~-,n={},1,2,---,l=0,1,2,--- (8)

where ., is the nth root of the Bessel function J,,,(z). The resonant angular fre-
quencies of the T'M,,,,,; modes are determined by:

) 2\ 1/2
TM_ ., modes' frequncyies wmm—c((“;”) + (%) ) ©
In a closed pill box
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According to Reference 2 the power dissipation P,,,,;, stored energy U,,,.; and quality
factor Qg mn1 are expressed as:

R, m“?nnlfﬂgﬂ“R3 +1(umn) h

mnleﬂﬂﬂhsﬂﬂm +1(umﬂ)
I;J}TLTII ngSéEELTilTI ( 1']U)

u oy 1/2

_ ZoR((¥m)? + (42)2)"
Q{],mnl - 9 2R (12)
Rgm (1 + %)
where

6 = {i:j:,.?zﬂ (13)
€= {13 mo (14)

Rsm and Zg are the metal surface resistance and vacuum impedance, respectively.
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SHUNT IMPEDANCES AND WAKE POTENTIALS

The shunt impedance for the accelerating passband is defined as

E2
R.sh. L = =2
’ dP/dz
Fondamental longgitudinal mode shunt impedance
E%.D
Rspp = Ry = PT 80 A
010 70 E - —=— formula results
: O numerical results
9 9 T 60 F D=3.5cm, d=0.582
D} ZZ S wi Redizem
= S ;
TR {}RJ]? (uop1)(R + h) s oF
3 30 -
= :
20 -
ﬂ 2 Ein( 9nh 0 E J atll S| 1 1 SO T 1 LAY T I LAl
0o — 4 Y 0 1 2 3 4
9[] 2D a(cm)
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(s=0")(V/pC/eell)

2,0

The loss factor of the fundamental mode passband is defined as®

Fudamental mode
loss factor

(583

0.5

[Es,z(r = a)]?
4dU [dz

k[;.(ﬂ) =

(55)

where dU /dz is the stored energy per unit length. Similar to getting R, 1, one obtains

—e— Analytical results
2 Numerical results

. D=3.5cm, d=0.582cm
i R=4.12cm

o (i
0 | 2 3 4

Advanced Beam Dynamics on Linear
accelerators and Linear Colliders—J. Gao

Dy, Ji (*8-a)
QED‘}ThRE le (um )

mental mode wake potential is

ko(a) =

W, o(a,s) = 2kg(a) cos (ws)

C

the distance between the driving charge and the test charge.
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Transverse mode
loss factor
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The loss factor of the T"M;,0 mode passband is defined as®

[E51t(f = EL)]Z

= 58
Similarly one gets
ﬂz“%lD"?gﬁ 2R U1 (12

_ —= 59

ka(a) dmeghRAJ2(u11) *aug, N(Fa) (59)
he dipole wake potential is expressed as
Wri(a,s) = 2eroky (g) sin(wﬁa"‘ s)(Fcos(¥) — Isin(9)) (60)
we, @ c

here rg is the driving charge’s transverse deviation from the axis and 6, is the
nchronous frequency at which the test charge moves at the same velocity as that of

uie e wave. 7 and ¥ are unit vectors, and the driving charge is assumed to be at 9 = 0.
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MULTI-PERIODIC STRUCTURE

Basic structure I ne D

|

1
[ 1 1 [

Multi-periodic structure

LI LI'L [ ] Thecoupling apertures between
2 ].""..I basic structures are closed in order
T to calculate E¥*E/Umnlno and
*
1 :1 ‘3 No }{: IEL[[JETU1L[10
The detail of the basic structure
2nf 2nf
A Electric couplin A . .
pang _n/- _*Magneuc coupling
3:& ! : 2
1 ;/—‘ ﬁ 3
B Stopband Stopband \m
: : i=3,D L L Lo 6
chno 211:/na TT Tdﬂo 21‘.’,/[1:: ,n:h B D
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: 21 (1 — e?)
I) e | 0 P lz
'A * ‘ 3Eq(ep) T

B nlied H
~ 3(K(ep) — E()((’o))“ﬂ :

\ M,
r

n/?ef,(] - (’(‘;)
=1 2 lu()lq12
3(Eo(ep) — (1 — e5)K(ep))

