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1. Introduction
Definition:

LC at low energies: high luminosity |
~ 109 Z bosons/year GlgaZ
~ 10% W pairs/year

— use the Z bosons to measure the left-right

asymmetry:
ALR (++7 +_7 _+7 __)

use Arpr to determine the

effective leptonic mixing angle: §sin? fqp &~z 1x 1072

— use the W bosons (at threshold)
to measure the

W boson mass: é My, ~ 6 MeV

Expected accuracies:

LEP2/Tev. LHC LC GigaZ

My 30 MeV 15 MeV 15 MeV 6 MeV
sin? Octr 0.00017 0.00017 0.00017 0.00001
ms 3 GeV 2 GeV 0.2 GeV 0.2 GeVv
my, ’ 0.2 GeV | 0.05 GeV | 0.05 GeV
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My, determination at eTe™ colliders

threshold measurement of

eTe™ > WW — 4f(+7)

Status of theoretical prediction for total
Cross section in the SM:

above threshold: +0.5% with DPA

at threshold:
+2% with leading log calculation — F

However: Only shape of XS in threshold region
needed for My, measurement

LLarger error on absolute value tolerable

DPA not applicable in threshold region
= full O (a) calculation necessary

full O(a) calculation in whole parameter space:
first results for simplest case: work in progress

Sudakov logs:
~ 0.5% at /s = 500 GeV
= probably no problem in threshold region
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Precision Observables (POs):

Comparison of electro-weak precision observables

with theory:

EW Precision data:
Apa A?“, MW7 Sin2 eeff

Theory:
SM, MSSM , ...

Test of theory at quantum level:

Sensitivity to loop corrections

Improve indirect constraints on
unknown parameters: my, mg, . ..

Effects of “new physics”’ 7
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Theory: Precision observables My, sin? fq:

1.) Theoretical prediction for My, in terms
of Mz, a,Gp, Ar:

> My
M3, (1—M—%> \/_Gu(l—l_Ar)
(i

loop corrections

SM prediction for Ar, one-loop:

2
Ari_joop = Ao — z—%’)AP + Arrem(mp)
~ lo ~ m?
g f my
~ 6% ~ 3.3% ~ 1%

2.) Leptonic effective weak mixing angle:

1 Re /
sin20eff= 1 — g‘j{
4|Qf| Re gy

Higher order contributions are contained in

Agé, Agﬁ

S. Heinemeyer & G. Weiglein, Snowmass, 07/01 5



Further available corrections in the SM:
e QCD corrections up to O(aa?)
[A. Djouadi, C. Verzegnassi '87]
[F. Halzen, B. Kniehl '91]
[K. Chetyrkin, J. Kiihn, M. Steinhauser '95]
[L. Avdeev, J. Fleischer, S. Mikhailov, O. Tarasov '95]

e clectroweak two-loop corrections

— expansion in leading powers of my, Mg
[J. van der Bij, M. Veltman, '84]

[J. van der Bij, F. Hoogeveen '87]

[R. Barbieri, M. Beccaria, P. Ciafaloni, G. Curci,
A. Vicere '92]

[J. Fleischer, O.V. Tarasov, F. Jegerlehner '93]
[G. Degrassi, P. Gambino, A. Vicini '98]

[G. Degrassi, P. Gambino, A. Sirlin '98]

— complete fermionic two-loop result for My,
[A. Freitas, S.H., W. Hollik, W. Walter, G.W. ’00]

e leading electroweak three-loop terms
O (G3mf), O (GZasmt)
[J. van der Bij, K. Chetyrkin, M. Faisst, G. Jikia,
T. Seidensticker '00]
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Available corrections in the MSSM:

e full one-loop corrections to Ar

e /-boson observables, one-loop

e leading O(aas) corrections

e leading O (G%mf) corrections (Mgygy — 00)
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Interpretation in the SM:

Indirect determination of my from precision data:

my = 17211 Gev

direct measurement:

my = 174.3 + 5.1 GeV

One-loop corrections to precision observables:
2
~o mt

~ log my,

= Very high accuracy of measurements and
theoretical predictions needed

Theoretical uncertainties:

— unknown higher-order corrections
— exp. error of input parameters: m;, Aapag, - - -

Todays theoretical uncertainty:
SMEF® ~ 6 MeV
. 2 ntheo
dsin“Og7 - ~ 0.00007
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Global fit to all data in the SM:

6 ' ;
5) — i
Al g = ]
~ —0.02761+0.00036
i -+-0.02738+0.00020 T
4 - ' —
. i
> i
<]
2_ —
0 Excluded " Preliminary
2
10
m, [GeV]
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What if SUSY will be discovered?

