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SUSY and the EW scale

• SUSY postulates the existence of scalar partners to SM fermions as a means to
stabilize the large hierarchy between the EW and Planck scales
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˚ ˚ptanβ ě 5q

ñM2
Z “ ´1.9µ20 ` 5.9M2

3,0 ´ 1.2m2
Hu,0 ` 1.5m2

t̃,0
´ 0.8AtM3,0 ` 0.2A2

t,0 ` ...

‹ stops needed „ 10 TeV for Higgs mass
‹ Experimental limits pushing SUSY into TeV range
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SUSY and Naturalness

• Naturalness: Large cancelling effects in fundamental parameters resulting in a
desired outcome are unlikely.
ñ Contributions to MZ should not have to be so carefully tuned

• In SUSY literature, criterion for naturalness usually “measured” using Barbieri
Guidice (BG) derivative
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- Large ∆ ñ large amount of fine tuning and low probability in parameter space

• Requiring low sensitivity (∆)ñ SUSY should not be too far above EW scale

‹ SUSY two orders above MZ requires large fine tuning and is
improbable‹

mt̃ „ 104 GeV ñ ∆ „ 104 ñ tuning of 1 part in 104
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Minimally Specified MSSM

‹ Different approach‹

• Scan for outcomes of MZ

- Minimally specify parameters up to one significant figure. ñ Automatically avoids
outcomes resulting from carefully chosen parameters.

- An outcome that cannot be an accidental small number will be considered natural

‹ In a sufficiently complex model, minimal specification can naturally, in this
sense, lead to hierarchies up to two orders of magnitude‹

“Sufficient” complexity:
M2

Z “ ´1.9µ20 ` 5.9M2
3,0 ´ 1.2m2

Hu,0 ` 1.5m2
t̃,0
´ 0.8AtM3,0 ` 0.2A2

t,0 ` ...

‹ Numerous parameters
‹ parameters contribute at various orders of magnitude
‹ Leading order contributions are a cancellation of comparable numbers
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Minimal Specification (cont.)
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Toy Model

M2
Z
2

«
`

´ |µ|2 ´ m2
Hu,0

˘

´ ∆mHu

X « A ´ B

• Consider an observable X whose value, to leading order, depends on a difference
of two parameters

• Vary A and B, specifying one significant figure ˘50% of central values i.e.
A`At0,˘0.1,˘0.2, ..˘ 0.5u

• Here we take A “ B “ 1, but different central values only results in an overall
shift of the distribution

‹ ‹ ‹ No matter how the distribution is shifted by different central values, gap
„ 0.1 will remain. ñ X „ 0.1 is the smallest naturally outcome
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Toy Model (cont.)

∆mHu “ ..` 0.2A2
t,0 `..

• Add parameter contributing at the next order of magnitude to X, and vary
specifying one sig. fig. C ˘ 0.5C (A “ B “ C “ 1)

X » A´B ` 0.1C

• Gap size shows smallest X „ 0.01 no matter how distribution shifts, without
specifying any parameters beyond one significant figure.

• Adding parameters at next orders of magnitude fills in gaps further, but must
have parameter scanning at every level i.e. 10´2, 10´3, 10´4...

• Taking largest gap size as smallest allowable outcome eliminates accidental
small numbers

‹ Largest gap size is taken as smallest natural outcome‹
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CMSSM (A0 “ 0)

• M1{2, m0, µ „MSUSY ˘ 50% specifying one significant figure
M1{2 “ 1.2MSUSY , m0 “ .6MSUSY , µ “ 1.5MSUSY

• RG evolve entire MSSM from MGUT „ 2ˆ 1016 at two-loop and calculate MZ

for several choices
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Largest gap size „ 0.02 ñMSUSY ď 7MZ

M2
Z « ´1.9µ2 ` 5.9M2

1{2
` 0.3m2

0
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CMSSM

• M1{2, m0, A0, µ „MSUSY ˘ 50% one significant figure
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MSSM: non-universal Higgs masses

• M1{2, m0, mHu , mHd
, µ „MSUSY ˘ 50%, one significant figure, A0 “ 0
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Conclusions

• Based on sufficient compexity and minimal specification:
• CMSSM (A0 “ 0)ÑMSUSY ď 7MZ

• CMSSM ÑMSUSY ď 20MZ

• MSSM w/ non-universal Higgs masses Ñ MSUSY ď 60MZ

• In the MSSM, parameters contributing at orders continuously down to 10´6 in
masses squared ñMSUSY ď 103MZ (work in progress)

‹Outcomes in minimal specification appear with comparable probability with the
most probable outcomes, hiearchies achieved without specifying any model

parameter more than one significant figure‹

‹ Thanks! ‹
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