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Outline

* So you’ve got a neutron beam — now what?

* Characterization of EACH beamline as early as possible is essential; verifying shielding,
KPI, and performance — AND as the starting point of a long term monitoring process...

* How can we characterize a neutron beam
* Energy (wavelength / velocity) spectral distribution
* Energy-dependent time distribution
* Transverse extent (i.e., beam footprint)
* “other stuff’ — background / contamination, etc.

 All sounds like commissioning — but we have exactly the same set of questions all along...
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Example: VULCAN pulse shape changes over IRP life

* VULCAN instrument (an engineering diffractometer on the decoupled poisoned water moderator) sees
enormous changes in the beam over the life of the Inner Reflector Plug (IRP2 replaced with IRP3 in Dec)

* IRP2 was designed for around 30 GW-hr of beam operation against poison and decoupler burnup — it ended
up staying in service through 40 GW-hr of operation

* Dedicated pulse shape measurements indicate change at nominal end of life, rapidly worsening, despite
subtle changes in routine instrument calibration
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Fast, Comprehensive Before / After Comparisons

* Measured count-rate at variety of incident energies for direct geometry spectrometers (ARCS,
SEQUOIA, HYSPEC, CNCS)

* Measured neutron spectral distributions for white-beam instruments (BASIS, SNAP, EQ-SANS,
VULCAN, VENUS, VISION)

* Used both in situ beam monitors and a dedicated beam monitor in the sample position
* Not a complete comparison — didn’t look at pulse shape / resolution, just at raw intensity numbers

* Before and after (IRP replacement) comparison prompts immediate followup with instrument
teams and justification for further examination

* Some instrument monitor problems were even identified during the “before” comparisons,
permitting significant improvement in instrument operations
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Instruments Measured: BASIS, SNAP, CNCS, EQ-SANS,
VULCAN, POWGEN, HYSPEC, VISION, SEQUIOA & ARCS

BASIS - BL-2 NOMAD - BL-1B USANS -BL-1A ARCS - BL-18 SEQUOIA -BL-17 VISION - BL-16B

Backscattering Spectrometer Nanoscale-Ordered Ultra-Small-Angle Wide Angular-Range Fine-Resolution Fermi Vibrational Spectrometer
Dynamics of macromolecules, constrained Materials Diffractometer Neutron Scattering Instrument Chopper Spectrometer Chopper Spectrometer Vibrational dynamics in molecular

moleculer lsystems, DQ‘ymE'}' biology, Liguids, solutions, glasses, polymers, Life sciences, polymers, materials science, earth Atomic-level dynamics in materials Dynamics of complex fluids, quantum systems, chemistry
chemistry, materias science nanocrystalline and partially ordered and environmental sciences science, chemistry, condensed matter fluids, magnetism, condensed matter, neutrons.ornl.gov/vision
neutrons.ornl.gov/basis complex materials neutrons.oml.gov/usans scences materials science

neutrons.ornl.gov/nomad neutrons.ornl.gov/arcs neutrons.ornl.gov/sequoia

Decoupled
Water

Moderator
(thick side)

Decoupled

—
NSE - BL-15

Neutron Spin Echo Spectrometer
High-resolution dynamics of slow processes,

SNAP « BL-3 % T X |52 polymers, biological macromolecules
N - neutrons.ornl.gov/nse
Spallation Neutrons and 9

Pressure Diffractometer
HYSPEC - BL-14B

Materials science, geology, earth and
environmental scdences

Hydrogen
Moderator

Bottom

Hybrid Spectrometer
neutrons.oml.gov/snap Dynamics of g : maleﬂlalswim optional Co u pl ed
’ polarization analysis
MAGREF - BL-4A neutrons.ornl.gov/hyspec Hyd rog en

Magnetism Reflectometer

Condensed matter, materials science and
magnetism of interfaces

neutrons.ornl.gov/mr

Moderator

FNP - BL-13

Fundamental Neutron
Physics Beam Line
Fundamental praperties of neutrons
neutrons.ornl.gov/fnpb

