I B I c 1 z Grand Rapids, :
Michigan, USA

INTERNATIONAL BEAM 20-24 August 2017
INSTRUMENTATION CONFERENCE

Beam Diagnostics for
Low Energy lon Beams

Carsten P Welsch

TRAINING THE
NEXT GENERATION

e . "PARTICLE
- ACCELERATOR

EXPERTS



DITANET Workshop

= Low energy, low intensity beam diagnostics DITANET -
* Proceedings available online.

= http://www.liv.ac.uk/ditanet
= https://indico.cern.ch/event/93294/
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Setting the scene

Beam energy 300 keV - 20 keV
Relativistic 8 = v/c 0.025 - 0.006
Revolution frequency 178 kHz = 46 kHz
Revolution time 5.6 uys 2> 21.8 us
Number of particles <2-10” @ 20 keV
37° cylinder “~
ldeﬂecmf | Oeees o montor Bunch length 1 ns — DC beam
s ﬂ,m .. Effective in-ring rates 1010 — 1072 pps
-2 \i f i T, Average extracted rates 5-105 — 10° pps
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Diagnostics Requirements

N
Magnetic Core

Aim: Fully characterize the beam
during commissioning and later
operation.
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Beam Intensity

= Purpose-designed Faraday Cup - Emmﬁvam\[s\[m::#
= Optimized for fA beams and noise A
suppressing §of e
* Tool for machine commissioning and g P pe————) 7 £ 21A
optimization — not for pbars = 2 q = 8 =i
Time [min.]

J. Harasimowicz, et al.,
Hyperfine Interact. (2009)

Grounded shield

(stainless steel) J. Harasimowicz, et al.,

Rev. Sc. Instr. 81 (9) (2010)
Beam collector

(OFHC copper)
Insulation =
(PTFE) g
Suppressor )
(sta?nless steel) lT“
LIVERPOOL Carsten P Welsch @ IBIC 2017, Grand Rapids, USA / ”}SAR
2 arsten elsc , Grand Rapids,
4 P \ 4



Beam Position

V. ~

» Electrostatic pickup with diagonal
cut chosen

= Full 3D numerical model —
benchmarked against lab setup

= Optimized for signal quality.
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Position determination error [mm]

—— B =0.025 (300 keV) ]
—— p=0.006 (20 keV)

f ':-; Capacitive -

0.01 g ——rr
1 10
Bunching frequency [MHz]

J. Harasimowicz, et al., Phys. Rev. STAB 16 (2013)
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Beam Profile

. ke =

= Challenge: Low energy deposition, low photon yield, etc.
= Tested various scintillators with low energy proton beams
» Realized in close collaboration with INFN-LNS
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1 = CslTI(200 keV) L 10°
- _ o 1 e SFOP (200 keV)
Bending XY slits Scintillating 10"y 4 Csl:TI (50 keV) .
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J. Harasimowicz, et al., Rev. Sc. Instr. 81 (9) (2010) Beam current (fA)
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= Alternative for transverse profile

measurement;
= Based on earlier designs 1o kv
= Tested in measurements with o

200 keV proton beams at INFN
= Allowed benchmarked of simulations
= Reaction to pbars ?

o
1%

(e
5
A

Phosphor screen

electrons +5 kV

mcp €

u"_l-".’
Visible
Light
+2 kV
CCD Camera i

= Next step: AEQIS setup.

o © o o
[ S T -

Beam displacement [mm]

3 b 5 6 7
Foil voltage [-kV]
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Setup @ AEgIS

Al degrader (150 um ) Ti faill (2 urm) 'l' to DAG)
Si beam counter (55 um} s
&l foil (0-5 um) | .
A&l foil (18 um) — i

Vo WV UbY -109 mbar)
—_— - _ Trapregion = EE%:‘:: e om

Antiprotons
(5.3 MeV) 284 611 S
Outer Vacuum
Main apparatus (1.7 m) Six-cross chamber (27 cm) 102 Gm

Crutial for detailed detector and
diagnostics tests

Tested: Secondary emission monitors,

DITANET -

P

9
- . . 2 \
Silicon pixel and strip detectors. el
E TS
E“:’_ ': % . B i
“E_ - E ;/ g ‘_“ 7
J. Harasimowicz, et al., Rev. Sc. Instr. 81 (9) (2010) N3 " R
J. Harasimowicz, et al., Phys. Rev. STAB 16 (2013) L
A. Sosa, et al., Hyp. Inter. (2014) o =
S. Aghiona, et al., JINST 8 P08013 (2013) £ T
S. Aghiona, et al., JINST 8 P06020 (2013). S o= _
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(IPM)

Souc

» Based on ionization of rest gas

= Challenges
o Required residual gas pressure
a 1D beam profile ,only’
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vacuum gauge s\ N2 atmosphere

blackened chamber wall - ,

>
-~

image intensifier & CCD

= Measures light from rest gas, excited by beam

= Challenges:

a

a

a

Very low cross sections
Isotropic light emission
Rest gas pressure requirements

beam direction
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Gas Jet Monitor

IDITANET -

= Setup @ Cil;
» Gas jet, IPM and BIF;

» Designed for use with
low energy pbars:
- Profile monitor
- Collision studies.

= Excellent tool for
studies into jet
properties.

