Status of the electroweak Standard Model I
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Introduction

e The Standard Model describes the interactions of elementary particles
e [our interactions:

— electroweak (in principle two separate forces)
—strong

— gravitation
however gravitation cannot be included in the model
e The model describes successfully basically all data

e However the model has many problems why we think it cannot be the
final theory

e Livery test of the Standard Model should thus be seen as an attempt
to find its limits
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Gauge theories

Elementary particle physics is successtully described by local gauge theo-
ries

e Take a gauge group ¢

e The interactions (gauge bosons) are given by the generators of the group

e The fermions are arranged in multiplets on which the gauge bosons act

e The gauge group of the Standard Model: SU(3) x SU(2) x U(1)
SU(3): strong interactions
SU(2) x U(1): electroweak interaction
Gravity is not included in the Standard Model

e In this scheme all particles have to be massless

e Masses can be generated breaking the symmetry
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Fermions in the Standard Model

e Fermions exist in 3 families

e The families are identical apart from their masses

e Leptons have only electroweak interaction

e (Quarks also have strong interactions

Leptons Quarks
Flavour| mass Q | Flavour| mass Q)
(GeV) (GeV)
ve |<1-100° 0] w |~0.003 2/3
€ 0.000511 | —1 d |~ 0.006—1/3
Vy < 0.0002 | 0O c 1.3 2/3
14 0.106 |—1 S ~ 0.1 |—1/3
Vr < 0.02 0 t 175 2/3
T 1.78 —1 b 4.3 |—1/3
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Electroweak gauge bosons:

Charged current: W*  myy ~ 80 GeV

Neutral current: 7 my ~ 90 GeV

Gauge group: SU(2) x UU(1) with couplings ¢. ¢’

Fermions exist as left handed doublets and right handed singlets
W

SU2) | WY | couple to left handed doublets only
-

U(1) B couples to left and right-handed fermions

Up to here all particles are massless!
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The Higgs mechanism

Complex Higgs doublet ® with potential V(®) = A\(®*d — v?/2)?

e Minimum at ®(0) = (g)

e v = 246 GeV precisely known from muon decay

Gauge bosons acquire mass through coupling at ®, absorbing 3 degrees
of freedom in the longitudinal gauge boson components

Higes mechanism requires one neutral scalar particle H,

Fermion masses are generated by ad hoc Yukawa couplings ot the fermions
to the Higgs field

The fermion mass term mW; W p couples left- and right handed particles
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WY and B mix keeping photon massless:
7 = WOCOSQW — Bsin Oy
voo= WOSmQW + B cos Oy
with gsin @y = ¢’ cos Oy = ¢

Resulting interactions:

W= stay purely left handed
~: left-right symmetric vector coupling (Maxwell equations)

/> complicated mixture of left- and right-handed coupling to restore the
SU(2) x U(1) prediction

DO [ [

gA

gy = (1 — 4|q| sin* yy)
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Mass relation:

m
cos’ Oy = Al
my

Gauge sector has three free parameters: ¢. g’ , U

For calculations use the three best known parameters:

o (82~ 7-10710)
AGF 5. —6)
Gp (FE~5-10

my (—> LEP)

Measurement of more observables tests the theory!

DESY seminar 08/09/09 8

Klaus Monig



Radiative Corrections

e T'ypical measurement precision better than o ~ 1%
[] must take into account loop corrections

e Corrections to myy and Z-resonance can be parametrised with 3 pa-
rameters:

gAf — \/1 + Aprgay

gv f . 24f
——1—4<Q Slﬂ@
JAf ’ f‘ eff

9 1 9 1 _|_ 1 47'('04 1
my = =m —
W 2 \/iGFm%l — Ar

e" f e f
t H
>@_< >ﬁ ,_<
_ t .- 7 i
e f e f
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These can be calculated as:

33 2 2
Ap £ (mt —m S—ln@> + ...