LIQREF - BL-4B
Liquids Reflectometer

Interfaces in complex fluids, polymers,
chemistry

neutrons.ornl.gov/Ir

. TOPAZ « BL-12
VENUS » BL-10 Single-Crystal Diffractometer

Atomic-level structures in chemiistry, biology,

CNCS - BL-5

Cold Neutron Chopper \ Versatile Neutron Imaging Instrument earth sience, mateil scence, condensed
Spectrometer Energy selective imaging in materials science, engineering, £ matter physics
Congensed matter physics, materizls scence, " materials processing, environmental sciences and biology neutrons.ornl.gov/topaz
To p chemistry, biology, environmental scence \ neutrons. nrl.gnw'venus
neutrons.ornl.gov/cncs Y DeCOUpled

: R /|
CORELLI « BL-9 2 MANDI - BL-11B POWGEN « BL-11A

Coupled

EQ-SANS « BL-6 Hydrogen
HYd rOg en Extended Q-Range Engineering Materials Diffractometer Elastic Diffuse Scattering Spectrometer Macromolecular Neutron Diffractometer Powder Diffractometer M d t
SmaII-AngIe Neutron Mechanical behaviors, materials science, materials processing Detailed studies of disorder in crystalline materials F Atomic level structures of proteins, macromolecules and DNA Atomic-level structures in chemistry, materials science, and o e ra o r
M Od e I"atO r Scattering Diffractometer neutrons.ornl.gov/vulcan neutrons.ornl.gov/corelli = neutrons.orl.gov/mandi condensed matter physicsincluding magnetic structure
Polymers, soft materials and colloidal neutrons.ornl.gov/powgen
systems, materials science, life science,

eanthand E"vm}mem‘;ﬂems [ petatngINIMENiCIn Secr progtam: I The Spallation Neutron Source is a facility of Oak Ridge National Laborato
siab b ol el Under construction P managed by UT-Battelle for the US Depan:mgent of Energy. »

Decoupled Water Moderator (thin side)
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Summary of design changes from IRP-2 to IRP-3

“Basically” the same — not identical, with “minor changes”

The poison thickness (gadolinium) in the decoupled water moderator was increased from
1 mm to 1.3 mm to match the lifetime of the decoupled hydrogen moderator and increase the
IRP 3 lifetime to 38 GW-hr, with a +3% / +8% performance impact (thick/thin side)

Aluminum flow baffle removed from decoupled water moderator vessel (thin side, now 17 not
15 mm thick) with 10% expected performance increase (pulse-integrated)

Coupled hydrogen moderator has improved wrapping of pre-moderator medium and reduced
aluminum thickness at emission face enhancing cold neutron flux by ~8%.

Increased penetration of stinger feeding decoupled hydrogen moderator as a first measure
countering the power non-linearity.

All these changes described apply to a comparison at beginning-of-life for both IRPs, but
that’s not what we have — we have IRP 2 EOL to IRP 3 BOL, which adds PPU

* 1.0 GeV to 1.3 GeV
* Hydrogen catalyst
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Nominal Moderator Geometry (at room temperature)

* Inlet pipe not shown
Inside portion 3.8 inch

11 inch (97 mm) wide
0.813 inch (280 mm)
(20.7 mm) spherical
space radius 1.139 inch
nominally internal (28.9 mm)
surface of space
moderator nominally
1.139 inch The hydrogen thickness
(28.9 mm) of the moderator
space varies across the face
nominally due to the shape of the
moderator

Inside portion 5.3 inch
(135 mm) tall at center
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IRP-3 Moderator component manufacture and processmg
are unchanged from IPR-2 -

* Moderator vessels consist of four pieces

« Aluminum fabrications, except for gadolinium inside
the poison plate

 Vessel is electron beam welded to reduce distortion

_ Poison plate

~—— Vessel halves
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Effects due to distortion of the Gd poison plate in the
decoupled hydrogen moderator for IRP-2

2rpi= O

BLs 1-3

BLs 10-12

Plate buckled toward POWGEN for IRP-2; flipped for IRP-3
-25% for “thin” side, +35% for “thick” side
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SNS BLO6 - EQ-SANS

