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Run | Data Well Described by SM Processes

Standard Model Production Cross Section Measurements  siwws: Juy 2014 fLdt
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clectroweak Symmetry breaks at
energies ~ 1 TeV (SM Higgs or ?7?)

- WW Scattering unitarized at energies ~ 1 TeV
(SM Higgs or ?7?)

- Gauge Hierarchy: Nature is fine-tuned or
Higgs mass must be stabilized by

New Physics ~ 1 TeV

- Dark Matter: Weakly Interacting Massive
Particle must have mass ~ 1 TeV to reproduce
observed DM density

EVOLUTIONS
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- WW Scattering unitarized at energies ~ 1 TeV
(SM Higgs or ?7?)

- Gauge Hierarchy: Nature is fine-tuned or
Higgs mass must be stabilized by

New Physics ~ 1 TeV

- Dark Matter: Weakly Interacting Massive
Particle must have mass ~ 1 TeV to reproduce
observed DM density
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Higgs!!

"I Think We Have It’

Events/5 GeV

= QOur shiny new

Boson!

= dmtheory ~ 3 GeV -
» Well exceeds exp’t error!
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Use Higgs as a Tool for Discovery

= Higgs offers unique portal for discovery

= Key properties we need to understand

» Total width

» Couplings to SM particles
Shape of Higgs potential: self-interactions
Is there a CP-odd component?
Do Higgs couplings violate flavor?
» How does Higgs interact with neutrinos?
Does the Higgs generate mass for Dark Matter?
How many Higgs Bosons are there?
Is Higgs elementary or composite?
Is the universe in a false vacuum?
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Study the Higgs in as much detail as possible!




Higgs Mass: Tension with SUSY?

= 125 GeV Higgs requires SUSY " sweet-spot’
» Large stop mass/mixing
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Higgs Couplings

= Higgs is looking more-or-less SM-like, but
measurements have large errors at present

ATLAS Prelim. —02251‘;,’16_) Total uncertainty
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Higgs Couplings: Model Independent Approach

= |n a complete
analysis all 34 +
25 4-fermion
operators need to
be considered.

= Demonstrates the
art of choosing a
basis

X3 S06 and (,04D2 ¢2Q03
Qo | fA5GrGEGoH | Q, (¢lp)? Qep (©'0) (lherp)
Qs | FAECGIGEGSH | Qi | (Wlo)Dlee) | Que | (010)(Gud)
Qu |eKWEWIWE | Qoo | (¢'D40) (¢'Dup) | Qus | (010) Gotlrt)
Qw | KWW oW ks

X2(,02 1,/)2X§0 ¢2Q02D
Qo | ¢loGAGH | Quy | (ome)r'oW., | Q) (w*iB o) (L)
Qi | ¢leGAG™ | Q| (o*e)eBu | QY (¢'iD} 0)(r'rl,)
Quw | loWLW™ | Que | (Go"T*u)@Gh, | Que (soTzD 0)(ep7"er)
Qv | PeWLW™ | Quwv | @Go™u)rEWL, | Q% | (¢ iD,0)(@7"s,)
Qs | ¢9BuB” | Qus| (%0™u)PBu | Q (WD’ #) (@' "e)
Qi | ¢'0BuB” | Qo | @0"T4d)eGh | Qu | (1D, 0) (@ u,)
Quws | o WLB* | Qaw | (Go*d. )T o WL, || Qua | (' iD u @) (dyy“d,)
Qs | ¢'TeWLB” | Qs | (@9"d)eBu | Qua| i(@'Dup)(@d;)

Table 2: Dimension-six operators other than the four-fermion ones.

Grzadkowski etal 1008.4884




Higgs Couplings: Model Independent Approach

= Effective Field Theory of EW Gauge sector + Higgs
* Finite set of Dimension-6 operators

400

200 -

(TeV™2)

fww — fBB

—-200 -

—400 -

Comparison of bounds from

« Oblique parameters S,T,U from
EW precision measurements

95% CL gg=2>h=2>vyy
« Demonstrates the

complementarity

Chen, Dawson, Zhang, 1311.3107



Precision Measurements of Higgs Couplings

* |ndirect effects of Supersymmetry affects Higgs couplings

= pMSSM Study: Higgs coupling measurements sensitive to
models not accessible to HL-LHC

Study Ratio: I',yssw/Tsm

' T T T
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Cahill-Rowley etal, 1407.7021



