Supersymmetry and Exotics searches
(mostly at the LHC)

@&ﬂnﬁé On behalf of the ATLAS, CMS and LHCb Collaborations
+ few highlights from HERA, NA62
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Searching for new physics: why and what

Standard Model: remarkably successful description of known phenomena, but
requires new physics at the TeV scale - missing gravity, Dark Matter (DM), Dark
Energy (DE), explanation for matter-antimatter asymmetry and more...

Standard Model of Elementary Particles
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+ many variants and kind (MSSM, NMSSM, R-parity
conservation or violation..)

+ mostly heavy super-partners, prompt or long-lived,
several Higgs bosons
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Non minimal Higgs sector
+ Exotics / Rare / Invisible decays

___—> . Higgs as portal to DM

+ Extended: Two-Higgs-Doublet-
Models, MSSM, NMSSM and more

+ Charged Scalars

+ Composite Higgs

“Exotics”: referred to a large variety

of theories and models

+ Heavy vector bosons, vector-like
quarks, excited quarks, non-SUSY Dark-
Matter models, lepto-quarks, dark/
hidden sectors and more

+« The unknown!

More on theoretical aspects e.g.in N. Craig’s talk
“SUSY and BSM Theory After LHC 2016
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Searching for new physics: how and where

o E0e9Y Fro, The energy frontier: LHC
It is the unique place where to look
orignof ass directly for new particles:

offers the possibility to search for
excesses in number of events in a
plethora of kinematic regions and for
resonances from new heavy particles

Origin of Universe

Unification of Forces

New Physics
Beyond the Standard Model

allows to perform precision

measurements of SM parameters >

O Each deviation could be an hint of
\} .

2N new physics!

» Other colliders/experiments give alternative opportunities, equally
fundamental. Examples [some also in this talk]:

Contact interactions (ep HERA), hidden sector particles (NA62), precision
measurements leading to loop-induced deviations (g-2, EDM)

More in other dedicated talks
3 Monica D'Onofrio, EPS-HEP 2017,Venice 11/07/2017



The LHC as NP machine

mw@m
ATLAS/CMS:
5&25fb ! /exp2011-12 @ 7 & 8TeV :
36 fb"! (2015-2016) & 4 b~ (2017) / exp @ 13 TeV &
LHCb: 3 fb! @ 8TeV
1.9 fb! (20I5+2OI6)/02fb | (2017) @ 13TeV.




LHC Run 2

» 2016 Run 2 went very well

» Now collecting efficiently new data

from 2017 collisions = ~ 6 fb! recorded

Record peak instantaneous luminosity =
14.6 x 1033 cm2 5"

45 I I I I [
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Outline

A journey starting from what we have discovered:
the Higgs boson!

» Highlights on methodologies

» New Physics in the Higgs sector:
Invisible or exotics decays
New BSM Higgses: heavy or charged
» Searches for SUSY as explanation for EWSB

Strong and EWK production - with or without naturalness
constraints

» Enlarging the landscape:

Dark matter as WIMPs

Heavy particles (resonant or non-resonant)
» Searches for long-lived particles

Unconventional signatures, possibly arising in SUSY, Hidden
Valleys and a variety of other BSM models

»  Concluding remarks

DISCLAIMER: most of the results (representative) from
ATLAS and CMS with highlights from LHCb, HERA and NA62
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1960

Partons observed in DIS and
raise of the quark model 1969

1970

J/psi discovery 1974
Tau lepton discovery 1976

B-quark discovery 1977
1980

[ W and Z bosons discovery 1983

1990

Top quark \ )
discovery 1995 ===

R,
i

w2000 Tay neutrino discovéry 2000

2010
Higgs Boson
discovery 2012

* You are here!

“Patience is the virtue of the strong”
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challenges: SM measurements

» Wide variety of fundamental measurements of SM processes done or in progress
» Dedicated methods needed to constrain SM background in searches

- often performed in uncovered phase space regions

» Huge effort by theorists and experimentalists using 7,8 and 13 TeV data and new
calculation methods to improve capability to simulate SM processes with MC generators
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challenges: SM background estimates

>

Relative error

Usually, define control regions (CR)
enriched in one background source
Compromise between closeness to signal

region (SR), data statistics and handling of
systematic uncertainties

Normalize estimates from simulation in
these CRs
Simultaneous fit of N regions for M
background normalizations
“Validation regions” used for cross check

of the background estimate
ATLAS-CONF-2017-022
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observable 1

» Uncertainties arise from data
statistics in CR and from
extrapolations CR - SR

> Very effective to reduce detector-
related systematics

» Theoretical uncertainties dominant
in extreme phase-space:
» MC extrapolation
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challenges: explore wide phase space

“Leave no stone unturned”

» Multi-dimensional bins
considering various
discriminating observables

» An example:

Search for SUSY in all-hadronic final
states (with E;Mss) by CMS

Consider SRs categorized with respect
to Njets’ ijets’ HT =2 p_l__]ets

Each region with a certain H; range is
further split in terms of M,

Mty = min {max <Mé1), M(Tz)ﬂ
ﬁ%nissx(1)+ﬁjrﬂnissx(2):ﬁ%niss

where (1) and (2) are jets or clusters of jets constructed
in the two hemispheres

> Great complexity of the current
searches - making full use of all
data collected!

> Model-independent upper limits
usually provided as well as
interpretations in specific NP models

https://arxiv.org/abs/1705.04650
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challenges: complex reconstruction methods

Length

» Innovative techniques needed e.g. for “unconventional”
signatures such as long-lived particles (LLP). ffjjff,é

» Small-medium decay lengths - displaced vertex (DV) // ------

~ stable
ATLAS- CONF 201 7-026 .y’ O(1-10m)
- o A ] v

% : ATLAS Slmulatlon Prellmlnary . . .
: S 120 G=1aTev 7 @ LHCb: dedicated techniques for DV
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= 4= R-hadron: m(g) = 1200 GeV, m(x) =100 GeV, 7= 1 ns ] explO]t]ng the Lln'lque charactenst]cs Of the
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R S S g 1 detector - sensitivity to O(ps) lifetime
S : + +++++ —+— Standard + Large Radius Trackin g(LRT)
o 0.6} R + Phys.Rev. D 94 (2016) 112004 5 g g, (13 TeV)
Y IRy E OGS oo - v
S 04 A ‘ +++ ++++++H++ S 18 DY |Q| = 2e, M = 400 Ge
0 2: ++ ++4‘+ + H B o) I I DY (Q| = 1e, M = 400 GeV 5
2 Hag +++++: = 16 <10
- lllll‘,,u“oﬁoou«- oo | 43 —
500 s 200 e %ho 14
Ry, [mm] 121
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» Heavy stable charged particles - 107 10

anomalously high energy deposits in the
silicon tracker and long time-of-flight
measurements by the muon system

dE/dx estimator @ CMS

o
~N No. of tracks / [ 2.4 (GeV) x 0.03 (MeV/cm) ]

o N A OO ©
T TTTTT
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500 1000
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New physics in the Higgs-sector

Is the Higgs observed at the LHC the standard model Higgs
or the h from an extended sector?

’ X
. Decays: Rare/Exotics/Invisible 0 %" ? /
——————— \ o _}TO_( \
a : i =

+ Production of more Higgs in Extended Sectors

+ Additional singlet - one more Higgs boson

. Additional doublets = 5 Higgs bosons (h, H, A, Ht): i sy @

2HDM/MSSM T

+ Additional singlet+doublet - 7 Higgs bosons (h; , s, < V.. :
a1,2) Hi): NMSSM Boson

+ Additional triplets and/or charged (double charged) <H+)
higges (Georgi-Machacek, MSSM ..)
+ Exotic properties of the Higgs )

+ Composite Higgs, FCNC t->hqg and more mmm> T >




Rare and Exotics Higgs decay

» H->@y and H>py &t
sensitive to s-/ud-quark Yukawa couplings § o0

Reconstruct ¢y — K*Ky and py — m+m-y

Dedicated triggers, data-driven background 400;—

B (H— py) < 8.8 x 104

—_

© v

T
600—

B (H— @y) < 4.8 x 104 20

ATLAS  Preliminary 11'
Vs=13 TeV, 32.3 b

—— Background Fit +1o
- Background

[ ] B(H-py)=8.8x10*
[ Bz—py)=25x10°

Data / Fit
o

» H>put, H2>et, H2>ep CMS-PAS-HIG-17-001
Lepton Flavor Violating decays (also very rare in SM)

80 90 100 110 120 130
My [GEV]

ATLAS-CONF-2017-057

Very rare in SM:

B(H — @y) =
(2.31£0.11)x10

B(H — py) =
(1.68+0.08)x107>

B(H->ut)<0.25% B(H~>e1)<0.61%

» H->aa decays of the discovered higgs into low-mass 5 b
pseudoscalars (a). BR of a depends on assumptions B o et Ofsion
§ 7EHo2a4b,m -60Gev Hi+ct
,_> ’}”}// ]J.].I/T’C/bb _ 19.7 o (8 TeV) @ 60; =E;:; ]
3 f e mme o 7 H>aas4b
H ﬁ a< a 3  combinan --- BKg. uncertainty ¢ Observed 402_ _E
|—> vy/ap/tt/bb 5 10_ SRR 2o :
+/ ]\ 10;— ........... L =
Constraints from analyses for all 137 Hq 3 m{%'"
combinations (mostly from Run ) - T aa - purw S oo %ﬁ%ﬂ%ﬁf%ﬁ%/////

arXiv:1701.02032

60 ~o 100
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Eur. Phys. . C 76 (2016) 605 ™ [GeV]
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Rare and Exotics Higgs decay

» H>@y and H>py o
sensitive to s-/ud-quark Yukawa couplings

ATLAS  Preliminary 11'
Vs=13 TeV, 32.3 b

Events / 1 GeV

800—

Reconstruct @y — K*Ky and py — m+m-y GOO;
Dedicated triggers, data-driven background o

—— Background Fit +1o

L [ Background
B (H— @y) < 4.8 x 10 Y  [Chsie
B (H— py) < 8.8 x 10

—_

+ S0y t0e00. % 40 o8y 010
MRS URRIURAIN LR,

Data / Fit
o
®© i

80 90 100 110 120 130

» H>put, H>et, H2>ep CMS-PAS-HIG-17-001 My [GEV]

ATLAS-CONF-2017-057

Very rare in SM:

B(H — @y) =
(2.31£0.11)x10

B(H — py) =
(1.68+0.08)x107>

Lepton Flavor Violating decays (also very rare in SM) | B(H2>ut)<0.25% B(H—>et)<0.61%

» Decays of Higgs-like particle in two LLP (h = )

m(LLP): 20-60 GeV,Or5LLP ~5-100 ps, LLP decay fully hadronic g o = 125 GeV/c?
- o - .5 ' E 10k Top = 10ps
X S 04} T * Data 3]
/ = T = Background g
/ AN BV48 10ps mH114 N
- a5 0.3F o gy/ig igps mH114 2
0o N\ . ps mH125 o
h’ \ 8 02F o 1¢ (e)
NUUE- | | ~ LHCb
X B oaf (s 200 30 40 50 60 _
‘BNE s miLp  [GeV/c']
% 20 40 60 _ 80, Limitsseton the production cross-section as a
Eur. Phys. ). C (2016) 76: 664 di-LLP mass [GeV/c’]
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function of the long-lived particle mass and lifetime
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Invisible Higgs decay

» Invisibly decaying Higgs in SM: h > ZZ* 2 vvvv B —iny = 1.06 x 1073
» Enriched if BSM higgs decay h = xyx, x weakly interacting

49" (7 Tev) +19.7 " (8 Tev) + 2.3 b (13 TeV)

CMS: via gluon-fusion (ggH) and ISR-jet, vector-boson &8 *F__—_ ' CMS 2
. . — &,\: 1.8 3
fusion (VBF) and with W/>104..,..,.,,..,,.,..\..,..K..?.'3.fb-_1-(‘1?-Tve\-/) % I Median expected =
[ —4— Data = - .
JHEP 02 (2017) 135 2 v = g e I 8% expecte E
. . Q 10 [ Dibosons = :_ 95% ted _:
Three signatures: g =k 7 e expecte E
° Jet+ETMISS . |:]QCDmuIti!'et_ ] \(%, 1: =

. V(jj)+ETMiss ok . B(H - inv)=100% ; ook
o Z(I_[/bb) ETMiSS O gy == % 0.6;—

10°° T o4f-

7, 8, 13 TeV data Bs | ° o

T R RN

1 .

