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LHC: Where are we now?
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Where might new physics hide:

Boosted hadronic objects

RPV Effective SUSY — p=100 GeV
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Boosted Object Topologies
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Identifying a BSM boosted object
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Identifying a BSM boosted object
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Boosted Object Topologies
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Resonant Diboson Searches

ATLAS Exotics Public Results, 2016 Data

ATLAS-CONF-2016-086  13.3/fb Aug

Search for Dark Matter production associated with bottom quarks in 13.3 fb-1 of pp collistions at ¥s=13 TeV with the ATLAS detector at the LHC (8 2016
ATLAS-CONF-2016-084  15.4/fb Aug

A search for pair-produced resonances in four jets final states at vVs=13 TeV with the ATLAS detector 7 2016
it ATLAS-CONF-2016-083  13.3/fb Aug

A Search for Resonances Decaying to a W or Z Boson and a Higgs Boson in the qgbarbbbar Final State i‘W‘ 2016
{}E& ATLAS-CONF-2016-082  13.2/fb Aug

Searches for heavy ZZ and ZW resonances in the llqq and vvqq final states in pp collisions at Vs=13 TeV with the ATLAS detector 2y 2016
Search for new light resonances decaying to jet pairs and produced in association with a photon or a jet in proton-proton collisions at vs=13 TeV with the ATLAS-CONF-2016-070  15.5/fb Aug
o = 2016

ATLAS detector %

{';‘E} ATLAS-CONF-2016-089  15.7/fb Aug

Search for new phenomena in dijet events collected in 2015 and 2016 pp collisions with the ATLAS detector at Vs=13 TeV o7 2016
ﬁﬁ} ATLAS-CONF-2016-062  13.2/fb Aug

Search for diboson resonance production in the Inuqq final state using pp collisions at vs=13 TeV with the ATLAS detector at the LHC A 2016
{:ﬁ;} ATLAS-CONF-2016-061  13.3/fb Aug

Search for new resonances decaying to a charged lepton and a neutrino in pp collisions at Vs = 13 TeV with the ATLAS detector 7 2016
ATLAS-CONF-2016-060  13.3/fb Aug

Search for resonances in the mass distribution of jet pairs with one or two jets identified as b-jets with the ATLAS detector with 2015 and 2016 data 7 2016
ATLAS-CONF-2016-059  15.4/fb Aug

Search for scalar diphoton resonances with 15.4/fb of data collected at vs=13 TeV in 2015 and 2016 with the ATLAS detector y 2016
‘-'r:'" ATLAS-CONF-2016-055 15.5/fb Aug

A 2016
Search for doubly-charged Higgs bosons in same-charge electron pair final states using proton-proton collisions at vs=13 TeV with the ATLAS detector ATLAS-CONF-2016-051  13.9/fb Aug

- 2016
i ATLAS-CONF-2016-049  13.3/fb Aug

Search for pair produ f Hig ns in the bbbar final sta g proton--proton collisions at vs=13 TeV with the ATL 4 2016
ATLAS-CONF-2016-045 13.3/fb Aug

Search for new high-mass resonances in the dilepton final state using proton--proton collisions at vs=13 TeV with the ATLAS detector e 2016
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Model 1/3:

Left-Right Symmetry
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Model 1/3:

Left-Right Symmetry
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Model 1/3:

Left-Right Symmetry
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Model 1/3:

Left-Right Symmetry
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Model 1/3:
Left-Right Symmetry
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Model 1/3:
Left-Right Symmetry
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Model 1/3:
Left-Right Symmetry
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Model 2/3:

Warped Extra Dimension

UV Strong gravitational redshift, “Warping” IR
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Model 2/3:

Warped Extra Dimension
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Model 2/3:

Warped Extra Dimension - sighatures

uv Higgs brane IR

IR Radion

A
A

light fermions

Gauge/Gravity KK

SM Matter, Higgs / > /\,

SM Gauge Fields vd

Gravity e ——

A

A\

N
Rk decag widbles = 95

Z\ LA KK ﬂ(.u-o\/\ S hidomre < pmidires arXiv:1612.00047

1% K. Agashe, JHC, P. Du, S. Hong,
Modik (e 1G5, 500, (7})) D. Kim, R.K. Mishra
. K WS FL s M,EM arxXiv:1707.?2?2?7??
Mol 2 LC)M ( L?CUU Lol HD K. Agashe, JHC, P. Du, S. Hong,
€9 / D. Kim, R.K. Mishra

