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Introduction

=

= Standard Model, despite of its
success, leaves plenty of open
questions

= Run 2 with almost twice the
center-of-mass energy wrt.
Run 1 brought a lot of
expectation

= Main problem: we do not know
where to look — have to look
everywhere!

= Try to explore all possible
signatures from simplest to
most challenging

Big Questions arXiv 1311.0299
4 &

Q, % g , Y

SUSY

Compositeness,
Extra dimensions

Extended
Higgs Sector

W1z

Minimal
Dark Matter

Hidden
Sector

Multiverse

= Use existing models for guiding
and as benchmarks

= Provide also model independent
limits and sufficient information for
reinterpretation



LHC Run 2

After a good but difficult first year, fantastic performance of LHC in 2016!

From about 40 fb' pp collisions delivered, expect more than 35 fb-! of
certified data in 2016 in each ATLAS and CMS! Largest LHC dataset by far...

Experiments performed very well despite of challenges for detectors,
trigger, computing and analysis (e.g. pile up)
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Energy

= The large energy step W e ] ' ;
made the exploration - ratios of LHC parton luminosities: 13 TeV /8 TeV '/}'
exciting from the first f
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= Some limits from Run 1 -% =770 7
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Resonance searches

| Ingredient 1 - Ingredient2
Photon Photon
Muon > Muon >
Electron > Electron >

= Besides classical simple topologies, many complex signatures
= Boosted topologies, jet substructure becoming a standard tool

= Many possibilities, but can be helpful e.g. to understand excesses

<



| Jet substructure

Many searches explore final states with heavy bosons (W,Z,H) or top

BRs to hadronic final states dominant; at a resonance mass of =21 TeV

decay products get collimated into merged wide jets

Grooming: remove soft components 0

(underlying event, pile up, noise) . W | croomine
= trimming, pruning, mass drop, soft drop - o

WI/Z/H/t tagging: based mainly on jet
mass and subjettiness after grooming ®

In addition, use subjet b-tagging (H,t)
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Dijets: high mass

= A resonance created at hadron collider practically must decay into two jets
= But large background — must be sufficiently narrow and abundant
= Highest mass limits at LHC - first signature to look at after an energy step
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Spectacular improvement of limits

also CMS: EXO-15-009

wrt. Run 1: p
CMS: arXiv 1611.03568 o
Observed (expected) mass limit [TeV]
Model Final 129fb' 24fb~! 20fb~"
State 13 TeV 13 TeV 8 TeV
String g 74(74) 70(69) 5.0 (4.9)
Scalar diquark qq 6.9 (6.8) 6.0(6.1) 4.7 (4.4)
Axigluon/coloron qq 55(5.6) 5.1(5.1) 3.7 (3.9)
Excited quark qg 54 (5.4) 5.0(4.8) 3.5(3.7)
Color-octet scalar (k2 = 1/2) 8g 3.0 (3.3) — —
W’ qq 2731 26(23) 22 (22)
7 qq 213 — 1.7 (1.8)
RS Graviton qq,gg 19(1.8) — 1.6 (1.3)
ATLAS-CONF-2016-069
Model 95% CL exclusion limit
Observed  Expected
Quantum black holes, ADD 37 TeV 87 TeV
(BLACKMAX generator)
Excited quark 5.6 TeV 5.5 TeV
w’ 2.9 TeV 3.3 TeV
W+ 3.3 TeV 3.3 TeV
Contact interactions (nrr, =+1) | 12.6 TeV ~ 13.7 TeV
Contact interactions (npr =-1) | 19.9 TeV ~ 23.7 TeV |
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Dijets: high mass
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Dijets: low mass

Low mass edge of the classical dijet search is limited by trigger threshold

Scouting technique: reducing the stored data volume per event allows for
lower trigger threshold and higher rate!

CMS: arXiv 1611.03568
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= Use initial state radiation (as in Dark

Dijets: even lower mass

Matter or Compressed SUSY searches)!

= Other way to circumvent the trigger
threshold, now at a cost of lower

production rate

ATLAS-CONF-2016- 070
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Dijets: big picture

Convenient: express limits

ATLAS Preliminary
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Photon + jet: a cousin of dijet

Events per bin

(Data-Fit)

10°

10

Very similar analysis as dijet —
competitive e.g. in excited quark search

CMS: EXO-16-015
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Significance

ATLAS: JHEP03(2016)041
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Dilepton

= Golden channel, low background, relies on knowledge of SM DY spectrum

12.4 fo' (13 TeV, ee) + 13.0 fb™" (13 TeV, pup)
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Lepton + neutrino

Similar to dilepton, but charged resonance, search in transverse mass

ATLAS-CONF-2016-061
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Diphotons: playmate of the year

= The most popular excess since a long time: ATLAS — CMS match
= Has even a wikipedia entry: https:/en.wikipedia.org/wiki/750_GeV_diphoton_excess

ATLAS: JHEP09(2016)1 CMS: PRL117(2016)05
Vs =13TeV, 3.21b" %;10
10 + +++ L +
' | (RIS
E 1__""'"""'"""""""""""'"__ . i ' 3.3 (13 TeV) +19.7 b (8 TeV)
£ E 0o, 2 o AR T RE NG
. E 1o | E ': ‘\': to
107 = 5 .
- 20 ] - (LI A [ S A | Sy
107° = — Observed E 102 I:,: : :
35 B0 e e, 1 ; l'l % 143104, J=0
107 ATLAS 3 10° = == Combined e I A 3¢
- Vs=13TeV,3.21b" . E .8 TeV
104 U P/ my =6 % = ~CMS 13 TeV N
T SO Spin-0 Selection S 4L o PGV
. . | | L . 5x10? 10° 2><1o3 3><103 4x10°
10° 500400 600 800 1000 1200' 1400 1600 1800 2000 m, (GeV)

m, [GeV]
= Looks compatible even though silghtly different widths favored..