M, =

Coupling coefficient between waveguide E(eﬂ):g(l . (%)206— CD??" (iiz)%g— )
and cavity 2 2 2 >
ﬁzi B=1, matching condition, " (l_%m
Py no reflection B

where P is the power radiated into the waveguide from the cavity through the coupling aperture

P, = Po+ Uvg/h, Py is the power dissipated on the coupler cavity wall,
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=
—
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L

Fig. 1. A waveguide cavity coupling system type L

f=

1V7IZ()k()r]()16(’()C 2t sin~ (27ZL//g]()) ( T )2 (36)

9abRR«(R + h)(K(eo) — E(e0)) (1 + (Zo R/2R(R + h))ve/c))\al 10

where R; is the metal surface resistance. If the aperture is circular with radius r the attenuation coefficient
should be expressed as o = (21/A)((4/3.41r)" — 1)"/2
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1.2

£ Eess Vg/c:=0.011,t=2.mm
h =3.4cm, R =4cm

0.8 —— A=7.2Cm' B=3.4cm ............. .-
i wavelength=10.5cm

e

7_*—‘_ | 2
}_

Coupling coefficient
of coupler

Coupler cavity frequency
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”: (1) = Z Z Z I"'I'f.-':.mnl (1)

m=0 n=1 1=0

W=y T ¥ Wil

m=0 n=1 [=0

H’,, (T) = Z Z Z I'V.::.mnl(r)

m=0 n=1 1=0

where

—» D |4 ¥ h |4 >||le

J _i W, m(7) = 2"'"'"’(2) (%") cos (me¢) cos (e, T)

— — ~- — y-l 28
ck r\m 1 r m
["i"!r.mnl(t) = 2m o (_> (_q>
Wpmd\ d a

Fig. 1. Disk-loaded accelerating structure.
cos (ma) sin (@, 7)

C kmn r m—1 r n
"‘1';-.'|.mnl(‘t) = —2m l <_) <—q>
(J)m,,,a da d

sin (me) sin (@, t)
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| e Wi 6}
We.-(1) = Z Z Z L'V:f:.mnl(r)exp( — 2’ ‘)

m=0 n=1 1=0
(12)

Wa.elt) = Z Z Z Wy mm( t)exp( cu,;,;,a; )

m=0 n=1 [=0
(13)

Weo@= Y X T Wyl exp( "’"‘;"" )

m=0 n=%1 1=90
(14)
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For the mth mode the total loss factor of a Gaus-
sian bunch will be

nl(Gl)_ Z Z I‘mnl Gr)— Z Z kmnl

p=] A= p=1:1=0
exp( (’)mnl 0! ( 1 5)

The general expression of the loss factor k,,,, corre-
sponding to the mnlth passband [4] is generalized
as

2Shumn Jm ((umn/R)a)

k-mnl T ((umn/R (In/h) )&O DKR4J":+ l( mn,)
’ (S(x, ) 1— S(Xz)'), (16)
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Wakefields of Periodic Structures-ll

Analytical formulae for the loss factors and wakefields of
a rectangular accelerating structure

Proceedings of EPAC 96, 1996
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Wy(r) = Wyt (T) (6.15)

-
li
-t
I

i

s il i[)e
8 i[~]s
M3 i[~]s

W, {T) = W, nani [Tj {6.16)

m=ln=1 {=0
where Wy mnt, Wy o and W, o are the wakefields corresponding to the mnlth synchronous
mode. To find out the expressions of W, .1, Wy ma and W, .., one has to use the generalized
Panofsky-Wenzel theorem derived in ref. 3. We know therefore that in a cartesian coordinate
system

(2, y)
or
0 n (. y)

Wi mni(s) = Zi(5) (6.17)

Wy mni(8) = Zr{S}‘"""'"ay— (6.18)

de (s
lﬁf&ﬁnniis) = TZHTK(RH y)'_:éé_j'

where s = T¢, ¢ is the velocity of light in vacuum and s is the distance between the exciting
charge and a test charge. T,,,(x,y) and Z;(s) satisfy the {ollowing equations:

(6.19)

