Global perspectives on dark matter simplified
models

Emanuele A. Bagnaschi (DESY Hamburg)

26 July 2018
SUSY2018
Barcelona, Spain

Work in progress ma@
Bagnaschi, Borsato, Costa, Sakurai et al.

¥ emanuele.bagnaschi@desy.de


mailto:emanuele.bagnaschi@desy.de

Introduction



Dark Matter @ LHC

We infer the existence of Dark
Matter (DM) from indirect
observations (cosmological,
astrophysical).

Can we probe DM at the LHC? Yes,
if we assume that it couple
sufficiently strongly to the SM
(freeze-out points to that).

Unknown: the mass.

DM searches at the LHC fully
underway.

Global perspectives on dark matter simplified models

How to predict the signals and interpret

the results? Different possibilities have
been studied:

1. EFT approach.
2. Dark Matter Simplified Models
3. Complete models (e.g. SUSY).
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1st gen. dark matter simplified models

=  Bottom-up approach.

= Introduce a mediator with a mass
scale accessible at the LHC.

= Relatively light mediators allow
more easily to recover the observed
value of the relic density.
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Various flavor of Dark Matter Simplified
Models (DMSM) — 1st generation

= s-channel mediator: spin-0, spin-1.

= MFV: spin-0 interactions
proportional to the Yukawas.

= t-channel mediator: vertex with one

quark and DM-particle:

= Colored; phenomenology
similar to SUSY squarks.

= MFV: the mediator carries
flavor index; equal coupling
strength.
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The Lagrangians

= We consider DMSMs with a spin-1 (Y7) s-channel mediator.
= The dark matter candidate is a Dirac fermion (Xp).
= We use the model files provided by the DMSIMP package for our implementation.

Spin-1 mediator
= Interaction Lagrangian mediator-DM
v, _
CX}) = XpYp (g)\fD aF gf}D%) XpYy.
= [nteraction Lagrangian mediator-quarks
v -
Equlaka - Zl}j |:d"’y“ <gt\f/i,j + gﬁi,j75> <

+ Ui (g,‘,/,.,j + g ’Ys) } Vil

ij
= |nteraction Lagrangian mediator-leptons

41 _
leptons —

X {I’Yu( +3A75>}
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Scenarios
= Leptophobic, g, g"_‘j =0 (no

constraints from dilepton searches).

= Flavor diagonal, g VIA _ g if i # j.

u/d;;
= Flavor blind, gV/A gl‘j‘/‘A.
1J
1.
pure vector.
2. gy =0 gx, = &om
gL//d:O gﬁ/d:gsl\/fv

pure axial-vector.

Emanuele A. Bagnaschi (DESY) 3/19



Why going global?

= Interpretation of experimental
results is usually given for fixed
values of the couplings.

= Informative but we might want to
condense into a single result the
exclusion power of the LHC.

= Include consistently Qh? and
constraints from (in)direct-detection
searches; allow to study the
interplay with LHC searches.

Global perspectives on dark matter simplified models

= Build a likelihood from the different
observables and find the regions
where it is minimized.

Caveat

Use the framework to study correlations
between simplified model parameters and
not performing a complete fit as in the
MSSM.
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The framework



Global analyses

Global likelihood analyses

= Global-fit frameworks such as MasterCode, have been used for years to study
BSM extensions of the SM. In our case, up to now we focused our attention to
SUSY models (see the other MC talks on SUSY-DM and SUSY @ LHC later
today).

= Dark Matter Simplified Models are not complete models, not meaningful to
compute p-values. Use the framework with the aim of correlating different
sectors and finding still allowed regions.

Experimental constraints Best fit point

MasterCode

E .
ref]u.entlst Allowed parameter range
fitting

framework
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The framework

= Frequentist fitting framework
written in Python/Cython and
C++.

= The Multinest algorithm is used to
sample the parameter space.

= udocker used for deployment.

Codes

Mediator properties
Analytic/MadGraph_aMC@NLO

Collider
MadGraph_aMC@NLO (DMSIMP models)

Dark matter
MicrOMEGAs

Parameter Range Number of
segments
My, (0,25) TeV 6
Mpum (0,1.2) Tev 2
&sm (0, Var) 1
gom (0, Vam) 1
Total number of boxes ‘ ‘ 144
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= Sampled up to O(300M) points.
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Docker and udocker

&docker

= As suggested by the name, udocker uses
docker containers.