= Generated about 450 theoretical Papers (exceeded by large predictions of ambulance chasing)
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Diphotons: add statistics

= 2016 data do not confirm the excess

- ATLAS-CONF-2016-059
L e
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Diphoton excess: resume

= Combining 2015 and 2016 samples, the deviations with largest significance
appear at masses outside of the 700 — 800 GeV range in both experiments

ATLAS-CONF-2016-059 CMS: arXiv 1609.02507
5 15064 ' ' | | = 16.2fb" (13 TeV) + 19.7 fb™ (8 TeV)
© E 1 o E T A TR
< L . i ’
S0 ¢ E _ °
8 E 20 ; 10 1 E_ N
3 10_25_ = C b .
= 3 B e 10 1o
r3 - 2 { :
= u 3 - 2015 x_ 1.4x10*, J=0
ne ATLAS Preliminary ---- 2015 (3.2fb™) b - + my _ -
10 = 4 s=13TeV, 154" .o 2016 (12.21b") 3 10° 2016 — combined 0% 30
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10 55_ X, Txfmy = 6% E -CMS 8TeV(19.7fb™) 1970750 '(c';s‘l%?
T T R R E R B M ' . L M e
0 500 1000 1500 2000 2500 107 102 10° 2x10°  3x10°
m, [GeV] m, (GeV)
= Highest excess in the 700 — 800 GeV = Highest excess in the 700 — 800 GeV
range at M = 710 GeV: range still at M = 750 GeV:
2.3 o local and <1 o global 1.9 o local and < 1 o global
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Zy: a cousin of diphotons

= [Interest boosted by the 750 GeV excess
= Leptonic channel has better sensitivity at lower masses — less background

= Hadronic channel better at high mass

95% CL limit on & x BR(X—Zy)[fb]
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Dibosons: VV/Vh/hh

= Large variety of competitive final states — balance background vs. BR
= Extensively relies on and pushes forward jet substructure techniques
= Higgs is becoming integral part of the suite

Z(INV Z(vv)V W(Iv)V VV(JJ)
J <qopr
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Dibosons: performance

Jet substructure performance is

studied and calibrated using tt

samples — source of boosted Ws.
Background estimated using jet

mass sidebands

CMS: B2G-16-020 2016
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Dibosons: Run 1 excess

The most popular excess from Run 1: moderate excesses only in some
channels (mainly all-hadronic) both in ATLAS and CMS around 1.8 — 2 TeV
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Dibosons: status

Many competing channels: spin-1 interpretation using Heavy Vector Triplet
simplified model with two benchmarks, A and B (fermiophobic)

CMS: B2G-16-007

CMS preliminaty 2.2- 2 6 fb (13 TeV) + 19 7 fo! (8 TeV)
[T [ [ ! J
. Iv(8TeV) - qqbb(4q) (8 TeV) H
L —=— llgg (8 TeV) qarr (8 TeV) .
—+— Ivaqq (8 TeV) —a—Ivgq (13 TeV)

Ivbb (8 TeV) —«— libb/lvbb/vvbb (13 TeV)

——qqqq (8 TeV) —— qqqq (13 TeV)
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1 IIIIIIll

—e— Asympt. CLS Obs.
Asympt. CLS Exp. = 1o
Asympt. CLS Exp. £ 20
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M, (TeV)

M=l

Combinations using

10

0—1

_.0 (pp— HVT W' —» WZ) [pb]

0—2

10734

appropriate final states: W -WZ/WH,

Z'-WW/ZH, V’'WV/VH, G, ,~VV

https://atlas.web.cern.ch/Atlas/IGROUPS/PHYSICS/
CombinedSummaryPIotleXOTICSlindex.htmI

r' T LI I 1T T T I 1T T T I T 1T I T 1T T :t
ATLAS Prellmlnary 95% C.L. exclusion limitsJ

v—_13TeV 132155fb1 """"""" I-IV-I-IﬂOdeIAgv:.| i
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T IIIIII|
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4 .
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= Exclusion limits for HVT W’ or Z’

between 2 - 3 TeV

Limit for bulk RS Graviton (k/Mp=1)
at 1.2 TeV



tb resonance

Very competitive esp. in the search for massive right handed W’y
Much lower background than simple dijet

