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Outline

* Physics motivations in Run2
- how the Higgs changed the picture
- naturalness and new frontiers
- precision physics

* Early analyses in 2015:
- LHC schedule
- what to focus on
- is something left from Run|?

* Longer term analyses
- physics potentials of 300(0) fb-!

* Bonus: new challenges and tools being prepared
- boosted topologies
- PU mitigation
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The fundamental questions before run |

The LHC was designed, and destined, to answer some fundamental
questions:

e
peas=

|) Is the origin of mass (and the EWSB mechanism) the one
implemented in the Standard Model?
* Or a variation of it?

1{

\

2) Why is gravity so weak w.r.t. all other interactions?
* do we live in a 4d world?
 what kind of physics we should expect at M,?
* is the SM holding until then!?

3) What is the origin of dark matter?
* Is it linked to any of the other questions above!

4) What is the origin of matter-antimatter asymmetry? -
. \§§\U(1> withnosusy | |_J
5) Can we invoke Occam’s razor and focus on common MERRRRRS S Se 0 canll
solutions for most of the questions above? —a ‘:;Zj;;;:;j
M . . . /jg/ with SUSY |
* Or, equivalently, is SuSy realized in nature!? 1T
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LHC roadmap since its inception

Last update - December 2013

2009 ~ LHC startup, Vs 900 GeV
2010

2011 Vs=7+8 TeV, L~6x10%cm=s", bunch spacing 50ns Run 1

2012 ~25 b’

2013
so1a ~ Go to design energy, nominal luminosity - Phase 0
2015

2016

-
- 9

Vs=13~14 TeV, L~1x10*cm2s™, bunch spacing 25ns Run 2
2:: ~75-100 fb"
2019 52« Injector + LHC Phase | upgrade to ultimate design luminosity
2020
2021 Vs=14 TeV, L~2x10%cms™, bunch spacing 25ns Run 3
2022 ~350 b

2023
oopa  LS3 HL-LHC Phase |l upgrade: Interaction Region, crab cavities?

Vs=14 TeV, L~5x10%cms", luminosity levelling -
~3000 fb™
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Where do we stand @

7
2009 LHC startup, Vs 900 GeV

2010

2011 Vs=7+8 TeV, L~6x10%cm?3s", bunch spacing 50ns Run 1

2012 ~25 fb™

e Go to desi inal luminosity - Ph

- LS1 o to design energy, nominal luminosity - Phase O DON E'

Standard Model complete: Higgs discovery!

* Bosonic decays established to more than 5 O

e Fermionic decays observed

 Spin structure extensively tested (even though not able yet to firmly exclude other
possibilities than 0+)

* (Some) couplings known to 10-20 %

Standard Model extensive tests at multiTeV scale

* Long list of of measurements at 7-8 TeV (none of them showing signs of BSM physics)

* Entered the precision physics arena

* Rare processes, sensitive to New Physics like Bs— U decay, probed and showing no
interesting discrepancies
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Higgs story at the LHC

Mission accomplished
From PDG
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Summer 201 |: drops in the bucket

End of 201 |: tantalizing hint, the trail begins

Summer 2012: discovery! 50 from both experiments

End of 2012: confirmation! Measurement era begins

..and we did not find a SM-like Higgs boson anywhere else:

10
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Higgs status

2015 was the year of consolidation and combinations

most model-independant check
(assuming narrow width)

Assuming the SM branching ratios ATLAS and CMS Preliminary ~~ATIAS
| LHC Run 1 +AT1LAS+CMS
H -—* |0
o(gg— : —+20
H—>ZZ) ———— Th. uncert.
VBF: observed with 5.40 significance > OVBF/OggF —
(exp 4.7) - g
. . OWH/OQQF -
VH combined: Observed with 3.50 - :
significance (exp 4.7) O Oggr =
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Higgs status

It's amazing how much we can squeeze out of few tens of events....

Phys. Rev. Lett. 115, 091801 EPJC 76 (2016) 13 10.716" (8Tev)
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The fundamental questions before run |

The LHC was designed, and destined, to answer some fundamental
questions:

e
peas=

|) Is the origin of mass (and the EWSB mechanism) the one
implemented in the Standard Model?
* Or a variation of it?

1{

\

2) Why is gravity so weak w.r.t. all other interactions?
* Do we live in a 4d world!?
* what kind of physics we should expect at Mpl?
* is the SM holding until then!?

3) What is the origin of dark matter?
* Is it linked to any of the other questions above!

4) What is the origin of matter-antimatter asymmetry? -
. \§§\U(1> withnosusy | |_J
5) Can we invoke Occam’s razor and focus on common MERRRRRS S Se 0 canll
solutions for most of the questions above? —a ‘:;Zj;;;:;j
M . . . /jg/ with SUSY |
* Or, equivalently, is SuSy realized in nature!? 1T
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The fundamental questions after run |

The LHC was designed, and destined, to answer some fundamental
questions:

) Is the 125GeV Higgs “the” (only) Higgs? Replace N
* How does it get its job done!? I‘l‘“
» What is its role in BSM? 8l

-
e

\

——

2) Why is gravity so weak w.r.t. all other interactions?
* Do we live in a 4d world!?

* what kind of physics we should expect at Mpl?
* is the SM holding until then!?

3) What is the origin of dark matter?
* Is it linked to any of the other questions above!

4) What is the origin of matter-antimatter asymmetry? R
. \§§\U(1> withnosusy | |_J
5) Can we invoke Occam’s razor and focus on common o H L T
solutions for some of the questions above? Z. _;Efi:::;j
. . . o /ﬁgz with SUSY
* Or, equivalently, is SuSy realized in nature! A o

K (GeV)
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Where do we stand now

So far, SuSy searches were inconclusive and the LHC cut out a large parameter

space

* The Higgs mass @125 GeV disfavoured many models that were on the spot only few years

ago: CMSSM, mSUGRA, ..

* No observation of strongly produced sparticles has also deteriorated the faith in “Natural”

SuSy

e But the discovered Higgs
give us a also brand new
tool for SuSy searches:

* as tagger in strong
production:

HZ

~
H,Z

* and in cleaner EW
production:

H
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Where do we stand now

Should we abandon (natural) SuSy searches? NO! - 7

* looking at the parameter space we could still find “natural” & o
SuSy with only a 10% tuning (way better than 10-32!) too tor by

* there is no compelling argument, apart elegance, to force 2o h

SuSy being the solution to all our problems: hierarchy, Dark |, ..Ll. %U;: (5;;’-) : (%)L
Matter, etc ) ’

Nima Harkani-Hamed SavasFest 201 2
Where should we focus on?

Dedicated search for stop and sbottom after the “Higgs” discover (in gluino

decays and direct production) are based on low mass differences and low
mass LSP:

*low missing energy

*soft leptons

eboosted top (jet substructure)
*long-lived particles, stopping tracks

L. Malgeri - Run 2 Physics - 7/04/2016 - 12/65



MLsp

Are we missing anything?

What are the “next-to-look-for” final states that we might have

missed in Run|?

Compressed Spectra in SuSy

t —cX°
t —bWHYO°

t = t'X° =bWX°

t =bx*'=bWYX° &
t _'txo 6\"&9
t —=bx*

MsTop
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If the LSP is close in mass to
colored particles, the missing Et is
reduced leading to a reduction in
sensitivity

— use initial state radiation boost?
— soft leptons more difficult....

-t production, T— t ')Z? /c )Z?

;‘700_|||||l]llllll]llllllllll]llllll lllll |-
(o) L

S - CMS Preliminary — Observed 1
8 600 o — 3
g C \S = 8 TeV -~~~ Expected ]
o CICHEP 2014

et 500 — SUS-13-011 1-lep (MVA) 19.5 fb" ]

[ === SUS-14-011 0-lep + 1-lep + 2-lep (Razor) 19.3 fb!
| === SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 fb™
400 |- = SUS-13-009 (monojet stop) 19.7 " (T ¢ ;) .
[ == SUS-13-015 (hadronic stop) 19.4 fb™ ]
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@;
What are the “next-to-look-for” final states that we might have
missed in Runl?

RPV SuSy
Small RPV coupling brings naturally long Ilved partlcles

Are we missing anything?

P = (_1)3(B—L)—|—23

\\\\\\\\\\

“Usual Si gnatu res: SR
« displaced vertices BN & =
. — 10° e T — .
* displaced leptons 2 P amas | ==ngewcer T
e S 10F (s=8TeV, 20310t mors 1 Tox =
* asynchronous activity in the S R OVsetschamel o m@taTer
o 10°F Spiit SUSY Model E
detectors N Wy 95% CL limit
S 107ER m@) =m @ - 480 Gev E
P e
Currently strongly limited by trigger 1075 \) 0o o ot E
capability (usually on fully hadronic TENG E
.. . 10F g }
total energy or parasitically on multijet) N oo gunopion o
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Are we missing anything? -

What are the “next-to-look-for” final states that we might have
missed in Runl?

Stealth SuSy: RPC SuSy but without missing Et

(i.e. trash most of the SuSy searches so far)
from B. Carlson - arXiv: 1411.7255

y - Typical squark decay that terminates
______ E%ss1 1n high pr, undetected LSP
qar X1 @(b\\\0 » Results in substantial MET
S

- Allow gaugino to
v (W) i decay to hidden sector

i JJJJ‘H with mass degenerate

- —- superpartners ( S .S
am X Gh (s PP (8.5)
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Beyond natural SuSy (and beyond SM-

While a “natural” solution to the hierarchy problem looks elegant and
appealing (with the added benefit of a potential Dark Matter candidate),
Nature has shown us that exotic solutions might end-up being even more
“natural’.

Selzr Susy
—_ o
* We can leave in an extremely fine tuned 0
universe (or portion of it): split SuS o
(or p ): sp y , Slaey ) Usigicdbon /
: . , Rewwn 0022 T Duck Nl /
* There is no compelling reason for R parity = &gty 9% No Fla,
conservation in SuSy.¥Ve would miss a good iﬁ%h&g) o cz,vgiu\f,--~
candidate for dark matter but nobody sl b gy sons ) PRI
ordered that SuSy solves both the hierarchy
and the dark matter issues. Nima Arkani-Hamed - Higgs Simposium 2013
e Even more exotic BSM (and BSuSy) models (extra &ééaé*f/% NN
dimensions, new gauge forces (Z',W’), Hidden RS |

sectors, unparticles) might completely change the = By :é ***** ; i[!
picture ﬂ
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A general (i.e. not SuSy) look at DM searc-

e

Besides specific neutralinos searches in the SuSy sw oW

framework we have to continue and extend the panorama
for “generic” DM searches.

O Direct Detection
< —

SM

T. Tait

Light
Force Carrie
——
Sterile N

rs
eutrin

Theories of
~ \“3 Dark Matter

QCD Axions

0

Little Higgs

Axion-like Particles
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Dark Matter searches at LHC -

Common “language” established last year with simplified models:
ATLAS-CMS Dark Matter (DM) Forum arXiv:1507.00966

DM particle is a Dirac fermion X q><x !
Mediator (med) exchanged in the s-channel N |:>
5 parameters: Mo 4> My &g, & ['med g X 3
Physics objects (X) produced in ISR (or radiated in case of h)

EFT models kept as benchmark (but with clear limitations and validity bounds)

X=y,jet,W, Z
Established strategy:

med ,
* look for a tag: mono-X final states med X
* X can be pretty much everything!

