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Introduction

This talk will “only” address Particle Accelerators used
for Medical Applications — although most accelerators for
radio oncology are small electron linacs in the MeV-region
to produce X-rays

Proton and lon Accelerators for this purpose are today
Cyclotrons and Linac-Synchrotron-Combinations with
HEBTs and Gantries

Beam Instrumentation for such accelerators iIs the same
as used for research machines

Thus you can find more information about Beam
Instrumentation in a lot of sources, here some hints...

HIT/l
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Introduction

Literature; https://indico.cern.ch/event/356897/other-view?view=standard

P Strehl
Beam

Instrumentation
and Diagnostics

See: http://cas.web.cern.ch/cas/CAS%20Welcome/Previous%20Schools.htm
Beam Diagnostics from U. Raich, CERN in CAS, Small Accelerators, 2005
CERN Accelerator School on Beam Diagnostics, 2008

. and much more sources as e.g. www.jacow.org!
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Introduction

Beam diagnostic devices are necessary as “the eyes of the
operator” to the accelerator for:

» Observation and Logging
» Measuring feedback on parameter setting/tuning

» Searching for errors in the machine, e.g. a
temperature drift effect, a short in a coll, etc.

The different beam diagnostics systems can be classified in
three groups:

|. Non-destructive diagnostic systems that will work online
during the patient treatment and in all other cases

ll. Destructive measurement devices that will be used for the
daily checks of the machine and the beam stability, and in
addition for machine tuning and solving simpler machine
problems

lll. Special devices that will be necessary during the
commissioning and in case of serious machine problems.

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee \
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Variety of beam parameters —
Linac- Synchrotron -based Facilities

lons ; P 126+
 Energies (MeV/u) : 48 88
(255 Steps) TE 220 -430
e Variety of Beam Focus : }10 (201 mm (_Z,ETQQUSSi-ar.‘,)
( 4/6 Steps) ik gl ™
* Intensities (Particles/s) : 8x107 — 2x1015' 2x10° — 5x1.-"()8
(10/15 Steps) N o g
Lt - AT 47

Example: HIT

HIT
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Variety of beam parameters —
Cyclotron-based Facilities

» Particles:  protons
»> Energy: up to 250 MeV
» Current: 1 — 850 nA c.w. (= 6x10° — 5x10*? particles/s)

'Degrader (b): overall transmission down to 1%

—
o
S
—
=
S
—_—
-, 1]
\ —

Example:
PSI ProScan

50 m

HIT |
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Overview of beam characteristics and
linked diagnostic equipment

Beam parameter Measurement systems

Current
Position
Transversal profile

Longitudinal profile

Beam energy/spread
Emittance

Beam loss

HIT |
=N

-

AC and DC transformers, Faraday cups, Scint.
Counters, lonization Chambers, SEMs

Capacitive and button pick-ups, “Shoe-box”
pick-ups, Stripline p.u., Resonant p.u.

Scintillation Screens, SEM grids, Wire scanner,
MWPCs, RGMs, BIF monitor, OTR

Coaxial FCs, Resistive wall monitors, ....
TOF with phase probes, Schottky method

Slit-Grid devices, Pepperpot devices,
Quadrupole variation method

Scint. Counters, ICs, PIN diodes, optical fibers

CAS Accelerators for Medical Applications, 28t May 2015 8



Beam Current Measurement

The beam current is the basic quantity of the beam:

> It is the first check of the accelerator functionality

» It has to be determined in an absolute manner

» Important for transmission measurement and to prevent for beam losses.

Different devices are used:

» Transformers: Measurement of the beam’s magnetic field
They are non-destructive. No dependence on beam energy
They have a limited detection threshold (~ pA).

»Faraday cups: Measurement of the beam’s electrical charges

They are destructive. For “low” energies only.
Low currents can be determined.

»Particle detectors: Measurement of the particle’s energy loss in matter
Examples are scintillators, ionization chambers, (secondary e— emission

Monitors). Used for low currents at high energies e.g. for slow extraction.

