
Discussion
1) very basic introduction to the hierarchy problem


2) some ‘controversial’ statements
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Hierarchy problem

• No hierarchy problem without hierarchy 


• M (high scale) >> m(low scale)


• Relevant operator unprotected by symmetry  
will be sensitive to high scale.
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Quantum effects
m  ̄ 
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Relevant operator in SM, UV insensitive 

b/c  protected by (chiral) symmetry

relevant UV sensitive operators in SM

p
�g⇤4

cc
<latexit sha1_base64="juLaMfHLYRFwmLrRViV//LKaNNQ=">AAACE3icbVDLSsNAFJ34rPUVddnNYBFcaEmkoMuCCC5cVLAPaGKYTCbt0JkkzkyEErrwI/wGt7p2J279AJf+iZM2C9t6YOBwzj3cO8dPGJXKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBWYtHDMYtH1kSSMRqSlqGKkmwiCuM9Ixx9e5n7nkQhJ4+hOjRLictSPaEgxUlryzIojH4TKTvtj5wRC50YnA3Rf9zKMx55ZtWrWBHCR2AWpggJNz/xxghinnEQKMyRlz7YS5WZIKIoZGZedVJIE4SHqk56mEeJEutnkE2N4pJUAhrHQL1Jwov5NZIhLOeK+nuRIDeS8l4v/eb1UhRduRqMkVSTC00VhyqCKYd4IDKggWLGRJggLqm+FeIAEwkr3NrPF53kn9nwDi6R9VrOtmn1brzauinZKoAIOwTGwwTlogGvQBC2AwRN4Aa/gzXg23o0P43M6umQUmQMwA+PrF/Bgnhg=</latexit><latexit sha1_base64="juLaMfHLYRFwmLrRViV//LKaNNQ=">AAACE3icbVDLSsNAFJ34rPUVddnNYBFcaEmkoMuCCC5cVLAPaGKYTCbt0JkkzkyEErrwI/wGt7p2J279AJf+iZM2C9t6YOBwzj3cO8dPGJXKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBWYtHDMYtH1kSSMRqSlqGKkmwiCuM9Ixx9e5n7nkQhJ4+hOjRLictSPaEgxUlryzIojH4TKTvtj5wRC50YnA3Rf9zKMx55ZtWrWBHCR2AWpggJNz/xxghinnEQKMyRlz7YS5WZIKIoZGZedVJIE4SHqk56mEeJEutnkE2N4pJUAhrHQL1Jwov5NZIhLOeK+nuRIDeS8l4v/eb1UhRduRqMkVSTC00VhyqCKYd4IDKggWLGRJggLqm+FeIAEwkr3NrPF53kn9nwDi6R9VrOtmn1brzauinZKoAIOwTGwwTlogGvQBC2AwRN4Aa/gzXg23o0P43M6umQUmQMwA+PrF/Bgnhg=</latexit><latexit sha1_base64="juLaMfHLYRFwmLrRViV//LKaNNQ=">AAACE3icbVDLSsNAFJ34rPUVddnNYBFcaEmkoMuCCC5cVLAPaGKYTCbt0JkkzkyEErrwI/wGt7p2J279AJf+iZM2C9t6YOBwzj3cO8dPGJXKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBWYtHDMYtH1kSSMRqSlqGKkmwiCuM9Ixx9e5n7nkQhJ4+hOjRLictSPaEgxUlryzIojH4TKTvtj5wRC50YnA3Rf9zKMx55ZtWrWBHCR2AWpggJNz/xxghinnEQKMyRlz7YS5WZIKIoZGZedVJIE4SHqk56mEeJEutnkE2N4pJUAhrHQL1Jwov5NZIhLOeK+nuRIDeS8l4v/eb1UhRduRqMkVSTC00VhyqCKYd4IDKggWLGRJggLqm+FeIAEwkr3NrPF53kn9nwDi6R9VrOtmn1brzauinZKoAIOwTGwwTlogGvQBC2AwRN4Aa/gzXg23o0P43M6umQUmQMwA+PrF/Bgnhg=</latexit><latexit sha1_base64="juLaMfHLYRFwmLrRViV//LKaNNQ=">AAACE3icbVDLSsNAFJ34rPUVddnNYBFcaEmkoMuCCC5cVLAPaGKYTCbt0JkkzkyEErrwI/wGt7p2J279AJf+iZM2C9t6YOBwzj3cO8dPGJXKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBWYtHDMYtH1kSSMRqSlqGKkmwiCuM9Ixx9e5n7nkQhJ4+hOjRLictSPaEgxUlryzIojH4TKTvtj5wRC50YnA3Rf9zKMx55ZtWrWBHCR2AWpggJNz/xxghinnEQKMyRlz7YS5WZIKIoZGZedVJIE4SHqk56mEeJEutnkE2N4pJUAhrHQL1Jwov5NZIhLOeK+nuRIDeS8l4v/eb1UhRduRqMkVSTC00VhyqCKYd4IDKggWLGRJggLqm+FeIAEwkr3NrPF53kn9nwDi6R9VrOtmn1brzauinZKoAIOwTGwwTlogGvQBC2AwRN4Aa/gzXg23o0P43M6umQUmQMwA+PrF/Bgnhg=</latexit><latexit sha1_base64="juLaMfHLYRFwmLrRViV//LKaNNQ=">AAACE3icbVDLSsNAFJ34rPUVddnNYBFcaEmkoMuCCC5cVLAPaGKYTCbt0JkkzkyEErrwI/wGt7p2J279AJf+iZM2C9t6YOBwzj3cO8dPGJXKsr6NpeWV1bX10kZ5c2t7Z9fc22/LOBWYtHDMYtH1kSSMRqSlqGKkmwiCuM9Ixx9e5n7nkQhJ4+hOjRLictSPaEgxUlryzIojH4TKTvtj5wRC50YnA3Rf9zKMx55ZtWrWBHCR2AWpggJNz/xxghinnEQKMyRlz7YS5WZIKIoZGZedVJIE4SHqk56mEeJEutnkE2N4pJUAhrHQL1Jwov5NZIhLOeK+nuRIDeS8l4v/eb1UhRduRqMkVSTC00VhyqCKYd4IDKggWLGRJggLqm+FeIAEwkr3NrPF53kn9nwDi6R9VrOtmn1brzauinZKoAIOwTGwwTlogGvQBC2AwRN4Aa/gzXg23o0P43M6umQUmQMwA+PrF/Bgnhg=</latexit>

