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Outline

» ATLAS detector and data-taking from

2015-2018 <
O Resonant
» A look at High Luminosity LHC plans LLJ New Physics
©
» Exotics searches with Run2 data and o Non-Resonant
prospects for High Luminosity LHC: = New Physics
-
» Searches for heavy resonances. <
» Searches for long-lived particles (LLPs)
» Higgs portal dark photons. —’M
ass
» Heavy Neutral Leptons.
» Monopoles. More ATLAS results tomorrow:
S e “Search in ATLAS for excited lepton and di-lepton
¢ sumimary high mass” A. Sidoti

e “Diboson search in ATLAS” F. Cirotto

News from LHC plans: “Present status of LHC and
M. Verducci perspectives for Run3 and HL” M.Tosi
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by using Run 2 data
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The Challenge of High Luminosity

The 5-7.5x10° cm s instantaneous luminosity is beyond the

capabilities of the current detectors: this requires very granular
detectors, very good vertex reconstruction capabilities and bunch

crossing identification, fast trigger -> Detector Upgrade.

High luminosity means a big number of simultaneous events:
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Very High Radiation doses: replace several parts to achieve a
robuster, faster, radiation harder and lighter detector. Detectors
ageing very quickly and having to be replaced/refurbished.

EXPERIMENT

HL-LHC tt event in ATLAS ITK

HL-LHC projections are obtained by:

1. scaling the signal and background datasets used for
the Run 2 analyses (36 fb™! ), to the HL-LHC expected
integrated luminosity (3000 fb™! ) and center-of-mass
energy (Vs = 13 TeV —V s = 14 TeV). Scale factors are
applied to event yields and systematics uncertainties.

2. using truth-level 14 TeV upgrade samples with
mu=200 and smearing function for detector performance
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The ATLAS detector (HL-LHC Upgrade)

TDAQ upgrade

=» Increased latencies and rates

Proposals for adding in forward

regions a muon tagger and a
timing detector

Inner Detector: full
replacement by a
all-silicon one

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

(165m?), extending
Muon readout and up to Inl=4
trigger upgrades. At most 1.75 Xo
New Barrel trigger
layer.
New end cap inner
Muon station (nSW)
(Phase I)
ATLAS
Detector
| Upgrade for
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker HL—LH C

LArg: new FrontEnd and BackEnd electronics for faster readout

High granularity LAr (Phasel)
Tile Calorimeter : upgrade of electronics and HV distribution




Resonance Search
e Di-jets
 Di-bjets

® W’

o Z’

ATLAS




Di-jets Resonance

Searches for heavy dijet + di b-jet resonances:
o Excited quarks (g*) in models of compositeness.

o Test generic Gaussian signal shapes.
e SSM Z’ + DM Z’ mediator (bb).

o The distribution of the invariant mass of the two
leading jets is examined for local excesses above a data-
derived estimate of the Standard Model background.

o In addition to an inclusive dijet search, events
with jets identified as containing b-hadrons
are examined specifically (one or exactly two b-

jets).

o Event Selection: single-jet trigger that requires at least
one jet with p >420 GeV, the lowest prunprescaled
single-jet trigger. At least two jets with p; >150 GeV and
the azimuthal angle between the two leading jets must be

greater than 1.0.

M. Verducci

Events
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o Data
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Category Inclusive 1b 2b
Jet pr > 150 GeV
Jet ¢ Ad(jj)l > 1.0
Jet |n| - < 2.0
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Di-Jets Results

e Dominant background contribution

from QCD processes

o selection based on rapidities difference
between the two jets y*: s-channel for QCD
(large y*) while t-channel for signal (small y*).

o Additional scaling factor for b-tagging
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Interpretations:
* Excited quarks (q*)

excluded up to 6.7
TeV.

e SSM 7’ (bb) excluded
up to 2.7 Te V.

* DM 7’ mediator up
to 2.9 TeV.

b-tagging efficiency SF
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Searches for new resonances: W',

mr = \/2 PT E}“i“ (1 —cos ¢y, )

, [ ]
W’ predicted by many New o — s
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ArXiv 1812.07831

HL-LHC

W’ 1in

W’ bosons can be excluded up to masses
of 7.6 TeV (7.3 TeV) in the electron
(muon) channel

 The combination of the two channels
increases the limits to just over 7.9 TeV

» 2 Tev of improvement wrt
Run2 results!

* Based on 50 significance, it is found
that W’ with masses up to 4.3 TeV can
be discovered (increase of 1.2 TeV when
assuming 300 fb)
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Searches for new resonances: 7’

ATLAS

EXPERIMENT

Searches for new heavy gauge boson Z’ predicted by the physics
models:

e SSM Z’.
e GUT Z’or Z’
e New SU(2) triplet: Z°.

327862, Event Number: 1045863550

Date: 2017-06~-26 10:52:22 CEST

e New: search for signals on smoothly-falling background-fit from
data, a generic signal shape is used to determine the significance
of observed deviations from this background estimate.

. . - > ' ' 3
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multitrack vertices

Long-Lived Particles
Displaced Jets — K o
Displaced Leptons Jets T N emereins

dileptons, lepton-jets F N |ets

Heavy Neutral Leptons A &

—

MOl’lOpOlGS - - o | ;trackless,

! low-EMF jets
//}‘
r | j ' | : l

g 4NN
multitrack vertices
" In muon system




Introduction to LLP

» A wide variety of BSM models (Hidden Sectors, RPV
violating decays, Split-SUSY, AMSB, GMSB, etc.) predict
the existence of Long Lived Particles (LLP), new
particle with long life-time, enabling direct

measurements.

e LLP have unusual and interesting signatures,
extremely challenging due to the non-standard final
topologies.The signal event reconstruction and
selection, as the background estimation, use
dedicated, unique and very specialised technicalities.