CMS Preliminary 12.9 fo' (13 TeV) 1
-% 1031 T IJ+;;t;TJ T |_|2 |||||||| { T‘TDaT‘al | TTTT I L I; CMS: B2G-1 6-009 2.55 fb— (1 3 Te )
=~ E EQS-.E -WHW(LF)+Z/Y’ﬂ||+VV§ — LI L L L L L L I L Y L
2 - el i Channel: 3 ]
C L [t + Single-Top ] . o
,_?>j 10% £ et E 10° SN/IS —— Observed limit (95% CL) =
F — reliminar .
. g b T 102 yoo Expected limit (95% CL)
i : | : - 5
fegseeudesns  Nadronic s 2015 P oo Expectea ;
1 ; e 10 95% Expected _E
10 leptonic & 1t
2F = & C
Y www Tmw———— - 107 E
L ] ‘2lglfb |(13Tev) 1 C  All-Hadronic Channel ]
500 1000 1500 2000 2500 3000 3500 4000TheoryM<<MW|_— Q N
2016 _ ") Theorymam, " 1 2 101 12141618 2 2224 2628
2 i . 95% CL observed 1 My, (TeV)
N~ T NN T 95% CL expected
o o 15 I +1o expected 3
O T C +26 expected 3
-— o« - ]
o = | ]
N m 10 = 3 g S
m X = = With 2016 data limits are
.. > [ ]
g = " Invariant Mass Analysis 1 pUShed up to almost 3 TeV
o L 102 elpsetsN, =1or2 =
Q & 9 ]
©

oy
1000 1500 2000 2500 3000
W' Mass [GeV]
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tt resonance

ATLAS-CONF-2016-014

Events / 500 GeV

Data / Bkg.

Serach for leptophobic Z’, RS gluon or other resonances with enhanced
coupling to tt

E ATLAS Prellmlnary —— Daiz;
E ¥s=13TeV,3.210" =W ets
104 & u+jets B single top -
E Pre-Fit =3 Z+ets
c mEmm multi-jet
L — diboson
3 Bkg. uncertainty
10°F T 22 eV -
10 2015 -
10g E
15'F +
E O B oy B
1
F [ S o e |
0s E1J 4y |
0

b
-
<

95% CL Limit on 6, x B(Z'—ti) [pb]

500 1000 1500 2000 2500 3000 3500 4000 4500

L CMS: B2G-15-002

M [GeV]
2.6 f" (13 TeV)
é—“dl\lngl‘”lllw‘;Obs‘erved
C Preliminary v Expected
g [ +106 Exp.
L +2 6 Exp.

—— 7'10% Width (NLO) ]

i

ol b b b |

11 | 1111 ‘ 11 11
1000 1500 2000 2500 3000 3500 4000
M, [GeV]

Channel:

All-
hadronic

Semi-
leptonic

CMS B2G- 15 003

2.6 fo! (13 TeV)

N 10*E T
LI10°E 2 b-tags, |Ay|<10_
C E
;o oms 2015 o
Ll>.| 10 Preliminary [ INon-Top Multuet
= I sm tt :
- — 1 TeV Narrow Z'
102 —— 2 TeV Narrow Z' 3
E —— 3 TeV Narrow Z' E
B 4 TeV Narrow Z' |
10 E
e E
107'= o | PRI B P —
1000 3000 4000 5000 6000
O
@ o |Ld] —
~ 1 : T ‘
S o5 T + -
] . : A
o) 1000 2000 3000 _ 4000 5000

tt Invariant Mass (GeV)

=  With 2015 data limits for leptophobic Z’
range between 2 — 4 TeV depending on
the width

= RS gluon limits around 3 TeV
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Boson — heavy quark resonance: VLQ

Vector-like quark: most natural extension of the quark sector

In Run 1 the focus on QCD pair production of VLQs

The EWK production of single VLQ becomes dominant at high mass
Large multitude of final states including Higgs boson

Events

E_Y—)bW—>b|v

40~ CMS preliminary, \s = 13 TeV

ATLAS-CONF-2016-072

—e— Data 2.3 "

@ single t
— other backgrounds
..... Y (1000 GeV)

T Z/i{y -4/3}

2015

S ——

bW leptonic

800 1000

6 x BR [pb]

10 ATLAS Prellmlnary — Observed .
C Vs=13TeV, 3.21b" --Expected
10 _95/ CL Exclusion Limits on ¢ x BR . Expected = 1 0

§ Theory (NLO), BR(Q->Wb)=1 """,
2'—Gw\4°f+0§=1/ﬁ
107°F ...... o V@r2=1
E e VoL T Cr .
E """""" cchL+cz 0.32 CMS BZG 150 6
1073 PR EFAINN PRFETIN I RPRTRr R ETTITN ST RFETIN AV ETRTArE I A
0

7 08 09 1 1.1 12 13 14 15 1.6
mq [TeV]

\')
N
(=]

Events/ 100 Ge

S 4Daa | [itdes | CMS -
; Multijets B Wijets Preliminary E
— Total background XX Total bkg. error
F — Tbq (LH) 1200 GeV ---- Tbq (LH) 1800 GeV

: 2015 tH haclronic

8(;0 800 1000 1266 1400 1600 1800 2000 2200 2400
M(T) [GeV]

Limits up to 1.5 TeV depending
on coupling

Run 1 limits ranged between
600 - 900 GeV
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Dark Matter searches

/ Ingredient 1
Quark(+b
Photoﬁ_>

Muon >
Electron >
Tau -—-‘"

-

+

Visible

= Missing transverse energy (MET) back- PO * ®or

to-back to a visible recoil (e.g. ISR)

X Avisible

X | 26



...converted to
reality:

ATLAS DM searches
at ICHEP 2016

A lot of new

results in 2016
Summer

DM search boom

conferences and
a lot more to
come...

