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• Present understanding of Standard Model of particle physics
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The Higgs boson plays a truly central role!
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the principles of fundamental physics
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• Prospects for future advances in understanding



Physics Really Works!
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. . . but it might take 50 years.
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It is of interest to inquire whether gauge
vector mesons acquire mass through interac-
tion'; by a gauge vector meson we mean a
Yang-Mills field' associated with the extension
of a Lie group from global to local symmetry.
The importance of this problem resides in the
possibility that strong-interaction physics orig-
inates from massive gauge fields related to a
system of conserved currents. ' In this note,
we shall show that in certain cases vector
mesons do indeed acquire mass when the vac-
uum is degenerate with respect to a compact
Lie group.
Theories with degenerate vacuum (broken

symmetry) have been the subject of intensive
study since their inception by Nambu. ' ' A
characteristic feature of such theories is the
possible existence of zero-mass bosons which
tend to restore the symmetry. 'y' We shall
show that it is precisely these singularities
which maintain the gauge invariance of the
theory, despite the fact that the vector meson
acquires mass.
~e shall first treat the case where the orig-

inal fields are a set of bosons qA which trans-
form as a basis for a representation of a com-
pact Lie group. This example should be con-
sidered as a rather general phenomenological
model. As such, we shall not study the par-
ticular mechanism by which the symmetry is
broken but simply assume that such a mech-
anism exists. A calculation performed in low-
est order perturbation theory indicates that

those vector mesons which are coupled to cur-
rents that "rotate" the original vacuum are the
ones which acquire mass [see Eq. (6)].
~e shall then examine a particular model

based on chirality invariance which may have a
more fundamental significance. Here we begin
with a chirality-invariant Lagrangian and intro-
duce both vector and pseudovector gauge fields,
thereby guaranteeing invariance under both local
phase and local y, -phase transformations. In
this model the gauge fields themselves may break
the y, invariance leading to a mass for the orig-
inal Fermi field. ~e shall show in this case
that the pseudovector field acquires mass.
In the last paragraph we sketch a simple

argument which renders these results reason-
able.
(1) Lest the simplicity of the argument be

shrouded in a cloud of indices, we first con-
sider a one-parameter Abelian group, repre-
senting, for example, the phase transformation
of a charged boson; we then present the general-
ization to an arbitrary compact Lie group.
The interaction between the y and the A &fields is

H. =ieA y~8 y-e'y*yA Aint p. p, p, p,
'

where y =(y, +iy, )/v2. We shall break the
symmetry by fixing &y) e0 in the vacuum, with
the phase chosen for convenience such that
&V) =&q ') =&q,)/~2.
%'e shall assume that the application of the
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In a recent note' it was shown that the Gold-
stone theorem, ' that Lorentz-covaria. nt field
theories in which spontaneous breakdown of
symmetry under an internal Lie group occurs
contain zero-mass particles, fails if and only if
the conserved currents associated with the in-
ternal group are coupled to gauge fields. The
purpose of the present note is to report that,
as a consequence of this coupling, the spin-one
quanta of some of the gauge fields acquire mass;
the longitudinal degrees of freedom of these par-
ticles (which would be absent if their mass were
zero) go over into the Goldstone bosons when the
coupling tends to zero. This phenomenon is just
the relativistic analog of the plasmon phenome-
non to which Anderson' has drawn attention:
that the scalar zero-mass excitations of a super-
conducting neutral Fermi gas become longitudi-
nal plasmon modes of finite mass when the gas
is charged.
The simplest theory which exhibits this be-

havior is a gauge-invariant version of a model
used by Goldstone' himself: Two real' scalar
fields y„y, and a real vector field A interact
through the Lagrangian density

2 2
L =-&(&v ) -@'7v )1 2

2 2 ~ JL(,V—V(rp + y ) -P'1 2 P,v

where

V p =~ p -eA
1 jL(, 1 p, 2'

p2 +eA {p1'

F =8 A -BA
PV P, V V

e is a dimensionless coupling constant, and the
metric is taken as -+++. I. is invariant under
simultaneous gauge transformations of the first
kind on y, + iy, and of the second kind on A
Let us suppose that V'(cpa') = 0, V"(&p,') ) 0; then
spontaneous breakdown of U(1) symmetry occurs.
Consider the equations [derived from (1) by
treating ~y„ay„and A & as small quantities]
governing the propagation of small oscillations

about the "vacuum" solution y, (x) =0, y, (x) = y, :
s "(s (np )-ep A )=0,1 0 (2a)

(&'-4e,'V"(y,')f(&y, ) = 0, (2b)

s r"'=eq (s"(c,p, ) ep A-t.
V 0 1 0 p,

(2c)

Pv 2 2
8 B =0, 8 t" +e y 8 =0.

v 0 (4)

Equation (4) describes vector waves whose quanta
have (bare) mass ey, . In the absence of the gauge
field coupling (e =0) the situation is quite differ-
ent: Equations (2a) and (2c) describe zero-mass
scalar and vector bosons, respectively. In pass-
ing, we note that the right-hand side of (2c) is
just the linear approximation to the conserved
current: It is linear in the vector potential,
gauge invariance being maintained by the pres-
ence of the gradient term. '
When one considers theoretical models in

which spontaneous breakdown of symmetry under
a semisimple group occurs, one encounters a
variety of possible situations corresponding to
the various distinct irreducible representations
to which the scalar fields may belong; the gauge
field always belongs to the adjoint representa-
tion. ' The model of the most immediate inter-
est is that in which the scalar fields form an
octet under SU(3): Here one finds the possibil-
ity of two nonvanishing vacuum expectation val-
ues, which may be chosen to be the two Y=0,
I3=0 members of the octet. There are two
massive scalar bosons with just these quantum
numbers; the remaining six components of the
scalar octet combine with the corresponding
components of the gauge-field octet to describe

Equation (2b) describes waves whose quanta have
(bare) mass 2po(V"(yo'))'"; Eqs. (2a) and (2c)
may be transformed, by the introduction of new
var iables

fl =A -(ey ) '8 (n, (p ),
p. 0 p, 1'

G =8 B -BB =F
IL(.V p. V V p, LL(V

into the form
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Effective Theories
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• E↵ective (phenomenological) theories
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Driven by experimental data
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Motivated by theoretical principles
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Theories are tools to understand the laws of nature
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• “Aspirational” theories
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Make predictions beyond current observations
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Compatible with experimental data



Weak Interactions
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n ! pe⌫ described by
<latexit sha1_base64="ApFM4y3wm+JyLaLbQulvs0UCZcc=">AAAB0HicZZDLSsNAFIZP6q3GW9Slm2A3rkoitYKroBuXVewFmlImk2M6dDIJmYlaQhC3PpMv4tatPoTTC0jtv/o4Z87PxwQpZ1I5zqdRWVvf2Nyqbps7u3v7B9bhUUcmeUaxTROeZL2ASORMYFsxxbGXZkjigGM3GN9M990nzCRLxIOapDiISSTYI6NE6dHQ6vgBRkwUMRMsJRGWfTUoLpgozWtdM5Z2mDwLmyh7xKKRjQKzaHJl+iIJputCAxMhClX6KMK/lqFVc+rOLPYquAuoeVWYpTW0qB8mNI91FeVEyr7rpNqEZIpRjqXp5xJTQse6vKBxkGkbtTTtaxQkRjkoZr+yfMJzNSlNbeX+d1iFznndbdYbd42a5831oAoncApn4MIleHALLWgDhQ/4gm/4Me6NF+PVeJs/rRiLm2NYivH+C198hcw=</latexit>

Breaks down at high energy:

<latexit sha1_base64="fDfObc5K614PRLUOfrPtn1nhkmU=">AAABhHicZY9LS8NAFIXvVK21vqIu3QSzcSEhqa3uJCA+lhXsA5oYJuM1Dp08mJkIJfRvuNW/5b+xpt3EntXHuffAOVEuuNKO80MaG5tbze3WTnt3b//g0Dg6HqqskAwHLBOZHEdUoeApDjTXAse5RJpEAkfR9PbvPvpAqXiWPutZjkFC45S/cUb1wvJ9xRPzIbw37146oWE5tlPJXAd3BZbXgkr90GD+a8aKBFPNBFVq4jq5DkoqNWcC522/UJhTNqUxliyJJI/fdc2dLDClCaqgrJbUI6LQs3l70cr932Edhh3bvbK7T13L85b1oAWncAbn4MI1ePAIfRgAgxw+4Qu+SZNckEvSW742yCpzAjWRm1+dFmTn</latexit>

⇠ GFE2
<latexit sha1_base64="6k35FpDfCV1YVb/v+nKdl2VEM1w=">AAABmXicZY+7TsNAEEVnwyuYl4EyBRZpqCwbRdAaIaSIKkDsRIqtaL0MYZX1Q7trILJc8jW08DH8DXk1Ibc6ujNXcyfOBVfacX5JbWNza3unvmvs7R8cHpnHJ4HKCsnQZ5nIZD+mCgVP0ddcC+znEmkSC+zF49vZvPeGUvEs7epJjlFCRyl/4YzqqTU0z8JHPnrVVMrsPbTurFAonlihxg9ddjGohmbTsZ25rHVwl9D06jBXZ2iy8DljRYKpZoIqNXCdXEcllZozgZURFgpzysZ0hCVLYjm7vuIOppjSBFVUzt9bjYhCTypj2sr932EdgkvbvbJbD62m5y3qQR0acA4X4MI1eNCGDvjA4BO+4Bt+SIPckDa5X6zWyDJzCisiT38cq23v</latexit>

) E <⇠ TeV

<latexit sha1_base64="Bbr9qtTcFFWxwA4PBL5KtUqNdOc=">AAAB73icdZDJTsMwFEXtMpWUIcCSTUQrtWyqBLUMu0qIYVmkTlJTpY77KFYdJ8QOooryHewQWz4J8TO4A0JdcFf3Xb/hyH7EmVS2/YVza+sbm1v5baOws7u3bx4cdmSYxBTaNORh3POJBM4EtBVTHHpRDCTwOXT9yfXsvfsCsWShaKlpBIOAjAV7ZJQoHXlm4vowZiINmGARGUPWV4O0zkRm3EIcsLK0hsM7HvpExaEol63SjecqeFUpDTLLlSywFmULOlnJqjhX9dqp4YrQ1xCTVBsmRiBU5oIY/R3xzKJdrdszWXbV/jXLxFkmxUYezdX0TOqOQpoEehXlRMq+Y0calMSKUQ6Z4SYSIkInerkm82M2flIraV9bQQKQg3T+aasjPFHTzNBUv6et/03nrOqcV2sPtWLjcoGH8ugYnaAKctAFaqB71ERtRNE3xtjABfyM3/A7/li05vBy5gitCH/+AGeujec=</latexit>

Fermi’s “Globatron” Ecm ⇠ TeV (1954)

<latexit sha1_base64="TvVOAAGr9naztQAaGvas4s3JFU4=">AAAB0nicZZDLSsNAFIZPvNZ4i7p0E2wXdVOSWhV3AUFcVugNmlJmpsd06GQSMhOhhizErc/ke7h3q89gbAtS+68+zuU/P4fGgivtOB/G2vrG5tZ2acfc3ds/OLSOjjsqShOGbRaJKOlRolBwiW3NtcBenCAJqcAundz+9rtPmCgeyZaexjgISSD5I2dEF6Wh1fMpBlxmIZc8JgHmfT3ILrnMzYpPUyFQV+w7TEJu6zFGydSuujcX9XPTlxEt7kyyArgcodS5j3L05zO0yk7NmcleBXcBZa8EMzWHFvNHEUvDwooJolTfdeIiC0k0ZwJz008VxoRNCvOMhTThwVgvVfsFShKiGmSzvyyviFRPc7NI5f7PsAqdes29qjUeGmXPm8eDEpzCGVTBhWvw4B6a0AYG7/AJX/BttIxn48V4nY+uGYudE1iS8fYDHCiFUQ==</latexit>

• Fermi theory (1932)



Weak Interactions
<latexit sha1_base64="kOps7d8AuwofMubuDvoP0QOZaE0=">AAAB4nicZZDLSsNAFIZPvNZ4i7p0U2zBuimJ1Iq7ghvdVbAXaEqZmRzboZOZkJkUSsgLuBO3PpN738OtYmwLUvuvPs7lPz+HRoJr47of1tr6xubWdmHH3t3bPzh0jo7bWiUxwxZTQsVdSjQKLrFluBHYjWIkIRXYoePb335ngrHmSj6aaYT9kAwlf+KMmLw0cEY+xSGXacglj8gQs57pp1dcZnbZp4kQaMrFe2kwDjHgxGBxgsyouEiVVlLbFe+m7p7rC9uXiuZ3x2kOXAYoTeajDP58B07JrbozFVfBW0CpUYCZmgOH+YFiSZhbMUG07nlulGcjseFMYGb7icaIsHFunrKQxnw4MkvVXo6ShKj76exPyysiMdPMzlN5/zOsQvuy6tWrtYdaqdGYx4MCnMIZVMCDa2jAHTShBQze4RO+4NsKrGfrxXqdj65Zi50TWJL19gNRnowK</latexit>

• Intermediate vector bosons (1960’s)

<latexit sha1_base64="nSrZWi539bXIOvQvKR1MzryH9ng=">AAAB13icZZDLSsNAFIZP6q3GW9Wlm2A3rkoiVcFVxI3LCvYiTSiTyTEdOpmEzEQpIbgTtz6TT+EjuNUXcEwLUvuvPs6c8/MxQcqZVLb9YdRWVtfWN+qb5tb2zu5eY/+gJ5M8o9ilCU+yQUAkciawq5jiOEgzJHHAsR9Mrn/f+4+YSZaIOzVN0Y9JJNgDo0Tp0ajhewFGTBQxEywlEZZD5RdnTJTmFZeJFeiuibTC5ElYRFljFo0tFJhFDOWl6YmkWig0MBGiUKWHIvwrGzWadsuuYi2DM4emW4cqnVGDemFC81hXUU6kHDp2qoVIphjlWJpeLjEldKLLCxoHmfZRC9OhRkFilH5Rfc7iCc/VtDS1lfPfYRl6py3nvNW+bTddd6YHdTiCYzgBBy7AhRvoQBcovMMnfMG3cW88Gy/G62y1ZsxvDmEhxtsPGzqIqQ==</latexit>

Also breaks down at high energies:

<latexit sha1_base64="ROcAYMo6jbJvVrTD2kJy30OWJLw=">AAABeXicZY7LSsNAFIbP1EtjvEVdulGzKQohqcVuA25ctmDaQhvKZDzGoZMLMxOhhD6BW304n8WNMe0m9l99/Of88EW54Eq77jdp7ezu7beNA/Pw6Pjk1Do7H6mskAwDlolMTiKqUPAUA821wEkukSaRwHG0ePy7j99RKp6lz3qZY5jQOOWvnFFdVcO7uWW7jlvnahu8Ddi+AXUGc4vNXjJWJJhqJqhSU8/NdVhSqTkTuDJnhcKcsgWNsWRJJHn8phvttMKUJqjCstZvTkShlyuzsvL+O2zDqOt4D05v2LN9f60HBlzCDXTAgz748AQDCIABwgd8whf8kGvSIbfr1xbZbC6gEXL/C1fHYf0=</latexit>

+

<latexit sha1_base64="jufeaolU8jMJgf67s0N8qfpxYfo=">AAABkHicZY/NSsNAFIXv1L9a/2IFN26K3bgKSSnqzogI4qqCaQpNDJPxtg6dScLMRCixL+NWX8i3Mbbd1J7N/Tj3Hjg3yQXXxnF+SG1jc2t7p77b2Ns/ODyyjpt9nRWKoc8ykalBQjUKnqJvuBE4yBVSmQgMksnd3z54R6V5lj6baY6RpOOUjzijprJi6zTUXLbCkaKsvH/pzEoZB9WIrbZjO3O11sFdQturw1y92GLha8YKialhgmo9dJ3cRCVVhjOBs0ZYaMwpm9Axlkwmio/fzIo7rDClEnVUzr9ajYjCTGeNqpX7v8M69Du2e2l3n7ptz1vUgzqcwTlcgAtX4MED9MAHBh/wCV/wTZrkmtyQ28VpjSwzJ7Ai8vgLpSlqCw==</latexit>

⇠
E2

m2W

<latexit sha1_base64="6k35FpDfCV1YVb/v+nKdl2VEM1w=">AAABmXicZY+7TsNAEEVnwyuYl4EyBRZpqCwbRdAaIaSIKkDsRIqtaL0MYZX1Q7trILJc8jW08DH8DXk1Ibc6ujNXcyfOBVfacX5JbWNza3unvmvs7R8cHpnHJ4HKCsnQZ5nIZD+mCgVP0ddcC+znEmkSC+zF49vZvPeGUvEs7epJjlFCRyl/4YzqqTU0z8JHPnrVVMrsPbTurFAonlihxg9ddjGohmbTsZ25rHVwl9D06jBXZ2iy8DljRYKpZoIqNXCdXEcllZozgZURFgpzysZ0hCVLYjm7vuIOppjSBFVUzt9bjYhCTypj2sr932EdgkvbvbJbD62m5y3qQR0acA4X4MI1eNCGDvjA4BO+4Bt+SIPckDa5X6zWyDJzCisiT38cq23v</latexit>

) E <⇠ TeV

<latexit sha1_base64="wyrjefdUL+m2pu4bXmQDKbYD4R0=">AAAB3HicZZDLSsNAFIZP6q3GW9Wlm2C7cFUS8bItiOKyir1AU8NkctoOncyEmYlQQnbuxK3P5Cv4Em51aWwLUvuvPs7lPz8nTDjTxnU/rNLK6tr6RnnT3tre2d2r7B+0tUwVxRaVXKpuSDRyJrBlmOHYTRSSOOTYCcdXv/3OEyrNpHgwkwT7MRkKNmCUmKIUVEI/xCETWcwES8gQ857pZ+dM5PY9RilF7Rjp3KCKmWNGKNXEGUjl1K4dn3MnDjo12xcyLC6OswKYiFCY3EcR/TkGlapbd6dylsGbQ7VRhqmaQYX6kaRpXFhRTrTueW5SpCLKMMoxt/1UY0LouDDPaBwqNhyZhWqvQEFi1P1s+qHFFZ6aSW4Xqbz/GZahfVr3Lupnd2fVRmMWD8pwBMdwAh5cQgNuoQktoPAOn/AF39aj9Wy9WK+z0ZI13zmEBVlvP13SicI=</latexit>

Reduces to Fermi theory for E ⌧ mW

<latexit sha1_base64="dZj5ROX7EYXY9+ZDspn8tInXDmE=">AAAB73icZZC7TsMwFIbtcisplwIji0UXpipBBdZIDDAWiV6kpqoc5zS1mtip7RRVUZ6DDbHySIiXwbSVUOk/fT72OeeTwyzh2rjuF67s7O7tH1QPndrR8clp/ey8q2WuGHSYTKTqh1RDwgV0DDcJ9DMFNA0T6IXTh9/73hyU5lK8mEUGw5TGgo85o8aWRvU8CCHmoki54BmNoRyYYXHLRek8ShmRCY8nBASoeEFCmNA5l4oomOVcgSYCXokTQazAHuSYjC1EMnUCIUMrMS0scBGBMGUAIvpbMqo33Ka7DNkGbw0Nv4qWaY/qLIgky1M7iiVU64HnZlaUKsNZAqUT5BoyyqZ2eMHSUFlts1EdWBQ0BT0slp+22ZLkZlE61sr777AN3Zumd9dsPbcavr/SQ1V0ia7QNfLQPfLRE2qjDmLoG2Ps4Bqe4Tf8jj9WTyt43XOBNoI/fwCJvo+Z</latexit>