Also: CMS-PAS-EXO-16-052 § 05

Combined qgqH-tagged VH-tagged ggH-tagged
300 400 500 600 700 800 900 1000
miss . . . A

5 0F amiaseeimmay om sz A By [GeV] upper limit on B(H — inv) of 0.24 (0.23
(0} X /s=13 TeV, 36.1 b w77 mm Non-resonant-Il - h
o 10 . WZ == Others
- ee .m.StaHSys.. )
€ M, =100, m, - 5005027 ATLAS:
>
LIJ 3 3 :

new search for ZH production in ([+EMss

Interpretation also in DM models with
2 . I l axial-vector mediator and fermionic WIMP
o T 27
= O |
! ¢

10? 2x10? 3x10% 4x102

Epes [GeV1]03
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heavy Higgs bosons

» Several models predict additional, heavy Higgs boson
A very comprehensive set of searches performed in Run 1 and being developed in Run 2

» hMSSM model (m, and tang)

200 300 400 500 600 700 800 900
M(ivy) [GeV]

CMS-PAS-HIG-17-008

I5

Updated A/H>7t: ~
% :‘ﬁ'l"LA‘S P‘reli‘min‘ary‘ | aras 2015 —gbserrej ’1'&[1’ A/ H 91713
+ s=13TeV,36.11b" - - Expecte
o Y o A/H->bb,
A->Zh..
40
—_—/;\-';'LAS-CONF-Z 017-050
e . H>WW/Z1
500 1000 1500
Updated bbyy: m, [GeV] New results released
@ CMS Preliminary 3591 “Va fOF ZZ 9 llll / llVV
Z " Grav. m =300 GeV || VH(yv) { Data 11' ATLAS-CONF-2017-058
310 [I Rad. m, =600 GeV || VBF Hyy) Stat. Uncert.
% . oF USMHH (x5000) 9gH(r1) J oBH(r)
g 125 fiern H-> h h

HH: All final states studied!
(see also Paolo’s talk yesterday)

tanp

CMS PAS HIG-16-007

CMS Preliminary <5.1 6" (7 TeV) +<19.7 fb' (8 TeV)

60
50 | /
40 .
30 [ % 7 /
,zm_/ﬂé/
L,
20 FraceR
10— A ¢/ _ Model not strictly applicable
— \:’ Observed exclusion 95% CL
6 % Expected exclusion 95% CL
L s 5 A4 A/ | ----.
S ‘l ' _ Model not strictly applicable
41 S h(125) (HIG-15-002)
3 _ll‘ A/H — bb (arXiv:1506.08329)
1 A/H/h = pp (arXiv:1508.01437)
ok \ [ ] AHMh = o (HIG-14-029)
| H — hh (bbtr) / A — Zh (lkt)
! \:I (arXiv:1510.01181)
) H — hh (bbyy) (HIG-13-032)
b | H— WW/ZZ (arXiv:1504.00936)
1 |
130 200 300 400 500 600 1000
m, [GeV]
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Heavy higgs bosons: more on resonances

» Heavy Higgs in yy/Zy — gluon-fusion or VBF production

HIGG-2016-14

> 50r T T T T T
To appear 4, 4, § g é:l.;fvP;: |1|rf1;|1nary+ Satig d fit
P T T T T > e " ATLAS Prelimi T & 40 p; reaiv‘e- —~aC AP
§ 104 ATLAS Preliminary 6\I-,, §10:§ EZﬁ'gfe\'zr:émL'}ary : 6‘[1’ : [ fon reative & {73 Signalx 20
g 10 F —— Background-only fit > « 10 ? E hish .
g 103? Spin-0 Selection g 102? = @ Igh Mass
- Vs =13 TeV, 36.7 fb’ 3 10E .
g E 1 3 ° @low mass
10? § 10—13 —e-Data E (SM range) = :
1 ? é ? — Background fit i u.' L1l
10 - 10°E L £ 10 .t ST
o B A g 4f 3 O 1157120 125 130 135 140 145 150
s 1§ ey U] m,, [GeV]
2 1og |l E T 21 i
e E E o 4E . - . . . .
3 5 Lt ER 3x10° 100 240’ Spin 0 or Spin 2 interpretation (and
£ 0 i Wm% E m,, [GeV] g di dp l ) P N ful
P ;z: 'y + h E Full reconstruction of the lly € lcat.e >¢€ ectpns) powertu
s Rl Lo system in several categories constraints on various BSM models
m,, [GeV] %
H h . A / H . b g 10° e®%e ﬂﬁfﬁiﬂﬂ“ﬁry+ z'\aﬁfzmz 4/&
} eavy ] ggS ( ) ] n tt a r j . d ° Lepton+jets SM Wajets 11¢
. L. . % 10 0...Allsignal regions I Other S
Significant interference between gg—tt $ . B Uneersiny
o [
production and scalar/pseudoscalar A/H—tt .
. . 10?
treatment of interferences is key
Resonant shape distorted > “peak-dip” structure  '°F e ——
a 11 Man=500 GeV, tanp=0.68
increased understanding of modeling of top § 108 7 Thettbaggond o
background fundamental IS : 7
0.95F CERN-EP-2017-134
[more results on heavy and charged Higgs in back-up] T T200 600 800 1000 ~ 1200 1400 [‘G ‘1\53100
mlt:TeCO e
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The Higgs could indeed be the lightest of the SUSY-higges...
Supersymmetry

NLO + NLL, pp, Vs =13 TeV

SUSY Partners

[sParticles]

Strong production
(gluinos, squarks)

EWK production

(charginos, neutralinos, sleptons)

6ravitino

Role of R-parity: impact on
expected phenomenology

% (higgsino-like

)

(wino-like)

o
K=
c
(]
(0]
7]

Cro

1072

1078

ons i _4
stept . Zino Chargino 10
Spin 0 Wino
sFermions 105 ! L . . . ) .
Bosinos 0 500 1000 1500 2000 2500

~ Spin %

Selected CMS SUSY Results*

- SMS Interpretation

A VERY wide range of p

ICHEP '16 - Moriond '17

SUSY particle mass [GeV]

rocesses investigated

ATLAS SUSY Searches* ATLAS Preliminary

95% CL Lower

Gluino

Squark

EWK Gauginos

May 2017 Vi=7,8,13TeV
Model &Y Jets ET [Laqm™) V5=7,8TeV Reference
T
MSUGRACHSSM 03epli2r 210/3h Yes 203 .
A 0 26jets  Yes 361 m(F])<200 GeV, m(1" gen. §)=m(2* gen. 3)| ATLAS-CONF-2017-022
2 ,,_nm (compressed) monojet  13jets  Yes 32 160407773
i 0 Giels  Yes 361 ATLAS CONF 2017022
T - 0 26k Yes 361 ATLAS.CONE 2017.022
8wt Bew  dkls - 361 ATLAS CONF-2017-030
%, GogqWZE) o ljels Yes 361 mil) <400 Gev ATLAS.CONF-2017-033
2 Guss (inisp) 1204000 02fls Yo 32 160705079
E ‘GGM (bino NLSP) 2y - Yes. 32 €r(NLSP)<0.1 mm 1606.09150
T GGM (niggsino bino NLSP) ¥ b Yes 203 ™) <950 GeV,crNLSP)<0.1 <0 150705450
= GGM (higgsino-bino NLSP) Y 2jets Yes 133 m7)>680 GeV, cr{NLSP)<0.1 mm >0 ATLAS-CONF-2016-066
‘GGM (higgsino NLSP) 2eu(2) 2jets Yes 203 MINLSP)>430GeV
Gravitino LSP 0 mowoiel Yes 208 MG 10 o i) m@=1 5TV ssczos1e
83 e o 36 Yes 361 mif})<600 GeV ATLAS-CONF-2017-021
S Otew  3b Yes 361 mif)<enoGev ATLAS-CONF 2017021
T 01ep 3h Yes 201 |& 137 TeV. mi7)<300 GeV.
2b  Yes 361 S0 GV mi)<420Gev ATLAS-CONF-2017-038
K 2e, )4 (557 1 h Yes. b . 275700GeV.
2ep 12 Yes 4.7133 |7 (117170 Gev [N 200:720 GeVi m(r’) = 2m(F}), m(¥!)=55GeV. 1209.2102, ATLAS-CONF-2016-077
02 en 02 JelsH 2b Yes 20,3361 [ F  90-198 GeV [ 205950 GEVI Gov 1506.08616, ATLAS-CONF-2017.020
: mo 32 5oV 160807773
§§ 2«.»'(77 u Yes 203 150-600 GeV. miF})>150Gev. 14035222
%E 3eul? b Yes 361 |7 m(E})=0Gev ATLAS-CONF-2017-019
12en  4b  Yes 364 . 320880GeV miE})=0Gev ATLAS-CONF-2017-019
2en 0 Yes mu” ATLAS-CONF-2017-039
2. et y
(Max exclusion for M, - M ,o» <80 GeV) e e RS o o170
(Max exclusion for M, - M .5, <80 GeV) . 5 Sew 0 Yes (i, ATLAS.CONF 2017.025
x sxlusionfor .- CMS Preliminar 58 Ssen ozl e o Mirscow 51705
(Max exclusion for M cr - M s 3 wwy  02h  Yes e 50107110
(Max exclusion for M- - WA Ll den 0 Y i) ) 14055086
(Max exclusion for .- —_ GGM (wino NLSP) weak prod. £~y Tt +y Yes. 1507.05493
S= e GG (5o NLSP) woak prod. TG 27 ves crctom 150705453
DirectE11 prod longved /i Disapp. i Tjel  Yes 361 | MM as0 GV i) 160 Mo, <02 s ATLAS-CONF 2017017
L=129 fb“ L=359 qu Direct 71§/ prod. long-lived ¥ dEfdx trk - Yes 184 [B 495 GeV. i m(E?)~160 MeV, r(¥ <15 ns
= . = R § 2 Stable, stopped ¢ R-hadron 0 15jets  Yes 279 [& 850 GeV m(F})=100 GeV, 10 us<r(2)<1000s 18106584
E ‘Stable  R-hadron trk - - 32 1606.05129
SE et wron N e
§'§ GMSB, stablo 7, T, ,:Ml w 12p - ERRRRTER I 537 GeV. <50 14116795
= GMSB, =G, longlived. 2y N Yes 203 440 GeV' 1<r(d})<3 ns, SPS8 model 14005542
88 T ceyfensluny displ.eelen/put B 10TV 7 <ertElhe 740 mm, m(g1=1 3ToV 1504 05162
GOM g3, 712G displvix +jots - B 10TeV. 6 <ertil)< 480 mm. (311 ToV 1504 05162
LRV pposi + X, rsepferiyr enerpT - - a2 By =01, Aimize0.07 160708079
inear RPV CMSSM 2c4(S5) 03h  Yes 203 @=m(@), crisp<1 mm 14042500
7 4e, - 133 M A00GEY, 0 (k= 1.2) ATLAS-CONF 2016075
& Bep+t - 203 M} )>0.2XM(TT), 4j11%0 14055086
ithi i 0 4Slaekietls - 146 BR)-BR0)-BRL)-0% ATLAS-CONF 2016057
2
For decays with intermediate mass, 2 0 4Siameriets e julyvossuisetgold
. m =x'm +(1-x) m Tep 810jotsiO4h - 361 ATLAS.CONF-2017-013
L I("'" exclusion for "'.Im. M i <40 °=V>I L | 'mtermediate ™ 1 Mother ( | ) LSP | Teu 810jols/0-4b - 361 ATLAS-CONF-2017-013
0 2fese2b - 154 ATLAS.CONF-2016.022. TLAS CONF-2016.084
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2en 26 - %81 SR el 20% ATLAS CONF-2017.036
N L - . Otfier Scalarcharm, et} o 20 Y 203 i) <200Go 50101325
Observed limits at 95% C.L. - theory uncertainties not included Mass Scale [GeV] | Scalarcharm, 2t e he0cev
" " i P N *Only a selection of the available mass limits on new states or
Only a selection of available mass limits. Probe *up to* the quoted mass limit for m ~0 GeV unless stated otherwise phynﬂmina is shown. Many of the limits are based on 107! 1 Mass scale [TeV]



1st and 2"d gen. squarks and gluinos

» Squarks and gluinos often targeted by so-called “inclusive” analyses

R-parity conserving (RPC) scenarios > signatures characterized by E/M's
Lightest SUSY particles weakly interacting, at the end of sparticles decay chain
Jets, EMss) with or w/o leptons, with or w/o b-tagged jets

