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Status of low-energy supersymmetry

» strong limits on squark and gluino masses
(mostly in CMSSM /simplified models)

« relatively large Higgs mass
— large loop correction to Higgs mass needed
— fine tuning
= Simplest SUSY models in bad shape

Barbieri-Giudice fine-tuning measure

[Barbieri/Giudice (1988)]
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Drop one of the assumptions in the (C)MSSM

give up on small fine-tuning
landscape, anthropic principle, ...

Don't constrain the parameter space, allow flavour dependent soft
masses

constraints relaxed, but generation of large Higgs mass still requires
large stop contribution, although fine-tuning relaxed for light stops

introduce R parity violation to weaken collider constraints
proton decay, LSP no longer stable — no dark matter candidate

Extend MSSM to modify Higgs mass prediction, more specifically raise
Higgs mass

e.g. at tree level in NMSSM: introduce gauge singlet S
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Superpotential
Whmssm = ASHqH, + 253

Soft breaking terms

Viot = miy, |Hal? + m2y, [Hal? + m2|S|? — (axSHaHy + %‘53 +he)

Bound on lightest Higgs mass mj,

2 2
_ m% cos” 2 large tan 8
m3 < m% cos® 2B + A2v?sin? 28 — { }\252 sin2 28 smgll tan B

» No gain for large tan 8 compared to MSSM
« small tan 8 = large A = 0.7 or additional stop loop contribution

Landau pole below GUT scale — low cutoff required
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Does not solve hierarchy problem, but only little hierarchy problem
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%), i.e.
the natural region of parameter space in the NMSSM

« assuming "SM-like" Higgs with mp &~ 125 GeV [(124 — 126) GeV]
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Assumptions
+ Cutoff A =10 TeV
* no CP violation
» First two generations of squarks and all sleptons decoupled
» impose LEP bounds on particle masses
* Neutralino LSP (EW gauginos not decoupled)
* no invisible Higgs decays

Analysis
* Markov-Chain Monte-Carlo (MCMC)
» with modified version of NMHDECAY [Eilwanger, Gunion, Hugonie]
» No Landau pole below the cutoff scale A = 10 TeV

» Electroweak precision test: S and T taking into account

» Neutralino-Chargino sector
« Higgs sector
. T in StOp—SbOttom sector (S iS Sma” [Barbieri, Hall, Nomura, Rychkov])




» Input values are specified at

2 2 2
mz, + mg, + mg

+m?
M2 s 1 2
SUSY 4

* range of input values:

0TeV < My, Mp, < 3TeV
700 GeV < M3 < 3 TeV
0TeV < m@,, my;, mg; < 3TeV
—3TeV < Ay, Ax, A, Ap <3TeV
A>0
aR=RAL N0
tan 8 > 0.5




Loop corrected Minimisation Conditions

2 2
g2+ g 1 0AV g
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with u g = As(Q), Bg = Ax + ks(Q) and

V(@) = vu/r/Z1, va(Q) = vy/\/Zn, (@ =s5/v/2

« Three minimisation conditions result in linear system of equations for

dv? dtanp ds

— ———— and —

de ' dg dé
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* which determines the usual fine-tuning: ¥¢ = 2 a2 ST
v




« Are the parameters at the SUSY scale fine-tuned?




Quantum Corrections between SUSY scale and cutoff A

For example stop contribution to my,:

5mH
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For example stop contribution to my,:

5mH
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SUSsy

« Are the parameters at the SUSY scale fine-tuned?

« Consider fine-tuning measure for each dimensionful coupling
2 2

m,z_, mQ3 d5mHu

eg. L ' =
Qs m%,u dm%\)3

» Fine-tuning of EW scale with respect to mé_,):
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Quantum Corrections between SUSY scale and cutoff A
For example stop contribution to my,:

3 By A2
6mH To6n2 (mQ3 +m? , TA ) log l/\/l_%usy]

« Are the parameters at the SUSY scale fine-tuned?
« Consider fine-tuning measure for each dimensionful coupling

2 2
s mez"u e mQ3 d5mHu
g [ e D)

Qs  my dm%\)3

» Fine-tuning of EW scale with respect to mé_,):

v2 df,' dm%)3

~

p) 2
v v,MC mg, dv* dé§;
o | E R

- Edf v,MC £l v,MC
PR T T | <T
1

» Hence, the overall fine-tuning of the EW scale is given by

YV = max; ZZ},‘
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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)

In the following
» 124 GeV < mp < 126 GeV
« "SM-like" Higgs: |Rzzn — 1| < 0.05 and |R,zn — 1] < 0.05







0.6 <A<23

A~ K

running of K stronger than A = maxk < maxA\

tan 8 bounded due to contribution to T parameter




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", 117, 5)

o tan 13 g 5 ||m|ted by StOp Contribution tO T [Barbieri, Hall, Nomura, Rychkov]

Higgsino-Singlino mixing restricted
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small A terms: A, < Ay < 1TeV
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m /

cmy, S 2.4TeV
« natural region with no light stops

» consistent with results obtained forM
WNMSSM = )\SHqu Sin ‘ELHqu -+ 552[Hall, Pinner, Ruderman (2011)]




200 400 600 800 1000 1200 1400 1600

200 100 600 800 1000 1200
jutl /

M.

« one CP odd Higgs < 500 GeV
« at least one CP even Higgs < 1TeV

* b — s will constrain light charged Higgs mass, but it is already
mostly above 400 GeV
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1750

« 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 <5

« relatively large A and kK ~ X preferred: 0.7 < A < 2.3
« small A terms: A, < Ay < 1TeV

low cutoff required

« stop masses can be large ~ 2 TeV, while maintaining
small fine-tuning

Possibly no coloured particles below 1 TeV

Testing the whole parameter space of natural SUSY at
the LHC not easy




Thank you very much for your attention.
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