h Am2y/2 \ 2 2 my
.2 pl .2 ¢
Sin eeff = sin“ Oy | 1 + Aa — T SZA,O+
Grmiy __y mit
n— + ...
1272V/2(c2 — s2)  my
02
S

(0cv is the running of « from 0 to my)

For all interesting quantities two-loop calculations exist
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Machines for precision electroweak physics

LEP:

ece ring at CERN (in the now-
LHC tunnel)

e 1989-1995 running at or close to
the Z-peak

— 17000000 recorded Z-decays

—30% luminosity taken off-peak
for Z-mass and width

France

— beam energy precision of 2-107°

e 1996-2000 running above W-pair threshold

—~ 700 plo_1 per experiment at 161 GeV < /s < 207 GeV
[1 ~ 12000 W-pairs per experiment
— Higgs sensitivity up to my = 115 GeV
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SLC:

e Linear collider at SLAC, running on the Z-pole from 1989 to 1998
e Only 500000 Z-decays recorded
e However up to 80% beam polarisation known to 0.5%

e Small bean size and beam pipe allowed for superb b-tagging

Spin Rotation e+ Extr. Line
Solenoids Spectrometer
Damplng Ring / et e~ Spin —
\, IR Source Vertical
Thermionic . | Solenoid) \ k
Source ~
> — ——— =" Collider Final | 1p
Polarized -~ b/ W / \ Arcs Focus
e~ Source T
: %J(raturn Line Linac \Compton
E'ﬁgg?onnsmn Polarimeter
ot e~ Extr. Line ./
Damping Ring Spectrometer
| I
| |
1 km

DESY seminar 08/09/09 12 Klaus Ménig



Tevatron:

e pp collider at Fermilab
o \/s=196TeV, [L~6 th~ up to now
e Access tot, W, H

FERMILAB'S ACCELERATOR CHAIN

//‘__ — MAIN INJECTOR

=\
(;l F.t:‘ﬁ%ﬁ
TN

e

TEVATRON

TARGET MALL

“ ANTIPROTON
: SOURCE

-"'._'l.

LSS

iy TN BOOSTER
“— LINAC

" COCKCROFT-WALTON
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Measurements at the Z

Z: lineshape:
127 FGFfS

7s8) = 5 t Oint + 05
"o+ () T
Must include ISR:

E‘ L I — 0' _
o(s) = /dsl < Ohom(s') - p(s'/s) 5% s0f R ;
Partial Wldth Ff X 92 4+ 92 S EELPHI = -
' ' Af Vit 30 | OPAL 1

Hadronic width: _
[Mad = ThadnoQop( + as/m + ... " _

Partial widths measure Ap

Minimum correlated parameters: o+ mesremons oo e

mz, Iz B S '
had 127 Fthad i :
0-0 T mZ FQZ E: e ,\i/I,VI VA
[y 86 88 90 92 94
R = ¥ E om [GeV]
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Asymmetries: Asymmetries arise from interference of vector and axial-
vector coupling

20V f9Af
2 2
Ivpr9as

— x Ar =

-2 nl
[] measure sin Heff

Lo oo T T T ]
%1200 - OPAL :
. = 2 _ t Data 7
Forward-Backward asymmetries: & [ X9=®9% Fi
1000 + T Bkg =
i B Non-t Bkg
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0,/ _ 3 ¢
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In addition at SLD: (polarised beams)

o Left-right Asymmetry:

oj — 0
o] +O0R

e High sensitivity to sin? Gé ff
e All Z-decays can be used

e Only significant systematics from polarisation measurement
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LEP/SLC heavy flavour measurements

e b- and c-quarks can be identified efficiently 3

e LEP and SLD can measure the fraction of b- _
and c-quarks in hadronic Z-decays Ry, R, «
0.

e [ispecially Ry, is very sensitive to new physics
connected to tb-couplings

e With the precise m¢ tfrom the Tevatron the

68% CL

95% CL

interest from SM 1s minor

e SL.C measures in addition the asymmetry pa- & *
rameters Ay, A¢

0.95 -

e However these parameters are only sensitive
to new physics on Born-level o9 f

e For that reason the LEP A%B measurements

0.85 -

are a clean measurement of sin? Hé ff

08

| 68% cll.

