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why are the weak interactions so
weak ?







effective Fermi theory of weak interactions (1934)
IS modified by rare effects from high energies with
scale L = My
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Constraining Standard Model

Smce My, fmd M. are all related via radiative corrections, we can
CDI]%'[I‘"illl M u 1th 131&{.151011 measurements of M and I\-'Imp

‘\Ie*muenleuta of My, and M,

overlaid with them'}' pr EdlCtlD]lS i - :

for the Higgs boson Higgs limit from EW fits
ithin direct 161GV @95%CL

seajches _&clusu:-n band Jﬂ ==

arch 2008
——

—
1 — LEP2 and Tevatron (prel.) ()

- LEP1 and SLD : XL A=
'..' 1 — 0.027504H0.00033

.l." == 002745000010
3= incl. low QF data




The EW fit: picture confirmed
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so the higgs exists,
but that does not solve the problem



higgs : the ugly particle
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control of the higgs mass



effective Fermi theory of weak interactions (1934)
IS modified by rare effects from high energies with
scale L = My



effective Standard Model of weak interactions (1978)
IS modified by rare effects from high energies with
scale b = ?



new high energy effects with scale L must
controlthe higgsmass or e.
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tension with accuracy of the tests

unless (Veltman) of the Standard Model !l

2y +my +m; — dm: ~ 0 A|my, ~ 210~225 GeV
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forL =10 TeV




L © (500 Gev) 2
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new physics with L << 10 TeV required
for less than 10 % fine tuning




tree
loops

AN
4 N

top gauge higgs

higgs

fine tuning with L= 10TeV



i the Standard Model
M Planck works too well
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10 TeV

A
l
l
l
l
l

New Physics

few TeV

h SM

Direct WIMP EW  Flavor Unification
Searches Dark tests tests
Matter



made possible by :

Aanthropics

AVeltman condition
Asupersplit supersymmetry
Awhat ever é

conclusion:
t here must be new



Ahiggs mass more than 10 -2

Abaryogenesis more than 10 -10

Acosmic coincidence:
factor 2 out of 10 -%0

Acosmological constant more than 10 -120



baryon asymmetry in the early
Universe

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

AntiQuark

guarks and antiquarks have annihilated away
except for a tiny difference



Big-Bang Nucleosynthesis
Cosmic Microwave Background
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Ahiggs mass more than 10 -2

Abaryogenesis more than 10 -10

Acosmic coincidence:
factor 2 out of 10 -%0

Acosmological constant more than 10 -120



past < today —> future
| :
0.00! 00l

relative supernova brightness

Blue region:

The expansion of the
universe slowed down for a
long time and then, with
dark energy, sped up.

relative to today's distances

Gold region:

The expansion of the universe
always slowed down after the
first fraction of a second.
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Billions of Years from Today

matter to radiation and radiation to dark energy




cosmic coincidence: why now ?

size=1/4

dark

energy

size=1/2 today size=2

size=4



Ahiggs mass more than 10 -2

Abaryogenesis more than 10 -10

Acosmic coincidence:
factor 2 out of 10 -%0

Acosmological constant more than 10 -120



the cosmological constant

e.g. energy of the vacuum = S ( O-point energies )

e %>\/k2+m2d3k - M.

A Universe cools before we appear

instead- L ~(10°°M,)* ~(10°eV)*




particle dark matter: two colliding galaxy clusters

DM (collisionless)
B (weak lensing mass map) §

Stars
(visible) =

z Stars
B (visible)

DM (collisionless)

weak lensing mass map) [l Hot gas, most of

baryonic mass
R el A (X-rays) . Photo from NASkofto Bullet Cluster :howlng'
pd B e - . * the'dark matter as hjue and hot gases in red.” -




QCD is the real success of the Standard Model
(no PDFs without it!)



the proton is
asymptotically
a black
(totally absorbing)
disk of gluons
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cross sections from
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AEUtRNeS: the sunana the Earntn

Symmetry Magazine

v, -V,

sinfgve + cosﬂg{T

vV, -V,

V.= -C0S0sV. + sinﬂe[T




hierarchy ?

0?7, 2d m—

(Ozs= Zp)?

.
mass ? T |






cosmological studies
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2dF powerspectrum
of matter fluctuations
best fit ACDM model = data ' massive v's:

. loss of power at small scales
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Multipole moment [

analysis: 0.02 <k <0.15

combined result Sm,=0.35 ~2 eV | K [h Mpc']
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astronomy and particle physics

Asun: resolution of solar neutrino puzzle

Anbs have mass
A John Bahcall understood how the sun shines

Asupernova 1987A: ~ 20 events only!

A confirmed basic structure of a star
A setrecords on neutrino properties

Acosmic neutrlnos discovery, but also
~10° atmospheric and ~ 10° supernova neutrinos per burst

A origin of cosmic rays
A beam for particle physics



cosmic rays

Victor Hess
In 1912
discovers
radiation
from space

the oldest
puzzle
In astronomy

Primary cosmic rays
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electrons/positrons

neutrons




Galactic:

supernova
remnants?

extragalactic:

gamma ray
bursts?
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> 108 TeV in the Universe
> 103 TeV in the Galaxy



Hillas formula :

Aaccelerator must contain the particles

b
ngro( vq )<R
L <vgBR

Adimensional analysis, difficult to satisfy






E(eV)= B(Tesla) R(m) 2R

T
mspulsar Fermilab
R 10 km km
B 10 Tesla Tesla
T 108 1P (#rev/s)
E 10’ TeV 102eV
=1TeV!

still a very



Galactic:

supernova
remnants?

extragalactic:

gamma ray
bursts?
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cosmic rays interact with the
microwave background

400 cm” 10 * cnr

/int :{nc:mb5g+p}-1 ~10Mp
\

E, >5x10"TeV
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cosmic rays Interact with the
microwave background

cosmic rays disappear, neutrinos appear

E 2 23 10°TeV

1 event per kilometer squared per ye
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Galactic:

supernova
remnants?

extragalactic:

gamma ray
bursts?
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shock acceleration (solar flare)

particles

flows of charged particles result in large B-fields



Chandra
SN 1006

large magnetic field in
young supernovaremnants

Chandra e
Cassiopeia A ’ T S




cassiopeia A supernova remnant iags

10-3 of energy released
transformed into
acceleration A

E-2 spectrum

acceleration when
particles cross
high B-fields






collapse of massive
star produces a

gamma ray

burst VZ

/
spinning black hole

shocks produced

In the outflow of
the spinning
black hole:

electrons (and

protons ?)



and 1| f BRhe sSdar col |

A happens in seconds not thousands of years
A beamed not spherical
A simulation not image



nand gbeams : heaven and earth

» black hole

radiation
and dust

p +gA(NX P’

~ cOSMmic ray + neutrinc

Ap'

~ cosmic ray +