�mQM ⇡ m
g2

16⇡2
log

⇤

m
<latexit sha1_base64="zjFnslqLjHYG6zVDdp5jATyvfpE="></latexit><latexit sha1_base64="zjFnslqLjHYG6zVDdp5jATyvfpE="></latexit><latexit sha1_base64="zjFnslqLjHYG6zVDdp5jATyvfpE="></latexit><latexit sha1_base64="zjFnslqLjHYG6zVDdp5jATyvfpE="></latexit><latexit sha1_base64="i21blzHBwl/OPIo/vlvVfBB8eO0=">AAAB6HicbZBLSwMxFIXv1FetVevaTbAIrsqMG10KblxWsA9oh5LJZNrQPIbkjlKG/gG3rt2J/8ml/8T0sbDWA4HDOQn35ktyKRyG4VdQ2dnd2z+oHtaO6rXjk9NGvetMYRnvMCON7SfUcSk076BAyfu55VQlkveS6f2i7z1z64TRTzjLeazoWItMMIo+ao8azbAVLkW2TbQ2TVhr1PgepoYVimtkkjo3iMIc45JaFEzyeW1YOJ5TNqVjPvBWU8VdXC7XnJNLn6QkM9YfjWSZ/n5RUuXcTCX+pqI4cX+7RfhfNygwu41LofMCuWarQVkhCRqy+DNJheUM5cwbyqzwuxI2oZYy9GQ2piRq7pFEfwFsm+51Kwpb0WMIVTiHC7iCCG7gDh6gDR1gkMIrvAUvwXvwsUJXCdYMz2BDwecPfSOQvw==</latexit><latexit sha1_base64="0AWAvHQhRkQJL3itLlugKo3C1Pg="></latexit><latexit sha1_base64="0AWAvHQhRkQJL3itLlugKo3C1Pg="></latexit><latexit sha1_base64="J82DJVR5PCdo/bGx5ftsN7nd+FA="></latexit><latexit sha1_base64="zjFnslqLjHYG6zVDdp5jATyvfpE="></latexit><latexit sha1_base64="zjFnslqLjHYG6zVDdp5jATyvfpE="></latexit><latexit sha1_base64="zjFnslqLjHYG6zVDdp5jATyvfpE="></latexit><latexit sha1_base64="zjFnslqLjHYG6zVDdp5jATyvfpE="></latexit><latexit sha1_base64="zjFnslqLjHYG6zVDdp5jATyvfpE="></latexit><latexit sha1_base64="zjFnslqLjHYG6zVDdp5jATyvfpE="></latexit>

No problem! 


QM effects ~ m (low scale)

Problem! 


QM effects ~ Highest scale
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Quantum effects 2

10 The Standard Model of elementary particles
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Figure 2.2. Feynman diagrams contributing to mh at one loop in the Standard Model.

property holds also in absence of a gauge symmetry, because of the chiral symmetry which
is broken by the mass term. In general any point of the parameter space with an enhanced
symmetry is stable under renormalization group (RG) running.

The same property does not hold for scalar particles. The mass of the Higgs boson
mh is an arbitrary parameter of the model, not protected by any approximate symmetry,
which is additively renormalized: it gets radiative corrections proportional to the mass of
any particle which couples to it. In that sense the point mh = 0 is UV-unstable. This
is easily seen in the Standard Model, where the one-loop corrections to the Higgs mass
are generated by the diagrams in figure 2.2 and are given in appendix D. However, if we
compute the beta function for the running mass we get

�m
2
h

=
dm2

h

d log µ̄
=

3m2
h

8⇡2

⇣
2�+ y2

t
� 3g2

4
� g02

4

⌘
, (2.19)

i.e. the running of the mass parameter m2
h
is proportional to itself. This is true in the

pure SM because the masses of the particles are all proportional to the EWSB scale v.
Suppose now that the SM is modified at some energy ⇤NP > ⇤SM, where ⇤SM ' 4⇡mW

is the typical energy scale of the SM. If the Higgs boson is coupled to the new physics
sector, then its mass will get a correction also from loops of the new heavy particles, which
will be quadratic in their mass M ⇡ ⇤NP. If we want a UV completion of the Standard
Model in which the Higgs mass is a predictable quantity, this constitutes a problem.

To make the statement more precise, let’s calculate explicitly the one-loop correction
to the Higgs pole mass arising from a fermion with Dirac mass M and Yukawa coupling y.
From a diagram analogous to the first one of figure 2.2, using dimensional regularization
we get

�m2
h
= Re ⇧hh|p2=m

2
h
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y2

2(4⇡)2
Re

⇥
�✏ + (m2

h
� 4M2)B0(mh;M,M) � 2A0(M)

⇤
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y2

2(4⇡)2

⇣
�✏ + (6M2 � m2

h
) log

m2
h

µ̄2
+ f(mh,M)

⌘
, (2.20)

where �✏ is the pole which has to be subtracted by a counterterm, A0 and B0 are the
finite parts of the Passarino-Veltman one-loop functions defined in appendix D, µ̄ is the
renormalization scale and f is some function. Very similar equations hold for scalar
and vector particles circulating in the loop (see eq. (D.5) in the appendix). The term
f(m2

h
,M2) in (2.20) is unphysical since it does not depend on µ̄ and it can be subtracted

Leading log effects in “pure SM” (no other physics above mh):

No hierarchy problem: corrections are ~ mh2  !

m2
h(µ)�
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10 The Standard Model of elementary particles
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Figure 2.2. Feynman diagrams contributing to mh at one loop in the Standard Model.

property holds also in absence of a gauge symmetry, because of the chiral symmetry which
is broken by the mass term. In general any point of the parameter space with an enhanced
symmetry is stable under renormalization group (RG) running.

The same property does not hold for scalar particles. The mass of the Higgs boson
mh is an arbitrary parameter of the model, not protected by any approximate symmetry,
which is additively renormalized: it gets radiative corrections proportional to the mass of
any particle which couples to it. In that sense the point mh = 0 is UV-unstable. This
is easily seen in the Standard Model, where the one-loop corrections to the Higgs mass
are generated by the diagrams in figure 2.2 and are given in appendix D. However, if we
compute the beta function for the running mass we get
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2
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=
dm2

h

d log µ̄
=

3m2
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2�+ y2

t
� 3g2

4
� g02

4

⌘
, (2.19)

i.e. the running of the mass parameter m2
h
is proportional to itself. This is true in the

pure SM because the masses of the particles are all proportional to the EWSB scale v.
Suppose now that the SM is modified at some energy ⇤NP > ⇤SM, where ⇤SM ' 4⇡mW

is the typical energy scale of the SM. If the Higgs boson is coupled to the new physics
sector, then its mass will get a correction also from loops of the new heavy particles, which
will be quadratic in their mass M ⇡ ⇤NP. If we want a UV completion of the Standard
Model in which the Higgs mass is a predictable quantity, this constitutes a problem.