o Detector-signature based search. Experimentally very

diverse, depending on particles’ properties (dE/dx, Time-
of-flight, kinked or disappearing tracks, displaced vertex )

e May require customised trigger and seli-made objects

reconstruction algorithm

e Requires non-standard analysis strategies and tools

M. Verducci

Muon spectrometer

Calorimeter

| Late decaying

low B,
large dE/dx

3 Disappearing track
4 Non-pointing y

| |ate7cr]-ecay|ng] : Displaced vertex,
g,y Lepton-jet

2. low B, large dE/dx

. M~ 7 : o
&g, Z, multi charge..
£ _
= 3. dlsappeanng tfrack
~ 1 ~0
= R X1 — XI ©
- D e I mompointing phot
g B norlgom ng p~o on
; | Yl — AI'G
E \ d. disblaoed vertex
(A mm——— -0 'y
=TT X1 —qq ¢
| 1 u
130 300 510 550 1100 R [mm]
Signature Scenario | decay-length sensitivity
Late decaying split SUSY, Hidden Valley —
low B, GMSB, Split-SUSY, Stealth
>
= large dE/dx SUSY, Multi-charged R
Disappearing track AMSB (wino-LSP) O(100-1000)mm
4 Non-pointing y GMSB O(100-1000)mm
Displaced vertex, RPV, GMSB,
2 Lepton-jet Hidden Valley e



Displaced Jet Signatures

Displaced ID vertex: a displaced vertex not
Deutral LLP Pixel ~ SCT/TRT  ECAL HCAL MS reconstructed by the standard tracking
(relaxing do and zo cuts)

ID/MS track
}?E)splaced
t
- vertex ) ) . . .
calorimeter Low-EM fraction jet: an atypical jet with no
deposit trackless ks in the i I d 1d d -
et tracks 1n the inner tracker and wou CPOSIt
no energy in the electromagnetic calorimeter
} low-EM
fraction
jet

| Displaced MS vertex: displaced vertexes in
displaced .o . .
MS vertex the MS originated by decays in calorimeter.
Optimised tracking algorithm.

similar signatures
with CMS

34 mm 300 mm 14 m 23m 43m 106 m

& & Arws ot a o~

Three different analyses: 2 displaced MS vertexes, 2 low-EM fraction jets,
one displaced MS vertex and one displaced ID vertex
Exclusion limits set from the combination of them.

Interpretation in term of Hidden Valley and Stealth SUSY Models
M. Verducci 14



Displaced Jet in Hadronic Calorimeter

Model Interpretation: Weakly coupled
Hidden Sector (HS) communicates with the
SM via neutral LLP that decays within the
ATLAS detector.

p LLP /

g < _

b _=z%" f
-l E  “[ ATLAS Simliaion 0.004
. \¢< f & Vs=13Tev 0.003
3.5 0035

= % .
f S : 855 0.003
3 .

i - (0025

o This analysis explores signature, where
both neutral LLPs decaying in the
hadronic calorimeter, resulting in an
atypical jet topology:

A. Produce narrower cone than typical SM
jets originating from the IP

B. Ratio of energy in the HCal (En) to the
energy in the ECal (Egm) 1s large (large
log(En/EEm))

C. No associated ID tracks to the jet —large
ARmin between the jet direction and the

tracks

M. Verducci

. |
0.002
& "1 10.0015
L™ 1= 0.001

“ 1™ 0.0005

1.5 2 2.5 3 3.5 4
Truth L, [m]

Each clean jet is evaluated by a multilayer
perceptron (MLP) to predict the radial and
longitudinal decay positions (Lxy and Lz ) of the
particle that produced the jet, using the jet’s
fraction of energy deposited in each of the ECal
and HCal layers as input variables. Input for a
BDT study per jet and then BDT per event.

15



Analysis Strategy

e Dedicated signature-driven trigger: “CalRatio
Trigger”.

o Although the jets from neutral LLP decays pass
standard jet triggers, the high prescales of these

triggers and the high multijet and other background- {

process cross-sections required a dedicated trigger
selection.

o Event Selection: BDT per jet and cut of BDT
per event

e Boosted Decision tree (BDT) is used to select
signal based on kinematics of the jets

» Modifying Jet quality cuts and systematics

» Non standard background: cosmics and beam
induced background are quite relevant, along
with multijets

e Background estimation from ABCD Method
M. Verducci
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Phys. Rev. D 99 (2019) 052009

Displaced J ets in MS

This analysis look for: one or two

displaced vertexes in the MS
e One/Two vertexes for inclusive and
Hidden Valley Models searches
e Two vertexes with 2 jets for Stealth

Model Interpretation: Weakly »
coupled Hidden Sector (HS)
communicates with the SM via

neutral LLP that decays within the
ATLAS detector.

—
e —
v
R’
[/A\]
il N\
] \
] W\
-~

SUSY Model searches

* MS vertex is obtained by a dedicated
algorithm using hits from each tracking
station MDT (a tracklet) matched with
trigger chamber to extract the line of
flight and then the track parameter.
Quality cuts are applied on the trackless

Model Interpretation: Stealth SUSY and Higgs

portal Baryogenesis model g .
) ! ” 5o
> " X f G
..... (-
f >~
p ' f ! : ’ %ﬂ' g
f g ’

to reduce fake veterxes

Main backgrounds: ..............
* QCD multi-jets S S—
. Beam Halo, SA—
e cosmics. MDT

Quality cuts on tracklet gromm

Endcaps
Precision chamber hits 300 < nypr < 3000
Trigger chamber hits ngppe > 250 nre > 250
Isolation from py > 5 GeVtracks AR > 0.3 AR > 0.6
Zpy of tracks in AR = 0.2 cone < 10 GeV < 10 GeV
Isolation from pr > 30 GeV jets AR > 0.3 AR > 0.6
MSVx |n| immsvxl < 0.7 1.3 < [pmsvx| < 2.5

M. Verducci




Displaced Jets in ID and MS

This analysis look for: two displaced

vertexes, one in the MS and one in the ID

e A vertex in the MS isolated wrt jets and
tracks (as displaced MS analysis)

 Displaced ID vertex is computed by using
the Large Radius Tracking (LRT)
algorithm. LRT is a dedicated second
pass of the tracking ran on leftover hits
from the standard track but with looser
cut on dO and z0 algorithm.

