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Constraints on mediator-based dark matter and
scalar dark energy models using Vs = 13 TeV pp
collision data collected by the ATLAS detector
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Table 2: Details of the generation setup and Universal FeynRules Output (UFO) model used for the spin-1 mediator
simplified models, for each signature considered in this paper.

Model and Final State ~ UFO Generator and Parton Shower gjﬁn Additional details

Particle-level rescaling of lep-
Z'(xx)+]J DMV |26, 170] POWHEG-BOX V2 [171] + PyTria 8.205 [172] NLO tophobic Z; scenario of
Ref. [26] (see Appendix A.1)
Leptophobic Z scenario sim-
ulated, other scenarios ob-
tained by cross-section rescal-
ing (see Appendix A.1)
Particle-level rescaling of LO
samples of Ref. [20] to each of
the four NLO scenarios (see
Appendix A.1)
Leptophobic Z}, scenario sim-
ulated, other scenario ob-
Z'(qq) or Z'(gq)+ISR DMSimp MG5_aMC@NLO2.2.3 (NLO) + Pyruia 8.210 NLO tained by Gaussian resonance

limits and cross-section rescal-

ing [175]

Leptophobic Z} scenario sim-

ulated, other scenario ob-
Z'(bb) DMSimp MG5_aMC@NLO 2.2.3 (NLO) + Pytuia 8.210 NLO tained by Gaussian resonance
limits and cross-section rescal-
ing [175]
Gaussian resonance limits and
cross-section rescaling [175]
Particle-level rescaling of
the topcolour-assisted techni-
colour samples of Ref. [176]
(see Appendix A.l)

Z(0)+y i);\;l}Simp [113, g{;}ISZ_AMC@NLO 243 (NLO) [174] + PyTHIA NLO

Z'(xx)+V DMSimp MG5_aMC@NLO 2.5.3 (NLO) + Pytuia 8.212 NLO

Z'(e6) DMSimp MG5_sMC@NLO 2.2.3 (NLO) NLO

7' (1) DMSimp MGS_AMC@NLO2.4.3 (LO) + Pyrma 8.186  LO
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aaerm e take a BSM model (symmetry, particle contents,...), i.e. Lagrangian

+Re V@)
® derive the Feynman rules

® draw Feynman diagrams for interesting 2—2 processes
® compute the amplitude (squared)
® implement it into a generator manually
® generate events : :
° parton-shower/hadronisationHem& Lonn

® detector simulation

® analysis




® take a BSM model (symmetry, particle contents,...), i.e. Lagrangian
+ Rl V@) ,
® derive the Feynman rules
® make the model file (make subroutines to compute helicity amplitudes)
® draw Feynman diagrams for interesting any processes
e compute the amplitude (squared) MadGraph4
® generate events
® parton-shower/hadronisation Herwig, Pythia

® detector simulation

® analysis







The Hierarchy Problem and New Dimensions at a
Millimeter

Nima Arkani-Hamed*, Savas Dimopoulos** and Gia Dvalif
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% Pvsilarge extra dimension model- 54
A\ €¢ ’»
~ ADD model
§ We propose a new framework for solving the hierarchy problem
which does not rely on either supersymmetry or technicolor. In this
: framework, the gravitational and gauge interactions become united at
the weak scale, which we take as the only fundamental short distance
v scale In nature. The observed weakness of gravity on distances > 1
lf>‘, mm 1s due to the existence of n > 2 new compact spatial dimensions
—_ large compared to the weak scale. The Planck scale Mp; ~ G&l/ % is
g‘ not a fundamental scale; its enormity 1s simply a consequence of the
d large size of the new dimensions. While gravitons can freely propa-
o0 gate in the new dimensions, at sub-weak energies the Standard Model
N (SM) fields must be localized to a 4-dimensional manifold of weak

