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Dark  Matter 
Status and Perspectives 

 



Dark Matter


�  The presence of DM is supported by copious and consistent 
astrophysical and cosmological probes

-  Horizon-scale:      average DM density about 6 times baryon density

-  Smaller scales:      DM distribution is quite anisotropic and hierarchical



 
                             clusters – galaxies – subhalos




�  Observations are consistent with a theoretical understanding 
of cosmic structure formation through gravitational instability, 
based on the LCDM model


Although: 

-  Some issues under discussion on very small scales

-  Role of baryons in galaxy formation just started to be investigated




Dark Matter

�  DM evidence is purely gravitational


-  Galaxy clusters dynamics

-  Rotational curves of spiral galaxies

-  Gravitational lensing

-  Hydrodynamical equilibrium of hot gas in galaxy clusters

-  Energy budget of the Universe

-  The same theory of structure formation


�  This evidence can be ascribed either to:

i.  Modification of the theory of Gravity (attempts, but difficult to explain all 

observations)

ii.  Elementary particle, relic from the early Universe


-  No viable candidate in the SM: New Physics BSM

-  However, to demonstrate that DM is a new particle, a non-gravitational 

signal (due to it’s particle physics nature)is needed
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“Strong (-ish)”


Self-interacting


Technicolor DM


…




“EM (-ish)”



Millicharged DM


Electric/magnetic dipole


…





Weak

                    WIMP



Gravitational


SH-DM


GeV
TeV
keV
�eV


Majoron

WIMP     Superheavy
Non-WIMP


Particle physics scales


Relic from the early Universe

     Thermal

     Non thermal




Multiple  approach


�  Astrophysical signals

-  Tests DM as particle in its environment

-  Signals are not produced under our own direct control

-  Complex backgrounds

-  Multimessenger, multiwavelength, multitechnique strategy




�  Accelerator signals

-  Produce New Physics states and help in shaping the underlying model

-  Allows (hopefully) to identify the physical properties of the DM sector

-  Controlled environment




One does not fit all … profit of all opportunities




Where to look for …


DM is present in:

-  Our Galaxy


-  smooth component

-  subhalos


-  Satellite galaxies (dwarfs)

-  Galaxy clusters


-  smooth component

-  individual galaxies

-  galaxies subhalos


-  “Cosmic web”




[G]

[G,E]

[G,E]


- Gamma-rays

- Prompt production


-  IC from e± on ISRF and CMB

- X-rays


-  IC from e± on ISRF and CMB

- Radio


- Synchro from e± on mag. field


[L]


... and what


We have a large number of messengers at disposal

Charged CR (e±, antip, antiD)

Neutrinos

Photons

- Gamma-rays

- Prompt production

-  IC from e± on ISRF and CMB


- X-rays

-  IC from e± on ISRF and CMB


- Radio

- Synchro from e± on mag. field


Direct detection


  ( Local [L] -  Galactic [G] - Extragalactic [E] )


�� �! (...) �! � , ⌫ , e± , p̄ , D̄

� + N (e�) �! � + N (e�)



Direct searches




Compatible with: 
DM scattering on nuclei 
 
(5-100) GeV   WIMPs


 
DM scattering on electrons 
(0.3-6) KeV   ALPs


Annual modulation: DAMA, 9.2σ with 1.33 ton x yr, 15 cycles  


No systematics or side reaction able to 
account for the measured modulation 
amplitude and to satisfy all the 
peculiarities of the signature 
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Multiple hits events =  
Dark Matter particle “switched off” 

This result offers an additional strong support for the presence of DM particles in the 
galactic halo further excluding any side effect either from hardware or from software 
procedures or from background 

2-6 keV 

Comparison between single hit residual rate (red points) and multiple 
hit residual rate (green points); Clear modulation in the single hit events; 
No modulation in the residual rate of the multiple hit events  
A=-(0.0005±0.0004) cpd/kg/keV 

EPJC 56(2008)333, EPJC 67(2010)39, EPJC 73(2013)2648 
continuous line: t0 = 152.5 d,  T =1.0 y 

Single-hit residuals rate vs time in 2-6 keV 

A=(0.0110±0.0012) cpd/kg/keV 
χ2/dof = 70.4/86     9.2 σ C.L. 