> Complex discriminant variables exploited to extract signal from SM bkg

, HMiss, Meff=H+EMss) EMsS/[H,, My = | neg. vector J jets|, Ly=p ‘ept°”+ETM"SS, My,
MT, MJ mass of large radlus jets, mqy, Recursive Jigsaw, A¢(j, E M‘SS)

0, 1 or more leptons final states: “a glance”

% 1OUEI | T T T T | LU | L ‘ T T T T | L ‘ L \E 104 ¢&h
C P e Data 2015 and 2016 > Ve T 3
(05 - ATLAS Prellmlgary Rl ] 8 ATLAS Pl‘ehmlnary ¢ _|[_)ata| M W+Jets 3
S - R:;:%_T;;J’OSGJ fo %Wﬂets 10 Iepton o {0315 - 13TeV, 36.1 fb‘%ttma Diboson
~ 20 -0J)- tt(+EW) & single top — o E
P 10°E D zets E +jets+E Miss =4 SR2Jb-veto  gSingletop = Others 7
o [ Diboson ] T o 102 e m(G%:%;)=(905,705,505) GeV
KT -Multuet s E 0 e mM(QX, ,)=(625,425,225) GeV 3
ggonestep CI>J . n
m(@. 1 10)=(1705, 865, 25) é i 10g -3
a-- 1 E
[ ---: - j
l%g S [ lepton . i
s % L. .|_'ets.|.El"|issE ——— T T
Q / 7 ] T3 2 ¢ } [
s =k e f%? Z /i s 1% 4 2
g o ) w = SUSY-2016-12 & ¢ A

o= 1000 1500 2000 2500 3000 3500 4000 a (}_ """"""""""
arXiv:1705.04673 mq(incl.) [GeV] 00 1100 1500 1900 __ 2300

m [GeV]
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15t and 2"d gen. squarks and gluinos

» A spectacular number of regions scrutinized - a small subset

i ATLAS-CONF-2017-033 Ol + 7-11 jets
107 CMS Ol +]ets-f- MET 359 fb'.1 (13 TeV) ATLAS Preliminary V5 =13 TeV, 36.1 fo~ J
| SsNase 17 i N =8 N =9 % 0 [ Ivuttiet T W v +jets e Data 3
Data Lﬁ ]

- Other \:I tt—ql,ll % Total Background
! _ : Hadronic 103 E b

: ZovY 7 lepton , 2z

E Lost : “ “
! l:l lepton ! D Qacb %y, 77

U

o
100 120, 140 160
Search region bin number

Data / Prediction

50-MJ500 [ 18-

2+jets+MET T
jets arXiv:1704.07323 $5353
. CMS 35917(13Tev) _. , CMS 35.9 b (13 TeV) =====
B 4 3 B 4 7y + E 23333
IRy l I sevecs
g g8 Nl it UL L L] S S /3L H MET .
5 i JO T o e a1 10504 24 M0 6 ame-dign + jets + arXiv:1706.0373 |
" LA B e e B B R A ARl AR EAAR ARRARRARM 2 — : : T : : : : : : : : : : : : : :
2 HH selection 1 240*L HL selection - & B - -1 ——Data (/| Total SM - [l Charge-fiip
‘5104 —+Data E *510 E b _+Data 3 Lﬁ 102 |=— ATLAS Vs=13 TeV, 36.1 b [J Fake/non-prompt [l Diboson  [J ttw, ttz/y*
L (C)] [ Nonprompt lep. J [T E (b) [ Nonprompt lep. E |:|ﬁH 4t Bl Rare
mwz 1 r oWz 1 E
10° W - 10° = EtzZH E o i
mtzH 3 s W E B
B Charge misid. L X+ ]
2 [ Rare SM |
10 3 = mwWw 3
E @ Charge misid. 4
108 =5 5
1
= .
107! % 15|
© —T“~ /
a osp1": ; : ; ; ; ; :
{8 =SSN SRRV S S 1 S 1 Roce, Foce Foce Foos Foce Foce Fos Foag Focg Foas Foos Rocs) Aoce Bovar Fover Aover Fover Fovey
10 20 30 40 50 P22 2L2pp Lo sonecl 06 L0ty L0 L0by LT L Togs 2L 15 2L 5y LSS 2L by 206 2L L2 2L g L by
Signal Region Signal Region
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1st and 2"d gen. squarks and gluinos

» Searches interpreted in terms of exclusion limits on the mass of gluinos or squarks,

considering a variety of hypothesis for their decay.

» One of the most-wanted: gluinos decaying via top-

quarks - 2 TeV limits reached for low x,° masses

pp — aa, a — tt %J Moriond 2017

2000—

S
O
O, 1800
3
£ 1600
1400
1200
1000
800
600
400

200

v

20

- CMS Preliminary 35.9 fb (13 TeV)
—=SUS-16-0833, 0-lep (HT'SS) -+.Expected
—SUS-16-036, O-lep (Mr,) —Observed
—-SUS-16-037, 1-lep (M)

—=SUS-16-042, 1-lep (A9)

—SUS-16-035, =2-lep (SS)
SUS-16-041, =3-lep

800 1000 1200 1400 1600 1800 -2000 2200
my [GeV]

Limits on 15t and 2" generation squarks also very
stringent [~ 1 TeV for direct decays, one-type only]

pp — aa, 9 —q%% Moriond 2017

;‘ 1200 { L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ UL

L ) ]
8 L CMS rreliminary 35.9fb" (13 TeV) |
— --:Expected
Exx1000j —SUS-16-033, 0-lep (HT'™) — Observed ]|

F —SUS-16-036, O-lep (My,)
800

600

400

200

07 - - L \-: ‘h L1 ‘ L1 1 5. L i ‘ L1 \7
400 600 800 1000 1200 1400 1600 1800

mg [GeV]

Dedicated searches targeting SUSY
scenarios with R-parity violation, e.g.:

1) —

= 77 ,
8 L gt i? — ttuds ATLAS
2. [ (s=13TeV,36.1fb" = Obs.limit(x10y.2) ]

<5 2000 f Pt
E C e Exp. limit (+ 1 6,,,) i t

All limits at 95% CL

15001 .
10001 .
500/~ -
T 1704.08493 e

0 —— g 5000"
m(g) [GeV]
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Events / 20 GeV

third generation squarks

» Many sophisticated analyses targeting bottom and top squarks:

b/t
bit// < %
i i" i
) ,

b/t

theoretically, have a fundamental role (higgs mass radiative corrections, natural SUSY)

experimentally, can be quite challenging - low production rate, several possible decay
modes, depending on SUSY mass spectrum

For top squarks: depend on decay. E.g. via top + LSP > 0l,11,2l + b-jets + EMiss

ATLAS-CONF-2017-020

T
r ATLAS  Preliminary
3000~  Vs=13TeV, 36.1b"
preselection + m?™">50 GeV
%

@ Data

% SM Total ]

2000[—

— 20X 1?‘,7,'“):(500‘3001 GeV
r 100 x (£, 7)=(1000,1) GeV ]
1000— —

For bottom squarks

Events

Nobs/ Nexp

CMS-PAS-SUS-16-049

10°
10°
10*
10°

102

T T
CMS
Preliminary
High Am

|+ Otl)servedI
2 QCD

W
---- T21t(700,400)
x5 Bkg. Uncertainty

mT(bm,B?'ss) > 175 GeV, N,>2, > 2 top- or W-tags

35.9 fo' (13 TeV)
{:| Ralre I
Z—Vv

---- T2tt(1000,1)
---- T2ttC(500, 450

OaNWA
T T ] T T

2 (25 1357  [45, . > 5y 857 > > > >
550 0, 35, 0, 450, 0, 550)550 0, 350, 0, 450)450 Bp <2y <3Bp

ET [GeV]

0 leptons: Dedicated
searches e.g. depending on
possible “boost” of top

Unmerged
hadronic top

Partially merged
hadronic top
(W jet + b jet)

$))
i
oy

Fully merged

hadronic top jet ;; i
/
Sh %/Q'

@CMS: dedicated search in OL+2b+EMss plus interpretation of more “inclusive” analyses (SRs with b-jets)
@ATLAS: dedicated searches also for mixed-scenarios (OL+2b/ 1L+2b + EMiss)

21
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third generation squarks

— 900 pp — tt |t — t Xl Mofiond 2017 — E.T|p:orjl|JC:|tic|)n| T|_|>|b|f f|' %O(Yl?lclij /|Y|_)|V|V|b|%(|) /I’fl—]tlzlol ] |S|ta|tL|jS|.||\/:a|)/|2|01l7J.
> : T ‘II T T T T : %
C - N 700— ATLAS Preliminary Vs=13 TeV —
8 800‘_CMS Prellm/nary iss 35'9 b (13 TeV) 4 S L B istx /i Wby, 0L 36.1 fb” [CONF-2017-020] i
—_ [ —SUS-16-033, O-lep (H™) :Expected 1 &% [ = ietw/iowenispiry 1136110 [CONF-2017-037) ]
sz 200F- —SUS-16-036, O-lep (My,) Observed 7 600— HMT-t% /To>Wbx fiobify 21361 fb [CONF-2017-034] —
- —SUS-16-049, 0-lep stop . - Biocx Monojet 3.2 fb™ [1604.07773] ]
600:— SUS-16-051, 1-lep stop E 5002 — \s=8TeV,20fb" Run 1 [1506.08616] i
- —SUS-17-001, 2-lep stop - [ — Observed limits === Expected limits Al limits at 95% CL 1
500~ —Comb. 0-, 1- and 2-lep stop . O - B i
C T s’ \" i 400_— __
400:— e ‘: ......................... )\ ‘«“ _: E E
C .:.5 g, u‘:‘ “ E 300__ ]
300F ¢ A% - ]
200 " = =oF ]
- ] b 7
100 - .‘;.&;“'} . 100— -
- AR . . - - T
0 s oy oy iy YL 15 :/W \:
200 400 600 800 1000 1200 oLl v b by | ||||
200 300 400 500 600 700 800 900 1000
my [GeV] m; [GeV]
Other decay modes (e.g. via Higgs boson, via charginos) not shown.
In RPV scenarios, top squarks excluded up to 1.2 TeV
» For bottom squarks: Exclusion limits beyond 1 TeV / exp. CMS-PAS-SUS-16-032

Still < 600 GeV for compressed regions: Also for stop = charm + EMss  ATASCONF2017:038
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Electroweak SUSY 5 o]
o) ‘102; --é1o6 (:é
» If colored sparticles have mass above 3-4 TeV scale, EWK 100 e i g
. F 3 (]
sector could be the only one accessible 1} 05
Very low production rate, large dataset needed 10‘%(%70) {10
. . . 2 712 wino Ji2 2
»  Exploit multi-lepton nature of final state events ), %10 <
1045_ gabil iggsino @
Depends on chargino/slepton/neutralino mass hierarchy 104%(77%%)%0 i
. . F . 1N

» Once again, explore a variety of SRs 1oLl Ll 107

60 100 200 1000 2000

E.g.: 2, 3 or 4 leptons, all types included

v/t

4 |leptons analyses mostly
targeting RPV scenarios.
Also: ATLAS-CONF-2016-075

23

Events

Datalpred.

.82

Datapred.

i

»£3007h 0 SFOS pair — =+

Signal Region A (31.01)

"
Signal Region B (31,01)

, weeOS ée/up +1th

5w
Signal Region C (31,)

Datafpred.

I
Signal Region D (31,)

Datalpred.

L
Signal Region E (31 1)

Monica D'Onofrio, EPS-HEP 2017,Venice

Particle mass (GeV)

Data/pred.

Datalpred.

