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| 1: Z Resonancel

e The LEP machine, beam energy, detectors
e Z lineshape: cross-sections, luminosity
e Lepton Forward-Backward asymmetry, polarised asymmetries

e Number of light neutrinos, lepton couplings

| 2. LEP2 Resultsl

e WW and ZZ physics at LEP2

e b-tagging, electroweak physics with heavy flavours (b and c)
e Global electroweak fits - any discrepancies?

e Standard Model Higgs boson - a hint?
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| LEP2 Machine Performancel

e Impressive machine performance - push up the beam energy

and maintain high luminosity.

e Superconducting RF acceleration system pushed beyond

design gradient.

e Maximum integrated luminosity in one year:
65pb ! at LEP1, 254pb~! at LEP2
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ete™ — W+W_|

W pair production in eTe™ annihilation:

Y
W
e
3 diagrams “CC03” Z 7 £
Notice 3-boson vertices ’ f
Y
W decays to 68% ], 32% (1, so WW events are:

® 46% qqqq — typically 4 jets
effic/purity ~ 90%/80%

® 44% qqlv — 2 jets, one charged lepton, missing p
effic/purity ~ 80%/90%

e 10% /v{v — two charged leptons, missing p
effic/purity ~ 60—-80%/90%

12 000 WW produced/experiment (~17 pb X 700 pb_l).
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| WW eventsl

WTW~ — lvlv WTW™ — qqev

/

WFTW™ — qquv WTW™ — qqqq
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‘ W production cross sectionl

_...no ZWW vertex (Gentle) .
_..only v, exchange (Gentle)

11/07/2003
| s

YFSWW/RacoonWW

—~ 30 i -
) LEP
~ PRELIMINARY
=
=
@)
20 -
t
10 -
4
01—
160

180 200
Vs (GeV)

e Sensitivity to mass at threshold (only 10 pb_l).

e Sensitivity to gauge couplings - beautiful demonstration of

non-abelian nature of electroweak theory.

e Tighter constraints on couplings from angular distributions.

Also check W branching ratios.
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‘ ete” — ZZI

2 diagrams “NC02”
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Irreducible bkd to ete™ — ZH, especially in b-tagged events

with MH ~ MZ
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| W mass measurementl

e \W mass from threshold cross section - low statistics.

e Reconstruct final state W masses

E
E3 1
612
e34
E4 E2

e For qq/v events, v not detected, but inferred from rest of event.
e For qqqq events, must assign 2 (or 3) jets to each W.

e Kinematic fit: conserve E., p, may require M5 = Ms,4. Relies
on knowing beam energy (Resonant depolarisation not possible

at LEP2. Measure magnetic fields to extrapolate from LEP1)
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‘ W mass - examplesl
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qqqq channel only has 10% weight in average. Why?

Pippa Wells

‘ W mass systematicsl

Largest errors (MeV)

qqfv qqqq Combined

Hadronisation 19 18 18
LEP Beam Energy 17 17 17
Colour Reconnection — 90 9

— 35 3
Total Systematic 31 101 31
Statistical 32 35 29

Colour
Reconnection

QCD effects causing cross-

' talk between W'’s bias mass in

qqqq events
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| W mass resultsl

My also measured at CDF and DO (pp collisions at Fermilab
Tevatron), and predicted from LEP1 and other lower E data.

W-Boson Mass [GeV]

pp-colliders —e— 80.454 + 0.059
LEP2 —— 80.412 + 0.042
Average - 80.426 £ 0.034
x?/DoF: 0.3/ 1
NuTeV A 80.136 + 0.084
LEP1/SLD —A— 80.373 £ 0.033
LEP1/SLD/m, -A- 80.378 + 0.023
80 802 804 806
m,, [GeV]

W mass uncertainty 34 MeV

Indirect measurement from sin® fy, = 1 — m3, /m?% via v

scattering at NuTeV in poor agreement with direct measurements.
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‘ Tagging heavy quarksl

Heavy hadrons have weak decays, sometimes final state leptons,

@

long lifetimes, characteristic masses and event shapes.

| Leptons H ) |

b and c hadrons have ~ 20% of decays to leptons with high p and
for b hadrons with high pr

Electrons: ionisation in tracking chambers d £ /dx, E/p, shower
shape

Muons: Match between central track and muon chambers

Leptons also give charge of the decaying hadron
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‘ Tagging heavy quarks - Iifetimesl

Heavy hadrons have long lifetime and large boost at LEP

Impact \

do and L are signed quantities. A badly measured track may
intercept the “wrong-side” of the beam spot. Rely on silicon
microvertex detectors for resolution. Use several variables together.

