Els Koffeman
Nikhef and
“Iniversity of Amsterdam

CHIPP January 2015



|: Observables

II: Particle Interactions
lll: Position & Energy
IV: Medical applications

Els Koffeman
koffeman@nikhef.nl



mailto:koffeman@nikhef.nl

Quiz & Prize

Els Koffeman - Nikhef & University of

CHIPP January 2015 Amsterdam



Quiz & Prize

Els Koffeman - Nikhef & University of

CHIPP January 2015 Amsterdam



Quiz & Prize

Els Koffeman - Nikhef & University of

CHIPP January 2015 Amsterdam



Quiz & Prize

Els Koffeman - Nikhef & University of

CHIPP January 2015 Amsterdam



Literature & references

« Particle physics online database : www.pdg.lbl.gov
« Nuclear physics: International Atomic Energy Agency www.iaea.org

« Dan Green - The physics of particle detectors
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Particle properties

@Pm ton

* Charge
* Mass
 Flavour

e Colour
* Spin
* Coupling strength
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Kinematics

+ Four momentum p=(<.P)
- Relativistic particle IE:%
« Momentum P =ymv
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Accelerators and reactors

e Xray tube (1896)
* Cyclotron (1930)
e Synchrotron (1945)

Cyclotron dees

vacuum chamber.

e

magnetic field

ion source

electric field region

target

© 2009 Encyclopaedia Britannica, Inc,
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Colliders

« Centre of mass energy collision

I 1/2
Ecm — _(El + EE)E — (pl + pﬂ)zl

1

 Luminosity

ning

z =

ATor0y

e Cross section
N

O = - -
Luminosity
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Invariant mass reconstruction

* Invariant mass of a set of particles
M2 =(ZE)P-Ep)- ()

e two particles 1 and 2

Miz = (Ey +Ep)? — pf — p3 —2p; - pp cos 6
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Overview

CESR CESR-C KEKB PEP-II LEP ILC
(Cornell) (Cornell) (KEK) (SLAC) (CERN) (TBD)
Physics start date 1979 2002 1999 1999 1989 TED
Physics end date 2002 2008 — 2008 2000 —
e=: 7-12 (9.0 nominal) 250
Maximum beam energy (GeV) 6 6 e~ xet: 8x35 et: 2.5-4 (3.1 nominal) 100 - 104.6 (upgrade-
(nominal Eem = 10.5 GeV) able to 500)
HERA TEVATRON* RHIC LHC
(DESY) (Fermilab) (Brookhaven) (CERN)
Physies start date 1092 1087 2001 | 2000 | 2004 2002 2008 | 2009
Physics end date 2007 — — —
Particles collided ep P pp (pol.) Au An Cu Cu d Au PP Ph Pb
Maximnm beam e: 0.030 0.080 0.1 0.1TeV/n | 01TeV/n | 0.1 TeV/n 7.0 976 TeV /n
energy (TeV) po 0.92 60% pol
—— : -3
Lumuégsn} o 5 286 35 (pk) 0.0030 (pk) 0.020 (pk) 0.23 (pk) 1.0 % 104 ,I'D ® ]1]_Ei
(10" em™"s77) 20 (ave) | 0.0012 (ave) | 0.0008 (ave) | 0.11 (ave) (5.4 x 105yt
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LEP: ee-colllider

* LEP

Citaticn: C. Amsler et 3 (Particle Data Groap), PL BGGT, 1 (2008] and 2009 partial update for the 2000 dition [URL: htte:/ /pdg. Ikl gov)

/ X W mades are charge conjugates of the modes below.
A £ b : .
L (a) L ’ R ( ) VAR | ECAY MODES Fraction {I;/T) Confidence leval (Melfie)
7N # ~ \
v - NN £ [6] (lo.a0+ 0.09) % -
- - N \ (10.75+ 0.13) % 40199
(1057 + 0.15) % 40199
{1135+ 0.20) % 40179
s (67.60+ 0.27) % -
< 8 %105 95% 40199
< 13 x 103 08% 40175
(334 + 26 )% -
13 " -
[ I R
le fe] (14 &+ 28)% -
J=1
Charge = 0
Mass m = 91.1876 + 0.0021 GeV [d]
Full width " = 2.4952 4 0.0023 GeV
F(£67) = 83.984 + 0.086 MeV 1]
[ {invisible) = 499.0 + 1.5 MeV [l
[ (hadrons) = 1744.4 4+ 2.0 MeV
Fum ) Tlete) = L = 0
Mt p=)/M{ete ) = 1.0009 4+ 0.0028
M(r++=)/Me*e”) = 10010 + 0.0032 1]
Average charged multiplicity
{ Neharged) = 20.76 £ 0.16 (S = 2.1)
Couplings to leptons
s‘v = —0.03783 + 0.00041
gy = 0297350
gy = -033700
gh = —0.50123 4 0.00026
g4 =050 50
d _ +0.050
ga = 0524 g0
g¥ = 0.5008 + 0.0008
g =053 £ 009
g = 0,502 + 0.017
-//PDG.LEL.GOV Page 2 Created: 6/1,/2000 14:31
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Tevatron: pp

