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BSM is the target

existing Mystery Constraints
Matter content no large EW
and gauge ‘USY LEP correction
Interaction . . lale
. ynamica
higgs boson symmetl no extra FCN
S , B factroy
is light breaking no proton decay.

dark matter

baryons in our no extra CP violatio

Universe
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® Higgs and SUSY search; What is Natural SUSY?

e “Composite way” ; Composite Higgs, top partner

® “QCD wins”; Why LHC was successtul

¢ Model independent Model; “Simplified” & “effective”

® Leptons and Photons in future
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Classic Solution:Supersymmetry

® symmetry to exchange boson and fermion.

® new particle predictions sfermions(0), gaugino(1/2), higgsinos(1/2)
Higgs vs SUSY

® No new dimensionless coupling and no quadratic divergence
® Higgs 4 point coupling ~gauge coupling. (no negative 4 point

coupling)+ radiative correction b
Answering big question

® gauge coupling unification
® R parity in MSSM . New stable particle= DM candidate.

but flavor and CP problem -> SUSY breaking models
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gauge coupling/soft parameter unification
mass spectrum (MSUGRA/CMSSM)
and little something

strongly interacting

mass scalar mass unification
important for FCNC

EW interacting

unification

sEle

Higgs mass

wo higgsino mass Reduction due to
YUKAWA correction stop and higgs mass in RGE
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gauge coupling/soft parameter unification
mass spectrum (mMSUGRA/CMSSM)
and little something

Higgsino mass

strongly interacting
- (little hierarchy)

mass §

EW interacting

solving constraint of correct symmetry
breaking
MSUGRA/CMSSMparameters are
m, M1, A, tanB
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What is natural,anyway?

fine tuning is the response of Z mass to the
fundamental parameters “a”

Now what is the “a” ? This idea has been
criticized since it was proposed in ‘88

GUT scale based ( Barbieri et al ->)

use GUT scale parameters: m, M1, A is order of 1000
The level of tuning also changes #parameters at GUT scale

f Weak scale based (Baer et al)

use parameter at weak scale: typically 1/10 less fine
tuned compared with GUT based analysis

... Why should we mind?
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nggs mass vs SUSY
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Light Supersymmetry

T A LR R A

Mind of SUSY theorists

muon g-2

degene

SEIS

J-

[

Heavy Supersymmery

Higgs mass

R parity
violation

A

extra
matter

Lot’s of Model building here..



SUSY spectrum on market

MSUGRA heavy scalar light higgsino or stop

: degenerate
classic AM for naturalness 5

(. .
Small cross section
top background KKLT
. -

R—

Stop2 - N Stop2 |

stop1 very hard to T
access —1LC? stop1

\_ J
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Composite ways

® Technicolor model... Scale up of chiral symmetry breaking

in QCD. Higgs as pion ( bound state of some strong
interaction) conflicts with EW precision data

® The Little Higgs model = Composite Higgs model

® Higgs as the pPNGB of some global symmetry breaking.
Typically SO(5)/SO(4), either elementary or composite

® The theory still needs “top partners”, because top must
be in a representation of the global symmetry

® UV completion © RS model  Holography
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e Randall Sundrum model = Composit Higgs model

TR

5D wavefunction

. heavy
re Sa| Matters light
4 | in the bulk
=

the R brane higgs

‘M,;) KKgauge (TeV)

In Holography(ADS/CFT) expectation/imagination

anomalous dimension to

IR brane: breaking of Conformal invariance :
generate Yukawa coupling
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Physics
® Top partners from SU(2)ix SU(2)r symmetry

e T, Tr mixed with t; tg in standard model sector
then decay into bW, tZ, tH.

Agashe, Contino Pomarol

e (Q=5/3), q(2/3), q(-1/3)

® RS model --gluon KK (production: coupling to the 1st
generation quark, dominantly decays into ttbar)

® Radiative correction to Higgs decay

® Being now constrained by LHC
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Collider searches
“QCD wins”
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dark matter and collider signature

colored partner ;
squark, gluino, e “SUSY signature”

g1, q1, extra quarks
® “Models with new colored particles

decaying into a stable neutral particle--
S

® Some of “New physics” are migrated into
SUSY category.

e Signal:
High Pr jets hiph Pr leptons and Etmiss

_______ Lepton partners
e assume mass difference is large
LSP, LKK, LOT

if there are R parity violation, we have
additional jets and leptons instead of Etmiss

Production of W, Z, and top with additional jets
would be significant background



background estimation powered by “Matching”

Parton shower
resum soft and collinear component

Hard Process l

proton

Hard ISR cannot be accounted ‘l
by PS approximation :

but “overlap” near boundary \ |
“Matching” remove the overlap
The inclusion of additional emission to the |

MLM SM process is important when
CKKW 2001 we rely on the cut on Pr3, P4

O and inclusive quantity like Hr, Meff...
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reproducing multijet distribution
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good background prediction
= exclusion up to kinematical limit
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have such efforts from experimental side
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170GeV

O(10)GeV

The boosted t, W, Z maybe
identified as a single jet
but there are structures inside
=mass drop

Jet substructure
Technology to find boosted heavy object in a jet
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reduce QCD background

150GeV :
single parton would not create

sub-substructure

—Mass Drop(identify hard object)

— Trimming(ignore soft activities)

min[(p})%, (p})*]

Initial jet m [M*® < pgac and Y > Yeut
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Degenerate SUSY in Simplified model

e Simplified model: Specify mass and decay pattern instead using full model prediction
® Production cross section ?mostly QCD
e Pick up representative decay patterns and mass difference

e Important especially when theorists (roughly) interpret LHC result to their own context.

How light the SUSY particle could be

s L~ ~0
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|y B I I I | I I I | I I I I I I | I I I | I I I | I ]
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800 — _ :
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N A {
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Effective dark matter interactions

® For the dark matter, we may a
independent approach--name
matter and matter is expressed

XI'x gl q

so consider a model
y, the coupling between dark
by effective coupling

® Especially for spin dependent interaction LHC give very

strong limit, especially for light DM(my<10GeV)

spin independent inte
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Leptons and
photons in Future



Reach up to 350 GeV!

Note however

Mass difference 50 GeV required due to the
overlap with W and Z’s

L HC seems not to sensitive about tau channel

(ILC is more sensitive to those.)
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EW SUSY at HL-LHC

> = ATLAS Prellmlnary (S|mulat|on go
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HL-LHC and Higgs Boson

ATLAS Preliminary (Simulation)

/s = 14 TeV: [Ldt=300 b ; [Ldt=3000 fb"
JLdt=300 fb™' extrapolated from 7+8 TeV

0O 02 04 06 038

['Y/I'z ~2% error from HL-LHC phase2

®

ILC error of H width
0.44% at 500GeV,

U
O(1%) Br for yy, and gg, loop physics

correction to gg— h production
Carena et al JHEP 1208(2012)156

30

0.7 0.8 09

X s

W )

Y 2.0 095
o
S E 1.5
g 0.98
S 1.0

2V 4
=) 0.5}

- R,

00

4 6 8 10 12 14
g(l)[ CV]

H->YY is more sensitive mass Ofyg uon K



B T L s L S T T R A AR S SR At iR A f

conclusion

® Existing BSM starts being constrained. Extended models are
not so simple-- if they are correct answer, why?

® The success of LHC is based on QCD/MC technology

e after 13TeV run, there will be HL-LHC run. Low threshold
allows us to study EW sector of new physics strongly.

e |LC, if can be build will allow us to study it further.
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