 Additional cuts on the mass (A) and
number of tracks (B) belonging to each
vertex.

Main backgrounds: %
» ID vertex background from hadrons S
interaction with detector material. Create
a 3D map of the dense material region of
the ID and veto vertices in these regions.

M. Verducci

Model Interpretation: Weakly
coupled Hidden Sector (HS)

i~
Sy

LLP

z

s )

. . . 4 z=7 f

communicates with the SM via > TTEss o/
S

neutral LLP that decays within the
ATLAS detector.
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Track parameter Standard Large radius

Maximum |dp| 10 mm 300 mm
Maximum |z 250 mm 1500 mm
Minimum pr 400 MeV 500 MeV
Maximum track |n| 2.7 5.0
Minimum silicon hits 7 7
Minimum unshared silicon hits 6 5
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Displaced Jet Combined Limits

ATLAS \s=13TeV
my, = 125 GeV, m =25 GeV
— CR limit [10.8 fb""] — Obs.

—— MS1+MS2 limit [36.1 fbo”'] ==== Exp.t 10
—— CR+(MS1+MS2) limit

—100% B,, _ _.
v 10% B
e 1% B

M ez
H s

95% CL Upper Limiton B, |

M. Verducci

1 10 107
s proper decay length [m]

95% CL Upper Limitono x B, , .. [pb]

—t eedh e
2 2 2

10

H(600)

\s=13TeV
Mg = 600 GeV, m = 150 GeV

— Obs.
—— MS2 limit [36.1 fb'] ==== Exp.£ %o

—— CR limit [33.0 fb"')

—— CR+MS2 limit

10

10°

s proper decay length [m]
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CERN-LHCC-2017-019 ; ATLAS-TDR-028

Displaced Jets in HL-LHC

Current Run2 trigger:

o Dedicated L1 trigger based on tau candidates + low EMfrac.

Upgraded (Phase2) trigger ideas:

o Expected high pile-up activity in EM calorimeter: low EMfrac jets will become

problematic.

e Increased longitudinal L1 granularity in Tile:

o Compare energy deposit per layer will reduce sensitivity to pileup.

o The energy deposit per layer could be use to identify the exact decay point

- ATLAS

E (m,, m,) = (125, 40) GeV

0.6

05 A-layer

0.4F
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Heavy Neutral Le ptoh HN L

e Search for heavy neutral leptons (HNLs) that are
produced through mixing with muon or electron
neutrinos (Right-handed neutrinos with Majorana
masses below the electroweak scale: see-saw
mechanism). HNLs could explain SM neutrino

masses, matter-antimatter asymmetry, and is a
DM candidate

e Prompt and displaced leptonic decay signatures
are investigated.

» The prompt signature requires three leptons
produced at the interaction point (either pue or eep)
with a veto on same-flavour opposite-charge
topologies.

» The displaced signature looks for a prompt muon
from the W boson decay and the requirement of a
di-lepton vertex (either pyu or ue) displaced in the
transverse plane by 4-300 mm from the interaction
point.

M. Verducci
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[1905.097871

RN e I A
Heavy Neutral Lepton HNL 5 & 1 CF 45 won-
e Signal Region in displaced search: ;g 23: I :
o Exactly 2 OS tracks @ 25;— :::m —
o Tight* electron or muon 12:: Nsr = 0.005 :
e mpy > 4 GeV 105 Wi2s) -
» 4 < R< 300 mm Y +m
e Signal Region in prompt search: 87 5 ez ad o ::zv [Gev;
* 3 leptons from PV, cut on m(lll) ‘\5110_3 N amas T el isTevasosin
e Displaced ID vertex (DV) is computed by % 95"£Lgeggz'z':séa"gir::::;;:,,mv) g
using the Large Radius Tracking (LRT) 0 i " Qoserved (displaced, LNG) N

[ Expected + 16
[ ] Expected = 2¢

Backgrounds from interaction with inert
material and metastable states (negligible for 10°°
mpy > 4 GeV) , random track crossing

background modelled with ABCD method
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Displaced signatures: excluded coupling strength to 1.5x107
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Displaced Vertices in HL-LHC

Selection (taken from Run 2 analysis):

@ Relies on reconstructing displaced tracks and
displaced vertices from those.

o Veto of vertices in detector material & MET
above 200 GeV.

@ Requires at least one vertex with at least 5
tracks & DV mass at least of 10 GeV.

¢ Reconstruction efficiency (reach) for
displaced tracks increases up to 400 (500)
mm.

M. Verducci

1.4

1.2

N, Acceptance

0.8

0.6

0.4

0.2

CERN-LHCC-2017-021 ; ATLAS-TDR-030

> | | | |
o - -
- 1— —
@
O i 5
= : -
m - B
c 08— m
O - .
-og : B
g 0.6 ATLAS Simulation —
= - 1150mm<R$f“w<3870mm g
g) 3 Inside Calorimeter i
W 04+ -
0.2 =
0 i 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 B
0 500 1000 1500 2000 2500

Truth MET [GeV]

-

LI | I LI ] LI ] LI B B | ] LI B | ' LI I B | ] L I LI

— ATLAS Simulation Preliminary __
- my=2TeV,m,=100GeV,t;=1ns N, 27 7
X, _

+ —

g_ O " 5 alln o O < ———o—_4 —&— |Tk Inclined Duals -
i O —— "0 O O - -=<3-- |Tk Inclined Duals (w/ material) —
- BT = T —#— ATLAS Run 2 ]
— -=4{3-- ATLAS Run 2 (w/ material)
- - - _
- & T
- i T T« TIIT —
- --4:_}-- -
N =T e N

TR B T T T T O TR T T A s = T B e BT Y
100 200 300 400 500 600 700 . 800

23

R-hadron Decay Radius [mm)]



1909.01246

Dark Photons

o Several models of physics beyond the Standard
Model predict the existence of dark photons, light
neutral particles decaying into collimated leptons
or light hadrons.

o This search looks for a long-lived dark photons
produced from the decay of a Higgs boson or a
heavy scalar boson and decaying into displaced
collimated Standard Model fermions.