CMS DM searches
at ICHEP 2016

Analysis Dataset Public link
Production search:
ERiss 4 jet 2015 Paper: EXOT-2015-03
ERiss 4y 2015 Paper: EXOT-2015-05
ER™+7(— &) 201542016 | Note: ATLAS-CONF-2016-056
ET™4+W/Z(— qq) 2015 Paper: EXOT-2015-08
ER'S+H(— bb) 2015 Note: ATLAS-CONF-2016-019
ERS+H(— v7) 201542016 | Note: ATLAS-CONF-2016-087
ER*S+H(— £020) 2015 Note: ATLAS-CONF-2015-059
ET'%°+b-jets 201542016 | Note: ATLAS-CONF-2016-086
ERIs+tt (04) 201542016 | Note: ATLAS-CONF-2016-077
ERIsS+tE (14) 201542016 | Note: ATLAS-CONF-2016-050
ERISS+tE (20) 201542016 | Note: ATLAS-CONF-2016-076
) 4 Dataset CMS Documentation
jet or V. (hadronic) 2016, 12.9 fb EX0-16-037
photon 2016, 12.9fb EXO-16-
rA (1)) 2015, 2.3 fb EXO-16-010
Z (ll) 2016, 129 1fb EXO-16-038
Higgs (bb) 2015, 2.31b EXO-16-012
Higgs (vy) 2015, 2.3fb EXO-16-011
tt (semilep+had) 2015, 2.21fb EXO-16-005
t (hadronic) 2016, 12.9 fb EXO-16-040

2/



DM: Run 2 strategy

After Run 1 a big step forward in defining the strategy of interpretation:
ATLAS/CMS DM Forum (arXiv 1507.00966) and LHC DM WG (arXiv 1603.04156)

Concerns about the Run 1 Effective Collider
Field Theory approach overcome :
: ) i : . production
using a Simplified Model with a single Y A

mediator

Parameter space extended to four
parameters: DM and mediator mass
and mediator couplings to DM and SM

Defined reasonable benchmarks
respecting existing constraints and
allowing to compare the results Freeze-out,
between ATLAS and CMS indirect detection

detection

Recommendations have been made on how to represent the results and
how to compare to Direct/Indirect Detection experiments

Focus on spin-0 and spin-1 mediators with reasonable choice of couplings
(minimal width); representation in my,-M_ ., plane (a la SUSY)
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‘Monojet/V

Flagship DM collider search analysis

Build on experience from Run 1

Combines simple jet and boosted V-tagged jet signatures

Main bkg. Z(vv)+j estimated using various control samples (esp. y+jets)

CMS: EXO-16-037 129" (13 TeV) 1296 (13 TeV)
5 T T T T T T T T T T T T T T T 4 T T T T T T T T T T T
%10 | T T o T T %10 [ I 15
O, . CMS Preliminary 2016 O CMS Preliminary R z-w
— 10 | ES% — 103
n = Cwow N V |:| W v
€ 10° monojet .z = mono I wwzz
G>) - Top Quark O>J 102 - Top Quark
W 2 [ - 1ets 8 T 27— 1, y+jets
[ Jaco 10 [ Jaco
10 —— Higgs Invisible, m_ =125 GeV Axial-Vector, Mmed =1.6TeV
—— Axialvector,M_ =16TeV 1 Higgs invisible, m =125 GeV
1
-1
107" 10
107 107
PRI IR S B PR R A S
o OO, VPP OO VPP OOUP POV SUOP PO, OUOPE VOO, SOTS WUV SOV WUV SO DOV ST SO OO | : LS8 O 0L S U 0 00 L 0 0 U 0 00 L O
9 15 #-post-fit @ pre-fit g 15 @pre-fit - post-fit
< S oL T T S L:% S et % -----------
© J —g +—
80.5 |||i|||i|||i|||i&|)Ti cDts0.5||illllill||I||||i||||I|||||l||||}||||
200 400 600 800 1000 1200 300 400 500 600 700 800 900 1000
mi i
E™° [GeV] EMsS [GeV] 29



Axial-vector mediator

2016

CMS Preliminary

MonoX reach

Vector mediator

Dark Matter Summary /ICHEP 2016

Observed exclusion 95% CL

.

