Dark Matter Review

N
@ Pasquale D. Serpico %ﬂ

Importance: Dark matter is an astrophysical and cosmological l
problem that calls for a “fundamental physics” explanation

What kind of new physics? | will hopefully clarify some common
misunderstanding (among particle physicists)

The “WIMP paradigm”: collider, direct searches and indirect
searches

Current status and some near future expectations '

RPP Grenoble -16 January 2013
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“Cosmological” — “Astrophysical”

(growing effect of non-linearities, baryonic gas dynamics, feedbacks...)
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“Cosmological” — “Astrophysical”

(growing effect of non-linearities, baryonic gas dynamics, feedbacks...)
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E Cosmological Evidence is of paramount importance for Particle Physics! :"
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I. Based on exact solutions or linear perturbation theory applied to simple physical
systems (gravity, atomic physics...): credible and robust!

Il. Suggests additional species, rather than a modification of gravity.

lll. Tells us that the largest fraction of required dark matter is non-baryonic, rather
than brown dwarf stars, planets, etc.



Crucial conclusion

Only possible SM candidate: v's (which are also “stable”). But they do not work being

1. too light

Direct mass limits combined with splittings from oscillation experiments impose upper
limit of about 7 eV to the sum (After Katrin, potentially improved to ~0.7 eV)

0, = ~ %i_f”\l; Q,,~0.3(WMAP)==m, = 15 eV
Qe e
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baryons, cdm

v’'s “do not settle” in potential wells that they can overcome by their typical velocity:
compared with CDM, they suppress power at small-scales

¥ This implies that Dark Matter requires “new physics”, beyond §
the theories of the SM and/or gravity known today. 3




Is the production of DM by itself restrictive on BSM?

|.e, do we get major restrictions on particle physics scales and scenarios (not merely
model parameters!) by requiring a dynamical mechanism for its generation?

... Not really! A whole zoo exists, here is a sub-set:



Is the production of DM by itself restrictive on BSM?

l.e, do we get major restrictions on particle physics scales and scenarios (not merely
model parameters!) by requiring a dynamical mechanism for its generation?

... Not really! A whole zoo exists, here is a sub-set:

= Coherent Field Oscillations

Paradigmatic case: yeV to meV axions, whose final abundance depends on the value
of the mass (or PQ scale,~O(10'? GeV)) and the initial misalignment angle (0)
Searches via microwave cavities.

= Asymmetric DM (possibly with “strong” interactions)
Similar or even common origin of DM and baryons? Linked to baryogenesis, GUT
scale? Linked to a strongly interacting sector BSM at TeV scale?

= Sterile (~1-100 keV) Neutrinos (coupled via Yukawas)

Populated (non-thermally, in general) by oscillations with active ones. Note: No new
physics above the electroweak scale would be needed!

X-ray line signature?

= Superheavy Dark Matter (~10'3 GeV, only gravity coupled)

Spontaneous particle creation generically takes place in time-dependent gravitational
background®

If lifetime in a (relatively narrow) range, possible signatures in UHECRSs...

*Massive scalar field in FRW metric is equivalent to an auxiliary scalar field in Minkowski with t-dependent

mass. Hence its E is not conserved, particle production can take place at the expense of gravity.



WIMPs: the “matter counterpart” of CMB?

= Early universe was a cosmic hot plasma, cooling down with time (expansion)

= \We expect that all particles which exchange E quickly enough among themselves
compared with the expansion rate of the universe will achieve kinetic equilibrium. Similarly, if
number changing processes are fast, chemical equilibrium is achieved. Naively, compare:

I'>H I'~H

process at equilibrium freezing-out

-
L'y = Z nb<0-abv> with H ~ \/GN Ptot ™~ 'V GNT2
b

I'< H

decoupled

= CMB formed this way: it is the best blackbody around, since
it is negligibly affected by processes after decoupling

= Thermal WIMPs paradigm: non-relativistic, matter
counterpart of the above background, which has right
properties to be the dark matter...

