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The Dark Matter quest

indirect detection
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The Dark Matter quest
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The collider ansatz

non-SM particles

SM particles
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Production
mechanism /
theoretical
framework

Particles
detection and
identification
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Theoretical framework

COMPLETE
THEORIES

(e.g Susy)
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SIMPLIFIED MODELS

theoretical completeness

EFFECTIVE FIELD THEORIES




Theoretical framework

not-so-simple anymore
models

more complex simplified
models

SIMPLIFIED MODELS

Very very simple models




Theoretical framework

not-so-simple anymore
models

more complex simplified
models

SIMPLIFIED MODELS

Very very simple models

“Mediator-based DM models”

: wST Sf CT:RH MEDIATOR ; “SUSY simplified models”
NaJ08
OOng 1,

Supersymmetric “shadow” particles

+ “Higgs Portal DM models” + axions




Theoretical framework

not-so-simple anymore
models

more complex simplified
models

SIMPLIFIED MODELS

Very very simple models

“Mediator-based DM models” Koji Terashi’s talk
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Supersymmetric “shadow” particles

+ “Higgs Portal DM models” + axions




Mediator simplified models

* Reduce a complex model to a SM X
simple one with DM +
mediator

ETmiSS + X

¢
ESM 2DM
* Few free parameters: me, my, FJ\

gSM, gDM, I'p SM mq, Y
* Nature of mediator and DM can

(also) be systematically
classified based on their spin

and CP
% Very rich phenomenology

arXiv:1507.00966 (and ref. therein) + LPCC WG

Selected results on spin-0 and spin-1 mediators in the following
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https://lpcc.web.cern.ch/content/dark-matter-wg-documents

Mediator simplified models

* Reduce a complex model to a SM X
simple one with DM +
mediator

ETmiSS + X

¢
ESM 2DM
* Few free parameters: me, my, FJ\

gSM, gDM, I'p SM m Y

 Nature of mediator and DM can

(also) be systematically SM
classified based on their spin 0
and CP 2sM 2SM
% Very rich phenomenology FJ\
SM m

arXiv:1507.00966 (and ref. therein) + LPCC WG

SM

Resonance

SM

Selected results on spin-0 and spin-1 mediators in the following
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2. Detection and
identification

EXPERIMENT
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DM Collider experiments

Focus

ATLAS DM Results

EXPERIMENT
Overview :

Focus
DM Results

Focus
DM Results

TS ‘> Focus
<D DM Results
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Belle II

Jatter @Colliders - WIMP 2019

Mediator-models & SUSY
Public Page

DM Summary Paper

Mediator-models & SUSY
EXOTICA, B2G

Overview (2018): DM summary plots

B-mesons, loops, resonance
Public page

B-mesons, dark sector
DMPuzzle2018, Bellell Book
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO/DM-summary-plots-Jul17.pdf
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html
https://indico.desy.de/indico/event/19155/session/6/contribution/19/material/slides/0.pdf
https://arxiv.org/abs/1808.10567
https://agenda.infn.it/event/14377/contributions/24435/attachments/17476/19824/krokovny_latuile_2018.pdf
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://arxiv.org/abs/1903.01400
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Particles detection

Particles produced in the collision are detected as analogue signals by the
sub-detectors, digitised, recorded and reconstructed offline as particle-objects.

Park Matter
® Electrons

e Muons
® Photons

®jets

/hz X

® b-jets/c-jets Inuisible

C. Doglioni TeVPa2018

® invisible
particles

SM particle
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Techniques 1 - Eymiss + X
jet/b-jet/single-t/y/V+ ETmiss

9/7/‘/ X /b
‘VFC

|




Ermiss + X commonalltles

s pamas T T )
1) Definition of a set of Signal 2 "’5 gi;aée%nsm o B 2 )+ E
enriched Regions (SR) $ U E 000G Era0cy  mmmronome 3
— e
o 10° mLNJItijeots+ncb E:
2) Definition of a set of Control - i -mneno 3
Regions (CR) to derive a data- 10 - NI T 4
driven normalisation of MC with ! B T
transfer factors (TF). ° N— E
(% 1.2 : o S.tat + Syst. Uncertalnt'es. ,,,,,,,,,,,,, ’ ............. + ............. + ..................... + ............ :
3) Validation of the TF in the § 1“_
Va"dation Region (VR) 08 300 400 500 600 700 800 900 1000 E% ?S(S)(EGellz]oo
D. Miller PASCOS18 _ _
T SYSTEMATIC 4) Unblinding ! check whether an

excess is observed (p-value)

STATISTIC

- 5) It noexcess is found the results
are interpreted in terms of limits
on selected models.