0.55

0.6

|
0.65

0.7

0.75

A

Cc
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o,
fb

measurements at LEP /SLC

eff

—— 0.23099 + 0.00053
—vV— 0.23221 + 0.00029

* 0.23220 + 0.00081

X 0.2324 + 0.0012

g'iy 0.23153 £ 0.00016

x°/d.0.f.:11.8/5

Aa®® = 0.02758 + 0.00035

2 m = 178.0 + 4.3 GeV

|
0.234

e \ery precise measurement

e However marginal agree-
ment between Arr and
Ab

FB

e No convincing physics ex-

planation found

e Assume that it is a statis-
tical fluctuation
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Energy dependence of asymmetries

e /Z-coupling to leptons is almost
purely axial-vector

e y-coupling is pure vector
[1 Large interference effect off-

peak

— Mainly uninteresting in the
Standard Model

— Sensitive to Z-7’ mixing on
the Z

— At larger energy sensitive to
/) exchange

— Could already establish Z-
fermion couplings at PE-
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W-mass measurements

LEP S50 F@AaVRW
e ~ 10000 W-pairs /experiment %400 OPAL
o ~ 45% mixed (WW — lvqq decays s 300

—for ¢ = u, e v can be reconstructed from 200
energy-momentum constraint =- clean
measurement with good precision

o ~ 459% WW — 4—jet decays » % Mee (ég\(;)

—ALEPH

100

— full information available

~
o
o
T
|

— limited jet resolution can be improved
with constrained fit

(o]

o

o
I

R 4q channel
£ qq
M zz

u
o
o
T
|

N
o
o
T
|

—some problems with jet-pairing

Number of events per GeVic

w
o
o
T
|

—still experimentally most precise mea-
surement

200 | .

100 |- ]

—however significant uncertainty from , !
. 30 40 50 60 70 80 90 100 110 120
colour reconnection 5C Mass (GeVid
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Tevatron:

2
g 1500

e Large statistics from g — W — 3
EV % 1000

e Only transverse ¥ momentum can
be reconstructed using hadronic
recoil

e Main uncertainty from
energy-scale

e Can be
production L limited by statistics &

lepton

>
)
O

calibrated wusing Z-¢g

e myy can be measured from lep-
ton transverse momentum or from
fransverse mass

e Precision now at same level as

LEP

500
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myy combination

Summer 2006 - LEP Preliminary

ALEPH [final] 80.440+0.051
DELPHI [fi nal] 80.336+0.067 CDF Run 0/l —— 80.436 £ 0.081
DO Run | ——&— 80.478 + 0.083
L3 [final] 80.270+0.055
CDF Run I 80.413 £ 0.048
OPAL [final] 80.416+0.053 Tevatron 2007 80.432 + 0.039
DO Run Il 80.402 £ 0.043
LEP 80.376+0.033
Tevatron 2009 80.420 + 0.031
x%/dof = 49/ 41
LEP EVWG
L I World average 80.399 + 0.023
80.0 81.0 | | | uyos
M, [GeV] 80 80.2 80.4 80.6
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The top-quark mass

e The top mass enters only at 1-loop level

e However the dependence is quadratic and
at percent-level measurement is needed to
match the other observables

e Tevatron measurement on the 1 GeV level
from reconstruction of the top-quarks

e Open issues:

— colour reconnection effects: first esti-
mates indicate 0.5 GeV uncertainty, in-
cluded in world average

—mass definition: could also be around
0.5 GeV, not yet included

D@ Run Ilb Preliminary, L=2.6 fb *

E\ Top Mass

| Constant 178.43 +6.88

220

? lepton+jets
200 P :