Combined Effect of yy, tr, bb Channels vs Direct A Search

LHC HL-LHC
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Higgs Triple Self-Coupling

= Study of Supersymmetric effects
= What level of precision is necessary?
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Test Unitarity in WW/ZZ Scattering

« Important for HL-LHC program!!
 Invariant mass distributions in Two-Higgs-Doublet-

Model
Chang, Cheung, Luy, Yuan, 1303.6335
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The Hierarchy Problem

Energy (GeV) 4919 ¢ planck
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CUT Quantum Corrections:

Virtual Effects drag
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A Cellar of New Ideas

'67
77
'70’s
'90’s
'90’s
'08
'02

'03
'03
‘04
'05

The Standard Model

Vin de Technicolor

Supersymmetry: MSSM
SUSY Beyond MSSM

CP Violating Higgs
Extra Dimensions
Little Higgs

Fat Higgs

Higgsless

Split Supersymmetry
Twin Higgs

a classic!
aged to perfection

better drink now

mature, balanced, well
developed - the Wino’s choice

svinters blend

all upfront, no finish
lacks symmaetry

bold, peppery, spicy
uncertain terrior

complex structure

young, still tannic
needs to develop

sleeper of the vintage
what a surprise!

finely-tuned
double the taste J. Hewett



ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: ICHEP 2014 [L£dt=(1.0-203) b7 V5=7,8TeV
Model ty Jets ET™ [rdim] Mass limit Reference
ADD Gkk +g/9q - 1-2]j Yes 47 Mp . . I n=2 1210.4491
ADD non-resonant ££ 2e,u - - 20.3 n=3HLZ ATLAS-CONF-2014-030
ADD QBH — (q 1epu 1j - 20.3 n==6 1311.2006
ADD QBH - 2] - 20.3 n=6 to be submitted to PRD
ADD BH high Ny 21 (SS) - - 20.3 n =6, Mp = 1.5 TeV, non-rot BH 1308.4075
ADD BH high 3 pr >lepu >2j - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1405.4254
RS1 Gkx — (€ 2eu - - 20.3 k/Mp; = 0.1 1405.4123
RS1 Gk —» WW — tvlv 2e,p - Yes 47 k/Mp; = 0.1 1208.2880
Bulk RS Gkx — ZZ — (lqq 2eu 2j/14J - 20.3 k/Mp =1.0 ATLAS-CONF-2014-039
Bulk RS Gkx — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 Gev [l k/Mp =1.0 ATLAS-CONF-2014-005
Bulk RS gxk — tt 1eu 21b,>1J/2) Yes 14.3 BR =0.925 ATLAS-CONF-2013-052
S'/z, ED 2e,pu - - 5.0 F 1209.2535
UED 2y - Yes 4.8 ATLAS-CONF-2012-072
» SSM Z' — ¢t 2e,pu - - 20.3 1405.4123
S SSM Z’ — 17 27 - - 19.5 ATLAS-CONF-2013-066
3 SSM W’ — (v Tepu - Yes 20.3 ATLAS-CONF-2014-017
'g EGM W’ —» WZ — tv '€ 3epu - Yes 20.3 1406.4456
® EGM W’ — WZ - qqlt 2e,pu 2j/14J - 20.3 ATLAS-CONF-2014-039
& LRSM W b leu  2b01) Yes 143 ATLAS-CONF-2013-050
LRSM W;? — tb Oe,u >1b,1J - 20.3 to be submitted to EPJC
Cl qqqq - 2] - 4.8 1210.1718
Cl qqtt 2e,u - - 20.3 e =-1 ATLAS-CONF-2014-030
Cl uutt 2e,u(88) 21b21j Yes 143 ICl=1 ATLAS-CONF-2013-051
S EFT D5 operator (Dirac) Oe,u 1-2j Yes 10.5 at90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
Q EFT D9 operator (Dirac) Oe,u 1J,<1]  Yes 20.3 at90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 15t gen 2e >2j - 1.0 B=1 1112.4828
Scalar LQ 2" gen 2u >2j - 1.0 =1 1203.3172
Scalar LQ 3" gen leu 17 1b1]j - 47 p=1 1303.0526
Vector-like quark TT — Ht + X 1eug 2=2b>4j Yes 14.3 T in (T,B) doublet ATLAS-CONF-2013-018
§-§ Vector-like quark TT — Wb+ X 1e,u >21b,>23j Yes 14.3 isospin singlet ATLAS-CONF-2013-060
5 § Vector-like quark TT — Zt + X 2/>3e,u  >2/>1D - 20.3 T in (T,B) doublet ATLAS-CONF-2014-036
L S Vectorlike quark BB - Zb+ X 2/>3e,u  >2/>1b - 20.3 Bin (B,Y) doublet ATLAS-CONF-2014-036
Vector-like quark BB - Wt +X 2e,u(SS) 21b,>1] Yes 143 Bin (T,B) doublet ATLAS-CONF-2013-051
Excited quark g* — qy 1y 1j - 20.3 only u* and d*, A = m(q”) 1309.3230
Excited quark q* — qg - 2j - 20.3 only u* and d*, A = m(q”) to be submitted to PRD
Excited quark b* — Wt 1or2e,u1b,2jorlj Yes 4.7 left-handed coupling 1301.1583
Excited lepton £* — ¢y 2e,u,1y - - 13.0 A=22TeV 1308.1364
LSTC at —» Wy teuly - Yes 203 to be submitted to PLB
LRSM Majorana v 2e,pu 2] - 2.1 m(Wg) = 2 TeV, no mixing 1203.5420
5 Type lll Seesaw 2epu - - 5.8 |V,|=0.055, |V,|=0.063, | V;|=0 ATLAS-CONF-2013-019
S Higgs triplet H** — ¢¢ 2 e, u(SS) - - 4.7 DY production, BR(H** — ££)=1 1210.5070
O Multi-charged particles - - - 4.4 DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 2.0 DY production, Ig| = 1gp 1207.6411
il 1 il L 1L l L il L L