To make the statement more precise, let’s calculate explicitly the one-loop correction
to the Higgs pole mass arising from a fermion with Dirac mass M and Yukawa coupling y.
From a diagram analogous to the first one of figure 2.2, using dimensional regularization
we get

�m2
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⌘
, (2.20)

where �✏ is the pole which has to be subtracted by a counterterm, A0 and B0 are the
finite parts of the Passarino-Veltman one-loop functions defined in appendix D, µ̄ is the
renormalization scale and f is some function. Very similar equations hold for scalar
and vector particles circulating in the loop (see eq. (D.5) in the appendix). The term
f(m2

h
,M2) in (2.20) is unphysical since it does not depend on µ̄ and it can be subtracted

Add heavy Dirac fermion of mass M >> mh with coupling y

h h

y �  ̄ +M  ̄ 
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2.3. The hierarchy problem: is Nature natural? 11

together with the divergence in a suitable renormalization scheme – anyway it drops
out from mass di↵erences between di↵erent scales. The logarithm, on the other hand,
contributes to the beta function of the running Higgs mass as
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h
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The renormalization group running thus generates a mass term mh ⇡ M2, even if one
sets this term to zero at a given scale, if the running is done over a su�ciently large
energy range. Fixing the boundary conditions for the renormalization group equation at
the high scale ⇤NP, where one imagines some UV-completion to determine the masses and
couplings, the relation between the Higgs mass at the two scales ⇤NP and ⇤SM then reads

m2
h
(⇤SM) ' m2

h
(⇤NP) � #⇤2

NP log
⇤NP

⇤SM
. (2.22)

where # is a numerical factor which includes also coupling constants. The hierarchy
problem can now be stated in the following way: if the scale ⇤NP is much higher than
mh, then the two contributions in (2.22) have to balance out with a very high accuracy
in order to generate a Higgs boson mass much smaller than ⇤NP.

This can better be formalized in terms of the amount of fine-tuning

� =
d logm2

h
(⇤NP)

d logm2
h
(⇤SM)

/ ⇤2
NP

m2
h
(⇤SM)

, (2.23)

which is the precision to which the initial conditions at the high scale have to be given
in order to have the Higgs mass at the low scale determined up to a factor of order 1.
Let us see some explicit example to get an idea of the numbers we are talking about:
if we take ⇤NP to be, say, of the order of the Planck scale, then we get � ⇠ 1034 for
a Higgs mass of about 125 GeV. If we accept an amount of fine tuning at the percent
level, namely an accidental cancellation between the initial conditions mh(⇤NP) and the
quantum corrections of the order of one percent, then the scale of new physics cannot be
much higher than the TeV.

A simple way to reformulate the hierarchy problem is to consider the Standard Model
as an e↵ective field theory (EFT), valid up to the maximum energy scale ⇤NP. Its La-
grangian can then be written in the form

LSM,e↵ =
X

i

Ci(µ̄)⇤
4�di

NP Oi, (2.24)

where the Oi are operators of dimension di and Ci(µ̄) are their Wilson coe�cients, which
in an e↵ective field theory are not predicted, and are usually of order 1 unless some
symmetry is operative. The Higgs mass term is an operator of dimension two, and thus
comes with a factor ⇤2

NP. If the cut-o↵ scale is very big, the only way to get a small mass
is to have a large suppression of the Wilson coe�cient at the Fermi scale: a fine-tuning.
On the other hand, a large cut-o↵ in (2.24) seems to be preferred by the experimental
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Add heavy Dirac fermion of mass M >> mh with coupling y

y �  ̄ +M  ̄ 
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together with the divergence in a suitable renormalization scheme – anyway it drops
out from mass di↵erences between di↵erent scales. The logarithm, on the other hand,
contributes to the beta function of the running Higgs mass as

�m
2
h

=
dm2

h
(µ̄)

d log µ̄
=

y2

(4⇡)2
(m2

h
� 6M2) + · · · . (2.21)

The renormalization group running thus generates a mass term mh ⇡ M2, even if one
sets this term to zero at a given scale, if the running is done over a su�ciently large
energy range. Fixing the boundary conditions for the renormalization group equation at
the high scale ⇤NP, where one imagines some UV-completion to determine the masses and
couplings, the relation between the Higgs mass at the two scales ⇤NP and ⇤SM then reads

m2
h
(⇤SM) ' m2

h
(⇤NP) � #⇤2

NP log
⇤NP

⇤SM
. (2.22)

where # is a numerical factor which includes also coupling constants. The hierarchy
problem can now be stated in the following way: if the scale ⇤NP is much higher than
mh, then the two contributions in (2.22) have to balance out with a very high accuracy
in order to generate a Higgs boson mass much smaller than ⇤NP.

This can better be formalized in terms of the amount of fine-tuning

� =
d logm2

h
(⇤NP)

d logm2
h
(⇤SM)

/ ⇤2
NP

m2
h
(⇤SM)

, (2.23)

which is the precision to which the initial conditions at the high scale have to be given
in order to have the Higgs mass at the low scale determined up to a factor of order 1.
Let us see some explicit example to get an idea of the numbers we are talking about:
if we take ⇤NP to be, say, of the order of the Planck scale, then we get � ⇠ 1034 for
a Higgs mass of about 125 GeV. If we accept an amount of fine tuning at the percent
level, namely an accidental cancellation between the initial conditions mh(⇤NP) and the
quantum corrections of the order of one percent, then the scale of new physics cannot be
much higher than the TeV.

A simple way to reformulate the hierarchy problem is to consider the Standard Model
as an e↵ective field theory (EFT), valid up to the maximum energy scale ⇤NP. Its La-
grangian can then be written in the form

LSM,e↵ =
X

i

Ci(µ̄)⇤
4�di

NP Oi, (2.24)

where the Oi are operators of dimension di and Ci(µ̄) are their Wilson coe�cients, which
in an e↵ective field theory are not predicted, and are usually of order 1 unless some
symmetry is operative. The Higgs mass term is an operator of dimension two, and thus
comes with a factor ⇤2

NP. If the cut-o↵ scale is very big, the only way to get a small mass
is to have a large suppression of the Wilson coe�cient at the Fermi scale: a fine-tuning.
On the other hand, a large cut-o↵ in (2.24) seems to be preferred by the experimental

m2
h(mh) ⇡ m2

h(M)�O(1)M2 log
M

mh
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Need to tune         vs.         to get  m2
h(mh) ⌧ M2
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Solutions

• Protect                    by some symmetry 


• Susy: chiral symmetry. Super-multiplet (higgs,higgsino). 
Exact susy guarantees equal mass of fermion and 
higgs boson (also at quantum level).


