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Boltzmann equation
in the Early Universe:
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Boltzmann equation
in the Early Universe:

6 10 2"cm?>s—1
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Relic QDM ~ (.23 fg .
" WIMPs naturally have multi-TeV masses.

Actually, pure WIMPs necessarily so.

E.g..

- pure WIMP doublet (aka pure higgsino): ~| TeV
- pure WIMP triplet (aka pure wino): 2.7 TeV

- pure WIMP 5plet (aka Minimal DM): ~9.4 TeV

Weak cross section:
2 2

(om0} = 35 ~ 25 =Qx ~ O(few 0.1) (WIMP)
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SM weak scale SI interactions

DM
tree lgvel,
/Z

VECeOr
N
DM\/DM tree level,
| gaiar

one loop

otill viable under
which conditions?

- real particle
(Majorana, fermion, real scalar)

- hypercharge Y = ()

- 5D interactions only
- iInelastic scattering
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MW center area, search for -ray lines:

Constraints from Milky Way, y—ray line

FERMI: 1506.00013

HE®SS: 1301.1173
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MW center area, search for ~-ray lines:

Constraints from Milky Way, y—ray line

FERMI:

HESS:

Uncertainties in DM profile:

Angle from the GC [degrees]
10”7 30”1’ 57107 30'1° 2° 5°10920°45°

| |
N
~
=
O
d
Q
N
&~
+
>
o~
N
-
)

=
2
>
0
©,
=
a
Q

M DM [TeV]




MW center area, search for ~-ray lines:

Constraints from Milky Way, y—ray line
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Consistent conclusions in:
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Bound state formation
impact on thermal mass and indirect detection
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Bound state formation
impact on thermal mass and indirect detection

Constraints from Milky Way, y—ray line
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EW processes:

Mono-X \'4:15 Disappearing tracks

di-jets + MET

or: indirect searches



EW processes:
everything depends on the DM mass

For triplet WIMP (a.k.a. pure wino DM)

- this work

14l 1005 DM

s work

this work

§ S T TN TN (SN TS T VN T, ——

2500
M, [GeV)

ATLAS CUMS
Expected Observed |Expected Observed |500%

224 238 2003 195
256 267







Indirect searches at a future Linear Collider:

Even if Vs < Mpw, one can see the effects
in precision measurements
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in precision measurements

Result:

How to read the plot:

a LC with v/s = | TeV,
assuming only stat uncertainties,

will be sensitive to mpm - v/s/2 ~ 800 GeV
.e.mpm ~ |.3 TeV (indeed see the dotted
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Even if Vs < Mpw, one can see the effects
in precision measurements

Result:

How to read the plot:

a LC with v/s = | TeV,
assuming only stat uncertainties,

will be sensitive to mpm - v/s/2 ~ 800 GeV
.e.mpm ~ |.3 TeV (indeed see the dotted

isocontours of the DM mass)

similar plots for other channels
& for other candidates
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one can go beyond the collider energy, but not by much




new physics at thermal
the TeV scale freeze-out

.

AMS, Fermi, CTA Detection
Antares, lcecube

|. even without a larger framework, WIMPs are still appealing
2. the frontier is multi-TeV
3. searches are complementary and still have sround to cover