*Only a selection of the available mass limits on new states or phenomena is shown.

10 Mass scale [TeV]



LQ1(ej) x2
LQ1(ej)}+LQ1(vi)
LQ2(uj) X2
LQ2(uj)+LQ2(v))
LQ3(vb) x2
LQ3(tb) x2
LQ3(tt) x2
LQ3(vt) X2

RS1(yy), k=0.1
RS1(ee,uu), k=0.1
RS1(jj), k=0.1
RS1(WW—4)), k=0.1

CMS Prellmlnory

SSM Z'(t7)

SSM Z'(jj)

SSM Z'(bb)

SSM Z'(ee)+Z'(up)
SSM W'(jj)

SSM W'(lv)

SSM W'(WZ—1vll)
SSM W' (WZ—4j)

coloron(jj) x2
coloron(4j) x2
gluino(3j) x2
gluino(jjb) x2

stopped gluino (cloud)
stopped stop (cloud)
HSCP gluino (cloud)
HSCP stop (cloud)
g=2/3e HSCP

g=3e HSCP

Leptoquarks

neutralino, ctau=25cm, ECAL time

?

4 j+MET, SI DM=100 GeV, A
|+MET, SD DM=100 GeV, A

y+MET, SI DM=100 GeV, A
y+MET SD DM=100 GeV, A

I+MET, €=+1, SI DM=100 GeV, A

I+MET, €=+1, SD DM=100 GeV, A

4 I+MET, €=-1, SI DM=100 GeV, A
I+MET, €=-1, SD DM=100 GeV, A

ADD (j+MET), nED=4, MD

ADD (y+MET), nED=4, MD

QBH, nED=4, MD=4 TeV

| | NR BH, nED=4, MD=4 TeV
Jet Extinction Scale

String Scale (jj)

—
) ADD (yy). nED=4, MS
ADD (ee,up), NnED=4, MS

Excited
Fermions

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dimuons, A- LLIM
single e, A HhCM
single p, A HNCM
inclusive jets, A+
inclusive jets, A-

Multijet
Resonances

Long-Lived
Particles

Large Extra
Dimensions

CMS Exotica Physics Group Summary — ICHEP. 2014



SUSY is complex:
not a single model
but a large framework

SUSY can be hiding
& may only appear
at 14 TeV

Dirac
gauginos

SUSY is too big
to explore without
SOME assumptions

CMSSM

Rizzo




CMSSM After LHC Run |

« CMSSM: mgy, m, ,, A, tan B,

sgn(u)
« Fit to global data set
e u>0

« 68% CL, 95% CL (solid curves)
« best fit point «

0 1000 2000 3000 4000 5000 6000
m,[GeV]
Buchmueller etal, 1312.5250
4000 60
3500} sol
3000}
40}
< 2500(
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S, 2000 5 30
£ 1500} |
1000}
500} 19 N
% 10 20 30 40 50 60 % 1000 2000 3000 2000
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CMSSM After LHC Run |