Good high energy behavior requires new degrees of freedom
<latexit sha1_base64="5wjGmj0lJrFf5wEAhQZvjIS5Xfg=">AAABxXicdZDLSsNAFIZP6q3GW9Slm2AXdVVmSu1lF3BhwU0Fe4GmtJPpGIdOJiEzLZQQfCafRtzpmzhtFenCf/Vxzvn/czhBIrjSCH1YhZ3dvf2D4qF9dHxyeuacX/RUPE8p69JYxOkgIIoJLllXcy3YIEkZiQLB+sHsbtXvL1iqeCyf9DJho4iEkj9zSrQpjZ0HP2Ahl1nEJU9IyPKhHmW3XOb2ZNLmYahcxaiO03LZ9mUcmOhZZoDLKZM695mc/lnHTglVEEIYY3cFuFFHBlqtZhU3XbxqGZW8IqzVGTvUn8Z0HpkoKohSQ4wSs56kmlPBctufK5YQOjPhGY2ClIcveqs6NChJxNQoW79i2yLmepnb5qrf1e7/0KtWcL1Se6yVPG9zHhThCq7hBjA0wIM2dKALFN7gHT7hy7q3Iktbi81owfrxXMKWrNdvQmiBew==</latexit>

“Higgs sector”



Why Higgs Sector?
<latexit sha1_base64="VO/4z0i/C94rScY/R6R2Jonc9xo=">AAAB43icZZDLSsNAFIZPvNZ4q7p0E2wXdVMSLSquAm7cCBXsBZpSJtNjOnQyGTIToYQ8gTtx6zO59kHcqmNbkNp/9XEu//k5oeRMadf9sFZW19Y3Nktb9vbO7t5++eCwrZIspdiiCU/SbkgUciawpZnm2JUpkjjk2AnHN7/9zhOmiiXiQU8k9mMSCfbIKNGmNCizIMSIiTxmgkkSYdHT/fy8fsVEYVeDMOMcddW5I0pxVMpRkgnHcyRJNaMcnZocJToRp9d2IJLQHB7nBpgYotBFgGL4ZzwoV9y6O5WzDN4cKn4JpmoOyjQYJjSLjRXlJkDPc6UJNz9d2EGmUBI6NuY5jcOURSO9UO0ZFCRG1c+nj1pc4ZmeFLZJ5f3PsAzts7p3UW/cNyq+P4sHJTiGE6iBB5fgwy00oQUU3uETvuDbQuvZerFeZ6Mr1nznCBZkvf0AIiWMng==</latexit>

• Massless spin 1 particle (photon):

<latexit sha1_base64="z2kOAgWDUeUd810SucsBM4wVoUI=">AAABgHicZY9LS8NAFIXv1FeMr6hLN8FsCkJMpCgIQsCNywqmDTQhTMZrHDp5kJkIJfRPuNU/5r8xpt3EntXHuffAOUkpuFSO80MGW9s7u3vavn5weHR8YpyeTWRRVwx9VoiiChIqUfAcfcWVwKCskGaJwGkyf/y7Tz+wkrzIX9SixCijac7fOKOqtYIwpfGV+WDGhuXYTidzE9w1WJ4GncaxwcLXgtUZ5ooJKuXMdUoVNbRSnAlc6mEtsaRsTlNsWJZUPH1XPXfWYk4zlFHTrehHRK0WS71t5f7vsAmTG9u9tUfPI8vzVvVAgwu4hCG4cAcePMEYfGAg4BO+4JsMyJBcE3f1OiDrzDn0RO5/AWPGY0Q=</latexit>

�+ =
<latexit sha1_base64="J/dNCIofh6F1zLAlt1n0iaQoN1Y=">AAAB4XicZZDNSsNAFIVv6l+Nf1GXboLtQhBCokVFEAJuXFa0P9ApZTIZ06GTSchMCiXkAdyJW5/JB/A53Co4tgWpPauPM/eeOdwg5Uwq1/0wKiura+sb1U1za3tnd8/aP2jLJM8IbZGEJ1k3wJJyJmhLMcVpN80ojgNOO8Ho9ve9M6aZZIl4VJOU9mMcCfbECFbaGlgRCmjERBEzwVIc0bKn+sW5c8VEaQ51KmFqcm3Xh/aNjYZYFWlpIxImykZjSoqHUvunXt1EIgn0t6NCAxMhFapEVIR/sQOr5jruVPYyeHOo+VWYqjmwCAoTksc6inAsZc9zU10NZ4oRTksT5ZKmmIx0eEHiIGPRUC24PY0Cx1T2i+mZFld4rialqVt5/zssQ/vM8S6cxn2j5vuzelCFIziGE/DgEny4gya0gMA7fMIXfBvEeDZejNfZaMWY7xzCgoy3H7ijivg=</latexit>

helicity: h = p̂ · ~S = +1

<latexit sha1_base64="rTdibBzl1f4NqjE68K3RkL2K7i4=">AAABgHicZY9LS8NAFIXv1FeMr6hLN8FsujEmUhQEIeDGZQXTBpoQJuM1Dp08yEyEEvon3Oof898Y025iz+rj3HvgnKQUXCrH+SGDre2d3T1tXz84PDo+MU7PJrKoK4Y+K0RRBQmVKHiOvuJKYFBWSLNE4DSZP/7dpx9YSV7kL2pRYpTRNOdvnFHVWkGY0vjKfDBjw3Jsp5O5Ce4aLE+DTuPYYOFrweoMc8UElXLmOqWKGlopzgQu9bCWWFI2pyk2LEsqnr6rnjtrMacZyqjpVvQjolaLpd62cv932ITJje3e2qPnkeV5q3qgwQVcwhBcuAMPnmAMPjAQ8Alf8E0GZEiuibt6HZB15hx6Ive/ZfZjRg==</latexit>

�� =
<latexit sha1_base64="pShdg3CSonPvj2vFcK1b4R4R8eU=">AAABfnicZY9LS8NAFIXv1FeMr6hLN8GAuGlMSlE3QsCNywomLbShTMZrOnbyIDMRSuh/cKv/zH9jTLuJPauPc++Bc6JccKkc54d0trZ3dve0ff3g8Oj4xDg9C2RWFgx9lomsGEVUouAp+oorgaO8QJpEAofR/PHvPvzAQvIsfVGLHMOExil/44yq2gpm5oPZdaeG5dhOI3MT3DVYngaNBlODTV4zViaYKiaolGPXyVVY0UJxJnCpT0qJOWVzGmPFkqjg8Uy13HGNKU1QhlWzoR0RpVos9bqV+7/DJgQ92721+899y/NW9UCDC7iEa3DhDjx4ggH4wOAdPuELvgmQK9IlN6vXDllnzqElcv8LGg5iSA==</latexit>

h = �1<latexit sha1_base64="KOQLlGhJdYWVc562vEDKOdrpJS4=">AAABynicZZBLS8NAFIVvfNb4irp0U2wXrkKiRV0WunHhIkpf0JQymV7j0MkkzEyUErLzN/lfBLf6O5w+QGrP6uPeew6HG2WcKe15n9bG5tb2zm5lz94/ODw6dk5OuyrNJcUOTXkq+xFRyJnAjmaaYz+TSJKIYy+atGb73itKxVLR1tMMhwmJBXtmlGgzGjlBGGHMRJEwwTISYznQw+LavWOitFtBu1oPq+ETi180kTJ9q9uhSCOTPykMMDFGocsQxfjPP3JqnuvNVV0Hfwm1ZgXmCkYODccpzRMTRTlRauB7melApGaUY2mHucKM0IkJL2gSyVmZlenAoCAJqmEx/8eqhed6Wtqmlf+/wzp0r1z/xm08NmrN5qIeVOAcLuASfLiFJtxDAB2g8AFf8A0/1oMlralVLE43rKXnDFZkvf8CQSSCew==</latexit>

CPT )
<latexit sha1_base64="gCieln8L7Ygl+QwG6CAc0fPyxDM=">AAAB/nicZZC9TsMwFIVtfkv4CzABS0QZmKqkVMBYiYWBASRaKjVV5bi3xapjR7bTCqJIDDwLG2LlVXgFngI3rYRKz3R0r+85nxwlnGnj+994aXlldW29tOFsbm3v7Lp7+00tU0WhQSWXqhURDZwJaBhmOLQSBSSOODxGw+vJ/nEESjMpHsxzAp2YDATrM0qMHXXdtzCCARNZzARLyADytulk55UrJnKn6umECU8bYkB7p+Et9I1igydDlJLjU7tPJCeKvRRZ2pN9DzhQo+SkBAyj3piMwAmFjCzTMLOGiR4Ik4cgen+dXbfsV/xC3qIJZqZcL6FCd12Xhj1J09hGUU60bgd+YrmJsp0ccidMNSSEDm14RuOogJ6btq0VJAbdyYo/nD/hqXnOHUsV/GdYNM1qJbio1O5r5Xp9iodK6BidoDMUoEtURzfoDjUQRT/YxYf4CL/id/yBP6dPl/Ds5gDNCX/9AiALlZc=</latexit>

2 spin states , 2 polarizations of electromagnetic wave

<latexit sha1_base64="YeSjBBM1Fbg2ywjyIz/Api1+QgQ=">AAABfXicdY9LS8NAFIVv6ivWR6Mu3QSD4ELCTClNCwoBNy4rmLbQhjIZr3Xo5EFmUiihv8Gt/jR/jaatLrrwrD7uuYd7bpRJoTQhX0ZtZ3dv/8A8rB8dn5w2rLPzvkqLnGPAU5nmw4gplCLBQAstcZjlyOJI4iCaPaz8wRxzJdLkWS8yDGM2TcSr4ExXo2Bu39t8YjnEJYRQSu0VUK9NKuh2O03asenKquT4JqzVm1h8/JLyIsZEc8mUGlGS6bBkuRZc4rI+LhRmjM/YFEseR7mYvumt6ajChMWownL9wnZEFnqxrFet/k7b/0O/6dK223pqOf7dph6YcAlXcAMUPPDhEXoQAAcB7/ABn/BtXBu3hrtZrRm/mQvYkuH9AGR2Y4I=</latexit>

v = c

<latexit sha1_base64="NqP5AP4SNVQ8DqlEQtDPfx9KrrM=">AAAB2XicZZBLS8NAFIVvfNb4qrp0E2wXrkKiRcVVwI0boYJ9QFLCZHqNQyeTkJkUSsjCnbj1N/kj/A1ude/YFqT2rD7unXvOYaKMM6kc58NYWV1b39isbZnbO7t7+/WDw65Mi5xih6Y8zfsRkciZwI5iimM/y5EkEcdeNLr53ffGmEuWigc1yXCQkFiwR0aJ0qOwHgYRxkyUCRMsIzFWvhqU5/YVE5XZDKKCc1RN645IycZoyYwJy7UykitGOV6bgUgjHTcqNTAxRKGqAMXwzy6sNxzbmcpaBncODa8GU7XDOg2GKS0SbUW5jvVdJ9OV5omVGRQSM0JH2rykSZSz+EktTH2NgiQoB+X0exZPeKEmlalbuf87LEP3zHYv7NZ9q+F5s3pQg2M4gVNw4RI8uIU2dIDCO3zCF3wbvvFsvBivs6crxvzmCBZkvP0AgEWIvg==</latexit>

• Massive spin 1 particle:
<latexit sha1_base64="TeHfYMRyM6dyUrfJ4/BciYQhYb8=">AAABfHicZY9LS8NAFIXv1FeMr6hLN8G4EMSQlFJXQsCNywqmKbShTMZrOnTyYGYilNC/4Fb/mn9G7GsTe1Yf594D5ySl4Ep73g9p7ezu7R8Yh+bR8cnpmXV+0VdFJRmGrBCFHCRUoeA5hpprgYNSIs0SgVEyfVreow+Uihf5q56VGGc0zfk7Z1Qvrch+tMeW47neSvY2+BtwAgNW6o0tNnorWJVhrpmgSg19r9RxTaXmTODcHFUKS8qmNMWaZYnk6UQ33OECc5qhiuvVgmZEVHo2Nxet/P8dtqHfdv2u23npOEGwrgcGXME13IIPDxDAM/QgBAYT+IQv+IZfckPuyP36tUU2mUtoiHT/AH2aYsQ=</latexit>

W =
<latexit sha1_base64="AnxM2cdzbBac4mtBGDy6Fa/D7XA=">AAABfXicdY9LS8NAFIVv6ivWR6Mu3QSD4ELCTClNCwoBNy4rmLbQhjIZr3Xo5EFmUiihv8Gt/jR/jaatLrrwrD7uuYd7bpRJoTQhX0ZtZ3dv/8A8rB8dn5w2rLPzvkqLnGPAU5nmw4gplCLBQAstcZjlyOJI4iCaPaz8wRxzJdLkWS8yDGM2TcSr4ExXo2Bu39tkYjnEJYRQSu0VUK9NKuh2O03asenKquT4JqzVm1h8/JLyIsZEc8mUGlGS6bBkuRZc4rI+LhRmjM/YFEseR7mYvumt6ajChMWownL9wnZEFnqxrFet/k7b/0O/6dK223pqOf7dph6YcAlXcAMUPPDhEXoQAAcB7/ABn/BtXBu3hrtZrRm/mQvYkuH9AC1HY08=</latexit>

v = 0

<latexit sha1_base64="p2RR9eN7DJCjcjdNRR/3mTo9Xrg=">AAABm3icZY9LS8NAFIXv1Fetr6hLEUYLwY0lI0VXQqAbERcVTVtoSpiM1zp08iAzEWro2l/jVn+L/8b0sak9cOHj3Hvg3DBVUhvH+SWVtfWNza3qdm1nd2//wDo86ugkzwR6IlFJ1gu5RiVj9Iw0CntphjwKFXbDUWu6775jpmUSP5txioOID2P5KgU3pRVYZ0/BB72lfsRNwaht+z61qVPOFGx6ySaBVXcazkx0FdgC6m4VZmoHlvBfEpFHGBuhuNZ95qRmUPDMSKFwUvNzjSkXIz7EQkRhJodvZsntlxjzCPWgmD24HFG5GU9qZSv2v8MqdK4a7LrRfGzWXXdeD6pwAudwAQxuwIU7aIMHAj7hC77hh5ySFrknD/PTCllkjmFJxPsDcEZqdg==</latexit>

Sz =

0

B@
1

0

�1

1

CA

<latexit sha1_base64="isX1euStMV40GX+btf3ZMcEQCyo=">AAABxHicZZBLS8NAFIXv1FeNr6hLN8VuXIXEFnUZEERcVbAPaEqZTK9x6GQyZCZCCfE3+WsEV/pTHNuC1J7Vx517zhxurATXxvc/SW1jc2t7p77r7O0fHB65xyc9nRU5wy7LRJYPYqpRcIldw43AgcqRprHAfjy9/X3vv2KueSafzEzhKKWJ5M+cUWNHY/chijHhsky55IomWA3NqGx5N1xWTquhFZcNbahB7UQyi23ytLTA5QSlqSKUkz/n2G36nj9XYx2CJTTDOszVGbssmmSsSG0UE1TrYeAr+zvNDWcCKycqNCrKpja8ZGmc8+TFrEyHFiVNUY/K+SVWLaIws8qxrYL/Hdahd+kFV177sd0Mw0U9qMMZnMMFBHANIdxDB7rA4B0+4Au+yR0RRJNisVojS88prIi8/QAmLoCw</latexit>

3 spin states



Why Higgs Sector?
<latexit sha1_base64="XVf8B9Rt6Iumc4BKjhrY3vWu2pQ=">AAAB2HicZZDLSsNAFIZPvNZ4i7p0E2wXrkKiRcVVwI0LFxXsBZtaJpNjOjSZhJmJUEPAnbj1mXwJX8GtPoDpBaT2X32cOf8/P8dPIyaVbX9qS8srq2vrlQ19c2t7Z9fY22/JJBMUmzSJEtHxicSIcWwqpiLspAJJ7EfY9odX4/f2EwrJEn6nRin2YhJy9sgoUeWobzx4PoaM5zHjLCUhFl3Vy0+tC8YL/YaIEE0/SaQyGTfVAM3ac80MmEA6dl/qHk/88rdhXgLjAXJVeMiDv7S+UbUteyJzEZwZVN0KTNToG9QLEprFZRSNiJRdx07LRkQoRiMsdC+TmBI6LMNzGvuChQM1N+2WyEmMspdPrjNviTI1KvSylfO/wyK0TiznzKrf1quuO60HFTiEIzgGB87BhWtoQBMofMAXfMOPdq+9aK/a23R1SZt5DmBO2vsvtW6IPg==</latexit>

Large boost in the z direction:
<latexit sha1_base64="NGkyXidCbJWHfx6EViBtgn8BJRY=">AAABmnicZY/NSsNAFIXv1L9a/6IudRHMxlVIpNSNQtCN4qZC0xaaGibjNQ6dSUJmIpSQrU/jVt/FtzG2Bak9i8vHuffAuVEmuNKO800aa+sbm1vN7dbO7t7+gXF41FdpkTP0WSrSfBhRhYIn6GuuBQ6zHKmMBA6iye3vfvCGueJp0tPTDMeSxgl/4Yzq2goNM3sKZGFem4GkupThwAwC0/kbVWhYju3MZK6CuwDLa8JM3dBgwXPKComJZoIqNXKdTI9LmmvOBFatoFCYUTahMZZMRjmPX/WSO6oxoRLVuJz9txwRhZ5WrbqV+7/DKvQvbLdjtx/blnc1rwdNOIEzOAcXLsGDO+iCDwze4QM+4YuckhtyTx7mpw2yyBzDkkjvBwVDa/A=</latexit>

pµ =

0

BBB@
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0

0

0

1

CCCA

<latexit sha1_base64="z3UnGyFH8A8O2+lloHLN9f8kVSE=">AAABv3icZVDLSsNAFL1TX7W+oi7dBLsRhJKUohsXFRFcVrAPaNowGa9x6EwynZkIJfSL/BqX6s8Y0yLUnsXlcM653MONlODGet4nqWxsbm3vVHdre/sHh0fO8UnPpJlm2GWpSPUgogYFT7BruRU4UBqpjAT2o8ndr99/Q214mjzZmcKRpHHCXzijtpBC5z6Q1OaBmWqbq3HTvXRl2B83524QuN7fUPNaYLjEqVvG1X83dOpewyvhrhN/SertKpTohA4LnlOWSUwsE9SYoe8pO8qptpwJLK5lBhVlExpjzmSkefxqV9RhQRMq0Yzy8gmrKyKzs3mtaOX/77BOes2Gf9VoPbbq7ZtFPajCGZzDBfhwDW14gA50gcE7fMAXfJNbEpOEqEW0QpY7p7ACMvsB+GN5lQ==</latexit>0
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<latexit sha1_base64="odJzb4GcSx2LvdoFADfrCHE48Kg=">AAABmnicZY/NSsNAFIXv1L9a/6IudRHMxlVIpNSNQtGN4qZC0xY6NUzGax06k4TMRCihW5/Grb6Lb2NMC1J7FpePc++Bc6NUCm0875vU1tY3Nrfq242d3b39A+vwqKeTPOMY8EQm2SBiGqWIMTDCSBykGTIVSexHk9vfff8NMy2SuGumKY4UG8fiRXBmSiu0bIrpE1W5fW1TxUzh2ZTaf8OfhZbjuV4lexX8BTjtOlTqhBanzwnPFcaGS6b10PdSMypYZgSXOGvQXGPK+ISNseAqysT41Sy5wxJjplCPiuq/5YjMzXTWKFv5/zusQu/C9Vtu87HptK/m9aAOJ3AG5+DDJbThDjoQAId3+IBP+CKn5Ibck4f5aY0sMsewJNL9Ac19a78=</latexit>

