
A M
MO

P. G. B
ISIS, ST

Abstract 
Beam prof

line are ach
moving wire
measurement
operating on
set up. This
destructive, 
ionisation pr
segmented a
positioned a
Calibration o
MCP paralle
detect the sa
results from 
residual gas. 
into the M
shaping field
shape. Shapi
field shape a
nearby scann
obtained from

The ISIS 
665keV Rad
tank drift tub
70MeV. The 
is then passe
before being
Normally be
HEDS are ta
these monito
need to redu
minimise the
wire monitor
beams, i.e. du

To overco
Channel Plat
Monitor (IPM
HEDS. It is
horizontal p
dispersion. T
the +ion cur
beam with t
mounted on 
parallel to 
calibration s
together with
electric fiel

MICRO-C
ONITOR W

Barnes, G. M
TFC, Ruthe

file measurem
ieved using d

e scanners. To
ts are only 

n reduced pow
s paper repor

Micro-Chann
rofile monitor.
anode compris
along the 81m
of the monit
el to the beam
ame magnitud

the beams in
A 15kV drift

CP. The dri
d electrodes t
ng field upgra

are discussed.
ning wire mo
m the new pro

INTRO
H- Injector 

dio Frequency 
be linac which

pulsed H- be
d through a H
 injected into 

eam profile an
aken using w
ors interact di
uce the risk o
e beam loss th
rs are only us
uring machine

ome these op
te (MCP) base
M) has been 
s designed t

plane only, a
The monitor p
rrent resulting
the surroundi
a rotating arm
the beam f

section). A 1
h field shaping
ld gradient 

CHANNEL
WITH SH

M. Cross, B
erford Apple

ments along th
destructive di
o prevent dam

made when
wer, for examp

rts the devel
nel Plate (M
. The MCP as
sed of 32 ele
mm active len
or is achieve
m direction, s
de of input (+i
nteraction wit
t field is used
ift field arra
to improve th
ades to improv
 Beam profile

onitor are com
ofile monitor. 

ODUCTION
consists of 
Quadrupole f

h accelerates 
eam (50Hz, 2

High Energy D
the 800MeV 

nd position me
ire scanning 
rectly with th
of damage to
hey cause. For
sed when ISIS
e setup. 
perational rest
ed gas ionisati
developed an

to measure t
at a point o
produces prof

g from the int
ing residual 
m to enable i
for calibratio
15kV drift fi
g electrodes, t
across the 

L PLATE
HAPING

H¯ 

B. S. Drumm
eton Labora

he ISIS H¯ Inj
iagnostics suc
mage to the w
n the injecto
ple during ma
lopment of a
MCP) based
ssembly inclu
ments or cha
ngth of the M
ed by rotating
so all 32 cha
ion) current w
th the surroun

d to drive the +
angement inc
he transverse 
ve the longitu
es obtained fr
mpared to pro

N 
an ion sour

followed by a
the H¯ beam 
00µs pulse le

Drift Space (HE
ISIS Synchro

easurements i
monitors. Bec

he beam, there
o the wires an
r these reason
S is running 1

trictions a M
ion Injector P
nd installed i
the profile in
of high horiz
files by meas
teraction of th
gas. The MC
it to be positi
on purposes 
field is empl
to ensure a uni

monitor, the

E BASED
FIELD E
INJECT

m, S. A. Fish
atory, Chilto

jector 
ch as 
wires, 
or is 
chine 

a non 
gas 

udes a 
annels 
MCP. 
g the 

annels 
which 
nding 
+ions 

cludes 
field 

udinal 
rom a 
ofiles 

ce, a 
a four 
up to 

ength) 
EDS) 
otron. 
in the 
cause 
e is a 
nd to 
ns the 
1.6Hz 

Micro-
rofile 
n the 
n the 
zontal 
suring 
he H¯ 
CP is 
ioned 

(see 
oyed, 
iform 
ereby 

mini
field

Th
22M
effec
anod
elem
The 
the 
Rota
boun

El
the r
coate
comb
The 
moti

D GAS ION
ELECTRO
OR 

her, S. J. Pay
on, Didcot, 

imising distor
d. 