Pippa Wells July 2003



‘ Heavy Flavour Electroweak Resultsl

@0-15 [ Tt rr [ trrrr " 1 "1
Z LEP
L
<
01 F .
0.05 b~ 1 -
OF b
l [ ) AFB
[ | A;‘B 1
_ WA B B B B
0'0589 90 91 92 93 94
Vs[GeV1
RC VS Rb
0.19 — T T 0.085
| Prellmlnary_ ]
0.18 - 0.075 1
oo 9o |
m S
SM <
0.17 68% CL - 0.065 -
95% C
0.16 : — —— - 0.055 -
0.214 0.216 0.218 0.22 0.09
RO
b

Afg measures

qu/gAq
Rq = Fq/Fhad

measures

Jq T 9iq

0,c 0,b
.AFB .VSIA.FB

Preliminary |

Arrows show 114 < My < 1000 GeyV,
Notice discrepancy with light Higgs SM and A%’]_lf

Pippa Wells

0.11

July 2003



Couplings: sin” H(Leff?t from gvt/gas

Final
Aq —— 0.23099 + 0.00053

A(SLD)  —a— 0.23098 + 0.00026
A(P.) — 0.23159 + 0.00041

X 0.2324 + 0.0012

Preliminary
—v— 0.23212 + 0.00029

* 0.23223 + 0.00081

Average 1+ 0.23150 + 0.00016
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AOF’é and A;r prefer light Higgs, Alﬁ% prefers heavy Higgs
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‘ Results of global electroweak fitsl

Fit to data from LEP, SLD, Tevatron (M, M;)...

Summer 2003
Measurement Fit |Omea’i—oﬁt|;cmeaS
Aot (m,) 0.02761 +0.00036 0.02767
m,[GeV] 91.1875+0.0021 91.1875
r,[GeV]  2.4952+0.0023  2.4960
0. 4[Nb]  41.540+£0.037  41.478
R, 20.767 £0.025  20.742
A 0.01714 + 0.00095 0.01636
A(P) 0.1465 +0.0032  0.1477
R, 0.21638 + 0.00066 0.21579
R, 0.1720 £0.0030  0.1723
AP 0.0997 +£ 0.0016  0.1036
AC 0.0706 + 0.0035  0.0740
A, 0.925 + 0.020 0.935
A, 0.670 % 0.026 0.668
A(SLD) 0.1513 +0.0021  0.1477
sin"07(Q,) 0.2324+0.0012  0.2314
m, [GeV]  80.426 £0.034  80.385
ry [GeV] 2.139 + 0.069 2.093
m, [GeV] 174.3+5.1 174.3
sin’,,(VN)  0.2277 +0.0016  0.2229
Q,(Cs) -72.84 + 0.46 -72.90
1 2

Pippa Wells

3

July 2003



‘ Top and W massl

e Consistency between predicted top and W mass from radiative

corrections and direct measurements.

e Preference for low Higgs mass.
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‘ Standard Model Higgsl

Electroweak fits = My < 219 GeV (95% CL).

6 7] B J
: llltheory uncertainty |
: (5) _
Aahad - |
. — 0.02761+0.00036
i -+ 0.02747+0.00012 y
4 - 4 = Without NuTeV —
N l
> -
<
2 - —
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Theoretical arguments - self consistency of SM up to scale
AGUT =~ 1016 Gev = 130 < My < 190 GeV.
My higher - theory non-perturbative,

Mz lower - vacuum unstable.
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‘ Higgs production cross-sectionl
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(Plus WW fusion)

With a luminosity of about 100pb_1 and reasonable detection

efficiency, sensitive to a cross section of (J(0.1) pb.

Need LEP2 for My < 65 GeV. Reach My < /s — My

Take into account many background processes
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‘ Higgs decay branching ratiosl
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‘ HZ search topologiesl

Four jets, 60% Missing energy, 18%
H — bb,Z— qq H—bb,Z— vv

e orpu T
Leptonic, 6% Tau channels, 9%
H— bb, Z — (+(~ H— bb(r*77), Z — 7777 (qq)
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‘ Counting Candidates’?l

b; expected background

s;(My) expected signal, function

of “test mass” My

Count these in bins of event recon-
rec

structed Higgs mass My~ and

global discriminating variable G

T

G

Si(Mp),b;

MHI'EC 4)

Discriminant takes into account b-tagging, 7-id, kinematic variables

that distinguish signal and background.

Expectations account for luminosity, £, resolution, efficiency...

Compare likelihoods of “s + b” and “b only”. Likelihood from

Poisson probability of observing n; data events in bin.

Q(Mu) = Ezb =11

1

—2In Q(My) = 2510t —2 Y _n;ln (1 +

(55 + b))ve=(5it0) /iy,

n; —}h.
blie=b In,

S;

(é‘jH))

Sum is over all bins, channels (four jet, missing energy...), and

experiments.

Pippa Wells
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‘ Likelihood ratio, —2 In QI

—21n () vs. test mass Mpy. Example plot - what you might hope to

see in the data!

Find expected (median) curves and statistical spread from a set of

ficticious MC samples of the same luminosity/F/.;,, mix as the data.

