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Excellent performance in 2018 for Vs=13 TeV proton-proton collisions -
Good for Physics
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Standard Model

* Production cross section
measurements in good
agreement with theoretical
predictions at Vs=13 TeV

* Measured diboson

« WW
« WZ

* Measured ttbar+boson
* ttH
* ttW
* tt/

* Measured triboson
e WWW
e WWZ

ATLAS ATL-PHYS-PUB-2019-010
CMS SM

Standard Model Total Production Cross Section Measurements staws: March 2019
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-010/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/index.html

Highest invariant mass (4.06 TeV) di-electron

Ove VIEW * E; of 2.01 TeV and 1.92 TeV

Introduction

Emphasis on searches with 140/fb and on
searches for new signatures __ _ EAm-IE-!TnﬁNST

Run Number: 336852, Event Number: 1440436043

Exotics Searches
* High Mass Resonances
* Low Mass Resonances

Date: 2017-09-29 11:44:35 CEST

Searches for Supersymmetry
* Electroweak production
e Strong production

Unconventional Signatures™
Dark Matter and Dark Energy

Summary

*Magnetic monopoles in Vasiliki Mitsou’s talk on Thursday



ATLAS 139/fb _arXiv:1903.06248

Di | e ptO N CMS 36/fb JHEP 06 (2018) 120

Direct production of high mass 7’

* Improved reconstruction for e and

* Mass resolution for electron channel < 2%,
muon channel increases from 3% at 200 GeV
to 15% at 3000 GeV

* Functional form fit for background

No significant excess, report limits @ 95% CL
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Dijet
* High mass resonance decaying to jets
* Huge background from QCD dijets

* Lowest single jet trigger p;>420 GeV
* Fully efficient for dijet masses above 1.1 TeV

* Background from functional form fit

* Benchmark model: excited quark > 6.7 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-007/
https://arxiv.org/abs/1806.00843

" Highest invariant mass dijet event from ATLAS

EXPERIMENT

Two central jets
each with high p;
of 3.74 TeV

Invariant mass is
8.02 TeV




Events /0.1 TeV

Significance

ATLAS 139/fb arXiv/1906.08589

Diboson resonances

W/Z boson
. / W/Z boson
* High mass resonance decay to WW, WZ, 7Z
e Boson hadronic decay products highly collimated
* Not resolvable as separate jets
* Large jets with allow to
differentiate from huge QCD multi-jet background
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https://arxiv.org/abs/1906.08589

CMS 36/fb arXiv:1906.00057

Combination

ATLAS 36/fb PRD 98 (2018) 052008

 Combine diboson searches for
WW, WZ, ZZ, WH, ZH with
36/fb
* Improve limits by up to
700 GeV for HVT model B
with mass-degenerate
heavy vector triplet

e Combine complementary
diboson and dilepton channels

* Dibosons sensitive for
large boson couplings

* Dileptons sensitive for
large fermion couplings

F

Fermion coupling g

2016 diboson and dilepton combination

35.9 o' (13 TeV)

—h

IR R m,. = 3.0 TeV
- CMS m,, = 4.0 TeV
- m,. = 4.5 TeV
B e HVT model B
0.5~ +  HVT model A
L _
O— _
—0.5_—\ H =

B — Combination

- rl;—V NLCTAR asssesaeaeanad RUTIE V' = VV, VH

1|_ | \I/I | | | | | | | | | | | | | | ] | | | Jd T V' % |V’ ”

-3 -2 1 0 1 D 3

Higgs and vector boson coupling g


https://arxiv.org/abs/1906.00057
https://arxiv.org/abs/1808.02380

" " CMS 36/fb arXiv:1906.00057
CO M b 1N at 1on ATLAS 36/fb PRD 98 (2018) 052008

* Combine diboson searches for 2016 diboson and dilepton combination 359 b (13 TeV)
WW, WZ, ZZ, WH, ZH with T 1 ' 1

36/fb
* Improve limits by up to
700 GeV for HVT model B
with mass-degenerate
heavy vector triplet