✏µ =

0

BBB@

0

0

0

1

1

CCCA

<latexit sha1_base64="c05Z6uM7IJzhutjZrjzOUBBkzoI=">AAAByHicZVDLTsMwEFyXVymvAEcuEb1woUqqqlw4VOKCOKAi0YdUt5Fj3GLVTlzbAVVRLnwTPwNX+BBCUyGVzmE1mt3ZHW2oBDfW8z5QaWNza3unvFvZ2z84PHKOT7omTjRlHRqLWPdDYpjgEetYbgXrK82IDAXrhdOb337vhWnD4+jRzhUbSjKJ+JhTYnMpcO7xWBOa+lkqg17mYklsqlyMXe+vYDPTuTiqu5duPjSqZ1kFGy7ZzC3MaoRlUiwInKpX8xZw14m/JNVWGRZoBw7FTzFNJIssFcSYge8pO0yJtpwKlh9KDFOETsmEpVSGmk+e7Yo6yGlEJDPDdPGNVYtI7Dyr5Kn8/xnWSbde85u1xkOj2rou4kEZzuAcLsCHK2jBLbShAxTe4RO+4BvdIYVe0bwYLaGl5xRWgN5+AHrRf6Y=</latexit>

1

mW

0

BBB@

p

0
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1

CCCA '
pµ

mW

<latexit sha1_base64="VeQmxKxlZzOwrwhUcpzOn6KVqNc=">AAABy3icZZBLS8NAFIVv6qvGV9Slm2K7cBUSLSqCEHDjRmjBPqApZTK9pkMnk5CZCG3M0t/kb3HhVv+GYypI7Vl93LnnzOEGCWdSOc67UVlb39jcqm6bO7t7+wfW4VFXxllKsUNjHqf9gEjkTGBHMcWxn6RIooBjL5je/bz3njGVLBaPapbgMCKhYE+MEqVHI6vtBxgykUdMsISEWAzUML+wr5kozMbktuY0aknMScrmpeHG9EUc6A+muQYmxihU4aMY/wWMrLpjO6Vqq+D+Qt2rQqnWyKL+OKZZpKMoJ1IOXCfRJUiqGOVYmH4mMSF0qsNzGgUpCydqaTrQKEiEcpiXB1m28EzNClO3cv93WIXuue1e2s12s+55i3pQhRM4hTNw4Qo8uIcWdIDCG3zAJ3wZD4Y05sbLYrVi/HqOYUnG6zftN4Lo</latexit>

h = 0 polarization:

<latexit sha1_base64="n7kZGfa+VAUav9IUkFj3BWeyQBE=">AAAB6HicZZC7TsMwFIZtWqCEW4CRJaIdmKoEKmCMxMJYEL1ITVU5ziE1dZzIdkBVlHdgQ6w8EwuvwoR7kVDpPxz9OpffnxxmnCntut94o1Ld3Nqu7Vi7e/sHh/bRcVeluaTQoSlPZT8kCjgT0NFMc+hnEkgScuiFk9vZvPcCUrFUPOppBsOExII9MUq0aY1sEYQQM1EkTLCMxFAO9LC4bN4wUVqN4IHFY02kTF8bTmwqE7FDEsOl8wiUQ7QzNhsOCJAxA2UFIg3N65PCGCYiELoMQER/6SO77jbduZx14y1N3a+hudojmwZRSvPERFFOlBp4bmYIidSMciitIFeQETox4QVNQjkDXukOjBUkATUs5r+1esJzPS0tQ+X9Z1g33Yumd9Vs3bfqvr/AQzV0is7QOfLQNfLRHWqjDqLoC/3gCq7iZ/yG3/HHYnUDL29O0Irw5y+1ZY3C</latexit>

) growing amplitudes at high energies
<latexit sha1_base64="HNDZhVTNT+opW5kRkmCEC3qba5I=">AAAB/nicZZC7TsMwFIZtriXcAkzAEtEOTFUCCBgrsTACakulpqoc5zRYdexgOxQURWLgWdgQK6/CK/AUmBYJlf6D9enY5/izo4wzbXz/E8/NLywuLVdWnNW19Y1Nd2u7rWWuKLSo5FJ1IqKBMwEtwwyHTqaApBGH22h48bN/+wBKMyma5imDXkoSwQaMEmNLffcljCBhokiZYBlJoOyaXnFcP2eidGrhDUvuDFFKjmqegJEXQ6IAtCcH3sBCLFNPwX3OFMTOiJk7r5Z6IdfMrgYeTdGEdllzQiEj6zQsLDARgzBlCCL+u7PvVv26P443C8EvVBsVNM5V36VhLGme2lGUE627gZ9Zb6IMoxxKJ8w1ZIQO7fCCppH6ecZUtWtRkBR0rxj/4XQLz81T6Vir4L/DLLSP6sFp/eT6pNpoTPRQBe2jA3SIAnSGGugSXaEWougLu3gX7+Fn/Irf8Pvk6Bz+7dlBU8Ef32DDlPg=</latexit>

) new degrees of freedom required with m <⇠ TeV
<latexit sha1_base64="jkkzcjYzeuSiE93DMgZfW5Gm0wM=">AAAB0XicdZC7SgNBFIbPeo3rbdXSZjFFbAw7GjTpAmlSiEQ0RsiGZHZyjENmZ5adiRCWBbH1mXwQa1t9BydekBT+1ce5/OfnRIng2gTBq7OwuLS8slpYc9c3Nre2vZ3dG60mKcM2U0KltxHVKLjEtuFG4G2SIo0jgZ1o3Jj1Ow+Yaq7ktZkm2IvpSPI7zqixpb7XCSMccZnFXPKEjjDvml52Uq5ymbuDwYU6Ekqjb+5RpRiXSj41/nmz4YZSRfbMOLPA5RClyUOUwz+bvlcMykEQEEL8GZCz08BCrVY9JlWfzFpWxXoBvtTqeywcKjaJrRUTVOsuCRIbhaaGM4G5G040JpSNrXnG4ijlo3szV+1alDRG3cu+3jK/IiZmmrs21e9p/3+4OS6T03LlslKs17/jQQH24QAOgcAZ1KEJLWgDgxd4g3f4cK6cqfPoPH2PLjg/O3swJ+f5E+AWhVI=</latexit>

“No-lose theorem” at LHC



Minimal Higgs Sector

<latexit sha1_base64="RDrNjiB/t/wye0Uf11h8trH+kRw=">AAAB63icZZDLSsNAFIZnqrY13qIu3QS7cRUSLeoy4MaNULE3aEqZTE6ToZNJzEyEEvIU7sStzyQ+jODYFqT2X32cy39+TpBxJpXjfOHa1vZOvdHcNfb2Dw6PzOOTvkyLnEKPpjzNhwGRwJmAnmKKwzDLgSQBh0Ewu/vtD14glywVXTXPYJyQSLApo0Tp0sR89gOImCgTJlhGIqhGalxe2bdMVEY3ZtIKYaqtpaVisJ4UESHJQ+shDYFb6dTKSK4Y5WBl8VwyKm3DF2mgA8xKDUyEIFTlgwj/DkzMlmM7C1mb4K6g5TXRQp2JSf0wpUWirSgnUo5cJ9MhV5crwy8kZITOtHlJkyBnUazWqiONgiQgx+XiYesrvFDzytCp3P8ZNqF/abvXdvux3fK8ZTzURGfoHF0gF90gD92jDuohij7RN67jBk7wK37D78vRGl7tnKI14Y8fQYWOig==</latexit>

This defines the Standard Model of particle physics.

<latexit sha1_base64="9Qa0DeNczMx2CrRyHuWRgi9XHIA="></latexit>

All growing amplitudes can be canceled by incorporating a single

spin-0 particle (the Higgs boson).

<latexit sha1_base64="VaE6nQyzgKM08hO4I/t314GNvq8=">AAAB6HicZZC7TsMwFIZtWqCEW4CRJaIdmKIEKmCMxMJYJHqRmqqy3dNi6jiR7SBVUd6BDbHyTCy8ChPuRUKl//TpXP7z69BMcG2C4BtvVarbO7u1PWf/4PDo2D057eg0VwzaLBWp6lGiQXAJbcONgF6mgCRUQJdO7+f97isozVP5ZGYZDBIykXzMGTG2NHRlTGHCZZFwyTMygbJvBsW1f8dl6TRimgsBpuG1iDKcCfASojVojyiuwRurNPG4NKAIm7tpJ5YptdenhQUuRyBNGYMc/bkP3XrgBwt5mxCuoB7V0EKtocviUcryxFoxYY/3wyCzCVd5SifONWSETa15wRKq+OTZrFX7FiVJQA+KxbfWV0RuZqVjU4X/M2xC58oPb/zmY7MeRct4qIbO0QW6RCG6RRF6QC3URgx9oR9cwVX8gt/wO/5Yjm7h1c4ZWhP+/AWoNY3A</latexit>

• Particle masses arise from interactions
<latexit sha1_base64="Jlws+0I3HF6QugFE0USztHyTeeQ=">AAABy3icZZDLTsJAFIZP8Yb1VnXpppGNq6ZVoi6buGFjAomACSVkOj2UCdNp05lqsHbpM/ksLtzqazgCiUH+1Zdz+c+fE2acSeW6H0ZtY3Nre6e+a+7tHxweWccnPZkWOcUuTXmaP4ZEImcCu4opjo9ZjiQJOfbD6d1vv/+EuWSpeFCzDIcJiQUbM0qULo2sThBizESZMMEyEmM1UMPyyrllojKfmZrYaoJ2i8WxtMcMeWQGIg31gWmpgYkIhaoCFNGfwchquI47l70O3hIafh3mao8sGkQpLRJtRTmRcuC5mQ5BcsUox8oMCokZoVNtXtIkzFk8USvVgUZBEpTDcv6Q1RVeqFll6lTe/wzr0Lt0vGun2Wk2fH8RD+pwBudwAR7cgA8taEMXKLzDJ3zBt3FvSOPFeF2M1ozlzimsyHj7Ab30g4g=</latexit>

with the Higgs field

<latexit sha1_base64="pstUtuUkM1jb4mJEXEQJB7YBdnE=">AAAB53icZZC7TsMwFIbtlksJtwAjS0Q7MEUJVMAYiaVjkehFaqrKcQ/hqI4TYgdRRXkGNsTKMzHxKGyEtBIq/adPxz6/PzlIBCrtOF+0Vt/Y3Npu7Bi7e/sHh+bRcV/FWcqhx2MRp8OAKRAooadRCxgmKbAoEDAIZre/54NnSBXG8l7PExhHLJT4gJzpcjQxIz+AEGUeocSEhVCM9Di/tG9QFkbLDzIhQLesDoahshKWauQCLFQWs54yJnUWWfDCUVdthi/joHx8lpeAcgpSFz7I6V/5xGw6tlPFWgd3CU2vQap0Jyb3pzHPorKKC6bUyHWSUnApUhh+piBhfFaW5zwKUgwf9cp0VKJkEahxXn3W6orI9LwwSiv3v8M69C9s98pu37WbnrfQIw1ySs7IOXHJNfFIh3RJj3DySb5pjdYp0lf6Rt8XV2t0uXNCVkI/fgCC6o0B</latexit>

• Higgs particle is a quantum excitation
<latexit sha1_base64="Xb8t+AzZ5LWG11XYFhf4XSsNE+w=">AAAByXicZZBLS8NAFIVv6qvGV9Slm2A3rkKioi4DbgourGAf0JQymdymQyeTmJmINWTlb/LHiFv9H45tQWrP6uPeew6HG2acSeW6H0ZtbX1jc6u+be7s7u0fWIdHHZkWOcU2TXma90IikTOBbcUUx16WI0lCjt1wcvu77z5jLlkqHtU0w0FCYsFGjBKlR0PrPggxZqJMmGAZibHqq0F54dwwUZnpyFZjtJssjqU9YsgjMxBpqOMnpQYmIhSqClBEf/ah1XAddyZ7FbwFNPw6zNQaWjSIUlokOopyImXfczNdgeSKUY6VGRQSM0InOrykSZizeKyWpn2NgiQoB+XsHcsWXqhpZepW3v8Oq9A5d7wr5/LhsuH783pQhxM4hTPw4Bp8aEIL2kDhHT7hC76NO+PJeDFe56c1Y+E5hiUZbz81tIKN</latexit>

of the Higgs field

<latexit sha1_base64="p5SDHsNTZ58ifRlbJKVAjxC2uN0=">AAAB7HicZZC7TsMwFIbtcmkJtwAjS0Q7MFUJVMBYiaVjkehFaqrKcU5Tq44d2Q5SFeUt2BArzwQvgzBtJVT6T5/O8Tnnk6OMM218/wtXdnb39qu1A+fw6Pjk1D0772uZKwo9KrlUw4ho4ExAzzDDYZgpIGnEYRDNH3/7gxdQmknxbBYZjFOSCDZllBhbmrgqjCBhokiZYBlJoByZcXHbfGCidBphlHMOpuF1WJJob8qAxx6V2mgPBKhk4RnpmVwJJ4Q0mxVyOi2dUMjIGswLC0zEIEwZgoj/Lkzcut/0l/G2IVhDvV1Dy3QnLg1jSfPUrqKcaD0K/MxaEmUY5WAv5hoyQud2eUHTSLFkZjaqI4uCpKDHxfLHNkd4bhalY62C/w7b0L9pBnfN1lOr3m6v9FANXaIrdI0CdI/aqIO6qIco+kTfuIprWOBX/IbfV08reD1zgTaCP34ABSGPCA==</latexit>

• Higgs field costs energy to turn o↵



Beyond the Standard Model?
<latexit sha1_base64="7cyN2Ww0RmL0Ash9TSBpUVaFpqM="></latexit>

The Standard Model can be consistently extrapolated to the

Planck scale MPlanck ⇠ 1019 GeV

<latexit sha1_base64="mKvSyGRauECaN0fVbeRcroTy/zk=">AAAB2nicZZA7T8MwFIVvyquEV4CRJaIdmKIEKmCMxMJGkehDaqriuJdg1XFC7CBVURY2xMpv4j/wH1hhxn1IqPRMn67vOT66YcqZVK77aVRWVtfWN6qb5tb2zu6etX/QlkmeUWzRhCdZNyQSORPYUkxx7KYZkjjk2AlHV5P3zjNmkiXiTo1T7MckEuyBUaL0aGDdByFGTBQxEywlEZY91S/OnEsmSrMehDnnqOr2TYrCpomgmKqccPspRznxSzMQSaj/GxUamBiiUGWAYviXN7BqruNOZS+DN4eaX4WpmgOLBsOE5rGOopxI2fPcVHcimWKUY2kGucSU0JEOL2gcZix6VAvTnkZBYpT9YnqfRQvP1bg0dSvvf4dlaJ863rnTuG3UfH9WD6pwBMdwAh5cgA/X0IQWUPiAL/iGHyMwXoxX4222WjHmnkNYkPH+Cz5HigI=</latexit>

• Open conceptual questions
<latexit sha1_base64="8uu7d1wyC1yK9oWks/yAdswsFtg=">AAAB6nicdVA9T8MwFLSBlhK+AowsEV0YqiguVT+2SCyMRSJtpaaqHNekVh0nOE6lKMqfYEOs/CYk/gsDbguqOnDT6d17d6cXJJylynG+4N7+QaV6WDsyjk9Oz87Ni8tBGmeSUI/EPJajAKeUM0E9xRSno0RSHAWcDoPF/UofLqlMWSyeVJ7QSYRDwZ4ZwUqPpmbiBzRkooiYYAkOaTlWk+LO7jJRGt52sWG9ZFioLLJCiZdM5Q1rzqjEksxzK5Gxjosatm0bvogDnb8oNGFiRoUqfSpmW/+pWXdsx3EQQtaKoE7b0aTX6zZR10IrSaPu1sAa/alJ/FlMskhbEY7TdIycRHfEUjHCaWn4WUoTTBbavCBRIFk4VzvTsaYCRzSdFOt/7Z7wTOWloVv9RVv/k0HTRm279diqu+6mHqiBa3ADbgECHeCCB9AHHiDgE3zDCqxCDl/hG3zfrO7B35srsAP48QPwCI5r</latexit>

Unification, quantum gravity, hierarchy problem,...

