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Exotics: Beyond the Standard Model Physics

» Many Big Questions beyond the SM to be answered at TeV scale
» Big ldeas highly constrained from theory and observed phenomena
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Search signatures for Big Ideas

» Quite often the same Big Idea probed by different signatures
» It’s crucial to search all complementary signatures
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ATLAS Exotica

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 2016 fL dt = (3.2 - 20.3) fo! \/_ =8,13TeV
Model £,y Jetst ET™ [rdt[m'] Limit Reference
ADD Ggk + g/q - z1j Yes 3.2 6.58 TeV n=2 1604.07773
ADD non-resonant {{ M - = 20.3 n=3HLZ 1407.2410
ADD QBH — (g 1eu 1j - 20.3 n==6 1311.2006
ADD QBH - 2j - 15.7 .7 TeV n==6 ATLAS-CONF-2016-069
ADD BH high ¥ pr =leu 22j - 3.2 I I I l e n S I O n Sz TeV n =6, Mp = 3 TeV, rot BH 1606.02265
ADD BH multijet - 3j - 3.6 M 9.55TeV n=6, Mp=3TeV, rotBH 1512.02586
RS1 Gui — €f 2eu - - 20.3 k/Mp = 0.1 1405.4123
RS1 Gk = vy 2y - - 3.2 Gk mass 3.2 TeV k/Mp = 0.1 1606.03833
Bulk RS Gk — WW — gqlv 1eu 14 Yes 13.2 Gk mass 1.24 TeV k/Mp, = 1.0 ATLAS-CONF-20186-062
Bulk RS Gk — HH — bbbb - 4b - 13.3 Gkk mass 360-860 GeV k/Mp, =1.0 ATLAS-CONF-2016-049
Bulk RS gy — tt 1eu =1b 21J/2] Yes 20.3 BR =0.925 1505.07018
2UED/ RPP e =22b=24j Yes 3.2 KK mass 1.46 TeV Tier (1,1), BR(ADY — 1) = 1 ATLAS-CONF-2016-013
SSM Z* — it 2eu - - 13.3 Z’ mass 4.05 TeV ATLAS-CONF-2016-045
SSM 2 — 17 27 - - 19.5 1502.07177
Leptophobic 2’ — bb - 2b - 3.2 Z’ mass W, Z L) 1.5 TeV 1603.08791
SSM W — (v 1epu - Yes 13.3 W’ mass 4.74 TeV ATLAS-CONF-2016-061
HVT W' — WZ — gqvvymodel A Oe,u 1J Yes 13.2 W’ mass , 2.4 TeV gv=1 ATLAS-CONF-2016-082
HVT W’ — WZ — gqqq model B - 24 - 15.5 W’ mass 3.0 TeV gv=3 ATLAS-CONF-2016-055
HVT V' — WH/ZH model B multi-channel 3.2 V' mass 2.31 TeV &v=3 1607.05621
LRSM W, — tb e 2b.0-1] Yes 20.3 1410.4103
LRSM W}, — tb Oe,u =1b1Jd - 20.3 = 1408,0886
Cl qaqq - 2j - 157 |a aC'[ I O n 19.9TeV nu=-1 ATLAS-CONF-2016-069
. Clltqq 2e.u - - 3.2 A 252TeV i =-1 1607.03669
Cl uutt 2(SS)/z3eu21b,21j Yes 20.3 |Crrl =1 1504.04605
Axial-vector mediator (Dirac DM) Oe,u >1j Yes 3.2 ma 1.0 TeV 84=0.25, g,=1.0, m(x) < 250 GeV 1604.07773
. Axial-vector mediator (Dirac DM) Oe,u, 1y 1j Yes 3.2 ma D M 710 GeV 8¢=0.25, g, =1.0, m(y) < 150 GeV 1604.01306
ZZyy EFT (Dirac DM) Oe,u 14,£1]  Yes 3.2 M, 550 GeV m(x) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 1% gen 2e = 2j - 3.2 LQ mass 1 p=1 1605.06035
Scalar LQ 2™ gen 2p =2j - 3.2 LQ mass OéT k B=1 1605.06035
Scalar LQ 3" gen 1eu 21b 23] Yes 203 p=0 1508.04735
VLQ TT - Ht + X teuy =z2b 23] Yes 20.3 Tin (T.B) doublet 1505.04306
VLQYY — Wb+ X lTeu =1b=3] Yes 20.3 Y in (B,Y) doublet 1505.04306
VLQ BB — Hb+ X lew >2b,>3] Yes 203 ar k isospin singlet 1505.04306
VLQ BB — Zb+ X 2/z3 e, u >2/>1b - 20.3 Bin (B,Y) doublet 1409.5500
VLQ QQ — WqWqg Teu =4j Yes 20.3 1509.04261
VLQ Ts/3 Tsyz — WiWe 2(SS)/z3eu z1 b, z1j Yes 3.2 Ts/3 mass 990 GeV ATLAS-CONF-2016-032
Excited quark ¢* — gy 1y 1 - 3.2 q* mass 4.4 TeV only v and d*, A = m(q") 1512.05910
Excited quark " — qg - 2j - 15.7 q* mass - eV only u* and d*, A = m(gq") ATLAS-CONF-2016-069
Excited quark b* — bg - 1b,1j - 8.8 b* mass m I O ﬁ ATLAS-CONF-2016-060
Excited quark b* — Wit lor2e,u 1b,20]j Yes 20.3 fo=fi=fhR=1 1510.02664
Excited lepton (* Seu - - 20.3 A=30TeV 1411.2921
Excited lepton +v* BeuT - - 20.3 A=16TeV 1411.2921
LSTC ar — Wy Tepu 1y - Yes 20.3 1407.8150
LRSM Majorana v 2eu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ee 2e(SS) - - 13.9 DY production, BR(H[™* — ee)=1 ATLAS-CONF-2016-051
Higgs triplet H** — Bept - - 20.3 DY production, BR(H;* — (1)=1 1411.2921
Monotop (non-res prod) Teu 1b Yes 20.3 dnon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles — — — 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
TR | L L L PR | " M R A | L 1 L

