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Introduction

- Higgs boson discovered...
» H-boson studies [see G.Mitselmakher, Thursday]
- ...but Standard Model not complete

» Dark Matter, hierarchy problem,
baryogenesis, gravity, etc
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Introduction

Higgs boson discovered...
» H-boson studies [see G.Mitselmakher, Thursday]
...but Standard Model not complete

~ Dark Matter, hierarchy problem,
baryogenesis, gravity, etc

Supersymmetry...
~ Solution to many open issues
~ E.g. Naturalness & Dark Matter
...but no proof of susy (yet) Y SR T
» Supersymmetry searches [see T.Petersen, today]
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|. Heavy Bosons

- New strong sector
~ Technicolor, Little Higgs?

- Extra dimensions
»RS, Bulk G, Radion?
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Use M, mass for search
Sensitive at low masses

No excess observed
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Various interpretations

SSM, E6, Z*, Technicolor
RS-Graviton, Quantum Black Holes
Minimal models

Exclusion below M,.~2.5 TeV
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W! 9 IV ATLAS-CONF-2014-017
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Dijet resonances

- Search in dijet spectrum
for narrow resonance

CMS-EXO-12-016

Model Final =~ Observed  Expected

state excluded excluded

mass range mass range
[TeV] [TeV]

String Resonance qg [1.0,4.78] [1.0, 4.75]
Excited Quark qg [1.0,3.19] [1.0,3.47]
E¢ Diquark qq [1.0, 4.28] [1.0, 4.16]
Axigluon/Coloron qq [1.0,3.27] [1.0, 3.60]
S8 Resonance 8g [1.0,2.79] [1.0,2.54]
W’ Boson qq [1.0,1.73] [1.0,1.97]
Z' Boson qq [1.0,1.62] [1.0, 1.58]
RS Graviton qq+gg [1.0,145] [1.0,1.29]

- Limits
» Various final states: qq, qg, gg
» Various models: 1 - few TeV

- First limit on Ggg in dijet
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Final states:
semileptonic & fully hadronic

Boost: jet substructure
Purity: N-subjettiness

Limits on W’ and Ggg
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X->H(bb)H(bb)

TeV resonance - HH

~ Background:
suppress QCD with b-tags

~ Signal: define with M;
T ATLAS-CONF-2014-005
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~ RS extra dimensions
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Leptoquarks

Jet

~Pair production of heavy scalars | _ oS Preliminary, 2012 _
~ Also interpreted as RPV stop g :
=

CMS Prellmmary 201 2

' 197 fb, ' s=8Tev —:
« Observed ]

1

...... PW/zZ + jets .

- Other _:

— Signal M, =500 GeV ]
[ Observed limit

,,,,,,,, . CMS-EXO-12-032 oé’OO 300 400 500 600 700 800 900
. M (GeV)

Ev_gnts | GeV

19.7fb", s =8 TeV
/) Expected limit E

- »Exclude M o < 740 GeV
400 600 800 1000 1200
S (GeV) » For BR(LQ)=2>b+1 = 100%




Tristan du Pree (UCL-CP3/FNRS), TeVPA/IDM (23 June 2014)

Bosons summary

LQ1(ej) x2
LQ1(ej)+LQ1(v))
LQ2(uj) x2
LQ2(u)+LQ2(v) Leptoquarks
LQ3(vb) x2
LQ3(tb) x2
LQ3(tt) x2

RS1(yy), k=0.1
RS1(ee,uu), k=0.1
RS1(jj), k=0.1
RS1(WW-4j), k=0.1
RS1(ZZ—4j), k=0.1
bulk RS(ZZ—1ljj), k=0.5

Heavy Gauge

SSM Z'(t7)
SSM Z.0) Bosons

SSM Z'(bb)

SSM Z'(ee)+Z'(up)
SSM W'(jj)

SSM W'(lv)

SSM W'(WZ-Ivll)
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|. Heavy Fermions

- Chiral 4t generation excluded
~By H boson with SM-like couplings

- Additional fermions possible
~With vector-like couplings!

q.q'
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VL B CMS-B2G-13-003

ATLAS-CONF-2013-056
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VLT

Vector-like Top

ATLAS-CONF-2013-018

CMS-B2G-12-015
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CMS Searches for New Physics Beyond Two Generations (B2G)
95% CL Exclusions (TeV)
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Excited fermions PLB 728 (2013) 562

Generic searches

% 10° ATLAS |
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3 2
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. 107 2
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Other phenomena

AR,

EOp, T ‘Y‘

An{I now for something completely diffe'rgnt.
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Jet extinction

- Strong gravity at TeV scale
» String couplings
in the strong-coupling limit

- Suppression of high-p;
SM processes
~ Beyond certain energy scale
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- Exclude below 3.3 TeV
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Contact
Interactions

- Discriminating variables:

pz(£8) 2P, —pP))
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Long-lived particles

- Various searches for long-lived
particles

1. Heavy stable charged particles
2. Long-lived - pair of leptons
3. Long-lived - quark-antiquark pair

~Limits on e.g. decay of
heavy scalar to long-lived particles
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SUMMARY

