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Physics landscape by 2018

LHC experiments confirm that the SM is robust but it should not be the
ultimate theory of particle physics, because of many questions:

* why is the Higgs boson so light (“naturalness”/fine-tuning/hierarchy

problem) ?

* whatis the the nature of the dark part (96% !) of the universe ?

* whatis the origin of the matter-antimatter asymmetry ?

* why is gravity so weak ?

* Issupersymmetry realized in Nature?

* Inflation

- HL/HE-LHC era after Phase Il upgrade of LHC detectors:

e searching for direct signs of new physics:
* Supersymmetry
* Long-lived particles
 New heavy resonances
* Dark Matter and its nature
* doing Precision measurements (Couplings, Cross Sections, Width,
Differential Distributions,...) which might be an indirect sign of it
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LHC and HL-LHC schedule

LHC

£ EYETS
13-14 TeV -

Nominal scenario: £ =5x103* cm1s!
for 3000/fb; Pile-up = 140

Ultimate Scenario: £ =7.5x103*cm1s?
for 4000/fb; Pile-up = 200
=25% increase in integrated lum.
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CMS Phase 2 upgrade

New Tracker Muons
 Radiation tolerant - high granularity - less material * Replace DT FE electronics
* Tracks in hardware trigger (L1) e Complete RPC coverage in forward
* Coverageupton-~4 8 region (new GEM/RPC technology)
) : * Investigate Muon-taggingupton ~ 3

Barrel ECAL
* Replace FE electronics

* CSCreplace FE-Elec. for inner rings

(

* Cool detector/APDs

Barrel HCAL | New Endcap Calorimeters
* Replace HPD by SiPM i T~ | * Radiation tolerant

* Replace inner layers scint. tiles? , | e High granularity (HGCAL)

Trigger/DAQ

e L1 (hardware) with tracks and
rate up ~ 750 kHz

* L1 Llatency 12.5 pus

e HLT output rate 7.5 kHz

 New DAQ hardware

Ps
-

% S i

Xy
N

Other R&D

Proposal for a Timing layer
e Fast-timing for in-time pileup suppression

* Timing resolution ~ 10 ps

* Space resolution ~ 10’s of um
N. De Filippis April 4-6, 2018 4




ATLAS Phase 2 upgrade

New silicon Inner Tracker (ITk)
Optional:

High Granularity Timing Detector (HGTD)  DAQ off detector electronics:
e L0 hardware triggers will provide

trigger decisions within a latency of
10 ps.
©  Based on muon and
calorimeter data + their
combinations in the
topological processors.

e  The L1Track trigger processes LO
Rols to search for ITk tracks with
high transverse momentum.

e  The L1Global uses full-granularity
calorimeter information and
improved granularity for the entire
detector.

LAr/Tile (Hadronic cal.)
front end electronics

New muon chambers and front
end readout electronics

Itk: All-silicon tracker which provides coverage for tracking for up to |n| < 4.0.
Optional: A new High Granularity Timing Detector (HGTD) instrumenting

the gap region between the two LAr cryostats

Muon: new RPCs and sTGCs which are able to cope with the high rate trigger
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LHCb Phase 2 upgrade

CERN-LHCC-2017-003

(2010-12) | (2015-18) | (2021-24) | (2027-30) | (2031+)
ATLAS, CMS 25 fb™! 150 fb™ 300 fb™! 3000 fb™
LHCb 3 fb™ 9 fb! 30 fb? 50 fb? *300 fb™?

* assumes a future LHCb upgrade to raise the instantaneous luminosity to 2x10%* cm=2s1

e A first upgrade (Phase |) will be operational in Run-3

— Will raise the instantaneous luminosity to 2x1033 cm=s? (x5)

— Improved tracking and new “trigger-less” scheme

 LHCb has submitted at the beginning of 2017 an
Expression of Interest for a further upgrade (Phase Il)

to reach 2x103* cms (x50 wrt now)

= New physics searches in the flavour sector



Strategy for physics at HL-LHC

HL-LHC is a great opportunity to address some of the questions
mentioned

Focus on relatively broad scenarios with rather generic expectations
Make use of either consistent EFT approach when possible or
simplified models

