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Why beyond SM?

In 2012 the Standard Model of Particle Physics (SM)
particle content was completed with the discovery of the
last missing piece of the puzzle — the Higgs boson
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However, we know that the SM is not
the final theory:
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There is “hard” evidence that there is new physics beyond the SM
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Why beyond SM at the LHC?

* There are very good reasons to look for beyond SM (BSM)
physics at the LHC

 LHC defines the energy frontier and it is the only place to look directly
for heavy new particles

 Some of the “hard evidence” BSM physics questions may be related

- e.g. searches for weakly interacting massive particles (dark matter
candidate); new CP violation sources; TeV scale gravity; seesaw
scenarios for neutrino masses, ....

e “Soft evidence” BSM physics questions directly point to the energy
scale explored by the LHC

- Force unification implying SUSY at TeV
- Little hierarchy problem: fine tuning of the mass of the Higgs boson

Nikolaos Rompotis FPCP Prague — 5-9 June 2017 3



w¥ UNIVERSITY OF ’i CATLAS

LIVERPOOL ’ 7 EXPERIMENT
Where to look for BSM physics at ATLAS/CMS

 Through the Higgs sector
* No a priori reason for the Higgs sector to be minimal
e Supersymmetry (SUSY)

* Highly motivated (unification, dark matter, little hierarchy,...)
and phenomenology thoroughly studied

 Exotics
 Non-SUSY or BSM Higgs that is “beyond the beaten path”

There is no clear boundary among these three categories, which are
actually overlapping

Disclaimer: only a few highlights from each topic will be
covered here due to time and space limitations!
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BSM Higgs searches

 How to approach a BSM Higgs sector

« Extended Higgs sector: more than one Higgs boson

- Examples: singlet(s), 2HDM/MSSM, NMSSM (2
doublets+singlet), Georgi-Machacek (1 doublet + 2 triplets)

- Charged scalars may be included as well

Higgs
o

Example: 2HDM
\S‘anezzitmade' ()
e Exotic properties of the Higgs @

- Examples: composite Higgs, Higgs \H+/
decaying to dark matter,...
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Searching for Heavy Higgs bosons

« MSSM Higgs bosons |
5 Higgs bosons:

« MSSM has a 2HDM Higgs sector 3 neutral : h /H /A and
2 charged: H*"

plus some additional constraints from SUSY
Just 2 parameters at lowest order: mA and tanf (= ratio of Higgs vevs)

 Example: Neutral MSSM Higgs searches

(charged Higgs searches exist but not covered here)

* Production . Decay
“b-associated”
Gluon-gluon fusion  production Higgs decays to Tt are
‘ favoured for large parts of
9 ¢ the parameter space
g
b
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Searching for Heavy Higgs bosons

. ATLAS-CONF-2016-085
Example of the neutral MSSM Higgs search  ys.pas.ic.16.037
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Searching for Heavy Higgs bosons

 Interpreting the search

as cross section limits for the
production of a heavy Higgs

... or In various MSSM scenarios

ATLAS Preliminary
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Searching for light Higgs bosons

* |n next-to-MSSM or various extensions with singlets there
are light Higgs bosons to which the 125-GeV Higgs can

decay to
According to the mass of the light Higgs

> w/uu/m/bb various decay channels are possible

= 19.7 fb (8 TeV)
H — a. a % 10 -CMS —— Signal model —— Bkg. model
O) = —— ZZ component —— Red. component
‘ / }l/ /‘bb L(c; - - Bkg. uncertainty ¢ Observed
g/t =
Yy :
e
o
T
CMS has recently submitted a search

on 8 TeV data for
H(125) — aa— Tt/ nutt/ uubb

10-1 | 1 | 1 1 1 1 | 1 1 1 1 | 1 1

arXiv:1701.02032 M f&ev)
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Searching for light Higgs bosons

 Results of the search
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Searching for exotic properties

* Di-Higgs production is rare in the SM, however, an
anomalously large rate can be evidence of a composite
125-GeV Higgs boson 2o S I —

Q
2254 &
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Supersymmetry (SUSY)

e SUSY is the most studied individual framework for BSM
physics at colliders

» Basic concepts for SUSY searches: Avery rough guide

violated Signatures without MET

R-parity
conserved  Signatures with MET MET + jets:
- gluino production

Strong production — - squark production

Multileptons, MET, Higgs:

Weak production — - sleptons
- gauginos
Nikolaos Rompotis FPCP Prague — 5-9 June 2017 - 12
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ATLAS and CMS
representative makes an
official wish for
supersymmetry discovery in
Charles Bridge Prague.
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Top and SUSY

* Top quarks are very important in SUSY searches:

* Related to top squark search, which is the quintessential
SUSY search:
stops have to be light for a natural Higgs boson mass

Top squark pair production,?1 Sy 7(?
900_||||||||||I
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Top-tagging for SUSY

Final states with top can be also used to look for other

SUSY particles CMS PAS SUS-16-050

This CMS search has defined a dedicated top tagger to
Improve sensitivity

CMS Preliminary 35.9 fb! (13 TeV)
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Top-tagging for SUSY

o Similar exclusion plots for gluinos are produced (in
addition to stop quark vs x,): CMS PAS SUS-16-050
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Weak SUSY production examples

Electroweak SUSY searches: suppressed due to small couplings, but much
usually cleaner due to the leptons in final state

~ ~0
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Observed limit

----- Expected limit (+10,,,)

B ATLAS 8 TeV arxiv:1403.5294
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Weak SUSY production examples

Electroweak SUSY searches: suppressed due to small couplings, but much
usually cleaner due to the leptons in final state

b
CMS-PAS-SUS-16-043
200 CMS Preliminary 35.9 fb™ (13 TeV)
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Long-Lived particles

e Very interesting

* Many theories, not just SUSY, have models with long-lived
particles (e.g. hidden valley models): SUSY/Exotics

boundary
.. but very challenging

 The LHC experiments are designed to look for objects
produced close to the interaction point and within a small

time window
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Long-Lived particles

Long-lived gluinos leading to

displaced vertices A N\ P -0

X1
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Long-Lived particles cwms.pas.exo-16-004

Search for long-lived SUSY partners g : g X
that decay in the calorimeters —~
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LHC SUSY searches at a glance

- 95% CL Lower Limits

ATLAS

_EXPERIMENT

ATLAS Preliminary

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on

107!

simplified models, c.f. refs. for the assumptions made.

Mass scale [TeV]

