2.4 Lepton couplings to the Z boson

In the following ignore the difference between chirality and helicity:

good approximation as leptons are produced with energies >> mass.

Z boson couples differently to LH and RH leptons:

>

1
Or = E(gv —da)

1
gL = E(gv +0,)

‘ Coupling to LH leptons stronger

Z produced in e+e- collisions is polarized.

| | | et —ig
Experimental configuration: / cosd),

e —4¢@m> «@m—c = g
—-> <—-— = 0Or -

1 i
7ﬂ§!§e+gf,
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Instead of measuring the spin averaged transition amplitudes try to
decompose the different “chirality” components to the cross section:

Chirality amplitude

¢l J |

L L | Mo grgid(0) > gr.g5, (1 + cos 0)
R| L | MpLocglgad (0+7) o glgs (1 —cosb)
Ll R | Mugoxghgid (0+7) xghgs (1 —cosd)
R| R | Mgr x ghohdi(0) x grgf (1 + cosb)




Observables:

Og=0 t Ogrr

6. =6t OR

G.= 0 T O

O — Og

Og=Or. T O|Rr A =

Or + O
Forward-backward asym. (final)

ORr = Or_L T Orr ALR_G g
L R
Left right asym. (initial)
o, —0O_
G, = Orr T OLR G = N
o, +0_ o5

Polarization (final)



2.5 Forward-backward asymmetry and fermion couplings to Z
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Anqular distribution:

Q.Q 5 -
F_(cos@) = SR °04(1+cos @)+ 4q59~% cos &
2(0080) = g Bocai( )+ 4959% cos O

1 2 2 2 2 -
F (cos@) = be +0)(@” +9“ ) (1+cos?0) +8acaca“g“ cos @
(008 0) = o s, B FOR )@+ ) +80y050{d4s cos O

Forward-backward asymmetry AFB

« Away from the resonance large — interference term dominates

— ~enf S(S-M;)
Acg ~ 9404 (s— M;)Z N M§FZZ — large
« Atthe Z pole: Interference =0
OvIa ¢ 9a

A =3 .
T @) +(9R)° (9)F+(gR)
— very small because g,/ small in SM *!



Asymmetrie at the Z pole

A1=B ~ gig\?ggg\f/
Cross section at the Z pole
o, ~ ey +02)? oy +osy |

4

Asymmetries together with cross
sections allow the determination of
the lepton couplings g, and g,

Good agreement between the 3
lepton species confirms “lepton
universality”

-0.032

" [Ims=178.0 A 43 GeV
.my= 114..1000 GeV -
-0.0351
>
O
-0.038
0.041 i 88¥CL
0503 -0502 -0501 -5
dal

Lowest order SM prediction:
o, =T,—2qsin°4, g,=T,

Deviation from lowest order SM
prediction is an effect of rad. correct.

£0



2.6 Polarization of final state leptons: tau pol.

do o

J’_

P.(cosh) = ddcgse dCO?SQ O

dcos@ dcoséd

0.1 4

P (cosb)
Lo
=

P (cos0) = A, (L+cos’ ) +2A, cosd
f (1+cos?6)+8/3 A, cosd 021

A =299 P -

with (9 +(gh)’

Y4
P~ 229 _ o0_4sin’g,)

14

9a

(coso is the fermion scattering angle)

Lepton polarization measures directly sin?0,,.
The only lepton for which polarization can be
measured at LEP is the tau! 29



i )
Experimental Method to measure X .,
tau polarization: =

~ - - 1.7
T DTV, = 1

}u‘t - +12

——— e ——— e R e

e
- . .
= th thh thh =t th thh Nt T

Vr Vi

1_dif - :£(1+20059*) ol

[dcos@” 2 2000

l Boost into lab frame

1 dr

——=1+P(2x,-1) x =E_/E

I— dX” T( T ) b/ 7[/ T
Fit of the two theoretical distribution to data n:
yields the polarization: ~ 0.15
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Measured Tau Polarization

Measured PT VS CDSGT_

o1 L ALEPH + ]

DELPHI + ]

: + 1 A =0.1439+0.0043

B A, =0.1498 £ 0.0049
-0.1 -

: A, = 0.1465 + 0.0033
-0.2 -

sin®@°" =0.23159 + 0.00041

-0.3 I no universality

A universality

[ hep-ex/0509008
04 17708 06 04 03 0 02 04 06 08 1

cosO_
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http://www.arxiv.org/abs/hep-ex/0509008
http://www.arxiv.org/abs/hep-ex/0509008
http://www.arxiv.org/abs/hep-ex/0509008

2.7 Left-Right Asymmetry at SLC

Measure cross section o, (o) for LH (RH) initial state electrons:

Polarization of

electron beam:
P~70 — 80%
_lol-op _ 1 2g9y0:
B f f 2 2
_ 2(1-4sin°g,)
1+ (1-4sin* 9,)?

