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* Currently SM works beautifully, no direct evidence of new physics yet

* Naturalness argument and low mass of Higgs boson provide strong
motivation for new particles and/or interactions at the TeV scale

e HL-LHC will deliver 3/ab data, provide unprecedented window for searching
new particles/phenomena at the TeV scale



Summary of CMS HL-LHC Upgrades u!c

at Chicago

Trigger/HLT/DAQ _ “CMS
* Track information at L1-Trigger Barrel EM calorimeter T

« L1-Trigger: 12.5 ps latency - output 750 kHz * Replace FE/BE electronics
* HLT output =7.5 kHz * Lower operating temperature (8°)

Muon systems SR
* Replace DT & CSC FE/BE ~ “"°
. electronics n

Interim Technical Design Report

GMS Colabaration
wwwwwwwwwwwww

Replace Tracker
* Rad. tolerant - high granularity - significantly less material
* 40 MHz selective readout (Pt=2 GeV) in Outer Tracker for L1-Trigger
* Extend coverageto n=3.8




g
Analysis Strategies U!c

at Chicago

Two methods — either projection from present analysis or parametrized
simulation

* Projections from a present analysis

— Existing signal and background samples (simulated at 13 TeV) scaled to higher
luminosity and Vs=14 TeV.

— Apply analysis steps (cuts) from present analyses.

— Three scenarios for systematics:
1. keep present systematics
2. improved by a fixed factor
3. no systematics, only statistics

* Full analysis with parametrized detector performance

— Delphes with up-to-date phase-2 detector performance (tracking, vertexing, timing,
pileup mitigation algorithms, increased acceptance, performance of new detectors)

— Consider <PU> = 140/200
— Dedicated simulation of signal and background samples

— Analysis steps (cuts) guided by present analysis. Limited optimization for HL
conditions. Cross checks with present analysis.
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e UIC
; Heavy Stable Charged Particle et

at Chicago

* Heavy stable charged particles with long lifetime, moving slowly and heavily
ionizing the sensor material as they pass through the detector

— Stau and gluino in Split SUSY scenarios, with small cross section
* Look for anomalously high energy loss through ionization (dE/dX) in the tracker
— Maintain Phase-1 dE/dx measurement in the Phase2 Inner Tracker,

— Extend discrimination with HIP flag by adjustable threshold in the Outer
Tracker modules

14 TeV, 200 PU
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https://cds.cern.ch/record/2283192/files/CMS-TDR-014.pdf

Z’—>ttbar Resonance Search U!c

at Chicago
e Z >ttbar studied in two distinct channels Boosted tops: M’\y,
— Semileptonic (I + b-jet + jet + MET) [B2G-15-002] } A

— All-hadronic channel (jets) [B2G-15-003]
* Both rely on high p; top reconstruction

Project to 3/ab, with different scenarios for systematic uncertainties:
1. Leave systematics unchanged

2. No systematic uncertainties applied — best scenarios CMS-DP-2016-064
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-003/
https://cds.cern.ch/record/2221747?ln=en

Search for W =>lv Ulc

University of lllinois
at Chicago

* Tail search for W =Ilv with full Delphes analysis
* Discriminating variable M; from (e, MET)
* Electron channel with good resolution at very high mass and
rather flat resolution.
 Assume systematics from run-2.
* To understand the M; tail and performance of high p; leptons.
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https://cds.cern.ch/record/2206863

Chs, 1
Search for W >tb U!c

at Chicago
* Projection from B2G-16-017 to , p
HL-LHC g
. b
* Two scenarios to extrapolate g B "
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-16-017/index.html
https://cds.cern.ch/record/2221747?ln=en

Vector-like Quark UIC

University of lllinois

at Chicago
o y
* Search for electroweak production of S RIS T 3000 th” (14 TeV)
single T (T->tH) with Delphes analysis S ool
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5 e 3o
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https://arxiv.org/abs/1612.00999
https://cds.cern.ch/record/2221747?ln=en

CMS

Dark Matter Ulc

University of lllinois
at Chicago

Delphes samples

LHC provides complementary sensitivity for direct detection
experiments, allows the study of different types of interaction

Interpretation in simplified models following LHC DM forum
(arXiv:1507.00967) with 4 parameters (M ..4, Mom 8smr Eom)

12.9 b (13 TeV)
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Full monojet analysis carried out on

—_
o
&

CMS Preliminary

_.
=4

Events / GeV
3

— Follow CMS-EXO-16-037 procedure
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https://arxiv.org/abs/1507.00967
https://cds.cern.ch/record/2205746?ln=en

CMS

Dark Matter: Axialvector U!c

at Chicago

e Bin MET distribution in 22
exclusive bins.