<latexit sha1_base64="t3sG7AXznA7M2vPH/PVuq5A0kGg=">AAAB23icZZC7TsNAEEXH4RXMK0BJY5EUVJENEVBagoIySOQhxVa03gxmlfWu5V0jIssVHaLlm/gGPoIWWpYkEgq51dE87lxNlHKmtOt+WJWV1bX1jeqmvbW9s7tX2z/oKplnFDtUcpn1I6KQM4EdzTTHfpohSSKOvWh89dvvPWKmmBR3epJimJBYsHtGiTalYY0EEcZMFAkTLCUxlgMdFmfNSyZKuxFEOeeoG861ROUIqR18SjlhwqFSJcY7ntiBkJE5OC4MMDFCocsAxejPcFiru013KmcZvDnU/SpM1R7WaDCSNE+MFeVEqYHnpiYUyTSjHEs7yBWmhI6NeUGTKGPxg16oDgwKkqAKi+mDFld4rielbVJ5/zMsQ/e06Z03W7etuu/P4kEVjuAYTsCDC/DhBtrQAQrv8Alf8G2F1rP1Yr3ORivWfOcQFmS9/QCbEIoq</latexit>

• Does not explain cosmology
<latexit sha1_base64="UUiXL1yjexhCe9uWWFnl/bFm25Q=">AAAB23icdZA7T8MwFIVveJbwKjCyRHRhQFEMVR9bJRgYi0QBqYkqx70Eq44T2S5SFWViQ6z8Jn4DP4IVVtwWhDpwpk/3+px75DgXXJsgeHeWlldW19YrG+7m1vbObnVv/0ZnY8WwxzKRqbuYahRcYs9wI/AuV0jTWOBtPDqf7m8fUWmeyWszyTFKaSL5PWfU2NGgSsMYEy6LlEue0wTLvomKM7/FZeleUDXyUmoMqhOPy3sx85x4MVWTLEGJmms3lFlsD44KC1wOUZoyRDn8CxxUa4EfBAEhxJsCaTYCC+1265S0PDJdWdU6FZipO6iycJixcWqjmKBa90mQ21JUGc4Elm441phTNrLhBUtjxZMHszDtW5Q0RR0Vsw9atIixmZSubfV72vsfbk590vDrV/VapzOvBxU4hCM4BgJN6MAldKEHDN7gAz7hy4mcJ+fZeZk/XXJ+PAewIOf1GyfriqE=</latexit>

Dark matter, inflation, baryogenesis

<latexit sha1_base64="yjH5EHoxrlIdLR/ObTb5glxpUrY=">AAAB5XicZZDLSsNAFIZn6q3GW9Slm2A3rkKiRcVVwI3LCvYCTSkz09N0yGQmZCZCCHkEd+LWZ3Lpk7g1vYDU/quPc/nPz6Gp4Np43jdubG3v7O41962Dw6PjE/v0rKdVnjHoMiVUNqBEg+ASuoYbAYM0A5JQAX0aP877/VfINFfyxRQpjBISST7ljJi6NLbjkELEZZlwyVMSQTU0o/LGveeyslzXpblxuHEYkVIZJ1VacyoKh4JjZuBMuSRiTiorHqxQKlqfjssauJyANFUIcvJnPbZbnust5GyCv4JW0EQLdcY2CyeK5UltxQTReuh7aR2PZIYzAZUV5hpSwuLavGQJzXg0M2vVYY2SJKBH5eJV6ysiN0Vl1an8/xk2oXft+rdu+7ndCoJlPNREF+gSXSEf3aEAPaEO6iKGvtAPRhjjCL/hd/yxHG3g1c45WhP+/AVzFYus</latexit>

...but it cannot possibly be the final theory:



Hierarchy Problem

<latexit sha1_base64="AnxM2cdzbBac4mtBGDy6Fa/D7XA=">AAABfXicdY9LS8NAFIVv6ivWR6Mu3QSD4ELCTClNCwoBNy4rmLbQhjIZr3Xo5EFmUiihv8Gt/jR/jaatLrrwrD7uuYd7bpRJoTQhX0ZtZ3dv/8A8rB8dn5w2rLPzvkqLnGPAU5nmw4gplCLBQAstcZjlyOJI4iCaPaz8wRxzJdLkWS8yDGM2TcSr4ExXo2Bu39tkYjnEJYRQSu0VUK9NKuh2O03asenKquT4JqzVm1h8/JLyIsZEc8mUGlGS6bBkuRZc4rI+LhRmjM/YFEseR7mYvumt6ajChMWownL9wnZEFnqxrFet/k7b/0O/6dK223pqOf7dph6YcAlXcAMUPPDhEXoQAAcB7/ABn/BtXBu3hrtZrRm/mQvYkuH9AC1HY08=</latexit>

v = 0

<latexit sha1_base64="DQvLIWZIGgIHFt9bPEyPAr4nJRg=">AAABfHicZY9LS8NAFIXv1FeMr6hLN8G4EMSQlFJXQsCNywqmLbShTMZrMnTyYGYilNC/4Fb/mn9G7GsTe1Yf594D58Sl4Ep73g9p7ezu7R8Yh+bR8cnpmXV+0VdFJRmGrBCFHMZUoeA5hpprgcNSIs1igYN4+rS8Dz5QKl7kr3pWYpTRJOfvnFG9tFL70Z5Yjud6K9nb4G/ACQxYqTex2PitYFWGuWaCKjXyvVJHNZWaM4Fzc1wpLCmb0gRrlsWSJ6luuKMF5jRDFdWrBc2IqPRsbi5a+f87bEO/7fpdt/PScYJgXQ8MuIJruAUfHiCAZ+hBCAxS+IQv+IZfckPuyP36tUU2mUtoiHT/AJAyYtU=</latexit>

h =
<latexit sha1_base64="rCpIekb2kBZdHIhNTtSxgtk+7sI=">AAABfXicZY9LS8NAFIXv1FeMr6hLN8EguJCQSGlXQsCNy4qmLbShTMZrHDp5MDMRSuhvcKs/zV+jMe0m9qw+zr0HzokLwZX2vG/S2dre2d0z9s2Dw6PjE+v0bKjyUjIMWS5yOY6pQsEzDDXXAseFRJrGAkfx/P7vPnpHqXiePetFgVFKk4y/ckZ1bYVP9p3tzSzHc71G9ib4a3ACAxoNZhabvuSsTDHTTFClJr5X6KiiUnMmcGlOS4UFZXOaYMXSWPLkTbfcSY0ZTVFFVTOhHRGlXizNupX/v8MmDG9dv+d2H7tOEKzqgQEXcAnX4EMfAniAAYTAgMMHfMIX/JArckPc1WuHrDPn0BLp/wLSdWL6</latexit>

S = 0

<latexit sha1_base64="aMzztUfAgSBnTWXKhFePReSe8Tg=">AAAB5nicZZC7TsMwFIbtcivhFmBkiejCQpRABYyRWDoWqS2Vmqqy3UNq1bGj2EGqorwCG2Llmdh4E0bci4RK/+nTuf2/Ds0E1yYIvnFta3tnd6++7xwcHh2fuKdnPa2KnEGXKaHyPiUaBJfQNdwI6Gc5kJQKeKbTx3n/+RVyzZXsmFkGw5Qkkr9wRowtjVwRU0i4LFMueUYSqAZmWN76D1xWTmcCXosnifao0kp6XHvE0xmX14EHAlKQhuQzLyO54UyAE0tFrfe0tMDl2LarGOT47/bIbQR+sJC3CeEKGlEdLdQeuSweK1bMnZggWg/CILP5VoaVExcaMsKm9njJUprzZGLWqgOLkqSgh+XiV+srojCzyrGpwv8ZNqF344d3fvOp2YiiZTxURxfoEl2hEN2jCLVQG3URQ1/oB2NcwxP8ht/xx3K0hlc752hN+PMXUf2MNw==</latexit>

The Higgs boson is a spin-0 elementary particle
<latexit sha1_base64="pEHzPkWJ3d3V+EfgbbPEBRZqr+A=">AAAB8XicZZBNS8NAEIZ3Wz9qbDXq0ctiL55CokXFU8GLF6GC/YCmlM1mmi7dbEJ2UykhP8SbePUXefC/uLYFqX1PDzM7Mw8bpIIr7bpfuFLd2d3brx1Yh/XG0bF9ctpTSZ4x6LJEJNkgoAoEl9DVXAsYpBnQOBDQD2YPv/3+HDLFE/miFymMYhpJPuGMalMa269+ABGXRcwlT2kE5VCPimvnjsvSeqJK8TkQKkMSGxagFFkvI1NqOorGQEKIMgBFkgmZGAiT+N7yZRIYjVlhgMsQpC59kOHfmbHddB13GbIN3hqa7RpapjO2mR8mLI/NKiaMzNBzU6NKM82ZgNLycwUpZTOzvGBxkPFoqjeqQ4PS+KpRsfy2zRGR60VpGSvvv8M29K4c78ZpPbea7fZKD9XQObpAl8hDt6iNHlEHdRFD37iK67iBFX7D7/hj9bSC1zNnaCP48wfKypBK</latexit>

Massive and massless version have same degrees of freedom:

<latexit sha1_base64="mJ3QDRreXEIhfVE8GqKg2J7gI60=">AAABkXicZY9LT8JAFIXv4Avrq8rChRsiG1ekJQTjrlEXJm4wkUdCoZmOV5gw7Uxmpiak4de41R/kv7EWNshZfffce5JzYyW4sZ73Qyo7u3v7B9VD5+j45PTMPb/oG5lphj0mhdTDmBoUPMWe5VbgUGmkSSxwEM8f/vaDD9SGy/TVLhSOEzpN+Ttn1BZW5F6Gj1hPotmkVQ+VlsrKYhpOWpHb8Jpeqfo2+GtoBFUo1Y1cFr5JliWYWiaoMSPfU3acU205E7h0wsygomxOp5izJNZ8OrMb7qjAlCZoxnn51mZEZHaxdIpW/v8O29BvNf1Os/3SbgTBqh5U4Qqu4QZ8uIUAnqALPWCwhE/4gm9SI3ckIPer0wpZZ2qwIfL8C2msab0=</latexit>

�m2h / m2X

<latexit sha1_base64="64STfCzmQeSRFxW53olMKsHX8P4="></latexit>

Interaction with heavy particles ) quantum fluctuations give ad-
ditive contributions to Higgs mass:

<latexit sha1_base64="npcY+m36aaqTQ+tlnEUwH6FFrO8=">AAAB5XicdZC7TsMwFIZtriXcCowsFmVgquJStWWiEkJiBNQLUlNVjntIrTpOiB2givIIbIiVZ2LkSVhxWxDqwD99Opf//Dp+LIU2rvuJl5ZXVtfWCxvO5tb2zm5xb7+jozTh0OaRjJI7n2mQQkHbCCPhLk6Ahb6Erj++mPa7j5BoEamWmcTQD1mgxL3gzNjSoDj2fAiEykKhRMwCyHumn52WG0Llzi08pCIBTRQ8kXg00YJrwgwhx5fEk1qExDPwbLIWdPLjc8dTkW9PjzMLQg1BmdwDNfyzHhRLbtl1XUopmQKt11wLZ2eNCm0QOm1ZlZoFNNP1oMi9YcTT0FpxybTuUTe28VhiBJeQO16qIWZ8bM0zHvqJCEZmodqzqFgIup/NXrW4IlMzyR2b6vc0+R86lTKtlas31VKzOY+HCugQHaETRFEdNdEVukZtxNEH+sIIYxzgF/yK3+ajS/hn5wAtCL9/A5s5i8g=</latexit>

Requires new physics at E <⇠ TeV?

<latexit sha1_base64="VOz8PIFWY6w+A5rNwsleMbTpbcA=">AAAB6XicZZDNTsJAFIVnEBTrH+rSzURYuGpaJeqSxI1LjCAklJDp9FImtDOTzqAhTR/CnXHrM7nwWdw4AolBzurL/Tn35IYq4dp43hcubZUr2zvVXWdv/+DwqHZ88qTlLGPQZTKRWT+kGhIuoGu4SaCvMqBpmEAvnN799nvPkGkuRcfMFQxTGgs+5owaWxrVZBBCzEWecsEVjaEYmGF+5d5yUTidCdckkqCJkIZMqFIgyFhmRNHMcJbYxgs3E9J4JIEA4jVcJxAytOenuQUuIhCmCEBEf/ajWt1zvYXIJvgrqLeqaKH2qMaCSLJZaq1YQrUe+J6yEVcJCieYaVCUTa15ztIw4/HErFUHFgVNQQ/zxbvWV5KZmReOTeX/z7AJT5euf+02H5r1VmsZD1XRGTpHF8hHN6iF7lEbdRFDn+gbl3EFT/ErfsPvy9ESXu2cojXhjx9gU4yF</latexit>

This does not happen for particles with S 6= 0.
<latexit sha1_base64="fxcwI5CqAOHGOCwiKJ1EpFbbvr8="></latexit>

E.g quantum fluctuations cannot turn a massless spin-1 particle

(2 spin states) into a massive one (3 spin states).



Fine Tuning
<latexit sha1_base64="CsFnIZuuZbf1jeqsetd5T/vSoKg=">AAAB5HicZZDLSsNAFIZP6q3GW9Slm2A3rkKiRcVVoBuXFewFmlIm09N07GQSMpNCCXkDd+LWZ3Lri7jV6QWk9oeBjzPn/OfnhClnUrnul1HZ2t7Z3avumweHR8cn1ulZWyZ5RrFFE55k3ZBI5ExgSzHFsZtmSOKQYyecNOb/nSlmkiXiWc1S7MckEmzEKFG6NLBeghAjJoqYCZaSCMue6hc3zj0TpdlIhMpYmM877VGWxPYYyXRmpyRTjHKUNiVi/ijyBzMQSag3TwoNTAxRqDJAMfxzHlg113EXsjfBW0HNr8JCzYFFg2FC81hbUU6k7HluqtOttpdmkEtMCZ1o84LGYcaisVqr9jQKEqPsF4tLrY/wXM1KU6fy/mfYhPa149069ad6zfeX8aAKF3AJV+DBHfjwCE1oAYVP+IYfA4yR8Wq8Ge/L1oqxmjmHNRkfv0JujTo=</latexit>

Contribution from heavy particles can cancel:

<latexit sha1_base64="VJwWuJhcx9irX4tta0o6+mbqX68=">AAABzHicZZBLT8JAFIVv8YX4qrp0g7JxYUhbSisLkyYudGXQyCOh0EzHESZMH+lMjaSpS3+Tf8WNW/0ZToENehZfTs69Nzm5fswoF5r2qZTW1jc2t8rblZ3dvf0D9fCoy6M0waSDIxYlfR9xwmhIOoIKRvpxQlDgM9Lzp9fFvPdCEk6j8FHMYjIM0DikzxQjISNPfQi8ycioXlWNC/e00bQldeNSUrMKb1qaZLPRKmjrkrZpSRrNImlZy803V5BXkd2Qbj4yPLWm1bW5qv+NvjQ1pwxztT0Vu08RTgMSCswQ5wNdi8UwQ4mgmJG84qacxAhP0ZhkOPATOp6IlXQgbYgCwofZ/COrJywVs7wiW+l/O/w3XaOuW3Xz3qw5zqIelOEEzuAcdLDBgVtoQwcwfMAXfMOPcqcIJVPyxWpJWd4cw4qU918v2XiY</latexit>

m2h = 2,357,128,067,460,539,571,746,259,968,067 GeV
2

<latexit sha1_base64="tWVLydqXD7Qiee/XBrkNSe3XTFg=">AAAB2HicZZDLSsNAFIZPvNZ4i7p0E2wXrkKixcsuIKLLCvaCnTZMpmMcOjMJmYlQQsSduPWZfAlfwa0+gLEtSO2/+jiX//ycMOFMadf9MBYWl5ZXVitr5vrG5ta2tbPbUnGWEtokMY/TTogV5UzSpmaa006SUixCTtvh8OK3336kqWKxvNWjhPYEjiS7ZwTrshRYfRTSiMlcMMkSHNGiq3v5sXPGZGHmiGn70omc4qkmgo6NFBO25/Zz77xAV7RVM5GMw/LaMC+ByQGVukBUDv7cAqvqOu5Y9jx4U6j6FRirEVgEDWKSidKKcKxU13OTMhFONSOcFibKFE0wGZbmORFhyqIHPVPtliixoKqXj78zu8IzPSrMMpX3P8M8tI4c78Sp39Srvj+JBxXYhwM4BA9OwYdraEATCLzDJ3zBt3FnPBsvxutkdMGY7uzBjIy3H5yeh14=</latexit>

E.g. mX ⇠ 1019 GeV

<latexit sha1_base64="HFPRQ7cC/RmZ2jqBU8MGycLswmM=">AAAByHicZZC5TsNAGIR/hyuEy0BJE0hDAZHt+CCdJQoQBQoSOaQ4ROtlCausD3nXQGSZgmfiZaCFB2GdpAmZ4tNodkca/X7MKBea9qWUVlbX1jfKm5Wt7Z3dPXX/oMOjNMGkjSMWJT0fccJoSNqCCkZ6cUJQ4DPS9ceXxXv3hSScRuG9mMRkEKBRSJ8oRkJGQ/U2y8+rxpl33LAcSd24kNTswpu2Jmk1mgUdXdIxbUnDKpKmVbRM03j3BHkT2RXp5A/GUK1pdW2q6rLR56bmlmGq1lDF3mOE04CEAjPEeV/XYjHIUCIoZiSveCknMcJjNCIZDvyEjp7FQtqXNkQB4YNseo3FCkvFJK/IVfr/DcumY9R1u27emTXXnc2DMhzBCZyCDg64cA0taAOGT/iGH/hVbpRYeVUms68lZd45hAUpH38uyndq</latexit>

� 2,357,128,067,460,539,571,746,259,952,442 GeV2
<latexit sha1_base64="7xdZca9aTvQRUqayYHdk4lTBB4A=">AAABkHicZY9LT8JAFIXv4Kviq2Lixg2RDW5Ip8HHxljjQuMKE3kkgGQ6XsuE6SOdqZHU+mPc6h/y31gLG+Ssvpx7T3KOG0mhtGX9kNLK6tr6hrFZ3tre2d0z9ysdFSYxxzYPZRj3XKZQigDbWmiJvShG5rsSu+7k5u/efcVYiTB41NMIhz7zAvEiONO5NTIP0+yyWqf26cdA45tOb7GTnTzZI7NmNaxC1WWgc6g5BhRqjUw+eA554mOguWRK9akV6WHKYi24xKw8SBRGjE+Yhyn33Vh4Y73g9nMMmI9qmBarFiMy0dOsnLei/zssQ8du0LNG86FZc5xZPTDgCI6hDhTOwYE7aEEbOLzDJ3zBN6mQC3JFrmevJTLPHMCCyP0vvANpPQ==</latexit>

= (125 GeV)2

<latexit sha1_base64="tViykBdWL28PIEyf58zU/ubRvqs=">AAAB3HicZZC7TsNAEEXHPIN5BShpLNJQgGVDBJSRaKALEnlIcYh21xNnFXtteddIxnJHh2j5Jn6Bn6CFkiWJhEJudTSPO1dDk5BL5TgfxtLyyuraemXD3Nza3tmt7u23ZZylDFssDuO0S4nEkAtsKa5C7CYpkoiG2KHj699+5xFTyWNxr/IE+xEJBB9yRpQuDarUoxhwUURc8IQEWPZUvzi3r7gozVtlScRIWiwlT/mJRTNlDfWdU5UJ9C01wjjNTU/EVF8cFxq48FGo0kPh/zkOqjXHdiayFsGdQa1RgYmagyrz/JhlkbZiIZGy5zqJTkVSxVmIpellEhPCxtq8YBFNeTBSc9WeRkEilP1i8qH5lTBTeWnqVO7/DIvQPrPdC7t+V681GtN4UIFDOIJjcOESGnADTWgBg3f4hC/4Nh6MZ+PFeJ2OLhmznQOYk/H2AztiioM=</latexit>

It seems crazy, but fine-tuned theory
<latexit sha1_base64="lfVEmloS05nj/lC+bUH5xoYXydk=">AAABz3icZZC9TsMwFIVvyl8JfwFGloouTFECFTBGYmFsJdJWaqrKcW+DVceJbAdURUGsPBNPwsgKL4FpK6HSMx0d33v86cY5Z0p73odV29jc2t6p79p7+weHR87xSVdlhaQY0oxnsh8ThZwJDDXTHPu5RJLGHHvx9O73vfeEUrFMPOhZjsOUJIJNGCXaRCMnjGJMmChTJlhOEqwGelheubdMVDZTjRzlBKnmswbNhDI4KLRrRyKLzSfT0hgmxiarIhTjv5KR0/Rcb67GuvGXphnUYa72yKHROKNFaqooJ0oNfC83IERqRjlWdlQozAmdmvKSprFkyaNeSQfGCpKiGpbzo6yu8ELPKttQ+f8Z1k330vWv3Van1QyCBR7U4QzO4QJ8uIEA7qENIVB4h0/4gm+rYz1bL9brYrRmLXdOYUXW2w8hsoW/</latexit>

is perfectly consistent.