Absence of modulation? No 
χ2/dof=154/87 P(A=0) = 1.3×10-5 

Fit with all the parameters free: 
A = (0.0112 ± 0.0012) cpd/kg/keV      
t0 = (144±7) d  -  T = (0.998±0.002) y 
9.3 σ C.L. 

Principal mode  
2.737×10-3 d-1 ≈ 1 y-1 

Model$Independent$Annual$Modulation$Result8
DAMA/NaI + DAMA/LIBRA-phase1   Total exposure: 487526 kg×day = 1.33 ton×yr 

The data favor the presence of a modulated behaviour with all the proper 
features for DM particles in the galactic halo at more than 9σ C.L. 

From Belli’s talk at TAUP 2015, http://taup2015.to.infn.it


•  No modulation above 6 keV  
•  No modulation in the whole energy spectrum 
•  No modulation in the 2-6 keV multiple-hit 

events 

R(t) = S0 + Sm cos ω t − t0( )"# $%
hereT=2π/ω=1 yr and t0= 152.5 day 

No systematics or side processes able to 
quantitatively account for the measured modulation 
amplitude and to simultaneously satisfy the many 
peculiarities of the signature are available. 

( )[ ] ( )[ ] ( )[ ]*
0000 cossincos)( ttYSttZttSStR mmm −+=−+−+= ωωω

Model$Independent$Annual$Modulation$Result8

ΔE = 0.5 keV bins 

DAMA/NaI + DAMA/LIBRA-phase1   Total exposure: 487526 kg×day = 1.33 ton×yr 
EPJC 56(2008)333, EPJC 67(2010)39, EPJC 73(2013)2648 



Sensitivities under the 

hypothesis of null background


“Neutrino floor”

XENON1T (LXe)

DarkSide (LAr)

Lux, LZ, …


Bounds and expected sensitivities for DM-nucleus scattering

Under the hypothesis of contact-type interactions


CRESST(2015)


X
 X


N
 N


Light WIMPs window

CRESST

SuperCDMS

…






WIMP

�  Usually discussed in terms of contact “scalar” interactions, or spin-spin 

interactions, but this is just a small part of the story


�  Full set of effective operators for DM – nucleus scattering











Fitzpatrick et al., JCAP 1302 (2013) 004
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Table 1. List of the 10 non-relativistic operators defining the e↵ective theory of the dark matter-
nucleon interaction studied in this paper. The operators Oi are the same as in Ref. [31].

conservation, and hermiticity [28]. In this framework, five non-relativistic Galilean invariant
operators generate the algebra of �-nucleon e↵ective interaction operators, where � denotes
the dark matter particle. The five operators are: the identity 1�1N , the momentum transfer
~q, the �-nucleon transverse relative velocity operator ~v?�N , and the dark matter and nucleon

spin operators ~

S�1N and 1�~SN , respectively. Any dark matter-nucleon interaction operator
can be expressed as a combination of the five generating operators. In this paper, we restrict
ourselves to dark matter-nucleon interactions arising from the exchange of a heavy spin-0 or
spin-1 particle, and hence to the 10 operators listed in Tab. 1.1

The most general Lagrangian describing the dark matter-nucleon interaction is given
by the linear combination
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where j� and jN are, respectively, the dark matter and nucleus spins, while MNR represents
the non-relativistic scattering amplitude. We denote by P

tot

the average of |MNR|2 over
initial spins, summed over final spins. P

tot

is proportional to the total transition probability
and it can be expressed as a combination of nuclear and dark matter response functions,
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+ interferences


See e.g.:



Arina, Del Nobile, Panci, PRL 114 (2015) 011301

Scopel, Kook-Hyun, Jong-Hyun, JCAP 1507 (2015) 041

Catena, Gondolo, JCAP 1508 (2015) 022

Catena, JCAP 1407 (2014) 055 


The full set of operators starts now to be explored: responses from the different

nuclei and detectors significantly change as compared to the “vanilla” contact-type case