,[GeV]

1

ml/

ml/Q[GeV]

4000

3500¢
3000}
2500¢
2000¢
1500¢
1000¢

500¢

PO

1000 2000 3000 4000 5000 6000

m,[GeV]

15

20
tans

CMSSM: my, m, ,, A, tan B,
sgn(u)

Fit to global data set

M<O

68% CL, 95% CL (solid curves)
best fit point
Constrained by g-2, b=2»sy, m,

Buchmueller etal, 1312.5250
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1000 2000
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3000
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pMSSM after LHC Run |

« 19-parameter MSSM with Neutralino LSP
« Consistent with global data set
« Subjected to ~40 LHC Run | SUSY Searches

|
o o
[e4) o o
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~

™ (V)| SP mass

o
~ v o

Fraction of Models Excluded by LHC SUSY Searches
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o
w

o
N

o
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o
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0 600 800 1000 1200 1400 1600
m; (GeV) Gluino mass

Simplified Model Limit (ATLAS) Cahill-Rowley etal, 1407.4130



pMSSM after LHC Run |

« 19-parameter MSSM with Neutralino LSP
« Consistent with global data set

« Subjected to ~40 LHC Run | SUSY Searches

Fraction of models excluded

1000

.
o

« Compressed Spectra

« Stealth SUSY
- Complicated dk chains

[«
(<

Fraction of Models Excluazd by LHC SUSY| Searches

LSP mass
2
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20
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600
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©
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 Kinematics
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........
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w

o 2-parameter
Simplified Model
provides good

0 600 800 1000 1200 140 1600 1800 ‘ approximation
m; (GeV)  Gluino mass

200
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Simplified Model Limit (ATLAS) Cahill-Rowley etal, 1407.4130



pMSSM after LHC Run |

Lightest squark mass
m; (GeV)

q

=
w
o
o

« 19-parameter MSSM with Neutralino LSP

« Consistent with global data set

« Subjected to ~40 LHC Run | SUSY Searches

Fraction of models excluded

3000 ¢ @ ) 0 0
[ =

2500

2000

1000

500

500 1000 1500 2000 2500
m; (GeV)  Gluino mass

Simplified Model Limit (ATLAS)

3000

© o ©o o o é é e o ¥
[l N w Y w ()} ~ (o] o o
Fraction of Models Excluded by All LHC Searches

o
o

« Light Squarks/
Gluinos still allowed!

« 3-parameter
Simplified Model does
NOT provide a good
approximation

Cahill-Rowley etal, 1407.4130



pMSSM Expectations for 14 TeV

Jets+MET & Stop Search (ATLAS European Strategy &
Snowmass Study)
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Naturalness Crisis!

Is the CNMSSM more natural than the CMSSM? What is a Natural SUSY scenario?

Andrew Fowdlid®

Implications of naturalness for
the heavy Higgs bosons of supersymmetry (| aerto

Casas,” Jestis M. Moreno,* Sandra Robles,* Krzysztof Rolbiecki® and

Bryan Zaldivar®

Kyu Jung Bael:L Howard Baer]ﬂ Vernon Bgrgerﬂ

Dan Mickelson'$ and Michael Savoy'" Natural Supersymmetry in Warped Space

EFT naturalness: an effective field theory analysis of Higgs naturalness

Shaouly Bar-Shalom,"* Amarijit Soni,2! and Jose Wudka3- 1

Ben Heidenreich and Yuichiro Nakai

Naturalness in low-scale SUSY models

and “non-linear” MSSM

NATURAL SCALARS IN THE NMSSM

DARIO BUTTAZZO

I. Antoniadis®, E. M. Babalic®, D. M. Ghilencea®®

Triplet-extended scalar sector and the naturalness problem

Indrani Chakrabortyﬂ and Anirban KunduE

Natural Supersymmetry and Dynamical Flavour with
Meta-stable Vacua

Steven Abel® and Moritz McGarriet

The 126 GeV Higgs boson mass and naturalness in
(deflected) mirage mediation

Hiroyuki Abe* and Junichiro Kawamura!

