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Outline

My charge from the organisers: describe the “challenges
performing a rate+shape neutrino measurement with an
above ground detector, applied to reactor safeguards”

The monitoring capabilities we seek to develop

The primary challenge: cosmogenic background

A brief review of aboveground detection concepts, some
current projects, and the challenges they face

Outlook and Conclusions
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Monitoring Capabilities
= A wide range of monitoring capabilities are possible using reactor

antineutrino detection

= With increasing capability comes greater system complexity and
requirements on Signal:Background

Short-term rate Long-termrate  Rate + shape ratio  Rate + detailed shape
Verify Constrain Estimate fissile _ Improved fissile
Operational Operational __inventory inventory estimate?
Status Parameters | s

— 315days j All three experiments

s
g ey

[
02/28/05  03/07/05  03/14/05  03/21/05  03/28/05 06/2005  10/2005  02/2006  06/2006  10/2006 —100}

[Ber05] ™ [Bow06] S S : Prompt energy [MeV]

IN

o

o

S
T

Events per bin

Reactor Power (%)

Counts per Day

2 @
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Detected Antineutrinos
2 n
Difference

EMeVI [Chr14]
System complexity, Signal:Background, Capability >
hours to weeks to months months
weeks months to years to years
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Mode de Deploiement

= This community has long recognized that aboveground deployment would enable
much greater portability and versatility. Important recent studies assume this mode.

(
I

6.2. Medium Term:
ity muteeiuas  ras amere Seamvsssen miaty e svwpvoe

inspector needs in some spemﬁc areas of reactor safegua.rds To further expan the
utility of antineutrino detectors, several useful medium term (5-8 year timeframe)
R&D and safeguards analysis goals are proposed.

1.

[Ber05]

Above ground deployment. Above ground deployment will enable a wider set
of operational concepts for IAEA and reactor operators, and will likely expand
the base ¢ of reactors to which this technology can be apphed

———— ————— .J J—

a.ntlneutrmo detectors. .In this regard, a poss1ble deployment scenario is
envisaged where the component parts of the detector, shielding and all
associated electronics are contained within a standard 12 metre ISQ containe

facﬂltanng ease of movement and prov1d1ng physwal protect [|AE08]

dlstanc 7metrg!_ [Las10] @

composition are accounted for. We envisage a system
where the whole detector with supporting electronics fits
inside a standard 20’ shipping container. Smaller detec-
tors would also work but the times required to achieve
the performance we cite would be correspondingly longer.
Furthermore, we assume sufficient background rejection
capablhtles to allow for surface deployment. ] [Chr14] |

1 e | XIN 4N

| [Kem10]

b RSN .
\es,overburden: 10 mw.e

developing an

]L |13°”w«-n aboveground, or at least

near-surface, capability [Sue07]

N 10-30 mwe

Much effort focused on

0-5 mwe
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The great challenge: cosmogenic background

= At the surface detectors experience all
components of the cosmic ray flux

Surface flux prediction from CRY package
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The great challenge: cosmogenic background

= |n particular correlated background from:
« Hadronic component of cosmic flux
« Secondaries produced in the detector and its surroundings
« Of course, accidentals must also be controlled

Inverse beta decay

Ve_
Any other e- like deposition +
Primary or secondary Multiple secondary correlated neutron capture
neutron recoil, capture neutron capture VW €

/*\\* \/ n ‘n /‘& Tcap >
N 17::/\; | ﬁ/\\/¢\/\i\/ .w/
A n
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The great challenge: cosmogenic background

= Cosmogenic background rates simply overwhelm “conventional”
detector designs

3

At

Joyo deployment data and MC prediction
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Correlated Background

Reduction Techniques

Insensitivity: exploit Cerenkov
emission threshold dependence

Pro Con (%)

Simple, o
Effegtive Narrow rejection

for bkg capability

on particle mass class
Neutron Capture Pulse Shape Increased
Discrimination (NC-PSD): complexity;

Effective  stronger rejection

for bkg - reduced signal

class efficiency;
constrains
material selection

explicitly reject multiple NC

Fast Neutron PSD (FN-PSD):
explicitly reject recoil, capture

Increased
Topological (TOP): Use spatl_al Potentially C?mpleXIty;_ .
pattern of e+, NC, and/or IBD in broad stronger rejection
s itive d . capabilit -> reduced signal
position sensitive detector (**) PADIY  ficiency
(**) Ps detection is temporal variation
_ o Increased
Veto/FldumaI_lzaton (VETO): Potentially deadtime, |
Use outer active layer(s) to broad gomplexﬂy, )
. TP ” : capabilit ecreases acllve
isolate “signal” region pability volume/footprint

&
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Realizations: Segmented Gd-doped

= Depend on topology of Gd shower and e+ annihilation gammas to
distinguish signal from background

= |n PANDA realization, this results in large efficiency penalty in
aboveground environment

= |nhomogeneous geometries result in additional efficiency penalty

= Residual correlated backgrounds very troublesome in detailed
reports currently available

= Finer segmentation may help, but at expense of reduced resolution

Liverpool

[Vac13]
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Realizations: Segmented LiZnS

= Use LiZnS for NC-PID and topology for all other rejections JAVAV.Y /

= Inhomogeneous geometries result in efficiency penalty; n/ NC-PSD |
optical readout systems reduce resolution v

= Need for topological selection reduces efficiency; finer 3D
segmentation improves efficiency but further reduces
resolution

= Good accidental & correlated reductions — next results on
background rates awaited!

Segmented Scintillator Solid/Mars
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Realizations: PROSPECT

Rely primarily on PSD selections

Topology and perhaps veto/fidulization for residual EM
correlated backgrounds

This approach is relatively complex, but will provide detailed
information about background generation mechanisms and
great scope for mitigation
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A challenge for all concepts: time variation

= Cosmic ray fluxes vary with atmospheric conditions (as
noted yesterday) and with solar cycle:

= e.g. fast neutron data from FANS-2 capture gated
spectrometer [Lan13]
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= Must understand relationship with correlated
backgrounds and develop monitoring/
correction schemes
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= Simple reactor-off subtraction not sufficient
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Monitoring Capabilities?

Short-term rate Long-term rate  Rate + shape ratio  Rate + detailed shape
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The signal:background value and understanding that the various
realizations achieve will ultimately determine their capability
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Outlook — data, forthcoming materlals and
technologies?

Detailed interpretation of data from ongoing
projects will inform design refinements

PSD plastics, once available in large sizes and
at reasonable cost, will be ideal for several of
the concepts currently under development

Doped plastics (Gd and °Li) will offer increased
neutron capture efficiency and reduce (y,n-
capture) correlated backgrounds

..looking to the far future, liquid organic TPCs
would provide the ultimate in topological
background reduction if realized...
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Conclusions

This community has long recognized the value of aboveground antineutrino
detector deployment for reactor monitoring and there are many serious
efforts underway to develop this capability

The task is very difficult and is yet to be definitively realized

The diverse range of technological approaches being pursed is a strength —
we will learn a great deal from careful comparison of residual background
sources in each

In the near-to-medium term we can expect to learn the S/B that can be
reasonably be achieved with existing approaches and to understand the
monitoring capabilities that could therefore be provided

Everyone should keep up the good work!
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