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Introduction

Run 2 in 2016: Potential for Discovery
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CMS and ATLAS have been hard at work exploiting this potential:
@ Over a hundred search papers/notes with 2016 data

@ Focus today on latest searches for Exotica

o BSM Higgs covered on Monday by James Beacham
o Dark Matter searches covered today by Henning Fldcher
o This talk: heavy vectors, heavy fermions, and other high-scale new physics
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http://cms-results.web.cern.ch/cms-results/public-results/publications/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

Searches for dijet resonances

@ Motivated by simple W'/Z' SM extensions...

@ Quark compositeness...

o Dark Matter mediators
Also a proving ground for new analysis techniques: Trigger Level
Analyses and Data Parking/Scouting.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-056/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-070/

Dijet Angular Correlations

Complementary information about
structure of interactions:

@ Look for small values of
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-046/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/

~v+jet resonances

ATLAS-EXOT-2016-026
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-26/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-002/index.html

Black Holes at the LHC?

Not the end of the world as we know it.

o High-multiplicity, isotropic production of high-pt objects
e Can be with or without leptons

o Interpretations in several black hole, stringball, TeV-scale
gravity models
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[Limits from 2015 data still strong — unlikely to increase substantially at the LHC.]
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https://inspirehep.net/record/788826
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2015-14/
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e A x ¢ above 60%, resolution at
1% level for electrons

@ Results available for varying
widths, up to 32% of M.

@ Excellent modeling for all
data, up to 3 TeV!

o Constraints Z{g, can extend
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@ Collider Reach, no analysis improvements
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http://collider-reach.web.cern.ch/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-05/
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e Data up to mp > 4 TeV

@ Constraints at low-mass
continue to improve

@ Limits can extend to 5.6
TeV with 100 fb~!

@ Collider Reach, no analysis changes
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-023/
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-010/index.html

SM 4-top production

SM tttt production remains unobserved, could be enhanced in BSM models
@ Multi-region search: bins in N (leptons), N (b), N (jets)

CMS-TOP-2017-009
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-009/index.html
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CMS-EX0-2017-006

Similar to Type-I SS, but with new fermion triplet (X9, ©%).
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-006

Vector-Like Quarks

Fourth-generation quark searches

9

o Chiral 4*" gen. excluded by Higgs

@ Quarks with vector-like couplings can
regulate Higgs mass in “natural” models
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A rich program of WW /W Z/Z Z resonance searches:
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Resolved analysis at low-mass and boosted boson tagglng for high-mass:
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IW|ZZ — vvqq/llqq

Heavy use of substructure (puppi, Ds) to suppress Z+jets backgrounds
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No excesses, limits well above 3 TeV!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-19
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-001/index.html

Diboson Summaries

Summer 2017 35.9 fb? (13 TeV)
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Significant gains in sensitivity with respect to Run 1 and early Run 2:
@ Improved boson-tagging algorithms at high-mass
@ Pushing to low-mass searches with resolved channels