Assume: SUSY particles accessible at next
generation of colliders

Exact SUSY: mg=mg, ...
= SUSY must be broken: Mgygy S 1 TeV

SUSY breaking mechanism not well understood;
different models for SUSY breaking:

“Hidden sector’ : — Visible sector:
SUSY breaking MSSM

“Gravity-mediated” : mMmSUGRA
“Gauge-mediated” : GMSB
“Anomaly-mediated’ : AMSB

Unconstrained MSSM:

no particular SUSY breaking mechanism assumed,
parameterization of possible SUSY-breaking terms

— 105 new parameters: masses, mixing angles,
phases
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Current situation:

— Good phenomenological description for
universal breaking terms

— no preference for certain SUSY-breaking
scenario

Possible future situation:

Measurements of SUSY observables

and improved precision for Mjyy,sin? Ogsr, . . .:
= Determination of SUSY parameters

= Patterns of SUSY breaking (new high scales)

Role of PQO’s:

Indirect information from precision observables

constraints on unaccessible scales
— complementary to direct production processes

= Sensitive test of the theory at the quantum
level
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Stringent direct test of SUSY:

Light Higgs boson h required

Tree level: m;, < My

My so' Myse' =

Yukawa couplings: 5

Dominant corrections to m; from ¢ — t-sector :
Leading one-loop term:

Two-loop result (FeynHiggs):

= my, S 135 GeV

High-precision measurement of my,:

LHC : dmj = 0.2 GeV
LC: 5mh ~ 0.05 GeV
Muon Collider: omj; ~ 0.1 MeV

= my, Will be precision observable!
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SM:

free parameter: my,
— direct contribution via loop effects

= Prediction for precision observables
Mw, sin2 Qeff

MSSM:

free parameters: Msysy, X¢, - - -
— direct contribution via loop effects
— indirect effect via contribution to my,

= Prediction for precision observables
My, sin2 eeﬂ-‘

Prediction for precision observable my,
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2. Precision tests of the SM:

Present situation:

SM prediction for My, vs. experimental result:

805 —

80.45 |
80.4 \

80.35 | .

[GeV]

2 g3 |
= :

80.25 |

80.2 |

200 40 600 80 1000

= NnO overlap at the 1o level
= light Higgs preferred

Theoretical uncertainty dominated by uncertainty
in input parameters: my, My, ...

odmy = 5.1 GeV = iMyy ~ 31 MeV

S. Heinemeyer & G. Weiglein, Snowmass, 07/01 14



Future theoretical uncertainties:

Parametric uncertainties from experimental
errors of input parameters:

Sm; = 4130 MeV = My ~ +1 MeV
§Sin? Opfr &~ +£0.4 x 1072

dmp = =+£50 MeV
Sas = +1x 1073
SM, = +£2.1 MeV = My ~ £2.5 MeV
§SiN? Oapr ~ £1.4 x 1072
§(Aa) = +5x107° = My = +1 MeV

§sin? Oorr = £1.8 X 107°

= Error of Mz non-negligible!
(measurement of My /My = dMyy =~ £1 MeV)

Estimate for future theoretical uncertainties:
— unknown higher-order corrections
— 6(A«) uncertainty

SME® ~ +£3 MeV, §sin20€° ~ £3 x 107°
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Mw(mh) in the SM:
prospective future accuracies:

LHC precision (6 My =~ 15 MeV,dm; ~ 1.5 GeV):
80.5 —

: MEP — (80.434 + 0.015) GeV |
80.45 | w2 ).GeV.