HIT |
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Current Measurement — Pulsed Beams

Pulsed LINACs and cyclotrons used for One distinguish between:
injection to synchrotrons with t .. 100 ps: > Mean current |-
current §  macropulse | macropulseperiod — long time average in [A]
| |xtperiod > Pulse current | ) <.
bunch curr. I, — during the macro pulse in [A]

» Bunch current Vsprmel
— during the bunch in [C/bunch]

mean cur. I mean or [particleslbunch]

» Remark: ECR ion sources:
time — no bunch structure / DC

Example:

Pulse and
bunch
structure at
GSI LINAC

HIT |
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Magnetic field of the beam and the ideal transformer

» Beam current of N charges with velocity .
N N -
| — ge- —qge- Ac- magnetic field B
beam = i ge- S |

at radius r:

> Cylindrical symmetry — only azimuthal component Bl
E Ibeam . vl
* 2 f

(Example: 1 pA, r =10cm = 2 pT)

Idea: Beam as primary winding and sense by secondary winding
— Loaded current transformer

11/15= N5/N1 2 lgoe = N - lpeam

» Inductance of a torus (r)f H: Torus to guide the magnetic field
L= £k N2 jpnJout
27 f

Ibeam

» Goal of Torus: Large inductance L -

Vout
and guiding of field lines. >

Definition: U = L - dl/dt
\

\
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Passive Transformer / Fast Current Transformer (FCT)

Simplified electrical circuit of a passively loaded transformer:

L simplified equivalent circuit

beam Ry 5 A
x "
L L Cs| R U(t)
c —— R I-source __
=: S represents
Z—# N windings 1 ‘
N Lheanlt) A
yCAm

torus inductance L — — ground

Avoltage is measured: U=R - |... =R /N - l,cam S * I eam
with S sensitivity [V/A], equivalent to transfer function or transfer impedance Z.

Equivalent circuit is used for analysis of sensitivity and bandwidth

(disregarding the loss resistivity R,)

H‘d — ? w{ ? Tum(l / CAS Accelerators for Medical Applications, 28t May 2015 12



Passive Transformer: Rise and Droop Time

Time domain description: c
Droop time: tdroop: 1/3f,,,,= L/R N Bandwidth
Rise time: t,;,. = 1/3f;;,, = 1/RCg (ideal without cables) ¢ 1 -;
.- ) f..=R/IL f,;,=1/RCq

Rise time: t . = 1/3f,y, = VL<C. (with cables) § low 'gR
R, : loss resistivity, R: for measuring. : l l
For the working region the voltage output is 0001 01 10 1000 10000C

R frequency f |MHz|

_t/z-droo
- . P .
U (t) — N € Ibeam
Tcurrent
beam bunch
primary test pulse fima time
- -
cm'rent
droop: rdmop
secondary [\ time
rise: Tgce =(Lg* CS
H‘d - gjl w{ ? Tum(l / CAS Accelerators for Medical Applications, 28t May 2015 13



“Active” Transformer with longer Droop Time

An Active Transformer or Alternating Current Transformer ACT uses a trans-

impedance amplifier (1/U converter) to a R ~0 Q load impedance i.e. a current sink
+ compensation feedback

= longer droop time t,,,

Application: measurement of longer pulses with t > 10 ps e.g. at LINACs

The input resistor is for an op-amp:

R¢
R:/A KR
beam RL
= tgroop = L/(R;/A+R|) =L/R,
T XX Droop time constant can be up to 1 s!
The feedback resistor is also used for
L

range switching.

torus inductance L

An additional active feedback loop is used to compensate the droop.

HIT |
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“Active” Transformer Realization

Active transformer system used at GSI Torus inner radius =30 mm

Linacs and for the HIT and CNAO injectors Torus outer radius  r,=45 mm
Core thickness =25 mm
Core material Vitrovac 6025

N (CoFe)700,(M0SiB)3q
Core permeability K=10°
Number of windings 2x10 crossed

Max. sensitivity 106 V/IA

Beam current range 10 pAto 100 mA
Bandwidth 1 MHz

Droop 0.5 % for 5 ms
rms resolution 0.2 pA for full bw

System offered
by Bergoz, used
at MedAustron,
MIT and SHPIC
(Shanghai)

HlT/l

/ CAS Accelerators for Medical Applications, 28t May 2015 15



“Active” Transformer Measurements

Ct Dv!rvtrw’lud Hnﬂlmm

CTA Overview Panel

__ LE-01-000-CTA

B _ L1-00-001-CTA

Beam Carrent [A]
# g

Beam Current [A]

MedAustron: ACCT overview panel during commissioning

IIT
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Current Measurement of DC beams

» The current transformer discussed above sees only B-flux changes.
» For measuring DC beams non-destructively the DC Current Transformer
(DCCT) is the solution — method: look at the magnetic saturation of two tori.