Perform specific “signature based” analyses with minimum
theoretical bias 2 model independent studies

Think about new strategies optimized for HL-LHC and maybe not
been overlooked because not optimal at LHC (different triggers)

In case of a deviation from the SM prediction focus on more specific
BSM assumptions to identify the origin of new physics

In case of no deviation the constraint should be set in the most
model independent way possible.
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Analysis approaches for HL-LHC

Method 1 - Full simulation (CMS): use of the most advanced geometry, algorithms and
tuning, PU simulation

Method 2 - Full analysis with parameterized detector performance (CMS): use DELPHES
with up-to-date phase-2 detector performance (tracking, vertexing, timing, dedicated
PUPPI jet algorithms, increased acceptance, performance of new detectors)

Method 3 - truth + smearing (ATLAS): truth-level events overlaid with jets (full sim) from
pileup library, reconstruct particles (electrons, muons, jets, MET) from truth+overlay and
smear their energy and p; using appropriate smearing functions

* Cross checked with some of the ‘real’ data analyses

Method 4: projections (mostly CMS and LHCb)
* Existing signal and background samples (simulated at 13 TeV) scaled to higher lumi
and Vs luminosity and 14 TeV. Analysis steps (cuts) from present analyses

e 2 scenarios for uncertainties:
e Scenario 1: all systematic uncertainties are kept unchanged with respect to those in
current data analyses + PU/detector upgrades (S1+)
* Scenario 2: the theoretical uncertainties are scaled by a factor of 1/2, while other
systematical uncertainties are scaled by 1/VL + PU/detector upgrades (S2+)
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SUSY particles
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SUSY: signatures with multi-leptons (1)

SUSY in a natural scenario with higgsino, bino, and wino at a few
hundred GeV scale or below, and almost mass degenerate
higgsino-like = low p; particle and in the forward region

CMS TDR-17-003

—

Example: Xzi, )(g signal process which yields two same-sign
W= leptons and large MET in the final state (BR in Ws = 25%)

Analysis is performed using DELPHES and a scenario with an

f2 il
average ot 200 pileup events W?Z background events

CMS Phase-2 Simulation 14 TeV, 200 PU
LB R LR RN RN RN BELENLENLELI [

W
Muon detector coverage extended

from [n| <1.6to n| <2.8

- WZ background in the selected
mode decreases by a factor four.

— Llost i (ml<1.6)
— Lost p (nl<2.4)
—— Lost p (nl<2.8)

3 4
Generated muon

5
nl

The improved muon detector acceptance will lead to reduced backgrounds and improved
sensitivity in this analysis and for a whole class of similar searches for new physics.
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SUSY: signatures with multi-leptons (2)

CMS TDR-17-007

Forward calorimeter (HGCAL) is a critical subdetector for

this analysis as optimal MET and jet reconstruction.

Xi Two high quality and isolated leptons with p; >20 GeV,
In|< 1.6, and same charge, veto of the third lepton and

X7  Jjets. DELPHES simulation

Cut on

W transverse mass Tmin = mm[mT[]ePer‘nr‘jﬁ)’mT(lep:zP?‘m]]'

3ab”, 14 TeV, 200 PU

CMS Phase-2 Simulation

Events

rnT, min [GEV]

el T DT ] we =150 GeV outside the reach of the Run 2
5 PRELIMINARY - uw =250 GeV outside the sensitivity of SS extrapolated
N E to HL-LHC
b 1 [M2(GeV) [ oy () | 7 (=150 GeV) | 7 (1t = 250 GeV)
o = [ 500 56.42 0.4452 0.2568
- 1 | 600 25.05 0.253 0.3448
—3 | 700 12.11 0.4238 0.4512
10 800 6.19 0.6464 0.576
3 | 900 3.30 1.043 0.957
0 it E
0§ :
10° 5550050200 550300356 400 April 4-6, 2018 11




SUSY: electroweakino pair-production

SUSY in a natural scenario with higgsino, bino, and wino at a few

hundred GeV scale or below, and almost mass degenerate

higgsino-like

CMS TDR-17-002

)(J-’1 )(02 highest cross section, multiple leptons final state with

low p; leptons € triggering on low leptons

b
~

LA

A TeY

[} L B B ] > L L B B B BB
. CMS Phase-2 Simulation PP LT W2, T, 3 @ 140~ CMS Phase-2 Simuiation PP LT -WZT T
Analysis % 06f I N: % X 1111_:

