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The EUROPEAN SPALLATION SOURCE @

LINAC for 2 GeV protons & -
(62.5 A, 14 Hz, 2.86 ms) g i 4

Peak beam power = 125 MW
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ESS A2T souRce
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A set of quadrupoles + raster scanning (10 mm/us)
— REDUCED POWER DENSITY:

from 10 mA/cm? to less then 0.1 mA/cm?
— REDUCED HEAT DEPOSITION AND RADIATION DAMAGE:
0.5 year for the PWB and 5 years for the target

MONITOR: :
Errant beam detection 60 ms
- beam halo, position, current and pulse’s time of arrival Damaging pulse detection 10 ps
— synchronize the beam with the rotating target Density accuracy 20%
- beam density distribution at PBW and target = Centro?d accuracy 2 mim
V centroid accuracy 2 mm
— detect errant beam conditions or target malfunctioning Beamlet centroid precision 2 mm




ESS target monolith
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ROTATING TUNGSTEN TARGET

- Diameter = 2.5 m, with 7000 tungsten bricks
- Helium-filled for cooling

— heat deposited from 5 MW proton beam

IN ONE YEAR:

- 7 million thermal cycles of 100 °C per year

(p) On the PBW: max 0.7 dpa & 140 appm of He
(n) Elsewhere: max 1.2 dpa & 1.6 appm of He

Commissioning and operation of linac and target:
- beam size, position (IMG)

- beam current density distribution (IMG, GRID)

- beam outside defined aperture (APTM)
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#1 IMAGING sy

- Online 2D profile(s) and density distribution(s)

CHALLENGES:

1) Spectral filtering to isolate coating emissions from
gas emission (He gas luminescence)

2) Failure of raster scanning
- high current densities and surface temperature
- inhibit beam before next pulse arrival

3) Detect both static and rastered beam Proton Beam Window
— need for a large numerical aperture
— need for transporting images 15 meters away Proton Beam Instrumentation Plug (PBIP):
- to transport images to the top/out of the monolith

- to maintain shielding integrity
- to allow insertion and remote handling of BD



#2 APERTURE MONITOR

Based on thermocouple assemblies and secondary emission blades

APTM in the PBIP (i.e. exposed to mixed irradiation fields): Aper‘tu re
- Charge deposition via SEE and ®-ray production
- Nickel is the the main structural material (PSI)

- To center the beam in the target monolith
- Working up to the full production beam
- To detect errant beams — interlock




#3 GRID MONITOR

Based on multi-wire grids to measure beam current density (1D) in H/V

100E-6 m tungsten wires with a spacing of about 2 mm Aperture
Operating in ionization mode

T <900 K, avoiding thermionic emission ,
Grid
Inside the PBIP and upstream the PBW:

- Permit and monitor neutron production, i.e. operative from 6 mA to 62.5 mA

- To detection abnormal beam position and current density — interlock
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APTM&GRID prototype: test o

Prototype tested at J-PARC, based on:
2 Thermocouples + 3 Ni-blades
16 W wires + 1 SiC wire

Beam 400 MeV protons
50 mA, 500E-6s , Width ~ 2mm

Test of:

- Motion control

- W and SiC wires signal

- Thermocouple and Ni-blades signals
- Cross-talk between wires

- Cross-talk between GRID & APTM
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- Electron flux (#/cm?), 2D map (YZ, 1x100x100 voxels over a 4x1.8x0.2 cm area)
- Electron energies down to 20 eV, but mainly MeV-electrons
- Need to discriminate charge deposition from ‘knock-on’ d-electrons and ‘true’ SEY

The wires also intersect the secondary particles from the shielding blocks and the PBW
N.B. 350 keV electrons have a stopping range of less than 100E-6 m in tungsten
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Imaging at DTU SeLaon

Proton beam (7MeV, 30pA)

Prototype tested at DTU, based on:
Luminescent material (Chromox)

2 mirrors, 2 spectrographs, 1 camera
Test of:

- sample cooling

- sample activation

- EPICS control software

- instrument sensitivity

- sample/signal degradation

Cam
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CCS200
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HiRadMat for ESS: the WISHLIST (1/2)

Optimize MPS and BD to enhance safety and performance of the neutron source
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MPS

Online density monitors
Act before the ‘next pulse’
Fast electronics

COOLING SYSTEM

360 kJ per pulse (3ms)
Thermal shock

thermal conductivity (n)
thermal expansion

LUMINESCENT MATERIAL(S)
— ALO, (Cr 1%)

Photon yield (250 y/p)

Emission spectrum (wrt 70 ms)
Luminescence lifetime
Radiation hardness (10%° p/cm?)
Vacuum compatibility

He environment

Temperature 200°C

APTM&GRID
SEE energy- and angle yields
exposure to mixed fields

erosion, blisters, cracks
ﬁ thermal conductivity

ﬁ thermal expansion coeff.

