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LHC Run 1 Legacy: The Higgs
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What does the Higgs tell us about new physics around the corner?
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Naturalness with SUSY @

With the discovery of a 125 GeV Higgs, BSM physics is very well motivated!
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Naturalness with SUSY

With the discovery of a 125 GeV Higgs, BSM physics is very well motivated!
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Searches for (supersymmetric) top-partners are critical!
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Natural SUSY: Direct Production

T, production, - b 11K 15 ¢ /G- Wo K /G- 1}

production! But still lots
of room for light stops
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Natural SUSY: Direct Production

T, production, - b 11K 15 ¢ /G- Wo K /G- 1}

a good place to look for
natural SUSY

» Strong limits on direct
production! But still lots
of room for light stops
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Where else can we search for signatures of naturalness?
How stable is Mrs. SUSY's footing?

M. Swiatlowski (UC) Multi-b@13 July 5,2016 4 /22



The Role of Gluinos

The
scalar
precipice

Mrs. SUSY

EW scale~!

Mr. Higgs

GUT scale™!
Planck scale~!

Fundamental scalar
length scale

M. Swiatlowski (U

Multi-b@13 July 5, 2016 5/22


http://susy2013.ictp.it/lecturenotes/03_Wednesday/Dimopoulos.pdf

The Role of Gluinos

Theomer] e
scalar
precipice Meop | Mrs. Stop 8
EW scale~"
GUT scale™!
Planck scale~!

Fundamental scalar
length scale

» Stop is a scalar: natural mass value of stop itself set by gluino mass
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» Stop is a scalar: natural mass value of stop itself set by gluino mass
» “Gluinos suck” (Savas)
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The Role of Gluinos
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» Stop is a scalar: natural mass value of stop itself set by gluino mass

» “Gluinos suck” (Savas)

» Naturalness implies a light gluino as well as light stops
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The Status of SUSY After /s = 8 TeV

ISY Searches” - 95% CL Lower Limits ATLAS Preliminary
Vs=7,8TeV

Ty Jets EY™ [Lann Mass limit Wi=TTeV o Reference

100908 Gov

107! 1 Mass scale [TeV]

Strong limits already exist, but room yet for gluinos and stops!
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Where to Look First?

|. Vivarelli WJS2013
100

ratios <I)f LHC parton luminosities: 13 ‘Il'ev /8 TeV ¥

» New /s = 13 TeV data
means exciting new
prospects!

» Cross-section for
higher-mass particles
grows dramatically

» Lighter particles, like
third-gen squarks and
electroweakinos, see a
much smaller increase

luminosity ratio

EW Third gen.  Strong production
No sensitivity Marginal Good sensitivity

Not only are gluinos required for naturalness, their production rate
grows enormously during Run 2!
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New to ATLAS: The Inner-B-Layer
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Huge improvement in track
do resolution!
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New to ATLAS: The Inner-B-Layer
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Factor of ~ 4 gain in light
jet rejection!

» b-tagging and vertex identification benefit greatly from this upgrade

M. Swiatlowski (UC)

Multi-b@13

July 5, 2016 8 /22



Natural SUSY Signatures

» Look for pair-production of gluinos

» Highest cross-section particles, pair production guaranteed by R-parity
» Gluinos cascade decay to third generation SM particles and LSP

» Assume presence of off-shell stop and sbottom

» Study “Gtt" model with 0 and 1 ¢ final state, “Gbb" with 0 ¢
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Some Features of Signal Regions

Gbb 0¢ Gtt 04 Gtt 14
» 0 leptons » 0 leptons » > 1 lepton
> > 4 jets > > 8 jets > > 6 jets
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» Trigger on E?"SS > 200 GeV

» Look for spectacular signatures with w00
high E'S and megr = HT + ET™sS,
and > 3 — 4 b-jets (at 85% efficiency)

» Define multiple (single-bin) signal
regions to better target “compressed” ‘ ‘ ;
and “boosted” regions R s

000 Expected limit =1,
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Signal Discrimination
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» Especially in “boosted”
regions, these provide great
signal acceptance and
background rejection

Data / SM

> b-tagging clearly provides
Number ofbtsgged jts wit , >30 Gov significant power as well
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Boosted Objects

» Quarks from signal have
generally been assumed to be
well isolated

Low energy
- .
» But with many top decaysin ~~ ~ -~~~ -~~~ Wide angle

one event, can produce particles
with huge boosts: quarks from
decays become highly
collimated
» If we can identify nearby (or
overlapping!) jets, can easily .
reconstruct top candidates Higher energy
» Removes combinatoric ~ _ ______
challenge from low boost

l

Low angle
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Multi-b: Top Tagging
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» Run a clustering algorithm on
already-reconstructed jets, but
with large size (R = 1.0)

» Naturally groups jets close to

3 2 i
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Number of top-tagged jets
» Loose tag sufficient to suppress
dominant semi-leptonic tt
backgrounds
» Both OL and 1L regions use
this very effectively!
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More Variables: Transverse Mass mt
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» Provides excellent discrimination in 1¢ events
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: .. : b.mi
More Variables: Minimum Tranverse b-jet Mass m7™"
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» Provides excellent discrimination in both 0¢ and 1¢ channels
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Background Estimation