Total of 158 SRs,
no significant excess

CMS-SUSY-16-039

11/07/2017



Electroweak SUSY Y,

s CMS Prellmmary 35 9 fb™! (13 TeV)
. . . g 10 % ‘ ppﬁn T— X M( ) 1 (;ev ‘ ‘ 95/ CL upper Ilmns E
» Powerful exclusions in decays via sleptons S | —MOMLm s —oones

4 : - 68% expected
' N
> e M waear 95% expected
7T X9
y

mass limits on selectron/smuon up to 500 GeV - not 1078
yet on staus! i

~0

> 102% E
» If kinematically forbidden, decays via WZ or WH (on- 10F ;
shell or off-shell in compressed scenarios) 1| CMS PAS SUS-17-003 1
I Left-handed scenario 3
R . ok
- Challenging, dedicated analyses performed 100 200 300 400
m_[GeV]
PP — X3 %; K
May 2017 ATLAS Preliminary Ys=8,13 TeV, 20.3-36.1 fo! ;‘ I I B B L B B 11’
— 450 o
%J I Expected limits —— Observed limits All limits at 95% CL (GD) C CMS PreI/m/nary 35.9 fb 1 (1 3 TeV) :
9;1200 Y% ——via T/ 2), ATLAS-CONF-2017-039, arXiv:1403.5294 —' 400}~ —SUS-16-039, 2| SS + =3I (WH) -..Expected -
. = ——via /¥ 2|, arXiv:1509.07152 < r —SUS-16-043, 11 (WH) —Observed -
x B —— via %/ ¥, 21, ATLAS-CONF-2017-035, arXiv:1407.0350 350 —SUS-16-045, H—yy (WH) -
E£1000[ %70 —— via T/ 2043, ATLAS-CONF-2017-039, arXiv:1508.07152 - —SUS-16-034, 2| OS (WZ) .
. 300/~ =This result, 31 (WZ) .
X1X1/X2 via T/ ¥, 2v, ATLAS-CONF-2017-035 Dedicated C —SUS-16-048, soft 2-lep (WZ) ]
800— % Xa ——viaTy  31+4l, arXiv:1509.07152 CMS analysis 2501 =
- ) on compressed - e .
- I/?/~_05(m—-0+mx xxg) ) - L e ]
600 \.o scenarios 2> e ]
R ) Ev ISR i C y 7
L . - v / 150~ 7 =
400 v .. 2= =/ ’
: ‘w. ~ N1 « 7 100 j S ™ e, {
B ___ : Emss NI ]
200 P : 50 I E
0 —‘. | L 1 | | 1 1 1 I 1 1 1 "1 1 | OZ' \:” M, .3 1 ':. - ‘ I | ‘ - “1 ! ‘E I I | | \:
200 400 600 800 1 %00 1200 100 200 300 400 500 600
m( %; X ) [GeV] CMS PAS SUS-17-004 (limits also as function of BR) my, = My, [GeV]
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Exotics models

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: July 2017 JLdt=(32-37.0)fb Vs=8,13TeV
- 13 TeV D 8 TeV Model £y Jetst ET™ [rdt] Limit Reference
T T T
LQ1(ej) x2 g ADD Gik +g/q Oep 1-4]  Yes 361 |[Mp 7.75TeV n=2 ATLAS-CONF-2017-060
LQ1(ej)}+LQ1(v) f=0.5 |— " S ADD non-resonant yy 2y - - 387 | Ms 8.6 TeV n— 3HLZNLO CERN-EP-2017-132
LQ2() x2  (— coloron(j) x2 [T E ADD QBH - 2j - 370 M 89TV =6 170300217
LQ2(j)+LQ2(vj) =05 | mmmm— ;  — i ADD BH high . pr- lep  =2] - 32 [Ma 82TV  n=6,Mp=3ToV,rotBH 1606.02265
LQ3(tb) x2  |— Leptoquorks coloron(4j) x2 MU”IJeT S | ADD BH multjet 7 >3] - 36 M 955TeV n=6, My —3TeV, ol BH 1512.0586
Laswh)x2 | gluino@j) x2 [ Resonances 'E RS1 Giic = vy 2y - -~ 367 |Gwkmass 4.4 TeV kil = 0.1 CERN-EP-2017-132
Las)x2 =3 & BUKRS Gl > WW - gqlv e 19 Yes 361 |Gk mass 1.75 TeV KM — 10 ATLAS-CONF-2017-051
L3y x2 = luino(jjb) x2 2UED/ RPP leu 22b23] Yes 132 |KKmass 1.6 TeV Tier (1,1), BACH — 1) — 1 ATLAS-CONF-2016-104
Single L1 (1) [ gluino(jo) x2 [ / :
Single LQ2 (\=1) =1 0 5 2 3 4 Tev SSMZ' — tt 2eu - - 861 |Z'mass 45Tev ATLAS-CONF-2017-027
TV @ SssMZ o 27 - - %61 |Zmass 247TeV ATLAS-CONF-2017-050
o 1 2 3 4 Te Leptophobic 2’ — bb - 2b - 32 |2z'mass 15Tev 1603.08791
ADD (y+MET), nED=4, MD g Leptophobic 2 — ¢t Tep 21b 212 Yes 32 |z mass 20TeV im—3% ATLAS-CONF-2016-014
RS G t G SSMW iy ten — Yes 361 |Wmass 51Tev 1706.04786
RS, k=0.1 ravito ADD [, nED=4, M5 © | HVT V' - WV - qqqqmodel B Oep 24 - 367 |Vimass 35TeV =3 CERN-EP-2017-147
- QBH, NED=6, MD=4 TeV §  HVTV o~ WH/ZH model B multi-channel 361 | Vimass 293 TeV o =3 ATLAS-CONF-2017-055
RS1(yy), k=0.1 LRSM W}, — tb Tes 2b01j Yes 203 14104103
RS1(ee,pp), k=0.1 NR BH, nED=6, MD=4 TeV/ LRSM W, — tb Qe 21b1J - 203 1408.0886
0 ] 2 3 3 Tev String Scale (j) 2 Clagaq - 2j - a70 |a 218TeV 1, ) 1703.08217
Q - 36.1 A 401 TeV ATLAS-CONF-2017-027

BH (j), nED=4, MD=4 TeV/ Clétaa 2e -
QBH ) nED=4, D=4 Tev ] Cluute 2SS0 ep>1b,21] Yes 203 Conl =1 150401605

. .
CMS Prelimina ry A0D GoHE, D=4, oo oo DO e 1) e a1 |mes T TRy Pryer
- Scalar mediator t-ch. (DiracDM) ~ Oer 1-4]  Yes 361 | 165 TeV. m(x) - m(n) <500GeV | ATLAS-CONF-2017-060
ADD (e, NED=4, MS S
La rge Extra 8 Vector mediator (Dirac DM) O, 1y <1j  Yes 364 | e 12TeV £0=0.25, g,=1.0, m(x) < 480 GeV 1704.03848
ADD (), nED=4, MS Dimensions 2 Wy EFT (Dirac DM) Oe 14,51 Yes 32 |M 700 GeV. m(x) <150 GeV 1608.02372
SSM Z'(rm) Jet Extinction Scale Scalar LQ 1% gen 2e 22f - 32 [Lamass 14Tev p=1 1605.08035
SSM Z'(jj) Scalar LQ 2" gen 2p 22j - 32 |LQmass 1.05 TeV B=1 1605.06035
J Scalar LQ 3" gen Tew >1b33) Yes 203 |NCHESSIMNC0GE = 1508.04735
g g TeV
SSM Z'(ee}+Z'(p) VLQ TT - HE+ X Oorfen 226,23] Yos 132 |Tmas 12Tev BT -1 ATLAS-CONF-2016-104
SSM W'(j) dijets, A+ LL/RR 'g VLQTT - Zt + X Tepu =21b23] Yes 361 [Tmass 1.16 TeV BT 2t)=1 1705.10751
] " S VIQTT - Wb+ X lep z1b =142 Yes  36.1 1.35TeV. B(T — Wb) —1 CERN-EP-2017-094
SSMW'(v) dijets, A- LL/RR ; VLQ BB — Hb + X Teu 22b23] Yes 203 BB H) =1 1505.04306
SSMZ'(bb) ———1 dimuons, A+ LLIM VLQ BB — Zb+ X 2/x3eu  z221b - 203 B(B - Zb) - 1 14095500
X VLQ BB — Wi + X Tep 2152102 Yes 361 1.25TeV BB We) =1 CERN-EP-2017-094
0 1 2 dimuons, A- LLIM VLQ QQ — WqWq Ten 4]  Yes 203 1509.04261
N dielectrons, A+ LLIM Excited quark ¢* — qg - 2j - ar0 6.0TeV only u and d°, A— m(q) 1708.09127
Excited dielectrons, A- LLIM 3 g Excited quark 4° — qy 1y 1] - %7 53TeV only u* and d", A — m(q’) CERN-EP-2017-148
R o N 29 Eciedquark b’ - bg - ib1] - 133 ATLAS-CONF-2016-060
e* (M=A) Fermions single e, AHnCM 2 E  Excited quark b — Wr lor2eu 10,20 Yes 203 1510.02664
W M=1) single p, A HNCM Compositeness [Esenaiys sew— 5 23 1411207
q’ (qg) FE Excited lepton v* 3eput - - 203 1411.2021
* (ay) f=1 inclusive jets, A+
Q=1 X 0 LRSM Majorana » 2en 2j - 203 m(We) — 2.4 TeV, no mixing 1506.06020
b inclusive jets, A- Higgs triplet H* — €€ 234eu(SS) - - 36.1 DY production ATLAS-CONF-2017-053
0 1 2 3 4 5 6 Tev Tev | &  Higgstriplet H: — i 3eut - - 203 DY production, B(Hz* — ¢r) = 1 1411.2921
01234567 80910111213141516171819 Te § Monotop (non-res prod) e 1b Yes 203 s = 0.2 14105408
CMS Exotica Physics Group Summary — ICHEP, 2016 Multi-charged particles - - - 203 DY production, q] = 5e 150404188
Magnetic monopoles - - - 7.0 DY production, lg| — 1gp, spin 1/2 1509.08059
Ve=13TeV L " L
CMS long-lived particle searches, lifetime exclusions at 95% CL s © -t 1 10
9 P i 10 Mass scale [TeV]
RPV SUSY, T bl, m(f) = 420 GeV' _ *Only a selection of the available mass limits on new states or phenomena is shown.
876V, 197 b (displaced leptons) +Small-radius (large-radius) jets are denoted by the letter j (J).
H— XX (10%), X = ee, m{H) = 125 GoV, m(X) = 20 GeV _ ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary
87TeV, 196" (displaced leptons) Status: July 2015 JLdt=(184-203)f6"  V5-BToV
H = XX (10%), X ~ s, m(H) = 125 GeV, m(X) = 20 GeV _ Model Signature _ frafo-') : leln:e limit ; ; . Reference
87TeV, 20510 (displaced leptons) APV confemy ms ne) - 13700 ) < 10TV 1s0cosis2
aMSB 5988, Gr, ) =250 GeV - oM+ 26 ED mE) = L1 Tow m) < LoTev|  rsnecsiee
8TeV, 19.7 b (disp. photon conv.) | Sy demesgms 203 [vieine L omaom i) = 450.Gev 303675
&
MSB 5988, Gr,mG) =250 GoV - B wSep o el e |xiHeims [ ) = 450G Tomsoszz
8TeV, 19.1 16" (disp. photon timing) ause. non-pointng ordelayedy 203 | f Felime S ossem SPSBuIA =200 TaV ons562
APV SUSY, m(@) = 1000 GeV, m(3) = 150 GeV . Stsath sUSY 20MSwzes 185 |Siieime @) =sonGev | ts0e0ses
87TeV, 185" (csplaced dfets) Lo ng-l |ved o Vil A v, 2w ENE oo 203 |y i o ewasm e Tsotox
o 2
RPV SUSY, m(@) = 1000 GeV, m(7,) = 500 GeV' . R ddenValey Ho it 2iDMSusricss 195 | xlietme G i) = 25 eV 150203634
8TeV, 185" (displaced diets) "
o (dsplacos i (Sl JSY or not) - [ B — PSP .
AMSB 7, 7, + ', m(;) = 200 GeV I & FZHateeX 2 e |revene NSO oot X v = w0 vey| vaoagres
8TeV, 195" (disappearing tracks)
| e A, Zon e kit 23| e I ossom i) = 25GaV 15010020
cloud model R-hadron, m(g) = 1000 GeV' g
ASB 7, a0 5.0, ) = 800 GV g FZHama-X  2esmriis o |rvems |G Hotr X mira) = sover|  sunoms
8TeV, 18.8fb" (tracker + TOF) o N B T omem 3= 1 mlr,) — 50 GV 1501 04020
8
AMSB 7, tan() = 5, > 0, () = 200 GeV 8 8 iscenvalsyomrn.  20MSwteos 185 | lfetms SR <R - ¢ b, mn.) = 50.CeV 150603624
8TeV, 18.81b" (tracker + TOF)
wd ol 4l ol ol " i o S5 Fien Valey © - nn, 2 oW EN tackess s 205 | m iebme S osaim 1501 04020
" 2 " 6 8 10 12 &
10 10 1 10? 10 10 10 10 10 §§ T N - DS o= ()~ 0Gey | 1s0c0s0s
ct[m]
HV 201 TeV) - v 21DMS vertices. 203 |, letime. o otasm xBR - 1pb, m{r) = 50 GeV 150403634
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Searches for WIMPs as Dark Matter

