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Cosmology Colliders Complementarity Summar

. Theoretically, we are in the dark

: * No sign of new physics, measurements are compatible with the Standard Model
* Several intriguing features however require conbrmation

: * There are good reasons to believe the Standard Model is the beginningE

. «»No leading new physics candidate theory

* Need to make sure there is no Ioophole IN new physics explorations

. Standard Model Production Cross Section Measurements [ATLAS COllabOFathh]g : [XENON collaboration]
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< Convincing evidence

* Gravitational lensing

* Cosmic microwave background
* Structure formation

* etc.

Galaxy Rotatlon Curve
Credit: Matthew Newby, Milkyway@home

Dark Matter
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4 Dark matter is an important motivation for new physics

* Flattening of the galaxy rotation curves
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Enormous endeavour to
detect dark matter

[ Latanzi & Valle (PRL07) ]

Angular scale
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Standard ACDM S

DDM lifetime decreases — — —

DDM to baryon ratio increases -------:
WMAP3yr data ——

10 100 1000 :
Multipole moment | :
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------------------------------------------------------------------------------------------------------------

.4 Dark matter is searched for directly, indirectly and at colliders
< Dark matter is elusive= only gravitationally-interacting?
< This huge experimental effort however offers@ategy to constrain models

------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------

»Dark matter direct/indirect detection constralnt§
Direct production at colliders invisible |

. 4 One important issue: precision
Do QCD corrections matter?
< Can QCD corrections change conclus.lons’?

Questions addresse
In this talk
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------------------------------------------------------------------------------------------------------------

g'iA simpliPed model for dark matter phenomenology
< To be considered as @y model

< Useful tool to characterize given phenomena
* Reinterpretation made easy thanks to very few new parameters

< Reproduction of features shared by several UV-complet models

------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------

4 The top quark is believed to play a special role

< Large mass»> strong connection to electroweak symmetry breaking
* Setups featuring dark matter interactions with the top quark only

------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------

* SU(2) singlet vector-like medlatd'r
* EW singlet scalar dark matt&

% S|mpI|IDed parameter space
* 2 massesns m/ms-1; 1Yukawa coupling
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[ Christensen, de Aquino, Degrande, Duhr, BF, Herquet, Maltoni & Schumann (EPJC’I 1) ]

--------------------------------------------------------------------------------------------------------

e '!‘Model building

Idea / Lagrangian % Connecting a Lagrangian to code
0 . % FEYNRULES
: [ Alloul, Christensen, Degrande, Duhr, BF (CPC’14) ]

- W E O E O E e EEEEEmm?

+Hard scattering

\ * Feynman diagram and amplitude genera,-t

— * Squaring of the matrix elements :
Elements! - % LO accuracy :

[ CALCHEP ] *CALCHEP [ Belyaev, Christensen & Pukhov (CPC’13)] !

\ ~ < Cosmology
Cosmological * Annihilation cross section evaluation :
observables! % Relic density, scattering off nuclei rates,.

[ MICROMEGA:S ] *MICROMEGAS :

* [ Bélanger, Boudjema, Goudelis, Pukhov & Zaldivar (CPC’18) ] ,
Phenomenology QCD corrections computed :
f and added by hand :

Cornering dark matter with colliders and cosmology: the role of precision calculations Benjamin Fuks - 09.01.20198



Introduction Colliders Complementarity

Relic abundance

[ Colucci, BF, Giacchino, Lopez Honorez, Tytgat & Vandecasteele (PRD18) ]
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< Annihilation channels
* Annihilations into (potentially virtual) tops

*Loop iInduced annihilations mto gluons .

L

|
S/" t S / % g E& - 10-1 :
* Potentlally resonant co-annihilatiofsT — t(*) 10_1;_ R

_ _ _ | { \No thermal relic :

< Colored point = viable scenario -\ o=l | 10*2;5
10? 10° 10* o

*ThepredlctedrellcdenS|tyagreeSW|th dé Comp_ressed ms [GeV] Large viable paramete_r
QDMhQ — ().12 [ Planck Collaboration (AA"14) ] region space region K
* NLO QCD corrections are includec *Imposmg the right relic abundance Dxes
.~ % Minimum value = 0.001 for technical reaso

* Maximum value = 6 (perturbativity)

Benjamin Fuks - 09.01.20190
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Introduction

100

UUtt‘|NLO/UUtt‘
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“HugeK-factors: QCD corrections crucial
* Leading term: virtual internal :

; _ bremsstrahlung (VIB)

* Top-mass effectssfwvave @ LO) negllglble * Results leading-order accurate!

