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Fig. 1. A compilation ofWIMP–nucleon spin-independent cross section limits (solid lines) and hints ofWIMP signals (closed contours) from current darkmatter experiments
and projections (dashed) for planned direct detection darkmatter experiments. Also shown is an approximate bandwhere neutrino coherent scattering from solar neutrinos,
atmospheric neutrinos and diffuse supernova neutrinos will dominate [13].

6.1. DRIFT

The DRIFT collaboration is currently operating an 800 L fiducial
volume (DRIFT-II) in the Boubly facility in the UK [44]. The detector
is a TPC with MWPC wire readout. As a target it uses two low
pressure gasses: CS2 operated at 30 Torr and CF4 operated at 10
Torr and can probe the WIMP — 19F spin-dependent cross section.
Discrimination of darkmatter signals frombackground comes both
from directional information and track length. Alpha particles, a
background of concern, tend to have track lengths that are →100 s
of mm long while recoils tend to have track lengths on the order of
→1 mm. The background of primary concern at the present time is
alpha particles coming from the cathode. An on-going background
reduction program aims to reduce these backgrounds through the
reduction of 222Rn and better fiducialization.

A second DRIFT-II module is currently being constructed and
engineering for a proposed 8 m3 experiment called DRIFT-III is
underway.

6.2. DMTPC

The DMTPC detector is currently in the prototyping phase with
a goal to design a m3-scale detector that could be replicated for
large target mass [45]. The detector is a TPC with CCD, charge
and PMT readout. It uses low-pressure CF4 gas at 50 Torr and can
probe the WIMP — 19F spin-dependent cross section. In addition
to discrimination via the head-to-tail effect, electron recoils can
often be identified by their low ionization density. Currently there
are prototypes running at theWaste Isolation Pilot Plant (WIPP) in
Carlsbad, New Mexico and at MIT.

7. Superheated fluids

Superheated fluids provide an alternative to the traditional
detectors that rely on discrimination between electron and
nuclear recoils to distinguish background events from dark matter
signals. By appropriately choosing the operating temperature and
pressure, the detectors using superheated fluids become blind to
electron recoils. When a particle interaction in a chamber filled
with a superheated fluid in a metastable state deposits energy
above a threshold in a small enough radius, an expanding bubble is
formed. Smaller or more diffuse energy depositions will result in a
bubble that immediately collapses.

7.1. COUPP

The COUPP collaboration is currently operating a 60 L bubble
chamber filled with CF3I in SNOLAB, Canada. This target allows for
the detection of WIMP-F spin-dependent interactions and WIMP-
I spin-independent interactions. The bubbles formed by particle
interactions are observed by two cameras and piezoacoustic
sensors. Rejection of electron recoils is better than 10↑10. Alpha
particles emitted from the walls of the chamber are a background
of concern. They are identified using acoustic discrimination. The
most recent results from the COUPP collaboration are based on
553 kg-days total exposure of a smaller 4.0 kg CF3I detector [46].

7.2. PICASSO

The PICASSO experiment is currently operating 32 modular
detectors filled with superheated C4F10 as a target in SNOLAB,
Canada. C4F10 droplets are suspended in a polymerized gel in a 4.5
L acrylic vessel. When an incoming particle interacts in the gel, a
bubble is formed. The experiment observes the acoustic deposition
by incoming particleswith 9 piezoelectric sensors. Themost recent
results from the PICASSO experiment are based on a 114 kg-d
exposure of 10 modules, containing a total of 0.72 kg of 19F [47].

7.3. SIMPLE

The Superheated Instrument for Massive ParticLe Experiments
(SIMPLE): This experiment consists of 15 detectors filled with
superheated liquid C2CIF5 droplets. The experiment is located in
the Laboratorie Souterrain à Bas Bruit, France. Bubbles formed by
particle interactions are readout by acoustic instrumentation. The
most recent results are based on a science exposure of 18.24 kg-
days [48].

7.4. Future: PICO

The PICASSO and COUPP collaborations have formed a new
collaboration called PICO to explore large scale superheated
detector options. The PICO collaboration is currently constructing
a 2 L prototype chamber filled with C3F8 using the COUPP bubble
chamber technology. Designs are well underway for a larger 250 L
experiment is slated for deployment in 2014–2015.