• Composite Higgs: shift symmetry


• Make dynamical and select                              vacuum 
(relaxion)

m2
h �

⇤�
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(⇤2 � ')�⇤�
<latexit sha1_base64="mPqNXiYAZYpibAz+9c6/5ztTrFs=">AAACHXicbVDNSgMxGMz6W+vfqkcvwVKoomW3CHosiODBQwX7A91tyWbTNjTZXZJsoSx9Ah/CZ/CqZ2/iVTz6JqbbPdjWgZBhZj6+ZLyIUaks69tYWV1b39jMbeW3d3b39s2Dw4YMY4FJHYcsFC0PScJoQOqKKkZakSCIe4w0veHN1G+OiJA0DB7VOCIuR/2A9ihGSktds1hy7nXaR50KvIDOCIloQE+hcw6ho1nnLL26ZsEqWyngMrEzUgAZal3zx/FDHHMSKMyQlG3bipSbIKEoZmSSd2JJIoSHqE/amgaIE+km6XcmsKgVH/ZCoU+gYKr+nUgQl3LMPZ3kSA3kojcV//PasepduwkNoliRAM8W9WIGVQin3UCfCoIVG2uCsKD6rRAPkEBY6Qbntnh8ojuxFxtYJo1K2bbK9sNloXqbtZMDx+AElIANrkAV3IEaqAMMnsALeAVvxrPxbnwYn7PoipHNHIE5GF+/mCegUQ==</latexit><latexit sha1_base64="mPqNXiYAZYpibAz+9c6/5ztTrFs=">AAACHXicbVDNSgMxGMz6W+vfqkcvwVKoomW3CHosiODBQwX7A91tyWbTNjTZXZJsoSx9Ah/CZ/CqZ2/iVTz6JqbbPdjWgZBhZj6+ZLyIUaks69tYWV1b39jMbeW3d3b39s2Dw4YMY4FJHYcsFC0PScJoQOqKKkZakSCIe4w0veHN1G+OiJA0DB7VOCIuR/2A9ihGSktds1hy7nXaR50KvIDOCIloQE+hcw6ho1nnLL26ZsEqWyngMrEzUgAZal3zx/FDHHMSKMyQlG3bipSbIKEoZmSSd2JJIoSHqE/amgaIE+km6XcmsKgVH/ZCoU+gYKr+nUgQl3LMPZ3kSA3kojcV//PasepduwkNoliRAM8W9WIGVQin3UCfCoIVG2uCsKD6rRAPkEBY6Qbntnh8ojuxFxtYJo1K2bbK9sNloXqbtZMDx+AElIANrkAV3IEaqAMMnsALeAVvxrPxbnwYn7PoipHNHIE5GF+/mCegUQ==</latexit><latexit sha1_base64="mPqNXiYAZYpibAz+9c6/5ztTrFs=">AAACHXicbVDNSgMxGMz6W+vfqkcvwVKoomW3CHosiODBQwX7A91tyWbTNjTZXZJsoSx9Ah/CZ/CqZ2/iVTz6JqbbPdjWgZBhZj6+ZLyIUaks69tYWV1b39jMbeW3d3b39s2Dw4YMY4FJHYcsFC0PScJoQOqKKkZakSCIe4w0veHN1G+OiJA0DB7VOCIuR/2A9ihGSktds1hy7nXaR50KvIDOCIloQE+hcw6ho1nnLL26ZsEqWyngMrEzUgAZal3zx/FDHHMSKMyQlG3bipSbIKEoZmSSd2JJIoSHqE/amgaIE+km6XcmsKgVH/ZCoU+gYKr+nUgQl3LMPZ3kSA3kojcV//PasepduwkNoliRAM8W9WIGVQin3UCfCoIVG2uCsKD6rRAPkEBY6Qbntnh8ojuxFxtYJo1K2bbK9sNloXqbtZMDx+AElIANrkAV3IEaqAMMnsALeAVvxrPxbnwYn7PoipHNHIE5GF+/mCegUQ==</latexit><latexit sha1_base64="mPqNXiYAZYpibAz+9c6/5ztTrFs=">AAACHXicbVDNSgMxGMz6W+vfqkcvwVKoomW3CHosiODBQwX7A91tyWbTNjTZXZJsoSx9Ah/CZ/CqZ2/iVTz6JqbbPdjWgZBhZj6+ZLyIUaks69tYWV1b39jMbeW3d3b39s2Dw4YMY4FJHYcsFC0PScJoQOqKKkZakSCIe4w0veHN1G+OiJA0DB7VOCIuR/2A9ihGSktds1hy7nXaR50KvIDOCIloQE+hcw6ho1nnLL26ZsEqWyngMrEzUgAZal3zx/FDHHMSKMyQlG3bipSbIKEoZmSSd2JJIoSHqE/amgaIE+km6XcmsKgVH/ZCoU+gYKr+nUgQl3LMPZ3kSA3kojcV//PasepduwkNoliRAM8W9WIGVQin3UCfCoIVG2uCsKD6rRAPkEBY6Qbntnh8ojuxFxtYJo1K2bbK9sNloXqbtZMDx+AElIANrkAV3IEaqAMMnsALeAVvxrPxbnwYn7PoipHNHIE5GF+/mCegUQ==</latexit><latexit sha1_base64="mPqNXiYAZYpibAz+9c6/5ztTrFs=">AAACHXicbVDNSgMxGMz6W+vfqkcvwVKoomW3CHosiODBQwX7A91tyWbTNjTZXZJsoSx9Ah/CZ/CqZ2/iVTz6JqbbPdjWgZBhZj6+ZLyIUaks69tYWV1b39jMbeW3d3b39s2Dw4YMY4FJHYcsFC0PScJoQOqKKkZakSCIe4w0veHN1G+OiJA0DB7VOCIuR/2A9ihGSktds1hy7nXaR50KvIDOCIloQE+hcw6ho1nnLL26ZsEqWyngMrEzUgAZal3zx/FDHHMSKMyQlG3bipSbIKEoZmSSd2JJIoSHqE/amgaIE+km6XcmsKgVH/ZCoU+gYKr+nUgQl3LMPZ3kSA3kojcV//PasepduwkNoliRAM8W9WIGVQin3UCfCoIVG2uCsKD6rRAPkEBY6Qbntnh8ojuxFxtYJo1K2bbK9sNloXqbtZMDx+AElIANrkAV3IEaqAMMnsALeAVvxrPxbnwYn7PoipHNHIE5GF+/mCegUQ==</latexit>