* Velocity close to 1
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# Annihilations into tops dominate e R
* Top-mass effectssfwave @ LO) important  (ov)nco = (ov)Lo [1 + Sﬁ (2 5 1)]
*Opens Up a reglon not Vlable for I|ght quarks .................................................................................................................................... Py
* Mild K-factors * Velocity close to 0

@i BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN AN BN BN BN BN BN BN AN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN M BN M M M W W

* Spurious results (np-wave behavior)
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------------------------------------------------------------------------------------------------------------------

* SS»ggimportant for ms< (me+mw)/2
> |oop-induced

102

| % Co-annihilations crucial nearm ms! m; :
T ettt e e e e e e e e e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s r et an e nnat 8 > resonant enhancement @-h 75 Gev)

e o | . **Annihilations into tops is closed :
Wr————"———————— 1] [3 % 3-body annihilations (into tWb systems):
5 — - ‘. > relevant for :
. " ms € [mt —l_mwamt]
B 2 :
o SRR W :
% - %At ms! m, the Yukawa drastically changés
B 10" > new regime E

------------------------------------------------------------------------------------------------------------------
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# SimpliPcation of the parameter space ;
5 102 e y— ;-&TheYukawa is bxed to match Planck data
‘ { . *We focus on the colored points only :
* Next results: expressed as a function o m
210"+ s Color code: spectrum compressibility

Large variety of acceptable scenarios:

g
g . % Dark matter masses from 50 to 40000 GeV
1071 "
Direct and indirect
. detection constraints? :

------------------------------------------------------------------------------------------------------------------

Benjamin Fuks - 09.01.20194
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Direct and indirect
detection

[ Colucci, BF, Giacchino, Lopez Honorez, Tytgat & Vandecasteele (PRD18) ]
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’Z‘ThIS loop suppression reduces the dark matter scattering cross section off nuclel
< Only interactions with gluons are relevant (light quark connection at two-loop)

. <4 Effective interactions
' ox~D|menS|on Pve coupling to gluons

fn/my =1 2C(p?)f{Y)
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—— Xenon 1T (34 days)

> Different phenomenology — ms [GeV]

10-% | Xenon 1T (2 t.y) 3 | E
10-4 - - v floor | 5101 :
10—46 ~ ”"_ E

. *Relic denS|ty driven bgs—vgg E o

. (forms< (metmu)/2)

. Contribution small but signibcant otherwis = 1

; : : : ? 51

. Largeoa expected in this regime W

; 10752

. Yellow band at 75 GeV T

: > ST— tresonant co-annihilation regime = 10!

-------------------------------------------------------------------------------------------------------------------------
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42 ; T — /m “1
< Direct detection relies on loop dlagrams; 10° T e N
, , ) ' 1074 \““ Xenon 1T (2 t.y) .
1044 - - vfloor S 10
10~ é

* NegligibleSS»ggchannel

* Smaller Yukawa value needed to match the re 107
> Most parameter space below theBoor = '

>me+ ms! mr yleldlng an increase (@ T

-------------------------------------------------------------------------------------------------------------------------
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5 & Gamma ray contlnuum (from bb limits) % Mild constraintfrom AMS antiprotons
L N P % Annihilations into SM particles

! Vggte = ngN J0.1P % Derivation of the associated antiproton Bux

* NX is the number ofy from an X state °I~I\/I|Id constraintdrom Fermi projections
[Bringmann, Huang, Ibarra, Vogl &Weniger (JCAP"12) ] _; * Reinterpretation of the dwarf spheroidal analy5|<
* Gamma ray spectra from t/b similar | % Direct constraints on annihilations into bottom:s

ettt ettt ettt meS—l e e e s s s o
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----------------------------------------------------------------------------------------------------------------------

' <+ Annihilations into gluons dominate = ' ' R
°I~D|rect annihilation into photons | IS Iarge | 10

—— Fermi bb current
Fermi bb 15 yrs
Fermi'15 vy xa?(N2 — 1)/(2Q*aN..)?
HESS'17 7y xa?(N? —1)/(2Q*aN,)?