» The analysis exploits multivariate techniques for the
suppression of the main multi-jet background,
optimised for the different DPJ channels

» muonic-DPJ (uDPJ) — DPJs decays into muons, at least
two muons are required and no jets are allowed in
the cone.

e hadronic-DPJ (hDPJ) — DPJs decays into electron or
pion pairs in the HCAL, one jet is required and no
muons are allowed to be in the cone.
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Region | Channel Criteria
uDPI-uDPJ | uBDT > 0.21 for both DPJs
SR uDPI-hDPJ | uBDT > 0.21 and hBDT > 0.91
hDPJ-hDPJ | hBDT > 0.91 for both DPIJs

VR Three different combination of two LJs: pDPJ-uDPJ, ptDPJ-hDP]J, hDPJ-hDP]J.

24



Dark Photons

» BDT for muonic-DPJ (uDPJ) — background
from cosmics-muon event

o BDT for hadronic-DPJ (hDPJ) — background

from Beam-Induced Background BIB and QCD

A data-driven ABCD method is used to
estimate the multi-jet background in each
of the three channels
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Magnetic Monopole

+ Magnetic monopoles and high-electric-charge objects are
interpreted in Drell-Yan pair production of stable particles with two

spin hypotheses (0O and 1/2) and masses ranging from 200 GeV to

4000 GeV.

<+ The considered signature is based upon high ionization in the
transition radiation tracker (TRT) of the inner detector associated
with a pencil-shape energy deposit in the EM calorimeter.

 Dedicated trigger based on the tracker high-threshold hit

capability.

e EM cluster seed with E.> 18 GeV

« Background modelling with ABCD method: Fraction of nearby HT
TRT hits and EM cluster energy dispersion used in for the ABCD plane
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Conclusions

Many exotics searches have been reviewed in this talk:

Searches using heavy resonances (with full Run2), Displaced Jets,
HNL, Dark Photons (2015-2016 data)

ATLAS Exotics Searches” - 95% CL Upper Exclusion Limits ATLAS Proliminary
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LLP analysis in this talk... ™.

Disappearing
Track

A\

+ Highlight Run2 results and their perspectives at HL-LHC {for: \

+ Disappearing tracks and displaced vertices

+ Displaced Jets

+ Large dE/dx
+ In these analyses, the signal event reconstruction and

selection, as the background estimation, use dedicated, :

unique and very specialised technicalities.

+ Run2 results include 2016 and/or 2015 data taking (from few fb™
up to 36 fb’'!)

+ HL-LHC projections are obtained by scaling the signal and /
background datasets used for the Run 2 analyses (36 fb ' ), to the

HL-LHC expected integrated luminosity (3000 fb ’ ) and center-of- ‘.

mass energy (Vs = 13 TeV —V s = 14 TeV). Scale
factors are applied to event yields and systematics uncertainties.

M. Verducci

PV

Displaced
Vertex

v [IPV

Kinked
Track |

Py
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BIB in A

Interactions between beam protons and
beam collimators upstream of the IP
are a source of high-momentum
muons, denoted beam-induced-
background (BIB) muons, that can
enter the ATLAS detector nearly
parallel to the beam axis. Most MS
tracks and jets generated by this process
are identified and rejected.

M. Verducci
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CMS long-lived particle searches, lifetime exclusions at 95% CL

RPV SUSY,t — bl, m{t) = 420 GeV
8 TeV, 19.7 fb"' (displaced leptons)

H— XX (10%), X — ee, m(H) = 125 GeV, m(X) = 20 GeV _

8 TeV, 19.6 fb™" (displaced leptons)

. 2055" ¢iiaced epare /1
8 TeV, 205 fb" (displaced leptons)

)

GMSB SPS8, %, — Gy, m(z.) = 250 GeV

8 TeV, 19.7 b~ (disp. photon conv.) -
GMSB SPSS, 2? -Gy, mG_f) = 250 GeV -
8 TeV, 19.1 fb™" (disp. photon timing)

RPV SUSY, m(d) = 1000 GeV, m(azf) = 150 GeV .
8 TeV, 185 fb" (displaced dijets)

RPV SUSY, m(@) = 1000 GeV, m(%.) = 500 GeV
8 TeV, 18.5fb”" (displaced dijets)

AMSB 7,5 — %, + %', m(3.) = 200 GeV
8 TeV, 19.5fb" (disappearing tracks)

cloud model R-hadron, m(g) = 1000 GeV
8 TeV, 18.6fb" (stopped particle)

AMSB i, tan(p) = 5, u >0, m(ij) = 800 GeV
8 TeV, 18.8fb" (tracker + TOF)

AMSB %, tan(p) = 5, u >0, m(¥) = 200 GeV
8 TeV, 18.8fb" (tracker + TOF)

10™ 10 1 10° 10* 10° 10° 10 102
ct [m]



LHCDb Upgrade

@ Aim for complementarity w.r.t. ATLAS and CMS:

M. Verducci

@ Forward acceptance — low masses.
@ Excelling vertexing capabilities — low lifetimes.

Upgraded trigger, tracker and VELO:

@ Instrumentation studies for Phases 1 and 2.

Massive LLPs decaying to i + jets:
@ Physics projection studies for yellow report.

Massive LLPs decaying to jet pairs:

@ Physics projection studies for yellow report.
@ Interest in pile-up studies (jet reco efficiencies).

