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Zwei fundamentale Prinzipien

Die Welt der Elementarteilchen folgt den Regeln der
» relativistischen Quantenfeldtheorie

®» |okalen Eichinvarianz
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I Casimir-Effekt
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I Casimir-Effekt
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Vakuum-Polarisation
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Vakuum-Polarisation
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I Vakuum-Polarisation
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I Vakuum-Fluktuationen
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Rho-Parameter
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Rho-Parameter
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Rho-Parameter
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Rho-Parameter

X , 2
m;
In M2
A\,
- Z(,\,\\K\MZ Wert flr m;
VS. vor Entdeckung!
W'V%WVW Beachte:
E 91 GeV
m; 170GeV
:t
@ 2
s M g Cw
sin® w =1 VZ g2+ gC 1 <2
Z W

Robert Harlander — Elektroschwaches Standardmodell — Teil 2 —p. 7



Higgs-Produktion
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I Higgs-Produktion
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I Parameter des Standardmodells

Massen. me,m ,m  m _,m ,m |,
mu,md,mc, ms,mt,mb,
Mw, Mz, My
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Parameter des Standardmodells
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Parameter des Standardmodells

Massen. me,m ,m ,m _,m ,m ,
mu,md,mc,ms,mt,mb,
My, Mz, My

Kopplungen: ff | ffw, ffz,
WWz, WW |, WWWW, WWzZZ, WW , WWZ ,

ffg, 999, 9999,
ffH. WWH, ZZH. HHH, HHHH

Mischungswinkel: Ve 4, Vuns 6

Mw,ff_ ,ff_W $ g,gO,V $ , WyGF
1 1 g° g 9>
G =P=——=pP= , = arctan — , = — sIn :
" P2 T oamg " g 4 "
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LEP+SLD

e'e -Collider

SLD Detector am Stanford Linear

Collider (SLC): P s = My

(1989-1998)

Large Electron Positron Collider
(LEP) am CERN:
(1989-1995, 1996-2000)

ALEPH, DELPHI, L3, OPAL

LEP1: 88 p§ 94 GeV

LEP 2: p§ 209 GeV
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LEP-Daten
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I Messung von My

ALEPH ~ —=—  91.18930.0031
DELPHI ——— 91.18630.0028
L3 ———  91.189410.0030
OPAL ——— 91.18530.0029

LEP - 91.187%0.0021
| | common: 0.0017
c?/DoF = 2.2/3

91.18 91.19 91.2
m, N6eVN

0.002%
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Messung von

Z
ALEPH = 2.495%0.0043
DELPHI ——— 2.4876\0.0041
L3 ——— 2.50250.0041
OPAL ———  2.49470.0041
LEP * 2.49520.0023
1‘ common: 0.0012

c’/DoF = 7.3/3

248 249 25 251

G, N6eVN

0.1%
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S had MbN

Anzahl der Neutrinos
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error bars increased
by factor 10
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Anzahl der Neutrinos
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Anzahl der Neutrinos
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I LEP — Messungen

ALEPH ———  41.5590.057
DELPHI ~—— 41.5780.069
L3 ———  41.536\0.055
OPAL ——— 41.50200.055

LEP - 41.54000.037
| | common: 0.028
c?/DoF = 1.2/3

41.4 41.5 41.% 41.7
ShadeN

0.1%
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Anzahl der Neutrinos
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Anzahl der Neutrinos
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Vorwarts-Ruckwarts-Asymmetrie

Arg(m

f

- —— Agg from fit
SEETEET QED corrected

+ average measurements

ALEPH
DELPHI

3
(s) 5(1 +cos® )+ AL4(S)cos
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Vorwarts-Ruckwarts-Asymmetrie

Arg(m

f

F = A from fit

Foommme-- QED corrected
L + average measurements

ALEPH
DELPHI

d (s)

3
s - (s) §(1+cos2 ) + AL (S) cOS

3
A];:B = ZAeAf ,

0vOx . OUTO,
f f\2 fy2 2 f— 12
(9y)° +(9a) 1+ (9,=9,)
gf
Jda

I effektiver Mischungswinkel
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Effektiver Mischungswinkel

f
P _
Z g'fo\ = f |;
p_ .
f g, =" 1 (1 2Qsin® L)
MZ
. 2 lept _ w
sin® & = 1 Vel 1+ )
Z
C2
1 |oop:TW +  rem(My) m’, InM;
Sw
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Vorhersage fur My

A e 0.23099 A 0.00053
A(P) . 0.23159 A0.00041

0,b

; —v— 0.23221 A0.00029
Ay * 0.23220 A 0.00081
Q" x 0.2324 A0.0012
Average g!iy 0.23153 A0.00016

10 3 - c’/d.o.f:11.8/5

Z
>
S

I
£ 10 > Da®® = 0.02758 A0.00035

] m=170.9 A1.8 GeV
0.23 0.2I34
. 2 lept

SiN“0
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W-Masse

Myon-Zerfall

e
/ © GZm® 8m?2
F 1 Mg
192 3 m?2

Gr = 1.16637(1) 10 °GeV 2
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I W-Masse

Myon-Zerfall
e
/ € GZm® 8m2
1 F 1 e
192 3 m?
Gr = 1.16637(1) 10 °GeV 2
e
W e
) Gr = P=
M,
2M2, 1 w
U S 3 1
\ " :szfj 1+ 1 o _ 80.94 GeV fur = 137036
2 4 2GE M2 - 79.84GeV fur = (My)
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I Messung der w-Masse — Tevatron

transversale W -Masse:

mr(l, )=E;EF(1 cos - )
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Messung der w-Masse bei LEP-II

