
A
I
a
a

m
t
w
a
t
t
d
c
u
c
a
e
a
b
r

t
p

d
c
i
c
a
X
e
p

w
e
t
l
d

a
p
t

APPLICA
IMPROV

J. Musson#

Abstract 
In-air test fixtu
an X-Y positio
an RF source
standing wave
measurements 
transmission li
wire, travel thr
absorbed in a 
travelling wav
the electron b
dispersion.  A
consideration, 
uncertainties i
constructed ou
accurately ap
electron beam
accurate field 
beam current
response me
structures. De
technique, tra
presented, alon

Beamline e
design and d
compliance an
involve an 
component un
alignment, go/
X-Y field ma
exhibit high V
particle beam, 

More desira
which more 
environment. 
transmission 
loss, and VSW
demonstrated c
serves as the o
added to resem
problem for fi
the inner cond
significant am

 ___________________________

*Work supported
DOE contract No
a non-exclusive, 
reproduce this m
# musson@jlab.or

ATION OF
VED BENC

#, K. Cole, T

ures for beaml
oning stage, an
e. In most ca
e, and is usefu

in CW mode.
ine permits RF
rough the beam
load. Since SW

ves, the RF ene
beam, limited 

Although lossy
the diameter 

in centroid loc
ut of 200 micr
pproximates th
m. Benefits o

mapping, ab
ts, Z-axis in
easurements 
escriptions of 
ansmission lin
ng with measur

INTROD
elements are 
development, 
nd performanc
antenna struc

nder test. Meas
/no-go tests of 
apping. Since 
VSWR, they 
and possess Z

able informatio
closely rese

This can be 
structures, po
WR.  Traditio
coaxial techniq
outer conducto
mble the beam
field mapping, 
ductor limits th
mbiguity in 
_________________  

d by Jefferson Scie
o. DE-AC05-06OR
paid-up, irrevocab

manuscript for U.S. 
rg 

F GOUBA
CH TESTI

Thomas Jeffe

S. Rub

line elements t
nd a wire ante

ases, the anten
ul only for co
. A surface-wa

F energy to be l
mline compone
W transmissio
ergy can be ma

only by ohm
y coaxial syste
of the coax in
cation. A SW 
on magnet wir
he physical p
of this test f
bsolute calibra
ndependence, 
of sub-nano
the surface w

ne, and instru
rement data. 

DUCTION 
frequently ev
as well as 

ce consistency
cture concent
surements often
f RF pickups, a
single-wire an
are not repre
-axis dependen
on results from
embles the 
accomplished 

ossessing mini
onal componen
ques, whereby
or, and an inn

m [1]. This tec
since the larg

he scan range
determining 

ence Associates, LL
R23177. The US G
ble, world-wide lic
Government purp

AU SURFA
ING OF D

erson Nation
U

bin, Rye Bro

typically utiliz
enna excited by
nna contains 
oarse alignmen
ave (SW) based
launched on th
ent, and then b
on lines employ
ade to resembl
mic losses and
ems are also 
ntroduces larg

wire is easily
re, which mor
profile of th
fixture includ
ation for given

and tempora
osecond puls
wave launching
umentation ar

valuated during
for production

y. Typical test
tric with th
n include basi
and preliminary
ntenna system
esentative of 
ncies. 
m a bench tes
actual in-situ
by the use o

imal radiation
nt studies hav
y the beam pip
er conductor i
hnique poses 

ger diameter o
. Also, there i
the electrica

LC under U.S. 
Government retains
cense to publish or
poses. 

ACE WAV
DIAGNOS

nal Accelerat
U.S.A. 
ook, NY, 105

e 
y 
a 

nt 
d 

he 
e 
y 
e 
d 
a 
e 
y 

re 
he 
de 
n 
al 
e 
g 

re 

g 
n 
ts 

he 
c 
y 

ms 
a 

st 
u 

of 
n, 
e 
e 
is 
a 

of 
is 
al 

centroid o
diameter t
having a
conical im
componen
installed o
may also 

S-param
topologies
accurately
de-embed
fixture do

Experim
demonstra
conditions
trapped o
conductiv
radiating, 
fields whi
phenomen
methods 
waves we
for low-lo

The Go
single co
boundary 
conductor
surface w
launcher 
formation
Ohms to 
Ohms. Th
a gradual 
conditions
within a m

Figure 1:
cone. 

