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We got data

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2018-06-28 07:03 UTC
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e Fantastic increase in sensitivity w.r.t. LHC run
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We also got pileup
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Run Number: 338220, Event Number: 2718372349

Date: 2017-10-15 00:50:49 CEST

We are at twice the LHC design luminosity L\
(and design pileup) =




...but we can handle that

JETM-2017-009

Detectors, trigger, and computing are @ 5 gf—e— Allets B1<M,, <101 Gev
. . —=— JVT>0.59

dealing well with the LHC ATLAS Profiminery

performances

)

2017, Ys =13 TeV, 20.8 fb ™
Anti-k; R=0.4 EM+JES
p*' > 20 GeV, |n| < 2.4

{ Number of Je

In some cases, thanks to upgrades (for
example, the ATLAS Pixel readout has
been upgraded during run2 to cope
with the high bandwidth)

10 15 20 26 30 35 40 45 50 55

Average Number of Interactions per Bunch Crossing

Combined Performance groups are
constantly improving performances
with smarter algorithms

. —Miss
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q, > 50 GeV

This talk focuses on physics results
but these wouldn’t have been
possible without the lower level
work on detector and Response Corrected
reconstruction software
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2017-009/

|Is the best behind us ?

Increase in the mass reach of runX over runY, as a function of the mass reach of runX.
Numbers given for gluon fusion production.

system mass 100 GeV 1 TeV 4 TeV
runi => run2 115% 87% 70%
run2=> run3 26% 19% 13%
run3 => runb 90% 50% 24%

Calculated with collider-reach.web.cern.ch

* With constant collision energy and constant luminosity, it takes increasingly
more time to improve the reach with just more data

* Better prospects for low mass weakly coupled particles than heavy stuff.



not really...

most searches have exploited only a quarter of the anticipated
run2 data

reconstruction and analysis techniques are getting better

emphasis is shifting from "analyze the new data as soon as
possible” to “develop a smarter analysis”. Not all searches are
statistically limited

new signatures : we have not looked everywhere. We only need
one positive result.



where is the new physics ?

ATLAS Physics TDR, 1999 CMS Physics TDR, 2006
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https://cds.cern.ch/record/942733/files/Final_printing.pdf

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

Extra dimensions

Gauge bosons

Heavy quarks

fermions

now we have many searches...
(far more than | can talk about)
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Reference
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There are O(100) papers on direct BSM searches
from ATLAS and CMS each in each iteration (i.e.
without counting updates with more luminosity)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic
http://cms-results.web.cern.ch/cms-results/public-results/publications/



soO | need to choose

Supersymmetry : still a major option to address
naturalness and Dark Matter and | like it

Dark Matter related searches (monoX and resonances) .
motivated by Dark Matter and naturalness (which suggest
weak scale Dark Matter)

Vector Like Quarks and W’/Z’ (addressing naturalness
though Higgs compositeness)

leptoquarks (motivated by flavor anomalies)



Supersymmetry



why SUSY is cool ?

Electroweak symmetry
breaking predicted and natural

Dark Matter candidate

® Requires R-parity
. _ conservation
Unification of forces
® Constraints from relic
SUSY gives a very rich variety density and direct
of sighatures and associated

searches T " 1 Onlya coincidence ?
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Natural mass spectra

e Naturalness motivates :
searches of gluinos, third

o= —|y,|2 +...+0m;,

g.ener.atior.\ squarks, light | o, == e, +fa f i 22
higgsino-like LSP '

TeV

e In principle one can compute fine-tuning natural SUSY decoupled SUSY
from sparticle masses, but there are '
caveats (like masses not being
iIndependent parameters but generated by
the unknown symmetry breaking
mechanism)

e How much fine tuning are you prepared to
accept ?

Mean apparent sizes (2% tuning):
Moon 31.5’
Sun 32.7°



gluino searches

PRD 96, 0322003

35.9 fb' (13 TeV)
pp — g g, 95% C.L. NLO+NLL exclusion

T--3obb%
-9 % — Observed

e Colour octet, high cross section 5> 1b% --- Expected
TT-g-tbY, (50%). g > ttY, (25%), g —bb¥, (25%)

TTCg-tbR (50%), - tt i? (50%)

e Relatively mild dependence of limits gt
on decay mode.