. ) e’ AN w*
e —=<—7VWW/-W
Ng A
g Z
e ——VWW\W
e W e w
— 30 I : . 17/02/29(_):5
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~ PRELIMINARY
; i .
=
9}
20 - s
. - gt
10+ -
YFSWW/RacoonWW
; ....no ZWW vertex (Gentle) .
/’4 -...only n_ exchange (Gentle)
O I T T
160 180 200
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Robert Harlander — Elektroschwaches Standardmodell — Teil 2 — p. 24



w-Masse

W-Boson Mass NGeVN

TEVATRON T 80.430 A0.040
LEP2 —m 80.376 A0.033
Average 80.398 A0.025
c?DoF: 1.1/1
NuTeV ——A— 80.136 A0.084
LEP1/SLD = 80.363 A0.032
LEPl/SLD/mt 80.363 A0.020
| 8‘0 o ‘86.2‘ ‘80.4‘ ‘80‘.6‘
mW I\@ eV N March 2008
Vv - 8
U > P .
l[J 1 1 80.94 GeV flr
Mw =Mz" —+  — P= =
24 2GeM; 79.84GeV  fur

1

~ 137.036

(Mz)
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I w-Masse — Theorie

Myon-Lebensdauer

e
/ © GZm® 8m?2
F 1 Mg
192 3 m?2

(1+ oep)

Gr = 1.16637(1) 10 °GeV 2
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I w-Masse — Theorie

Myon-Lebensdauer

e
/ © GZm® 8m?2
F 1 Mg
192 3 m?2

(1+ oep)

Gr = 1.16637(1) 10 °GeV 2

Korrekturen zu Gg:
e e e

W o W e
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w-Masse

Gr = P= — @+ )
2M2 1 LY
A
b —s
) me=wt 2ot e
w =Nz = ” = r
2 4 2GpM2
11 Cuy 2 2
r P = ST +  Trem(My) m;, In Mg
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m; VS. My

March 2008
1 1 1 1 I 1 1 1 1

1 — LEP2 and Tevatron (prel.)
80.5 LEP1 and SLD

68Y CL

e
S
(D]
€ s04{ |}z
>
&
803
150 175 200
m, N6eVN
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Globaler Fit

Measurement Fit  |O™. QM|/s™meas

o 1 2 3
m, MbeVN 91.1875 A0.0021 91.1874
G, MBeVN 24952 A0.0023  2.4959
so  MbN 41540 A0.037  41.478
R, 20.767 A0.025  20.743
A 0.01714 A0.00095 0.01643
A(P) 0.1465 A0.0032  0.1480
R, 0.21629 A0.00066 0.21581
R, 0.1721 A0.0030  0.1722
AP 0.0992 A0.0016  0.1038
ASC 0.0707 A0.0035  0.0742
A, 0.923 A0.020 0.935
A, 0.670 A0.027 0.668
A(SLD) 0.1513A0.0021  0.1480
sin’g=?(Q,) 0.2324 A0.0012  0.2314
m, M5eVN  80.398 A0.025  80.377
Gy MBeVN  2.097 A0.048 2.092
m MBeVN 1726 Al.4 172.8

March 2008 O 1 2 3
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Globaler Fit

Dc?

6 March 2008 My imit = '160 GeV

| ) — l
5 - Dahatd . ]

.~ — 0.02758A0.00035

T i -+ 0.02749A0.00012 T
4 — % e+ incl. low Q2 data —
3 ] ]
2 — ]
1 — —
0 Excluded W i Preliminary

1 1 1 1 1 1 I 1
30 100 300

My = 84", GeV
My < 154 GeV
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I Grenzen an die Higgs-Masse

Luiggs=(O YO )+ =Y " Yoy
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I Grenzen an die Higgs-Masse

Luiggs =@ YO )+ > Y  —( Y )
0 4

W=ep( i= @ A
2 P (v + H(X))
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I Grenzen an die Higgs-Masse

Luiggs=(O YO )+ =Y " Yoy

0 1
- 0,
()= exp( i~ )@
2 P (v + H(X))
2
v
Mf = ——
) My=-,
2 (V)
Strahlungskorrekturen: = (E), Mj= 2
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I Grenzen an die Higgs-Masse

4? \\\\\\\\\\\\\\\\\\\ ]

(E)°

0 | Log@r
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Grenzen an die Higgs-Masse

4? \\\\\\\\\\\\\\\\\\\ ]

(E)°

0 | Log@r

Bedingungen:
@ (E)<1 8 E< : Trivialitat

)  obere Schranke MJ?( )
b) (E)>0 8E< : Stabilitat

) untere Schranke M™"( )
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I Higgs-Massen-Limits

800|||||||||||||||_
__eo00ff m, = 175 GeV —
> | _
é o (M,) = 0.118 .
= 400 —
= _

200
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Grenzen an die Higgs-Masse

zur Trivialitat:
betrachte Gitter-Eichtheorie mit Cut-Off =1=a
renormierte Kopplung:  (Ep, ) r<1

Beobachtung: (E, )! oOofar !1 !

d.h., renormierte Kopplung ist 0!
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Hausaufgabe

Thema Eichinvarianz

angenommen, SU(2) U(1) im Standardmodell ungebrochen
konnte man elektrische Ladung de nieren?
konnte man das Photon vom Z-Boson unterscheiden?

konnte man das Neutrino vom Elektron unterscheiden?

Robert Harlander — Elektroschwaches Standardmodell — Teil 2 — p. 35



	Zwei fundamentale Prinzipien
	Vakuum
	Vakuum
	Vakuum
	Vakuum


