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LENS/NREP

LENS/NREP is an accelerator driven pulsed neutron source.

Neutrons are generated in low-energy (p, nx) reactions (Ep,<13MeV)
in Beryllium. °Be+p —( )+ xn Protons are provided by a linear
accelerator.

LENS provides cold neutrons for materials research, neutron
physics and technology and NREP provides neutrons in the thermal

to MeV energy range for neutron radiation effects research.
The beam has a variable pulse width (from ~10 us to ~1.4 ms).

Dedicated beamlines devoted to materials research and neutron

radiation effects research are available.
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Figure 1. Thick torget totol neutron yleld from p + Be

DUT as close to target as possible

Fluence over 4 pi per LINAC pulse = 1x10™ n/mC x 16 mA x .0008 s = 10'? n/pulse

Neutrons/cm? per pulse @ 1 cm from target = 10'2 / (4 pi) = 8x10'° n/cm?/pulse
13 pulses/s
Sandia SPR lll reactor, 6x10' n/cm?/pulse, 2 pulses/h
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LENS/NREP layout
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i timeline

- Dec 2004 first neutrons

- Dec 2005 first published data (Dyer)
- Dec 2006 new klystron RF system

- Jun 2007 2" beamline

- Dec 2007 new DTL (13 MeV)
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7 18t Target under construction (Nov 04)
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e Milestones
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14 Dec 2004 21 Dec 2006
First proton beam - first neutrons Klystron commissioning

11 mA proton current

@_ Distribution statement A: Approved for Public
w Release, Contract # N00164-05-C-6521



LENS/NREP

u

n— ~£
11

n

IUCF

Dec 2007: New ACCSYS DTL

7 MeV 13 MeV|
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February 2008
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=== LENS Power Upgrade Path

IUCF
Ubarade Beam Beam Beam Power, Neutron
P9 Energy Current Duty Peak/Av Rate
7 MeV 25 mA 0.6% 175/1 kKW 10" n/s
13 MeV 25 mA <1% 325/3 kKW 10" n/s
M ot funded//HHHTTTTTTTTTTTTTTTTTTTTTTHTTTTTTT
13 MeV 50 mA ~2.5% 650/16 kW 10" n/s
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" RF System Upgrade  “.*

= Beam Improvements
Klystron
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“Beehive”

Be target

Lead shot in epoxy
Proton Beam
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o Beryllium target
-- eryllium targe A
IUCF
1 — Mount
Proton beam + 2—Be Target 15 X9 cm?
| 3 mm thick
—— Thermal stress
High beam power >_ MAX 620
Mechanical Wicm
stress _

7MeV @25 mA @ 1% >1 kW/cm? Gauss 0,=0,~0.5 cm
13 MeV @ 25 mA @ 2.5% ~5 kW/cm? Gauss 0,=0,~0.5 cm
13 MeV @ 25 mA @ 5% >1 kW/cm? Gauss 0,=0,=1.5 cm

Make a beam uniformly distributed over ~9 X 9 cm?
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Beam damage to viewer
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- Focus beam tails, but don’t change core

- Single octupole focuses in planes
and defocuses on diagonals

- Combine two octupoles
- =» non-linear “tail folding”
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Force:

Multipole

expansion:

Octupole
term:

IUCF
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X initial

Fplding with X force

4 05 0 05
X folded
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Octupoles
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Y histogram
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XY space

XY space at the target
OCTs ON

Octupoles
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S Diagnostics: HARPs

Wire diameter ~ 20um s
HARP_01 HARP_02 HARP_01
H: 2 H:9¢c-2.5,60-5 H: 6
Wire spacing, mm | V: 11c — 0.4, |
g 2m-0.5, 40-2.5 Ve
IoE] GOl 32 X 32 15 X 50
@ mm mm Distribution statement A: Agproved for Public Release,
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G Diagnostics: Viewer

Beryllium Oxide
4 pieces 1'x1' ea
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" Use CID camera to monitor viewer

Subtract background
Smoothing/Average

Snap Picture

Record

Line Profile
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st Beam parameters: 2 mA 7 MeV 10 Hz 10 psec
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= Calculated spectra 3,7,13 MeV oo
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TOF measurement

IUCF
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Measured neutron flux (old RF system)

IUCF

7.3 mA peak, 150 us pulse width, 30 Hz rep rate (Oct 2005)

measured MCNP
107 n/s/lcm? 107 n/s/cm?

Thermal, < 0.55
everArEaln Ao | 8-13+H-17 11.0

Fast, > ~3
MeV, Ni. S 3.29+/-.21 59

1 MeV equiv.,
ON2222A 10.50+/-.45 18.1

Ni, S and Au, In, 3He measurements agree
Measured flux is ~25-45% lower than predicted

Gamma dose negligible (TLD: 1.5 krad in 24h)
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LENS/NREP Neutron flux measurements
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Projected intensity
Achieved Goal
Beam energy, MeV V4 13
Peak current, mA 25 25
Pulse width, ps 10 <L <300 1600
Duty factor, % 0.005<f<0.6 3.5
W o 1.05+108 1.15+101
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" Conclusions

- Installation and commissioning of the klystron
based RF system is completed.

e Neutron flux has been measured

- Upgrade of the high voltage supply for the
Klystron tubes is under way.

e Installation of the 13 MeVV 50 mA DTL is
completed.

- Come to full operation with 25 mA 13 MeV
2.5% beam delivered to either target in 2008.
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