M.: - Mo =5 GeV
X X

e Limits will only improve slowly
(factor 10 cross section between
2.0and 2.5 TeV)

800 1000 1200 1400 1600 1800 2000 2200
m. [GeV]

* using formulas from Papucci et al., arXiv:1110.6926. Caveats apply !
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top squark searches

T, production, T— b 1 7 /T— ¢ %, /T~ Wb % /T~ t %, May 2018
800
] ] ATLAS Preliminary Ys=13 TeV, 36.1 fb"’
Summary plot assuming direct BTt 7 T Wh T, o [1709.04183]
. . S - 700 — Tty [T—=Wby% /T—=bff¥} 1L [1711.11520]
decay to the lightest neutralino 1 BT TeWb Tebiry 2L [1708.03247]

—Wi-cy /T-btf 52:’ Monojet [1711.03301]
600 t>cy, coL [1805.01649]
Vs=8 TeV, 20 fb” Run 1 [1506.08616]

ISR+MET soft |eptons soft b'jetS 500 Observed limits ==== Expected limits All limits at 95% CL
) ) g

400

ISR + tt +MET sy

|1 1/0' ‘ /

800 900 1000
m(t) [GeV]

bOOSted tOp, Iarge M ET * using formulas from Papucci et al., arXiv:1110.6926. Caveats apply !
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For CMS equivalent see https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsSUS/T2tt_limits_summary_cms_Moriond17.pdf



top squark, less simplified

e stop limits gets weaker for more complex (realistic?) decays

e Searches were optimized on simplified models and only interpreted in the more
complex ones

Still it seems difficult to have a stop below 400 GeV. Do we have any holes in low mass coverage ?

green curve : tR production
natural SUSY blue and : t./bL production Several EWKinos (higgsino-bino mix) in a few tenths of GeV

Bino/Higgsino Mix Model: ¥, b.b, production, Am(’;ZZ, 7{1’) = 20-50 GeV, March 2018

Higgsino LSP Model: T, production, m(x) = m&f)+5 GeV, m()Zz) = m&?)+10 GeV, March 2018
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. —— Best Observed limit T, ~T_oL/1L
550 ATLAS Preliminary Best Observed limit Jt (large tan B) OL/AL

Best Observed limit T, zTR oL/1L

-
's =13 TeV, 36.1 fb - == Expected limit OL [1709.04183]

All limits at 95% CL ... Expected limit 1L [1711.11520]
450 ATLAS higgsino exclusion [1712.0811]

700
ATLAS Preliminary Best Observed limit T, ~ T oL/1L

Vs =13 TeV, 36.1 fb™ Best Observed limit T, ~ T, OL/1L

All limits at 95% CL Expected limit OL [1709.04183]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS_SUSY_Stop_higgsino/ATLAS_SUSY_Stop_higgsino.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS_SUSY_Stop_binohiggsino/ATLAS_SUSY_Stop_binohiggsino.png

compressed stops

Phys Lett B 778, 263 arXiv:1805.05784

35.9 fb(13 TeV) 35.9 fp (13 TeV)
pp > 1, T —>c % NLO+NLL exclusion e op 51T, Sbifi NLO-NLL =
= = Ol+11: =
;Sbser;/eg_:_r 11 Otneory _S 90| =Observed 15, -=-Expected 1! _5
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e Signature is ISR+bb+MET and ISR+cc+MET, relatively
strong limits set by CMS

 Mixtures of 4-body and charm decay modes might be less
constrained ?
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electroweak simplified

JHEP 03 (2018) 160
bino LSP, wino NLSP is the benchmark signal model. e el

==Observed £ 10, NLO-NLL excl.
=== Expectedt 15,

eeeeeeeeeeee

Very tight limits if sleptons are between bino and wino.
Otherwise :

95% CL upper limit on cross section [pb]

