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Beschleuniger und Wechselwirkungen :

w. roton-Proton (2835 x 2835 bunches)
" Protons/bunch 10"
L’ Beamenergy 7 TeV (7x1012eV)

Luminosity 10#:cm=s
Bunch - L.
f‘-ﬁé% .2’;.5 Crossing rate 40 MHz
Proton
Collisions = 107 - 10°Hz
Parton

(quark, gluon)

Higgs

Partlcle

SUSY.....
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Urknall heute

14 Milliarden Jahre

<

1 2 3 4
1:Big Bang
2 : Inflation aus: Wikimedia- commons

3 : Nucleosynthese
4 : Formation des galaxies
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Baukasten der Elementarteilchen

Materie
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Tellchen und Antitellchen

linkshandiges rechtshandiges
Elektron Positron

Quarks o Leptonen
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Das ATLAS-Experiment :

2 Detector characteristics
Muon Detectors Electromagnetic Calorimeters ] Width: 44m
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Der Dortmunder
Beitrag zu ATLAS :

gemeinsam mit 12 anderen Instituten:

Etwa 100 000 000 Pixel
zur prazisen Ortsmessung
von Teilchenspuren

(ie 50 wm * 400 pwm)

pigtail wire bonds

C L T ™ ]

glue

flex

ATLAS



Pixel-Detektor

Eine schnelle Kamera

11

ATLAS
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[ HC Milestones
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16 DECEMBER

The CERN Council
approves the construction
of the LHC. To achieve the
project without enlarging
CERN's budget, it is
decided to build the
accelerator in two stages.

Copyrgnt CERN 2008, DSU - Communication Group
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For the first time, a beam of lead ions, sent by

The interconnections of all SPS, is extracted in a transfer line very close to

the arcs of the LHC are

the LHC.
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2008

AUGUST

The 27 kilometres of the LHC have attained the -
271°C needed for the experiment. This is just two
degrees from absolute zero, the lowest temperature
imaginable. The operation needed more than 10,000
tonnes of liquid nitrogen for the first step of the cool
down, and 150 tonnes of helium to completely fill the

magnets.

Copynght CERN 2008, DSU - Communicaton Group

JULY

The beampipes, the place where collisions are
produced, are now operational. A vacuum, such as
exists in the moon's atmosphere, reigns in the 54
kilometres of beampipe.

Particles have circulated in the LHC for the first time.
Two bunches of particles were accelerated by
CERN'’s accelerator chain and then sent in opposite
directions around the LHC. The profile of one of
these two beams is shown in this image.
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..... und was ist im September 2008 passiert ?
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Inbetriebnahme mit groler Aufmerksamkeit durch
die internationale Presse.....

erster Strahl !!!

TEILCHENBESCHLEUNIGER VON CERN (=R

i Maschine kaputt — fallt der
und wenige Tage danach: yrknall aus?

HeiRgelaufen! Nur zehn Tage nach der feierlichen

MEHR Einweihung musste der grofite
Teilchenbeschleuniger der Welt abgeschaltet
VERMISCHTES o'

Grund: Uberhitzung von méchtigen Magneten im Large Hadron Collider (LHC,
3,8 Mrd. Euro teuer). Im LHC sei Kihlflissigkeit ausgetreten, so ein Sprecher
des Atomforschungszentrums CERN. Die Reparatur legt den Betrieb fiir
mindestens zwei Monate lahm.

Nicht die erste Panne: Schon kurz nach Start des LHC-Betriebs knackten
Hacker den CERN-Computer.