J.Billard,L.Strigari,E.Figueroa-Feliciano [1307.5458]
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Valentina De Romeri (IFIC UV/CSIC Valencia) 

‣ Neutral-current process: ν + N(A,Z) → ν + N(A,Z)

‣ Coherent: target nucleon wave functions remain in phase 
with each other before and after the collision. Amplitudes of 
scattering on individual nucleons add

‣ Elastic: no new particles are created and nuclear target 
remains in the same energy state 

‣ The neutrino sees the nucleus as a whole: 
=> cross section enhancement σ ~ (#scatter targets)2

 

=> upper limit on neutrino energy (up to Eν ~ 100 MeV)

‣ Total cross section scales approximately like N2

‣ Can be ~2 orders of magnitude larger than inverse beta 
decay process used first to observe neutrinos.
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COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING 
(CEvNS)

D. Akimov et al, Science 357 (2017)
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FIG. 1: Left: Neutrino energy spectra that are backgrounds to direct detection experiments: Solar, atmospheric, and the
di↵use supernova background. The Solar neutrino fluxes are normalised to the high metallicity standard Solar model. The
atmospheric neutrino spectrum is the sum of contributions from electrons, anti-electrons, muons and anti-muons. The di↵use
supernova background is the sum of three di↵erent neutrino temperatures, 3, 5 and 8 MeV. Right: Xenon scattering event rate
as a function of recoil energy for each type of neutrino as well as a 6 GeV WIMP with ���n = 5⇥ 10�45 cm2 (solid black line)
and a 100 GeV WIMP with ���n = 2.5 ⇥ 10�49 cm2 (dashed black line) to show how they overlap with 8B and atmospheric
neutrino induced recoils respectively.

background for WIMP searches are displayed in the left
hand of Fig. 1 with uncertainties listed in Table I. In fact
with advances in technology currently underway [45] it
will be possible for direct detection experiments to make
competitive measurements of these neutrino fluxes [46]
and even constrain new physics such as the existence of
sterile neutrinos [47] or new interactions between neutri-
nos and nuclei or electrons [48].

Neutrinos from various fusion reactions in the interior
of the Sun dominate the low energy-high flux regime and
are the dominant background for direct detection with a
total flux at Earth of around 6.5⇥1011 cm�2 s�1 [49, 50].
Neutrinos from the initial pp reaction make up 86% of
all Solar neutrinos and have been detected most recently
by the Borexino experiment, determining the flux with
an uncertainty of ⇠ 1% [51]. However for the remain-
ing Solar neutrinos the theoretical uncertainties in the
fluxes are as large as or larger than the measurement
uncertainty and rely on an assumption of a Solar model
for their calculation. In this work we assume the high
metallicity Standard Solar Model (SSM) [49] which is
the model most consistent with existing Solar data. Due
to their relatively low energies, Solar neutrinos will influ-
ence the detection of WIMPs with masses less than 10
GeV.

For WIMP masses between 10 and 30 GeV, the neu-
trino floor is caused by the sub-dominant di↵use super-
nova neutrino background (DSNB), the sum total of all
neutrinos emitted from supernovae over the history of
the Universe. The background flux is calculated by per-

forming a line of sight integral of the spectrum of neu-
trinos from a single supernova with the rate density of
core-collapse supernovae as a function of redshift. See
Ref. [52] for the full calculation of the predicted DSNB.
The total flux of the DSNB is considerably smaller than
for Solar neutrinos, around 86 cm�2 s�1, however it is
an important background to consider as it extends to a
higher energy range not occupied by Solar neutrinos. The
calculated spectra have a Fermi-Dirac form with temper-
atures in the range 3 to 8 MeV. In this study we use a
DSNB flux which is the sum of 3 temperatures: 3 and
5 MeV for electron and anti-electron neutrinos respec-
tively, and 8 MeV for the sum of the remaining neutrino
flavours. There are considerable theoretical uncertainties
in this calculation, hence we will take a large systematic
uncertainty of 50% on the total flux of DSNB neutri-
nos [52].

The final type of neutrino remaining to be dis-
cussed are those from the atmosphere which provide
the main neutrino background for WIMP masses above
100 GeV. These neutrinos occupy the high energy and
low flux regime and will limit the sensitivity of experi-
ments to spin-independent cross sections below around
10�48cm2 [13, 15, 19]. The flux of atmospheric neutrinos
with energies less than 100 MeV is di�culat to measure
as well as predict theoretically [53–55] although the ex-
pected flux is around 11 cm�2 s�1. In this work we use a
calculation that is a sum of the contributions from elec-
tron, anti-electron, muon and anti-muon neutrinos and
place a ⇠ 20% uncertainty on the total flux [54].

