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LHC / HL-LHC

LHC
| | Run 3
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lice ¢ idation e _ nominal
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Improved detectors
e High pile up * Higher granularity tracking & calorimetry
e High beam- * Extended n coverage for tracker and muons
induced versus ¢ Improved triggering (tracks, vertices, muons)
background e Improved timing

e High radiation

* Improved readout
* Improved radiation hardness
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e Continue and improve current searches to extend sensitivity
e Design new searches exploiting the new detector improvements.
e Develop new analysis strategies.
—> access scenarios with lower cross sections, lower acceptance.
—> open new search channels
e e.g., in SUSY: focus on EWK sector, staus, compressed scenarios

e e.gd., long lived particles: explore improvements in muon systems,
tracking, triggers and dedicated timing detectors to expand searches.

2 current methods to establish sensitivity
. from a present analysis

e Use existing samples, scale results to a higher luminosity
considering different systematic scenarios

o with parametrized detector performance
e New simulation of the detectors, new/improved analysis design
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Low cross sections, low acceptance
2 OS Thag + ETMiss final state.
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Current reach, 7,7;,7Tx7, combined:

e Excl: m(7) < 109GeV for m(7}) = 0.

&> HL-LHC reach, %, 7;, Txfr combined:

e 5o disc: ~400 - 500GeV
e Exclusion: ~700GeV

depending on systematics.



CZN4 iNn same S|gn dllepton search CMS TDR- 09

———

e SUSY EWK sector with p < M1 < Mo. D
—> wino like degenerate 77, mass ~ Mo.

e 2 5SS Ws (leptons) + Ermiss final state.
<— NEW search channel.

e Used mTlmin p— mln[mT(lep ,pgrmss) T(lep Ip;rmss)]
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heavy
resonance

Exotic states with HH

= e =

ATLAS LHCC-G-166
—> bbbb Projection

e Heavy resonances X — HH — bbbb - ATLAS Simuiation [l Mo 1.0 Tev
e KK excitation of graviton in bulk RS ? E ﬁ Fﬁfe::nzv’mow Eﬂ:iﬁgg
e heavy neutral Higgs in 2HDMs i3 iy it
e Tag boosted H — bb using jet mass, :
finding sujets, and subjet b-tagging. "t _

e Look for bumpS In di-boosted jet * KK graviton, bulk RS
. : : : . 1 model with k/Mp = 1
Invariant mass distribution.

1 I 1 1 1
2500 3000
Dijet mass [GeV]

I 1 1 1 1 I 1 1 1 1 I 1 1 1
1000 1500 2000

% ATLAS Simulation m  Reference o, =2.5%
o 10— 4+ 0O Reference oy =5.0% L ]
H o \s=14TeV,3000 1"  \iidie o, = 2.5% ﬁlSensmwty to bulk gravitons: ~2.5TeV.
w [ o Middle o, =5.0%
e e oerennn L OW 0p=28% Current excl.: 500-720 GeV.
= Lo k. \ Low og=5.0%
3 > N L. N G—— CMS FTR-18-003
,| different detector Similar CMS StUdy Projection
scenarios : :
studied VBF production of X — HH
KK gravit_on, bulk RS .
1| model with k/Mpi =1 Used forward jets, and found
gx10' ——- L —

15 2 25 sensitivity up to mg ~ 3TeV.

Resonance mass [TeV]



heavy Z
resonances

and W’ searches
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Z' — tt > WbWb — lvbqqb .
TopColour model with a spin-1 Z’.

Boosted t or resolved t with 1e/p.
Reconstruct tops and check mi:.

e Current/300fb-1 excl.: mz ~2.1/3TeV.

Iogm(cs(ppaW'R) X B(W'R—>tbelvbb) [pb])

HL-LHC excl.: mz ~4TeV.
(boosted search dominates)

CMS Preliminary Simulation 3000 fb™' (14 TeV)
—— Theory (M << MW.R)

CMS FTR-16-005 __ . tneory s, )
Projection - - = Current Syfstema;ics

----- Reduced Systematics
— No Systematics
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108 Vs = 14 TeV Bt (truth m_< 1.1 TeV)
. P B t (truth m_>1.1TeV)
10 J L =3000f1b ] Wijets
[ single top
I Z+jets
10* TL-PHYS-PUB-2017-002
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Heavy W’ — b — e/u + vbb

e e.g. sequential SM.
e/u + jets + b jets + Ermiss,
Search for signal in inv mass mi.
Current excl: 2.7 TeV.

HL-LHC excl: mw beyond 4TeV.
HL-LHC discovery: my up to 4TeV.



¢ X B(T—tH) (pb)

vector

like

e EWK production (Wb/Zt fusion) of VLQ
top partner gg — Tbq'/Ttg with T — tH.