F

Exclude
with diboson
V'’ mass 4.5 TeV

Fermion coupling g
o
o

 Combine complementary
diboson and dilepton channels 0

* Dibosons sensitive for
large boson couplings

* Dileptons sensitive for
large fermion couplings -0.5

0 | Boupling @
Higgs and vector boson coupling g



https://arxiv.org/abs/1906.00057
https://arxiv.org/abs/1808.02380

" " CMS 36/fb arXiv:1906.00057
CO M b 1N at 1on ATLAS 36/fb PRD 98 (2018) 052008

* Combine diboson searches for 2016 diboson and dilepton combination
Exclude with Z’ and W’ searches

F

WW, WZ, ZZ, WH, ZH with
36/fb
* Improve limits by up to
700 GeV for HVT model B
with mass-degenerate
heavy vector triplet

Fermion coupling g
o
o

 Combine complementary
diboson and dilepton channels 0

* Dibosons sensitive for
large boson couplings

* Dileptons sensitive for
large fermion couplings -0.5 S

V'’ mass 4.5 TeV

+ HVT model A

0 | Boupling ¢
Higgs and vector boson coupling g,


https://arxiv.org/abs/1906.00057
https://arxiv.org/abs/1808.02380

LHCb Rare Decays b, 5
+

* Hadron collider high statistics B physics Vi K
program can investigate rare decays o

e Bt 5 Kt¢*¢~ and B® - K*0¢t¢~
* SM branching fractions small

e Even small contribution from new physics i LHCb
can be detected 1.5
* Test lepton universality by measuring ratio of I T
decays to muons to decays to electrons 1.0 Frr I ..................................... L
e Ratio from 2014 was unexpectedly low .
* Updated with 2x data in 2019, compatibility 0.5 ) gi‘ﬁ’é‘r

with SM unchanged at 2.50

: ; : e LHCb Run 1 + 2015 + 2016
* Lepton Flavor Universality breaking not | | uln " +|
O‘O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

confirmed or ruled out 0 5 10 15 20
LHCb Run 1 Ry = 0.745 *9:999 (stat) + 0.036 (syst) PRL 113 (2014) 151601 g2 [GeV?/cH]

+2015 + 2016 Ry = 0.846 F508 (stat) T0-015 (syst)  PRL122(2019) 191801

CERN seminar Paula Alvarez Cartelle



http://arxiv.org/abs/1903.09252
https://arxiv.org/abs/1406.6482
https://indico.cern.ch/event/779306/

- Ry double ratio cancels most systematics -
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~ LHCb

 Doubled statistics for B*
with 2015-16 data added

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

- 2018 (6.5 TeV): 2.19 /b

to Run 1 an_d Improved g 9 z L 2007 (654251 TeVp 1t b+ 000 M | L.
reconstruction - — s 2016 (6.5 TeV): 1.67 /fb
, > gH| 2015 (6.5 TeV): 0.33 b SR SRS ORI SO S
* Total systematic = = . 2012 (4.0 TeV): 2.08 /fb E E E
uncertainty reduced from 2 7 2011 (35 TeV): 1410l L T g T S—
4.8% to 1.7% E ) = . 2010 [53_5 Tew:r::.n:dfffh . |
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with even better Year

performance



" LHCb search for lepton flavor wolatmg decavs

» Search for B>t LHCD arXiv:1905.06614 a0

* SM branching fraction 104 S 02F — Bt ortmatvp g

. . ) . — N simulation .

* Indirect production of Z’, leptoquarks, Pati-Salam S 0.15F | 3

as |arge as 104 5 - Same-sign data .

2 01F -

* Results with 3/fb from 2011-2012 2 oosk E

* Reconstruct T->mmtrtv, decays through two g 05 ,,,,,,,

Zz 2 3 4 5

intermediate resonances a,(1260) and p(770)° | I M;%GCQ,;zf
* Normalize with B=> D (K*-rtm)m* |

* First limits on B, and improve by x2 limits on B°
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https://arxiv.org/abs/1905.06614

CMS 77/fb Phys. Lett. B 792 (2019) 345

" Search for 4 muons q . q .