 

s 
r 

VE TRANS
STIC BEA

tor Facility, N

573, U.S.A.

of the conduct
to ~200 um res

a large imped
mpedance matc
nt under test 
on the inner su
affect the intrin

meter techn
s have seen 
y mapping the 
dding and post
oes not easily su

SURF
ments perform
ated that p
s permit the 
on the surfac

vity [3]. In ge
encounter min

ich decrease as
na were not ge
for successful
ere proposed b
oss coaxial mic
oubau Line, or
nductor, surro

layer, comb
r surface, is 
wave, and su

serves to ex
n, as well as to 

that of the 
he conical shap
taper of the in
s. Figure 1 de

metal cone. 

 Surface wav

SMISSION
AMLINE E

Newport Ne

tor. Reducing 
sults in a coax

dance value, 
ching devices t
[1]. Pickups 

urface of the b
nsic impedance

niques invol
popularity, wh
device under t

t-processing ar
upport receiver

FACE WAVE
med by Som
particular di
existence of 

ce of a cyli
neral, these S
nimal dielectri
s 1/r in the radi
nerally exploit
ly launching a
by Georg Gou
crowave transm
r G-line system
ounded by a t
ined with im
responsible 

ubsequent trav
xcite the prop

transform the 
single conduc
pe of the launc

nner conductor,
emonstrates th

ve evolution in

N LINE F
ELEMENT

ws, VA, 236

the inner cond
ial transmissio
requiring awk
to be attached 
and other elem

beamline comp
e. 
lving doubl
hich are supe
test. Since exte
re required, thi
r testing [2]. 

ES 
mmerfield in 
ielectric bou
a travelling 

nder having 
SW modes are
ic loss, and res
ial direction [4
ted until 1954, 
and capturing 

ubau, as a subs
mission system
m, is comprised
thin dielectric

mperfections in
for supporting
velling wave.
per fields for
impedance fro

ctor, nominally
cher, combined
 achieves the p

he SW develop

nside the laun

FOR 
TS* 

601, 

ductor 
on line 
kward 
to the 
ments 

ponent 

e-step 
erb at 
ensive 
is test 

1899 
undary 
wave, 
finite 

e non-
sult in 

4]. SW 
when 
these 

stitute 
s [4]. 
d of a 
. The 
n the 
g the 
 The 
r SW 
om 50 
y 200 
d with 
proper 
pment 

nching 

TH6REP047 Proceedings of PAC09, Vancouver, BC, Canada

4060

Instrumentation

T03 - Beam Diagnostics and Instrumentation



t
e
c
l
a

w
E
p
d

P

G
o
l
w
c
p
c
A
r
c
p
m
a
m

B

a
w
R
t
r
f
O
c
#
p

b
r
p
c
a

i
p
M
i
r

n
F

Horn diamet
the final hor
encompassing 
can be used to
leading to exp
and λ are typic

 Taper is a 
while maintai
Empirical dia
published, ran
design baseline

Prototype 
A prototyp

Goubau's UHF
of RG-174 co
launchers [7]. 
wire impedanc
conductor [8]. 
prescribed a h
conductor with
A D/l ratio of
resulting in a 
cm. No other
preliminary d
measured usin
although the 
mechanism wa

BPM G-Line
Subsequentl

adapting a co
wideband com
RadWire by R
the flared horn
ratio of 0.54
facilitates a b
Ohms to the 
conductor is ta
#14 AWG con
predicted for th

The RadWi
bench, along 
resolution. Re
performed, in
configurations
addition, all t
sample 4-wir
installations, 
perturbations. 
MHz from the
impact was ob
range. 

