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Diagnostics at FETS

Outline

®  Overview of FETS Diagnostics

® Beam current monitors P T

Beam position monitors o o
VN
- e

S NG i

® H- laserwire emittance scannetr.

—

® Results of tests of the FETS laserwire at CERN’s Linac4 \

FETS - Linac4 collaborative laserwire development.

® Emittance measurements at 3 and |12 MeV.

®  Current activities: 50 MeV profile measurements.
Future FETS laserwire:

® Updated laserwire design.

® Particle tracking simulations.

SLED: Sliding Laser Emittance Diagnostic.

® Conclusions and outlook
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Overview of FETS Diagnostics

® The Front End Test Stand (FETS) is a high power H- accelerétor at RAL:

® 65 keV, 60mA, 2ms H- ion source. IWvorivehetir it S

® 3 solenoid magnet Low Energy Beam Transport. For a FETS overview please

® 324 MHz 4-vane bolted RFQ: 3 MeV beam see Alan Letchiordss talk in
WG session 2

® Slow and fast chopping within the MEBT

® Laserwire emittance scanner diagnostic

Status: lon source and LEBT operational prior to shielding installation in 2015.
RFQ sections now machined, verified by bead-pull, and soon to be installed.

® Beam diagnostics are essential for alignment and to measure the critical
parameters to demonstrate the system performance.

\/
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Beam Current Monitors

Nine conventional AC current transformer toroids monitor the beam current at
various locations along the beam-line.

Toroids have been already operated successfully for over a year in the LEBT.

Ultimately aim to determine the transmission performance of the RFQ and fast and
slow beam choppers.

Eight toroids have been designed, constructed and tested in-house, while the
toroid immediately after the ion source is a Bergoz ACCT with a fast response.

Bench tests of these devices have met the required rise-time specification.

One had a measured droop of 3%/ms due to low core permeability.
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Diagnostics at FETS Beam POSitiOn MOnitOFS

® Multiple BPM locations within MEBT

® Two designs
® CERN Linac4 shortened stripline

® RAL custom button, designed by
A. Letchford, with modified

dielectric for fast RF pickup.

John Adams Institute for Accelerator Science Stephen G | bson et a-l .




PASI workshop 2015:
Diagnostics at FETS

®  |1Q sampling at 40.5 MS/s

® 324 MHz down- mixed

to IF=10.125 MHz using

Beam Position Monitors

amplitude

time

/\/\
VIR

sample
LO 313.875 MHz. number
£ Dlgltlzer & FPGA Vpeak = I+ Q?
V.. — W
® NI PXl-based FPGA  position, = k, » 9%t
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G. Boorman et al, “Beam-Line Diagnostics at the Front End Test Stand (FETS), Rutherford Appleton Laboratory, Oxfordshire, UK”, TUPC26, IBIC201 3, Oxford, UK.
G. Boorman et al, “Development of a BPM System using a Commercial FPGA Card and Digitizer Adaptor Module for FETS”, THPME186, IPAC2014, Dresden, DE..
G. Boorman et al. “Characterising the Signal Processing System for Beam Position Monitors at the Front End Test Stand”, TUPB073, IBIC2015, Melbourne, Australia.
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FETS Laserwire Emittance Scanner

® Photo-neutralization of H- ions for profile and emittance measurements @ 3MeV

Deflected Medium Energy Beam Transport

H- ions \

Dipole and laserwire
interaction chamber

Scintillator + camera

Laser beam
delivery optics

Fibre-coupled laser beam delivery:
kW pulse peak power.

/
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Emittance via photo-detachment

® Basic principle: laser interacts with H- in chamber to photo-detach electrons,
leaving HO signal to be measured by scintillator + camera.

