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I 8T7r(n,y) - Background

o In 2019, &7r was discovered to have a thermal neutron absorption cross section of
861,000 barns (measured) rather than 10 barns (expected).
o Larger than 1>’Gd, 9B, bLi, 3He
o Smaller than 13>Xe
o Both 8Zr and 13°Xe are radioactive
o n_TOF EAR2 is uniquely positioned to measure a low energy resonance which explains

the large cross section

https://doi.org/10.1038/s41586-018-0838-z

The surprisingly large neutron capture
cross-section of 38Zr

Jennifer A. Shusterman’23#*, Nicholas D. Scielzo', Keenan J. Thomas!, Eric B. Norman*, Suzanne E. Lapi®, C. Shaun Loveless®,
Nickie J. Peters®, J. David Robertson®, Dawn A. Shaughnessy' & Anton P. Tonchev!
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o UNIVERSITY
87r(n,y) - Current Picture nTOF @ TEXAS G piitas

o 2019 LLNL —thermal neutron capture or= 861,000£69,000 barns
o 2021 LLNL —thermal neutron capture or = 804,000+63,000 barns and resonance integral I = 2,530,000£280,000 barns
o 2023 LANL — thermal neutron capture o = 771,000431,000 barns and resonance integral I = 15,210+670 barns
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LANL DICER uses neutron ToF with transmission for energy-resolved measurement
Controversy with resonance integral

Resonance claimed at 0.171 eV

Nature pre-print, under review

Preprints are preliminary reports that have not undergone peer review. scientific reports
6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,
. 88 . . . o or referenced by the media as validated information

Aqueous harvesting of ““Zr at a radioactive-ion-beam facility for 0 e
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I 88Zr(EC)88Y and 88Y(EC)88Sr Background _nTOF @ TEXAS GRS

Al 1 g 1 T Ny Zr
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8871 199Zr ?9Zr |®1Zr
o 8Zr electron capture emits a 393keV gamma ray. ?
88Y g ron re emi keV and 1. MeV - 83.4d 78.4 hr Stable Stable
o) electron capture emits 898keV and 1.836MeV gamma rays o | |100% EC \ EE. B*(22%)\A
el —> —> 5
o Two samples: = 88Y 89Y OY
o “Test sample” for background studies and setup optimization © *
o “Rich” in 88Y, which is the dominant background for é 183;,2 ‘éC Stable ?ggo/h%_
n_TOF measurement and main RP concern. > | —
o By late March: 0.5 mCi of 88Zr and 3.2 mCi of 88Y 888 r 9S
o “Measurement sample”: .
o Fresh 88Zr for (n,y) measurement s ik
Y 100% B
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UNIVERSITY
I Sample Prep NTOF TEXAS OF DALLAS

o The 8Zr sample is provided by US DOE (LANL) in 2N HCl since zirconium is not water soluble.
o Evaporated into 1cm diameter to balance reaction rate and alignment uncertainty.
o Sample is zirconium chloride and zirconyl chloride.
o ZrCly + ZrOCl,-H,0
o Demonstration with "3Zr shown below.
o Evaporated between two pieces of Kapton tape for conformal containment.
o Mounted to aluminum ring. " s - el 1L

EDS Layered Image 2

O Kal C Kal_2

natZr within Kapton tape and
n_TOF EAR2 aluminum ring

meEEoEm
SEM/EDS image of "2tZr deposition
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| n TOF EAR2 nTOF - @ TEXAS GV bt Ay

o n_TOF EAR2 is uniquely suited to this measurement
o Fast data acquisition, sufficient fluence
o We intend to use the segmented total energy detectors
(sTEDs) in the circle configuration.
o Able to sustain the very high rates associated to the
activity and the high-flux of EAR2
o Optimum efficiency, segmentation, and sensitivity.
o Used before for challenging measurements on
radioactive targets (7°Se, 2*Nb).

o Able to increase detector stand-off, pending
background measurement results.