WIMP

�  Usually discussed in terms of contact “scalar” interactions, or spin-spin 

interactions, but this is just a small part of the story


�  Full set of effective operators for DM – nucleus scattering










�  Interactions on (bound) electrons



�  DM phase space distribution in the Galaxy (esp. the high-v tail)


-  Difficult to model, very small astrophysical scales (simulation -> DM scale)

-  Quite some interest in theoretical modeling, recently (analytical, numerical)

-  Prospects for observational inputs (e.g.: GAIA)
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Relevant for GeV-TeV DM


Relevant for keV – MeV DM




Prospects

�  Annual modulation: ANAIS, KIMS, DM-Ice, SABRE


�  Diurnal modulation: DAMA with larger mass could likely access it


�  Directionality:

-  Nuclear emulsion (NEWS)

-  Anysotropic crystals (ADAMO)

-  Liquid Ar TPC

-  Negative Ion Time Expansion Chamber (NITEC)

-  Carbon nanotubes

-  DRIFT, MIMAC, DMTPC, NEWAGE, D3, …




�  Improved sensitivities:


-  Very low thresholds

-  “Zero background”

-  Extremely radiopure crystals

-  Light detectors





Low masses

Features of the annual modulation amplitude (DAMA)





“Neutrino floor”




Indirect searches
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No evidence for deviation from astrophysical secondaries

Set stringent bounds on DM properties

Uncertainties from nuclear physics and galaxy transport




AMS-02  pbar/p


Kappl, Reinert, Winkler, JCAP 1510 (2015) 034


Giesen et al., JCAP 1509 (2015) 023  


Evoli, Gaggero, Grasso, arXiv:1504.05175


Kounine, ‘AMS days at CERN, April 2015 


In addition AMS is bringing very detailed 
Information on cosmic rays nuclei (e.g. B/C) which 
will allow shaping the CR transport models 
(DRAGON, Galprop, Usine, non public codes)

This is relevant for both DM signals and its 
backgrounds




Antideuterons
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Relevant detection prospects for energies below 
few Gev/n




Potentially: a detection channel


DM signal


Secondary background


Expected number of events

for AMS nominal sensitivity
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Positrons


positron fraction


High-energy: (local) sources needed
Low energies: reproduced by secondary production




Positrons

�  The high energy tails requires a local production

-  Pulsars

-  Dark matter


�  The spectral feature might not be conclusive (unless a 
very clear sharp cut-off is seen, peculiar of direct e+e-

production)


�  AMS will further extend the energy range


�  Fermi/LAT has just reported a new analysis on the sum 
(power law up to 2 TeV)




Positrons


bounds


Analysis including astro modeling




Gamma rays "



Galactic center

Very interesting target, but difficult

Potential hints, under hot discussion






Isotropic gamma ray background

Relevant for extragalactic DM

Complex to seperate a DM signal from  
astrophysical sources






Dwarf galaxies

One of the best targets (DM dominated)

Recently, new dwarfs have been discovered 
(DES): great potentiality
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IGRB intensity
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Fermi/LAT
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Synchrotron

Inverse Compton
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LAT - 10 yrs (inner Galaxy)
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CTA - 1000 hrs

�  Higher energies (ground): >300 GeV

Probe TeV+   DM

Targets


Galactic center

DM clumps

dSphs galaxies

Galaxy clusters


Magic, HESS, Hawc, LHAASO, CTA




�  GeV – TeV energies (space) or even higher

Probe GeV-TEV DM

Improved energy and angular resolution

DAMPE (2 GeV – 10 TeV), GAMMA400, HERD (up to PeV), …


�  Lower energies (space): MeV – GeV

Probe subGeV DM or the low-energy tail of WIMP DM

AstroGam, PANGU, ...


















GeV
 TeV
Gamma rays




Lower frequencies

Radio emission


Galactic center

Galactic diffuse emission

Extragalactic diffuse emission

Dwarf galaxies

Larger undertainties, but promising for discovery




X-rays

      Opportunity for non-WIMP DM








10
1

10
2

10
3

WIMP mass M
χ

[GeV]

10
-31

10
-30

10
-29

10
-28

10
-27

10
-26

10
-25

10
-24

10
-23

10
-22

10
-21

10
-20

A
nn

ih
ila

tio
n 

ra
te

   
σ

v 
[c

m
3  s

-1
]

W
+
 - W

-
b - b

OPT

AVE

95% C.L.

