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DM@LHC 2018 S. Sevova

Introduction
• Searches for tt̄/bb̄/t+DM considered the most direct probe of 

spin-0 mediator production 
• Mono-jet process is loop suppressed 
• PS is velocity suppressed for direct detection experiments  

• tt̄ decay modes provide many handles to control backgrounds 

• Scalar & Pseudoscalar models developed by LHC DMF  
• Choice of benchmark: gq = gDM = 1, Dirac fermion DM 

• 2.2 fb-1: Eur. Phys. J. C 77 (2017) 845 
• 35.9 fb-1: PAS-EXO-16-049
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MET > 200 GeV

• Limited by online MET trigger thresholds 
• SR categorization based on number of resolved 

top tags 
• Resolved Top Tagger: self-contained MVA discriminant 

used to identify jet triplets from a hadronic top decay 
(presented at BOOST 2016) 

• RTT inputs: b-tag discriminant, quark/gluon likelihood, 
tri-jet opening angles, kinematic fit probability 

Δφi(jeti,MET)

RTT

[Eur. Phys. J. C 77 (2017) 845]
jet: anti-kT, R=0.4, pT > 30 GeV, |η|<2.4

Resolved Top Tagger

16 Signal 

Regions,

including

leptonic 

channels
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SEARCH FOR DARK MATTER PRODUCED 
IN ASSOCIATION WITH BOTTOM OR TOP QUARKS 

IN !=13 TEV PP COLLISIONS WITH THE ATLAS DETECTOR

Marco Rimoldi 
on behalf of the ATLAS Collaboration

Marco Rimoldi - LHEP AEC, Universität Bern

Marco Rimoldi - LHEP AEC, Universität Bern 3

Dark Matter signal model

Spin 0
Scalar ! or

Pseudoscalar "

• Fermionic DM particles produced through exchange of spin-0 mediator.
• Couplings of the mediators to SM fermions severely restricted ⇒ Assume Minimal Flavor Violation
• Yukawa-type coupling the mediators and SM ⇒ heavy quarks (top or bottom)

Colour-charged 
scalar mediator

4 parameters:
1. Mass of the mediator $%/'
2. Mass of the DM $(
3. DM-mediator coupling )(
4. SM-mediator coupling )*

Assume
)( = )* = )

The model assumes bottom-flavored dark matter
(b-FDM).
Proposed to explain the Fermi Gamma-ray excess.
3 parameters:
1. Mass of the mediator $%/'
2. Mass of the DM $(
3. Mediator - DM ,-coupling

05/04/18

Marco Rimoldi - LHEP AEC, Universität Bern 11

Psedoscalar mediator Arxiv:1710.11412
Arxiv:1711.11520

05/04/18

Very close to exclude up to 100 GeV

Combination of channels? 

Marco Rimoldi - LHEP AEC, Universität Bern 13

Colour-charged scalar mediators Arxiv:1710.11412

05/04/18

Collider probe of models for galactic 

center excess!
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Search of DM in association with t t̄! 2`

at
p

s = 13 TeV with the CMS experiment

Juan Ferrero

Instituto de Física de Cantabria, Spain

On behalf of the CMS Collaboration

Dark Matter @ LHC Workshop

Heidelberg, 5th April 2018

Juan Ferrero tt(2l)+DM 1 / 14

Can we distinguish the dark matter - MET 

from the neutrino MET?

The reconstructed p T of the DM mediator (1)

� A well-established result: the t t̄ ! 2` is kinematically reconstructible.

� To do that, one needs to find out the root(s) of a quartic equation, whose coefficients

depend on {~pl , ~p̄l , ~pb, ~pb̄, METx , METy}.

� t t̄+DM adds two unknowns to the system: the two components of the total ~p T of the DM,

contributing the MET. Intuitively, the higher the magnitude of this ~p DM
T , the fewer the chances

the equation has a root.

� In case of no root (⌘ “standard” reconstruction fails), the “cost” is defined like the (minimum)

distance between the polynomial and the horizontal axis. The “cost” depends on

{~pl , ~p̄l , ~pb, ~pb̄, METx , METy} likewise.