- J;=13Tev
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*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.

tSmall-radius (large-radius) jets are denoted by the letter j (J).

Mass scale [TeV]
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Impossible to cover all

Select some recent Exotica Searches, More will be covered by my colleagues

Search for lighter Higgs-boson like resonances in the diphoton final state Junquan Tao IHEP
Search for Higgs boson rare and exotic decays Bo Liu SDU
Searching for Dark matter with 2 associated jets at ATLAS Ning Zhou SJTU
Search for new resonances decaying to WW/WZ to lvqq in the CMS experiment Zijun Xu PKU
Search for heavy resonances decaying into diboson pairs in the boosted hadronic final state Yanyan Gao UoOL
Search for a high mass Higgs decaying into vector vector final state Weimin Song IHEP
Search for BSM di-Higgs with final state of gammagamma and the semileptonic decays of W Yaquan Fang IHEP
High mass search in the ZGamma final state Han Shuo IHEP
Search for heavy neutral resonances in vector boson fusion qq -> Ilvlvqq with the ATLAS Guangyi Zhang USTC
Search for a heavy scalar boson decaying into a pair of Z bosons in the 2I2nu final state Yuan Li BHU

v More results from ATLAS and CMS can be found at:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublications
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html

v’ Contributions from Chinese colleagues are labeled as
Experiment-Team (such as CMS-IHEP)




1. Dark Matter



Collider Dark Matter Signature - Mono-X Zhou Ning’s talk

MET + X : Mono-X
« XfromISR jet, b, t, W, Z,Y

jet

\ —
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« X from paired tthar, bbbar




Mono-jet/b-jets/top

v Key observables - imbalanced transverse momentum MET
v" Irreducible background : Z(vv) + jets

MET+jet Met+top MET+bbbar
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 Different W/Z/H decay channels
« Boosted jet substructure technique is used in hadronic W/Z/H
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http://www.sciencedirect.com/science/article/pii/S0370269316306980
http://www.sciencedirect.com/science/article/pii/S0370269316306980
http://www.sciencedirect.com/science/article/pii/S0370269316306980