Ci1 No=>N1WNqZ

—_ 35.9 b (13 TeV)
C1N2=>N1WNih o

== Observed £ 10, NLO-NLL excl.
2= Expected £ 164, ,¢iment

C1 C1 => W N1 W N1 (more difficult, weaker limits than from
either C1N2 final state)

95% CL upper limit on cross section [pb]

The figures are a statistical combination of relevant

600

searches, interpreted in each model. It’s nice to see that the m, = m, GeV]
50-50% BR case has a similar sensitivity (expected limit) 0w (13Tey
than the pure higgs decay ! |

eeeeeeeeeee

Is M(LSP) < 100 GeV and m(NLSP) < 500 GeV excluded ?
Only for wino cross sections... s

95% CL upper limit on cross section [pb]

17



robust limits ?

o Let’s take u=300 GeV, M1=50 GeV (heavy winos). More natural than the wino
NLSP model (neither is a good choice for relic density)

* N2C1 + N3C1 cross section is 180 fb (the wino cross section is 386 fb)

* N2(N3) decays mostly to ZN+1 (hN+1) so WZ+MET and WH+MET final states are
roughly equally likely

Case All

X3’
) ul—

X1°h X1°Z
X10 Wi

Han et al.
arXiv:1309.5966




higgsino searches

ATLAS higgsino summa lot March 2018

* |f an higgsino-like N1 is the LSP and

1 1 _ 2¢ compressed, arXiv:1712.08119, m(3) = m(x9) + 2Am(x7, ¥9)
everyth I ng else IS heavy’ d Mass Disappearing track, PHYS-PUB-2017-019, m(x3) = m(x?)
LEP2 X7 excluded

degenerate trlplet Of States IS Ieft B the == Theoretical prediction for pure Higgsino
ultimate challenge !

* Since the higgsino mass m drives fine D ATLAS Preliminary
tuning it’s a very motivated scenario V5 =13TeV, 36.1 fo

PP — X9Xi» X3X5, XiX1» X1 X (Higgsino)
All limits at 95% CL
— Observed limits

e First limits from ATLAS and CMS now : ——- Expocted limits
available

e Still a gap for 0.3 < AM < 2 GeV

A LAS Sl |atI0n ATLAS = Total SM Fake/nonprompt
= 1
4 Vs =13 TeV, 36.1 fb ¢ Data , single top
2
X1

CMS compressed higgsino : PLB 782, 440
CMS disappearing track : arXiv:180407321



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS_SUSY_EWSummary_higgsino/ATLAS_SUSY_EWSummary_higgsino.png

arXiv:1803.02762

~ ~F

O
=0
LRLR XX,

ATLAS Observed limit (=1 oSusY

Theory)

(5213 TeV. 36.1 fb” Expected limit (1 04,)
s= eV, 36.

ATLAS 8 TeV arXiv:1403.5294
All limits at 95% CL
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600

~

m(l) [GeV]

Direct slepton limits not yet covering

e mass differences 20 < AM(I,N+1) < 50 GeV

e beware of simplified model assumptions ! The N1 |
decay might easily compete with C1 v => N1 v+soft

e still need to probe direct stau production

20

g-2 and sleptons

Light charginos and sleptons ?

MasTeRcone)

1o00t@rXiv:1710.11091 o

Chargino coannihilation
(sleptons below 750 GeV)

3

STRALE =KD > _—_——w UL o @

750 1000 1250 1500 1750 2000
myz [GeV]

Slepton coannihilation

(nearly degenerate slepton
and bino like neutralino)




Supersymmetric Higgs sector

= Rnmes =T Higgs decays to SUSY particles can be large in

§ 40 i some regions of parameter space (see for example
0°F R R.K. Barman et al., arXiv:1607.00676)
20 B Ys=13TeV,36.1 b

ATLAS-CONF-2017-058
gg— A— Zh
Vs =13TeV, 36.1 b

ATLAS-CONF-2017-055

ECmH St

Vs=13TeV, 13.21b™

ATLAS-CONF-2016-089
/3 H-> WW- viv

ATLAS Preliminary Vo= 13 TeV, 36.1 1o
hMSSM, 95% CL limits ™| g st o0 stoenes
T oo 1 ST CMS search with SS leptons targeting 4-top production