Juan Ferrero tt(2l)+DM 10 / 14

The reconstructed p T of the DM mediator (2)

� We try to get cost = 0 by minimizing it as a

function of (METx , METy ).

� If a MET value is found such that the quartic

equation gets solution, then:

~p DM
T = (METx , METy )original - (METx , METy )new.
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� How this variable is finally defined:

pDM
T [GeV] =

8
<

:
�103 · weight from the reco if the standard reco succeeds,

|~p DM
T | if our extension succeeds,
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Results

� The shape fit to the data, taking into account

statistical and systematic nuisances, with and without

the signal template, serves to estimate a potential

excess over the SM background.

� Upper limits on the signal strength are computed. The

search expected and observed to exclude up to

mediator mass of ' 100 GeV for the scalar

hypothesis.

� Top: expected for the three strategies.

Bottom: expected & observed for the strategy III.

Scalar mediator in both cases.
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Characterisation of the NLO cross sections for the

associated production of dark matter with heavy quarks

DM@LHC 2018

Y. Afik1 F. Maltoni2 K. Mawatari3 P. Pani4 G. Polesello5

Y. Rozen1 M. Zaro6

1Technion, IL
2Universite catholique de Louvain

3Osaka University
4CERN

5INFN Sezione di Pavia
6NIKHEF
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DM+tt̄: PDF Sets

Comparing di↵erent PDF sets:
- Blue: 1508.05327 (DMSimp)
- Green: 1710.11412 (ATLAS)

NLO scale: HT/2. LO scale: HT/2 (left), default scale (right).

Independence from the scale choice for the k-factors.

Values for k-factors increase when a decay to a top-pair is allowed.
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Impact of PDFs, scale choice,

flavor scheme, etc on K-factors

Summary

The DM+tt̄ NLO cross sections have been investigated:

- As a function of di↵erent PDF sets.
- For two choices of renormalisation scales.

The DM+bb̄ NLO cross sections have been investigated:
- Under two di↵erent flavour schemes.
- For two choices of renormalisation scales.
- Under various transverse momentum requirements on the jets and
b-jets in the final state.

Our recommandations:
- DM+tt̄: apply NLO calculations using DMSimp, using NNPDF30
(already used by ATLAS).

- DM+bb̄: apply NLO calculations using 5FS, dropping ’xptb’
requirement.

Y. Afik (Technion, IL) DM+tt̄/bb̄ NLO Cross Sections 05.04.2018 11 / 12
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Resonance Searches with B-jets in the 
Final States with the ATLAS Detector

Bingxuan Liu1

for the ATLAS Collaboration
1.Argonne National Laboratory 

Dark Matter @ LHC (3-6 April 2018, Heidelberg)

Bingxuan LiuApr 5th, 2018

• The sensitivity to BSM particles that preferentially 
decay to bb or bg can be increased by applying b-
tagging  

Motivation
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Full 2015 + Partial 2016 Results: >= 1 
b-tag 

• A search is done using partial 2016 data corresponding to 
an integrated luminosity of 13.3 fb-1  
• Use single jet trigger (High Mass: > 1.4 TeV) 
•                                       is applied in the background fit

• No evidence of significant 
localized excess over the 
background estimate 

• The most discrepant 
interval is 1.5–1.8 TeV 
with a p-value of 0.44 

ATLAS-CONF-2016-060

Bingxuan LiuMar 7th, 2018

Full 2015 + Partial 2016 Results: 
Interpretation

10

• b* model is excluded at 95% CL 
for masses up to 2.3TeV in the 
>=1 b-tag channel 

• Leptophobic Z’->bb with SM 
couplings is excluded at 95% CL 
for masses up to 1.5 TeV in the 
==2 b-tag channel
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Leptophilic Dark Matter from
Gauged Lepton Number

Phenomenology and Gravitational Wave Signatures

Eric Madge Pedro Schwaller
Institute of Physics

Johannes Gutenberg Universität Mainz

DM @ LHC 2018, Heidelberg

April 5, 2018

E.M. is a recipient of a fellowship through GRK Symmetry Breaking (DFG/GRK 1581)
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Gauged Lepton Number

