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The standard model...
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...and beyond ?
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The succes
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gluons and top/bottom quarks




...and beyond ?
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The problems :

Neutrino masses

Hierarchy problem
No DM in the standard model




The dark matter ‘

The detection methods

Direct detection

- Direct detection

\ X X
- Indirect detection y
Artificial Indirect
l creation > nairec
— Cosmo Ogy (LHO) detection
- Artificial creation
C C !

— Accelerators / Collider

X : dark matter ¢ : quark charm

y : mediator ¢ : quark anticharm




Our model of dark matter

Model

SM|+ | X |+]Y

dark matter (X)
mediator (Y)

SM

DMSimpt_NLO_v1_2_UFO-F3S_cr

DM : Dark matter
Simp : simplified
T : t-channel model

UFO : Universal Feynman Output

F3S : mediator is a fermion and
dark matter a scalar

Cr : implies a charm quark




Our model of dark matter '

3 process :

LO NL
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The tools ‘

MADGRAPH35_aMC@NLO MADANALYSIS 3

o 2% ok ok ok ok ok ok ok 2k ok 2k 2k ok b 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k b 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k 2k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

Last login: Thu May 2 19:35:54 on ttys002

leandre@Air-de-Leandre ~ % cd Desktop/StagelLPTHE/MG5_aMC_v2_9_15
leandre@Air-de-Leandre MG5_aMC_v2_9_15 % puthon3.11 ./bin/mg5_aMC
zsh: command not found: puthon3.11

leandre@Air-de-Leandre MG5_aMC_v2_9_15 % python3.11 ./bin/mg5_aMC

3 2k 3 2k 3k ok 3k o 2k 3k o 3k o 2k ok ok 3k o 2k ok o 3k A 2k ko 3k ok 3k ko 2k ok ok ok ok 3k ok ok ok ok 3k ok ok ok ok 3k ok ok ok ok ok ok ok ok ok ok ok Kk %k

WELCOME to MADANALYSIS 5

VAR VA VA N VA N
VAN NN AN\ N/
NN YN N NN
AN U VA N U N VAN VANR WA NN
N A\ AV U W O N 4
AVAVARN /_IN/_IN/___/

* *

WELCOME to AVAN
MADGRAPHS _aMC@NLO VAVAN
MAS release : 1.10.13 2023/11/08

Comput. Phys. Commun. 184 (2013) 222-256
Eur. Phys. J. C74 (2014) 3103

* ok
* ok k ok § ok k K k
*

The MadAnalysis Development Team - Please visit us at
https://github.com/MadAnalysis

VERSION 2.9.15 2023-05-12 Type 'help' for in-line help.

*¥ O*F ¥ ¥ O ¥ ¥ OF ¥ ¥ * ¥ ¥ F ¥ ¥ ¥ ¥ * *
* OF K X K X X OF ¥ X K ¥ X ¥ X ¥ ¥ ¥ * *

The MadGraph5_aMC@NLO Development Team - Find us at
https://server®6.fynu.ucl.ac.be/projects/madgraph
and
http://amcatnlo.web.cern.ch/amcatnlo/

Type 'help' for in-line help.
Type 'tutorial' to learn how MG5 works
Type 'tutorial aMCatNLO' to learn how aMC@NLO works
Type 'tutorial MadLoop' to learn how MadlLoop works
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load MG5 configuration from input/mg5_configuration.txt

fastjet-config does not seem to correspond to a valid fastjet-config executable (v3+). We will use fjcore instead.
Please set the 'fastjet'variable to the full (absolute) /PATH/TO/fastjet-config (including fastjet-config).

MG5_aMC> set fastjet /PATH/TO/fastjet-config

set ninja to /Users/leandre/Desktop/StagelLPTHE/MG5_aMC_v2_9_15/HEPTools/1ib

set lhapdf to lhapdf-config
set lhapdf to /opt/homebrew/opt/lhapdf/bin/1lhapdf-config

Using default text editor "vi". Set another one in ./input/mg5_configuration.txt

Checking if MG5 is up-to-date... (takes up to 2s)
failed to connect server
Loading default model: sm

INFO: Restrict model sm with file models/sm/restrict_default.dat .

INFO: Run "set stdout_level DEBUG" before import for more information.

INFO: Change particles name to pass to MG5 convention
Defined multiparticle p = gu c d s u~ ¢~ d~ s~
Defined multiparticle j=gu cd s u~ c~ d~ s~
Defined multiparticle 1+ = e+ mu+

Defined multiparticle 1- = e- mu-

Defined multiparticle vl = ve vm vt

Defined multiparticle vl~ = ve~ vm~ vt~

Defined multiparticle all = gu cd s u~ ¢~ d~ s~ a ve vm vt e- mu-

MG5_aMC>

ve~ vm~ vt~ e+ mu+ t b t~ b~ z w+ h w- ta- ta+

: 3k 2k ok ok ok ok ok ok ok ok ok ok ok ok 3k 3k ok ok ok 3k ok 3k ok Ak ok ok 3k Ak ok ok ke ok 3k ok ok ok ok ok ok 3k 3k ok ok ok k ok ok ok Ak ok ok ok ok ok ok ok ok ok ok ok k
: Platform: Darwin 23.4.0 [MAC/0SX mode]

: Reading user settings ...