% DM + JV_ [EXO-16-037]
S%%%% DM +y [EXO-16-039]

DM + Z, [EXO-16-038]

Vector mediator, Dirac DM
gq =0.25, g'm =1

I\Llonojet/V

L. _\\’\) .\,_\\\\\;\x,\\.\.\.\o\\.\

““CMS DMy [EXO-16-039]

CMS DMV, [EXO-16-037]

10

10°
mpy [GeV]

CMS Preliminary Dark Matter Summary /ICHEP 2016
% E Observed exclusion 95% CL Axial-vector mediator, Dirac DM % E
O, 700— g 9,025, =1 O, 700
= - 7 0 " = -
& - % DM + IV, [EXO-16-037] & - o
600— | 600— 7
- /00 - SIS
- S555 DM +1 [EXO-16-039] -
500 L DM + Z, [EXO-16-038] 500 =
400— 400—
300[— 300f—
E E/),,;'///
200 — 200—
100 — > 100~ 7
c 7 -
oj/./.i...l...l..'l.. NP I PRI T o1
0 200 400 600 800 1200 1400 1600 1800 2000 0 200
M [Ge\g
_ ICHEP 2016 €MS: DP-2016/057
Q'E' 107 "
8. 10-%E- CMS Preliminary C0"|de|"
o Axial-vector med., Dirac DM
(2] =0.25, =1
S 109L T searches

complementary
to DD exp. for
axial-vector
mediator
models and
vector mediator
with low mg,

et 4% A RN T B BPAC SE B B
400 600 800 1000 1200 1400 1600 1800 2000

M,,q [GeV]
ICHEP 2016
— 107% =
CMS Preliminary

Vector med., Dirac DM
g =025g_ =1
q DM

CMS DM+y [EXO-16-039]
CRESST-Il

CMS DM*j/qu [EXO-16-037]

Lux 2015

2% 2016

Ll 1 Lol

10°
mpy [GeV] 30



DM vs. resonance search

DM Mass [TeV]

= Comparison of exclusions from
various dijet searches and DM

searches \ / \ Med

= Here, the benchmark is a :\
’ Jq gom .
leptophobic axial-vector / ‘ \ a/ Sy

mediator with g,=0.25 and g,=1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/ CMS: DP-2016/057
CombinedSummaryPlots/EXOTICS/index.html

CMS Preliminary Dark Matter Summary /ICHEP 2016
DM Simplified Model Exclusmns ATLAS Prellmmary August 2016

= 3
1 2 L ‘ AX|a| vector edlator %c DM e o
: \ g,=025.g, =1 0 ’ '—'2
i | ) d ED Axial-vector mediator, Dirac DM
1__ S gq=0.25,gDM=1201
08ft |5 2/015 2016
L Q: f E é Observed exclusion 95% CL
Dijet [EXO-16-032]
0.6 7+ [arXiv:1604.08907]
2 0 1 6 ///~ Boosted dijet
L 7777, [EXO-16-030]
0.4 - v DM + IV,
B “;5 ", [EXO-16-037]
- g //// DM+y
0.2k % § 7777, [EXO-16-039]
r =3 DM+Z,
r oz [EXO-16-038]
// | | ) 1 178 1 I 1 1 1 1 I 11 1 1 11 1 1 1 1 1 I 11 1 1 | 1 1 11 I 1 1 1 1
0 — ! 2' E— 2'5 — 500 2000 2500 3000 3500 4000 4500
' M, [Ge
Mediator Mass [TeV] Med [GeV]
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m, [GeV]

Particularly suitable for DM
searches with

(pseudo-)scalar mediator

Typical SUSY signature
— recycle SUSY analyses

Good sensitivity in all channels: 0l, 11, 2I

Example: ATLAS 11 search:

DM-+tt scalar mediator, 9,=9,=9

C LY SIS I I I I R IS BN
- 201657 18
16057 Boectoaimit (o) i & 15
140 Contours for g=3.5 0 “‘ _;
120F ' \ =
100E o ki =
B0E 7 /B
60[-------- ; =
40F & - i =
RCETE.. YR
O0 50 100150200250300350400450500 =

ATLAS-CONF-2016-050 m, [GeV]

t 8 t(b)
. CMS: DP-2016/057
s CMS Preliminary ICHEP 2016
>10°E
E = Observed exclusion 95% CL Scalar mediator
o Expected exclusion 95% CL Dirac DM, m,,, = 1 GeV

o 10°E 44422 DM + bb (2.2 67') B2G-15-007 9,19, =1
= 44454 DM + tt (2.2 fo) EXO-16-005

45554 DM + iV, (129 )

fermion only EXO-16-037
we Gpeor (LHC DM WG)

10°
102

10k

1

10—1[ L 1 1 oo |

Myeq [GeV]
Specific DM tuning could be beneficial

CMS 2015 DM+tt analysis as good as
2016 monojet/V for (pseudo-)scalar
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m, [GeV]

Mono-Higgs

. . . — 103 ] — — ,2;3fb'1‘,13TeV,) .

Mono Higgs signature is complementary to % %“is.,g,;g&ggﬁ;%m@o . 015
traditional DM searches — Higgs ISR Yukawa- R
suppressed of— — o e 3
Models: 2HDM or Higgs radiated by a vector L o ope st ™
mediator e CMS: EX0O-16-012
Most sensitive channel: h(bb)+DM

H L T T T ' T Ty L e — L1 L

C ATLAS = Observed 95% CL Limits ] 1000 1500 2000 2500
10¢ £ Vs=13TeV, 321" - === Expected 95% CL Limits m,. [GeV]

£ Vector Mediator [ Expected +16 3

- 91,9173 [ ] Expected +2c ] = 800 g  sorved 95% OL Lirits.
103 sin(0)=0.3, g,=mz (3. 750 \(47__. 1?%\/ 321" “mua CE)fpecteggss"/fgll__ll__imitts

£ 700 & z- 2HDM Simpifid Model B Expected tio

10?