10

0.1

1lep + jets + b jet(s) + boosted H + Exmiss,

+ forward jet.

Reconstruct mr with a x? minimization. wp
HL-LHC greatly extends sensitivity and

@) VLQ top partner search

opens access to these models.

Current excl 2.3 (13 TeV)
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" Preliminary Simulation [0 1sa.

2s.d.
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3 search program

............ Tb, c?"=0.5, B(T — tH)=25% i be|ng dGSlgned.

Production in
heavy Higgs
decays,
measurement of

umieevl  chiral structure, ...



long lived CMS TDR-016
patlicios Dlsplaced muon search Full analysis
. . CMS Phase-2 Simulation Preli 14 TeV
e Model independent search for dlsplaced oaf IO R
muons decaying outside the tracker. Sl S - ]
. . . c | | | j
e Trigger and reconstruction only in the muon Sos, N 0 vertex constraint- -~ - - |
4= $ | | |
system (standalone muons) e | hy AT T S
- o S | E X ¢
e Additional hits in new muon layers + = St v, t
improved algorithms improve efficiency. 2 by, + ?
o003 - - - - R R T i
CMS Phase2 Simuiation preiiminary My = 200 GeV (200 PU, 14 TeV) @ E + Voo
@ 105 --------- 300 fb”, Phase-1 020 — l+ fffffff +,,,+ fffff
;U S 3000 ;b_1 E:asezsm”da'one —+— Dlsplaced StandAIOne Muons '
N 1,._‘:'.300” ..... e 40 0'1"";F”StahdAIO’né’MU’Oh’s’ '''''''' o ‘
107 “ o L _ 0-5 0.0 50 100 150 200 250 300
- * 71 generated impact parameter d, (cm)
107 115
- 1, e |nterpretation in terms of GMSB smuons:
10° . ~ ~ :
1 25 i — Gu (low cross sections)
o kD e Exclude smuons with mass < 220GeV.
u 4 35
10—55— _______________ ] 8 . . W .
E CMS TDR-016 145 & + Discovery wrt cT significantly improved.
10°g Auxiliary material - %5 e Interpretations ongoing for other models
0 200I I400I | I600I | I800I | 100()’5

Ct, (mm)

10

(e.g. dark photons).
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Paticles Dlsappearlng tracks dlsplaced vertlces

e Long Ilved )(‘ when m()(—) m()((l))

T, %y m z X, production, tanp = 5, 11 > 0 Pure Higgsino
7 10° g ""I""I""I""I"'I E
—> 7 = 7|+ (very soft z*) s e’ Higgsino 77\ -
e Disappearing track + Ermiss, 10 — ATLAS Pixel TDR, 2018 —
o ATLAS: Benefit greatly from the new inner | Fullanalysis i
tracker strip detector (ITk). e
. ~— - Expected limit (+1 ¢, b
¢ Wan )(1_ eXCI. 400 (RUHZ) —_—> SOOGGV. 10 :z:urrent HL-LHC o _E
e Pure higgsino 71: 150 (Run2) —> 260GeV. W ! l l :
CMS Phase 2 Slmulatlon 100 200 300 400 500 - I6(I)OI - I7(I)O[ - I800
= 10° 1 ' I T T3 M) [GeV]
S, 10s;cwls Integrated Lumi = 300 fb" - Displaced photons from N> G+y
3 - LHCC-P-009 ## Current Timing = . .
10'k Full analysis  —— ECALupgrade = * CMS MTD: MIP timing with 30ps
10°k S\ ECAL+MTD upgrade precision. Acceptance of |n| < 3 for
T pT, p < 0.7 GeV in barrel/endcap.

102 SR
0 ' » Use time of arrival of photons to MTD

B to discriminate signal —> determine

C ol ool ood ol

B AN\ 7” time of flight.
2 | 4 —> increased sensitivity with MTD to
10- 1 1 1 1 1 . . .
200 400 600 short lifetimes and high masses.
A ~ M- 70 [TeV] g



Spin-1 mediator

DM

DM at HL-LHC:
Mainly projection studies

e Monojet

e DM + heavy flavor
(DM+t, tt, bb, tttt)

Spin-0 mediator with few

Mpy (GeV)

e DM + mono Z, y, VBF DM

Example:

search

free parameters:
DM , , couplings

CMS Preliminary Simulation 3000 fb™ (14 TeV)

1600
Axialvector, gDM=1, 9" 0.25
1400 current: control of systematics same as arXiv:1703.01651
current/2
1200 current/4
CMS FTR-16-005
1000 . 4
Projec
800
600
400
200

' Run2 excl

PRI T TR S S N T

| |
500 1000 1500 2000 2500 3000 3500 4000 4500

M, (GeV)

12

C.L. (%)

80

60

40

20

0



Summa

\ -
NN
k.

e HL-LHGoffers an
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Cross Section [pb]
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The SUSY saga will continue

e GGluinos and sguarks have the highest cross sections.
—> 5o discovery reach up to ~2.5 and ~2 TeV.

e Conventional sbottom and stop searches
—> 5o discovery reach up to ~1.3 and ~1 TeV.

e I[mproving searches with refined methods.