Dominant

Signal background
* Low mass Z’ from U(1) based on L -L,
’ A a mo
* 7’ only couples to muons and taus
* Radiate Z' from muons Z it ot
* Exploit SM Z-u*u to produce muons
¢ EXp|Ore part Of intereSting parameter space q ut q ut
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https://arxiv.org/abs/1808.03684

Events / 4 GeV

data - bkg

CMS 36/fb arXiv:1905.10331 submitted to PRL
ATLAS 80/fb Phys. Lett. B 795 (2019) 56

“Dijet” with ISR photon
ATLAS 80/fb ATLAS-CONF-2018-052

* First limits below 50 GeV at a hadron collider for low mass resonances decaying to “dijets”

* Trigger on ISR photon p;>200 GeV, large boost of low mass resonance collimates decay products
into single large radius jet with two-prong substructure

* Data-driven background estimate for non-resonant and _
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https://arxiv.org/abs/1905.10331
https://arxiv.org/abs/1901.10917
http://cdsweb.cern.ch/record/2649081

~ Supersymmetry i

» Significant progress in challenging SUSY signatures

 Many natural models have small mass differences, @~ ... tr tr

for example Higgsino triplet differences of 100’s MevV 777777 br

* Cascade decays give visible particles with low py, ~
difficult to trigger and reconstruct

» Compressed searches

pp, VS =13 TeV, NLO+NLL - NNLO+NNLL

* Non-prompt decays give unconventional signatures | — §§ — FER (wino)
* Long-lived charged particle disappears after its 107 ; 4§ —— i X1 (wino)
decay to soft charged pion and neutral LSP & =
» Searches for disappearing or short tracks 8 100_2
* Long-lived neutral particle appears after its decay § 5
» Searches for emerging jets, displaced vertices g -
> First results at a hadron collider for SUSY partner to S E
tau lepton “stau” ]
10‘4-3
0 500 1000 1500 2000 2500

particle mass [GeV]



Events/ 10 GeV
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ATLAS 139/fb ATLAS-CONF-2019-018
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e LHC first results since LEP!!! ~ -0
- 1
e Decay to di-tau and 2 LSPs -~
* Large MET ~ =~ a
e Veto b-jets (ttbar) 7
* Veto Z and H decays to taus -
* Limits up to 390 GeV for mass-degenerate staus
* Limits up to 300 GeV for only “LH” staus
* No observed limits yet for “RH” staus
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" Chargino-Neutralino Production

Events

Significance

ATLAS 139/fb ATLAS-CONF-2019-014
CMS 36/fb Phys. Lett. B 782 (2018) 440

Limits set down to AM of 2.6 GeV for Higgsinos 2
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Exploring very interesting region for natural SUSY, =
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searches for disappearing tracks
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Inclusive searches

» Strong pair production of gluinos or squarks

24

Py

ATLAS 36/fb JHEP 12 (2017) 034

* My, search in regions of scalar sum of jet p; (H;) |& by number of jets & b-jets

* Limits on gluino mass about 2 TeV @ 95% CL for decays to pairs of quarks + 2 LSPs
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Inclusive searc:heszl\/lE with disappearing tracks

* Strong pair production of gluinos or squarks
* Compressed: chargino and LSP almost mass degenerate, chargino decay to LSP and soft pion

* Look for disappearing track from chargino
» Several categories optimized for various track lengths
* Up to 700 GeV improvement over inclusive search alone!