10

1 I 1 1 IIIIII| 1 1 | I

[ Expected +2¢
650 tan(B) =1, m =100GeV  _"_ Ryn 1 Observed

]

10 10? 10°

2015

10* 0%06 800 1000 1200 1400 1600 1800 2000 2200
m,. [GeV] m.. [GeV]
ATLAS: arXiv 1609.04572
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Displaced/delayed objects

= Signature to search for long-lived particles: weak couplings (Hidden Valley, GMSB),
small mass gaps (Stealth SUSY, AMSB), weakly broken symmetries (RPV SUSY) etc.

==su= Neutral

heavy stable displaced l BSM
= charged |charged particles dilepton M lepton
m—e= any charge B quark
photon
M anything
disappearing displaced
track 3 lepton
> QT FA ::
:. ‘-‘ '0.“
displaced . ‘..‘ displaced
jet " %, photon
- A
displaced \ 4 displaced tNofttP:tuc:ed:
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Displaced ep

Muon reconstruction efficiency

CMS Simulation

Interpret as RPV
stop decaying to
b + lepton

Select events with
large e and p
impact parameter

T

CMS Preliminary Simulation \s = 13TeV P
| Tt bubl p$> 10 GeV, 'I<2.4
1 M=200 GeV, ct=1 m
0 A
-4 9900908384073 2 35 S0 94
. 0000
I =
o8- Tm_ 2
- o -I-'._l_._
: eser,, 2015
os- T . Improvement
= 2 H*-*-* p
E Een in displaced
0.4 B
I e muon
i THF -
R e reconstruction
0.2 ot;-\’/l':Joar1r-onlyg°E]mTr:<:.ker+Muon DD{}-D.D:D- HPH
|” Displaced-u Algorithm: D{}D_D{} o effICIency Wrt'
- @Muon-only M Tracker+Muon O R n 1
O | e o B l e BT | l { B B I I L =Y I e S Bl l | s B B u
30 40 50 60

0 10 20
CMS: DP-2015/015

Production Radius [cm]

top squark ct [cm]

CMS: EXO-16-022

—_
o
N

—_
o

10"

102

2.6 fb' (13 TeV)

; | rTTT I T T | T rTTT T TTT | rTTT | T T | T IE
- CMS 2015 1
- Preliminary i
- + 2 std. deviation i
I - * 1 std. deviation |
é ------- Expected g
- = Observed |
111 | 1111 | 1111 | 1111 | 1111 | 1111 | 11
200 300 400 500 600 700 800 900

top squark mass [GeV]
Cover four orders of
magnitude in cT (up to 1m)

Limits slightly improved wrt.
Run 1 already with 2015 data
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HSCP

Heavy stable charged particle: slow massive particle discriminated from
background mainly through energy loss (dE/dx) and time of flight (ToF)

Tracks / bin

251" (13 TeV)
—

—~ 20Fmgus——
Tracker: 5§ ¢
2
dE/dx 2
Muon
system:
ToF
12. 3TeV)
10° ;CIMIS R +‘TdF_:
E Preliminary 3
L ¢ Observed b
102 ["4 | Data-based SM prediction—|
Fa 7] Stau (M = 494 GeV)

-

107

102

S . T ! — 7
s - [l DY Q| = 1e, M = 1000 GeV| |

T I R SRR -
1000 1500
Mass (GeV)

DY |Q] = 26, M = 400 GeV-| |

£

DY|Q\=1e,M=400GeV: Z
10° <

g

<

1025<

¢

10 |

o 1000 | 2

p (GeV)
- Benchmarks:
= = R-hadrons
- = Staus

. * Lepton-like

fermions

95% CL limit on ¢ (pb)

—
o

—

—
<

—
<
N

1073

107

CMS: EXO-16-036

12.9 o' (13 TeV)

------- stau, dir. prod. (NLO) —e— stau; dir. prod.

:: T L I
- Prelimina
- ITheoreticaI Prediction
= — gluino (NLO+NLL)
L stop (NLO+NLL)
I stau (NLO)
? .: . - |Q| = 1e (Lo)
FL L ==1al=2e(LO)

'\' | I20+6I Tracker + TOF=

—— gluino; 50% gg
—— gluino; 10% gg
—a— stop

—e— stau
—— |Q| = 1e
—+— Q| =2e

1 | 1
2000
Mass (GeV)
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Displaced lepton and hadron jets

A

= Neutral long-lived Hidden Valley particles with scalar communicator

2015

0.7

— —
L -+my=125GeV, 2y ATLAS Simulation

r  ATLAS Preliminary
F 34" {s=13TeV

—d
o
N

BR(H-> 4y +X) = 100%

—y
(=]
TTT

BR(H—> 4y +X) = 10%

95% CL Limit on 6xBR(H— 4y +X) [pb]

-
lll

[ — observed limit

[ ==== expected limit

FRVZ 4y, moael
m, =125 GeV m, =400 MeV

................. Amiiimiiminrm

£ — -
g 0.6]- +mH=800Gev,2y: i Preliminary _i
e At . S E
'g e -+ ! ' ]
E 0.4F ++ _H -+ : Second MDT =
C —.— -+ 1
0.3F8 - Ly ; =
0.2:— el L e E
0.1 i_ First MDT —.+ E - _.-i -
e B N
ATLAS-CONF-2016-042 L% fm]
= Improved trigger,
"""""""""" reconstruction
and analysis
......................... techniques