ﬂz mﬂ{:r?y} 62 mn($1y] (IIE JI(S]
Zi(s) L (2, 9) AR LG ) T Ziks) _ .
1(s) a2 Zi(s) 7 Ton (€. 1) Tt 0 (G.20)
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It is found that
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Figure 6.2: Four types of coupling apertures.
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Figure 3: (a) Loss factors kyy4(0:) vs frequency. and (b) Wg. (V/pC/m) vs distance calculated by
formulae and CST-MWS. For both figures ¢.=2.5 mm. x=x,= b/2. and y=y,= a/2. The dimension of the

structure: D=h=2.92 cm, a=6 c¢m, and b=9 cm.
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Figure 3: (a) Loss factors kyu4(0-) vs frequency. and (b) Wgs- (V/pC/m) vs distance calculated by
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formulae and CST-MWS. For both figures .=2.5 mm. x=x,= b/2. and y=y,= a/2. The dimension of the Figure 4: () Wex (V/pC/m) vs distance calculated by formulac and CST-MWS, and (b) We, (V/pC/m)

structure: D=h=2.92 em. 2=6 cm. and b=9 cm. vs distance calculated by formulae and CST-MWS. For both figures 6.=2.5 mm, x=x,= b/2+0.8 cm,

and y=y,= a/2+0.8 em. The dimension of the structure: D=h=2.92 em. a=6 c¢m. and b=9 cm.

fdvanced Beam Dynamics on Linear ISBA25, Sept. 3, 2025. SARI, Shanghai, China 47

accelerators and Linear Colliders—J. Gao



Coupling between Cavities with Losses
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Fig. 1. A two coupled cavity system is the fundamental compo-
nent of the lincar accelerator structure.

dW mw W 0
— =W+ —u, =0
dt Q. L'e

It is necessary to mention that for a travelling wave
structure one has always
w

v, > —1L (3)
0
and the power out of the structure is
Pu= (2o W 4)
L @

Advanced Beam Dynamics on Linear
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kQy
i 1-k ms(ﬁ)=T|sin(9)|, (6)

where 8= BD. Since, usually, k < 1 and Q, > 1, Eq. (6)
can be simplified as

1=k—g£|sin(ﬂ)l, (7)

0, = arcsin( _‘if_u]’ (8)

0,=m—0,. 9)
1—k ms(Nﬂ}=%|sin{Nﬂ)l, (13)
1=%15in{N9)|+ (14)

If N=2 the solution for ¢ can be found in Fig. 4. If
kQ, = = there will be only three solutions: 6, =0, 8, =
w/2 and 6, = m; otherwise there are four solutions of 6

ISBA25, Sept. 3, 2025, SARI, Shanghai, China 49



12

10 . ___________________________________ L ) N 4

] E— ________________________________________________ [ S -

> 6F - 6
rys 4 F-
81

2 O STl SRS SRR ove- ST, W 2 ..........................

05 T Y, TR X R % 07857 LS71 2357 3.143
8D 8D

Fig. 2. Solutions of #. Fig. 4. Solutions of #.
This paper gives a practical criterion to determine the
coupling state of a multicavity standing wave structure:
coupled (kQ, > 2), critically coupled (kQ, = 2) or uncou-
pled (kQ, < 2). For a coupled multicavity standing wave
structure the resonant modes (8) can be found by solving
Eq. (13) and the corresponding resonant frequency can be
found from Eq. (5). The relation between the resonant
frequency and kQ,, is well established. This information is
very important for the building of damped or heavily beam
loaded multicavity standing wave structures.
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Radio Frequency Electron Gun Theory

CPC(HEP & NP), 2009, 33(4): 306310 Chinese Physics C Vol. 33, No. 4, Apr., 2009

On the theory of photocathode rf guns

GAO .]1(‘( 8 )f‘)
(Institute of High Energy Phyics, CAS, Beijing 100049, China)

Abstract In this paper we give a set of analytical formulae to describe the characteristics of photocathode rf
guns at any rf frequencies, such as energy, energy spread, bunch length, out going current, and emittance etc.
as functions of the laser injection phase, which are useful in the design and practical operation of rf guns.