» Modulation of the primary modulation ['\’ Sl iniodulziion ]
windings forces both tori into
saturation twice per cycle. Lmod Imod
e -
» Sense windings measure the torus / Leam
. - —
modulation signal and cancel each beam @ N 3
other. -~
» But with the |, the saturation is T [ gep
eam sense SENse
shifted and I, IS not zero
) sensin g demodulator
> Compensatlon current | driving de—voltage |
adjustable until I_... IS zero once l .
ag ain. compensation compensation current
<17
i 17

Heidelberger lonenstrahl-Therapiezentrum \
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DCCT Function Schematics

B ‘ torus 1

sat |
modulation [’\’ 1 kHz modulation ]
T

Aty torus 1 beam add to modulating field

\ A\ LA LN LI L e
‘ time beam substract from
\ modulating field

At down sum of both fields

sensing

compensation

» Modulation without beam: typically about 1 kHz to saturation — no net flux
» Modulation with beam: saturation is reached at different times, — net flux
» Net flux: double frequency than modulation,

» Feedback: Current fed to compensation winding for larger sensitivity

» Two magnetic cores: Must be very similar.

17| .
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DCCT Realizations

Example: The DCCT at GSI synchrotron (designed 1990 at GSI):

Core radii r; = 135 mm, r, = 145mm

Core thickness 10 mm

Core material Vitrovac 6025: (CoFe)zoy(MoSiB)sgg
Core permeability fy ~ 10°

Saturation B, ~ 06T

[solating cap Al,O4

Number of windings 16 for modulation and sensing

12 for feedback
Ranges for beam current 300 pA to 1 A

Resolution 2 A

Bandwidth dc to 20 kHz

rise time 20 ps

Offset compensation +2.5 A in auto mode
< 15 pA/day in free run

temperature coeft. 1.5 pA/oC

Commercial product specification (Bergoz NPCT):

Most parameters: comparable the GSI-model

Temperature coeff. 0.5 pA/°C
Resolution several uA (b.w. dependent)

Y=y Tﬂ\

Heidelberger lonenstrahl-Therapiezentrum
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AC/DC Beam Current Measurement

HSD Messdaten - (¥1.26, Release 1)

Programm  Benutzer Hife

3| -[8] x|

134

4892086 e Poe louve | s | o B Optike 1. Strom/.. UFo 13122000679 () Winkelmann
ul toc | Expart N
ACS i Ereignis 2. Stramt.. c [ Ukernahme
Therapiemasching
Pogziti
Exp Sp | DL BAMS | C5Y i | - ] Therapie-v Acc GR-T4
| WA Fitter CIR-T4-MED
Esperie 1. StromiProfilPhase | 2. Stom/FrofilPhase | OT-Fulltand | 07-Trerd | Bams | MEFI |
M M10T1S ﬂ Pl A& EXP Vo 134 i Overload
Strom Ainzeige
=1 | ¥ Graph e
B00 pa Tracking v
Profil " Tiending " ——nd | Werfalgung
1 = Snapshots Integral
Awflgsun
Phﬁ ~ e 400 pa, —_—
-~
r~
Messhereiche
~
42 Test Feferenzen
L
Freeze C5Y Ewport
is —
- ol 1 1=
W 13.12.2010 06:18:46 Anmelden .E
[4852060/0] O 1
# | [s5DT8 =l Evevace13q M Overload
Strom Anzeige
—|| 2 Gl Trackir
g
FPrafil " Tiending N | Verfolgung
s Auflgsung Snapshots Integral
— ) _—
5 g
c g
=
Messhereiche v
&
i ~ Test Referenzen
~ Freeze C5% Export
2 ol | 1=
1312.2010 06:18:55 . :I
Anmelden Status
R S Zeit [s] |
A B B =l ExPusce1ze Ml Overload
Strom Brzeige
el Tracking
Profil " Tiending CRNA T | Yerfolgung
—
Phase .?ﬁuﬂosung Snhapshots Integral
Tellchen | S5DTL - Hall
r SSDTL -Hall
~
Messhereiche
~
« o Test Reterenzen
Freeze CSY Expart
0.0E+000 |—l—- . ——
T | 13122010 06:19:05 e
Anmelden
Y| [4gazez/0] O Zeit [s]

