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- from energy...

...to luminosity
« what now?

* new opportunities

= dark matter
= |ong-lived particles

= experimental anomalies
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The LHC revolution mﬁ' 2

« world-record energies, luminosities beyond expectation

13TeV

/TeV

P 5.61b
B
P 38t

Steven Lowette - Vrije Universiteit Brussel

IAP Meeting - 21 December 2017 Page 3



The energy frontier mﬁ' e
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proton - (anti)proton cross sections

109 = T T T T I'll'll' I!' T T T IlI 'II ‘. T 3 109
s [ T 8
bl : O : T . 3"
10" £ Tevatron LHC: {10
o I ,,_.;s:‘—':- 11
5 . 1ans =
10° | : : 4 10° 5,
: : 1 oy
10° £ : : 410" E
/ ] o
10° £ : : J10° 8
" ’ ] mO
10? " J1* T,
1 : : ] 1 N
c 10t : 710 <
b 10° b jet J10° ¥
Ojet{ET > 100 GeV) E 8
107 110" @
L . —
-2 b -2 U)
107 | {10° £
10° | 4 10° 2
] @
10" [ 4 10*
10'5 ;_MH=125 GEV{ _; 10'5
10° 4 10°
10_7 L WJS20'12 K | . 10_?
0.1 1 10

Steven Lowette - Vrije Universiteit Brussel
IAP Meeting - 21 December 2017 Page 4



The energy frontier 12he

BRUXELLES ERUSSEL

WJS 2010
1000 L. L] L] L] L] LI I ) I L) L] L] L] L7,

ratios of parton luminosities
at 7 TeV LHC and Tevatron

WJS2013

100 . r 7 T T T T T T
L ratios of LHC parton luminosities: /
13 TeV/8TeV,7TeV /8 TeV /

100
— 99

-~ xqq
T Qg

—_
o
T

[y
T

luminosity ratio
luminosity ratio

10

Xqq - | MSTW2008NLO

i . 09 v
MSTW2008NLO 100

10’ 10° 10
MX (GeV)

Steven Lowette - Vrije Universiteit Brussel
IAP Meeting - 21 December 2017 Page 5



The energy frontier 12he

BRUXELLES ERUSSEL

Excitement in 2010 and 2015

« first data at world-record centre-of-mass energy collisions

n

= “new physics around the corner

JHEP 08 (2011) 155
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Excitement in 2010 and 2015

* first data at world-record centre-of-mass energy collisions
= “new physics around the corner”

m(et+e-) = 2.91 TeV
B < 0.002 ev. (64pb-1)

CMS Experiment at LHC, CERN
Data recorded: Sat Aug 22 04:13:48 2015 CEST
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On the kinematic tails Wiite
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Current state of the art

« smooth spectra including tails incredibly well predicted

CMS-PAS-EX0-16-031 12.4 fb (13 TeV)
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On the kinematic tails Wiite
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We still had some surprises...

JHEP 12 (2015) 055 ATLAS-CONF-2015-081 and JHEP 09 (2016) 001
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We still had some surprises...

Phys. Lett. B 775 (2017) 105
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On the kinematic tails 717072e
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Also excellent hadronic control

CMS-PAS-EXO-16-056 36 b (13 TeV) arXiv:1712.02345 35.9 fb” (13 TeV)
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see also Eur.Phys.J. C77 (2017) 829
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So what nhow?

« data volume now grows ~ linearly
= while statistical uncertainties on tails scale with ~ sgrt ( data volume )
= 100fb-1 now
= 150fb-1 by end of 2018

= 500fb-1 by end of 2023
jump in luminosity from 2026 onwards (HL-LHC): towards 3000fb-1

« “classic” analyses now often systematically limited

= DMWG meeting 18/12: “Monojet: from now on, systematically-limited search”
= and not easy to further improve
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From energy to luminosity

So what nhow?