Intense program of searches at colliders: DM = E;Ms + other “object”:

photon + E;™ss (mono-photon)

Y,

A model-dependent summary of various searches

12.9fb' (13 TeV) 1.2
> ST L T oms
v 51 0 [ Wy vy E
q % I [ Electron— y MisID [ Spikes =
£102 [ Beam-halo 1 Jet v MisiD - 1
() [ Others 3 vvy E
Lﬁ Bkg.uncertainty  ------ ADD, MD=2TeV, n=5 3
10k DM AV (M, _,m,,)=(200,50) GeV —#— Data 4
med B E 0.8
1 E
q X D] S e A — ,;
_____________________ 3 0.6
102 =
. 10° - 0.4
CMS: arXiv:1706.02581 - =
ATLAS: arxiv:1704.03848 g 2 . ]
E o1 b7 T =
0566 300 400 500 600 700 800 600 1000 02

jet + E;Mss (mono-jet)
EMss-based signal regions. CRs

DM Simplified Model Exclusions
3 7 T T

ATLAS Preliminary July 2017
T T

S

sy

8y

= Dijet
Ys =13 Tev, 370"
arXiv:1703.09127 [hep-ex]
— Dijet 8 TeV
Vs=8TeV,20.3fb"
Phys. Rev. D. 91 052007 (2015)
— Dijet TLA
Ys=13TeV,3.4fb"
ATLAS-CONF-2016-030
— Dijet + ISR
Vs =13 TeV, 155"

Dijet + ISR

TEAS-CONF-2016-070"

Dijgt TLA \

Dijet

s =Miss
Er+y
Ys=13TeV, 36.1 fb
Eur. Phys. J. C 77 (2017) 393
= E?'Ss+jet
Ys=13TeV, 36.1 fb

ATLAS-CONE-2017-060.

&
“'L‘/‘/Waf/a/

Axial-vector mediator, Dirac DM

9,= 0.25, 9= 0, 9,
Al limits at 95% CL

1 PR _E$‘SS+Z

1
25 3 Ys=13TeV, 36.1 fb™'
Mediator Mass [Tev] ~ *Teeom=moe

ATLAS-CONF-2017-060

1.5 2

g

g
N o V.HHTSHH“HWHywHHUHWHHUHWHH = 107 =T T T T T T T T q X
3 ATLAS Preliminar @ imi ®  Data 201542016
S nay e Data2015+2016 S ATLAS Prel|m|_:1ary #4444 Standard Model q X
z . Vs=13TeV,36.1fb 2 Standard Model z Vs=13TeV, 36.1 fb Z(> vv) + jets
[ 10 ’ S N Z(5 V) + |
> W(—> uv) Control Region B Z(— vv) +jets 2 Signal Region W(s ) + jets 9q 9x '
& , e j s ) - W) h n
. p_(j1)>250 GeV, ET™>250 GeV B W(— ) +jets = p_(j1)>250 GeV, ET*>250 GeV N Z(— 1) + jets !
o B Z(— 1) + jets & B 1 + single top g X
2 B tt + single top o B Dibosons ~ -
3 B Dibosons Z S R multjets + nch q X
""" m(B, i)u) = (500, 495) GeV'
C R (Mg M= (400, 1000) Gev
Variety of interpretations
10” 10 | - DM m Od e l.S
E T T T T T T T T 55 5 -

51 [ 1 s ] - SUSY stop in charm+MET

5 ey oo foodos R R 3 =y —o— - —— * T ] . .

= E E @ e it | Ry =

Bosk oy F TR ] - Extra-Dimensions

0.8 bt s \ s s s s s s
300 400 500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200

E™® [GeV]
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Searches for WIMPs as Dark Matter

W/Z or Higgs + E-Mss (mono-W/Z/H)

W/Z: Lept. or
hadr. bosons
recoiling EMiss

Events / GeV

ATLAS: PLB 763(2016) 251

T T T T
e Dala2015
ATLAS  _ ET**+W/Z: vector model
\s=13TeV [Ldt=3.2fb" Mou=10 GeV, m, =10 TeV
Z+jets
signal region Wijets
- Smgle top

- Diboson
Uncertainty
Pre-fit background

N N
ANy

\\w\\\\\\\\\\\\\\\\\\\\\\j@

CMS:EX0-16-052 o &
T
8 0%y
Miss
top + E;
FCNC
Heavy
scalar '
27

‘00800 1000 7200 7400
EmlSS[Gev]

Top decay products merged in

> 30

)
O 25

o
Higgs: e.q. o
in bb or yy L2
final states L%’ 10
5

_ T T
- ATLAS Vs=13TeV,36.11b"
[ SR (Merged) : 0 lepton

[ Er° >500 GeV

[ 2b-tags

m; = mass of large
R-jets (bb)

T

—e— Data

[ SM Vh

Diboson

[ tt + single top

[ Z+jets

[ Wiijets

N\ Background Uncertainty

Pre-fit Background

= h+E" Z-2HDM
my=14TeV, m =06TeV
c, =3.75fb

Signal

a large-R jet recoiling E;Mss

BDT based on substructure

observables

CMS PAS EXO-16-051

Other searches for DM+heavy

flavor quarks:

EXO-16-005, EXO-16-028

ATLAS: 1706.03948, i s .
1707.01302 215 *\ \*
© RPN RRRPRR \ \ \k\
CMS: 1703.05236 o"’oﬁ* ?\ SPUIER \\F \\ \
50 250
m, [GeV]
CMS Prehmmary 35.8 b (13 TeV)
%103 |||||||||||||| IlllllllllllllllllllJ'
(\D Slgnal reglon : :l:a/:ekl)ackgrounds (pre-fit) ¢&
f2) 102k BDT>0.45 —— SM backgrounds (post-fit) @
c mlss I z+jets
2 0 E [
w1 - ] Waets
- Single t
1 - Diboson
[ acD multijet
107
102
10°
BT L IR I PN IS
[ 15 4-pre-fit ¢ post-fit
o : Py
S R e + $
§°'5 [ ! I I I

ATLAS-CONF-2016-086

%7300 400 500 600
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Vector-like quarks

» Motivated by hierarchy problem, X =T, B quarks can be singly or pair-produced

- X — 5 « Many objects in decays (W,H,Z,t ..)
:Z%m< /* X « Background techniques as for SUSY searches:
3 < BT E—— - complex discriminant variables
- dedicated CRs and VRs
X—2>tH/Wb/tZ s ‘ ’
- exploitation of ‘boosted’ decay products
SINGLE PRODUCTION PAIR PRODUCTION CMS PAS B2G-17-008
B->bH. H=>bb CMS PAS B2G-17-009 1lepton+jets+MET topology Yo
.y . ) . - _ 35.9 fb' (13 TeV)
+ additional forward jets " + Wand top cores, T CEbREmE
Multijet background fully data-driven “tagging” used 37 . S
E N u+jets .
5 9“('5,’??”{7@?9’, o ..359 xfb1 ,(JS,T?V) §10_1 \\\\\ 21t 21W, 22b, 24]
g 180 ;_ ¢ bata [Jaco C L _; ”3 10° e S SRS E e,
2 160 } .W+JSIS stat+systunc — B (1 TeV) (x10) 5 10,3
%) 140 E ==+B (1.8 TeV) (x10) , p 7 = ,
o N S| 1
u>J 120 SH a3 _(: |
100 Sl 2
0 200 400 600 800 1000
_ 35.9 b (13 TeV) min[M(l,b)] [GeV]
:6- 1 ? CMS —e— 95% CL observed - 68% expected
I;g - Preliminary n/:e‘:::nc::.:::ion [ 95% expected Constra]nts on R-Ight_handed
><§ [ ~ and left-handed heavy quark
g XgXss5 - LH ..
0 partners very similar
%’1 51 éna‘ta/Bkg‘:o.es‘l b.i.; ] E o
.‘\gogémstatswal systematic uncertail .ty(posﬁ:) 4’: F Comprehensive Set Of
S 600 800 1000 1200 1400 1600 1800 2000 2200

mg [GeV] searches from ATLAS and
Limits vary between 0.07 pb and 1.28 pb S0 %0 T T T I emass 6eV)  CMS (see back-up)
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Resonances

» Sensitive to many BSM scenarios
Heavy higgses (A/H) - as seen already, Extra-dimensions, new gauge bosons...

» Consider all relevant combinations of final state objects

Dileptons, lepton+E Miss

- Sensitive to W’ and 7’

ATLAS: arXiv:1706.04786
CMS: arXiv: 1612.09274
2 40 T T T T T
] ATLAS —W (3TeV) o Data
@ 1P~ 's=13Tev,36.1 b7 —W (4TeV) Oow
W' = ev selection —W (5Tev) [BTop quark
10° CJMultijet
Oz
[CJDiboson

‘ 1 IIIII\Il 1 IIHI[Il 1 IHIIIIl 1 HIIIIIl 1 \IIIIIIl 1 IIIII1I| 1 IIIIIII| 1 IIIIIII|

_A
2

Data / Bkg

(post-fit)

OO == 0O =
DD DD

Data / Bkg

I, .
2000
Transverse mass [GeV]

200 300 1000

Events

Signiticance

W’: no significant deviations
Data up to 2.3 TeV for e, u

29

ATLAS Preliminary

Vs=13TeV, 36.1 b
Z —ee

¢ Data
—— Background

I\II\I‘ \IHIH‘ \HHHI‘ \HIIII‘ I\I\Illl HIHI‘ !III\IJ IHIIIJ HIIIII\l )

LU LU L R R T Ty

2 3 45
Dielectron Invariant Mass [TeV]

6 B [pb]

Z’: no significant deviations
Data up to 3 TeV for e, u, ~ 1
TeV for t

107"

102

10*

10°

Monica D'Onofrio, EPS-HEP 2017,Venice

2.2 (13 TeV)
T T T

> 102 ‘
[0 T —+— Observed
O] e’h 1zl
~ CD
2 10 =
c [ W+Jets
g =W
TR ---. Z(1500) 1t
10"
10‘2
10°
25
m 'VF —
R S S
8 1 fﬂé“éyl% T
Sost .
0100200 300 400 500 600 700 800 900

m(t,. 1, B") [GeV]

T ISR L B L

R R
ATLAS Preliminar
Vs =13 TeV, 36.1 b’
Z -l

--- Expected limit
[ Expected £ 10
Expected £ 26

— Observed limit

1)

11/07/2017



Resonances

» Sensitive to many BSM scenarios

Heavy higgses (A/H) - as seen already, Extra-dimensions, new gauge bosons...

» Consider all relevant combinations of final state objects

dijets, y+jets,

Not only at high mass!
Search for Z’ resonance in qgbar merged in 1 jet

CMS Preliminary 35.9fb™ (13 TeV)
> T T T T T T T T Ty
8 —e— Data 3
o 2200 [ 700-800 GeV 2222 Multijet pred. =
@ 2000 F —— Total SM pred. —
< E oL —— W-— qq+jets =
[} - —
S 1800 — Z— qq+jets =
5 1600 = --- Z2'(q9), gq=1/6, mZ‘=135 GeV—:
@ 1400 —
'g - 4
£ 1200 =
Z 1000 - —

"E  CMS-PAS-EXO-17-001 E
600 - . a “hre ]
400 —
200 — d é —
ok i ke B PR RPN RSN RS AP
c
S
i ; Fogt
o
5 by  RATUSE S UE UL 30 S S
% 114=# Y++m+ PSR S Sk G S S ¢ +\ ! +YM
8 4
© 09 1
[a}
60 80 100 120 140 160 180 200 220 240

PUPPI

jet mass AK8 mgp " (GeV)

use jet substructure techniques allowing to remove
soft wide-angle radiation in jets

Sensitivity to Z’ in [50-300] GeV (model dependent)

|

dN/dm_. [1/TeV]

Data/Model

Purity

10°¢
104§

10°

1

1
0.9
0.8

5x107" 1 2 3

10°E

102§

1.5}

0.5

to appear

{s=13 TeV, 36.7 o’

¢ Data
Jetphox-based model

1 ‘
e
[ —Jetphox theory uncertainty

N }Syst.@Stat. un‘certainty (Data) }Stat. uncertainty (Data)

- | Syst@Stat. uncertainty | Stat. uncertainty 3

4 5
my; [TeV]

— . ‘
ATLAS Preliminary "'&Z

Excited quarks:
m < 5.3 TeV

ADD - Quantum
Black Holes:
m<7.1TeV

RS - Quantum
black holes:
m < 4.4 TeV

New also for CMS: CMS-PAS-EXO-17-002
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G55/ Otheory

Resonances

» Sensitive to many BSM scenarios
Heavy higgses (A/H) - as seen already, Extra-dimensions, new gauge bosons...

