PAUL SCHERRER INSTITUT

_:b

Bunch-Shape Measurements at PSI’s
High Power Cyclotrons and Proton Beam Lines

Rudolf Dolling, Paul Scherrer Institut, CH-5232 Villigen-PSI

technique
- measurement locations, measurement principle

- setup of detectors and timing&other electronics

- measurement and evaluation procedure, corrections, software

results
- on beam parameters
- on the methods performance/problems

- on wire probe performance

eventual next steps

relation to beam dynamics simulations and machine development
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measurement principle 1=

carbon
wire
5e7 bunches/s m 033 um
w = ? : 0.5% hit wire
2.8¢e8 protons/bunch T 72 MeV
1.4e16 protons/s : 11 mmz 61 MeV after elastic scattering 90°
100 ps

scintillation - 200 protons/s

light collection scintillator | ~320 ps stopping time

~50000 photo electrons g PMT W

PMT amplification '

50 m coax cable
levels: input pulse at timing electronics enlarged
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5e7 bunches/s
2.8e8 protons/bunch
1.4e16 protons/s

scintillation

100 ps
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~50000 photo electrons _——

PMT amplification
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measurement principle 1=

carbon
wire
D33 um

) —— 0.5% hit wire

61 MeV after elastic scattering 90°
56.6 MeV after inelastic scattering 90°  AW=4.4 MeV

(~120 ps late arrival) and other
I 200 protons/s dlscrgte
scintillator | l\ ~320 ps stopping time ROSRgIes
- PMT 1|
enlarged
15 ns OO 0.5 1.0 1.3 ns
0.1-
: +
start timer (Falic
0.2
counts _ 2D profile
v more wire
ad A positions

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13



PAUL SCHERRER INSTITUT

detector setup at beam lines

with several wire orientations

—> several 2D projections of 3D density distribution

carbon wires ¥33 um

with current read out

(schematic,

seen in beam direction,

the broader printed wire ends
are closer to the beholder)

LN
|

wire 1

PMT at 590 MeV:

— Mumetal shield | H m
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detector setup at Injector 2

. OJ_/‘\. eooe™ I,_

wire 0

wire replacement

e R

~
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detector setup at Ring cyclotron 1=
wire 0 | U ‘
. niclgiisacainst '
- ® | O SXITAGNON clements EEC, FM
turn _ ; - !
| ‘, - { scintil SR
o T S | el (moves
% / With
= / wire)

RRE"
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old RIZ1 MXZ1 MXZ3 MXZ5 MXZ7 RRZ1 MHZ1 Injector 2

RIZ1 , , ~... detectors reference rescnator 2
1 1 1 1 T T coupling
loop
long cables

TTTT 20 nF 1
select 'l e
PMT f 275 057705 gselect

2.1V o1k - bunch shape

_0'5 - resolution (from coincidence spectrum,

several variants for evaluation
-6.5 of parts of circuit not shown)

1.5
2.5Vpp
2.1V
4
"amplitude” v .o "reference"
1 timing -20 +x
P delay
1 1 3 +delay
-0.5v -1.05V 1
-24 -16+delay +x
LED-1 LED-2 LED-3 (leading edge discriminator
-500 mV -60 mV -60my | Philips 704)
9 7 8 variant:
50 |15 200 |18 3 for observationof /_, , -
5002 1 500) accepted pulses )
1
8 1
1 delay2 -T+delay 1
- (-14) -10 +x >0l 429
2 +452 (0)
1 AND-1 2 AND-2 (331..421) AND-3
3 3
(logic
20 Phillips 754) | & 8 1 8
20 |2 50 50
scope | [scope scope | 3 scope|_ 8 5002 scope o
CH4 CH1 CH2 0 CH3 500 o - tigger | 5 o
- - - elay - meter
-0/452 =gate| _q2 | = start+1 0 (perfdef.) = stop (16) | +x »180 | =442
pulse accepts
without Gate Start correztly StOp
Iwith SCA 16. 34 MCA
TAC 330...420 | (multi channel anal.
SCA 1000
(time to amplitude converter Canberra Multiport I1)
Canberra 2145) TAC 1000 |
technique
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electronics 1w

- relays

- high voltage
- wire current readout
(logarithmic ampl.)

