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88Zr(n,𝜸) - Background

o In 2019, 88Zr was discovered to have a thermal neutron absorption cross section of 
861,000 barns (measured) rather than 10 barns (expected). 
o Larger than 157Gd, 10B, 6Li, 3He 
o Smaller than 135Xe

o Both 88Zr and 135Xe are radioactive
o n_TOF EAR2 is uniquely positioned to measure a low energy resonance which explains 

the large cross section
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o 2019 LLNL – thermal neutron capture 𝜎!= 861,000±69,000 barns
o 2021 LLNL – thermal neutron capture 𝜎! = 804,000±63,000 barns and resonance integral 𝐼 = 2,530,000±280,000 barns
o 2023 LANL – thermal neutron capture 𝜎! = 771,000±31,000 barns and resonance integral 𝐼 =       15,210±670 barns

o LANL DICER uses neutron ToF with transmission for energy-resolved measurement
o Controversy with resonance integral 
o Resonance claimed at 0.171 eV
o Nature pre-print, under review

88Zr(n,𝜸) – Current Picture
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88Zr(EC)88Y and 88Y(EC)88Sr Background

o 88Zr electron capture emits a 393keV gamma ray.
o 88Y electron capture emits 898keV and 1.836MeV gamma rays.

o Two samples:
o “Test sample” for background studies and setup optimization

o “Rich” in 88Y, which is the dominant background for 
n_TOF measurement and main RP concern.

o By late March: 0.5 mCi of 88Zr and 3.2 mCi of 88Y 
o “Measurement sample”:

o Fresh 88Zr for (n,𝛾) measurement

o Pending INTC approval, the 100mCi 88Zr sample will be made by 
LANL directly for this measurement to minimize 88Y activity.
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Sample Prep

o The 88Zr 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 ZrCl4 + ZrOCl2+H20

o Demonstration with natZr shown below.
o Evaporated between two pieces of Kapton tape for conformal containment.
o Mounted to aluminum ring.

5
SEM/EDS image of natZr deposition 

natZr within Kapton tape and 
n_TOF EAR2 aluminum ring 
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n_TOF EAR2

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 (79Se, 94Nb).

o Able to increase detector stand-off, pending 
background measurement results.
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Measure and Confirm Thermal XS 
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o Counting rate estimates that include the full beamline 
simulations of n_TOF EAR2
o This includes the energy resolution function.

o We include the TENDL 2021 database, which is the only 
library with the updated cross section available at time of the 
preliminary work 

o 1×1018 protons for background and 4×1018 for signal

o 100mCi 88Zr signal sample
o Assuming the sample is in the beam from week 3 to 

week 8 after separation:
o 88Zr 84 mCi → 63 mCi
o 88Y 12 mCi → 24 mCi (main background)

o We have simulated the detector efficiency by first generating 
the cascades using NuDEX and including them into the 
Geant4 simulations

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

o 18-20 March test proposed to validate count rate and 
detector performance.
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Background Suppression
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o Based on proposed 18-20 March test sample results, 
there are options for further background suppression:
o Can add shielding (Al ring)
o Gamma thresholds
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Projected Sensitivity
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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=(CZr-CB)/Unc(CZr-CB)
o Still optimizing mixture of signal to background counts.
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Schedule
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Week Notes

8 JAN ▲ Background sample 
leaves LANL

15 JAN △ Background sample 
arrives at UT NETL

22 JAN

29 JAN

5 FEB INTC mtg 7-8 FEB
WF at CERN 9 FEB

12 FEB

19 FEB

26 FEB ✦ Background sample 
leaves NETL for CERN

4 MAR ✧ WF at CERN              
7-19 MAR

11 MAR Beam-off tests

18 MAR ❀ Beam start
Beam-on tests

natZr tests, chemistry 
prep, hot cell prep

Background sample   
prep

Beam-off tests 
(background)

Beam-on tests 
(background)

▲ Background sample 
leaves LANL

△ Background sample 
arrives at UT NETL

✦ Background sample 
leaves UT NETL (NLT)

✧ Background sample 
arrives at CERN (NLT)

❀ Finalize desired 88Zr 
activity with LANL

18-20 March beam time pending INTC approval.

Signal sample collection anticipated late summer, 
pending INTC approval.

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.

Shipper

Consignee

WARNING

Failure to comply in all respects with the applicable 
Dangerous Goods Regulations may be in breach of the 
applicable law, subject to legal penalties.

Two completed and signed copies of this Declaration must be handed to the operator.

TRANSPORT DETAILS
This shipment is within the limitations
prescribed for:

(delete non-applicable )

Airport of Departure (optional):

PASSENGER AND
CARGO AIRCRAFT

CARGO
AIRCRAFT ONLY

Shipment type: (delete non-applicable)

NON-RADIOACTIVE RADIOACTIVE
Airport of Destination (optional):

NATURE AND QUANTITY OF DANGEROUS GOODS

'DQJHURXV *RRGV ,GHQWL¿FDWLRQ

UN or
ID No.

Proper Shipping Name Class or Division
(subsidiary hazard)

Packing
Group

Quantity and Type of Packing Packing
Inst.

Authorization

Additional Handling Information

I hereby declare that the contents of this consignment are fully and accurately
described above by the proper shipping name, and are FlaVVi¿HG� packaged
marked and labelled/placarded, and are in all respects in proper condition for
transport according to applicable international and national governmental
regulations. I declare that all of the applicable air transport requirements have
been met.

Name of Signatory

Date

Signature 
(See warning above)

Air Waybill No.

Page  of  Pages 

Shipper’s Reference No.
(optional)

SHIPPER’S DECLARATION FOR DANGEROUS GOODS
      

       

 5 February 2024 

   
 

n-ToF experiment 

 

Safety manual 
This document provides an overview of the main safety aspects of the 88Zr 

samples for experiments at CERN n_TOF in March-September 2024: 
description of the project, safety hazards inventory, mitigations implemented 

and analysis of accident and incident scenarios.  

 

W. FLANAGAN  
(EP-UNT) 
J. MOLDENHAUER  
(EP-UNT) 

J. PRAENA (EP-SME-62) 

J.F. GRUBER (HSE-RP-AS) 

P. BERTREIX (HSE-RP-CS) 
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…Signal strategy based on background results… 



Backup
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35Cl background
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o Sample is ZrCl4 and ZrOCl2$H20

o Natural chlorine has a 33 barn cross section 
o natCl is 76% 35Cl with 44 barn cross section

o Though Cl atoms outnumber Zr atoms within 
sample, the ~800,000 barn cross section of 88Zr 
mitigates Cl concerns.



Sample Prep (continued)
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o ZrCl4/ZrOCl2 evaporated onto 
Kapton tape

o Additional piece of Kapton tape 
to conformally trap sample

o Mount to aluminum ring
o Standard for n_TOF

o Mount to additional aluminum 
ring on other side to confirm 
Kapton tape does not separate

o 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.