. C —p, - —p (e)>2GeV -
performed in o[- BAIE R s
DELPHES with 04f = E
an average of 03F _i Loss of signal
200 pileup 02f = acceptance because of
events 0‘15_ jjjiﬁ _; L1 trigger p; threshold

OEI T 1 1 l 1 lﬁ 1+ 1 1 4 L L 1 L 1 1 I 1 1 1 IE I L1 1 1 I | N - I 111 l_
0 5 10 15 20 25 30 0 5 60 70
P, (€) [GeV] m, [GeV]

CMS upgraded calorimeter = highest crystal granularity information at L1 for better

precision in the association to the tracker information = improved identification and

isolation of the electromagnetic objects
N. De Filippis
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SUSY: Chargino + neutralino pair production

ATL-PHYS-PUB-2015-032
Production of a neutralino and a chargino which decay to a W and a Higgs boson respectlvely

and the LSP. Scenarios with heavy sleptons, squarks and gluinos.

Signature: p
e Chargino decaying to leptonic W 0
* Neutralino decaying to lightest Higgs boson, h->bbar 0
* Large MET (1
Largest background: ttbar, single top, ttV P
e Cut-based and MVA analyses
> L L I IS IS LS IS IS RIS IR N > - . 4
8 10 a0 14 Tov EEpT— - S 1400 5 o discovery (3000 b, <u>=140) Oopg = 30%
% ‘:TI}AS Simulation Ry ] STy - " 95% CL exclusion (3000 fb™, <u>=140)
reliminar, ingle o r=4 *
o 10°: Y — Pt = € 1200[— 5 o MVA discovery (3000 fb, <u>=140)
b= E m(x x%)=(600,0) GeV 3 L
E - — mZ=(500.300) Gev ] 1000 " 95% CL MVA exclusion (3000 fb", <u>=140)
105— ........ = - ) . x({\‘\ /”/,,
- - 800— ATLAS Simulation <3 .-~
C i ~ Preliminary O
1= — 600 e
= e n \
C ] 400— T \
w0E | = - )
_I PRI IS SN 5 N 5t 5 T I A NI . 200— JPtes ; i
0 100 200 300 400 500 600 700 800 900 1000 .- ™
miss F’I.ﬂl‘: 1 1 L1 1 L L 1 ! |E 1 1 :!‘t 1 L
Er™ [GeV] %00 400 500 800 7000 7200 7 14)|0[%I "
. . . m - e

e 95% CL exclusion limits: e 5o discovery sens1t1v1tv e

O

1310 GeV in ;?;0 ;ﬁ mass

o 950 GeV1 mXﬁ X1 mass
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SUSY: Chargino/neutralino pair production

Simplified models are considered, including both x*, pair production and

associated production of a x*; with a x°;.

104

T [ps]
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10?
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e 95%CL exclusion limit as a function of

the x*; mass and lifetime.
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ATLAS-TDR-030
Pixel TDR

* Pure Higgsino LSP scenario

* 95%CL exclusion limit as a function of
the x*; mass and lifetime.

In the case of pure higgsino models, the

associated production of a x*; with a x%, is

also included.

x x7 %f %? production, tanf =5, u > 0

T T T | T T T T | T T T T I T T T T | T
ATLAS Simulation Preliminary
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AII limits at 95% CL
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SUSY: Direct production of stau pairs

If charginos and next-to-lightest neutralinos are too heavy to be

produced at the LHC = production of stau pairs might become the

dominant electroweak production process

Signature:

SR Definition
e 2 tau jets (hadronically decaying) > 205 taus
e Large MET loose jet-veto
Main background: W+jets, ttbar Z-veto
AR(tl,72) < 3.5
> 4 UL L I B B B T miss
8 10 IEF ATLAS Simulation g Wty %5 ET > 280 GeV
o e - Preliminary ) I ttbar : mr2 > 40 GeV
[Tp] = _ - i —
B E Vs = 14 TeV, 3000 ib g!tl?roson E MTr1 + MTey > 480 GeV
c B ---- (m, m ) = (100, 0) GeV|
g 10°F - (', ) = (300, 0) GeV . =
(T & ---- (m, m) = (500, 0) GeV Different 2
g <« SR 5§ systematicson -,
ik R SM bkg