- motor drivers

\
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setting the PMT voltage @fixed beam energy (at beam lines ) 1w

discrimination in order to only accept a single species: levels: input pulse at timing electronics
0 5 10 15ns

...............

- instead of adjusting the discriminator level, sart timer 0

the PMT voltage = gain = pulse height is varied N
- precision is needed (1V steps or better)

accept pulse 7

oqe . 2 J
- stability is needed (to prevent walk) v
%@ - in some locations to be checked weakly (degradation of scintillator due to radiation)
w0 ‘© (wire at fixed position in beam, not same integration time)
"' o o 1-sigma
< 830 A projection from 2nd
% 20! moment 72 M V
R © "clean" separation
% 800 gl (small aperture) .
790¢ S e 1 all elastically scattered usable
780L AR T , . !
7400 7500 7600 7700 7800 7900 8000 0 4000 8000 O 50 [ps]
p elastic  inelastic | counts
s 0‘,’”
o i
: 72 MeV only 40% of
'— .
z i (large aperture) ) elastically scattered usable
I
A Mivd muaaah AR
9100 9200 9300 9400 9500 9600 9700 O 10000 20000 O 50 [ps]
counts
5 no discrete energies
i E]
o .
£ 590 MeV only a few slower particles usable
>
= It ke (not stopped) - long measurement duration
ty l"‘::al u: o'mo‘u i
TR K ]
8000 8500 9000 9500 10000 10500 O 10000 20000 0 500
counts [ps]

head longitudinal position [ps] tail
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setting the PMT voltage (@varied beam energy (Injector 2) T m

Bunch center energy changes from turn to turn = PMT voltage to be varied with probe position.
Some error introduced by assumptions on how local beam energy increases with radius:
- increase per turn, linear with bunch center radius (betatron oscillations introduce error)
- same energy all over a bunch (not linear with actual radius,
effect of space charge induced vortex motion?)

—> beam dynamic simulations needed for information

(Pulse-height resolution not good enough to measure energy differences in bunch.)

horizontal position x [mm]

-
voltage W
3050F ' ' ' ' " adapted for
(wire 4)  wire 3 wire 2 wire O f
3000r (still too high) | | ' .
Lo 23
2g50]. e Tt ®
2900 .;_:_'.__'.' S . ®
®
2850 - °
2800 itz ] '
2750 | B2 N
z
DL it i, || | E | ®
6500 7000 7500 8000 8500 9000 9500 10000 520 530 540
head longitudinal position [ps] tail PMT voltage [V]

57 -72 MeV

. . (new detector)
contour levels every 10% and at 1% and 0.1% (10%-level at border between cyan and light blue) - halo over-emphasized

technique R. Délling, Bunch-Shape Measurements, CYCLOTRONS'13
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corrections at evaluation (@varied beam energy (Injector 2) 1

effects -> consequences - evtl. corrections
- distance wire — detector changes —> shifts TOF of elastically scattered proton —> geometric correction
—> shifts solid angle to detector aperture - geometric correction
- systematic variation of beam energy —> shifts TOF of elastically scattered proton - geometric correction® *
with radius (in bunch and —> shifts PMT pulse height (walk) - PMT voltage adapted at meas.
from turn to turn) —> shifts scattering cross section —> empiric correction* *
- time resolution of measurement - clongates - crude correction

* with assumptions on energy variation
* can be accounted for by including scattering and transport to detector in beam dynamics simulation (predict histogram)

More issues, all elongating, hardly to correct for:

- beam energy spread at each radius > spreads TOF 2> *
- detector aperture allows range of scattering angles —> spreads energy and cross section > *
- quantum efficiency/gain changes over PMT surface - affects PMT pulse height (walk)

- light collection efficiency dependent on impact position > affects PMT pulse height (walk)
—> affects TOF of light & PMT transfer time

And
- PMT base line distortion (by EMV or background radiation) systematically/statistically —> affects discrimination