T
he IPM, shown

MXC MCP as
ctive area. Th
de assembly (c

ments or chan
MCP is moun
end of a rot

ational motion
ndary using a 

Figure 1: C

lectrical conne
rotating MCP 
ed copper w
bined with h
forces on the

ion, have been

NISATIO
ODES FO

yne, A. Pert
Oxfordshire

rtion of the p

THE DETE
n in Figure 1,
sembly [1] w

he MCP is po
comprising of
nnels) etched 
nted inside a 
tating arm w
n is transmi
magnetically 

CAD drawing o

ections from t
assembly hav

wire which 
high radiation
e connections
n minimised u

ON PROF
OR THE I

tica, C. C. W
e, OX11 0Q

profile due to

ECTOR 
 uses a Hamam

which has an 
ositioned over
f 32 equal size
onto a ceram
frame which 

within the va
tted through 
coupled rotary

of the IPM as

the static vacu
ve been made 

offers low 
n resistance p
s, caused by 
using custom m

FILE 
ISIS  

Wilcox, 
QX, UK.

o the electric

matsu F2813-
81 x 31mm

r a segmented
ed rectangular
mic substrate.
is attached at
cuum vessel.
the vacuum

y drive. 

sembly 

uum flange to
using Kapton
out gassing

properties [2].
the rotational

made clamps.

c 

-
m 
d 
r 
. 
t 
. 

m 

o 
n 
g 
. 
l 

Proceedings of IPAC2011, San Sebastián, Spain TUPC147

06 Beam Instrumentation and Feedback

T03 Beam Diagnostics and Instrumentation 1371 C
op

yr
ig

ht
c ○

20
11

by
IP

A
C

’1
1/

E
PS

-A
G

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)



Rotation o
radiation ha
gearbox to in
A rear mo
positional fee

A micro-sw
calibration a
steps to posit
accurately m
reference po
IPM to ensur

The 15kV
assembly are
vessel. The 
electrodes ar
electrically l
the resistors 
software [3].
be seen in Fi

 

Figure 2: Sim
of the IPM w
electrodes 

CONTR
The contro

consist of fr
high voltage
system) runn

Power Sup
The bias 

channel of a
The power su
server acros
power suppl
connected to
designed to 
protection. A
monitor the o

Motion Co
The motio

motor contro
motor cont
communicati
Feedback fro
this motor 
constantly m
program is 

of the MCP 
ard stepper m
ncrease the pr
ounted radia
edback,  
witch provide
and measurem
tion the MCP

measured from
osition is perf
re accurate rot
V drift field 
e located in 

2mm thick 
re separated 
linked by a ch
were determi

. The effects 
gure 2. 

mulations of tr
without (left) a

ROL AND 
ol and data a
ront end and m
 power suppl

ning LabVIEW

pply Control
voltage for t
a -2.5kV CAE
upply is contr
ss TCP/IP. A 
ly is used to
o the PXI via

provide bot
Analogue sign
output voltage

ontrol 
on control el
oller and a re
troller is ac
ions from th
om the resolv
controller to

maintained. T
automated, 

assembly is 
motor, passing
recision of the
ation hard r

es reference po
ment location
P at either of t
m this switch
formed befor
tational positi

and field 
the base of 
stainless st

by 3mm PEE
hain of resist
ined using th
of these shap

ransverse bias
and with (righ

DATA ACQ
acquisition sys
motion contro
lies and a PX

W [4]. 

ls 
the MCP is s
EN SY2527 

rolled through 
separate 15k

o supply the 
a a purpose b
h personnel 
als are used t

e of the power

lectronics con
esolver decod
chieved usin
he IPM pro
ver decoder i
o ensure acc
The standard

i.e. it mov

achieved usi
g through a 

e rotational mo
resolver pro

osition data fo
s. The numb
these positions
h. A move to
e each use o
oning of the M
shaping elec
the IPM vac

teel shaping 
EK insulators
ors. The valu

he CST EM S
ping electrode

s field at the c
ht) the field sha

QUISITION
stems for the
ol electronics

XI (PC based 

supplied from
power supply
 the use of an 
kV programm
drift field, an

built interlock
and vacuum

to both contro
r supply. 

nsist of a ste
der. Control o
ng RS232 
gram on a 
s fed directly
curate positio
d function of
ves between

ing a 
70:1 

otion. 
ovides 

or the 
ber of 
s was 
o this 
of the 
MCP. 
ctrode 
cuum 
field 

s and 
ues of 
Studio 
es can 

centre 
aping 

N 
 IPM 
, two 
DAQ 

m one 
y [5]. 
OPC 

mable 
nd is 

k unit 
m loss 
ol and 

epper 
of the 
serial 
PXI. 