(9,Y,V;H,top(s),b(s)) a8

Both experiments have new |3 TeV results on almost all final states.
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New physics from precision physics in Run

We should not forget that Standard Model precision physics IS a discovery

tool:

* history has shown us that indirect searches via SM tests are a powerful way to get hints on
new physics

 with the discovery of the Higgs (assuming it is the SM Higgs) we have closed the parameter
space of the SM and precision measurements become even more powerful

* in addition, the represent an intrinsic “calibration/validation” tool for all our analyses.

arXiv:1407.3792

; B T I T T T T I T T T I i T T T T T T I T ’I;
L , | myworld comb. + 1o |
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E; N fit wio M, m_and M, measurements (| T 0= 076 ©0.50,,;Gev d
_ direct M, and m, measurements : / ]
80.4 |- £

- D e ) 2. . < ccccoosvocroscesfaserasascncarassony
u /( > .
— M, world comb. + 1 —
80.35 [— m,, = 80.385 + 0.015 GeV : —
_ = ]
80.3 [ 4 —
N o® 35 P N
B > Al ® .- ]
80.25 - .o > 3] =
U oW W W W .
B 1 1 }/ L"’I 1 b 1 1 l 1 1 1 1 I 1 I-
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m, [GeV]
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» We (LHC/CMYS) are already
doing pretty well in M¢op.

» Mw might be the next (big)
challenge. Tevatron did great
and much better than
expected.

» Need to keep an eye on it and
prepare for Run2!
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What if nothing new is found at LHC ¢

arXiv:1205.6497: Degrassi, Di Vita, Elias-Miro’, Espinosa, Giudice, Isidori, Strumia
Or, more drastically and probably unrealistically, what if there

is a desert up to My

» forget about naturalness and accept extreme fine tuning ¢
L } Verr U”ne/'
* we live in a dangerous world o ng
~8
e %

Higgs potential at large |¢|

V(g)=—i*lsP HNol*) Vv ~A(|0]) |9 2|9l

0.10 ~—r———r—————T—T—+———1 _
0081 M), = 125 GeV 200 ¢ Instability
T 30 bands in 3
< ool M,=173.1£07 GeV > [ «
c = 0Yor a,(My) = 0.1184 + 0.0007 2 150t o Zz
Precise SM : S 10 8 2
. % 0‘04f g w _é
measurements In £ oomf 2 100 | Stability g
2. I N g I g‘
Run2 il | B e N | L |
un2 are crucia 2 ol S E E:
002} TSe e, (My)= 01163 ] -
ol M;=1753GeV | I
T17 100 105 10° 109 107 10% 10% 108 10 OO' " 50 - 100 - '15'0' - 200 '
RGE scale g in GeV
Higgs mass M), in GeV
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Machine and detector status
after Runl
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The LHC

@l The main 2013-14 LHC consolidations

1695 Openings and Complete Consolidation of the Installation of 5000 300 000 electrical 10170 orbital welding
final reclosures of reconstruction of 3000 10170 13KkA splices, consolidated electrical resistance of stainless steel lines
the interconnections of these splices installing 27 000 shunts insulation systems measurements

- -

T

18 000 electrical 10170 leak tightness tests 3 quadrupole magnets 15 dipole magnets to be Installation of 612 Consolidation of the

Quality Assurance tests to be replaced replaced pressure relief devices 13 kA circuits in the 16
to bring the total to main electrical feed-

1344 boxes
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ATLAS detector in Run2

liquid-argon calorimeter

muon small wheel muon chambers

muon big wheels tile calorimeter

Insertion of a 4% pixel layer
(IBL), much closer to the IP
than before. It provides better
vertex and b-tagging
performances, increasing the
pattern recognition capabilities |
in the high pile-up environment. | e\ EmRe=

Replacement of all steel beam
pipes, including ion pumps and
flanges, with aluminium one

pixel detector

TRT tracker
toroid magnets

solenoid magnet  SCTtracker

Replacement of all DC-DC converters low-voltage power supplies placed on the detectors.

Full replacement of the present inner detector evaporative plant with a new one based on
thermo-syphon technique

Substantial improvements in the magnets cryogenics reliability and redundancy, including a full
decoupling between toroids and solenoid.
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CMS detector in Run2

Interventions for Run?2 Pixel channels recovery - NEW pixel in 2017
Tracker new dry air plant

e Tracker:
~1 m? Pixels (66M channels)
~200 m? Si microstrips (9.6M channels)
: | Iron Yoke

New beampipe i
\/ -

New luminometer

3.8 T Solenoid" -
ECAL: Electromagnetic s
calorimeter - 76K PbWO, crystals | :
HCAL: hermetic Brass/

12,500 tons - . _
Scintillator sampling hadronic

21 m long _
15 m diameter calorimet HCAL new photosensors

on detectors
4th muon station
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LHCb detector in Run2

Important consolidation work on the € (K)=95%, -K mis-id: 5%}

beam pipes.An exchange of beam pipe

support structures around UX85/2 -
will improves transparency in the _X - - [T =t
acceptance region. .~ : ; LIS M-y mis-id: 1-3%
Consolidation work on the magnet /N !
replacing the protection between coils \ . G\y=100 MeV
anz su gOI’t bF:‘ackets vertex . pesolution fotI:tlrne QE/EE 1_0%%2‘?/(? D B,—py
PP ’ 2-body decays T

Herschel

Forward and Backward Scintillator Shower  #%fon e "

DEteCtO s hole dimensi

— ] 600«\«‘ ~54x115n
l 2 |
/

ﬂ g‘ <\- ’

et

Scintillator planes deployed symmetrically
around LHCb. Extension of rapidity gap
coverage by 2-3 units.

Station B1

Can exploit the Run Il LHCb data with low - T
pileup. Potential for diffractive physics, beam e
LHCb atz=114.0m

background studies, luminosity.
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ALICE detector in Run2

* Major installation of EM Calorimeter extension + support structures

and services
* Completion of the Transition Radiation Detector system by adding the 5

final modules

Particle g;g{\i:ll‘gomentum

* Opening of the central progelime  [isiication identification
detector to get access to S R
the tracker for . DAl AR

Magnet

consolidation efforts

* Major consolidation work
on electrical infrastructure
and cooling infrastructure, f
which dates from LEP | ;7 e
times 2 | -

L. Malgeri - Run 2 Physics - 7/04/2016

Muon Chambers a [’,
Photon
Inner Spectrometer 166
Tracking
System



LHC running in 2015

F. Bordry - Moriond QCD 2016

2015 LHC Luminosity
ATLAS CMS

CMS Peak Luminosity Per Day, pp, 2015, .5 — 13 TeV
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LHC prospects for 2016

F. Bordry - Moriond QCD 2016
2016 Integrated Luminosity Production (40 cm B*) [fb?]

B* =2.5km

MD1 data taking

4

TS2
MD2 +
MD3

25

%
20 2016 winning numbers '
{ ;0,

) @@@00 ©,

fb-1

10 ns  bunches

This is
serio

obably when|we ¢an start to
ly challe 015/ ‘results”

e -

27-Mar-16  20-Apr-16  14-May-16  7-Jun-16 1-Jul-16 25-Jul-16  18-Aug-16 11-Sep-16  5-Oct-16  29-Oct-16  22-Nov-16
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LHC prospects for later -

F. Bordry - Moriond QCD 2016

LHC goal for 2016 and for Run 2 and 3

Integrated luminosity goal:
2016 : #25fb1at 13 TeV c.m

Run2: M00 fb-1

Prepare for (or go to) 14 TeV operation

300 fb-1 before LS3

2015 | 2016 } 2017 } _______ 2018 | 2019 | 2020 | 2021 |

la1]a2]a3]a4]a1ia2 (e3[4 |a1 a2 @304 |a1 a2]a3 a4 a1 a2 ]a3 a4 ] a1]a2]03 a4 ]t @213 g

LHC

Injectors Run 2 LS 2 LIU installation
PHASE 1
2022 | 2023 } 2024 2025 | 2
Q1!Q2Q3!Q4|Q1/Q2!03/04|Q1:Q2|Q3|Q4|Q1:Q2{Q3 Q4|Q1 Q2
HHe Run 3 LS 3
Injectors .

e = HL-LHC installation
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Analysis challenges
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luminosity ratio

How did (do) we plan for Run2 -

Trivially optimizing in terms of physics potential matched to
available luminosity

irect extrapolation from Stirlin
plot (i.e. when will we exceed the 8
. eV discovery potential?)
/| | e Explore space left
- —99_ S hidden in our 8 TeV data (low missing
T Iqq / Et, low pt leptons, long-lived, etc.) but
Y Y. _ for this we need a lot of ingenuity and
' flexibility at trigger and data
processing level
® Precision physics:
® test that bkgs for searches are well
modelled (including our MC
tuning)
® Indirect searches.

WJS2013
100 i T L LI ] L L I T T

| ratios of LHC parton luminosities: 13 TeV/8 Te i ]

—_
o
1
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How did (do) we plan for Run2

A different way to look at the Stirling plot:
how much luminosity @ 13TeV is needed to equal the 8 TeV discovery
potential (a really approximate view!)

A f Cross section ratios: 14 (13) TeV / 8 TeV
Minimum bias § 1.1 .
77 v 2.1 :
WH ¢ 2.1 I
—_— |
H (ggF) 1726 .
H (VBF) L »92.6 :
tt 3.9 1
ttH 47 :
stop pair (0.7 TeV) . 11: (for 13 TeV / 8 TeV: 8.4)
stop pair (0.9 TeV) né6 (for13 TeY / 8TeV: 12)
gluino pair (1.5 TeV) . ; 7% (for 13 TeV / 8 TeV: 46) »
gluino pair (2.5 TeV) " oy 5700 (13 / 8: 2700)
Z'SSM (3 TeV) 1:3
Q" (4 Tev) . ?7
12000
QBH (6 TeV) [ A R e
1 ! 10V 100 1000 1 100000
: * |fb-1 equivalent reach to Runl
|
2 fb-1 equivalent reach to Runl

|0 fb-1 equivalent reach to Runl
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So, 13 TeV came.....
A 1% preview of what we could do with 300fb!
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Higgs: did it survive the long shutdo

o4 [fO]

CMS says: yes

Carlos says: "but all
the photons prefer

to have fun with
750 GeV”

ATLAS says: maybe!

L. Malgeri - Run 2 Physics - 7/04/2016

51fb (7TeV) 197fb (8 TeV). 28fb (13TeV)

+ Data (stat. ® sys. unc.)

Systematic uncertainty

|:| Model dependence

"""" Standard model (m,, = 125 ¢ M

CMS Profminary 2|.7'ftl)'1' (13 TIeIV)
- Combined + 1o |

Untagged 0 —#— Per category + 1o
Untagged 1 T, |
Untagged 2 = 069755 |

Untagged 3 m, = 125.09 GeV
VBF Tag 0 i
VBF Tag 1 ]
TTH Tags - ]
I Ll | |

g WV T T T ]
= 80k ATLAS Preliminary — O,y M,y=12509 GeV E
:% A H—yy tH—>ZZ*—41 “ QCD scale uncertainty 3
O& 70;— ¢ comb. data syst. unc. El Tot. uncert. (scale ® PDF+a,) =

Vs=7TeV, 451"
Vs=8TeV, 20.3fb"
v/_ 13Tev32fb1

BET) 1 12
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SM: Top production

LHC run | legacy is a celebration of the SM

ATLAS+CMS Preliminary

NNLO+NNLL PAL 1
my,, =172.5 GeV

B scae uncertainty

LHCtopWG
10 (2013) 252004, PDF4LHC

o, summary, {s = 7 TeV

———
total stat

Mar 2016

(*) Superseded by results shown below the line.