—> significantly more complicated than e.g. wire monitor evaluation

technique R. Délling, Bunch-Shape Measurements, CYCLOTRONS'13
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measurement software 1w

[-)] ZSmess_GUI1 - x

measurement modes (can be chosen for every wire) asoa o e

S_CAM AX_ARRAY_BYTES=600000 an
hardware status IE1/2, RRIZ, RRL, RREL/4, (RILL/RRIL/MXP

1Gr. 5 verz. @WX27/8: MNI Gr. 2 vers]

2 (@KXEI deact.)/ Panal

- 2D projection of bunch shape (standard): oy g e o g o o . e
slice time-structure measured at a serious of wire positions P — g g — -
~6 minutes/full projection TN O T O ’ g g o
~30 min in Ring cyclotron (smaller aperture, not stopped) h o o ﬁuﬁ:

- check of PMT voltage: e - T

slice time-structure measured for several PMT voltages i i N

RIZ1A 0.0 o 0 0
soll 29/08/2013 11:28:32  MHZ1-level

(at fixed wire position) S woen
MXCLIST [uA] 2186.7
fix gAHZl:SOL ’Tﬁ

- check of time resolution: - B o
MHzL fﬁzs Dlevel _resolution ’1 !(;;:r::\ ﬁ:.:,%nm

. . . . . eam lines:
b b d 1 d f f 1 Gileeng ol e (s from MHZLHV:S | [520.0 |\ (et
as above th coimciaence Slgna lnStea o1 reierence Slgna Rlog many machine parameters -] | g OL2 Tio0 5380 5380
close this window last  exit _jtast signal chosen & motor failure ignored (for dummy measurements) T = :h:::’m%“
time/pos. [s] ’T aaaaaaaaaaaa
Isall [uA) 2188

functionality

bei SOuA: 1.33xt; wisible = MNI7:ILOG:2
2t MHHIONLOGZ; Tevel |z 062

- sets relays

MXILLILOG:2

- proposes useful voltage and position ranges |

for all locations & measurement modes i —
. . . . . . |G| terminate ‘
- steers drives, starts/stops/reads MCA (waits if beam is missing) k _4_//“\ {

- monitores PMT base current for over-current condition

[s] 22%  sum'ds 20 cts 155

- logs ~500 machine parameters (settings, losses) } i {

m
status actual point 4.0 s

plus wire current, plus PMT voltage & base current

. . . . . . PMT Idiff [uA] 0.32 eset Hi

at each wire position (min/max/av) ( = test case for simulations ) w25 |
Fonini=

- (some machine interlock levels has still to be increased by ko)

MXC1 [uA] B s e

hand to allow for increased losses from wire) connert o sae

_ o1 1 f t to be saved as ——
glVCS prOgI'CS S Irormation home/ ACS/MesData/ Zeitstruktur/ MHZ 1-lev

el-20130829T112441.mat

- still not a ,,standard* application e 1
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evaluation software - starts with useful time and position ranges o b
for all locations & measurement modes

- performs corrections (configurable)
- shows 1 logged machine parameter (out of ~500)

- writes data to files

measurement settings

comment J— s192 I cumulate @fileload———
S HEMC a4 ClE a2
warning meox. 1600 ua W bei S0ud: 24, level 205 esginell= I :
:  —iniial range——————
’7(-‘ st © same © ful

£ wire 1
1 wire 2
& standerd [{~ o

™ subtract next inelastic peak

evaluation

7
& display
120

Val‘Dngituc;ne\; " longitudinal range change long. range corr. fitfunction correct 2 level line 10 (not @fillzd&hala) |

¢ m = == = | Py B 1 & retvetomar [ 1 export OPAL - [ 120 showlevelfcls] |

© ps e = € parabolic " absolute IT [ | ” .

