@ﬂﬁf&"@ﬁﬁ Institut fiir Kern- und Teilchenphysik Ti‘(.tg

DRESDEN

Ubersicht: Entdeckung und prézise Vermessung des Z°
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Figure 1.2: The hadronic cross-section as a function of centre-of-mass energy. The solid line
is the prediction of the Standard Model, and the points are the experimental measurements
Also indicated are the energy ranges of various et

e accelerators. The cross-sections have beer
corrected for the effects of photon radiation.



Gv'e& ceuatcs (Divlx e €onLCs mﬁ o b

e K 4 —— (4} - o )
= T = —iey 74
>/\/\J€%= By P /\/;ar Kegole.

= "7’3’%5? A el b lgao

O ol
4= T Lo~ 20, Ry D)5
( >"_§’<}2 2Qe_>‘\~<">:¢~< ] >’\%~<}
Re 2L SCED ) [Peelk s
= &= :Mﬁ WS e I
weax O (s~g)+ual” (s~ <17
<= (T | N =
/ ~z [
@g&iﬁ%ﬁ%ﬁ Institut fiir Kern- und Teilchenphysik ?i('t;)

Analog: o (X/
optischer Brechungsindex uber A

- dipolar
Real- und Imaginarteil - - ET
=,

der elektrischen Permittivitat
https://de.wikipedia.org/wiki/Permittivitat

lekul f
e elektrisch

103 106 10° 1012 1015
lMlkmweIIe linfrarot \vis | UV
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Brechzahl n(w) in Abh&angigkeit von w aufgespalten in Realteil n, und
Imaginarteil k. Anormale Dispersion (dn/dw<0) tritt genau dort auf
wo die Absorption maximal ist.
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VII.3.Prazisionsmessungen auf der Z-Resonanz

» Methodik der MessgroBen

Z— qq( uu, dd, ss, cc, bb), vy
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Messsung der Strahlenergie Uber Depolarisation des Strahls

» Selbststandige Transvers. Polarisation: Sokolov-Ternov Effekt
» Unterschiedliche Spin-Flip WQ flir Synchrotronstrahlung

U(eT——>eI7) £ o}

e, Heyy) +

Figure 2-2: The two spin-flip Feynman diagrams that contribute to the Sokelov-Ternov
effect. In {a) an electron in the ‘spin up’ state gets flipped to the ‘spin doum’ state, while
in (b) an electron in the ‘spin down’ state gets flipped to the ‘spin up’ state; after emitling
a photen due to synchorotren rudiation induced by bending 0 a mognetic field. The cross-
sections for these two processes are not equal and as such there will be a grudual buildup of
polarization in the beam, knewn as the Sokolov-Ternov effect.
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Figure 5-1: A schematic graph of the Sokolov-Ternov effect, showing that the wun
particles in the ‘spin up’ state (N, ) decreases with time while the number of parti
the ‘spin down' state (N_ ) increases with time. Hence [P]=|(Ny —=N_)/(N, +N

ubsolute value of the beam polavization, increases with time, One sees that the rei
AN fdr = —dN_fdr and Ny + N_ = Ny are satisfied thronghout. The graph just
general trends, therefore we do not specify the units of the time ams.

Table 2.1: Properties of some high energy electron storuge rings, and propoesed proton
storuge mings. E is the kinetic energy of the beam, 4 = \/]-—T‘;I is the relativistic Lﬂn:nf
factor, It the mean radius of the storage ring
bending radius p separuted by struight sections combining to give a total clrrumf:rcncr

ting of id

Electron storage rings Proton storage rings
LEP | TRISTAN | HERA LHC SsC
E [GeV] 46.5 an 27.521 7000 20000
=4/1- 32| 90999 58710 53858 7462 2137
R [m] 4243 480 1008 4243 12006
£ [m] 3006.2 246.5 875 3096.2 10mos
N, G039 2896 574 6T 1429
Tgp [min] 308 2 35 2.8 x 101 | 4.5 101
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Messung von m; <-> Bestimmung von Eg .,

e Messung durch resonante Depolarisation

praz Strahl
(lD
gkick ﬁ
Vklck
res. Depolarisation: Vpraz Yok

— jeweils an Ende einer Flllung
- ca. jeden zweiten Tag

— intrinsische Genauigkeit: 5 x 1076
— Extrapolation zum WW-Punkt: 12 x 1076 22 1.1 MeV auf /s
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Fortschreibung durch indirekte
Messung