IlllllIlIIllIII

scale ® PDF @ a, uncertainty 0y +(stat) =(syst)  (umi)
ATLAS, I+jets 17944494 7pb L0710
ATLAS, dilepton (*) 1734611 "Ipb L0t
ATLAS, all jots (*) 167+ 18 78+ 6 pb Lostom'
ATLAS combined 1774354 7pb L. #0710
CMS, I+jets () 164434122 7 pb L0811
CMS, dilepton (*) 170+ 4.4 16+ 8 pb Lot
CMS, 7, it (1) 149424 4 26+ 9 pb Lost 1!
CMS, all jets (*) 1364 20+ 40+ 8 pb Lttt
CMS combined 166+ 2 11: 8pb Low0.8:1.1 b
LHC combined (Sep 2012) 173+ 2+ B+ 6pb L =0.71.1 10"
ATLAS, I+jets, b-Xuv 16542417+ 3pb Lot 7'
ATLAS, dilepton ey, b-tag 18294312 42236pb Lo’
ATLAS, dilepton eu, N_-E7"** 181.2428°01+33pb  Lo=4on’
ATLAS, 1, +ets 1944 18 + 46 pb Lt 7!
ATLAS, all jets 168+ 12 (0 7pb Lot 71"
ATLAS, 1, + 18349+ 232 3pb Lst6i'
CMS, l+jets 161.74 602 120+ 3.6pb L=s0w’
CMS, dilepton ey 1736421 (5+38pb L som'
CMS, 1, + 143+ 14+ 222 3pb L2z’
CMS, 1, +ets 152+ 12 32+ 3 pb =30’
CMS, all jets e 139+ 10« 26+ 3 pb L.=35M"

Effect of LHC beam energy uncertainty: 3.3 pb

(not included in the figure)

lIlIIIIIIlIIllIlIIll

ATLAS+CMS Preliminary LHCIOpWG o,; summary, Vs=8TeV Mar 2016

,,,,,,, NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC
Mygp = 172.5 GeV

0 scale uncertainty
scale ® PDF ® ag uncertainty

total stat

O +(stat) =(syst) +(lumi)

ATLAS, lepton+jets

260+1'%+8pb
PRD 91 (2015) 112013, L,,=20.3 !

CMS, lepton+jets
arXiv:1602.09024, Lm-IQ.Slb"

228.5+ 38+ 13.7+ 6.0 pb

CMS, lepton+t,
PLB 739 (2014) 23,

ATLAS, dilepton en
EPJC74 (2014)3109, L,,=20.3fo"

257+3+24+7pb
L,=196"

2424+1.7+55+75pb

CMS, dilepton (ee, uu, eu)

JHEP 02 (2014) 024, L,,=5.31b"

LHC combined ey (Sep 2014)
ATLAS-CONF-2014-054, CMS-PAS TOP-14-016,
L,,=6.3-203 "

239.0+21+11.3+6.2pb

2415+1.4+57+6.2pb

+63

CMS, dilepton e 244914 c64pb

arXiv:1603.02303, L,,=19.7 "'

CMS, all jets

arXiv:1509.06076, L,,=18.4 fb"' 2756+ 6.1+37.8+7.2pb

Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)

lllllllllllll

ATLAS+CMS Preliminary LHCIOpWG o,; summary, Vs =13 TeV Mar 2016

““““ NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC
My = 172.5 GeV

I scale uncertainty
scale ® PDF ® ag uncertainty

total stat

o +(stat) +(syst) +(lumi)

ATLAS, dilepton e
ATLAS-CONF-2016-005

803+ 7 + 27 + 45 pb
L,=3.21"

ATLAS, dilepton ee/up.
ATLAS-CONF-2015-049  L,,=85 pb”'

749 £ 57+ 79+ 74 pb

ATLAS, l+jets
ATLAS-CONF-2015-049

. 817+ 13+ 103+ 88 pb
L,,=85 pb’

CMS, dilepton eu
PRL 116 (2016) 052002

746 + 58+ 53 + 36 pb
L,,=43 pb’

CMS, I+jets
CMS-PAS TOP-15-005

836 + 27 + 84+ 100 pb

Effect of LHC beam energy uncertainty: 12 pb
(not included in the figure)

Il | I I -

50 100

150 200
o, [pb]

250 300 350

L. Malgeri - Run 2 Physics - 7/04/2016

300 350 400

400 600 800
o, [pb]

1000 1200

35/65



SM: Top production

LHC run 2 starts on the same footing

ATLAS+CMS Preliminary lH(:IOpW(; Y,V v M ATLAS+CMS Preliminary lH(ZYOpW(}

'3 | | | | | | | | I I | | | | | | | | I | I | I |
o | v Tevatron combined 1.96 TeV (L = 8.8 fb') St Mar 2016 — 45 pb
e m ATLAS en 7 TeV (L= 46 fb) ATLAS+CMS Preliminary
c 3 ® CMSeu7TeV(L=51b" LHCtopWG
O 10° L = ATLASeu8TeV (L=203 1"
O — ® CMSeu8TeV(L=19.71b") -
) v LHC combined eu 8 TeV (L = 5.3-20.3 fb") -
7] — ®m ATLASeu13TeV (L=3.21b") - e
7)) — e CMSeul13TeV(L=43pb") m
N — A ATLAS ee/un 13TeV (L=85pb’) - —
O O ATLAS I+jets 13 TeV (L =85 pb’) "
(&) [~ O CMS l+jets 13 TeV (L=42pb") 4 7
| et 00 pb
) — ]
P 10 - [ 1
N - 800 41 4
E - o -
& B i
E - L i .
B 600 1
E=—= NNLO+NNLL (pp) ]
&—— NNLO+NNLL (pp) 13 Vs [TeV]
10 — Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 =
— | Myp = 172.5 GeV, PDF® g uncertaintiels according to PIDF4LHC u
l 1 l 1 1 1 l 1 l l | l 1 | 1
2 4 6 8 10 12 14

\s [TeV]
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Where do we stand with the SM

Standard Model: as healthy as ever

Standard Model Production Cross Section Measurements

Status: Nov 2015

— 80 bt
0 —O— total (x2) —
Q. 1011 inelastic ATLAS Prellmlnary
[
S i Run1,2 v5=7,8,13TeV
106 0.1<pr<2TeV
g Qe
105 -F 0.3<m;<5TeV
10* £ n; 20 s
F ~O-
E 35 pb!
i>0
10° ¢ N1 20 o
E 0 sggt;il 8,,u+X
i nj>2 n'21o'ﬁ'
H J t-chan
10° £ o nj> e WW
2 o, o B e |
F nfrs n; > 20 We T igop o R
1 ! >3 -n- wz ggF
U njz4 W= 201 A HoS W
E JIT n;>30F 24 _I,n. Wy
E 'ﬂ'nj24225 . 7z A
n;>5 = n s-chan
1 EF n.n.j24 gZG H-tr Zy
C n;>6
- s o VBF
-1 o HWW
107 F ni28
- n>6 g
i I o H—yy
-2 n;>7
10 :E n>7 n
- H—-ZZ—4¢
I wam
10_3 E —

- Theory

LHC pp Vs =7 TeV

BBl Data 45-49f!

LHC pp Vs =8 TeV

B2 Data 203fb?

LHC pp Vs =13 TeV

Data 85 pb!

MFIIIIIIUI [EERETIT BN R ETTT AR ATt AR RTTT AR RTTT BN ARt T BN SRR BN SR EIT

PP Jgots Dijoets w Y4 tt t vv 7Y H Vy

lyl<3.0 |y|<3.0 fiducial " fiducial total total total ~ fiducial = fiducial = fiducial
y*<3.0
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Did we find something!?
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Press talk: di-photon bump

Status on Dec |5th (LHC jamboree)

CMS Preliminary 2.6fo" (13 TeV) + 19.7 f6' (8 TeV)

g f | % = 0.01 o)
g 14 — \ - EXpeCted limit o
;r— . \ +10 a8)]
& 125 \ W £20 o
o - \ — Observed limit o
o —-G LO
@ 10 - rsYY (LO) 5
5 C =
= 8r— §
£ - -
4 6F g
(.j C o
C o]
X 4C 5
& - <
5 X
L Te]
L ()]
0 1
5x10? 10° 2x10° 3x10°

mg (GeV)

“Simple” analysis:
* two high energy isolated photons

107"+

1035' T
10°E

10

T rr [ rrrprrrprr1

ATLAS Preliminary
Vs=13TeV, 3.2

T rr [ rrrrr

=+1o

[ J:20

LI L

—— Observed
---- Expected

11

1 llllllII 1 Illlllll 1 llllllll L1l

1 I 11 | I 11 1 | 11 1 I 11 1 | 11 1 I 11 1 I 11 1 | 11 1 I
200 400 600 800 1000 1200 1400 1600 1800

de

ey

* kinematical cuts (on photon Et) to clean-up

* no additional requirements on the events
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Press talk: di-photon bump -

In between:

Counters from A. Strumiallnspires

The Gold Rush: [INSPIRES][list]

[$)]
o
o
;:Inc-n)>>)>
N

10 50 100 5001000

T (Days)
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Date Papers
16 Dec 10
25 Dec 101
1 Jan 137 Predicted di
redicted accor Ing to:
1 Feb | 212 arXiv 1603.01204
1 Mar 263 “A Theory of
| Jun 310 ? —> Ambulance Chasing”
< » by M. Backovic
e !
P Might be over or

‘ °
chasing another
ambulance.... 406



Press talk: di-photon bump

Changes since December

ATLAS:

* new analyses (separate for spin-0,spin-2)
* new calibration (from final 2012)

e combination with Runl
CMS:

* re-reco with new calibrations (10% sensitivity

increase)

* spin2 and spin0 hypotheses tested (same

analysis)

 Added 25% statistics from BField-off

spin 0
Local

3.90

spin 0
global

2.00

Atlas

(13 TeV only)
- width 6%

CMS
(13 TeV+8TeV)
narrow width

3.40 1.60
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spin2
Local

3.60

~3.40

spin 2
Global

1.80

~1.50

95% CL Upper Limit on o, x BR [fb]

95% C.L. limit o(pp— S—>yy) (fb)

10— T T T g
F —— Observed CL,limit ~ ATLAS Preliminary 7
10° [ Expected CL, limit ls=13TeV, 320" |
F [ Expected = 10 Iy/m,=1% 3
o[ [ ] Expected =20 Spin-0 selection
10°F E
10 E
1 3
’

Sl L b b b L L L L ]
10 200 400 600 800 1000 1200 1400 1600 1800

my [GeV]
CMS Preliminary 3.3fb" (13 TeV) + 19.7 fb™' (8 TeV)
121 L-14x10% y=0
B - - Expected limit
10— 10
B +20
8 I —— Observed limit
B combined limits for
o 8+ 13 TeV
4
2
0 L. 1 | 1 L | ! — !
5x10? 10° 2x10° 3x10°
mg (GeV)



Press talk: di-photon bump

Open questions:

* Is there any real tension between ATLAS preferring a large width and CMS a
narrow width?
* My answer: not really. None of them excludes the other.

* Is there any tension between ATLAS |3 TeV and 8 o |
Compatibility 8 TeV < 13 TeV (gg hypothesis): 2.7c0
TeV resu |tS? Compatibility 8 TeV « 13 TeV (qq hypothesis): 3.60
My answer: well... a more inclusive selection
(call it spin2) gives a 3 O-ish compatibility. Not
yet an exclusion, but something to watch. o

10 ATLAS Preliminary 5
E - =
A reliminary . Data

— Background-only fit

Events / 20 GeV

Spin-2 Selection
Vs =8TeV, 20.3 fb"

* Why not combining the two experiments? (Variation: i
what is the LEE of the two experiments seeing?)

* The answer of the two experiments: let’s wait to
claim a discovery first and then combine! The back-
on-the-envelope combination is already done by
theorists anyhow.