10

10?
400 500 600 700 800 900 1000

m"I"r1-'-rnTt2 [GeV]
30% systematic =2

* 95% CL exclusion contour reaches 700 GeV
* discovery sensitivity reaches 500 GeV
in stau mass for the combined left and right prod.

P

ATL-PHYS-PUB-2016-021

Current LHC results = no exclusion aside for

one scenario (M.,

= 100 GeV, m,,=0 GeV

B T | T T T | T T T | T T T T
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L L B |
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SUSY: Direct production of stop pairs

* Target models with compressed mass spectra
e Pair production of the lightest top squark mass eigenstate

ATL-PHYS-PUB-2016-022

. . . t
e Xsection of top squark 1 pairs with a mass of 350 GeV and
700 GeV, are 4676 fb and 88 fb. p i :
e exactly two electrons, two muons or one electron and t - i‘?
one muon + 2 b-jets -
* Transverse mass my, (I, MET) used as discriminating }“‘ ~ 79
variable + other topological/kinematical cuts p " : -
> T 17T l T T T l T T T l T 1T | T 1T | LI | LI | T 17T Ll ~0
106 —
& ATLAS Preliminary T e 3 [ 1 = [ X 1 t
o Simulation i
> 10° Vs = 14TeV, L =3000fb™, ju=200 =$ _§' e
§ 10* %her:? =350, 1711 Gev "5 U.E.' = ATLAS Preliminary Simulation 3
o B e i, mit, =700, 52 Gev S ® [ {s=14TeV,L=30000", u=200 m
10° E ™ i, production i
" - 10 _ =
102 E_ En’ni‘-rni?_17’3GeV ------
10 , -
i= E
1 Fr e g
10_1 PN T T T [N T I YT Y YT AN Y ) |
0 20 40 60 80 100 120 140 160 = . E
- _x -
my, [GeV] - 5 Eig- 26 ]
B = EXpected 952/9 cL -
Masses up to 700 GeV excluded @ 95%CL . — Expected 95% CL with 300 fb
10 300 400 500 600 700 800 900 0

(currently [m._ ., 191] and [230,380] GeV)

top’

m; [Ge
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Dark matter searches

arXiv:1506.03116
Less complete
“Sketches of models™ M
L=ly+3
Dark Matter
Effective Field Theories

Minimal
Supersymmetric
Standard Model

Simplified
Dark Matter
Medels

Contact
Irteractions

Camplets
Dark Mazter
Madels

Universal
Extra
Dimensions

Lizthe
Higgs
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Dark matter: mono-jet

CMS Preliminary Simulation 3000 fb’ (14 TeV) CM S FTR 1 6 0 0 5

T T T

mono-jet o R
g 10 - Background (V+ets) __
Spin-1 mediator U)J . +AV,MDM:ZSOGeV,Mmd=2Te‘u’,gDM:1,gw:0_25:
7, 10 _._AV,MDM=4SOGeV,Mmd:STeV,gDM=1,gSM=O.25_§ .
(X) Dominant bkg:
= =15 MET 10° -
(&) o Z(2vv) +jets
q ACouplings 10° ° W(%lV) +jets
Recoiling 10° - Vijets
object
10°
CMS Preliminary Simulation 3000 fb! (14 TeV) 10

2000 2500

< 1600 <
Ié = =025 S~ i
3 Axialvector, gDM 1, gSM 025 i E!PISS [G eV]
O current: control of systematics same as arXiv:1703.01651 O
e
= current/2 0

[m]
= 1200 — CUrrent/4
Comprehensive re-assessment of current
efforts for HL-LHC not yet done

[analyses are often systematics limited,
experimental sources hard to estimate,

theoretical uncertainties might be
conservative]

