Low Energy
Beam Diagnostics

Carsten P. Welsch

l: LIVERPOOL

The Cockcroft Institute

of Accelerator Science and Technology



4>  DI|TANET Topical Workshop

The Cockcroft Institute

of Accelerator Science and Technology

“Low energy, low intensity beam diagnostics”
CERN Indico: 93294

Radioactive beams, slowed down beams, cryogenic rings and much more !
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The Cockeroft Institute u I e
of Accelerator Science and Technology

= What are the particular challenges ?

— Example: Ultra-low energy storage ring (USR)

= Discussion of different instrumentation needs:

— Beam current monitoring (basic),

— Beam current monitoring (advanced),
— Beam profile monitoring,

— Focus: DITANET projects (posters !)

= Limitations, open questions.
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4>  What's challenging (& interesting)?

The Cockcroft Institute
of Accelerator Science and Technology

Low Intensity

Low signal levels

Low Energy

Insufficient Energy Strong impact from
deposition external sources

(fields, vibrations, etc.)
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¢) F L @ Facility for Antiproton and lon Research

The Cookcroft Inst|tute Faciltyfor Lowanergy Antproton and lon Research
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4>  Example: The USR

The Cockcroft Institute
of Accelerator Science and Technology

lecten Energy 300 — 20 keV
B=vic 0.025 — 0.006
f, 178 — 46 kHz
— Buncher T 5.6 us — 21.8 us
o Wcﬂ*:;f/ # lons < 2x107
R 1 Lounch 1 ns — DC beam
o i | e 1.78 MHz — 450 kHz

37° Deflector

Charge per bunch 0.3 pC (@ 1/10 of intensity)

Quadrupcle Focusing
Doublet Quadrupole

.

o — —

Extr. pbars (avg.) 5x10°—10° pps

o G :
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42 \What do we need ?

The Cockcroft Institute
of Accelerator Science and Technology

= Basic instrumentation for machine commissioning
— Position, current, profile (long./transv.)
— Note: No antiprotons would be used !

= Basic instrumentation for machine operation
— Same parameters, but with pbars

= Special diagnostics for machine operation
— Least-invasive profile measurement
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4>  Beam Intensity

The Cockcroft Institute
of Accelerator Science and Technology

= Classic Solution: Faraday Cup

= |dea:
— Stop beam,
— Capture all charges,
— Measure total charge.

» Total intensity.

J. Harasimicz — poster today
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4>  Generic Layout of a Faraday Cup

The Cockcroft Institute
of Accelerator Science and Technology

= Stop main beam in capture Capture Secondary e

electrode

electrode,

= Secondary electrons are
generated,

= Repelling electrode pushes
secondary electrons back onto
the electrode,

Surpressing
electrode

= Very low intensities can be
measured, USR: fA !

= Limitations:

= Beam energy ?
= Sensitivity/noise ?
. Ant|matter ? J. Harasimowicz, UoL vector Holds [Bg)

DITANET trainee
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¢> Faraday Cup with Water Cooling

.......

For higher intensities
water cooling may be needed

Source: U. Raich, CERN.
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4>  Faraday Cup: High Power Beams

The Cockcroft Institute
of Accelerator Science and Technology

= 1 GeV @ 50 pA

u N e e d tO d i S S i p ate Vacuum Shell High-Voltage Shield

h ' C
d-Filled Cu
e

F

ore / ‘

50
Baft

%ﬂeC

= Error source ? %////////////////// |

Ceramic Support Feet

Incident Electrons

— Entrance foill: .
water and signal

Not all charges : N\

can be captured.
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42  USR: Screen Studies

The Cockcroft Institute

of Accelerator Science and Technology

= Realized in close collaboration with INFN-LNS

10°
1 = CslTI (200 keV) 10’
.1 e SFOP (200 keV)
10094 4 Csl:TI(50 keV)
v SFOP (50 keV) o
Bending XY slits Scintillating —~ 10° o o
magnet [I[I screen :% E n b
FC1 FC2 5 e -10° o
11 X\'m |, _
Pepper pot S ) =
grids 2 L 10° =
Z A T
ccD 5 19 . ’ >
S E
camera ] v - 10’
10° - % 2
lon source ] +10°
102 LR | LR | LA | LA RLL| "":
10°

10" 10° 10" 10° 103' )
/.’ » Tutorial ! Beam current (fA)

(’ N FN ,,,,,,, J. Harasimowicz et al.,
Rev. Sci. Instr. 81 (10), 2010
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Beam Halo Monitoring



42  Definition: What is 'Halo' ?

The Cockcroft Institute
of Accelerator Science and Technology

General definition difficult to make:

Accelerator physicists

Instrumentation specialists

=000k =

0.0eA |

‘ Low density / difficult to measure | "] i

S0 000
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42  Problem

The Cockcroft Institute
of Accelerator Science and Technology

= Very high intensity in core:
— Saturates pixels
— Signal overflow to neighbouring pixels

— Tail regions are being modified, wrong
measurement.

