The Higgs Boson for the Masses!
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Symmetry (continuous)






Symmetry matters.



Broken symmetry
IS Interesting.



THE NEW YORK TIMES, TUESDAY, MARCH 27, 2012

BASICS | Natalie Angier

The Mighty Mathematician You've Never Heard Of

Scientists are a famously anonymous
tot, but few can match in the depths of
her perverse and inmerited obscurity
the 20¢th-century mathematical genius
Amalie Noether.

Albert Einstein cailed her the most
“significant” and “creative” female
mathematician of all time, and others of
her contemporaries were inclined to
drop the modification by sex. She in-
vented a theorem that united with mag-
isterial concision two conceptual pillars
of physics; symmetry in hature and the
universal laws of conservation. Some
consider Noether’'s theorem, as it is now
called, as importan{ as Einstein’s thoory
of relativity; it undergirds much of to-
day’s vanguard research in physics, in-
cluding the hunt for the almighty Higgs
boson. Yet Noether herself remains ut-
terly unknown, hot only to the general
public, but to many membets of the sci-
entific community as well.

When Dave Goldberg, a physicist at
Drexel University who has written
about her work, recently took a little
“Noether poll” of several dozen col-
leagues, students and online followers,
he was taken aback by the results. “Sur-
prisingly few couid say exactly who she
was or why she was important,” he said.
“A few others knew her name but could-
n’t recall what she’d done, and the ma-
jority had never heayrd of her”

Noether (pronounced NER-ter) was
born in Erlangen, Germany, 130 years
ago this month. Soit's a fine time to
counter the chronic neglect and cele-
brate the life and work of a briliiant
theorist whose unshakable number love
and irrationally robust sense of humor
helped ber overcome severe handicaps
— first, being female in Germany at a
time when most German universities
didn’t accept female students or hire fe-

. SPLAPHIOT “ESEJ’;RC“ERS
GROUNDBREAKING Emmy Noether's theorem united two pillars of
physics: symmetry in nature and the universal laws of conservation.

symmetry in nature, some predictabili-
ty or lomogeneity of parts, you’ll find
burking in the background a corre-
sponding conservation — of momen-
tum, electric charge, energy or the like.
If a bicycle wheel is radially symmetric,
if you can spin it on its axis and it still
lcoks the same in all directions, weli,

“then, that symmetric translation must

yield a corresponding conservation. By
applying the principles and calculations
embodied in Noether’s theorem, you'l
gee it’s angulat momentuwm, the Newto-
nian impuise that keeps bicyclists up-
right and on the move.

Some of the relationships to pop out
of the theorem are startling, the most
profound one linking time and energy.
Noether’s theorem shows that a sym-
metry of time — like the fact that wheth-
er you throw a ball in the air tomotrow
or maikce the same toss next week will
have no effect on the ball’s trajectory -
is directly related to the conservation of
enetrgy, our old homily that energy can
be neither crealed nor destroyed but
merely changes forn:,

The cennections that Noether forged
are “critical” to modern physics, said
Lisa Randali, a professor of theoretical
particle physics and cosmology at Har-

- vard, "Energy, momentum and other

quantities we take for granted gain
meaning and even greater vatue when
we understand how these quantities fol-
low irom symmetry in time and space.”

Dr, Randall, the author of the newly
published “Knocking on Heaven’s
Door,” recalled the moment in college
when she happened to learn that the au-
thor of Noether’s theorem was a she. “It
was striking and even exciting and in-
spirational,” Dr. Randall said, admitting,
“I was surprised by my reaction.”

For her part, Noether left littie record



Symmetries & conservation laws



Symmetries of laws

symmetries of outcomes.



symmetries of laws # symmetries of outcomes












Betsy Devine

Nambu—Goldstone bosons
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Nikolai Bogoliubov

Yoichiro Nambu

NGBs as spin waves, phonons, pions, ...

Jeffrey Goldstone Phil Anderson



Massive scalar boson



Form follows function.

Carson, Pirie, Scott Building



Function follows form. |



Complex phase in QM Z, llllllll
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Maxwell’s equations; QED



Function follows form. I|



Can one choose independently
at each point in spacetime
the convention to name
proton and neutron!?



Might hiding symmetry help!?
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Superconductivity (191 1)




Meissner effect (1933)



Magnetic fields excluded



Ginzburg—Landau model (1950)

Free Energy
Free Energy

Order Parameter Order Parameter v






BCS theory (1957)



Some hints



Spontaneous symmetry breaking



No mention of weak interactions.

No question of fermion masses
(not an issue for Yang—Mills theory or QED).



Spontaneously broken gauge theory

Higgs boson

Longitudinal component



"Higgs fields", for example, are just the scalar fields of a linear
sigma model, which was discussed 1n 1960 by Gell-Mann and Lévyl but
had been introduced three years earlier by Schwingerz. And "the
Higgs mechanism' was first described by Philip Anderson>: nerhaps it
should be called ‘'the ABEGHHK'tH.... mechanism” after all the people
(Anderson, Brout, Englert, Guralnik, Hagen, Higgs, Kibble, 't Hooft)
who have discovered or rediscovered it! However, I do accept
responsibility for the Higgs boson; I believe that I was the first

to draw attention to its existence in spontaneously broken gauge
theories®. |
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What of Yang—Mills (isospin) theory!?



B-decay: parity not conserved!
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Unobservable observed



Parity violated in weak interactions




Chiral quarks and leptons
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An electroweak theory




An electroweak theory (1967)




Electroweak symmetry: secret, but real
e'e” = WW- 0 R




Higgs bosons: incomplete multiplets

High-energy behavior, unitarity bound, ...


http://j.mp/HiQlLK

H couplings to WV, £ tested indirectly



Fermion mass after SSB

Fermion masses: physics beyond standard model



The Higgs field is not molasses

Viscosity resists motion



World without SSB

Surprise: QCD hides EW symmetry,
gives tiny masses to W, Z

arXiv:0901.3958



http://prd.aps.org/abstract/PRD/v79/i9/e096002

Evolution of ATLAS YY Signal



Evolution of CMS 4-lepton Signal






Fully accounts for EWSB (W, Z couplings)?

Couples to fermions!?

Accounts for fermion masses/?

Are there others!
Quantum numbers!?
SM branching fractions to gauge bosons!
Decays to new particles!?
All production modes as expected?
Implications of My = 126 GeV!?
Any sign of new strong dynamics!






