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First hints for cosmic rays

» Electrometers discharge because the air is ionised by
radiation (Julius Elster and Hans Geitel 1900)

» What is the radiation origin 222
» Radioactive elements on earth’s surface ¢¢¢
» Viktor Hess : Radiation comes from sky. First balloon experiments.

Seven flights.
» The number of ion pairs increases with altitude

» Do not come from sun | Data taking in an solar eclipse

Theodor's Wulf Strahlungsapp
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rayon cosmique
primaire

Pierre Victor Auger
(1899-1993)




19
1936: muon u

Nele O

1949: pion 11
1949: kaon K
1949: lamda A
1952: xi =
1953: sigma X

» Birth of a new science: Parficle PhYSiCS!
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Pioneers at Aiguille du midi close to the Mont Blanc submit.
Laboratoire des cosmiques. Louis le Prince-Ringuet 5



A glimpse to the future

2011-: AMS
Alfitude 1400 km

AMS at the international space station looks
for anti-matter |

P Alfitude : 400 km
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Malargue 13

i efil?‘ermi Gamma-ray
- Space Telescope

Detection of
high-energy
gamma rays

using Cherenkov
telescopes



The CERN accelerator complex
Complexe des accélérateurs du CERN

Emphasis on accelerator

Neutrino |

| ohysics and detectors
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LHC - Large Hadron Collider /7 SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //
n_TOF - Neutrons Time Of Flight /# HiRadMat - High-Radiation to Materials // Neutrino Platform







CMS

Thin-gap chambers (TGC)
y N il Cathode strip chambers (CSC)

Barrel toroid

: > 1 Resistive-plate
> chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)




We know how to measure electrical pulses.
We do not take (almost) photos !ll

- Time
- Parficle’s identity, e, y, 1, .....
- For each measurement a dedicated detector

Precise position silicon detectors, chambers : _ NS @ ATLAS
N A" S EXPERIMENT

Magnefts . N o 2009-12-06, 10:03 CET
ol - ; ~—— = . Run 141749, Event 405315

Calorimeters

Hermetic detectors Collision Event

Cherenkov counters, dE/dx, absorbers.....




TRACK'NG DEV'CES (CHARGED PARTICLES)

> Principle :

Kathode

» The incident particle ionizes the detector medium (Si, gas,..)
produces e-

» Detect the electric pulse from e-, may be a challenge

» Electron multiplication

> High performance electronics

> The detector is segmented with sensors of known position in the lab
frame. The location precision depends on the sensor’s pitch, the

. . Principles of operation
electron avalanche size, the sensor’s response etc....
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gas density o[g/cm®] IhleV] W[eV] nylem™] ngp[em™]
H» 8.99.10°° 15.4 37 5.2 9.2
He 1.78 - 104 24.6 41 5.9 7.8
N, 1.25-1073 15.5 35 10 56
0, 1.43-1073 12.2 31 22 73
Ne 9.00-10~4 21.6 36 12 39
Ar 1.78 - 1073 15.8 26 29 94
Kr 3.74.1073 14.0 24 22 192
Xe 5.89.1073 12.1 22 44 307
CO, 1.98-1073 13.7 33 34 91
CH,4 7.17.10~4 13.1 28 16 53
C4Hio 2.67-1073 10.8 23 46 195
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Run 935

14.6.2011

|
9

18:57:08
3 Event | 179897868

bld 1140




MOMENTUM MEASUREMENT (cHARGED PARTICLES)

We need a magnet

- The particle’s trajectory is bent inside the
magnet

- We measure the curvature p
- Py(GeV/c) =0.3B(Tm) p
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ENERGY AND POSITION MEASUREMENT (NEUTRAL AND CHARGED PARTICLES)

CALORIMETERS
Principle :
+ Particles loose their energy in an albsorber. We measure that energy
« If the absorber = detector we measure the total energy
« If the absorber is inactive we sample the energy losses and compute the energy

« We detect light produced inside the detection media
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Firure 5 Schematic development of an electromagnetic shower.
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Energy Resolution
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PARTICLE IDENTIFICATION

- TOF heavy particles travel slowly !l Less than few ns time
difference between p and m over 30 m !