>
observable 1 CR closeness to SR

observable 2

@RI contamination




Techniques 2 - resonances

__ CMS Preliminary 77.8fb" (13 TeV)

L AJH /O b/t % 3 e Data —

D 10 = . =

, or -—-- = = — Fit Method =

2y a " Q 02[ x2/NDF = 48.11/ 37

/ 2 = -1 Ratio Method =

~ = — x?>/NDF = 40.37 / 31 .

4 Iy _g 10 _ _ gg (2.0 TeV) I

= . - - - - — 4.0 TeV .
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. My [_GeV]
... attention to interference!

See W. Kalderon’s talk for details


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-026/index.html

Techniques 3 - Long Lived Particles

* macroscopic displaced multi-track g pbeating tra}ck's \
decay length vertiges in 1D AT, .y " non-prompt
models jets, leptons ______ photons

displaced leptons, lepton E
e hidden DM jets, or lepton pairs emerging Jets

e weak-scale

hidden sectors
displaced multi-
track vertices

e SUSY LLPs in Muon

Spectrometer

.o e

Well established in SUSY, less interpretation in other DM models.

/4

stable or meta-stable
charged particles

- \

trackless
jets with low
EMfrac




3. Highlights for
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Vector mediators (couplings)

CMS Prel/m/nary EPS 2019
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95% CL exclusions

% Observed

Expected

I,/ M, <~5%

tt resonance, [arXiv:1810.05905]
35.9 b7, 13 TeV

I,/ M, <~10%

Boosted Dijet+y [arXiv:1905.1033
35.9fb", 13 TeV

Boosted Dijet [EXO-18-012]
77.0fb", 13 TeV

Dijet b-tagged [arXiv:1802.06149]
19.7 b, 8 TeV

Dijet scouting [arXiv:1604.08907]
19.7 o', 8 TeV

Dijet scouting [arXiv:1806.00843]
35.9fb", 13 TeV

Dijet [EXO-19-012]

137 fb, 13 TeV

Broad Dijet [arXiv:1806.00843]
35.9fb", 13 TeV
I,/ Mz, < ~100%

Dijet x [arXiv:1803.08030]
35.9fb" 13 TeV



https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/

Dark Photons (low masses)

e e” — YA (— xX)

10°°
BaBar 2017
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1808.10567

kinetic mixing parameter (A to Sgll)
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https://arxiv.org/abs/1808.10567

Dark Photons (low masses)

%

90% CL exclusion regions on [m(A’),&?|

\l

-
Nt
J

[ LHCH prompt-like

Not covered further, see T. Ferber’s talk foréetails


http://arxiv.org/abs/1710.02867

Spin-1 mediators - masses

JHEP 05 (2019) 142
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. E.rPiSS+X
ET**+y,36.1 b
Eur. Phys. J. C 77 (2017) 393
ET*"+jet, 36.1 fb*
JHEP 1801 (2018) 126
ET**+Z(1l), 36.1 fb”

2 B 2|5 - 3 | 3I5 - 4 PLB 776 (2017) 318

9,=025,9=0,9 =1
All limits at 95% CL

Axial-v%ftor mediator, Dirac DM

ET**+V(had), 36.1 fb"!

mZ.A [TeV] JHEP 10 (2018) 180

ETmiSS + X

[ gq=10.25,8ep =0, gom = 1 j . .
Axial-vector mediator
DESY.| P. Pani | Dark matter @Colliders - WIMP 2019 Page 25



