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=» Beyond Standard Model searches at the high luminosity LHC (HL-LHC)
* pp collider at Vs = 14 TeV

What new physics will we look for?

=>» Anomalous triple and quartic gauge boson couplings
=>» Higgs couplings, Heavy Higgs

=>» SUSY

=» Dark Matter

=» Extra Dimensions

August 29, 2015 Jessica Metcalfe 2



HL-LHC Schedule
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LHC roadmap: according to MTP 2016-2020 V1

LS2 starting in 2019
LS3 LHC: starting in 2024
Injectors: in 2025

=> 24 months + 3 months BC
=> 30 months + 3 months BC
=> 13 months + 3 months BC
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Hints From Run 1 Argemge

Diboson Bump Hunt at Vs = 8 TeV
e tantalizing hints or statistical fluctuations?
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Search for narrow resonance decaying to boson pairs (WW, WZ, ZZ) via boson tagged jets
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Vector Boson Scattering @ HL-LHC Argonne ==

Where to look?

* Anomalous Triple and Quartic Gauge Couplings (aTGC’s aQGC's)
* Generic Effective Field Theory (EFT) framework
* add all possible boson couplings

C; S, T, M.j
Lorr=Lovt Y w04y L Mo+ ¥ Iior,+ Y Bhioy, +.
—www wB.ewen > j=01 7 j=0,.., §=0,...,7
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Vector Boson Scattering:
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Tri-boson Processes:
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Vector Boson Scattering @ HL-LHC
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Vector Boson Scattering @ HL-LHC
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Higes Couplings @ HL-LHC
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Higgs coupling expectations using combined channels:

ATLAS-2014-017
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€ =mass coupling parameter between

SM Higgs and other particles

* M = vacuum expectation value

* K = scale factor from SM for fermion
couplings beyond SM

* ky = scale factor from SM for the vector
boson couplings beyond SM
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* Minimal Composite Higgs Model

(MCHM)

* Assumes the Higgs boson is a
pseudo-Nambu-Goldstone boson
instead of an elementary particle
- Modifies the Higgs couplings to
vector bosons and fermions



Heavy Higgs @ HL-LHC
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Heavy Higgs through an additional electroweak singlet:
* for modified couplings and widths

ATLAS-2014-017
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SUSY @ HL-LHC Afg%ﬂﬁﬁ

ATLAS-2014-017
Minimal Supersymmetric Standard Model (MSSM):

* mixing angle vs. mixing strength
* SM decoupling limit is m, = oo

tan
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SUSY @ HL-LHC Argfam?-.:?

Search for R-parity conserving SUSY: charginos and neutralinos ATLAS-2014-010
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SUSY @ HL-LHC Afgtaﬂn(!&:é

ATLAS-2015-032
SUSY: chargino and neutralino via W boson and SM Higgs and bb final state
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SUSY @ HL-LHC Argonneé
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ATLAS-2014-010
SUSY: squark and sbottom production:
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SUSY @ HL-LHC Argonne '™’

ATLAS-2014-010

SUSY: gluino production:
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Dark Matter @ HL-LHC Af89,.@n§:?

Higgs Portal: WIMP interacts very weakly with the SM particles except the Higgs
WIMP-nucleon scattering cross-section vs. mass of dark matter particle:
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Dark Matter @ HL-LHC Afgtan.ngle

significance [o]

Dark Matter WIMP: ATLAS-2014-007
* WIMP pair production described by EFT
* M. = suppression scale = M, _gi.tor/V (8smE0m)
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Dijet Resonances @ HL-LHC Argegns:?

- ATLAS-2015-004
Dijet Resonances:
Sensitive to technicolor, warped extra dimensions, Grand Unified Theories, ...
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BSM @ HL-LHC Afg%ﬂﬁﬁ

Summary:
* The discovery of the Higgs has launched a new era of unknown exploration
* HL-LHC will push the boundaries of known territory
* Many methods and channels to look for new physics

* generic EFT

* Heavy Higgs

* Higgs doublets

* SUSY

e Dark Matter

* Extra dimensions

* Many more

=>» Exciting road ahead!!
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VBS @ HL-LHC Argems—.ﬁ

Backup
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BSM @ HL-LHC Argeﬂma

ATLAS-2013-014

ATLAS Simulation Preliminary
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Effective Field Theory Dimension-8 Operators: Y %Os,j + > %Om + > fj\éj O,

Os0 = [(D#@)TDycb} x [(D“(I))TDVCI)]

Og1 = [(DMCD)TDWI)] x [(D,,@)TD@]

Oro = Tr (W W] x Tr [WasW ]
Or = Tr [Wa, WHP] x Tr [W,s W]
Orp = Tr [Wa,WHP] x Tr [Wg, W"]
Ors = Tr [W,, W] x Bas B*? |
Org = Tr [Wa, WH?] x B,sB* ,
Or7 = Tr [Wo,WH*?] x Bg, B"*,
Ors = B, B" B,sB*"

Or.9 = BauB"P Bg, BY™ |

[1] Snowmass EWK
arXiv:1310.6708
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—

j=0,1 j§=0,...,9 j=0,...,7

Higgs Field

Gauge Boson Fields

—  Ono = Tr [W, WH] x {(D@)TD%}
Onry = Tr [W,, W] x {(D@)T D“(I)}
Otz = [Bu B"] x [(DlgCI))TDB@} ,

Ours = [BuB"?] x {(DBqD)TDMCI)} ,

o) WB,,DM@} x B

(
Higgs and Gauge Boson Fields Onrs = ( D) WBVD”@] x BPH
(

D, ®) WBVW5”D“<I>] ,
D, ®) WBVWWDWI)] ,

Omr = (
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No unitarization

pp = WHW*jj
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W. Kilian Multi Boson Interactions Workshop 2014

 Unitarity schemes play an important role in the higher dimension operators
* Different methods were employed in different studies to cope with the UV boundary
including UV cut-off, UV form-factor, and K-matrix

 All methods introduce some model dependence
* Most studies presented here are without UV treatment for consistent comparison and

model independence
August 29, 2015
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SSWW
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spectrum in SM and new physics

Significance remains about the same ~4c (no UV cutoff applied)

Different pileup scenarios
No selection optimization
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arXiv:1309.7452v1
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VBS @ HL-LHC
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Comparison of ssWW sensitivity to other VBS and Triboson Channels:

Coupling
Parameter
Channel Parameter (#) for 50
ssSWW FT1 (1) 0.1
Zyy FT8 (2) 0.4
Wz FT1 (3) 0.6
WWW FTO (4) 0.6
Zyy FT9 (5) 0.7
WWW CWWW (1) 2.3
7z FT8 (6) 2.9
7z FT9 (7) 5.7
Wz cdd (2) 15.2
7z COW (3) 16.2
Zyy FM2 (8) 510
Zyy FM3 (9) 720
Zyy FMO (10) 3600
Zyy FM1 (11) 3600
ww m_Resonance (1) 0.6
ZZ m_Resonance (2) 1

@ 14 TeV & 3,000 fb?
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Coupling Parameter at 50 [~TeV]

50 Discovery Potential:
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SUSY @ HL-LHC Afg%ﬂﬁﬁ

ATLAS-2014-010

Search for R-parity conserving SUSY: charginos and neutralinos
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