Experimentalphysik VI
Kern- und Teilchenphysik

Prof. Markus Schumacher

ALU Freiburg, Sommersemsester 2010

Kapitel 8: Quantenelektrodynamik



Q76

o
o
o

034

=LA

\.4(‘4

| )('b!o,

Ubersicht: differentielle Wirkungsquerschniitte der QED
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Ubersicht: differentielle Wirkungsquerschniitte der QED
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Fig. I.la. PETRA (Positron-Electron Tandem Ring Accelerator).




Der Jade-Detektor an PETRA
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Fig. 1.0 Cross section through the JADE detector.
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LEP: e+e- -Kollisionen von 90 bis 209 GeV
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Der OPAL-Detektor an LEP

Electromagnetic Kk
lonmate
Hadron calorimeters o e _—7detectors
and return ycke \

i

Jet
- chamber

Vertex
chamber

~  Microvertex

detector
/ \l \ ~
B i (i / \ Z chambers
P i / \ \\ Solenoid and
X / pressure vessel
/ Presampler \

Forward Time of flight
detector detector

Silicen tungsten
luminometer




Runcewart. 4053: 1150 Dats 930527 Tiea 20751CErkiM= 2 Sump= 92,43 Ecalif= 9 SupE= 99.5) Hoal (M= © SinE=
Ebaan 45,658 Eeiz .4 Emizs 3.1 Uk [ -0,06, o0,  0.38% Huon(ME O Sec YioiM= O Fdet[W= 1 SinE=
Hz=4 580 |hrust=0940 Hplahsl, 000 b aks . I--

Centre of scresn v [ 00000, D000, (0000,

. Schumacher Kern- und Teilchenphysik — Kapitel 8: Quantenelektrodynamik Freiburg SoSe 2010



Funiesent 40933 4556 Deke 330527 Time Z2433CtrkiH= Z Sump= BE,3) Ecalif= 5 SusE=  L1,6> Hoallf=
Ehmsn 45.F58 Evix 90,8 Emiss 0,6 Wix ¢ 0,05, 0,08, 0,360 PMuontH= 2F Sac UkxiMe 0 Fdebif:=
Hz =4, 300 Thruen=0, 3533 Gl a=u, n0ng |."|J|a'}=‘-q§'—' S plpcrsl LU

H
H
i
H
i
i
H
i
H
|
i
H
i

S0 20 S
[ |

Centre of screem i ¢ 0000, 0 0000,

. Schumacher Kern- und Teilchenphysik — Kapitel 8: Quantenelektrodynamik Freiburg SoSe 2010



4 SurE= 26,03 HoaldM= 2 SusE=
11 Sem WrelH= 03 Fdetib= O SuwE=

Funtevent 4177: 49573 Date 950E11 Tiwe 203052 Ctrkib= 2 Sunps 506 Ecalili=
0,45 Fuonil=

28,5 lex ¢ 0,05, 0,00,
Spher=il. 000

Ebeaw 45,551 Eviz 62,1 Emizs
Br=d.350 Thruet=0.9375 Aplan=00000 Ohlst:

N
N
4
i
B
d
H
1
i

i 20 G50 Ged

T |
Freiburg SoSe 2010

Certre of =mreen ix [ 0000, 00000,
Kern- und Teilchenphysik — Kapitel 8: Quantenelektrodynamik

. Schumacher




Funavend 22060 S [Rie SB00E Time MEISCIrkik= O Brp= 0] Ecal{h= B BumE=154 B Heal [H= 3 Bt
Ebgsrm &0 S0 Evis 155 2 Biss 5 B W LG, o, O] Wibanfh= 0) Bee Wwike D) Féad[H= 0 Bt
Bz=4 350 Pamchlad d#1 Thrusi= S35 Aplsn- COGG (higd= (0120 Fohar- COOO

Figo20 50 del)

Contre of Soreen |3

M. Schumacher Kern- und Teilchenphysik — Kapitel 8: Quantenelektrodynamik Freiburg SoSe 2010



Totaler Wirkungsquerschnitt flr e+e- = p+p—

U-l-ll-l{ nb)