Extended reach for LLPs (CODEX-b 4+ LHCb):

@ New detector to operate interfaced with LHCb.
@ Greatly extend reach for LLP searches.
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CMS Upgrade

@ Tracker & RPC upgrade for HSCP:
[CMS-TDR-17-001] [CMS-TDR-17-003]

@ HSCPs have a distinct signature in the detector.
@ Exploit RPC time resolution & OT capabilities.

@ Displaced muons:
[CMS-TDR-17-003]

@ New forward muon detectors to improve trigger.
@ New tracking algorithms for displaced muons.

@ Signatures with delayed photons/Z° bosons:

@ Sensitivity strongly limited by time resolution.
@ New MTD — new possibilities for LLP searches.

M. Verducci
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M. Verducci

ATLAS Upgrade

@ Interplay between searches and upgraded detector:
@ Performance of ID, ITk, calo and muon triggers.

@ Works towards TDR — go for PUB note before yellow report.

@ Disappearing tracks:

@ Physics projection studies in Pixel TDR.

@ Multi-track displaced vertices in ID + MET:

@ Tracking studies in Pixel TDR.
@ Physics projection studies yet to be done.

@ Displaced vertices in muon spectrometer:

@ Muon trigger studies in TDAQ TDR.

® Jets in HCAL with low EM fraction:

@ Calo trigger studies in Tile TDR.

@ High Granularity Timing Detector (HGTD):

@ Works toward a TDR.
@ Very interesting concept for LLPs.

EXP

L

ERIMENT
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Simulating Physics channels at HL-LHC

Two possible ways:

1) Extrapolate from Run1,2 results. Scale both signal and

@ .22 | background to 14TeV and 3000 fb™
2) Assume similar detector performances and apply same analyses

1) Smear event-generator level particles with parameterised functions
2) Functions are determined from full simulation of the upgraded
ATLAS detector and reconstructed assuming pileup of 140 (5x10°*) or

200 (7x10™)
3) Analyses as for 8 and (or) 13TeV with some updates for high

luminosity

What about systematics? Difficult to predict.
Experimental Systematics: so far, scaled from current knowledge
Theory Systematics : current numbers, half of them, or none.

M. Verducci
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HL-LHC Systematics Guideline

¢ Statistics-driven sources: data — VL, simulation — o
& account for large statistics available

@ assume will overcome limitations in generating large simulations

¢ Intrinsic detector limitations stay ~constant

@ usage of full simulation tools for detailed analysis of expected performance, thanks to the large
effort for TDRs preparation

& detector simulation advances and operational experience may compensate for e.g. detector aging

¢ Theory uncertainties tentatively halved
@ applies to both normalisation (x-sec) and modelling

@ more dedicated discussions with inputs from theorists welcome!
¢ Extrapolation based mostly on methods available now

@ challenges as pile-up compensated by algorithmic improvements

M. Verducci

37



M. Verducci

ATLAS HL-LHC analysis techniques

ATLAS HL-LHC studies have to consider:
e upgraded ATLAS detector + trigger systems

e collision energy, Vs = 14 TeV
e high pile-up, <upu>, of 140 or 200

eWe use generator-level Vs = 14 TeV Monte Carlo samples
¢®Qverlay with jets from dedicated pile-up library
¢ pile-up library contains fully simulated pile-up jets with <u_ > = 140 or 200

®Reconstruct electron, muons, jets, photons and missing-ET from generator
+overlay information

®To simulate the response of the detector:

¢ smear pT and energy of reconstructed physics objects using smearing
functions based on fully simulated samples

¢ apply reconstruction efficiencies for electrons, muons and jets

*To emulate triggers: apply trigger efficiency functions
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Pile-up Mitigatic

¢ Typical jet selections require pr(jet) >30 GeV,
nget)| < 3.8

¢ For <urs> = 200, expect 4.8 pileup jets with pr>30
GeV, |n|<3.8 per event

¢ To reduce sensitivity to pile-up in jets we
apply a parameterised track-confirmation
requirement, based selecting on charged
vertex fraction, R--- Z
pT

P. _ tracks
P pr(jet)

+ Applied to all non b-tagged jets with pT < 100 GeV
and |n|<3.8

+ Reduces pile-up by factor ~ 50 -> 0.2 selected
pile-up jets per event.

M. Verducci
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M. Verducci

i Tracklng |

|
|
The large n extension of the tracker has a significant i
impact on the identification of physics objects and on ;
| pileup mitigation— most visible contributions are in the J

| area of jets and missing ET performance.
| Inclined and Extended Layout as possible optlons

- _ S ]
1, Electron Photon, M,ggn J
| Electron and Photon ¢ | &ltimenay =miipce
| performances arein & '°F g, 3 |
| line with Run2 results, 1_ e woei*_i |
'} room for improvements. | _‘__;‘-:+++5 i
} Upgrades of the MS ] = 1}
| are not expected to o 11
} change significantly f“'os“‘%“‘as;“‘é““z'f;“‘é“‘ss“‘i i
| the reconstruction performance but improvemefitgrgi n |
foreseen in the resolution for combined (ITk+MS) |
| muons and in the large n re1n o o

| The tracking extensions improves

Physics Object Performaoe

| The performance is estimated to be |
similar to the one of the Inner |
' Detector in RunZ conditions.

EEoEmms " ATLAS Simulation Prehmmaryr

10 nght-jet rejectlon~3
(380 at Run 2)

: L PR P | IS S T
0. 5 0 6 0 3 0.8 0.9 1
b-jet efficiency

he,
8 HL-LHC ITK Lol
S g ) N
':‘)— 10 ' <u§>=140 5
ng, — <>=200
10°E . e
For 70% b-jet e ency

? ]et and MET

the resolution of MET. Large |
| | impact of pile-up jets in the jets ;‘
j reconstruction. Timing !
‘ | measurements via HGTD.

