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Der LEP Collider am CERN
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Der LEP Collider am CERN

Umfang ~27 km

Schwerpunktsenergie 92.1 GeV(LEP1) to 209 GeV(LEP
2)

Beschleunigungs-Gradient bis 7 MV/m (SC cavities)

Anzahl Bunches 4 x4

Strom pro Bunch ~ 750 pA

Luminositat (Z0) ~24x10%cm™2s!  (~1 Z0/s)

Luminositat (LEP2) ~50%x10°cm™3s! (3 WW/h)

Wechselwirkungszonen 4 (ALEPH,DELPHI,L3,0PAL)

Energie-Kalibration < 1 MeV (Z0)




Der LEP Collider am CERN

Integrated luminosities seen by experiments from 1989 to 2000
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Im Nov 2000 wurde LEP abgeschaltet um fur den LHC Platz zu machen



Detektoren
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Detektoren
A detector cross-section, showing particle paths

[ | Beam Fipe

(center)

B Tracking
Charnber

B MMagnet Coil

W E-M

Calorimeter

[ Hadron

Calorimeter

B Magretized

[ron

huon
- Charmbers



VTX

Tracking

ECAL

HCAL

Muon

electron

Detektoren

charged photon neutral
hadron + pion
muon

|

??




Ereignisse identifizieren

http://www.hep.man.ac.uk/~events/home.htm/

Fun:event ¥575: 13612 Ctrk{N= 2 Sump=140.6) Ecal(N= 15 SwmnF=175.3]
Eheum 86,148 Vix {—0.08, 0.046, 0.48) Heel(N= 0 SmE= €.0) Huen(N= 0}

[atre of soeanis § (L0000 1940, GL0000



Ereignisse identifizieren

Fun:event ¥5082: §3783 Ctrk{N= 2 Sump=159.0) Ecal(N= % SumE= 1.4
Ebeem 86,187 Vix {—0.08, 0.06, 0.36) Hcel(N= & SmE= 8.2) Huon(N= 2} |

q) G
(atre of axemis | L 18.EE, (i T 7T




Ereignisse identifizieren

Fun:event 7502: 38349  Ctrk{N= 2 Sump= 38.2) Ecal(N= B Smk= 76.8) 2 [0 Run:event 7824: 2103 Ctrk{N=-4--Surp=-40.9) Ecal(N= 16 Suxf= 49.3
Ebean 86.162 Vix (—0.06, 0.06, 0.35) Heel(N= 4 SmE= 10.3) Muen(N= 2} || i Ebesmn 86,170 Vix {-0.08,~0.25,0.42) Heel (N=10 Sunf=-48 4) Muon(N= 0}
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Ereignisse identifizieren

Fun:event 7578: 40587 CLr{N="28 Sump="¥¥Tr}-Ecal(N= 41 Sumk= 70.0
Ebeam 86,181 Vix {019, 0.06, 0.48) Hcel(N=14 SunB= 22:5) Muon(N= 1}
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Elektron

Der wichtigste Prozess bei LEP1

Positron

£ Lepton,
& Quark,
W-Boson,

Photon(el-maqg.)
Z-Boson(schwach)
Anti-Lepton,

. Anti-Quark,
€ Anti-W-Boson,
Anti-...



Der Wirkungsquerschnitt

Y—exchange Y—Z-interference Z-exchange

{(1 + cos® 6) [QF — 2x1vevrQr — x2 (ac + v2) (a} + v})]

+2cos 0 [—2x18earQ5 + 4X2aea5vVr]}

1 s(s — M32)
16 sin? Gw cos?2 Ow (s — M2)2 4+ M2T%
1 s?
256 sin® Ow cos? Ow (s — MZ)2 + MZT'Z
-1
—1 + 4sin” 6w
275 ¢

2T5s — 4Q)f sin? 8w




Der Wirkungsquerschnitt
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¢ v-exchange dominant for low /5
e Z" is a dramatic resonance !
e Theory curve describes the data extremely well

e Theory curve is not the one from previous page but

includes higher-order corrections
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Die Masse des Z-Bosons
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Fehler nur 2.1 MeV!

