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* DM may be the most stablished reason for physics BSM



e |t turns out that a WIMP: a stable massive object with
weak interactions and a mass around the EW scale
reproduces the observed relic abundance.

Qh? ~ 0.118

* |t has interesting experimental consequences.
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* Most models (well-tempered, higgs portals,....) are
excluded by DD bounds.

e Among the usual candidates for DM in the MSSM
(neutralinos) the ones with less constrains (specially from
direct detections):

 Pure Higgsino with mass ~1.1-1.2 TeV.



Searching for a LSP Higgsino

arXiv: 2104.13827, 2107.06034, 2112.09198

 The Higgsino as the LSP can be challenging at the LHC

* Even though there are several states quasi degenerated
the fact that the mass splitting is small makes it very
challenging to detect the ‘intra-higgsino’ decays

e Direct decays from strongly produced particles are
already covered by the existing searches.
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* A more interesting possibility arises in a situation when
you have the following cascade decay:

g
79
0 l Mostly Bino
X3 g &
l h Third generation of squarks more massive
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* We are going to design an strategy for discovery of a pair
production of glumos that decay to X3 and two light jets,
that then decay to X1 plus a higgs decaying to b’s.

signal 4j+4b+Emiss

backgrounds: -QCD
-Z+jets
-W+jets
-t t-bar
-t t-bar + X
-diboson+jets



QCD will be handled with a large Emiss cut
Diboson is negligible compare to single boson
V+jets and events with tops are the most dangerous.

Cuts at generator level:

p‘%>180GeV, p‘§3>140GeV, p%f’>7OGeV, p‘%ﬁ*>35GeV,
Pt >90GeV, ph2>20GeV, p% >20GeV, p% >20GeV
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SR1-two b-jets

p‘% > 200 GeV ,

SR2-three b-jets

P2 >150GeV, p% >80GeV, plt >40GeV

loose : pf}l > 100 GeV , pg? > 60 GeV ,
tight :  pt > 100GeV, p% >60GeV, pi? >35GeV.

loose :

tight :

Loose selections
Emiss > 150 GeV
meff> 1300 GeV

Ny,>2, N;>4, N;=0
Ny,>3, N;>4, N;y=0

Tight selections
Emiss > 150 GeV
meff> 1800 GeV



SR1

Process | signal tthag +j (inc.) ttsemilep +J (inc.) V+4jets ttX 4 j (inc.) | Sgta Ssys
Expected 20 2.19 x 10° 0.67 x 10° 3.56 x 10° 2.9x10% [ 0.01 2x107°
selection cut | 15.7 2.98 x 10° 2.6 x 10* 4435 505.5 | 0.03 1.5 x 1074
loose pr cuts 7.7 7341 259.3 12.7 14.3 1 0.09 3.3 x1073
Emiss > 150 GeV 7.1 60.9 37.8 0 5.1 | 0.68 0.21
Meg > 1800 GeV 5.5 1.0 1.5 0 0.2 | 2.69 2.30
SR2
Process | signal tthaq +j (inc.) ttsemilep +J (inc.) V+4jets ttX +j (inc.) | Sga Seys
Expected 20 2.19 x 10° 0.67 x 105 3.56 x 10° 2.9x10% [ 0.01 2x107°
selection cut 9.8 2.78 x 10% 1841 145.7 94.1 | 0.06 1.1 x 1073
tight pr cuts 4.4 197.1 3.7 0 2.1 | 0.31 0.07
Emiss > 150 GeV 4 1.9 0.7 0 0.4 | 1.95 1.66
Meg > 1300 GeV 3.9 0 0.4 0 0| 3.51 3.34




Ssta = \/—2 ((B + 8) log (%) + 5)

s =2 (00 0 (SRR - F 1+ )

* \We obtained significances around 2.5 for SR1 and around
3.5 for SR2.

o Extrapolating for 3 ab-1 one gets significances above 5.



* An alternative signal could be when the Higgs decays to
tau’s.



e (3enerator level cuts:

Pt >150GeV, pi2 >80GeV, pi>20GeV, pit>20GeV.
ppr >20GeV, p7F >20GeV

e Signal selection:

NTIQ, NJ>47 Nb,e,p:O
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Cuts

Pt >170GeV, pP? >90GeV,
EXSS > 150GeV,  |A¢(j1, 7is)| > 0.4

e meg > 1000 GeV,
e and mp +mz > 450 GeV.

tau tagging 90%



Process | Signal tt+ 2j (inc.) tt+ X Diboson V+jets | Ssta Ssys
Expected | 19.6 1.47 x10° 1.1x10° 1.12x10* 3.56 x 10° | 0.01 4 x 107°
Selection cuts 5.6 3283.7 9.9 167.5 9952.4 | 0.05 1.4 x 1073
‘MET cuts’ 3.82 772.3 2.31 44.3 262.7 | 0.12 1.2 x 1072
meg > 1000 GeV 2.6 9.8 0.4 7.9 43.8 | 0.33 0.13
mz +mg > 450 GeV 2.4 0.4 0 0 0| 2.10 1.99
Projections £ = 3 ab™! 7.2 1.2 0 0 0| 3.64 3.15

* The significance is not very high so....

 We find this as a complementary search to discover

gluinos with higgses final states.



Conclusions

e |n this talk | have shown three different scenarios of DM
that scape DD detection:

 Pure Higgisino (~1.1 TeV) scape current bounds

* For this case | have shown different signals to
discover a gluino that decays to a Bino which

subsequently decay to the Higgsino plus higgses
(there are other possible signals one can analyze)