- 2D with prior

140
1200
100
80—
60F
e
20

1805 Mi = 172 Gev
1605 5ESP" = 1.00

Mean 173.03 £0.04
Sigma 1.11+0.02

| I |

O’ I .|

Ll L \llllllllll L
164 166 168 170 172 174 176 178 180 182

M (Ge\N

Mass of the Top Quark (*Preliminary)

CDF-I di-l

167.4+10.3+4.9

DO-1 di-l
"CDF-1I di-l
"DO-II dil
CDF-l 14j
DO-1 4]
"CDF-Il 14
"DO-1I 1+
CDF-l all
"CDF-Il all-j
"CDF-Il trk

*Tevatron March’09

168.4+12.3+ 3.6

———

171.2+2.7+29

———

1747+£29+24

176.1+ 5.1+ 5.3

180.1+ 3.9+ 3.6

1721+ 0.9+1.3

173.7+08+1.6

186.0+10.0+ 5.7
[

1748+ 1.7+19

_—

175.3+6.2+ 3.0
Q=

1731+ 0.6+ 1.1

(stat.) = (syst.
X?/dof = 6.3/10.0 (79%)

150 160

170 180 190 200
My, (Gevic?)
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Interpretation of the precision data

e The Standard Model is completely fixed apart from the Higgs mass
L1 fit all data with myy as free parameter:

- X2 shows if the data are compatible with the Standard Model

—my fit result indicates the range of the Higgs mass in the Standard
Model

The Gfitter project

e New fit-program from a CERN, DESY, Uni Hamburg collaboration
e Object oriented code built on ROOT functionality

e Standard Model fully implemented in > 2-loop

e Consistent results with ZFITTER

e BSM implementation in progress
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Used Data

e LEP lineshape parameters

® sin? 92 £f measurements from LEP and SLD
e myy, L1y from LEP, Tevatron

o a(my) from QCD + eTe™ -data

e Quark masses my, mp, Me

e GG used as error free constant

Not used:

e sinZ @ from NuTEV: unclear theoretical uncertainties

e Eixternal ag measurements: unclear correlation of theoretical uncer-
tainties

e Other low energy parameters (¢ — 2, BR(b — s7v...): not sensitive to
Standard Model parameters
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Error treatment:

e Data: Caussian errors 0 x? log likelihood

e Theory: Flat probability in error range
Dominant errors:

—omyy ~ 5 MeV from missing higher orders

— § sin? 92 f 51072 from missing higher orders

Fit parameters:

e mp and ay as real free parameters

® my, Mg, My, Me, a(my) for a consistent error treatment
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Result of the SM fit:

my = 83173 GeV

me = 1732 4+ 1.2 GeV
ag(my) = 0.1192 4+ 0.0028
5!
Ao (my) = 0.02772 + 0.0022

x°/ndf =16.4/13 = Prob = 23%

e Overall good agreement of data with
SM

e Largest deviation 2.50 <A11%B> not un-
expected

0
Ghad

R
Al

A (LEP)

A (SLD)
sin’e (Q_,)

0,c

(Ofit -0

meas)

/| o

meas
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Higgs limit from the SM fit

[EEN
o

] fitter |

________________________________________________

Theory uncertainty
— Fit including theory errors
---- Fit excluding theory errors

N W O OO N 00 ©

60 BN

30

20

lo

<

H

my < 160 GeV at 20

)
()
S
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The top-mass definition

e The definition of the top-mass from reconstruction is not completely

clear

e [t should be close to the pole mass with an uncertainty around 0.5 GeV

e The mass-cross section relation near threshold is better understood

e [rom the Tevatron tt cross section a top pole-mass mi = 168.9 &
3.5 GeV can be derived
N>< 10 T T 1 T T 3
: o9 E
e This value leads to a simi-  °f DR 1 I /e, EEY
.. . 8 —
lar prediction for the Higgs | :
mass N E
5 | =
A\ A —i 20
3 | =173.1+£ 1.3 GeV
2| —m,, = 168.9%° GeV -
12X N\ A —i ife)
|- 1 l 1 1 l -
0 50 100 150 200 250 300
M, [GeV]
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Direct Higgs searches