© degres ET7) , ‘(: xi: ot respaw | |1 SOME ] _ et | | Zw==10, 3w==6 | Settlngs
. export Transp [~ fie -

[ ;f'"‘c'”' I~ shrink vertically [ExpenTramn y
¥ show integral (sawtocth) black _ clear

¥ corrsct resolution (Uses gauss fit) e g " color I~ setrange resol to 50 pssonly 100% curve (" beta linear in turn
only & RIZT, RRZ1 & "no fit' (8] r single turn (0 [ i (i

Verskn22 1172, Dalng [ — lod file

IMRIT:ILOG: 2 3

1 results
| IMNIT:ILOG: 2 E . . ‘, 4
10° | ‘ beam current [uA] 2192 ‘ W integr. time [s/pos ]
. moments b o> ¢ ~longitud. 222 bins a 3 ps : f
10D 1 | length(sigma)[] 35.4 | 38.9 e roe2 {max counts 344 lnput or
10 ‘”‘n‘mw \\f\ ;A feenterl) 10626 | 10525 i oo PP _—
‘ ! - - - : Icorrfactor [1] 0.9877 ooen e {max counts 344 simulation
. . T T (CWBPHSIST 2 =
300 1 [correlation 0.301 R { | total counts 121019
contours every 10% & 1%, 0.1%, 0.01%, E ﬂi transversal 65 bins—
200 J 90% current contour [%] 6.71 B of "max counts 10190
moments HEE 1
131 width(sigma) [mm] 1251 ¢ € lagged/signel rel. Efficiency 1.003
100 1 -4.25 center [mm] 427} ;’?Wfﬁg’é'[‘l'*?'&?-ﬁ i maxrate [Ha] 2547
Icorrfactor [1] 00855 | i | ieighed 76538 av. sigma loc. B0%[ ]
: D EREIXILOG:S MXCTIST2 3385
ri:ght
E..X..
[fm]
Iéft
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results
- on beam parameters
- on the methods performance/problems

- on wire probe performance
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=z
g
) R
< o
3
3

57 -72 MeV
production beam 2200 uA

- Three separate scans with
correspondingly adapted
PMT voltage ramps.

- A relative phase slip of ~9° builds up

over the last 11 turns.

results

—_—

A

o
o)
®
o}
o
o
o

HE.

2

wire 0

beam at Injector 2 last turns

horizontal position x [mm]

wire 0: seen from above

tail

-
2950

2900+

2850+

2800+

2750

2700+

0

200 400 600

800
longitudinal position [ps]

size [mm]

diagonal position p [mm/sqr(2)]

diagonal position g [-mm/sar(2)]

horizental position x [mm]

horizontal position x [mm]
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wire 2. seen diagonally
from above and larger position x

head tail
29801 BB
2960 |3 e B - 5.l n e S
P S .
2940 1 55 B oeutes CELI Shats
2020 (3pS W8 o~ P MeTU--
2900 | £ - S R §
T e L - o
2880 1 =y HI I ,_E
- e e . £
2860 | MEPS = FTTe IR >
- [CE N
AR . =
2840 -z,
2820
28004 * )
2780+
0 200 400 600 800 1000
longitudinal position [ps]
wire 3. seen diagonally
from above and smaller position x
g
oy
2
S
E
[1}]
N
]

400 600 800 1000

longitudinal position [ps]

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13



60
50
40
30
0 —a—m:: g (curves
——o-—wire 0 (+0.5 V) should be
101 | —=—wire 2 identical)
o— wire 3
0
3
2 4
1 —ea—wire 0
—e—wire 0
*ﬂ}*w!reo (+0.5V)
b radial width 10 [mm]
0.7
06
05
04
03
0.2 —e—wire 0
- - —wire 0 (+0.5V)
01 —e— wire 2 .
o wire 3 transv.-long. correlation
0 T T T T T T -
3
vertical width 1G [mm]
(curves
should be
2 R identical)
11 -
—e—wires 2,3,0
—e—wires 2, 3,0
- -o--wires 2,3,0(+0.5V)
0 T T . : .
0 2 4 6 8 10 12
n last turn
results

800 -

700 A

600

500

400 -

300

0.4 1

0.3

0.2

0.1

beam at Injector 2 last turns

delay to isochronism [ps]

(curves
should be
identical)

—e—wire 0
—e—wire 0
--o--wire 0 (+0.5V)
—e—wire 2
—e—wire 3

—e—wire 0
—e—wire 0
- -o--wire 0 (+0.5V)
—e—wire 2
—e—wire 3

turn separation [mm]

