PAUL SCHERRER INSTITUT
RS

R. Délling, AccApp‘07

AccApp'07: the Eighth International Topical Meegton Nuclear
Applications and Utilization of Accelerators

July 29 to August 2, 2007, Pocatello, Idaho

talk in session ,accelerator technology: instrumeateand control®

City of Pocatello, Idaho

Gatz City to the Wost_g

--------

in proceedings: pp. 152-159



R. Délling, AccApp‘07

Beam Diagnostics for the Proton Therapy Facility PROSCAI

R. Dolling, S. Lin, P.-A. Duperrex, G. Gamma, B.iKe

e proton therapy / the PROSCAN facility
e overview diagnostics

e monitors (examples)

e electronics

» measurement/interlock options
 system checks

* Nozzle diagnostics
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The PROSCAN facility
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The PROSCAN facility
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~0.4 nA

|

Gantry 2

L collimators

{ }=&+ dipoles/steerer/quadrupoles

current, position,
transmission, dosimetry
(+ non diagnostics) -->

safety
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Gantry?

MachineControl Syst

directwithout current measurement

1 multi-leaf Faraday cups
- Fgraday cups/stoppers
+ Slits
'L collimators

{ }=&+ dipoles/steerer/quadrupoles

set-up:

centering, energy ...
continuous:

current, centering, loss -->
can enforce stability
and reproducibility

current -->
dosimetry

current, position,
transmission, dosimetry
(+ non diagnostics) -->

safety



Insertable multi-strip 1onisation chamber profile monitor

center ceramic plate: thick-film pattern
4 mm< amplification by a By
/\ factor 46 ... 117 :
S @70 ... 250 MeV
&
Q&® vertical profile
/ 68 strips (front side)

horizontal profile
68 strips (other side)

combined to 16+16 or 32+32 strips
strip pitch selectable 0.5 -4 mm

“adaptation --> less error of beam width
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37 installed
(thick -->destructive --
only 1 used at a time)

information for

- beam alignment

- transport calculations
- beam current

mechanical tolerances
survey marks on outer
vacuum box <0.2 mm

the detector in an ambient-air-filled box can bevawinto the beam

B




Insertable multi-strip 1onisation chamber profile monitor

amplification by a
factor 46 ... 117
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37 installed
(thick --> destructive --

S @70 ... 250 MeV only 1 used at a time)
S
information for
- beam alignment
N - transport calculations

- beam current

& vertical profile
/ 68 strips (front side)
horizontal profile
68 strips (other side)

mechanical tolerances
survey marks on outer
vacuum box <0.2 mm

combined to 16+16 or 32+32 strips
strip pitch selectable 0.5 - 4 mm

\
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) adaptatlon -—-> leSS cIror Of beam Wldth = UR.2a  LEE- E4. 23 LBFC iH 23 = a5 =ec YR.ss  LBX- #5.8% LBFC 45 8% = -2
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thin permanent 1onisation chamber profile monitor [_ _
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6 um titanium foils
soldered to
thick-film coated
ceramic frames

current (Pass)
current (MCS)
& vertical profile (32 strips)
<

horizontal profile (32 strips)

collection efficiency due to ion recombinat

_f gag® * current density

petter than expect
voltage2

n

@beam diameter 2.4 mm fwgm

1 beam current @250 MeV

IC: inaN filled box g meas“:eorgenri /
with thin Ti-windows g 330 A /- smaten
SEM: in vacuum 5 560 nA S/ 100mA

_ © - 560nA
1000x less signal -

microphonics

obsolet?_\ 0 = |
1 10 100 1000 10000

high voltage [V]
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Ionisation chamber position and halo monitors [_ _
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planar (CP experimental area) axisymmetric (CP OP)IS axisymmetric (beam lines
+2000 V
2.5 mm< ' | halo
N\ ‘ . +300 V (4 segment:
beam
& A N B
<Y %\ ] I
current
’m’ AL 1 78
Q& halo position beam @ 80-90 mn
% (4 segments)
Q
position separatrices (electric field lines)
(4 segments) define drainage areas

aluminised (double sided) kapton foils

folded
around §
bellow




PAUL SCHERRER INSTITUT

Multi-Leaf-Faraday-Cups measure beam energy a1
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» the beam energy distribution is determined
from the measured range distribution

» the beam is stopped in a stack of 64 copper
sheets of varying thickness

 the copper sheets are separated by Kapton foli : L ' |I
« the 64 currents (>10 pA) are measured d «-’"i’ N :é‘; 8 )
\" J . l ‘,

 MLFC is mounted on a compressed-air actuatt : ”*‘ < 77 /!