77
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Faraday Cups for Beam Charge Measurement

The beam particles are collected inside a metal cup

= The beam'’s charge is recorded as a function of time. The cup is moved in
the beam pass 2>

- - ke
negative HV north Yo : Al
aperture J_ south permanent magnet destructive device!
1 I/U—converter
-~ 50mm ! \
be&.. ; B e —trajectory ( (
u
- ' f Vacuuin

T E e_—elmission cond\ = 4ir
Currents down to 10 pA with bandwidth of 100 Hz!

Magnetic field:
To prevent for secondary electrons leaving the cup

And / Or

Electric field:
Potential barrier at the cup entrance

HIT |
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Realizations of Faraday Cups

The Faraday Cup is moved
Into the beam pipe using an
alr-pressured actuator.

Example
— vacuum chamber — from HIT —
beam [ e uncooled
o
™ [ FC for the
— t)ut_ MEBT
section
flange CTWTT 1
movem ent] § féiﬁtfltiﬂmgh
bellow

‘ 1 I ] /D CAS Accelerators for Medical Applications, 28t May 2015 23
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Realizations of Faraday Cups

Connecting
Flange with
Feed

High Power Version
Throughs

needed e.g. for beams
from ECR lon Sources
(up to 20 mA overall
DC current possible) at
low energies (keV/u)

Cover
Dipole

Magnet
System

Stopping

9 Very Sma” [ Electrodes
penetration depth of
Cooli
only some ten nm! Sl
Cooling
. . . Channels
Mate_rlal Wl_th high B
melting point needed: St v
Suppressor
Tungsten, Tantalum,...
Copper Block
r— I Tfl CAS Accelerators for Medical Applications, 28t May 2015 24
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A “non-interceptive” Faraday Cup

A Chopper faraday Cup (CFC) was

designed and is presently in use on the
CNAO machine. It measures the chopped
beam, namely the beam (8keV/u energy)

deviated by the Chopper deflector
(installed at the end of the LEBT line)
towards the vacuum chamber wall.

RL2

BEAM Rl <
= ll total

HIT |
Heidelberger lonensteahiTherapiez Tum\\\h_ﬁ////

4 u
\D- ;11

HV P§

O1-008B-SLA
01-008D-BWS
O1-008F-FCA

A\. SOURCE 1

- - J €
02-020B-BWS 02-008B-SLA

0O2-008D-BWS
O2-008F-FCA
390

01-023B-SLA
01-023D-BWS
01-023F-FCA

02-023B-SLA
02-023D-BWS
02-023F-FCA

SOURCE 2

L1-006B-BWS

181 4
L1-017B-SLA
390 5
L1-022D-BWS
& | L1-022F-FCA

L2-012A-CFC

L2-014B-BWS
L2-014C-PIA
L2-014D-FCA

L2-006B-BWS L2-016A-GCT

J
/ REQ-LINAC

CNAO Low Energy Beam Transfer
(LEBT) line

CAS Accelerators for Medical Applications, 28t May 2015 25



A “non-interceptive” Faraday Cup

a0 Tr L
x

= FOC [

1 GCT [P

1_32;01;‘:'200313 13?01?};200313 13?02?0;200313 13?02?3;200313 13%02?3200313 132;02?9;300313 132;03?2;200313 132;03?51200313 132;03?3200313 13%04?3200313 132;'b4?5;'5220513
Current intensity vs. time acquisition for
carbon ion beam: comparison of CFC

| Measuring and AC Current Transformer (at the
N ek Body entrance of the Linac) performances.