—e—wire 0
—e—wire 0
- —o-—wire 0 (+0.5 V)
—e—wire 2
—e—wire 3

(curves
should be
identical)

—e—wires 2, 3
—o—wires 3,0
—e—wires 3,0
——o-—wires 3, 0 (+0.5 V),
—e—wires 2,0
—e—wires 2,0
- -o-—wjires 2, 0 (+0.5 V)|

2 4 6 8 10 12
th
n™" last turn

PAUL SCHERRER INSTITUT

_:b

condensed to bunch parameters
of many turns at 2200 uA

extracted from the three scans
(plus two repetitive scans, one
with increased PMT voltage)

individually

derived from a
combination of two scans

(lines only to guide the eyes)

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13
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beam after at Injector 2 — = »

MXZ1/2

.a.

o AR R ; ) o
B4
ef MHZS, MR Z5E
O h G""'— EE%EE"-W e

(wire 0) seen from above
(wire 2) seen from above right
( )

(

transversal

[}
B
_,_

wire 4) seen from right
wire 3) seen from below right
(left/right with respect to beam direction)

X
P
¥
g

RRZ1

(background suppression) production beam 2200 uA

I I
0 100 200 300 400 500 600
head longitudinal position [-mm] tail (longitudinal scale compressed 4x compared to transversal scales)
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10
3
o 102-
S 10°}
o
S q0'}
10° |
15
right
10}
IIXII
[mm] 0
5t
left -10¢
-15
results

MHE1-25-20121118T183418. mat

performance: artefacts?

I prtI::-jection |

artefact!

.

artefact?

total 121875 cts
= 100%

266 cts
L =0.22%

1
'y i W

! L ||I1Ih'
LA n‘

'Fl

8000 9000

7000
head

10000

't [ps]

W 5

Octs S

D

+

m

O

J —
‘ ) projection
11000 12000  4p"10'10" 10’ 10"

tail

counts

PAUL SCHERRER INSTITUT
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o

possible sources of artificial counts:
- background radiation
(especially difficult when correlated
1.e. created by loss generated by the wire)
- coupling of stray RF fields to
measurement cable (correlated)
- reflections in timing circuit

even in a "quiet environment" it is difficult

to judge what is an artefact

- transversal tails are presumably real

- longitudinal tails may eventually be
artefacts

production beam 2200 uA
behind Injector 2

"quiet environment"

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13
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-

—

100000
10000 + The dynamic range can be extended by
longer integration times at wire positions
1000 H ..Ho. ..ﬁ'. .o"“.. where the signal 1s low.
g .. .. .. ... ... i
100 1% A o 0 - For transversal profiles,
] L) .
; ¢ * ‘! even the PMT voltage can be increased,
10 ® Py in order to make use of
. s - the inelastically scattered protons.
1 % sl %o (An overlap 1s needed to find the
‘:‘Hé L%;g suitable scaling factor.)
A
0.1 - A - . .
A - 5 orders of magnitude reached
A
0.01 4| ©0.28~countsin15s 2 nA aﬁ
0~ 0.0065 * counts in 150s (@higher Upmt) 47 pA -
0.001 . | ; —~ Sensitivity
2900 2920 2940 2960 2980 = beam passing through the wire
wire 0 horizontal position [mm)] which corresponds to 1 count
production beam 2200 uA
last turns in Injector 2
"quiet environment"
results R. Délling, Bunch-Shape Measurements, CYLOTRONS‘13
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performance: dynamic range 1=

an example of a low dynamic range:

raw data

head

longitud. 187 bins a 44 ps;
lrmax counts 1518

2D

max counts 98
1000 | total counts 160911

contours every 10%

500 integr. time [s/pos.] 60

transversal 46 bins—
max counts 5107

2000 4000

[mm] [ps] x 10"

beam current [uA] 1955
Doélling, HB2010

results

filtered
head tail longitud. 187 bins a 44 ps;
‘ ' ' ‘ (max counts 576
r 1500 2D
| o
L 1300 contours every 10%
L 1200 integr. time [s/pos.] 60
| oo [ mtozes
S % 200 400 600
2135+ B
2130+ A
2125+ B
2120+ A
21156¢ A
2110+ A
2105+ ) A
2100+ A
2095 , " A
0‘.7 OIB 0I9 ‘i 111 1I2 1I3 1‘4
[rm] [ps] x10° beam current [uA] 1955
production beam 2200 uA

in Ring cyclotron
at high beam loss
not a "quiet environment”