* Any other corroborating evidence?
* Most simple models foresee excesses in di-jets, di-lepton, di-anything.... these

channels were clearly already in LHC search program
L. Malgeri - Run 2 Physics - 7/04/2016 42/65
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Other BSM searches with |13 TeV

The quest for BSM continues without rest:

* other exotica signals?
 Dark matter at colliders

* exotics exotica....

* SuSy, where are you!

* B mesons as NP search lab

Many examples seen in the last days, but a single summary:

NO SIGN OF BSM!
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Other exotica signal: a grand su

ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: March 2016 [Ldt=(32-20.3) o V5=8,13TeV
Model ¢,y Jets ET™ [rdib7] Limit Reference
T T — T T T T T T L
ADD Gkk + g/q - >1j Yes 3.2 6.86 TeV n=2 Preliminary
ADD non-resonant £¢ 2epu - - 20.3 n=3HLZ 1407.2410
ADD QBH — ¢q Tep 1j - 20.3 n==6 1311.2008
ADD QBH - 2j - 3.6 8.3 TeV n=6 1512.01530
ADD BH high Y, pr >leu >2j - 3.2 8.2 TeV n=6, Mp =3 TeV, rot BH ATLAS-CONF-2016-0086
ADD BH multijet - >3] - 3.6 9.55TeV n=6 Mp=3TeV,rot BH 1512.02586
RS1 Gkx — ¢ 2epu - - 20.3 k/Mp =0.1 1405.4123
RS1 Gkk — vy 2y - - 20.3 k/Mp =0.1 1504.05511
Bulk RS Gk —» WW — qqtv lepu 1J Yes 3.2 1.06 TeV k/Mp =1.0 ATLAS-CONF-2015-075
Bulk RS Gk — HH — bbbb - 4b - 3.2 | Gkk mass 475-785 GeV k/Mp =1.0 ATLAS-CONF-2016-017
Bulk RS gkk — tt Tep >1b>1J2j Yes 20.3 BR=0.925 1505.07018
2UED/ RPP lepu 23b23j Yes 3.2 | KKmass 1.46 TeV Tier (1,1), BR(ALD — ) = 1 Preliminary
SSM Z’ — ¢¢ 2epu - - 3.2 Z’ mass 3.4TeV ATLAS-CONF-2015-070
SSM Z’ — 17 27 - - 195 Sz 1502.07177
Leptophobic Z" — bb - 2b - 3.2 Z’ mass 1.5 TeV Preliminary
SSM W’ — v lepu - Yes 3.2 | W’ mass 4.07 TeV ATLAS-CONF-2015-063
HVT W - WZ — qqvvmodel A Qe u 1J Yes 3.2 W’ mass 1.6 TeV gv=1 ATLAS-CONF-2015-068
HVT W - WZ — qqqq model A - 2J - 3.2 W’ mass 1.38-1.6 TeV. gv=1 ATLAS-CONF-2015-073
HVT W’ —» WH — ¢évbbmodelB 1e,u 1-2b,1-0j Yes 3.2 | W’ mass 1.62 TeV gv=3 ATLAS-CONF-2015-074
HVT Z’ - ZH — vvbbmodel B Oe,up 1-2b,1-0j Yes 3.2 | Z' mass 1.76 TeV gv =3 ATLAS-CONF-2015-074
LRSM W/, — tb 1eu 2b,0-1] VYes 20.3 1410.4103
LRSM W, — tb Oe,u >1b1J - 20.3 1408.0886
Cl qqqq - 2j - 3.6 A 175TeV 7nu=-1 1512.01530
Cl qqtt 2epu - - 3.2 A 231TeV n.=-1 ATLAS-CONF-2015-070
Cl uutt 2eu(SS) 21b>1j Yes 203 |INEETe ICul=1 1504.04605
Axial-vector mediator (Dirac DM) O e, u >1j Yes 32 |ma 1.0 Tev 84=0.25, g,=1.0, m(x) < 140 GeV Preliminary
Axial-vector mediator (Dirac DM) 0O e, pu, 1y 1j Yes 3.2 mp 650 GeV 8,=0.25, g,=1.0, m(x) < 10 GeV Preliminary
ZZyy EFT (Dirac DM) Oe, u 14,<1j Yes 3.2 M. 550 GeV m(y) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 1%t gen 2e >2] - 3.2 LQ mass 1.07 TeV B=1 Preliminary
Scalar LQ 2" gen 2p >2j - 3.2 | LQmass 1.03 TeV B=1 Preliminary
Scalar LQ 34 gen 1eu  21b,>3] Yes 203 B=0 1508.04735
VLQTT —» Ht+ X Teu 22b2>3j Yes 203 Tin (T,B) doublet 1505.04306
VLQ YY - Wb+ X 1ep >21b,>3j Yes 20.3 Y in (B,Y) doublet 1505.04306
VLQ BB —» Hb+ X leug 22b,>23j Yes 20.3 isospin singlet 1505.04306
VLQBB - Zb+ X 2/>3e,u  >2/>1b - 20.3 Bin (B,Y) doublet 1409.5500
VLQ QR —» WgWgq 1ep >4] Yes  20.3 1509.04261
Tsj3 > Wt lep 21b>25] Yes 203 1503.05425
Excited quark ¢* — qy 1y 1j - 3.2 4.4 TeV only u* and d*, A = m(q") 1512.05910
Excited quark ¢* — qg - 2j - 3.6 5.2TeV only u” and d*, A = m(q") 1512.01530
Excited quark b* — bg - 1b,1]j - 3.2 Preliminary
Excited quark b* — Wt for2epu 1b,2-0j Yes 20.3 fp=f=fRr=1 1510.02664
Excited lepton ¢* 3epu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eut - - 20.3 A=16TeV 1411.2921
LSTC a7 —» Wy Tep 1y - Yes 20.3 1407.8150
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H== — ¢¢ 2e,u(SS) - - 20.3 DY production, BR(H= — ££)=1 1412.0237
Higgs triplet H** — ¢ 3eput - - 20.3 DY production, BR(H;= — ér)=1 1411.2921
Monotop (non-res prod) 1eu 1b Yes 20.3 3non-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles — - - 7.0 DY production, |g| = 1gp, spin 1/2 1508.08058
M R R L n PR
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Other exotica signals: a grand su_

Extra dimensions (gravitons, QBH): limits up to ~7 TeV

W', Z’ and alike: limits up to ~ 4 TeV

Contact Interactions (A): limits up to ~ 17 TeV
Dark matter mediator:limits up to ~ | TeV
Leptoquarks limits up to ~ | TeV

Vector Like Quarks: limits up to ~ 0.8TeV (8TeV)
Excited quarks: limits up to ~ 5TeV
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SuSy, where are you?

Extensive searches in all accessible channels @ 13 TeV:
« focus on gluino, stop and sbottom searches (sensitivity with ~3 fb-! already
better than runl)

Min. bias ) . . .
lrvl— Predicted cross-section ratios

2z 2.04

Single t (s-ch.)
Single t (t-ch.)
Iy (0:L)15 v > (0:L)g ey

tt \
ggH
VBF
VH With only 2.3 fb-1 of 13 TeV data,

~ ttH nsitivi imilar as in 8 TeV
0.7 Tev) o sensitivity to stop similar as in 8 Te
1t (0.9 Tev)
qq (1.0 TeV)
g (1.5 TeV)
gg (2.5 TeV)

1 10 10° 10° 10*
013 Tev/ Og Tev

» prefer simple, solid and robust cut-and-count analyses for first data

e in most cases just an optimization of first runl analyses

* largely based on inclusive final states (fully hadronic, n-lep+ jets+missing ET)
» afew examples in the next slides.....
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SuSy searches: stops in ATLAS

Searching for stops in final states with 1 lepton .

I [ATLAS-CONF-2016-007]

Targets gluino-mediated stop quark production and direct stop quark pair production.

— Due to int. luminosity currently more sensitive to gluino
production

« Three signal regions requiring >= 1 b-tagged jet, 1 isolated e or ,
jets, m_, m_ etc.

e Using large R-jets in boosted regimes towards low stop masses.

Data in good agreement with background estimates within 2.3 o

(region SR 1) 1 200@ production, §—)t+?1, .f‘—)i?+soﬂ, Am(.t'l, i?) =5GeV
% ATLAS Pre'liminar'x _I Cheonsed Iimitl(tb,,) l é
5 10 e e S 11005¥s = 13TeV, 326" Ii5 Expected limit (topy)
S [ amas preiiminary - Data ] = [ ] ATLAS incl. 1L 8 TeV, 20.3 o'
g N Wt i = -
3 gl 15=13Tev.321 [ Single Top N E
2+ smi [ W+ets 4 =
wor [ Other = -
H BtV = =
61— 2 Total SM — -
- -- (mym)=(1.1,07) TeV . =
- —— (m;,m?') = (1.1,0.8) TeV . 3
C ' 1 SR1, E
i 1 resolved =
i 300 = T —
% : ¥y i 800 900 1000 11091200 1300 1400 1500 1600

o SR2 and SR3, boosted m; [GeV]

21.3.2016 J. Lorenz, SUSY searches at ATLAS 13
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SuSy searches: leptonic final state exampl

Searching for stops in final states with 1 lepton .

I [ATLAS-CONF-2016-007]

Targets gluino-mediated stop quark production and direct stop quark pair production. Covering as
much phase

space as
possible

— Due to int. luminosity currently more sensitive to gluino
production

« Three signal regions requiring >= 1 b-tagged jet, A-Solated e or ,

jets, m_, m_ etc.
n boosted reg

e Using large R-jets
Data in good agreement with background estimates

es towards low stop masses.

(region SR1) _ & production, G-st+f, T>¥ssoft, Am(i, ¥,) ~BCEV———""_ ,
> 1<t A}TLAS Preliminary’ =% Obsened it (+io,) Somethmg to
A AR AR AR RALAL AR AR RASRE RAARE RARRS 3 1100EVs =13 TeV,3.2fb™ ..~ Expected limit (+1o,,,) =
g | ATLAS Preliminary ;l?ala ] = Limit at 95% CL [T ATLAS incl. 1L8Te\7, 20365 keep Under
- L ttaL . - .
3 g 1s=13Tev,020" ] Single Top N E 31 |observation?
2 SR1 [JW+jets . =
e [ Other - -
- -ﬁ+V 1 _:
61— 2 Total SM ] 3
B -- (m_,m.)=(1.1,0.7) TeV N —:
C —t (m;,m;:) =(1.1,0.8) TeV ] SR1 E
- 4 resolved 3 |Notice the
1 - —> effect of |3
i 700 1500 1600| 1€V
L SR2 and SR3, boosted m; [GeV]
m; [GeV]
21.3.2016 J. Lorenz, SUSY searches at ATLAS 13
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SuSy searches: hadronic final state exam

New strategy: include monojet final state (DM like),
helping the compressed spectrum region
CNSPremmmar

LA A2 Al 4
o4 = 2310 (1S 1ev)

agreement across enormous £ - D e | Mo_E)> 175 Gev
ce for inclusive and targeted > = me i

WEY— ;| N=1  — N, =2

200 GeV to ~1 TeV of MET 10°
1072
Ex: targeted searches for stop/sbottom 5 L0 . ]
X A e e L e il
F == l B s ]
CcMS Pr Ne'w (QCD) 2.30 fo! (13 TeV) [250, 300) [300, 400) [400, 500) [500, 600) =600 [250, 300) [300, 400) [400, 500) [500, 600) =600
e data Er [GeV]
= - New 1
b B Z+Jets CMS Preliminary 2.3fb" (13 TeV)
I Top+W+Jets QL s Nl=1 LA B AL L B L BN BN B
EmQcCD g N, =1 N, =2 —Data W Z(vV)+jets
compressed B Rare non-compressed D o M tVW+jets(e,n) [l QCD
: nb=1 3 %‘ :HT>500 g. 8 . 3 t : . Il tW+ets(v,,,) Il Z(v¥)
LIE vE2 g 0 : ! --- T21(600,200) - T21(700,1)
g & 8 8. f o :
@ 102 [ W T : N N =2
< s s s P
10 I’ . t
t -
1
10"
o §"° ; ; ; N ; o ; ;
£ £l : L I A ST |
5 83 : ' M ' ' SN X
T o 1 , . : ‘ . T ; A
. & N EE 8 6 L 1 0 O OO T R S
.......... P Ty § - = = = — -