__(_ e = - = — — — — — ——— I .
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Motivation for the Upgrades

.x.Maximisephysicsperfomancefor:%‘ 1OOOEIIII|IIIll.llllll.lllllll.l‘lllllllllllllllll'llllz
& goof- ATLAS Simulation Preliminary Opg=30% =

® Precision measurements in the 125 Ge\g* 800F- 1s=14Tev % :Iizzz ::.f"_::j;a e =
Higgs Boson Sector as Higgs coupling. = — e e oo =
S8 88 P S 700~ 3-leptonchannel .. Ldt =300 ', 11-60, 95% CL exclusion ~ —|

. - =0 = 50 2 0 — ‘L dl =300 b, u=60, 5¢ discove =

® Search for rare Higgs Boson decay 600~ * 6 W r 2, B oo [La- 208t oo W, T
modes as H—>gu or self-coupling Higgs 500F- m; = ™, -~ R ~en. =
from double Higgs events. 400F R o XY =

| : . ” . —

- v, ‘f"‘ . E

¢ Study of low production cross section 300 oo e R T
Standard Model processes. 200 it E =

) 100} I
® New phenomena beyond the Standard 1 1 At N
1 L1 11 L 1 1 111 L1 11 L1 11 L 11 l—

Model. 00 300 400 500 600 700 800 900 1000 1100 1200
m,=m. [GeV]

ATLAS gluino squark stop sbottom  gu->tt RS Dark

projection mass mass mass mass 95% CL  Matter M*

300 fb1 2.0 TeV 2.6 TeV 1.0 TeV 1.1 TeV 4.3 TeV 2.2 TeV

3000 fb-1 2.4 TeV 3.1 TeV 1.2 TeV 1.3 TeV 6.7 TeV 2.6 TeV

M. Verducci ATL-PHYS-PUB-2013-003, 2014-007, 2014-010, 2013-011, 2015-0032
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Neutralinos and charginos

=
=
D
e
%
n
W
2
O

SUSY production at the LHC

gluinos

10N
|05
104
107}

= 14TeV
~“ollowed prescriptions in 1200,.2892 [hep-ph)

PP —rqq
pp >t

pp =2 A

SR :

I I

.
\\ |
\ —
SO0 100 1500 2000 2500 0C0

Mass [GeV]

The lightest neutralino (LSP) is a

candidate to explain dark matter.

1n’

y.

pp—>gg 10"

Events in 3 ab~!

42



M. Verducci

W’ Systematics

Source Electron channel Muon channel
Background Signal Background Signal
mr=2(06)TeV mr=26)TeV | mr=2(6)TeV my=2(6) TeV
Trigger negl. (negl.) negl. (negl.) 1.1% (1.0%) 1.2% (1.2%)
Lepton reconstruction : _, _
T T 4.1% (1.4%) 4.3% (4.3%0) 8.9% (37%) 6.6% (38%%)
A 3.9% (2.7%)  2.7% (4.5%) 12% (47%) 13% (20%)
sca]e and resolution
E?““"S resolution and scale | <0.5% (<0.5%) <0.5% (<0.5%) | <0.5% (<0.5%) <0.5% (<0.5%)
Jet energy resolution <(0.5% (<0.5%) <0.5% (<0.5%) | <0.5% (0.6%) <0.5% (<0.5%%)
Multijet background 4.4% (420%) N/A (N/A) 0.8% (1.5%) N/A (N/A)
Top-quark background 0.8% (1.9%) N/A (N/A) 0.7% (<0.5%) N/A (N/A)
Diboson extrapolation 1.5% (47%) N/A (N/A) 1.3% (9.7%) N/A (N/A)
PDF choice for DY 1.0% (10%) N/A (N/A) <0.5% (1.0%) N/A (N/A)
PDF variation for DY 8.1% (13%) N/A (N/A) 7.4% (14%) N/A (N/A)
EW corrections for DY 4.2% (4.5%) N/A (N/A) 3.7% (7.0%) N/A (N/A)
Luminosity 1.69% (1.1%) 1.7% (1.7%) 1.7% (1.7%) 1.7% (1.7%)
Total 12% (430%) 5.4% (6.4%) 17% (62%) 15% (43%)
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Searching for LLP...

Unconventional signatures require challenging analysis methods

e.g. for ct =50 cm, <By> ~ 30 A graphic example for ATLAS by H. Russell:
A

o Detector-signature based search

o Experimentally very diverse, depending on particles’ properties (dE/dx, Time-of-

flight, kinked or disappearing tracks, displaced vertex )

15% in 31% in
calorimeters muon system

p(decay)

o Identification/discriminating variables depends on properties of the LLP.
Lifetime? Charge? Decay products? Decay position in detector?

10}081ep 84} 8pISINO %S

1dwoid, o 10
lay0.l)} Ul %¢

o Standard trigger are not designed for unusual objects = .
distance +yavelled

o Self-made objects reconstruction is required

. . . e.g. forct =5 cm, <By>~ 30 A graphic example for ATLAS by H. Russell:
e Requires non-standard analysis strategies and tools N
>
o Custom made MC simulation § oo e
A calorimeters muon system
o

e Non-standard background, generally data-driven estimation

» Claim discovery if statistically significant excess is found or, if not,
interpret the result in term of constraints on selected models.

10108}8p 8y} opISIN0 9% |~

19081} Ul %GZ

Jdwoud, %l

s

distance +tyavelled
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LHCb

Different constraints on B(H” — my ) at 95% CL with 300 fb~" at LHCb

Displaced jets in HL-LHC - (LHCb) 3
Phase 2 prospects start from Run 1 results [EP]JC :
(2017) 77:812}
& Signature: Displaced Vertex with two associated
heavy flavour jets

e Dedicated trigger lines for displaced jets &
jet substructure tools to reach lower masses.

& Background dominated by bb and material
interactions.