(and a degraded scintillator)

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13
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"old" PMT B performance: time resolution 1 jm»
setup 1 i
Time resolution from coincidence spectrum Ocginc = 26 PS
F and quadratic addition of the contributions of both sensors, .
/ { s . 7 (with
PMT A | weighted by the number of photoelectrons created at each e
detectors photocathode -
i F aperture 2> 0detB = 13 ps .W.‘l,./‘:\.!. coel lum
— I~ (17 ps with degraded scintillators)
150 . .
- iomal  PMT 1L I Tcoinc,same| ngvgg:]efence
signa ]
new £ collimator 3 13 ps two LED signals from
setup _qg A+A, ® 50 same half of anode A,
(variant B)
0 0
540 1 7
10 A1A2 = 538 "‘l %
. I o 538 /
impact photo- chuum 5 cm 5
position [mm] cathodes window L ! E s T
o 530
528 —]
9400 9500 9600 9700 9800 0 2000 4000 O 50 [ps]

Idea: replace separate PMTs bei separate cathodes/anodes of same PMT

- Does not work because of dependency of signal amplitude
at each anode on impact position of proton:
,.Jdetectors* are not independent but inversely correlated.
(Sum signal 1s nearly independent of position. Time resolution
of full system depends also on this detailed dependency.)

counts

time difference [ps]

5_
cut a
[ 573V
26 ps

- Time resolution of the subsequent parts of the system: E; *%0
Osub50 = 13 ps/2 = 9.2 ps (measured at 50% signal height)E 575
Osub100 = 9.2 ps/v2 = 6.5 ps (estimated for 100% signal helght) 570

- lower limit for full system
results

counts

time difference
between

halves of anode A, A,
("resolution" mode)

i

“‘.I'll‘

59b0
time difference [ps]

5700 5800 6000 6100

0 2000 4000 0
counts

50 [ps]

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13



400

300

counts

200
100

-

17.2 ps| 1.91 mm

20.7 ps 2.30 mm |

performance: time resolution

uncorrected

MXZ1-25-20120413T113243

\

v
.0
3

correlation 0.045
¥V,

p b

LI )

;

PAUL SCHERRER INSTITUT

-

—_— —

shortest measured bunch length = 17.2 ps 1s an upper limit of the

time resolution of the full system 6.5 ps < ag] = 17.2 ps

3500 500 1000 0 20 40
counts [ps]

800 from Gaussian fit | 800
g sl » o
C s - 8
5 correcte =
g 400 from 2" moment g 400

length ©

200 correction 200

factor
ob 4
1 1
right MKZ1-25-20120413T113243 correlation 0.067
0 0.44 mm o
4 W A ]
= ] & ¢ 0.54 mm
E 4 . e AR y
kS
5 2 -2
T . 4
Iy
5 5 5
< ¢
-6 6
left
7L . . . . .
head longitudinal position tail 0 500 1000 0 20 40
counts [ps]
sl 50 100 150 200 250 300 350 length
from 100%
5 . X X ‘ ‘ ‘ ‘ ‘ from oD%
tmml o5 10 15 20 25 30 35 |
[degree of from 2"“moment
50.63 MHz] O 1 2 3 4 5 6

Dolling, HB2012

results

correction of resolution
(assumed to be 13.5 ps)
by quadratic subtraction:

this comes to its limits!

beam 50 uA

after Injector 2

147ps 163mm | corrected
other measurement
0 1
MAZ1-Z3-20120413T114055 correlation -0.009
YY ¥V VY O¥ 044 mm —
'y M AN 0.56 mm
e b Vi 4 4
v oo L V)
U
oy %
s
o
4
A ’u‘.
88000,
[
50 100 150 200 250 300 3500 500 1000 0 20 40
[ps] counts [ps]

This is
at 72 MeV !

