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SILICON TRACKER
Pixels (100 x 150 um?)
CMS Detector

Microstrips (50-100um)

Pixe S ~210m? 9.6M channels
CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
EC A 76k scintillating PbWO, crystals
HCAL
Solenoid
PRESHOWER
Silicon strips
M uons ~16m? 137k channels
STEEL RETURN YOKE

~13000 tonnes

SUPERCONDUCTING
SOLENOID
Niobium-titanium coill

carrying ~18000 A FORWARD

CALORIMETER

Steel + quartz fibres

HADRON CALORIMETER (HCAL)

Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS

Overall diameter : 15.0 m Barrel: 250 Drift Tube & 500 Resistive Plate Chambers
Overall length :28.7m Endcaps: 450 Cathode Strip & 400 Resistive Plate Chambers
Magnetic field :3.8T

M. Chertok - CMS Searches - UCLA DM 2016




The Compact Muon Solenoid
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ated Luminosity (b ')

LHC and CMS in 2015

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC

| Offline Luminosity
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CMS Recorded: 3.81 b !
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Standard Model Still Going Strong @ 13 TeV

Jan 2016 _ CMS Preliminary

— ?W P S i 7 TeV CMS measurement (L < 5.0 fb™)
- 9Z A § 8 TeV CMS measurement (L < 19.6 fb™)

Lo . A i 13 TeV CMS measurement (L < 1.3 fb™)
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ATLAS-CONF-2015-044; CMS-PAS-HIG-15-002
Higgs coupling measurements from Run |

ATLAS and CMS Preliminary ——ATLAS
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Remaining wiggle room

Global fit to Higgs signal strengths
and couplings and implications for

extended Higgs sectors

»Bernon, et al, PRD 90, 071301(R)

(2014)

»Use published signal strengths p

= g(best-fit)/o(SM) and

uncertainties, fit for values of
Higgs couplings to different SM

particles under different
assumptions of new physics

At 95% CL, up to 34% allowed
branching ratio to as-yet-unseen

decays

In Higgs Decay BRs

BERNON, DUMONT, AND KRAML
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> Direct searches for Higgs decays to exotics still well motivated!
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Heavy New Particles: Run Il (so far) vs Run |

Events (13 TeV, 2.2 fb™)/Events (8 TeV, 19.2 fb™)
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Searches for Dark Matter
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Mono-W (lepton + MET)

»CMS-PAS-EXO-13-004
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Events/GeV
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»spin independent

»spin dependent

»CMS-PAS-EXO-12-047
Monophoton (photon + MET)
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»CMS-PAS-B2G-14-004

m 19.7 b (8 TeV)
DM WIth top quarks % 3: CMS + Data Drell-Yan
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»CMS-PAS-EXO-15-003
DM with Jets and MET

»Search for generic DM 13)3“

»Monojets = Multijets expected from DM
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DM with Jets and MET

®Mpm VS MMep Mass plane
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CMS Preliminary
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»Approaching Run 1 sensitivity
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»spin-independent cross section limits
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>CMS-PAS-HIG-15-012

Invisible Higgs Decays in Run 1

»Invisible = y, graviscalars, etc.

»Combine 3 different H production

6 x B(H= inv)/s(SM)

»not visible, exotic...

channels: ggH, VBF, VH

2.5

1.5

0.5

18.9-19.7 fb' (8 TeV) + 0-4.9 fb' (7 TeV)

—  95% CL limits CMS
B Observed limit .y
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I Expected limit
_ Expected limit (1o)
= Expected limit (2c)
_ |
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9 7000000) g
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6 3 ; 3
4 F :
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0 b
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on ;—- B(H — inv)(%)
VBEF-tagged 57 (40)
VH-tagged 60 (69)
ggH-tagged 67 (71)
PI\i‘\‘\l’\‘:ﬂl'\t“‘ QA {Qn\

»Combined Result: 36% (obs) 30% (expected)
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Searches for additional Higgs bosons
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»CMS-PAS-HIG-14-022, 15-011
Search for light pseudoscalar Higgs bosons

To tau muon

H(1 25) —aa —}41_' reconstruction
5<mj; <15 GeV
Thus, boosted a, overlapping T

> = modify standard hadronic Tt id

To HPS
reconstruction

H(125) —aa —»2t2p
20 < m; < 62.5 GeV
no appreciable boost

1-prong + 1 10 Thad
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Events / 4 GeV
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»CMS-PAS-HIG-14-022, 15-011
Search for light pseudoscalar Higgs bosons
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»CMS-PAS-HIG-14-039
Doubly-charged Higgs

»Minimal see-saw model to explain v masses
»includes scalar triplet: ®++, ®*, @Y
»search: 3 or 4 leptons with pt > 20 GeV

19.7 b (8 TeV)

> C
1 o = ¢ Data [ &""® —4l (500 GeV)
L0 u ENZZ mEVvVV
2] - Ity mmwz
(e
o 10
>
b+t | /aa L
J

Data/MC
— D
|
:
e

0 100 200 300 400 500 600 700
m.- (GeV)

»|.S dilepton mass

M. Chertok - CMS Searches - UCLA DM 2016 21



»CMS-PAS-HIG-14-039

Doubly-charged Higgs

»3 lepton

19.7 fb (8 TeV

~—"

19.7 i (8 TeV
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Searches for resonances
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>CMS-PAS-EXO-15-004

Diphoton Resonances
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. CMS Preliminary 260" (13 TeV) + 19.7 fb' (8 TeV)
2 r \ % =0.01
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»CMS-PAS-EXO-15-004
Diphoton Resonances: 8+13 TeV combination
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Searches for Supersymmetry
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SUSY searches at 13 TeV