0

P T T T T N T S T S T [ S S T L
500 1000 1500 2000 2500 3000 3500 4000 4500
M__, (GeV)
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Long-lived particles
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SUSY: Long lived particles (LLP)

One of the possible signatures are: displaced muons
* |d,| can reach up to approximately one meter (or

longer) for sufficiently large lifetimes = Trigger/reco

of muons is challenging.
* Additional hits in the new endcap muon stations +
improved algorithms, permit efficient triggering on

displaced muon tracks

Gauge-mediated SUSY breaking models, smuons can
be (co-)NLSPs and decay to a muon and a gravitino

9 — HU
Main background: QCD,
tt and Z/DY~> Il events

Improved sensitivity
with the new displaced
muon algo (DSA)

N. De Filippis
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SUSY: Heavy stable charged particles (HSCPs)

In Split SUSY all scalars are very heavy (~ PeV) while the spin-1/2 SUSY CMS TDR-17-001
particles could be at the TeV scale = gluino can be heavy stable charged

particles with long lifetimes that move slowly through the detector,

heavily ionizing the sensor material as they pass through.

* Anomalously high energy loss through ionization (dE/dx) in the silicon sensors with
respect to the typical energy loss for SM particles 2 need to keep dE/dx capabilites in

Phase 2 Tracker

e Discriminating HSCPs from minimum ionizing particles based on the “HIP flag” in the )

readout system of the Outer Tracker.

14 TeV, 200 PU

p; > 55 GeV tracks
192 14 TeV, 200 PU

£ "I CMS Phase-2 Simulation 5

c i © 10
'g 10 I Bkg, p, > 55 GeV (DY — py, tf — 212y) E
‘= "~ L I Pair-produced T, M = 871 GeV C
$ | T3 aluino, M = 1400 Gev i
5 -

x0.8F 1t
chadt :
L - £
'c | -

CMS Phase-2 Simulation

[

Min. Bias, p < 2.5 GeV, dE/dx discr. > 0.65
Bkg, p, > 55 GeV (DY — p, tt — 212u)
Pair-produced T, M = 871 GeV

Gluino, M = 1400 GeV

1

1072
0.0l il — 5 3 1072
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Background track efficiency

Additional CMS studies for
HSBC via the Muon system also
available, CMS TDR-17-004
(more in a dedicated talk)



Efficiency

Impact of the HL-LHC Pixel Ceurtesyofamas

collaboration

ATLAS-TDR-030, Pixel TDR
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Dark photon search at LHCb

Dark sector couples to the SM only through a dark photon A’, LHCb-PAPER-2017-038
which shar_es quz'mtum nt.meers, and therc_efore mixes, with the SM.photon arxiv 1608.08632
- A’ massive spin-1 particle, whose coupling to the electromagnetic current
is suppressed relative to that of the ordinary photon, by a factor of € .
Exploring the [m(A’), €2] parameter space
* inclusive search for A’ u*u” decays with the LHCb experiment
* pp =2 XA’ =2 XA’ with background coming from pp = Xy* = Xu*u™ + other sources
e LHCb sensitivity for both prompt and displaced muons
1) — S B

Looking forward to Run 3:

10-6 BaBar ] * increase in luminosity
; v L * removal of the
107"} = LECb sy prompt hardware trigger
10‘8; : =t § % .
. : E: Jué % $2S)  Y@S) ; = Increase the number of
ERN: _
1051 . expected A’uru”
_ decays in the low-mass
1070 LHCb pp displaced 1 region by a factor of
N ] 0(100/1000) compared
107 = 3
: = | to the 2016 data
10—12- T T B A | 1 1 ,fqun-(l:all:En:PT,LS’\?D 1 [ A A | 1 1 Lol 1 1 L1 1- Sample-
0.005 001 0.02 005 01 02 0.5 1 2 5 10 20 50 24

ma [GeV]
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New heavy bosons: Z’>ttbar

Topcolour model containing a spin-1 leptophobic Z’ boson ATL-PHYS-PUB-2017-002
Analysis done for Z'2>tt=>WbWb—2>Ivbqgb semi-leptonic decay cl )

* m,=1-7TeV Z

e signal width of 1.2%. VAYAYA

* main background is SM ttbar production

» Search for local excess or deficit in the ttbar mass spectrum

Effects of an upgraded ATLAS detector taken into account by applying energy smearing,
efficiencies and fake rates to truth level quantities, following parameterizations based on
detector performance studies with full simulation and HL-LHC conditions.