= Concentrate measurement on tail region ONLY as
this is the interesting part !

= How 7?7
UNI\/FRS\TY 0 F P | h h | kh| d 4/7\
2 LIVERPOOL Carsten P. Welsch — DITANET School, Stockholm, Sweden, 7.-11.3.2011 N\ VI}S%



4>

The Cockcroft Institute

of Accelerator Science and Technology

SOHO

"Solar and Heliospheric Observatory
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€2  Halo Monitoring: Core Masking

The Cockcroft Institute
of Accelerator Science and Technology

) 4

(2) Define core )

4 \

R R
C.P. Welsch et al.,
Proc. SPIE (2007)
J. Egberts, et al.,
JINST 5 P04010 (2010) \_  (4) Re-Measure _ (3)Generate mask
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q> Basis: Micro Mirror Array (TI)

The Cockcroft Institute

of Accelerator Science and Technology

Mirror Address
Electrode

Mirror

Mirror
Support
Post
= Yoke
Landing
Tip

el 1T Bias/Reset
Hinge X\ Bus
Support Yoke Address
Post Via 2 Contact ' Electrodes
to CMOS
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42  Measurements at UMER

The Cockcroft Institute
of Accelerator Science and Technology

10 keV e~ beam, Phosphor screen
ICCD camera

Verification of earlier lab
measurements

Reconstruction of beam profile with I
DR of 10° e

Effects from |
diffraction on |

MANAIA o ~ |
DIVIA are minimal

o "o b magnifying
R. FIOI’ItO, et aI., Proc. BIW +focus|ng|enses

C.P. Welsch et al. IPAC 2010
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Cryogenic Current
Comparator (CCC)



4> Absolute Current Measurement
= Highly desirable !
— Callibration of other monitors,
— Direct link to experimental output.

= Challenges:
— Signal levels VERY low,
— Signal/noise critical,
— Isolation against vibrations, rf noise

— ...many more...
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4>

Th

e Cockcroft Institute
of Accelerator Science and Technology

The CCC consists of:

= SC pickup caoill,

= High efficient SC shield,

= High performance

SQUID measurement
system.

Harvey, Rev. Sci. Instrum. 43 (1972)
Poster: Febin Kurian

Cryogenic Current Comparator

== 1
1 ] :
1 1 :
P
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42  SQUID

The Cockcroft Institute
of Accelerator Science and Technology

Superconducting QUantum Interference Device
= Most sensitive magnetic flux detector,

The working principle makes use of:
= Superconductivity,

* Flux quantization in SC rings,

= Josephson effect.

A SQUID consists of a SC ring with one or two weak
links (Josephson tunnel junctions).
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4>  Measurement Principle

The Cockcroft Institute
of Accelerator Science and Technology

magnetic toroidal
shielding

= Couple to azimuthal magnetic field,

= Screening current induced in SC caoll

beam
with ferromagnetic core, current
= DC SQUID for sensitive detection of
coil magnetic field, S0
= Strong shielding against magnetic T

noise is key ! yeio

(14 ring cavities give 200 db shielding factor)

M. Schwickert
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4>  Prototype @ GSI

The Cockcroft Institute

of Accelerator Science and Technology

= S| prototype (A. Peters, 1997)

- Metal Bellow
-

N A S (! I ,n?:{‘ T
| '
' I - __— Suspension
i ! ___— Recipient
|||
| L mebse
- e LHe-Container
T cu-shield
. e
| |
Resolution: =% 1
250 pA/NHz — T TEERERT e
—> 8 nA (1 kHZ readout) ‘ = h i Pctg%gzgerator
(gchematico)
— 2x%10° U28*/s
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4>  More recently...

of Accelerator Science and Technology

LA S

CCC Niobium
shielding
/

CCC thermal shield
CSR 40K and 80K (Aluminum)
thermal shields -
\"“\.,.“_

N

Helium supply/outlet
~
.