C. A. J. O’Hare [1604.03858]

Image credit: COHERENT 
Collaboration.
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⌫ type Emax
⌫ (MeV) Emax

rXe
(keV) ⌫ flux

(cm�2 s�1)
pp 0.42341 2.94⇥ 10�3 (5.98± 0.006)⇥ 1010

7Be384.3 0.3843 2.42⇥ 10�3 (4.84± 0.48)⇥ 108
7Be861.3 0.8613 0.0122 (4.35± 0.35)⇥ 109

pep 1.440 0.0340 (1.44± 0.012)⇥ 108
13N 1.199 0.02356 (2.97± 0.14)⇥ 108
15O 1.732 0.04917 (2.23± 0.15)⇥ 108
17F 1.740 0.04962 (5.52± 0.17)⇥ 106
8B 16.360 4.494 (5.58± 0.14)⇥ 106

hep 18.784 5.7817 (8.04± 1.30)⇥ 103

DSNB 91.201 136.1 85.5± 42.7
Atm. 981.748 15.55⇥ 103 10.5± 2.1

TABLE I: Total neutrino fluxes with corresponding uncertain-
ties. The maximum neutrino energy, Emax

⌫ , and maximum
recoil energy of a Xenon target, Emax

rXe
, are also shown.

In the right hand panel of Fig. 1 we show the re-
coil energy spectrum for each neutrino type scattering
with a Xenon target. In addition we show the recoil en-
ergy spectra for two example WIMPs with masses of 6
GeV and 100 GeV. This is to demonstrate the similarity
that certain WIMP masses have with individual neutrino
sources. This overlapping between WIMP and neutrino
event rates is the reason why neutrinos limit WIMP dis-
covery. For cross sections below the neutrino floor, an
experiment which observes the excess in the number of
observed events over the expected background cannot de-
termine whether these events were due to a WIMP in-
teraction or a slightly larger value of neutrino flux due
to the systematic uncertainty. Hence the neutrino floor
limit divides the WIMP parameter space into cross sec-
tions which induce enough events to be significant over
the systematic uncertainty on the neutrino background
and those which do not.

III. NEUTRINO FLOOR

In this work we will adopt a fixed mock experimental
setup with a Xenon target and a 3 eV energy thresh-
old. This is a slightly unrealistic expectation for the sort
of threshold possible with a dual phase Xenon detector
even beyond the next generation of experiments. We will
explore more reasonable expectations for realistic direct
detection experiments in Sec. VI but initially we make
this choice of mock detector setup for a number of rea-
sons. Firstly by using Xenon it allows us to make direct
comparisons with previous work on the neutrino floor
e.g., Refs. [5, 15, 17–19] whilst also providing us with the
simplicity of a single target nucleus. Using a very low
threshold also allows us to capture the low WIMP mass
neutrino floor without having to change the target nu-
cleus or use targets with multiple di↵erent nuclei. Using
a constant target and threshold then allows us to isolate
the e↵ects due to the dependence on the astrophysical
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FIG. 2: Full dependence of the spin-independent neutrino
floor for a Xenon target as a function of WIMP mass and
detector exposure, showing the contribution from all sources
of neutrino. The neutrino floor has peaks at WIMP masses
where the Xenon scattering rate for WIMPs and a certain
neutrino source overlap.

input.
In this study we will adopt a binned likelihood with

Nbins = 100 to allow us to e�ciently extend our analysis
to large numbers of neutrino events. The likelihood is
written as the product of the Poisson probability distri-
bution function (P) for each bin, multipled by individual
likelihood functions parameterising the uncertainties on
each neutrino flux normalisation and each astrophysical
parameter,

L (m�,���n,�,⇥) =
NbinsY

i=1

P

0

@N
i
obs

����N
i
� +

n⌫X

j=1

N
i
⌫(�

j)

1

A

⇥

n⌫Y

j=1

L(�j)

⇥

n✓Y

k=1

L(✓k) . (5)

