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why are the weak interactions so 

weak ?
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effective Fermi theory of weak interactions (1934)

is modified by rare effects from high energies with

scale L= MW   



Gordon Watts (UW)Gordon Watts (UW) 5

Direct Searches at LEP2
mH > 114.4 GeV/c2 @ 95% CL

Precision EW Fits
mH < 166 GeV/c2 @ 95% CL

mH < 199 GeV/c2 (w/LEP2 limit)
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so the higgs exists,

but that does not solve the problem



higgs : the ugly particle
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effective Fermi theory of weak interactions (1934)

is modified by rare effects from high energies with

scale L= MW   



effective Standard Model of weak interactions (1978)

is modified by rare effects from high energies with

scale L= ?



unless (Veltman) condition) :

new high energy effects with scale Lmust 

control the higgs mass oré.

%

Ą mh ~ 210~225 GeV

tension with accuracy of the tests

of the Standard Model !!!
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forL = 10 TeV
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new physics with L<< 10 TeV required

for less than 10 % fine tuning



fine tuning with L= 10TeV

tree

higgs

mass

higgsgaugetop
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loops



few TeV

10 TeV

100 TeV

M Planck

E

New Physics

SM

Direct

Searches

WIMP

Dark

Matter

EW

tests

Flavor

tests

Unification

h

the Standard Model

works too well



higgs and nothing elseé

made possible by :

Áanthropics
ÁVeltman condition
Ásupersplit supersymmetry
Áwhateveré

conclusion:
there must be new physics, oré



other fine-tuning problems as 

opportunities for new physics

Áhiggs mass more than 10 -2

Ábaryogenesis more than 10 -10

Ácosmic coincidence:
factor 2 out of 10 -60

Ácosmological constant  more than 10 -120



quarks and antiquarks have annihilated away 

except for a tiny difference

10,000,000,001 10,000,000,000

Quark AntiQuark

baryon asymmetry in the early 

Universe



WMAP
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Big-Bang Nucleosynthesis

Cosmic Microwave Background

(Thuan, Izatov)

(Burles, Nollett

and  Turner)





other fine-tuning problems as 

opportunities for new physics

Áhiggs mass more than 10 -2

Ábaryogenesis more than 10 -10

Ácosmic coincidence:
factor 2 out of 10 -60

Ácosmological constant  more than 10 -120



cosmic coincidence (why now?)

matter to radiation and radiation to dark energy



dark 

matter

dark 

energy

today size=2 size=4size=1/2size=1/4

think of the energy in Las the level of the quantum sea  :

at most times in history, matter is either drowned or absent

cosmic coincidence: why now ?



other fine-tuning problems as 

opportunities for new physics

Áhiggs mass more than 10 -2

Ábaryogenesis more than 10 -10

Ácosmic coincidence:
factor 2 out of 10 -60

Ácosmological constant  more than 10 -120



the cosmological constant
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Ą Universe cools  before we appear



particle dark matter: two colliding galaxy clusters



QCD is the real success of the Standard Model

(no PDFs without it!)



the proton is

asymptotically

a black

(totally absorbing)

disk of gluons

Åm ~ 2 GeV 

not mp
2(Froissart)

Åindependent

of flavor

total pp and p-anti-p

cross sections from

threshold to infinity
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earthbound accelerators

Åmay solve heavenly problems

heavenly accelerators

Åmay solve earthly problems
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neutrinos: the sun and the Earth

3

1

Symmetry Magazine



hierarchy ?

q13 ?, d ?

mass ?

neutrinos: full time employment

q23=
 p_

4
( )?



mn= 0eV mn= 1eV

mn= 7eV mn= 4eV

adding hot

neutrino 

dark

matter 

erases

small 

structure

eV
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combined resultSmn= 0.35 ~ 2 eV       

WMAP
220.000 galaxies with <z>=0.11

CMBR

Powerspectrum of CMBR

cosmological studies

+ XLF data





astronomy and particle physics

Åsun: resolution of solar neutrino puzzle

Ąnôs have mass

Ą John Bahcall understood how the sun shines

Åsupernova 1987A: ~20 events only!

Ą confirmed basic structure of a star

Ą set records on neutrino properties

Åcosmic neutrinos: discovery, but also

~106 atmospheric and ~103 supernova neutrinos per burst

Ą origin of cosmic rays

Ą beam for particle physics



cosmic rays

Victor Hess

in 1912

discovers

radiation

from space 

the oldest

puzzle

in astronomy















photonselectrons/positrons

muons neutrons



é often wrong, but never in doubt é

Galactic:

supernova 

remnants?

extragalactic:

gamma ray

bursts?



> 108 TeV in the Universe

> 103 TeV in the Galaxy

natureôs accelerators ?



Hillas formula :

Ådimensional analysis, difficult to satisfy

Åaccelerator must contain the particles



pulsar

Rotationsakse

Straling

Straling

Magnetfelt



ms-pulsar Fermilab

R 10 km km

B 108 Tesla Tesla

T-1 103 105 (#rev/s)

E 107 TeV 1012 eV

= 1 TeV !

still a very open problemé



é often wrong, but never in doubt é

Galactic:

supernova 

remnants?

extragalactic:

gamma ray

bursts?



cosmic rays interact with the 

microwave background

 

p+g­n+p+

 

lint={ncmbsg+p}
-1 ~10Mpc

3cm400 - 228 cm10-



confirmed by

Telescope Array

GZK absorption

feature appears

at the expected

energy



cosmic rays interact with the 

microwave background

 

p+g­n+p+

TeV102E 6³²u

cosmic rays disappear, neutrinos appear
ump +­

 

p­m+um­{e+um+ue}+um

1 event per kilometer squared per year



GZK event: cosmic ray + cmb photon Ą

10 EeV neutrino



é often wrong, but never in doubt é

Galactic:

supernova 

remnants?

extragalactic:

gamma ray

bursts?



the Sun constructs an accelerator



shock acceleration (solar flare) 

coronal 

mass

ejection

Ą

10 GeV

particles

flows of charged particles result in large B-fields



large magnetic field in

young supernova remnants



cassiopeia A supernova remnant in X-rays

10-3 of energy released

transformed into

acceleration Ą

E-2 spectrum

acceleration when

particles cross

high B-fields



and if the star collapses to a black hole é



collapse of massive

star produces a

gamma ray

burst

shocks produced

in the outflow of

the spinning

black hole:

electrons (and

protons ?)

spinning black hole



and if the star collapses to a black hole é

Ą happens in seconds not thousands of years

Ą beamed not spherical

Ą simulation not image



radiation
and dust

black hole

Ą p + p0

~ cosmic ray + gamma

NEUTRINO BEAMS: HEAVEN & EARTH

NeutrinoBeams: Heaven & Earth

p + gĄ n + p+

~ cosmic ray + neutrino

nand gbeams : heaven and earth


