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Three Features of SUSY

(1) Fine-tuning problem for the 125 GeV Higgs boson

(2) gauge-coupling unification  (3) VWIMP candidates
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Natural SUSY
(1) Fine-tuning problem for the 125 GeV Higgs

new particle masses are inversely proportional to their
couplings to Higgs
t i -
0 0 ’ \
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“The More Minimal Supersymmetric Plejenlion s Glllelys, 595
pPersy Cohen, Kaplan and Nelson, 1996

Standard Model” —

1. The world is supersymmetric above ~ 20 TeV;,

hep-ph/9607394

4. The first two generations couple more strongly to SUSY breaking than the third, and
the respective squarks and sleptons are heavy, with masses at the scale M;
5. The top squarks and left-handed bottom squarks are much lighter, with masses

< 1 TeV.
6. The weak gauginos and higgsinos also have masses < 1 TeV;
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My, Qg =Ms, X/Ms = V6 ,tanf=4,1=200GeV

132:
130:
128:
126:
124:
122:

120

. I I . . . . I . . . . I . . . . I . . . . I . . . . [
5000 10000 15000 20000 25000 30000
Mg [GCV]



Ruderman et.al, 1 110.6926 Draper et.al, 1312.5743
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Stop QCD Production Cross Sections

LHC parton luminosity ratios
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Decays of Stop

R-parity Violating R-parity Conserving




Right-handed Stop

start from ¢, , the renormalizable interactions are:
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Right-handed Stop

start from ¢, , the renormalizable interactions are:
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Right-handed Stop Decay

one can add the following R-parity violating operator
A3ijtr dy d‘}g (¢ # 7)

(or higher-dimensional operators)

Serve as a benchmark for purely jetty pair-production
searches (minimal color and spin)
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RPYV Stop Limits

Current Limits are weak:

e LEP: 90 GeV e Tevatron: |00 GeV



e LEP:90

* LHC: No limit !!!
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Events / 4.0 GeV

Trigger is an Issue
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2012 (8 TeV): pr(4th jet) > 100 ~ 110 GeV

light stop can be easily missed by the standard search







Jet-substructure can help

(1) Focus on high-pT boosted signal production

* reduce combinatoric ambiguities

* generally better S/B

(II) Flexible partition of decay radiation to individual stop parton

* better rejection of uncorrelated radiation (pileup,
ISR, UE)

* better signal mass resolution

(Il) Scale-free procedure

* background processed into ~ featureless spectrum



Delta R Distribution
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* Jet-Ht trigger: offline Ht > 900 GeV

* Capture stop decays in R = .5 C/A jets



H; >900 GeV

# events /10 GeV (20 fb™)
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Averaged Mass Peaks
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Sensitivities, untagged

Untagged, discovery
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Sensitivities, b-tagged

>1 b-tag, discovery ‘ >1 b-tag, exclusion |
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More RPV Decays

LQD mediators final state (of each stop)
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R-parity Conserving Stop (Vanilla Stop)




Search Regions
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Many Collider Studies
= o de the signal is ttbar+MET

Early work:

Endpoints:

Spin-correlations:
Top-tagging:

Shapes of missing Et:
Topness:

Meade and Reece, hep-ph/0601 124
Kong and Park, hep-ph/0703057
Han, Mahbubani, Walker, Wang, 0803.3820

YB, Cheng, Gallichio, Gu, 1203.4813

Cao, Han,Wu,Yang, Zhang, 1206.3865

Killic and Tweedie, 1211.6106

Han, Katz, Krohn, Reece, 1205.5808

Plehn, Spannowsky, Takeuchi, 1205.2696
Kaplan, Rehermann, Stolarski, 1205.5816
Dutta, Kamon, Koley, Sinha,Wang, 1207.1893
Alves, Buckley, Fox, Lykken,Yu, 1205.5805
Graesser and Shelton, 1212.4495

21

> > >

*

>> > > >>



Search Region A
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Search for Vanilla Stops
mg, > My + Mo

The signal is ttbar+MET (one lepton + jets + MET)

The leading background is ttbar in the dileptonic channel

TABLE I: Summary of expected SM yields including statisti-
cal and systematic uncertainties compared with the observed
number of events in the signal region.

Source | Number of events
Dilepton tt 62 + 15
Single-lepton tt/W +jets 33.1 & 3.8
Multi-jet % == 1t
Single top o ae 06
Z+jets 0.9 £0.3
Dibosons 0.9 &£ 0.2
Total Ll == G
Data 105

ATLAS Collaboration, 1.0/fb@ 7 TeV, 1109.4725
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Reduce the ttbar Background

YB, Cheng, Gallichhio, Gu, 1203.4813
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see also the “topness” variable and a comparison
Graesser and Shelton, 1212.4495
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Reduce the ttbar Background

YB, Cheng, Gallichhio, Gu, 1203.4813

Minimum Cuts

Mstop = 600 GeV

miss
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b bl
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Motivated ATLAS Search

ATLAS Collaboration, ATLAS-CONF-2013-037
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Boosted Top

® Choose both top quarks to have hadronic decay

Kaplan, Rehermann, Stolarski, 1205.5816

= [ o i ]
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Boosted Top

® Potential improvement

* transverse mass of the sub-jet + MET

* MT2 constructed from 2 t + MET
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Search Region A*
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Search Region A*

® spin-correlation
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Search Region A*

® |eptonic MT2
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Search Region A*

® Vector-boson fusion

32
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Search Region B
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Stop+Chargino+Neutralino

mowy S Mg, — Mg S g
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Current Status (two-lepton)
ATLAS Collaboration, ATLAS-CONF-2012-167
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A Sample of Spectra

compared to the mass splittings in the ttbar background
me — MW MW o (A
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A Sample of Spectra

m;, (GeV) Mg (GeV) | mgo (GeV) b-jets leptons
S1 300 160 120 harder softer
S2 300 200 120 comparable | comparable
S3 300 230 120 softer harder
S4 250 160 120 comparable softer
S5 250 180 120 softer softer
S6 250 200 120 softer comparable
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MT2 Variables
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A Combination of Variables

mz, (GeV) M+ (GeV) | mgo (GeV) b-jets leptons best-variables
S1 300 160 120 harder softer M?,
S2 300 200 120 comparable | comparable combo-all
S3 300 230 120 softer harder Wi,
S4 250 160 120 comparable softer pET + M%Q
S5 250 180 120 softer softer combo-all
S6 250 200 120 softer comparable Ao

YB, Cheng, Gallichhio, Gu, 1204.3148
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Search Region C
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Search Region C

Figure 1: Generic diagrams contributing to the loop-decay t; — cx?.
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Search Region C

Scalar color triplet (stop/bino)

izl Pt e ” De Simone, Giudice,
50" Strumia, 1402.6287
dark matter z
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as well as

['(f; — Nbud) ~T'({; — Nbc3) ~ 3T'({; = Nblty,) L=e, u, 7.

” Delgado et.al, 1212.6847



Search Region C

Scalar color triplet (stop/bino)
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Search Region C

Scalar color triplet (stop/bino)
60F i~ T T T T T T T T T T
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Search Region C

Scalar color triplet (stop/bino)
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Status

t.t, production Status: Moriond 2014
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Discovery of the Higgs Boson
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