Search region bin number
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SuSy searches: final comments

— -0
g=aax,
g—bby
- _0
g—tt
-l -ty )

9—aqlx -’Wx )

G b — 13— W )

quark gluino production

—~ .0
Tty

bl o We Y e X =0.25 -

T-b(x —Wy) e X500
0_0

T-tb% (% -He)
T - 139z
7 —'(t -t )H
Boby
- _0
B —tWy

SN TR Q)
stop

sbottom

Observed Limits (13 TeV)
mrsp=0 GeV
mmother = MLspP _= 200 GQV |

0 200 400 600 800 1000

1200 1400 1600

1800

*Observed limits, theory uncertainties not included

* With Run2 we are already surpassing Run| limits:
* gluino limits reached 1.8 TeV

° imi ~ ~ > 450—pp—>tt* Tt bort b7 — bW 7]
Squark |II:nItS reached ~1TeV (stop ~0.8TeV) 8 oL cxcugor % G
New strategies adopted to explores compresses qu “%0 BRI~ 1) :BRE - by fectons] ]
i h h tri ; 80 4yt o Ygi2 a3, g

spectrum regions (even though trigger is a S N
300 observe mix—mio= eV—

problem)

CAVEAT: simplified models are good benchmarks
but they don’t cover full SuSy phase space (BR

250F
200F

150[

. . 10
variation, degenerate masses, etc.).VVe are not even —

close to declare SuSy dead.
L. Malgeri - Run 2 Physics - 7/04/2016

Mass scales [GeV]

Limits degrade if stop as
 — bxi BF increases
CMS PreI/m/nary 2 3 fb (1 3TeV)

1

Coa v v v v v v v v b by oy RTINS T
800 300 400 500 600 700 800

m-[GeV]



Other Runl| excesses |

At the end of LHC Runl we were left with some other interesting “features”.

The beginning of Run2 already helped to clarify some of them.
(Some call it the depression corner...)

elected here few stories

Di-boson 2.0 TeV exgess (CMS and MS)

OS di-lepton excess (CMS and ATLAS, but different places)
Leptoquarks (CMS only& seesb: ﬁp slides)

ttH (you'll have to wait the Hig88s section of this talk :-))
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Runl excesses: di-boson

Tantalising hint of a common excess around 2.0 TeV

CMS Preliminary 19.7 b (8 TeV)
T T T T T T T T T T T I T T T T ]

: —T S U S A
at a closer look... W e 0 sz a 10E — §§ §-3§§5§2§ﬁ;§3 s =
e X ﬂ 13- _— - — signal, /v 3
.. = L Wt e x0ms00 I E RS g:_'z"é";s%f'&qu 3
* not really so tantalizing g . S eI B 3 - 3
— = = s X —» VH —» qgbb,6q (EXO-14-009)
. . . . . >< r \ ‘\‘ === 0., (PP > X')4o,(pp — X )4y, (pp > X°) : -1
given that it was visible in > " ™ e | 10 _
1 1 Q. \ N 2L v -
different decay channels in &= O™y 0 s
ﬂ\‘; P : A& -\Aw\ _3 C 36 .
ATLAS and CMS S K OF amas 1T 2
\? ‘ v‘ o M l " M N N l _l ‘. N M l N M N " l N M N M 7
. 0 HVT Model B (g, =3) ‘{\
* a proper combination TRt T oo
T G*

washes out the significance B 2 28
esonance mass [TeV]
but clearly to watch out.

~ 10T ——— ]2‘?'2'?'”‘.(13.“\/,:) ro) N L L L |
Th I 3 T V . 8 S:f,fna,y N wahamts g 2 4o ATLAS Preliminary 95% C.L. exclusion limits
en, eV came. S i oo s | 1 S E \s=13TeV,3.2fb" -Expected — Observed
< X sasx Asymptotic CLy Expected + 20 1 _’[‘ *, —llgq —Ivaq
; & ——— ] § —wqq  —aqqaq
. N o ] 1 —
VH dedicated analyses z | Bxclusion (HVT) : & ¢ -~ HVT Model A, -1
. x 107  W'bosons < 2TeV - % m<1.7TeV
give same null result. LI | . excluded
L i 5 — —
R..P.2.0 TeV? |
oellel o ° ° E :XO- I - - HVT W—>WZ ~:"T:':‘:-:-:--.:.:Z:::‘..-.-.-.-_-_-_._ .......
© qqqq +qglv. ™
NP S | - 9500 1000 1500 2000 2500 3000

0 e : my. [GeV]
My, (TeV) w
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Runl excesses: OS dilepton

A tale of two excesses:

=~

JHEP 04 (2015) 124 ’

Eur. Phys. J. C75 (2015) 318

~2.6 o excess in off-Z region from CMS
~ Edge shape characteristic of slepton or Z* decays

_||||||l||ll|IIIlIllIIIIIIIIIIITIl‘IITII_

r ATLAS —e— Data

—_
EN

~3 ¢ excess in on-Z region
from ATLAS

~Excess consistent with
gluino production in GMSB

>
(0]
O )
) 4z Standard Model
ol 12-_\/§=8TeV, 203 fo" [ | Flavour Symmetric ]|
~Bkg estimated from Opposite-Flavor £'£- data g sAzee ey,
o r « m(g) #=(900,600)GeV 7
CMS 19.4fb™ (8 TeV) CMS 19.4fb™ (8 TeV) w - N
e B L A L 200 8_ 4
180} +Data | 100f- tData | ¥ .
oo ~Fit ool —Fit Respective excesses not
> 1a0f- ~FS E > 1a0]- E seen by the other
[5) o B [) o ] -
8 ol E-Znaf 8 raof ] experiment, but no exact
[ I ] . ]
PRy 26 1 2" E correspondence
S so[- [ SF central leptons S sof- + OF central leptons | SR I L
> L 9 ] > = ] m . VAT 7 2 g 35, 5 - =
w 60 48" . w 60| 4
i i ; 82 84 86 88 90 92 94 96 98 100
402 ] 40: m" [GeV]
20} o ) 20}
3 3
5 EWWMWW bl | =1
o F - o
ot ] 2
3 : 2 3

50 100 150 200 250 300
m, [GeV]

Run| left us eager of new data while dreaming of SuSy.....
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Run| excesses: OS dilepton

Then, Run2 came (at least a tiny bit of luminosity)

Events /10 GeV

Data / Bgnd

CMS does not see any excess (neither
off-shell, nor on-shell)

. I . I . I . 2.2Ifb" (1'3 TeV) {
3001= CMS Central signal region ]
[~ Preliminary ¢ Data
250 —— Total backgrounds —
L [ ] Drell-Yan i
2001— 1 3 Tev E otal uncert. |
Scaled 8 TeV signal fit:
r —— m; =300 GeV hypothesis ]
150— e 0 e m; =500 GeV hypothesis
L * m =700 GeV hypothesis
100
50
. I N . ! .
50 100 150 200 250 300
m, [GeV]
2 : +
: i
eyt tibibpbpepn el +
T + T e T —T— T | | f
0.5 ] -
0

Should see at least 61
events off-shell
(57 is the upper limit)
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Events/25 GeV ™

Data
Prediction
[«] —

CMS Prelimina 2.2fb" (13 TeV)
10° —— data .
I MET Templates -
[[] FS background |
102 B Other SM =
2 p,(lep, )+ H, > 600 GeV .
AG(E™S, (jet. ) > 0.4
T 1,2
10 E N'e(s 2
15
2
5 . -
1 7 t 1
.5
0 50 100 150 200 250 300 350

EMSs Gev
Should see at least 12
events on-shell
(9 is the upper limit)

But ATLAS still sees an
excess on-shell

> - l TTT l TTT l TTT I TTT l TTT I TTT I TTT l TTT l TTrT | 4
[0) _ ATLASPreliminary—e— pata 2015 ]
O 25—_ \s=13TeV, 3.2 b’ %444 Standard Model (SM) _|
Al - :
- - SRZ ee+up - Z/y* (fromy+jets)
2] C |:] Flavour symmetric ]
E 20__ |:| Rare top ]
e I [ wezz ]
L 1 5'_ —— m(§X,)=(920,230) GeV |
- m(GX)=(940,660) GeV
1 0 N ]
: T :
O s 7z 775 ;

82 84 86 88 90 92 94 96 98 100
m, [GeV]
2| observed events

with 10 expected
(2.20)

We cannot yet close the case, but the excess is at the “intensive care”
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Any news on the ttH front?

i = Uz'/(Uz')SM

New combination from ATLAS

ATLAS and CMS Preliminary -o-é'{ALé‘\S doeS nOt Clarify the iSSUC
¥LHC Fun :A'I;LAS+CMS
MggF __.__ —x20 B ATLAS F|>relimin‘ary \s=; Iex,‘gbssffb;: |
. . — tota \s= ev, .
Under strict surveillance N —oel .
after Run| when both Lo MHH—p) - e =12 T 1D
By —————
ATLAS and CMS seem to —— s Wz | w2t
prefer a largish ttH value by
. L ; — _ +1.0 +0.6 |
than SM (new physics . ( - St S S o5
related to 3rd generation?) . ~ —— Comnation - #en  p=17 08 95 _
O 2 0 2z 4 6 8 10 12

What about |3 TeV?
Too soon to conclude anything (but
NP does not look in good shape)
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Lepton+Jets

Combined

Parameter value

CMS Preliminary 27" (13 TeV)

Dilepton

—

P E R N A
-10 -5 0 5

Bestfitp=c/c_ atm, =125 GeV
SM

Best fit u for mH=1 25 GeV

CMS Preliminary 23" (13 TeV)
m,, =125 GeV
combined p = 0.6
trilepton
_E 933 —_—
H= 5'8-2.7
dilepton
. +1.0
H= 0'5-0.7
PR B || |
-4 -2 2 4 6 8 10
Best fit u = G/GSM

Events / GeV

1.8

o/ogy < 2.6 (3.6 exp.)

1.4

o/ogy < 3.3 (2.6 exp.)
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B mesons studies prospects

Precision measurement in B factories and LHC continue the quest for

deviations.

They might be the most intriguing puzzle for Run2 (modulo the 750 GeV bump.

The strategy is unchanged:

* Look for rare/suppressed decays or
anomalous CP violating phase

= might reveal the presence of new

particles in decay loop (penguins)

7 y(2s)

Ql
Ql
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re

Zoltan Ligeti ©

h-tu

B-oKe e /B->Ku 'y~

DO pu CP asym

By->pp

1 cleanliness)

B>y~
/ 9_2
/

/ o

,B—>/K *utu” angular
Mcl/excl

| Vup| incl/excl

€

significance (0)
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Longer term

New physics can be around the corner and waiting for us as soon as

we go to |3 TeV, but it might be well hidden and needing more than

just few fb!.

