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What the LHC is not really for ...

o Find the Higgs boson,
the Holy Grail of particle physics,
the source of all mass in the Universe.

o Celebrate.

o Then particle physics will be over.

We are not ticking off items on a shopping list . . .

We are exploring a vast new terrain
...and reaching the Fermi scale
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Challenge: Understanding the Everyday World

What would the world be like, without a (Higgs)
mechanism to hide electroweak symmetry and give
masses to the quarks and leptons?

Consider the effects of all the
SU(3). ® SU(2). ® U(1)y interactions!
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Modified Standard Model: No Higgs Sector: SM

SU(3). ® SU(2). ® U(1), with massless u, d, e, v
(treat SU(2). ® U(1), as perturbation)

Nucleon mass little changed:

Mp:C'AQCD+---

3w:1012 MeV

Small contribution from virtual strange quarks
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QCD accounts for (most) visible mass in Universe

(not the Higgs boson)
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Modified Standard Model: No Higgs Sector: SM

QCD has exact SU(2). ® SU(2)r chiral symmetry.

At an energy scale ~ Aqcp, strong interactions become
strong, fermion condensates (gq) appear, and

SU(2)L ® SU(2)r — SU(2)v

~» 3 Goldstone bosons, one for each broken generator:
3 massless pions (Nambu)
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Induced breaking of SU(2).

Broken generators: 3 axial currents; couplings to m measured by f;.
Turn on SU(2). ® U(1),: EW gauge bosons couple to axial currents,
acquire masses of order ~ gf.

22 0 0 0
| 0 g2 0 0 |f
M - 0 0 g2 gg/ 4 (blab27b3a-/4)
O O ggl gl2

same structure as standard EW theory.
Diagonalize: M3, = g?f2/4, M2 = (g* + g'*)f?/4, M3 =0, so
Mz/Mjy, = (g* +8"°)/g* = 1/cos’ fw

Massless pions disappear from physical spectrum, to become

longitudinal components of weak bosons. | My, ~ 30 MeV/c?
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No fermion masses . ..

(Possible division of labor)
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Electroweak scale

EW theory: choose v = (Grv/2) V% ~ 246 GeV
SM: predict
Gr = G - (v?/f?) ~ 8 x 10° Gr ~ 93.25 GeV 2

Scale cross sections by (Gr/Gr)? ~ 6.4 x 103

Four-fermion parti;il—wave unitarity breaks down at
Eem ~ 600 GeV - (f,/v) ~ 215 MeV in SM.

Consistent with My, = 28 MeV
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Nucleon masses ...
“Obvious” that proton should outweigh neutron

... but false in real world: M, — M, ~ 1.293 MeV
SU(6) flavor-spin wave functions,

|P T> - (1/\/5) (2UleUT - UldTUT — quTul
—druyuy + 2d uruy — drupu
—upudp — upurdy + 2upudy)

|n T> - _(1/\/ﬁ) (2dTUldT — dlquT — dTUle
—upd dy + 2udidy — urdid,
—didyuy — dydruy + 2deTul)7
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Nucleon masses . ..

M = l\/l0+nd(md—mu)+ <%>Ze;ej

i<j

__|\II,J O)| <Z'LL'LLJJ’ aj> :

1<J

M = M, —+ nd(md — mu) + OMc Z €€

i<j

‘|‘5MM <Z e,-ejﬁ,- . 5’}> ,

i<j
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Nucleon masses ...
Mp = Mo-l—(md—mu) +§(5MM
M, = My+ 2(md — mu) — %5/\/’(} + O My
My — M, = (mg — m,) — 1Mo — 15My.

in SM, proton does outweigh neutron,

M, — M, = —10Mg — LMy ~ —1.7 MeV.
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Consequences for 3 decay

p — ne' v,

Scale decay rate [ oc G2|AM|°/19273 ~ 7, <1 ps

No Hydrogen Atom

Lightest nucleus is neutron
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What about atoms?

Suppose some light elements produced in BBN survive

Massless e = oo Bohr radius

No meaningful atoms

No valence bonding

No integrity of matter, no stable structures
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Strong coupling in SM
In SM, Higgs boson regulates high-energy behavior

Gedanken experiment: scattering of

22

WeWe TR 7

In high-energy limit, s-wave amplitudes

1 1/V8 1/v/8 0

i (a)H—GFME/. 1/V/8 3/4 1/4 0

ssmz 0 amy2 | 1/VB 1/4 3/4 0
0 0 0 1/2
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Strong coupling in SM

In standard model, |ag| < 1 yields

8rr/3 1/2
My < ( ;TG ) = 4v\/7/3=1TeV
F

In SM; Gedanken world,

g \/5 1/2
My < ( ;% ) — 4f.\/7/3 ~ 350 MeV
F

violated because no Higgs boson ~» strong scattering
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Strong coupling in SM

SM with (very) heavy Higgs boson:

pw unitarity saturated for E.,, =~ 1 TeV

SM: E’ =~ few hundred MeV
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Massless fermion pathologies . ..

Vacuum readily breaks down to eTe™ plasma

... persists with GUT-induced tiny masses
Add explicit fermion masses (OK for effective theory)

Push unitarity violation above few GeV:

masses < a few tens of MeV

NGBs become pNGBs
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What more we are doing ...

Effect on nuclear forces

Multiple generations, explicit fermion masses, general N,

How the world would differ, not how to make our world
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