The RadWi
nominal 3-4 d
Figure 2, consi

ter and taper a
rn radius rou

the 1/r field
o simplify the 
perimental optim
cal. 

function of l
ining the pro
ameter-to-lengt
nging from 0.4
es [6]. 

pe G-line wa
F SW descripti
oaxial cable, a

A design nom
ce of 225 Ohm
A second nom

horn radius of 
h 1.5 mm diam
f 0.4 was emp
cone diameter

r form of ma
design. Inserti
ng an Agilent E

performance 
as clearly prese

e 
ly, collaboratio
ommercial syst
mmunication sy
Rubytron [9]. P
n resulted in a

4. The non-li
broadband im

higher wire 
apered, mating
nductor. A nom
he 1.6 mm wir
re system wa
with an X-Y

eciprocal s-par
n order to fu
, and evaluat
tests were per
re BPM (term
in order to o
Aside from 

e nominal 15 
bserved over 

ire is remarka
dB insertion lo
istent with pred

are somewhat e
ughly equal 

d characteristic
design proces
mization; rang

imiting higher
oper planar w
th (D/l) ratio
4 to 1, which

as loosely p
ion, using the i
and brass shim
mograph predi

ms for the polye
mograph was co

5 cm, given λ
meter (wire plus
pirically chosen
r of 5 cm and 
atching was in
on and return
E5017 network

was sub-opt
ent. 

on resulted in
tem intended 
ystems, under 
Preliminary m
a diameter of 1
inear, exponen

mpedance trans
impedance [

g with the supp
minal 250 Ohm
re diameter [4].
s assembled a

Y stage, posse
rameter measu

ully characteri
e the launchin
rformed with 
minated), typi
observe the e
energy extrac
dB coupling f
the entire 8 G

ably broadband
ss, and flat S2
dictions in the 

empirical,  with
to the radiu

c. Nomograph
s, subsequently

ges between λ/4

r order modes
wavefront [5]
os have been

h serve well a

patterned afte
inner conducto

m stock for th
cted a nomina
ethylene-coated
onsulted, which
λ = 20 cm and
s dielectric) [5]
n for the horn
a length of 14

ncluded in th
n losses wer
k analyzer, and
timal, the SW

n locating and
for distributed
the trade nam

measurements o
10 cm, and D/
ntial-like tape
sition from 50
[6]. The inne
plied enamelled
m impedance i
. 
atop an optica
essing <10 um
urements wer
ize the G-lin
ng process. In
and without 
ical of JLAB
effects of SW
tion at 1497.0
factor, minima
GHz frequency

d, exhibiting 
21, as shown in
literature [6].

h 
us 
hs 
y 
4 

s, 
]. 
n 

as 

er 
or 
he 
al 
d 
h 
d 
]. 
n, 
4 

he 
re 
d 

W 

d 
d 

me 
of 
/l 
er 
0 

er 
d 
is 

al 
m 
re 
ne 
n 
a 
B 

W 
0 
al 
y 

a 
n 

Figure 2: 
RadWire, 
with 3-4 d

 
Return 

= 2:1) ov
for pulsed
88% of th
system. F
structure, 
characteri

Figure 3:
showing n
GHz. 

 
In an ef

of the C
magnet w
RadWire 
required 
applied to
dielectric.

Insertion loss
demonstratin

dB nominal los

loss was nomi
ver the 1 – 8 G
d RF measure
he energy is tr

Figure 3 shows
thus imply

istics. 

 Return loss 
nominal 10 dB

ffort to more c
CEBAF electro
wire ( δ = 1
conductor, and
to complete t

o the soldered 
. S21 data is sh

s (S21) plot o
ng broadband 
ss. 

inally greater t
GHz sweep ran
ements. A VS
ransferred to th
s the S11 plot, 
ying good 

(S11) plot of 
B or better (VS

losely model t
on beam, #34
60 um) was 

d again measur
the taper, and
surfaces to ens

hown in Figure

of 1.6 mm dia
SW characte

than 10 dB (V
nge, a desirabl
WR of 2:1 im
he transmissio
 exhibiting mi
transmission 

f 1.6 mm Rad
SWR < 2:1),  o

the 200 um dia
4 AWG enam
substituted fo

red. Extensions
d clear ename
sure the presen

e 4. 

 
ameter 
eristic 

VSWR 
e trait 

mplies 
n line 
inimal 

line 

 
dWire, 
over 8 

ameter 
melled 
or the 
s were 
l was 
nce of 

Proceedings of PAC09, Vancouver, BC, Canada TH6REP047

Instrumentation

T03 - Beam Diagnostics and Instrumentation 4061



F
R
w

f

u

b
t

t
p
f
e
w
f
 
 