y into 
on is 
f the 

n the 

calib
requ
testin

Dat
Ea

32
impe
a ba
ampl
PXI-

 

F

Th
(see 
Beam
A 3
Tran
injec
and 
store
for l
the c
data,

Ga
much
incre
remo
requ
the 3
rathe
This
the s

W
from
injec
medi
an a
chan
varia
Figu
the M

bration positi
uired. There is
ng purposes.

ta Acquisitio
ach element o
pre-amplifier

edance of 10 k
andwidth of 
lifiers is captu
-6133 digitize

igure 3: LabV

he LabVIEW 
Figure 3) wh

m Centres, Tr
D display o

nsverse profile
ction cycle. A 
width data i

ed as a referen
ater use. Save
current calibra
, the beam cen

ain variation a
h as 20% or 
ease further s
ove this sourc

uired. Calibrat
32 channels o
er than transv
 technique en

same magnitud
Whilst in the 
m each chann
cted beam pu
ian of all 32
array of ‘cal
nnel of the M
ation before 
ure 4. The dip
MCP. 

ion and mea
s the option o

on 
of the MCP an
s. These am
kΩ, a transim

10 kHz. Th
ured by a set

er cards.  

VIEW front pa

user interfac
hich are user 
ransverse Pro

of the profile
es are time sel
numerical dis

is included. P
nce trace on s
ed data consis
ation file, the
ntres, beam w

CALIBRA
across the sur
more [6]. The

still as the M
ce of error, ca
tion is achieve
of the monito
verse to the be
sures all chan
de of (+ion) in
calibration p

nel of the M
ulses. This da
channels valu

libration facto
MCP. An exam

and after ca
p in the blue t

asurement po
of full manua

node is connec
mplifiers hav

mpedance gain 
he output fr
t of four, 8 ch

anel of the IPM

ce consists of
selectable; B

ofile, Longitu
e data is al
lectable for an
splay for the b
Profile data c
screen or save
sts of a curren
 raw and curr

widths and sam

ATION 
rface of an M
e gain variati

MCP ages with
alibration of t
ed by rotating
r lay along th

eam path as in
nnels of the mo
nput current. 
osition, the a

MCP is averag
ata is then di
ues. This met
ors’, one va
mple of the e
alibration can
trace is caused

osition when
al control for

cted to one of
ve an input
of 2 MΩ and

rom the pre-
hannel, 14 bit

M program 

f four graphs
Beam Widths,
udinal Profile.
lso available.
ny point in the
beam position
can be either
ed to text files
nt screen shot,
rently viewed

mple times. 

MCP can be as
on figure can
h use [7]. To
the monitor is
g the MCP so
he beam path
n normal use.
onitor receive

acquired data
ged over ten
ivided by the
thod produces
alue for each
effect of gain
n be seen in
d by aging of

n 
r 

f 
t 
d 
-
t 

s 
, 
.  
. 
e 
n 
r 
s 
, 

d 

s 
n 
o 
s 
o 
h 
. 
e 

a 
n 
e 
s 
h 
n 
n 
f 

TUPC147 Proceedings of IPAC2011, San Sebastián, Spain

1372C
op

yr
ig

ht
c ○

20
11

by
IP

A
C

’1
1/

E
PS

-A
G

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)

06 Beam Instrumentation and Feedback

T03 Beam Diagnostics and Instrumentation



Figure 4: A 
calibration of

COMPA

Profile me
new MCP b
profile monit
the new mon
beam centre
between the 
wire scanner
increase in b
due to the h
position. A se
October 201
from each o
simulated re
code MAD [
 

Figure 5: Be
scanner locat

POTE

Longitudin
The shapin

gradient tran
address the l
Previous wo
this paper, u
improvement
with the add
Figure 6. 

comparison o
f the MCP. 

ARISON T
PROFILE

easurements h
ased monitor 
tor located ap

nitor. Results s
e measuremen

profile width
r. These result
beam width m
horizontal emi
econd period 
1, will be us
f these monit

esults produce
8]. 

eam profiles m
ted ~1m down

ENTIAL FU

nal Field Sh
ng electrodes 
nsverse to the 
longitudinal fi
rk [9], and co
using CST E
ts in the lon
dition of ‘cor

of IPM outpu

TO WIRE S
E MONITO
have been m

and an exist
pproximately 
show strong a
nts and an ex
hs for the IPM
ts can be seen

measured by t
ittance of the
of machine ph

sed to take m
tors and to co
ed using the 

measured at th
nstream. 