CMS rreliminary 137t (13 TeV)
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Shorter-lived chargino with ct=10 cm

Strongest limits when large mass
splitting between gluino and chargino,
since large boost increases chance of
chargino decay in tracking volume

Long-lived chargino with ct=200 cm

Strongest limits when small mass
splitting between gluino and chargino,
since small boost increases chance of
chargino decay in tracking volume 0
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Inclusive searches with 2 or 3 leptons Gsprbsses

» Strong pair production of gluinos or
stops or sbottoms

e SM backgrounds very small for same-
sign leptons and 3 leptons

: HH: exactly 2 leptons pT>25 GeV MET>50 GeV
* Interpret for several possible decays, CMS Preliminary 137 fb-1 (13 TeV)
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" Stop Summary
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ATLAS Summary Plots SUSY

CMS Summary Plots SUSY

New result filling in gaps for <175 GeV mass difference between stop and LSP
C

T, production, T~ b f 1% / = ¢ %, M= Wb 7 /T~ t %]

May 2018
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Overview of SUSY results: squark pair production
36 fb™' (13 TeV)
pp — i
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Stop 3-body decay

ATLAS 139/fb ATLAS-CONF-2019-017

CMS 36/fb JHEP 10 (2017) 019

p

* Challenging search with decay via off-shell top to b+W+LSP

* Machine learning with Artificial Neural Network
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Long-lived particles & Unconventional signatures

* LHC Long-lived particle forum disappearing or
displaced kinked tracks

arXiv:1903.04497 multitrack vertices

* Lots of development of new i i
techniques to search for particles -
decaying in detector displaced leptons, //

, ] ; lepton-jets, or
* Don’t want to miss new physics lepton pairs

because of missing tW
reconstruction...

* Highlighting several new searches
with new techniques in

non-pointiﬁg
0 (converted) photons

emerging jets

trackless,
| low-EMF jets

quasi-stable

is talk _ o charged-particles
multitrack vertices in the \

muon spectrometer

>



https://arxiv.org/abs/1903.04497

" Lone-lived particles: closing the gaps  nassummar piots susy

CMS Summary Plots SUSY

* Gluino (R-hadron) e Chargino (wino-type)
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" Heavy Neutral Lepton

Cover 4.5-50 GeV mass range using leptonic W boson decays

New LHC signature of prompt muon & displaced vertex of two

leptons extends previous prompt searches to

* lower masses (longer lifetimes)

* lower couplings

* |epton number conserving processes (LNC)

Large Radius Tracking on dimuon sample
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Events

Long-lived stop

RPV SUSY, long-lived stop decay

Large Radius Tracking

Displaced vertex (=3 tracks) and displaced muon
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https://arxiv.org/abs/1711.09120
https://cds.cern.ch/record/2275635

Interpret searches for
dark matter results in
terms of a heavy
mediator Z' model.

q vV /g X
!
V/A
q X
Classic mono-jet
signature!

Dijet and dilepton
resonances contribute if
sizable Z’ coupling to
quarks or leptons

Where is dark matter?

ATLAS

EXPERIMENT

Monojet p; 1.7 TeV/
MET 1.7 TeV
No other jets with/p;>30 GeV

Run: 302393
Event: 738941529
2016-06-20 07:26:47 CEST
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Dijet TLAYS = 13 TeV, 29.3 b
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Dijet + ISR Y5 = 13 TeV, 15.5 b
Preliminary ATLAS-CONF-2016-070
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e 7" mediator must have coupling to
quarks to be produced at LHC

1 = tt resonance
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| ¥ Dibjet
Ys=13TeV,36.11b"
PRD 98 (2018) 032016

* If g, large, decay of Z’ to dijets gives
best sensitivity regardless of dark ¢
matter mass
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-1 Er*+y¥5=13TeV, 36.1 o
Eur. Phys. J. C 77 (2017) 393
ET™ 4 jet V5 = 13 TeV, 36.1 b
JHEP 1801 (2018) 126
ET+Z(N) ¥5 = 13 TeV, 36.1 b
PLB 776 (2017) 318
ET™"+V(had) ¥ = 13 TeV, 36.1 ™'
JHEP 10 (2018) 180

* If g, not zero, decay of Z’ to dileptons
also sensitive

* If g, smaller, decay of Z' to dark ST "] &= Dilepton
matter gives best sensitivity if : 1™ Gorerevamin
kinematically allowed (Z' mass
double dark matter mass), rely on
visible ISR and large MET from

invisible dark matter i V)

JHEP 10 (2017) 182
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e Benchmark model:
* Vector mediator > :
H V/A 0'2__ =0.1,9g =0.01,9g =
e Dirac DM : 7 R I
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Jilepton

Vector mediator, Dirac DM
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Plots

e 7" mediator must have coupling to
quarks to be produced at LHC!