Rings [By courtesy of CNAO]
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Faraday Cups for High Energy Beams

2 2,2 2
Bethe Bloch formula:- 95 = 47N A1, m.C* .épt Lo (m 2meC’y" p _132]

dx A B |
1 8100 g
Emax dE 3 . I
Range: R = j - dE 5 w0l
X ;
0 3
2 1
with approx. scaling Rac E . 17 ;
‘é- 10%(; zm:{ ] HHt— y
- Faraday Cups only for E. e
E., <100 MeV/u withR<10 mm! ; 10
2 1L
For higher energies more material = °':
is necessary (mechanics!), but o Material: Copber
nuclear reactions must be taken - oo P FIJD o
Into account! | 0.01 0.1 1 10 1{00 1(100 10000
. energy per nucleon [MeV,/u
HI7T |
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/

Heidelberger lonenstrahl-Therapiezentrum \
o

e



Scintillation Counters

Plastic Scintillator i.e. organic fluorescence molecules in a plastic matrix
Advantage: easy machinable, cheap, blue wave length, fast decay time
Disadvantage: not radiation hard

Particle counting: PMT — discriminator — scaler — computer

Shield
l Seintillator

Housing o ! LED -
P _I*:.*ﬂ_ e
- Base } | PM1 Eri} _‘_\\ suide pid ;
Active Area; 75x75 mm?
Thickness: 3 mm
Scintillation material: BC400

Example from HIT (HEBT section) = Measurement rate: <10° Particles/s

HIT |
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0.0 0.5 1.0 1.5 2.0

Scintillation Counters

| | | | | Example of

dec—transformer-
stored current extracted beam

| (250 MeV/u

208Pp67+) from
: | | | | , GSl's SIS18
I | 1 Heavy lon
- 1 Synchrotron
3 < showing the
maximum
| | | dynamics of
F,Juhm | Szintillator Scintillation
o "WW\ extr. current B Qounters - for
| / a” iy - higher currents the
a W, 1 use of lonization
| | | | M= Chambers is
time [s] necessary.

T
I I N A

T
—
|

, /l CAS Accelerators for Medical Applications, 28t May 2015 29



lonization Chambers
Energy loss in matter (mainly gases) - electronic stopping:

Bethe Bloch-  dE s s dm.c2y232
—— = 4a Nar_mec” - In — 3
Equation: dx I
Target: - T T
Charge & Mass (Z,, A), Density (p), 0 i) -
: ] . - Zahler 1
Ionlzatlon POtentlal (I) § 10 Bereich beschrinkter | :
PrOJeCtlle % 0 Rekombination Pmporhon:‘:il’raf : : B
effective charge (Z,), Velocity (y, B) wa;z opEationsiamner v b -

Proportionalzahler

I
I
I
I

s 10 I —
= : '
E | |
rEu | I I
S 10 : | -
on | | !
& ! | :
z 10 l, } : -
Operati f gas detect & M 5
perating ranges o1 gas aetectors 1 N | | |
0 250 500 750 1000 1250
I /l Hochspannung U (V]

CAS Accelerators for Medical Applications, 28t May 2015 30
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lonization Chambers

+ HV
E— ]
gas filled volume
e ion| ion e -
= =] <= beam
-
*%_ — _— =
e 1on] 1one
A
metalized foil I qec
-

current measurement

HIT/l

@

1 dE
1 sec — = Ax
W d LA

-l beam

Output vs. response velocity

Gas W-value [eV]

H, 36.4

He 42.7

No 36.4

O9 32.2

Ar 26.3
CHy 20.1
CO, 33.0

CAS Accelerators for Medical Applications, 28t May 2015
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lonization Chambers

8ed - 0O5ms — 30ms —
6ed -
ded +
2ed +
0
t[s]

Intensity of extracted beam
from HIT synchrotron (,,spill”
with pauses)

|IC detector (upper right):
70x70 mm? active area, AXx=3 mm,
with Ar/CO, gas mixture;
air-pressured actuator with
stainless steel windows (50 um)

‘ 1 I 7 q\ CAS Accelerators for Medical Applications, 28t May 2015 32
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Dynamic Intensity Control with lonization Chambers

» If scanning technique is used voxel by voxel is irradiated.

» Adjustable but ' ' verse RF-
knockout excit

» A feedback loo
Implemented t
Imperfections
- Aim: recta

» Second step:
Intensity adapt
one spill with r
particular treat
(In use at HIT

2.5~

Intensity [part/s]

Treatmentti o

(Animation by cc ' | |  Time [s]
H‘d — ? ﬁ ? (l / CAS Accelerators for Medical Applications, 28t May 2015 33



lonization Chambers

axisymmetric (beam lines)

halo
+300 V (4 segments)
beam O 80-90 mm

folded
around
bellow

Heidelberger lonenstrahl-Therapiezentrum

Y=y Tﬂ\

monitor currents [nA]

lonization chambers as
halo monitors around
the beam pipe for
online monitoring of
beam displacements

