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Heidelberg (HIT) and Marburg (MIT) lon-Beam Therapy Centres

HIT and MIT are the only facilities for
heavy-ion (p and **C®*) therapy in Germany.

HIT:
In clinical op. since Nov. 2009

Accelerator design by GSI,
based on GSI precursor experiments.

klinikum.uni-heidelberg.de ) MIT:

' In clinical op. since Oct. 2015
Treatment
' Beamlines rooms

Linac: Identical to HIT machine.

Synchrotron

45° Beamline

Synchrotron + HEBT:
re-implementation by
Siemens HealthCare / Danfysik.

Linac

(Identical machine is in op. at
Shanghai Proton and Heavy lon Centre)

http://www.mit-marburg.de MI 7 4
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The MIT accelerator

2 x 290 rigidities:

Protons: 48 - 221 MeV
126+ 88 — 430 MeVl/u

Beam intensities:

Protons: < 3-10%°parts.
12Ce+ < 1-10° parts.

per cycle
4 treatment rooms:

3 x hor., 1 x 45°

Lazarev et al., Proc. of IPAC 2011
Scheeler et al. Proc. of IPAC 2016

mit-marburg.de
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Pencil beam scanning method

Durante and Paganetti,

Rep. Prog. Phys. 79 (2016) 1) Sequence of pencil-beams
of defined range.

ﬁL : : i H ” : 1 1
| I — 2) “Paint” each iso-energetic slice of
Sy T the target using scanning magnets.
PRSI SCArnIng Optimum 3D tumour conformity
of dose-distribution.
y rumer _Requires a high-quality ion beam
7/%1 1 — in pulses of ~ few seconds
|
J/ Stable pointin_g direction
polfaces of dipol-magnets / Ve _SpOt S|;e
... intensity
'last first
Haberer et al., NIM A 330 (1993) B ,'3:::;

MITJL
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RF-KO system

~_MIT Synchrotron (CKr) __MAD-X 5.02.06 09/03/17 20.17.23
B p Sextupoles -
KO exc. El. extr. septum -~ | ]
Iz iz : ¥ . B
] : f ; A\ : -* p -
! \
i |: —
1% :
i } : :
12 Wz B
7 ¥ B %
. . \ A\ : ;E, ‘E\"EI" b7 b \':
Circulating 1! 2 1] E ' ;
i 1 L i H 2]
beam : i i : . . :
0.0 12.96 25.92 38.88 51.84 64.80

s (m)

RF-KO Kicker

kicker @_D Heemade ! « MIT synchrotron (65 m)

Bp_ . ~6.6Tm

Fixed optics during extraction

_~

Q, =169, &=-09

RF-KO driven extraction
via 5/3 resonance.

NM77T
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RF-KO system: Feedback

Extraction rate R

Circulating
beam

Kicker
Electrode

Feedback to KO amp. gain: R

meas

—
set

Therapy Control System

lonisation chambers:
rate R at

meas
beam outlet. l R ..

Intensity-Controlled Rasterscan Technigue, Haberer et al., GSI, NIM A, 1993

M7 7
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Slow Extraction Workshop 2019 | Fermilab | 23 July 2019

6 Marburger lonenstrahl-Therapiezentrum



Spill quality

Spill contributed by MIT to the 2016 workshop:

C%* (298 MeV/u), with DIC, 50 ps binning.

1x108

8x107

Spill rate (s)

6x107-
4x107

1206+ (208 MeV/u)

|‘ i 1) ‘
|

running average

| L L L L L L L L L L L L

Chair: 0. Boine-Frankenheim, G. Franchetti
Secretary: . De Caluwe

International Advisory Committee

96r=pluoAd-Aejdsigasuaiapuod/ap isd odpul/sdny %
ol

Mei Bai (2]
Massimo  Giovannozzi CERN
Magdalena Gorska GSI
Sergey Ivanov IHEP
Sergei Nogaitsev  FNAL
Masahito  Tomizawa  KEK
Andreas Peters HIT

Dieter Prasuhn 2

NM77T

C. Krantz

Slow Extraction Workshop 2019 | Fermilab | 23 July 2019

Marburger lonenstrahl-Therapiezentrum

1-3 June 2016, Darmstadtium, (TU) Darmstadt, Germany




Spill quality

1)(108_" ] ] I ST T ||

8x1074

Spill rate (s™)

2x1074

6x107

4x107

. and spill modulation!

1206+ (298 MeV/u

0 2
Time (s)

e

Beam response to RF-KO is fast.
Can vary the average spill rate
on ~ 10 ms time scale!

