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Electroweak precision calculations,
why bother?

central value absolute error relative error
SiN? Gt 0.23153 +0.00016 +0.07%
ILC: +0.000013

lz[GeV] || 2.4952[GeV] 4+0.0023 +0.09%
ILC: +0.001

Mw [GeV] 80.398 4+0.025 +0.03%

TEV/LHC: £0.020/0.015

ILC:40.007

m Negligible errors for o, Gg, Mgz, ...
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Electroweak precision calculations,
why bother?

central value absolute error relative error
SiN? Gt 0.23153 +0.00016 +0.07%
ILC: +0.000013

lz[GeV] || 2.4952[GeV] 4+0.0023 +0.09%
ILC: +0.001

Mw [GeV] 80.398 4+0.025 +0.03%

TEV/LHC: £0.020/0.015

ILC:40.007

m Negligible errors for o, Gg, Mgz, ...

= Precise predictions needed to match this accuracy.

m Theory predictions sensitive to new physics via quantum
corrections.

= New physics can already be observed.
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W boson mass from p-decay

Born level
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W boson mass from p-decay

Born level
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m Need to take radiative corrections into account.
m Summarise electroweak radiative corrections by Ar.

[Marciano,Sirlin]
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Loop order
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WHAT, WHY, HOW?

W boson mass from p-decay
Born level

m Need to take radiative corrections into account.
m Summarise electroweak radiative corrections by Ar.

[Marciano,Sirlin]

Loop order
Ge _ e?
V2 o M3
B(1- WM
z

| Ar = Ar(Mw, Mz, Mg, @, ais, My, Ma, Mz, Mos ... ) |
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Z pole observables

m LEP1/SLC/GigaZ: ete” — ff@ s ~ M2.

m Radiative corrections can be absorbed into effective
couplings (up to small non-resonant contributions).
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Z pole observables

m LEP1/SLC/GigaZ: ete” — ff@ s ~ M2.

m Radiative corrections can be absorbed into effective
couplings (up to small non-resonant contributions).

f

= Meit = U705 — 1505 |Vreg

| G5y = 68 (my, o, M, Ma, Mg Mot .. ) |

MSSM PRECISION PHY SICS AT THE Z RESONANCE ARNE M. WEBER



= Pseudo observables defined in terms of G .
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= Pseudo observables defined in terms of G .

m Effective mixing angles:

2 f 1 i
sin“fd =———|(1—Re=—L
A TTo) < gf\ﬁ)
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= Pseudo observables defined in terms of G .

m Effective mixing angles:

1 eff)
-2 nf \Y _ 2
sin“f« =——|1—-—Re=2x ) =(1+ Axr)s

eff 4‘Qf‘ < ngf ( ) w
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= Pseudo observables defined in terms of G .

m Effective mixing angles:
2 pf 1 \e/ff 2
Sin“fy = ——|1—Re=—2 | =(1+ Ax)s
eff 4‘Qf‘ < ngf) ( 11 ) w

Ar(my, o, Mn, Ma, Mz, My 0,k ... )
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= Pseudo observables defined in terms of G .

M& (M, 0, Mn,Ma,mz,m o, ... )

m Effective mixing angles: sp=1- M2
1 eff II
sin? 0Ly = 0] <1 — Reg ) = (14 Ar)sg

)

Ar(my, o, Mn, Ma, Mz, My 0,k ... )
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= Pseudo observables defined in terms of G .

M& (M, 0, Mn,Ma,mz,m o, ... )

m Effective mixing angles: sp=1- M2
2 gt 1 v IIz
SiN® O - <1 — Re=—2 ) = (1 + Ar)sy,
=~ 410

Ar(my, o, Mn, Ma, Mz, My 0,k ... )

= Partial widthS'
rf — (‘geﬁ|2RQED + |98ﬂ‘2RgED)
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= Pseudo observables defined in terms of G .

M& (M, 0, Mn,Ma,mz,m o, ... )

m Effective mixing angles: sp=1- M2
2 gt 1 v IIz
SiN® O - <1 — Re=—2 ) = (1 + Ar)sy,
=~ 410

Ar(my, o, Mn, Ma, Mz, My 0,k ... )

m Partial widthS'
I'f =
= Ncro‘pf‘ ( (3 -

(‘geﬁ|2RQED + |98ﬂ‘2RgED)
2Qssy| i)’ RY™ + RRE?)
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WHAT, WHY, HOW?

= Pseudo observables defined in terms of G .