[By courtesy of PSI]

10000

1000 Signal levels of
AN several monitors
w0/ when the beam is
M e | STEETE far off-axis
o _:;‘l:m;fg;;p:m“:f:jd“:“’)’ Beam current: 1.4 nA
o 0a oe oo os , Beam energy: 230 MeV

deviation of dipole magnet current [a. u]
CAS Accelerators for Medical Applications, 28t May 2015 34



Beam Profile Measurement

The beam width can be changed by focusing via quadruples.
Transverse matching between ascending accelerators is done by focusing.
- Profiles have to be controlled at many locations.

Synchrotrons:
Lattice functions f(s) and D(s) are fixed2:> width o and emittance ¢ are:

2 Ap 2
0% (8) = £/ () + [D(s)p] and o5(s) = 2,8, (s)
LINACs: Lattice functions are ‘smoothly’ defined due to variable input emittance.

Different techniques are suited for different beam parameters:

e -beam: typically @ 0.3 to 3 mm, protons/ions: typically @ 3 to 30 mm
A great variety of devices are used, especially for protons/ions:
» Optical technigues, e.g. Scintillating screens (all beams)

» Electronics technigques, e.g. Secondary electron emission (SEM) grids,
grids with gas arrlpllflcation - MWPC (protons/ions)

177
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Detectors for Beam monitoring — Screens

Some scintillating materials and their basic properties:

Abbreviation Material Activator max. emission decay time
Quartz S104 none optical < 10 ns

Csl Tl 550 nm 1 ps
Chromolux Al,O3 Cr 700 nm 100 ms
YAG Y3Al501q5 Ce 550 nm 0.2 ps

Li glass Ce 400 nm 0.1 ps
P11 ZnS Ag 450 nm 3 ms
P43 GdoOsS Th 545 nm 1 ms
P46 Y3Al5045 Ce 530 nm 0.3 ps
P47 Y5Si5 05 Ce, Tb 400 nm 100 ns

Properties of a good scintillator for beam profiling:

» Large light output at optical wavelength - standard CCD camera can be used
» Large dynamic range - no deformation due to saturation or self-absorption

» Short decay time - observation of time variations

» Radiation hardness - long lifetime

» Good mechanical properties — typical size up to @ 10 cm

(Phosphor Pxx grains of @ ~ 10 ym on glass or metal)

17| .
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Scmtlllatlng Screens

\scintillator screen

Nl

support

Devices for
2D profiling:
Scintillating
Screens

beam

window

Used material:
P43 (or P46)

\ /

CCD camera I movement

areiter/Root/CSV_Analyser/macros/interpolation/P43_Data.txt_inter | emiss

Entries 1401

o Mean 530.7

] RMS 59.78
=

oo ] 5 < —— Emission spectrum

£ | Pneumatic £ — oD response

S R —— . o " 4 Lens response

S_:Sl]— | d rlve ::;' —— Filter response
k-

S 100-] L]

T 3

K=

7]

g 5

5

z

20
0 .
. T &
- g - . \ xis [ mm ] E. . . O
Ly Horlzort @ version 950" 400 500 600 700 800 500 1000

Wave length / nm
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Scintillating Screens

" Y — —— §
y RIX

Different versions of
Screens for the Iso-
centre Diagnostics —
fixation on robot or at
Gantry nozzle (HIT)

1. Beam in Isocenter
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Beam Profile Measurement — SEM Grids

When particles of the proton/ion beam hit a surface, secondary electrons
are liberated, escaping form the surface - measurement of current.

Example from HIT:

Detector Parameters:
Active Area;: 80x80 mm?

Wire g: 0.1 mm
Wire distance: 1.2 mm
Wires: 64 horizontal, 64 vertical

Wire material: W or W-Re alloy
‘ 1 I ] q\ CAS Accelerators for Medical Applications, 28t May 2015 39
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Beam Profile Measurement — SEM Grids

Multi-Channel Electronics
for SEM grids, e.g. (HIT)

» |/U-converter for each channel
» 16 Measurement ranges
(5 nA-500 pA) - very large
dynamic range of 10°
» 32 (64) channels hor. /vert.