»Focus (so far) on gluino pair production with 2015 data

= Higher branching ratios Less background =———————————

MultiJet | >=4 jet Jet Mass
SUS-15-002 | multiplicity SUS-15-007 SUS-15-008

MT2 Lower jet multiplicity Edge/Z
SUS-15-003 | Compressed spectra SUS-15-011

Alpha-T Rejection of QCD
SUS-15-005] Monojet topologies DY+Jets, ttbar, non-prompt

Razor Razor Shape analysis
SUS-15-004 SUS-15-004 | Using razor variables

M. Chertok - CMS Searches - UCLA DM 2016 27
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>»CMS-PAS-SUS-[002 - 005]

»Using optimized kinematic variables

»Gluino mass limits already 100-400
GeV higher than Run 1 with full data

43 7eN
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SUSY Dilepton “Edge”

> Classic SUSY signature

» N2 — slepton + lepton
> slepton — lepton + LSP
» Mass of Edge function of:

Events / 10 GeV
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O
o o
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eV

SUSY Single Lepton, LS Dileptons ‘\/

»Single Lepton: require large
scalar sum of masses for
jets (from top), large MET

»L.S dilepton: gluino
Majorana! Reduces ttbar, D-
Y substantially

»CMS-PAS-SUS-15-007 »CMS-PAS-SUS-15-008
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Searches for X = Top Quarks
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»CMS-PAS-B2G-15-004
W’ = tb

»u+jets, 1b tag  re+jets, 2b tags
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Run |l searches not covered here

Black Holes
» CMS-PAS-EXO-15-007

Heavy Stable Charged Particles

»CMS-PAS- EXO-15-010 V

Dijet resonances 13}

> CMS-PAS-EXO-15-001, 009

Dilepton resonances
» CMS-PAS-EXO-15-005

zhttp://cms.web.cern.ch/news/cms-physics-results

M. Chertok - CMS Searches - UCLA DM 2016
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Dijet resonance

CMS Experiment at the LHG, CERN
'é Data recorded: 2015-Oct-12 00:26:27.312886 GMT |

Run/ Event /LS: 258749 /549864773 / 355 _

‘ |

Highest mass dijet pair observed: 6.14 TeV

M. Chertok - CMS Searches - UCLA DM 2016
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Dimuon resonance

CMS Experiment at the LHC, CERN
Data recorded: 2015-Oct-30 19:23:54.631552 GMT
| Runl LSR280424 / 211873064 / 115

¥

Highest mass dimuon pair observed: 2.4 TeV

M. Chertok - CMS Searches - UCLA DM 2016
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Coming Attractions
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Higgs in Run li
13 TeV vs. 8 TeV

2.6fb™ (13 TeV)

>ggH, VBF cross sections > L
S il CMS -

up 2'6x < 12 B §§ Preliminary |

- Discovery channels visible £ oData -
- e 101 H(125) ]
with ~ 5/fb LLI B %% qq—2Z |

- i W92z -

>ttH cross section up ~ 4x I Z+X ]
~Heavy Higgs partner 5l B
production would be much i ]
higher 4 ’
Busy with preparations oL Bl E Ul -
now e il
~ All CMS Higgs analyses 9780 100 200 300 400 600 800
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blinded at present!
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Conclusions

Higgs discovery opens new chapter for BSM physics

CMS continues the hunt
»Wrapping up Run 1 searches
> Polishing up preparations for high-statistics Run 2 searches

Expecting ~ 30/fb in 2016

In Backup: Detector and Accelerator upgrades will
keep us busy searching (and hopefully measuring!) for
two decades

>Phase 1 upgrades will all be in place by early next year.
Instrumental in BSM search reach with 300/fb @ 13 TeV

»HL-LHC: 10x data @ 14 TeV

Push LHC searches for heavy particles, precision Higgs measurements
Substantial radiation and pileup: detector R&D critical

M. Chertok - CMS Searches - UCLA DM 2016 39



Backup Slides
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Phase 1 Upgrades

Over next few years, expect to collect ~ 300/fb @ 13
TeV. This will enable unprecedented reach in BSM
searches

Detector upgrades necessary to maintain
performance In increasingly difficult environment:

> New pixel tracker
»Upgraded Level-1 trigger

»Upgraded electronics for Hadron Calorimeter

M. Chertok - CMS Searches - UCLA DM 2016
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High-Luminosity LHC: The Future

Exploit LHC ultimate potential
»3000/fb @ 14 TeV

> Methodical continued search for new particles with access to
small cross sections

> Precision Higgs couplings

> P5: Highest priority!

] l L L} ] L l ] L L} L l Ll L ] L I L} ]
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HL-LHC: The Future looks bright

Simulated event at 140/PU (102 Vertices)
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High-Luminosity LHC Detector

eLarge components of the current CMS
detector must be replaced for HL-LHC

eUpgrade barrel
calorimeter
eUpgrade muon system

A

*New Trigger/DAQ Technical Proposal: CERN-LHCC-2015-010, http://cds.cern.ch/record/2020886



Kinematic variables in gluino searches

Ht: scalar sum of jet transverse momenta (pr)
Ht miss: [vector sum of jet pr]

Mr2: generalization of Mt. Good for QCD multijet

oot
rejection Mro(msg) = mn [max (MS)’M}PZ))]

Razor variables: Mg, R? characterize energy mass,
energy flow for pair-produced particles:

—miss_ (7)1 =2 R~
Prs-(Fr +PF)  R?= (&)
Mg

: : miss ( 4] ] j2
Mg =\/(B, + P2 — (P! + P2 ME= \/ET (pr +Pr)
ar: pr(j2)/Mr

Ad*min: minimum angle between a jet and Hrmiss
vector formed by others
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