<latexit sha1_base64="2N9RRh6eevD/AE4ksWpgT2eVr84=">AAAB6nicdVC7TsMwFLV5lvAqMLJEdCgLVQxVHxNBLIxFooDUVK3jXlKrjhPZDqiK8hNsiJVvQuJfGHALCHXgDNbRub7nHN0wFVwbz/vAS8srq2vrpQ1nc2t7Z7e8t3+rk0wx6LJEJOo+pBoEl9A13Ai4TxXQOBRwF04uZ/O7R1CaJ/LGTFPoxzSS/IEzaqw0KKdBCBGXecwlT2kERc/087Nai8vCuVDgmjHYdziU1GSKimp1piSKg3afuBm7MnEfbPSJySSX0bkTyCS0+ZPcEi5HIE0RgBz9+Q/KFa/meR4hxJ0R0mx4lrTbrVPScslsZFHxS2iOzqDMglHCsthaMUG17hEvtR2pMpwJKJwg05BSNrHmOYtDxaOxWVB7lkoag+7n83strojMTAvHtvqNdv8nt6c10qjVr+sV3/+uh0roEB2hY0RQE/noCnVQFzH0jj7xKl7DAj/jF/z6/XUJ/+wcoAXgty+VzI43</latexit>

Are there “natural” theories with no fine-tuning?



Supersymmetry
<latexit sha1_base64="nGHHOkqRPX8Di6QqLLdSm5ZkzEg=">AAAB6nicZZBNS8MwGMcTdXPWt6pHL8VdPJVWh3osePE40b3AOkaaPuvCkrQkmTBKv4Q38epnEvwuHozbQOb+px9P8vzzI0nBmTZB8IW3tndq9d3GnrN/cHh07J6cdnU+UxQ6NOe56idEA2cSOoYZDv1CAREJh14yvf89772A0iyXz2ZewFCQTLIxo8TY0cgt4gQyJkvBJCtIBtXADMtr/47JynkqCAXDBHh6LgQYNffMhBhPAScGtJfkOpfaIzJ1xqCE7dNOLPPEvj8tLTCZgjRVDDL96x+5zcAPFvE2IVxBM2qgRdojl8ZpTmfCVlFOtB6EQWEdiTKMcqiceKbBik5teUlFolg2MWvTgUVJBOhhufiv9RU+M/PKsVbhf4dN6F754Y3femw1o2iphxroHF2gSxSiWxShB9RGHUTRJ/rGNVzHHL/iN/y+vLqFVztnaC344we+2I8H</latexit>

Spacetime symmetry that relates bosons and fermions
<latexit sha1_base64="qmvyDkj2nyVN62FVKmVghHrHRls=">AAABw3icZZBLS8NAFIVv6qvGV9Slm2K7qJuQaFGXARF0V8E+oCllMr2mQyaTMDMRSshv8te4cKN/xbEVpPasPu7cc+Zwo5wzpT3vw6ptbG5t79R37b39g8Mj5/ikr7JCUuzRjGdyGBGFnAnsaaY5DnOJJI04DqLk7ud98IpSsUw863mO45TEgr0wSrQZTZzHMMKYiTJlguUkxmqkx+WVe8tEZbdmrUZb5Uw0vAs7FFlkgpPSABNTFLoKUUz/jBOn6bneQo118H+hGdRhoe7EoeE0o0VqoignSo18LzefE6kZ5VjZYaEwJzQx4SVNI8nimV6ZjgwKkqIal4tDrFp4oeeVbVr5/zusQ//S9a/dzlOnGQTLelCHMziHNvhwAwE8QBd6QOEN3uETvqx7K7GkpZerNevXcworsqpvAO5/EA==</latexit>

h (spin 0)
<latexit sha1_base64="Kkhwup42vtyNsq0uEBHmuvroJ6s=">AAAB4XicZZDLTsJAFIZP8Yb1hrp000gTcENaJOqyiRuWmMgloQSm06GcMJ02ncGENH0Ad8atz+QD+BxuNbECiUH+1Zdz+c+f48UcpbKsD62wtb2zu1fc1w8Oj45PSqdnHRnNEsraNOJR0vOIZBwFaytUnPXihJHQ46zrTe9/+90nlkiMxKOax2wQkkDgGClReWlYClyPBSjSEAXGJGBZXw3S69odikw3XYXcZ+kkM42qjFEYpjtOCDXsummMRk0MAokiqlSudFdEXn52muaAwmdCZS4T/p/tsFS2atZCxibYKyg7RVioNSxR14/oLMytKCdS9m0rzqORRCHlLNPdmWQxodPcPKWhl2AwUWvVfo6ChEwO0sWb1lf4TM0zPU9l/8+wCZ16zb6pNR4aZcdZxoMiXMAlVMGGW3CgCS1oA4V3+IQv+Nao9qy9aK/L0YK22jmHNWlvPzrTips=</latexit>

h̃ (spin 12 “Higgsino”)
<latexit sha1_base64="pPNen4DbYwUDVCwDQISEcrlQzdg=">AAAB7nicZZDLSgMxFIaTemvHW9Wlm8F24arMaFE3QkEEl1XsBTplyKTHNjTJDElGHYZ5DXfi1lfSpzFtBan9Vx8n+U8+EiWcaeN5X7i0tr6xuVWuONs7u3v71YPDro5TRaFDYx6rfkQ0cCahY5jh0E8UEBFx6EXTm9l57xmUZrF8NFkCQ0HGkj0xSowdhVUTRDBmMhdMsoSMoRiYYX7euGKycG5fCTWuThPbz4QAozK3Hjyw8cQQpeKXulMX4cS9dkWYB4bxEeSToqg7gYwj6zDNLTA5AmmKAOTo742wWvMa3jzuKvi/UGuV0TztsEqDUUxTYVdRTrQe+F5iPYkyjHIonCDVkBA6tctzKiI1U1yaDixKIkAP8/mfLVd4arLCsVb+f4dV6J41/ItG875Za7UWeqiMjtEJOkU+ukQtdIfaqIMo+sYIV7CDE/yG3/HH4moJ/3aO0FLw5w9uN47m</latexit>

Exact supersymmetry ) mh = mh̃
<latexit sha1_base64="M3i1JaMeRU6UrS0ICZMYk6Rxk10=">AAAB53icZZDLSsNAFIZnWi813qou3QS7cRUSLeoyIIjLCvYCTSmTyWkcOjOJMxOhhDyDO3HrM7nyUdw5tgWp/Vcf5/KfnxPnnGnj+1+4Vt/Y3Npu7Di7e/sHh82j457OCkWhSzOeqUFMNHAmoWuY4TDIFRARc+jH09vffv8FlGaZfDSzHEaCpJJNGCXGlsZNEcWQMlkKJllOUqiGZlReejdMVs4dKGGHXEG0dnOVGaAGEneiMuE+F0SaQrgTXlBTzM20E8kstsenpQUmE5CmikAmf+bjZsv3/LncdQiW0AobaK7OuEmjJKOFsFaU2xjDwM9tQKIMoxwqJyo05IROrXlJRaxY+mRWqkOLkgjQo3L+rNUVXphZ5dhUwf8M69C78IIrr/3QboXhIh5qoFN0hs5RgK5RiO5RB3URRZ/oG9dwHTP8it/w+2K0hpc7J2hF+OMH/DGOHQ==</latexit>

Fermion mass protected from quantum fluctuations
<latexit sha1_base64="VdG8dASxseq2jasNR6c2VyOic5I=">AAAB43icZZA7T8MwFIVvyquEV4CRJaIdmKIEKmCMxNKxIPqQmqpyXDdYdezIdkBVlF/Ahlj5Tcz8EFbAbZFQ6Zk+3et7zpHjjFGlff/Dqqytb2xuVbftnd29/QPn8KijRC4xaWPBhOzFSBFGOWlrqhnpZZKgNGakG09uZvvuI5GKCn6vpxkZpCjhdEwx0mY0dGgUk4TyIqWcZighZV8PigvvmvLSrkd3NHnQSErxVHe5cMcmxNU5pzxxx0K6TZokyk2RUp4dcRGb4ElhgPIR4bqMCB/9GQ+dmu/5c7mrEPxCLazCXK2hg6ORwHlqrDAzGf3Az0w5JDXFjJR2lCuSITwx5gVOYznrujTtG+QoJWpQzD9q+YTlelraplXwv8MqdM694NJr3DZqYbioB1U4gVM4gwCuIIQmtKANGN7hE77g2yLWs/VivS6eVqzfm2NYkvX2A3hqjOE=</latexit>

) no fine tuning for Higgs mass.

<latexit sha1_base64="YeSjBBM1Fbg2ywjyIz/Api1+QgQ=">AAABfXicdY9LS8NAFIVv6ivWR6Mu3QSD4ELCTClNCwoBNy4rmLbQhjIZr3Xo5EFmUiihv8Gt/jR/jaatLrrwrD7uuYd7bpRJoTQhX0ZtZ3dv/8A8rB8dn5w2rLPzvkqLnGPAU5nmw4gplCLBQAstcZjlyOJI4iCaPaz8wRxzJdLkWS8yDGM2TcSr4ExXo2Bu39t8YjnEJYRQSu0VUK9NKuh2O03asenKquT4JqzVm1h8/JLyIsZEc8mUGlGS6bBkuRZc4rI+LhRmjM/YFEseR7mYvumt6ajChMWownL9wnZEFnqxrFet/k7b/0O/6dK223pqOf7dph6YcAlXcAMUPPDhEXoQAAcB7/ABn/BtXBu3hrtZrRm/mQvYkuH9AGR2Y4I=</latexit>

v = c

<latexit sha1_base64="BM08CM1OryoQFsOPaLpIlUfc9Q8=">AAABgXicZY9LS8NAFIXvtD5ifEVduglmowghKUUXIgTcuKxg2koTwmS8xqGTB5mJUEJ/hVv9Yf4bY9pN7Fl9nHsPnBMXgkvlOD+k19/a3tnV9vT9g8OjY+PkdCzzqmTos1zk5TSmEgXP0FdcCZwWJdI0FjiJ5w9/98kHlpLn2bNaFBimNMn4G2dUNdZLUEgeXZv3ZmRYju20MjfBXYPladBqFBkseM1ZlWKmmKBSzlynUGFNS8WZwKUeVBILyuY0wZqlccmTd9VxZw1mNEUZ1u2MbkRUarHUm1bu/w6bMB7Y7o09fBpanreqBxqcwwVcggu34MEjjMAHBil8whd8kz65Ig4ZrF57ZJ05g47I3S8bCGPS</latexit>

 + =

<latexit sha1_base64="Q/31+KgMVPWQTRcAT5Gi+7G7cfY=">AAAByHicZZBLS8NAFIVv6qvGV9Slm2I3rkKipYqrgBsRlAr2AU0pk+ltHDozCZmJUkI2/ib/jG71hzi2Bak9q48795x7mCjlTGnP+7Aqa+sbm1vVbXtnd2//wDk86qgkzyi2acKTrBcRhZxJbGumOfbSDImIOHajyc3ve/cFM8US+aSnKQ4EiSUbM0q0GQ2dhzDCmMlCMMlSEmPZ14Piwr1isrTviVIclaqNMRNm+9oOZRKZ9ElhgMkRSl2GKEd/7qFT91xvptoq+AuoB1WYqTV0aDhKaC5MFOXmXt/3UtOAZJpRjqUd5gpTQicmvKAiylj8rJemfYOSCFSDYvYbyxae62lpm1b+/w6r0Dl3/abbeGzUg2BeD6pwAqdwBj5cQgC30II2UHiHT/iCb+vOSq1XazpfrVgLzzEsyXr7ATgBgqw=</latexit>

Massless fermion:

<latexit sha1_base64="+P8asqiFiuO1yfOiLrR+IZDxtcw=">AAABgXicZY9LS8NAFIXvtD5ifEVduglmowtDUoouRAi4cVnBtJUmhMl4jUMnDzIToYT+Crf6w/w3xrSb2LP6OPceOCcuBJfKcX5Ir7+1vbOr7en7B4dHx8bJ6VjmVcnQZ7nIy2lMJQqeoa+4EjgtSqRpLHASzx/+7pMPLCXPs2e1KDBMaZLxN86oaqyXoJA8ujbvzciwHNtpZW6CuwbL06DVKDJY8JqzKsVMMUGlnLlOocKaloozgUs9qCQWlM1pgjVL45In76rjzhrMaIoyrNsZ3Yio1GKpN63c/x02YTyw3Rt7+DS0PG9VDzQ4hwu4BBduwYNHGIEPDFL4hC/4Jn1yRRwyWL32yDpzBh2Ru18dOGPU</latexit>

 � =

<latexit sha1_base64="aqBNIysfI/AcKwf+rcJf4L4Uano=">AAABxnicZZBLS8NAFIVv6qvGV9Slm2C7EISQ1KJuhICbLlxUsA9oSplMb9Ohk0nITJQSAv4mf40u9Zc4tgWpntXHnXvOHG6YciaV634YlY3Nre2d6q65t39weGQdn3RlkmcUOzThSdYPiUTOBHYUUxz7aYYkDjn2wtn9z3vvGTPJEvGk5ikOYxIJNmGUKD0aWQ9BiBETRcwES0mE5UANiyvnlonSrE/tO/symGSE2l6jbgYiCXX2rNDAxBiFKgMU41/vyKq5jruQ/R+8FdT8KizUHlk0GCc0j3UU5UTKgeem+n+SKUY5lmaQS0wJnenwgsZhxqKpWpsONAoSoxwWi1usW3iu5qWpW3l/O/yHbsPxrp3mY7Pm+8t6UIUzOIcL8OAGfGhBGzpA4Q3e4RO+jJYhjNx4Wa5WjJXnFNZkvH4DZO9/1g==</latexit>

h = + 12

<latexit sha1_base64="1rkc2vMEMKvi4IZc+b5snuEGHsk=">AAABxnicZZBLS8NAFIVv6qvGV9Slm2C7cGNIalE3QsBNFy4q2Ac0pUymt+nQySRkJkoJAX+Tv0aX+ksc24JUz+rjzj1nDjdMOZPKdT+Mysbm1vZOddfc2z84PLKOT7oyyTOKHZrwJOuHRCJnAjuKKY79NEMShxx74ez+5733jJlkiXhS8xSHMYkEmzBKlB6NrIcgxIiJImaCpSTCcqCGxZVzy0Rp1qf2nX0ZTDJCba9RNwORhDp7VmhgYoxClQGK8a93ZNVcx13I/g/eCmp+FRZqjywajBOaxzqKciLlwHNT/T/JFKMcSzPIJaaEznR4QeMwY9FUrU0HGgWJUQ6LxS3WLTxX89LUrby/Hf5Dt+F4107zsVnz/WU9qMIZnMMFeHADPrSgDR2g8Abv8AlfRssQRm68LFcrxspzCmsyXr8BZ29/2A==</latexit>

h = � 12
<latexit sha1_base64="vmP11AgnbREE/9Mwps/BRqaf5Kk=">AAAB9XicZZC7TsMwFIZtbi3hlsLIEtEMTFVSKmBBqsTCWBAFpLqqHOfQWnUcy3ZAKMqjsCFWnoeRN8FtkVDhnz799jn+5EQJbmwUfeKV1bX1jVp909va3tnd8xv7dyYvNIM+y0WuHxJqQHAJfcutgAelgWaJgPtkejk7v38CbXgub+2LgmFGx5I/ckatq0Z+SRIYc1lmXHJFx1AN7LA8aZ1zWXlhNiLK8OAiiMIgJDd8PLFU6/w59MKJa4nKAvKoKQvidhgYSy2YIAWWF0pA6hGZJ05lWjrgMgVpKwIy/X1q5DejVjRP8B/iH2h262ie3shnJM1ZkblVTFBjBnGknC7VljMBlUcKA4qyqVtesizRM+GlduBQ0gzMsJx/3fKIKOxL5Tmr+K/Df7hrt+LTVue60+x2F3qojg7RETpGMTpDXXSFeqiPGPrCNezjBn7Gr/gNvy+uruCfmQO0FPzxDVaIjsY=</latexit>

m = 0 ) h = ± 12 states decoupled
<latexit sha1_base64="3s7r/QP/YL0p9Jdvv8ocsap+c3s=">AAAB1HicZZC7TsMwFIZPyq2EW4CRpaIdmKIEKmCMxMJYEL2Ipqoc16RWbSeyHVAUMiFWnonX4AVY4RFwWyRU+k+fjn1+f3KUMqq0531YlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhiexFSBFGBWlrqhnppZIgHjHSjSZX0/PuI5GKJuJO5ykZcBQL+kAx0mY0dO7DiMRUFJwKmqKYlH09KM7cSypKuxHe0niskZTJU6OGx1QiVlM550TL3A5FEpmXJoUBKkZE6DIkYvTXNHTqnuvNUlsG/xfqQRVmaQ0dHI4SnHFThRlSqu97qbFBUlPMSGmHmSIpwhNTXmAeyancwrRvUCBO1KCY/cziCst0XtrGyv/vsAydU9c/d5s3zXoQzPWgCkdwDCfgwwUEcA0taAOGd/iEL/i2Otaz9WK9zq9WrN+dQ1iI9fYDOvOHmQ==</latexit>

) chiral symmetry
<latexit sha1_base64="H/nZu2DXCGh5Ipi7d/Wxmsb5qmE=">AAAB5HicdZC9TgJBFIXv+ovrH2pps5HGiuyoAexIbCwlETBhCZkdLjAyM7uZmSUhm30DO2PrM9n6IrY6oMZQeKov984592TiVHBjw/DdW1vf2NzaLu34u3v7B4flo+OOSTLNsM0SkeiHmBoUXGHbcivwIdVIZSywG09vFvvuDLXhibq38xT7ko4VH3FGrRsNyo9RjGOucskVT+kYi57t55fVBleF38qospkMRiJjNlsaTODSDeoZBmzCNRWBmUuJVs/9SCWxuzzNHXA1RGWLCNXwL3lQroTVMAwJIcECSL0WOri+blyQRkAWK6dKswRL3Q3KLBomLJMuiglqTI+EqWtHteVMYOFHmcGUsqkLz5mMNR9P7Mq051BRiaafL39q1SIyOy981+r3dPA/dC6qpFa9al1Vms3velCCUziDcyBQhybcwh20gcEbfMCnB97Ie/KevZfvp2vej+cEVuS9fgGelY5b</latexit>

Quantum fluctuations preserve chiral symmetry



Supersymmetry
<latexit sha1_base64="4BZpr1LyjSgFv2SKTa4PsKDyJu0=">AAAB5XicZZA7T8MwFIVtniW8AowsER3KFCVQAWKKxMJYEH1ITdU67m2w6jjBdpCqKD+BDbHymxj5Jay4DwmVnunTub7nHjnKOFPa877x2vrG5tZ2Zcfa3ds/OLSPjlsqzSWFJk15KjsRUcCZgKZmmkMnk0CSiEM7Gt9N5+1XkIql4klPMuglJBZsxCjRxurb4zCCmIkiYYJlJIayq3vFpXvDRBlaj/CSMwnKGQxUnoHMiNTChNVqziiVDuHcmVqMclC3VijSyJweFwaYGILQZQhi+Bfdt6ue683krIK/gGpQQTM1+jYNhynNExNFOVGq63uZqbc4WVphriAjdGzCC5pEksXPesntGhQkAdUrZl+1vMJzPSkt08r/32EVWheuf+XWH+rVIJjXQxV0is7QOfLRNQrQPWqgJqLoC/1ghDGO8Rt+xx/zp2t4sXOCloQ/fwG0m4yU</latexit>