» Consider all relevant combinations of final state objects

, dibosons (VV, Vy, yy)

Sensitive to many model of NP, all final states explored: - llqq, vvqq, lvqq, qqqq, llll ...

Several CRs and VRs per search, set to estimate SM background.

102

107"

2.3-27f" (13 TeV) + 19.7 b (8 TeV)

T T | T T T T I T T T T I T T T T I

CMS A

| Asympt. CL, limits

|~ —— Observed

F [ 68% expected

r . 95% expected 2 7
L w HVT, (gv=1) /Z/j/ ’

T ITlIIIIl

1111l

—o— 0fiqd (8 TeV)
—%- ofgbb(4q) (8 TeV)
——llv (8 Tev) ~ dt(8TeV)
= llgg (8 Tev) —* vag (13 TeV)
A~ Iva (8 TeV) —* Ivbb (13 TeV)
lvbb (8 TeV) —&— qgad (13 TeV)

1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

1 2 3

T T TTTTIT]
111l

\</ L |

my (Te

CMS 2016 results:
qqqq , 212nu ,VH(bb), 212q , Inuqq

31

Exploit gluon-fusion and VBF-production
K
o O T T T T T T T T Ty
Qo 3
— s ATLAS Preliminary 95% C.L. exclusion limits ]
E LY ls=13Tev,36.1 107 HVT modelBg=3 |
= Observed -
- N Expected =
= | — :
'; 717 llgq ]
T 0g wqq =
LoE -

o
e - -
°© 0t E
10° = =
i | [ | [ | 1 |.|.1 | P I
0.5 1 1.5 2 25 3 3.5 4 4.5 5

my,- [TeV]

probe 2 - 3 TeV mass range in all cases!
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2 ATLAS Preliminary ¢ Daa

T 10tk V- 13Tev, 36.1 fb! [ VBFH1TeV (20 1b)
S P I Zsjets

= g cetag = SM Diboson
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% w2 Total Uncertainty

0 A A
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Long-lived particles

What makes a particle long-lived:

4
»

small couplings: RPV decays, dark sector coupling

on the lifetime! T’ky ...... .
small mass-splittings: almost degenerate next-LSP heavy

messenger: Z', split SUSY
hidden valley

Displaced objects: VERTEX

Target: E.g. non-prompt gluinos
Dedicated re-tracking, DV from LLP: massive

(m,, m.., )=(1400 GeV, 100 GeV, 1 ns) ATLAS-CONF-2017-026

mpy [GeV]

Number of vertices

R Vertex Yield:

2 3456 10 20 30

DV n'I'racks
No events obs. in SR: probe lifetimes O(ns)

Length

displaced
vertex ~0.1-Imm

o-*’

Signatures depend

~ stable
slow (B<1) O(1-10m)
v

Stopped objects: muons %,

Target: LLP that stop in the detector, decay to muons
some time after they are produced (gluinos, multiply
charged massive particles).

Custom trigger: record events out-of-time with collisions.
Dedicated algorithm for Delayed StandAlone muon tracks
Cosmics Signal

Major background:
cosmic muons

EXO-17-004

vue ' (13 TeV) 2016:36.2 o' (13 TeV)
e e

o —————
CMS Preliminary

CMS Preliminary

—+4-Data

= Cosmic Simulatiun

' d Q% Xz - HXL
(M,=2000 GeV, M =1250 GeV, M =500 GeV)
mchamp—> e (IQI 2e,M= 600 GeV)

-+4-Data
= Cosmic Simulation

—g- qqxz %~ WUE,
(M,=2000 GeV, M 1250 GeV, M =500 GeV)
mchamp — (IQI 2e,M= 600 GeV)

Fraction of Entries / 0.5

Upper DSA Track f' Lower DSA Track p'

- No events obs: probe lifetimes 100 ns = 10 days
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More on displaced Vertex (LHCDb)

Higgs-portal scenario
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..and many more searches for NP

c E T T T
o F ATLAS 3 10% g T T . T > 10 ! ' T ‘
~ 10" _ o - > E [} ATLAS
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Complementing direct searches: indirect

Precision measurements and their reinterpretations

—
ATLAS

= W = 80370 +0.019 GeV ]
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(Eur. Phys. J. C 74 (2014) 3046)
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complementing the LHC

Other experimental apparatus can be suitable to search for BSM physics from
other - sometimes very different - corners.

Quark radius and high-scale NP

.. . . S
> Sensitive to new physics at very high scale =
o i
do do™M R )\ ‘ ? I TeThy
Q> dQ? (1 - ?Q2> (1 2) TS
1w | S 3

—(047-107"%em)® < R? < (0.43-10"'°cm)?

hidden sectors
NA62 [@ the intensity frontier]

» Sensitivity for models as Heavy Neutral Lepton and
dark photons (A’), and more already now (Run 2)

Dark photons from x, decays (1 y + E;Mss)
Use decay K* — m*n?, n0 —y A’ BR~20%

simultaneous analysis of PDFs and quark form factor

N V—

Quark Radius T

95% CL Limits h

R 2 _ -16 2 -
q = (0.43-10" "cm)

RZ =-(0.47-10"°cm)?

‘_‘_gi_‘—_:‘_-v_—i—_-—_-:-::‘_‘_"_’_’

"HERA Phys. Lett. B757 (2016), 468-472 .

10°

10*

Q? (GeV?)

8u02: L B

At this conference 1o

e related ‘to mixing A’ -y

Lea 'S'l;[f

NAG62 preliminary
(5% of the 2016 dataset)

1072

107"

0

mA'[GeV] ‘

Many more opportunities / experimental results to be watch out closely for implication and
complementarities with searches for new physics at the Energy frontier
- g-2 at Fermilab, DM direct experiments, u2e, u3e, EDM experiments and more..
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conclusions

» An immense program of searches for new physics at the LHC (the energy
frontier) and beyond is being carried out

At ATLAS, CMS and LHCb, making full use of the excellent data provided
» No significant excess seen in data

» Stringent limits and constrains on new physics scenarios

More and more sophisticated (and ingenious!) techniques to make full use
of data - experimentalists successfully explore extreme regions of phase
space and a plethora of theories and models

Possible also thanks to the reliable Monte Carlo simulation predictions and
precise theoretical calculations - a key component of most searches

» This is less than 2% of the data LHC will provide
Many searches must yet be completed and/or will take long time

More data and ingenious theoretical guidance may lead to uncover the
hidden nature of nature
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List of ATLAS and CMS talks at this conference

BSM Higgs

»  Searches for rare and exotic Higgs boson decays at CMS - Nabarun Dev

»  Search for non-standard, rare or invisible decays of the Higgs bosono with the ATLAS detector - Paul Thompson

»  Search of a high mass neutral Higgs boson in fermion final states with the ATLAS detector - Gaetano Barone

»  Latest results on searches for MSSM Higgs Search and Beyond at CMS - Chayanit Asawatangtrakuldee

»  Searches for a new Higgs-boson like low-mass resonance in the diphoton final state in pp collisions at 13 TeV in CMS - Linda Finco
»  TBC Search for the decay of the Higgs boson into two nMSSM pseudo-scalar particles (ATLAS) - Michel Janus

»  Searches for associated production of the Higgs boson with a single top at 13 TeV at CMS - Pallabi Das

»  Charged Higgs boson searches with the ATLAS detector - Elin Bergeaas Kuutmann

Dedicated SUSY Searches

»  Searches for supersymmetry via strong production in fully hadronic final states at CMS - Miriam Schoenenberger

» Inclusive searches for squarks and gluinos in final states with no leptons with the ATLAS detector - Otilia Anamaria Ducu
»  Searches for supersymmetry via strong production in events with one or more leptons at CMS - Christian Schomakers

» Inclusive searches for squarks and gluinos in final states with leptons with the ATLAS detector - Ximo Poveda Torres

»  Search for compressed SUSY scenarios with the ATLAS detector - Julien Maurer

»  Search for supersymmetry with compressed mass spectra or decays via Higgs bosons at CMS - Constantin Heidegger

»  Searches for production of third generation squarks at CMS - Indara Suarez

»  Searches for direct pair production of third generation squarks in final states with no leptons with ATLAS - Tommaso Lari
»  Searches for direct pair production of third generation squarks in final states with leptons with the ATLAS detector - Priscilla Pani
»  Searches for electroweak production of supersymmetric gauginos and sleptons with the ATLAS detector - Zinonas Zinonos
»  Search for electroweak production of supersymmetry at CMS -Miaoyuan Liu

»  Search for supersymmetry in events with photons at CMS - Marc Gabriel Weinberg

»  Search for R-parity violating supersymmetry with the ATLAS detector - Sascha Mehlhase
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List of ATLAS and CMS talks at this conference

Exotics Searches - resonances/non-resonant/general final states
»  Search for a new spin-zero resonance in diboson channels at 13 TeV (CMS) - Alessio Magitteri

»  Search for high mass bosonic resonances with the ATLAS detector - Leonardo Carminati

»  Search for New Phenomena in Dijet Events with the ATLAS Detector at 13 TeV - Attilio Picazio

»  Searches for new physics in dijet and multijet final states (CMS) - Federico Prelato

»  Searches for non-resonant new phenomena in final states with leptons and photons (CMS) - Oscar Gonzales Lopez
»  Searches for new phenomena in leptonic final states using the ATLAS detector - Giacomo Artoni

»  Searches for new heavy resonances in final states with leptons and photons - Benjamin Radburn-Smith

»  ATLAS Searches for VH and HH Resonances - Wade Cameron Fisher

»  Search for diboson resonances decaying into W, Z and H bosons at CMS - Clemens Lange

»  ATLAS Searches for VV/V+gamma Resonances - Kalliopi lordanidou

»  Search for vector-like quarks (ATLAS) - Olaf Nackenhorst

»  Search for vector-like quarks and excited quarks at CMS - Giorgia Rauco

»  Search for heavy resonances decaying to top quarks - Saverio D’Auria

»  Search for new resonances coupling to third generation quarks at CMS - Johannes Haller

»  TBC Searches for new physics in lepton+jets final states - Marc Stover

»  Searches for new phenomena in final states involving leptons and jets using the ATLAS detector - Paolo Mastrandrea
»  TBC Searches for Long-Lived particles and other non-conventional signatures - Todd Adams

»  TBC Search for New Physics through the Reconstruction of Challenging and Long-Lived Sginatures with the ATLAS detector at 13
TeV - Nora Emilia Petterson

+ Dark Matter Searches
+ Other results from HERA, LHCb, CDF
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heavy Higgs-like bosons: resonances

» heavy Higgs = ZZ —>Illl/llvv produced via ggH or vector-boson fusion

Y,
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Use dedicated techniques to separate signal
and Z+jets bkg (MELA, DZjj or D2jet
discriminant depending on category)

129fb (13 Tev)

17— ™ T
E CMS 95‘% CL upper limits - spin 0
[ iPreliminary Observed
R Expected

[ = 1 std. deviation
[1] = 2 std. deviation
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Lepton Flavor Violation Higgs decay

» Allowed in several beyond the standard model theories Visible decay
such as Randall-Sundrum models, Higgs Doublet theories product%'

H->ut, H>et, H>ep

» In Run 1, CMS observed a 2.4¢ excess in the H2ut
channel: B(H=2ut) < 1.51% at 95% CL (~1c ATLAS) S

Hot p

H T

No excess in Run 2

» Search for H>put , H>et considering leptonic or hadronic tau

decays CMS-PAS-HIG-17-001

2016,35.9 b ' (13 TeV)
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heavy Higgs-like bosons: A/H->tt

»  MSSM-like heavy higgs (A/H) produced via gluon-fusion or b/t associated

00000000 00000000 4
h,H, A

g9 g

00000QQ00Q 000000005

ATLAS-CONF-2017-050
CMS PAS HIG-16-037

A/H > «rt: Higgs decays to Tt are favored for large parts of the parameter space
(defined by m, and tanB, ratio of Higgs vevs), especially for large tanB

my(tot) used as discriminant

B-tag and non-b-tag regions
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Results interpreted in MSSM scenarios or as cross-section x BR limits
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X->HH production

Y . . . h K, h
» Di-Higgs production is rare in the SM. : ; :
h //
» An anomalously large rate (resonant or non- | | > < SM
resonant) can be evidence of NP (e.g. H > hh) || R G
» Several searches from ATLAS and CMS.
Updated bbyy
106 = " CMS Preliminary 35.9 " (13 Te\Q 4611'
§1 3 TeV ATLAS CMS gEGrav. m, =300 GeV | VH(ry) { Data ;
N L{fo] L{fo] i Rad. m, =600 Gev | VBF Hiry) Stat. Uncert. 3
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—— 133 2327
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Main background
y+jets
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Non-resonant HH searches and interpretation also available
m; (GeV)
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charged Higgs bosons

» CMS uses transverse mass of WZ system to search for H* 1705.02942
mr(WZ) = \/ (Ex(W) + Er(2))? — (r(W) + F1(2))?,
o 12?fb1(13TeV) _ cMs _ 1520'(13Tev)
8 o0 Ml M {2 o
| Bwz — m(H*)=700 GeV, 5,,=0.7 +'; =10
7.ZZ N Stat. @ sys. uncertainty | T Y
40 4z
I } ﬂ; 102?
}k\\\\ 2016 data |2

Other searches for H+*

20
- in top+b or 7v final states li j S S
(from both ATLAS and CMS) 0 IR m(H) [GeV]
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» ATLAS recently released the results for a search on H** ATLAS-CONF-2017-053
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Events

Latest on the bottom squarks

» Bottom squark pair production: .

