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Different Kinds of Basic Matter
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Exploring small scales
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Higgs production in e’e” collisions: i
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Instrument evolution

Prvy cyklotron.

TeVatrn @ Fermilab
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Standard model

electron

+ anticastice

i R i |
Pink Floyd Interstellar Zappadrive Festival Actuel 25 October 1969
Astronomy Domine Interstellar Overdrive
Green Is The Coloui Tuning Up
Careful With That Axe Eugene Set The Controls For The Heart Of The Sun
Tuning Up With Frank Zappa A Saucerful Of Secrets

1€0 YA AYH  JAIRNAVAdYZ ¥VTTILSYILNI  GAOTd MNId
1€0 YA AYH  FARIAVAdYZ ¥VTTILSYILNI  AAOTd MNId

30.5.2009 HEP-APP @ Astrosustredenie



Is there anything beyond the Standard Model?
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SUSY?

* LSP — nejaké neutralino?

SM Particle type (Particle |[Symbol |Spin||R-Parity |Superpartner | Symbol |Spin |R-parity
Partlcles 1 —
' Fermions Cluark  ||g 3 +1 sguark q a -1
Lepton || % +1 =leptan E a -1
Bosons W W 1 +1 Wino W % -1
\ E E 1 +1 Bino ﬂ % -1
‘*-Supersymmetnc — 7
"shadow " particl Gluon ||g 1 +1 Sluino q ) -1
Higgs bosons Higgs  |huwha 0 +1 Higgsinos ,ﬁ,mﬁd % -1
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Hadronove vs leptonove collidery
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Evolution of accelerators
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Synchrotrons

Synchrotron [+

Location & Country

Power (GeV) [H

Circumference (m)

Commissioned [+

Decommissioned [H]

Advanced Photon Source (APS) Argonne Mational Laboratory, USA 7.0 1104 1945
SIS Rutherford Appleton Laboratory, UK 0.8 163 1985
Australian Synchrotron Melbourne, Australia 3 216 2006
LNLS Campinas, Brazil 1.37 93.2 1957
Bewvatron Lawrence Berkeley Laboratory, USA [ 114 1954 1993
Advanced Light Source Lawrence Berkeley Laboratory, USA 1.9 196.8 1993
Cosmotran Brookhaven Mational Laboratory, USA 3 72 1953 1968
Mimrod Rutherford Appleton Laboratory, UK T 1957 1978
Alternating Gradient Synchrotron (AGS) Brookhawven Mational Laboratory, USA 33 2800 1960
Stanford Synchrotron Radiation Laboratory Stanford Linear Accelerator Center, USA 3 234 1973
Cornell High Energy Synchrotron Source (CHESS)| Cornell University, USA 5.5 768 19749
Soleil Paris, France 3 354 2006
Proton Synchrotron CERM, Switzerland 28 628.3 1959
Tevatron Fermi Mational Accelerator Laboratory, USA 1000 6300 1983
Swiss Light Source Paul Scherrer Institute, Switzerland 2.8 288 2001
Large Hadron Collider (LHC) CERM, Switzerland 7000 26659 2008
BESSY I WISTA in Berlin, Germany 1.7 240 1998
European Synchrotron Radiation Facility (ESRF) Grenohle, France A 844 1988
MA- Max-lab, Sweden 0.55 30 1986
MAX-| Max-lab, Sweden 15 Q0 1957
MAX- Max-lab, Sweden 0.7 36 2008
ELETTRA Trieste, Italy 2-2.4 260 1553
Diamond Light Source COwxfordshire, England 3 561.6 2002
DORIS I DESY, Germany 4.5 289 1980
PETRA II DESY, Germany 12 2 304 19595 2007
Canadian Light Source University of Saskatchewan, Canada 2.9 171 2002
SPring-8 RIKEM, Japan 8 1436 1957
Taiwan Photon Source Hsinchu Science Park, Taiwan 33 518 .4 2008
Siam Photon Source Suranaree University of Technology, Thailand 1.2 43.19 2008
Indus 1 Raja Ramanna Centre for Advanced Technology, Indore, India 0.45 1999
Indus 2 Raja Ramanna Centre for Advanced Technology, Indore, India 25 36 2005
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TeVatron

Vs=1.96 TeV
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TeVatron
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Conseil Européen pour la Recherche Nucléaire

1973: The discovery of neutral currents in the Gargamelle bubble chamber.