* in vacuum, no active cooling --> max. 200 kJ/o

* two variants: for OPTIS2: 65 - 86 (- 252) MeV,
for gantries: 68 - 252 MeV

e a refined evaluation is needed for an
accurate range determination

comparison of two MLFC at 0.46 nA beam

0.2
—a— Gantry 1

—— OPTIS2
--------- detection limit

o
.
(3,}

o
N

lieat [NA]

copper leaves - Kapton
\ N

0.05 1 beam

70 72 74 76 78 80 82 £ £ .- 64 currents- - <L <L <L £ <L




Cables and Electronics (MCS)
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ionisation _
chamber ~40 m of cable_.
_ low microphonics!
beam fraction to be detected: H lo
g amp
~1pA... TuA no ground loops!
tray separate from water/air
ionisation chamber amplifies Y p_, DC-DC
by a factor 43 ... 1600 coupling
depending on beam energy -
and geometry
- — ]
signal 50 pA ... 5QIA L e high voltage
module L

logarithmic amplifier range:
~10 pA ... 10 mA

accuracy of £2% from 100 pA ... 1 mA
yet not fully reached

'

charge-collection time of ionisation chamber: p&2

/

low-pass by cable capacity and inpsister: 7us

current-depemdesandwidth of log amp:

sampling speed: 2Q@s (improvable)

outsides of vault
for service access

dynamic response bandwidth
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=

—
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—4— step modulation rise time | |
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o

n\f

©
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input current [nA]

00 10000



VME PMC carrier board

ADC’s
14+ bits

_ETTTIN

System
FPGA

mezzanine connectors:
trigger, interlock,
watch-dog, ...

User
FPGA

#eeaa

T

ot T TS -

A

LU

mmm
|
|

Compact Flash Card:
system/user firmware

EEPROM for
calibration LUT/
interlock limits

PAUL SCHERRER INSTITUT

RS

|

R. Délling, AccApp‘07

32 channel logarithmic amplifier LoglV 32

interlock output

on separate ground

32 channels together

%

n

32 channel
input connector

synchronous sampling 5 kHz




VME PMC carrier board

System
FPGA

|
mezzanine connectors:
trigger, interlock,
watch-dog, ...

¥ELETIRLO

¥ IDICE 1A

A ITdATIN

M-X=LHIA
SNNKIE o 8

VPC Rew. 31 LogiV
1.03 <

SFw:
UFw: 1.04
Uswe 1.08
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4x4 channel logarithmic amplifier LogIV4x4

block of 4
channels with
separate ground

Ko
4 Channel

e
input connector

ADC’s
14+ bits

analog outputs
(uncalibrated)
0.5 V/current decade

interlock output

EEPROM for
calibration LUT/
interlock limits

Compact Flash Card:
system/user firmware

synchronous sampling 5 kHz
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Measurement capabilities of LoqglV a1 w
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e in module available (5 kHz update) - e in MCSderived (on user request)
(requestable by MCS) energy-dependent conversion factors
- individual signal currents* - beam currents

- series of profiles (=all currents)**

e in module derived from simultaneously sampled currents

- sum - beam current

- maximum -> every profile monitor is a current

- center position/width (profile) and transmission monitor too

- hor./vert. position (halo-mon.)

- current ratios - beam current ratios (transmission)
- current integral - beam current integral

(only LoglV32, only LoglV4x4)

each signal is doubly available: filtered
with configurable low-passfilters A, B

* user request to MCS, MCSindividually asks module via VME - readings not simultaneous
** up to 4095 profiles (each simultaneously sampled) withn* 0.2 msseparation (n=1...~x)
(trigger + en-bloc readout requestable by MCS)
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Interlocks in the MCSheck the beam and the detectors —pa™
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e from LoglV (latency few ms, filter configurable) e from high-voltage modules (1 ms)

- beam current or transmission too high/low - detector g@tino low
- beam current integral too high/low - supply current toghhi{short)
- beam position/width wrong - module error

- losses too high/low

- detector high-voltage readback too low
- output of twin-detectors too different

- module error

o IL limits and IL activation configurable in the moesl

* IL activation configurable in the MCS

* IL not depending on machine-tune or user mode (passibl

 no fast evaluation of signals arriving distributeds&veral
modules (possible)
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Interlocks in the MCSheck the beam and the detectors —pa™
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e from LoglV (latency few ms, filter configurable) e from high-voltage modules (1 ms)