Requires “superpartners” for all particles:
<latexit sha1_base64="QDsxmUVdsuznnNzza7X/y6b2w1A=">AAABzXicZZC7TsNAEEXH4RXMy0BJYxEXobFsiIDSEg0dQZCHFEfRejMJq6zXlneNFBnT8k18ChUt/AVLEgmF3OpoHneuJko5k8rzPozK2vrG5lZ129zZ3ds/sA6P2jLJM4otmvAk60ZEImcCW4opjt00QxJHHDvR5Oa333nGTLJEPKppiv2YjAUbMUqULg2shzDCMRNFzARLyRjLnuoXF+41E2VoOsqx6zJlwnbCUUao7Z87Z2YokkifmBQamBiiUGWIYvhnMbBqnuvNZK+Cv4BaUIWZmgOLhsOE5rG2opxI2fO9VMcgmWKUY2mGucSU0Ik2L2gcZWz8pJaqPY2CxCj7xewlyys8V9PS1Kn8/xlWoX3u+pdu475RC4J5PKjCCZxCHXy4ggBuoQktoPAOn/AF38adkRsvxut8tGIsdo5hScbbD60ogm8=</latexit>

t (spin 12)
<latexit sha1_base64="qg6LYnhkQBvAnMC54s3wdJDjq2U=">AAAB13icZZDLSsNAFIZP6q3GW9Slm2ADrZuQaFGXATcuK9iLNKGdTMY4dDIZMhOhhOBO3PpMPoWP4FZfwNgKUvuvPs7lPz8nFIxK5TjvWm1ldW19o76pb23v7O4Z+wc9meYZJl2csjQbhEgSRjnpKqoYGYiMoCRkpB9Orn76/UeSSZryWzUVJEhQzOk9xUhVpZER+CGJKS8SyqlAMSmHKijO7EvKS1+3fEVZRApVWmZLCspNy7HM8ViqVDSbJ7rP07A6NikqoDwiXJU+4dGf2choOLYzk7kM7i80vDrM1BkZ2I9SnCeVFWZIyqHriCoQyhTFjJS6n0siEJ5U5gVOwozGD2qhOqyQo4TIoJg9Z3GF5Wpa6lUq93+GZeid2u653b5pNzxvHg/qcATH0AIXLsCDa+hAFzC8wQd8wpd2pz1pz9rLfLSm/e4cwoK012/bFIbi</latexit>

t̃ (spin 0 “stop”)
<latexit sha1_base64="Wre9BWNoQ9r591zPt677DLMUyvQ=">AAABfnicZY9LS8NAFIXv1FeMr6hLN2JA3BiTUtRlwI3LCiYtNKFMptc4dvJgZlIoof/Brf4z/40x7ab2rD7OvQfOSUrBlXbdH9LZ2t7Z3TP2zYPDo+MT6/QsVEUlGQasEIUcJlSh4DkGmmuBw1IizRKBg2T69HcfzFAqXuSvel5inNE052+cUd1YYTSbFFqNLdt13FaXm+CtwPYNaNUfWyyaFKzKMNdMUKVGnlvquKZScyZwYUaVwpKyKU2xZlkiefqu19xRgznNUMV1u2E9Iio9X5hNK+9/h00Iu4537/ReerbvL+uBARdwBTfgwQP48Ax9CIDBB3zCF3wTINfkltwtXztklTmHNZHHX4CQY5E=</latexit>...

<latexit sha1_base64="O+WnwYYp65i3rzRCQg4ra+mopzo=">AAACAXicZZDNTsJAFIVn8A/rH8pSTYiwcEGaVokaV0Q3LjERIaGkmQ5XmHRm2nSmJqTpyoXP4s649Ul8CN/BEYiKnNWXe+aeezJBzJnSjvOBC0vLK6trxXVrY3Nre6e0u3evojSh0KYRj5JuQBRwJqGtmebQjRMgIuDQCcLrb7/zCIlikbzT4xj6ggwle2CUaDPyS89eAEMmM8Eki8kQ8p7uZ6f2BZO5dZVEIciKSmMTMBYCdDK+tGrCzzzN+ACyUZ5XPAkV4Y9q9b+G/jF0rW7btuXJKDC1wswAkwOQOvdADn7P+qWqYzsTVRbBnUG1WUQTtfwS9QYRTYWJopwo1XOd2FQniWaUQ255qYKY0NCEZ1QECRuO9Ny0Z1ASAaqfTb5xfoWnepxbppX7v8Mi3J/Y7pnduG1Um81pPVRE++gIHSMXnaMmukEt1EYUfeIyPsCH+Am/4Ff8Nn1awLOdMpoTfv8CROqV0A==</latexit>

Broken supersymmetry: mh̃ 6= mh, mt̃ 6= mt ,...

<latexit sha1_base64="ROcAYMo6jbJvVrTD2kJy30OWJLw=">AAABeXicZY7LSsNAFIbP1EtjvEVdulGzKQohqcVuA25ctmDaQhvKZDzGoZMLMxOhhD6BW304n8WNMe0m9l99/Of88EW54Eq77jdp7ezu7beNA/Pw6Pjk1Do7H6mskAwDlolMTiKqUPAUA821wEkukSaRwHG0ePy7j99RKp6lz3qZY5jQOOWvnFFdVcO7uWW7jlvnahu8Ddi+AXUGc4vNXjJWJJhqJqhSU8/NdVhSqTkTuDJnhcKcsgWNsWRJJHn8phvttMKUJqjCstZvTkShlyuzsvL+O2zDqOt4D05v2LN9f60HBlzCDXTAgz748AQDCIABwgd8whf8kGvSIbfr1xbZbC6gEXL/C1fHYf0=</latexit>

+
<latexit sha1_base64="ROcAYMo6jbJvVrTD2kJy30OWJLw=">AAABeXicZY7LSsNAFIbP1EtjvEVdulGzKQohqcVuA25ctmDaQhvKZDzGoZMLMxOhhD6BW304n8WNMe0m9l99/Of88EW54Eq77jdp7ezu7beNA/Pw6Pjk1Do7H6mskAwDlolMTiKqUPAUA821wEkukSaRwHG0ePy7j99RKp6lz3qZY5jQOOWvnFFdVcO7uWW7jlvnahu8Ddi+AXUGc4vNXjJWJJhqJqhSU8/NdVhSqTkTuDJnhcKcsgWNsWRJJHn8phvttMKUJqjCstZvTkShlyuzsvL+O2zDqOt4D05v2LN9f60HBlzCDXTAgz748AQDCIABwgd8whf8kGvSIbfr1xbZbC6gEXL/C1fHYf0=</latexit>

+

<latexit sha1_base64="F2iFDLlhmNAi7azawcX6a5/EG04=">AAAByHicZZBLT8JAFIVv8YX1VXXpppENLiQtIbhtogvjwqCRR0KhmQ4DTJhpm5mppGm68Tf5Z3SrP8ThsUHO3Xy595zk5IYJo1I5zpdR2tnd2z8oH5pHxyenZ9b5RUfGqcCkjWMWi16IJGE0Im1FFSO9RBDEQ0a64ex+ce++EyFpHL2pLCEDjiYRHVOMlF4F1rP/SidThYSI576t54HYPJgO67YvKbf9sUA4zwI1rBe52/QTqsGs8iD3FWUjkqui0N5bndGWGzuwKk7NWcreBncNFa8MS7UCC/ujGKecRAozJGXfdRI1yJFQFDNSmH4qSYLwDE1IjnkoFmU3tn2NEeJEDvLlNzYjLFVZYepW7v8O29Cp19xmrfHSqHjeqh6U4QquoQou3IEHj9CCNmD4hG/4gV/jyUiMuZGtrCVjnbmEDRkffw22fyc=</latexit>

) �m2h ⇠
y2t
16⇡2

(m2t̃ �m
2
t )

<latexit sha1_base64="B7o2/Et+fPENL+azN7jeXJT7KBU=">AAAB8XicZZC7TsMwFIbtlksJLRQYWSLagSlKoALGSixMqKDepLqqHOcQrDpOZDuUKsqDsCFWnoiBdyG9SKjwT5+Ozzn+dPxEcG1c9wuXylvbO7uVPWu/Wjs4rB8d93WcKgY9FotYDX2qQXAJPcONgGGigEa+gIE/vV28D15AaR7LrpknMI5oKPkTZ9QUpUl9RnwIucwiLnlCQ8hHZpxdOjdc5tY9NamiQoLWdpM88vDZUKXiWdNqRpOMGC4CyEye20RoHtnEwKvJutDPmxaRsV9oTLMCuAxAmpyADH6/mdQbruMuY/8Hbw2NdgUt05nUGQlilkbFKiao1iPPTQpVqgxnAnKLpBoSyqbF8oxFvlrYblRHBUoagR5ny7NtjojUzHOrsPL+OvyH/oXjXTmth1aj3V7poQo6RWfoHHnoGrXRHeqgHmLoG5dxFdewxm/4HX+sWkt4PXOCNoI/fwAtcpCa</latexit>

Naturalness ) mt̃ <⇠ TeV

<latexit sha1_base64="BKPgQuKOecoUQJY8aBqowcsrT0Y=">AAAB0XicdZC7TgJBFIbP4g3XG2pps5HGiuwg4VJJQkNhgVEuCUvI7HCECbOzm51ZE7LZxNj6TD6Ita2+gwNoDIV/9eVc/vPn+JHgSrvuu5Xb2t7Z3cvv2weHR8cnhdOzngqTmGGXhSKMBz5VKLjEruZa4CCKkQa+wL4/by37/SeMFQ/lg15EOAroVPJHzqg2pXGh7/k45TINuOQRnWI21KP0ulTnMrP7M6qdSYjK0TN0btstR6MQTqJubE+GvjkzTw1wOUGpMw/l5M9mXCi6Jdd1CSHOEkit6hpoNOplUnfIsmVUbOZhpc64wLxJyJLAWDFBlRoSNzJRaKw5E5jZXqIwomxuzFMW+DGfzvRGdWhQ0gDVKF29ZXNFJHqR2SbV72nnf+iVS6RaqtxVis3mOh7k4QIu4QoI1KAJbehAFxi8wQd8wpd1by2sZ+tlPZqzfnbOYUPW6zcIR4V2</latexit>

What does the LHC tell us?



…It’s Complicated

<latexit sha1_base64="faeAuEOtb3SLVFrMgV3LG60Xml8=">AAAB8XicZZDLTsJAFIZnwAtW0KpLN41scENaJeqS6MYlJnJJKCHT6QEmTKeTmamGNH0Qd8atT+TCd3EEEoP8qy/n8p8/J5KcaeP7X7hU3tnd268cOIfV2tGxe3La02mmKHRpylM1iIgGzgR0DTMcBlIBSSIO/Wj+8Nvvv4DSLBXPZiFhlJCpYBNGibGlsfsaRjBlIk+YYJJMoRiaUX7dvGOicO7TTMTai0GCiL1UWKJk4dEZYUJ7jUnGuaczCUoSZQQoT0ugRmXJpROKNLIx5rkFJmIQpgityd+ZsVv3m/5S3jYEa6i3K2ipztilYZzSLLFWlBOth4EvbVR7mVEOhRNmGiShc2ue0yRSbDozG9WhRUES0KN8+bbNFZ6ZReHYVMH/DNvQu2oGN83WU6vebq/ioQo6RxeogQJ0i9roEXVQF1H0jcu4imtY4zf8jj9WoyW83jlDG8KfP+RrkGo=</latexit>

Bounds depend on decay chains (full superpartner spectrum)
<latexit sha1_base64="7C7rpaROvfva1A3QLhJk6FypfHw="></latexit>

mt̃ <⇠ TeV allowed, but <⇠ 1% tuning seems unavoidable



PNGB Higgs
<latexit sha1_base64="c3oCX+8Ty50Wag3rwimzMr5mvKc=">AAAB8HicZZDNTsJAFIVn8A8LatWlm0ZYuGpaJeqSxA1LTERIKCHT4VInTGeamSmGNH0Pd8atb2TiwzgCiUHO6uTcvy83zjjTJgi+cGVnd2//oHro1OpHxyfu6dmzlrmi0KOSSzWIiQbOBPQMMxwGmQKSxhz68ezht96fg9JMiiezyGCUkkSwKaPE2GjszqMYEiaKlAmWkQTKoRkVN/49E6XTYUmivZRo7TUjDlOjWPJiiFLytenQXM2JyRV4cuqtOjNpQBhGuBMJGVuKWWENExOblhGIyd+VsdsI/GApb9uEa9NoV9FS3bFLo4mkeWpXUW6JhmGQWVKiDKMcSifKNWSEzuzygqbxknQjHVorSAp6VCy/tjnCc7MoHUsV/mfYNs/Xfnjrtx5bjXZ7hYeq6AJdoisUojvURh3URT1E0Teu4BquY4Xf8Dv+WLVW8HrmHG0If/4AOhiQCg==</latexit>

Higgs mass $ curvature of Higgs potential
<latexit sha1_base64="gZABM1T4LqZ0z+Z35ZPhCblAVAA=">AAABzHicZZDLSsNAFIZP6q3GW9Slm2I3rkKiouIqIIgrqWIv0JQymZymQ2cmITMVQsjWZ/JV3LjVx3BsC1L7rz7O5T8/J8o4U9rzPqza2vrG5lZ9297Z3ds/cA6POiqd5hTbNOVp3ouIQs4ktjXTHHtZjkREHLvR5O63333FXLFUvugiw4EgiWQjRok2paHzHEaYMFkKJllGEqz6elBeuDdMVvY9Qx431JiNdEMVQqDOi1s7lGlkLkxKA0zGKHUVooz/HIZO03O9mRqr4C+gGdRhptbQoWGc0qkwVpQTpfq+l5kUJNeMcqzscKowI3RizEsqopwlY71U7RuURKAalLOPLK/wqS4q26Ty/2dYhc6561+5l0+XzSCYx4M6nMApnIEP1xDAA7SgDRTe4RO+4Nt6tLRVWtV8tGYtdo5hSdbbD88VhEU=</latexit>

Field shift symmetry:
<latexit sha1_base64="N96pl7w6uTO8sLg6zfnjYHtIKcQ=">AAABynicZZBLS8NAFIVv6qvGV9Slm2C7EISQaFGXATcuXFSwD2hKmUyv6dDJZMhMhBKy8zf5XwS3+jsc24LUntXHvfccDjeWnCnt+x9WbWNza3unvmvv7R8cHjnHJ12VFTnFDs14lvdjopAzgR3NNMe+zJGkMcdePL3/3fdeMVcsE896JnGYkkSwF0aJNqOR045iTJgoUyaYJAlWAz0sr707Jiq7OXGjlEilM3fiXroRJ007Ells8qelASbGKHQVoRj/+UdOw/f8udx1CJbQCOswV3vk0Gic0SI1UZQTpQaBL00HkmtGOVZ2VCiUhE5NeEnTOGfJRK9MBwYFSVENy/k/Vi280LPKNq2C/x3WoXvlBTde66nVCMNFPajDGZzDBQRwCyE8QBs6QOEdPuELvq1HK7dmVrk4rVlLzymsyHr7Abd5ggc=</latexit>

h 7! h + �
<latexit sha1_base64="Vkesls7qg3Cn2UJr7KCJH1vRxwA=">AAAB1HicZZC7TsMwFIZPyq2EW4CRJaIZyhIlUAFjJBbGgmha0VSV45rUquME2ymqQibEyjPxGrwAKzwCaYuESv/p07HP708OU0alcpwPrbKyura+Ud3Ut7Z3dveM/QNfJpnApIUTlohOiCRhlJOWooqRTioIikNG2uHoanreHhMhacLv1CQlvRhFnD5QjFQ56hv3QUgiyvOYcpqiiBRd1cvP7EvKC90Kbmk0VEiI5MkyLb8+PDED8pjRselYesCTsHxplJdA+YBwVQSED/6a+kbNsZ1ZzGVwf6HmVWGWZt/AwSDBWVxWYYak7LpOWtogoShmpNCDTJIU4VFZnuM4FFO5hWm3RI5iInv57GcWV1imJoVeWrn/HZbBP7Xdc7tx06h53lwPqnAEx1AHFy7Ag2toQgswvMMnfMG35mvP2ov2Or9a0X53DmEh2tsP+xOFyQ==</latexit>

) V (h) ⌘ 0
<latexit sha1_base64="T2AscEycbQULLKMXOZJLL3oJYg0=">AAAB53icZZC9TsMwHMTtlo8SvgqMLBFdmKIEKmCMxMJYBC2VmqpynH9Tq7YT2Q5SFOUZ2BArz8TEo7CRppVQ6U0/nX3nk8OUM21c9xs3mlvbO7utPWv/4PDouH1yOtBJpij0acITNQyJBs4k9A0zHIapAiJCDi/h/H5x/vIKSrNEPps8hbEgsWRTRomprElbBCHETBaCSZaSGMqRGRfXzh2TpfVkiIyIimyRRMBtJg0oQhc5bYfVI3Nbz9jU2DoXAozKrUAmtV9UwGQE0pQByOivfNLuuI5by94EbwUdv4Vq9SZtGkQJzURVRTnReuS5aTWQKMMoh9IKMg0pofOqvKAiVCyemTV3VKEkAvS4qD9rPcIzk5dWtcr7v2ETBleOd+N0H7sd31/OQy10ji7QJfLQLfLRA+qhPqLoC/3gBm5iht/wO/5YXm3gVeYMrQl//gLF0I3x</latexit>

Standard model interactions break shift symmetry
<latexit sha1_base64="MqO0fo8DMOurHR526WonMncxAyE="></latexit>

Requires additional “partner” particles to restore (approximate)

shift symmetry.