* new era - change of mindset

precision measurements

global interpretations
evolution of the search program

» create new search opportunities

follow up experimental anomalies

new final states or topologies

new approaches in our data taking and use of it

new analysis techniques improving sensitivity

new territory in model parameter space

new interpretations or combinations

analyses that were previously at the limit of sensitivity
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New opportunities: DM m

Dark Matter searches with simplified models
« explore “all” final states
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New opportunities: DM

“Invisible mediator” searches
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Link beyond LHC

arXiv:1712.02345 35.9 fb’1 (13 TeV) arXiv:1712.02345 35.9 ﬂ:)'1 (13 TeV)
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Events /5 GeV
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New opportunities: DM m;‘;" e

Link “visible mediator” searches

Data/Prediction
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Status Dark Matter searches

CMS Preliminary LHCP 2017
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New opportunities: DM

Status Dark Matter searches

CMS Prellmmary LHCP 2017
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« careful! very sensitive to considered couplings!
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Off the beaten track

« what is exotic is time-dependent

yes s it the usual - Sounds
Is your Is it an axio '” ——— KSVZ or DSVZ ____________-----' I‘EdSOﬂdUe

['T'—]Cid Pl d - o3 '(| on: l.i
II"H";”NV‘”: 1 ,
s it an
Isita MSSM

e es |
neutralino! Y€S 1 . neytralino? ——

— Sounds
welrd

has the paper
been citeda
arge rnnnbpr' _ crazy

~ Sounds

Neil Weiner's DM bingo card

 like fashion: the creative of today is tomorrow mainstream (or forgotten...)
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Long-lived particles at the LHC

* no BSM so far - move away from under the lamppost

* long-lived particles are theoretically motivated

= small mass splittings

eg. SUSY
= high-mass barrier

eg. Hidden Valleys
= small couplings

eg. dark photons

» theoretical landscape is vast!

« “exotic new physics could be
around the corner”

Energy

Production portal

Decay portal  idden Valley

Standard Model
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New opportunities: long-lived

+ also experimental landscape is vast

=r=ux neutral displaced B BSM
charged HSCP dilepton B lepton
any charge B quark
photon
l anything
disappearing displaced
track : lepton
(Il TILLL) .:
.a“"-“' .. .*hro
.. .‘ ".
displaced \ . o, displaced
dijet . "o photon
- A4
v Not pictured:
displaced ¥ displaced out of time decays
vertex conversion
Courtesy J. Antonelli
Steven Lowette - Vrije Universiteit Brussel
IAP Meeting - 21 December 2017

« maximize experimental coverage of unusual signatures
using pheno motivation
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New opportunities: long-lived

« experimental exotics

= non-standard simulation
eg. R hadrons, SIMPs, quirks,...

= non-standard reconstruction
non-standard timing
dE/dx
secondary vertices & displaced jets
veto on material interactions
Soft Unclustered Energy Patterns

= non-standard triggers

displacement at trigger, trigger-level analysis, new L1 ideas,...

* our detector was often not designed for this

= use flexibility and versatileness to get the most out of it

« rich program of searches for the next few years!
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Flavour anomalies

- several few-sigma deviations in Rpesy, Rew, P's,...

CERN seminar 18 Aug 2017
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« anomalies come and go, but attractive here is that they could be explained
together with minimal extra new physics
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« |leptoquarks (LQ)

= TeV scale, 31 generation favoured

;K
\

= reinforcing searches for LQ's
single- and pair-produced
different generations

e /'s
= di-tau search
: . b
links to e-mu final state " -
= coupling to b? d _
associated Z' - b production to explore
,"‘/ r
g { b ,..Z
* . B
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Searches for exotic signatures at the LHC m;‘;" e
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Conclusions

e rich set of exotics searches in CMS

= more than 130 exotics papers so far

 the LHC has entered the luminosity era

= the CMS search program is evolving
= usual exotic searches to follow slow pace of luminosity growth
= new exotic opportunities being actively pursued

dark matter intensely explored with 13TeV data
long-lived particles in intense development
on guard for experimental anomalies

* the IAP provided fertile grounds and a scientific community that allowed
for a visible Belgian role in CMS and pheno exotics over the years (\\(\
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