PES
X-rays (X

MM-Newton)

γ-rays (Fermi-LAT)

γ-rays (MAGIC)

Diffuse X-ray Background

Cluster X-ray 

Unresolved CXB 
Milky Way

M31

BMW

Pulsar
Kicks

100-300 kpc 
Fornax Core

Tremaine-Gunn Bound

sin22θ

m
s (k

eV
)

1 10
 ms (keV)

-13

-12

-11

-10

-9

-8

-7

-6

si
n2 2θ

M 31 X-ray

U
M

IN
 X

-ra
y

Dodelson & Widrow

Radio from dwarfs


3.5 KeV line and 

sterile neutrino DM
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Some additional features

�  511 KeV line from the galactic center

-  Requires a large number of positrons at the GC

-  Still unexplained






�  “Hazes” in the central regions of the Galaxy

-  Microwaves (WMAP haze)

-  Gamma-rays (Fermi bubbles) 
unrelated to DM


 



�  Arcade excess

-  Radio excess, not accounted for by atrophysical sources

-  Requires a large number of very faint sources (and DM is just so)




Cross-correlations


hIi(~n1)Ij(~n2)i �! Cij(✓) �! Cij
l

Cross-correlations between the unresolved gamma-ray 
component and the large scale DM distribution, measured 
through gravitational tracers:

-  Cosmic shear (weak lensing)

-  Galaxy catalog (large scale structure)


Fermi/LAT 2MASS 
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Neutrinos from the Sun
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Spin dependent


ANTARES Collaboration, JCAP 1311 (2013) 032
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Neutrinos from targeted sources
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Neutrinos from GC
Annihilation in tau pairs


ANTARES Collaboration, JCAP 1510 (2015) 068
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IceCube PeV neutrinos

The spectral feature of the IceCube PeV events could refer to 
decaying (not annihilating) very heavy DM


Esmaili, Serpico, JCAP 1412 (2014) 054 
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Large detectors 

�  Significant sensitivities for:

-  DM signal from the Sun

-  Galactic center

-  Galaxy clusters


�  Km3Net

�  Hyperkamiokande

�  DeepCore, PINGU


Abe et al, arXiv:1109.3262


�m
v�

 [
cm

3 s-1
]

mr [GeV]

rr A i<i

10-26

10-25

10-24

10-23

10-22

10-21

10-20

100 101 102 103 104 105

KM3NeT-Core,
IC, V

irg
o Cluste

r (T
rk.)

IC, M.W. halo (Trk.)

Virgo Cluster (Casc.)

Total Thermal Relic

10
-16

10
-15

10
-14

10
-13

10
-12

10
2

10
3

10
4

WIMP mass(GeV/c2)

L
im

it
 o

n
 W

IM
P

-i
n

d
u

ce
d

 u
p

m
u

 (
cm

-2
 s

-1
)

Expected flux region
(Eµ > 1 GeV  )

AMANDA

ICECUBE

SK-I+II+III

Hyper-K 5yr

Hard channel

IceCube-PINGU Collab., arXiv:1401.2046


Km3NeT

Virgo cluster


PINGU

Galactic center


HyperK

Sun


Dasgupta, Laha, PRD 86 (2012) 093001




WIMPs at accelerators

�  Focus now is on the Run II of LHC

�  Sistematic study of the Effective Field Theory approach

�  Mono-X + missing ET
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Mono-X searches


Inferred bounds on the direct detection scattering cross section, 
valid under a specific EFT modeling
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WIMP at accelerators

�  EFT                     Simplified Models                     UV Complete
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WIMPs at accelerators

�  Complete NP models

-  Supersymmetry                                                  (neutralino, sneutrino)


-  High-scale inspired (SUGRA-like: CMSSM, NUHM1, NUHM2, 
NMSSM)


-  Low-energy (pMSSM-n)

-  Technicolor

-  Extra dimensions                                     (lightest KK state, if neutral)

-  ...