Die Forscher wollen mit dem Experiment den Urknall simulieren, erhoffen
sich Erkenntnisse liber die Entstehung des Universums.
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Superconducting Coils

Spool Piece
Bus Bars

Heat Exchanger 7 TeV
Beam Pipe . 8 33 T
- 11850 A
*TMJ
Helium-ll Vessel

Superconducting Bus-Bar

Iron Yoke

Protection
Diode

&~ A
‘ & 4

Non-Magnetic Collars

Vacuum Vessel

Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole

Auxiliary
Bus Bar Tube

Instrumentation
Feed Throughs
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' Insulating vacuum barrier every 2 cells in the arc ->» Some moved

« Considerable collateral damage over few hundred metres
» Contamination by soot of beam pipes

« Damage to super-insulation blankets

« Large release of helium into the tunnel (6 of 15 tons)
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etwa ein Jahr Reparatur des LHC
und letzte Autbauarbeiten bei den
Experimenten
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Inbetriebnahme des LHC
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Inbetriebnahme des LHC

Teilchenbeschleuniger

wieder in Betrieb

seit November 2009
0.45 TeV + 0.45 TeV

Forschung zum Urknall

seit Mdrz 2010
3.5 TeV+ 35 TeV



Inbetriebnahme des LHC

ansteigende Luminositat

l T T

ATLAS Online Luminosity Vs=7TeV
[[] LHC Delivered
[ ] ATLAS Recorded

Total Delivered: 16.85 nb™
Total Recorded: 14.85 nb™
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Teilchen des Teilchenszoos



Inbetriebnahme des LHC

Rekonstruktion eines Z-Teilchens, rund 90 GeV

15 1 (GeV)

Run Number: 154817, Event Number: 968871 ' E (€)=45GeV  E, (¢*) =40GeV
AT LA S Date: 2010-05-09 09:41:40 CEST (€)= 021 n(e) = -0.38
M, = 89 GeV

i EXPERIMENT

Z»ee candidate in 7 TeV collisions
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Inbetriebnahme des LHC
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Total Integrated Luminosity [pb]
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LHC Delivered
D ATLAS Recorded

Total Delivered: 48.1 pb™
Total Recorded: 45.0 pb™

ATLAS Online Luminosity \s=7TeV
] LHC Delivered
ATLAS Recorded

Total Delivered: 5.61 fb’
Total Recorded: 5.25 fb™
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Wy Candidates / (25 MeV)

n iy Candidates / (25 MeV)

Entdeckung neuer Teilchen?
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Baukasten der Elementarteilchen

Materie und Krafte

Quarks

. Kraftteilchen



Erweiterung des Elementarteilchen-
Baukastens

Standard-Teilchen

Higgs

~ Quarks . Leptonen . Kraftteilchen



Erweiterung des Elementarteilchen-
Baukastens

Standard-Teilchen SUSY-Teilche ‘ ‘

Higgs Higgsino

A =3
b A

_ Quarks . Leptonen . Kraftteilchen Squarks Q Sleptonen 0 SUSY-Kraftteilchen

Neutralino als Kandidat
fur Dunkle Materie



VIOLATION CP
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TAKING AICLOSER L

PHYSICS AT LHC

LINKS

HIGGS PARTICL

Why do particles have mass? Why are the masses what thi
what they are?

The standard model describes everything we know about the smalles
the most accurate theory ever developed, in any field. And withot
Based purely on first principles, elementary particles should be m:
mass; yet others are surprisingly heavy. Enter the Higgs,
particles to make the difference.

Kopernikus Gymnasium, Duisburg-Walsum, Prof. C.G68ling, TU Dortmund
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Branching ratio
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Higgs Zerfalle

« Zerfalls BRs eindeutig vorhersagbar fur das Standard Model Higgs:
— Oberhalb Schwelle um?fur Fermionen , um? fur Bosonen (W,Z)
* Produktionsprozess vom abhangig vom Experiment

I'Mg = 130GeV) = 10 MeV
'My = 1TeV) = ;M,',(TcV) = (TeV

100
" T(H) [GeV)

10 |

0.1 -

My [GeV

LEP regiog’EVATRON LHC region . 000 . : L
. S 100 200 300 500 700
30
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Higgs @ LHC

M. Spiras ot 0l
NLO QCD

0 200

o(pp —sH+X)
Vs =14 TeV
m, = 175 GeV
CTEQ4M

events for 10° pb™'

