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Outline

 Goals and requirements

» Some SNS examples
— Prediction of beam on target parameters
— Some measurement examples
— Quite a lot about the SNS target imaging system

* Considerations for ESS



Goals

» Support commissioning/studies of beam expansion
section

 Support rapid production setup (maximize neutron
production)

 Assure operations within approved envelope

* Minimize beam-induced damage to target system
components

 Support neutronics studies



Development of Requirements

* Measurement functionality
* Quantified performance
* Availability

* Interfaces (between systems, to alarm system,
machine protection, target protection)

* Data logging (total energy delivered, fluence, heam
properties during studies and faults, etc).



SNS Operating Envelope - Summary
for Production Beam on Target

Beam spot width
height

Beam power within
nominal beam spot

Peak time-average
beam current density

Peak single pulse
density

Tolerance on beam
horizontal centroid

Tolerance on beam
vertical centroid

200 mm 70 mm

>90 %

<0.165 A/m"2

<1.72 x 10"16
protons/m”2

+6 mm

+4 mm

> 50% power
outside spot

>0.165 and
<0.181A/m’%

>0.181 A/m”2
>2.15x 10M6
prot/m”2

> +/- 6 mm

> +/- 4 mm

Immediate Shutdown — 2
pulses or less

Correct within 30 min. or
shutdown

Correct within 10 sec or
shutdown

Immediate Shutdown — 2
pulses or less

Correct within 10 minutes
or shutdown

Correct within 10 minutes
or shutdown



Operating Envelope - Beam Position at
Various Power Levels

* No limitation
Less than 100 Watts
100 Watts to 1000 Watts +/- 20 mm (‘averaged over any
10 minute period)
1000 Watts to 100 kW +/- 10 mm
> 100 kW \krtical tolerance +/- 4 mm

> 100 kW Horizontal tolerance +/- 6 mm

*or <5 kW with >90 % of the beam on target within a 70
mm vertical by 200 mm horizontal footprint



Predicting Beam-on-Target Parameters

at SNS

\ BCM

BPMs

4 wire scanner emittancestation

Targetimaging

halo thermocouples

Harp, BPM

Fitting normally only done at the start of a neutron production run of

several weeks

*Harp only projections monitored during production run

M. Plum, S. Cousineau



Prediction of RMS Beam Size on SNS

Window and Target

5.00E1

4.00E1 1

E.GUE“J.

E.CICIEl

l.CIE]El

Q.00ED ]

2.00E0 \\1 D4E1/ 2.28E1

wire scanners

; - - : ; : - -
3.52E1 / 4.76E1

harp

&.00E1




Raw Harp Signals

Amplitude (a.u.)
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Fit profiles in transport line and near target with super-Gaussian function



Proton Beam Window,
view looking upstream

i

_ Thermocouples for Halo
monitoring & Beam
Centering "\

- Parabolic diamond turned
| aluminum mirror

Cyllndrlcal double wall Inconel 718 wmdow

N




Thermocouple T vs. beam power

Temp vs power
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Target Imaging System (TIS)

Rad hard, 1 meter
fiber optic cable

turning mirror
and focusing
elements
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Automated Target Coating

o

Stony Brook University




Optics on Proton Beam Window

Turning
mirror,
Diffractive/refr
active hybrid
lens,
beginning of
fiber bundle

Shielding

25 mm
view tube

Off-axis parabolic
mirror

proton beam
flighttube




Displ

ontrol Room

Target Imaging System
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Radiation Environment near Window

Requirement: optics survive life of window assembly
Achieved

Total dose (n+g)at Y =-12.5 cm of HPTWMIR model

( sirnulated on silicon kerra)
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« After 1.5 MW year window life, the dose in Si at 1 m above beam
(viewport location and transition to fiber) is about 100 MRad
« An optical element must also be located at the in He near the hottest

pomt Dose calculations: Ferguson, et. al.



Calculated Radiation Damage to Coating

>85% due to neutrons

DPA in the alumina spray (dpa/SNS yr/MW)
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Efficiency trends
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Power dependence of position
measurement

Re
AcC

guirement: 3 mm accuracy (~1/2 of budget) on measured beam position
hieved by correction based on thermocouple located near mirror

Data logging was critical for debugging this effect

position
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Profile Predictions vs. Measurements
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Requirement: 10% accuracy of peak intensity measurement
Still working on this
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Tom Shea, ESS, Beam Shaping Workshop, Aarhus, 2012-03-27



Uniformity Scan
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Effect of Beam Position on Neutron
Production - pencil beam

Goal: support neutronics studies

SNS Proton Beam Effects on Neutronics
2010-06-29
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ESS Diagnostics Layout - a few ideas

: . Target

Profile monitors Linear Instrumentation
Standard at octupoles? position )
distributed i profie.

: : monitors thermal )
diagnostics: and BCM?
BPMs at most
quads,loss
monitors, etc...

[
—>

4 Profile

Monitors -

(emittance, Window .
BCM Instrumentation

(profile, halo,
thermal....)

/\

Profile Monitor Halo and
(FTne_rgy . thermal
ﬁ:‘i'glbutlon), instrumentation
] H I)
and BCM for collimator~




Horizontal (ocm)

Window Scattering T

Distance between ESS window and target?

Intensity vs Radius
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Temperature dependence

Gas cooling of
ESS target and
window leads to
higher
temperatures
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Images vs. Wavelength

Gas fluorescence signal is gated out in SNS imaging system
Consider option of using it for ESS imaging
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Managing Expectations
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Thank you