Luminosity [cm2s1]

® Peak luminosity

~=Integrated luminosity

6.0E+34 7 ' . ' S — [ 3500
o { W 3000 fb!
50E+34 S - T T-ie--e o o el SUWU
. | . | L L ".l'_'
Spllces Injectors . a0 @
4.0E+34 1 fixed |-+ upgrade |-/ I >
1 1 H : : ; N i I I E 2000 é
3.0E434 n Foriesete D) | =
o R - 1500 =
Lo L L 8
20434 | b SRNE 2 ETSES 0 EENSEEE VAR B 3
o e ® - 1000 &
L i Q
o o 1=
10E+34 el el 300 | [ 50
i L -1 : | ;
0.0E+0Q0 &+ 30 fb —t— /i

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
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Year
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Longer term (End of Run2 ~300 fb-!

CMS and ATLAS white papers: arXiv:13g7.7135 and 1307.72¢

Higgs Physics expectations
* ~|5 M Higgs events produced

« ~50 K events useful for
precision measurements
(x 40 w.r.t. now)

Physics subjects

* Higgs precision measurement
- Mass (100 MeV reachable?)
- Cross-sections
- Couplings
= H— UM might be measured
at 30% level

* Possible (but very difficult)
W W[ scattering !

L. Malgeri - Run 2 Physics - 7/04/2016

CMS Projection

I 1 1 I l 1 I 1 1 l 1 1 1 1 I

Expected uncertainties on F— 300" at s =14 TeV Scenario 1
Higgs boson signal strength F— 300fb"at Vs =14 TeV Scenario 2
H—yy . I
H—>Ww = |
H—2ZZ f i
H— bb : |
H—-1< } |
L | Il L 1 l L L L Il I L L L | | Il
0.00 0.05 0.10 0.15
expected uncertainty
L (fb 1) - Ky Kw Kz Kg Kp Kt Kt KZy Kup BRsm
300 [5,7] | [4,6] | [4,6] | [6,8] | [10,13] | [14, 15] | [6, 8] | [41,41] | [23,23] | [14, 18]
3000 | [2,5] | [2,5] | [2,4] |[35]| [47] | [7,10] | [2,5] | [10,12] | [8,8] | [7,11]

Assumptions on systematic
uncertainties:

Scenario |:no change
Scenario 2: theory unc./ 2,
rest goes like 1/+/L
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Longer term (End of Run2 ~3000 fb"!

CMS and ATLAS white papers: arXiv:1307.7135 and 1307.72¢

T

TTTTT

Higgs Physics expectations

T T T T T T T T
ATLAS Simulation Preliminary t
h—yy, h5ZZ*—4l, hoWW*Slviv Z.=

T 11]”“] T
| Illllll[‘ 1

* 150 M Higgs events produced VI A W
E BRi,u=0 ;

* 500 K events useful for T b . :
. 107 = \so1aTev =
precision measurements : T ateson ]
(x 400 w.r.t. now) 10° 1. —JLdt=3000 5" 3
FE -

THII‘II;
lllllll'

— =

Physics subjects

* Higgs precision measurement

Ratio to SM
o O
VO a4 a4l
ITTTPIII!IHII
3 : I
e
furaslanask

‘A 107 | 10 107
- Mass (100 MeV syst. limited?) | n [GeV
: L] « K K K K Ky Kr KZy K BR
- CrOSS-SeCtIOHS 300 [5,77] [4,Mg] [4,26] [6,g8] [10,b13] [14,15] | [6, 8] [41,241] [237;3] [14,511\?3]
Co u P I i ngs 3000 [2,5] | [2,5] | [2,4] | [3,5] | [4,7] [7,10] | [2,5] | [10,12] | [8,8] [7,11]
= H— UM might be measured Assumptions on systematic
at 10% level ? uncertainties:
* Possible (but very difficult) Scenario |:no change
W| W/ scattering ? Scenario 2: theory unc./ 2,

rest goes like I1/+/L
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Longer term (End of Run2 ~300 fb™')

SuSy searches expectations o :

£ - PR
1400 - Estimated 50 discovery reach

In strongly produced SuSy scenario

1200 = — g Tev, 20 5"

we could reach: 1000 [ - 18 Tev, 300 15" E
* gluino probed up to 1.8 TeV o -
* stop probed up to 800 GeV o | E
200 | -
Systematics driven by bkg o '1510?'[;5;'%;}00
uncertainties: g
* scenario A: simple scaling from 3 oo EATLAS Simuafon b’é”"'l’fo‘f’;',f | '_605 ;' RRRE
now
« scenario B: reduction as |/+/Rokg o aﬁ$t:§§$:¥$;::§:,::z:§ S t
50050 and 1-lepton combined _yusttiees, A
Similar improvements in sbottom 400 Gy
searches. ook 2
100E- I> —g
0200 400 600 800 10007 1200 - -

(I
600 800 1 000 ¥ 1200 1 400
stop [GeV]
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Longer term (End of Run2 ~300 fb™')

SuSy searches expectations

In EW produced SuSy scenario we

could reach:

* chargino limits up to 800 GeV

* neutralino up to 300 GeV

or equivalently

* chargino discovery potential up to
600 GeV

* neutralino discovery potential up
to 200 GeV

Several assumption:

* bkg scaling

* branching fraction (simplified
models)

L. Malgeri - Run 2 Physics - 7/04/2016

[GeV]

m_,

800 [T e :
- CMS Phase I/ll Delphes Simulation
500F Preliminary —— Phase Il, PU=140, 3000 fb™!, 50 Discovery |
- L pp =% % = ZHY, WX, «xx Phase |, PU=50, 300 fb™, 50 Discovery |
400 :_ — Br()"((; -7 3{?):100% Il 2012 Observed 95% CL Exclusion b
0 ~0
Br(x, = HX,)=100%
[ — Br&z — Z/H i?)=50/50% combined
300 ]
200F S =
100 e i -
r” MR i VA I T U T ]
00 200 300 400 500 600 700 800 900 1000
m_.=m_, (GeV)
X, %,
1 000 :I TTT I T TTT I T T TT | T 1T I T T TT I T TT I LILELEL | T TTT | |||||||| :
900~ ATLAS Simulation Preliminary =
E ‘ T V ........ IL dt = 3000 fb'w, u=140, 95% CL exclusion E
800 = \s=14Te N IL dt = 3000 fb', u=140, 55 discovery =
700F 3-lepton channel .. ..... J.L dt =300 fb", u=60, 95% CL exclusion ~ —]
600 E_ zf zz S WE %‘: Z 7(? — IL dt = 300 fb ", u=60, 56 discovery _E
E 8 TeV, IL dt=20.3fb" 95% CL exclusion
500 ;_ mx = miZ ------------------- . _;
T ‘s -
400 __ "““ "I __
E S T et -
300 - "‘,": ----------- . =
Co o e® Je=" .
200F- %l E
C os” R 3
100 : —
:I 111 I 1111 I 1111 | L1 ‘ 1 I 1111 I ' 11 | i 11 | | | | 111 i 111 |:
800 300 400 500 600 70 800 900 1000 1100 1200
m_.=m_, [GeV]
X, %
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Longer term (End of Run2 ~300 fb')

Standard Model precision measurements prospects

CMS preliminary projection

== Std. meth. == Endpoints

a —Jhp —
;' - Present 30" 300 fo! 300067
m 3 5 :_ 13 TeV 14 TeV 14 TeV —:
&, % . FTR-13-017 3
€3 :
£ 2.5F .
® F :
e 2 =
p= | [ a
81.5F =
£ f :
L 1?\ E
° F ;
= 0.5 ~
; s
of :

Top mass prospects
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= —

D . CMS Simulation

(c?. 120 gcaled to L = 300 fb'

=) B —<«— data

= M@ |<1.4 — full PDF
100

(o))
I||II|III I.I..'I?Id—O—q—O—!

Iy
O

S/(S+B) Weighted Events /
o

)

Bl B: >
B B,

combinatorial bkg
semileptonic bkg

\ - peaking bkg

20 t
T t #F
(o) ] el o SR, e
49 5 51 52 53 54 55 56 57 58 5.9
m,,, (GeV)
Estimate of analysis sensitivity
. sy ot . B 0 + .-
L(fbY N(BY) | N(B°) | 6B(BY — u*p~) | SB(B® — p*pu~) | Bsign. | opgict]
20 18.2 2.2 35% > 100% 0.0—-150 | > 100%
100 159 19 14% 63% 06257 | 6RO
300 478 o7 12% 41% 1.5-350 | 43%
arrel) | 540 17 3% 3% T2 3.30 | °
3000 (barrel) | 2250 | 271 11% 18% 56—8.00 | 21%
B(s) — uu expected yield
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Longer term (End of Run2 ~300(0) fb™")

CMS and ATLAS white papers: arXiv:1307.7135 and 1307.72¢

Exotica searches

* Di-lepton resonances
reach can extend up to
5-6 TeV in both ee and

UM channels

* In the Dark Matter sector
we can be competitive,
and complementary to,
new generation direct
searches:

- excluding on the low

MpM VS Mmed region up
to 500 vs 3000 GeV
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B

O
N

3 10_1 4:— T~~~ T [ 1 1 1 [ T 11 |’7| T T T [ T T T 1T E
o = CMS Projection Preliminary, \s = 14 TeV 3
|m i —— discovery at 5¢ with 300/fb i
© 10% =
= ——— discovery at 5¢ with 1000/fb 3
- — = discovery at 50 with 3000/fb
10° & E
10° =
B — —e —9o — o o _
10° b — Z'sn (LO) _
E —2,(L0) NS A&
- —2Z,(L0) -
B z, (LO) N o
10~6 :_I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 I E
1000 2000 3000 4000 5000 6000 7000
m(uw) [GeV]
O. Buchmuller et al.
2000f . : ' T {104k S R
. N — . —1 Vector .
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Conclusions and outlook - |

After the Higgs discovery and the closing of the SM space we are now
living an exciting starting of a journey towards a “terra incognita".

Sebastian Munster. Cosmograbphia,

* We don’t know yet what we should expect,
but there are good reasons to believe that we
will see new forms of “life”

* Some of them might be already among us.

* First “preview’ of 13 TeV data is really encouraging
*few (not so convincing) bumps disappeared
*a new (and a bit more convincing) bump appeared
=need at least double of the statistics to get really excited
* many stones (phase space corners) are quite heavy to turn and will
need the full power of run2 and beyond
=but we are well equipped for them!
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Conclusions and outlook - |

But even MORE ESSENTIAL:

there is an high chance that new physics will show up where we less expect it
to be so we need to BE OPEN MINDED (not all wise suggestions are right!)

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

*
John Ellis, Mary K. Gaillard ) and D.V. Nanopoulos +)

CERN —- Geneva
Nucl. Phys. B 106, 292 (1976)

We should perhaps finish with an apology and a caution. We

apologize to experimentalists for having no idea what is the mass of the

Higgs boson, unlike the case with charm 3),4) and for not being sure of

its couplings to other particles, except that they are probably all very

small, For these reasons we do not want to encourage big experimental

searches for the Higgs boson, but we do feel that people performing expe-

riments vulnerable to the Higgs boson should know how it may turn up.