<latexit sha1_base64="ROcAYMo6jbJvVrTD2kJy30OWJLw=">AAABeXicZY7LSsNAFIbP1EtjvEVdulGzKQohqcVuA25ctmDaQhvKZDzGoZMLMxOhhD6BW304n8WNMe0m9l99/Of88EW54Eq77jdp7ezu7beNA/Pw6Pjk1Do7H6mskAwDlolMTiKqUPAUA821wEkukSaRwHG0ePy7j99RKp6lz3qZY5jQOOWvnFFdVcO7uWW7jlvnahu8Ddi+AXUGc4vNXjJWJJhqJqhSU8/NdVhSqTkTuDJnhcKcsgWNsWRJJHn8phvttMKUJqjCstZvTkShlyuzsvL+O2zDqOt4D05v2LN9f60HBlzCDXTAgz748AQDCIABwgd8whf8kGvSIbfr1xbZbC6gEXL/C1fHYf0=</latexit>

+

<latexit sha1_base64="ogWG5WB+WpsYrdHKFcE3TC/kYdc=">AAABwXicZZBLS8NAFIVv6qvGV9Slm2AX1oUlKaVuAxV0WcU+oGnDZJy2Q2eSMDNRypCf5K9xJeh/cfrY1J67+Tj3XDjcOGNUKs/7tko7u3v7B+VD++j45PTMOb/oyjQXmHRwylLRj5EkjCako6hipJ8JgnjMSC+etRb73jsRkqbJq5pnZMjRJKFjipEyVuQ8hi90MlVIiPQjdM08EJdH01HdDSXlbjgWCOt5pEb1QvvNMKMG7CqPtLopTOjOhM3u1o2cilfzlnK3wV9DJSjDUu3IweFbinNOEoUZknLge5kaaiQUxYwUdphLkiE8QxOiMY/FouWGOzCYIE7kUC/fsHnCcjUvbNPK/99hG7r1mt+sNZ4blSBY1YMyXME1VMGHewjgCdrQAQyf8AU/8Gu1LGplllhFS9b65hI2ZOk/w7V7og==</latexit>

) �m2h ⇠
y2t
16⇡2

(m2t 0 �m2t )

<latexit sha1_base64="qx+vYH4sioVoRQPSpfa5b94fgCY=">AAAB5XicZZDLSsNAFIbP1FuNt6hLN8FWcBUSLeoy4MZlBXuBppTJZEyHTGZCZlIoIY/gTtz6TC59EremaUFq/9V3zpnzn58JUs6Udpxv1Nja3tnda+4bB4dHxyfm6VlfyTwjtEckl9kwwIpyJmhPM83pMM0oTgJOB0H8uJgPZjRTTIoXPU/pOMGRYK+MYF21JmbsBzRiokiYYCmOaDnS4+LWfmCiNNq+YonlOv5V29LSWpV1lQsmImuKs3AxwTPJQsMXMqhOx0UFTIRU6NKnIvyznpgtx3ZqWZvgrqDlNaFWd2ISP5QkTyorwrFSI9dJq3g404xwWhp+rmiKSVyZFyQJMhZN9Vp3VKHACVXjov6q9RWe63lpVKnc/xk2oX9ju3d257nT8rxlPGjCBVzCNbhwDx48QRd6QOALfhAghCL0ht7Rx/JpA612zmFN6PMX2kiJtg==</latexit>

⇠ 10% to ⇠ 1% tuning hard to avoid

<latexit sha1_base64="RygOg0WZ6Ig+CTFXF+i4N6rjF0Q=">AAAB33icZZBLS8NAFIVvfNb4irp0E2xBVyXRouIq0E0XLir0BU0Jk+k1Dp1MQmYiLSFrd+LW3+Qv8Ge41Y3pA6T2rD7u3HPmcP2YM6ks61NbW9/Y3Nou7ei7e/sHh8bRcUdGaUKxTSMeJT2fSORMYFsxxbEXJ0hCn2PXH9Wn791nTCSLREtNYhyEJBDskVGiipFnoOtjwEQWMsFiEmDeV4PsqnrLRK7fN+omjilPp+47sxJ6mTrPTTeQLDRdhWOVtbCTV3RXRH7x6SgrgIkhCpW7KIZ/oZ5RtqrWTOYq2AsoOyWYqekZ1B1GNA2LKMqJlH3biotiJFGMcsx1N5UYEzoqwjMa+gkLntTStF+gICHKQTY70rKFp2qS60Ur+3+HVehcVu3rau2hVnaceT0owSmcwQXYcAMONKAJbaDwAV/wDT8a0V60V+1tvrqmLTwnsCTt/Rewc4tD</latexit>

LHC exclusion: mt 0 >⇠ TeV



Is Nature Fine-Tuned?
<latexit sha1_base64="X4VvBMQlUPiaOI4JNg9xVkPeO1g=">AAAB6XicZZC9TsMwFIXt0kIJfwVGloguLEQJVMBGEAtjkeiP1FSV496mVmwnih1EFeUh2BArz8TAs7Bg2kqo9AzWp2Pfc48cppwp7bpfuLJRrW1u1betnd29/YPG4VFXJXlGoUMTnmT9kCjgTEJHM82hn2ZARMihF8b3v/e9Z8gUS+STnqUwFCSSbMIo0cYaNZIghIjJQjDJUhJBOdDD4tK5YbK07jKw9RTMKYBOiWRKKGMQbVMibXhJOWHSnpjN5zqXTEa3ViCT0KyPCwNMjkHqMgA5/osfNZqu485lr4O3hKZfR3O1Rw0ajBOaCxNFOVFq4LmpqUgyzSiH0gpyBSmhsQkvqAgzFk31ijswKIkANSzm37U6wnM9Ky3TyvvfYR26F4535bQeW03fX9RDdXSCTtEZ8tA18tEDaqMOougTfeMqruEYv+I3/L54WsHLmWO0IvzxAyGbjfI=</latexit>

Are there mechanisms that can explain fine-tuning?
<latexit sha1_base64="DlnQ8mU20SfQAGKC37PLla/VzOk=">AAAB43icZZA7T8MwFIVvyquEV4GRpaIdmKIEKmCs1IWxSPQhNVXlOJfU1Hai2EGqovwCNsTKb2Lmh7AC7kNCpWf6dK/PuUcOEs6Udt1Pq7SxubW9U9619/YPDo8qxyddFWcpxQ6NeZz2A6KQM4kdzTTHfpIiEQHHXjBpzfa9Z0wVi+WDniY4FCSS7JFRos1oVGF+gBGTuWCSJSTCYqCH+ZVzy2Rh1/0g4xx1vdqKlTBRkbHxKgmfMqUFSl0VSMdEMiWU7cs4MIcnuQEmQ7MtfJThX/CoUnMdd67qOnhLqDXLMFd7VKF+GNNsdohyotTAcxNTjqSaUY6F7WcKE0InJjynIkhZNNYr04FBSQSqYT7/qFULz/S0sE0r73+HdeheOt6107hv1JrNRT0owxmcwwV4cANNuIM2dIDCB3zBN/xYaL1Yr9bb4mnJWnpOYUXW+y/QY430</latexit>

• Cosmological adjustment mechanisms
<latexit sha1_base64="fEZ+pTc7bMWRqYd7GCxqvpp8NYo=">AAABy3icZZDLSsNAFIZP6q3GW9Slm2K7cBUSLeoy4saN0IK9QFPKzPSYDp1MQmYi1Jilz+SzuHCrr+HYFqT6rz7O5T8/h6aCK+1571ZlbX1jc6u6be/s7u0fOIdHXZXkGcMOS0SS9SlRKLjEjuZaYD/NkMRUYI9Ob3/6vSfMFE/kg56lOIxJJPkjZ0Sb0shphxQjLouYS56SCMuBHhYX7jWXpd0IaS4E6kbtRupJlqScKTuUCTUHpoUBLscodRmiHP8ajJy653pz1f6Dv4R6UIW5WiOHheOE5bGxYoIoNfC91IQgmeZMYGmHucKUsKkxL1hMMx5N9Ep1YFCSGNWwmD9kdUXkelbaJpX/N8N/6J67/qXbbDfrQbCIB1U4gVM4Ax+uIIA7aEEHGLzBB3zCl3VvKevZelmMVqzlzjGsyHr9BtKzg5w=</latexit>

• Anthropics
<latexit sha1_base64="Wre9BWNoQ9r591zPt677DLMUyvQ=">AAABfnicZY9LS8NAFIXv1FeMr6hLN2JA3BiTUtRlwI3LCiYtNKFMptc4dvJgZlIoof/Brf4z/40x7ab2rD7OvQfOSUrBlXbdH9LZ2t7Z3TP2zYPDo+MT6/QsVEUlGQasEIUcJlSh4DkGmmuBw1IizRKBg2T69HcfzFAqXuSvel5inNE052+cUd1YYTSbFFqNLdt13FaXm+CtwPYNaNUfWyyaFKzKMNdMUKVGnlvquKZScyZwYUaVwpKyKU2xZlkiefqu19xRgznNUMV1u2E9Iio9X5hNK+9/h00Iu4537/ReerbvL+uBARdwBTfgwQP48Ax9CIDBB3zCF3wTINfkltwtXztklTmHNZHHX4CQY5E=</latexit>...



Anthropics
<latexit sha1_base64="+duj2Ja55EozJ6vLpRXIzC/62AE=">AAAB5nicZZA7T8MwFIXt8irhFWBkiWgGBhQlUAELUiQWBoYi0YdUl8hxTWrVdqLYQVRR/gIbYuU3sfFPGDFtJVR6pk/H9x4f3TjjTGnf/4K1ldW19Y36prW1vbO7Z+8fdFRa5IS2ScrTvBdjRTmTtK2Z5rSX5RSLmNNuPL75fe8+01yxVD7oSUYHAieSPTGCtbEim6OYJkyWgkmW4YRWfT0oz70rJivLFdHo8cw9dZDjojvsXDtI0xddklQJE5yYEO6QVCqNpa5cC8k0Nn+PSwNMDqkxEZXDv+zIbvieP5WzDMEcGmEdTNWKbIKGKSmEiSIcK9UP/Mz0w7lmhNPKQoWiGSZjE14SEecsGekFt29QYkHVoJzeanGFF3pSWaZV8L/DMnTOvODCa943G2E4qwfq4AgcgxMQgEsQglvQAm1AwCf4hhDW4Ai+wjf4PhutwfnOIVgQ/PgBVy6Lhg==</latexit>

m2h, ⇤ = cosmological constant

<latexit sha1_base64="tnW8+XiegEXLJnT2poqR3bvbWfA=">AAAB6XicZZC7TsMwFIbt0kIJtwIjS0QXpiqBChBTJRYWpCJ6k5qqcpxDYsWxo9gBVVEegg2x8kwMPAsLpq2ESv/p07HP70/2U86UdpwvXNmo1ja36tvWzu7e/kHj8GigZJ5R6FPJZTbyiQLOBPQ10xxGaQYk8TkM/fj293z4DJliUvT0LIVJQkLBnhgl2oymDen5EDJRJEywlIRQjvWkuGhdM1FavQjsR01EQLLAvpcBcDsiyvYgSaNCv8jS1rmAwKYyN6oiVDeWJ6Rvno8LA0wEIHTpgQj+6qeNptNy5rHXwV1Cs1NH83SnDeoFkuaJqaKcKDV2ndQokkwzyqG0vFxBSmhsygua+BkLI70yHRsUJAE1KebftbrCcz0rLWPl/ndYh8F5y71stR/azU5noYfq6ASdojPkoivUQXeoi/qIok/0jau4hmP8it/w++JqBS93jtFK8McPYGaOKA==</latexit>

The Standard Model has two tuned couplings:

<latexit sha1_base64="LAPInULiZHCQAda5M3Qe+wUhwfw="></latexit>

If the universe has many causally disconnected regions with dif-

ferent values of these parameters, only those regions with values

close to what we observe will have complex structure.

<latexit sha1_base64="f8JTu/axG51VdoCDIH1xTfNfYDY=">AAACG3icZZC7TsMwFIZtriXcCowsFl1YiBKoWsZKLIwg9SY1VeW4h9SqY0e2g6iiPAoDz8KGWBl4G0xbCZWe6ffx/5/z2XEmuLFB8I03Nre2d3Yre97+weHRcfXktGtUrhl0mBJK92NqQHAJHcutgH6mgaaxgF48vfu97z2DNlzJtp1lMExpIvkTZ9S61qj6FsWQcFmkXPKMJlAO7LC48W+5LL32BAi8OAaQDIh6IkylmYAXYqzOmc01EC6Jda5c8t8l7myIEzNiQBpuXZNYRdiEygTM0mzAy6imKViX8L1IqtgBTwsnuByDtGUEcvwHNKrWAj+YF1kX4VLUWhU0r4dRlUVjxfLUjWKCGjMIg8w9imrLmYDSi3IDGWVTN7xgaax5MrEr3YGT0gGaYTH/4NWIyO2s9BxV+J9hXXSv/bDh1x/rtVZrgYcq6BxdoEsUoiZqoXv0gDqI4V18hRu4iV/xO/7AnwvrBl5mztBK4a8frVmg3Q==</latexit>

The existence of complex structure in the universe is very sensitive

to changes in these parameters.
<latexit sha1_base64="F0i+l31lAx9lBVvRCwawzw4MeSY=">AAAB73icZZC7TsMwFIZtriXlEmBkiWgHpigpFTBGYmEsiF6kpkSOY1Krjh1sB1RFeQ42xMojIV4G9yKh0n/6fY7P+T+dOGdUac/7hhubW9s7u7U9q75/cHhkH5/0lCgkJl0smJCDGCnCKCddTTUjg1wSlMWM9OPJ7azffyVSUcEf9TQnowylnD5TjLQpRXYRxiSlvMwopzlKSTXUo/LSvaG8spphQpwsGj+1nFDRzPG9xatpOg80HWskpXhrOlw4SiOT6PACM0KtkIvYQExKYyhPCNdVSHjyFxLZDc/15nLWjb80jaAG5upENg4TgYvMrMIMKTX0vdyAIqmpSayssFAkR3hilpc4i+WMbqU6NJajjKhROT/a6ggr9LSyDJX/n2Hd9Fquf+W279uNIFjggRo4A+fgAvjgGgTgDnRAF2DwAyG0YB2+wHf4AT8XXzfgcuYUrAh+/QIr8Y0q</latexit>

�m2h ⇠ 10m2h ) no stable nuclei
<latexit sha1_base64="lFIeeb9WSor1ewtrutDnVCs/SeI=">AAAB5nicZZA7T8MwFIXt8irhFWBkiWgHpiqBChgjsTAwFEQfUlNVjnNJrTpOZDtAFeUvsCFWfhMb/4QR9yGh0jN9Or73+OiGGWdKu+43rqytb2xuVbetnd29/QP78Kij0lxSaNOUp7IXEgWcCWhrpjn0MgkkCTl0w/HN9L37DFKxVDzqSQaDhMSCPTFKtLGGNg9CiJkoEiZYRmIo+3pQXDSumSitehCBE9wRJ1AscTx3ynXjPrB4pImU6UvdEakTE05eGSgrEGlo/h4XBpiIQOgyABH9ZQ/tmttwZ3JWwVtAza+imVpDmwZRSvPERFFOlOp7bmb6EakZ5VBaQa4gI3RswguahHJabMntGxQkATUoZrdaXuG5npSWaeX977AKnfOGd9lo3jdrvj+vh6roBJ2iM+ShK+SjW9RCbUTRF/rBGFfwCL/hd/wxH63gxc4xWhL+/AUZ4YqM</latexit>

�⇤ ⇠ 10⇤ ) no galaxies

<latexit sha1_base64="Who5H0A/qpXaLJrM8A7s66VfcQs=">AAAB/XicZZC9TsMwFIXt8lfCTwssIJaILgwoSqACxkosjAXRH6mpKse5tFYdO9gOUhVFDDwLG2LlWXgE3gLTVkKlZzq6PufeT45SzrTx/S9cWlldW98obzpb2zu7lereflvLTFFoUcml6kZEA2cCWoYZDt1UAUkiDp1ofPP73nkGpZkUD2aSQj8hQ8EeGSXGjgbV1zCCIRN5wgRLyRCKnunnF941E4VzT2Kb4y5LLMmsoM/cKDNuLEG7QhpXwVPGFLhqHjUjkArMrCbSzGjPCYWMLNI4t4aJGIQpQhDx38lBteZ7/lTusgnmptYoo6magyoNY0mzxK6inGjdC/zUYhNlD3MonDDTkBI6tstzmkSKDUdmYdqzVpAEdD+ffuFihWdmUjiWKvjPsGza515w6dXv6rVGY4aHyugYnaBTFKAr1EC3qIlaiKJvXMGH+Ai/4Df8jj9m0RKedw7QgvDnD/YnlY0=</latexit>

Radical implications, but does not require radical theoretical in-

puts.
<latexit sha1_base64="fHpUZi6q94a7HirrhoHge5ymYnI="></latexit>

The most conservative explanation the tiny observed value of the

cosmological constant?



A Tale of Two Universes

<latexit sha1_base64="Rk467W82bsBge/kC5o9uhqK7EyE=">AAAB/XicZZDNTsJAEMd38QvrB6gXjZeNcPBEWiXqkcSLJ4MJIAklZLuMMGG7bbpbkDSNB5/Fm/Hqs/gIvoUVSAzyP/0yOzP7y3ihRG1s+4vm1tY3Nrfy29bO7t5+oXhw2NJBHAloikAGUdvjGiQqaBo0EtphBNz3JDx6o9vf98cxRBoD1TDTELo+Hyh8QsFNVuoVX10PBqgSHxWGfABpx3STy8oNqtQqu14sJZgyu4cJC4dTjUIzBTxiZgisAS2mBZfAJmiGTAVjkExPfR9MhKAZPIeSo7JcFXiZ0ijJAFUflEldUP2/L3vFkl2xZ2Gr4CygVMuTWeq9onD7gYj9bJWQXOuOY4eZNo8MCgmp5cYaQi5G2fJE+F6Eg6FZqnYyVNwH3U1mJ1wekbGZplZm5fx3WIXWRcW5qlQfqqVaba5H8uSUnJFz4pBrUiN3pE6aRJBvWqDH9IS+0Df6Tj/mrTm6mDkiS6GfP/7HlOY=</latexit>

• New physics near the TeV scale with novel symmetries explain
<latexit sha1_base64="Yqu10r7akK8tjAbXXqm1iUG8e/k=">AAAB6HicZZDPTsJAEMZ3ARXrP9Sjl41cPDWtGvXYxAtHTCyQUEK2y1hG2m3TXTCk6Tt4M159Ji++iidXIDHIlzn8MrPzzZcNsxiVdpwvWqnWtrZ36rvW3v7B4VHj+KSj0mkuwBdpnOa9kCuIUYKvUcfQy3LgSRhDN5zc/867M8gVpvJRzzMYJDyS+ISCa9MaNmQQQoSySFBixiMo+3pQXNl3KEuLvYznTI+BtTCKFEu4UgxNSQVSocYZMJ0yv8Oy8VyhULYVyDQ01yeFAZQjkLoMQI7+3IeNpmM7C7FNcFfQ9OpkofawIYJRKqaJsRKxCdB3ncwk5LlGEUNpBVMFGRcTY16IJMwxGuu1bt+g5AmoQbH4rfWVeKrnpWVSuf8zbELn0nZv7OuH66bnLeOROjkj5+SCuOSWeKRF2sQngnySb1qlNfpMX+kbfV8+rdDVzilZE/34AbxIjQQ=</latexit>

why the Higgs mass is insensitive to UV physics.

