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What is Dark Matter?

dark matter

« All indications leads to the existence of unobserved
massive matter

luminous matter

« The nature of this matter is yet a mystery /

 If it interacts not only gravitationally the interaction
would be weak



Evidence of Dark Matter

Rotation Curves: Expected ~r~1/2 vs Observed constant

Dispersion Velocities of galaxies in clusters: mismatch between observed and
calculated mass of the galaxies using Virial theorem

Gravitational lensing: analysis of the deflection patterns can be used to reconstruct
the matter distribution of the lens.

Galaxy-cluster collisions: give limits of the dark matter self-interaction

Cosmic microwave background: spectrum fits with a 6-parameter model: ACDM (A
cold dark matter) indicating that dark matter is a fundamental ingredient.

Planck collaboration Qepah? = 0.1199 + 0.0022



Candidates to Dark Matter

« Massive Compact Halo Objects (MACHQOS): Black Holes, Neutron stars, Brown
dwarfs...

 Primordial Black Holes: Hypothetical black holes formed soon after the Big Bang

« Standard Model particles and beyond:
— Massive: Gravitational effects
— Neutral particle: No electromagnetic interaction
— Stable: did not decay until today

— Weak: No strong interaction




Weakly Interactive Massive Particles

* Naturally have the right abundance to account for Dark Matter f

e
Weak interaction =) (ov) ~ —2 Z,h

Oh2~0,1 | Qcpumh® =0.1199 +£0.0022 X f




How we are looking for Dark Matter?

 Direct Detection the rate depends linearly on _ _ _
the DM density and contains integral over the Make it!-Shake it!-Break it!

velocity distribution Direct detection

X > X
* Indirect Detection annihilation at galactic A
center, Milky Way satellite galaxies and close Production indirect
by galaxy-clusters at colliders detection
Y
» Collider Searches invert annihilation process P P

in the Early Universe. Search for invisible
particles (missing Er) arXiv:1509.08767



Direct Detection: Introduction

WIMPs can scatter off Standard Model
particles

Low cross-section (06~1073°cm?) few
events by hour. Multiple interactions are
negligible

For (10- 1000) GeV/c? WIMP mass with
velocities of standard halo model — Nuclear
recoils (1-100) KeV

Different forms of detection
= |onization (charge)

= Scintillation (light)

= Heat (phonons)
Combination of different
discrimination

signals  for

Cryogenic Superheated
bolometers liquids

'PHONONS / HEAT |

Cryogenic bolometers
with charge readout

Scintillating cryogenic
. WIMP\ bolometers

Germanium Scintillating
detectors crystals
CHARGE | LIGHT
Directional I&'qul'd rr\moblet—_gas Liquid noble-gas
detectors ual-phase time detectors

projection chambers

arXiv:1509.08767



Direct Detection: Overview
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Direct Detection: Scattering rate

» Direct detection detects the nuclear recoil from the scattering of Dark Matter (DM) of the
Galactic halo

» Not all DM has the same velocity =) vpy — /'Uf () d*v

« The distribution of the velocities can be approximated to a Maxwell-Boltzmann distribution
myERr
2142

 Energy and momentum conservation B v > vVpin =

« The DM that escapes from the halo cannot be detected mmm) f (v) =0 for v > veq,
GeV

cm?

- Due to Astrophysical observation =8 ppas ~ (0,2 —0,5)

dER ( mppnpmMmy

O (g, t) = PPN / of 5,8) 7 (Eny0)d%




Model |I: Minimal Model

. Colourless (c,n,Y) =y (1.n,Y)

« At least one Neutral Component in the multiplet > Multiplets of SU(2)= 1,3,5...