In summary, there are many new interesting issues that emerge in our
framework. Our old ideas about unification, inflation, naturallness, the hi-
erarchy problem and the need for supersymmetry are abandoned, together
with the successful supersymmetric prediction of coupling constant unifica-
tion [12]. Instead, we gain a fresh framework which allows us to look at old

problems in new ways. Lagrangean parameters become parameters of solu-
tions and the phenomena that await us at LHC, NLC and beyond are even

more excitini and unforseen.
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HELAS and MadGraph/MadEvent with spin-2 particles

TKK = TKK - T12*(pvi(1)*pv2(2) + pvl(2)*pv2(1))
T13*(pvi(1)*pv2(3) + pvi(3)*pv2(1))
T14*(pvi(1)*pv2(4) + pvi(4)*pv2(1))
T23*(pv1(2)*pv2(3) + pv1(3)*pv2(2))
T24*(pv1(2)*pv2(4) + pvl(4)*pv2(2))
T34*(pv1(3)*pv2(4) + pvi(4)*pv2(3))
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Vertex

Inputs

Output

Subroutine

TKIVZ = TKIVZ - T12%(pvi(1)*v2(2) + pvi(2)*v2(1))
SST SST Amplitude SSTXXX T13*(pvi(1)*v2(3) + pvi(3)*v2(1))
ST S HSTXXX T14*(pvi(1)*v2(4) + pvi(4)*v2(D))
SS T USSXXX T23*(pvi(2)*v2(3) + pvi(3)*v2(2))
FFT FFT | Amplitude TOTXXX T24%(pv1(2)*v2(4) + pvi(4)*v2(2))
P P FTIXXX. FTOXXX T34*(pvi(3)*v2(4) + pvi(4)*v2(3))
FF T UIOXXX
— — : TW = TW - T12¢(vi(1)*V2(2) + vi(2)*v2(1))
VVT V }‘T Amplltudc VVTXXX T13*(vI(1)*v2(3) + vi(3)*v2(D)
VT V JVTXXX T14*(v1(1)*v2(4) + vi(4)*v2(1D))
\AY T UVVXXX T23*(v1i(2)*v2(3) + vi(3)*v2(D))
FFVT FFEVT Amplitude IOVTXX T24*(v1i(2)*v2(4) + vi(H)*V2(2D))
FVT F FVTIXX, FVTOXX T34*(vi(3)*v2(4) + vi(4)*v2(3))
i M JIOTXX TK2V1 = TK2V1 - T12*(vi(1)*pv2(2) + v1(2)*pv2(1))
, - - ' pv +V *pv
VT VYT Amprfit-udc W T M et
~r . T14*(vi(1)*pv2(4) + vi(4)*pv2(1))
VVT V JUVTXX T23*(v1(2)*pv2(3) + vi(3)*pv2(2))
VVV T UVVVXX T24*(v1(2)*pv2(4) + vi(4)*pv2(2))
VVVWVWT | GGGGT | Amplitude GGGGTX T34*(vi(3)*pv2(4) + vi(4)*pv2(3))
GGGT G JGGGTX
elelele T UCCCEX vertex = (ft(1,1)-ft(2,2)-ft(3,3)-Ft(4,4))*( KIV2*K2V1 - VIV2*F )

+ F*TW + VIVZ2*TKK - K2V1*TK1VZ - K1V2*TK2V1
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extra dimensions
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monojet production at D@ (solid lines). The dashed curves
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Noappg e take a BSM model (symmetry, particle contents,...), i.e. Lagrangian

® derive the Feynman rules Model providers
® draw Feynman diagrams for interesting any processes

® compute the amplitude (squared) Matrix-element generators

® generate events

DM physics tool ® parton-shower/hadronisation Shower MC
DM annihilation . .
(relic, indirect detection) ® detector simulation Detector simulation tools

DM-N cross section
(direct detection)

- Analysis tools
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® take a BSM model (symmetry, particle contents,...), i.e. Lagrangian
® derive the Feynman rules FeynRules
® draw Feynman diagrams for interesting any processes
® compute the amplitude (squared) MadGraph5_aMC@NLO

® generate events

® parton-shower/hadronisation Pythia8

® detector simulation Delphes

- MadAnalsysi5
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