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-32/

Spin-1 mediators - masses

> N 1., \q,/ 4 Duet
li) S rel|m|,~ N //Q) Dijet, 37.0 fo''
—. 3 N PRD 96, 052004 (2017)
- 1.4 ev, JL]| ,o@°/ Dijet TLA, 29.3 b
- : PRL 121 (2018) 0818016
/ Dijet+ISR, 79.8 fo™'
12 1 PLB 795 (2019) 56

ob reéq

/ PLB 788 (2019) 316

Boosted di-b+ISR, 80.5 fb
ATLAS-CONF-2018-052

éﬂ Boosted dijet+ISR, 36.1 b

pance
4

— tt resonance

36.1 fb™
EPJC 78 (2018) 565

— bb resonance

36.1 fb™
PRD 98 (2018) 032016

Axial-v ediator, Dirac DM -
0.2 gq:O. ,gl 0, gx= 1 -
All limits at 95% (L :

0B L = 3 3.5 4

my [TeV] ¢l v 5

( gq = 0.25, Llep = 0, gDM = 1 ]

DESY.| P. Pani | Dark matter @Colliders - WIMP 2019

Axial-vector mediator

Resonance
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Spin-1: features explained

1.6_A- S Sl]t;relalilrrl\i%r'yﬂ DR R ' ' '.' 70 ':\ Loss of sensitivity due to
b 3 TeV, Ji 2019 1 4 & - mediator width effects
- S - Highest mass reach, driven
1.2F e . 11 by Ermsm tails &
S Fo (01’ ) . statistics (jet+ Ermiss/dijet)
1 :- // '/// '_
= ; /
S [ ’OQ..' Jet trigger thresholds
0.8 7 ', / ,‘ﬁ‘(\. ] limiting low-mass reach
5 ~ 7 /
0'6: f / /, '’ ;9 < Change of trigger strategy
SIS ; i & analysis width sensitivity
0.4 N }’ Vi -
N é:' / / . ' _ -
S5 E;_ﬁiss +X Axial-vgctor mediator, Dirac DM -+
0.2 |- 9,=02549=09 =1 N Increase of BR(Z'=yy) =
E g | | . Alllimits at 95% CL | .:\\\ loss of sensitivity for Z'=tt
0 0.5 1 1.5 2 2.5 3 3.9 4
mg. [TeV]

[ gq = 0.25, Llep = O, gDM = 1 j » Model's predicted relic density deplet
":‘ with respect to 0.12 thermal relic
DESY.| P. Pani | Dark matter @Colliders - WIMP 2019 Page 27
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0.2
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1.6 T
ATLilS Prellmmary/
3 TeV, July 2/01

/7

<

Vs =

Dilepton

Vector mediator, Dirac DM
g, = 0.1, g = 0.01, g = 1
All limits at 95% CL

25 3 35 4

(gq—Ol glep = 0.01, gDM—lj

m, [TeV]

DESY.| P. Pani | Dark matter @Colliders - WIMP 2019

— Dilepton

139 fb™
PLB 796 (2019) 68

= Dijet
Dijet, 37.0 fb™
PRD 96, 052004 (2017)

Dijet TLA, 29.3 fb”
PRL 121 (2018) 0818016

miss
— ET+X
ET*°+y, 36.1 fo
Eur. Phys. J. C 77 (2017) 393
ET*+jet, 36.1 fb’
JHEP 1801 (2018) 126

Ermiss + X Resonance

Vector mediator
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Spin-0 mediators| :~y %47
:

Needed to easily fulfil Flavour

o Constraints (MFV)
CMS Preliminary ICHEP 2018
2‘ 103 tl I | L | L I L I L L I L I L | L I L l:
O - -
o — -
& F Cineory (LHC DM WG) Pseudoscalar Mediator
B : — Observed exclusion 95% CL g II':.C1 _[())M :
102 . LLLLLL Expected exclusion 95% CL gDM =1.0 —
= _ y my, =1 GeV =
— DM + j/V(qq) (35.9b™) -
= [arXiv:1712.02345] -
B DM +2(l) 85907 s =
B [arXiv:1711.00431] e
10 DM + tt comb. (35.9 fb™)
= [EXO-16-049]
1 e e =
10—1 L1 1 1 | | | I | | I T .| | L1 1 1 | | I | | I . | | I .| I L1 1 1 | | I -