-  Specific models (many, not all, built specifically to adrees DM)

-  MDM and variations

-  Inert higgs models

-  Mirror DM

-  …


-  …




Example: pMSSM-10 after Run 1


3

particles have much less impact.
An alternative approach is to make no assump-

tion about the RGE extrapolation to very high
energies, but take a purely phenomenological ap-
proach in which the soft SUSY-breaking parame-
ters are specified at low energies, and are not re-
quired to be universal at any input scale, a class
of models referred to as the phenomenological
MSSM with n free parameters (pMSSMn) [14].
This is the framework explored in this paper.
Favoured mass patterns in a pMSSMn analysis
might then give hints for (alternative) GUT-scale
scenarios.

In the absence of any assumptions, the pMSSM
has so many parameters that a thorough anal-
ysis of its multi-dimensional parameter space is
computationally prohibitive. Here we restrict
our attention to a ten-dimensional version, the
pMSSM10, in which the following assumptions
are made. Motivated by the absence of signifi-
cant flavor-changing neutral interactions (FCNI)
beyond those in the Standard Model (SM), we as-
sume that the soft SUSY-breaking contributions
to the masses of the squarks of the first two gen-
erations are equal, which we also assume for the
three generations of sleptons. The FCNI argu-
ment does not motivate any relation between the
soft SUSY-breaking contributions to the masses
of left- and right-handed sfermions, but here we
assume for simplicity that they are equal. As a
result, we consider the following 10 parameters in
our analysis (where “mass” is here used as a syn-
onym for a soft SUSY-breaking parameter, and
the gaugino masses and trilinear couplings are
taken to be real):

3 gaugino masses : M
1,2,3 ,

2 squark masses : mq̃1 = mq̃2 6= mq̃3 ,

1 slepton mass : m
˜` ,

1 trilinear coupling : A , (1)

Higgs mixing parameter : µ ,

Pseudoscalar Higgs mass : MA ,

Ratio of vevs : tan� .

All of these parameters are specified at a low
renormalisation scale, the mean scalar top mass
scale, M

SUSY

⌘ p
m

˜t1m˜t2 , close to that of elec-

troweak symmetry breaking.
In any pMSSM scenario such as this, the dis-

connect between the di↵erent gaugino masses al-
lows, for example, the U(1) and SU(2) gauginos to
be much lighter than is possible in GUT-universal
models, where their masses are related to the
gluino mass and hence constrained by gluino
searches at the LHC. Likewise, the disconnect be-
tween the di↵erent squark masses opens up more
possibilities for light stops, and the disconnect be-
tween squark and slepton masses largely frees the
latter from LHC constraints.

An important feature of our global analysis is
that the possibilities for light electroweak gaug-
inos and sleptons reopen an opportunity for an
significant SUSY contribution to (g � 2)µ in the
pMSSM, a possibility that is precluded in sim-
ple GUT-universal models such as the CMSSM,
NUHM1 and NUHM2 by the LHC searches for
strongly-interacting sparticles. As we discuss in
detail in this paper, the pMSSM10’s flexibility re-
moves the tension between LHC constraints and
the measured value of (g � 2)µ [15], with the re-
sult that the best fit in the pMSSM10 has a global
�2 probability that is considerably better than in
the CMSSM, NUHM1, NUHM2 or SM.

The main challenges for a global fit of the
pMSSM10 are the e�cient sampling of the ten-
dimensional parameter space and the accurate
implementation of the various SUSY searches by
ATLAS and CMS. As in [16], here we use the sam-
pling algorithm MultiNest [17] to scan e�ciently
the pMSSM10 parameter space. To achieve suf-
ficient coverage of the relevant parameter space,
approximately 1.2 ⇥ 109 pMSSM10 points were
sampled. However, confronting all these sam-
ple points individually with all relevant collider
searches is computationally impossible. In order
to overcome this problem and still to apply the
SUSY searches in a consistent and precise man-
ner, we split the LHC searches into three cate-
gories. In the first category we consider inclu-
sive SUSY searches that mainly constrain the pro-
duction of coloured sparticles, namely the gluino
and squarks. To apply these searches to the
pMSSM10 parameter space, we follow closely an
approach proposed in [18], which uses a vari-
ety of inclusive SUSY searches covering di↵er-