2 10|IIIIIIIIIIII|||||||||||||||||||||||| [— |||‘|||‘||||||||\I|||\I||\||\||||\||\
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CMS projections = Either with equal uncertainties or improved wrt current analysis = O(4 TeV) exclusions



New heavy bosons: W =2>tb

CMS-PAS-FTR-16-005
Signature:
 e/mu plus 1or 2 bjets
e Discriminating variable M(tb)
* Projections performed assuming NWA
using 2015 and 2016 analyses
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Vector-like quarks: T->tH

CMS-PAS-FTR-16-005

CMS Delphes Simulation
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Signal topology:
e T tH - (lvb) (bb) : single lepton + jets + Higgs
Backgrounds: tt+jets, V+jets, single top and dibosons
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Conclusions

A new energy domain with a vast potential for new physics discoveries and
precision measurements will open with the HL-LHC @ Vs=14 TeV

*  with instantaneous luminosities up to 5x1034*cm2s

. integrated luminosity up to 3000 fb!

It is a challenging project involving upgrades of ATLAS, CMS and LHCb detectors

and the experience gained in Run 1/2 gives us confidence that the experiments
will meet the physics prospects.

New documents released by CMS/ATLAS/LHCb with benchmark studies (also
complementary) carried out, with continued efforts to evaluate the prospects of
BSM searches in parallel to data analyses

Analyses carried out using different approaches (full simulation/projections/
truth-smearing/DELPHES) or assumptions (PU, modeling uncertainties,
treatment of rare backgrounds)

Synergic approach across HL-LHC experiments for the YR i.e. in new physics
scenarios characterized by long-lived particles, for dark matter and dark sectors

Projections for HE-LHC proceeding in parallel with theorists.
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Modeling projections for HL-LHC

CMS extrapolation scenarios:

*S1: Systematic uncertainties
constant, unchanged detector
performances

*S52: Theoretical uncertainties
scaled by 0.5, experimental
uncertainties scaled by
luminosity

*S51/52+: Includes higher PU
and detector upgrades effects

ATLAS extrapolation scenarios:

* Reference, middle and low
scenario corresponding to
different upgrade designs
(from more to less
performant)

-PU and upgrades taken into
account for projections

 Theoretical uncertainties
scaled by 1,0.50r0
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Search for lepton flavour violating decay

«“« ” 0 35000—-C-MS-P!-TE'?e_?Sim.w'?ﬁ?n. T :?0(?0 fb;1’ .14.T.ev’ 9 F.)E
T -2 3u one of the “cleanest” LFV decay channel £ ™" ' ' ' R
L;g"' 30000:_ - TrackerMuon _:
e BR (T 9 3“) <2.1x 10_8 @90%CL by Be”e 250002— TrackerMuon or MEOMuon —i
experiment 20000 =
« 10% 1 leptons will be produced over the 15000F- E
lifetime of HL-LHC 10000E- E
* 1t > 3u decays have very low momenta and - -
. g . 5000 =
are significantly boosted in the forward F :
. . 0
direction 05 ! '5h1l of the r%ost forwa?d5muon
e The MEO chambers, a part of the muon system
upgrade, extend the CMS muon coverage in Events in mass window 1.55-2.00 GeV
. . Category 1 Category 2
the first muon station from |7] | <24to 282' Number of background events 2.4 x 10° 2.6 x 10°
which increases the signal fiducial acceptance  Number of signal events 4580 3640
[Trimuon mass resolution 18 MeV 31 MeV
by a factor of 2.0 B(t — 3u) limit per event category 43 x107° 7.0 x 10~°
B(T — 3p) 90%C.L. limit 37 x10°°
B(t — 3u) for 3c-evidence 6.7 x 10~°
B(t — 3u) for 5c-observation 1.1x 1078

MEO gives an effective gain in integrated luminosity (4.3/3.7)~ 1.35, i.e. from 3000 to 4000
fbt
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