LEP:

n 1l
—
O LEP

e Production via Higgs-

10
strahlung

e Cross section falls steeply 10
for myg > /s — my

. — Observed
[0 Very strong exclusion for 10 =Y
-------- Expected for

mpy < 113 GeV . background

Basically no exclusion for 190

my > 116 GeV . Had

Small transition region 10 115.3
° StatlStlcal treatment 1n & 10 -6 ol b b b b L1 \:(\ I

common fit uncritical 100 102 104 106 108 110 112 114 116 118 120

m, (G eV/cz)
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Tevatron:

e Variety of channels sensitive to Higgs masses up to ~ 200 GeV

e Measure cross section limit normalised to SM cross section as a function

of my
e SM-Higgs excluded if limit < 1

Tevatron Run Il Preliminary, L=0.9-4.2fp ™
RN A o TR
= _LEP Exclusion_ /0 Tevatron |
= ? Exclusion
— =====  Expected : :
E10l | == Obseved e
- OOV, '7'::::::_::,,,ﬁlﬁQ:EprQted::::::i:::::” 0 R
] 9900004 - 20 Expected ool .
@) 0 T T S, ' R
SO A S S I 4 N
b PO OO
o
1
sMm -
Q““‘ (0 ! ! ! ! ; : : : R
_ vaons s |
100 110 120 130 140 150 160 170 180 190 %OO
m, (GeV/c)
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SM fit including Higgs limits

Add ERF~L(1 — CLZ 79 to the X2

(CLgJ:Sided = Probability that data are consistent with a (SM-) Higgs

signal of mass mypy)

Result:

at 95% CL

3 -
“' . .
| . ’ 3
________________ i IR g
LA - - o
.~
-

4= e 7 5ttt 20
?2, Theory uncertainty ]
2 — Fit including theory errors -
2 % ---- Fit excluding theory errors ]
--------------- B ettty N [0
|_ —]
0 | | | | | | | | | | | |
100 150 200 250 300
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Compatibility with data:
X>/ndf =17.9/14 = Prob = 21%

Direct measurements and fit predictions of observables agree well

— 80,55 | L | T 11 1T 171 LI I [ l T T T l T 171 l 1T 171 I T
% ~ . |lo band form ,, WA =
O m ]
> 80-3 " 68%, 959, 999 CL fit contours m
s L excl. M, My incl. Higgs searches _
80.45 :_10 band for M, WA ﬁ
= —— S

8.4 [k :
80.35 :—/ : 5
80.3 — —
80.25 [ 68%, 95%, 99% CL fit | 68%, 95%, 99% CL fit contours
— contours excl. M, Mo . | incl. M, Mo Higgs searches ]
80.2 — —
- [ fitter[su2 | =
80 15 1 1 1 I | I I | I 1 1 1 I L1 1 1 I 1l I | I 11 1 1 I | I I | I 1 1 1 I | 1]

150 155 160 165 170 175 180 185 190

m, [GeV]
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Higgs limit:

e my > 150 GeV with > 20
o my > 160 GeV with > 2.50

What does this limit mean?

e The question of the fit is: Are the data consistent with the Standard
Model with a Higgs mass myg

e There is no statement for non-SM Higgses

e [iven if a Higgs with mass mpy and a too large coupling is found the fit
would give a bad y?
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Predictions beyond the Standard Model

SUSY

e SUSY is a fully calculable theory, so similar fits can be done

. SUSY j_S a,l deCOupling the_ 0-2330_ T T T T | T T T T T T T T T T T T T I_
ory S S I
0.2325 [ _ MSSM —
= hea\/y SUSY 100kS CX- E SM (My = 114400 GeV) both models : E
actly like SM 0.2320 - m, = 165... 175 GeV
o ngh energy data are con- _sozaus| _:
sistent with the SM with a = ¢ : ]
: B [ }
slight preference to SUSY 02310 s : 7
= no meaningful con- S 2 ]
_ ‘ 0.2305 [~ ¢ 5
Stramts are p0881ble . experimental errors 68% CL.: N 5\9\\\\3 ]
0.2300 :— LEP2/Tevatron (today) ‘5\ —:
E — Tevatron/LHC E
0.2295 -~ ——— | C/Gigaz | | e