Coupled Hydrogen Shows Flux Gain o168 s B0L L0 Ge
2025B IRP2 EOL 1.3 GeV
(BL-05 l EQ-SAN S) 4 | 2026A IRP3 BOL 1.3 GeV |
e+05
=
Expected Changes Saatil |
Decoupler and poison burnup are largely irrelevant for the coupled, unpoisoned %
moderators g 2e+05 - l
* Installation of orthohydrogen converter during PPU changes spectrum, boosting
peak and very long wavelengths 1405 | i
* Increase in energy during PPU boosts intensity slightly by moving neutron
production peak toward coupled moderators, which also happen to be the 00200 | | |
downstream moderators 0 2 4 6 8 10 12 14 16
* Expansion of premoderator coverage in IRP3 boosts intensity Wavelength, A
Preliminary Observations e IRP3EOL:IRP2EOL ——
* Small GAIN in intensity relative to IRP2 EOL — around 10% average, more at long 13 - 1
wavelengths _ 1.l
* Attribute to increased premoderator coverage on coupled moderator =
* Significant GAIN in intensity relative to IRP1 BOL - around 60% at peak T
* Attribute to PPU changes E 1.0 -
Further work S 09 -
* Planned measurements at CNCS, HYSPEC will confirm effects 3 o6
0.7 -
0.6 | | | | | | |
0 2 4 6 8 10 12 14 16

Wavelength, A
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Decoupled Water (thick) Shows Expected Flux Loss

(BL-16b / VISION)

Incident beam monitor VISION
—— |RP2-2025-11-20
—— IRP3-2026-03-10

Expected Changes
Decoupler and poison are new, and will suppress overall intensity by about 20%
relative to “burned up” IRP2

* Poison thickness increase (to support longer IRP life) will suppress overall
intensity by about 3% relative to IRP2 BOL

* Poison plate repositioning and removal of flow baffle will increase intensity by
about 3%
 All reductions in intensity should be accompanied by reductions in pulse width
(that is, improvement in resolution) 0 5000 10000 15000 20000 25000 30000
Preliminary Observations
* |RP3 BOL to IRP2 EOL monitor countrate ratio reflects 20% loss in intensity across 2,5 diiodothiophene

FWHM ratio = 0.812

2025-08-15-IRP2 FWHM = 0.238
2026-03-05-IRP3 FWHM = 0.193

wavelength range for VISION
* Resolution has improved by 15-20%
* Inconsistent results from ARCS & SEQUOIA suggesting 5-10% GAIN in intensity

Further work

 Additional confirmatory measurements on VISION

* Additional detailed measurements on ARCS and SEQUOIA

* Reconciliation of VISION (flux loss) and ARCS & SEQUOIA (flux gain) observations

* Assessment of resolution effects on ARCS & SEQUOIA using standard samples
and downstream beam monitors

SPALLATION
NEUTRON
SOURCE

OAK RIDGE

HIGH FLUX
i ISOTOPE
National Laboratory

REACTOR




Decoupled Water (thin) Shows Unexpected Flux Gain
(BL-07 l VULCAN) 1 les BLO7 VULCAN 2.8 A - Incident Spectra

—— 259967 on 25-08-10 @ 0.75
—— 265706 on 26-03-08 @ 1.83

™~
un

Expected Changes
Decoupler and poison are new, and should suppress overall intensity by about 35%
relative to “burned up” IRP2

* Poison thickness increase (to support longer IRP life) will suppress overall
intensity by about 8% relative to IRP2 BOL

* Poison plate repositioning and removal of flow baffle will increase intensity by
about 8%

* Overall, expect net 35-40% loss

* All reductions in intensity should be accompanied by reductions in pulse width
(that is, improvement in potential resolution) . . : . . . . :

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Preliminary Observations Wavelength, A

 IRP3 BOL to IRP2 EOL monitor countrate ratio reflects 35% GAIN in intensity 2.00 BLO7 VULCAN 2.8 A - Incident Spectral Ratio
across wavelength range st

* Instrument calibration data (vanadium), not shown, suggests 25% GAIN in
intensity across wavelength range relative to IRP2 EOL

* No apparent change in resolution observed, data not shown (suggesting
instrument resolution is not dominated by moderator, but by instrument geometry)

Further work

 Additional confirmatory measurements on VULCAN, including powder standards
for line shape, position and resolution

* Confirmation with monitor and scattering measurements on CORELLI
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L75 4

1.50 A

1.25 A

1.00 A

Ratio of corrected counts/M)/us

T T T T T T T T
ﬁléﬁl__rlﬁg‘lr'\}ON 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 4.5 5.0
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Decoupled H: (forward) Shows >Expected Flux Gain

(B L-1 1 a / POWG E N) L lea  BL1la POWGEN BM1 10 Hz - Incident Spectra

—— 60628 on 25-08-12 @ 1.78
144 —— 62120 on 26-03-04 @ 1.66

1.2 4

Expected Changes
Decoupler and poison are new, and should suppress overall intensity by about 17%
relative to “burned up” IRP2