May 2017 : \/_=7, 8,13 TeV
Model &MT,Y Jets ET [Lanm™ Mass limit Vs=7,8Tev [ ys=13TeV| Reference
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 32 1.85 TeV m(g)=m(g) 1507.05525
44, 3¢ 0 26jets  Yes  36.1 mE?)<200 GeV, m(1% gen. §)=m(2™ gen.q) ATLAS-CONF-2017-022
@ 44 §—g¥1 (compressed) mono-jet  1-3jets  Yes 3.2 m(g)-m(¥3)<5 GeV 1604.07773
S 38,89 1 0 26jets Yes  36.1 m(¥?)<200 GeV ATLAS-CONF-2017-022
% 28, E—qa¥i —>qu*¥ 1 0 26jets  Yes 361 mo:d’)<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
s & g—>qq(”/vv>h 3ep 4 jets : 36.1 mu_d‘)<4oo GeV ATLAS-CONF-2017-030
© 88 3-oqqWZl) 0 7-11jets  Yes  36.1 M) <400 GeV ATLAS-CONF-2017-033
= GMSB (£ NLSP) 127+0-1¢ 0-2jets  Yes 3.2 1607.05979
3 GGM (bino NLSP) 2y = =P cr(NLSP)<0.1 mm 1606.09150
2 GGM (higgsino-bino NLSP) Y 1b Yes 20.3 G 1.37 TeV m(¥?)<950 GeV, cr(NLSP)<0.1 mm, 1<0 1507.05493
=  GGM (higgsino-bino NLSP) Y 2jets Yes  13.3 m(¥})>680 GeV, c(NLSP)<0.1 mm, >0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(2) 2jets Yes 20.3 & 900 GeV m(NLSP)>430 GeV 1503.03290
CGravitino LSP 0 mono-jet Yes 203 F'2 scale 865 GeV m(G)>1.8 x 107 eV, m(3)=m(g)=1.5TeV 1502.01518
s 'q°,' 88, g—>be 1 0 3b Yes  36.1 m(¥9)<600 GeV ATLAS-CONF-2017-021
OE gz 3% 1 0-1epu 3b Yes  36.1 m(¥9)<200 GeV ATLAS-CONF-2017-021
"Sﬂ wo 38, §obil; 0-1en 3b Yes  20.1 4 1.37 Tev m(¥9)<300 GeV 1407.0600
= bbb —»bxl 0 2b Yes  36.1 m(¥})<420 GeV ATLAS-CONF-2017-038
e S bbb _»vl 2,1 (SS) 1b Yes  36.1 [ 275:7001GeV/ m(¥?)<200 GeV, m(¥5)= m(¥3)+100 GeV ATLAS-CONF-2017-030
g S  &h, bty 0-2e,u 1-2b  Yes 4.713.3 117-170GeV =~ 200-720 GeV. m(¥;) = 2m(¥}), m(¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
@ 'g i, i WhES or Y 0-2e,u 0-2jets/1-2b Yes 20.3/36.1 90-198GeV | 205-950 GeV| m(P)=1 GeV 1506.08616, ATLAS-CONF-2017-020
S S A, hioch 0 mono-jet  Yes 3.2 m(E)-m()=5GeV 1604.07773
S8  #(natural GMSB) 2e,pu(2) 1b Yes 203 150-600 GeV m(E)>150 GeV 1403.5222
35 hb.hoh+Z 3e,u(2) 1b Yes  36.1 [ 290-790GeV] meEd)=0GeV ATLAS-CONF-2017-019
oy, h—h +h 1-2epu 4b Yes  36.1 [ s20-880IGe VA m(¥)=0 GeV ATLAS-CONF-2017-019
ZLROLR, AN, 2e,pu 0 Yes  36.1 m(#})=0 ATLAS-CONF-2017-039
JRT X —Ev(£7) 2en 0 Yes  36.1 m@E2)=0, m(Z, )=0.5(m(¥;)+m(¥2)) ATLAS-CONF-2017-039
;zl X109, X —tv(r), Ky —Tr(vi) 27 - Yes  36.1 m@E2)=0, m(z, 7)=0.5(m(¥)+m(t})) ATLAS-CONF-2017-035
> *g )(1)( —>£vaL£(w), EvBLEGV) 3eu 0 Yes  36.1 ma’f):m(ig)_,tm(i?)zo, m(Z:,ﬂ v)=o§(muzf)+mo‘/f)) ATLAS-CONF-2017-039
WS xlxaawx 77 2-3e,u 0-2jets  Yes  36.1 m@T)=m3), m(¥?)=0, Z decoupled ATLAS-CONF-2017-039
= xéx WX hX1, h—bb/WW/t|yy ey 0-2b Yes  20.3 270 GeV mEs)=m(E3), m(¥3)=0, Z decoupled 1501.07110
X3, Xa3 el dep 0 Yes 203 635 GeV mE3)=m(¥3), m(¥})=0, m(Z, 7)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod., )(01 —yG leu+y = Yes 20.3 115-370 GeV cr<imm 1507.05493
GGM (bino NLSP) weak prod., ¥]—yG 27 - Yes  20.3 cr<imm 1507.05493
Direct ¥1 ¥ prod., long-lived ¥} Disapp. trk  1jet  Yes  36.1 MEEE)-meE)~160 MeV, 7(¥5)=0.2 ns ATLAS-CONF-2017-017
Direct X1X; prod., long-lived X7 dE/dx trk - Yes 184 meF;)-m(E})~160 MeV, 7(¥;)<15 ns 1506.05332
g ™ Stable, stopped g R-hadron 0 1-5 jets Yes 279 m()??)=100 GeV, 10 us<7(g)<1000 s 1310.6584
= O Stable g R-hadron trk - i 3.2 1606.05129
E,% Metastable g R- hadron dE/dx trk = = 3.2 m(¥?)=100 GeV, 7>10 ns 1604.04520
S 8 GMsB, stable 7 X7, fi)+i(e, 1) 1-2pu - - 19.1 10<tan<50 1411.6795
= GMSB, ¥} -G, long-lived ¥} 2y - Yes 203 1<r(?)<3 ns, SPS8 model 1409.5542
88, X1 —»ee\:{euv/u,uv displ. ee/ep/pp - i 20.3 7 <ct(¥)< 740 mm, m(z)=1.3TeV 1504.05162
GGM gz, X126 displ. vix + jets - - 20.3 6 <ct(¥))< 480 mm, m(z)=1.1 TeV 1504.05162
LFV pp—¥: + X, vr—ep/et/ut efL,etut - § 3.2 25,,=0.11, A132/133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(SS)  03b Yes  20.3 m(g)=m(g), crLsp<1 mm 1404.2500
/\71)2;,,?1 W, ) —eev, euv, ppy 4ep - Yes 13.3 m(E))>400GeV, A;5#0 (k = 1,2) ATLAS-CONF-2016-075
N XUHT, X »WH], X >11ve, etve Bep+t © Yes 203 mEP)>0.2xm(¥5), A133#0 1405.5086
& 8- 0 45large-Rjets - 14.8 BR()=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
O 7z 35998, ) > qqq 0 4-5large-Rijets - 14.8 m(E%)=800 GeV ATLAS-CONF-2016-057
88, 5100, 03 — q4q leu 810jets/0-4b - 36.1 mEY)= 1 TeV, 411240 ATLAS-CONF-2017-013
g8, g—it, f—bs lep 810jets/0-4b - 36.1 m(i)=1TeV, 2323#0 ATLAS-CONF-2017-013
iy, fi—bs 0 2jets+2b - 15.4 [450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
i1, fiobt 2e,u 2b i 361 | & BR(f, —be/u)>20% ATLAS-CONF-2017-036
leO} Other Scalar charm, ¢t} 0 2c Yes  20.3 é 510 GeV m(¥?)<200 GeV 1501.01325
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LHC SUSY searches at a glance