Intensity [MJy/sr]

Wavelength [mm)
2 1 0.67

05
T

.
FIRAS data with 4000 ecrorbars
2.725 K Blackbody




WIMP miracle... and hard facts

A textbook calculation can prove that dimensionally, for EW scale masses & couplings,
one gets the right value!

0.1pb 2
QO h2 ~ <0§> (50) ~ o Lob (200 Ge\/')

m?2 m

= but the numeratorldepends from widely different cosmological parameters (Hubble parameter,
CMB temperature) and the Planck scale. Is this match simply a coincidence?

= The (dis)agreement can be used to constrain particle physics as in original Lee-Weinberg
model: theories predicting too large relic values for a (meta)stable “X” are disfavoured/excluded.

* has even been used as guideline in TeV-scale BSM model-building! (e.g. split susy...)




WIMP miracle... and hard facts

A textbook calculation can prove that dimensionally, for EW scale masses & couplings,
one gets the right value!

0.1pb 2
QO h2 ~ <05> (50) ~ a? Lob (200 GeV)

m2 m

= but the numeratorldepends from widely different cosmological parameters (Hubble parameter,
CMB temperature) and the Planck scale. Is this match simply a coincidence?

= The (dis)agreement can be used to constrain particle physics as in original Lee-Weinberg
model: theories predicting too large relic values for a (meta)stable “X” are disfavoured/excluded.

* has even been used as guideline in TeV-scale BSM model-building! (e.g. split susy...)

In practice, one has to take care of many effects (coannihilations, resonances,...) Relic density
calculations have reached a certain degree of sophistication and are often automatized with

publicly available software.
Dark-

relic density indirect rates

o

http://lapth.in203.fr/micromeqas/ http://www.physto.se/~edsjo/darksusy/
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Link with colliders

* |f one has a strong prior for new TeV scale physics (~with ew. strength coupling) due to
the hierarchy problem, precision ew data (e.g. from LEP) suggest that tree-level couplings
SM-SM-BSM should be avoided!

we want it! we want to avoid!

* A straightforward solution (not unique!) is to impose a discrete “parity” symmetry:
e.g. SUSY R-parity, K-parity in ED, T-parity in Little Higgs. New particles only appearing in pairs!



Link with colliders

* |f one has a strong prior for new TeV scale physics (~with ew. strength coupling) due to
the hierarchy problem, precision ew data (e.g. from LEP) suggest that tree-level couplings
SM-SM-BSM should be avoided!

we want it! we want to avoid!

* A straightforward solution (not unique!) is to impose a discrete “parity” symmetry:
e.g. SUSY R-parity, K-parity in ED, T-parity in Little Higgs. New particles only appearing in pairs!

= Automatically makes lightest new particle stable!
= May have other benefits (e.g. respect proton stability bounds...)

In a sense, some WIMP DM (too few? too much?) is “naturally” expected for
consistency of the currently favored framework for BSM physics at EW scale.

Beware of the reverse induction:

LHC is now testing this paradigm, but if no new physics is found at EW scale
it is at best the WIMP scenario to be disfavored, not the “existence of DM”



WIMP (not generic DM!) “discovery program”

Early universe and indirect detection

ﬁ
W, Z,\, 8 H, g%, "'

Direct

detection

gjglc:il)s on >multimessen ger
approach

W, Znv,g H q1_
h

Collider Searches

v demonstrate that astrophysical DM is made of particles (locally, via DD; remotely, via ID)

v" Possibly, create DM candidates in the controlled environments of accelerators

v" Find a consistency between properties of the two classes of particles. Ideally, we would
like to calculate abundance and DD/ID signatures — link with cosmology/test of production



DM@colliders: The model-dependent way

Dark Matter studies at LHC are mostl

model-dependent.

Either one can limit oneself to processes involving
“chains” ending with large £, which allow at most
to check if a “stable” particle (on detector scale!)
has been produced, and in some cases to
constrain its mass (scale).