20
1o

-2In(Q)

-2.5

75 |

M, (GeV)

Take slices at different test masses - separation of b and s+b

decreases as mass increases.
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| Confidence Ievelsl

For EACH test mass, My, define confidence levels
T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T

observed

Prob. Density

-20 -15 -10 =5 0 5 10 15

-21In 0O
1 — CLy, Measure of inconsistency with “b”
CLg1p Measure of inconsistency with “s + b”

CLs = CLg.y,/CLy,  Lower bound on Higgs mass

Separation of b and s+b curves indicates sensitivity of analysis.
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‘ 5 September 2000 LEPCI

LEPC - The CERN Committee in charge of the LEP physics

programme

One of a planned series of presentations of results from the four
experiments during 2000 in case something new came up during

the last year of LEP running at higher energy than ever before...

150pb ! per experiment with £, > 200 GeV

of which 75pb~! per experiment with E.,,, > 206 GeV

Slides shown in that meeting...
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SM Results from All Experiments
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Combined SM Results
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ALEPH Higgs Event

Made on 15-Sep-2000 13:12:13 by DREVERMANN with DALI_F1.
Filename: DCO54698_004881_000915_1311.PS H1_XY_WW

Made on 4-Oct-2000 09:39:52 by DREVERMANN with DALI_F1.
Filename: DC054698_004881_001004_0937.PS_H1_XY_XY_TU

July 2003
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‘ 5 September Decisionl

Approve 1 month extension of LEP running from scheduled stop on
1 October to 2 November 2001.

Hope that this will allow time to double the luminosity above
206 GeV (add 75pb~! per experiment)

(Big end-of-LEP celebration on 11 October had to go ahead!)

Slides from the 3 November meeting...
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/ Data Sets I

data set combined for the

Revisited ... changes within the experiments
—> Recalibration of data
=—> Revision of procedures (corrections)

=> Improvements ... better sensitivity

® DELTA set ... data collected since “REF”
(... until the “cutoff date” ... Oct 18-25)

® [OTAL = REF + DELTA

Integrated luminosities ... A+D+L+0O = “ADLO”
(contributions from single experiments ... within 3=5%)

L (pb™hH REF DELTA TOTAL

E.,, > 200GeV | 596.6 213.7 810.3

E.,, > 206 GeV | 3035 1845  488.0

o

® REFERENCE data set ... where it all begun ...

/

P. Igo-Kemenes - LEP Seminar - Nov. 3, 2000
Pippa Wells
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Distributions of Reconstructed I\/Iass.

Sequence: “Loose”, “Medium” and “Tight” selection ( *)

Events/ 3 GeV/c® Events/ 3 GeV/c?
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cnd= 200 27

b%d: 201.75 20.41
sgl= 10.26 6.11

[
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.
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\(*) Special selection ... not biasing the mass distribution /

\
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SUI\/II\/IARYI

REFERENCE - TOTAL

2.20 — 2.90

One expt “s+b”-like =  Three expt “s+b”-like

4-jet “s+b”-like = 4-jet, E-miss “s+b”-like

Perfect compatibility with SM Higgs cross section
for
my = 115.07, Gev

Current bound on Higgs boson mass
mpyg > 113.5 GeV @95% c.l.
for 115.3 GeV expected

o /

P. Igo-Kemenes - LEP Seminar - Nov. 3, 2000
Pippa Wells July 2003




| Run LEP In 2001’?|

Evidence was consistent with a hint of Higgs production at 115 GeV
e 3/4 experiments more “s+b” than “b”
e Two channels more “s+b” than “b”

e Spread of s/b and M for significant candidates consistent

with Higgs
BUT

e Evidence still weak (< 30 - a “discovery” is usually considered

to be Ho. Fluctuations happen.)
e No guarantee that extra running would confirm a discovery

e Big impact on LHC schedule and resources (civil engineering

directly delayed by LEP extension)

e LHC could see this Higgs boson, and if it’s a light SUSY Higgs

could simultaneously investigate other SUSY particles...

A VERY HOT TOPIC IN CERN FOR WEEKS.

LEP SHUTDOWN DEFINITIVELY
AT THE END OF 2000
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The final word on the SM Higgs (April 2003)|
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Full dataset, calibration updates, some improvements to analyses.
Higgs boson excluded up to 114.4 GeV at 95% CL
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| The Endl

The LEP experiements have published more than 1000 papers.

High precision tests of the Standard Model have been made. These
are all the more powerful because of the careful work to combine
the data from the four experiments, and the close cooperation with

the accelerator divisions and theorists.
Sensitivity to radiative corrections established.

LEP has solved some old puzzles, and found some new ones, for

. . lept .
example are the different measurements of sin? (96? consistent?

The electroweak data prefer a light Higgs boson. The Higgs boson
search gives a limit at 114.4 GeV, with an inconclusive hint of a

signal at around 115 GeV.
Sadly no positive signals for new physics.

It will take another year or so to finish analysing the LEP data (Final

LEP1 results still coming out!). W mass is still preliminary.

Pass the baton to the Tevatron (Run Il - CDF, DO in progress) and
the LHC (ATLAS, CMS, LHCDb first data in 2007).
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