EStrahl X .?{RillgB 24 6 I

e NMR B-Feld Messung in
Referenzdipolmagneten

e Kenntnis der genauen Bahn
notwendig

- 30 pum Bahn Offset in Quadrupolen
= 5 MeV Offset in /s

» Problem

» Verformung des LEP-Rings durch
e Wasserstand des Genfer Sees
e Temperatur
e Mond...
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Figure 1.2: The hadronic cross-section as a function of centre-of-mass energy. The solid line
is the prediction of the Standard Model, and the points are the experimental measurements
Also indicated are the energy ranges of various ete™ accelerators. The cross-sections have beer
corrected for the effects of photon radiation.
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Prazisionsmessungen auf der Z-Resonanz

» Methodik der MessgréBen
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Figure 1.7: Pictures of qq, ete~, p*p~ and 77~ final states, visualised with the event displays
of the OPAL, DELPHI, L3 and ALEPH collaborations, respectively. In all views, the electron-
positron beam axis is perpendicular to the plane of the page.

N, TECHNISCHE i = . - @
) UNIVERSITAT Institut fir Kern- und Teilchenphysik Ikt%

I MiKobel, D. Stockinger: ,Das Standardmodel der Teilchenphysik' ]

MAGPEEY B
= + LT

42

/

Figure 1.7: Pictures of qq, ete~, ptp~ and 7+7~ final states, visualised with the event displays
of the OPAL, DELPHI, L3 and ALEPH collaborations, respectively. In all views, the electron-
positron beam axis is perpendicular to the plane of the page.
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Figure 1.13: Measurements of the hadron production cross-section around the Z resonance.
The curves indicate the predicted cross-section for two, three and four nentrino species with
SM couplings and negligible mass.
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Vergleich der Breiten der verschiedenenen Resonanzen in e+e-
R = WQ(e+e- --> qq) / WQ(e+e- --> p+-)
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Links: s-Kanal
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Die gamma-Z Interferenz is kleiner als 107-3 13 O 1990-92
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Rechts: s- und t-Kanal fiir e+e- --> e+e- (L S P IS TR B
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V.1. Axial- und Vektorkopplungen der Eichbosonen
» Links- und Rechts-Chirale Kopplungen

-yt ¢ Y2(1-v%) und -uy* cp¥2(1 +v°) Ry .
L = (Wj‘"‘ Wz)
Z

Vektorboson s
v Y W= \,@O(_C—é\pé_
/SCL%C
c (V) eQ V2 gy Y | gw/cosoy (IsW - Qsin2 0 )
cr(V) eQ 0 gw/cosby (- Qsin2 0y)
gleich nur links L und R unterschiedlich
»
Vv | Y | Wi | 0
» Mit kann man definieren:
g(V) | e | V2 gy | gw/COSOy
Letchrung b(om-’g‘b‘fg * Lﬁ"é“‘g

» Vektorkopplung ¢, := (¢, + Cr)/ g ¢ = (cy + c,)a/2
» Axialkopplung c,:= (¢ -¢c) /g } { Cr := (cy - €n)g/2
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» Axial- und Vektor-Kopplungen: -igv2(c y* — Cay™y?)

Vektorboson
V Y W= Z0
> cy(V) 2Q LW I,W - 2Qsin2 o,
CA(V) 0 I3W I3W
ALY Vﬂ' ALY V_AH ALY CVV _ CAAH

wy*y: Vektor-Viererstrom

w“yS\p Axialvektor-Viererstrom
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