= Docker: software framework to automatize
the deployment of application inside Linux
containers.

= Other options, such as LXC, are available to
use the Linux container infrastructure.

=  Middleware suite developed
in the context of the
INDIGO data-cloud
project to run docker
containers in userspace,
|ND|GO o DataCloud without requiring root
privileges (both for
installation and execution).

[Gomes at al., 1711.01758, submitted to CPC]
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The constraints




Non-LHC constraints

10—

Dark matter
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Validation QA2

35.9fb™ (13 TeV)
T

CMS-EXO-16-048-Omega
1200 g 012 < 1200f T T T o
8  CMs £
1000 0.10 ‘—E' 1000 [ Vector med, Dirac DM, g9,=025,g,, =1 g
ED [ ---- Median expected 95% CL 5
800 0.08 [ e = 10 2
= ~ 12
3 ~ ' —— Observed 95% CL 2
= < N
= 600 0.06 g b Observed = theory unc._ 8
3 L /
€ [ Q2012
400 0.04 [ 27
; -1
200 0.02 F 10
= - - y | ®o.00
500 1000 1500 2000 2500
Mmeq [GeV]
107
— = CMS-EX0-016-048, Qch? =0.12 1500 000 2500

W Q:h?=0.12, MC micrOMEGASS w/ DMSIMP Spin-1 model

m_. [GeV]

= Left: MasterCode; Right: CMS prediction from CMS-EXO-16-048.

= Agreement in the prediction for the QA% = 0.12 line.
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Collider constraints

DM simplified models are characterized by a variety of experimental signatures.

{arXiv:1710.00155]
DM + pViqq) (350 ")
[arXiv:1712.02345]
DM 4 y(353157
[EXO-18-053]
DM + 200} (35,9 %)
[arXiv:1711,00431]

= Mono-jet signals. = Dijet, Dijet + X (to reduce
= Mono-V/h gluon-induced background).
CMS Preliminary ICHEP 2018
;zoooi..,...;....,...,,..,.,....,........,....:
& 1800l ([ Axial-vector mediator Mg =2X Mgy [—
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a 1600 . gDM= 1.0 Q. n" =012 o=
E 140037 9 = hes -
@ o - g‘:D Exclusion at 95% CL =
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= 1000 : ‘,' === Expected -
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Mediator mass M, [GeV]

[CMS ICHEP '18]
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Monojet

constraint

= We use the monojet constraints
from CMS [1712.02345]

= We model the likelihood a la
FastLim,
AX? = 5.99 X (Fpoint/TuL,cms,05%)°

= Calculation of the cross-section
through reweighting or via
MG5_aMC@ (N)LO.

Global perspectives on dark matter simplified models
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Monojet constraint

CMS-EXO-16-048 vector

= We use the monojet constraints
from CMS [1712.02345]

= We model the likelihood a la
FastLim,
AX? = 5.99 X (Fpoint/TuL,cms,05%)°

= Calculation of the cross-section

mpy [GeV]

through reweighting or via

MG5_aMC@ (N)LO. 500 1000 1500 2000 2500
Mined [GeV]

=== CMS-EX0-016-048 B MC-CMS-EX0-016-048
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Monojet constraint

35.9 1" (13 TeV)
T

= 1200 T T 0
® cms g
[0} ps
) ) 21000 Axial med, Dirac DM S
= We use the monojet constraints 3 2
E = === Median expegted 95% CL -]
from CMS [1712.02345] e 10, 3
800 1

. . N = Ob d[95% Cl
= We model the likelihood 2 la 2
Observed = Theory unc. o
600

[ eant =012

FastLim,

Ax? =5.99 X (0point/TuL, cMS,95%)° 400

= Calculation of the cross-section
through reweighting or via 200
MG5_aMC@ (N)LO.