4 Heavy dark matterris> 2 TeV)
< Annihilations into top-antitop domlnate 1072
*Photon emission Is |mportarQ‘k/IB) |

Ty [cm3/s]

...................................................................................................................... 10-29
L OULF 2N.Q? | 5

Uiy V@0 93,107 )
OVtig (N2 — 1)ag 10-

§M|Id constraints from H.E.S.S. and Ferml

Indirect constraints do not yield much on the mod
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B pe THE % With or without missing energy
: Dﬁ > The mediator can be produced too
...... mono-X
o : * Via tree or loop-induced processes
L & % Viatop-enriched Pnal states or not
- no Br 0,
ol o
Precision simulations

D 777777 q i & recasting

---------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

4 Past developments of high-energy physics tools have been cruc:lal
< Any model of dark matter (complete or simpliped) can be studied
< Higher order corrections can be included as easily

< Robust predictionss crucial for a discovery EIC O DL 20
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Automating QCD
corrections
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----------------------------------------------------------------------------------------------------------------

<4 Contributions to an NLO result in QCD
»x‘Three iIngredients: the Born, virtual loop and real emission contrlbutlons

loop
Virtuals: one extra power Reals: one extra power
Born : :
of &s and divergent of &s and divergent
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----------------------------------------------------------------------------------------------------------------

' 4 Loop diagram calculations e
. < Calculations to be done id=4-2 dimensions PNt diagram with external momenta :
* Divergences made explicit €/ 1/e) |

* Numerical challenge

'X~ Reduction of the loop integral E
..................................... NIy —— E

d?! = a d9 :
DoDlééBml 1 | DioDiléé "

* Scalar integrals withp to four denominators

* The decomposition basis is Pnite

* Many reduction methods are available :

----------------------------------------------------------------------------------------------------------------
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. 4 The loop momentum lives in@&dimensional space
'X‘The reduction should be done nhdlmensmns and not in 4 dimensions

d llgo@laa@mu : Wlt/ﬁ =04/

D-dim 4-dim (-28)-dim

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

< Process-dependent contributions proportional
< In a renormalizable theory, there is a bnite number of suchi€ces
* They can be calculated once and for all for a specibc model

Cornering dark matter with colliders and cosmology: the role of precision calculations Benjamin Fuks - 09.01.20126
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< The structure of the poles appearing at NLO is knownsubtraction methods
* ¢ subtracted from the reals= makes them Pnite

* ¢ Iintegrated and added back to the virtuasmakes them Pnite
* Integrals can be made numerically (in four dimensions)

---------------------------------------------------------------------------------------------------------------

i e e i e e i e P

O

'X'Two sources of double counting that compensate each other (shower unltarlty)
# Radiation: both at the level of the reals and of the shower
# No radiation: both in the virtuals and in the no-emission probability

Cornering dark matter with colliders and cosmology: the role of precision calculations Benjamin Fuks - 09.01.20127
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Idea / Lagrangian

> 'X‘ FEYNRULESIS linked to NLOCT

. . % Calculation of UV and Rcounterterms
L FEYNRULES / NLOCT / UFO@NLO | . :
: ¥ Export of the information (o the UFO
E : < [ Alloul, Christensen, Degrande, Duhr & BF (CPC’14) ]
: [ Degrande (CPC’15) ]
Matrix Parton [ Degrande, Duhr, BF, Mattelaer & Reither (CPC’12) ]
Element —> chowere Rec?):;::r::ion [ Degrande, Duhr, BF, Hirschi, Mattelaer, Shao et al. (in prep .) ]
Generator Had izati i
soronEaen % Parton shower matching: MC@NLO
v 2 \/ . % Automatic (MG5_aMC)

* Restrictions on the renormalization scheme

Simulated collisions
[ Alwall etal . (JHEP’14) ] !

v

A : °!~ LHC recasting done with MbANALYSIS5
nalysis _

[ Conte, BF, Serret (CPC’13) ]
* AUtomatIC [ Conte, Dumont, BF, Wymant (EP)C ’I4)]
[ Dumont, BF, Kraml et al. (EPJC ’15) ]
[ Conte & BF (IJMPA"18) ] ,;

Cornering dark matter with colliders and cosmology: the role of precision calculations Benjamin Fuks - 09.01.20128
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LHC recasting with
MADANALYSIS 5