* Changes in moderator design intended to improve flow patterns, reducing non-
linearity in performance with power by reducing potential flow stagnation. Non-
linearity reduced intensity at full power by 10-20% depending on wavelength

* Known non-conformances resulted in a bulged poison plate, shifting intensity
from POWGEN side to BASIS side, in IRP2. Facility choice to reverse that bulge for
IRP3, favoring flux at POWGEN and resolution at BASIS

1.0

0.8 A

0.6 1

Dead-Time-Corrected Intensity, counts/MJ/us

* Net ~ 25% increase in flux on VENUS, POWGEN, MANDI, and TOPAZ 0.0 . . : . . :
* Allincreases in intensity should be accompanied by increases in pulse width (that ° ' ’ w;e,engthf'ﬁ ’ °
is, poorer potential resolution) BL1la POWGEN BM1 10 Hz - Incident Spectral Ratio

2.00
Preliminary Observations
* |IRP3 BOL to IRP2 EOL POWGEN monitor countrate ratio reflects 30 to 70% GAIN in
intensity depending on wavelength (larger than anticipated)
* Consistent change in incident beam intensity on VENUS (not shown)
* No apparent change in resolution observed, data not shown (suggesting
instrument resolution is not dominated by moderator, but by instrument geometry)
* Power dependence reduced; 8%, wavelength independent (next page)

L75 4

1.50 A

1.25 -

1.00 A

Ratio of corrected counts/M)/us

Further work .
* Confirmation measurements on all instruments, w/ standards for line shape '
* Improved statistics and coverage during upcoming power ramp for non-linearity 025 4 — 60628 on 25-08-12 @ 1.78; 1.00
—— 62120 on 26-03-04 @ 1.66; 1.48
OAK RIDGE | tsH Lux | seauarion SR j > ] 3 : 6
National Laboratory | REACTOR | SOURCE Wavelength, A




Decoupled H: (forward): Less Power Non-Linearity
(BL'1 1 a / POWGEN) y gl-lla POWGEN BM1 10 Hz IRP3 Power - Incident Spectra

—— 61896 on 26-02-28 @ 0.52
—— 62120 on 26-03-04 @ 1.66
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Expected Changes

* Changes in moderator design intended to improve flow patterns, reducing non-
linearity in performance with power by reducing potential flow stagnation. Non-
linearity reduced intensity at full power by 10-20% depending on wavelength

 Allincreases in intensity should be accompanied by increases in pulse width (that
is, poorer potential resolution)

Preliminary Observations

* Power dependence reduced; about -8%, wavelength independent; very different
than before

Further work S T 2 : i s : 7

* Repeat during power ramp, so we get multiple points along curve, and so that BL11a POWGEN BM1 lou:ivf;f;;t;[;ier— Incident Spectral Ratio
everything is continuous, rather than separated by a week 24b
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0.6 1

0.4 1

Dead-Time-Corrected Intensity, counts/MJ/us

0.2

—— 618396 on 26-02-28 @ 0.52; 1.00

175 4 —— 62120 on 26-03-04 @ 1.66; 0.92

1.50 A

1.25 -

Ratio of corrected counts/M)/us

T T T T T T
ﬁ;ﬁlﬁg‘“w 0 1 2 3 4 5 6 7
SOURCE Wavelength, A
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Decoupled H: (backward) - Flux Reduction (>expected)
(BL-03 l SNAP) . 1e5 BLO3 SNAP 2.1 A - Incident Spectra

Expected Changes
Decoupler and poison are new, and should suppress overall intensity by about 17%
relative to “burned up” IRP2

* Changes in moderator design intended to improve flow patterns, reducing non-
linearity in performance with power by reducing potential flow stagnation. Non-
linearity reduced intensity at full power by 10-20% depending on wavelength

* Manufacturing issues resulted in a bulged poison plate, shifting intensity from
POWGEN side to BASIS side, in IRP2. Facility choice to reverse that bulge for IRP3,
favoring flux at POWGEN and resolution at BASIS

Dead-Time-Corrected Intensity, counts/MJ/us

—— 68861 on 25-11-21 @ 1.91
—— 68980 on 26-03-06 @ 1.90

* Net effect: 35% reduction on flux for USANS ,NOMAD, BASIS, and SNAP 0 . . . . . . .
» All reductions in intensity should be accompanied by reductions in pulse width == S eeaens
(that is, improvement in potential resolution) BLO3 SNAP 2.1 A - Incident Spectral Ratio