AR

Powerful determination of sin?6,,. Requires longuitudinal polarization of
colliding beams: only possible in case of Linear Collider: SLC



SLAC Linear Collider
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Precise determination of beam polarization using a Compton Polarimeter

532 nm
Frequency Doubled
YAG Laser
Mirror ,f;
Box el
e LY
el Circular Polariser

Focusing
- and
#  Steering Lens

Mirror Box
< (preserves circular
polarisation)

~

Laser Beam -

Analyser and Dump
7 Compton

Back Scattered e—

“Compton IP"—
Analysing A
Bend Magnet

Cherenkowv
Detector

Polarised Gamma 7 \‘f Cuartz Fiber

Counter Calorimeter

Figure 3.1: A coneeptual diagram of the SLD Compton Polarimeter. The laser beam, consisting
of 532 nm wavelength 8 ns pulses produced at 17 He and a peak power of tvpically 25 MW, were
circularly polarised and transported into collision with the electron heam at a crossing angle of
10 mrad approximately 30 meters from the 1T Following the laser/electron-beam collision, the
electrons and Compton-scattered photons, which are strongly hoosted along the electron beam
direction, continue downstream until analysing bend magnets deflect the Compton-scattered
electrons into a transversely-segmented Cherenkov detector. The photons continue undeflected
and are detected by a gamma counter (PGC) and a calorimeter (QFC) which are used to
eross-check the polarimeter ealibration,

34



Leptonic final states:

EUDD
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1000 ¢

events

500

0 prlnbinlon
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e e
- + 4-+-+-+++++
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N\T v ,Ilc.,-:....:ff-_

SLD

Asymmetry
clearly seen for
LH and RH
Cross section.

SLD

All data:

A . =0.1513+0.0021
sin® 6, = 0.23098+0.00026

With 0.5x106%

Z-decays
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SLD versus 4x4.5 x10° Z-decays at LEP

- 2
sin” g,
Ag e 0.23099 A 0.00053
) 0.5M Z events
Ay —v— 0.23221 A 0.00029
Ay * 0.23220 A 0.00081
Qe X 0.2324 A 0.0012
Average i 0.23153 A 0.00016
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3. Precision tests of the W sector (LEP2 and Tevatron)

e'e” > WW — ffff

Threshold behavior of the

cross section (kinematics,

phase space) for ee->WW
production:

!

Phase space factor = f(M, \s):

— Allows determination of M,

I ~10K WW events /
experiment

s \.\

+ =
e z &
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W
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W+ f

, w
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f
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—

L I T
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I
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B YFSWW and RacoonWw ¢ A &
/'Lr-’ =
~

10 A / -

200
Vs (GeV) 37



W decays W F

Vé’qu

IIIIIIIIIIIIIIIIII

qqflr

olejele
iy

Lepton Ngutrino

HﬁlIIIIIIIIIIIIIIIII;{

ﬁ||||||||||||||||||:\ \p Qp\
Run# 945004 Event# 4035 DAQ Time : 02.11.2000 4:2534 h

\\
N\
\\
Easiest signature for a mass measurement: g * 6%

W, —lv W,—JetJet: use JetJet invariant mass 38




W branching ratios

ALEPH e 10.95 £ 0.31
DELPHI | 10.55 + 0.34
13 i 10.40 + 0.30
OPAL T 10.40 + 0.35
LEP W—ev + 1059+ 0.17
ALEPH | 1111+ 0.29
DELPHI ® 10,65+ 027
13 e 972+ 0.31
OPAL i 10.61 + 0.35
LEP W1y o 10.55 + 0.16
ALEPH | 10.57 + 0.38
DELPHI * 11.46 + 0.43
13 | T2, 1178% 043
OPAL - 1118+ 048
LEP W—stv | o 1120+ 02

LEP W—lv . 10.74 + 0.09

10 11 12

Br(W—lv) [%]