[ Conte, BF, Serret (CPC ’13); Conte, Dumont, BF, Wymant (EP)C ’14); Dumont, BF, Kraml et al. (EPJC ’15); Conte & BF (I)JMPA'18) ]
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------------------------------------------------------------------------------------------------------------------

4 The MADANALYSIS5 strategy for the reinterpretation of an LHC analysis

< Relies on dpublic) detector simulatiomimicking ATLAS-CMS simulations .
* Relies on a (public) framewowhere LHC analyses can be easily implemented :

------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------

4 Scheme
...... L
Signal events :
CMS Physics Analysis Summary (STDHEP or HEPMC format) _ :
<+ 2 options for detector effects:
o g nvevere ey [ Tuned detector J Physics DELPHESGSIike :
R simulation Analysis esolutions, efbcienci :
@ Database : :
,l, . % RiveTlike (transfer functions):
o D}»ﬁ Recast selection m l m
, Picked approach in :
Numbers of{data and g
backgroung events \rLimit computation ] MADANALYSISS
———

Cornering dark matter with colliders and cosmology: the role of precision calculations Benjamin Fuks - 09.01.20130
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4 Picking up an experimental publicati e g
“* Reading Relatively eas
.x. UnderStandlng ......................................................................

---------------------------------------------------------------------------------------------------------------

' SN B BN B BN BN M BN BN BN BN BN BN BN BN BN AN BN BN BN BN BN BN BN BN BN BN BN BN BN AN BN BN BN BN BN BN BN BN BN AN BN BN BN BN AN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN AN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B B M W

---------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------

“ Efbciencieftrigger, electrons, muons, b-tagging, 863,
* Including p and/orn dependence - A\ Essentia

*Accurate information )( Often dlfbcultl

* Exact debnition of the benchmarks (SLHA spectra) Discussions W'th
perlmentallsts

* Event generation information (cards, tunes, LHE Ples if possubl% ................................................... :
% Expectechumber of eventsn each region andross sections :

---------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------

4 Comparing theory tools and real life
(and beware of the genuine differences between both approaches)
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#CMS search for dark matter in the top-antitop plus missing energy channel
< Dileptonic Pnal state :
< Cutl3Bows and Monte Carlmformation for given benchmarks

§Valldat|on at a very good level, cut by cut

Cut (mz,mg) = (750, 1) GeV (mg, my) = (600,300) GeV
CMS MAS CMS MAS
n(OS pore)= 2 - - - -
my > 20 GeV 0.99 0.99 0.99 0.97
imy — my| > 15 GeV 0.95 0.94) 0.89 0.89
N; >2 0.87 0.93) 0.85 0.89
N, > 1 0.73 0.84) 0.83 0.83
EFSS > 80 GeV 0.94 0.95 0.89 0.88
S > 5GeVY/? 0.98 0.92 0.96 0.91
¢, < 0.80 0.9 0.97 0.92 0.97
¢y < 0.96 1.0 0.96 1.0 0.94
Myo(£,65) > 140 GeV 0.49 0.42 0.17 0.16
All cuts 0.24 0.25 0.083 0.075

Cornering dark matter with colliders and cosmology: the role of precision calculations Benjamin Fuks - 09.01.20132
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PR R R R R R R R R R R i R R B R R R R R B R R R R R R R R R R R R R R R R R B R R R R

4 Implementation of LHC analyses can be uploadedisnIRE
% DOI are assignedan be cited, searched fatc.

;| Information

Cosmology

Citations (2)

Record added 2018-04-16, last modified 2018-11-23

) Files are versioned, can be downloaded

Complementarity

MadanalysisS implementation of CMS-SUS-17-001

Bein, Samuel; Choi, Soo-Min; Fuks, Benjamin; Jeong, Soomin; Kang, Dong Woo; Li, Jinmian; Sonneveld, Jory

Description: Cite as: Bein, S., Choi, S.-M., Fuks, B., Jeong, S
Madanalysis5 implementation of CMS-SUS-17-001 cod