: Checking mandatory packages:

- Python
- GNU GCC g++
- GNU Make

: Checking optional packages devoted to data processing:

- Z1ib [0K]
- Fastlet [0K]
- Root [0K]
- Delphes [0K]
- Delphes-MAStune DISABLED

: Checking the MadAnalysis 5 core library:

=> MadAnalysis libraries found.
=> MadAnalysis test program works.

: Reading user settings ...
: Checking optional packages devoted to reinterpretation:

- SciPy DISABLED
- PAD

- PADForMAS5tune

- PADForSFS [0

- pyhf DISABLED

: Checking optional packages devoted to histogramming:

- Root [0K]
- Matplotlib DISABLE
- gnuplot

- pdflatex
- latex

: Package used for graphical rendering: Root
. 3k 2k ok 3k ok 2k ok ok ok ok ok 2k 2k ok ok 2k ok ok ok 2k ok 3k 2k Ak ok ok 3 Ak ok ok Ak 3k 2k ok ok b ok Ak ok 3k ok ke ok Ak ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k

: Particle labels exported from madanalysis/input/particles_name_default.txt

: Multiparticle labels exported from madanalysis/input/multiparticles_default.txt

maS>

=> 87 particles successfully exported.

=> Creation of the label 'invisible' (-> missing energy).
=> Creation of the label 'hadronic' (-> jet energy).
=> 8 multiparticles successfully exported.




The tools

MADGRAPH35_aMC@NLO

d - Simulation and production
4 of dark matter at LHC

# - Generation of simulated
i collisions to compare to
theoretical data

MADANALYSIS 5

& - Analysis of results

il - Comparison with real
8 experimental data from LHC

]l - Statistical analysis




Exclusion diagrams ‘

Two free parameters : the masses my and my, 0 < CLs(my, my) <1
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Exclusion diagrams

- Sharing of results between accelerators and cosmology
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Observables and errorbars




Observables and errorbars

Events (i, = 300 fb~1)

N. of events in function of missing energy for LO and NLO calculations
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Observables and errorbars

Events (£, = 300 fb~1)

N. of events in function of missing energy for LO and NLO calculations
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negligible
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Observables and errorbars

Errorbars ?




Observables and errorbars

~  Errorbars ?

PDF : Partonic Distribution
Function

Necessary to calculate
analytically the cross
section (Amount of
production)




Observables and errorbars ‘

Number of events in function of missing energy for LO and NLO calculations
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10 1 Dark matter mass = 900 GeV = = XXNLO — LO (0 x BR=0.003 fb)
1 Mediator mass = 1300 GeV = = XYYNLO — LO (0 X BR = 0.401 fb)
YYtot — LO (o0 X BR=4.095 fb)
: — =2 XXNLO — NLO (0 x BR=0.002 fb)
_'Q , = = XYYNLO—NLO (0 x BR=0.417 fb)
. . . . “— 10 T S R — = YYtot —NLO (0 x BR = 5.586 fb) =
PDF : Partonic Distribution| 8
Function |
S 0d I == LB _
n
=
)
>
\ L]
Necessary to calculate 1 AF 1, N
analytically the cross 0 i —H== ——"
. 3 2E e o
SeCtlon (Amount Of EE Quotient NLO/LO for YYtot
o 9 2 | - Quotient = 1 I
production) S
—
= 1 -
O -




Observables and errorbars ‘

N. of events in function of missing energy for LO and NLO calculations - MA5 103Num|?er of events in function of missing energy for LO and NLO calculations
= Y -tot-L0 ] Dark matter mass = 900 GeV "= XXNLO —LO (o x BR=0.003 fb)
(== XYYLO Mediator mass = 1300 GeV = = XYYNLO —LO (0 x BR = 0.401 fb)
102 - £ X-10 ] = YYtot—LO (0 x BR = 4.095 fb)
1 T S for.O o | = = XXNLO — NLO (0 x BR = 0.002 fb)
— S W-wt-HlD = == XYYNLO — NLO (0 x BR = 0.417 b)
! & ATHLO 1024 - - e ~ = YYtot—NLO (0 xBR=5.586fb) |-
PR 3 XX -MO o ] ‘ ‘
Yo 101 - Total number of events for NLO ()
2 = -
2 ~hasewy I
| QE
£ 100 - = T O e SN S = — T i
g 10 " 10
S )t
Z -
= S
v LLJ
D1 1071 -
1+ -
0- = = Quotien NLO/LO for XX i
-2 - | - uotien or
10 : — g _— — 3 — =a Quotient NLO/LO for XYY
) Quotient NLOLO for XX O — L Quotient NLO/LO for YYtot
o 4 | = Quotient NLOILO for XYY 1 9 Jf T Quotient=1
§l ) Quotient NLOJLO for YY — tot 5
—
% 2 - | = 1 -
o I | ! ! J | | O —
0 200 400 600 800 1000 1200 0 200 400 600 300 1000

#1 (GeV)




Observables and errorbars ‘

N. of events in function of missing energy for LO and NLO calculations - MA5_ 103Num|?er of events in function of missing energy for LO and NLO calculations
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. Conclusion ;