<latexit sha1_base64="CMnwgi0HJ5AqAObKJVpDBo23Atk=">AAAB+XicZZDNSgMxEMeT+lXXr/p18hKsBw9SdlXUY8GLR4W2FrqlJOm4HZrNLptsoSyLz+JNvPo0PoDvYWwFqf5PPyYzkx8jUoXG+v4HrSwtr6yuVde9jc2t7Z3a7l7HJHkmoS0TlWRdwQ0o1NC2aBV00wx4LBQ8ivHt9/vjBDKDiW7ZaQr9mEcan1By60qD2nMoIEJdxKgx5RGUPdsvLho3qEvvJBS5UmBPWGsE7A6jyLCYG8PQMAPaoMUJMJuwdsdLR1OD0pwxkVuG1rAJVzl4oU6E0xkXDlAPQdsyBD38/W5Qq/sNfxb2H4IfqDerZJb7QU2Gw0TmsVsllZPpBX7qlHlmUSoovTA3kHI5dssLGYsMo5FdqPYcah6D6Rez8y2OqNxOS89ZBX8d/kPnvBFcNS4fLuvN5lyPVMkROSanJCDXpEnuyD1pE0k+6QY9oIe0oC/0lb7NWyv0Z2afLIS+fwH9lJJs</latexit>

• The Higgs mass is sensitive to UV physics, but its value
<latexit sha1_base64="GeuhzIfM8P47al1EY7aHqsOGXT0=">AAAB5nicZZA7T8MwFIXt8irhFWBksejCFCVQAWMkFsYi0YfUVJXtXFKrjhPFDqKK8hfYECu/iY1/wohpK6HSM3261+fcI7NcCm18/ws3Nja3tneau87e/sHhkXt80tNZWXDo8kxmxYBRDVIo6BphJAzyAmjKJPTZ9O5333+GQotMPZpZDqOUJko8CU6NHY1dGTFIhKpSoUROE6iHZlRdebdC1Y7QBF5ySW10TNiM2JtEZgsnEYronHIgVMXEiBQ8J1IZs7enlQWhYlCmjkDFf9ljt+V7/lxkHYIltMImmqszdnkUZ7xMbRSXVOth4Oe2Hy2M4BJqJyo12BJTG17xlBUimZiV6dCioinoUTX/q1WLLM2sdmyr4H+HdehdesG1135ot8JwUQ810Rk6RxcoQDcoRPeog7qIo0/0jTFu4Al+xW/4ffG0gZeeU7Qi/PEDkkSMWA==</latexit>

is explained by our location in space and time.

<latexit sha1_base64="yzsBCnO3h/5p4M9ZVruBw27p/2c=">AAAB1XicZZDLSsNAFIZP6q3GW9Wlm2K7cFUSLerOgBt3VrAXSEqZmR7bQyeTkJkIJWQnbn0mH8MncKtvYGwLUvuvPs7lPz+Hx5K0cZwPq7S2vrG5Vd62d3b39g8qh0cdHaWJwLaIZJT0ONMoSWHbkJHYixNkIZfY5ZPb3373GRNNkXo00xj7IRspeiLBTFEaVPyA44hUFpKimI0w900/u2hck8rtesBTKdHUq/dmjEk1jrQmTpIMob6xAxXx4tQkK4DUEJXJA1TDP6tBpeY0nJmqq+AuoOaVYabWoCKCYSTSsLASkmntu05cxGGJISExt4NUY8zEpDDPRMgTGo3NUtUvULEQdT+bvWZ5RaZmmttFKvd/hlXonDfcy0bzoVnzvHk8KMMJnMIZuHAFHtxBC9og4B0+4Qu+ra6VWy/W63y0ZC12jmFJ1tsPoNqHyQ==</latexit>

• Other possibilities?



SM as an Effective Theory
<latexit sha1_base64="GaKZ7Md8U+KOa520vgdUx4zTI7Q=">AAACAXicZZDLSsNAFIZn6q3GW7RLFYLtwlVJar3sDLiw7irYCzSlTCbHdGgyCZmJWELcuPBZ3Ilbn8SH8B2cXkBq/9XPmfP/83HcOGBCmuY3Lqysrq1vFDe1re2d3T19/6AtojSh0KJRECVdlwgIGIeWZDKAbpwACd0AOu7oZvLeeYJEsIg/yHEM/ZD4nD0ySqQaDfQ3xwWf8SxknMXEh7wn+9lZ9YrxXLsThhyCUbFq5y+OhGeZ3UI7rxgxSSSjARgeEzRS7eBplmmMgSTCIH5kOBDGw2ySbTDfF/m15vDIVVijTBnGPeAyd4B7f98O9LJZNacylo01N2W7iKZqDnTqeBFNQ1VFAyJEzzJjhT5HyzUnFRATOlLlGQ3dhPlDuTDtKctJCKKfTc+4GAlSOc41RWX9Z1g27VrVuqjW7+tl257hoSI6RCfoFFnoEtmogZqohSj6wSV8hI/xK37HH/hztlrA80wJLQh//QKM9ZV8</latexit>

Is the 125 GeV particle discovered 10 years ago the Higgs?

<latexit sha1_base64="Km9o2Xo0vbwM+NWzkL6dfrqecQ0="></latexit>

Higgs couplings are predicted to high accuracy in Standard Model

) measuring them is a search for new physics.

<latexit sha1_base64="KA5Web9vGE20T1zEikWan311LGc=">AAAB13icZZDNSsNAFIVv6l+Mf1GXborduAqJFnUZcONGqGB/pAllMr3GoZNJyEyEEoI7cesz+RQ+glt9Ace0ILVn9c2dOeceJso4k8p1P4zGyura+oa5aW1t7+zu2fsHPZkWOcUuTXmaDyIikTOBXcUUx0GWI0kijv1ocvV733/CXLJU3KlphmFCYsEeGCVKj0Z2GEQYM1EmTLCMxFgNVVieOZdMVNYNElnk2KRpoauIWDZJfUoybdYLrECkkV42KTUwMUahqgDF+C9sZLdcx63VXAZvDi3fhFqdkU2DcUqLREdRTqQcem6mC5FcMcqxsoJCYkboRIeXNIlyFj+qhelQoyAJyrCsP2fRwgs1rSzdyvvfYRl6p4537rRv2y3fn9UDE47gGE7Agwvw4Ro60AUK7/AJX/Bt3BvPxovxOnvaMOaeQ1iQ8fYDkWGJCw==</latexit>

Measure couplings are compatible
<latexit sha1_base64="o6dXFzD7dCS0XumwbSXr6oi26dA=">AAAB1nicZZDNSsNAFIVv6l+Nf1GXboLduAqJFnUZcONGqGh/oCllMrmmQyeTkJkoJcSduPWZfAvfwK0+gdNWkNqz+rhzz5nDDTPOpHLdD6O2srq2vlHfNLe2d3b3rP2DjkyLnGKbpjzNeyGRyJnAtmKKYy/LkSQhx244vpq+dx8xlywV92qS4SAhsWAPjBKlR0MrCEKMmSgTJlhGYqz6alCeOZdMVOYTUyP7ThERkTyyb9IIua3DI0anXmkGIg31X+NSAxMRClUFKKK/rKHVcB13JnsZvF9o+HWYqTW0aBCltEh0FOVEyr7nZroPyRWjHCszKCRmhI51eEmTMGfxSC1M+xoFSVAOytltFi28UJPK1K28/x2WoXPqeOdO87bZ8P15PajDERzDCXhwAT5cQwvaQOEdPuELvo2e8Wy8GK/z1Zrx6zmEBRlvP7tViIU=</latexit>

with Standard Model predictions
<latexit sha1_base64="yR/+C1V1TrjBxPMpqbKC2Br1KFw=">AAAB2HicZZC9TsMwFIVvyl8JfwVGloguTFECCBgjsTAWif6IplSOc1usOnYUO0hVFIkNsfJMvASvwAoPgEkrodIzWEfXPt89cpRyprTnfVi1ldW19Y36pr21vbO719g/6CiZZxTbVHKZ9SKikDOBbc00x16aIUkijt1ocv17333CTDEp7vQ0xUFCxoKNGCXajIaNhzDCMRNFwgRLyRjLvh4UZ+4VE6UtTdBRaE7CHZnFBuPIkVMRdB6ja4dCRmbbpDCGiRiFLkMU8R9t2Gh6rlfJWTb+3DSDOlRqDRs0jCXNE4OinCjV973UNCKZZpRjaYe5wpTQiYEXNIkyNn7UC9O+sYIkqAZF9TuLEZ7raWmbVv7/Dsumc+r6F+757XkzCGb1oA5HcAwn4MMlBHADLWgDhXf4hC/4tu6tZ+vFep09rVnzzCEsyHr7AfRiiTU=</latexit>

over several orders of magnitude.



SM as an Effective Theory
<latexit sha1_base64="XjQ79KtoJJmiBnH4Lkoxr5sPxgw="></latexit>

Any deviation from predictions of the Standard Model requires new

physics at E <⇠ # GeV.
<latexit sha1_base64="619fn04cUgmsxezcA7B7W3hgTuE="></latexit>

Reason: the Standard Model is the most general theory of observed

particles with good high energy behavior.
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Fig. 9. Unitarity violating scales given values of �t1 and �V 1. The solid line

represents the 95% C.L. at the LHC [30] and the dashed line is the HL-LHC

projection for ATLAS [33].

As discussed previously in §2.2, we can also consider tth interactions with additional deriva-

tives, but again we expect these will give a parametrically lower scale of unitarity violation,

and therefore in terms of new physics bounds, it is conservative to interpret a tth coupling

deviation in terms of the coupling with no derivatives. We can then determine the schematic

form for the following model-independent amplitudes:

M̂(q̄q ! VLVL) ⇠ yt (�t1 + �V 1 + �t1�V 1)
E

v
,

M̂(q̄q ! VLh) ⇠ yt (�t1 + �V 1)
E

v
,

M̂(q̄q ! VLVLVL) ⇠ yt
�
�t1 + �V 1 + �t1�V 1 + �2V 1

� E2

v2
,

(4.5)

where q = t, b. For the b̄t initial state processes, the first process vanishes. Amplitudes

related to these by crossing have the same scaling. The terms depending on �V 1 arise from

diagrams with propagators (see Eq. (3.7)). The 2 derivatives in vertices from �V 1 cancel

the energy suppression of the extra propagators, so these contributions are the same order.

For contributions with a propagator, there is a possibility of log(E/m) terms arising from

the phase space integrals in the amplitudes. By direct calculation, we show that these are

absent in all of the terms in Eq. (4.5), except possibly for the �2V 1 term in the last line. This

contribution is numerically small even if a log is present, and so we will neglect all quadratic

contributions.

20

<latexit sha1_base64="lahZt3MvuONddYzBwSvVaB3t8aA=">AAABvnicbZBLT8JAFIXv4AvxVXXpppENLiStIbjRpIku3JhglEJCsZkOlzJh+khnaiCT/iF/jVv8NSKwQTyrL+fek5ycIBVcKsuakdLW9s7uXnm/cnB4dHxinJ65Mskzhm2WiCTrBlSi4DG2FVcCu2mGNAoEdoLxw++984GZ5En8pqYp9iMaxnzIGVVzyzcevQH62rUL8970hhllOvT1yHUL89pc0buncKJ07fX5qij0f6ZvVK26tZC5CfYKqk4ZFmr5BvMGCcsjjBUTVMqebaWqr2mmOBNYVLxcYkrZmIaoWRRkPBypNbc3x5hGKPt6scF6RORqWlTmrey/HTbBvanbzXrjpVF17pb1oAwXcAk1sOEWHHiCFrSBwSd8wQy+iUOGJCLJ8rVEVplzWBOZ/ABxBHy5</latexit>

�V 1 =
ghV V � g(SM)hV V

g(SM)hV V

<latexit sha1_base64="YAG2aZObujCanqwTArpjXSWgG6E=">AAABvnicbZBLT8JAFIVvfSK+qi7dNLLBhaQ1RDeaNNGFGxOM8kgoNtPhUiZMH+ncGsikf8hf4xZ/jQhsEM/qy7n3JCcnSKVQZNtTY2Nza3tnt7RX3j84PDo2T05bKskzjk2eyCTrBEyhFDE2SZDETpohiwKJ7WD08Htvf2CmRBK/0STFXsTCWAwEZzSzfPPR66OvySmse8sbZIzr0NdDosK6spb07hGOSVdfny+LQv9n+mbFrtlzWevgLKHilmCuhm9yr5/wPMKYuGRKdR07pZ5mGQkusSh7ucKU8RELUfMoyEQ4pBW3O8OYRah6er7BakTmNCnKs1bO3w7r0LquOTe1+ku94t4t6kEJzuECquDALbjwBA1oAodP+IIpfBuuMTAiI1m8bhjLzBmsyBj/AHHzfYs=</latexit>

�t1 =
ghtt � g(SM)htt

g(SM)htt

<latexit sha1_base64="8B4peCLXq9hiSjOmIgbLXqjHn64=">AAAB2HicdVDLSsNQEJ3UV42vqEs3wW4q1HBT6mPZ0o0LhQr2gU0tN7djem1yE5IboYSAO3HrN/kT/oJb/QDTF9KFZzOHMzNnDmMHLo8kIZ9KbmV1bX0jv6lube/s7mn7B63Ij0OGTea7ftixaYQuF9iUXLrYCUKknu1i2x7VJ/32M4YR98WdHAfY86gj+CNnVGZSX3uwbHS4SDwueEAdTLuyl1S4SNVizY5Pa0/U4zgs6fUhFc6koCjpN9d6mZTJiWoJ386ujZKMcDFAIVMLxeDPra8ViHFGJtCJQRZkrphzpVDNwxSNvsasgc9iL7NiLo2irkmCLBENJWcupqoVRxhQNsrME+bZIXeGckntZlRQD6NeMv3O8ooby3GqZqkWp/X/SatsmOdG5bZSqF7O4kEejuAYimDCBVThChrQBAYf8AXf8KPcKy/Kq/I2G80p851DWILy/gtiH4ZZ</latexit>

(Abu-Ajamieh, Chang, Chen, ML 2020)

<latexit sha1_base64="JTlKAQQ3JgjO1EAZ92eY5DQQLLY=">AAAB93icZZBNS8NAEIZ3/azxK7ZHL8FevFgSKQqeAl68CBWsCk0pm+00Dt3shuxGCSG/xZt49ed49o+4poJU38PwMLPzzsvGmUBtfP+DrqyurW9strac7Z3dvX33oH2nVZFzGHIlVP4QMw0CJQwNGgEPWQ4sjQXcx/PL7/n9E+Qalbw1ZQbjlCUSZ8iZsa2JW0cxJCirFCVmLIF6ZMZVH2XtXKspiBOUU8jAFmk80AZTZsBTM09zJhqQ8Oxlj6VGrr1ZrlKvkGhYjqa8cCKpYhtmXlnAxqOOrNfvsYnb9Xt+I+8/BD/QDVuk0WDi8miqeJFaKy6Y1qPAz2xglhvkAmonKjRkjM+tecXTOMfk0Sx1RxYlS0GPq+bzlldEYcrasamCvxn+w91pLzjr9W/63TBcxCMtckiOyDEJyDkJyRUZkCHh5JNu0Tbt0JK+0Ff6tni6Qn92OmRJ9P0LCyiTaQ==</latexit>

Model-independent estimate of scale of new physics from unitarity:



Conclusions
<latexit sha1_base64="Fo5kTioV1ZpQb9DMbagts8J0tuQ="></latexit>

The Higgs boson is at the heart of some of the most important

questions in fundamental physics.

<latexit sha1_base64="KjsV54VREmy4xQIaGFbx4SdyRmY=">AAABwHicZZBLS8NAFIVv6ivGV9SlG7FduAqJlroNCuKygn1AU8rM9JoOnUxiZiLUkH/kr3En+mMc24LUntXHnXvOHC7NBFfa9z+t2sbm1vaOvevs7R8cHrnHJ12VFjnDDktFmvcpUSi4xI7mWmA/y5EkVGCPTu9+33uvmCueyic9y3CYkFjyZ86INqORex9RjLksEy55RmKsBnpYXnstLiunEdFCCNQNJ5IpNanT0gCXY5S6ilCO/1wjt+57/lzn6xAsoR7aMFd75LJonLIiMVFMEKUGgZ+Zn0muORNYOVGhMCNsasJLltCcxxO9Mh0YlCRBNSznV1i1iELPKse0Cv53WIfulRe0vOZjsx6Gi3pgwxlcwCUEcAMhPEAbOsDgHT7gC76tW2tipdbLYrVmLT2nsCLr7Qdsnn7x</latexit>•

<latexit sha1_base64="gyiWvScq434hUwTzna/7VpKXkcs="></latexit>

Further experimental study of the Higgs and going further into

the high-energy frontier are both essential to answer these

questions.

<latexit sha1_base64="KjsV54VREmy4xQIaGFbx4SdyRmY=">AAABwHicZZBLS8NAFIVv6ivGV9SlG7FduAqJlroNCuKygn1AU8rM9JoOnUxiZiLUkH/kr3En+mMc24LUntXHnXvOHC7NBFfa9z+t2sbm1vaOvevs7R8cHrnHJ12VFjnDDktFmvcpUSi4xI7mWmA/y5EkVGCPTu9+33uvmCueyic9y3CYkFjyZ86INqORex9RjLksEy55RmKsBnpYXnstLiunEdFCCNQNJ5IpNanT0gCXY5S6ilCO/1wjt+57/lzn6xAsoR7aMFd75LJonLIiMVFMEKUGgZ+Zn0muORNYOVGhMCNsasJLltCcxxO9Mh0YlCRBNSznV1i1iELPKse0Cv53WIfulRe0vOZjsx6Gi3pgwxlcwCUEcAMhPEAbOsDgHT7gC76tW2tipdbLYrVmLT2nsCLr7Qdsnn7x</latexit>•

<latexit sha1_base64="CobLNrQGMHVqnLYiq65zILbYJjk=">AAAB/HicZZDNSsNAFIVn6l+NWqsuFNwEu3EVEi11G3DjskL/oCllMrmmQyczITMRQogLn8WduPVdfAMfw7EtSO2BgcO9c+79uGHKmdKu+4VrW9s7u3v1fevg8Khx3Dw5HSiZZxT6VHKZjUKigDMBfc00h1GaAUlCDsNwfv/bHz5DppgUPV2kMElILNgTo0Sb0rT5GoQQM1EmTLCUxFCN9aS8dTpMVFZvBjIrbAEQKTuUPLJVCjTni6hNRGRlLJaZzJWdzkDIxDwuYzObmy7hhWLKsQIhQ0M0L41hIgKhqwBE9Ldx2my5jruQvWm8lWn5dbRQd9qkQSRpbtZpyolSY89NDTXJNKMcKivIFaSEzs3wkiahgZzpterYWEESUJNyccH1CM91UVmGyvvPsGkGN47XcdqP7ZbvL/FQHV2iK3SNPHSHfPSAuqiPKPrGDXyOL/ALfsPv+GP5tYZXmTO0Jvz5A90plZ8=</latexit>

Theory needs bold speculation and rigorous phenomenological

analysis.

<latexit sha1_base64="KjsV54VREmy4xQIaGFbx4SdyRmY=">AAABwHicZZBLS8NAFIVv6ivGV9SlG7FduAqJlroNCuKygn1AU8rM9JoOnUxiZiLUkH/kr3En+mMc24LUntXHnXvOHC7NBFfa9z+t2sbm1vaOvevs7R8cHrnHJ12VFjnDDktFmvcpUSi4xI7mWmA/y5EkVGCPTu9+33uvmCueyic9y3CYkFjyZ86INqORex9RjLksEy55RmKsBnpYXnstLiunEdFCCNQNJ5IpNanT0gCXY5S6ilCO/1wjt+57/lzn6xAsoR7aMFd75LJonLIiMVFMEKUGgZ+Zn0muORNYOVGhMCNsasJLltCcxxO9Mh0YlCRBNSznV1i1iELPKse0Cv53WIfulRe0vOZjsx6Gi3pgwxlcwCUEcAMhPEAbOsDgHT7gC76tW2tipdbLYrVmLT2nsCLr7Qdsnn7x</latexit>•

<latexit sha1_base64="+Cn5e2YS6exK/WuvbLWPYf2GL4I="></latexit>

Strong reasons to be optimistic about the next 10 years of

Higgs physics!



Thanks!