804 L.

80.35 | N

MW [GGV]

80.3 |

80.25 |

80.2 |

‘Z(XJO‘ | ‘4(130‘ | ‘6C1)0‘ | ‘8(1)0‘ | ‘1600
GigaZ precision (6 My, ~ 6 MeV,dm; ~ 0.15 GeV):
80.5 —

; M3P = (80.448 4 0.006) GeV |
80.45

80.4 |

80.35 |

MW [GGV]

80.3 |

80.25 |

80.2 |

200 400 600 800 1000
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SM prediction for Myy and sin? O
VS. current and prospective accuracies at
LEP2/SLD/Tevatron , LHC/LC , GigaZ:

023250 T T T T | T T T T T T T T | T T T T T T T T
A 'O’“@ SM@GigaZz ]
- s, 68% CL: 7
- {/P —]
0.23225 — LEP/SLC/Tevatron—
- LHC/LC -
- GigaZ .
t0.23200 — M., = ]

D

NCD - _
= . 180 GeV A} '\\ i
(7p] - _
0.23175— 150 GeV —
| 120 GeV i
0.23150 — —
0.23125 —
i | | | | | | | | | | | | | | | | | | | | | | | | | ]
80.25 80.30 80.35 80.40 80.45 80.50

M,, [GeV]

= test of the SM with very high precision

high sensitivity to new physics scales
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Indirect determination of my, My at GigaZ:

M, [GeV]
300

sin’e,, SM@GigaZ
200

now (1o errors)
mmmm GigaZ (1o errors)

100

50

f L L L | L L L L | L L L L
165 170 175 180
m, [GeV]

Expected precisions of indirect My-determinations:

MW Sil’]2 Heﬂ’ all
NOW 200 % 62 % | 60 %

Tevatron Run IIA 77 % 46 % || 41 %
Tevatron Run IIB 39 % 28 % | 26 %

LHC 28 % 24 % | 21 %
LC 18 % 20 % | 15 %
GigaZ 12 % 7% | 7 %
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New “Blue band” plot:

Fit for the SM Higgs boson mass
Today — GigaZ
(neglected theoretical uncertainty)

~ 20
<
2000
| - LC i
15 | |
10 | |
57 _
O i 1 1 1 1 1 L1
10° 10°
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3. Precision tests of the MSSM

Prediction for My in the SM and the
[S.H., G.W. '01]

MSSM :

80.70

MSSM
80.60

80.50

M,, [GeV]

80.40

80.30

80.20

Heinemeyer, Weiglein '01 _|

160 165 170 175 180
m, [GeV]

SM uncertainty: unknown Higgs mass
MSSM uncertainty: unknown masses
of SUSY particles

185 190
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Prediction for Myy, sin? e in the SM and MSSM

VS. prospective accuracies at
LEP2/SLD/Tevatron , LHC/LC, GigaZ:

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
_ m, =170 ... 180 GeV _
0.2325 — —
- . SM (m, = 113 ... 400 GeV) =
0.2320 — —
% — —]
® - —

N

= B 7]
v 0.2315 — —
0.2310 | experimental errors: H
B LEP2/SLD/Tevatron N
. LHC/LC MSSM " _
0.2305 — GigaZz —
i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 ]

80.20 80.25 80.30 80.35 80.40 80.45 80.50
M,, [GeV]

— large improvement of experimental accuracy:
LEP2/SLD/Tevatron - LHC/LC — GigaZ

= Very sensitive test of theory
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The Higgs mass as a precision observable

(Scenario I:)

— Combination of direct and indirect information
on t sector parameters:

Direct information:
ete~ — 111 at high luminosity LC

(80% pol. e~ beam, 60% pol. et beam,
/s =500 GeV, £ =500 fb~1)

0.64

0.62 |

0.6

t

0.58

C0oSs©

0.54

oL
170 172 174 176 178 180 182 184 186 188

stop into ¢ neutralino 80/60 pol

0.56

0.52 |

%
40‘
0 AOv

m(stop) (GeV)

= precise direct determination of mg and 6
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Indirect information:
Constraints on my_, 6z from precision observables
mh,Mw,Sln eeﬂ-‘ at LHC LC , GigaZ :

Allowed region in mg, -Cos 07 plane:
(M4 =257 +10 GeV,tanﬁ > 10):

| [
m, = 115 GeV, Amh = 0.5 GeV

—_— H 2 —
1.0l M, =80.426 GeV, sin’g,, = 0.23127 _

ms = 180 GeV, AmT =18/ 1.25 GeV _
1 1

- M, =257110 GeV

- H=26311GeV 1 o errors .