At 590 MeV
it 1S worse
but still

good enough.

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13
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reference for wire probes/monitors with current reading 1

100000
thermionically ,
10000 - A A A | emited electrons wire C“mr;t
a A ~ escaping from wire 15 measure
= -~ i\ A
= 1000 - N s ‘a
E o ¢ y * .;;__;.- Y "-..
5 100 {9 A/ attracted
; i ¥ residual gas ions
E 10 A i main Signat ‘ — e (.28 "counts in 155
) A o Oa 0.0065* counts in 150s
d secondary electrons i} (@higher Upiri)
@ *a bias -9V 2200 uA
C 0.1 - A bias 0V . .
3 _ A bias 9V last turns in Injector 2
o attracted residual gas electr. A pas 10 bon wire 333
0.01 - and secondary electrons | £ bias 36V far_on wire ur'r'l
from elsewhere E:g: giﬁ quiet environment
0.001 ! | . | |
2900 2920 2940 2960 2980

wire 0 horizontal position [mm]

Thermionic emission dominates current signal of slowly moved wire probe in narrow beam (@72 MeV).
Can be suppressed by positive wire bias. (Simulations: will be <1% of regular signal if wire speed >1 m/s)

Stray particles limit dynamic range of wire probe (depends on environment).

When thermionic emission is not developed, 0 V bias gives the best result (in this environment). RIZ1_(

Bunch shape measurement is clearly superior (but slow).

results R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13
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eventual next steps

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13
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improvements at 590 MeV 1 jm»

longer drift needed for full separation?

AE discriminator
. ]
acceptance window <

2 - better rate
[
3]
g (LED acceptance level
'_ .
= only a few slower particles usable)
8000 8500 9000 9500 10000 1 0500 0 10000 20000 0 500
head longitudinal position [ps] tail counts [os]
no discrete energies coincidence measurement

second detector
after ~0.5 m -
further path

has also to be passed
for acceptance

—> better immunity against
background radiation
—> better dynamic range

~590 MeV
eventually an additional probe at the last turns of the

Ring cyclotron

eventual next steps R. Délling, Bunch-Shape Measurements, CYCLOTRONS’13
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beam energy measurement at 72 MeV 1 jm»

carbon

) bunch wire
The energy of the beam after the Injector cyclotron (¥33 um

can be determined to ~1e-3 = .
72 MeV

by making the distance detector-wire variable
(by setting the detector on a motorized feedthrough)
and taking the time spectra at two different distances.

=™ default
H position

Eventually it is possible to unfold some details of the

beam energy distribution.
~0.5m

(extra travel
~4850 ps)

"™ shifted
i position

eventual next steps R. Délling, Bunch-Shape Measurements, CYCLOTRONS’13
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relation to beam dynamics simulations and machine development

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13



my personal view on the future development of our machine =

standard operation

machine

operators

PAUL SCHERRER INSTITUT

-

—

machine development

/——/—\/’;—’W\A—/—x

beam dynamics

space charge, tails, scattering

empirical tuning
("turning all knobs")

10 nA loss - sign. activation
loss details matter
[=T1]
=
'QE) —
7] /%
2l |8
Q ——
2 el 8
1771 _E =)
| 8| &
2188
2|2 = beam diagnostics
S| B
@ S E\g loss monitors 0.005
& .
= collimator currents 10
=
°
S BPMs
= h b oD
o phase probes
o)
3
3= wire probes
wire scanners 1D
BIF monitors
optimum
effective | bunch shape monitors’-022D
sensitivity
A ;
[nA] later: emittance scanner 4D

matching core&halo
- optimum for
given setup (?)

£

estimations and

"simple" simulations

matching beam core

extensive
detailed simulations
matching core&halo

machine "model"
by experience

error margins
to be specified
individually

relation to beam dynamics simulations and machine development

"simple" models:
beam core, no tails,
few moments

(Joho's I ~n3 )

detailed models:
tails, profiles
("cutting early")

OPAL-code

Transport-code

3D space charge

scattering at

not used

few moments

collimators
B, E field maps

Yang, Bi, Wei, Zhang, Adelmann, ... |

detailed information \ﬂ7
still not used

"understanding" losses

v

predictive capability on effect
of proposed hardware changes

v

probably the only practical way for improvement
(production machine, complexity, activation)

—= step up efforts with detailed simulations

(a breakthrough is needed and will be worth the effort)

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13
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Thanks for listening!