My, [GeV]

Dark Matter exclusion limit

» So far, no significant excess observed
» DM mass exclusion up to 550 GeV
» \ector Mediator mass exclusion up to 1.95 TeV

o CMS Prelimina Dark Matter Summary - ICHEP 2016
CMS Preliminary Dark Matter Summary ICHEP 2016 o RN, X o el
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2. Resonance

Entries
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H R Zijun Xu, Han Shuo, Guangyi
eavy Resonances Zhang,Yuan LiYanyan Gao’s talk

dilepton >—‘< '_<) ’M_<I

A2 AL 9\"0
dilet — ——( new fermions
J \% ) 7% "’0 top partners

e

\0"/\b /r\ 1 W, Z, H
top
: N\ W, Z Higgs —+qq Z

/ W, Z, Higgs —+ qq

\

diphoton diboson Zgamma
Focus on ATLAS & CMS recent progress, impossible cover all
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Lepton+MET

ATLAS-CONF-2016-061 CMS-PAS-EXO-16-031
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Leptoquark

NJP 18 (2016) 093016 CMS-PAS-EXO-16-043
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(Data-Fil

do / dm, [pb / TeV]

 Narrow width signal checked
ATLAS-CONF-2016-069 CMs-PAS-Ex0-16-032 >=0 b-jet

CMS Preliminary

Dijet

« Background modelled by parametrized function for search
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| Contact interactions (7. =-1) | 19.9 TeV 237 TeV

Events
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Top pair Production

CMS-PAS-B2G-15-002

CMS-PAS-B2G-15-003

2. be (13T9V)
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No evidence for resonant ttbar production is found
excluded mass regions [TeV]
signal I+ jets e +jets combination _ Mass Exclusion Limits
observed (expected) observed (expected) observed (expected) Slgnal Model Exclusion Ranges (TeV)
Z' (1%width) | 05-18(06-19) | 1.0-11,13-22(09-17) | 06-23(0.6-21) - - Expected Observed
Ll i iy Z (1% Width) | 12-16 14-16
Z' (10% width) | 05-32(05-33) 05-32(05-32) 05-34(05-35) 7’ (10% Width) | 1.0-31 1.0-33
Z' (0% width) | 05-39(05-40) |  05-38(05-38) | 05-40(05-40) Z’ (30% Width) | 1.0-37 1.0-38
KK gluon 05-27(05-28) 06-27(06-25) | 05-29(05-29) RS Gluon 1.0-25 1-24
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oBR [pb]

Vector-like quark

v" pair production through QCD - dominant in low mass
v" single production through EWK coupling - dominant in high mass
single production

CMS-PAS-B2G-16-001
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VV/VH/HH resonance

« Search for VV/Vh/hh resonance in leptonic/haronic
decay channels using boosted substructure techniques
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riaemes  VVIVh/hh Search Results cuvson
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JHEP 12 (2015) 055
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ATALS-IHEP, ATLAS-USTC  Diphoton

Significant excesses observed in 2015 data
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Data - fitted background

Diphoton

Excesses not confirmed 1n 2016
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3. Unconventional Signatures
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Long-lived Charged Particles

Long lived particles predicted by Hidden sector/Dark sector

v anomalously high energy deposition in the silicon tracker
v Iong tlme-Of-ﬂlght to the muon detectors CMS-PAS-EXO-15-010
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» The data are consistent with the expected background
» Limits for production of long-lived gluinos, scalar tops and taus are set
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Lepton Jets
Collimated jet-like structures containing e/mu/pions
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top squark ct [cm)

Displaced tracks

Diplaced e-u pair: large transverse impact parameter
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Summary

LHC experiments conducting BSM searches in broad and
complementary signatures

» yle/pltau/jets/MET
» Resolved and Boosted W/Z/H/top

Two well-known excesses (Diboson in Runl and Diphoton
In 2015) not confirmed using 2016 data

No new significant excesses observed (so far!)

Sensitivity of new physics searches largely extended with
2016 data @ 13 TeV

More data collected, more and more to come : stay tuned
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