Naturalness of scale-invariant NMSSMs with and

Leaving no stone unturned in the hunt for without extra matter

SUSY naturalness: A Snowmass whitepaper

H. Baer', V. Barger?, P. Huang?, D. Mickelson', A. Mustafayev®, W. Sreethawong* and X. Tata® Maien Y. Binjonaid,*® and Stephen F. King®
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Naturalness

= How is naturalness quantified?
My _ my, + X5 — (my, +XY) tan® 8 o
2 tan? 8 — 1 s
= Traditional (Barbieri-Giudice):

M% (90/7;

Apg = max;|c;| = max;

= High-Scale: Apg = mami\Bﬂ/(Mg/z)

= Electroweak Scale: Apw = maxz; |C;| /(M2Z/2)

Generally |Apw < Apc < Aps




Naturalness: CMSSM
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Low Fine-Tuned pMSSM Model Sample

« Generated specific pMSSM model set with low fine-
tuning

« Consistent with global data set

« Barbieri-Giudice formalism

3500

Qh? = 0.1153 = 0.095

3000 -
2500 -

2000

()
w
(@]
o

Number of models

1000 |-

500 |

0 20 20 60 80 100

AN Fine-tuning
BG Cahill-Rowley etal, 1407.4130



pMSSM Low Fine-Tuning Sample Spectrum
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14 TeV Coverage of pMSSM Low Fine-Tuning Models

« Jets+MET & Stop Search (ATLAS European Strategy &
Snowmass Study)

« 3 ab! covers entire set!
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Maximally Natural Supersymmetry

5-dimensional SUSY with Scherk-Schwarz SUSY breaking at KK
scale (1/R) of several TeV

Gauginos, Higgsinos, 15t two generations of sfermions get
masses Of 1 /ZR Dimopoulos, Howe, March-Russell
3rd family is localized on 4D brane

Only H, acquires a vev - no pu-term y
» Higgs is SM-like |
Broken U(1)’ raises Higgs mass, with
my, ~ 1/R 10/

12~

mz' (TeV)

Higher dimensional gravitational bulk

Gsm xUQ), Fi2, Hyd, P12

P, X
AW = AX (¢1¢2 — 7°)

1/R (TeV)



Higgs Mass and Unnatural Supersymmetry

Higgs mass in Ge\V/

= High-scale or Split Supersymmetry
= Compute matching conditions for Higgs mass with

hlgh |nte rmedlate SUSY Scale Bagnaschi, Giudice, Slavich, Strumia
1407.4081
Qust-netre SUSY, trp =10 High-scale SUSY Split-SUSY
135 T T T T T TTT 160 T T T T T T T T 160 T T T T T T T T T
SUSY thresholds ¢t 2 QCD loaps . ' : tang = 50 N j _ tang = 50
\siop m'mﬂ% ] L tanf = 4 Stop mixing: 1 | tang = 4
i = o taB=? Upper: maxima 1 - B2 .
SUSY thresholds t | loop et = 150F éﬁ: | Lower: minimal 1 1507 t2$: | /;
> 3
O M eSS T O 40F
£ r £ I
£ £
o 130} o 130}
g gt
Observed My, Observed My,
120, 120}
1 ».' | : M1=M2=M3=}1=1T6V:
1151 é ““HI‘O 3‘0 110'/\l|\\1\|\\|\\|\ ]10’ |y I I |
104 105 108 100 10" 10™ 106 108 104 10 108 100 10 10" 106 108

Degenerate SUSY scale in TeV Degenerate SUSY scale in GeV Degenerate SUSY scale in GeV



No Sign of SUSY or any oth

er New Physics...
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Anomaly: High WW cross section(?)

Events[A.U]

/10 GeVv

= Several potential explanations

3500, ~ Jet-veto in SM WW production
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Dark Matter

= ~85% of the matter in the universe!
= New physics that we know exists!
= WIMP miracle

= Unitarity sets upper bound on DM mass ~tens of TeV

MAKE TT
SM
SHAKE
Ng
(ScaHeriry) SM

BREAK TT

(annihi /mL"o") ~ Toro




Dark Matter in Supersymmetry

wino

109 ¢ prepe—p—— : , , . —
- e Bino * Wino - Higgsino
Bino-Higgsino ® Bino-Wino Wino-Higgsino
® Mixed
Well-tempered neutralino Bino co-annihilation
1 (ol S 3 Ky e
: &
S 102p S
107
| T 102 o
Other annihilations