10

1000 2000 2500
m_.q [GeV]
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Monojet constraint

CMS-EXO-16-048 axial-vector

= We use the monojet constraints
from CMS [1712.02345] 300

= We model the likelihood a la
FastLim,
AX? = 5.99 X (Fpoint/TuL,cms,05%)°

= Calculation of the cross-section

mpy [GeV]

through reweighting or via

MG5_aMC@ (N)LO. 500 1000 1500 2000 2500
Mined [GeV]

=== CMS-EX0-016-048 B MC-CMS-EX0-016-048
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Dijet constraint

= We use the constraints from dijet and

dijet+X searches on vector resonances. s MC vs CMS/ATLAS 0
. . L T cws pasexo1s.05 ’
= We recast the analysis using the limits on ATLAS CONF-2016-070 j+gamma 3
. . . =~ ATLAS TLA dijet
the coupling g4 given by the experiments on 0.44 — cus JHep-o1-2018.007 7
ATLAS PRD96-052004
Z/ resonances. —— ATLAS-CONF-2016-070 jj-+jet 6
CMS 1802.06149 g
2 _
= (gsm)° = . 5e
< .
? <
expy\2 exp 4
(g47)°/2 (1+ 1+ 4Tom/Tq(eg ))
3
- A = 4 % (0poine/Tim)?
X" = O point/ O lim)”~ - 2

= Hold in the limit of small width.

= o~gh /T - , i’ 0
Mined [GeV]
= Cross-checked with MC-recasting for CMS l
dijet result.
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Results




Vector mediator

— — — DMSM s-channel spin-1 vector: 10, 20, 30

1200

1000

— 800

]

eV

|
x

600

mpy [C

400

200 masTERcos

0
0 500 1000 1300 2000
M [GeV]

PRELIMINARY

2500

mpy [GeV]
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= Two separated regions where the DM constraint can be completely satisfied.

= Low-masses allowed by going to very small couplings.
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Vector mediator

— — —— DMSM s-channel spin-1 vector: 1o, 20, 30
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PRELIMINARY

= Two separated regions where the DM constraint can be completely satisfied.

= Low-masses allowed by going to very small couplings.
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Vector mediator

— — — DMSM s-channel spin-1 vector: 1o, 20, 30

— — —— DMSM s-channel spin-1 vector: 1o, 20, 30
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PRELIMINARY

Two separated regions where the DM constraint can be completely satisfied.

= Low-masses allowed by going to very small couplings.
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Vector mediator

— — — DMSM s-channel spin-1 vector: 1o, 20, 30 — — — DMSM s-channel spin-1 vector: 1o, 20, 30
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= Low-masses allowed by going to very small couplings.
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Vector mediator

— — — DMSM s-channel spin-1 vector: 1o, 20, 30 — — — DMSM s-channel spin-1 vector: 10, 27, 30
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= Low-masses allowed by going to very small couplings.
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mediator

— — — DMSM s-channel spin-1 vector: 1g, 20, 30
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— — — DMSM s-channel spin-1 vector: 1o, 20, 30
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Axial-vector mediator

— — — DMSM s-channel spin-1 axial-vector: 17, 20, 30 = = = EY cerme)ein el e {2 &
1200 )
1000 50
= 80 = 0
3 o]
= 600 &= 30
= z
a2 )
£ 400 £ 20
200 - — aprens 10
0
- - oE 0 !
0 1y G 1{9‘) ZUCUR 2S00 0 500 1000 1500 2000 2500
M [GEV] e [GoV]
PRELIMINARY

= DM relic density drives the shape of the regions.
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Axial-vector mediator
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= DM relic density drives the shape of the regions.
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Axial-vector mediator

— — — DMSM s-channel spin-1 axial-vector: 1o, 20, 30 — — — DMSM s-channel spin-1 axial-vector: 1o, 20, 30
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= Low-masses allowed by going to very small couplings.
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Axial-vector mediator
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= Low-masses allowed by going to very small couplings.
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Axial-vector

— — — DMSM s-channel spin-1 axial-vector: 1o, 20, 30°
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PRELIMINARY
Allowed region defined both by direct detection and relic density constraints.

mediator

— — — DMSM s-channel spin-1 axial-vector: 1o, 20, 30
f 60
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Conclusions and perspectives

= We have started studying DMSM from a global perspectives.

= For simplicity we have begun with 15 generation DMSM.

= Allowed parameter space depends strongly on the choice of allowing smallish
couplings.

= Concerning s-channel spin-1 vector and axial-vector:

= Initial study underway, planning to allow heavier mediator/DM masses.
= Inclusion of theory-oriented constraints.
= Thorough comparison with other results.

= We plan to look at s-channel spin-0 models and to t-channel/more complex
models in the future.

MaSTeRcooe
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