* If g, large, decay of Z' to dijets gives
best sensitivity regardless of dark ¢
matter mass

* If g, not zero, decay of Z’ to dileptons
gives best sensitivity regardle
dark matter mass

* If g, smaller, decay of Z' to dark
matter still gives good sensitivity if
kinematically allowed (Z' mass
double dark matter mass), rely on

visible ISR and large MET from i Vg
invisible dark matter
* Benchmark model:
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* Dirac DM q
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Dijet ¥s = 13 TeV, 37.0 fb”!
PRD 96, 052004 (2017)
Dijet TLAYS = 13 TeV, 29.3 fb”
PRL 121 (2018) 0818016
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Preliminary ATLAS-CONF-2016-070

= tt resonance
Ys=13TeV, 36.1fb"

EPJC 78 (2018) 565

B Dibjet
Ys=13TeV, 36.1fb"
PRD 98 (2018) 032016

| . e,

ET™ 4y ¥ =13TeV,36.1 fo”
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e Spin-dependent WIMP-proton
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~ ATLAS & CMS SUSY summary plots

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

March 2019 Vs=13TeV
Model Signature  [rdt ') Mass limit Reference
T — T a4
3, G-qt) Oep  2Bjets  ERT 361 1.55 m(})<100GeV 1712.02332
mone-jet 13 jets Eﬁ““ 36.1 071 m{ghmifi)-5GaV 1711.03301
& gt Oep  2Bjets EPT sen | @ m{i})<200 GaV 1712.02332
¥ Forbidden 0.85-16 mif}}=900GeV 1712.02382
SV Sep 4jets %1 |# 1.85 m(f}}<800Gev 170608781
e 2jets  EFT 361 E 12 migHmit! =50 GeV 1805.11381
77 FoqgWziE] Qe TAljets EFT 31 | & 18 mii]) <400GeV 170802734
Sep 4jets %1 |& 098 miz)m{E))=200 GeV 1706.03731
28, gl Oleq 3h BT 798 | % 225 m(f})<200GeV ATLAS-CONF-2018-041
Bep 4 jets 36.1 H 1.25 mig)-m{f|)=300GeV 1706.03731
Byby, By—bi 1T Multiple: 361 |k Forbidden 0.9 miF)=300 GeV, BR{&Y)=1 1708.09266, 1711.03301
Multiple: 36.1 B Forbidden 0.58-0.82 m{i}}=300 GeV, BR(uE}|=BA(: 5 1708.00266
Multiple 36.1 B Forbidden 07 m(§})=200 Ge¥, m{}=300 GeV, BR(ET )=1 1706.03731
Byby, By—bTs — BT, et &b EPT 139 |k Forbidden 0.23-1.35 AmiF_£1)=130 GeV, m(7})=100 GeV SUSV-2018-31
I 0.23-0.48 Am{ES, £]1=120 GeV, m{i)=0 GaV SUSY-2018-31
fify, 0-2epu 02 ]Q“Sﬂ-zbﬂ;“‘" 36.1 ?‘ 1.0 ma‘}}ﬂ GeV 1506.08616, 1709.04183, 1711.11520
Multiple: 381 |Q 0.48-0.84 m(7})=150 GeV, (¥} )-mil})=5 GeV, i, =, 1709.04183, 171111520