For a review, Barr & Lester 1004.2732
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“chains” ending with large £, which allow at most
to check if a “stable” particle (on detector scale!)
has been produced, and in some cases to
constrain its mass (scale).

For a review, Barr & Lester 1004.2732

Alternative Strateqgy: Pick “benchmark” models
(e.g. in CMSSM), derive bounds on DM from
bounds on “observable” object and theoretical
relations, with plots e.g. in mo-my.2 for different
tan ... hope to learn “generic lessons”

For a review, Ellis & Olive 1001.3651
(results now outdated...)
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DM production at colliders, EFT approach

From the “WIMP paradigm?” it follows that one can produce DM “as in the early

universe’, via
(SM)(SM) — XX

¢ Main problem: the dominating channel (SM)(SM) — XX is obviously invisible.
< One may consider the “large " channel (SM)(SM) — XXY with Y=Y, jet(s)
unavoidably produced at least by initial state leptons/quarks.



DM production at colliders, EFT approach

From the “WIMP paradigm?” it follows that one can produce DM “as in the early

universe’, via
(SM)(SM) — XX

¢ Main problem: the dominating channel (SM)(SM) — XX is obviously invisible.
< One may consider the “large " channel (SM)(SM) — XXY with Y=Y, jet(s)
unavoidably produced at least by initial state leptons/quarks.

» One can parameterize DM-SM interactions in an EFT approach. E.g., for a Dirac fermion:

L=Lsy +iXy"0,X — MXXX+ZZ \}7 (XTXX] [qTq]

» Map the effective operators into signatures of missing energy+jet(s) as well as DD cross
sections. Remarkable bounds already now!

¢ Of course breaks down when/if BSM physics at low scale is present, hence it is
complementary to explicit models (troublesome already @ LHC-7 TeV...)

Incomplete list:
Beltran, Hooper, Kolb, Krusberg, Tait, 1002.4137 Bai,Fox, Harnik, 1005.3797

Goodman et al, 1005.1286 (majorana) Goodman et al, 1008.1783 (dirac, scalar)
M. Buckley, 1104.1429 (EFT for asymmetric DM) ...



Well practiced at LHC...
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Direct Detection ___ D

Strategy: measure recoil energy (Not larger than ~O(100)
keV!) from elastic scattering of local DM WIMPs with
detectors underground (to shield them from cosmic-rays &

their induced “activation”).

Observables:
» Rate and spectrum of the recoils (different channels!)

* Time-dependence (modulation): distinctive feature
e Event Directionality (key for future! At R&D stage, requires gaseous detectors...)

e.g. MIMAC@LPSC
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In general, x-section o is the sum of spin-dependent contribution plus spin-
independent (the latter typically dominant: ~A? times bigger for coherence)
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The exp. race: background rejection techniques

despite low “noise” (high purity materials, low cosmic ray rate...), many phenomena can
cause energy deposition (e.g. radioactive decays); largest worry is to separate “e.m.-like”
recoils from “nucleon-like” recoils (like expected from WIMPs)

Strategy: event by event, measure different channels o——————
energy is deposited into (+e.g. position in the detector, for CRESST
surface vs. bulk events). Select region where expecting <1
fake event leakage (based on known backgrounds)
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Sometimes surprises...

Letters to Nature

Nature 422, 876-878 (24 April 2003) | doi:10.1038/nature01541; Received 20 November 2002; Accepted
10 March 2003

Experimental detection of a-particles from the ST
radioactive decay of natural bismuth S P A

» Supplementary Info
Pierre de Marcillac, Noél Coron, Gérard Dambier, Jacques Leblanc & Jean-

Pierre Moalic * ARTICLE TOOLS

1. Institut d'Astrophysique Spatiale, CNRS & Université Paris Sud, UMR 8617, Bat. B send to a friend
121, 91405 Orsay Cedex, France @5 Export citation

Correspondence to: No&l Coron Correspondence and requests for material & Export references

should be addressed to P.d.M. (e-mail: Email: pierre.demarcillac@ias.u- By Rights ang permissions
psud.fr) or N.C. (e-mail: Email: noel.coron@ias.u-psud.fr).

