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Outline & LIVERPOOL

* Low energy accelerators and diagnostics considerations.
* Transverse profile monitors.

* Design and operation of a supersonic gas jet based beam profile
monitor.

* The electron lens project at HL-LHC.

* Design and commissioning a second setup.
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The Ultra-low Energy Storage Ring ) [ [VERPOOL

* The growing interest in low energy physics and storage rings in the scientific community has
rapidly advanced novel methods of beam diagnostics.

» High energy deposition in
matter.
* The following should be considered: > Particles are very easy to
bend.
» Cold vacuum.
» Non-invasive diagnostics
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Figure 1: The Ultra Low Energy Storage Ring is part of the facility for anti
proton and lon research at GSI.
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Transverse profile monitors LIVERPOOL

e Luminescent screens:

’ CCD Camera
» Photon detection via a CCD camera. _ @h ht
Window
» Destructive to the beam. _ Beam_

Scintillator Scn:en

C.Bal et al., Proceedings of DIPAC 2005 Lyon,
France, 57

> Luminescent screen deteriorate over time.

* SEM grids are an electronic alternative to luminescent screens. The current caused by
liberation of secondary electrons as the beam interacts with the wires is measured.

P.Forck, Lecture Notes on Beam
Instrumentation and Diagnostics,
JUAS 2006
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Transverse profile monitors & L IVERPOOL

* lonisation Profile Monitors:

8:: Beam ',: E
» Relies on the residual gas ionisation in the vacuum chamber. < 2 b
» Micro-channel plate is used to amplify the signal. E - y* -
» Data acquisition time can be long. % —1 -
~ -
. MCP Anode
 Beam Induced Fluorescence Monitors:
» Fluorescence is caused by decay of residual gas molecules Beam oS Photons _

to the ground state.

> Just like the RGMs, the signal strength depends on the residual j.ngBe'T
gas pressure. _ pipe
Viewport
'CCD + lens

Amir Salehilashkajani, Liverpool University 15t AVA Topical Workshop — Detectors & Diagnostics 5




Supersonic gas-jet based BPM & [ IVERPOOL

* |deal beam profile monitor characteristics:
» Non-invasive to the projectile beam and the vacuum level.
» High intensity beams or high residual gas pressures necessary.

A supersonic gas jet based beam profile monitor was proposed to overcome these
difficulties.

Detect_or\ — -

» Can provide a 2d image with one gas jet. Electrodes

» Highly directional. Acquired profile %

» lonisation process well Integrated vertical
known and documented. profile %
> Flexible with different vacuum '"‘ef{l!lfated horizontal /*~ :

environments and beams. R s emt '

Electron beam'
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Particle be
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Gas expansion direction inside the ,page
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Supersonic jet flow [VERPOOL

* A supersonic gas jet is formed as the gas flows form a high pressure region to a low
pressu re One. BACKGROUND PRESSURE Pp

REFLECTED
_____ SHOCK

~MACH DISK SHOCK

s BANE DR, Wiee M= W

BARREL SHOCK

JET BOUNDARY

* The design includes one nozzle and a series of 3 skimmers to enable differential pumping
and form a sheet of gas.

' dns
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Supersonic jet flow LIVERPOOL
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skimmer 3

400 pm skimmer3

JET BOUNDARY rectangular
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H.Zhang et al., Proceedings of 8th HL-LHC
Collabiration meeting
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Overview of the first setup LIVERPOOL
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Data & LIVERPOO

* Image of the electron beam as

lzso measured from the gas jet and
I Gas jet image 200 the residual gas.
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Diagnostics for HL-LHC electron lens & L IVERPOOL

«*
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Commissioning a second gas-jet monitor LIVERPOOL

* Smaller Interaction Chamber.

* Much better vacuum and
larger pumping speed.

* Fixed Nozzle.

* To be operated in
fluorescence mode.
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Commissioning a second gas-jet monitor % [ IVERPOOL

L/
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Beam induced fluorescence method % [ IVERPOOL

I-At

Ny=o==ald 2T T o
o (cross section, N,) 9.2*%10°1° cm?
I (electron current) ~10 uA
n (gas jet density) 2.5*1019 ¢cm3
d (jet thickness) 2.8 mm
Q(acceptance solid angle)  4m-103 sr
17,{MCP photocathode 0.2
efficiency)
7wcp(MCP detection 0.5

efficiency)

T(Transmittance of optics) 0.65

Tf(Transmittance of band 0.3
pass filter)
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Beam induced fluorescence data o
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LIVERPOO
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Fitting equation: F(x)

(x — b)? dr i B
—mexp —7 + Ax +

T 1600s
Photon

Beam size integration time
number

Gaussian equation + linear background
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Nitrogen Vs. Neon & LIVERPOO

Nitrogen Neon

* 4s exposure time.
* Electron gun was on but set to pulse mode.
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Nitrogen Vs. Neon e LIVERPOOL

Nitrogen Neon

* 1600s integration time.
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Overview & LIVERPOOL

* A beam profile monitor based on a supersonic gas jet shows
enormous potential both in high and low energy regions.

* Flexibility of the setup makes it suitable for various vacuum
environments and particles beams.

* Design and commissioning a third setup for CERN. Using a noble
gas instead of Nitrogen, smaller chambers and higher current
beam needs to be considered in the future.
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