Trelepnr 2jetst b EP™ 361 |& 116 m{fi)=800 GeV 1803.10178
i Qe EXI - R 0.85 mii)-0GaV 1805.01649
Qi 0.46 mif, &-miE] =50 GeV 1805.01649
Oep mono-jet  EFT 381 B 0.43 mify E)mi])=5 Gav 1711.03301
B, ol + 1-2eu ab B ss1 |§L 0.32-0.88 miE1=0 GV, m(i, l-miE)= 180 GaV 1706.03986
FE viawz 23ep Fo R 0.6 mifh)=0 1403.5294, 1806.02293
o =1 Ei““ 36.1 j{'[j‘f} 017 miF} m(E})=10 Gev 1712.08119
FiAT via ww 2eq Epe o3 | & 0.42 mif)=0 ATLAS-CONF-2018-008
FTES via Wi 01ep 2h S CR I 0.68 1812.09432
iR viafy v Zeg EF o q@e &) 1.0 mi,#)=0 S} ) +m(E]]) ATLAS-CONF-2019-008
T D] o rm), Ko oF 10w 27 EPS O as :i,';; 0.76 L miE=0, mins)0.S(m(E i) 1708.07875
ViE 022 miF; J-miE] =100 GeV, m{f. 7)=0.5(miF; J+m(E]]} 1708.07875
Trlug, T8 2e.p ojets BT 139 | 07 “m(x“,‘;:o ATLAS-CONF-2018-008
Zep =1 Bt s |7 018 mif)-miF})=5 Gav 1712.08119
AR, B—hG1ZG Dept z3b B st & 0.13-0.23 0.29-0.88 BRI — b1 1806.04030
dep ojets  Ept ae1 | 03 BR(E — 761 1804.03602
Direct F1 ¥| prod., long-lived ¥} Disapp.trk et EF™ 381 |E 0.46 Pure Wino 1712.02118
T 015 Pura Higgsino ATL-PHYS-PUB-2017-018
Stable 3 R-hadron Multiple .1 |& 20 1902.01636,1608.04095
Metastable g R-hadron, g—qqV| Multiple 36.1 miE)=100 GeV 1710.04901,1808.04095
LFV pp—¥, + X. Fy—epjerjur EeT T 3.2 A =001, Asggisys=0.07 1607.08079
R IV — wwizeeitw dep Ojets  EF™ 361 miE})=100 GeV 1804.03602
8 Eagt] 6 - gaq 45 large-R jets 3.1 Large 17, 1804 03588
Multiple: 36.1 mE}}=200 GeV, bino-like ATLAS-CONF-2018-003
77, Tt ) = ts Multiple 36.1 miE})=200 GeV, bino-ike ATLAS-GOMF-2018-003
il i—bs 2jets+ 25 36.7 171007171
Zep 2bh 36.1 BR(7, —sbe bys)>20% 1710.05544
Tu oV 136 BRI, —+gu) = 100%, Gosf=1 ATLAS-CONF-2018-008
N N . PP | N N .
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

CMS July 2018

Overview of SUSY results: gluino pair production
36 th~' (13 TeV)

PP — £8

g — tty?

g — tt — tty)

AM; = M, Mﬂ = 400 GeV

g— tt— teyd

AM; = 20 GeV

& — thi; — thif'{)

AMili =5 GeV

g — (tt79/bbi}/tbii — thff'{})
g — bby}

g — qqiy

& — qq(¥1/%9) — aq(W/Z)x9

g — qqiy — qqW il

g — qqys — qqHy]
g — qqys — qqH/Zy?

1000 1250 1500 1750 2000

mass scale [GeV]

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and x represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.

500 750
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/
CMS SUSY Summary Plots

