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The mother
who never goes
out without her
daughters

Aroyal child’s relationship with
its parents is always going to be
an intriguing one. Take Charles:
amiddle-aged man whose life
purpose cannot commence until
his mother pushes off, either
off the throne or into the next
dimension.

But it's Princesses Beatrice and
Eugenie who provide the most
fodder for thought on this ac-
count. These two young ladies,
perfectly pleasant by all accounts,
seem to have a relationship with
their mother, the indefatigable
Fergie, that is so close as to be
downright stifling. The three
are frequently photographed at
parties and premieres together
and this week Fergie and her ex-
husband were photographed leav-
ing a restaurant together, She did
leave the girls at home but they
‘were present in spirit, thanks to
Fergie’s Anya Hindmarch hand-
bag, which was emblazoned with
apicture of her daughters.

For New Year's Eve, Beatrice
and Eugenie, 18 and 16 respec-
tively, went to Thailand for the
party where Pete Doherty sort-
of-but-not-really married Kate
Moss. Quite a good gig for two
teenagers, you would think.
Except that their mother went
with them. Fergie has hooted
in interviews about how she
and Beatrice like to go “on the
pull together” and Beatrice
recently cooed that her ambi-
tion was to be “a mini-mummy
[because] her behaviour is
one I'd really like to follow”,
Ah-toe-sucking-chool

In this day of family break-
downs and the end of the nuclear
unit, isn't it heartening to see
two teenagers so happily close
to their mother? Others have
been spotted partying with their
‘mothers, too: Moss herself was

Insepayfile

Fergie with

Bgsirice and Eugenie and, left,

1t sy of family

at
in Ibiza with her mum. None the

less, weall hat it was
like to be 18: the idea of going to
aparty with one’s mother was
pretty much up there with join-
ing the after-school physics club
in terms of social humiliation. So

either they are doing this under

sufferance or, as has long been
suspected, the royals don’t have
normal human reactions. This
would explain how William and
Harry continue tolive day to day,
seemingly unhampered by their
father's once-professed wish

have fled to Tanzania. But frankly,

upin is enough to

make you beg Beatrice and Eug-
enie to, please, take a stand now.

t K isn't to be a female sanitary product
jthearte ning tosee ‘when most other people would
m the thought of Fgrgie turning
close to their

mother?

2The Guardian 18.01.07

Hadley Freeman
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“We all remember what
it was like to be 18: the
idea of going to a party
withyer@raenethes asr
presphowlgrhyideareb!
with joining the after
school physics club in
terms of social
humiliation.
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Small particles...

Proton: 10-27kg, 10-"°m

Electron: 10-3'kg, pointlike

Big questions...

What happened to antimatter?
What gives rise to mass?

How did matter evolve right after the Big Bang?
What’ s 95% of the universe made of?

Are there extra dimensions?



The (condensed) story of particles
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Partlcle phyS|C|sts like to keep thlngs S|mple
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One problem: it' s wrong...



5th century BC: Leucippus, Democritus “all matter is
composed of small indivisible particles: atoms”
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6 |Rbe=8§ =87 Yi=88 Zr=90 Nb==94 |Mo==98 e = 100 Ru==104, Rh==104,
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7 (Age==1 Cde=11 In==113| Sa==118] Sb==122] To==125 J==127
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9 ) = - - - - -

10 — TBe==178 [fLa==180 |[Ta==182 |[W==184 — =105, Ir==197,
Pla=198, Au==199,

1 (Aue= 199 Hg==200] Ti==204] Pb=207 Bi==208 — -
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A plethora of elements. Mendeleev’ s periodic table of
the elements indicated a simpler underlying structure...
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1897: Particle physics begins with the discovery of the electron
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The return of S|mplicity...
all the diversity of the elements can be
explained by just three fundamental (?)
particles: electrons, neutrons, protons.

Electron: 1897
Proton: 1919
Neutron: 1932

100 000 fm 14
]
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CompIeX|ty S return. .

Positron: 1932 Muon: 1937

1947' Pion

SPARTICT.EZ00

1900. EI1eCtron neutrino
1962: Muon neutrino...
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Gell-Mann Feynman

Rather more
prosaic...