B orger commercial reprints

209 (t» Bookmark in Connotea
The only naturally occurring isotope of bismuth, Bi, is « Top

commonly regarded as the heaviest stable isotope. But like most
other heavy nuclei abundant in nature and characterized by an SEARCH PUBMED FOR

*French group developing low-temperature
bolometers for dark matter direct detection...

JOP A webdsne fom the Instane of Physics

physicsworld.com

Home Blog Multimedia Indepth Jobs Events
message: don'’t be surprised if DM
researchers should hit “new”, News archive Bismuth breaks half-life record for
» 2012 Iph
unexpected backgrounds... oy

2003
, 2010 Apr 23, 200



Experimental situation
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La battaglia di Marciano by Giorgio Vasari possibly covers a lost-and much more
important!-work by Leonardo da Vinci, La battaglia di Anghiari
(“Cerca Trova”, masked in the back of the painting means “Seek Find” in Italian...)

Similarly, is the “conflicting” attitude in the community due to “hidden” big prize at stake?



Experimental situation

2-4 keV

DAMA/Nal (0.29 tonxyr) > < DAMA/LIBRA (0.53 tonxyr)>
(target mass = 87.3 kg) (target mass = 2328 kg)

AAvin iawin e A VARV e v

L

Residuals (cpd/kg/keV)

Time (day)

Long-standing result by DAMA (& DAMA-LIBRA) observing at >8 o a modulation signal
whose energy, frequency and phase properties are consistent with DM interpretation

R. Bernabei et al. Eur. Phys. J. C 56, 333 (2008) arXiv:0804.2741

No known/proposed systematics seems to explain all the features of the signal
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2-4 keV

DAMA/Nal (0.29 tonxyr) > < DAMA/LIBRA (0.53 tonxyr)>
(target mass = 87.3 kg) (target mass = 2328 kg)

AAvin iawin e A VARV e v

N

Residuals (cpd/kg/keV)

Time (day)

Long-standing result by DAMA (& DAMA-LIBRA) observing at >8 o a modulation signal
whose energy, frequency and phase properties are consistent with DM interpretation

R. Bernabei et al. Eur. Phys. J. C 56, 333 (2008) arXiv:0804.2741

No known/proposed systematics seems to explain all the features of the signal

Excesses of low-energy events (and low-significance hint of modulation) reported by
CoGent, see e.g. C.E. Aalseth et al., PRL 106, 131301 (2011)

Excess (no sensitivity to modulation) also reported by CRESST!
G. Angloher, Eur. Phys. J. C 72, 1971 (2012) arXiv:1109.0702



Are signals & bounds consistent? Well...

XENON100: New Spin-Independent Results

10" r —

XENONI100 (2012)

— Observed limit (90% CL)
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Expected limit of this run:
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Upper Limit (90% C.L.) is 2 x 10* cm? for 55 GeV/c? WIMP

1000

from E. Aprile’s talk at Dark
Attack 2012

at face value, for standard
assumptions (f(v), WIMP...)
signals inconsistent among
themselves and with bounds
from XENON, CDMS.

BUT
I. many experimental subtleties
(e.g. close to thresholds,
background subtractions,
energy-scales, channeling...)
II. comparisons are intrinsically
model-dependent
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XENON100: New Spin-Independent Results

from E. Aprile’s talk at Dark
Attack 2012
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CHALLENGE: for theory, have a coherent picture of all the data

it's not astrophysics to blame for an apparent disagreement!
J. Herrero-Garcia, T. Schwetz and J. Zupan, arXiv:1205.0134

for experimentalists, perhaps should repeat a DAMA-type experiment
(it is mandatory to understand what was measured by DAMA)



WIMP indirect detection

Early universe and indirect detection

ﬁ

X=y, BY,... W, Z,y, g H, q* I
Direct
detection
(recoils on ECM = multimessenger
nuclei) 1022 GeV > approach
X W-,4v,gH q,1_

—

Collider Searches

The link with early universe stands modulo some caveats

7/
%

?
<0'U> T~0 ™ <0'U> T:Tf Ok for S-wave annihl., otherwise must be specified

+ Signatures DO depend on b.r. of different channels (only total rate in early universe)

+ rates depend on astrophysical distribution of DM... observations/simulations needed!