� ! �+ ↵
<latexit sha1_base64="kB23Skk+sCOWOrzb/g9+9TRcXAM=">AAACDnicbZDLSgMxFIYz9VbrbVRw4yZYBEEoMyLosiCCywr2Ap2hZNJMJzTJhCQjlLHv4DO41bU7cesruPRNTNtZ2NYfAh//OYdz8keSUW0879sprayurW+UNytb2zu7e+7+QUunmcKkiVOWqk6ENGFUkKahhpGOVATxiJF2NLyZ1NuPRGmaigczkiTkaCBoTDEy1uq5R4FMKAxMCqdwDgPEZIJ6btWreVPBZfALqIJCjZ77E/RTnHEiDGZI667vSRPmSBmKGRlXgkwTifAQDUjXokCc6DCf3j+Gp9bpwzhV9gkDp+7fiRxxrUc8sp0cmUQv1ibmf7VuZuLrMKdCZoYIPFsUZwza707CgH2qCDZsZAFhRe2tECdIIWxsZHNbIj62mfiLCSxD66LmezX//rJavy3SKYNjcALOgA+uQB3cgQZoAgyewAt4BW/Os/PufDifs9aSU8wcgjk5X797e5um</latexit><latexit sha1_base64="kB23Skk+sCOWOrzb/g9+9TRcXAM=">AAACDnicbZDLSgMxFIYz9VbrbVRw4yZYBEEoMyLosiCCywr2Ap2hZNJMJzTJhCQjlLHv4DO41bU7cesruPRNTNtZ2NYfAh//OYdz8keSUW0879sprayurW+UNytb2zu7e+7+QUunmcKkiVOWqk6ENGFUkKahhpGOVATxiJF2NLyZ1NuPRGmaigczkiTkaCBoTDEy1uq5R4FMKAxMCqdwDgPEZIJ6btWreVPBZfALqIJCjZ77E/RTnHEiDGZI667vSRPmSBmKGRlXgkwTifAQDUjXokCc6DCf3j+Gp9bpwzhV9gkDp+7fiRxxrUc8sp0cmUQv1ibmf7VuZuLrMKdCZoYIPFsUZwza707CgH2qCDZsZAFhRe2tECdIIWxsZHNbIj62mfiLCSxD66LmezX//rJavy3SKYNjcALOgA+uQB3cgQZoAgyewAt4BW/Os/PufDifs9aSU8wcgjk5X797e5um</latexit><latexit sha1_base64="kB23Skk+sCOWOrzb/g9+9TRcXAM=">AAACDnicbZDLSgMxFIYz9VbrbVRw4yZYBEEoMyLosiCCywr2Ap2hZNJMJzTJhCQjlLHv4DO41bU7cesruPRNTNtZ2NYfAh//OYdz8keSUW0879sprayurW+UNytb2zu7e+7+QUunmcKkiVOWqk6ENGFUkKahhpGOVATxiJF2NLyZ1NuPRGmaigczkiTkaCBoTDEy1uq5R4FMKAxMCqdwDgPEZIJ6btWreVPBZfALqIJCjZ77E/RTnHEiDGZI667vSRPmSBmKGRlXgkwTifAQDUjXokCc6DCf3j+Gp9bpwzhV9gkDp+7fiRxxrUc8sp0cmUQv1ibmf7VuZuLrMKdCZoYIPFsUZwza707CgH2qCDZsZAFhRe2tECdIIWxsZHNbIj62mfiLCSxD66LmezX//rJavy3SKYNjcALOgA+uQB3cgQZoAgyewAt4BW/Os/PufDifs9aSU8wcgjk5X797e5um</latexit><latexit sha1_base64="kB23Skk+sCOWOrzb/g9+9TRcXAM=">AAACDnicbZDLSgMxFIYz9VbrbVRw4yZYBEEoMyLosiCCywr2Ap2hZNJMJzTJhCQjlLHv4DO41bU7cesruPRNTNtZ2NYfAh//OYdz8keSUW0879sprayurW+UNytb2zu7e+7+QUunmcKkiVOWqk6ENGFUkKahhpGOVATxiJF2NLyZ1NuPRGmaigczkiTkaCBoTDEy1uq5R4FMKAxMCqdwDgPEZIJ6btWreVPBZfALqIJCjZ77E/RTnHEiDGZI667vSRPmSBmKGRlXgkwTifAQDUjXokCc6DCf3j+Gp9bpwzhV9gkDp+7fiRxxrUc8sp0cmUQv1ibmf7VuZuLrMKdCZoYIPFsUZwza707CgH2qCDZsZAFhRe2tECdIIWxsZHNbIj62mfiLCSxD66LmezX//rJavy3SKYNjcALOgA+uQB3cgQZoAgyewAt4BW/Os/PufDifs9aSU8wcgjk5X797e5um</latexit><latexit sha1_base64="kB23Skk+sCOWOrzb/g9+9TRcXAM=">AAACDnicbZDLSgMxFIYz9VbrbVRw4yZYBEEoMyLosiCCywr2Ap2hZNJMJzTJhCQjlLHv4DO41bU7cesruPRNTNtZ2NYfAh//OYdz8keSUW0879sprayurW+UNytb2zu7e+7+QUunmcKkiVOWqk6ENGFUkKahhpGOVATxiJF2NLyZ1NuPRGmaigczkiTkaCBoTDEy1uq5R4FMKAxMCqdwDgPEZIJ6btWreVPBZfALqIJCjZ77E/RTnHEiDGZI667vSRPmSBmKGRlXgkwTifAQDUjXokCc6DCf3j+Gp9bpwzhV9gkDp+7fiRxxrUc8sp0cmUQv1ibmf7VuZuLrMKdCZoYIPFsUZwza707CgH2qCDZsZAFhRe2tECdIIWxsZHNbIj62mfiLCSxD66LmezX//rJavy3SKYNjcALOgA+uQB3cgQZoAgyewAt4BW/Os/PufDifs9aSU8wcgjk5X797e5um</latexit>

!7



Fine-tuning “measure”
• We want to quantify the severity of this cancellation. 

Factors of O(1) are irrelevant. Logs are not.  
 
 

• Which measure? 