99 a7 == HLD

400
M, (GeV)

1000

Andere dominierende Produktionsprozesse als bei Tevatron:
Gluon Fusion

E/VWV
2 H*
T
nicht triggerbar
fir H=>bb,tt

Associate Production

Yukawa Process Weak Boson Fusion
a ’ VA ' q 3 q
S w2z J/ — R = 18
-
q \ o Z
' g q q
NN ———
i
zu kleiner wichtig fir BR,,,BR,, Entdeckungskanal
Wirkungsquerschnitt

Kopernikus Gymnasium, Duisburg-Walsum, Prof. C.G68ling, TU Dortmund

34

32



"o e s g s srEasaw

6.2.2012

il http:/ /atlas.ch/ ¢ |(Q~ Google
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CATLAS

4 EXPERIMENT

ATLAS RUN STATUS
» PFROTON RUN HEAVY IODN RUN

Lat=44n"
J- Data ; Winter shutdown through
Fa . March 2012 Y,

ATLAS discovers its first new particle

The ATLAS collaboration has announced the discov-
ery of the %,(3P), which is a bound state of a bottom
quark and bottom antiquark (bb). More...

® LATEST LHE RUNS
ETATILE RILOMS

'y Candidates / (25 MeV)

| ol e | NN S—— P ~ -
The latest update of the ATLAS searches for the 86 88 100 102 104 108 B AR RS (YORAt
Standard Model Higgs boson was presented at a meEY) - M) e m

CERN seminar on December 13, 2011. More...
The spectrum of the X, states: the leftmost peak is More.

|ATLAS Science | .ATLAS Store .

Discovery Quest

i e Brochures = DVD Music CD Popup Book Photo Book ~ 3D Viewer = More
AS efours

.About ATLAS |

Mapping the Secrets of the Universe

B M Tube RN

| ATLAS is a particle physics experiment at the
Large Hadron Collider at CERN. The ATLAS

| detector is searching for new discoveries in the
head-on collisions of protons of extraordinarily
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U ATLAS

3 EXPERIMENT

Links | Tour of ATLAS | Contact = Collaboration Site

ATLAS News

3 Tweet ¢iLke ([I)Send [f 424 likes. Sign Up to see what your friends like.
ATLAS experiment presents latest Higgs search status

December 13, 2011

The statement below is also available in:
Chinese | Dutch | French | German | Italian |
Japanese | Brazilian Portuguese | Portuguese

The latest update of the ATLAS searches for the
Standard Model Higgs boson was presented at a CERN
seminar on December 13, 2011. As stated in the CERN
press release, the new ATLAS and CMS results are
“sufficient to make significant progress in the search for
the Higgs boson, but not enough to make any
conclusive statement on the existence or non-
existence of the elusive Higgs. Tantalising hints have
been seen by both experiments in the same mass
region, but these are not yet strong enough to claim a
discovery.”

"We have restricted the most likely mass region for the
Higgs boson to 115-130 GeV, and over the last few
weeks we have started to see an intriguing excess of
events in the mass range around 125 GeV," explained
ATLAS experiment spokesperson Fabiola Gianotti.
“This excess may be due to a fluctuation, but it could
also be something more interesting. We cannot
conclude anything at this stage. We need more study
and more data. Given the outstanding performance of
the LHC this year, we will not need to wait jong for
enough data and can look forward to resoiving this
puzzie in 2012."

The CMS experiment also has updated their results in
this same low mass region.

The Higgs boson is predicted by the Standard Model.
Via the Higgs field, it gives mass to the fundamental
particles. It is so short-lived that it decays almost
instantly, and the experiment can only observe the
particles that it decays into. The Higgs boson is
expected to decay in several distinct combinations of
particles, and what is most intriguing about these
results is that small excesses of events are seen in
more than one such decay mode and in more than one
experiment.
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Links

CERN Press Release: English / French

Interview with Fabiola Gianotti

Background on the Higgs

Animation of event, 4 muons

Animation of event, 2 electrons & 2 muons
Animation of event, 2 photons

Event Displays

Higgs limit plot for masses between 110-150 GeV
Higgs limit plot for masses between 110-800 GeV
Important terms in discussing the search for the

Hig

CMS Experiment latest Higgs results
Phil Owen's "ATLAS Multimedia Contest” winning
film about the Higgs

ATLAS Notes about the latest results

Combination of Higgs Boson Searches...