50 100 150 200 250 300 350 400 450 500
CMS Public Page Mediator mass M, [GeV]
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https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/

Comparing to direct detection
“The plot”

—ATLAS Vector Z'

Vector mediator, Dirac DM
9= 0.25, g,= 0, g, = 1

Phys. Rev. D 96 (2017) 052004

1073

—

Phys. Rev. Lett. 121 (2018) 081801
Preliminary ATLAS-CONF-2016-070
Phys. Rev. D 98 (2018) 032016
Eur. Phys. J. C 78 (2018) 565

41 T\T\—P‘ Eur. Phys. J. C 77 (2017) 393
10™ JHEP 01 (2018) 126

% PLB 776 (2017) 318
- JHEP 10 (2018) 180
ATLAS Vector Z' - i
102 | — —__] EATLAS Z' baryonic

10740

Sca\ar

o4, (x-nucleon) [cm?]

Z' baryonic, Dirac DM
sind = 0.3, 9, = 1/3, g, = 1

Phys. Rev. Lett. 119 (2017) 181804
Phys. Rev. D 96 (2017) 112004

~ATLAS Scalar

Scalar mediator, Dirac DM
=1,g =1

gq gX

Eur. Phys. J. C 78 (2018) 18

——DarkSide-50

Phys. Rev. Lett. 121 (2018) 081307

—CRESST Il

arXiv:1904.00498

——XENONA1T

Phys. Rev. Lett. 121 (2018) 111302

B PandaX
1 10 1 02 1 03 Phys. Rev. Lett. 117 (2016) 121303

—LUX
mX [G eV] Phys. Rev. Lett. 118 (2017) 021303

107%

1074

107%

—EnoNtT

A TLAS ATLAS limits at 95% CL,
Vs =13 TeV, 29.3;37.0 fo | direct detection limits at 90%|CL

10746

1074

JHEP 05 (2019) 142  Details and limitations of the conversion in arxXiv:1603.04156



https://twiki.cern.ch/
https://arxiv.org/abs/1603.04156
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-32/

Considerations on the results

*x Simplified models are good
phenomenology proxies.

* Simplified models are simplified
models.

*x Simplified models are not full and
complete theories, which might
have more complex topologies.

* All exclusions need to be taken
with a grain of salt.

DESY.| P. Pani | Dark matter @Colliders - WIMP 2019 Page 31
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2HDM-based models ﬁ(’,{’ﬁk

2HDM DM models

54 B * Richer phenomenology:
X Higgs bosons productions

and decays, mixing, many
final states.

Med

DESY.| P. Pani | Dark matter @Colliders - WIMP 2019 Page 33


https://arxiv.org/abs/1810.09420
https://lpcc.web.cern.ch/content/dark-matter-wg-documents

2HDM+pseudoscalar models

JHEP 05 (2019) 142 Eur. Phys. J. C 79 (2019) 280

LA B B R DL R BELRNLENL AL LU RN LR AL LR BRI —1
'''''''''' R ATLAS Preliminary _ 35'9be (13 TeV)

<ol (s=13TeV,36.1 " | . CMS |
- INRDR Limits at 95% CL ' B
_,‘E RN — Observed [ 2HDM+a, h — bb
%, ‘\‘ -- Expected il | sinf =0.35 m, =10GeV, mp = my = my= = 600 GeV
CRY _ 100 F  Solid (dashed) lines: observed (expected) limit at 95% CL :
Lo 2HDM+a, Dirac DM F Unc. band: +1 std. dev. on exp. limit ]
. mX=1OGeV,gX=1 '
+  my,=m,=m_ =600 GeV
+ sin6=0.35
1 ....................... l‘ ..... L LR EERIIERIED —]
E tanp =1 1
" .
...................... .:_ = m,=100GeV === m,=150GeV
g r/m, > 20% === m,=200GeV m,=250GeV |
NN A R R P L . m, =300GeV ~ —— theory uncertainty -
100 150 200 250 300 350 400 450 500 55
0.1 1 1 1 1 1
m [GeV] 0.5 1 2 4 8 20 50
. 0
tttt : P tan 3
JHEP 09 (2017) 088 = ET"°+h(yy)
PRD 2017) 112004
96 (2017) 11200 === my=100GeV m, = 250 GeV
= Emiss, Z(1) = s === my=150GeV my = 300 GeV
PLB 776 (2017) 318 EPJC 78 (2018) 18
JHEP 06 (2018) 108 === my=200GeV
i = : VY
— E™°+h(bb) = h(inv) ESY.

