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Solid Neutrino Factory target

* Rotating toroidal ring
(operating at ~2000 K):

* Individual bars...
* Cooling: radiation

* The target is bombarded at
up 50 Hz by a proton beam
consisting of ~1ns long
bunches in a pulse of a few
micro-s length.

bunch

i

pulse

Beam: protons, 3 - 30 GeV

Candidates for high temperature target:
TANTALUM, TUNGSTEN, .. .=

* The target material exposed
to the beam will be ~ 20cm
long and ~2 (or 1 or 3) cm in
diameter.

* Energy density per pulse ~ 300 J/cc.

ISS baseline (April 2006):
4 MW, 10 GeV, 50 Hz,
3 bunches per pulse, 2 ns rms.




One of the main problems: Thermal Shock (Stress)

In-beam lifetime/fatigue tests hardly
possible

Shock can be modelled: Finite Element

Software (FES)

V

Target surface motion can be measured

for (every) beam pulse and used as an
indication what's happening inside the
target (evaluation of the constitutive
equations with the help of FES)
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Simulate the level of shock in the real target by passing a pulsed

current through a very thin wire

Lifetime/fatigue tests

Measurements of the wire surface motion

FE simulations: prediction and intrepretation of tests results



Comparison between experimental data from HARP experiment and

Simulations. .. as realistic as pessible MARS vs. HARP  Monte Carlo caleulations (MARSLS) on pion production in proton -
tantalum interactions will help to tune all the Neutrine Factory related
ot caleulations. -
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(LS-DYNA)

We are most interested in the HARP results for beam momentum of 12 GeV/c because
this is closest value to the 'standard’ beam energy (10 GeV) we use in UKNF simulations.

Her'e TANTALUM
Beam power = 5 MW, repetition rate = 50

LS-DYNA simulations

Material model used in the
analysis

* Temperature Dependent
Bilinear Isotropic Model
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The agreement between MARS and HARP is relatively good.

Status of simulations of
the current pulse - wire tests at RAL
Geometry Rise time: ~100 ns

* 0.5mm diameter; Scm long wire;
supported at bettem, free at top

Flat Top: ~500-700 ns

Loads

* Uses 2 slopes (elastic, plastic) & Bamett ol Wi
PREHT puise: ~ 9- i

to represent the stress-strain
curve

* Inputs: density, Young's
modulus, CTE, Poisson's ratio,
yield stress,
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LS-DYNA input (estimate; especially

for T> 1000K)
Problems with material data:

* preliable data can be found for

temperatures up to 1000K (but
inconclusive);

* no data (practically) at high

temperatures.

exponential rise
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* Energy density: temperature rise

across the wire

J,

—

* Lorentz force induced pressure wave




Comparison with existing experimental results

Tests at the ISOLDE
Tantalum Cylinder, 1x10 cm

Roman WILFINGER

ENG / BENE Masating,
ISOLDE, CERN & TU Vienna

March 16', 2005, page 7
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NuFact target
LS-DYNA

Power = 4 MW, repetition rate = 50 Hz,
Beam energy = 6 GeV (parabolic distribution)

TUNGSTEN target
operating at 2000 K

2 ns long bunches
Energy deposition from MARS

3cmx 20 cm
Beam radius = Rod radius

characteristic time (shock transit time) =characteristic length / speed of sound in material
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Comparison of the simulations results:
Stress in real target vs. stress in tungsten wire
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Stress in real target vs. stress in tungsten wire

Isostress™ lines for tungsten target and wire (operating at 2000 K)

LS-DYNA
Target: repetition rate = 50 Hz;

X v, vavava i
beam radius = target radius; /

beamoffset="0:5"targetrudius;
3 x 2 ns long bunches; /
ulse length = 10 us (Icm x 1/cm), .
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energy deposition = MARS
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Wire: 0.5 mm diameter, 3 cm long: 800 ns long pulse, exponential rise, 100 ns rise time
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Beam power [MW/]

Stress in real target vs. stress in tungsten wire

Wire test results: Number of pulses to failure [x10¢]
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VISAR wire tests

Velocity Interferometry System for Any Reflector

Surface displacements ~ 100 nm; velocity ~ 1 m/s
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tungsten wire, diameter = 0.5 mm, length = 3 cm
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Peak Stress (ISIS, 100% beam) = 287 Mpa
In-beam VISAR tests

(ISIS, for example) Peak Stress (Neutrino Factory, 4 MW, 2cm
diameter, optimised pulse length) ~ 300 MPa

‘optimal target dimensions'’
\ A quick estimate of the effective dose rate  scenario:

in contact (4x);
ne radiation self-absorption

1.5 x 15 ¢m target in the target:
2.5x10!% protons per pulse, energy = 0.8 GeV <1 MeV>/decay; ete..
1 DOE+00

FLUKA results on 10 pulses

. ae 1 hour between each two pulses A design criterion for
target activation for ( E ) high-radiation areas (at
full ISIS beam power CERN, for example) =

T 2 mSy per person per

(maybt:} we W}l‘" havle only intervention but must be
10% of this value below 20 mSv per year
in so-called (category A workers)
10% beam dump area)

| IDE-02 100x_higher than
baclground rate;

7x higher than

wait at least Te = 1 hour di-!f'il:‘g ndon - Tokio
after each pulse; flight.

(if Te = 1 hour) total ==

intervention time should
hot exceed 30 minutes
(2 m5v eriterion).

Any intervention here:

| OOE-03

Additional focusing will
be needed to achieve
the required energy

density
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Summary

Solid target for the Neutrino Factory:

* Shock waves in candidate materials (Ta, W, C) characterised within
limitations of material knowledge

® Effects of beam pulse length and multiple bunches/pulse understood
(stress reduction by choosing optimal macro-pulse length)

Test of wire:
® First estimate of the lifetime of tungsten NuFact target
® VISAR is purchased to measure surface velocity of wire and compare

results with LS-DYNA calculations (this will help to extract high
temperature material data from experiment)

MERIT:
® We started taking part in the analysys of the data
Important:

® Whichever the final choice of the NuFact target (liquid/solid) we will have
the solids exposed to the high power beam



