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MadDM computations

RELIC DENSITY
2 to 2 tree-level annihilations diagrams
freeze-out temperature

MadDM>generate relic_density

DIRECT DETECTION
Spin-dependent and independent nucleon-dm o
Comparison with current constraints

MadDM>generate direct_detection
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MadDM computations

INDIRECT DETECTION

MadDM>generate indirect_detection

MadDM v3.0
* Theoretical prediction for (ov)

* Generation of energy spectra
(link to PPPC4DMID and
Pythia 8)

* Computation of fluxes

* Fermi-LAT likelihoods for
dwarf spheroidal galaxies

[F. Ambrogi et al. Phys. Dark Univ. 24 (2019) 100249]
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MadDM computations

INDIRECT DETECTION

MadDM>generate indirect_detection
MadDM>generate indirect_spectral_features

g Emm EmIm =EIm = I oy,

MadDM v3.0 / MadDM v3.2 \
* Theoretical prediction for (ov) | Loop-induced processes |
* Generation of energy spectra * Gamma-line spectrum
(link to PPPC4DMID and analysis I
Pythia 8) | ° Computation of astrophysical |
* Computation of fluxes quantities
* Fermi-LAT likelihoods for I . New constraints implemented I
dwa rf SpherOidal ga|aXieS l [C. Arina, J. Heisig, F. Maltoni, DM and O. Mattelaer ,

(July 2021). arXiv:2107.04598]
[F. Ambrogi et al. Phys. Dark Univ. 24 (2019) 100249]
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Gamma-ray spectra
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Gamma-ray spectra
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Gamma-ray spectra
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Gamma-ray |

Fermi-LAT

=107 T T
& Enasio R16

g —— Cos Limil P8 (5.8 yr statssyst)
= qgerl. o Expected Limit

£ 10° [ Expected 68% Camainment
S [ Expeciad 5% Cantainment
o —— s Limil PTREP (37 yr, stat-aniy}
Q —— Obs Limil PTREP (5.2 yr, statesys
2
in
3

<
=z
<
|
|
=
()
[N
= E T T T
fg [ NFWoly=13) A3
E 1077k — cbs Limil P5 (5.8 yr stalesyst)
27 E L Eeced lini
E F 3 Exnecied 885% Coniainment
S jpul [0 Expaciad 95% Coniainment
o E
B ol
£ F
v 0t
ol E E newan

95% CL Limit (cr
g

[ Expscted 83% Conlainment
[ Expactad 959 Comtainmant

A L e e

— Cos Limil PTREP (3.7 yr, stal-only)
—— Cos Limil PTREP (5.2 yr, statesyst)

C =10

- i
10 £
KA

£ 10"
£
-
Q

= 10%
o
£

,\F“IQB

v E

10%

E  othermaiRa

—=— G Limit P8 (5.8 yr statesyst)
eon- Expacted Limit

[ Expacted 68% Cortainmant

[ Fxpected 95% Cartainment

—— s Limil FTREF (37 yr, siat-only)
—— Cbs Limil PTREF (5.2 yr, siatesys))

108

m, (MeV)

L "
107 10¢

[M. Ackermann et al. Phys. Rev. D 91 (12) (2015) 122002]
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Gamma-ray flux
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Gamma-ray flux
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Gamma-ray flux

[M. Ackermann et al. Phys. Rev. D 91 (12) (2015) 122002]
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Gamma line spectrum

Line on spectrum: Gaussian peak

2
m
[ ] E = 1— X
! mDM( 4m%M)

* 6 . energy resolution of experiment

Peak’s analysis

* Close enough: merge them
A~
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Gamma line spectrum

Line on spectrum: Gaussian peak

2
m
[ ] E = 1— X
! mDM( 4m%M)

* 6 . energy resolution of experiment

Peak’s analysis

* Close enough: merge them
A~
* Well-separated: study each
S one separately
* Not well-separated: analysis

is questionable
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Inert Doublet Model (IDM)

H=E
V= pi[HP + p3|®* + M H[* + Ao]|* ‘I’:< (HM@AO))

A
+ 3| HI?|®2 + M|HT @ + 75 [(H'®)? + h.c.]

Sl

* Scalar dark matter candidate
* 5 free parameters mMmo, Mao0, My+, AL, A2
* [J. Heisig et al. Eur. Phys. J. C 77 (9) (2017) 624]: scan

Relic density Main

EW precision constraints
New physics LEP-II

Continuum gamma-ray dSph
\Unitarity, perturbativity, vacuum stabilityj
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Inert Doublet Model (IDM)

H:I:
V = (3| H? + p3] @ + M[H]* + Ao @[ ‘I’:< (HM@AO))

A\
+ 23| H|?|®2 + M |HT D2 + 75 [(H®)? + h.c.]

* Scalar dark matter candidate
* 5 free parameters mpgo,Ma0, Mg+, AL, A2
* [J. Heisig et al. Eur. Phys. J. C 77 (9) (2017) 624]: scan

HO W*, VA
Low mass sweet spot  mpo = 72 GeV \

Reproduce relic density, without tuned coupling.
Not challenged by other constraints

21 July 2022 Daniele Massaro 20



Diagrams in vy (140) and vZ (172)

HO———'—’\/\/\;X HO X
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Parameter space
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GAMMA-400: [A. E. Egorov et al. JCAP 11 (2020) 049]



Summary

MadDM is MadGraph plug-in: inherits functionality

Comprehensive tool for dark matter studies

MadDM v3.2:
v Loop-induced processes for indirect detection
v important for gamma-lines

v automatized reinterpretation of experimental results

Beyond v3.2:
* Direct detection: full NREFT operator basis and electron scattering
* Dark matter genesis beyond WIMPs

launchpad.net/maddm

21 July 2022 Daniele Massaro 23


https://launchpad.net/maddm

Backup
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[A. Alloul et al. Comput. Phys. Commun. 185 (2014) 2250-2300]

[T. Hahn. Comput. Phys. Commun. 140 (2001) 418-431]

New command
MadDM>generate indirect_spectral_features

Automatic generation of annihilations into vX, X =, Z, h, Za—even

Gamma-line spectrum analysis pipeline

(ov) computation (inherited from MadGraph)
J-factor computation (ROIs and profiles)

Flux predictions

Gamma-line spectrum analysis

Fermi-LAT and HESS UL comparison

[C. Degrande. Comput. Phys. Commun. 197 (2015) 239-262]
[ ] [ ]

Features available for any UFO NLO model

Automatic detection of Z,-odd/even particles
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