Laser beam delivery

Original design had laser beam
inside dipole, to separate

Dipole residual gas neutrals
H- beam I Neutrals
+ neutrals

i (residual gas)
(residual gas)

Neutrals:
photo-
detachment
signal
Deflected H-

/
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Fibre Laserwire beam delivery
focusing camera and filter wheel

I.rls for on translation stage
alignment around beam focus

collimating motorized

Fibre Lens beam expander lens

f=6.4mm f=500mm

5 eEavees aesa =

BE control
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Fibre Laserwire beam delivery

: camera and filter wheel
collimatin : focusing ' )
' ens 5 motorized lens Iris for on translation stage
Fibre beam expander £=500mm alignment around beam focus
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Motorized laser delivery system

® Remotely controlled scanning of laserwire focal position delivered to the

accelerator, with in-situ feedback via photodiode and diagnostic camera.

< —
- T O

Output beam
to accelerator
with stage in
upper range

lowest position, mirrors
divert light to camera

i

i Cameraon B8
{ translation stage \ o

-
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Fast
photodiode

Filter wheel and
camera on Z
translation stage

\/
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Laserwire beam delivery

SAR

Q. Q. O 0 O NN

Stephen Gibson et al.

- 1

Port to
accelerator
vacuum chamber

Focusing lens

Beam expander on
motion stages,
XandY

Fibre input /
services
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Linac4 commissioning at CERN

Linac2 will be replaced in 2018 by Linac4 as the main injector for the LHC and

HL-LHC.
H- ions to 160 MeV

Current: 40 mA

50 MeV Laserwire

emittance scanner

1/
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FETS-Linac4 Laserwire Collaboration

® CERN Linac4 is the new 160 MeV H- linear accelerator under construction to replace
Linac2 as the main injector to the PS for the LHC (~2018). and ultimately HL-LHC.

® Due to synergies with UK FETS diagnostics, a collaboration was formed with CERN BE
to install a laserwire emittance scanner in the Linac4, 3 MeV beam tests.

® Emittance measurement via photo-detachment

* Beamlet of HO neutrals are recorded by a downstream diamond detector

Detector

* Laser delivery optics installed in Linac4 tunnel: Diamond

W

Pulsed Laser Ho
1064 nm

Bending
Magnet

Principle:

H- beam H? beamlet beamlet
<1 ppm after drift

1/
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Integration with Linac4

Portable enclosure to deliver laser beam to vacuum chamber, integrated with
Linac4 layout.

MOPA fibre laser =

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

. Control
............... & DAQ

a—T T

Focal length 500 mm

isolator

Beam Expander

+ 2 translations -=N\
l .
Camera illuminated : Laser beam waist, Wy
at low BE l :/ centred on particle beam
position inside interaction chamber

/ Stephen Gibson et al.
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Linac4 laserwire installation team
e ‘ ; . : > e . '
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Linac4 diamond detector

® Main H beam deflected by spectrometer magnet.

® Neutral HO are undeflected and arrive at a downstream 5 strip diamond detector,
which can be moved into the beamline via translation stage:

}

® Each horizontal strip has
a vertical width of
~3.5mm.

®  Small gap of 300um
between strips

® 600V nominal bias
(adjustable).

®  Strips was instrumented
with charge sensitive and
linear amplifiers.

/
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® Laser based profile scan and emittance measurement are compared with a traditional slit
& grid scan for 3 MeV set-up. First results were very promising:
FETS + CERN Team

* Profile shows very good agreement in beam-core.
* Emittance measurement show good agreement, even with low resolution laser scan.

® Demonstrates non-destructive method using fibre-based laserwire.
* S.M.Gibson et al,, "A fibre coupled, low power

emittance scanner at CERN Linac4” THPMEI90, & . Laser scan
IPAC 2014. E -
s> O
* T.Hofmann et al. 'Demonstration of a laserwire 4r
emittance scanner for the CERN LINAC4 H- Beam’, 2F
submitted to PRSTAB. | o
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Diagnostics at FETS FETS-Linac4 3 MeV results

® Laser based profile scan and emittance measurement are compared with a traditional slit
& grid scan for 3 MeV set-up. First results were very promising:

. FETS + CERN Team
®* Profile shows very good agreement in beam-core.