“Dynamic Intensity Control” (DIC)
See also: Schoemers, NIM A 795 (2015) 92-99

4_

Intensity [parts/s]

12

¥ 10

Spill stabilisation ...

| Actual treatment plan

50

2.2

NM77T

1.8

C. Krantz
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Spill quality

1105t DIC feedback to RF-KO
T 2CH (298 MeViu) Lol 7 1
_ 8x1074 | [EYrm [imr E —  provides very good “macro structure”
A i | | i (time scales down to ~ 10 ms),
= 6x107 -
T : runnlng average:
= 4x107- /_“I\/Iacro Struc ure : - on shorter times
%) g S ) “micro structure” remains.
2x107 " (kHz ... MHz frequencies).
O o T i é — —— . LT No te:
SREROP ‘LI TR TR T time resolution of IC detectors
0 ) -, S 8 10
SR U blurs structures below ~ 10 ... 100 us!
(11 e e s s o s s s
8x107
% B Spikes in extraction rate
L - can saturate ICs
@ T N :
= axq0r 1 automatic beam dumps
2 i
2X107—_
o4 ] - | N ) | Y D
2.3 2.32 2.34 2.36 2.38
Time (s) M I 7 4
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Spill quality

FFT

1%x1084
8x1074

6x107

-4

Spill rate (s™)

2x107

0

4x107 34 L b

12C5* (298 MeV/u)

100.04——

-
o
(@)

Amplitude (arb.)

—x
o

01—
0.001

0.01

0.1
Frequency (kHz)

BTN (B =101 7 11 R

1

10

2.3

2.34 2.36

Time (s)

Micro-structure:

dominant n x 50 Hz
(power-grid) lines.

NM77T
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Spill quality

Spill optimisation techniques:

1) Extraction from bunched

beam.
(L2 e g e e e e e e S i i
] ok & | o F - nc. motion combined
j e (298-1-I\/I:eV/u) F Y -
§ i synchrotron B with chromaticity.
A . | imotlon i
. -f o 480 Hz - —  Faster sparatrix
— 10.0- | ’ crossing.
L2 7, &
© - B
P . N (Adopted from GSI)
o . - e.g. Sorge et al., Proc. IPAC 2018
ﬁ - =
£
<  1.04 - . -
- E 2) “Matching” of RF-KO spectrum
i - and particle tunes.
1 i - Excite high betatron
O-'I_| |: | | | | | ||| | | | i |_ ampIItUdeS preferentla”y
0.001 0.01 0.1 1 10
Frequency (kHz) - Faster sparatrix
crossing.
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RF-KO Spectrum

RF-KO spectrum is generated by random phase-shift keying (PSK).

3 parameters define the noise kicker spectrum:

f,. Main oscillator frequency

1 0 0 1 0 1
Serial | |
binary
data

Af: Random PSK frequency
A:  Amplitude BPSK =X7-Y 1Y \T T‘ -f J .
f\ Phase changes
10 [ | T T T | ]
- Nom. KO spec. (arb.) =———
N T LT L LT T T SRR SRR
Circulating
beam
1F 7 fO’ Af A
— ] y
_-% \ E(Y) Kicker
E _. 'I Electrode
£ —>
i ._>
E dig : RF Amp. / /
T
electric noise
field E(t)
0.01 & R v i i %

166 168 17
Moise freq. [ rev. freq.

1.72
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Micro structure: Effect of RF-KO spectrum

Spill rate (s)

“Bad”: RF-KO ~ Machine tune “Good”: RF-KO — Extraction res.
00 - : —~ :
’§ Extlr. resonanlcei ——— Machine tune -% 1l Ext}. resonanlce E " F——"™Machine 'tune '
= 109 = 1.666.~ fo 2\ 0~ 1.687 ] = 105 =1.666 Jo\ Q~ 1.687 g
‘;‘ s res E 1 a? y' |2 res .
£ o /\m ....... Af Af i A\ ﬁ 8 01 :\ﬂ ........ Af Af /?\
= \ 1 L il | U / = ! / /\
1.64 1.66 1.68 1.7 172 1.74 1.64 1.66 1.68 1.7 1.74
RF-KO freq. / Revolution freq. + 1 RF-KO freq. / Revolution freq. + 1
5X109—_ I | ] | 5x10%- .
] Measurement (p, 100 MeV) i gﬁ:asu:emgr::t (p, 100 MaV)
5. —— DIC set point il
4x10 ] 4%x10°+ T &
B 3x10° “3x100]
i Q i
' AU AR S s ro RN R bR
o LA LEA,JOE {4 11 VOAAIE LA AR 1 0 LA (Y = o JJILATNAIA TRLL VLRI UL M TR YL EHL ML LIOARA |
2x10 YOOV TR |||"'||r"l'||' 0?1-2"‘10 111 '|1.q|'1| LU i WL il
1x10° 3 1x10°
O_I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I O_-I T T T T I T T T T I T T T T I T T T T I | T T T I T T | T I
3400 3450 3500 3550 3600 3650 3700 3400 3450 3500 3550 3600 3650 3700
time (ms) time (ms)