Key words rf gun, photocathode, microwave rf gun

PACS 29.25.Bx
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Radio Frequency Electron Gun Theory

Rf gun cavity

E0
Laser pulse Ag,

Electron bunch
at the rf gun exit

L 0 &
Injection phase
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Electric field inside the Rf gun cavity E.(z,t)= Eycos(kz)sin(wt+ o)

I~

V(o) = 14+— (ALsmc)H—

1
5 (COS o — cos(ps + QkL)) )

Electron energy at the exit of the Rf gun

1

Cj — ]r"2 — 1- 11/2 — 'jr“-__ ]- _+- J
- asin(gy+90) (( ) ( )) Po
¢ (00) 1 i
Final phase of the electron PENFO | ( \fﬂ) Pot T
vy S111
I'=1+asin(@y+dp)kz , 6/ v
E E . oo
a=— =7 = il Maximum electric field
Mmoc?k moc2k

on cathod surface
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Final energy spread
of the electron bunch
at the exit of rf gun

Final relative energy
spread of the electron
bunch at the exit of rf gun

Final electron bunch
length at the exit of rf gun

Final electron bunch
charge at the exit of rf gun

Cathode Quantum efficiency

Final electron bunch
current at the exit of rf gun
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Normalized emittance
due to rf phase variation

Normalized emittance
due to space charge
effect

Normalized emittance
due to cathode temperature

Normalized emittance

due to all effects of the electron bunch

Advanced Beam Dynamics on Linear
accelerators and Linear Colliders—J. Gao

ISBA25, Sept. 3,

En,rf('nrll 'I'Eld) — 4((]);2[) <7‘2> — O)r”.)'.-?)l/z —

ako? (e(do)) dox(do) | . |
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(22)
where I, 1s the so-called Alfvén current, I, =
dregmoc? /e = 17000 A, o, and o, are bunch trans-
verse and longitudinal rms dimensions, and [,, =
I(¢g)/2 (I, is the full bunch length current). How-

kT,

mocC

Oy

2

€n.r(mm-rad) = :

n.sp
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S-band 1.6Cell BNL RF Gun Example

Now we apply the formulae given above to make
analytical estimations on the performances of an S-
band 1.6 cell BNL type rf gun. In the analytical
model we take f = 2856 MHz, and cavity rf gun
L =0.8c¢c/f. For Ey =100 MV/m and laser FWHM
pulse length of 10 ps.

Laser pulse (wavelength of 266 nm, hr = 4.6 eV) of
1 wJ 1lluminating a photocathode located inside the
rf gun, for QFy = 4 x 107>, kT, = 0.22 eV, and
Ey =100 MV/m
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BNL typBNL type 1.6 cell rf gun

Ey=100 MV/m, laser pulse length FWHM 10 ps BNL type 1.6 cell rf gun model
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Fig. 3. Bunch relative energy dispersion vs the Fig. 4. Final phase ¢f vs the injection phase.

injection phase.
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BNL type two cell rf gun model
E=100 MV/m, laser pulse length FWHM 10 ps
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Fig. 5. Bunch length vs the injection phase

with laser pulse FWHM 10 ps.
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BNL type 1.6 cell rf gun model
Ey=100 MV/m, laser pulse length FWHM 10 ps
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Fig. 6. Bunch current at the exit of the rf gun
vs the injection phase.
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BNL type 1.6 cell rf gun model
Ey=100 MV/m, laser pulse length FWHM 10 ps
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Fig. 7. Bunch charge out of the cathode vs the

injection phase.
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BNL type 1.6 cell rf gun model
Ey=100 MV/m, laser pulse length FWHM 10 ps, bunch charge 1 nC
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Fig. 8. Bunch transverse emittance at the exit
of the rf gun vs the injection phase correspond-
ing to the experimental situation in Ref. [10].
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BNL type 1.6 cell rf gun model
Ey=100 MV/m, laser pulse length FWHM 11 ps, bunch charge 0.6 nC
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Fig. 9. Bunch transverse emittance at the exit
of the rf gun vs the injection phase correspond-
ing to the experimental situation in Ref. [11].
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Analytical Treatment of Emittance Growth in Linacs

NUCLEAR
INSTRUMENTS
& METHODS
IN PHYSICS

RESEARCH
Section A

ELSEVIER Nuclear Instruments and Methods in Physics Rescarch A 441 (2000) 314-319

www.elsevier.nl/locate/nima

Analytical treatment of the emittance growth in the main linacs
of future linear colliders
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Abstract

In this paper the single bunch emittance growth in the main linac of a linear collider is analytically treated in analogy
to the Brownian motion of a molecule. and the analvtical formulae for the emittance growth due 1o accelerating structure
misalignment errors are obtained by solving Langevin equation. The same set of formulae are derived also by solving
directly Fokker-Planck equation. Comparison with numerical simulation result is made and the agreement is quite well.
The problem of the single bunch emittance growth in an electron storage ring is also discussed. « 2000 Elsevier Science
B.V. All rights reserved.