State-of-the-art |
CDg (1L) b
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I Measure and Confirm Thermal XS

(©)

Counting rate estimates that include the full beamline
simulations of n_TOF EAR2

o This includes the energy resolution function.
We include the TENDL 2021 database, which is the only

library with the updated cross section available at time of the
preliminary work

1Xx1018 protons for background and 4x 1028 for signal

100mCi 88Zr signal sample

o Assuming the sample is in the beam from week 3 to
week 8 after separation:

o 8Zr 84 mCi —» 63 mCi
o 8Y 12 mCi = 24 mCi (main background)
We have simulated the detector efficiency by first generating

the cascades using NuDEX and including them into the
Geant4 simulations

Using Geant4 with EAR2 geometry and sTEDs we calculate
the detector efficiency >300keV

18-20 March test proposed to validate count rate and
detector performance.
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I Background Suppression

o Based on proposed 18-20 March test sample results,

UNIVERSITY
NTOF IEXAS OF DALLAS

Zr88(n,g) @EAR2 1250bpd: 3.820e-08 atb

Zr88(n,g) @EAR2 1250bpd: 3.820e-08 atb
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We can use gamma energy thresholds to
suppress 88Y background at the cost of
statistics...




| Projected Sensitivity

o EAR2 background subtracted with realistic systematic
uncertainty of 0.5%. Radioactivity background subtracted
with statistical uncertainty only.

o Able to confirm large thermal neutron cross section

o Probability of confirming preliminary DICER 0.171 eV
resonance. First capture-based confirmation!

o Able to search for resonances to ~10eV

o TENDL 2021 does not have the 0.171 eV resonance

o Using the TENDL 2021 resonance at 7 eV as proxy for
higher resonance hunting.

o D=(Cz-Cg)/Unc(Cz-Cg)
o Still optimizing mixture of signal to background counts.
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Detection limit

UNIVERSITY
OF DALLAS
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I Schedule

Pending INTC:
o Test sample at CERN ~7 MAR.
o Beam-off tests planned 13-17 MAR.
o Test DAQ, dead time, etc.
o Beam-on test planned 18-20 MAR.
o First 3 days of beam at n_TOF EAR2.

o Shipped by UT NETL Reactor using ALARA Logistics.

o CERN radship request document #830
o Draft DGD and Safety Manual
o Second draft of Safety Manual to CERN RP.

o CERN e = et
SHPPER' DECLARATION FOR DANGEROUS o008 wr CHI I Genive 23
Sui

n-ToF experiment
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Background sample
SNV | || || |

natzyr tests, chemistry
prep, hot cell prep

Background sample

prep
15 JAN v ot T NE (nckrou)
200 .
29 JAN A e AN
5 FEB W a1 CERN S Fe8 A s atUT NETL
12 FEB + caves T NETL (L
1ores  INERRID ¢ e
26FE8  +  gemieme g o
4 MAR v \A;fl;;tl\(;liRRN 18-20 March beam time pending INTC approval.
11 MAR Beam-off tests Signal sample collection anticipated late summer,

pending INTC approval.

Beam start
18 MAR III ® Beam-on tests

...Signal strategy based on background results...




I Backup NTOF ¥ 'TEXAS 'OF DALLAS
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UNIVERSITY
I 35Cl background NTOF IEXAS OF DALLAS

ENDF Request 23453, 20249-Febh-06,14:13:14
i0-8 i0-6 10-4

o Sample is ZrCl; and ZrOCl,-H,0 A r - . ' .
= ENDF/B-UIII.0: CL-35(H,G)CL-36
| -2021: ZR-88(N,G)ZR-89

o Natural chlorine has a 33 barn cross section

o hatClis 76% 3>Cl with 44 barn cross section 105 - + 105
o Though Cl atoms outnumber Zr atoms within -
sample, the ~800,000 barn cross section of 88Zr %
mitigates Cl concerns. S
%
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I Sample Prep (continued) nTOF- © TEXAS QY Bt Ay

ZrCl4/ZrOCl2 evaporated onto
Kapton tape
Additional piece of Kapton tape
to conformally trap sample
Mount to aluminum ring

o Standard for n_TOF
Mount to additional aluminum
ring on other side to confirm
Kapton tape does not separate
Squeeze aluminum rings together
with final piece of Kapton tape.

Initial test with natural
zirconium in same initial
solution. Note that this sample
is not yet conformally wrapped.
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