* Energy 1.96 TeV

* Discovery of the top
quark

e DO and CDF
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HERA : ep collider

/
* Deep inelastic scattering k
of electrons on protons k
. q
probing proton structure
P, M—> »— W
* Precise measurements of
the parton distribution 2= p— T, TR —
fu nctions l g/'o =10 Ge J c g/:;\0.000Ge
0.8 : -J 0s ; s
 ZEUS and H1 | ub .
0.2 .g
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pp collider : LHC

* Goal 14 TeV collision )
. o_" ’;; ‘.‘o.‘.‘.
 x1 and x2 determine hard L e % ek it
Y @ i e ) / ©
.‘.| \i ..u 'o.‘ : . ".'
Scatter .%..:;.. L -_‘”',’ :..‘;;:.n\.,,\; Je .0..-. ° -
o. o _ ‘“y"o. -' .5\’ -~ :'.o
Hadronisatio ol 7% %, o\ e 5,
- "n‘ + s -.Illl.
c.a* O- ° ““l-,,o s. LT ot
Cnte g J’i';-""" SRR
o.‘---_.;_ : "':F“ o I‘i E'PDF ?.;—
:: UEO:. Yegart
.'luu“. ' .
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. Ne " 7,
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Final state - hadronisation

Production of a quark-
pair

Gluon radiation
Fragmentation

DETECTOR:

Jets originating from the
Interaction point

Some particles in the jet
are unstable
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1200 superconducting
magnets with opposite B-
fields. Occupy most of the
space in the LHC tunnel
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1200 superconducting
magnets with opposite B-
fields. Occupy most of the
space in the LHC tunnel
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15-m long
LHC cryodipole
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Observables particles

« Prompt stable particles : from the interaction point
— photon, electron

— muon
— hadron (pion, proton, neutron,...)
— (neutrino)

« Daughter particles from unstable prompt particles
— Examples:

« pions (from K, ..
« photons (pion decay)
« Collections of particles
— Jet from hadronisation of a singleparton
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e Chemical reactions

— photographic emulsion reducing
silver grains

* Transition radiation
— Medium emits x-rays when
permittivity changes
* Acoustic wave

— Cosmic air shower can create sonic
boom

* Physical transitions

— Boiling, melting, condensation,
heat
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~ Photograph of neutrino

vertex (interaction point)

2 in the CHORUS

emulsions. The image
microscope image size
corresponds to about
0.1mm x 0.1 mm
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Mesons

e Combination of a quark +
antiquark (colorless)

 Each meson has unique

properties
— Charge

— Spin
— lIsospin
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Baryons

 Three quark states

— Colorless
— Scalar en vectors

* Generally heavier than a
proton
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Unstable particles

« Reconstruct invariant mass from decay products

CHIPP January 2015

M* = (ZEi)Z — ‘Zpi

J/%(1S) [S(IPO) = (1—)

Mass m = 3096.916 4+ 0.011 MeV
Full width ' = 93.2 + 2.1 keV
Faa =555 1-0.14.4-'0.02 keV

Scale factor/ p
J/¥(15) DECAY MODES Fraction (I';/I) Confidence level (MeV/c)
hadrons (87.7 £0.5 )% ==
virtualy — hadrons (13.504-0.30) % =
et e~ ( 5.9440.06) % 1548
ptp— ( 5.9340.06) % 1545
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Example

e Measure

— Lifetime T or distance = ycT but it is an exponential

K% 1(JP) = 3(07)

Mean life 7 = (0.8953 + 0.0005) x 10~ s (S =1.1) Assum-
ing CPT

Mean life 7 = (0.8958 £ 0.0005) x 10~1%s  Not assuming CPT
cr = 2.6842 cm  Assuming CPT

decay N(t) = N(0)exp(-t/T)

Kg DECAY MODES

Scale factor/ p
Fraction (I';/T) Confidence level (MeV/c)

o

70 70

m

m
T

+ T+

m ’J‘T_’JTD

CHIPP January 2015

Hadronic modes

(30.69+0.05) % 209
(69.20+0.05) % 206
(35 T35 )x1077 133
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L ATLAS

11 EXPERIMENT

2009-12-96, 10:24 CET
Run 141749, Event 460665

Event W\

Kg— ntm—
Candidate

CHIPP January 2015

==t

P U tas wed coen AV AR DUDECEVTRISPLAY fevants himil

Minimum Bias Stream, Data 2009 §/ 3=900 GeV)

ATLAS Preliminary p, > 100 MeV, Sit
K2 Invariant Mass o8 f

: 1 Simulation

— Gauss (+poly) fit
u= 497.5+0.1 (stat) MeV
(stat) MeV

7.614 = 0.024 MeV
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Luminosity

Irteraction
Point

CHIPP January 2Relaive beam sizes around |E'15|;J§%fa§‘?m§tm
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Higgs -> 4 quark-jets

Jet is the collection of

particles resulting
fromfragmentation

Els Koffeman - Nikhef & University

CHIPP January 2015 of Amsterdam

33






10 cm

35
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