Phys. Rev. D92, 092004 (2015)

EPJ C77, 578

Zh, hh, WW, Z2Z
Y

2 H(tt) dominant G o th S bh y
difficult ! 555 homaige o e _ 150 CMS 35.9 fo (13 TeV)
JHEP 11 (2015) 206 g —e— 95°% CL Observed —_— ;s:;(;i/oscalar
T ----- 95% CL Expected £ 1 and + 2 6 oo
< 100 I & TOTO00 o — v ]
ATLAS search targeting H(tt) [resonance with interference] % - R § H<A’\<t RS
> — 7 1 *+ ' ‘* T _' ‘' * T ' ' * T * ‘* * T ‘T " T 1T T T ° ~ t [ t
S 10°EPRL 119, 191803 47,45 § Daarorz SRR S ) B SR B
=) - e Geo, o Is=8TeV,20.31b" SM it — 2 100 L (a) FEH (b) tHq (©) tHW -
3 10* — L P ., Lept9n+jets | SM W4jets = n - -
E E ® All signal regions - Other SM E g 80 | ]
m 10° Uncertainty — - - -
= = = 0 -
L — -t? - —
102 E  J = ~— = -
- = g_ _
10 = L Q TVem——g |
o) r r T 1 r T 7 - . e TN
5 11— Muy = 500 GeV, tanp = 0.68 ] Lo e L PR LR e
- = — At (S+)x4 === Hott(S+I)x4 -
% N - -- Pre-fit background i
(=) - == Y - P -
1— O.__,- E 21 P (o o0 s e + """"" ™

L '.‘I I R ST T S R T R
400 600 800 1000 1200 1400 1600
mie° [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/ATLAS_HIGGS5101_BSM_hMSSM_tanb_vs_mA_Summary_LargeRange/ATLAS_HIGGS5101_BSM_hMSSM_tanb_vs_mA_Summary_LargeRange.png

SUSY - summary

e gluino searches : good coverage, ~2 TeV limits for light LSP, will improve by a few
hundred GeV by the end of run3

e stop searches : rich phenomenology, masses in 400-1000 GeV still possible for non
trivial decay chains.

e EWKIinos : light non compressed spectrum still possible with higgsino cross section,
but will be probed with current data. Compressed EWKinos and direct slepton
searches also well motivated.



Dark Matter



Dark Matter searches

Looking for Dark Matter particles recoiling
from SM objects => mono-X

Mostly using simplified models with a
mediator

e Plenty of parameters : at least mediator

mass, spin/parity and couplings to SM
and DM, and DM mass ATLAS CMS

o mono-jet JHEP 01 (2018) 126 PRD 97, 092005
mono-jet is the more powerful channel for
simplest diagrams
mono-y EPJ C77, 293 JHEP10 (2017) 073
full theory can be more Complicated (Wlth mono-V PLB 776, 318 [II] PRD 97, 092005 [had]
additional particles, etc.), mono-X signatures ATLAS-CONF-2018-005 [had] EPJ C52, xxx Il
can arise from decay of heavy particles NN PRL 119, 181804 [bb] Xiv1806.04774 (b
PRD 96, 112004 [yy] e ’
qq => mediator => qq diagram : link with arXiv-1711 11520 JHEP 06 (2018) 027
resonance searches tt+MET EPJ C78, 18

Full 2015+2016 data

24



monojet search

JHEP 01 (2018) 126

E : ATLAS ¢® Data2015+2016
P Vs=13TeV, 36.1 fb’ Z(05 vv) + jets
. . S Sig_nal Region - W(=s Iv) + jets
Signature is an excess at large i Py (1)>250 GV, E'>250 GeV 2051+ ot
B single top
I Diboson
M ET multijets + ncb