0.8 tanp> 10 ’ _

|cos6;|
[

0.6 —

400 600 800 1000
m- [GeV]
2

Complementary of direct < indirect information
= Indirect determ. of mg, with high precision
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|cos6;|

1.0

0.8

0.6

0.4

direct measurement —
at the LC 7
| | | | | | | |
400 600 800 1000




Scenario II:

no experimental information on my,

sin? fesr = 0.23140 + 0.00001

, M 4

mgz, = 500 £ 2 GeV, sinfy = —0.69 = 2%, tanf =3+ 0.5

Constraints for M4 only from sin? fus:

_l T T T | T T T T T T T T T L
- MSSM@GigaZ
02318 nenceror tanB=25.35 ]
B m =500 + 2 GeV i
: sin6; = —-0.69 + 0.014 :
0.2315 —
CD% B ° i I
NC B . i ® o
K2 - Gigazerror = ® o __ S o _____f 3
02314 ———— ; ____________ f ___________________________
2 i
- e m; =700 ...800 GeV —
0.2313 = 2 _
B - Mg =800 ..900 GeV i
. m; =900 ... 1000 GeV |
s T T e
200 400 600 800 1000
M, [GeV]
= Logarithmic M4 dependence
= no constraints on M4 from LHC/LC
measurement
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Now: use all PQO's

— Mw, sin2 Qeﬂf, my,.

My = 80.4 + 0.006 GeV, sin? 0. = 0.23140 + 0.00001
mp, = 115 £ 0.05 GeV, dmi"° = +0.5 GeV

25 <tang <3.50r tang > 10
(from measurements in gaugino sector)

m; = 500 + 2 GeV, sinf; = —0.69 + 2%, A, = A; + 10%,
p=—200+1 GeV, M = 40042 GeV, m; = 500+ 10 GeV

Allowed region in MA—m;;Q plane:

1100 B T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T ]
- MSSM@GigaZ Mg = 500 + 2 GeV i
B sin@; = —0.69 + 0.014 ]
1000 — tanB=2.5.. 3.5 ]
= tanp3 > 10 —
900 — —
= = =
800 — —
700 — —
600 i | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ]
0] 200 400 600 800 1000 1200 1400 1600

M, [GeV]

= Constraints on mg,, Upper bound on M4
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Scenario III:

no experimental information on tan g, My

mg, = 520+ 1 GeV or mg, = 640 £ 10 GeV

My = 80.4 £ 0.006 GeV, sin? e = 0.23138 & 0.00001
my = 110 £ 0.05 GeV, dmihe® = +0.5 GeV

mz, = 340+ 1 GeV, sinf; = —0.69 + 2%,
Ap = —640+ 60 GeV, p=3161+1 GeV,
M> = 152 =2 GeV, mz = 496 £ 10 GeV

Allowed region in M 4-tan 3 plane:

16 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 T T
- MSSM@GigaZz mz =340 + 1 GeV -
14— sine—f = —0.69 £ 0.014 —
| [ m; = 640 GeV, d m; = 10 GeV ]
12 | 2 2 _
— m+; = 520 GeV,6m—t~=1GeV -
L > > _
10 — _
= of -
s 8&r ~
6 i
a4l _
> _
B 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 | ]

O 1 1 1 1 1 1 1
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
M, [GeV]

= Constraints on tan 3, upper bound on M4

S. Heinemeyer & G. Weiglein, Snowmass, 07/01 26



4. Conclusions

e GigaZ: — §sin? 6. = 0.00001
SMyy = 6 MeV,

Combined with high precision of LC for
mp , Mg, Mg, ...

= Highly sensitive test of SM and MSSM

e SM:
Indirect determination of My

e MSSM:
my, 1S precision observable

— Combination of direct and indirect
constraints in the ¢ sector:
determination of mg,

— Constraints on tan g
— upper bound on M4 possible

e High sensitivity to scales beyond SM and MSSM
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