NTOF SEE Benchmarks

Mario Sacristan Barbero, Matteo Cecchetto
On behalf of the R2E Project

Acknowledgments to STI-TCD and nTOF collaboration

R2E Annual Meeting 2022, 1st- 2nd March 2022
https://indico.cern.ch/event/1116677/

) N _ﬁ
(iERN (ﬁ’(L S —QOT \j\
;/)/\ @ \STT'}/, =~ _NTOF

R2E



https://indico.cern.ch/event/1116677/

Agenda

1. Facility and objectives

2. Test setup and strategy

3. Beam properties

4. Experimental results

5. Spectral hardness

. @ @I @7
N7 \-_’/,/L RZE nTOF



Faclility and objectives

New NEAR nTOF experimental station providing pulsed
neutron beam directly from nTOF target.

= Interesting flux for future SEE and Displacement
Damage testing in electronics.

= Sole beam intensity data from PS monitoring system.

= Preliminary FLUKA calculations suggest 5-10°
HEH/cm?/pulse for 7-10'2 protons/pulse in the
collimator output.

= By means of SRAM memories - Determine the High
Energy Hadron flux at NEAR.
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Test setup and strategy

SRAM memories characterised in a number of
neutron environments (mixed fields, pseudo-
monoenergetic and thermal neutron sources).

Set of 4 SRAMSs used:

x2 SEU sensitive: Cypress 65 nm and ISSI 40 nm
(calibration in Ref. 1,2,3). Better thermal and
intermediate energy neutron resolution.

x2 SEL sensitive: Samsungx8 and Alliancex8
(calibration in Ref 4). Better high energy neutron
resolution.

DUTs placed 2 m far from collimator (Z axis).
10 cm from projection centre (XY plane).

80m patch panel to the control area. USB read-
out converted to Ethernet.




Test setup and strategy

= No direct neutron measurement but protons on nTOF target from TIMBER.

= SRAMSs provide an aggregated value of the fluence (High Energy Hadron equivalent, Thermal Neutron equivalent).
= Combination of data from:

TIMBER Protons on Target: Time dependence and total number of protons.

FLUKA simulations: Neutron yield per pulse (standard unit, 7e12 protons per pulse).

SRAMs Weibull calibration fit: SEE cross-section as a function of energy [Refs 1-4].

= Matching of expected SEEs from TIMBER+FLUKA+FIT and experimentally measured SEEs helps validating other
variables/energy ranges from FLUKA.
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Beam properties

n_TOF beam properties (FTN.BCT.468)

= Beam monitoring via PS proton TIMBER variables. R —
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= Amount of protons reaching the NTOF target every
1.2 seconds.
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= Alternating pulse intensities: 2-1012 and 8-10%?
protons/pulse in a comparable rate.
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= Constant average flux in time.
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Results: SRAM behaviour

Complementary sensitivity thanks to the differences in technology and composition.

SEL memories, Alliance and Samsung, sensitive to energies larger than 25 and 40 MeV respectively.

SEU memories, together with high energy neutrons, show sensitivity to intermediate energies 0.01-10 MeV.

Also, ISSI memory is particularly sensitive to thermal neutrons, completing the spectrum to three important ranges.

Neutron spectrum SRAM position NEAR R2E
1x10> g

T T
Neutrons NEAR

1x10°6

1x107 E

§ 1aos | Eth [MeV] 0.01 0.01
Ohersa [cm?device]  4.70E-07 1.30E-06 7.50E-9 7.50E-9
o [cm?/device]  1.07E-07 8.05E-09 N/A N/A

1x1011 L

1x10-12 L vwnl | PR | Ll L
1x108 1x10® 0.0001 0.01 1 100

Energy [MeV]

CERN
\




Lethargy flux [n/(cm2pp)]

Results: Comparison

= FLUKA energy spectrum is weighted with every Weibull SRAM model and compared to the experimental equivalent
fluence.
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= The good agreement in experimental measurements and FLUKA simulations let us conclude the flux in front of
the collimator as:

HEH (>20 MeV) [n/cm2/pulse] HEH,, Toshiba [n/cm2/pulse] They [nfcm2/s] SilMeVng, [n/cm2/pulse]

2.09-106 2.66-106 5.67-10° 2.25-107

s 8
NTOF

CERN
\




Spectral hardness

= NEAR nTOF spectral hardness comparable Spallation neutron fluxes comparison (not exhaustive)
to other spallation facilities. LO0E+08

1.00E+07

= Lower H,q, balanced by larger flux in the

intermediate energy range 1-10 MeV.  loomos | R
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*NEAR is a pulsed source -> assuming 1 pulse each 1.2s
*CHARM has a number of locations with different flux and spectral hardness.




Summary

Neutron flux at NEAR nTOF has been measured by means of SEU and SEL-sensitive SRAM memories.

FLUKA simulations merged with SRAM Weibull fits to confront the experimental values.

Complementary sensibilities of the SRAM to cover high energy (> 20 MeV), intermediate energies
(0.01-20 MeV) and thermal neutrons (~25 meV).

Energy distribution shows a comparable spectral hardness to that of other spallation facilities, having a
larger flux in the range (1-10 MeV).

NEAR provides an interesting neutron beam for neutron induced SEE and Displacement Damage
testing in electronics thanks to both the neutron energy distribution and flux.
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Thank you for
your attention!
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