Where � = {�
1
, ...,�

n⌫} are the neutrino fluxes for each
of the n⌫ neutrino types and ⇥ = {✓

1
, ..., ✓

n✓} con-
tains the n✓ astrophysical uncertainties under considera-
tion which will vary depending on the choice of veloc-
ity distribution for example the standard halo model:
⇥SHM = {v0, vesc, ⇢0}. The functions L(�j) are the
Gaussian parameterisations for each neutrino flux (see
Table I) and similarly the likelihood functions L(✓k)
parametrise the systematic uncertainty on each astro-
physical parameter. Inside the Poisson function we have
N

i
obs

the number of events observed in bin i, as well as

Neutrino ‘Fog’
C. A. J. O’Hare [1604.03858]

Discovery Limits 

The minimum cross 
section for which a 
3σ discovery of a 
WIMP is possible in 
90% of 
hypothetical 
experiments.
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Neutrino ‘Fog’

This is not a solid 
limit, It rather 
depends on the 
uncertainties of the 
parameters (mainly 
neutrino fluxes),  
and exposure . 
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lines are for an exposure of 1 ton-year and the solid lines are
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in the text. The size of the uncertainties are labelled from
low to high with values indicated. The filled regions are cur-
rently excluded by experiments, CRESST [77], CDMSlite [78],
Xenon100 [6] and LUX [7].

play a role in the discoverability of certain regions of the
WIMP mass-cross section parameter space. Particularly
this will be a concern for the next generation of direct
detection experiments which are set to make limits that
come very close to the limits we have calculated here. In
fact as we can see in Fig. 8, the limits we have calculated
for the “high” values of uncertainty come extremely close
to the existing LUX limit just above 10 GeV. Hence we
can conclude that unless there are improvements in the
knowledge of the astrophysics parameters or the uncer-
tainties on the neutrino flux, the neutrino floor will be
encountered by direct detection experiments much sooner
than previously thought.

V. PARAMETER CONSTRAINTS

The goal of this section is to demonstrate the ef-
fect neutrino backgrounds have on the measurement of
WIMP parameters, both those of a particle physics and
astrophysics origin. The discovery limits as derived in
the previous section are a convenient way of showing how
much of the WIMP mass-cross section parameter space
is accessible to a given experiment. However they give us
no infomation with regards how the other ingredient pa-
rameters of the WIMP signal may be constrained, which
is undoubtedly a goal of direct detection experiments.

To reconstruct parameters using WIMP+neutrino
data we will adopt a Bayesian approach. Following
Bayes’ theorem the posterior distribution which gives the
probability distribution for parameters ' given a dataset
D, is

P('|D) =
L (D|')⇡(')

Z(D)
, (15)

where Z is the Bayesian evidence, e↵ectively a normal-
isation constant for our purposes. The probability dis-
tribution ⇡(') are the priors on each parameter, ' =
{m�,���n,�,⇥}, and reflect our a priori knowledge of
their true values. This distribution can be explored using
nested sampling algorithms provided by the MultiNest
package [83–85]. A summary of the MultiNest input
specification used for parameter estimation is given in
Table II. A disadvantage of the Bayesian approach in
this context is that by only using a single dataset the
stochastic fluctuations in any given one will influence the
limits or constraints made using the posterior distribu-
tion. We can remove any potential bias due to statistical
fluctuations in a single Monte-Carlo generated dataset
by instead using an Asimov dataset where the observed
data matches the theoretical prediction [81].

MultiNest

Nlive 2000

tol 0.001

e↵ 0.3

Priors

m� log-flat [0.1,1000] GeV

���n log-flat [10�50,10�30] cm2

⇢0 Gaussian 0.3± 0.15 GeV cm�3

v0 Gaussian 220± 50 km s�1

vesc Gaussian 533± 75 km s�1

�j
⌫ Gaussian [See Table I ]

TABLE II: Input specification and priors used for Bayesian
parameter estimation using MultiNest.

A. WIMP only analysis

Before continuing with the complete WIMP+neutrino
analysis we can gain insight into the influence of each
source of neutrino on the experiment’s overall sensitivity
to the astrophysical parameters by performing a WIMP-
only analysis on datasets comprised of a single neutrino
source. The WIMP-only hypothesis consists of a likeli-
hood of the form,

L (m�,���n,⇥) =
NobsY

i=1

P(N i
bins

|N
i
�) . (16)

Where N
i
� is the expected number of WIMP events, de-

fined in Eq. (6).