Figure 4: Inse
RadWire, dem
with 4 dB nom

 
S11 data wa

for a degrada
structure as be
slight differenc
um G-line is ap

In operation
by a cylindric
threaded throu

Traditional b
to characteri
performance o
facilitates mea
electron beam
well-suited fo
fabrication, lo

ertion loss (S2
monstrating br

minal loss. 

as nearly ident
ation of 2dB
efore over 8 G
ce in the S21 p
pparent. 

n, either of the 
cally-symmetri
ugh the beamlin

CONCL
bench testing t
ize beamline 
of receiver sys
asurements wh

m conditions. 
or our bench
w-cost, and ch

21) plot of 16
roadband SW

tical to the #1
, while retain

GHz. This like
plot, but the ut

launchers wou
ic load, such 
ne element und

LUSION 
techniques wil

components
stems. The use
hich more acc
This system 

h system, du
hoice of opera

0 um diamete
W characteristi

4AWG, excep
ning the sam
ely explains th
tility of the 160

uld be replaced
that it may b

der test. 

l be inadequat
s and asses
e of the G-lin
curately mimi
is particularly

ue to ease o
ating frequency

er 
c 

pt 
me 
he 
0 

d 
e 

te 
ss 
ne 
c 
y 

of 
y 

range. In
response, 
providing
reduction 
dispersion
the use of
be autom
test proce

The aut
Lab for t
Williams 

[1] F. C
Imped
Intens
Berlin

[2] F. C
Measu
Switz

[3] A. S
wellen
Chem

[4] G. Go
Lines

[5] G. Go
Transm

[6] G. G
Patent

[7] C.E. 
Transm

[8] Refere
Sams 

[9] Rubyt
10573

n addition, du
pulsed beam

g a platform fo
of VSWR is

n of pulses re
f ~1 um X-Y s

mated, improvi
dures. 

ACKNOW
thors wish to t
their generous
for his tireless 

REF
Caspers, “Benc
dance Measurem
sity Limitations 
n / Heidelberg, V

Caspers, “Imped
urements.” C
erland, Jan 2000
Sommerfield, 
n an einem z

mie (Neue Folge) 
oubau, “Single-C
,” Proc. IRE 39 (
oubau, “Surfac
mission Lines” J

Goubau, “Surfac
t, 2,685,068, Jul
Sharp, and G

mission Line,” P
ence Data for R
& Co., NY, 197
tron Inc., 117 
3 

ue to the flat 
m structures 
for receiver de
s planned, in 
esulting from 
tages presents 
ing repeatabili

WLEDGEM
thank the I&C
s support, and

design guidan

FERENCES
ch Methods 
ments,” Frontier
(Lecture Notes 

Vol. 400, 1992 
dance Determi
CERN-PS-2000
0. 
“Fortpflanzung 
ylindrischen le
67-1, 233, Dece

Conductor Surfac
(1951), 619–624

ce Waves and 
J. Appl. Phys., 1
ce Wave Trans
ly, 1954. 

G. Goubau, “A 
Proc. IRE, Janua
Radio Engineers
72. 
North Ridge S

8 GHz frequ
can be repli

evelopment. Fu
order to min

reflections. Fi
a system whic

ity and simpli

MENTS 
C Group at Jeff
d specifically D
nce. 

S 
for Beam-Co

rs of Particle B
in Physics),  Sp

ination from 
0-004-RF, G

elektrodynam
eiter,” Ann. Ph
ember, 1899 
ce-Wave Transm
4. 

their Applicati
950, 21, 1119–1

smission Line,”

UHF Surface
ary, 1953, 107-10
s, 5th ed., Howa

St., Port Chester

uency 
cated, 
urther 

nimize 
inally, 
ch can 
ifying 

ferson 
David 

oupling 
Beams: 
pringer,  

Bench 
Geneva, 

mischer 
hys. u. 

mission 

ion to 
1128. 
” U.S. 

e-Wave 
09 
ard W. 

r, NY, 

TH6REP047 Proceedings of PAC09, Vancouver, BC, Canada

4062

Instrumentation

T03 - Beam Diagnostics and Instrumentation