WIMP indirect detection

Early universe and indirect detection
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Where to look for Gamma rays

To first approximation particle physics astrophysics
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[particle] ® (astro) factorization holds if <o v > is v-independent & if prompt emission dominates

What is the picture of the “DM - gamma sky” suggested by simulations?
(but the actual gamma-ray sky is astrophysically crowded and bright...)

Galactic Center
high statistics, point-like
and diffuse backgrounds
halo-model dependence

Extragalactic
high statistics, lot of
diffuse backgrounds

Springel et al. 2008
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Neutrinos from the Sun
o e [ N=c-awnN

If equilibrium is reached btw the two, the
annihilation signal rate writes:

(COCO',ODM

“just like” (although not

exactly) DD experiments!)
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Neutrinos from the Sun
o e [ N=c-awnN

If equilibrium is reached btw the two, the
annihilation signal rate writes:

(COCO',ODM

“just like” (although not

exactly) DD experiments!)
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more sensitive to low-v tail of f(v), as well as averaged over time...



What about charged particles?

Not only DM physics (sigma’s, b.r.) and astrophysics (halo distribution)
matter, but also plasma astrophysics (diffusion in the Galaxy)
Antimatter is preferred due to lower astro background
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Additional complication for e+e-: relevant E-losses, local effects...



leferent codes are avallable to solve for a glven mput

A - galprop. stanford.edu
studies of ‘cosmic rays and galactlc leFuse gammax=ray emission

/ Main Page Namespaces Classes  Files Directories Q-

DRAGON Documentation: Index Page

ttp://galprop.stanford.edu

1.0.0

http://www.desy.de/~maccione/DRAGON/

Introduction

The CR propagation equation from a continuos distribution of sources can be written in the
general form
See also M. Cirelli et al.,
B ) o %;——V(Dv r,l\'+2-(ﬁ—-v .—)v-i’-y’o,,
PPPC 4 DM ID: A Poor Particle Physicist Cookbook o o

Jfor Dark Matter IndirectDetection,” Here N'(p,r,:) is the number density of the ;-th atomic species; p is its momentum; 7 its
JCAP 1103, 051 (2011), arXiv:1012.4515 velocity in units of the speed of light ¢; o., is the total inelastic cross section onto the ISM
' ’ gas, whose density is nge; 7y Is the production cross-section of a nuclear species j by the
fragmentation of the j -th one; D Is the spatial diffusion coefficient; w. is the convection
velocity. The last term on the | h.s. describes diffusive reacceleration of CRs in the
turbulent galactic magnetic field,
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DRAGON adopts a second-order Cranck-Nicholson scheme with Operator Splitting and time

htt//l SC_ | n23 _fr/usi ne/ overrelaxation to solve the diffusion equation. This provides fast a solution that Is enough

USINE AA AR =

a galactic cosmic-ray propagation code

Home Cosmic-Ray physics Download WebUSINE Data Base

-

Contact Us


http://lpsc.in2p3.fr/usine/
http://lpsc.in2p3.fr/usine/
http://galprop.stanford.edu
http://galprop.stanford.edu
http://www.desy.de/~maccione/DRAGON/
http://www.desy.de/~maccione/DRAGON/

‘Goallv 1_ | Pro‘blng the’(thermal) WIMP paradlgm

' Ferm| LAT data allow to do it already up to ]

; the scale of tens of GeV (for t1 & bb channels) {s
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Galactic Center:
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_Goal_2 'Clarlfy’lng_oth»er Ind ADet‘anomalles

(btw its DM |nterpretat|on is almost excluded and one has to work qwte a b|t to
make the “almost” not euphemistic...)
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Goal 3.: cross-check(s) collider or DD claims
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Some expected 2013 highlights

* Planck
Interesting sensitivity to O(10) GeV WIMPs annihilating into light leptonic final states, via
indirect effects on recombination.