J. Gao, "Analytical treatment of the emittance growth in the main
linacs of future linear colliders” , Nucl. Instr. and Meth., A 441 (2000)
314-319
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2. Equation of transverse motion

The differential equation of the transverse
motion of a bunch with zero transverse dimension
is given as

d=v(s.z) I dy(s.z)d(s, z) ;
— + + k(s.z)"v(s. 2
ds- s.z)  ds ds
l X 2 J J : ; : :
= —————e N.| plz)y¥# (5.2 — z)0(s.2))dz
mue=7(s) J:

(2)

where k(s.z) 1s the instantaneous betatron wave
number at position s, = denotes the particle longitu-
dinal position inside the bunch, and _\'L p(2)dz' = 1.
Now, we rewrite Eq. (2) as follows:

d? (s, 2) dys, 2)
—_—— ri

. + k(s.2)*ms,2) = 4 (3)
ds- ds

where I' = 9(0)G/y(s.2). G = eE./myec*7(0). E. is the
effective accelerating gradient in the linac,

B L“'.\",_. W (s.z)(s. 0)

m..c:;*(s.:b

f*
Wi (s;2)= | plz')¥#  (s,2' — z)d2’
and y(s, 0) is the deviation of the bunch head with
respect to accelerating structures center. In this
China 62



Asymptotic Emittance Growth Formulae

The emittance growth of a bunch go through a long linac of many accelerating structures of
section length Is, Ne is the particle number in a bunch, 7, is the misalignment errors.
When the linac is very long, for the asymptotic values of emittance growth,

one gets
21 2N.W , (2)\?
Erms — u 6 - 7L( ) (18)
29(s, 2)Y(0)Gk(s, z) MocC”
and
<1 2N. W (2)\?
‘(:n.rms — O-‘ - C - 7_L( ) . (19)
29(0)Gk(s, 2) Mmoc”
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Analytical Estimates of Halo Current Loss Rates
in Space Charge Dominated Beams
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Abstract

In this paper, we investigate the dynamical behaviours of a continuous intense charged particle beam in a transport
system. It is assumed that fermion particles, such as electron and proton, in the beam lollow Fermi-Dirac statistics in
the equilibrium state. The halo particles executing stochastic motions due to the envelope oscillation induced nonlinear
resonances are mvestigated. Analytical formulae for the halo current and halo current loss rate on the beam pipe wall
are established. © 2001 Elsevier Science B.V, All rights reserved

J. Gao, "Analytical estimates of halo current loss rates in space charge
dominated beams” , Nucl. Instr. and Meth. A 484 (2002) 27-35
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aVARVEN

tail particle core particle

Fig. 1. Schematic illustration of three types of stroboscopic
trajectories in phase space.

Halo current loss rate formula (A/meter):
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Theory of RF Field Measurement by Perturbation Methods

Effects of the Cavity Walls on Perturbation
Measurements
| o (f5 = ID/f5 = @/3)3TEA’ (1)
Uncorrected perturbation formula e
E§ = 2)
Eo { Cavity walr

where f, is the unperturbed resonant frequency of the cav-

/@F‘{\% mage ity, f is the perturbed resonant frequency of the cavity,
¥ - ' E,, and E are the normalized and the real electric fields

cre NG where the small sphere is located, respectively, A is the
radius of the sphere, and W is the energy stored in the

Parturbing Ball

cavity.
_ SINP pPC N L PO Iy 5
Corrected perturbation formula (Jo =LWe =75 384N o) (AL)
] [ » / b
by & , taking into accound the image -

charge effect due to perturbation object

. . — A A S 3 / ‘ [ F\8
approchmg the Cav|ty wall a=4(A/C) + 16(A/ CY° + 55.636(A/C)

. / 9 : 11
rvaneed Bean Do ~ + 32(A/C) + 226.3(Ak)"". (A16)
vaneec beai pynamies on - inear ISBA25, Sept. 3, 2025, SARI, Shanghai, China 65
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Linear Collider Design-1

D30 i | v e A M OB M Vil. 30, Supp. |
2006 v 2 HICH ENERGY PHYSICS AND NUCLEAR PHYSICS Foly., 2000

Parameter Choice for International Linear Collider (ILC)

GAO Jie"