MIT4
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Micro structure: Effect of RF-KO spectrum

“Bad”: RF-KO ~ Machine tune

“Good”: RF-KO — Extraction res.

—~ 100 . : ~ 100 . -
-% Extlr. resonanlcei ——'Machine tune —% Ext}. resonanlce : ' F—"Machine 'tune '
S 10 T 1666 /o O\ 0~ 1.687 1 < 10y iess N 0~ 1.687 ]
= 1F . : . = = 1 - Yy /\ , .
5 o 0
B o /\ Af i A\ m 8 01 :\ m R Af A /A}\ /\_
k= \ 1 : | U / k= T I / | \/ i |
1.64 1.66 1.68 1LY 1,72 1.74 1.64 1.66 1.68 1.7 1.72 1.74
RF-KO freq. / Revolution freq. + 1 RF-KO freq. / Revolution freq. + 1
large variance small variance
5X109—_ l I | ] . 5x109__ . . ,
] Measurement (p, 100 MeV) 1 Measurem_ent (p, 100 MeV)
i DIC set point i DIC set point
4)(109—_ : 4x10°4 | T T
23%10°] Rate decays ng,q09] i i : Follows
S ] slowly after g i set-point
= y KO-RF off £ Wl | | !
= 2%10°% ht | = 2x10°4Y] Illl LA R I 1L AL
2 ] o A1 WAV R UTOYT VY SO T ATl A Al
. | Unwanted : | most no
1x10°+ extraction i x109—- bl | | : __eXt.raCUOn
: ¢ i after| switch-off
O_I T T T T i T T T T i T T T T i T T T T I T T T T I T T T T I 0_-| T T T T I T T T T I T T T T i T T T T i | T T T I T T | T I
3400 3450 3500 3550 3600 3650 3700 3400 3450 3500 3550 3600 3650 3700
time (ms) time (ms)
Krantz et al., Proc IPAC 2018 MI T 4
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Micro structure: Effect of RF-KO spectrum
“Good”: RF-KO — Extraction res.

“Bad”: RF-KO ~ Machine tune

[
=)
=)

Extlr. resonanlce
[O,es = 1.666..."‘“‘;

(S
e

Intensity (arb.)

——"Machine'tune
N ~1.687 .
Af Af-\: m /

0.1 /\ i Af
\ ! L & 1 | \f :
1.64 1.66 1.68 1.7 1.72 1.74
RF-KO freq. / Revolution freq. + 1
- X sep.
Excitation of A -

small amplitudes

= 100 | T | | - ,

= Extr. resonance ——— Machine tune

< 100 ~1.666.. TN O~ 1.687 .

2 01 x m -------- Af A @7\ |

= T ! / | \/ ! /\
1.64 1.66 1.68 1.7 172 1.74

RF-KO freq. / Revolution freq. + 1

Excitation of
large amplitudes

X

NMIT

sep.

C. Krantz

Slow Extraction Workshop 2019 | Fermilab | 23 July 2019

15

Marburger lonenstrahl-Therapiezentrum

.



Micro structure: Effect of RF-KO spectrum

“Bad”: RF-KO ~ Machine tune “Good”: RF-KO — Extraction res.
—~ 100 : - ~ :
'% 10 Extr. resonanlcei —— Machine tune '% v Extr. resonance | —'\“————h'MaChine tune |
> 19 0u=1.666.7 fo ™\ O~ 1.687 . S 1015 T 1.666.. 5 0 ~1.687 -
7 LT ¥ ] 7 1L £\ T
¥ o /\ H\ e A e m S o1 :\ m P Af A /A?\ |
k= \ 1 Lot .\f / RS T ! / ! \/ | /\
1.64 1.66 1.68 L% 1512 1.74 1.64 1.66 1.68 1.7 1.72 1.74
RF-KO freq. / Revolution freq. + 1 RF-KO freq. / Revolution freq. + 1
. X Sep. _ X sep.
Ripple feeds on A Ripple feedson  § -
many particles. few particles.

