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Benchmark-free forecasting provides a global view of
the parameter space

What do we want to know?

1. What are the optimal set of experiments to maximise the possibility of a DM
discovery? Upper limits and Discovery Reach

\%?{
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Swordfish Overview: I'll focus on using Euclideanized
signhals for Model Discrimination

(Counting Experiment |
g (6): %ignkal . Fisher Informat;og)l\/latrlx (Informatiorcls F(‘l)ux
: ackgroun 7..(0 In £(D 1 £(010), . = 2LZ0)i;

K : Bkg. Covariance i(6) 9036, D(e L (210)i; = SEm)

LE . Exposure
[Strategy optimization}
3\

Equivalent Counts Informatlon Geometry Euclideanized Signal
(S, B) = (scq; beq) 9ij(0) = Lij( (S5(0),B) = x(6)

L ~,

[Exclusion Limits] [ Discovery Reach ]
2

. P(Seq‘|‘beq|bGQ) _
Seq = Z\/Seq T beq 2In P(Seqtbeq|Seqtbeq) Z

Y

Model Discrimination
TS ~ [|x(6:) — x(02)|

[Tensor field Visualization} [Conﬁdence Contours}

Thomas Edwards | or : Benchmark Free Forecasting in Dark Matter Searches - July 2018 | 3


https://arxiv.org/abs/1805.04117
https://github.com/cweniger/swordfish

Two Pileces of the Puzzle: Fast Distance Estimators
and Likelihood Ratio Test

e With the traditional likelihood ratio we can test the
discriminability of certain benchmark points

e Pairwise euclidean distance calculators are extremely efficient

TABLE II: Discrimination power (in %) of a XENONnT-like

£ (D (9) | 9, ) experiment after 30 ton years of exposure.
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Fast computation can be achieved through
Euclideanized Signals

D.. ->Signal and background
" covariance matrix (plus
poisson noise)

S - Signal in the ith bin
E; - Exposure in the ith bin
R = 0.1 - Fudge factor to deal with

both signal dominated +
signal limited regimes

R-S;
; = DY), S:E; | 14 :
v 2. )ii5i Es ( R-SZ-+Bi+KZ-Z-Ei)

J
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It is now extremely fast to calculate any confidence
contour If the space I1s sampled enough

e Once the Distance Estimator is constructed, simply select a point and call for all
other points within the required distance

e Sampling must be high - approximately 10 points per 1-sigma region
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Case Study: Non-Relativistic Effective Field Theory
for Direct Detection Experiments
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We can now perform the pairwise comparison of
many points. What questions can we answer?

1. Benchmark Free forecasting statements can be easily
made i.e. compare all benchmark models at once

2. Quantify the signal diversity of experiments in terms of
the number of two-sigma discriminable regions
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We can now perform the pairwise comparison of
many points. What questions can we answer?

1. Benchmark Free forecasting statements can be easily
made i.e. compare all benchmark models at once
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Benchmark-free statements can be made performing

a series of simple look ups

1. Sample a large number
of points, calculating
signals for each

2. Euclideanize the signals
according to the
detector specifications

3. For each point of model

. . - — 95% CL Exclusion Limit 1T
MI CheCk If there IS d —— 95% CL Exclusion Limit 100T
point in model S within o — -

the specified significance
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Simultaneously constrain the mass and DM-nucleon
iInteraction in only a small region of parameter space
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e Mass discrimination is not possible roughly above 100-200 GeV

e Characterisation of the DM-nucleon interaction is only possible
below 100-200 GeV for regions just below the current limit
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Simultaneously constrain the mass and DM-nucleon
iInteraction in only a small region of parameter space
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below 100-200 GeV for regions just below the current limit
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We can now perform the pairwise comparison of
many points. What questions can we answer?

2. Quantify the signal diversity of experiments in terms of
the number of
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Quantifying Signal Diversity using approximate
“tiling” of 2-sigma discriminable regions

—44.0 ra(M) = \/X%:d,ISF(l — a)

—44.5

e Radius of a hypersphere

_ —45.0
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£ 4557 asymptotic behaviour of
. the likelihood ratio
—07 e Volume corresponds
470 — 90% CL UL XENONIT roughly to the number
—— 90% CL UL XENONnT
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We can approximate the number of discriminable
regions using the sampled points in the space

|-o-

o e sl
v = Jf

e |In one dimension it is simple to estimate the number of one sigma regions

e Simply count the number of points within each one sigma of each point
and sum over the inverse of this number, wi;
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Infometric Venn Diagrams: Visualisation of the
degeneracy breaking abilities of future experiments
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Conclusions

e Cuclideanized signals are a good approximation to the TS
allowing for benchmark-free forecasting statements

e Both mass reconstruction and DM-nucleon interaction
discrimination is only possible in a small part of the
parameter space for near-future Xenon and Argon Direct
Detection Experiments. Inelastic signals may provide
additional information but its unclear to what extent

o Venn diagrams provide an extremely useful and general
visualisation of the degeneracy breaking abilities of
experiments
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Experimentally constraining Dark Matter (DM) can
be difficult 1707.00709
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Traditional Methods: We are limited to testing a
number of “benchmark” scenarios

e Limitation is in computational time to
compare points in the parameter space

e Distance between two points described by

some form of Test Statistic (TS)

e Typically choose set of well motivated

points

TABLE II: Discrimination power (in %) of a XENONnT-like
experiment after 30 ton years of exposure.
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Difficulty comes from computing the likelihood ratio
via Monte-Carlo

N L) r _aN 7(a _ g\~ N
TS(0)o0) = —2M0 o (0= 60) T (05— 01) | ll2(6) = =(0")]

Q! A

* The Fisher Information then
acts a metric on the space of
model parameters

Parameter Space Signal Space

 Onlylocally true, higher order
corrections become important
for larger distances

/
e Euclideanized signal translates \. /8 9,) @(\

distance metric in model S
parameter space to the signal
space
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Euclideanized signals approximately match the
standard log-likelihood ratio test statistic

e Approximation tested by considering a

large number of random models H -
' . . —-== 1+20% deviation
(illustrated with 3 bins) Signal limited o
® Poisson background limited y-

Systematics limited

e Background kept constant whilst
covariance function and signal
randomly generated

e Flat exposure used:

Vv TS, Euclideanized
N

o Signal limited: No covariance and
high signal to noise

e Systematics limited: Low signal to
noise with high covariance

0
| o | . 0 2 4 6 8 10
e Poisson limited: Low signal to noise VTS, profile Likelihood

with no covariance
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Quantifying Signal Diversity using approximate
“tiling” of 2-sigma discriminable regions

1. Sample the model parameter space. e (M) — \/X%:d,ISF(l - O‘)
The sampling must be fine enough
such that there are more than 10 o
points within every confidence contour VM,X (QM) — Cff Z Wy

2. Euclideanize the signals using
experimental parameters such that
each parameter point has an 445
associated new vector x.

—44.0

—45.0

3. The radius of any confidence contour is
defined by r. Calculate the number of
points within r to give w;

—45.5 7

logyo(osr) [sz]

—46.0 -

—46.5

4. The volume is then approximated by v.
s is the filling factor of hypersphere

—— 90% CL UL XENONIT

—47.0 1
—— 90% CL UL XENONnT

1.0 1.5 2.0 2.5 3.0 3.5
logyo(my) [GeV]
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