Cooling water lines
(for CSR bakeout)
=

Suspension wire

Beam tube —

Liquid He Thermally isolating
container/ Titanium feet
separator

-

’ _ Massive vibration
> ' damping plate
= (ad ~
SQUID - < .

electromies

Isolation vacuum tank
ground plate

= Y :

Poster: Febin Kurian
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2D (least destructive)
profile measurements



42  Theidea: Gas Sheet Monitor

The Cockcroft Institute
of Accelerator Science and Technology

Generate thin atom gas

CCD Camera i E
. RS- L
CU rtaln Image Intensifier T
! fast gate (5NS-DC) pelnicicasssazes
i
GAIN : Tedmax. Nt
L | | | | Q rt W. d
. Ionlze atoms Wlth prlmary e neew Focusing Lens
particle beam, L Lmnessence
\ decay:100ns(1/10)

| MCP (2stage)
[ 75 mm ¢

GAIN :

= Extract ions via electric field, _ | coorrm ) e
Claciots ﬁ,n }

P SC."ee . f.‘on.fzaﬁon

CP

[

11 1vi L)

—02 Sheet Beam

Y. Hashimoto et al., Proc. Part. Acc. Conf., Chicago (2001)
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42  How to Generate the Jet ?

The Cockcroft Institute

of Accelerator Science and Technology

Proton Beam

.« [GASJET SLIT MAGNET |(MONITOR f DETECTOR

0,Gas ol SLAvBER | | CHAMBER | | CHAMBER || CHAMBER CHAMBER
10-3 torr 10-6 torr 10-8 torr 10-7 torr 10-7 torr

V lonization

Compression
Gauge

Collimation Slit

Nozzle (not installed) Slit Focus
150 umob Magnet
L
PULSE gt I 02 Sheet Beam Shi
Valve  povable Skimmer : 1 mm
x100 mn

2000 (mm)

> 100 Us 540 mm 1.4 mmx 3 mm
300 G00

Y. Hashimoto et al., Proc. Part. Acc. Conf., Chicago (2001)
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4>  Experimental Data

The Cockcroft Institute

of Accelerator Science and Technology

0.2 :
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Y. Hashimoto et al., Proc. Part. Acc. Conf., Chicago (2001) channel
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4>

The Cockcroft Institute
of Accelerator Science and Technology

Is this ready for low energies ?

= Designed for 10 MeV proton beams,

» Magnetic field B> 2T,

» Pressure: 107 mbar

» No !l

sssssss
\\\\\

gHELHROLI?_ Gsi -« © ED

\\\\\\\\\\\\\\\\\
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4>  Curtain Jet w/o Magnetic Field

The Cockcroft Institute
of Accelerator Science and Technology

M. Putignano et al., Hyperfine Interact. (2009)

M. Putignano et al., Proc. BIW and IPAC (2010)
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42  700m: Main chamber

The Cockcroft Institute
of Accelerator Science and Technology

MCP

Extraction
electrodes

e

Phosphor
coated
window

e  gun
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42 |onization Cross Sections

The Cockcroft Institute

of Accelerator Science and Technology

= Single ionization of helium by antiproton impact

T T T T T I R T T T T T e S G R G
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0.05" 1 1 | IIJIII 1 1 lIIIJII | 1 Illllll 1 1 IIIIlr
1 10 100 1000 10000
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_#
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H. Knudsen, Hyperfine Interactions 109 (1997) 133-143 Events
H. Knudsen, Journal of Physics:Conf. Series 194 (2009) 012040

target
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42  Jet Generation

The Cockcroft Institute
of Accelerator Science and Technology

BACKGROUND PRESSURE Pb

COMPRESSION REFLECTED
WAVES SHOCK

MACH DISK SHOCK

ZONE OF
SILENCE

M>>1

-—— FLOW

BARREL SHOCK

JET BUOUNDARY

Y. Hashimoto et al., Proc. Asian Part. Acc. Conf., Beijing (2001)
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4>  Numerical Investigations with GDT

The Cockcroft Institute
of Accelerator Science and Technology

= System optimization and trends
analysis

.| D
™ | M
N

W
A
\ —
NN A
CaD [N |
a1

Ongoing: Flexible nozzle/skimmer system
for benchmarking GDT.

M. Putignano et al.,

Proc. DIPAC 2009, BIW 2010 Poster

Sp
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4>  Benchmarking of Simulations

The Cockceroft Institute
of Accelerator Science and Technology

= Movable skimmer, summer 2011.
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4>  Summary

The Cockcroft Institute
of Accelerator Science and Technology

= Low energy beam diagnostics pushes technology and
techniques to the limits,

= Established instrumentation needs to be ,re-developed
to provide required resolution,

» |nternational effort, close collaboration is key.

» Full details: See Workshop Homepage
CERN Indico: 93294

Thank you for your attention !!
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