1983: The discovery of W and Z bosons in the UA1 and UA2 experiments. + IC\?I\?(!;_gE
+
1989: The determination of the number of neutrino families at the + R&D

Large Electron Positron Collider (LEP) operating on the Z boson peak. +
1995: The first creation of antihydrogen atoms in the PS210 experiment.

2001: The discovery of direct CP-violation in the NA48 experiments.
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LHC

The Large Hadron Collider (LHC) is being built in a circular
tunnel 27 km in circumference. The tunnel is buried around
50 to 175 m. underground. It straddles the Swiss and
French borders on the outskirts of Geneva.

It is designed to collide two counter circulating beams of
bunches of protons or heavy ions. Proton-proton collisions
are foreseen at an energy of 7 TeV per beam with a
planned start-up in middie-2008.

LHC has a total stored beam energy:
10" protons of 14 - 10" eV ~ 10° J
...or, if you like one 100 T truck

at 100 km/h
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ngh energy physics today

Large Hadron Collider

 Length of 27 km.

* Has 4 large detectors.

» Unprecedented energy scales.

* |t is most complex human-built machine.

Fundamental questions:

What is the origin of

mass? _
Why there was less antimatter than matter?

What is dark matter and dark energy?

Are there extra
dimensions?

Also, new technologies emerge:
 The WWW

* The GRID

» Medical applications

 Storage challenge

» Data processing

» Superconductors, electronics, etc.

30.5.2009 HEP-APP @ Astrosustredenie



o o o . "w n
The collision point is "watched Each meeting of two bunches results

by surrounding detector. in about 23 proton-proton collisions.
The mean number of particles born

Some particles just escaped in all these collisions is about 1500.

from the collision zone, The detector should record as many

of them as possible.

the next collision threatens.

The detector should:

* have large coverage
(catch most particles)

- be precise

- be fast (and cheap and ...)

So boring to paint
10" protons
Each proton carries energy 7 TeV. © in each bunch ...

So each bunch with 10 protons carries ° <
energy 101x7x10%2 eV = 7x1023 eV = 44 kJ.

This is a macroscopic energylll

In order to reach such kinetic energy on a bike,
you go with a speed of more than 30 km/h!
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Layout of the LEP tunnel including future LHC infrastructures.

Cleaning
7
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Computed magnetic flux map at By=10 Tesla
1232 Dipole magnets

Length about 15 m
Magnetic Field 8.3 T
Two beam-tubes with an opening of 56 mm
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Detektory
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DetekCni aparatura ATLAS % ()| Shannaniiydeteidon
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Skladani vrstev pixelového detektoru @ CERN

e .
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The Challenge of Trigger at LHC
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~1500
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Need to have Trigger of high performance

= ~6 order of rate reduction

= Complex event and 140 M channels

26



The Atlas Trigger

40 MHz
* 1 GHz interaction rate
* must reduce to 100 Hz

Inputs: CALO + MUONS

Hladaju sa high-p, elektrony, fotony, jety

a tau rozpadajuce sa na hadrony ako aj
missing E. . (towers, scalar sum)

- hardware-based (FPGAs and ASICs)
- coarse granularity 1 from calo / muon
- 2.5us max. latency (pipelines)

High Level-1 Trigger

(1 MHz)
LHCb High No. Channels
High Bandwidth
{ 1000 Gbit's)
E‘ KTev ATLAS
o~
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- 10 @ O ton
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Bunch crossing
rate 40 MHz -
LEVEL 1 saoricos
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| Readout drivers
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LEVEL 2 =3 Readout buffers
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~ 1kHz
| Event builder |
EVENT FILTER F”""‘"mt dh“"“*
~ 100 Hz processor sub-farms

[ Data recording
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Obavy z LHC
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ATLAS beam splash
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9 Oct 2008