• “I know it, when I see it” *


• We have experimentally performed this tuning many 
times…

log
GUT

TeV
⇡ 30

<latexit sha1_base64="zM5heEYpa5bqsmZUjJfARfOVPjo=">AAACK3icbVDLSsNAFJ3U97vq0s1gEVyVxAq6LIjoskJbC00pk+lNHTrJhJkbsYR8iB/hN7jVtSvFjQv/w2mbha8DA+eecy/3zgkSKQy67qtTmptfWFxaXlldW9/Y3Cpv77SNSjWHFldS6U7ADEgRQwsFSugkGlgUSLgORmcT//oWtBEqbuI4gV7EhrEIBWdopX655ks1pH6oGc98hDvM6EWrmVOa06JuQju3tc+SRKs7WnNpv1xxq+4U9C/xClIhBRr98oc/UDyNIEYumTFdz02wlzGNgkvIV/3UQML4iA2ha2nMIjC9bPq5nB5YZUBDpe2LkU7V7xMZi4wZR4HtjBjemN/eRPzP66YYnvYyEScpQsxni8JUUlR0khQdCA0c5dgSxrWwt1J+w2xQaPP8sSWIcpuJ9zuBv6R9VPXcqnd1XKmfF+kskz2yTw6JR05InVySBmkRTu7JI3kiz86D8+K8Oe+z1pJTzOySH3A+vwAJv6dy</latexit><latexit sha1_base64="zM5heEYpa5bqsmZUjJfARfOVPjo=">AAACK3icbVDLSsNAFJ3U97vq0s1gEVyVxAq6LIjoskJbC00pk+lNHTrJhJkbsYR8iB/hN7jVtSvFjQv/w2mbha8DA+eecy/3zgkSKQy67qtTmptfWFxaXlldW9/Y3Cpv77SNSjWHFldS6U7ADEgRQwsFSugkGlgUSLgORmcT//oWtBEqbuI4gV7EhrEIBWdopX655ks1pH6oGc98hDvM6EWrmVOa06JuQju3tc+SRKs7WnNpv1xxq+4U9C/xClIhBRr98oc/UDyNIEYumTFdz02wlzGNgkvIV/3UQML4iA2ha2nMIjC9bPq5nB5YZUBDpe2LkU7V7xMZi4wZR4HtjBjemN/eRPzP66YYnvYyEScpQsxni8JUUlR0khQdCA0c5dgSxrWwt1J+w2xQaPP8sSWIcpuJ9zuBv6R9VPXcqnd1XKmfF+kskz2yTw6JR05InVySBmkRTu7JI3kiz86D8+K8Oe+z1pJTzOySH3A+vwAJv6dy</latexit><latexit sha1_base64="zM5heEYpa5bqsmZUjJfARfOVPjo=">AAACK3icbVDLSsNAFJ3U97vq0s1gEVyVxAq6LIjoskJbC00pk+lNHTrJhJkbsYR8iB/hN7jVtSvFjQv/w2mbha8DA+eecy/3zgkSKQy67qtTmptfWFxaXlldW9/Y3Cpv77SNSjWHFldS6U7ADEgRQwsFSugkGlgUSLgORmcT//oWtBEqbuI4gV7EhrEIBWdopX655ks1pH6oGc98hDvM6EWrmVOa06JuQju3tc+SRKs7WnNpv1xxq+4U9C/xClIhBRr98oc/UDyNIEYumTFdz02wlzGNgkvIV/3UQML4iA2ha2nMIjC9bPq5nB5YZUBDpe2LkU7V7xMZi4wZR4HtjBjemN/eRPzP66YYnvYyEScpQsxni8JUUlR0khQdCA0c5dgSxrWwt1J+w2xQaPP8sSWIcpuJ9zuBv6R9VPXcqnd1XKmfF+kskz2yTw6JR05InVySBmkRTu7JI3kiz86D8+K8Oe+z1pJTzOySH3A+vwAJv6dy</latexit><latexit sha1_base64="zM5heEYpa5bqsmZUjJfARfOVPjo=">AAACK3icbVDLSsNAFJ3U97vq0s1gEVyVxAq6LIjoskJbC00pk+lNHTrJhJkbsYR8iB/hN7jVtSvFjQv/w2mbha8DA+eecy/3zgkSKQy67qtTmptfWFxaXlldW9/Y3Cpv77SNSjWHFldS6U7ADEgRQwsFSugkGlgUSLgORmcT//oWtBEqbuI4gV7EhrEIBWdopX655ks1pH6oGc98hDvM6EWrmVOa06JuQju3tc+SRKs7WnNpv1xxq+4U9C/xClIhBRr98oc/UDyNIEYumTFdz02wlzGNgkvIV/3UQML4iA2ha2nMIjC9bPq5nB5YZUBDpe2LkU7V7xMZi4wZR4HtjBjemN/eRPzP66YYnvYyEScpQsxni8JUUlR0khQdCA0c5dgSxrWwt1J+w2xQaPP8sSWIcpuJ9zuBv6R9VPXcqnd1XKmfF+kskz2yTw6JR05InVySBmkRTu7JI3kiz86D8+K8Oe+z1pJTzOySH3A+vwAJv6dy</latexit><latexit sha1_base64="zM5heEYpa5bqsmZUjJfARfOVPjo=">AAACK3icbVDLSsNAFJ3U97vq0s1gEVyVxAq6LIjoskJbC00pk+lNHTrJhJkbsYR8iB/hN7jVtSvFjQv/w2mbha8DA+eecy/3zgkSKQy67qtTmptfWFxaXlldW9/Y3Cpv77SNSjWHFldS6U7ADEgRQwsFSugkGlgUSLgORmcT//oWtBEqbuI4gV7EhrEIBWdopX655ks1pH6oGc98hDvM6EWrmVOa06JuQju3tc+SRKs7WnNpv1xxq+4U9C/xClIhBRr98oc/UDyNIEYumTFdz02wlzGNgkvIV/3UQML4iA2ha2nMIjC9bPq5nB5YZUBDpe2LkU7V7xMZi4wZR4HtjBjemN/eRPzP66YYnvYyEScpQsxni8JUUlR0khQdCA0c5dgSxrWwt1J+w2xQaPP8sSWIcpuJ9zuBv6R9VPXcqnd1XKmfF+kskz2yTw6JR05InVySBmkRTu7JI3kiz86D8+K8Oe+z1pJTzOySH3A+vwAJv6dy</latexit>

* Supreme court Justice Potter Stewart describing his  
threshold test for obscenity (1964)!8



Correlation length >> atomic spacing

Inspired by S. Rychkov!9



Barbieri Giudice

!10

Example from recent paper http://arxiv.org/abs/
arXiv:1611.05873

http://arxiv.org/abs/arXiv:1611.05873
http://arxiv.org/abs/arXiv:1611.05873
http://arxiv.org/abs/arXiv:1611.05873


Example:
m2

h(mh) ⇡ m2
h(M)� 6y2

16⇡2
M2 log

M

mh
<latexit sha1_base64="zmwGkhjydDrSOewsPfHGq8+r5ro="></latexit><latexit sha1_base64="zmwGkhjydDrSOewsPfHGq8+r5ro="></latexit><latexit sha1_base64="zmwGkhjydDrSOewsPfHGq8+r5ro="></latexit><latexit sha1_base64="zmwGkhjydDrSOewsPfHGq8+r5ro="></latexit><latexit sha1_base64="zmwGkhjydDrSOewsPfHGq8+r5ro="></latexit>

�BG =
@ logm2

h

@ logM2
=

M2

m2

@m2
h

@M2
<latexit sha1_base64="L/dSm2tj4o5yJUAjFbKwILi4izQ="></latexit><latexit sha1_base64="L/dSm2tj4o5yJUAjFbKwILi4izQ="></latexit><latexit sha1_base64="L/dSm2tj4o5yJUAjFbKwILi4izQ="></latexit><latexit sha1_base64="L/dSm2tj4o5yJUAjFbKwILi4izQ="></latexit><latexit sha1_base64="L/dSm2tj4o5yJUAjFbKwILi4izQ="></latexit>