= Sensitivity better
than Run 1
already with 2015

expected = 26
I expected £ 16

1 10

2 103
Dark photon ct [mm]

data

95% CL Upper Limit on ¢ x BR [pb]

107

= Signature: collimated lepton or hadron jets with displaced origin
e

ATLAS-CONF-2016-103

2015

Vs=13TeV 3.21b"
my, = 1000 GeV

B m, = 50 GeV
m, = 150 GeV
| —— m, =400 GeV

= ATLAS Preliminary

Ll 1 L1 L1 L
1072 107 1 10
s proper decay length [m]
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Bl 13Tev [_]8TeV

LQ1(ej) x2  [e——
LQ1(eD+LO|L(81;(|:Ji:)O;g [— coloron(jj) x2 :]
LQ2()+LG2() B=0.5  |mm— coloron(4j) x2 1 Multijet
LQ3(tb) x2  |e—
ﬂ‘:ﬁi% = Leptoguarks gluino@) x2 [ Resonances
singo Lot ity e gluinofi) x2 [
Single LQ2 (\=1) = 0 1 2 3 4 Tev
0 1 2 3 4 TeV
. ADD (y+MET), nED=4, MD
RS1(j), k=0.1 ADD @ nED=4, M3
- - RS1 (vv). k=0.1 QBH, nED=6, MD=4 TeV
= This talk was only a selection — many ...
" 0 1 2 3 4 Tev String Scale (jj)
more results from Run 2 available: |

CMS Preliminqry ADD (j+MET), nED=4, MD

ADD (ee,up), nED=4, MS

Large Extra

A0D (). nED=4, 1S Dimensions

leptoquarks, seesaw, |*, heavy

neutrino, BHs, TeV-gravity etc. sz zom __
= The process of superseding Run 1

SSM Z'(bb) ——
0 1

2 dimuons, A- LLIM
H . dielectrons, A+ LLIM
results is not yet complete Bxcied [N
e* (M=A) Fermions single e, A HnCM
b (M=) single 1, A HnCM Compositel
q (:v)(:g’ inclusive jets, A+
ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminar b* inclusive jets, A-
Status: August 2016 JLde=(32-203)fo! Vs=8,13TeV 0 1 2 3 4 5 6 Tev 012345678 910111213141516171819 TeV