* HESS-II
First publications expected: some clarification of the Galactic Center region @ 100 GeV?

* lceCube/DeepCore
Presentation of new bounds possible

* AMS
We are all excitingly waiting to know what we’ll learn...

* Fermi-LAT
Pass8 data?

* LHC
2012 data analyses

.... Plus much more!




Outlook & take-home message

' Indirect probes (astrophysics & cosmology) tell us a lot: BSM physics is there! l
However, they do not tell us its scale, and blind searches are more and more
challenging, facing little known astrophysics (but improving fast!)

If DM is made of WIMPS, the combination of direct searches, colliders and
indirect ones should pin it down

Colliders searches are progressing fast!
Direct Detection sensitivity, too... but puzzling, conflicting situation

Indirect Detection can profit of a large spectrum of detectors with largely
improved reaches and is currently exploring “interesting” parameter space

But face poorly understood astrophysics and sometimes puzzling results!

Consistency checks/constrained searches more promising than blind ones!
ongoing/near future ID experiments will help with more sensitivity and precision
' as well as better understanding of astrophysical sources & propagation parameters '
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Recent example of puzzling result: ~130 GeV line...




“Weniger et al.’s line”

. . 60 B
By using a S/N “optimized” search strategy Eii%Bsto
(dependent on background and signal 30
morphology), Weniger et al. claim observation of a 15
line-like feature around ~130 GeV corresponding |
to a cross section around ~1027 cm?3/s in the Fermi| = °
public data. -15 S
-30 . R )
(note removal of Gal. Plane, higher background) Bringmann et C. Weniger
ol al. 1203.1312 1204.2797
80 60 -40 20 O 20 40 60 80
Sharp feature! £ [deg]
Reg4 (SOURCE) L =129, 8 GeV Regd (SOURCE)
B Slgnal counts 57.0 (4. 630’) 80 5 210 1 GeV i . S
;2 | p-value=0.46, x; 21=22.1/22 \%
WL T:' 10° - %": )
ERd I l 1 7 e
8 o | | --I \ Nm | x
151 1 Y - _\E\\*%ﬁrﬁf
10 - 1 . . * . > - %
| R g 4
= 0F e — e : E I ﬁ
T 10f : a |
= I I I I 1 I 5|
. 0 IIIIIIEI T 10 .
M H PRI k ;
6 1 N . | L L N L 1 ] ol o M ]
100 150 200 100 101 102

E [GeV]

E [GeV]



“Weniger et al.’s line”

By using a S/N “optimized” search strategy
(dependent on background and signal
morphology), Weniger et al. claim observation of a
line-like feature around ~130 GeV corresponding
to a cross section around ~10-27 cm?3/s in the Fermi
public data.

(note removal of Gal. Plane, higher background)

® Accounting for trials, the significance is a
little above 3 sigma

e Mild preference (statistically insignificant) for
a doublet of lines, with another at ~110 GeV.
Rajaraman et al, 1205.4723,

Su, Finkbeiner 1206.1616
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| < |s this a statistical fluke?
| % Is it instrumental? (but why only towards GC?)
< Is it astrophysical (but of what sort)?
% Is it the first glimpse of dark matter?
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Theoretical Troubles

® |ine annihilation requires two-body final state channels containing at least
one photon (for SM final states, vy, y Z y H) yielding the spectrum

dN
g X 0B —Ey), Ey<my

® This must be a loop-level process, suppressed with respect to the tree-
level by a2~10-4

® Does it imply <ov>~10-23cm?3/s, way too large for the thermal relic WIMP
paradigm? How to produce it? Non-thermal WIMPs?