C. A. J. O’Hare [1604.03858]
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Isospin Violating DM

• DM has not the 
same SI coupling 
to protons   and 
neutrons   , the 
neutrino fog is 
depends on the 
ratio  

.

fp
fn

fn /fp

σ0 =
4μ2

π [Zfp + (A − Z)fn]
2

Xe target  1 ton yr
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Z portal DM
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FIG. 3. Feynman diagram for the DM (�) quark (q) elastic scattering in the effective Z portal

model.

B. Effective Z portal DM

The Z-portal model is a simple extension of the Standard Model where the Z boson acts
as the mediator between the dark sector and the visible sector. This framework is considered
a minimal setup, alongside with the Higgs portal. This is because the Z boson and the Higgs
boson are the only particles included in the Standard Model that can serve as mediators
between these sectors. In this model, a dark matter Dirac fermion particle, �, couples to
the Z boson, which then interacts with the Standard Model the fermions, f .
The general Lagrangian describing this interaction is given by [3]:

L =
g

4 cos ✓W

�
�̄ �

µ
�
V� � A��

5
�
�Zµ + f̄ �

µ
�
Vf � Af�

5
�
f Zµ

�
(17)

Here, g is the weak coupling constant, ✓W is the Weinberg angle, and V�,f and A�,f

6

G. Arcadi, et. al. JCAP03(2015)018

• Simple SM extension where the  boson couples to a DM 
fermion  (dark sector). 

• The lagrangian  

 

• At tree level, the ratio 

 

taking the low energy weak mixing angle 
 (PDG-2024). 

Z
χ

ℒ =
g

4 cos θW
(χ̄ γμ (Vχ − Aχγ5) χ Zμ + f̄ γμ (Vf − Af γ5) f Zμ)

fn
fp

=
2gd + gu

gd + 2gu
= −

1
1 − 4 sin θ2

W
≈ − 22.18,

sin2 θW ∼ 0.23873
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LZPandaX-II

XENON nT1 ton yr  fn /fp = 1

1 ton yr  fn /fp = − 22.18

, 

.

Vχ = 10−4

Aχ = 0
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Isotopic DM Detectors(?)
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Concluding Remarks

• Dark matter direct detection experiments increase their sensitivity reaching the 
unavoidable neutrino- nucleus coherent background. 

• This limit depends on the uncertainties of the neutrino and DM parameters 
(manly neutrino fluxes),  threshold energy & exposure. 

• The neutrino floor can be overcome with more statistic -> neutrino ‘fog’. 

• Case of IVDM (Z - portal) the neutrino fog can be lowered by one order of 
magnitude, enhancing the possibility of a signal in this models.

13
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Neutrino events

Abstract
An article usually includes an abstract, a concise summary of the work covered at length in the

main body of the article.

I. INTRODUCTION

II. COHERENT ELASTIC NEUTRINO-NUCLEUS SCATTERING

Neutrinos represent the principal irreducible background in the direct searches for Dark
Matter, this is beacause when the interact through a process called Coherent Elastic
Neutrino-Nucleus Scattering (CE⌫NS) they cause recoils that mimics the signal of the
interaction expected by the dark matter.
The differential event rate for CE⌫NS comes from the convolution of the CE⌫NS differential
cross section and the neutrino flux.

dR⌫

dEr
= ✏

NA

mtarget

Z E⌫max

E⌫min

d�

dE⌫

d�

dEr
dE⌫ (1)

where the minimum neutrino energy to generate a nuclear recoil energy Er is E⌫min =
p
MEr/2, and ✏ is the exposure in units of ton·year. And the differential cross section is

given by

d�

dEr
=

G
2
FM

2⇡
Q2

WF
2(Q2)

✓
2� MT

E2
⌫

◆
(2)

Here, Gf is the fermi constant and QW is the vector weak charge

Q2
W =

�
Zg

V
p +Ng

V
n

�2 (3)

where Z indicates the number of protons in the nucleus, and N the number of neutrons.
⇤ laura.duque@cinvestav.mx
† jorge.lamprea@cinvestav.mx
‡ omar.miranda@cinvestav.mx
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• Differential event rate for CEvNS
Neutrino flux

CEvNS diffefential Cross section
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Astrophysical part

Spin Independent DM-Nucleus Cross section
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Profile likelihood 
ratio test 

• Likelihood funtion 

• Ratio test Background  vs. Background + WIMP

x ⌘ vmin/v0, y ⌘ vobs/v0, z ⌘ vesc/v0. (10)
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