UTURE UP

hape 
provide a uni
beam directio

field shape alo
omputer simu

EM Studio so
ngitudinal fiel
rrector’ electr

ut before and 

SCANNING
OR 
ade with both
ting scanning 
1m downstrea
agreement bet
xpected diffe
M monitor an
n in Figure 5
the wire scann
e beam at the 
hysics, planne

more measurem
ompare them
accelerator d

he IPM and a

PGRADES

iform electric
on but they d
ong the beam 
ulations report
oftware, show
ld could be 
rodes as show

after 

G 

h the 
wire 

am of 
tween 
rence 

nd the 
. The 
ner is 

IPM 
ed for 
ments 

with 
design 

a wire 

 

 field 
do not 

axis. 
ted in 

w that 
made 

wn in 

 

Figu
elect
field

A 
profi
ISIS
succ
unde
poss
comp
beam
wire

Th
MCP
gain 
meth
by a
simu
linea
corre

[1]
[2]

[3]   

[4]   
[5]   
[6]   
[7]

[8]

[9]   

[10] 

 

 

ure 6: Longitu
trodes, withou

d corrector elec

new non d
file monitor ha
 H¯ Injector
essful in meas

er normal ISI
ible with the 
parisons of be

ms, between th
 profile monit
he calibration
P parallel to th
variations tha

hod will exten
lso removing 

ulations of the
arity can be im
ector electrode

See Hamamat
See Dupont fo
(http://www2
nloads/pdf/su
See Compute
(www.cst.com
See National 
See Caen (ww
Hamamatsu d
Fast data acqu
profile monito
microchannel
et al, Nuclear
Research A30
The MAD Pro
CERN/SL/90
Improving th
Conference P
IPM Systems
Proceedings o

udinal field wi
ut (left) and w
ctrodes 

SUMMA
destructive M
as been install
r. The new m
suring beam p
IS operating 
existing scan

eam profile d
he new diagno
tor are extrem
n system wh
he beam has 
at exist across
nd the useful 
gain variation

e longitudinal 
mproved with
es. 

REFERE
tsu (www.ham

for technical p
2.dupont.com/K
ummaryofprop
er Simulation 
m) 
Instruments. 

ww.caen.it) 
data sheet sup
uisition system
or for a synch
l plate with mu
r Instruments a
02 (1991), 397
ogram Versio

0-13 (AP) Rev
he Reliability o
Proceedings D
s for J-Parc RC
of HB2010, M

ithin the IPM 
with (right) the

ARY 
MCP based g

led in the HED
monitor has 
profile data in 
conditions; so

nning wire mo
ata, using low
ostic and a nea

mely encouragi
hich involves 
been shown t
s the MCP. Th
lifetime of t

ns due to agin
fields have sh

h the addition 

NCES 
mamatsu.com)
roperties of K
Kapton/en_U

p.pdf) 
Technology 

(www.ni.com

pplied with MC
m of a non-de
hrotron beam b
ulti-anodes, T
and Methods i
7-405. 
n 8.16. Hans G

v 4. 
of IPM, D. Lia
IPAC 2005, L
CS and MR, K

Morschach, Sw

field shaping
e longitudinal

gas ionisation
DS line of the
proven very
real time and

omething not
onitors. Early

w intensity H¯
arby scanning
ing. 

rotating the
to remove the
he calibration
the diagnostic
ng. Computer
hown that the
of transverse

) 
Kapton 

S/assets/dow

m) 

CP 
structive 
by using a 
T. Kawakubo 
in Physics 

Grote. 

akin et al, 
Lyon, France
K. Satou et al,
witzerland 

g 
l 

n 
e 
y 
d 
t 
y 
¯ 
g 

e 
e 
n 
c 
r 
e 
e 

 

Proceedings of IPAC2011, San Sebastián, Spain TUPC147

06 Beam Instrumentation and Feedback

T03 Beam Diagnostics and Instrumentation 1373 C
op

yr
ig

ht
c ○

20
11

by
IP

A
C

’1
1/

E
PS

-A
G

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)