De Vries et al, Eur. Phys. J. C75 (2015) 9, 422


Bounds from:

CMS, ATLAS

Higgs searches

Flavour physics

Precision physics

Cosmology




Example: pMSSM-19

Parameter Min value Max value Note
mL̃1

(= mL̃2
) 90 GeV 4 TeV Left-handed slepton (first two gens.) mass

mẽ1 (= mẽ2 ) 90 GeV 4 TeV Right-handed slepton (first two gens.) mass
mL̃3

90 GeV 4 TeV Left-handed stau doublet mass
mẽ3 90 GeV 4 TeV Right-handed stau mass
mQ̃1

(= mQ̃2
) 200 GeV 4 TeV Left-handed squark (first two gens.) mass

mũ1 (= mũ2 ) 200 GeV 4 TeV Right-handed up-type squark (first two gens.) mass
md̃1

(= md̃2
) 200 GeV 4 TeV Right-handed down-type squark (first two gens.) mass

mQ̃3
100 GeV 4 TeV Left-handed squark (third gen.) mass

mũ3 100 GeV 4 TeV Right-handed top squark mass
md̃3

100 GeV 4 TeV Right-handed bottom squark mass
|M1| 0 GeV 4 TeV Bino mass parameter
|M2| 70 GeV 4 TeV Wino mass parameter
|µ| 80 GeV 4 TeV Bilinear Higgs mass parameter
M3 200 GeV 4 TeV Gluino mass parameter
|At| 0 GeV 8 TeV Trilinear top coupling
|Ab| 0 GeV 4 TeV Trilinear bottom coupling
|A⌧| 0 GeV 4 TeV Trilinear ⌧ lepton coupling
MA 100 GeV 4 TeV Pseudoscalar Higgs boson mass
tan � 1 60 Ratio of the Higgs vacuum expectation values

Table 2: Scan ranges used for each of the 19 pMSSM parameters. Where the parameter is written with a modulus
sign both the positive and negative values are permitted. In the above, “gen(s)” refers to generation(s).

range is permitted for |At|, a parameter which a↵ects loop corrections to the mass of the the Higgs boson.
The larger range increases the fraction of model points having the mass of the lightest Higgs boson close
to the measured value.

Given the large dimensionality of the pMSSM, a grid sampling technique at regular intervals is imprac-
tical. The space is therefore sampled by choosing random values for each parameter. It should be noted
that in many cases only some of the parameters are relevant for a given observable, in which case the scan
is e↵ectively more comprehensive within the subspace of relevant parameters. The value of each para-
meter is chosen from a flat probability distribution, with lower and upper bounds given in Table 2. The
lower and upper limits of the parameter ranges are chosen to avoid experimental constraints and to give a
high density of model points with masses at scales accessible by the LHC experiments, respectively.

Condition iv imposes the constraints that the soft mass terms for the second generation are equal to those
in the first, as shown in Table 2. This means, for example, that ũL and c̃L have the same soft mass term
in the Lagrangian so that their physical masses are very close. Furthermore the scalar partners of the
left-handed fermions, such as ẽL and ⌫̃eL , have the same soft mass due to S U(2)L invariance, but D-terms
related to electroweak symmetry breaking split their mass-squared values by O(m2

W).

Once each of the 19 parameters has been chosen, a variety of publicly available software packages are
used to calculate the properties of each model point, as described in Appendix A. In some cases the
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Non-WIMPs at accelerators

�  Light DM at the MeV-GeV scale:


-  Dirac or Majorana fermions

-  Scalars o pseudoscalars

-  Asymmetric LDM

-  Dark photons


�  Mediators:

-  Vector portal

-  Higgs portal

-  Neutrino portal

-  Axion portal


�  Impact both on multimessenger/multiwavelength searches and 
on cosmological probes(CMB, dark ages)


�  Search of visible decays (e+e-) under way, and studies for 
accessing invisible decays


�  Rich experimental program:

-  Hadronic beams: SHIP e NA62 at CERN

-  Electron beams

-  Meson decays
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Fig. 60: Past and future of neutrino portal: in blue the SHIP sensitivity (expressed at 95% C.L. expected upper
limit assuming 0 observed events in 2 · 1020 p.o.t.), in grey the excluded regions from cosmological considerations
in the model of [372]. The two plots correspond to the possibility that the parameter U2 defined in Sect. 5.4.1.1 is
dominated by the mixing with the electron or the tau lepton respectively.