80.2 80.3 80.4 80.5 80.6

M, [GeV]
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Recent fits add new observables:

® g, — 2: ~ 3.50 from SM favours light SUSY

(however some doubt on this

)

e Dark matter density: Assuming that LSP accounts for all dark matter

favours light SUSY

e BR(b— s7v)is 1o above SM [0 small pull towards light SUSY

e Result: relatively low my, my /o at moderate tan

II|IIII|IIII|-IIII L LI

O.Buchmueller et al.

- - e 4 Jets 0 le {on

nise CATLAS S ] P | 24_
il . o _ e 4 jets 1 lepton x< [
Y sodiscovery ... in 4jet52leptons 0S- 35
| MSUGRAtﬁqﬁ 10 '. IIIIIII ,“et 3 leptons - i
N -\\_ ' 1 s
: uﬂLe@UJSV ] -
o o ] 2.5~
" G@oTev) - - B
N i 2
400H — r
T . 1.5
200 -._5_..\_\_____:2_' _'z_(\ ..._..._...__I__i- (I 1 3 '“..r:;h&p_ 1__
ECEETE \ RN &;(,f_ L ";'- . --_--__;‘r_‘:i:m- P, :
| 0.5 Te '\u" 'l . B \\\l\'-" -

oo }" "’mr‘%ﬂ- st 0.5 LEP Theoretically

% i | |‘ - excluded inaccessible
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A word on g, — 2

e Measured to 6 x 10~V at BNL

e However contribution from hadronic vacuum polarisation 100 times
larger [0 must be obtained from eTe™ annihilation at low energy (or 7
spectral function)

(largest contribution comes from e™e™ — 77~ in p-region )

e Status up to early summer:

— Difference theory - experiment =~ 3.5¢ when hadronic contribution
taken from eTe™ (preferred)

— Difference only =~ 20 if taken from 7 spectral function

e The 3.50 can be taken as a strong evidence for light SUSY
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e This summer BaBar published a very precise measurement of eTe™ —

77 in the p-region

e However this measurement disagrees with the other measurements, es-
pecially with 2nd most precise of KLOE

e Taking only BaBar for eTe™ — 777~ reduces discrepancy to 2o
e Dropping ¢-2 in SUSY fit largely increases allowed range especially in
my /2

2D 95% CL_no (g-2)
1D 68% CL no (g-2),
------ 2D 95% CL no Q
------ 1D 68% CL no Q

T

[+] D2prrrryprrrryrorore LI ILLA L N N L e e e [T 1800 :—
E - BuBnr F"rallmlnnrgr — -
g 05— * KLOE . 1600F
E E | = -
E ol - L 7 1400:
- ! 3 1200F-
Q05 = i - 8 E
m pes I = ~1000—
1 it T””_' *-4 S - -
i T s 800
005 |- T 114l - -
= S LS S T - 3 600—
T L . -
400 — Tlge Tyt 5®, - — I
- et oo
015 - B S =
E | E 200H | | | | | | |
03 [ M A ST A B R A I A A A T B A AT A B A = 0 500 1000 1500 2000 2500 3000
0.5 0.55 06 065 0.7 075 0 0.85 0.e 0.95 |

M, (GeV)
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Model independent approach

e ST'U parameters parametrise loop eflects in a model independent way

1. isospin violating correc-
tions,
S: remainder in Z-pol observ-
ables,
U: additional corrections in
vy

e Most models predict U=0, so
this constraint is often used

. 94l .
® sin” 6, ff gives narrowest band

e [') ideal complement, however
of limited precision

e myy important additional con-
straint
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e [n the SM of course the my limit is found back

e However if news physics can be arranged to provide the right AT and
AS a heavier Higgs can easily be accommodated

e [ixample: 4th generation with myr = 400 GeV, mp = 325 GeV, myg =
300 GeV well consistent with precision data

0.4

0.3

0.2

- U=0 G. Kribs et al.