Mass of the Z Boson

Experiment M, [MeV]
ALEPH —} 91189.3 + 3.1
DELPHI —&- §= — 911863 £ 2.8
L3 —) 91189.4+ 3.0
OPAL 4— 911853+ 2.9

¥°/dof = 22/3
LEP t 91187.5+ 2.1
common error : 1.7

91182 91187 91192
M, [MeV]

Benotigt Verstandnis vieler kleiner theoretischer + experimenteller

Effekte
Wichtig: Strahlenergie



Strahlenergiemessung

measure Polarisation with Compton Polarimeter

Photon detector
Laser
o

permanent weak radial oscillating
synchrotron radiation B-field destroys
polarizes beam

44730

E [MeV]

44700

H4a80

polarisation if in resonance
with Larmor frequency
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Erreichte Prazision: ~ 1 MeV !



Strahlenergiemessung:kleine Effekte

LEP TidExperiment

11 Nov. 1992
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Strahlenergiemessung: sehr kleine Effekte

e Energy calibrations

0% = Horizontal Orbit (X, ) Water level in lake
Lake level fit

Geneva causes defor-

-10 mation of LEP ring

— up to 20 MeV energy

=0 . 1  change

120 140 160 180 200 220 240



Strahlenergiemessung: sehr kleine Effekte

Voltage on rails [V]

Voltage on beampipe [V]

Bending B field [Gauss]
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Nachster Schritt: Ereignisse klassifizieren

SM macht genaue Vorhersagen der Z-Verzweigungsverhaltnisse:

' = ~167 MeV  fur jede Neutrinofamilie
127:[

2 ~/
r,=C, =T, =4xT, ~8 MeV

L', =1,.= 3(2x; —§xW +1jFW ~ 287 MeV
9 3
g8 , 4
_ ain 2
(Quarkmassen vernachlassigt) (X, =sin” Gy,)

Wie kann man [", messen ? BR(Z — X) =

tot



Neutrinos zahlen
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3 Familien bevorzugt,
aber groBer Fehler...



Neutrinos zahlen — etwas schlauer...

r,=r, +I, +I_+I +N I

families™ vv

d.h. die Anzahl der Familien hangt von der totalen Breite ab

o 35F
o
30
25 Ergebnis:
5 N s = 2-9841£0.0083
I5
vor LEP:
. Nfamilies < 59
j_

]
8 & 90 91 92 93 94 95
Energy, GeV



dc/dcos

Noch ein Schritt weiter: Winkelverteilungen

Linearer Term in cos(0) fuhrt zu Vorwarts-Ruckwartsassymetrie:

o(cos0 > 0) — a(cos 0 < 0)

AFrB
o(cos@ > 0) + o(cos 8 < 0)
B N | o Ll
+ - +om |
eeL |
. " besser
800 - /1 (kleinere Systematik) als
' N, X Ii fit der ganzen Verteilung
o S e B 1 da die Detektoreffizienz
I =] keine Rolle spielt
peak 2 .. .. .
2 (nur vorwarts-rackwarts-
kS - - ] ,
T\’f"'--+. pf:.a_l-:l-g_‘_ | symmetrischer Detektor)
peak-2
0 - | | -I
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Asymmetry

- Fit

Data

Noch ein Schritt weiter: Winkelverteilungen

OPAL Preliminary
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Noch ein Schritt weiter: Winkelverteilungen

FB Asymmetrien ermoglichen Bestimmung der Vektor- and Axialvekt
Kopplungen der Fermionen an das Z.

Test der Leptonuniversalitat!
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Another degree of freedom: polarisation

Measure polarisation of final state:

Need a spin analyser: impossible for ete, L i [
—+ would need a "4 -Stern-Gerlach-Exp.”