M. Putignano, C.P. Welsch, Nucl. Instr. Meth. A 667 (2012)
V. Tzoganis, C.P. Welsch, Apl. Phys. Letters (2014), V. Tzoganis, C.P. Welsch, et al., VACUUM (2014)
V. Tzoganis, et al., Phys Rev AB 20, 062801 (2017)
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Zoom: Main chamber

Extraction
electrodes

Phosphor
coated
window

e gun
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lonization Cross Sections

= Can be exotic, e.g. single ionization of helium by
antiproton impact

CROSS SECTION (A2?)

H. Knudsen, Hyperfine Interactions 109 (1997) 133—143
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Experimental Results @ CI

V. Tzoganis, et al.,
APL 104 204104 (2014)

V. Tzoganis, et al.,
VACUUM (2014)
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Experimental Results @ CI

V. Tzoganis, et al.,
APL 104 204104 (2014)

V. Tzoganis, et al.,
VACUUM (2014)
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Experimental Results @ CI

V. Tzoganis, et al.,
APL 104 204104 (2014)

V. Tzoganis, et al.,
VACUUM (2014)
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Experimental Results @ CI

Residual
gas signal

V. Tzoganis, et al.,
APL 104 204104 (2014)

V. Tzoganis, et al.,
VACUUM (2014)
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Experimental Results @ CI

Residual
gas signal

Jet signal

V. Tzoganis, et al.,
APL 104 204104 (2014)

V. Tzoganis, et al.,
VACUUM (2014)
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Understanding the Jet

y_.
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V. Tzoganis, et al., Phys Rev AB 20, 062801 (2017)
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Jet Studies

. <

= Apply 3D movable ion gauge to scan through jet

o
a2 17
S
<08
306
So.
T 0.4
N
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npression 2 9 ; 5 5 A . 6
ge Modu I'E Gauge slit position (mm)
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f N = " i : : :
: 2 1A |-~ Beam image peak itensity |
-E A A 4
< \A—A\‘
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V. Tzoganis, et al., Phys Rev AB 20, 062801 (2017) |dentify Mach disk location
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Laser Velocimetry

LANET

10
E = Successfully tested
ERN with solids and fluids
E (nano-particles seeding)

-20 ‘ \ ‘ \ ‘
I " o * |Improved resolution
E 0s ’ and max. limits by
8% factor 10.
> 04+
§ 02- g Nano seeders in water (1%)

Velocity (m/s)

A. Alexandrova, et al.,
Optical Engineering (2015)
Nucl. Instr. Meth. A. (2016)
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Absolute Current Measurement

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).

UNIVERSITY OF
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Measurement Principle

= Couple to azimuthal magnetic field,

= Screening current induced in SC caoll
with ferromagnetic core,

= DC SQUID for sensitive detection of coil
magnetic field,

= Strong shielding against magnetic noise
IS key !

(14 ring cavities give 200 db shielding factor)

M. Fernandes, et al., Proc. IBIC (2015)

magnetic
shielding

toroidal

g

beam (

current

SQUID-
electronics

M. Fernandes, et al., Supercond. Sci. Technol. 30 (2017) 015001 M. Schwickert
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Cryogenic Current Comparator

= Absolute (!) current measurements with nA (!) oPAC
resolution of bunched (!) beams.

TH2AB3 - Toridalcore \
Magnetic shield f orowdateote ol SCHOTIKT
\4\ . 'I"'\I".‘l ccc
- II |
Charged beam ~ '
% ;
\ g
\ F
SQUID S %:‘_L,: Pickup coil
Electronies || N /¢ 5S¢ |}
Matchmo transformer | . .l .l . N
DC SQUID time [ms]
[ )
y G 1 sens
M. Fernandes, et al., Proc. IBIC (2015) NS el dene
M. Fernandes, et al., Supercond. Sci. Technol. 30 (2017) 015001
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Emittance Measurement

= .

= Emittance measurements using a scraper BeaPhy

= Only emittance measurement technique @ Y Scraper
ELENA moving
<\x. D >< ABY ?r:?gv I:)}:eam
» Challenges: Effect of finite dispersion, R — <
systematic errors (diffusion, fast scraper) \

= Custom codes for realistic simulation. X

Being implemented and optimized as =
part of ELENA commissioning.

s MAD-X Simulation

— it

0 0.602 0.004 0006 0.008 0.01
% Scraper {m)

-0.2

O ivitoa Carsten P Welsch @ IBIC 2017, Grand Rapids, USA /W\“‘AR
H arsien elsCc , Gran apids, 1
gfmal Institute p \ ,



Ongoing developments

= Ultra-thin diamond detectors for position, profile and
iIntensity measurements;

* Cryo detectors for detection of (down to) single particles;

= Optical diagnostics using DMD technology (profile,
emittance);

» Liquid targets for beam tracking;
= CCC improvements;
= Enhancement of AEQIS test stand capabilities.

www.ava-project.eu O

UN\‘:':HEl'V OF / ,\
© “"?;)OL Carsten P Welsch @ IBIC 2017, Grand Rapids, USA WOA3AR



Conclusion

V. ~

= Combination of low energy and low intensity makes
detailed diagnostics demanding;

= Demonstrated performance of all devices;

= (rather) basic instrumentation for initial operation,
however, complex setups for advanced diagnostics.

Thanks for your attention
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Conclusion

= Combination of low energy and low intensity makes
detailed diagnostics demanding;

= Demonstrated performance of all devices;

= (rather) basic instrumentation for initial operation,
however, complex setups for advanced diagnostics.

Thanks for your attention

Quarterly newsletter for the (wider)
antimatter research community
WwWw.ava-project.eu
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