18

Boosted Object Searches




Model 3/3:

Hidden Forces and Dark Matter Self-Annihilation
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Model 3/3:
Hidden Forces and Dark Matter Self-Annihilation
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Summary of Diboson-ish Signatures
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Triboson WWW Signature in Diboson Searches:

1) ATLAS VV fully hadronic recast
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Triboson WWW Signature in Diboson Searches:

1) ATLAS VV fully hadronic recast
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Triboson WWW Signature in Diboson Searches:

1) ATLAS VV fully hadronic recast
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Triboson WWW Signature in Diboson Searches:

Pull Events /0.1 TeV
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Triboson WWW Signature in Diboson Searches:

3) CMS VV fully hadronic recast
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Triboson WWW Signature in Diboson Searches:

3) CMS VV fully hadronic recast

Radion mass =2 TeV (W’ mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:

3) CMS VV fully hadronic recast

Radion mass = 1.8 TeV (W' mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:

3) CMS VV fully hadronic recast

Radion mass = 1.65 TeV (W’ mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:

3) CMS VV fully hadronic recast

Radion mass = 1.5 TeV (W' mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:

3) CMS VV fully hadronic recast

Radion mass = 1.2 TeV (W' mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:

3) CMS VV fully hadronic recast

Radion mass = 1.1 TeV (W' mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:

3) CMS VV fully hadronic recast

Radion mass =1 TeV (W’ mass = 2.1 TeV)
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Triboson WWW Signature in Diboson Searches:

3) CMS VV fully hadronic recast
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Searching for WWW (heavy radion)

A dedicated
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“+" cut after Mjjj
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Searching for WWW (heavy radion)
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Searching for W(WW) (light radion):
Boosted WW
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Searching for W(WW) (light radion):
Boosted WW

SJVOF ohen %—W Condiion reaclod

; B
Soft Drop Condition: min(pry, pra) > Zeut (@)
PT1 + P12 Ry
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Searching for W(WW) (light radion):
Boosted WW

>
... min(pr1,p72) AR5\’
Soft Drop Condition: p——— > Zeut (R—o) / X\ /<

Now run on the two subjets!
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Searching for W(WW) (light radion):
Boosted WW
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Searching for W(WW) (light radion):

Boosted WW
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Searching for W(WW) (light radion):

Boosted WW
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Searching for W(WW) (light radion):
Boosted WW

Algorithm (very closely based on arXiv:1204.0525, M. Son, C. Spethmann, B. Tweedie)

1) Find ALL hard splittings in clustering history
2) Take the three splittings with the largest mass, leaving six daughters.
3) Among these, two are parents of selected splittings. Choose remaining four daughters.

4) Make pairwise combinations of quark-candidates to find the pair of W-candidates with
smallest mass difference.
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Searching for W(WW) (light radion):
Boosted WW
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Searching for W(WW) (light radion):
Boosted WW
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Searching for W(WW) (light radion):
Boosted WW
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Searching for W(WW) (light radion):

Boosted WW
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Final Topic:

VS resonances (with S » bb)
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Final Topic:

VS resonances (with S » bb)
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Final Topic:

VS resonances (with S » bb)
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Final Topic:

VS resonances (with S > bb
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Final Topic:

VS resonances (with S » bb)
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* Main point: Boosted objects are a curse, a place that new physics
can hide if we do not look hard enough

...but they are also a blessing, a possible window into new physics.

* Secondary point: Diboson searches are non-trivial in the context of
generic new physics. It is possible for signatures to show up
differently in different searches, in seemingly contradictory ways.

. Can we make a reasonably generic ‘anti-QCD’
tagger for general BSM boosted topologies?

bb, WW, HH, ZZ, tb, bb, bbV, btV, general multiprong hidden sector
decay chains?
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Searching for W(WW) (light radion):
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Searching for W(WW) (light radion):

Boosted WW
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Triboson WWW Signature in Diboson Searches:
3) CMS VV fully hadronic recast
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Triboson WWW Signature in Diboson Searches:

2) ATLAS VV lnuqq recast
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Triboson WWW Signature in Diboson Searches:

2) ATLAS VV lnuqq recast
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