— but T-leptons are their own spin alalyser, through

their decay:

left-handed tau: right-handed tau:
neutrino emitted neutrino emitted

in tau ﬂight direction ﬂj._iiii]].‘ﬁ;l fau Hij.:'h[ direction

observed ] Fioht
_ PICH _|_P =




3

|Tau polarisationl

P. = oRr— JL
Or + 7L
From the cos & dependence of P the so called Asymmetry Parameters
A, and A, can be calculated:

Poleosg) — _Ar(l+cos’d) + Ae(2c056)
o (1+cos? @)+ ArA(2cos0)

which in turn are functions of the axial- and vector coupling to the ok

A, = AR
E —
1!?-. + -m:iE

which measure the electro-weak mixing angle:

decays/0.0

ALEPH 1992 P

ALEPH

1990-91-92

-0.4 :




Excursion across the Atlantic
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|Left-Right Asymmetryl

With longitudinally polarised €~ beam, the left-right

Asymmetry can be measured:

o(eef) — al(egel)

Al = —= —
ol(ezeh) + ol(egpel)

Note that o(e e} ) = o (egek) = O for anihilation!
It is again directly related to the electrweak mixing an-
gle:

2 (1 — 4sin? Oy <7
1+ (1 — 4sin? @y N)*

Arr(mz) =

The result:

Arr(mz) = 0.1656 £ 0.0071(stat.) £ 0,0028(syst. )




Interpretation of the Asymmetries

Preliminary

it 0.23099 + 0.00053
—{— 0.23159 + 0.00041

= 0.23217 + 0.00031

* 0.23206 + 0.00084

0.2324 £ 0.0012

*

Slig 0.23148 + 0.00017
¥idof: 10275

D.002

%&m 1?43+5 1 GeV

0. 234

1-gy/gn)/4

Asymmetry measurements
Can be interpreted as
Measurement of the
Electro-weak mixing angle

- 2
sin” 6,



Too precise measurements! — Radiative

corrections

The measured observables can be predicted in the SM as a function
Of the following parameters:

e Lineshape
o P(7)
e b, c

®» Qpp

o b, c

e L-R asym

O = o(mZa My, TYH, a(mZ)a

LEP

0 0,£
mzg, 'z, o aREaA ;
h FB

A, A,
0,b L0,
Ry, R, AF’B, AF’B
. lept
5111296?

SLD

Rba Rca A%IBD'J A%];
AE:' Aba Ac

pp, LEP2

Mg, My
N

. 2
sin” Ow

s GF)

0,
Arg
A

QVE/QAE

Sin29w

I'naa/Te

3

ZAeAf
2gvrgar

g?f’f‘ + Qif
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1 — 4sin Geﬂ'




Too precise measurements! — Radiative
corrections

They depend on the unknown parameters

mmp linearly

m only logarithmically

Higgs

Lead to prediction of

top-mass before its -

discovery: a0l
sl

M, = 300 GeY
L LEP, SLD Ergebnis
- 1994 (Somimer) i
lor | | | ]
100 150 200 250

M (GeV)



Sensitivity to the last SM particle: the Higgs

Perform a global fit to all measurements within the SM

to obtain the most likely Higgs mass:

6
1 (5)
Al g =
— 0.02761+0.00036
---- 0.0274740.00012
4 - =~ \Without NuTeV B
2 .
0 Excluded . £/ Preliminary
. , .
20 100 400

m,, [GeV]

zN\r\.@J\fu‘\z

M(Higgs) <~ 200 GeV at
95% C.L.

What is the yellow bar?



Particle Physics Today

excellent:

Impressive agreement
between
experimental results and

thoeretical predictions:

A major part of these
Results comes from LEP
and SLD!

Winter 2002
Measurement Pull (O™_QM)/gmeas
3210123

m, [GeV] 91.1875 + 0.0021 01
T, [GeV] 24952 +0.0023  -.42
o, [nb] 41.540 + 0.037 1.63
R, 20.767 + 0.025 1.05
A 0.01714 £0.00095 .70
A(P) 0.1465+ 0.0033  -53
R, 0.21646 + 0.00065 1.06
R, 0.1719£0.0031  -.11
N 0.0994 +0.0017 -2.64
A 0.0707 £ 0.0034 -1.05
A, 0.922 + 0.020 -64
A, 0.670 + 0.026 .06
A(SLD) 0.1513+0.0021  1.50
sin"6°7(Q,) 0.2324+0.0012 .86
m,, [GeV]  80.451 + 0.033 1.73
Iy [GeV] 2.134 + 0.069 59
m, [GeV] 1743 £ 5.1 -08
sin"0,(vN) 02277 £ 0.0016  3.00 —

3-2-101 2 3