D
- s N

o°

PRL 119 (2017) 181804 0 JHEP 06 (2018) 108


http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-050/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-32/

Results (I)

A TLAS

_ -1
fm;; Stg;}//’ gfﬂ fb - . Mass reach driven by
— Observed ; BR(A=aZ) and BR(H=ah)
- Expected | and mass threshold
2HDM+a, Dirac DM t Plotting effect due to
m, =10 GeV, g, =1 missing samples

mA =my=my, = = 600 GeV
sind = 0.35

/ Loss of sensitivity due to
/ missing bb-initiated production

....................... <.> Sens|t|v|ty dominated by ttA/
H(tt) = independent on m(a)

O Limited by the choice of siné

m, [GeV]
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> 108 | | | 'I""I"":I:""I""I""I"§1O4

3 = ATLAS V¥s=13TeV,36.1fb’,.2=
£ L7 b | i RS
o 105 7 |} 2HDM+a, Dirac DM =10
© A = {d my=my=m, =600:GeV 1,
10° £\ ' § sin0=035,g =1 & =10

. 1 m,=250GeV  {i g 3
| L ///tanp = 50: ET+bb= 10

‘,oi"- tanp = 0.5: E:iss+tf =

/# tanp =1:all others 51

— Thefmal Relic Q@ h? = 0.12 -
‘_""""Tg ___________________ = 10™
_==10?

Vo —_ —

?i — =
— N —=10°

/ Limits at 95% CL 35
__________________________________ NS Observed 7.
-- Expected = 0
10—1 AP S B | FEPI B PR B f N R B B 10—5

50 100 150 200 250 300 350 400 450

m, [GeV]

DESY.| P. Pani | Dark matter @Colliders - WIMP 2019

Relic density perspective

2 B
7 EPJC 78 (2018) 18
()
a JHEP 06 (2018) 108
Iz -
S —ET™+bb
= EPJC 78 (2018) 18
£
IS o
S —EM4h(bb)
PRL 119 (2017) 181804
—ET**+h(yy)
PRD 96 (2017) 112004
—ET4Z(Il)
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Understanding the relic prediction

1 O 3 N History of the Universe
102 - Mpm = M,/2
101 -
100 - Mpm = Miop
N \ VAN Qh? = 0.12
L 10714
1072 -
1073 -
10~4 ] \ Mpm = (Ma + Mp)/2
_ Mpm = (Mg + Mp)/2
107> ' ' ' '
0 100 200 300 400 500
Mpm(GeV)
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Relic density perspective
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Further considerations

* Many results with the full Run-2 datasets still in
preparation but we can already plan ahead:
leave no stone unturned!

* HL-LHC Yellow Report shows many projection on
searches evolution in the next data-taking periods,
reaching higher higher DM & mediator masses

*x LPCC DMWG working on establishing
additional “less simplified” frameworks
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Further considerations

* Many results with the full Run-2 datasets still in
preparation but we can already plan ahead:
leave no stone unturned!