~ ATLAS & CMS Exotics summary plots

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: May 2019 f.!l dt = (3.2 - 139) b~ Vs =8,13 TeV
Model f,y Jetst ET™ [raqm™) Limit Reference
—r T ™ — T T — T T —
ADD Gk +glq Deu 1-4j  Yes 361 1711.03301
ADD non-resonant yy 2y - - 36.7 1707.04147
ADD QBH - 2j - aro 1703.09127
ADD BH high ¥, pr zlep 22j - 32 n=6, Mp=3TeV,rotBH 1606.02265
ADD BH multijet - =3 - a6 n=#6Mp=3TeV.rot BH 1512.02588
RS1 Gy — 7y 2y - - %7 1707.04147
Bulk RS Ggx — WW/ZZ multi-channel 36.1 X 1808.02380
Bulk RS Gyx — WW — gqqq Qe 2J - 139 JefMp; = 1.0 ATLAS-CONF-2019-003
Bulk AS gicic — tt leu =1b,> 102 Yes 361 r/m=15% 1804.10823
2UED/ RPP leg  =2b=3] Yes 361 Tier (1,1), B{AM) - ¢t) =1 1803.09678
SSM 7' = 1 2ep - - 139 1903.06248
SSMZ' — 1T 27 - - 36.1 1709.07242
Leptophabic Z* — bb - 2b - 36.1 1805.09293
Leptophobic 2" — tt Tequ z1b.z 102 Yes 361 Tim=1% 1804.10823
SSM W = by Teu - Yes 139 CERN-EP-2019-100
SSM W' — oy 17 - Yes 361 1801.06982
HVT V' — WZ — qqqq model B Oep 24 - 139 ev=3 ATLAS-CONF-2019-003
HVT V' — WH/ZH model B multi-channel 36.1 av=3 1712.06518
LASM Wy — tb multi-channel 36.1 1807.10473
LRSM Wy — pNg 2pu 1J - 80 m{Ng) = 0.5 TeV. g1 = gr 1904.12679
Cl gqqq - 2j - 37.0 1703.09127
. Clttqq 2eq - - 36.1 1707 02424
Cl ttte 2lepx  21b21] Yos 361 1Cael = 4n 1811.02305
Axial-vector mediator (Dirac DM)  Oe,pu 1-4j Yes 361 £4=0.25, g,=1.0, m{y) = 1 GeV 1711.03301
Colored scalar mediator (Dirac DM) 0 e, 1-4j Yes 36.1 £=1.0, m(x) = 1GeV 1711.03301
VWyy EFT (Dirac DM) Oeu  1J,21) Yes 32 mix) < 150 GeW 1606.02372
Scalarreson. ¢ — ty (DiracDM)  0-1ep¢ 10, 01J Yes 361 y=041=02 m(y) =10 GeV 181209743
Scalar LQ 1 gen 12e z2j Yes 361 B=1 1902.00377
Scalar LQ 2" gen 120 22]  Yes 361 £=1 1902.00377
Scalar LQ 3" gen 2r 2b - 36.1 HLQY — br) =1 150208103
Scalar LQ 3™ gen 01 ep 2b Yes  36.1 BLQY —~t1) =0 1902.08103
VLQTT — Ht/Zt/ Wb+ X multi-channel 361 SU(2) doublet 1808 02343
VLQ BB — Wt/Zb+ X multi-channel 36.1 SUi2) doublat 1808.02343
VLQ Toj3 Toial Toys — Wi+ X 2(88)/23 epr 21b,21] Yes 361 B(Tss — We)= 1, o Tos W)= 1 1807.11883
VLAY — Wb+ X leu =1b=1 Yes 361 B(Y — Wh)=1, co( W)= 1 1812.07343
VLQ B — Hb+ X Oeyu,2y z1bzl Yes 798 w=05 ATLAS-CONF-2018-024
VLA QQ — Wglg e z4] Yas 203 1500.04261
Excited quark ¢ — qg - 2j - 139 only w* and &, A = m{q") ATLAS-CONF-2019-007
Excited quark ¢° — gy 1y 1] - 36.7 only u* and o, A = m(q") 1709.10440
Excited quark b* — bg - 1b1j - 6.1 1805.09299
Excited lepton ¢* 3ep - - 203 A=30TeV 14112821
Excited lepton v et - - 203 A=16Tev 14112021
Type Il Seesaw Teu 22]  Yes 798 ATLAS-CONF-2018-020
LRSM Majorana v 24 2j - 31 m{We) = 4.1 TV, g, = g 180911105
Higgs triplat H** — ¢( 234ep(88) - - 381 ¥ production 1710.09748
Higgs triplet H** — fr Jeput - - 203 DY production, B{H* — ir) =1 1411.2921
Multi-charged particles - - - 36.1 DY production, |q] = 5e 1812.03673
Magnetic monopoles - - - 344 DY production, |g] = 1gp, spin 1/2 180510130