=== m(b, %)) = (500, 495) GeV
(M, M,..,)= (400, 1000) GeV
ADD, n=4, MD=64OO GeV

Main background is Z(vv)+jets,
constrained with Z(ll)+jets and
W(lv)+jets

Data / SM

800 900 1000 1100 1200

Limited by systematics over | RN
much of the MET range (~2% at -
low MET)

It’s an example of a precision
search, future sensitivity will
depend on control of
systematics



simplified model limits

choice of parameters other than mass
JHEP 01 (2018) 126 dq9om = 0.25

JHEP 01

Expected limit+ 2o, 0
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Vector Mediator
Dirac Fermion DM " Observed limit (+ 10,0 *%)
g =025 =1.0
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L - - . Expected limit (+ 1cexp)

Vs =13 TeV, 36.1 b

Pseudo-Scalar Mediator | pseudo scalar mediator case
Dirac Fermion DM more difficult

—k
o
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di-jet resonant search

ATLAS Dark Matter coupling summary

CMS Preliminary LHCP 2018

95% CL exclusions ATLAS Preliminary April 2018 Large-A jet + ISR, 36.1 b
. = 1 arXiv: 1801.08769
»\ N Observed - ts = 13 Tev, 3-6-37-0 fb Dl]et + ISR (Y)‘ 15.5 b 1

Expected 95% CL upper limits ATLAS-CONF-2016-070
° .- -

. — Observed ./ — Dijet+ ISR (jet), 15.5 fb !

T,/ M, <~100% Expected ATLAS-CONF-2016-070

.- '
Dijet % [EXO-16-046] — Dijet TLA, 3.6-29.7 fb

359", 13 TeV . - .’ arXiv: 1804.03496

/M., <~30% Dijet, 37.0 fb™'
f My = Phys. Rev. D 96,

Broad Dijet [arXiv:1806.00843] - 3 i 052004 (2017)
35.9 b7, 13 TeV

T,/ M, <~10%

Dijet [arXiv:1806.00843]

35.9 fb!, 13 TeV

Dijet [arXiv:1604.08907]

19.7 b, 8 TeV Axial vector mediator
Boosted Dijet [arXiv:1710.00159] Dirac Dark Matter
35.9 b7, 13 TeV - Mpy = 10 TeV

Dijet b-tagged [arXiv:1802.06149]

100 200 300 1000 2000
1000 2000
M, [GeV] m,, [GeV]

Various techniques (and triggers!) are used to probe the mass range from 50 to 4000 GeV

Sensitivity to gq between 0.05 and 0.2 depending on mass (for leptophobic scenario)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/ATLAS_DarkMatterCoupling_Summary/ATLAS_DarkMatterCoupling_Summary.png

mono-X vs di-jet

-1
35.9 fb' (13 TeV) DM Simplified Model Exclusions ~ ATLAS Preliminary July 2017
1.2 ‘ — Dijet
Dijet 8 TeV ¥s = 8 TeV, 20.3 b
Phys. Rev. D. 91 052007 (2015)
Dijet¥s = 13 TeV, 37.0 fb™!
arXiv:1703.09127 [hep-ex]

Expected
P Dijet TLAYsS = 13 TeV, 3.4 fb’"
ATLAS-CONF-2016-030

i Boosted dllet .:.\ - , Dijet + ISR ¥ = 13 TeV, 15.5 fb™
+ — Resolved dijet I.-' 1J ) 7 ATLAS-CONF-2016-070
12.9 fb! [35] :: E_Ir[uss+x

ET*+y¥S=13TeV,36.1 1b"
Eur. Phys. J. C 77 (2017) 393
ET*+jet s =13 TeV, 36.1 fb
ATLAS-CONF-2017-060

Er - +ZY¥s=13TeV,36.1fb"
ATLAS-CONF-2017-040

CMS ! Exclusion at 95% CL

Vector mediator —— Observed 1

Dirac fermion DM

DM Mass [TeV]

[}
i
L
[}
L}
[
L}

Axial-vector mediator, Dirac DM
gq =0.25, g = 0, 9,
All limits at 95% CL

2.5 3

Mediator Mass [TeV]

e if the mediator couples to lepton, strong limits from ee/uu resonant search

e Otherwise, dijet resonance search complementary to mono-jet
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5 DM Simplified Model Exclusions ATLAS Preliminary July 2017