- beam current or transmission too high/low - detector g@tino low
- beam current integral too high/low - supply current toghhi{short)
- beam position/width wrong - module error

- losses too high/low

- detector high-voltage readback too low
- output of twin-detectors too different

- module error

o IL limits and IL activation configurable in the moesl

* IL activation configurable in the MCS

* IL not depending on machine-tune or user mode (passibl

 no fast evaluation of signals arriving distributeds&veral
modules (possible)

MCS

this resembles the MCS-IL-system at PSl‘'s MW-beam lines
there: prevents the beam from melting beam pipe/components

here: enforces stability and reproducibility of the beam



Diagnostics system checks in the MCS
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e permanent (by I nterlocks)
- self check electronic modules (watch dog)
- consistency of twin-detectors
- high voltage read-back of some IC & SEM
- high-voltage supply currents of all IC & SEM (shoiteclit)

e periodically (~1/day) without beam (by MCS-routines) (not ready at present)
- high-voltage supply currents of all IC & SEM (leakagerent)
- influence test of all IC & SEM & MLFC (complete systg)n [ GEEEZ

02-09-2005 ._15 123:47 Suspend led o]

Maximum 1000, 00 2,00
tinimum 0.¢
response must be Valus wuasr T B
reproducible Lignice MMAPVBIST: | MMAPI2YI01:2 | MMAP

deteCtOI’ 0.5" 0.5" 0.5" 0.5" 0.5" 0.,5" 0.,5" 0,b"
I ~40 m of cable 7 ‘
log amp
l ‘ LoglV
L

. — S high voltage
- fiter module

m L

defined voltage ramp
(or step)
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Nozzle diagnostics for dosimetry (Gantry 1) Spep™
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1. planar IC, defines the spot dose {5),
collection time 9Qus, 23 cm * 3 cm, 2(im aluminised Mylar foils, ambient air

2. planar IC, verifies the spot dose after each spoi(),
microphonicsl!collection time 35Qus

3. Frisch-grid monitor, verifies the spot dose after esobt ( ),
no microphonicsposition/current dependency, collection time {0 nitrogen

4. two planar multistrip-IC, check hor.+vert. beam posifor each spot{a>50~0.1 mn)j,
strip pitch 4.4 mm, 2%m aluminised Kapton/Mylar foils

(additional beam-position check by Hall prolwes
sweeper magnet and last bending magnai; 50 ~1 mm

sweeper magnet

beam
—= Mmonitors

range-shifter
patient table

3. 1. 2. 4.
-4500V +2000V +2000V  +2000 V

77777777777777777777777777777777 %J/ [ [ [ . 7

r N \ \ \ \ \ \ \ /

. | AR - IR

1 cathode 1 ] o A
_beam | DO i i o o | electronics:

i i | o o |\ currentto frequency

| | | | | | / \

| o o O °o 0 o 00 [ [ [ [ [ \ | \ +
M | Frisch grid T Pyt by by b | | converters + counte

| |
~ms ~ms | \ \ ) 5 . vacuum

Lfi 7777777777777777777777777777 : current  current profiles sound

guard current  guard— -1500 V

barrier
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Nozzle diagnostics for dosimetry (Gantry 1) Spep™

1. planar IC, defines the s position deviation [mm] o

collection time 9Qus, 23 cm * planned vs. verified (50 spots shown) Rjr

2. planar IC, verifies the s -3
microphonics!collection time

3. Frisch-grid monitor, ver
no microphonicsposition/curt

4. two planar multistrip-IC,
strip pitch 4.4 mm, 2%m alun

(additional beam-positio
sweeper magnet and la

sweeper magnet

beam
—= Mmonitors

range-shifter
patient table

other transversal direction
|

sweep direction

3. 1. 2.
4500V +2000V +2000 V

S —— ST = iy i st
B | | o o o )
1 cathode 1 ] o A
beam_ | DO | i o o -1 dectronics:
i i | o o | | currentto frequency
| o [¢] [¢] [¢] Qo [¢] [¢] [¢] [¢] [¢] [¢] [¢] [¢] ! ! ! ! ! ! / !
M | Erisch gridc i R R | | converters + counte
| |
~ms ~ms } ] } 4 . vacuum
Lfi fffff T T eament  auardL - : 00 current  current profiles  <5und
guar curren guar -1500 V

barrier
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* an ensemble of diagnostics has been tailored to the éeds
the proton therapy at PSI

o it IS used extensively for commissioning and set-up

o it worked successfully for patient treatment