, ,ﬁang_D-Wq-LH—&-SODMEldﬁL( 2018%.
0i: 10.7484/INSPIREHEP.DATA.MMM1.876Z

- EEEEEEEEEEEEEEE R SRR R SRR R R R EEEEE

DOI and citations

---------------------------------------------------------------------------------------------------
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I “
" 4 A database with MDANALYSIS5 implementations of LHC analyses exists
! 1
! 1
: <#http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase :
: :
T 1
L}
: CMS analyses, 13 TeV :
ﬁ '
: Analysis Short Description Implemented by Code ‘alidation note \lersion :
: CMS-SUS-16-033 Supersymmetry in the multijet plus missing energy channel (35.9 fb-1) F. Ambrogi and J. Sonneveld Inspire j§> PDF 1.7/Delphes3 1
! CMS-SUS-16-039 Electroweakinos in the SS2L, 3L and 4L channels (35.9 fb-1) B. Fuks and S. Mondal Inspire j§> PDF 1.7/Delphes3 :
: CMS-SUS-16-052 SUSY in the 1l + jets channel (36 fb-1) D. Sengupta Inspire §§> PDF 1.6/Delphes3 :
: CMS-SUS-17-001 Stops in the OS dilepton mode (35.9 fb-1) S.-M. Choi, S. Jeong, D.-W. Kang, J. Li etjal. Inspire §§> PDF y1.6/Delphes3 1
1 CMS-EXO-16-010 Mono-Z-boson (2.3 fb-1) B. Fuks Inspire j§> PDF y1.6/Delphes3 :
: CMS-EXO-16-012 Mono-Higgs (2.3 fb-1) S. Ahn, J. Park, W. Zhang Inspire §§> PDF y1.6/Delphes3 N
1 CMS-EXO-16-022 Long-lived leptons (2.6 fb-1) J. Chang Inspire §§> PDF 1.6_tracks/Delphes3 : :
: CMS-TOP-17-009 SM four-top analysis (35.9 fb-1) L. Darmé and B. Fuks \ Inspirg \ PDF Jv1.7/Delphes3 : :
L}
: D card for CMS-EX0O-16-010 and CMS-SUS-17-001 :
' Delphes card for CMS-EXO-16-012 / \ :
1 Delphes card for CMS-SUS-16-039 .
' Delphes card for CMS-SUS-16-041 Dedicated .
Delphes card for CMS-SUS-16-052 2 2 2 2 !
: Delphes card for CMS-TOP-17-009 DELPHEZards Code from NSPIRE Validation information :
L} . . . 1
: (cutBows, distributionstc) : |
1
: :
I ettt eeeeeeeeeeeeeeeaeaeaeaeaeaeaeaeaestesestenentenentea et ettt ettt ettt eaeea et ea et eea et et et ettt ea et ea et eea et ea et eea et ta et eaeneen e e en et en e en e ea e n et ea e e e e e e e e '
! 1
! 1
! 1
L}
. 4 Can be automatically installed withimBMANALYSIS5 ;
\ L4

---------------------------------------------------------------------------------------------------------------
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Example

[ Conte, BF, Serret (CPC ’13); Conte, Dumont, BF, Wymant (EP)C ’14); Dumont, BF, Kraml et al. (EPJC ’15); Conte & BF (I)JMPA'18) ]

Cornering dark matter with colliders and cosmology: the role of precision calculations Benjamin Fuks - 09.01.20135
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Introduction Cosmology

. 4 A simplibed model for top-philic dark matter :
’x‘A dark SeCtOr Wlth a fel’mIOnI(dal’k mattel’ Candldate X ....................................................... t ...... i
*A (scalar)medlator% Ilnklng the dark sector and the t0| v X

T O sontsat s s LYo ;
B v ARk <
: t o
. t‘t.QP.UJ.d..b.@.P.tQ_bé‘Q.Wlt.h.FEtM.E.T.-Qvﬁnt.@?M.S...5.2.9.-1.4.994;):'.'"_";"."'_";".'".";"."‘.";"."'.";"."'.";"."'.";3
‘4 For central scales: mild (but VISIb|e) NLO effects on the exclus.lons~
Rt e IR i e e e -
points 2 | dints
gsof| 7 Ecdedpams iy T O 8 | e ecn|  NEO
ﬁ ‘ uae ij > 01 1 3 P S I Ex‘cluded po,nts (95% ‘CL) 3 § >

Benjamin Fuks - 09.01.20136
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[ Arina, Backovic, Conte, BF, Guo, Heisig, Hespel, Kramer, Maltoni, Martini, Mawatari, Pellen & Vryonidou (JHEP’16) ]