- Still improving on that.

Krantz et al., Proc IPAC 2018 ' See next talk by F. Faber! M I T 4

Marburger lonenstrahl-Therapiezentrum
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Micro structure: Ripple cancellation

Additional project since 2018:

Reduction of separatrix ripple

—  Stabilise machine tune via
fast corrections of the
guadrupole fields.

(“noise cancellation”)

MIT4
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Ripple cancellation @ CNAO

Ripple compensation using an Air Core Quadrupole

(ACQ) magnet has been demonstrated at the il
CNAO hadron therapy centre (Italy). HEBT I

Monitor | |
.| Monitor Acquisition

P1 software control

(cf. presentation by M. Pullia)

Beam I

jonuo) Ajddng Jamog

Beam I ACQ Power Supply

Kepco BOP 100-4M

ACQ !

I ELECTRONICS ROOM
image: _
courtesy s Cracciolo et al., Proc IPAC 2011
of M. Pullia —
2. 015 >
s ACQ feedback
=
e loop on
(o]
T
& 0.05
o
D T T 1
- 0 0.2 0.4 0.6 0.8 1 1.2 14
;é Time [s]
" “ ,é

fondazionecnao. - NI T
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At MIT and HIT: Compatibility with DIC RF-KO required

7 | Actual treatment plan

x 10

50

DIC may vary the spill rate on the 12
~ 10 ms scale!

— Possible ripple cancellation systems
must be compatible with this
wanted (but random) spill modulation!

Intensity [parts/s]
Controller Output (arb.)

A feedback loop could be prone
to in-fighting with the DIC

96 18 2 2.2 2.4

MITJL

Marburger lonenstrahl-Therapiezentrum
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Cancellation of power-grid harmonics

2.0x10——t——"F——— — _
g : | Instead: Forward correction of
%1 5x104 power-grid harmonics (n x 50 Hz) ...
& 1.0x10
55.0%10™
0_
0
25 1 1 1 L1 111 1 1 1 L1 11 I| 1
: ~ "
2.0<10° 126+ : 1 iz 300 HzDIC i
‘%;\ . _11_><__50-HZ comp. C (167 MCV/U.) -E 207__ 250 Hz / :_
ol (n<12) 8 .3 \ :
= 1 Oxlo& l O 15: 2C* i
= A WL I\ 5 1o (167 Meviu) 200 Hz :
&s. 0><10? \ i 4\ i\l Wi g 50 Hz 1:()\ 3;0 00 Hz :
- Z -
| | | | | | | | - = \ \ //600 Hz E
3.2 322 3.24 3.26 3.28 1 ‘ II.I“lh ||“|u| |l| | i
Time (s) 0 o 1
Principle: Frequency (kHz)

Use this function (inverted) as basis for the
machine tune correction.

(And hope it is stable over time ...) NIT 4
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A simple Air-Core Quadrupole magnet: Use at MIT

Prototype
ACQ
built at MIT.

RF-KO kicker

51.84

25.92 38.88

s (m)

(ACQ, experimental)
Sextupole (6 tot.)

Pw, -
*Inj.: 7 MeV/u, multiturn
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A simple Air-Core Quadrupole magnet: Use at HIT

e 1000+
/. N -"4' s —_
RF cavity &) RF-KO kicker ° =
B j o
F-quadrupole L
=3
(2"‘4 tOt) O 1003
© - NS
ol e /1 0 © : : j :
1 S N ey S I S T E— } ..........
HIT-Sync. (Faber, Sﬁfrge. CKr) _ MAD-X 5.025]653!92;191_1.56.23 1 Measured current (At) |
| El extr. septum ~y POx 1|—— FAt:L=07mH R=25Q |
I e \ (AFQ) 10—, .‘ ; .’ .‘
: ' ' ' 100 1000 10000

f (Hz)
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Cancellation of power-grid harmonics

Phase-locking of internal
,00-Hz" clock to power-grid ref.