= Dijet
Dijet 8 TeV ¥s = 8 TeV, 20.3 fb™
Phys. Rev. D. 91 052007 (2015)
Dijet ¥s = 13 TeV, 37.0 fb’
arXiv:1703.09127 [hep-ex]
Dijet TLAYs = 13 TeV, 3.4 fb™
ATLAS-CONF-2016-030

Dijet + ISR ¥§ = 13 TeV, 15.5 fb!
ATLAS-CONF-2016-070

miss
Er +X
ET**+y Vs = 13 TeV, 36.1 fb™

Eur. Phys. J. C 77 (2017) 393

ET*+jet ¥§ = 13 TeV, 36.1 fb'

ATLAS-CONF-2017-060

DM Mass [TeV]

Dilepton

Ys =13 TeV, 36.1 fb™
CERN-EP-2017-119

Vector mediator, Dirac DM
gq=0.1, g|=0.01, 9., = 1
All limits at 95% CL

2.5 3

Mediator Mass [TeV]

Since three different couplings are involved, I, jj, and mono-jet are really complementary !
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heavy flavour

e scalar mediators Yukawa couplings enhances top final
states

* The last result from CMS combines 0,1,2 lepton
channels

35.9 b (13 TeV)

35.9 fb" (13 TeV)

3597 (13 TeV)

CMS —+— Data
Preliminary I ti2)
MY, > 110 Gev [t
I Z/y*+jets
[ Single t (21)
[ Diboson
W W (V)+jets / (1) / tW(11)

CMs

Preliminary
2RTT all-hadronic lhp';”ss

Events / bin
Events / bin

£
o
~
2
c
[
>
w

Bkg. unc.
===~ Prefit
— m,=100 GeV, m,=1 GeV

prTmss eov] p:“ss eV] "50 100 150 200 250 300 350 402?;5;0(;6\5/;)0
O-lepton 1-lepton 2-lepton
top-tagging jet triplets Large M1, Mr2W Large Mr2!
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CMS-PAS-EXO-16

35.9fb' (13 TeV)

—
o
o

Scalar, Dirac, gq=1, gx=1, m =1 GeV

CMS

Preliminary

Upper limit on 6xBR [pb]
o

Median expected 95% CL

- 68% expected

95% expected

—e— (Observed

Theory
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VLQ - introduction

* Present in many BSM models (extra
dimensions, composite Higgs, ...)

* Link to hierarchy problem

* Nice set of final states to explore

B can decay to bH, bZ, tW
T can decay to tH, tZ, tW
X (Q=5/3e) => tW, Y (Q=-4/3) => bW

e Pair production via strong production,
model independent cross section, 6 final
states for B,T each

e Single production depends on coupling,
potentially dominant at high mass
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Vs=13TeV, 36.1 fb’

BB — Wi+X 1-lepton
ap SU(2) singlet
O SU(2) (T B) doublet
A $3 SU(2) (B Y) doublet

B

Observed 95% CL mass limit [

S
$ l
D

1 .
0 0102030405060.70809 1
B=>bZ AB(B - Wt)

Scan of the three BRs shown in triangle plots



VLQ pair production

arXiv:1806.07162

CMS and ATLAS searches with 36 fb-1 :

ATLAS ¢ Data - mWt_{ 3 Tev

Events / bin

arXiv:1805.04758 : Inclusive 1,2,3 lepton search [ ls-13Tev %‘;ng.emp %g;j;
PLB 779, 82 : WbWb in 1 lepton+jets 4 Em_jet ,/D/;;fif:fimemy
B2G-17-008 : WitWt in 2SS and 1 lepton+jets '
JHEP 08(2017)052 : Zt+X in 1l+jets+MET 3 . BDISR

JHEP 10(2017)141 : Wb+X in 1l+jets
arXiv:1803.09678 : tH and tZ in 0/1 lepton + multiple b-jets
arXiv:1806.01762 : Wt+X in 1l+jets

1.1

Data / Pred.