2.00
—— 68861 on 25-11-21 @ 1.91; 1.00
—— 68980 on 26-03-06 @ 1.90; 0.60

Preliminary Observations

* |RP3 BOL to IRP2 EOL SNAP monitor countrate ratio reflects 50 to 70% LOSS in
intensity depending on wavelength (larger than anticipated)

+ Consistent change in incident beam intensity on NOMAD and USANS (not shown)

* No apparent change in SNAP resolution observed, data not shown (suggesting

instrument resolution is not dominated by moderator, but by instrument geometry)

L75 4

1.50 A

1.25 A

1.00 A

Ratio of corrected counts/M)/us

0.75
Further work “\_ﬁh
* Additional confirmatory measurements on NOMAD and BASIS, including 0507
standards for line shape and resolution 0.25 |
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Decoupled H:z: (backward) - Reduced Power Non-Linearity

(BL-03 / SNAP)

Proton Beam Power
101 — 0.61 +/- 0.15 MW
—— 1.03 +/- 0.10 MW
— 1.71 +/- 0.04 MW
Expected Changes | | . L
* Changes in moderator design intended to improve flow patterns, reducing non- z
linearity in performance with power by reducing potential flow stagnation. Non- 2
linearity reduced intensity at full power by 10-20% depending on wavelength £
* Allincreases in intensity should be accompanied by increases in pulse width (that g N
is, poorer potential resolution) §
Preliminary Observations .
* Power dependence is reduced; about -5-10%, seems wavelength independent; very
different than before o
* Loss is same on both sides — despite apparent significant bulge — shouldn't that F 1 3 & 4 Ef ¢ 97 &
impact a stagnation zone differently? Neutron Wavelength [A]
Further work Proton Beam Power
* Repeat during power ramp, so we get multiple points along curve, and not 1.4 —— 1.03 +/-0.10 MW
separated by some days (start-up power ramp was...rough, and included chopper g e ot mw
problems, as evident) 28 .,
* Better statistics f_;cg
gﬂ“g’ 1.0 \/\\/V
i
é% 0.8
0.6 1
OAK RIDGE | g fLux | seactatio o 1 2 3 4 5 & 71 8
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Expected performance change from IRP-2 EOL to IRP-3

DWM poison plate repositioning 1.03 peak DWM thick side
1.08 peak DWM thin side
+8% wider pulse widths

DWM poison thickness increase 0.97 DWM thick side
0.92 DWM thin side

Beryllium height reduction (15cm)  0.99

Poison burnup (fresh vs 40 GWh) 0.80 DWM thick
0.63 DWM thin
0.83 DHM

DHM Power nonlinearity 1.10 DHM Reduced, but still present

DHM poison plate bulge expected 1.35 DHM forward
0.74 DHM backward

CHM modifications 1.08

Summary CHM 1.08 CHM 1.10 (EQSANS)
DWM thick  0.79 DWM thick  0.80 (VISION)
DWM thin 0.62 DWM thin 1.35 (VULCAN)
DHM forward 1.22 DHM forward 1.48 (POWGEN)
DHM backward 0.67 DHM backward 0.60 (SNAP)
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Summary

* Six viewed moderator faces:

* Coupled hydrogen (2) — changed exactly as predicted for IRP-2 to IRP-3 swap
* Decoupled water (thick and thin) — sort of not quite but maybe okay...?

* VISION (thick side) lost flux and improved resolution exactly as expected, but other beams
viewing the same face seem initially to have gone up. Need to keep looking

* VULCAN (thin side) should have gone down quite a bit — instead wernit up quite a bit. There
is a known optics issue with the instrument (currently under situdy). Imporiant note — modern
instruments have a lot going on. Changes in the source (moderators) curing outages are
going to be simultaneous with changes on instrument (maintenance ard upgrades). We
rarely get to look at one change at a time! Need to keep looking

* Decoupled hydrogen (2 faces) — changed as expected, but more sharply — expected +20/-30,
got +50/-40. Power-dependent performance changed, but still present.

* Note — it changed as expected, but not everyone (i.e., instrument teams) really heard that
expectation. Communicate and manage expectations on repeat!
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