Phase-locked !
n x 50 Hz function generator. o —
rQuad Function Generator v.2.0@morn =100 =l ie 'i‘;I ?o# @aaq R ?
Freq. (Ha): R p— Phase (rad): Delta Phi = -0.003462 (averaged 0 x)
|50 []0.1200 [s]-0.60000 3O : Fo — . | . . | . Ip"‘“’irigrzfl i
100 [2][0.e500 [Ho.17000 5@ : F2 : :
150 [Flo1700  [5f-023000 IO i F2 e — i o . i N
200 2] 1.0000 [Jo.cooo0 5O 3 . :
[250 []j0.9500 []-100000 @ i Fa 8 .
300 2] 1.0000 [-[-0.08000 5@ : Fs g
350 [=][0.2300 150000 [E= i e &
400 [2]0.2500 [f[130000  [5E@ : F7 1oeee |
450 [2]/1.0000 [Jo.0oo00  EjO i Fe :
[500 [z][1.0000 [Jo.ooooo O i Fo e e e L
[s50 [2]/1.0000 [FJo.0o0000 |00 : F1o 5 . " . 20
600 [2][1.0000 [sfo.00000 3O : F12 — : ==
IGSD |:|I1.0000 |:|I0.00000 [0 : F2 — . . . ;Ilglﬂ
700 [£]/1.0000 [fo.00000  [FO : Fa3 :
750 2] 1.0000 [o.cooo0 5O : F14
S ST S SR L o
Master Gain: Inc. (arb.): Phase (rad): Inc. (rad): .
|-0.3550 [=][0.0100 [<]-2.9632 [=][0.0100 ] = f 3 : 3 : < Arbltrary
“;gj o b AT S, LA VIS o WATS = phase-locked
. output [ EnablepLL Base function: & 5 i i 5 5 sums of n x 50 Hz
Bode Corr. PLL Plotter ) SéMOOth . fUﬂCtIOﬂS Sent
_  Sinewave ' | | 5 5 5 to ACQ amplifier.
Quit ‘ () Step functian
4 i i i i i
20002 -1.0s02  0.0e%00 10802 2.0e-02
Time (=)
0.0163667, 1.02223 M I ,
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Does it work?

First tests (work in progress!)

1.1E+008 4

1206+ (167 MeV/u), RF-KO with DIC

™

)
]
&,
=
L&)
=}
o
s

1.06+007 -

500
Time [s]

MIT: 2C* @ 167 MeV/u M I T

Data: lonisation chamber in extraction beam line. i
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Does it work? ... Yes!

First tests (work in progress!)

12Ce* (167 MeV/u), RF-KO with DIC + ACQ correction

1.0E+007 -

5.00

Time [s]

MIT: 2C%* @ 167 MeV/u M I 7T

Data: lonisation chamber in extraction beam line. 4
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Does it work? ... Yes!

First tests (work in progress!)

HODIC1 [Rate]

Data: lonisation chamber in extraction beam line.
MIT: 12C%* @ 167 MeV/u M I T 4

32 Marburger lonenstrahl-Therapiezentrum

C. Krantz Slow Extraction Workshop 2019 | Fermilab | 23 July 2019



First results (@ MIT)

Up to now: Correction function is “hand-made”:

—  QOperator sets function generator while
observing the spill FFT.

Goal: Automatic learning routine populating
a “library” of correction functions.

Frequency (kHz)
0.1 1

o 8%105] 12C8+ (167 MeV/u)

$6x105% DIC On,

§4X1OZ§ ACQOff Corrections seem
<210 stable at least over
0 ~ few days.
5] | S — e ——— S - i | o
%2:]855 1265+ (167 MeV/u) § R (Preliminary!)
S.4x10°% DIC On, ' I

£ 2x105 ACQ On i S S
< 0- . st Mﬁmm

0.01 0.1 1

Frequency (kHz) MI T 4
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First results (@ MIT)

12C¢* (167 MeV/u) + ACQ correction

Histogram of IC measurements
(50 ps sampling)

] ! 12C8+ (167 MeV/u),
1000 ' No tune corr.
: . — With tune corr.
o ] : :4—: High peaks
= ; : + decreased
— 100—: 1 ] ] b 50 A
g - } 3 o Y Toun
£ 10 2 P
kv, . 1 c O : :
= ' @ LD ' '
10 - 1O N " ;
f =] L
i : 1 :
1_| T I | T I: T T | T T T T |:\I -I ’I: T |
100 200 300 400 500
IC (nA)

NMIT 4
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Likelihood (arb.)

First results (@ HIT)

| |
| ™ no ACQ corr.
40009 — with ACQ corr. |
. —- Poisson (scaled)
| |
1000_5 12c6+ =
. 250 MeV/u
- 4x10° part.
100 -
10
1_I T | T | T I T I T | T T
0 2000 4000 6000 8000 10000 12000
Parts / 50 ps int. time
Overall:

Very similar results at the HIT and MIT
synchrotrons.