Other channels still with earlier datasets

0.9

0l8 / 2
0 005 01 015 02 025 03 035 04

BDT discriminant

PLB 779, 82
35.8 (1), 35.6 (e) fb™' (13 TeV)

¢ Data
[ tt+jets
[] Singlet
Bl W+jets
[_] Other bkgs
TT, m,=1300 GeV x10
7 Bkg stat unc

e Tagging hadronic W,Z,top,Higgs decays in
many channels

Events / 50 GeV

e Observable ranges from inclusive discriminant
to T,B mass peaks; analysis techniques
ranging from cut and count to BDT
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VLQ limits

arXiv:1803.09678 (targeting tH)

ATLAS
Vs =13 TeV, 36.1 fb

e Limits on T quarks in the 1.1-1.4 | e t—
TeV range depending on BR - served im

t [GeV]

imi

¥ SU(2) doublet
O SU(2) singlet

95% CL mass |

e That assumes no non-SM decays

0 01020304 0506 0.7 0.8 0.9
BR(T — Whb)
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VLQ single production

Competitive at high mass, but model
dependent cross section

Easier reconstruction of mass peak

Possibility of forward jet tagging

PL B781, 574 : target T to Zt (Il jjb) with fwd jet

tagging
arXiv:1802.01486 : target B to Hb, Higgs tagging,
fwd jets, b-jet multiplicity
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PLB 781, 574

1

1.1

Events / bin

35.9fb" (13 TeV)
—e— Data
60 CMS Z/v*+jets
Tin2u + 1b jet + 2jets ttV and tZq (V = Z or W)
S0 N(forward jets) >0 M i and single-top
mm VV (V=ZorW)
4 t7zzzzZ) Background uncertainty

1 Tb—tZb (M=1TeV, LH)

600 800 1000 1200 1400 1600 1800 2000
m,; [GeV]

35.9 fb™ (13 TeV)

Observed

Median expected

68% expected

95% expected

6(NLO), C(bW)=0.5, B(tZ)=0.25
negligible width

12 1.3 14 15 16 1.7
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LeptoQuarks



New J. Phys.18,093016

13 TeV, 3.2 fb™

All limits at 95% CL

o Flavour anomalies in b => suu and b => ctv motivates leptoquark searches
(exp. 2nd and 3rd generation)

e Some recent results :

; —— observed limit

New J. Phys. 18,093016 : egeq, uquq ) 2 — — expected limit
expected + 1o

. expected *+ 26

PAS-EXO-16-043 : ee jj - - ATLAS 8TeV

LQ2LQ2 production, LQ2— pnq
500 600 700 800 900 1000 1100 1200

PAS-B2G-16-027 : tu tu m qo [GeV]

PAS-EXO-17-003 : uujj, uwvjj

arXiv:1806.03472

arXiv:1803.02864 : tt tt

35.9 fb' (13TeV)
arXiv:1805.10228 : M+, susy search reinterpreted for tv, bv, qv

S
arXiv:1806.03472 : tb single production 1

CM
l:l Preferred by

B-anomaly (95% CL)

JHEP 07 (2017) 121 : tb tb pair production
Excluded (95% CL)

T JHEP 07 (2017) 121 7
e Can also reinterpret searches for scharm (cvcv), sbottom (bvbv), stop (tvtv), . Che Bt
RPV stop (blbl) etc.

o With cross-generation combinations (eg. ebeb) and final states from
BR~0.5 (eg. LQ LQ => bt cv), lots of final states, not all covered by _ \ s
dedicated searches. Priorities ? : Exp. 95% CL

1500
Leptoquark mass (GeV)
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Final remarks



ATLAS and CMS are looking for new particles in a large variety of final states.

Of course that’s little comfort if we miss the one with a signal. Are we looking
in the right places ?