* Emittance measurement show good agreement, even with low resolution laser scan.

® Demonstrates non-destructive method using fibre-based laserwire.
* S.M.Gibson et al, "A fibre coupled, low power Laser - Diarond

emittance scanner at CERN Linac4> THPME90, z
IPAC 2014. ;
* T.Hofmann et al. 'Demonstration of a laserwire gf
emittance scanner for the CERN LINAC4 H Bean', =§
submitted to PRSTAB. | /|
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|2 MeV results at Linac4

® The laserwire scanner was moved downstream for the second stage of Linac4
commissioning at 12 MeV: setup similar to 3 MeV.

Profile measurement again shows good agreement with slit-grid measurements, at
the new location with different beam optics. Laser - Diamond

® Diamond detector signal shape matches laser

pulse recorded with fast photodiode.
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T. Hofmann et al., ‘Experimental results of the laserwire emittance
scanner for LINAC4 at CERN’, International Conference on Laser
Applications at Accelerators, LASNET 2015 + submitted to NIMA.
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o
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50 MeV laserwire design

® New configuration designed for 50 MeV required as main diagnostics dipole is
unavailable. Instead count liberated electrons deflected using small steerer magnet.

® T.Hofmann et al, ‘Design of a laser based profile monitor for Linac4 commissioning at 50 MeV and
100 MeV’, TUPBOOS5, IBIC 2015. http://ibic.synchrotron.org.au/papers/tupb055.pdf

B-Field in Y [Tesla]

: ; Shielding
009 e neons ................... (outside Of

Electronsé beampipe)

eSS LN

NiE ‘ l 7.
- 7] " = =Sl 0.03 0 -0.03 -0.06 -0.09
<30 AN [ I Z[ml
Y- Laser dump Figure 6: Magnetic field map (in Tesla) and electron trajec-
sleciron detector tories (black) from the laser interaction point to the diamond

detector. White areas are outside of beam-pipe.

1/
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50 MeV laserwire design

Small sCVD diamond detector to register electrons. Diamond moves with laser to

ensure beam is captured.

T. Hofmann et al, ‘Design of a laser based profile monitor for Linac4 commissioning at 50 MeV and
100 MeV’, TUPBOOS5, IBIC 2015. http://ibic.synchrotron.org.au/papers/tupb055.pdf

Figure 8: sCVD diamond detector [12] mounted on the
actuator that is part of the laser monitor assembly for the
50 MeV experiment.

\/
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Figure 7: Expected electrons distribution at the detector
plane, accounting for all laser positions during a scan.
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50 MeV laserwire installed

Diamond mover, and chamber Vacuum chamber installation in Linac4
with steerer magnet

John ;ddams Institute for Accelerator Science Stephen G | bson et a-l . 23
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® T.Hofmann et al, ‘Design of a laser based profile monitor for Linac4 commissioning at 50 MeV and
100 MeV’, TUPBOOS, IBIC 2015. http://ibic.synchrotron.org.au/papers/tupb055.pdf
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Figure 10: Installed system at the LINAC4 dlagnostlc test-
bench.

First 50 MeV beam at CERN Linac4 this week...
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Future FETS diagnostics

® Experience gained from the tests of the laserwire at CERN Linac4 has allowed
us to simply the design at FETS:

® Bring laser upstream of dipole and rely on fast detector to extract pulse
signal from neutral from residual gas background. .

| [P | | 4
\ 06 _FWHMZSO ns :‘\ — — Laser /;
)L&{ g\ Beam 2 0.5 ,’H‘w“r """ Bkg 1 £
| \g;ﬁ' - Dump 2 T‘g ' ‘j \l‘. Detector | 5 Tg
\ 504} i ®
LDQ6 Sector Z 03r | ‘\"#., | 112
Dipole 020 g Whae |
EDQS Magnet =01 ;a~$v;;;f;:r;‘\iJa"'l """""" N e E%:
- LD 1 O'O w3 |‘ | | L | o' _1
/ Q 0 200 400 600 800 1000
Beam
Time (ns)
Dump 1 |
LDQ4

LDQ3
Laser and feedthrough
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Dipole magnet and field simulation

® Existing dipole magnet checked for suitability:
® 3D field map model created
®  Geometry of yoke and coils.
= |00A gives 0.2475T in the centre of the magnet.