Cahill-Rowley etal, 1405.6716



Direct Detection in the MSSM

« Spin-independent cross section

CMSSM - global fit

10 10° 103
mso [GeV]

Buchmueller etal, 1312.5250

R - og1 (pb)

1079

1077

1071

10—15

10—17

pMSSM

— LZ Sl exclusion, 1000 Days
« Survives DD, ID, and LHC
o Survives DD and ID but not LHC

Excluded by ID but not DD
Excluded by DD and ID
Excluded by DD but not ID

Cahill-Rowley etal, 1405.6716




Indirect Detection of Dark Matter

A Number of Unexplained or Ambiguous
Observations Persist:

Excess 511 keV. emission from Galactic Bulge (INTEGRAL)
Excess high-energy cosmic ray positrons (PAMELA, AMS)
Excess isotropic radio emission (ARCADE, etc.)

130 GeV line from the Galactic Center (Fermi)

3.5 keV line from Galaxy Clusters (XMM-Newton, Chandra)
Excess GeV.emission from the Galactic Center (Fermi)

Any of these signals could plausibly be the result
of annihilating/decaying dark matter particles
(although most probably are not)

Stay Tuned!

Dan Hooper - Indirect Dark Matter Searches: Excesses and Anomalies SLAC Summer Institute 2014




Dark Matter at the LHC: Mono-Whatever

We wanttouse  1he LHC to bound DM interactions with The SM  3nd

(an experiment) (some SM particles)
Direct/Indirect

to compare these limits with those from _ Detection on these same interactions.
(another experiment)

) I = Mono-jet

! N » Mono-photon
= Mono-W/Z
= Mono-Higgs

= Mono-everything!



Dark Matter Effective Theory

= Dark Matter is only state
accessible to exp’t

= Mediating particles are
heavy compared to exp’t
energies

Example: Majorana WIMP

= Described by 10
operators with Lorentz
and SUG3)xU(1)gm
invarianant coupling to
quarks & gluons

= Strength of operator is
parametrized by M.

Majorana WIMP operators

Name|Type| Gy ™ | I
ML | qq |mg/2M7| 1 | 1
M2 | qq |img/2M;| v5 | 1
M3 | qq |img/2M2| 1 | 7
M4 | qq |mg/2M2 | 75 | 75
M5 | qq | 1/2M; |vsyu| 7"
M6 | qq | 1/2MZ |vs7yu|vs7"
M7 | GG | as/8M} | 1 | -
M8 | GG |ias/8M2| 5 | -
M9 | GG | as/8M2 | 1 | -
MI10 | GG |ios/SM2 | 45 | -

Goodman etal, 1005.1286




DM Effective Theory: Collider Results
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Validity of Effective Theory

= Collision energy can be > bounds on scale of
contact interactions!

M .4 >> E-y, the correct limit is obtained
M. .4 ~ Ecy, the limit is underestimated
M .4 << Ecy, the limit is overestimated

90% CL limit on A [GeV]
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500F

Region Il Region |l
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AZ
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~10000
Buchmeuller, Dolan, McCabe, 1308.6799



Simplified Model of Dark Matter

« Heavy squark Mediator
0 « Strong collider bounds

for Majorana DM!

pp->qd, g->y q for q, Model with Majorana DM

éfaoo;— f 253%

» Collider bounds 3

compete with those e §
500 — —1.5

from direct detection
« Can forecast the :
largest possible Spin-
Dependent cross ]

H 1 | ) I | | | I | I
sections oo oo o e o e 00 4000
DiFranzo, Nagao, Rajaraman, Tait, 1308.2679 M; (GeV)
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Why Jet Sub-structure?

Low top pT High top pt

b
At high pT, objects \U

get boosted and become
closer together




Boost

= Boosted techniques are essential for every analysis
in this talk!

» Increase signal statistics
» Extend discovery reach

= Higgs interactions with heavy quarks
= Diboson production at high p-

= Search for new physics

= Mono-whatever

= Simplified Dark Matter models

= Plus many, many more!!

= Don’t forget /s = 100 TeV, where everything is
boosted!



Prospects for Run 2

= Determination of Higgs properties is key

= Continue search for new physics

= Watch present anomalies closely

There is MUCH discovery space left!!




Looking
forward to

data from

CALM Run 2 at

AND 13/14 TeV!

Discoveries
await!




