Neutral Jets at the LHC
From Stable SIMPs
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What are SIMPs?

« JHEP 1511 (2015) 108 (Daci, De Bruyn, SL, Tytgat, Zaldivar)
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What are SIMPs? W2 ite
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e SIMPs™ are:

= Strongly — high interaction cross section [but not SU(3)]

no constraints from DM direct detection: atmosphere+earth shielding
no constraints from LHC monojets: no MET (and low-mass mediator)
= Interacting - new light mediator; repulsive

avoid bound state constraints
avoid earth heating constraints

= Massive — constitutes dark matter (component)

light masses least constrained
= Particle — fermionic asymmetric DM

avoid neutron star collapse into black holes

® not to be confused with: PRL 113 (2014) 171301
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What are SIMPs? W2 ite
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Neil Weiner, 2014
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Why at this workshop?

* interaction cross section ~ QCD

= |arge production rates

= SIMPs deposit momentum as showers in the calorimeters

* the LHC signature is a pair of back-to-back neutral jets

= narrow jets, akin to a highly energetic neutron

= |arger cross section yields early showers in tracker or ECAL
but limited from above by CMB constraints
= smaller cross section yields punch-through and MET

link to monojet

* very much like some long-lived signatures

= e.g. can be realized in hidden valley scenarios

= though SIMPs exhibit no exponential decay
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Why is it easy? W iite
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* jet charged fraction yields (huge suppression)”2 of QCD dijet background

[_] QCD HT-1000Tolnf
QCD HT-500T01000
SIMP (1 GeV)

SIMP (10 GeV)
SIMP (100 GeV)
SIMP (200 GeV)
SIMP (400 GeV)
SIMP (700 GeV)
SIMP (1000 GeV)

# events / 20 fb'
3
TR

charged energy fraction

* requiring 2 back-to-back jets eliminates instrumental background

* big signal: production cross section bounded from below

= otherwise jets get lost
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Why is it hard? W2 ite
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SIMP simulation is hard

= needs dedicated GEANT implementation

jet charged fraction modelling is hard
= data !'= MC
= old ALEPH measurements do not venture to the percent domain
= additionally lots of detector effects on a steeply falling distribution

= need to use data to predict the background

jet charged fraction measurement is hard

= any event-wide tracking deficiency will correlate individual jets

= clean photon+jets samples have low stats at high momentum

event reconstruction without charge is hard

= vertex choice

= photon veto

triggering using charge fraction is hard

= online - offline tracking different

= data scouting possible, if rest of analysis can adapt
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Why at this workshop? (2) mﬁ' e
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* many shared challenges with other searches for long-lived particles

= simplified model work
= trigger challenges
= reconstruction challenges

= simulation challenges

* plenty of room for synergy with and beyond “classical” long-lived
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Why is this the last slide? mﬁ' e
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* no experimental results yet

= but hopefully this made you look forward to it!
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