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CERN (Genf): Large Hadron Collider

27 km Circumference27 km Circumference
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Electromagnetic Acceleration
Static field

AC field
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Radio Frequency Cavity

E ~ TeV
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Longitudinal Focussing
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Circular Accelerator

B = 3500/0.3/[27000/(2π)] T = 5.4  T

12m lange Supraleitende Dipolmagnete mit 
10 000 t flüssigem Stickstoff auf 80 K vorgekühlt, 
mit 60 t flüssigem Helium auf 1,9 K gekühlt. 
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Synchrotronstrahlung

Elektronen

Large!

Protonen

35004
LHC (7TeV)

5 103
35004 = 0.27 keV small.
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Transverse Focussingg
Quadrupolmagnet
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LHC 2009: First Injection E=450GeV
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Der Strahl nach ersten 2 UmrundungenDer Strahl nach ersten 2 Umrundungen 
2009
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Proton‐Paket‐Einfang
2009

DESY

Versuch 1 Versuch 3Versuch 2
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Protonen erfolgreich eingefangenProtonen erfolgreich eingefangen
2009
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2009
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From Steve Myers (CERN ICHEP2010)From Steve Myers (CERN, ICHEP2010)
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LHC today at 7 TeV
5.10.2010

2 1013 Protonen pro beam

11 2 MJ B11.2 MJ pro Beam 

Safety: Beam DumpSafety: Beam Dump
within 3 Turns
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Luminosity

n =186 colliding

N=1011

7 10 31

cm2 s
=

event rate with total cross section σ ~ 100 mb
N 7 10 3110‐25 cm2 7 MH
t

= 
cm2 s

10 25 cm2 = 7 MHz= σ
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Instantaneous LuminosityInstantaneous Luminosity

5 10 31

cm2 s
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Lifetime of LHC Luminosityy

Luminosity
CMS

LHC‐b

Time

18‐Jul‐2010, 11:00 19‐Jul‐2010, 5:00

outstanding

18Erdmann, RWTH Aachen University



Time integrated Luminosity

N
= σ

t
  σ

N = σ L dt
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Number of Events
C iCross section σ Total number

of Events:

N L dt

time integrated

N = σ L dt

Luminosity

σ(Higgs)=8pb
if exists:

N(Higgs)= 8pb*10pb‐1

= 80 Events

expect:

center‐of‐mass
energy

7TeV

 80 Events
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The 20 year physics plan
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Preliminary Long Term Predictions
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Cosmic AcceleratorsCosmic Accelerators
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Cosmic Ray Spectrumy p
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Hillas Diagram: Source Candidates

Einschluss geladenes

1 Gauss = 10‐4 Tesla

Teilchens in Magnetfeld

nicht‐relativistisch

Lorentzkraft = Zentripetalkraft

Z e | v ^ B | = 
m v2

r

B = 
p

Z e r

lg B =  + lg p ‐ lg( Z e )‐ lg r
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UHECR Anisotropy
Pierre Auger Collab.
AP 29 (2008) 188
Science 318 (5852) 938Science 318 (5852) 938

l dUHECR: Energy, Angular direction

ψ

Reference distribution

ψ

Veron Cetty and Veron ‐ AGN catalogue
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VC Catalogue Pre‐Selection
Energy distribution of UHECR Expected energy loss

E 
[e
V]

E

100

Suppression expected from GZK d [Mpc]

AGN: z < zo
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Pierre Auger Observatory: Aperture
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Method: Binomial Counting
for hypothesis of isotropic UHECR distribution: 
Probability UHECR within cone by chanceAGN

UHECR

ψ N UHECR events

j  or more UHECR are within cone

simulated sets ofDATAProbability for UHECR simulated sets of
isotropic UHECR

DATAProbability for UHECR 
data to originate from
isotropic distribution:
α < 1% reject isotropy

P
α < 1% reject isotropy
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Parameters: Example Scanp

Max.angular distance AGN max. redshiftMin. UHECR energy

ψ z
E

ob
ab
ili
ty

ψ [deg] z

Pr
o

E [EeV]ψ [deg] zmaxEmin [EeV]
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Training & Test Event Samples

Data Set 1 Fix scan

• Training

Data Set 1 
1.1.04‐27.5.06

Fix scan
parameters z<0.018  ψ < 3.1° E>56EeV

UHECR events

min. UHECR within AGN cones

• Test

to reject isotropy α<1%

25.5.2007

Data Set 2 
28.5.06‐31.8.07

Test hypothesis of
isotropic distribution

reject isotropy

28.5.06 31.8.07 isotropic distribution

31Erdmann, RWTH Aachen University



Angle Distance UHECR ‐ AGNAngle Distance UHECR  AGN 
UHECR DATA

δ
UHECR within
12deg of

AGN
UHECR

12deg of
galactic plane

δ [deg]
UHECR simulated isotropic distribution
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Time Developmentp

Blue circles of radius 3.1◦ are centred at the 
positions of the 318 AGNs in the VCV

Most likely value of the degree of correlation 
p data = k/N . Horizontal dashed line showspositions of the 318 AGNs in the VCV 

catalog that lie within 75 Mpc and that are 
within the field of view of the Observatory.

p_data  k/N . Horizontal dashed line shows 
the isotropic value p_iso = 0.21. The current 
estimate of the signal is (0.38+0.07−0.06).

interpretation of correlation: one signal of UHECR anisotropy
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SummarySummary

• Earth bound accelerator LHC works remarkable well.
•World record cosmic accelerators still not identified.
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