SUSY Sensitivity Studies at 14 TeV from CMS

b-tagged jet

b-tagged jet

KEITH ULMER
UNIVERSITY OF COLORADO

APS-DPF, Santa Cruz August 16™, 2013




LHC run 1

8/15/13

LHC run 1 is over
Currently in long shutdown 1
(LST)
Will return to operation in
2015

Very successful run

25 fb-! collected at Vs = 7
and 8 TeV

Higgs boson discovered
Many, many new physics
searches significantly restrict
available phase space

No NP discoveries yet...

This talk will show sensitivity
studies for several key
supersymmetry searches
with the next LHC runs
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State of the art for SUSY searches

|
Summary of CMS SUSY Results* in SMS framework EPSHEP 2013
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*Observed limits, theory uncertainties not included
Only a selection of available mass limits
Probe *up to* the quoted mass limit
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LHC timeline

Run 1 Run 2
25 fb1 ~75-100 fb? ~350 fb1 ~3000 b
Vs = 7/8 TeV \s = 13/14 TeV Vs=14TeV g =14 TeV
L ~6E33 cm2s-" L ~1E34 cm2s L ~2E34 cm?s? | _sE33 omy2s
To design To design
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This talk shows projections out to 300 fb-' at Vs = 14 TeV
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Questions on the horizon for SUSY

Naturalness
Observation of Higgs boson
ensures hierarchy problem

Something must protect the
Higgs mass from quadratic
divergences

Natural SUSY (minimal fine
tuning) is a prime candidate

Stop shouldn’t be too much
heavier than the top

Sbottom around stop by SU(2)
Gluino enters at 2" order and
also shouldn’t be too heavy
LHC run 1 sensitivity is right
at the edge of this crucial
region
The next runs will give the
needed reach!
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Projection assumptions

Assume planned upgrades
will mitigate the increased

5 W7

radiation damage and S ek — @ 14Tey
complications from higher o G
luminosity and pileup o o

Analyses for 14 TeV are
extrapolated from 8 TeV

e Ny e NN
500 1000 1500 2000

searches n (Gon
Reoptimizing the searches for SUSY production cross sections
higher energy would improve Going from \'s = 8->14 TeV

them

Signal and background cross
sections scaled to 14 TeV
predictions
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Direct stop production
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Simplified model
stop—=2>top,LSP used to
benchmark direct stop
production

CMS single lepton search
used for projection

SUS-13-011

Signal and background
yields are scaled from
20 fb'! at 8 TeV to 300 fb!
at 14 TeV

Signal cross section increases

by factors of ~4-20 for
200-1000 GeV stop mass

Main background tt cross
section increases by factor of

~4
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Direct stop production

Uncertainty on CMS Preliminary
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Direct sbottom production
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Same-sign dilepton
sedrch used to project
direct sbottom reach

Signal cross section
(300-700 GeV)
larger by 5-12x

Background cross
section larger by

~3-4x

Backgrounds

dominated by

systematics
Assume no

improvement for
scenario A

Assume 20-40%

improvement for
scenario B

5 0 discovery reach
up to 700 GeV

8 TeV search described
in detail earlier today
by Ryan Kelley

CMS Preliminary
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gluino-mediated stop production
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Single lepton search
used for projection

8 TeV search described
. in detail in previous talk
Signals and by Tom Danielson

backgrounds scaled

from 8 TeV search to
300 fb-] at 14 TeV < 1800

Q
Background uncertainty < 1600

CMS Preliminary
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gluino-mediated sbottom production
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Hadronic b-jets + MET

search used for gluino-

mediated sbottom

projection

Scenario A shown for

background uncertainties
Background uncertainties

8 TeV search described
in detail in previous talk
by Tom Danielson

CMS Preliminary
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Direct electroweak-ino production

: 7
Direct electroweak \ ‘JJJ'
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production benefits b A %
greatly from increased P, xf _____ 2
cross section at 14 TeV }\

Minimal sensitivity at 8 CMS Preliminary 5= 8 TeV,L = 19.5 fb’
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Multi-lepton search used M;.;>105 GeV
o e D
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h o d 1_. \:Rare SM o
chargino production  Total bke

decaying to W+Z+MET ™ uncertainty
final state
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Direct electroweak-ino production
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background counts P, CELe @
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Conclusions

LHC run 1 saw a very successful program

Higgs discovery

Stringent limits on large variety of new physics scenarios
Future LHC runs should be even more exciting

Greatly extended reach for the full range of the SUSY
search program with 300 fb! at Vs = 14 TeV

Probe natural SUSY as solution to hierarchy problem
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Extra slides
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SILICON TRACKER
Pixels (100 x 150 um?)
CMS Detector = ™in.

Microstrips (80-180um)
~200m* ~8.6M channels

CRYSTAL ELECTROMAGNETI(
CALORIMETER (ECAI
~76k scintillating PbWO, crystals

PRESHOWER
Silicon strips
~16m? ~137k channals

~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000 A FORWARD
CALORIMETER
Steel + quartz fibres
, HADRON CALORIMETER (HCAL) ~2k channels
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length 1287 m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :38T
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