F = <N>2/<N?> (det. int: 50 ps)

Duty-factor (GSI)

F

(N W
(N°) w+o

(Sorge et al., Proc. of IPAC 2018)

12C8+ (250 MeV/u, 4x108 part.)

—— With ACQ corr.
No ACQ corr.
————— Poisson

— T v 1 v T v T v T v T v 1
1 2 3 4 5 6 T
time (s)
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First results (@ HIT)

Duty-factor (GSI)

Likelihood (arb.)

2 2
_' MW no ACQ corr. I 2 2+ 2
10000; — with ACQ corr. <N > w=o
s —- Poisson (scaled) (Sorge et al., Proc. of IPAC 2018)
i |
1000_5 12c6+ =
. 250 MeV/u
: 4x10° part. at: || 12C%* (250 MeV/u, 4x10° part.)
100 =
A I e
1 2
10 P =
= Q
3 T 2
] ,I A -
]
1_I ' | ! | ' I ' | ! | ! l __Z\::O'g_
0 2000 4000 6000 8000 10000 12000 €9
Parts / 50 ps int. time f, . —  With ACQ corr.
[ i No ACQ corr.
. = - i Pletinstin
Duty factors all relatively close to 1 due to Gindicd
: : : S S ES RES
long detector integration (50 us) and high rate. 6o 1 2 3 a4 5 & 7
time (s)

Decrease of likelihood of high peaks

IS the most important aspect. NI T 4
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Outlook: Do we actually need the ACQ?

Idea:  Apply tune ripple correction directly to F-quad family

— Injection of forward correction into
PS control loop (instead of ACQ)

Power Supply

Accelerator Sum Amplifier Pl Controller
Controls i

R1

1
""""""""""""""""""""""" Power
Electronics [.2CCT =—1F-Quads|
oP2 Y
IC (Outlet)
¥
A
|Isolatio+n Ampl.| Human Operator
| DAC [« Tune Correction}« (to be replaced by self-

learning algorithm)
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Outlook: Do we actually need the ACQ?

First tests: Cancellation by F-quads equally possible @ frequencies < 1 kHz ...

[E8BD Measure - (V1.26, Release 22) 4

y =18]x]
application User Help
8 8300626 P T e o | ) I
: ACT Dott
MP P
o " 1T = N
o

ES0 S [ [ = o I : -
167.120 MeViu | B .

Expert| 1. Cunent measurement/Profle measuament Event courting | OT Level| OT Trend | BaMS | MEFI |

Spil struktwe ~ Il @ Q& (T I BES ESOF11137354 T ——

BLM

I~ $108L1 I Tas

1.1€+008 = HODICI (1) y-asis zoom lo range
I~ S2DBLY P Test R A Scale aly-aiis
I S4DBLT B ey _Eeaeanny
sz Ul Ansize
™ HopsCt B Teg 1.0E4008
I~ HODSC2 L L i Fast drawing

™ HODSC3 BT Teg
™ HODSC4 BT Jey
I~ VODSCI L

I

¥ HODIC1 £
™ HODIC2 .
™ HODIC3 o
™ HODIC4 o
[~ viDIC o

fv::;mawcmem 2] F_ Q U a.d CO r r- o N

F-Quad corr. OFF

Secondary charge pi
integration time [C]

& Beam paricle rate [5-1]

¢ Munbier of bearn paticles
pe. intearation time

HODIC1 [Rate]

5.0E+007

---.él.----.----

HEDICT |
408007 Marker-Pos_(s) [t-202 5. 876
Integral 468E11 Particle/s 6.04E10
MeanvalueM 6.44E7 Sigma 1.11E7
Minimum 2.95E7  Maximum 1.19E8
Roes, Min. / M 0.46 Max. /M 1.84
Show mean yalue and sigma interval i
1.0€+007
0,0 +000 References
15122018 06:48:03 Fieeze | LSV Expot
sl 55 6.0 7.0 80 85 90 35 05 ; W [
Time [s] i [

=

Data: lonisation chamber in extraction beam line.
MIT: 2C%* @ 167 MeV/u

NM77T
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Summary

Intensity-controlled RF-KO excitation, as used at HIT and MIT provides
excellent spill structure.

Fast response of the beam to RF-KO is a key feature for the therapy application.
The effect of the RF-KO spectrum on the spill quality is significant.

Ripple cancellation by fast correction quadrupole fields seems promising.

MITJL
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Thank You for Your Attention.
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