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cell ~107% m

atom ~1A=10"1"m

nucleus ~ 1fm=10"""m

Factor of 100 000 between these.

— electron <107 m

c=1,h=1.

[ch=0.2GeV - fm |

mp~1GeV.

me~ 511keV ~ 0.5 MeV.

My~ 140 MeV correspnds to a length of order 1 fm and a time of order 10723 s
mp~1GeV.

Fric ~ 14 TeV = 14000 GeV.

mw,z~ 80 — 90 GeV.

my~ 174 GeV,
Cyclotron: mv?/4=e Bv,
v eB
Weyel = —=——
room
Assume nonrelativistic,
1 1 2B%r?
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r=1m, B~ 1T, E=4.5MeV <« 1GeV. Nonrelativistic: OK.
Reminder of special relativity: 7, =diag(+1,—1,—1,—1).
lp|=p. P*=(E,p), P'P,=P*=E*—|p|*=m?

—vmuv. E—=~m _ 1 Ef ~1 nonrelativistically
p=ame, T YT T2 m > relativistically
—g=F
ol ==

dr?=dt? —dz?, dr=dt/y

Non-relativistically w= ﬁ
Relativistically w= 2
ym
dp _
E =ev X B
dP# dz,
- = uv
dr € dr F
muv

1
= mov=————
p=7 102



On the circular path with |v| = constant
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w=c¢/r is the maximal cyclotron frequency.
Radiation loss.
Larmer’s formula:
2e2 5, 2~%et da|? 5 v?
Power=P=ga “="3a2> *=|g| =77

C . 1
Nonrelativistic: y~1, Eyj, =~ 3 m v2
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N
m r

Ultrarelativistic: v = Eiot/mc? = Eyin/mc?, v = c. Putting this into the formula for P you realise
to your great disappointment that...
4
P= ( Ekin ) iz
m r

You loose more and more power when you increase the energy, with a power 4! Bad when accel-
erating light particles.

Two main parameters:
e Centre-of-mass energy: (p; + p2)2=s=E2,.
Fixed target experiments: P{ = (E.p, pe,), Py = (m,0).
s= (P4 Py)* = (Bl +m)* — %= E2p, + 2m B, +m? — o2
(B = > +m?)
s= E(?In ~2m Elab
e The Luminosity, £. [£]=L72T~! (lux). Lruc~10** cm 2571

Let us denote by N the number of events per second.

N=Lo
where o is the total cross section.
dnN _ r do
dFE dFE

Tevatron, started operating 1983, is colliding p+ p with Eep, ~2TeV with £~10%2cm =251,
Lep 1989: et +e~, B, ~200GeV. £L~A~10*2cm~2s™ L.
LHC 2009: p+ p, Eern ~14TeV, L~10* em =257 1,



