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DM is a, neutral, very long lived,
feebly- interacting corpuscle.


keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.Sao%20Paulo.key?id=BGSlide-81
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/30.MDM%20colloquium/MDM.colloquium%20style.Sao%20Paulo.key?id=BGSlide-81

DM exists

NGC 6503
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galactic rotation curves ‘precision cosmology’ (CMB, LLSS)

DM is a, neutral, very long lived,
weakly interacting particle.

Some of us believe in
the WIMP miracle.

- weak-scale mass (10 GeV - 1 TeV)
- weak interactions ocv = 3 - 10 *®cm? /sec |
- give automatically correct abundance e
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A matter of perspective: plausible mass ranges
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Indirect Detection: basics

and from DM annihilations in halo

Salati, Chardonnay, Barrau,

Sspectrum Donato, Taillet, Fornengo
8f/ 8 8 Maurin’, Brun.j.‘90s,‘OOs |
—~ _K(E)-V* b(E O 2h6(2) s
5 (E) - V2f = 55 OE)f) + 5~ (Vef) = Qun; (2)span f

diffusion energy loss convective wind source spallations
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Indirect Detection: basics

and from DM annihilations in halo

What sets the overall expected flux?

fI ux (X 7‘ § :,, ',- e
astro? D2 reference cross section:
cosmo ov = 3 -10"2%cm? /sec




From N-body numerical simulations:

NFW - DM halo

NFW
Einasto : Einasto
EinastoB
[sothermal : 5 Isothermal
L+ (r/rs) Burkert

Ps Moore
(L+7/rs)(1+ (r/r5)?)

Burkert :

Angle from the GC [degrees]
10”7 30”1’ 57107 30'1° 2° 5°10%20%45°

- T T T T T

At small r: p(r) o< 1 /17 = \Moore

Moore :

6 profiles:

cuspy:
mild:
smooth: :

EinastoB = steepened Einasto
(effect of baryons?)

ppom [GeV/em’]
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positron fraction antiprotons electrons + positrons

FERMI 2009
HESS 2008
ATIC 2008

Are these signals of Dark Matter?

few TeV, leptophilic DM
with huge (ov) ~ 1072° cm? /sec



positron fraction antiprotons electrons + positrons

FERMI 2009
HESS 2008

i e LU
& il

ATIC 2008

00000

Are these signals of Dark Matter?

few TeV, leptophilic DM
with huge (ov) ~ 1072° cm? /sec

a formidable ‘background’ for future searches
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7 from Inverse Compton on in halo

DM DM — uu, Einasto profile

The PAMELA and

" FERMI 3'x 3 FERMI regions
FERMIS %30 are in conflict
FERMI 10" - 20 :

FERMI Gal. Poles with these
gamina
constraints,

and here...
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7 from Inverse Compton on in halo

Updated results from . JSaataaasaanas -
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A matter of perspective: plausible mass ranges
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What if a signal of DM is already hidden
in Fermi diffuse v data?

Reg3

Reg3 (ULTRACLEAN), E, =129.6 GeV
Signal counts: 53.4 (4.260) 80.5 - 208.5 GeV

Einasto .- | Pp-value=0.85, X2qa=14.3/21

4.60 (3.30 with LEE)




What if a, signal of DM is already hidden
in Fermi diffuse 7 data?

Reg3 (ULTRACLEAN), E, =129.6 GeV

Reg3

Signal counts: 53.4 (4.260) 80.5 - 208.5 GeV

Einasto p-value=0.85, y2,=14.3/21
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(V) xx—vy =
1.3-10"%*"cm? /s
(large!)
Similar excesses found elsewhere The excess is only in the GC And there might be g lines:
(fluctuation?) (actually, a bit off-set) 111 GeV, 129 GeV
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What if a signal of DM is already hidden
in Fermi diffuse v data?