Search for the Standard Model Higgs boson in the
decay channel H—+ZZ(.)—4 leptons...

Search for the Standard Model Higgs boson in the
diphoton decay...

Search for the Higgs boson in the H—-WW(.)—vlv

decay channel...

pﬁ ATLAS Presminary 2011 Data
4 === Observed R
§ 10F ... Expected Ldt« 1.0491b
= ’1
-5 E,g?, 1S w7 TeV
-d
(&
3
3
1
ClLs Limits
110 115 120 125 130 135 140 145 150
M, [GeV]
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@ATLAS

EXPERIMENT
http://atlas.ch

Run: 189280
Event: 143576946
2011-09-14 12:37:11 CEST
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@ATLAS

EXPERIMENT
http://atlas.ch

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST
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Explanatory figure (not actual data)

o/o Higgs production cross section we exclude, divided by
SM the expected Higgs cross section in the Standard Model

m— “Observed” (example data)
= Higgs excluded at 95% CL below this line
---- Expected without Higgs (background)

- Expected region at 68% Confidence Level

Expected region at 95% Confidence Level

Excess The data is higher than the expected background

Deficit The data is lower than the expected background

|

200 300 400 500
mass of Higgs [GeV]

1 l
600
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Data
)
=
) o Prediction with Higgs
> (or new physics)
efe— " & §
@) e . i é
o | e ¢
— /' S
© Expected background .
some parameter
Figure B
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Das ATLAS Experiment prasentiert

“\4\ den aktuellen Status in der Suche nach
“&\Q\” . dem Higgs-Teilchen

Das ATLAS Experiment hat den aktuellen

) EX P ER I\ v _ _
. Status seiner Suche nach dem Higgs-
h t'l' p :/ / Q " ' 0S.(C h Teilchen am 13. Dezember 2011 in einem

Seminar am CERN vorgestellt. Wie in der
Pressemitteilung des CERN bekannt gemacht wurde, sind die neuen Resultate
der ATLAS und CMS Experimente ,ausreichend, die Suche nach dem Higgs Boson
signifikant voranzutreiben, aber noch nicht hinreichend um eine definitive
Schlussfolgerung tiber die mogliche Existenz oder Nicht-Existenz des nur schwer
nachzuweisenden Teilchens zu treffen. Hinweise, die auf eine Existenz
hindeuten, haben beide Experimente im selben Massenbereich gemeldet, diese
sind aber noch nicht eindeutig genug um eine Entdeckung zu proklamieren.”

,Wir haben den noch méglichen Massenbereich des Higgs Bosons auf 115-130 GeV
eingeschrdnkt. Ausserdem haben wir in den letzten Wochen einen interessanten
Uberschuss charakteristischer Ereignisse im Massenbereich um 125 GeV gesehen.”
so die Sprecherin des ATLAS Experiments Fabiola Gianotti. ,Dieser Uberschuss
kénnte durch eine statistische Fluktuation hervorgerufen sein, oder aber auf etwas
wirklich Interessantes hindeuten. Wir miissen dies weiter tiberprtifen und wir
brauchen dazu weitere Daten. Mit der hervorragenden Leistung des LHC in diesem
Jahr werden wir nicht allzu lange warten miissen, um im ndchsten Jahr geniigend
Daten zu haben dieses Rdtsel zu losen.”

Das CMS Experiment hat auch tiber neue Resultate im selben Massenbereich
berichtet.

Das Higgs Bo on tlm Stan rdbMocéﬁ der'Jf;J‘l E.h&ﬂﬁé ergesagt. Erst
durch ggspﬁng FE aten 50 entaa%l'lcrélﬂc en ithre ﬁgésrﬂ%zgs Boson ist
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statt einer Zusammenfassung:
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