Selected CMS SUSY Results* - SMS Interpretation ICHEP "16 - Moriond '17
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Exotic searches

* EXxotic searches include those extreme enough not to be
included in BSM Higgs/SUSY

» Often signature driven

* Many of them inspired
by Grand Unified ;
Theories or related topics

- e.g. search for heavy
vector bosons,
see-saw models etc,
but at TeV
(and not GUT) scale
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CMS PAS-EXO-16-056

Di-jet spectrum  cws pas-Exo-17-001
ATLAS arxiv:1703.09127

Examining the tail of the di-jet mass distribution

 Many BSM theories include resonances that decay to di-jets
* Non-resonant phenomena (e.g. quark substructure)

i 36 fb" (13 TeV)
% 10 CMS Preliminary ¢ Data
— — Fit
Ieo) 10
RN e R gg (2.0 TeV)

= 10 & .. qg (4.0 TeV)
_g i -.- qq (6.0 TeV)
b4
©
©

.
ot

—
&

—
S

x2/ndf=38.9/39=1.0 -~ "
= Wide PF-jets ’
= m; >1.25 TeV

4 ml < 2.5, A < 1.3

—
e

\\\

(Data-Fit)
Uncertainty
O W 1

I
—
T T T T T

u u
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- CMS PAS-EXO-16-056
Di-jet spectrum  cws pas-Exo-17-001
ATLAS arxiv:1703.09127

Generic limits compared to

predictions for various models _ _
CMS extension of the search in

CMS Prelimin i i the low mass region
ary 27fb & 36fb (13 TeV)

5
g 1 O T Il_= T I%E?i[' Il,] | [T | [ e | | T |S|‘tr:n|g | T ] | | [ | | P R
ow:Hign T~ T°°-° P A
< e Axiguon/coloron 3 fo) ER ! ! ‘ l ¥4
X 1 03 — — Scalar diquark —- > E — Observed ]
q o Color-oc’['et scalar (k2 =1/2) 3 2 BN Expected ]
X 10 EN\N S W = L L [ £ 1 std. deviation )
o x B S . . i + 2 std. deviation
e ] byt
1E S b _él ; ------- theory, 9,= 0.08 ;
i . - -
10 s E i 1
10_2% RN S *s _ 3
_3 = 950/0 CL I|m|tS b “\\\ c:“fe::~-;::::;_\:::;;;:::3:325' 10 :_ "w_ _:
1075 —— gluon-gluon <20 M Sasesusapigs: - T -
1074F — quark-gluon Iy, - iy -
= —— quark-quark ENGY P T .V i
_5 B | | 1525 S E=i | L) )i ) | IR i | Il ] | B | I.\i‘.l\\k { B | {50 '|> . | I : : : | I I : , | I I : ; | ; I : ; | : : : = I :
10 1 2 3 4 5 6 7/ 8 50 100 150 200 250 300

Z' mass (GeV
Resonance mass [TeV] (GeV)
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Di-jet spectrum