�BG ⇡ M2

m2
h

6y2

16⇡2
ln

M

mh
<latexit sha1_base64="cPmG/wwStBDkx6aQhVjQEOsB4Po="></latexit><latexit sha1_base64="cPmG/wwStBDkx6aQhVjQEOsB4Po="></latexit><latexit sha1_base64="cPmG/wwStBDkx6aQhVjQEOsB4Po="></latexit><latexit sha1_base64="cPmG/wwStBDkx6aQhVjQEOsB4Po="></latexit><latexit sha1_base64="cPmG/wwStBDkx6aQhVjQEOsB4Po="></latexit>

Here:

This makes sense. Roughly:                  corresponds to # digits 

which need to cancel in UV parameters vs. quantum. 

ln10 �BG
<latexit sha1_base64="h6X0lzWdm5EO6Yskf4LeHsxSduI=">AAACDXicdVDLSgMxFM3UV62vUXHlJlgEVyVTh7buigq6rGBroS1DJk3b0ExmSDJCGeYb/Aa3unYnbv0Gl/6JmbaCFT1w4XDOvdx7jx9xpjRCH1ZuaXlldS2/XtjY3NresXf3WiqMJaFNEvJQtn2sKGeCNjXTnLYjSXHgc3rnjy8y/+6eSsVCcasnEe0FeCjYgBGsjeTZB10uvMRBKexeUq6xl5xfpdCzi6h0VquU3QpEJYSqTtnJSLnqnrrQMUqGIpij4dmf3X5I4oAKTThWquOgSPcSLDUjnKaFbqxohMkYD2nHUIEDqnrJ9PwUHhulDwehNCU0nKo/JxIcKDUJfNMZYD1Sv71M/MvrxHpQ6yVMRLGmgswWDWIOdQizLGCfSUo0nxiCiWTmVkhGWGKiTWILW/wgNZl8Pw7/J61yyUEl58Yt1uvzdPLgEByBE+CAKqiDa9AATUBAAh7BE3i2HqwX69V6m7XmrPnMPliA9f4FZWObpw==</latexit><latexit sha1_base64="h6X0lzWdm5EO6Yskf4LeHsxSduI=">AAACDXicdVDLSgMxFM3UV62vUXHlJlgEVyVTh7buigq6rGBroS1DJk3b0ExmSDJCGeYb/Aa3unYnbv0Gl/6JmbaCFT1w4XDOvdx7jx9xpjRCH1ZuaXlldS2/XtjY3NresXf3WiqMJaFNEvJQtn2sKGeCNjXTnLYjSXHgc3rnjy8y/+6eSsVCcasnEe0FeCjYgBGsjeTZB10uvMRBKexeUq6xl5xfpdCzi6h0VquU3QpEJYSqTtnJSLnqnrrQMUqGIpij4dmf3X5I4oAKTThWquOgSPcSLDUjnKaFbqxohMkYD2nHUIEDqnrJ9PwUHhulDwehNCU0nKo/JxIcKDUJfNMZYD1Sv71M/MvrxHpQ6yVMRLGmgswWDWIOdQizLGCfSUo0nxiCiWTmVkhGWGKiTWILW/wgNZl8Pw7/J61yyUEl58Yt1uvzdPLgEByBE+CAKqiDa9AATUBAAh7BE3i2HqwX69V6m7XmrPnMPliA9f4FZWObpw==</latexit><latexit sha1_base64="h6X0lzWdm5EO6Yskf4LeHsxSduI=">AAACDXicdVDLSgMxFM3UV62vUXHlJlgEVyVTh7buigq6rGBroS1DJk3b0ExmSDJCGeYb/Aa3unYnbv0Gl/6JmbaCFT1w4XDOvdx7jx9xpjRCH1ZuaXlldS2/XtjY3NresXf3WiqMJaFNEvJQtn2sKGeCNjXTnLYjSXHgc3rnjy8y/+6eSsVCcasnEe0FeCjYgBGsjeTZB10uvMRBKexeUq6xl5xfpdCzi6h0VquU3QpEJYSqTtnJSLnqnrrQMUqGIpij4dmf3X5I4oAKTThWquOgSPcSLDUjnKaFbqxohMkYD2nHUIEDqnrJ9PwUHhulDwehNCU0nKo/JxIcKDUJfNMZYD1Sv71M/MvrxHpQ6yVMRLGmgswWDWIOdQizLGCfSUo0nxiCiWTmVkhGWGKiTWILW/wgNZl8Pw7/J61yyUEl58Yt1uvzdPLgEByBE+CAKqiDa9AATUBAAh7BE3i2HqwX69V6m7XmrPnMPliA9f4FZWObpw==</latexit><latexit sha1_base64="h6X0lzWdm5EO6Yskf4LeHsxSduI=">AAACDXicdVDLSgMxFM3UV62vUXHlJlgEVyVTh7buigq6rGBroS1DJk3b0ExmSDJCGeYb/Aa3unYnbv0Gl/6JmbaCFT1w4XDOvdx7jx9xpjRCH1ZuaXlldS2/XtjY3NresXf3WiqMJaFNEvJQtn2sKGeCNjXTnLYjSXHgc3rnjy8y/+6eSsVCcasnEe0FeCjYgBGsjeTZB10uvMRBKexeUq6xl5xfpdCzi6h0VquU3QpEJYSqTtnJSLnqnrrQMUqGIpij4dmf3X5I4oAKTThWquOgSPcSLDUjnKaFbqxohMkYD2nHUIEDqnrJ9PwUHhulDwehNCU0nKo/JxIcKDUJfNMZYD1Sv71M/MvrxHpQ6yVMRLGmgswWDWIOdQizLGCfSUo0nxiCiWTmVkhGWGKiTWILW/wgNZl8Pw7/J61yyUEl58Yt1uvzdPLgEByBE+CAKqiDa9AATUBAAh7BE3i2HqwX69V6m7XmrPnMPliA9f4FZWObpw==</latexit><latexit sha1_base64="h6X0lzWdm5EO6Yskf4LeHsxSduI=">AAACDXicdVDLSgMxFM3UV62vUXHlJlgEVyVTh7buigq6rGBroS1DJk3b0ExmSDJCGeYb/Aa3unYnbv0Gl/6JmbaCFT1w4XDOvdx7jx9xpjRCH1ZuaXlldS2/XtjY3NresXf3WiqMJaFNEvJQtn2sKGeCNjXTnLYjSXHgc3rnjy8y/+6eSsVCcasnEe0FeCjYgBGsjeTZB10uvMRBKexeUq6xl5xfpdCzi6h0VquU3QpEJYSqTtnJSLnqnrrQMUqGIpij4dmf3X5I4oAKTThWquOgSPcSLDUjnKaFbqxohMkYD2nHUIEDqnrJ9PwUHhulDwehNCU0nKo/JxIcKDUJfNMZYD1Sv71M/MvrxHpQ6yVMRLGmgswWDWIOdQizLGCfSUo0nxiCiWTmVkhGWGKiTWILW/wgNZl8Pw7/J61yyUEl58Yt1uvzdPLgEByBE+CAKqiDa9AATUBAAh7BE3i2HqwX69V6m7XmrPnMPliA9f4FZWObpw==</latexit>

!11



Natural EWSB in Susy
Fine-tuning of (Higgs mass)2

of naturalness can be reduced to a one-dimensional problem as in the Standard Model

V = m
2
H

|H|
2 + �|H|

4 (1)

where m
2
H

will be in general a linear combination of the various masses of the Higgs fields.