SM + RH ‹ + U(1)¸ gauge group Schwaller, Tait, Vega-Morales (2013)

• U(1)¸ gauge boson Z
Õ  Z ≠ Z

Õ
mixing

• anomaly cancellation: two generations of SM vector-like fermions

 4 additional fermions: e
≠
4 , e

≠
5 , ‹4, ‹DM

• L spontaneously broken by scalar „ with L„ = 3
 h ≠ „ mixing, mZÕ ƒ 3gLv„

LEP II:

v„ > 1700 GeV, mZÕ > 209 GeV

LHC:

• Higgs searches

• signal strengths: Higgs mixing, h æ ““

Eric Madge GW from Gauged L DM@LHC 2018 1 / 7
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E�ective Potential and Phase Transitions
e�ective Potential:

Ve�(ĥ, „̂, T ) = Vtree(ĥ, „̂) + Vloop(ĥ, „̂) + Vthermal(ĥ, „̂, T )
finite-T corrections restore symmetry at high T

=∆ symmetry breaking phase transition in the early universe

cross-over:

�

Ve�

1st-order:

�

Ve�

Eric Madge GW from Gauged L DM@LHC 2018 3 / 7

1st order PT produces gravitational waves

in the early universe


Detectable by future LISA experiment 
Detectability
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T ` B b K � � K B i T

2i? xm`B+?

An exceptional composite Dark Matter candidate
Ballesteros, AC, Chala, Eur Phys J. C77 (2017) no.7, 468, arXiv:1704.07388

Adrian Carmona Bermudez
PRISMA Cluster of Excellence & Mainz Institute for Theoretical Physics

.2+2K#2` ky- kyRd
aHB/2 RfR8

T ` B b K � � K B i T

2i? xm`B+?

An exceptional composite Dark Matter candidate
Ballesteros, AC, Chala, Eur Phys J. C77 (2017) no.7, 468, arXiv:1704.07388

Adrian Carmona Bermudez
PRISMA Cluster of Excellence & Mainz Institute for Theoretical Physics

.2+2K#2` ky- kyRd
aHB/2 RfR8

Composite Higgs

✓ PM2 BMi2`2biBM; bQHmiBQM iQ i?2 ?B2`�`+?v T`Q#H2K Bb K�FBM; i?2
>B;;b +QKTQbBi2- i?2 `2KM�Mi Q7 bQK2 M2r bi`QM; /vM�KB+b
[Kaplan, Georgi '84]

✓ Ai Bb T�`iB+mH�`Hv +QKT2HHBM; r?2M i?2 >B;;b Bb i?2 TL:" Q7 bQK2
M2r bi`QM; BMi2`�+iBQMX aQK2i?BM; HBF2 TBQMb BM Z*.
[Agashe, Contino, Pomarol '04]

CFT

h?2v +�M M�im`�HHv H2�/ iQ � HB;?i >B;;b K2
π = K2

? ∼ ;22HΛ
2/16π2

Composite Higgs, solves 

hierarchy problem

Stable composite DM candidate, 

if G/H is non-anomalous

The case of SO7/G2
First considered in 1210.6208

✓ h?2 ;`QmT Bb MQM@�MQK�HQmb #mi aP(7)/:2 Bb MQi bvKK2i`B+5

✓ Ai /2HBp2`b � d Q7 :2- i?�i /2+QKTQb2b mM/2` al(2)× al(2) ⊂ :2 �b

d = (k,k)⊕ (j,R)
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d = k±1/2 + j0 Q` d = k±1/2 + R±1 + R0

mM/2` i?2 1q ;`QmT

✓ A7 i?2 Z2 Bb bm++2b7mHHv 2M7Q`+2/ Bi rBHH T`QpB/2 � M�im`�H p2`bBQM Q7
>B;;b TQ`i�H .J Q` i?2 AM2`i h`BTH2i JQ/2H