On 19 September 2008, during powering tests of the main dipole circuit in sector 3-4
of the LHC, an electrical fault occurred resulting in mechanical damage and release
of helium from the magnet cold mass. Proper safety procedures were in force, safety
systems performed as expected, and no one was put at risk. An ad hoc task force
was set up on 22 September 2008 to investigate the incident, establish the
sequence

of events, analyse and explain their development in relation with design assumptions
and manufacturing and test data, and recommend preventive and corrective actions
for further powering of the machine. Today a number of findings have been
established, but inspections are not completed and investigations are continuing.
Consequently this is an interim summary report of this task force as of

15 October 2008.
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The CERN Management today confirmed the restart schedule for the Large Hadron Collider resulting from the
recommendations from the Chamonix workshop. The new schedule foresees first beams in the LHC at the end of September
this year, with collisions following in late October.

A short technical stop has also been foreseen over the Christmas period. The LHC will then run through to autumn next
year, ensuring that the experiments have adequate data to carry out their first new physics analyses and have results
to announce in 2010. The new schedule also permits the possible collisions of lead ions in 2010.

This new schedule represents a delay of 6 weeks with respect to the previous schedule which foresaw LHC "cold at the
beginning of July". The cause of this delay is due to several factors such as implementation of a new enhanced
protection system for the busbar and magnet splices, installation of new pressure relief valves to reduce the
collateral damage in case of a repeat incident, application of more stringent safety constraints, and scheduling
constraints associated with helium transfer and storage.

In Chamonix there was consensus among all the technical specialists that the new schedule is tight but realistic.

The enhanced protection system measures the electrical resistance in the cable joints (splices) and is much more
sensitive than the system existing on 19 September.

The new pressure relief system has been designed in two phases. The first phase involves installation of relief valves
on existing vacuum ports in the whole ring. Calculations have shown that in an incident similar to that of 19
September, the collateral damage (to the interconnects and super-insulation) would be minor with this first phase.

The second phase involves adding additional relief valves on all the dipole magnets and would guarantee minor
collateral damage (to the interconnects and super-insulation) in all worst cases over the life of the LHC. One of the
questions discussed in Chamonix was whether to warm up the whole LHC machine in 2009 so as to complete the installation
of these new pressure relief valves or to perform these modifications on sectors that were warmed up for other reasons.
The Management has decided for 2009 to install relief valves on the four sectors that were already foreseen to be
warmed up. The dipoles in the remaining four sectors will be equipped in 2010.
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Electricity cost constraint
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Cosmic Rays

&
C. Anderson H. Yukawa

Cosmic ray showers

10 | High energy astrophysics —two approaches

Four events showing the decay of a 1t *
coming to rest in nuclear emulsion

Figure 1.3. The balloon flights of Victor F. Hess. (a) Preparation for one of his flight:
in the period 1911-12. (b) Hess after one of the successful balloon flights in which the

increase in ionisation with altitude through the atmosphere was discovered. (From Y. decay elect ron

Sekido and H. Elliot (eds) (1985). Early history of cosmic ray studies, Dordrecht: D.

Reidel Publishing Company.) track
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Fixed Target Vs Collider
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Crab Nebula

Palomar

PRC96-22a - ST Scl OPO - May 30, 1996 HST - WFPC?2

J. Hester and P. Scowen (AZ State Univ.) and NASA
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NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky
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Credit: NASA/DOE/Fermi LAT Collaboration




Pulsars

Normal Pulsars
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Fermi acceleration
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Pierre Auger experiment, 2007
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Secondary CR

Atmospheric cascade
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CR on the ground

Sources of Average Annual Radiation Exposure
for Swiss Residents

CERN
<1%

« Background radiation
* Effects on electronics (soft, hard) e spsicaons
» Space travel

Radon

Oxide High 44% 30-day 0.25 1.0 1.5
Insulation Eglirr?)i Astronauts Annual 0.5 2.0 3.0
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R Annual 0.05 0.15 0.5
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General Public Annual 0.001 0.015 0.05
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Depletion Region

British Airways
Concorde, 12-15 uSv (microsieverts) per hour;
Long haul aircraft, 5 uSv (microsieverts) per hour;
Short haul aircraft, 1-3 uSv (microsieverts) per hour dependent on the

altitude reached.
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* Lightning
 Climate change?
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