Reg3

Reg3 (ULTRACLEAN), E, =129.6 GeV
Signal counts: 53.4 (4.260) 80.5 - 208.5 GeV

Einasto .- | Pp-value=0.85, X2qa=14.3/21

4.60 (3.30 with LEE)

~ 4 year PTREP_Clean

7| E=134.860 GeV 7| Nug =1630evts  14°x4° GC ROI
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0.0 e

L.Baldini, talk at SpacePart|2




What if a signal of DM is already hidden
in Fermi diffuse v data?

Reg3
Ei t Signal counts: 53.4 (4.260) 80.5 - 208.5 GeV
INasto .- | Pp-value=0.85, X2qa=14.3/21
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DM is neutral: need ‘seomething’ to couple to

a loop Chern-Simons

magn dipole

X € SM
MSSM
dark sector...
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DM is neutral: need ‘seomething’ to couple to

The ‘something’ implies usually a suppression,
but one needs a large <y Cross Se€CtiOn (o(10%"cm?/s))

so the corresponding unsuppressed processes
are too large:

Buchmuller, Garny1206.7056

- Iay overshoot other observations 77500000,

Cholis, Tavakoli, Ullio 1207.1468

S re)e) la,rge annihilation in the EU Huang et al. 1208.0267
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are too large:

- may overshoot other observations

- too large annihilation in the |
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- may overshoot other observations
- too large annihilation in the EU

But solutions exist

In summary:

o kinematically forbidden channel
o different diagrams
o S-Wave VS p-wave

o coannihilations and splitting

o DM production is decoupled from annihilations
D ...
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What if a signal of DM is already hidden
in Fermi diffuse 7 data from the GC%
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in Fermi diffuse 7 data from the GC?
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What if a signal of DM is already hidden
in Fermi diffuse 7 data from the GC?

Objection: know your backgrounds!

o r low-E SgrA
spectrum

pulsars

1
Energy [GeV

No, too few

(and we should have seen them elsewhere)

and wrong spectra

Best fit: 8 GeV, t* v, ~thermal ov
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What if a signal of DM is already hidden
in Fermi diffuse 7 data from the GC?

m=30 GeV, bb
\ emm =

Best fit: 8 GeV, t* v, ~thermal ov

[A diffuse GeV excess]

t from around the GC

5 mpy=30 GeV, bb

E? dN/JE (GeV cm™@ s7%)

‘ }
S

Objection: know your backgrounds!

Total spectrum, HG10 @

add
msec
pulsars

No, too few

(and we should have seen them elsewhere)

— and wrong spectra

Dark Matter
— — Point Source
---- Galactic Ridge (n°- y7)

No no, MSPs can do.

Figure 5: Simulated spatial distribution of the bulge MSPs.

(LMXB (tracers of MSP?)
seen in M31 with this distribution)



What if a signal of DM is already hidden
in Fermi diffuse 7 data from the GC?

Using events with accurate
directional reconstruction

35.25 eV
NFW, y=1.2 2.15 x 1072% emw3/s
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Best fit:
a114- } ~35 GeV, quarks, ~thermal ov
I A compelling case e
? fOP a’nnlhl]-a'tlng DM As found in previous studies [8,/9], the inclusion of the
‘ i dark matter template dramatically improves the quality
L o Atyel _J of the fit to the Fermi data. For the best-fit spectrum and

halo profile, we find that the inclusion of the dark matter

template improves the formal fit by Ax? ~ 1672, cor-
responding to a statistical preference greater than 40c.




What if a signal of DM is already hidden
in Fermi diffuse 7 data from the GC%

Including secondary emission

changes the conclusions
But: propagation is approximate
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Best fit:
~10 GeV, leptons, ~thermal ov

———— ———
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What if a signal of DM is already hidden
in Fermi diffuse 7 data from the GC?

Benchmark propagation models

best fit bb Antiproton constraints may be

very relevant! But not robust.
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What if a signal of DM is already hidden
in Fermi diffuse 7 data from the GC?

Benchmark propagation models

Antiproton constraints may be
very relevant! But not robust.