...Including many other results
that could not be shown



ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: April 2014 [Ldt=(10-203)f6" +5=7,8TeV
Model £y Jets ET™ [raqm) Mass limit Reference
ADD Gux +glg - 1-2) You ar : - I n=2 12104451
ADD nansesonant {fiyy 2yor2e.u - - a7 n=3HZNLO 1211.1150
ADD Q8H —+ g leu 1 - 203 n=86 13112006
ADD B4 high N,.. 21 (585) - - 203 n =6, My =15 TeV nonrot B¢ 1300 4078
ADD BH high ¥ pr zlen z22j - 203 n =6, My =15 ToV. nonrot B¢ | ATLAS.CONF-2014.016
RS Gyu —+ €4 2eu - - 203 k/Mpy = 0.1 ATLAS-CONF-2013-017
RSt Grx — ZZ — Llqqg/iiet 2ordepn  2jor- - 1.0 &/ Mpy = 0.1 12000710
RS Grx — WW - fulv ey - Yas a7 K/ Mm =01 12082280
Buk RS Gyx — MM —» bbbb - 4b - 195 | Gy mass 580-710 Gev I k/Mps = 1.0 ATLAS-CONF-2014-008
Buk RS gy — tt ten z1bz1N2) Yos 143 | Box moss  0520TeV 88 = 0.025 ATLAS CONF 2013052
§'1Z; ED Zegr - - 5.0 1200.2535
UED 2y - You 48 ATLAS-OONF-2012072
SEMZ 2eu - - 203 ATLAS-CONF-2013-017
SSMZ' —rr 2r - - 188 ATLAS-CONF -2013-006
EE SSM W' — v ten - Yas 203 ATLAS-CONF 2014017
EGM W' - WZ vt Jeu - Yes 203 ATLAS-CONF-2014-015
LASM W} — tb Teu 28.01) vos 143 ATLAS-CONF-2013-050
Cl gagq - 2j - 48 R=+ 12101710
. Cl gt 2e.u - - 5.0 ==l 12111150
Cl wute 20,4188 z1b 1) Yes 143 =1 ATLAS CONF 2013051
EFT D5 operator B 1-2) Yas 105 2t 80% CL for m(x) < B0 GaV ATLAS- CONF- 2012147
EI EFT DS operator - 1J<1) Yes 203 at 90% CL for m(y) < 100 GeV 13008017
Scalar LQ 1% gen 2e 22j - 1.0 p=1 1112.4528
. Scalar LQ 2™ gen 2u 22 - 1.0 g=1 1203172
Scalar LQ 3 gen lewis 1b 1] - a7 =1 1308.0526
Vector-lie quark TT — Hr + X tep 22bz4] Yos 14.3 T in (T,B) coudiet ATLAS-CONF- 2013018
Voctor-lkequars TT - Wb+ X ten 2z1b 23] Yes 143 sospin snglet ATLAS-CONF- 2013080
Vector-like quars B8 — Zb + X 2e.u 220 - 143 8in (B.Y) doubiet ATLAS-CONF -2013-056
Vactor-laquars B8 — Wit~ X 2eu(55) 21b, 1] Yos 143 8 in (T.B) doubiet ATLAS-CONF- 2013051
Excitod quark q° — gy 1y 1 - 20.3 ooly u* and &, A = m(g*) 1306 3230
Excilod quark q° — gg - 2j - 13.0 orky " and 8", A = m(q") ATLAS-CONF- 2012148
Excitec quark b° — Wr lor2eu18,2jor1) Yes 47 lob-tanded counling 1301.1583
Excitod lopton £* — {y 2e.p1y - - 13.0 A=22TeV 1300, 1264
LASM Majorana v 2e.u 2) - 2.1 m| W) = 2 TeV, no mixing 12005420
Type Nl Seesaw 2o - - 58 VeI=0.055, |V, |=0.083, |V, |=0 ATLAS-CONF- 2013010
g Higgs triplet H** — £¢ 2eu(SS) - - a7 DY prosucson, BRI — ¢} 1210.5070
Muk-chargec particles - - - a4 DY producson, igi = de 1301 8272
Magretc monopoles - - - 20 DY producson, ig| ~ 15, 1207.8411

PR | " PR | i i PR

107 1 10 Mass scale [TeV]

‘Only a selsction of the available mass limits on new states or phenomena is shown.
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Conclusions

Non-susy BSM Physics

- Many searches at the LHC
- Heavy bosons
» Excluded below few TeV
- Heavy fermions
» Excluded below ~700 GeV
- Other phenomena at high energy scales
» Excluded up to tens of TeV

Atlas References
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

Events

CMS References

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
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Conclusions

Non-susy BSM Physics

- Many searches at the LHC

- Heavy bosons
» Excluded below few TeV

- Heavy fermions
» Excluded below ~700 GeV

- Other phenomena at high energy scales
» Excluded up to tens of TeV

- Outlook

> Increased interest in boosted topologies
» Broader range of models, incl. e.g. low mass
» Make results accessible for reinterpretation
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Reach in Run 2 and Beyond

While we complete the Run 1 program, eagerly awaiting data at higher /s!
@ Searches for high-mass objects will be more sensitive with only a few
fb— 1
@ New challenges to meet with higher energy, luminosity:
e Increased emphasis on boosted topologies
e Sensitivity to rare SM processes as backgrounds

Expected Mass Limits [TeV] from the Collider Reach Tool [Salam, Weiler]

@ Extrapolations using parton luminosities
@ Assume sensitivity scales directly with signal yield

8 TeV 14 TeV

20fb~' 3fb~' 30fb~' 300fb~' 3000fb~!
Vector-like quarks 0.7 0.8 1.2 1.7 2.2
W — VvV 1.5 1.3 2.3 3.3 4
W' — ff 2.0 2.1 3.2 4.2 54
W' — fv 3.2 4.1 5.2 6.3 7.3
Excited quarks 3.2 4.1 5.2 6.3 7.3
Black Holes 5.0 8.2 8.5 9.0 10

Mike Hance (LBNL) Searches for Non-SUSY Exotica- LHCP 2014



