Dark Matter Search in the |
processes of top quark production

= Theory models and 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://inspirehep.net/literature/2784596
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Attempt to distinguish analytically
neutrino and mediator momentum
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There are no strict analytical restrictions
and additional approximations are
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Application of Deep Neural Networks to reconstruct four-
“momenta of neutrino and mediator
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Search for DM mediator which decays to top
‘quark pair. Fully reconstructable final state

——— e

- Scalar DM mediator decay channels

Total width ¢ 1,900ZEBE+01 Gel
Modes and fractions 3 b o o 16
S 0,086 i ot 0,001 7E

cross-section : 0.88 pb
y0 is DM mediator

CompHEP, MadGraph calculations




Search for DM mediator in the production of four
top quarks. Cross check of DM contribution

EE— = — = - = — x - e

MadGraphb process MadGraph5 crossx (pb)
5.6 — (4 TT QED=2 NP= Q(DM AL 0P 234 10




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

EE— = — = - = — x - e

Full DM with the loop diagram G.G - t,t,T,T QED=2 NP=3 (DM)

DM, contribution of diagrams with the

=9 == / 2. —03 Y —06
mediator without the loop diagram G,G — t,t,T,T QED=2 NP==2 (DM) 885 * 10 + 9.9 % 10

DM, contribution of loop diagrams with

. G,G — t,t,T,T QED=2 NP==3 (DM) | 8.663 * 1079 +2.741 x+ 10~°7
the mediator -




DM medlator In four top quarks
productlon

gg-> 4t, SM cross section [pb] = 7.7088e-03
gg->4t, SM+DM cross section [pb] = 11.152e-03

DM contribution 24%
cross section [pb] = 2.7297e-03




DM mediator in three top quarks production.

g9->t T, t,W,b

diagram 442 DMS=2, QCD=2, QED=3

Process description

MadGraphb process

MadGraphb crossx (pb)

3 top + W- B gg production in SM

G.G — t,t,T,W-.B QED=3

15.5%10793 +4.7% 1079

3 top + W- B QCD contribution

G,G — t,t,T,W-B

14 %1079 +4.6 % 10795

3 top + W- B EW contribution

GG — t,t,T,W-.B QED==

6.085 % 10793 +1.4%x 10795

3 top + W- pp production in SM

p,p — t,t,T,W- QED=3

0.622% 10793 + 1.6 %1096

3 top + W- QCD contribution

p,p — t7t7T7W_

0.453 % 10793 £ 1.3 % 10796

3 top + W- EW contribution

b,p — tataTaW' QED::

0.452 % 10793 +£ 1.3 x 10796

4 top gg production in SM

G,G — t,t,T,T QED=2

7.794 %1079 +£ 2.3 %1079




diagram 442 DMS=2, QCD=2, QED=3

Process description

MadGraphb process

MadGraphb crossx (pb)

3 top + Wb gg production in SM

G,G — t,t,T,W-,B QED=3 (SM)

15.5% 10793 +£4.7 % 1079°

Full DM without the loop diagram

G,G — t,t,T,W-,.B QED=3 NP=2 (DM)

23.02% 10793 +£6.2% 1079

Full DM with the loop diagram

G,G — t,t,T,W-.B QED=3 NP=3 (DM)

23.16 % 10793 + 6 % 10795

DM, contribution of diagrams with the
mediator without the loop diagram

G.G — t,t,T,W-B QED=3 NP==

(DM)

6.033 %1079 +£1.2% 1079

DM, contribution of loop diagrams with
the mediator

G.G — t.t,T,W-B QED=3 NP==

(DM)

1.719 % 1079 £ 5% 10797




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

S ———

SM LO three top quarks production

Cross section [pb]

3.40e-04
- g;g -> t1 T) t! W1 b
e 01;15‘003’ MadGraph calcutalitons
Sum of EW diags. ).962e-03 e o ;
Interference -0.612e-03 > ieReIre NN O[TIe
1.36e-03
: : Simplifiéd DM scalar mediator+SM
2107 07008 Standard Model:
Sum of gluon diags. 14.22e-03 pb ~ Sum of gluon diags. 14.22e-03 pb
Sum of EW diags. 6.19e-03 pb Sum of EW diags.. - 16.25 e-03 pb
Total cross section 15.77e-03 pb  Total cross section 24.69e-03 pb
Interference - 4.64e-03 pb Interference -5.78 e-03 pb

DM contribution 36%
DM cross section [pb] = 8.9e-03 +- 6.8e-05 pb



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.



	Slide1
	Slide2
	Страница 3
	Slide6
	Slide5
	Страница 6
	Страница 7
	Slide14
	Страница 9
	Страница 10
	Страница 11
	Страница 12
	Страница 13
	Страница 14
	Страница 15
	Страница 16