 Extend to MET > 2.4 TeV (now
1.2 TeV).

* Systematics scenarios:

1. Nominal = assume the
systematic control of the MET
distribution same as the
current CMS-EXO-16-037
analysis

Nominal divided by 2
Nominal divided by 4

Current reach for M4~ 2 TeV

Spin-1 mediator,
axial vector

8o\ = 0.25,

gom =1

CMS-DP-2016-064

CMS Preliminary Simulation 3000 b (14 TeV)
~— 1600
% Axialvector, g_ =1, g, =0.25
g 1400 nominal: control of systematics same as EXO-16-037
g nominal/2
= 1200 — nominal/4
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https://cds.cern.ch/record/2205746?ln=en
https://cds.cern.ch/record/2221747?ln=en

CMS
Dark Matter: Pseudoscalar

UIC

University of lllinois
at Chicago

 Same MET binning as EXO-16-037 . >

e Low MET systematics are LQQQQ R
dominated by the uncertainty on A v, ¢
lepton identification/isolation «
efficiency for the control sample a g

* High MET systematics are
dominated by statistics

* Systematics scenarios:

1. Nominal =scale run-2
systematics at low MET to HL-
LHC recommendation, scale
high MET systematics by
luminosity

2. Nominal divided by 2

3. Scale run-2 systematics in the
full MET range by luminosity

CMS Preliminary Simulation

Pseudoscalar, gm=1, g =1
sM
nominal: EXO-16-037 extrapolated to HL-LHC
nominal/2
. EXO-16-037 luminosity scaled

Moy (GeV)

Current reach for M .4 ~ 400GeV

Spin-0 mediator,
pseudoscarlar
gsn = 0.25,

gom =1

3000 b (14 TeV)
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https://cds.cern.ch/record/2205746/files/EXO-16-037-pas.pdf

CMS /1
> Search for Supersymmetry U!C

at Chicago

Standard particles SUSY particles

Supersymmetry is one of
the best motivated

Higgs Higgsino

theories for physics Qo i )
beyond the SM IS
@ rorcepa Squarks ) Steptons @ SUSY force

e Search for SUSY is one of the major goals of LHC
— Currently working toward the full Run2 results
* For HL-LHC, other SUSY models move into focus.

— Explore higher mass, low cross section & compressed mass
spectra.

— Study properties if new particle(s) discovered
— Special signatures such as heavily ionizing and long-lived particles
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Chs, 1
SUSY Models U!c

at Chicago
* Natural scenarios (NM1, NM2, NM3) = (3 &
— strong interaction sector and decay BR of " ool NM3 :
the gluinos similar in the three models 2000 - ) 43
« NM1 (Bino like LSP) | "
* NM2 (Wino like LSP) m o W T
 NM3 (Higgsino like LSP) a0 =T
oy o . o h —— if‘; X
e Stau co-annihilation model (STC)
— light staul almost mass degenerate with
bino-like neutralinol 5 .
e Stop co-annihilation model (STOC) !, °1C e
— light stop1 almost mass degenerate with Z:ZZ
bino-like neutralinol ol .
— stop decays into charm-neutralinol 1200 s
— gluino-gluino & gluino-squarks cross- izz L HE, gi X
sections are smaller but not negligible ol 1 AR a——
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Full Search Spectrum UIC

University of lllinois

at Chicago
* 9 searches carried out with Exploring SUSY model space)
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https://cds.cern.ch/record/1981344

CMS

Search for CIN2 decaying into Wh

UIC

University of lllinois
at Chicago

Search for y,*x,° production with Delphes
Signal region defined by M(bb), MT, MET etc
MET and M are the essential observables to discriminate signal

from background

measured in 8 TeV analyses

Large gain in discovery potential
Detector upgrade is crucial for b-tagging and MET performance

systematic uncertainties assumed to be 1/2 w.r.t to that

CMS-SUS-14-012
{

P
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https://cds.cern.ch/record/1981344