@ Both experiments have previous combinations at 8§ and 13 TeV, expect
more to come
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2017 JLdt=(32-37.0)fb? Vs=8,13TeV
Model Cy Jetsi ET™ [ram] Limit Reference
T
ADD Gkk +g/q Oeu 1-4j Yes 36.1 Mo 7.75TeV. n=2 ATLAS-CONF-2017-060
/ADD non-resonant yy 2y - - 36.7 Ms 86 n=3HLZNLO (CERN-EP-2017-132
ADD QBH - 2j - 37.0 My 89TeV n=6 1703.09217
ADD BH high ¥ pr- zlep z2j - 32 | My 8.2TeV. n=6Mp=3TeV, ot BH 1606.02265
ADD BH multijet - =3j - 36 My 9.55TeV n =6, Mp =3TeV, rot BH 1512.02586
RS1 Gk = yy 2y - - 36.7 Gyx Mass. 41 Tev kMg 1 CERN-EP-2017-132
Bulk RS Gkx — WW — qqlv Teu 1J Yes 36.1 Gyx Mass. 1.75TeV k(Mp =10 ATLAS-CONF-2017-051
2UED / RPP leu 22b23j Yes 132 KK mass. 1.6 TeV Tier (1,1), B(AMY — tt) = ATLAS-CONF-2016-104
SSM Z' — (¢ 2eu - - 36.1 2’ mass 45TeV ATLAS-CONF-2017-027
SSM Z' - 7 2r - - 36.1 Z' mass. 24Tev ATLAS-CONF-2017-050
Leptophobic Z" — bb - 2b - 32 Z' mass. 1.5TeV 1603.08791
Leptophobic Z’ — tt Teu 21b>102) Yes 32 |2 mass 20TeV. ATLAS-CONF-2016-014
SSM W’ — fv Ten - Yes 36.1 W’ mass 5.1 TeV. 1706.04786
HVT V' - WV — qqqq modelB 0 e, i 2J - 36.7 V' mass. 35Tev CERN-EP-2017-147
HVT V' — WH/ZH model B multi-channel 36.1 V' mass 293 TeV ATLAS-CONF-2017-055
LRSM Wy, — tb Teu  2b01] Yes 203 1410.4103
LRSM W), — tb Oep =1b1J - 203 1408.0886
Cl 9999 - 2j - 37.0 A 218TeV . 1703.09217
Clttqq 2epn - - 36.1 A 401 TeV . ATLAS-CONF-2017-027
Cl uutt. 2(S8)/z3ep21b,21j Yes 20.3 1Crl 1504.04605
Axial-vector mediator (Dirac DM) Oeu 1-4j Yes 36.1 Mimed. 1.5TeV £,=0.25, £,=1.0, m(x) < 400 GeV | ATLAS-CONF-2017-060
. Vector mediator (Dirac DM) Oep 1y <1j Yes 36.1 Mined. 1.2TeV 8=0.25, g, m{x) < 480 GeV 1704.03848
VWVyy EFT (Dirac DM) Oep  14<1j Yes 32 M 700 GeV miy) < 150 GeV. 1608.02372
Scalar LQ 1% gen 2e 22j - 32 LQmass. 1.1Tev B=1 1605.06035
. Scalar LQ 2" gen 2pu 22j - 32 | Lamass 1.05 TeV. B=1 1605.06035
Scalar LQ 3" gen Ten =103 Yes 203 B=0 1508.04735
VLQTT = Ht+ X Oortep 22b23) Yes 13.2 T mass. 1.2TeV B(T - Hr) AATLAS-CONF-2016-104
VLQ TT - Ze 4 X Ten 216230 Yes 361 [Tmass 116 Tev. B(T - 22) 170510751
VLQ TT = Wh+ X Teu 361 | Tmass 135 TeV B(T - Wb) =1 CERN-EP-2017-094
VLQ BB — Hb+ X e 203 BB - Hp) =1 150504306
VLQ BB - Zb+ X 228eu 2221b - 203 B(B — Zb) 14095500
VLQ BB - Wt + X lepu 21b 2102 Yes 36.1 B mass 1.25TeV BB W) =1 CCERN-EP-2017-094
VLQ QQ — WqWq lep z4j Yes 1509.04261
Excited quark g* — qg - 2j - 6.0TeV. only u* and d", A 1703.09127
Excited quark g° — qy 1y 1 - 5.3TeV only u* and d*, A= m(q") CERN-EP-2017-148
Excited quark b* — bg. - 1b,1j - ATLAS-CONF-2016-060
Excited quark b* — Wt tor2eu 1b20j Yes 151002664
Excited lepton ¢* 3en - - 1411.2921
Excited lepton v* 3eur - - 14112821
LRSM Majorana v 2ep 2j - .3 m(Wig) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — (¢ 234eu(SS) - ~ 361 | mass 870 GeV DY production ATLAS-CONF-2017-053
Higgs triplet H** — fr 3eqr - - 203 DY production, B(H;* — £1) =1 14112021
Monotop (non-res prod) Teu 1b Yes 203 Bnon-res = 0.2 1410.5404
203 DY production, |q| = 5¢ 1504.04188
70 DY production, lg| = 1go, spin 1/2 1500.08059
I 1 1

1071
*Only a selection of the available mass limits on new states or phenomena is shown.
+Small-radius (large-radius) jets are denoted by the letter j (J).

10 Mass scale [TeV]



Conclusion

Run 2 Search Program at Full Speed

@ Exotic searches for new resonances continue their drive to
multi-TeV mass scales

With >70 fb~! available for 2016+2017 analyses, many more up-
dates to come in months ahead, with ever-increasing emphasis on:

o Revisiting low-mass and other neglected parameter space
o Combinations (where appropriate)

o Lower-cross-section processes

Mike Hance (Santa Cruz) 3 /23 Exotics @ LHC - SUSY17
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-06/

Leptoqu rks

@ Searches for pair-produced 15¢, eyl
gen. scalar leptoquarks

@ Dominant backgrounds from Z+jets (eq and
pq) or tt(7q)

129 b (13 TeV)
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e No significant excesses observed in 2—13 fb™*
@ Results in terms of 5 =BR(LQ — £q)
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Similar signatures in Type-I Seesaw,
LRSM, and composite lepton models

@ Heavy vy “balance” light SM v

jet
@ Seesaw/LRSM models also have Wgr et
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[Constraints on heavy v masses/interactions to >3 TeV] CMS-EX0-2016-023
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Low-mass dijets

CMS 35.9 fb (13 TeV)
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Max significance at 115 GeV: 2.9¢ local, 2.2¢ global.
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