» After high b-tagging and E?"SS
requirements, tt is the main
background

» Even in 0 ¢ channels, “missed”
leptons contribute to Ess

Orthogonal
SR Lepton Multiplicity
or flip mTh cut

» Use 1/ control region to model this
background (flip m?mm cut in 14
SR’s)

» Derive scale factor for tt in control
region: use to normalize in signal

region

SINo opeweun di4

Orthogonal
VR1 Lepton Multiplicity
or flip mT cut

» Use dedicated validation regions to
check each CR extrapolation
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ATLAS Run: 281074
608612341

EXPERIMENT Bvent:
2015-10-05 18:10:47 CEST

SR-Gtt-0L-A
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Multi-b: Results
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» Data compatible with the background estimate, with some tendency
as being on the low side

» Not as bad as it looks: all regions are strongly overlapping/correlated,
so combined significance of underestimate is low

» Related to modeling of tf + bb backgrounds: exploring improvements
here for the future

M. Swiatlowski (UC) Multi-b@13 July 5, 2016 18 / 22



Multi-b: Results
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Multi-b: Limits
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» Limits expand significantly Run 1 sensitivity

» Combinination of 0£/1¢ channels in Gtt regions improves sensitivity
by 100 GeV relative to individual channels
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i)

Conclusions

» /s =13 TeV is here, but SUSY is not (yet!)

» First searches optimized for discovery have not yet observed any
significant deviation from the SM

» Run 2 has just begun, though: 2016 promises 10x the data, and even
more coming in 2017!

» 10 fb~! or more likely available for ICHEP, in just a few weeks
» g sensitivity will likely extend to 2 TeV and beyond

» New techniques and signal models coming in new results: lots of
room left to optimize and explore
» SUSY could still be right around (one of many) corners!

Thank you for your attention!

SUSY-2015-10
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EXPERIMENT
SR-Gtt-0L-B

Run: 284213
Event: 2364029035
2015-10-31 00:13:13 CEST
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Backup
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And Now, /s = 13 TeV

Breaking its own energy records!
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Luminosity

- 9 ' ' 1 ' ' —
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Day in 2016

» Challenging start to LHC operations: simultaneous transition to
higher /s and smaller bunch spacing (50 — 25 ns) was difficult!
> Large dataset delivered to experiments: 3.2 fb~! usable by ATLAS
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LAS Detect

44m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet
Semiconductor fracker

Transition radiation fracker
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Multi-b: t SR Definitions

Criteria common to all Gtt O-lepton regions: prie* > 30 GeV

Variable || Signal region | Control region VRIL VROL
Lepton 0 signal
BN 420
Criteria common ,A,O,“‘L“,
to all regions of the Niet
same type et
same type ll\[-}xvd;:: <80
mr -
> 200
Region A > 1400
(Large mass splitting) - 72727 o
>1
Region B
(Moderate mass splitting) | ~b—jet || =4 | =4 | =4 | g; o
>1
> 200
Region C il I intelink Hinl ottt Rl leiabvitnt el
(Small mass splitting) _Met > 1250
Nb—jet >3
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Multi-b: t SR Definitions

Criteria common to all Gtt 1-lepton regions: > 1 signal lepton, ppi® > 30 GeV

H Variable H Signal region | Control region ‘ VR-mp ‘ VR-m¥ et

T,min
Criteria common mr > 150 <150 < 150
to all regions of the Niet >6 >6 >6
same type >3 S3 -
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(Large mass ~ |f--S- - f-- - b _____ L | _l____._
splitting) 777>71§0777777777777 77777777?71%0777
>1 >1 >1 >1
Region B > 300 > 300 > 200 > 200
(Moderate to small > 900 > 900 > 600 > 600
mass splitting) |~ 354 1" " LT """ T 7T oot T
> 160 — < 160 > 160
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Multi-b: b SR Definitions

Criteria common to all Gbb regions: > 4 signal jets, > 3 b-jets

Variable Signal region Control region | Validation region
Candidate veto = 1 signal Candidate veto
Criteria common R ,>,0,4 ,,,,,,, SN P - 94, N
to all regions of the — — < 160
sametype [~ """ f~- " """~~~ "[~ """~~~ -"q-""~——-—=—-—---
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>90 > 90 >90
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(Large mass splitting) .z ?5,0 ,,,,,, s ,2,'39 ,,,,,,, s ,2,59 o
> 1600 > 1200 < 1400
>90 >90 >90
RegionB |- --~ (""" -7 PO
(Moderate mass splitting) oz il‘[’,o ,,,,,, s ,3,09 ,,,,,,, s ,3,09 -
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> 30 > 30 > 30
Region C S P TP
(Small mass splitting) .z '30,0 ,,,,,, s ,4,09 ,,,,,,, s ,4,09 o
> 1400 > 1200 < 1400
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Comparisons to Other Results
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» Multi-b limits exceed all other » ATLAS also beats CMS by
limits from ATLAS on gluinos ~ 200 GeV in models with tops

» b-tagging and top-tagging » Slightly more data, but 0/1¢

provide unique and powerful combination and unique-top
handles: dramatic final states tagging and kinematic
we are very sensitive to! variables
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