! “
on
=
2
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>
b
~

Assumption: conservative solar modulation

Result: hooperon probably reallowed
(except THK models)

Z Fermi-LAT excess \’
b o 4

NB Conclusion differs from

which finds exclusion / strong tension



An excess with respect to what?
Extracting ‘data points’ is not trivial:

i. choose a ROI (shape, extension, masking...) and harvest Fermi-LAT data
ii. impose sensible cuts (Pass N, angles, CTBCORE...)
iii. in each energy bin, fit to a sum of spatial templates:
1. Fermi Coll. diffuse
. isotropic
3. unresolved point sources
4., features (bubbles...)
5. AOB (molecular gas...)
iv. repeat the same, adding a template for:
6. Dark Matter, having chosen a certain profile!
v. if iii.— iv. improves x*, there’s evidence for DM
vi. the component fitted by 6 is the residual excess to be explained

Adding 6 will in general change the recipe of 1...5 (you'll need a bit more of x here, a bit less of y there...).
Changing the profile of 6 too.



Milisec pulsa,rs

IHi;}

d

add
msec

pulsars ]

Non-trivial

'r low-E SgrA
spectrum

A transient phenomenon:

the GC spit 10% ergs in e* 1 mln yrs ago and they do ICS on ambient light,
‘fits’ both spectrum and morphology

— bo, 1, Ep
""" - 0.3bg,3 1

""" -03bg,31,2E

-------- 3 bo, 0.3 t, 0.5 EO

05 10 200 50 1
E [GeV]

psi [deg]

put: can one really get everything right?

a SN explosion spits protons 5000 yrs ago and they do spallations +
bremsstrahlung as well as e* which do ICS... fits spectrum & morphology

E? dN/dE [GeV /em® /s/s1]
Flux [arbitrary /st]

PLExp2: p.=166.85,T"=2.13, x> /17 d.o.f. =1.31
e =13.71, T, =1.92, T, =2.62, x? /16 d.o.f. =1.20
4:p,,=11.05,T, =1.65, T, =T, +1, x*> /17 d.o.f. =1.17

but: why correlation with gas density not seen?
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4. the ‘3.5 KeV line’
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oterile neutrino decay

m, = (.1 KeV

T ~ 10%° sec
sin® 20 ~ few 10~

100-300 pe Fornax Core

Tremaine-Gunn Bound
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oterile neutrino decay

m, = (.1 KeV

T ~ 10%° sec
sin® 20 ~ few 10~

Possible challenges:
- EU production?

- Perseus flux too large?
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oterile neutrino decay

m, = 7.1 KeV

T ~ 10%° sec
sin” 20 ~ few 10~

Possible challenges:
- EU production?

- Perseus flux too large?

C&VG at: Riemer-Sgrensen, 1405.7943

- no line seen with Chandra
in the Galactic Center

(but conclusion depends on how one models the local background)



oterile neutrino decay

m, = (.1 KeV

29
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Possible challenges:
- EU production?

- Perseus flux too large?
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Bulbul et al., 1402.2301

ISPORICFTOT wineolip RTV,(30)

Other possibilities:

axion (1402.7335), axino (1403.1536, 1403.1782, 1403.6621), modulus (1403.1733), ALP (1403.2370),
gravitino (1403.6503), excited DM (1404.4795), the good the bad and the unlikely (1403.1570),
sgoldstino (1404.1339), magnetic DM (1404.5446), majoron (1404.1400), annihilating effective DM
(1404.1927), 7KeV scalar DM (1404.2220)...















Old wise r




Hints Hopes

PAMELA Y FERMI, HESS, d GAPS, AMS-02
FERMI VERITAS etc
HESS o
PAMELA
Y  FERMI
SK, ICECUBE
X XMM-Newton Smeelos AMS-05
- ‘enhancements’
- new theory
directions

Old wise remarks:
- any convincing result must be multimessenger



Hints Hopes

PAMELA Y FERMI, HESS, d GAPS, AMS-02
FERMI VERITAS etc
HESS o
PAMELA
Y  FERMI
SK, ICECUBE
X XMM-Newton Smeelos AMS-05
- ‘enhancements’
- new theory
directions

Old wise remarks:

- any convincing result must be multimessenger
- beware of uncertainties, beware of astrophysics