®  Fringe fields extend to 300 mm beyond faces.

By[T]
03
[ e T T e R P, V -------------------------------
1 DS ¥ —— S— SRS W—— S—
S — T — S S E— S—_—
21 S — . . | — R s Sm—
e — e o o e e S .
(1 e = e e L e
Q (43668, 0.19893) : — - i - - . :
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Q (87336, 0.24752 ) Face Cu rve Length [mm] Face
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Particle tracking simulations

GPT simulations of the lattice and laserwire interaction demonstrate the
suitability of the dipole.

® A Kurup et al, ‘Simulation of the FETS diagnostic’, TUPBO7 1, IBIC2015

Beam at the laser interaction

Beam at the detector
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Sliding Laser Emittance Diagnostic

Installation of the MEBT will proceed in steps.

® Plan to use sliding diagnostics to measure the beam profile, using laserwire and
either a Faraday cup or diamond detector.

RFQ via BPM to diagnostics sled Stage [

Diagnostics sled

\/
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Sliding Laser Emittance Diagnostic

® Installation of the MEBT will proceed in steps.

® Plan to use sliding diagnostics to measure the beam profile, using laserwire and
either a Faraday cup or diamond detector.

First quadrupole pair and BPM Stage 2

\/
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Sliding Laser Emittance Diagnostic

® Installation of the MEBT will proceed in steps.

® Plan to use sliding diagnostics to measure the beam profile, using laserwire and
either a Faraday cup or diamond detector.

First rebunching cavity, next quadrupole

oair, BPM Stage 3

\/
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Sliding Laser Emittance Diagnostic

Installation of the MEBT will proceed in steps.

® Plan to use sliding diagnostics to measure the beam profile, using laserwire and
either a Faraday cup or diamond detector.

Chopper 1 chamber
Stage 4

\/
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Sliding Laser Emittance Diagnostic

® Installation of the MEBT will proceed in steps.

® Plan to use sliding diagnostics to measure the beam profile, using laserwire and
either a Faraday cup or diamond detector.

Rebuncher 2, quad, BPM, chopper 1 beam
dump and toroid Stage 5

\/
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Sliding Laser Emittance Diagnostic

® Installation of the MEBT will proceed in steps.

® Plan to use sliding diagnostics to measure the beam profile, using laserwire and
either a Faraday cup or diamond detector.

Quadrupole, button+stripline BPMs and
chopper 2 chamber Stage 6

\/
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Sliding Laser Emittance Diagnostic

® Installation of the MEBT will proceed in steps.

® Plan to use sliding diagnostics to measure the beam profile, using laserwire and
either a Faraday cup or diamond detector.

Rebuncher 3, BPM, quad, chopper 2 beam
dump and toroid Stage 7

\/
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FETS diagnostic developments are well advanced. Tests of the beam position
monitors demonstrate excellent resolution in a wire-rig system.

The H- fibre coupled laserwire for FETS has been successfully demonstrated in
collaboration with CERN at Linac4:

Laser emittance scanner matches slid-grid measurements at 3 MeV and |2
MeV.

Profile laserwire system developed and installed for 50 MeV and 100 MeV.

Revised plans of FETS laserwire diagnostics presented based on existing dipole
magnet with suitable parameters, validated by particle tracking simulation.

Sliding diagnostics planned for MEBT installation.
Thank you — questions!?

: / Stephen Gibson et al.
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