UIC

University of lllinois

Search for C1N2 decaying into WZ

at Chicago
» Search for y,*x,° production where y *>W*y,°, x,0>Zy,° CM5-5U5-14-012
through opposite-sign same-flavor leptons pair (OSSF) C1, N2 mass Wino Higgsino
(GeV) CiN2o(fb) CIN2o (fb)
— Separate invariant mass of OSSF for “on-Z” and “high- 100 22670 3277
yilt 200 1807 244
300 387 51
— Search binned by MET, MT, and invariant mass of OSSF 400 121 16
500 46 6
e Sensitivity strongly depends on EWK-inos composition, 600 20 3

affects cross-sections
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https://cds.cern.ch/record/1981344

UIC
Search for C2N4 decaying into WW 7 5

at Chicago

* In radiatively-driven natural SUSY

C2N4 has largest visible cross-section Minimal Mixing Wt

— 25% BRint ign W M2 s C2, N4 N

6 BR into same sign Ws - M~ % @

MU seesmmememmmesssesnses C1, N1,/ N2 9 el

» Search for final state with two same ’ -

charge leptons and large MET

CMS Phase-2 Simulation
T T T ] T T T I T T T ] T T

14 TeV, 200 PU
JIL I L L

L

— Veto third lepton, b-tagged jet and

high p;jets — WZ(uuwv) E

— — —
N DO
T I I

round reduction

Dominant background from SM WZ L2

: . . : . 9nab Visible in MEO
production, in which the third lepton is § %8 sre 1
o 0.6f =
IOSt 04: Background without MEO B
— Extended coverage of muon : . e S
0.2= Background with MEO —
system can reduce the WZ ?:,,,.‘,,_‘,.,..,.A,,H...i

6 18 2 22 24 26 28
background by a factor of 2 muon veto i cut

CMS-TDR-016
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https://cds.cern.ch/record/2283189?ln=en

Search for C2N4 decaying into WW U!C

at Chicago

* Dominant backgrounds are dibosons, suppressed by m; .. variables
* Search regions binned by 7 m; . range
» Search sensitive up to ~900 GeV scale for both assumptions on N1 (150, 250
GeV)
» Sensitivity depends on the value of N1 mildly at large C2/N4 mass, while

more significant when C2, N4 mass approach N1
CMS-TDR-019
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https://cds.cern.ch/record/2293646?ln=en

Long Live Particle Ulc

University of lllinois

at Chicago
displaced
----- neutral X BSM
= charged HSCP dilepton = lepton
. ANy charge W quark
jetor I photon
+ B anything
E Displaced disappearing displaced
P secondary track lepton
. ‘ vertex
jetor - > (YT

\c\ev jetor

- X
L = o
H @ —_
jet g-.)_(_ v \g@“’ wt A
~—— /’ “ ...............

< > ‘ e=ba ¢
¢ > If L, >100cm 3 s .
IfL ~50cm: Xy " ) - . . .
. Xy :  Decay in calorimeters displaced \ | = displaced
Decay in tracker volume: dijet J\ i

photon
or muon system

P

Not pictured:
out of time decays

displaced v displaced

vertex :
m‘o J_ Antonelli  LLP Forum May 12, 2016 conversion 3

e Signature driven searches; a new focus at the LHC, for present
and future.

* Non-standard objects, need to maintain dedicated detector
capabilities



cMs, 1
Displaced Muons UIc

University of lllinois
at Chicago

* sMuons in gauge-mediated SUSY breaking models could have a significant lifetime
* C(Clean final state: two smuons decay far from primary vertex + MET
* Cross section varies by breaking scale, tan B or modified parameters
* Phase 2 upgrade moun system and algorithm improved displaced muon efficiency
* Impact parameter significance d,/o(d,) to suppress QCD, ttbar, Z/DY backgrounds
* Challenge: keeping trigger thresholds at ~10GeV in 200PU environment
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https://cds.cern.ch/record/2283189?ln=en

CMS
Outlook UIC

University of lllinois
at Chicago

* We have gotten a variety of interesting physics results from LHC
already, and we expect a lot more during the future LHC
running

 Run 2, Run 3, and HL-LHC will provide a comprehensive physics
program for BSM searches

* Detector upgrades (phasel & phase2) are underway to enable
this interesting physics program

* In preparation for a CERN Yellow Report as input to the European
Strategy group by the end of 2018.

— to review, extend and further refine our understanding of the physics
potential of the High Luminosity LHC

Stay tuned!
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