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» Why did the LHC not discover SUSY?

weaken collider constraints

» compressed particle spectrum
« R parity violation
proton decay?
LSP no longer stable — dark matter?

« Why is the Higgs heavy despite tree level relation myo < mz| cos28|?

« light stops with large A; = large mass splitting
» Extend MSSM to modify Higgs mass prediction
e.g. at tree level in NMSSM: introduce gauge singlet S
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Superpotential
Whmssm = ASHqH, + 253

Soft breaking terms

a
Veort = miy |Hal* + miy, |Hul® + m2|S|? + (axSHaHy + ?“53 + h.c.)

Bound on lightest Higgs mass mj,

2 2
_ m% cos” 2 large tan 8
m? < m%cos® 2B + A*v?sin?28 — { }\252 sin? 28 smgll tan 8

» No gain for large tan B compared to MSSM — small tan 8
relatively large A 2> 0.6 or additional stop loop contribution

Landau pole below GUT scale — low cutoff required
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New physics at A = 10 TeV to solve the hierarchy problem

» e.g. within extra dimensional models

[Gherghetta, v.Harling, Setzer (2011)] [Larsen, Nomura, Roberts (2012)]

or Fat Higgs
[Harnik, Kribs, Larson, Murayama; Chang, Kilic, Mahbubani; Delgado, Tait; Birkedal, Chacko, Nomura]
Our Study
« Aim: Find the "Golden Region" of small fine-tuning (better 10%)
« assuming "SM-like" Higgs with mp &~ 126 GeV [(124 — 127) GeV]



Assumptions
* Fine tuning better 10% = X < 10
» 124 GeV < my, < 127 GeV
* "SM-like" Higgs: |Rzzn — 1] < 0.05 and |Ryz» — 1| < 0.05
* no invisible Higgs decays
* no CP violation
» First two generations of squarks and all sleptons decoupled
* Neutralino LSP
* No Landau pole below cutoff scale A = 10 TeV
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Fine-tuning Measure Analysis

¢ dv? * Markov-Chain Monte-Carlo
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* modified version of
NMHDECAY[EIIwanger, Gunion, Hugonie]

[Barbieri,Giudice (1988)]
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sector
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(not applied yet)

Range of input values

Input values

My < 3TeV
700 GeV < M3 < 3TeV
mQs, us,ds < 3 TeV
|Ax, k¢, b] < 3TeV
A>0
ax, = KA. >0
tang8 > 0.5

are specified at SUSY scale

2. mi

i=t1,2, b1,2

1
Miysy = 2
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* 0.6 < A < 2.3 and maxk < max A < running of k stronger than A
* A~ K [Larsen,Nomura,Roberts] because EWSB requires B, ~ ,u,2:

K
B =#<A>\+)\#)

* tan ,6 SJ 4.5 [Barbieri, Hall, Nomura, Rychkov] because |arge tan ﬂ
= large higgsino-singlino mixing (~ Atan §)
= large contribution to T parameter
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*» naturalness does not require light stops
» consistent with results obtained for
Whamssm = ASH, Hg + pH Hy + g52[Hall, Pinner, Ruderman (2011)]
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« one CP odd Higgs < 400 GeV
» at least two CP even Higgs < 1 TeV
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» imposed condition of a neutralino LSP: m x > m,o
1

« several light neutralinos (< 1 TeV)
+ lightest chargino m & < 700 GeV
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« There is a finite region of parameter space with small
fine-tuning, i.e. better than 10%

«smalltanB: 1 StanfB < 4.5

« relatively large A and K ~ A preferred: 0.6 < A < 2.3
low cutoff required

« small A terms: A, < Ay < 800 GeV

« stop masses can be large ~ 2 TeV

« naturalness does not require light stops

possibly no coloured particles below 1 TeV

difficult to test the parameter space of natural SUSY at
the LHC



Thank you very much for your attention.
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« large Higgs mass my, requires large A and small tan 8

+ Higgs defined as CP even scalar with largest H, component
(not necessarily lightest CP even scalar)
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Neutralinos

My 0 —cosBsin@ywmz  sinBsinBymgz 0
My cosBcos@ymyzy —sinBcosfymz 0]
0 —p
—u 0
—2%p
in gauge-eigenbasis 9° = (B, W3, /1", 11", %)

. tan IB g 45 ||m|ted by StOp Contribution tO T [Barbieri, Hall, Nomura, Rychkov]

Higgsino-Singlino mixing restricted
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