Analysis techniques are getting more sophisticated, as we build over the
experience of early searches. The trend will continue, with more time
between each doubling of integrated luminosity. Expect more BDTs, shape
fits, machine learning, and also new ideas in physics object selections

Are we over-optimizing on simplified models ? Would reinterpretations
become more difficult ?



e New physics at the electroweak scale remains as
motivated as ever. The hierarchy problem, Dark Matter,
and hints of deviations from SM (lepton flavour
universality anomalies, g-2) give reasons for hope

e Negative results so far just means there might be
something just beyond the existing limits

e The full run2 dataset gives a large potential for
Improvements



Backup



SUS-16-033 search

35.9 fb' (13 TeV)

e Search regions binned in number of jets,
b-jets, missing momentum, HT

e 173 bins for optimal exclusion

e 12 aggregate signal regions

L POy G e P ¥
100 120 140 160
Search region bin number

9 10 11 12

Aggregate search region bin number



35.9 o (13 TeV)
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VLQ CMS limits

35.9 fb' (13 TeV)

1220
1250 1250

1280 1270

35.9 fb' (13 TeV)

1180

1140 1160

1080 1070 1080

95% CL observed T quark mass limit (GeV)

95% CL observed B quark mass limit (GeV)

6 X B(bW) (pb)

800

900

CMS

Preliminary

900

1000 1100

35.8 (1), 35.6(e) fb™' (13 TeV)

= Observed limit (95% C.L.)
Median expected

I 68% expected

1 95% expected
TT production, B(bW) = 1.0

1100 1200 1300 1400 1500 1600
my [GeV]

35.9 fb' (13 TeV)

- 68% expected
E 95% expected

—e— 95% CL observed
- Median expected

ignal cross section

X5/3 5/3 " RH
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VLQ CMS single production

» "md V
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VLQ ATLAS limits

ATLAS ATLAS

9FON k )
{s=13TeV, 36.1 fb 8 Vs =13 TeV, 36.1 fb

Zt+X A1+ETSS ' 7B TT — Wb+X 1-lepton

+ SU(2) singlet

SU(2) singlet
e SU(2) doublet o SU() sing

O SU(2) doublet

Observed 95% CL mass limit [

Observed 95% CL mass li

0.2030405060.70809 1
B(T - Wb)

ATLAS

Vs =13 TeV, 36.1 fb"

1-lepton + O-lepton combination
Observed limit

ATLAS
Vs =13 TeV, 36.1 fb™

BB — Wit+X 1-lepton
oo SU(2) singlet
O SU(2) (T B) doublet

Y SU(2) doublet B <3 SU@) (BY) doublet

O SU(2) singlet

95% CL mass limit [GeV]

Observed 95% CL mass limit [

0 0.10.20.304 05 0.6 0.7 0.8 0.9 0 010203 040506070809 1
BR(T — Wb) BB — W)




Backup material on EXOT-2016-04

Systematic uncertainties [%] Total bkg

' ,;\'Il'qus lSilmluI;\tiorlm R Luminosity [55] 1.7
\s =8 TeV, 20.3 fb ~ PDF 2.9

Parton level; before selection 2 tt initial- /final-state radiation 3.2
m, = 500 GeV, tanp = 0.68

tt parton shower + fragmentation 4.9

tt normalization 5.7

tt event generator 0.5

Top quark mass 0.5

Events / 10 GeV

Jet energy scale 6.4

N B B B B
300 400 500 600 700 800 Jet energy resolution 1.3
M. [GeV] b-tagging: b-jet efficiency 1.5
b-tagging: c-jet efficiency 0.2

Vs =8TeV, 20.3 fb~1, all limits at 95% CL

—— Obs. ==== Exp.+ 10/20 e Signal Samples
I

ATLAS

Electron efficiency 0.3

Muon efficiency 0.9

Signal MC scales —

Reweighting _

MC statistical uncertainty 0.5

Total uncertainty 11

la | 1 lllllAIllllll

l

500 550 600 650 700 750
ma = my [GeV]




2HDM+pseudoscalar model

h
g h g "
t 1
f ‘. X t t
a e _ X
t X _
g g ¢ a =~ X

(a) EFSS + h

(c) EXiSS+jet (d) EXSS417

Benchmark from the LHC Dark Matter working group
Rich phenomenology, complementary to that provided by simplified models