(Institate of High Energy Phvsics, Chinese Acodemy of Sciences. Deijing 10009, Chinn)

Abstract In this papor a genernl procedure to determine linear collider parumeters is given. As un
axamiple, a parnmeter st is proposed for ILC with very low bunch charge. The muin aim of this paper is
1o demonstente the bosm parametor eelations with the consteaint= from the intersction potnt and danplog
i It s suggestod that the eoergy of the damplng ring should be 7GeV lmstend of 5CGaV if o 17k
dmmping ring b to be used. However, if fikm dumping ring {which is prefurable) is adopeed, MoV damping

ring energy is reasonable

Key words linear collider, ILC, parameter choice, dumping ring

J. Gao, "Parameter Choice for International Linear Collider (ILC)”, HIGH
ENERGY PHYSICS AND NUCLEAR PHYSICS, Vol. 30, Supp. Feb., 2006

3 Very low charge case

Given the designed beam energy of 250GeV, the
luminosity after pinch effect, L =2 < 10¥cm 2.5,
and the constraints shown in Table 1. one gets the
beam parameters shown in Table 2.

Table 1. Constrain parameters from IP.

M Ny Nt Dy Hy
0.09 0.8 0.125 o 1.5

Table 2. Beam paramoeters at [P.

oz /um oy /nm o /um Ne(x1010) 0y /rad
0.31 3 125 0.6 0.000224
Be/m  #,/m Ye2/pm e/ um Seep Ny
0.012 000016 3.74 0.0272 43010

Advanced Beam Dynamics on Linear
accelerators and Linear Colliders—J. Gao | SBA2S,

2 Beam parameter relations

The luminesity of two Gaussian head-on colliding
beams is given by:

NLN2
/.=¥n.,. g (1)

ino,0o,

where f¢ is the repetition frequency of the bunch
train, Ny, is the number of bunches in the train, N,
is the number of particles per bunch, o, = Vz. 4.,
o, = \/'u;_iu 4., and £, , are the values of the beta
functions at the IP and the emittances, respectively,
and Hy, is the pinch enhancement factors which are
functions of the so-called disruption parameters ),
of a bunch. In the following we will express the lumi-
nosity and colliding beam parameters as the function
of constrains from IP (flat beam case).

L==f"PA].<——i133L——) : (2)

2
N30 yy—had

S H o
0= - ' (3)
2.64 u(l’Hl) Ny vy —had
Tty (4)
(R e~ 7
¥ 41.5ga®
r.,nf.y =
T, = ———— \
T 46002 ®
g, l(j'."[ o \: L »
a, !![)"),ayy—lmll
) 3.5myrN (7)
M= gy — @t
SuH payy—paan}
By=0./0.75 (8)
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w3 AT
N

Ve = 23.45[;}1[)‘lzayyuhml ' (9)
0.75n,r?
~E, = Y8 {0
YT 3460t (10)
2N
No=— e ;M I (11)
5.20uH ooy had
9,=0,="1 (12)
oy
L,'z.a Y M
frcpi\!l) = —y.\?’)—”' ' (13)
4 Vhad
neW ., .r2n2L
P, — ¢ roa, (14)

“).4][[)6“02 )

where r, = 2.82 « 10 ""m is the classical electron ra-
dius, a is the fine structure constant, ~ is the ra-
tio of the colliding particle energy to its rest energy,
Ty —bad = 4.2210"**m? is the yy to hadron total cross
section, dg is the “beamstrahlung” energy spread, n,
is the average photon number emitted per incident
particle, Ny.1 is number hadron produced per cross-
ing, and Hp is abont 1.5 with D, =9 which is used

later in this paper. In addition to constraints at 1P, in
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Linear Collider Design-2
ILC 250GeV parameter comparison-1

ILC@ 250GeV Yokoya IHEP IHEP-2

E . (GeV) 250 250 250

Ne 2.0X 101 2.0 101 20X 101

F, (H2) 5 5 s

N,y 1312 1312 1312

Bunch separation (ns) 554 554 554

I, (mA) 58 58 5.8

P, (MW)/beam 2,65 2.62 2.6

o = - — Example of application of the
Y, (um) 50 50 previous analytical method to
T, () 99 e make a linear collider design
o, /o, (nm) 515.5/7.66 476.5/8.4 428.9/8.5

o, (um) 300 3178 328

&y 0.024 0.0264 0.0315

n, 1.62 1.7 1.88

Dy 345 35.8 40.8

H, 243 2.84 3.39

Disruption angle 0 (rad) 0.00088 0.00095 0.00105

Nua 2.1 2.72 44

Ox/0y (urad) 39.7/18.7 43.3/18.2 47.6/18.1

L, (em?3s!) 1285 X 10 1.475X 10* 1.946 X 10M

“Parameter Choice for International Linear Collider (ILC)”, HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS, Vol. 30, Supp. Feb., 2006