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

10 Mass scale [TeV]

T

SSM L)

S5M Z'gg)

LFVZ', BRleu) = 10%

SSM Wb}

S5M W)

SSM W Tw)

LRSM Wa(tN=), My, = 0.5,
LRSM Wl =), Ma, = 0.5Mu,
Axigluon, Coloron, cotd =1

scalar LQ [pairprod.}, coupling to 1°* gen, fermions, f =1
scalar L (pairprod.), coupling to 1°° gen. fermions, =05
scalar L [pair prod.}, coupling to 2 gen. fermions, @ =1
scalar L [pairprod.), coupling to 2 gen. fermions, 8 =05
scalar LQ (pairprod.), coupling to 3 gen. fermions, f=1
scalar LQ [single prod.), coup. to 3 gen. ferm., #=1,4 =1

excited light quark lqg), A=m,

excited light quark (gy), fe=f=F=LA=m_

excited bquark, fe=Ff=F=1A=m;
excited electron, =1 .
excited muon, fe=f=f =17

N

quark compositeness (9g), Nums=1
quark compositeness (1), Nues=1
quark compositeness [qgh, nuss
quark compositeness (), Nues=

ADD [jj} HLZ, nez=3
ADD (yy, ) HLE, nen =3

ADD Gy emission, n =2

ADD QBH (jjl. nec= 6

ADD QBH fep), nen =6

RS Guelgd, gg), kMa=01

RS Guclth), ki =01

RS Guxlyy), ki =0.1

RS QBH {jj). ne= =1

RS QBH (e}, Nen =1

non-rotating BH, Mo = 4 TeV, nez = 6
split-UED, p= 4 TeV

FICFFFiT ez 00T rrzrr FFFrFrFr sriFFsrge:

{axiab)vector mediator (xy). ga=0.25.gou =L m, =1 GeV M,

{axiakjvector mediator (94), g

pseudoscalar mediator [+, g, =
scalar mediator (fermion portal), A

.25,
scalar mediator (+6tE, 9, =1,g00=1.m, =
Gea=1m, =10GaV oy,

Goum

my=1GeV '

complex sc. med. (dark QCD), ma, =5 GeV, eTw, =25mm

Type lll Seesaw, 8. =B, = B,
string resonance

Overview of CMS EXO results

CMS

36 fb~! (13 TeV)

1811.01107 2e + 2§) | Lag
1B11.01157 [2e+ Zj;e + 2§ +E7°) 127
180805062 (2p + 2§) |13
1808 05082 (2p + 2j; p + 2§ + E7=) 129
1811.00806 27 + 2j) 102
1806.03472 27 +b) o7

01 10
mass scale [TeV]

Selection of ebserved exclusicn limits at 95% C.L. {theory uncertainties are not included).

10.0

January 2019
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html

Backup topics

Vector-like means identical left-handed and right-handed

e \Vector-like Ieptons interactions in SU(2)xU(1). Can’t obtain mass from Higgs Yukawa
. coupling, so not bounded by constraints from Higgs production.
* Vector-like quarks Can cancel quadratic divergences to Higgs boson mass.

Little Higgs and Composite Higgs models
* Leptoquarks c6 P 56

* Type lll Seesaw

W+ H,Z

SHI
=l
>
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e SU(2) doublet of non-chiral tau leptons
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" Vector-like Quarks

* CMS inclusive search for all decays
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using boosted event shape

classifier for six types of jets (from

top, H, Z, W, b, and quark/gluon)
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Type |l Seesaw

CMS 137/fb EXO-19-002

* 3 or more leptons: scalar p; sum of leptons & MET

e Seesaw model mass degenerate SU(2) triplet of Dirac
charged leptons and Majorana neutral lepton

lepton flavor democratic scenario
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