From S. Gori talk at LHCPI5
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Challenges and tools

A nice example of experimental challenge and ingenuity

Higher energy - boost

LHC @ 13 Tev  Higher luminosity -> pileup

Higher reach to new energy regimes

(heavier particles, higher p; particles)

Low top pr High top py

b

Both ATLAS and CMS have SO0
developed rather sophisticated

tools to deal with boosted objec’  iming!
and squeeze the last bit of

efficiency in otherwise inaccessib

phase space. O

L. Malgeri -

Run 2 Physics - 7/04/2016

Normalised to unity

0.22:Lr1 ™ T ™ T ™ T vvvlrr.v].vvvllrr]vrr]v_x:
o ATLAS Simulation Preliminary :
0-2_ antik, R = 1.0 jets E
0.18" Trimmed (f,=5%R,, =02 =
= |nwh|<20 200 <p;"" <350 GeV 3
0'16; Is=13TeV o~ Wijets E
0.14f » ke Z-jets —
0 12:_ ‘. -=- Multijets =
TUE i 1500 < p,"™" < 2000 GeV 3
0-1:_:’ - g f= :ﬁ -e-Wlets =
0.08 = : . . ﬁ i Z-jets .
0 065 ‘ t -3+ Multijets =
Lo = =
0.04% ™ =
0.020 4" \ E
26" R AT RL R

Jet mass [GeV]
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Challenges and tools

Pile up in 2015 will reach another frontier:

* In time pile up (PU) can get as high as 40 in average
- in 2012 we have collected less than 1% of our luminosity with PU>35

* new techniques are being developed at high level reco using mostly information from

Particle Flow objects , OSSPy o=ty
§1oooo— W jets, Anti-kT (R=0.8) —— GEN
° | <mp>=40 PF+PUPPI
| 200 GeV <p_ <600 GeV — PF
. . 8000|— <25 +
- most of them associate a weight to all : P Comai)
. o . - PF+CHS(Const.Sub.)
particle candidates corresponding to the sooof-

probability to come from a PU collision:

4000

JME-14-001

Ylogae- (LV)
 YlogZL (LV) —|— Zlog s (PU)

2000

11 | 11 | I | | | | 11 1 | T

w; =

OO
-
o
o
-
n
[=]
=i
S
o
-
[o2]
o
-
S®
0
n
o
o

- in a simple approach the weight comes from o wopEespmmmy e B
the distance of the neutral particle w.r.t. to S e <" — e E
candidates associated to the primary vertex e ——

- more sophisticated approach (PUPPI) add to g = T
the weight many other observables e

et .
f E
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Challenges and tools

Pile up in 2015 will reach another frontier:

* Out of time (OOT) pileup is a total new story
- need to adapt reconstruction to 25ns running
- need to identify OOT pileup hit at low level by using the timing
information in the calorimeters
- work quite advanced already in ECAL and evolving in HCAL

3D clustering
with time as third dimension

Standard Reco

Cluster E: 30.1 GeV >
Time =-0.8 ns

1.05

|||III||II|||I

Gen energy: 26.0 GeV
Cluster 1 E: 24.8 GeV (-0.4 ns)

L. Malgeri - Run 2 Physics - 7/04/2016

all
T T T T T T No tinle |
0.07 - 25ns MC Time cut ;
,‘;L 3D: Default 5
0.06 | | 3D: 36 nb. E
0.05 * 3D: % :
0.04 3
0.03 -
0.02 E
0.01 Ty, r
“\nu-\‘_‘ﬁ.“ .
' | 1 1 - | 1 L il
0.0Q5 100 150 200
W boson mass (GeV)
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How the Higgs changed the picture!?

A short reminder, why we are so obsessed by SuperSymmetry:

|)it solves/mitigate the hierarchy problem and regularize the Higgs
mass (otherwise divergent)

ethe mass of the Higgs gets quadratically
. . b
divergent loop corrections: O o
¥ = m(planck)
2 top 2 W,z 2 self 2 or any arbitrarel
( i large scale
o<t + ... =m(planck)
g2
ewe need a “natural” cancelling term with negative
contribution; arxiv:1110.6926, J. Ruderman et al.
boson fernuon
2 t
omy, = ) (md, +mi, +]A?) In (mt) x ~ ()

gauge

\ ] boson gaugino
S + ~
g2 g g O
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How the Higgs changed the picture!?

A short reminder, why we are so obsessed by SuperSymmetry:

|)it solves/mitigate the hierarchy problem and regularize the Higgs

mass (otherwise divergent)

ebut in turns, a light stop requires a not too

heavy gluino (two loop corrections):

* + additional constraints on Higgsinos

Natural Susy
2
my, ~ (125 GeV)?
Tree ,u2

1 loop --O-- el

2 loop N2 2
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Higgsinos
~ 200 GeV
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~ 500 GeV

Gluinos
~ 1500 GeV
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How the Higgs changed the picture!? -

A short reminder, why we are so obsessed by SuperSymmetry:

2)it gives a natural candidate for dark matter, at least in its R-parity conserved
realization:

800ro=
RP= (_ | )3B+L+2$ | Point SU3 :
. =+ i in TN
= | SM partlc.:les BOOF b, ——
* =-| SuSy particles - |
* SuSy particles produced in pairs P HAT— ‘*\ o Xa
* LSP is stable (and neutral) 2 e X 0
O 4001 \
= |
200" 12 i
_ tTR R ="=“:_'_ _______
L h B—t
O— | | | I 1 | I | | | I | | | I | 1

J=0 J=1/2
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Are we missing anything? _

What are the “next-to-look-for” final states that we might have
missed in Runl?

_ (_1\3(B—L)+2s
RPV SuSy Pr=(=1)

* If we abandon the idea that SuSy solves also the dark matter problem, a new
world opens up and it is largely unexplored

* Remember that proton decay current limits are preserved if the RPV

coupling is minimal (<<I) or if we accept violation of one of Baryon/Lepton
numbers.

* Kats, Evans, JHEP 04 (2013) 028 identifies final states dominated by many

jets and/or taus to be largely uncovered, even after considering the vast
majority of the CMS/ATLAS physics program

f
BR/<
i--— f2
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Are we missing anything? -

What are the “next-to-look-for” final states that we might have
missed in Runl?

Stealth SuSy: RPC SuSy but without missing Et

(i.e. trash most of the SuSy searches so far)
from B. Carlson - arXiv: 1411.7255

arXiv: 1105.5135, 1201.4875 . Assume usual SUSY
Fan, Reece, Ruderman . .
breaking sector with some
mediation to MSSM

+ Introduce hidden sector S, S

R—  No coupling to SUSY
suppressed coupling breaking sector

Mediation

Msusy ~ Mewk - SUSY approximately
conserved, enforcing mass
degeneracy

« M = M(S)-M(s) small
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A general (i.e. not SuSy) look at DM searches

Colliders searches historically based on
mono-"“something”, usually ISR tagging.

Higgs is entering in the game and might

play a leading role in Run2:
* mono-Higgs searches

* invisible/undetectable Higgs decays

Mono-jet limits

|—|1O'27_| T L] T U] T T T T T ™
1" L
£ 10 CMS Preliminary ~—*— CMS 2012 Vector  —
o A e CMS 2011 Vector —
s=8TeV
- 10%F 's — — CDF 2012 =
9 = JL dt=195 fb‘1 —— XENON100 2012 —
5 10%E -=-- COUPP 2012 E
) - = SIMPLE 2012 B
wi0*= L CoGeNT 2011 B
(7] e R -
A 1090 CDMSII 2011 ]
o F ---- CDMSII 2010 N
— — <
(@) 10— —j
C -
8 10% —
S F ;
S 104
T -
10 .
— Spin Independe -
10-46| ol I | 1
1 10 10 1203
M, [GeV/c?]
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DM-nucleon cross section Oy [pb]
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2y q - h q _h
X s X
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a * q X q <X

Mono-top

Invisible Higgs

T T T T T T T 71
] T
Combination of VBF and
ZH, H — invisible CMS
Vs=8.0TeV, L=18.9-19.7 fb' (VBF+ZH)
Vs=7.0TeV,L=4.9ft"(ZH)

B(H— inv) <0.51 @ 90% CL
my =125 GeV
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Splices consolidation campaigns

You might remember the incident occurred on Sep. | 9th 2008 (destructive
sequential quenching of ~100 magnets due to an electrical fault).

After a temporary fix able to keep LHC going up to 8 TeV, the LS| was
used to verify and repair all interconnection (among other things)

Courtesy of M.
Lamont

« Cables » « New Splice »

* Total interconnects in the LHC: e .
— 1,695 (10,170 high current splices)

* Number of splices redone: ~3,000 (~ 30%)
 Number of shunts applied: >27,000 And a lot more besides...
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Generic high mass “Higgs-like™ search

Pletora of results from both ATLAS and CMS. Two of them here.

Higgs companions at high
masses?

ZZ (WW) cross sections
above few 100’s pb excluded
over a wide mass range.

High mass resonances
decaying in two higgses?

Nothing (yet) really exciting
there

L. Malgeri - Run 2 Physics - 7/04/2016
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Top mass

Baseline strategy from both Tevatron and LHC:
e measure the mass in as many way as possible to attack the
systematics from different angles

e combine a.s.a.p.

CMS comb. (Sep 2015) e

. 172.44+0.48 (0.13+0.47)

(*) Superseded by results ~O'3%
shown below the line

Precision of

" [1] ATLAS-CONF-2013-046
[2] ATLAS-CONF-2013-077

[3] JHEP 12 (2012) 105

[4] Eur.Phys.J.C72 (2012) 2202
[5] Eur.Phys.J.C74 (2014) 2758

ATLAS+CMS Preliminary LHCIOpWG  my,, summary,/s = 7-8 TeV Sep 2015
"""" World Comb. Mar 2014, [7]

stat

total uncertainty total stat

Myp = 173.34 +0.76 (0.36 £ 0.67) GeV Moy total (state syst) < Ref
ATLAS, l+jets (*) ———t 172.31+1.55 (0.75+ 1.35) TeV [1]
ATLAS, dilepton (*) —t—=it— 173.09%1.63 (0.64+ 1.50) 7TeV [2]
CMS, I+jets e+ 173.49+1.06 (0.43+0.97) 7TeV [3]
CMS, dilepton —t—t 172.50+ 1.52 (0.43+ 1.46) 7TeV [4]
CMS, all jets it 173.4911.41 (0.69+1.23) 7 TeV [5]
LHC comb. (Sep 2013) | o | 173.29+ 0.95 (0.35+0.88) TeV [6]
World comb. (Mar 2014) H+H 173.34+ 0.76 (0.36+ 0.67) 1.96-7 TeV [7]
ATLAS, l+jets H——H 172.331£1.27 (0.75+ 1.02) 7 TeV [8]
ATLAS, dilepton =t 173.79+1.41 (0.54£ 1.30) 7 TeV [8]
ATLAS, all jets E—=—+1175.1£1.8 (1.4£1.2) 7 TeV [9]
ATLAS, single top ———t 172.2£2.1 (0.7£2.0) 8 TeV [10]
ATLAS comb.(:‘f;?e'éf’;i - 172.99+0.91 (0.48+ 0.78) 7TeV [8]
CMS, l+jets HeH 172.35£0.51 (0.16+0.48) 8 TeV [11]
CMS, dilepton | o | 172.82£1.23 (0.19+1.22) 8TeV [11]
CMS, all jets HeH 172.32+0.64 (0.25£0.59) 8TeV [11]

7+8 TeV [11]

[7] arXiv:1403.4427
8] Eur.Phys.J.C (2015) 75:330
9] Eur.Phys.J.C75 (2015) 158
[10] ATLAS-CONF-2014-055

[11] CMS PAS TOP-14-022

165 170

I I N N IO N |
175 180
my,, [GeV]

[
185

New since
Moriond 2018!

arXiv:1407.379.