D. Wang, J. Gao,” ILC high luminosity study at 250GeV”, Asian Linear Collider Workshop, May 28 to June 1, 2018, Fukuoka, Japan
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Some Fundamental Property Formulae

Following equations you could find from general
linear accelerator lectures or books

Conductivity of copper Skin depth Surface resistance

| -3
o =1.7x10%Sm d= [—

\ ou,w

Surface resistance Surface dissipated power

% J;Hjn’.S'

= 1wl ?
R =\ uw/20

Shunt impedance Shunt impedance over Q

El’
7 = S
> P

W

Z /0=E | oU

a
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R =1/00

Quality factor

0- al/
P

W

Phase shift due to
frequency change

o
A
. f
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Constant Impedance Structure Property Formulae

.\,r

i g

ar =-P =_(UU=_ ol =-2a P T T T T TTTTT]
d- W ) Ov 0 IR
: T F 0, L dP _ 5y _Hi |
L Y. = —

P =PE_ZJ”%{:H: ’ 20v, Pd: : B
0 ? AT T T T [TTTT1
P(:)=PD€_'H°" ‘q.ll N 1 LL]

= &l E(2)=Ee™ T;= j;[ a4 (2)d: @
Ls LT T T TT T T
P2) lp= 1 ‘1{1 fo L 11|
Ve Filling time of the structure | |

L, _207, ” ,.
R [, =—= ST TTIT T I T
. " v, v ‘H—"-"' . | | 1]
- _

Accelerating field Energy gain in the structure ‘

2 _ P 7, E L =E ;_._TEI
E,=20,.P AW =e2Z P L - (=5 o(Le) = Foe

-
—£T,
sooc\ e Ban Dimanics e Linear T P(L)=Fe



Constant Gradient Structure Property Formulae

rooo Qvanced Bean Dynamics on Linear ISBA25, Sept. 3, 2025, SARI, Shanghai, China

E,= const. :';Lf{’ffi ~ const Accelerating field . 1 Li (1—e2™)
, dP Py dP _ v (:) — w 5 5
R s 2fazyd: V=TT
dP
= =" -
=f"' a,(z)d- d- 20,(2)F Filling time of the structure
0 2
] g -QTG
7 [, = l :
P, =BRe " ! ft v, (2) mLS ( © )f[ (l g2y W
P _Pp B N e "
P(z)=P+- = 0-_pl1-12¢ " %(2) =" j
L L s 1-——(1-e"")
- .- Z _2 LS
dpP _i(l_e_zTD) - wl l'L_(l'e ) Energy gain in the structure
— - vg =)= = -J -2ty { -
=L 0 l-e AW =eZ PL (1-¢7)



Some Scaling Laws

Z ~ f1?, (Skin-depth~ f;1?) 0 ~ fn

Z,/0~ [, U ~ ﬁ._z ff ~ ﬁ]_“"";l (ff:Lffi‘g}

Longitudinal wakefield ~ fi’ Transverse wakefield

Advanced Beam Dynamics on Linear
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SLAC Type 2nt/3 Mode Constance Impedance Accelerating Structure

o)

| S |

2b = 84-82cm. 2a = 26-19cm.
1‘5-""E ~ 0.021-0.007. 7,=0.57. L . =3.05m
</Z >=5TMQ/m. r=584ms.

. T T T T T 1 T T =
- - 3.28
I-OO - Trs 0057
- -1 3.26 =
. Zs - 60 2
= - — 3.24 :g'
S 8o
= o0.90 E T 3.22 &
=
~ - = J43.20
0.80 .010 |~
L
1= 0.006 '» 1 L 1 1 1 1 —
O 10 20 30 40 S0 €0- 70 80 SO

CAVITY RUMBER FROM INPUT END
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BEPC-II type 21t/3 Mode Constance Impedance Accelerating Structure
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