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 Tool for beam transverse profile monitoring
non-perturbing to both beam and vacuum levels
needed in low energy storage rings, due to:

Higher interaction
o with residual gas

—
UHV needed to preserv

beam: 10 mbar

Multi pass operation
—
perturbation to beam
unacceptable

BUT

State of the art techniques fail!

* Conventional planar gas-jet creation =
thick curtain (= low resolution) & poor pumping.

* Magnetic focusing of curtain needs strong (1.3 T)
magnetic field = disruption tolow energy beam

—
Novel, optimized curtain creation system needed.

Whatls thls work albeut?

@ - Assesstheimpacton jet structure of:
a) nozzle-skimmergeometry
b) thermodynamicvariables (pres.andtemp.)
—> Many variables: '

computation time becomes an issue!

@) - Identify suitable quality factors for the curtain
€) - Optimize code to reduce computing time:

b) optimize boundary conditions
- Describe behavioral trends spotted

O
© - Identify exploitable behaviors (e.g. split curtain)
(D - Propose optimized nozzle-skimmer system

| ——

Experimental benchmark of
results.

The vacuum vessels, signal

acquisition electronics and detectors

needed for the experiments are

manufactured and setup is assembled and

operating in our
(4 N
&,f > e

laboratories.

Experimental
results expected
by summer 2011.
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= transverse beam profile monitoring applications
where low beam perturbation and bi-dimensional imaging is
required, we propose an ionization monitor based on a neutral gas-jet
targets shaped into a thin curtain. When integrated in UHV systems,
such as in the Ultra-low energy Storage Ring (USR), where vacuum
preservation is of primary concern, such system present severe
difficulties linked to the creation and proper shaping of a high
quality gas-jet curtain. Nevertheless, no detailed theoretical study
exists in the literature on planar jet creation through optimized
orifice (nozzle) and collimators (skimmer) geometry.

MONITOR IDEA
* Thin curtain-shaped jet of

neutral atoms = target for
incoming beam.

e Beamionizesthe gas.

« Gas ions extracted vertically
and imaged on position
sensitive detector (MCP +
Phosphor Screen)

* Different y coordinates of ionizing
projectile = different positions on

CONTENTS — Investigations into the generation and

MCP. evolution of the jet with the commercial Gas Dynamics Tool
—> An image of the transverse profile (GDT) software and purpose-written C++ analysis modules
leOl‘medg'éli;he MCP are presented. By means of extensive numerical analysis
hosphor the whole variable space is mapped,. leading to the
— proposal of a novel nozzle-skimmer system

P i Screen

geometry, whose advantages over the performance
of traditional methods are descibed. It is also
shown that variable nozzle-skimmer
geometries allow for modifying the gas-jet
characteristics in a wide range, including
jet splitting and local density
modulation.
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Density profile stability.
5 GEOmEtﬂC variables: 0 Optimized boundary conditions

- Angles o and 3 —below: density profile at 0.5,

T e Time stability.
" : ain S. 0/ =
- Skimmer Width SW ' : Right: Density profile ~ 1°°%

- Skimmer Depth SD 75% =

. . 0/ =
- Nozzle-Skimmer Distance d,, 2(5);:
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\\\ Simulation time [us]

Equilibrium to 1%

time evolution.
Equilibrium achieved
within 7.5 ms.

= Trends description of the system. ()
P [ cftin table: trends spotted.

e Mach Number: relates to ‘

expansion efficiency and At I J J N [V \.
internal temperature. ' Right: Examples of spotted trends.

e Curtain Depth D: Trade off in choosing a.,, curve family parameter in

curtain short dimension || the plots: increasing o improves width depth ratio
(upper plot), but decreases expansion efficiency 0 . 10 15 20

(Gdensity profile) l Nozzle-skimmer distance [Grid pts, 1/2 mm]

e Curtain Width w: (Machnumber, lower plot).
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Left: Different operation modes available €

large o/f ratios, small nozzle-skimmer distance and high
pressure ratios => “split curtain” behavior.

Possible applications: beam halo monitoring avoiding
saturation or, in storage rings (because of multi-pass

operation), even halo scraping.
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Different geometries tested and compared with conventional system (scraping out
of an axissymmetric jet with collimators):
—>Novel nozzle skimmer system proposed.:
Slit nozzle and slit skimmer oriented perpendicular to each other: in optimized
configuration increase by factor of 2 in resolution and factor of 13 in accuracy as
compared to conventional systems!
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