 Model dependent interpretations TeV scale
black holes
Contact 1
. . —|1 O_ EI T T T | \ T T T | T T T E
interactions S \ ATLAS :
§ i N\ 1s=13TeV,37.0fb" |
ly*| < 0.6

©1072L N E
) \ =
N e T L B L = - \ .
b*" ~ ATLAS - b N B
< - s=13TeV,37.0fo";n =1 - i \ o
© / 10°E =
1 E i :
i —— Observed 95% CL upper limit | 1074~ QBH \ >
BE o c 4 959 CL i 1 - —e— Observed 95% CL upper limit \ ]
1071 xpected 95% GL upper |m|t__ I Expected 95% CL upper limit g
- | | | | _| Expectled t1c ar|1d +t26 | . —I w Expected J_lr ey | \ I_

L L1l L L1 L L1 S L1 L -5 1 ! I | I | ] | 1\
16 18 20 22 24 26 28 30 94 6 8 10
A[TeV] M, [TeV]
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Dark matter searches

* A new weakly interacting massive particle that may explain
the “WIMP miracle” in cosmology has been searched for at
the LHC in many different channels

JHEP11(2015)206
Example:

p 51039__ I‘_‘I I.IIII| T T IIIII T T = M
* Higgs boson to dark matter g0k 5
H = Silbrate B
decays, directly S — =
' - L 9 —45] S nt 5
or indirectly (though precision 2" s i e
. D0 et s=8Te =
measurements of the couplings) 3" . i
i 10_49_ ‘‘‘‘‘ Vis. & inv. Higgs boson decay channels |
EReE Kws Kz, K¢ \ Kg» Ky» Kzys BR, “
§ 10¥51 L_ No K[W assumptlo]rj1 BR 022 at 90/ ]CL E
] ] | 1 DAMA/LIBRA (99.7% CL)  ATLAS 90%CLin |
Example from ATLAS Run-l Higgs couplings; ool gg@gzs:,:gggg%gy Hags por model:
. | s CoGeNT (99% =mm SCAIA o
similar results from CMS as well —_— oL TSSO i Veowrwmp
[E XENON100 (90% CL) |
B LUX (90% CL) .
10 = | I} { et IlI| I 1 II'I—"
1 10 102 10°

WIMP mass [GeV]
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Dark matter searches

* One direct way to look for Dark Matter (DM) is to look for
mono-X production, where X = a usual object

* Dark matter recoils against the “mono-object”

Examples:  mono-photon or mono-Z mono-jet

) i

d’ npM

Missing ET
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Dark matter searches aXiv:1704.03848

 Mono-photon example

from ATLAS

Number of events in the various
signal regions of the search

Various interpretations of the results:

i

S B ———
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Dark matter searches CMS-PAS-EX0-16-048

 Mono jet!/ mono vector boson example from CMS

35.91b7 (13 TeV) 35.9fb" (13 TeV)
6 L T 1T 71 T T T 1T 71 1T T T 17T T T T T T T T T T T
> 10 | | AL | > | | 0w |
(O] 105L CMS Preliminary [ ziv)+ets O 10*s CMS Preliminary [ zi )it
:; monojet [ wikejeets E mono-V [ wit)+ets
= 104 I wwwzzz < 10° [ wwwzizz 359 fb-l (1 3 TBV)
L%ms I op cuere L;;.j I Tor ek 1200———T——— 71— 71— 310
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3 s invisible, m, = 125 o s nviible, m, = Vector med, Dirac DM, g_=0.2 =1 i
_IU b — fxiabvecton, m_d=?_0 TeV — Axial-vector, n'lm.._1=.2.|I|Te\.lI 100"'} __ ' rac gq 5“ gD“ §
1 ===~ Madian expecied 95% CL _g
- B&% expecied ’,."‘11 — 41 g
10 101 | —— Observed 85% CL \ 1 E
102} | | Y : —— Oiserved = theory und. "*? l‘, 18 _: @]
L1 L1 1 | - I 3
-g :% T T | T T I’ | T T T | T T T | T T T T T T 31(!1‘2 E ur‘h?hujz o r| J =
x 1%%# P :)':T- < 4 | 7
g 0.9 e evs — § 08 . >
— 0.8 TR SRR B I ol Il 1T L. 0 — : -: : 1[]—1
E 2 T T | T T T | T T T I T T T | T T T I T T T -§ 2 /
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e Dark matter produced in
association with a Higgs boson