[ m_=115GeV " "

B m, =200 GeV

- m, = 300 GeV

B m, =1TeV
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Other example: Littlest Higgs

e The additional particles (t7) create a large isospin violating correction
[] large shifts in T
[1 can be absorbed by a larger Higgs mass

Littlest Higgs

I— 0.4 | L | [ | T _I I | 1T _I | T T T 11 T 11 T 11 ]

- [itter f=1.0 TeV, 5 =0.45 .
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0.1 —
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- SM .

03 M,, O[114,1000] GeV _T]
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C 68%, 95%, 99% CL fit contours (M =120 GeV, U=0) .
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Search for an extended gauge structure

preliminary
e Many models predict an extended i 2__ isls > 0.5 LEP
gauge structure with new neutral =
: o
gauge bosons (7)) =
o
e At high energy hadron colliders 3 0 o
the Z’ should be produced directly ¢ \\‘\\’b}’\
N 1 .
e Above the Z resonance interfer- & )
ence between 7,y and the Z’ can o ¢'e”_ hadrons(y)
. : 1 4 aee-pp(y
be seen for energies much higher [mee-TT®) |
than /s 1.2 ‘ | |
= ]
e On the Z-resonance one gets ex- © 11 T Al
o SIS S 1 lH # * ;}M&—
tremely tight limits on Z2-7" mix- g 541 " | + | | i
. o
ing 0.8-
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s (GeV)
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Results

e LEPI1 gives very tight limit on Z-7" mixing
e LEP2 gives model dependent limits around 0.5-1TeV

e Tevatron has more stable limits around 0.8 TeV

1000 M, [TeV]
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preliminary i
| 5
800 L-R
Vi
| v
— 4 :
> |
2 |
2. 600- 3 5
1SRN i
=
1|
2 i‘
400 .
1 0.2.5' 0
ExXGluded 1 3‘\‘_‘:‘_::"_‘_‘_;‘_::?2:‘:_‘-_:
200 j ! T T T T T T T T T T T T T 0 . u >
1 1.2 1.4 1.6 _0.004 -0.002 0 0.002 0.004
O(LR sin GZZ,

DESY seminar 08/09/09 43 Klaus Ménig



The future of SM precision tests

e We all hope that LHC finds new physics beyond the SM

e Precision tests should then be done in a new, extended model
e This may change the role of the observables considerably:

— E.g. mt becomes much more important in models where the Higgs
mass can be calculated from other model parameters (In SUSY
Amh / Amt ~ 1)

— Many new observables might enter the game (like masses of super-
partners)

— The present observables still will be sensitive to the radiative correc-
tions induced by the new model

— Therefore I will stick to the present Higgs-fit as a gauge of future
Improvements
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LHC

e myy can be measured to 15 MeV, some studies even suggest 5 MeV

e Amy may improve slightly to ~ 1 GeV
ILC

® sin’ eéff can be measured to 1.3 - 107 at GigaZ (factor 13 to today)
(5)

e To make this measurement useful Aqy ' (myz) is needed to 5 - 107
(factor 3). This is possible with a 1% R measurement from 2ms to my

e R; can be measured to 4 - 1077 (factor 6) at GigaZ = o

e m can be obtained to ~ 100 MeV from a threshold scan

e [f needed myy can be measured to 6 MeV from a threshold scan

DESY seminar 08/09/09 45 Klaus Monig



Results (ignoring theory errors)
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Conclusions

e New precise data are still coming in
e The Standard Model is still able to describe all of them

e Inside the Standard Model the Higgs must be light

e Beyond the Standard Model only limits exist
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