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Search for Dark Matter with top quark
production processes at modern colliders
» Theory models 'a'nd current experimental limits
- Associated top quark production with dark matter

= Dark matter mediator in the production of top quakrs
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Theory models

= Simplified models is all we need to
model top quark interections with DM
sector, for a while

= Search in:

= Associated production of top quark and . . :
DM’ Efermionﬂ/r 3 V’p!. ,\_”7#(9; = 9;175))( i Z ‘/u- f’)’#(g}; == 9}475)1:‘

= Top quark pair is produced in the decay
of DM mediator

= Mostly does not depend on DM mass (2m,
< Mo), quadratically depends on
coupling constants (equal 1 in the
models, LHC-DM-WG recommendation).
The main parameter is the DM mediator
mass (Mo)
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https://arxiv.org/abs/2406.07704

Attempt to distinguish analytically
neutrino and mediator momentum

(Pﬁ + PU)Q — ﬂit?;

(P.E + P, + Ph)z — —"n"'fr:z
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]

There are no strict analytical restrictions and

additional approximations are required, or additional
methods.

2406.07704
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https://arxiv.org/abs/2406.07704

Application of Deep Neural Networks to reconstruct four-
“momenta of neutrino and mediator

p_nu_x, SM reconstruction p_nu_z, SM reconstruction - p_nu_x, SM + DM reconstruction p_nu_z, SM + DM reconstruction
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Multi-Layer Perceptron (MLP) | Kolmogorov-Arnold Network (KAN)
Universal Approximation Theorem Kolmogorov-Arnold Representation Theorem
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Search for DM mediator which decays to top

——— e

‘quark pair. Fully reconstructable final state

- Scalar DM mediator decay channels

Total width @ 1,905%268E+01 GeV

Modes and fractions 3 b o o 16
S 0,086 i ot 0,001 7E

NLOTM
cross-section : 0.88 pb
y0 is DM mediator

CompHEP, MadGraph calculations
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Search for DM mediator in the production of four
top quarks. Cross check of DM contribution

TOCess CompHEP Cross-section (fb) | MadGraph Cross-section (fb)
gg — tttt (SM) 7.71+7.55%107° 7.79+2.3 %1072
gg — tttt (SM + DM) 11.15 £ 1.60 = 1072 11.41 £3.4%1072

—————— = — =


https://arxiv.org/abs/2407.08308

Search for DM mediator in the production of four
top quarks. DM loop diagrams contribution

EE— = — = - = — x - e

Description of the process gg — tttt (DM) | MadGraph Cross-section (fb)

Full set of diagrams, including loop dia-
grams

11.44 +3 %1072

Contribution of diagrams with a media- 589 4+ 0.9 x 10—
E 2 PN & M Y -
tor, excluding loop diagrams
Contribution of loop diagrams with a me-

s 8.67%1072+2.74 %1074
diator



https://arxiv.org/abs/2407.08308

DM mediator in four top quarks
production
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gg-> 4t, SM cross section [fb] = 7.79

gram (G.G > £.1,T,T)

gg->4t, SM+DM cross section [pb] = 11.44

DM contribution 32%
cross section [fb] = 3.65
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DM mediator in three top quarks production.
g SM QCD,EW contributions e

g.9->t T, t, Wb

_ Process Description MadGraph Cross-section (tb)

2107.07629 pp — tttW~, QCD+EW 0.622 +1.6 % 1073
pp — titW~, QCD 0.453 £ 1.3 % 102
pp — titW—, EW 0.452 £ 1.3 %1073

pp — titW =, QCD+EW-+DM 1.54 £ 5% 10
g9 — titW~-b, QCD+EW 15.5 + 4.7 % 102
gg — tttW=b, QCD 14.0 £ 4.6 * 102

gg — titW~=b, EW 6.08 + 1.4 % 1072

gg — ttW~-b, QCD+EW DM 23.02 £ 6 % 102




Search for DM mediator in the production of three and
four top quarks. Interference contribution

99>t Tt W Db 3-top-quarks tree NLO + 4-topth{€_1ﬂ<*S{ ’_,' =

Process gg — titW=b MadGraph Cross-section (fb)
Full set of diagrams in the SM 15.55 + 4.7 x 10~2

Full set of diagrams in the DM model, ex-
cluding loop diagrams

2302162 %1077

Full .SE:t of diagram:&a in the DM model, in- 93.16 + 6 % 10-2
cluding loop diagrams

Contribution of diagrams with a DM me-

6.03+1.2%1072

diator, excluding loop diagrams

Contribution of loop diagrams with a DM 0.17 4+ 5  10~4

mediator
Standard Model: Simplified DM scalar mediator+SM
Sum of gluon diags. 14 fb Total cross section 23 b
Sum of EW diags. 6 fb SM contribution 15.51fb
Total cross section 15.5b DM contribution 7.51b
Interference -451b

DM contribution: 33% with benchmark couplings and m_mediator = 400 GeV
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Conclusion

S = ——— . — ——————

Top quark production processes are very interesting for DM search

New observable has proposed to distinguish DM and SM
contribution. It is based on well known SM spin correlations
which are absent or different in DM contribution

New model independent NN approach has proposed to search for
deviations from SM. NN is trained only on the SM events
(properties).

Three and four top quark production processes are very
interesting to search for DM mediator which decays to top quark
pair. Interference effects have to be taken into account.
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