% 107 T T T I T T T T I T T T T | 1] I:I)atal T I T T 1] T I T T
G 6 L ATLAS Preliminary === ‘no11sv.mzibgor
; /s = 13 TeV. 36.1 fb" —— — Z,, Dirac DM m, = 1 GeV, m,, =200 GeV
=-— 1 05 m i i Heavy scalar, Scalar DM m, = 60 GeV,
GC.) """ m,, = 275 GeV
>
i ATLAS-CONF-2017-024
§ | T T T T | T T T T | T T T T I T T T T |
= 0 = —e— Observed . IE
;’ EmIR Expected ATLAS Preliminary 3
= - [ Expected * 1o y A |
EE ~ [ Expected + 26 \s=13TeV, 36.1 b =
X 10° E mm o, xBR s =
R E ' ' ]
it eiomsoust & [ PPh(rv)+ 1 Z, DiracDM -
bo' 105_ sin9=0.3,gq=1/3,gx=1,mx=1GeV =
_____ 5 : . —
, E - -
A i L _
CED ] o 1 E 3
~ ] &2 E E
© il 3 - §
-8 600 10—1 I 1 1 | 1 1 1 1 | ] 1 1 1 1 1 1 I
Q pYY [GeV] 0 500 1000 1500 2000
T m,, [GeV]
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Dark matter searches

e Dark matter produced in
association with a Higgs boson

Events / bin

S F L BRI R T
E Data 3
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See-saw inspired searches

* Massive neutrinos are direct evidence for BSM physics!

* Neutrino mass generation is an open question

H See-saw mechanism is the most popular
H mechanism for neutrino mass: the neutrino mass
IS small because it is driven by new heavy
particles

Type-l see saw  Type-ll see saw  Type-lll see saw

€T

Heavy right-handed neutrino  Triplet (scalar) Triplet (fermionic)
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See-saw inspired searches

 CMS type-lll inspired search (
Triplet with heavy fermions that are 2 =
produced in pairs weakly and decay

to various multi-lepton final states \

Example of a final state considered:

3 leptons with 2 of
them compatible with
a Z— |l decay and
MET > 100 GeV

Nikolaos Rompotis FPCP Prague — 5-9 June 2017
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See-saw inspired searches

CMS-PAS-EXO-17-006

_ _ CMS Preliminary 35.9 fb' (13 TeV)

In total 6 multi-lepton cateogories have been AL L L L L B LN N IR

examined and the results are interpreted in a - == olpp-oIX)to, -

flavour-democratic fermion triplet model - 95% GL upper limits g

e - - Observed L

1 5 NS T Expected .

Nieptons ~ OSSF  Kinematic Variable CR-veto - B = ; z:j j:\\:::::g: ]

on-Z Mt s 100GeV: 5 - .

3 above-Z Lt + Efrn%ss 3 S _ il

below-Z Ly + Emiss Emiss > 50 GeV o

none Lt + ET%° = 102 |

>4 1 pair B 8o : - - -

= 2 pairs L+ EX EF'ss > 50 GeV if on-Z - 5
L. = scalar sum of all lepton pT 0 Bl WA ASTS WA A W N

400 500 600 700 800 900 1000

OSSF = opposite-sign same flavour
PP J Y Mass (GeV)
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LHC exotics at a glance