Fig. 61: Sensitivity of the NA62 experiment to a Majorana Neutrino. The assumed statistics is 5 years of data at
SHiP intensity: 4.5 ⇥ 1013 protons per spill (ppp). The continuous (dashed) red lines show the NA62 sensitivity
respectively for D (K) decay. The light blue line shows an estimate of the SHiP sensitivity calculated under the
same assumptions.

from the primary vertex, this signature is dubbed ‘lepton jets’. The ATLAS collaboration [417] has
e.g. published an analysis on existing data showing that ‘lepton jets’ can be detected with acceptable
efficiency and separated from backgrounds in a fiducial volume between approximately 1 cm and 1 m
from the interaction vertex. The number of MN decays detectable for a given experimental configuration
can be simply calculated from the number of leptonic decays of Z or W bosons once the mixings of
the maiorana neutrinos and the size of the fiducial volume have been specified. An example is given
in the study from Reference [418] for FCC-ee, where the coverage in parameter space for different
assumed integrated luminosities and assumptions on the fiducial volume is given. An example is given
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Fig. 61: Sensitivity of the NA62 experiment to a Majorana Neutrino. The assumed statistics is 5 years of data at
SHiP intensity: 4.5 ⇥ 1013 protons per spill (ppp). The continuous (dashed) red lines show the NA62 sensitivity
respectively for D (K) decay. The light blue line shows an estimate of the SHiP sensitivity calculated under the
same assumptions.

from the primary vertex, this signature is dubbed ‘lepton jets’. The ATLAS collaboration [417] has
e.g. published an analysis on existing data showing that ‘lepton jets’ can be detected with acceptable
efficiency and separated from backgrounds in a fiducial volume between approximately 1 cm and 1 m
from the interaction vertex. The number of MN decays detectable for a given experimental configuration
can be simply calculated from the number of leptonic decays of Z or W bosons once the mixings of
the maiorana neutrinos and the size of the fiducial volume have been specified. An example is given
in the study from Reference [418] for FCC-ee, where the coverage in parameter space for different
assumed integrated luminosities and assumptions on the fiducial volume is given. An example is given
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Example: SHIP for neutrino portal




Proposals for electron beams

�  LNF: PADME + BDX (Beam Dump eXperiment)

-  Linac upgrade at 1-1.2 GeV, up to  1020 EOT/year


�  JLab: BDX (HPS, APEX, DarkLight)

-  Beam: 12 GeV, 1022 EOT/year


�  MAINZ (MESA): BDX

-  Beam: 150 MeV, 1022 EOT/year


�  Cornell: PADME-like 

-  Beam: 5 GeV, reach x2 as compared to LNF


�  Belle:

-  Trigger mono-jet to search for “heavy photons”










PADME  at  LNF

Dark photon search in e+e- to gamma + missing energy








Raggi, Kozhuharov, Valente, arXiv:1501.01867


In one year, sensitivity in the relative 
interaction strength down to 10-6 in 
the mass region (2.5, 22.5) MeV









Axions and ALPs
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Axion mass


QUAX: high-frequency magnetometer

axion-electron coupling


Techniques:

Shine through wall

  (ALPS, OSQAR)

Helioscopes

  (CAST, IAXO)

Haloscopes

   (ADMX)

Magnetic resonance

   (CASPEr)








Ringwald, arXiv:1506.04259 
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Conclusions

�  The solution to the DM problem requires to identify (or disprove) its 

particle physics nature:   either way, New Physics is there


�  This can be done only through a coordinated and multifaceted effort 
which gets input both from:

-  Accelerator physics

-  Astrophysical and cosmological probes


�  WIMP


�  Non WIMP


�  A signal of DM is clearly faint, but the opportunities are rich: 
multimessenger, multiwavelength, multitechnique


Current techniques have started probing the region of interest

It is the right moment to push forward 


The interest has been recently strongly revived, new ideas

Window of opportunity complemetary to WIMPs