@CMS: dedicated search in OL+2b+EMss plus
interpretation of inclusive analyses (SRs with b-jets)

ATLAS performs dedicated searches also for mixed-

scenarios (OL+2b/1L+2b + EM)

» My used as discriminant in both cases
Dedicated selections for “compressed” scenarios

» In several cases, constrains also top squark!

CMS Simulation Preliminary
L I e e e e e
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Exclusion limits
beyond 1 TeV / exp.

Still < 600 GeV for
compressed regions: Also
for stop > charm + EMiss
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R-parity violating scenarios

» Several dedicated searches targeting SUSY violating couplings into quarks
scenarios with R-parity violation Pt

Possibly no (not much) E/Mss > different strategies for
SM background estimates. Examples:

ATLAS: 1lepton + multi-jets (28-12) and (0, 23) bjets

2500

. . . . — i T T T T | i
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Events / 20 GeV

Data / SM

EWK SUSY

CMS-PAS-SUS-16-046
. CMS Preliminary 35.9 fb' (13 TeV)
» If colored sparticles have mass above 3-4 TeV scale, EWK S “[epatado  TonHH@2s14b ]
. G 4o [JData 2b —TChiHH(400,1) 4b ]
sector could be the only one accessible 2 P> 200G |
Very low production rate, large dataset needed Lb § 8- ]
. . . p D R AR a 3
» Exploit multi-lepton nature of final state events Wl i ;
Depends on chargino/slepton/neutralino mass hierarchy K }:\T ¢ o E
b r -
» If decays via sleptons are kinematically forbidded b oeg 18 1
g 1
Final states with WZ, WH, HH, Wy ... depending on the model 05 T
’ ey
p v

X
<~ W
P h T b

b
CMS Simulation Preliminary 35.9 fb™
RS e e e L ARl

(13 TeV)

v

. ATLAS Preliminary e baa § ATLAS ' Preliminary’ e o ' 31 600F 0100y xs0 211D .
555 104 . Z/y+jets N 11 top 1
Te) R

o' b VE=13TeV, 361 b — W . — 21400~ @ONXS0 SO WiHE

- Y a 10 - e Reducble B - - (500,1)x50 g W+LF —

10° &~ SR3-WZ-0Jab.c Higgs & SR2-int/high e (o 1=500,100) Gov 1200 22575 x50 A W+Z(qq) |

> Reducible = 5 ("% m)=(400,200) GeV D C (225,75) x ]
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K )= o 1
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10 800: SUS-16-043 ]
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New EWK SUSY results (from CMS)  cvsrassusir.os

pp — XX

» Sensitivity to mixed topologies

;‘ :\ T T | T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T :
& 400—=CMS preiiminary 35.9 fb' (13 TeV)
CMS Pravmvary 359 fD" (13 TeV) B —_— E —BF(Xg—)H 7’0) =1 (WH) E
A 3 8¢ 350 —BF(Z—27) =1 (W2) '_"g);pedeii
8 § = - —BF(G—Z%) = BF(G—~HX) = 0.5 (WH+WZ) served
E 3 300[~ 3
200 EEEEE ; - .
5 2501 —
10 2 200? 7
HEEE 150 P =
200 400 600 00 7 A~/ % =
m.. =m., [GeV] E """""""""" ) E
- U Y, =
» Sensitivity to Gauge mediated AU A NI AT A
d l 200 300 400 500 600 700
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CMS Freiminary 35.9 b (13 TeV) _ CMS oy 35.0 " (13 TeV) 2 1
0} 1 g & T e )
* g E  La'%
I =3 L \l, '
! . ol o8 .
= 2 ¥ EXries ]
= [ m . cross section ]
@ g 0.6 \ -\ ........ scenario 1 |
5 S O
0.5 é F \\ \ "-‘ =1 GaV :
3 04 =
§ [ \\ \ — 24ep OS5 )
\ —- 3 kp |
02| \ \ —— e ]
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\ 0 seeses Eypacied
o= | i i et | L PR BT
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Searches for Dark Matter as WIMPs

W/Z or Higgs + E;:Mss (mono-W/Z/H)

top + ETMiSS

4’6,1’
CMS PAS EXO-16-051

I
I CMS Preliminary 35.8 fb' (13 TeV)
! %103‘w““\““\“‘w”‘w‘”w‘”w””
| i X . . —— Data
. . . ) Signal region e )
Higgs: e.g. in bb or yy m; = mass of large R-jets (bb) : - 5102k BDT>045 e ot
ﬁnal States % * ATLAS E;13Tev, 36.1 fb"I —e— Data I I =N FCNC ' ) § Emlss E ?iets
ATLAS: 1706.03948, O 2 Beegguye £ Divoson =l 1 v s
. : 4 110 © t + single to . ! ' I single
1707.01302 I e 2 3! ‘?' x — -
. -~ [ WHjets 3 [ acp muttijet
. 2 s N\ Eclgenauretan 2| Heavy |
CMS: 1703.05236 = o el | Heavy . o
Lﬁ 10 22_1_43T7e5vfbm =06TeV | Scalar
W/Z: Lept. or hadr.' i ER P f 102
bosons recoiling E;Mss Nl R o o 3 |
%‘Eti *ﬁ\\\\\ — \L\\\ \\\\X*\\\\&\ ek \\\\. | Top decay products merged in 10°
Sio 1B S %I Miss B T st
ATI_AS PI_B 763(20’6) 25 O.E%J X \+\ ‘160 X \}K L 150 $ OO‘ L 250 | a large R ]et reCO]l]ng ET E 1'51 o X #Pr}; it post-fit
. -] 6- m, [GeV g o
CMS: EXO-16-052 5[GeV1 1 BT based on substructure & i T
! 300 400 500 600 7oo 800 900 1000
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Higgs as portal to Dark-Matter

Higgs in 2y + EMiss

More general Higgs-DM-

Higgs in bb+ EMiss

. DO 1 B I L L L B I I I I I I
> OF amas models can be considered 3 | amnaserimnay 2525, ]
° Vs =13 TeV, 36.1 fb" o 25 Vs=13Tev,36.1 1" [ Diboson -
7 h T irec DM m. < 100 G . * e N C [ tt + single top 7
% o et gt e, e =300 G [CMS : arXiv:1703.05236 ] N zeets ]
& — —— Zp DiracDMm, =1 GeV, my, =200 GeV q h % 20:_ ] = mass of N\ Background Uncertainty _:

eavy scalar, Scalar m, = e il F larea B iAafe 777 Pre-fit Back d —
Frinﬁyz?sleévs lar DM m, = 60 GeV, o ) 15-_' rge R- ]ets " mono-h Z-2HDM. B
+ Data Dy Wyeiet N X . my = 1:130724:1\)/, m, = 600 GeV ]
[JsM Higgs boson [y [Jvyy A ( - _ signal = 4 ]
o DAsyst. @ stat. Unc. B B 10— N | [ SR (Merged) : 0 lepton -]
¢ X r ET™ > 500 GeV :
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g h N N ]
/I N
‘ - « s .
o 2 T ™ ; T " \‘ 7]
S 1 Wesceis PSR ) $ + \ E
% % 500 200 50 Heavy scalar model o Ly
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o ATLAS-CONF-2017-028
—10 — T —————— T —————— 3 . .
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=10 OO0 T s limits to the constraints from g s VATﬁgfeCrggqn:g@ry - Qoservedimit -
'S = eV, 5. El . . . = Vs= xpected limit + —
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Monojet event

EXPERIMENT

Run: 302393
Event: 738941529
2016-06-20 07:26:47 CEST
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Vector-like quarks

» X =T, B quarks - singly or pair-produced, many objects in decays (W,H,Z,t ..)

4 % , Background techniques as for SUSY searches:
Z;%“M< ¥ i > complex discriminant variables
< BT E——

- dedicated CRs and VRs

X—2>tH/Wb/tZ - exploitation of ‘boosted’ decay products
T—WDH S - PAIR PRODUCED To appear
o B L B B L B LR . . . .
g [ ATLAS simuaion Proiminary g : Similarly, ATLAS exploits the 1lepton+jets+MET topology Yo
fg [ Signal Region : m i igg sz a .
g T e ] Good control of SM background using CRs
i __moreser =1.2 TeV BR(T — Wb)=1
02 —m-1300GeV ;4000: ﬁ "|-n'11-'|"-e'|"'('lﬁ'"'?' M & o T T T T T T
C ] @ E S 03¢ 2 g ATLAS Preliminary -#- Data 1
0.1 . o, 3500 =1 % 301_ V§=13Tev - 3
: | &R 7oL e Bwe O
: _ 30000 = o5 Cloters -
%200 400 'etl)o' 800 1000 H1_2‘oo 1400 1600 E F Uncertainty ]
mg? [GeV] 2500F 0.2 20 B
— C F Z
B Wt BR(BoWH) = 1 2000 15? Signal Region E
P T e e e B I e e e _ C Post-Fit
'% r ATLAS simulation Preliminary i 7 1500__ 10} ‘ﬁ ]
© " Vs=13TeV b - C
f | Signal Region — Mg =700 GeV C = 0 1 E
§ 02__ ’ ’ —— mg =900 GeV B 1000EHIIIIIIIIIIIF 5:_4‘:‘—} -
w mg = 1100 GeV B r ATLAS S |ati Prelimi C T
- 1s00ev i 500F imulation 1re iminary 5 Opheh s
I ] s Vs =13TeV, 36.1 fb’ g oap i 3
= - R R RV R EPRPEPET IR R FE e e e E
! - Y05 1 15 2 25 3 ° g oot ?
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- me® [GeV]
G0 I250I I I4>(|)0I I IG(I)OI I l800 1000 1200 ' 1400 ‘1600
P (561 Limits up to 1.3 TeV for BR(T>Wb)=100%
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Vector-like quarks

—
= ATLAS

T T : T :
—— Observed limit

o
_ 1 |
e 25(e),26) 7 (13TeV) ,? Vs - 13 TeV, 36.1 fb! - Expected it 3
-8. F % CL r limi ] l [ Limit at 95% CL [ Expected !m!t =0 ]
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Long-lived |
‘LIfCUIhC Decay
. . Length
What makes a particle long-lived: :‘:ﬁt;f% o1t
» small couplings: RPV decays, dark sector coupling Signatures depend d/g,

» small mass-splittings: almost degenerate next-LSP on the lifetime! - o e
heavy messenger: Z', split SUSY |y -