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13
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back-up slide: beam at Injector 2 last turns 1

370
"
bunch length 1G [ps] 360 ¢ ~o—wire 0
Ny —e— wire 2
350 1 —e—wire 3

L

20

340

(curves

330 should be
(curves ——wire 0 220 identical) -
should be e wire? 1 S
identical) . ) )

o wire 3 3107 longitudinal bunch center [ps]
300 T T T T
2961
radial width 16 [mm] | — ——

—e—wire 2
—=—wire 3

2960
2959
—— radial bunch center [mm]
2958 : ‘ .
401.6
401.2 1
Pt o -
/ T 401.0
A
e wire O 400.8 1
—a—wire 2 i | ‘
- . —o—wire 3 4006 | —e— cavity 3 voltage [kVp] {CI3V:IST:2}
transv. IOFIQ. correlation |—e—current collimator position [mm] {KIP2:IST:2}
4004 s .
0 500 1000 1500 2000
vertical bunch center [mm] beam current [UA]

500 1000 1500 2000
beam current [uA]

back-up slides

condensed to bunch parameters
of last turn at varied current

extracted from the three scans
(plus two repetitive scans,
one with increased PMT voltage)

individually

(parameters logged during measurement)

derived from a combination of two scans

R. Dolling, Bunch-Shape Measurements, CYCLOTRONS’13
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back-up slide: "super-buncher" 1w

idea: restoring short beam at entrance of Ring cyclotron
- roll-up there (?)

(layout based on 1D bunching simulation)

preliminaty tests: full voltage / envisaged operation =~ M. Humbeletal.,
not possible yet due to increased losses (his conference

probable explanation:
difficult to match beam and halo

| 1o sy |
(=3 (=] (=]
wn w

100
00}

T - —
: 1oE
- EEL
Schmelzbach et al., EPAC06 & I 12
E 4 ©
gL 82
[T B .a
w I
[ =l (=]
@ -
s Y. % 5 L# LN \n‘ - o
=3 B =
o W
£ ]
ir -8
= | ]
%«a— %E—BEEB—HE'—EEI' % | -
g 18
T L L ] '

[ww] 8s18ASUBIL | v,pg et al, HB200S

back-up slides R. Délling, Bunch-Shape Measurements, CYCLOTRONS'13
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back-up slide: simulations =

possible strategy: understanding beam losses in detail

- where (at low energies) to cut and how to match the halo (,,collimation system®)
—> controlled beam tails, ,,matching of beam & halo*
—> lower losses

this needs
detailed simulations

detailed input from diagnostics < bunch-shape measurement, halo measurement
what precision of measurement & simulation is needed? (maybe less than anticipated at first glance)

encouraging steps done (OPAL code includes space charge, fields, scattering, optimisation,

not neutralisation)
still much to do (put many details to input file: PSI 590 MeV Ring - last 8 turns @ 2.2 mA
collimators, trim coils, measured profiles, ... = T :
space-charge neutralisation at 0.87 MeV?) 10'f e Héﬁ” jea 3% 188
. .o . 20’ 1
and still far from full description or prediction =
é 10° 1
ey - = —Measurement
Wlll 1t WOTk? 107 —Gaussian with TC15
----- Parabolic with TC15 ]
L. . . = e Parabohc wuthout TC15
it is essential for further development of the machine e ( 441)0 T
r(mm
[Y. Bi, A. Adelmann, et.al Phys. Rev. STAB Volume 14 Issue 5 (2011)]
OPAL a versatile Parallel Tool for Precise 3D Beam Dynamics Studies including Collective Effects RAL - July 12, 2011 Page 31 / 55

back-up slides R. Délling, Bunch-Shape Measurements, CYCLOTRONS'13
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