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 2016 fL dt = (3.2-20.3) fo! Vs=8,13TeV - 13 TeV : 8 TeV
. Emiss o 1 i
Model £,y Jetsi ET JLdtf] Limit Reference Latie) @
T 1(ejl+LQ1(v) f=0.5 |[n—— .
ADD Gyx +g/q - >1j Yes 32 6.58 TeV. 160407773 LQ1{eil "Q:;Qg(iﬂoxg — coloron(jj) x2
ADD non-resonant £¢ 2en - - 203 14072410
2 ADDQBH - (q e 1j - 203 13112006 LQ2(uj)+LQ2(y) p=0.5  |m— coloron(dj) x2 il
8 LQ3(rD) x2 | — ) ultije
S ADDQBH - 2j - 157 87TeV ATLAS.CONF-2016-069 Leptoguarks
€ | ADDBH high 3 pr >lep >2j = 32 8.2TeV n=6,Mp = 3TeV, rot BH 1606.02265 Laswb) x2 /1 gluine(3j) x2 R
2 ADD BH multjet = 23j = 36 9.55TeV. 6, Mp = 3TeV, rot BH 1512.02586 Losit) x2 /3 esonances
T RS Gk — (L 2epu - - 203 kI, 14054123 La3p) x2 —3 luina(jib) x2
® | RS1Gkx =7y 2y = = 32 /M 1606.03633 Single LO1 (A=1) 1 9 (ib) :I
§ | BUKRS G WWoaaly  Tew Ul el es 1.24TeV. KB ATLAS.CONF-2016-062 Single LQ2 (\=1) =1 0 1 2 3 4 Tev
Bulk RS Gxx — HH — bbbb = 4b = 133 360-860 GeV k/Mp; = 1.0 ATLAS-CONF-2016-049
Bulk RS grx — tt Teu 21b>102 Yes 203 BR-0.925 1505.07018 0 1 2 3 4 Tev
2UED/RPP lepu 22b24j Yes 32 1.46 TeV Tier (1.1), BR(A®Y — t1) = 1 ATLAS-CONF-2016-013 ADD (y+MET), nED=4, MD
SSMZ' -t 2en = - 133 |Z/mass 4.05TeV ATLAS-CONF-2016-045 i
@ ssMz or 27 - L Hals 1502.07177 RS1(j), k=0.1 RS Gravitons ADD (i), nED=4, MS
S Leptophobic Z' — bb - 2b - 32 |2 mass 1.5 TeV 1603.08791 ' QBH, D=6, MD=d TV
§ SSM W’ — ¢y Ten - Yes 133 | W/mass 474 TeV ATLAS-CONF-2016-061 RS1(yy). k=0.1 » UG, ©
HVT W’ - WZ - qqvv model A 0 e, 19 Yes 132 | Wmass 24TeV &= ATLAS-CONF-2016-082 6 D=
o - R BH, nED=6, MD=
S HVTW - WZ - gqggmodelB - 24 - 155 |Wimass 3.0TeV ev=3 ATLAS.CONF-2016-055 RS1(ee,up), k=0.1 NR BH, nED=6, MD=4 TeV
& | HVT V' - WH/ZHmodel B multi-channel 32 | Vmass 231 TeV. av=3 1607.05621 String Scal
G LRSM W - tb Teu 2b01] Yes 203 14104103 0 1 2 3 4 Tev ring Scale ()
LRSM W}, — tb Oey  21b1J - 203 1408.0886 QBH {j), nED=4, MD=4 Te\’ ]
. .
Clgqqq = 2j = 157 |A 19.9TeV n=-1 ATLAS-CONF-2016-069 ADD (+MET), nED=4, MD
ot i 211 ves 208 _ T s CMS Prel" Y "nc'ry o
2(SS)/23 et 21 b, 21 ! Crel =1 1504.04605 - ’ 5
Ol uure (55)23 e i Yes 203 (Gl ADD (se.p3, nED=4, MS Large Extra
s Axial-vector mediator (Dirac DM) Oepu 21j Yes 3.2 ma 1.0 TeV 8,=0.25, g,=1.0, m(y) < 250 GeV 1604.07773 . .
S Axial-vector mediator (Dirac DM) 0 e, 1y 1j Yes 32 |ma 710 GeV £,=025, g,=1.0, m(x) < 150 GeV/ 1604.01306 ADD ), nED=4, MS Dimensions
ZZxy EFT (Dirac DM) Oep  14,21j Yes 32 (M. 550 GeV mix) <150 GeV ATLAS-CONF-2015-080 SSM Z'(to) Jet Extinction Scale
Scalar LQ 1% gen 2e 22j = 32 LQ mass 1.1 Tev B=1 1605.06035 g
9 scaarLaz gen 24 >2j - 32 |LQmass 1.05TeV. p=1 1605.06035 SSM Z'(j)
Scalar LQ 3" gen leu 21b23] Yes 203 p=0 1508.04735 SSM Z'(ee)+Z'(up)
VLQTT — HE+ X Teu 22b23] Yes 203 Tin (T,8) doublet 1505.04306 i .
>0 VLQ YY - Wh+ X leu 21b23) Yes 203 Yin (B.Y) doublet 1505.04306 SSM W' (i) dijets, A+ LL/RR
£ VLQBB - Hb+ X Tes 22b23] Yes 203 isospin singlet 1505.04306 SSM W'V " .
88 viaBB- zb+ X 253eu s2021b - 208 Bin (B.Y) doublet 1409.5500 ™ dijets, A- LL/RR
L& v Qe - wewg Ten 24j  Yes 203 1509.04261 SSM Z'(bb) ————1 dimuons, A+ LLIM
VLQ Ts/3 T3 — WeWe 2(SS)/23 e 21b,21]  Yes 3.2 Ts/3 mass 990 GeV' ATLAS-CONF-2016-032
imuons, A- LLIM
Excited quark g* — qy 1y 1j - 3.2 q° mass 4.4TeV only u* and d* m(q’) 1512.05910 0 1 2 dimuons,
5 @ Excitedquark g° — qg - 2j - 157 | qtmass 5.6TeV only u* and d*, A = m(q") ATLAS-CONF-2016-069 dielectrons, A+ LLIM
2 S Excited quark b* - bg - 1BsiliE = 88 [b*mass 23TeV ATLAS-CONF-2016-060 Excited i
L% € Excited quark b — Wt lor2e,u 1b,20j Yes 203 fr=fimfr=1 1510.02664 dielectrons, A- LLIM
@  Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2021 * (M=, - H .
Excited lepton v* 3eut = - 208 A=16Tev 14112921 & Em-ﬁ Fermions single e, A HnCM Com ton
LSTC ar - Wy temly - Yes 203 1407.8150 H= single p, A HnCM OIMPOSITENESS
LRSM Majorana v 2en 2j - 203 m(We) = 2.4 TeV, no mixing 150608020 L4 (ag) inclusive iets. A
. Higgs triplet H** - ee 2e(SS) E - 139 570 GeV DY production, BR(H;*  ee)=1 | ATLAS-CONF-2016-051 q* (av) =1 INCILSIVE JIs, A+
8 Higgs triplet H** — (1 B il 5 203 DY production, BR(H;:* — ¢r)= 14112921 b* inclusive jets, A-
&  Monotop (non-res prod) 1en 1b Yes 203 non-res = 0.2 1410.5404 !
Mult-charged particles - - = 203 DY production ql = 5¢ 1504.04188 0 1 2 3 4 5 6 Tev D12345678910111213141516171819 TeV
Magnetic monopoles - 7.0 DY production, [g| = 1gp, spin 1/2 1509.08059
Exotica Physics Group Summary — ICHEP, 2016