& Sensitive to several benchmark production
models, focus on the decay of a Higgs-like

particle into two 7, |
Pile-up in Phase 2 will probably o,

‘‘‘‘‘‘‘

affect jet reconstruction. T, e

)

T 1T T T 1T T T T T I| T T T T T IrIm
| B> 50%excl
| W B > 5% excl
= CMS dominated N B> 2% exc |
. 5 1% excl
5= .
)| - '5 —
E
20} § .
e
) o —
LHCb jet substructure
1 L vl L vl Ly raanud Lt el Lo
{04 10-3 103 10-? Tig 10!
x o7 Iml

Regions where B(H" — xymy) = 50% is excluded at 95% CL

y T 1T T T TTT] T T T T T1T11
1 LHCb 300 fb!

' mam LHCb published Run 1
HI CMS dominated .
50— —
)| - '§ -

E
] LHCb preliminary g -
e
] = —
LHCb jet substructure

10 Lol Lol Lol ool L

{04 10-3 102 101 Tig 10}

7y o7 [m]

45


https://arxiv.org/abs/1808.08865

LHCB-PAPER-2016-065

Comparison LHCb, CMS and ATLAS

Keep complementarity between LHCb, 0
Regions where B(/H" — wymy) > 50% 1s excluded at 95% CL
ATLAS and CMS:

8() | llllllll | llllllll I llllllll | llllllll | llllllll | llllllll

m— ATLAS 20.3 fb~! at 8 TeV
70 wm== [ HCb 2.0 fb! at 7-8 TeV _
w—= CMS 18.5fb~! at 8 TeV

60 = —

& Detector acceptance and vertexing
capabilities play an important role.

Mgy [GeV/(:"-’]

@ LHCD can reach lifetime and masses that
ATLAS & CMS can not and vice-versa. 50 |- \ _

An example Run 1 search for pair produced 0=
Hidden Valley via SM Higgs decay:

¢ CMS 18.5 fb [PRD o1 (2015) 0120071, recast
[PRD 92 (2015) 073008} 20 f -

¢ ATLAS 20.3fb [PRD 92 (2015) 012010} [PLB ol .
743 (2015) 15'34} crvand o v v v v

10~ 1072 1072 10~ 10" 10 107
¢ Parameter space BR(H->7_ 1) >50% is my cr (m]
excluded at 95% confidence level

30 |- —

M. Verducci 46



[CMS-TDR-17-001} {CMS-TDR-17-0031

HSCP at HL-LHC -

Exploit intrinsic time resolution of the RPC system (trigger & 10 CMS Phase-2 Simutation Prefiminary
chambers) and upgraded tracker: ——— Min. Blas p <25 GoV., G5k dac. > 0.5

— B, p, > 55 GaV (DY - pp - 2t2)
o HSCPs look like slow muons -> RPC triggers HSCPs with [3-0.25.

——— Palrroduced ¥, M = 871 GaV
1 —— Ghino, M= 1400 GaV

» Use trackers to identify signal tracks looking for anomalously high energy loss

measurements (I'T vs. OT) -> HIP Flag. o

o Improved performance of dE/dx discriminator for Phase 2 102k —
 ROC curve(*) for gluino (1.4 TeV) and stau (1.599 TeV) i
§‘1 - §1 - Number of HIP clusters per track
2 2
Sos $os
g g
806 B06
& -
w0 »n
0.4 0.4

(*) Receiver Operating Characteristic

— "é‘ﬂf“’p P p.m:’/;d Lip“" G’VPU
——— dEMX+HIP flag (0 PU) ——— JEMX+HIP flag (0 PU) : : -
0.2 o OP) | 0.2 ikt 4 curve, i.e. ROC curve, is a graphical
— dEMX+HIP fiag (200 PU) 5  JEMX+HIP flag (200 PU) - : :
| ST Only (300 OUD) B paesep by plot that illustrates the diagnostic
o.ol_Lumul_L_uuml_LunmLu.uml_n.umLLLum o_oh_umul_uu.m.l_uauul_l_uuu.l_um_l_umu ablh Of a binar ClaSSiﬁeI‘ svstem as
10° 10° 10* 10° 10° 100 1 10° 10° 10* 10° 10° 10" 1 ty Y Y

M. Verducci Background track efficiency Background track efficiency  its discrimination threshold is varied. 47



Displaced
Vertex

ATLAS-CONF-2017-026
CMS-EXO-17-018
CERN-LHCC-2017-021
ar X1v:1808.03057
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ATLAS-CON F-2017-026

D1sp1aced Vertices - ATLAS

g F ATLAS Simulation 1 R-hadrons decaying within the ID can be
g P | reconstructed as a Displaced Vertex (DV)
C - R-hadron: m. = 1200 GeV, m =100 GeV,t=1ns — . . . .« e .
s : L sy e Long-lived Gluinos are present in Mini-split SUSY models
= R by Wb W andard Tracking i . o
B 08t Ty M ++++++++ b SancadsiaT o Analysis sensitive to decay length up to 300 mm
8 [ ¢ i ° ° °
S 06 4 ! ++ ¥ = o Large MET is expected and used for trigger and selection.
5 oa ¢ Y4 - . :
R + +++++ tif's i 1 Standard Tracking has low efficiency:

SRR PR TR 8 Y

0.2 : -
3 Mt s ot ++++++ i * Standard cuts on transverse (do) and longitudinal (z,) impact parameters with
B AT * oot o ¢ " . .
TR T,/ B -1 BT E - sy - WA respect to the IP remove displaced decay (large impact parameters)

o Large radius tracking (LRT). A dedicated second pass of the tracking is
ATLAS f3=13TeV. L =328 ran on leftover hits from the standard track -much like for the disappearing-

= 300 1 | 4 =
S B il e . i 10" 5 . . .
= woof. AT I S track analysis -but with looeser cut on do and zo algorithm.
7740 " \\\ % A . ‘ .
e [ N\ R o Final selection: MET > 250 GeV at least one good DV with mass
HEE =Y\ 3
NN Ak , - f.d.* j | "I'l i) c *
& (o) BIITPE m__ > 10 GeV and number of associated tracks ntrk > 5
®)
00PN z e Main background from hadrons interaction with detector material. Create a 3D
- ‘\“ ) ', 10 c o . o o .
2001 D 8 map of the dense material region of the ID and veto vertices in these regions

of | ]
~300 —200 100 O 100 200 300

X [mm]

Production of long-lived gluinos with masses up to 2.37 TeV and lifetimes of

O(10-2)-O(10) ns in a simplified model inspired by split supersymmetry.