Lepton universality tested to 2%

Br(W —qq)=(67.77+0.28)%
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Invariant W mass recontruction
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T n E 1 t
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ALEPH [final —-— SO.440+0.051
TEVATRON {-*— 80.432 +0.039
) i - - LEP2 —- 80.376 + 0.033
L3 |final] —— _ 8. 270E0.055
: Average ==  80.399+0.025
OPAL [final] --— 80.4716+0.053 »¥3/DoF: 1.2/ 1
: NuTeV A 80.136 + 0.084 5
LEP + 80.376x0.033 Q)
: o rdof 4941 LEP1/SLD a—| 80.363 + 0.032 =
LEP EWWG ©
R LEP1/SLD/m, -8 80.364 £0.020 | C
80.0 81.0 80 80.2 80.4 80.6 40
M, [GeV] mW [GeV] Narch 2009




Effect of triple gauge coupling

Data confirms the
existence of the y/ZWW
triple gauge boson vertex
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4. Higher order corrections and the Higgs mass

2
sin® @, :1—M—V‘2’ sing, = >
Z
m2 Including radiative
p = L =1 |=| p=1+Ap corrections
m> cos? By
sin6y = My iNZ G = ) sin®
By = 3 = SiN® Bgir = (1 + Ax) SIN“ Oy
Z
> Ta ToL
miy = = my = (1+Ar)
N V2sin’6yGr N V2sin®0yGr
o, a(0)
Lowest order a(0) = a(mz) = T
SM predictions _ ®)
with : Aa = Adyept + Aoty + Aoy

sin® @,
9a Oy

Ap, A, Ar = f (m2,log(m), ...)

i

ZIW

ZIW  Z/IW

Sin® O,

T Jar Ov

ZIW 45

Ja=pT° T, =+p (T°-2Qsin*4,,)



Top mass prediction from radiative corrections

Ar(mt’MH) - =

3cccos’ g, m? 1l M2

— In +...

The measurement of the
radiative corrections:

: 1 o
sin® Ou = Z(l_ Ov /gA)
sin® @, = (1+ Ax)sin’ @,

Allows the indirect determi-
nation of the unknown
parameters m, and M,

167sin*0, M2 48zsin’g, M2

Top-Quark Mass [GeV]

CDF —o— 176.1 £ 6.6
D& —— 179.0 £ 5.1
Average —b- 178.0+4.3
¥2/DoF: 2.6/ 4
LEP1/SLD — 1726 7 132
12.3
LEP1/SLD/m,,/T,, —— 18117 %
425 150 175 200
m, [GeV]

Prediction of m by LEP before the
discovery of the top at TEVATRON.

of m,

Good agreement between the indirect prediction of m, and the value obtained
In direct measurements confirm the radiative corrections of the SM

Direct
measurement

43



Observation of the top quark at TEVATRON (1995)

q t

pp @ 2TeV :

—

q
ge annihilation (85%)

Top decay (decays befnre hadronization)
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J f‘ U, ]75
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=

Channel used for mass reconstruction:

m =m_ (b—jetW — jet+ jet)
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Higgs mass prediction from radiative corrections

Final
Ar e} 0.23099 + 0.00053
A(P) —— 0.23159 +0.00041
Qp" X 0.2324 +0.0012
Preliminary
Ay —v— 0.23212 + 0.00029
Ar +—+——  0.23223+0.00081
Average glin 0.23150 £ 0.00016
10, yidof:105/5
>
(h]
)
I
E 02 wm Ac'® = 0.02761 + 0.00036
i EEm,=91.1875 £ 0.0021 GeV
m=174.3+5.1 GeV

! T T T
0.232 0.234

. lept
Sin“0,; = (1 — gy/g,)/4

2 2
3cxCOS“ 6, m,

Ar(m, ,M,)=- _
(M., My,) 167zsin* 0, M2
o | M;
487sin’ 6, M,
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Fits to electro-weak data:
— 35
my = 87 *°,, GeV

my, < 157 GeV (95% CL)

Assumption for fit:
* SM including Higgs
* No confirmation of Higgs

mechanism

Higgs seems to be light!

6 .ﬂug..ﬂ{jm '. m I=;1m Gel
(5) :
5 e Al = -
i — D.02758+0.00035
1 1 % - D.02748£0.00012
4 i =es incl. low Q7 data —
3 — —
2 —] -]
1 - —
0 Excluded A+ Prelminary
30 100

300
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