5 Emiss [, - o
Model £,y Jetst ET JLdem] Limit Reference T e e e —
ADD Gy ~g/q - z1j Yes 32 1604.07773
ADD non-resonant £ 2ep - - 203 n=3HLZ 1407.2410
2 | ADDQBH - {q Ten 1j - 203 1311.2008 Vector-like quark pair production Resonances to heavy quarks Excited quarks
S ADDQBH - 2] - 157 ATLAS-CONF-2016-089
g ADD BH high ¥, p1 zlep 22j - 32 Mp = 3 TeV, rot BH 1606.02265
g ADD BH multiiet - =3j - 36 Mp = 3 TeV, rot BH 1512.02586 Q- qw Z'(1.2%) — tt t* - tg S=3/2 80 b
T RS1Grx - 2ep - - 203 kM — 0.1 1405.4123
RS1 Gy = 7y 2y - - 82 KM =01 1606.03833 ToH y
§ Buk AS Gioc > WW — qaly 1 e 19 Yes 132 Kifp— 10 ATLAS CONF-2016-062 Z(10%) —~ tt - 1g8=1/2 | Llhi
Bulk RS Gy — HH — bbbb - 40 - 183 kiMg =10 ATLAS-CONF-2016.049
Bulk RS gioc — tt lep 2152102 Yes 203 25 1505.07018 T-1Z KK — tt .
2UED / RPP leu 22b24] Ye 32 1.46TeV. Tier (1,1), BRIATY — t) = 1 ATLAS-CONF-2016-013 g b* = tW K=t 70 b
SSMZ” ¢t 2ep - - 133 |Z'mass 405 TeV. ATLAS-CONF-2016-045 T- bW .
9 SSMZ —or 2r - - 195 150207177 W= to b* = tW | Ka=1 60fb
S Leptophobic Z’ —» bb - 2b - 32 |2 mass 1.5TeV. 1603.08791 B—bH
8 ssuw oo Ten - Yes 133 | Wimass 478TeV ATLAS-CONF-2016-061 W = tb Mva <M
® HVTW — WZ - qqwmodel A O, 14 Yes 132 | W mass 2.4TeV =1 ATLAS-CONF-2016-082 VR < Mw b* = tW KuKn=1 701b
S HVIW' - WZ - qqqqmodel B - 29 - 155 [Wrmass 3.0Tev. =3 ATLAS-CONF-2016.055. B - bZ
8 | HVT V' WH/ZHmodel B multi-channel 32 |V mass 231 TeV -3 1607.05621 W’ = tb Mva > My 0 04 08 12 18 2
G (RsMw; - tb s 2501] Yes 203 104103 Bt 8 TeV to Mva > My o
LRSM W, — tb Oep 21b1J - 203 1408.0885 Observed limit 95%CL (TeV)
Clqqaq - 2j - 157 [A 19.0TeV ni—-1 ATLAS-CONF-2016-069 N 13 TeV Z(1%) > tt
= X5/3 = tW
S Cltteq . - - 82 [a 252TeV. i =-1 1607.03669
Gl uutt 2AS)23ep21b 1) Yes 203 Cre =1 1504.04605 X513 o tW Z(10%) > tt
N
E Axial-vector mediator (Dirac DM) 0 e, u =1]  Yes 32 |ma 1.0 TeV  mlx) <250 GeV. 1604.07773
Axial-vector mediator (Dirac DM) O e, 1y 1j Yes 32 [ma 710 GeV. 8,025, . my) < 150 GeV. 1604.01306 g
ZZyy EFT (Dirac DM) Oen 1451] Yes 32 |M 550 GeV. mix) < 150 GeV. ATLAS.CONF-2015.080 T - bW Z'(30%) = tt
Scalar LQ 1% gen 2e - 32 [LQmass 1.4 Tev B=1 1605.06035 0 03 06 09 12 15 Resonances to dibosons
Scalar LQ 2™ gen 2 - 32 |Lamass 1.05 TeV. S 1605.06035 o gKK = tt
Scalar LQ 3" gen Ten Yes 203 |EOsSIG0GEV p=0 1508.04735 Observed limit 95%CL (TeV) 8 TeV.
1 " " " g radion - HH 6 fb
VLQ TT — He + X Te Yes 203 Tin (T8) doublet 1505.04306 Vector-like quark single production W tb
VLQYY - Wb+ X Teu Yes 203 Yin (B,Y] doublet 1505.04306 \"
3'% VLQ BB - Hb+ X Tep Yes 203 isospin singlet 1505.04306 Lol <& 13 TeV. W = WH 101b
88 vasszm-x 258 ~ 203 Bin (8] doublet 1409.5500 T—tH oy Zo Tt tzt
LT v - wowg Ten Yes 203 1500.04261 Cwo=1. 13
VLQ T3 Tojz — WeWe 2(88)/>3epz1b 2] Yes 32 [Tsmass 990 GeV' ATLAS-CONF-2016-032 Tty e 0 05 1 15 2 25 3 35 4 Z-ZH 13fb
Excied quark " — @7 Ty 1 - sz |awes 2aTev anly i andd', A= m(q") 51205910 ca=25 Observed limit 95%CL (TeV) N
g 2| Bctedquarka’ —ag - 2j - 157 |[q'mass 56TeV. only u* and d*, A = m(q") ATLAS-CONF-2016-068. Tty t—had Gouk — WW 20 b’
28 Excited quark b’ — bg - 1b,1] - 88 [b*mass 23 TeV ATLAS-CONF-2016-060 ow=1.5
l% E  Excited quark b* - We lor2ep 1b20j Yes 203 fo—fi—fa—1 1510.02664 Tty t~had @
8 Excited lepton (* Sep - 203 A—30Tev 14112921 c2=2.5 Giuk = ZZ 301b"
Excited lepton »* 3eut - - 203 A—16TeV 1411.2921 T iz 15
—1Z ow=1.
LSTG ar - Wy Teumly - Yes 203 1407 8150 " W — VW HVT(B) 28 1b
LRSM Majorana » 2ep 2j - 203 (W) = 2.4 ToV, no mixing 150606020 Toz
. Higgs triplet H™* — ee 2e(SS) - - 139 DY production, BR(H;* » ce)=1 | ATLAS-CONF-2016-051 cz=15 " )
S | Higgs triplet H=* —» ( 3eut - - 203 DY production, BRIH; ™ — (1)<t 1411.2821 new phy3|cs W’ = WH HVT(B) 40 1b}
& Monotop (non-res prod) Ten 1b Yes 203 non rex = 02 1410.5404. B—=bZ ow=15 5
Multicharged particles. - - - 203 DY production, q] — 5e 1504.04188 ) 18 fb
S I s EED g e searches with  JERIENTS 3
1 1 H
Vi=13Tev = ; m et heavy SM particles [EEE—_G—_—G—_—_ T
Mass scale [TeV] Y= tH =1

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

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

Huge amount of results from Run 2 in the field of exotic searches

Unfortunately, all old and intermediate excesses were unconfirmed and no
new ones are on the horizon

Clearly, this 13 TeV tree has no low
hanging fruits...
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Huge amount of results from Run 2 in the field of exotic searches

Unfortunately, all old and intermediate excesses were unconfirmed and no
new ones are on the horizon

Clearly, this 13 TeV tree has no low
hanging fruits — except....?
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Summary

Huge amount of results from Run 2 in the field of exotic searches

Unfortunately, all old and intermediate excesses were unconfirmed and no
new ones are on the horizon

Clearly, this 13 TeV tree has no low
hanging fruits — but it does not mean it
has no fruits at all!

Other searches, exploring more
challenging signatures are coming up

More than twice the data shown is
being analyzed and more is to come in
the next years (100x with HL-LHC)

Next rendezvous: winter conferences 2017
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