A Natural Inert triplet model

✓ q2 +QMbB/2` }`bi i?2 +�b2 r?2`2 i?2 �//BiBQM�H TL:"b bT�M � i`BTH2i

✓ �i i?2 `2MQ`K�HBx�#H2 H2p2H

o(>,Φ) = µ2
>|>|2 + λ>|>|4 + 1

2
µ2
Φ|Φ|2 +

1

4
λΦ|Φ|4 + λ>Φ|>|2|Φ|2

rBi? > ∼ k1/2 �M/ Φ ∼ j0 �M/

µ2
> µ2

Φ λΦ λ>Φ

−p2λ>
2
3 72λ>
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3
p2
72

)
− 4

9λ>
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)

✓ 1ti`2K2Hv T`2/B+iBp2- QMHv QM2 7`22 T�`�K2i2` 7 5

✓ µ2
Φ > 0 �b r2HH �b K2

Φ = µ2
Φ + λ>Φp2 > 0 bQ ⟨Φ⟩ = 0

Relic abundance
Recast of Cirelli, Strumia, Tamburini 07
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Brandon Allenγ+ETmiss Searches

γ+ETmiss Searches 
New Experimental Techniques

Brandon Allen 
on behalf of the 

CMS Collaboration

 1

From single-bin, cut and count, to

data driven shape analysis

Brandon AllenPhoton Purity Studies Brandon Allenγ+ETmiss Searches

Combined Fit for Zγ and Wγ

 4
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Theory only
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µW�!`⌫� = f(✓) · µZ�!⌫⌫�
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χ
γ 

χ

ν

ℓ  

γ 

95
µ

O
bs

er
ve

d 

1−10

1

10

210

95
µ

O
bs

er
ve

d 

1−10

1

10

210

 (13 TeV)-112.9 fb

CMS
 = 1

DM
g = 0.25, qgVector, Dirac, 

 = 1
95
µObserved 

Theoretical uncertainty
 = 1

95
µMedian expected 

68% expected

 [GeV]medM
200 400 600 800 1000

 [G
eV

]
DM

m

50
100
150
200
250
300
350
400
450
500

Current Status

• Previous CMS result was a single bin cut and count analysis
‣ Dominant backgrounds estimated only from MC 

• Forthcoming result will be a shape analysis on ETγ

‣ Dominant backgrounds estimated through data-driven control regions

Brandon AllenPhoton Purity Studies Brandon Allen 2γ+ETmiss Searches

� arXiv:1706.03794v2 

ETmiss

γ

Expect 70% improvement 

on old result: 
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(U.#Heidelberg)##

Phenomenology#of#DM#+#single#top#
! Forward#jets#and#mT#will#help#
! SBll#to#see#sensiBvity#aDer#full#simulaBon,#pileGup,#etc#





IncorporaBng#2HDM+a#model##
to#DM+single#producBon#
#
! SensiBvity#to#the#model#demonstrated#
!  Looking#forward#for#ATLAS/CMS#analysis#
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(U.#Oxford)##



J.#Liu#
(U.#Oxford)##

Comprehensive#Review#of##SUSY#EWK##searches#
in#compressed##scenarios#
#
! Key#on#soD#leptons#and#disappearing#tracks#
!  Lets#revisit#trileptons#and#monoGjet/gamma#

sensiBviBes#in#the#highGlumi##regime##
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C.#Beskidt#
(KIT)##

Taking#a#NMSSM##model#to#translate###
LHC#monojet#to#DD#DM#results#
#!#nicely#showes#the#difficulBes#in#the##comparisons###
!#It#would#be#interesBng#to#go#down#in#DM#mass###
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G.#Gustavino#
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A#comprehensive#review#of#ATLAS##
latest#monojet#results#
#
! SBll#few#ideas#to#improve#further#sensiBvity#
! Decreasing#MET##will#require##
Measuring#at#trigger#turnGon#and#opens#for#QCD#mulBjets#
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R.#Pickless#
(U.#Manchester)##

Measurement#of#fully#corrected##
cross#secBon#raBos#as#a#generic#Search##
#
! Shows#potenBal#for#compeBBve#results#
! Open#quesBon#on#whether#will#be#able#match#sensiBvity#of#dedicated#analyses##