Focus on difficult scenarios:

O T ) e EWK gauginos in various decays
10° Followed prescriptions in 1206.2892 [hep-ph] — D — 88 Jd1om ° Compressed EWK gauginos
IR Tt ’
IR T sleptons
—4H10® © . . .
e 5 e Chargino pair production
—10° ', . . .
lo 5§ ° Light Higgsinos
1 % e Stau pair production
o0 ' S e Compressed stop
10-¢ -~
0500000 50020002500 5000~ 1" * Heavy stops/sbottoms
Mass [GeV]
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Z’ and W’ searches

Cumulative signal acceptance

e 3000 b (13 TeV)

RS KK Gluon Model

e /7 —>tt,t —> leptonic and hadronic 25_ CMS

5
£
. . IE - P l. . S. l t' = = = Current Systematics
e Narrow width Z’ ; RS KK graviton. T relminary simdiation

» Discovery sensitivity for hadronic s % o
channel on RS KK graviton.

e HL-LHC excl: 3.3TeV (narrow Z’), 8 2

/

III|III, |II

- CMS FTR-16-005

4TeV (RS KK graviton) “EProjection
I | 1 I I I 1 I I I I I I | I I I | I I I 1 I I I 1 I _45_ _26 —36 _5(5
17 Wigrey) = 1 v, Vs =14 TeV, 3000 fo I B Y Y- R V-
" ATLAS Simulation . 8 3 v il Current excl Resonance Mass [TeV]
0.8— & + _
- ATLAS LHCC-2017—0172 * -
B ' 0 + * O+ ;
06__Full analysis . . 1 e W —>pv
.or . . + | .
- . . 1 * Assessed the impact of upgrade
0.4~ . + 7 ~ of ATLAS trigger system, i.e.
i . e Acceptance with no analysis selection i addrnon Of barrel inner RPCS
02 ° O + Ar.lalysis S§I?ction CL.JtS ] . .
: " + +Trfgger eﬁfoency (with BI RPC upgrade) : ® InCrease IN Muon trlgger
i + + Trigger efficiency (w/o Bl RPC upgrade) ] ] 0 0
ol i o0 1, . 14fm acceptance gain: 70% —> 90%.
0 0.5 1 1.5 2 2.5

maximal accepted muon n
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Long lived particle signatures

= e

Neutral or charged particles decaying a macroscopic, measurable distance
away from the interaction point.

Many models with LLPs.
Non standard signatures,

non standard objects.

Signature based
searches

Need dedicated triggers
and algorithms.

Track triggers,
iImprovement in muon
systems and dedicated
timing detectors will
iImprove sensitivity.
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""" neutral displaced M BSM
m— charged HotaF dilepton M lepton
e 2Ny charge B quark
\ photon
- 4 M anything
disappearing displaced
track lepton
Aosdeply
Wt 3 ‘/;‘.. “.\"f.'c
B\ ,// : [ ‘\“T.'Oo
// :. \ ¢ ‘.
displaced , ”.,’ displaced
dijet : photon
coveredin - v
this talk displaced v o Not pictured:
VBitex displaced stopped particles
conversion

%TKO J. Antonelli

ICHEP 2016, Aug 6th
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Paticles Dlsappearlng tracks dlspaced vertlces

e L P decaying in inner tracker to
stable particles forming displaced

1.4—= ATLAS Simulation
Cmy =2TeV, m _1OOGeV T =1ns N,;27

N, Acceptance
)
|
I | || | 1 11 | |

tracks / vertices. 1§5=Exz—i+++ e .
. . TR OO o0 --%-- ITKinclined Duals (w/ material)]
e Larger volume and increased number R Toamsne
of silicon layers in ITk significantly P oo | ;} E
improve displaced vertex acceptance RIS FEL e E
for an R hadron case study. 0'2:_Full analysis & 7 i E
o AN BN IR FOT gl g O] g 1

100 200 300 400 500 600 700 800

R-hadron Decay Radius [mm]

o ATLAS High granularity timing detector.
e Located at z = 3.5m, 2.4 < |n| < 4.
e 30ps/track timing resolution.

e [mproves sensitivity to slow forward charged
long lived particles.

088

296.4
‘