L 1 i ] i 1 ] 1 ] I 1 i T ] [ 1 I [ 1 I I ] T | l I 1 LI
[ —— L I

I1lI]IlIlIItIIIIIIIIIII.lZII.I_L.IL

0 LOO 800 1200 1600 2000 2000
s { GeV?)



Test der Leptonuniversalitat
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Differentieller Wirkungsquerschnitt fur e+e- =2 p+p—, 1+1—
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Differentieller Wirkungsquerschnitt fir e+te- =2 p+u—
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Test der QED
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Tot. und differentieller Wirkungsquerschniit fir e+e- = yy
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Tot. und differentieller Wirkungsquerschniit fur e+e- - yybei LEP
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Grenze auf Masse eines schweren Elektrons
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Laufende Kopplung der QED
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Auflosungsvermogen in der Zeit
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Von Rutherford zu Elektron-Proton-Streuung
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Rutherfordstreung (Spin 0 and schwerem Spin 0)

110° T I T | T T I T
1-10°
110°
1-10*
110°

100

10

t

0.1

001
1107
ORutherfordl 8) 1107
— 110°
110°°
1107
110°¢
110°
110 %
110 M
110
110 ¥

110 M
=15 | | | | | | | |

110
160 120

Rutherford scattering
= scattering off a static
(M=) Coulomb potential

=
b
=
&
=
[}
(el
=
—_
=]
—
Bt
[}
—
&




Mott-Streung am unendlich schweren Kern
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Mottstreung am Teilchen mit endlicher Masse
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Streung am Diracproton
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Hofstadter Experiment Stanford 1955

from

Robert Hofstadter
Nobel Prize 1961
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goal: detection and energy measurement of scattered electron




Hofstadter Experiment Stanford 1955
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Fi6. 5. Curve (a) shows the theoretical Mott curve for a spinless
point proton. Curye (b) shows the theoretical curve for a point
proton with the Dirac magnetic moment, curve (c) the theoretical
curve for a point proton having the anomalous contribution in
addition to the Dirac value of tic moment. The theoretical
curves (h) and (c) are due to Rosenbluth.® The experimental
curve falls between curves (b) and (c). This deviation from the
theoretical curves represents the effect of a form factor for the
protan and indicates structure within the proton, or alternatively,

" & breakdown of the Coulomb law. The best fit indicates a size
of 0.70X 107" ¢m



Bestimmung der Formfaktoren
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Messung des Protonformfaktors
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Der Dipolformfaktor des Protons
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E-Formfaktor des Neutrons und Ladungsverteilung
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Typisches ep Streuexperiment
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Inelastische ep Streung
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Fig.7.15 Excitation curve of inelastic ep scattering, obtained at the DESY elecétron accelerator
(Bartel et a/. 1968). £ and £' are the energies of the incident and the scattered electron, and Wis
the mass of the recoiling hadronic state. The peaks due to the pion-nucleon resonances of
masses 1.24, 1.61, and 1.69 GeV are clearly visible.




Die Messungen bei SLAC
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Wirkungsquerschnitt im Vgl. zu elastischer Erwartung
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Evidenz fur harte Streung an ,,Partonen™
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Fig. 11. Inelastic data for W = 2 and 3 GeV as a function of g°. This was one of the carliest

examples of the relatively large cross sections and weak ¢° dependence that were later found to
characterize the deep inelastic scattering and which suggested poink-like nucleon constituents,
The § dependence of elastic scattering 15 shown also; these cross sections have been divided
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"scaling”: F, depends on x only, not on Q?



Callan-Gross-Relation

0.3

0.2

0.1

Ko=F)/(xF}) —1 O

-0.1

-0.2

=79

] ] | { I i | |

Proion

i

O 2 4 6 8 10 12 14 16 |8
02 (Gev?)
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established the spin of the partons as /2.




f(x) : : : .
a single point-like particle
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L J

f(x) just 3 static valence quarks

a bound system of 3

4 valence quarks in motion

a structure of quarks and
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Verteilung der Valenzquarks
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Quark- und Gluonverteilungen linear
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only ep collider world-wide
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Ein HERA Streuereignis
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Verletzung des ,,Scaling"
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