“Three quarks for
muster Mark”

8

Scanned at the American
Institute of Physics

Emilio Segre Visual Archives



The eightfold way.. |
s =20 N.=udd @ @)

20=uds
s = —1 >, {=dds o Y+ =uus
A=uds
q=1
§ = —2
— =dss =0=uss
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But are quarks real, or just book keeplng?

SLAC End station A, 1968...

Nobel Prize 1990:
Jerome Fiedman
Henry Kendall
Richard Taylor
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What can welearn from this k|nd of experlment?

If the Proton is ’ then F5P(x) is

Three valence quarks

Theory:

1/3 1
X
1
Three bound valence quarks :
% 3 |
|
|
|
|
i |
1/3 1

Three bound valence
quarks + some slow Sea
debris, e.g., 9 > qq

E >

Sl x e 1 Halzen & Martin
Quarks and Leptons

Wiley 1984

g Valence

S —




| What can welearn from this kind of experlment?

Experiment:
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The Standard Mode!

ELEMENTARY
¥ PARTICLES
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Three Generations of Matter

& Fermilab 95-759



The (condensed) story of forces
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Gravity







Sheldon Glashow, Abdus Salam, and Steven Weinberg sharing the Nobel Prize, 1979



Standard Model
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What' s happenlng’?
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ELEMENTARY
PART ICLES

Electromagnetic

Strong

I 1I IH

Three Generations of Matter
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Running coupling constants
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What' s missing from the Standard Model?



Question? Why are some forces
long range and others short range?
Specifically, why does
electromagnetism have infinite
range, whereas the weak
interaction is short range?

Answer (1964-5, Brout, Englert,
Higgs, Guralnik, Hagen, Kibble...):
Because the carrier of the weak
force is heavy. The symmetry that
unifies electromagnetism and weak
Interactions is broken.
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One little snag...
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The theory all these people were
working in predicted infinities..

Their mechanism languished for a
decade, until Gerardus ‘t Hooft
and Martinus Veltman
renormalised it in the 1970s (Nobel
Prize 1999).

By an accident of fate, the
mechanism and associated particle
became known as Higgs.
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Leptons




Is that it?



Not really..

7 39 DARK ENERGY

\23% DARK MATTER

3.6% INTERGALACTIC GAS
0.4% STARS, ETC.

Standard Model!




<3 I’In,
X/

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern  Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation

Quantu
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years

Dark Matter... Dark Energy...



R

,‘q‘: ¥

Higgsino

Quarks astronaut \& ) () susy force
Christer particles

Fuglesang 1\



Resolution [m]

; 107 10 10®  10® 10% 10"
Strength
- sf% = 5
ffa
’27&0
100¢ Bl p 100+
Opoe
O{Ce -
\tiea“&
<3
25
10+ 10+
0 0
0 10 10° 1d° 1d* 1d® O 1¢°
f Energy [GeV] f
LEP LEP

10%

Resolution [m]
102 10° 10%

With Super-Symmelry

Unification

10°

1d*  10°
Energy [GeV]



Antimatter

Hollywood CERN
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LHC + detectors + Grid = fantastic discovery machine.



What S LHC got to do W|th it?

E = mc?

Search for the Higgs Particle

Status as of March 2011 90% confidence level
95% conﬂdence level

Excluded by Excluded by Excluded by
LEP Experiments Tevatron Indirect Measurements
95% confidence level Experiments 95% confidence level

100 114 120 140 157 173 180185 200 GeV/c?

Higgs mass values
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Bump hunting...

105 pb-1

int =

Events / 2 GeV for L.

0 n E, > 20,15,10,10 GeV; H s 77" 4/

— p.(fl> 20,10,5,5 GeV: 130 <M, <170 GeV -
60 — Imell<25,2.4;
40 -

tt + Zbb + ZZ*




L atest results from the LHC

LEPTCN

_PHCTON ATLAS-CONF-2011-135
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Higgs is 115 GeV — 145 GeV - or nowhere



BR(H)
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—— — & than neutron stars.

The entire human
population squashed
to the size of a sugar
cube...
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LHCb Preliminary

EVT: 49700980
RUN: 70684

scale inmm
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Otot and g

140

15 pp (PDG)
pp (PDG)
120 TOTEM
110 best COMPETE oy fits
100 |~ — — — parabolic oy fit

TOTEM:

Ttot = (98.3 = 0.25¢ 4 2 8YStymb
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