* HL-LHC Yellow Report shows many projection on
searches evolution in the next data-taking periods,
reaching higher higher DM & mediator masses

*x LPCC DMWG working on establishing
additional “less simplified” frameworks

MY personal take:
1) NBEW TRIGGERS 2) NEW SIGNATURES
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/\ Limited by: g

fast read-out of 0(10@M) detector channels ";)

computing resources (reconstruction) »n
disk storage (saving for further processing) 8 »
everyone else’s favourite physics channel % 1

N Bandwidth = Event rate x Event size

LHC: 40 MHz (Reconstructed)
ATLAS: 1 kHz ATLAS: o(MB)
LHCb: 12.5 kHz LHCb: ~100 kB
CMS: 1 kHz CMS: o(MB)
5 E ATLAS = e Data,293f |y|<06 '3
~108 & —— Background fit —
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Recording more/better data

Delayed data analysis
CMS ATLAS
Data Parking Delayed Stream

Standard data analysis

| ATLAS/CMS | ALICE ATLAS/CMS/LHCb
Trigger-Level | Compressed Fully reconstructed data
Analysisand | | reconstructed data
. Data Scouting |
http:/)ar*i\}.orq/abs/16®4.¢8907 M onitorin g
ATLAS
TAg Data Analysis

 LHCb |
' Turbo Stream/TESLA | LHCB-TDR-018

http://arxiv.ora/abs/1604.05596

LHCb Turbo stream

Data complexity/size

HLT2
candidate

................................. —+

model already used in dark photon analysis
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Trying new signatures

sin=0.7 m(a)=150 GeV m(A)=m(H)=m(H*)=500 GeV
"

single top + DM cross-section [pb]

125 (Ze <7V ~O? Ge
2 : . ‘new’ h || H a
LHC 14 TeV |~ ( < _ it
N e g\ - )_CS|gna ure
- : K_‘.‘C.LL\
________ : 1 - [PP,Polesello 1712.03874]
| /s =14 TeV m(a) = 150 GeV, m(H?) = m(A) = m(H)
102 W - .
------- t-chan C -
----resonant © S
Q
]
103 - a
C ! Lol ! Lo ] 3
1 10 ] 198 3
tanp | =
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signalture

300 400 500 600 700 800 900 10001100
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Conclusion - Cheat sheet

DM-mediator searches

Signature

Di-lepton resonance

Di-jet, Di-jet + ISR,

Di-bjet
Di-jet + leptons
Dijet + photons
Etmiss + Higgs
Etmiss + t/ttbar

Etmiss + et

H invisible

ATLAS DM summary

Dataset
139 fb-1

139 i

80 fb-
80 fb-
36 fb-1
36 fb-1
36 fb-
36 fb-1

36 fb-1

36 fb-

Reference

1903.06248

1901.10917, ATLAS-
CONE-2019-007,
1808.03124

ATLAS-CONF-2018-052
ATLAS-CONF-2018-015
1905.10331
1908.01713
1901.01553

1712.02345
Phys. Rev. Lett. 122 (2019)

JHEP 05 (2019) 142

2313801


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-08
https://arxiv.org/abs/1901.10917
https://cds.cern.ch/record/2668385
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-021
https://cds.cern.ch/record/2649081
https://cds.cern.ch/record/2621126
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-027
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-011
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-010
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-048
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.231801
https://link.springer.com/article/10.1007/JHEP05(2019)142

Thanks for your attention!

Contact

DESY. Deutsches Dr. Priscilla Pani

Elektronen-Synchrotron
ATLAS Group Campus Zeuthen

www.desy.de riscilla.pani@desy.de

https://atlas.desy.de/external _grants/priscilla_pani_yig/
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A special case ...

Events / 40 GeV

Data / Bkg
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I (*) interference with SM
tt to be considered
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https://arxiv.org/abs/1707.06025
https://arxiv.org/abs/1707.06025
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LHCDb real time model

LHC bunch crossing (30MHz) Maximum achievable rates
shown in parentheses

LO hardware trigger (1MHz)

HLT1 software trigger (150kHz) = (GEEEEE :

Real-time alignment
and calibrations

HLT2 software trigger (12.5kHz) SRR

Offline reconstruction and
associated processing

— Turbo User analysis

: : Offline reconstruction and
gl Calibration associated processing ,




EXPERIMENT

Event: 738941529
2016-06-20 07:26:47 CEST

Run:

N @ATLAS
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Dark Energy

* Dark Energy = universe
accelerated expansion

* Big unanswered question in
cosmology and particle
phys1cs

new particle or modified gravity?
constant or dynamic?

interacting or not?
microscopic nature?

