Standard Model

Electroweak physics with Z°

bosons
Outline
* Introduction to e*e facilities:
- SLC
— LEP

« Tests of SM with Z° bosons
— Z0 lineshape measurements
— couplings, sinZ0,,
— Hadronic asymmetries of Z° decay products
— couplings, sinZ0,,
* What this says about top mass




SLC

e*e- linear accelerator

1 experiment
Vs = 91.2 GeV
Uses polarised

electron beams
(500 000 Z9)

e
——

e*e-collider
4 experiments

Vs = 91.2 GeV
(—1996)

(200 pb1)

Vs —»210 GeV
(2000) (650 pb)
nb. Site of LHC pp
collider, s = 14
TeV, 2007—




Tests of SM with Z°bosons

» Define set of 5 most uncorrelated observables
to test SM:
— Z% mass,
— Z% width,
— hadronic cross-section,
— ratio of leptons/hadrons,
— forward backward asymmetry asymmetries

Z0lineshape

Measure as many observables as possible,
Express observables as functions of unknowns in SM

Fit for unknowns — 1) value of unknowns, 2) test consistency of model

Z0 production in e*e- colliders

2 production processes:

et f .
Dominates near
i _Z_ 2 I\/IZO
Depends on
g f Mz, I T, I
e+ f
y Small at LEP,
e SLD
B Depends on a
€ f

+ interference terms dependent on M_,I',




Z0 lineshape measurements

Hadronic pole cross-
section ¢ related to
total,partial widths of Z°

et f
o? = (121/M,?) IT,? F 4
I'.. = partial width for Z—ee
T.q = Partial width for e 7

Z—hadrons
I', = total width for Z° decay f = hadrons
M, = Z% mass (measured)

Measure ¢°, My, G; — T'ee.T'jag

Z0 lineshape measurements

Hadronic pole cross-
section o0 related to wl
total,partial widths of Z° e

DELPHI

Ohaq [1P]

L3

10 [ OPAL

o9 = (127/M?) IT,?

I',. = partial width for Z—ee

I, = partial width for W
Z—hadrons

I', = total width for Z° decay e a ha s i
M, = Z° mass (measured) Mz GV

Measure 6% M,, G, — I'yo.T}ag




Measurements of I,

[Experiment T, [MeV]
JALEPH ® 24959+43
DELPHI —8— i 24876 £4.1
L3 == 25025+4.1
oPAL =: 24947 +4.1

U ¥ /dof = 7.3/3
LEP —+— 24952+23

common error L 12

ag=0.11820.002
inearly added to

M,= 174.315.1 GeV

2483 2495 2507
T, [GeV]

Z0 lineshape measurements

Partial widths are proportional to ewk Z0
couplings:
= (GeV2M3/127)(9, 249Nl

— N = 1 (leptons), 3 (quarks)

— Effective couplings g, 0, o Sin%6,,:
— 0= %1/2

— gy = *1/2 -2sin?0, e

T~

Fundamental SM parameter




Z0 lineshape measurements

« Can measure ratios of partial width
— Compare how often Z%—leptons compared to

Z0%—hadrons
— Measure

— Input Gg, Mz, extract couplings gy,

— Extract sin?6,,

No. neutrino species

Input measured I',, T'uu, I'dd,
I'ss, I'cc, I'bb, T'ee, T'up, I'tt

Input theoretical I'vv

Calculate Nv

DATA

I' =Tuu +I'dd + I'ss +I'cc +I'bb +

I'ee + T'pp + I'tt + NvI'vy

Nv = (', — (Tuu + I'dd + I'ss +I'cc +I'bb
+l'ee +I'pup +I'tt)) / Tvv

=2.984 £ 0.008

0 Il L 1 L 1 L 1
88 89 90 91 92 93 94 95 96

ALEPH

HADRONS

Ny=2 —
Ny=3
NV=4 —

ENERGY (GeV)




Asymmetries with Z° bosons

Measure effective couplings E
of Z%to fermions: 1
Aleg = (N = NEY(NH+NE) ©, P e
|
|_

Nf = number “forward”

FORWARD
NP = number “backward”

Al = 3/4

|

| _

where ! / !
= 29vfgaf/gvf2+gaf2 @ ~ 1 ) €

= 2(9,/9a0)/(1+(9,/9a0)?) :

And gvf/gaf oc Sinzew

BACKWARD

Asymmetries cont.

How do we find Ae?
— Measure A at SLC

e >
A'lg = (o' -c'R)I(c" +o'R) M /

— o' r) = total production
cross-section for left
(right) handed
polarisation of e
beams

Alg = Ae @

o« Sin20,, (eff)

A

e+

Left handed

e+

Right handed

— lots of independent measurements of sin?6,,




Current Az measurements

ALEPH legg'il ]
DELPHI .HIE
L3 ns

95

OPAL :'nJ)?olss
1980-2000

ALEPH inclusive
199105

DELPHT inclusive
19922000

L3 iet-cll

90195

OPAL inclusive
10912080

LEP
Summer 2008

m,, [GeV]

Ao,m?
TB

0.1009 £ 0.0038 £ 0.0017
0.1031 £ 0.0051 + 0.0024
0.1007 £ 0.0060 £ 0.0035
0.0983 + 0.0038 + 0.0018
0.1015 £ 0.0025 £ 0.0012
0.0984 + 0.0030 + 0.0015
0.0954 £ 0.0101 + 0.0056
0.1000 £ 0.0034 £ 0.00L8

<A::E> = 0.0997 £0.0016

Include Total Sys 00007
With CommonSys  0.0004

EJ m,=174.3£ 51 GeV
., = 0.02761 + 0.00036

Agg for bb
pairs

Many more
asymmetries
measured ...

Current sin?6,, measurements

Final

023099 £ 0.00053

-— 023159 + 0.00041
—»——— 0.232410.0012
Preliminary

=¥ 023212 +0.00029
[—h— 023223 + 0.00081
- 0.23150 £ 0.00016

Y¥idei 1055

= Aaf? = 0.02761 + D.00036
mg= 91.1675 £ 0.0C21 GeV
EEm=1743151GeV
T

T
0.232 0.234

, o lept
S|n29;?= (1 — gy/g,)/4




SM prediction of top mass

Can combine measurements X; of lineshape
and asymmetries in global fit to SM:

Express each observable X; as
X = X{(a(M2?),Gg,Mz,M, M, 0,(Mz%))

Constrain to measured values

Fixed at 300 GeV, systematically varied

1. Compare observed values to fitted SM values
2. Obtain values for M(top) and o(M,?) from fit

SM prediction of top mass

Top-Quark Mass [GeV]
EBE —1— 176.1+ 6
D@ —— 1721+ 7] direct
Average s L 1743t 5.
LEP1/SLD — - 171.5+10. ..
indirect

LEP1/SLD/m,, /T, —a— 178.7%09,

12I5 150 13“'5 260

m, [GeV]

Indirect measurements told Tevatron where to look for top!




Review

« SM tested extensively in Z° sector

— Cross-section, asymmetries sensitive to sin?
0y, vector and axial couplings g, 9.

— Many independent measurements allow
consistency of SM inputs to be tested
» Given experimental inputs of SM
parameters, top mass can be predicted.
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