» Switchable test signal

H I ' /' \\,
HeidEIbergeiI0nenstrahl-TheiapiezenTlum\ l /
o

N
—

SEM-—grid

beam

I/U converter
one per wire

range select

I/U converter

integrator

one per wire

i

integrator

FIF

=
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Beam Profile Measurement — SEM Grids

y

> Profile monitor for MEBT in
.«  use at CNAO and MedAustron

ME- 03 000- PGX H. msr

3.5 T T
— Raw Data
Maximum: -1.79[mm]/3.31[uA]
@ @ FWHM [Signal]19.02[mm]
3.0- ® ® Center of Mass: 0.23[mm}/3.27[us] ||
— Filtered Data
Maximum: -1.79[mm]/3.13[uA]
& & FWHM [Filtered Signal]18 99[mm]
250 ® ® Center of Mass: 0.23[mm]/3.13[uA] ]
—— Gauss Fit: u--1.02 & 5:-7 940 B8 46
< 20°- 1
=
£
=
= 15F |
>
©
=
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2 10 ]
0.5+ 4
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—-0.5 | | | | I | |
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Position x in [mm]
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Beam Profile Measurement - MWPCs

Frame

Thin window - ! _~ Thin window

~]

Principle layout of a Multi-wire
onizing pagte 1S proportional chamber (MWPC)
- used at higher energies -

Horizontal wires ~ —— Vertical wires

+HV |

‘_ B i I N

} X (:In)

l e P
’7y (1...n)(""
Gnd —

Firéadout

= F

Y Anode wire

Electric field close
to the anode wires ¢
with region of
amplification (up

to 102 possible) L

a - Multiplication r
region

Minimum electric field
Jor avalanche formation

L. ——
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Beam Profile Measurement

Operating ranges of
gas detectors

Variable amplification
of the anode wire
signal by changing
the high voltage
possible — no
absolute calibration
needed in a profile
monitor

HIT |
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Beam Profile Measurement

Compact detector system (combined
with IC in one stack) working at HIT in
the HEBT;, feed-through with detector
bag — windows to vacuum consist of 50
KUm stainless steel; used gas: Ar/CO,

(MWPC/IC manufactured by B. Voss &
team at GSI Detector Laboratory)

MWPC detector:
Active Area: 70x70mm?

Wires: 2X64
Wire spacing: 1.1 mm
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Beam Profile Measurement
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Daily Performance Checks with MWPCs
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Beam Profile Measurement MWPCs

6 pm titanium foils
soldered to
thick-film coated
ceramic frames

Detector
Gas: N,

Setup at PSI at ProScan, also
a combined IC/MWPC stack
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Embedding of Beam Diagnostic devices

Not to forget:

* Mechanics: Compactness, easy maintenance

e Positioning: Are there environmental influences, e.qg. stray fields
of magnets which may disturb current measurements of
transformers?

« Alignment: Which accuracy is necessary — longitudinal,
transversal?

« Electronics and Cabling: Adequate sensitivity and dynamics?
EMC?

* Timing system: Stable triggers with respect to machine phases
are needed. Which precision is needed?

* Link of the measurement devices to the control system which
should ensure consistent measurements of several devices
spread over the facility in one beam pulse, e.g. online control of
the transmission or in connection with ramping data from magnet
power supplies or r.f.
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Embedding of Beam Diagnostic devices
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Conclusion and Acknowledgements

Beam Instrumentation is the “the eyes of the operator” to
the behavior of the accelerator.

In Medical Accelerators the robustness and reliability of
beam diagnostic devices is mandatory, especially for the
work horses like current and profile measurement
devices described in this talk.

Beam Instrumentation needs excellent maintenance, e.g.
calibration to always guarantee reliable measurement
results within the specifications.

Nowadays a strong link to the accelerator control system
IS a must for beam instrumentation to present the
measurement data in the control room.
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Conclusion and Acknowledgements

Many thanks to all colleagues from HIT, MIT, GSI, CNAO,
PSI and MedAustron — especially to Peter Forck from GSI —
for their advice and giving me interesting example
measurements and photos of beam instrumentation from
their facilities!

‘ PAUL SCHERRER INSTITUT
NPMIT7 //D Med p5
Marbureer lonenstrahl-Therapiezentrum )
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I=5= 1l Fondozionec N AO

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH Centro Nazionale di Adroterapia Oncologica per il trattamento dei tumori
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Thank you for your attention!
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