« Notruledout Y =~ (0

_

r B (i) + M)y when y is a spin 1/2 fermionic multiplet
pM =1 |}_7‘u,'13'DM|2 — M? |<I>DM|2 — AH.DM \(I)DM|2 |H|?* when ®py is a spin 0 bosonic multiplet

« Real scalar or Majorana fermion n = 1/2
« Complex scalar or Dirac fermion n=1



Model Il: t-Channel mediator

 Add the term: Hou o) \\/ Yoo
f’Y — Ai?iPR\I}fi(bfi + h.c. ) ‘I’(‘I’)Y
| /\\ |

* Consider a new vector-like fermion or scalar which mediates between the SM and Dark

sector
Quark Mediator Lepton Mediator
: Oo/Uo(DM) | Uo/Bqg | ©/V(DM U,
* Same constraints (SU(3),SU(2),U(1),) mmmp Q{l,?,(O) ) (33‘3’/1 /%) *'?{1?‘31(?0) ) (1’2?*"_1‘3 7
(1,3,0) (3,2,1/6) | (1,3,0) | (1,2,—1/2)




Justification for an EFT

« Recoll Energy or Moment transfer

Target Atom
(mass M,)
B~ 1073c

q=1p2—p1=ki — ko

WIMP

* DMIlow vppr ~107%c s Low recoil

velocity 0
q =

° Typ|Ca||y Jmax < 200 Mev

™/



Scales

Mo, A




Effective Theory

The momentum transverse (q) is smaller compare to the scale of energy. We
can integrate the heavy particles.



One-loop Matching

Calculation

Minimal Model

x(®pm) x(®pm)

Mediator

U prs(®pas) Pprr(Ypar)

(@)

Ppm(Ypar)



Minimal Model: EFT Lagrangian

Loe = Z Fax* s x°@vu (1 —s) a + Z dgmex°x"qq

g=u,d,s

g=u.,d,s
+ > faxXOx qid (1 —75)q
g=u.d,s
Qc(rl)— 0q,P, Qc(zg)— 01q,P
+ Y SpX00ORTE Y L X0 (i) (i0”) X O
g=u,d,s g=u,d,s

<
Eigﬂ’ - Z c (‘DEMZ- Oy (I)DM) qy"q + Z )‘efqu(I)EM(I)Dqu

q=u?d13 q=u,d,s

Dy (107) (107) Py O Fr
+ 2 i e :

Oy + Oy 1

:P — A9
Where: Ofw b= qi ( 2 - Zg,uua) PLQ




Minimal Model: Majorana Results

o ﬂfé (241% V3 (8 — 2 — 2?) tan™! (%) - La2-(3+2) log(:r:)))

i (2 ettt (2 2va2  wlonte)

gt =a—§ (;bm (24 2?) tan™* (%‘“) + 32\/:5(1 — 2z — z(2 — ) 1og(:c)))

W v
2
g((f) ﬁi{ (4;3: (2 — 4z + 2°) tan™* (%) - i\/,f?(l — 2 —x(2 —x) log(:}:)))
T =miy/mby by = /1 —x/4

Real result (xT'x) = 2u,I'u, =) Complex results (xI'x) = @, ['u,
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Phenomenological Results: Majorana

Electroweak Dark Matter
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Phenomenological Results

Electroweak Dark Matter
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Future Experiments: XENONNT

Majorana Dirac
S 1.0
4 0.8
& e
E |
5.3 £ 06} (1.7.0)pr __ 1
) =
z (L7.0mr _ | 2 r
Sl S 04}
= =
02 T S ——. (_ ]'J_SJD)D_F___ .
ool A (L3.O)ne__ |
0 5000 10000 15000

Mpm[GeV] Mpm[GeV]



Comparison with earlier works

Disagreement with the paper published in 2005. arXiv:0407168

+ J.Hisano mmm) | Agreement with the Majorana calculated in the X104, 0998
paper published in 2011 -

_ Agreement with f, = 0, but not with other arXiv:0710.1668
* REssalg =) | . ficients

« Cirelli & Strumia mmm) | Disagreement in all the coefficients | arXiv:hep-ph/0512090




Thank You!
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