I T

CMS 2010, dilepton
JHEP 07 (2011) 049, 36 pb’

CMS 2012, all-jets
This analysis, 18.2 fb™'

CMS 2012, lepton+jets
This analysis, 19.7 fb”'

CMS combination

Tevatron combination (g
arXiv:1407.2682

World combination 2014
ATLAS, CDF, CMS, Dg
arXiv:1403.4427

CMS 2011, dilepton 172.50 + 0.43 + 1.43 GeV
EPJC 72 (2012) 2202, 5.0 fb”! (value + stat + syst)
CMS 2011, all-jets O 173494069+ 121 Gev
EPJC 74 (2014) 2758, 3.5 fb”' (value + stat + syst)
CMS 2011, lepton+jets : 173.49 + 0.43 + 0.98 GeV
JHEP 12 (2012) 105, 5.0 ' (value + stat + syst)
CMS 2012, dilepton 172.82+ 0.19 + 1.22 GeV
This analysis, 19.7 fb”' (value + stat + syst)
—p—

175.50 + 4.60 + 4.60 GeV
(value + stat + syst)

172.32 + 0.25 + 0.59 GeV
(value + stat + syst)

172.35+ 0.16 + 0.48 GeV
(value + stat + syst)

172.44 + 0.13 £ 0.47 GeV
(value * stat + syst)

174.34 + 0.37 £ 0.52 GeV
(value * stat + syst)

173.34 + 0.27 + 0.71 GeV

(value * stat * syst)

| | | | | | | | I | |

5 170

175 180
m, [GeV]

Comment: we still don’t have much news about the Tevatron/CMS

tension.
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Any other bump in di-X?

ATLAS di-jet search:
no significant bumps,
nice limits

[7)] = T '"I""""'I""""'I""""'l""""'l"'"'_
I ATLAS - )
g E \s=13 TeV, 3.6 fb E =™
- « Data 3 m
10' e — Background fit - o 1
E —— BumpHunter interval 3
C - g, mq, =4.0TeV ]
103'5_ -=- QBH (BM), m, = 6.5 Tevg_ Py
= 2~ 3 10
10°E E
= g, cx3 ] .
10 QBH (BM) % 102
= p-value = 0.67 "
o Fit Range: 1.1 - 7.1 TeV g
15 ly*| < 0.6
. B 10°
g 2Bk
g€ m
58 E
5:3%2:, L ,},,,,,.,.,I..,,..,,,,,,.............. -
Q = JES Uncertainty 1
8 E 4
| — P | TEWE EREREERERE FERTTNTN e TTTTTIn
2 3 4 5 6 7
m; [TeV]

ATLAS di-lepton search:
no significant bumps,
nice limits

ATLAS Preliminary --- Expected limit
1s=13TeV, 3.2 fb! I Expected + 1o
Z' - uu Expected + 26
— Observed limit

- Z,SSM
- Z’x
—_ Z’W

I | Illlllll | IllIlllI 111

| IllllllI 111

||||v |||||||| T 10-4IIIIIIIIIIIIIIIlIIIIIIIIIIIIII

Anybody getting excited about the 20 excursion at |.5 TeV (=750 GeV x2?)

CMS presented already similar limits and similar null results on |3 TeV data.
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What about ZY!?

We were told (and continue to be told) that most models with resonant di-
photon production should produce also ZZ and Zy.
LHC experiments are looking into it: _ 197" @TeV

- CMS
:_c_; - Preliminary Narrow signal model
= — Observed
CMS = Expected = 10
1_ Expected+ 2 ¢
— . 1
- Similar strategy to 8 TeV analysis :
» Considers both narrow and wide T
resonances S
o Upper Iimit On OBR(A—’ZV) at 750 GeV 200 300 400 500 600 700 800 900 100r(:1A11(0GOe</2)00
- 13 TeV: ~30 fb (narrow resonance) sooCUS Preliminary 271703 TeV)
- 8 TeV: ~6 fb (narrow resonance) 250 W_::,M;ed E

- Expected + 1o

200
""" Expected + 20

150 Narrow
Resonance

* Nothing to phone home about (but maybe
still not sensitive enough ~50fb).
* Promising for the future

e ATLAS has similar results

100

95% CL UL on o x BR(A—Zy) [fb]
3

0400 600 800 1000 1200 1400 1600 1800 2000
Resonance Mass [GeV]
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Dark Matter searches at LHC

Most sensitive ATLAS analysis: mono-jet

N A LA LA R B :
% | ATLAS Preliminary =~~~ eectedimit(= 1o, jet: p>250 GeV
(-2- s=13TeV,3210" ——— Observed limit (= 10,0 **) |T] | <2.4
g e e Perturbativity Limit tight cleaning
400~ g =025g =10 Relic Density — 0
95% CL limits
) u/e veto
jets: up to 3 .
¥ p>30 GeV 2\
200 - MET>250 GeV

. DMSimplified M _ ATLAS
g 2 1ok ;‘\):leglz-\sle:to: 1mednator, Dirac DM b
§ 2 : : q * Fom 1
5000 ¥E0"—200 1 » :
m, [GeV] : ° :
0.8 5—: me““@\‘e ]

If the mediator is produced by qq, it :
0.6 Ry ]
will also decay in qq: interpret the di- E
: . 0.4} & - ;_
jet resonance search into a DM search. | 3

i @

A powerful tool! » ozt HE

0 02 04 08 08 1 12 14 16 18 2 22
Mediator Mass [TeV]
L. Malgeri - Run 2 Physics - 7/04/2016 B1/65



Dark matter production in association with HF
* Sensitive to scalar/pseudoscalar models

~ 10000
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Dark Matter searches at LHC
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- T T T T T =
- \CMS : éDM+bb 95°/{, CL limits §
L rellm/nary Observed -
- : . i------ Expected : : e
» 1"‘ ‘.?7_??_??_‘??97?._@ ________ é_m_,ﬁxpegted__ﬂq _____________ -
Pset oscalar mediator IIE Expected .9 ' é

o= Y16V e

T IIIIIIl

IR

.
.
-

R R
X -~

kR g s AR R

DM+bb/tt 95% CL limits

Observed
Pseudoscalar

Expected

1 L:'-prected: + 1o

Expectedi + 20

T IIIIII‘

i i 11'11111 i

360 460
m, (GeV)

—_
o

20 30 40 50 60 100 200

Mmed

Run 2 Physics - 7/04/2016

1 0000

o/o(g =1)

3000
2000

1000

300
200

100

30
20

10

DM + heavy flavour

LI AL L R AL

U ERALL

T T TTTII

Scalar mediator

ceenene s U M S L RS R e e o e o 0 o o S R B NS BB AT 5.

217fb (13TeV)

T J ! 3
CMS DM+bb 95% CL limits R
Pre//mmary ‘Observed 4

‘ R - Expected 5
.1.t.?,?f!?9,9?f€99{*€i ..... -Expctd ..... ...

m =1 GeV
X :

-
-
~
........
< SRR = DT
~
~e e

Scalar

|iiiii|

—_
ol

20 30 40 50 100




Exotics exotica....

Long lived particle are unconventional signature of new physics that might appear
in several BSM models:

o
TTT

split SuSy, Hidden Sector, Monopoles,etc. i ’
Distinctive signature:
e anomalous dE/dX (high mass, low ) o

Insertable pixel B-layer in ATLAS o o o 0 0 o
. . . . ,
improves the sensitivity w.r.t. Run|! 041" (13 TeV)
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B mesons as search tool for NP

—~ 0.5 ——
BABAR, Belle and LHCb observed A [ — BaBar, PRL109,101802(2012) A=10 1
~ = Belle, arXiv:1507.03233 —
excesses (>30) of B—= D(*)TV relative % **F T Lich.uxisocossis ]
N = Average 3
to B— D(*)Uv and B—D(*)ev. 041 E
035- -
I'(B = X71v) 0aE E
R(X) = - |
L(B — X(e/u)v) osf  — e
SM prediction P(XZ) 55%
L PR I R R T T N T SR L

0%.2 03 04 05 0.6
R(D)
: ¥s o l ]
Need a precise measurement of BF(B—=>D*311)  :: «E{”}“{‘ilm,{]}}]lilliln;lmﬂ i “][“;Imm“
as a normalization factor for the 31T T decay: wof | pam an‘.’rfﬁ”f‘.
BaBar came to rescue. e Total A
o 4000 { ‘. -
A SR Signal [} :

3 i
53000 Background [ | E
@ RPN TTCIURNe S NN ,’j ]
3 T
—D* = + + 2 T :
BF(B D 31-[) (737_O| I ?303 I) x 10 & 1000 — \/ﬂ : | \ _;
PDG value = (7.0£0.8) x 10 : T
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B mesons as search tool for NP

= % [%(1 — Fy)sin® 0k + Fi, cos® O
P

+31(1 — Fy) sin® O cos 26,

Anomaly In B_'K*UU d(r+1f>/dq2d3(”r)

dQ

d d

—F}, cos? Ok cos 20; + S5 sin? Ok sin? 6; cos 2¢

DeViation Of PS, from SM in BOB | E : » +S, sin 20 sin 26, cos ¢ sin 20k sin 6, cos ¢
two bins Of q2’ Iocal Sig is 2°9O ~I}[erZOLLl?111<M_ +§AFBSin29KCOSGl 7in 20 sin 6; sin ¢
in each bin. " +Sg sin 20 sin 2 sin¢+Sgsin29KsinZGlsin2¢].
Previous results on Arg and Fi. from CMS on 7 5/ — 55/\/FL(1 — FL)
TeV data agree with SM (as do the (reduced uncertainty on Form Factors)
corresponding LHCDb results)
a.‘ln 1_ L L D L L
- LHCb
. . 0.5k preliminary b
This result, coupled with another anomaly :}-ﬁ M from DEMY -
in the ratio ofF—— :
R= BR(B* = K*pp/B* =K ee, [ :
would be “compatible’” with a LFV Z 0 a1 -+ L
around 3 TeV (CAVEAT,CAVEAT,CAVEAT) pIu. -
5 10 15

2
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B mesons as search tool for NP

Welcoming ATLAS in the game for Bs— up !
(Maybe to kill it? Half a joke...but some tension....)

CMS and LHCb reported first observation of B%— p*H- and first evidence of BO—=p+y-
Hot off the press: ATLAS result presented last week at Moriond EWK, using full Run-1 data
Complexity: ATLAS has MVA classifier with 15 vars to separate signal and comb. background

> £ T T T T T 7 > T T ™ T T T 7 > T T T T T T 3
§ 140 ATLAS Preliminary :ig:;l'f"i"‘"“a‘a E § 40F"  ATLAS Preliminary i?ﬁla‘.'ﬁ,‘"“a‘a E § 18- ATLAS Preliminary :ig:;l'ﬁto‘“a‘a E
I 120 (s=7Tev,49f" ggmsbinatorial bkg ] ¥ Vs=7TeV,49f" -~ Combinatorial bkg 3 I 16 (s=7TeV,49f" Combinatorial bkg
2 F _ A e -SV bk b ] ER - 3 2 A e - 3
g 1ooE Vs=8TeV, 20 fb B "? | :;, Z:_ f=sTev.20m’ :ss _S)"’LP:!} E ,% :: Vs=8TeV, 20 fb - Sss_s)‘if’t{! 3
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— B 0 .
S [ A : = + 8
= ATLAS Promnan ] BR[BO—ir): SM = 3.65 £ 0.23 x 10
= £ - .1 CMS+LHCb = 2.8*07 95 x 10° (6.20)
v o \s=7TeV,49fb" ] ATLAS = 0.9+ 10°
v b Blgl ¢ \s=8TeV, 20 fo" - =Yg 08X
T 4 %% e -1 ATLAS<3.0x 10° [95% CL from CLs)
o R CNY T
& d :
& i . 1 BR([(B9—u*u): SM =1.06 £ 0.09 x 1010
- M | CMS+LHCb = 3.9+16.44 x 100 [3.00)
O—/\_ - 1 ATLAS<4.2 x 1010 (95% CL from CLs)
- ATLAS )

1  SM compatibility
R | 11gfromthe maimumof L | CMS+LHCb: 1.20 for B%, 2.20 for B°

0 1 2 3 4 5 6 ” ATLAS: simultaneous fit compatible at 2.00
B(BY — u"u)[107]
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