1
108

1
10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded,

+ Small-radius (large-radius) jets are denoted by the letter j (J)

See the links below for more summary plots!
https://atlas.web.cern.ch/Atlas/GROUPS/PHY SICS/CombinedSummaryPlots/EXOTICS/index.htmI#ATLAS Exotics_ Summary

http://cms-results.web.cern.ch/cms-results/public-results/publications/
FPCP Prague — 5-9 June 2017
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Summary

* Only very few results could be presented here: there is a
wealth of ATLAS and CMS results:

http://cms-results.web.cern.ch/cms-results/public-results/publications/

https://twiki.cern.ch/twiki/bin/view/AtlasPublic

GUULLE  hastheLrc Q

has the Ihc destroyed the world yet i
has the Inc discovered anything YeS, a nggs bOSOI’I!

has the Ihc been used yet

About 248,000 results (0.91 seconds)

No discovery yet beyond that, but do not rush into making conclusions!
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Concluding remark

No BSM? Beware Historical Hubris

""So many centuries after the Creation, it is unlikely that anyone
could find hitherto unknown lands of any value” - Spanish Royal

Commission, rejecting Christopher Columbus proposal to sail
west, < 1492

* “The more important fundamental laws and facts of physical science |
have all been discovered” — Albert Michelson, 1894

» "There is nothing new to be discovered in physics now. All that
remains is more and more precise measurement” - Lord Kelvin,

1900

| “Is the End in Sight for Theoretical Physics? " — Stephen Hawking,
| 1980

¥l L e LT

T o T A R el s e e

From the theory summary talk | in LHCP 2014 by J. Ellis
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Additional slides
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More on MSSM 1

Likelihood scan and cross section limits

i T T T | T T T T T T T T T I T T T 1
ATLAS Preliminary —— Observed

10f H/A — wr, 95 % CL limits  ~~~ Ef;ected -
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e Dark matter produced in
association with a Higgs boson

Interpretation in a Z’-2HDM scenario
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Long-Lived particles

ATLAS-CONF-2017-026
Color code: example of signal
Signal region
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