* no leading candidate theory
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Horndeski EFT model

Low+ Y, —o=01". 1 scalar field ¢, coupled to gravity

= tops + Eqmiss

- jet + ETmiss

¢DE
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Results

M, [GeV]
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CMS grand combination

-1 arXiv:1807.06522
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Spin-0 with single top

35.9fb" (13 TeV)
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CMS combination Pseudo
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O 2.5 T T T 1 T 11 T T

@) N | ]

- - Pseudoscalar, Dirac, gx=1, mx=1 GeV -

© l CMS

9 ook Median expected 95% CL -

g : - 68% expected :

!q;)- i 95% expected ]

o 1.0 —e— observed95% CL -

D B —
1.0

K= ]

0.5 -

i I 1 1 I 1 1 1 1 I 1 l-'

10 10°
m, [GeV]

DESY.| P. Pani | Dark matter @Colliders - WIMP 2019 Page 56


http://arxiv.org/abs/1807.06522

Spin-0 mediators| :~y %47
:

Needed to easily fulfil Flavour

Constraints (MFV)
—— [ | | | | | | | |
Il - ATLAS
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@) - e ] < X
10° & x — Observed — %
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Exploring the dark sector with heavy quarks

. Yf = K :
[~ i gy—r A~ f > Enhanced cross-section for
; V2 tops and bottoms

* Scalar mediator(s) in
Lagrangian violate flavour
q " g b precision measurements

* Simple Solution: Yukawa-

< X ¢/a< X type couplings (as in SM)
o —--
¢/a X

X s Additional parameter (tanp)
regulates b-quarks
g n g b enhancement

* b-quark enhanced couplings
motivated by the Galactic
Center Excess interpretation
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An inter-community achievement

Simplified Models for Dark Matter Searches at the LHC
Jalal Abdallah, Henrique Araujo, Alexandre Arbey, Adi Ashkenazi, Alexander Belyaev, Joshua Berger, Celine Boehm,

Phys. Dark Univ. 9-10 (2015) 8-23

Dark Matter Benchmark Models for Early LHC Run-2 Searches: Report of the
ATLAS/CMS Dark Matter Forum

Daniel Abercrombie, Nural Akchurin, Ece Akilli, Juan Alcaraz Maestre, Brandon Allen;Barbara-AlvarezGonzalez,Jeremy

arXiv:1507.00966

Recommendations on presenting LHC searches for missing transverse
energy signals using simplified s-channel models of dark matter

DMFORUM
LPCC WG

Antonio Boveia, Oliver Buchmueller, Giorgio Busoni, Francesco D'Eramo, Albert De Roeck, Andrea De Simone, Caterina

arXiv:1603.04156

* Simplified Models are the Run II paradigm:
- theoretically self consistent
- minimal and motivated assumptions

good phenomenology proxies
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Exploring the dark sector with heavy quarks

.Yz o5 :
[~ i gu—z AfAf > Enhanced cross-section for
; g V2 tops and bottoms

arXiv:1710.11412 and ATLAS-CONF-2017-037
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Understanding the signal

B e o(ttbar)
S FrTrTTTITTII T T T IR EERE RN RN
o
\t-; a —— scalar B
: — pseudoscalar E
107"
O

1 TeV stop 561001506 200 250 300 350 400 450 500
pair prod M (GeV)

[Haisch,PP,Polesello 2017]
DESY.| P. Pani | Dark matter @Colliders - WIMP 2019 Page 61



Understanding the signal
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[Haisch,PP,Polesello 2017]
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Understanding the signal
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Understanding the signal
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Future perspectives on the results

COS Htt = tanh (A?’]tt/Q) ........ . :
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Run 3 and HL-LHC outlook
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Run 3 and HL-LHC outlook

Current limit
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events/bin/(100 fb™)
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Run 3 and HL-LHC outlook

Exclude scalar hypothesis in
favour of the pseudo scalar one
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