. or phenomenological ones: lack of continuum y!?

e |fitis DM, it should be accompanied by
continuum photons (fragmentation/decay
of heavy SM particles)

® Even in absence of astrophysical
background (unrealistic) stringent bounds
can be put from line/continuum in the
data: line b.r.210-2 1!

Enough to exclude MSSM neutralinos

as cause of the feature...

® Under the assumption of power-law
astro background b.r.20.1-0.2 !!!

Definitely not what we had in mind!
What room one has to build
meaningful models like that? Debate
in the community...
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See also D. P. Finkbeiner, M. Su and C. Weniger,
“Is the 130 GeV Line Real? A Search for Systematics
in the Fermi-LAT Data,” arXiv:1209.4562

Looking for test samples: the Albedo Puzzle...

Impact angle distribution of dataclean events
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Limb events
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Impactangle #[°]

Target-of-opportunity observation
(potentially large rocking angle)

C. Weniger s talk at IDM 2012
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(rocking angle ~50deg)
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Another 130 GeV line in part of limb data?

3000 Impact angle distribution of dataclean events
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- statistical (comes with a large trial factor)?
- systematic (why only there and at the GC)?
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From Fermi Symposium 2012

/ 17
< ermi P7TRANSIENT to P7CLEAN Efficiency
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Same data as
previous slide 0.6

i These dips in
0.4 efficiency
L N T S _| appear to be
- - | related to the
0.2 Points: Flight Data —] | CAL-TRK
- Curve: MC : -4 | agreement.
1 1 1 l g }
0 ppe T30GeV
Energy [MeV]
E. Charles

The efficiency at ~115Gev is 0.57/0.75 = 0.75 percent of the MC
prediction. This would imply a 30% boost in signal at 130GeV
relative to the prediction from nearby energy bins.




From Fermi Symposium 2012

data cleaning and resolution improvements have lowered local A. Albert
significance from ~4.0 to 3.3 sigma... waiting for “Pass 8” processing

/”
s, ermi Summary

Gar?ma ray

27

« The most compelling potential DM signal is a strong spectral
feature at 130GeV near the Galactic Center

— Not caused by background contamination

 There is some indication that the feature in the GC is not a
smooth distribution but actually 2 or 3 smaller “hot spots”

* A similar spectral feature is seen in the Earth Limb and is likely
attributable to dips in efficiency at energies just above and
below 130GeV

— The Earth Limb instrumental features are not enough to
explain all of the feature near the GC, however when
accounted for they reduce the significance of the GC
feature by up to 30%-50% depending on the ROl under
consideration.

— Hard-spectrum diffuse sources being “shaped” by features

in the efficiency curve? E. Charles



Crucial conclusion & important lesson

The only possible SM candidate are neutrinos (which are also “stable”). But neutrinos (at least
known ones) do not work: i) too light and ii) decouple when relativistic (bad for structures)!

§ This implies that Dark Matter requires “new physics”, beyond §
the theories of the SM and/or gravity known today. i




Crucial conclusion & important lesson

The only possible SM candidate are neutrinos (which are also “stable”). But neutrinos (at least
known ones) do not work: i) too light and ii) decouple when relativistic (bad for structures)!

§ This implies that Dark Matter requires “new physics”, beyond §
the theories of the SM and/or gravity known today. i

\

¢ On one side, Nature tells us a lot: we need new physics, with some specific
properties (darkness, non-collisional nature, smooth distribution & “classical” @
astro scales, not moving relativistically)

¢ On the other side,_it does not tell us what kind of physics it is. Notice that | haven’t
mentioned yet TeV or electroweak scale, nor “WIMPs”: these aspects are theoretical
creativity... but also prejudice.

N\ 7
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Q.: Is the mere existence of DM restrictive on the type of physics responsible for it?

l.e, do we get major restrictions on particle physics scales and models by requiring a
dynamical mechanism for its generation?

A.: Not really!