M. Verducci



Displaced Vertices in Multijet Events - CMS

Search for long-lived resonance decaying to a pair of jets (RPV Model):
¢ Dijet (stop channel) p
& Multijet (gluino, neutralino channel)

Analysis Strategy
@ No MET but large number of hard jets is expected. *

¢ For trigger (selection) Ht > 800, 900 (1000) GeV 38.5 b (13 TeV)

CMS-EXO-17-018 - arXiv:1808.03078

—h
oo
N

(Hr is the scalar sum of hard jets transverse momenta) “L cms [ Background template

Multijet signals,

@ Use dyy - distance between pair of vertices. m - 800 GeV, 6 = 1 fb:

Events/0.1 mm
o
T

S ct=0.3mm
Only DV vertices inside beam pipe are considered. - e GT=1.0 mm
0.6

=FTm meee ct =10 mm

¢ Fit background (multijets & ttbar) and signal 4y templates

The data exclude cross sections above approximately 0.3 tb for
particles with masses between §oo and 2600 GeV and mean proper

—
~

decay lengths between 1 and 40 mm. For mean proper decay lengths 02}
between 0.6 and 80 mm, gluino masses below 2200 GeV and top “

i-I-I-Iirl-ll--l--l-

.

TETTTTTTTTITITRTTAN O\ AT

squark masses below 1400 GeV are excluded.

M. Verducci



Displaced Muons

GGM Scenario and Higgs decays Models
Two searches: High mass (Zpu) and Low mass (Z uw)

» Opposite-signed muons with vertex up to 4m from interaction point

Trigger: OR of MET, and 1, 2, 3 muon(s).
Signal Region-low,high: pair of isolated OS Muon Spectrometer only

Data Driven Background
e MSonly & MScomb muons
o OS & SS pair of muons - isolated vs non-isolated - pairs. The main background
is from accidental pairing, beam-induced background ad Cosmics Ray muons.

5 | amas 3
Lifetimes in the range z | EewTy wew -
cT =1-2400 cm are S §
excluded, depending on g e
the parameters of the Z Il
model. o i ,
M. Verducci 800 200 100 0 100 200 300

Signed e [cm]

ar X1v:1808.03047
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1111HAL
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W
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+ Large fraction in forward region, very soft pT. Online reconstruction of

Dark Photons

+ Inclusive search for Dark Photons (A') in uu only with LHCb 2016

dataset
+ The model predicts A’ light, produced as y*
+ Two searches: prompt and displaced muons

PRL 120 (2018) no.6, 061801

candidates, no pre-scale down to threshold 2mu. Isolation cut applied

above 1 GeV/c.

<+ Backgrounds from same sign pu, fits to IP y2

00% CL exclusion regions on [m(A"), =%

1 llllll lllllll

107 10 1 10

m(A’) [GeV |

meson decays  SM Drell-Yan i

QIO’ . SRR . — . — v
F 10° LHCb .,'=> 1solation . prompt-like sample
= VE=13Tev £ § appled pr(p) > 1GeV, p(p) > 20GeV
% - ' : prompt p'
"b" 10* ::ﬁ;.' - Ihlzllq )
E 10° 1 + hyg ;'_.
— ‘\.
= 10°
;6 2 1 1 PR TR T T |
g 10° 10¢ 10°

m(uTp”) [MeV]
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Table 2: Summary of the definitions of the signal regions (SRs) and validation regions (VRs) used in the ABCD

— d— Dark Photons

uDPI-uDPJ | uBDT > 0.21 for both DPJs

SR uDPI-hDPJ | uBDT > 0.21 and hBDT > 0.91

hDPJ-hDPJ | hBDT > 0.91 for both DPJs

uDPJ-uDPJ | <0.75 < uBDT < 0.35 for leading uDPJ, uBDT > —0.7 for subleading uDPJ
VR uDPJ-hDPJ | 0.5 < uBDT < 0.8 and 0.2 < hBDT < 0.8

hDPJ-hDPJ | hBDT < 0.91 for both DPJs

s P 29 s 20 ——
3 g ATLAS o3 & ATLAS Simulation
= 1BF ou |15=13TeV36.1fby i = 18 (5=13 TeV 36.1 '™ n
a ™ . 18 &
Q16 il o 16 bl
£ 1 16 3 H—>2'(.+§. m =125 GeV
g " 2 14 ¢ \
3 uDPJ-uDPJ 3 UDPJ-uDPJ
o » X =14 3 "
@ 12 r ® 12
s B a 12 it
L 10 1 . 10
2 10 -
€ 8 s ¥ § 8
Q.- ’ o
A e . " N 6
P : :

] I m = 4

!
2 : . 2

='I'I‘l "

0.5 1 1.5 2 25

3
Aol

Figure 3: Opening angle between the two DPIs, |Ad|, vs inner-detector isolation, max(Zpr), in the uDPJ-uDPJ
channel for data (left) and MC signal H — 2y; + X with my = 125 GeV (right), assuming a 10 % Higgs boson
decay branching fraction into y4. The red (solid) lines show the boundaries of the ABCD regions.
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Dark Photons

O(TeV scale)
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., Thaler, Williams, Xue [1603.08926]
er, Williams, Xue [1509.06765]
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ATLAS/CMS limits shown here assume B(H—1pfp)=10%.
ATLAS [1511.0655421 (see alsn 1505.07645 CONF-2016-042). CMS [PAS-HIG-16-0351.
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