Each contribution to �m
2
H

to the Higgs mass naturally should be of the order or less than m
2
H

itself. Therefore �m
2
H

/m
2
H

should not be large. By using m
2
h

= �2m2
H

one usually defines

as a measure of fine-tuning
Barbieri:1987fn,Kitano:2006gv
[? ? ]

� ⌘
2�m2

H

m
2
h

(2)

where m
2
h

is the Higgs boson physical mass in the decoupling regime, or some linear com-

bination of the physical neutral Higgs bosons in fully mixed scenarios. As it is well known,

increasing the physical Higgs boson mass (i.e.the quartic coupling) alleviates the fine-tuning.

In a SUSY theory at tree level m
2
H

will include the µ term. Given the size of the top

mass, the soft mass of Higgs field coupling to the up-type quarks mHu is (quite model

independently) also among them. Whether the soft mass for the down-type Higgs, mHd
or

other soft terms in an extended Higgs sector should be as light as µ and mHu is instead a

model dependent question, and a heavier mHd
can even lead to improvements

Dine:1997qj,Csaki:2008sr
[? ? ]. The

phenomenological key point for direct searches for SUSY particles is therefore the lightness

of the Higgsinos since their mass is directly controlled by µ

µ <
⇠ 190 GeV

✓
mh

120 GeV

◆ 
��1

20%

!�1/2

(3)

At loop level there are additional constraints. The Higgs potential in a SUSY theory

is corrected by both gauge and Yukawa interactions, the largest contribution coming from

the top-stop loop. In extensions of the MSSM there will also be corrections coming from

Higgs self-interactions, that can be important for large values of the couplings. The radiative

corrections to m
2
H

proportional to the top Yukawa coupling read

�m
2
H

|stop = �
3

8⇡2
y
2
t

⇣
m

2
U3

+ m
2
Q3

+ |At|
2
⌘

log
✓

⇤

TeV

◆
(4) eq:der1

at one loop in the leading logarithmic approximation, that is su�cient for the current dis-

cussion
?
[? ]. Here ⇤ denotes the scale at which SUSY breaking e↵ects are mediated to the

Supersymmetric SM. Since the soft parameters m
2
U3,Q3

, At control the stop spectrum, as it

5

is well known, the requirement of a natural Higgs potential sets an upper bound on the stop

masses. In particular one has

q
m

2
t̃1

+ m
2
t̃2

<
⇠ 600 GeV

sin �

(1 + x
2
t )1/2

 
log (⇤/ TeV)

3

!�1/2 ✓
mh

120 GeV

◆ 
��1

20%

!�1/2

(5)

where we defined xt = At/

q
m

2
t̃1

+ m
2
t̃2
. Eq.

eq:ft-stopeq:ft-stop
?? poses a bound on the heaviest stop mass.

Moreover, for a fixed Higgs boson mass, a hierarchical stop spectrum induced by a large o↵-

diagonal term At tend to worsen the fine-tuning due to the direct presence of At in the r.h.s.

of eq.
eq:stop-1loopeq:stop-1loop
??. All the other radiative contributions to the Higgs potential from the other SM

particles pose much weaker bounds on the supersymmetric spectrum. The only exception is

the gluino that induces a large mass correction to the top squarks at 1-loop and feeds at two

loops in the Higgs potential. One finds, in the LL approximation

�m
2
H

|gluino = �
2

⇡2
y
2
t

✓
↵s

⇡

◆
|M3|

2 log2
✓

⇤

TeV

◆
(6)

where M3 is the gluino mass and we have neglected the mixed AtM3 contributions that can

be relevant for large A-terms. From the previous equation the gluino mass is bounded from

above by naturalness to be

M3
<
⇠ 890 GeV sin �

 
log (⇤/ TeV)

3

!�1 ✓
mh

120 GeV

◆ 
��1

20%

!�1/2

(7)

In case of Dirac gauginos there is only one power of the logarithm1 in eq.
eq:gluinoeq:gluino
??, leading to a

bound get ameliorated by a factor of (log (⇤/ TeV))1/2, i.e., roughly 1.4 TeV for the choice

of parameters above.

For completeness, we give also the upper bounds on the other gauginos:

(M1, M2) <
⇠ (2.7 TeV, 870 GeV)

 
log (⇤/ TeV)

3

!�1/2 ✓
mh

120 GeV

◆ 
��1

20%

!�1/2

(8)

the bino is clearly much less constrained, while the wino is as constrained as the gluino

only for low scale mediation models. For the squarks and sleptons there is only a significant

bound from the D-term contribution, if Tr(Yim
2
i
) 6= 0, and it is in the 5 � 10 TeV range.

MP: maybe move this paragraph in the model implication section.

1 The other logarithm gets traded into a logarithm of the ratio of soft masses. We assume it to be O(1),

but in principle can be tuned to provide further suppression.

6

1loop

2loop

stops, sbottomL

gluino

Higgsinos

MSSM,NMSSM,GNMSSM ...

Barbieri/Guidice, 
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H̃

t̃L
b̃L

t̃R

g̃

natural SUSY decoupled SUSY

W̃

B̃
L̃i, ẽi

b̃R

Q̃1,2, ũ1,2, d̃1,2

Minimally natural susy

tree

1loop

2loop

⇡ 250GeV

⇡ 500GeV

⇡ 1000GeV

�m2
H

<<multi TeV
Current Limits 

(13 TeV, 36 fb-1)

2020 GeV

1050 GeV

145 GeV

O(1) departure from  
natural expectation!

sparticle
masses

vs 
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(Non?)Alternatives
• Howie’s measure. “EW fine-tuning” (no logs, cancellations?)


• Focus points (Hyung Do Kim will show what’s wrong with 
them)
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EW Fine-tuning
2% change in UV parameter  

-> 100 % change in EWfine-tuning measure 

https://arxiv.org/pdf/1212.2655v1.pdf ,  Baer et. al

Fine-tuned fine-tuning measure?
!15

https://arxiv.org/pdf/1212.2655v1.pdf


Focus point RG equation

uses the following equation

m2(Q) = e
�cy2

t d log ⇤2

Q2 m2(⇤)

thus it is sensitive to yt
⇤

Q
and cutoff

vs tan�

GUT

EW

• Hyung Do’s slide 
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