# density
# elastic modulus

Brilliance

~

ESS NEUTRON PULSE

time (ms)
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HiRadMat for ESS: the WISHLIST (2/2) :zﬁ;zfm"

Optimize BD (interceptive devices) to withstand high damage levels (>10 dpa and several % of He)

1) Little is known about the effects of mixed irradiation fields, on top of H & He effects

- Embrittlement from accumulation of H and He isotopes + accumulation of lattice defects and vacancies

- Temperature effects: localized and cyclic thermal gradients, creating stress waves moving through the materials
- (SHORT) Study the effects of high instantaneous dose rates, gas production and pulsed irradiation

- (LONG) Irradiations with heavy ions whose displacement rates are 10E5 - 10E7 orders >> neutrons and protons
- (LONGER) Would it be possible to ‘parasitically’ irradiate samples at HiRadMat?

2) Database of (compound) materials in spallation targets, especially after fast neutron irradiation

- Measure displacement cross-sections — Input / Cross-check of mechanical and multiphysics simulation codes
- Supporting structures (e.g. SSL sample in a module: 7 dpa max per operational year at 5 MW)

- Max helium production rate in SSL is 110 appm per operational year at 5 MW
- Predict device lifetime, frequency of remote handling and maintenance

12



References

The ESS design Phys.Scr. 93 014001, 2018

An evaluation of activation and radiation damage effects for the ESS target, J. Nucl. Sc. 2018(5)
Implementation of the proton beam instrumentation into the PBIP, ICANS XXII 2018

The ESS target proton beam imaging system as in-kind contribution, IPAC 2017

The radiation damage in accelerator target environments (RADIATE) collaboration R&D program - status and
future activities, IPAC 2017

Preliminary measurement on potential luminescent coating material for the ESS target imaging, IBIC 2016
Lifetime and operational criteria of proton beam instrumentation in the ESS target station, IPAC 2016
Optical system design for the ESS proton beam and target diagnostics, MOPMRO043, IPAC 2016

Proton induced luminescence of minerals, Rev. Mex. Fis. 2008(2)

Simulation and measurements of SEE BLM for LHC, NIM B 2007(172)

Proton beam measurement strategy for the 5 MW ESS target, IBIC 2013

Radiation effects in structural materials of spallation target J.Nucl. Mat. 301 2002

Instrumentation and machine protection strategy for the ESS target station, JAEA-Conf2015-002
Energy- and angle differential yields of electron emission from thin carbon foils, Phys. Rev. A 1996(53)
Reduction in thermal conductivity due to neutron irradiation, Snead 1995

Radiation damage problems in high power spallation neutron sources, NIM B 1995(101)

13



EUROPEAN

SPALLATION
SOURCE




ESS Brightness 335??"9””

ESS 5 MW
2015 design
Possibilities of pulse shaping

-3

Brightness (n/cm?/s/sr/A)

ESS 5 MW
3= 2013 design (TDR
SNS
2= SIS TS2 |1-2 MW 10.3-1 MW
1 ISISTS1 32 kW
128 kW

4 time (ms)

15



2 GeV + LEAD / n angular distribution

10

—

0.1

0.1
>

do (E) / dQ, neutron cm=2 sr-1p-1

—_

3> 6MeV
4> 20 MeV
5> 50 MeV
6> 100 MeV

7 > 250 MeV

Measured angular distribution of neutrons in
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Figure 2. ESS linac layout. Spokes, medium-/ and high-3 sections are superconducting.
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APTM&GRID simulations

Air density = 1.17E-6 g/cm?® T=298 K and p=100 Pa. Dimensions in cm

52 3 Ni-blades
N
: APTM
2 SS304
thermocouples

2 Fluorophlogopite
supports

14 W wires ARl

+ 1 SiC wire

Y (cm)
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