-  Able today to measure ps |

L(1 1 L / m?c? / m2c? Lc
1 2

Time of flight

—
=

Nb of sigmas
0

m/p TOF @Resolution = 32.0 m
= Resolution = 500.0 ps
e Resolution = 150000 ps
s Resoluetion = 200000 ps
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Particles crossing a medium will emit light at an angle cos6.= 1 / (n b))
n = refractive index of the medium

* Measuring 6. we know the particle
* We need a radiator and a photo detector

DIRC MECHANICAL COMPONENTS

DB‘{EC?OI‘ f HORSE COLLAR [IRON]
Surface [

ZERO DEGREE MIRRORS

CENTRALSUPPORT TUBE
CST) [AL)
BARBOX [AL)

ASSEMBLY FLANGE [$5)

STANDOFF BOX (SOB)
COMPENSATING COIL



Muons will ;

Interact with matter and will loose their energy by
lonization

daE ~ 2.3 MeV/gm/cm? =~ 0.6 GeVV/m in rock

dx

Change their direction because of multiple scattering

136 MeV [L

~ JEE, \X,

00

E _ Ef _ Ld_E dirt, rock:
| dx X, =27 gm/cm®
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¢ Data
ATLAS [ Higgs .[mH = 125.09 GeV)

* 2
H— Z7" — 4] EeV. YWV

13 TeV, 36.1 fb”' B Z+jets, t
2% Uncertainty

MUON IDENTIFICATION

» Tracking Devices behind absorber, usually the
calorimeters

Events /2.5 GeV

| 0 EYBERIMIER ] 2
— \ X EAISINUNAIBIN 8 / g K
L3 detector T ——yd / — | 140 160
Run Number: 190300, D } /' _// e/ — 1
Event Ni 334

mﬁonstrained [GEV]
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Front end electronics + electroni g
Raw data tfransmission, higher level data samples and decision
Data reconstruction, tracks, energies etc, physics objects

In parallel simulation !
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« Muon variation density shoulc
structures they cross !
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The birth of the 1deo

Luis Alvarez* invented muon tomography in 1960°s to study the 2nd Pyramid of Chephren

Search for Hidden Chambers
in the Pyramids

The structure of the Second Pyramid of Giza
is determined by cosmic-ray absorption.

Luis W. Alvarez, Jared A. Anderson, F. El Bedwei,

James Burkhard, Ahmed Fakhry, Adib Girgis, Amr Goneid,
Fikhry Hassan, Dennis Iverson, Gerald Lynch, Zenab Miligy,
Ali Hilmy Moussa, Mohammed-Sharkawi, Lauren Yazolino
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L.W. Alvarez, et al, Search for Hidden Chambers in the Pyramids
Using Cosmic Rays, Science 167, 832-839, 1970.
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« Existing monument
« Density anomalies detected by other methods

Ditficulfies :

« Looking for an object with similar density as the
surrounding materials p~2.3 gr/cm3 for dirt and 2.5
for marble |

« If any monument, it must be at the horizon level.
Very low number of muons, wait a LONG time !

« Muons must cross a lot of dirt. Need high energy
muons, their numberis even less !
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Ol ¢
and cosmology is closely relatec
detectors’ developments |
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What we know today |

Fluxes of Cosmic Rays

=
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n,
B,

How many particles and what energy ¢¢¢

S (1 particle per m*—second)

Flux (m* sr s Gev)™

4]

« The energy spans over 12 orders of magnitude

« Energy spectrum follows E” where y= 2.7-3.5
« The flux spans over 32 orders of magnitude !

« Sealevel: 150 particles per m? per second

&
Energies and rates of the cosmic-ray particles Knee ’ .
(1 particle per m*—year)
CAPRICE +—=— »
AMS +—e—
rotons onl BESS98 +—a—i
profpns only Ryan et al. ——
Grigorov —%—
JACEE +—+—
Akeno a
all-particle Tien Shan rF—%—
MSU F—¢—
KASCADE  #
CASA-BLANCA +—=—
DICE +—+—
HEGRA +—&—
CasaMia —e—
Tibet —a—

E=3x100eV
= 50 joules = energy of a
tennis ball justin a finy

proton ! 1 particle per km?

Fly Eye —e&—
Haverah —=—

1 AGASA +—a—
] HiRes —e—

1 2 2
& 907 407

Energy (eV) 32

10° 102 10% 108 108 10" 10'2
Enin (GeV / particle)




‘Quasars and-black
g e

Supernova explosion
and remnants