---------------------------------------------------------------------------------------------------------------

. 4 There are theoretical uncertainties on a CLs numl t
(mY5 mX) OLO [pb] (CLLO [%] \ ONLO [pb] r CLNLO [WF ._YQ :
[ (150,25) Gev  06587553% | 087005 |077a% 0% | 05,0727 "
II (40, 30) GeV 0.7767352% | 74.7119 7% 10.9261°7% | 84.219.4% ¢
I11 (240, 100) Gev 0187j3131g; 91'6i?84?)% 0'216—1—61517?% 86-5i§g§; Rt : E

< An excluded point may not be excluded when accounting for uncertair
*» The CLs number can increase / decrease at NLO
*» The error band iIs reduced

----------------------------------------------------------------------------------------------------------------
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Complementarity

<+ General features

* I'T must be larger thamocp (no LLP)

* Bounds independent of the Yukawa
> monojet production negligible

 Multijet probes

* Monojet-inspired(at least one very hard jetj)
* Loss of sensitivitys decay phase space

<+ Top-antitop plus MET

* Well adapted to our topology
* Best constraintgand chance of dlscovery)

Benjamin Fuks - 09.01.20138
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o % Lagrangial )
TLAS multij+ME7’“\~ . L= LSM + £kin + |:gt S TPRt + h.c.
* s, | *Vector like mediatorT
s Tl .. % Scalar dark mattes
£ o i _ °I~ Relic-density favored regions exist
E 100 " * Dark grey: no thermal relic
101 |1+ * Light grey: loss of perturbativity
*Ann'h"aﬂonmtoggbelowthemthreshold
10 - I . e _°I° DM direct detection constraints _
............................................................................ mefeeV ... *Poorsensitvity (loop-induced interactions)
OO * Most parameter Space belOW trlegoor ¥
% DM indirect detection constraints n

S

% Exclude (will rule out) limited light DM reglons :
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~

. 4 A simplibed model for'8 generation-philic dark matter
.« A gauge singlet dark sector with a fermionierk matter candidatey
~z°A gauge singlet pseudoscaiatdiator Alinking the dark and SM secto

* Loop-induced couplings to gluo(mediator production)

4 Cosmologically attractive
¢ Evasion of direct detection bount

---------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

. 4 Benchmark
. & 2HDM- -inspired W|th enhanced Yukawas andgani.:
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yX:0.5,cu:cd=2

140+ /

120}

e

v
:§§100k

/

////

80 , / %/7 N
V% KKK
60 4 = =01z |l
IR .| — Dwarfs(2015)
40 ' | == Dwarfs(proj.) |{ :
20 ‘ ‘ % X (XX
100 200 300 400 500
ma [GeV]

..........................................................................................................................................

; * Driven by the BR behavior
' » Invisible A decay
» tf effects (l“t andr,, Fg)

< Monojet and multijet + MET = o, _
% Efbcient if m> 2 mx S
. % Efbcient below the top threshold ]>
. *The heavy mediator region is killed

Colliders

goonwo regions favored by cosmology

/}7, ~ * Light mediator (between red and black)

» Too light y > underabundant

» Too heavyy > underabundant (tt threshold)

» Same behavior for Fermi-LAT results, but .
shifted (present/searly universe time) '

y * Heavier mediator (m > 200 GeV)

» Always some good combination of mas:

¥ Top-antitop exclusions (DM mdependent)
% tt cross section (lighter A) -
. % Resonance searches (heavy .
. x 8TeV still stronger than 13 Te'
. % ttA (with A invisible, NLO) subleading

’050[ <
7000

Cornering dark matter with colliders and cosmology: the role of precision calculations

Benjamin Fuks -

09.01.20192



Introduction Cosmology Colliders Complementarity

S

Cornering dark matter with colliders and cosmology: the role of precision calculations Benjamin Fuks - 09.01.20193



Introduction Cosmology Colliders Complementarity

< Can be probed complementarily
* Relic density
* Direct detection
* Indirect detection
* Collider searches

-----------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------

4 Past developments of high-energy physics tools have been crucial
< Any model of dark matter (complete or simplibPed) can be studied
< Higher order corrections can be included as easily
< Robust predictions= crucial for a discovery
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