» hidden valley v
DISAPPEARING TRACKS HEAVY STABLE PARTICLE

Reconstruction efficiency

J ATLAS Sirlaton Préiminary anomalously high energy deposits in the
“ . . hd - - .
P B | - 7| silicon tracker and long time-of-flight
! ' measurements by the muon system.
~0
%R 1 251b" (13 TeV) 251b" (13 TeV)
P N S FAm&E & A T T T o] € Eame T T T T 1
AN S 2LCMS ' Observed Tracker-Only | 5 FCMS$ Tracker + TOF ]
o E 0 E A Data-based SM prediction E E F + Observed ]
tanB=5,u>0 § L Gluino (M = 1000 GeV) § 10k A Data-based SM prediction |
“0° T 10 T ARRRNEREAE 5 10k} 1 3 ? Stau (M = 494 GeV)
MPxel] ' = [scr] ' [T "jz,'__‘ l_*,‘;"45 2 Ef? g 'H ]
] A e ; 1 <18 € * 3l [ Final selection: | Final selection: |
3. E o1 | \ P, > 65 GeV 1 p, >65GeV }
- A Ls>03 ls > 0.175
14 8 1 . s ) 1/B>1.25
—12‘5 E 10 N a 107
41 0.4 W
ATLAS Simulation Preliminary J E 031 el - B N 1
10.8 G Tl N
— Fraction of chargino decays :06 S o2 -~ SRR s e N 1072 | AN | - 10724 I .
1EWpr0d..m7;:4OUGeV,77;=0.2nsE 0 . ATLAS Preliminar T S LA P S T o L I
i o Soad 01 o 0 500 fooo 1500 0 fooo  Tomo
Standard tracks ] © } s=1o1€V, 30. ] ass (GeV) ass (GeV)
—0.2 L =) Observed 95% CL limit (+1 G“'5°|'Y)
on . . N g.gg F Expected 95% CL limit (+1 o, )
aedl - ATLAS (8 TeV, 20.3 fb", EW prod.) |
200 400 600 800 1000 002/ ¥ .. Theory (Phys. Lett. B721 252 (2013)) - . . . .
Decay radius [mm] | | | AL?P?l (rhzz. L:ll.‘ B533 223|(2002)) EXClUS]On l] mltS ]n 300' 1 300 Gev range
P Lol T ey el P R
100 200 300 400 500 600 700
e [GeV] Depending on the nature of the LLP

Phys. Rev.D 94 (2016) 112004
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wide exploration of decay length
» ATLAS summary example

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

56

ATLAS Preliminary

Status: July 2015 [Ldt=(18.4-203) b1  s5=8TeV
Model Signature  [Ldt[b™] Lifetime limi Reference
RPV 10 — eev/epv/uuy  displaced lepton pair 203 [ x° — m(g) =1.3TeV, m(x?) = 1.0 TeV| 1504.05162
e~ 28 sspacarece o 203 | ST mE) = 11T = 10T 150405162
o AMSBrpoxidaix;  disappearingtrack 203 X; lifetime . o2230m m(x}) = 450 GeV 1310.3675
)
B AVMSBpp - xixlxix;  large pixel dE/dx 184 | xj lifetime . 13190m m(x}) = 450 GeV 1506.05332
GMsB non-pointing or delayed y 20.3 | x{ lfetime . oo0ssam SPS8 with A = 200 TeV 1409.5542
Steln SUSY 20OMSwrices 195 | S e I OHEEER () - 5000eV | 15040363
Hidden Valley H — myr, 2 low-EMF trackless jets  20.3 | =, lifetime . o4175Tm m(x,) = 25 GeV 1501.04020
g
R odonvaloy Homx,  2OMSwrices 195 | leime IO i~ - 25 GV 1604 03654
'3
E FRVZH - 2y4+ X 2 e—, u—, n—jets 203 | 7alietime [INAAT40mm] H = 2y4 + X, m(y4) = 400 MeV 1409.0746
8
I FRVZH-4ys+X 2 -, u-,m-jets 203 | yalifetime [iEZ60mm] H = 4yq + X, m(yq) = 400 MeV 1409.0746
50 Hidden Valley H — myr, 2Iow-EMF trackless jets 203 | , lifetime . o0es50m mz,) = 25 GeV 1501.04020
n
It
@ HiddenValley H > mr,  2IDMSvertices  19.5 |y lfetime . o438am m(z,) = 25 GeV 1504.03634
Q
% FRVZ H — 44 + X 2 -, u-, n-jets 20.3 | 7a lifetime . 28160mm H = 4yq + X, m(yq) = 400 MeV 1409.0746
ES
S Hidden Valley ® - m,7, 2low-EMF tracklessjets 20.3 | lifetime - o2e79m oxBR = 1pb, m(z,) = 50 GeV 1501.04020
<
&8
S § Hidden Valley ® > mm,  2ID/MSvertices ~ 19.5 |, lifetime eIl o <BR = 1 pb, m(y) = 50 GeV 1504.03634
®
> Hidden Valley & — m 7, 2 low-EMF trackless jets 20.3 | m lifetime oxBR = 1pb, m(r,) = 50 GeV 1501.04020
88
§ § Hidden Valley ® — 7, 2 ID/MS vertices 195 |, lifetime oxBR = 1 pb, m(r,) = 50 GeV 1504.03634
- HV Z'(1 TeV) - qugv 2 ID/MS vertices 20.3 n, lifetime oxBR =1 pb, m(r,) = 50 GeV 1504.03634
[
s
O HVZ'@TeV)- qaq 2IDMS vertices 203 | lifetime xBR = 1 pb, m(m,) = 50 GeV 1504.03634
0.01 0.1 1 10

*Only a selection of the available lifetime limits on new states is shown.

100 ¢z [m]
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Long-lived

What makes a particle long-lived:

» small couplings: RPV decays, dark sector coupling
» small mass-splittings: almost degenerate next-LSP

heavy messenger: Z', split SUSY

» hidden valley
Stopped objects:

€ReCO
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0.4

0.3
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—

o

- I T S BN 5ood
C 1

- & JHH 0 ' :
__ é i

C CMS Simulation 2015, s =13 TeV
- & a ¢ my=600GeV

L 4 A m§=1ZOOGeV

- h m§=1800GeV

- R 4+ m:=400 GeV

- s m=600GeV

C + m.=1000 GeV
_lllllllllllllll llllllllllll llllllllllllllll
50

| |
100 150 200 250 300 350 40 0 5
& e

Efficiency to stop in the detector

57

Signatures depend
on the lifetime!

Lifetime

displaced
vertex

o-’

disappearing

(kink) track /__..--= ~10em

~ stable

slow (B<1) O(1-10m)
v

Decay
Length

~0.1-Imm

CMS-PAS-EXO-16-004

Search for LLP (gluinos, stops) that come to rest in the detector after losing kinetic energy
Signature will be a randomly-timed, large energy deposit in the calorimeter

2200 r T p . i
0, imits:

= CMS Preliminary 2015 + 2016 95% CcL Lé";ﬁ:,;wed
© 2000 - f Ldt=27+368f"  ---ee- Lobserved ]
g ------ g expected (median)

1800 [ Vs=13TeV R gexpected =10 —
E ...... g expected =20

E,>130GeV,E>170GevV . Texpected (median)
1600 | E,>70 GeV [T lexpected +1o ]

1000 -

800 -

400 |-

t expected 20
1400 | B
1200

600 A
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Candidates / (2 GeV/c?)

Long-lived

What makes a particle long-lived:
» small couplings: RPV decays, dark sector coupling

» small mass-splittings: almost degenerate next-LSP

heavy messenger:
» hidden valley

Z', split SUSY

More on displaced Vertex (LHCDb)

displaced vertex with two associated jets

m(LLP): 25-50 GeV,
T p ~ 2-500 ps

Assume an Higgs-boson like - 2 LLP

xxxxxxxxx ‘IIIIIIYIY‘YIIIITITI‘IIIIIYYYI‘: (\lf‘\ V””T””‘”T”HHyTHHHH‘HTHHH‘:
10* = 4 2 10°F =
g LHCb : % i LHCDb :
10° £ 1 010k .
g 04<R_ <10mmi < E 30<R,,<50mm ]
10% ¢ i 1 T 102 F N
: Vs=7TeV 1 & : Vs =8TeV

10 £ 15 10k ]
s 12 1F 4
£ 4 Q _ £ ]
107! Bl e T s N IE 10 ! Eliviid) Ll TN T P [E
0 20 40 60 &0 0 20 40 60 80

Dijet mass [GeV/c?]

Dijet mass [GeV/c?]

7 and 8 TeV data
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GSM
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ILlfetlme Decay
Length
d:pln:c%
vertex ~0.1-Imm
Signatures depend anppesrn
. . (kink) track /' _..--< ~10em
on the lifetime! /

~ stable
slow (B<I)
v

O(1-10m)

1705.07332

10° ¢ ————y ———— ——

Fo om, =25GeV/c? 8 m, =50GeV/c? ]

[+ omg =35GeVI? % m, =35GeVie m, — cc LHCDb |

102 ko my =43GeVicE ¢ m, =35GeV/c’,m, — s§ 4
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1t 3

1071 - E
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Complement ATLAS and CMS

searches at low masses and lifetimes
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mpy [GeV]

Long-lived particles

What makes a particle long-lived:

4

>

Number of Vertices / 0.2 GeV

Data/Model

small couplings: RPV decays, dark sector coupling
small mass-splittings: almost degenerate next-LSP

heavy messenger: Z', split SUSY

hidden valley
Displaced objects:

(m§, m,, 1§)=(1400 GeV, 100 GeV, 1 ns)
%

Number of vertices

10

10 20 30

DV nTracks

ATLAS Preliminary E

H V5= 13TeV, L =327 tb", Region6 ?

E- q —+— Observed 3-track vertices ﬁ:
Sl 3

Prodicted (2+1)-track vertices

Upper limit on cross section [fb]

NN
2 3

2

-
<

-
o
T

=y
T T

VERTEX

DV from LLP are massive.
E.g.: non-prompt gluinos

R T T

ATLAS Prellmlnary 5 m, = 1400 GeV (1 pf
_r 13TeV, L =327 fb" mg =2000 GeV (£ 15,
E —Observed 3
C gaqqx m =100 GeV ~ ------ Expected

1400 GeV gluino-pair production

2000 GeV gluino-pair production

7 [ns]
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Jets /0.1

Decay
Length
dlSPlacc%
vertex ~0.1-Imm
Signatures depend .
. . disappearing
on the lifetime! ‘“/ """ o
~ stable
SIW O(1-10m)
EXO-16-003
JETS

long-lived scalar neutral particles decaying to jets
Dedicated tagging algorithm to identify displaced jets

CMS Preliminary 2.6 fo' (13 TeV)
SR L N R R L R

- - 1mm

0.12 10mm _

- 100mm ]

0.1 - 1000mm |
- + QCD | event obs. in

o thaa 1 one category

0.06f .
0.04f ] Not significant

0.02} _:

o_!" Lk '!n- calevtel l-;. e

—1—050 05 1 152253354

log, (IP2)

g1o sig

IP2psia: significance of tracks' transverse
impact parameter
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S u m m a ry d ij et Sea rC h es Model 95% CL exclusion limit

Observed Expected
» Dijet searches sensitive to several BSM _Quantum black ole 89 Tev 89 Tev
w’ 3.6 TeV 3.7 TeV
models » e
. . . " 3.77 TeV - 3.85 Tev 50 TV
» Coupling-mediator mass plane from dijet wd g 50 Tev 58 Tev
: 7' (g4 =0.1 2.1 TeV 2.1 TeV
searches using 2015+2016 data. )
Z" (g4 ="0.2) 2.9 TeV 3.3 TeV
Contact interaction (nrp, = —1) 21.8 TeV 28.3 TeV
& TatLas TR 13.1 TeV
m . "y _ . I
~ 107 513 ToV. 37,0 fo° Contact interaction (nrr, = +1) 174 ToV — 29.5 TeV 15.0 TeV
T & e Data
o 107 Background fit o — r . . — T r . —
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CMS-resonance / heavy-quark references

v

qqqq: https://cds.cern.ch/record/2256663?ln=en

» 2l2nu: https://cds.cern.ch/record/2264700?ln=en

» VH: https://arxiv.org/abs/1707.01303

» 212q: https://cds.cern.ch/record/2242955?In=en [partial 2016 statistics]

» lnuqq: https://cds.cern.ch/record/22058807ln=en [partial 2016 statistics]

» HH (4b): https://cds.cern.ch/record/2264684?ln=en

»  X53X53 (same-sign dileptons): https://cds.cern.ch/record/22567477ln=en

»  X53X53 (lepton+jets): https://cds.cern.ch/record/22646867ln=en

TT->WbWb: https://cds.cern.ch/record/2264685?In=en

v

» single production: additional full 2016 result in the tZ channel:
https://cds.cern.ch/record/2256762?ln=en
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LHCb highlights

» Exceptionally charming particle: doubly charmed particle
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This discovery opens a new field
of particle physics research.

- An entire family of doubly

charmed baryons related to the
T . is predicted!
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