M& (M, 0, Mn,Ma,mz,m o, ... )

m Effective mixing angles: sp=1- M2
1 eff II
sin? 0Ly = 0] <1 — Reg ) = (14 Ar)sg

)

Ar(my, o, Mn, Ma, Mz, My 0,k ... )

m Partial widthS'
rf = (‘g6ﬁ|2RQED + |96ﬁ‘2RQED)
= NJO\Pf\ (415 — 2QssG|x1])*RYE° + RREP)

m Total Z width 'z, pole asymmetries A2 |, peak cross
sections o2, ratios of partial widths Ry, R ...
determined by sin® 6., and T.
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STATUS

Status of My & sin? 6. calculation

Standard Model:

m Full electroweak calculation up to two-loop order,
full O(aas), O(aa?) result.
m Leading universal terms in the relevant parameters
at O(asG2m¢),0(GEm?), O(aad).
[Freitas, Hollik, Walter, Weiglein], [Awramik, Czakon], [Onishchenko, Veretin],
[Awramik, Czakon, Freitas, Weiglein],[Hollik, Meier, Uccirati],[Chetyrkin, Kiihn, Steinhauser],
[Faisst, Kiihn, Seidensticker, Veretin], [Schroder, Steinhauser],[Chetyrkin, Faisst, Kiihn, Maierhofer, Sturm], and

many more!
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[Faisst, Kiihn, Seidensticker, Veretin], [Schroder, Steinhauser],[Chetyrkin, Faisst, Kiihn, Maierhofer, Sturm], and

many more!

MSSM in previous analyses:
m One-loop with assumptions (real parameters,...).

[Dabelstein, Hollik, Mdsle]

m Leading SM and universal SUSY O(aas) terms.

[Dabelstein, Hollik] & [Heinemeyer, Weiglein]
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WHAT, WHY, HOW? STATUS

New:
[Heinemeyer, Hollik, Stockinger, Weiglein, AMW] — JHEP08(2006)052 & forthcoming pub.

m Independent MSSM one-loop calculation for My, &
observables at the Z resonance.

m No restrictions on MSSM parameters (comlex paramters,
no assumptions about SUSY breaking...).
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= Resummation of tan 3 enhanced bottom Yukawa
couplings (Z — bb).

[Carena, Garcia, Nierste, Wagner]
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= Full one-loop calculation for Z — §99.
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STATUS

m All available beyond one-loop contributions from SM and
MSSM incorporated.
m Leading universal O(aas) terms.

[Djouadi, Gambino, Heinemeyer, Hollik, Jiinger, Weiglein]

1 %g‘,«w mﬁgw
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WHY, HOW? STATUS RESULTS CON

m All available beyond one-loop contributions from SM and
MSSM incorporated.
m Leading universal O(aas) terms.

[Djouadi, Gambino, Heinemeyer, Hollik, Jiinger, Weiglein]

o gg}m mﬁg}m
= Yukawa enhanced universal O(a?, atap, of ) terms.

[Haestier, Heinemeyer, Stockinger, Weiglein]

P -
ok o i BM
\\“// \\\
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m Resummation of reducible one-loop contributions.

[Consoli, Hollik, Jegerlehner]
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[Haestier, Heinemeyer, Stockinger, Weiglein]

ok | e ok I}
m Resummation of reducible one-loop contributions.
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m Inclusion of full SM result.

= Most precise & most general MSSM prediction for
W boson mass and Z observables!
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m All available beyond one-loop contributions from SM and
MSSM incorporated.
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= Yukawa enhanced universal O(a?, atap, of ) terms.

[Haestier, Heinemeyer, Stockinger, Weiglein]

ok | e ok I}
m Resummation of reducible one-loop contributions.

[Consoli, Hollik, Jegerlehner]

m Inclusion of full SM result.

= Most precise & most general MSSM prediction for
W boson mass and Z observables!

M ~4...10MeV  Jsin®d% ~(49...7.1) x10°°
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RESULTS

m CP-phases, in particular ¢,,, strongly constrained by EDMs.
m However, ¢At,b almost unconstrained. Barger Falk,Han,Jiang,Plehn]
= Phases often assumed to be negligible/unobservable in EW physics.
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m CP-phases, in particular ¢,,, strongly constrained by EDMs.
m However, ¢At,b almost unconstrained. Barger Falk,Han,Jiang,Plehn]
= Phases often assumed to be negligible/unobservable in EW physics.

Effect of ¢, on sin? A and Iz
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= Large shifts can be induced by complex parameters.



WHAT, WHY, HOW? STATUS RESULTS

SPS benchmark scenarios

m Benchmark points within “typical” constrained MSSM
scenarios.

m SPS scenarios fix low-energy MSSM parameters.
m here:

Mao = scalefactor - M35, Mg ¢, = scalefactor - M2%5,

A;p = scalefactor - AEES, 1 = scalefactor - MSPS,
M, » 3 = scalefactor - MISZ%
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RESULTS

My and sin? 6 for varied SUSY-scale

80.480 FrT T T I [T I T I T IIITT A L LA R R LR R A RARARAAA RAAAN LARRI A
£ oo sty ] 0BIF R 3
80460F oo E 3 ]
o 2 R
£ - 3 £ — PS5

B1TE

80440F 027
< - R s s R
3 804nE ERRC OGS e
9 i I /Ve//’ sin, = 023153+ 0,00016]
3 £ b 3
S 804005, s : . g E F 1
EX M e803082005Gev]  02313F /7 E
\ 3 ]
80.380F BN 4 =4 E
St r 3]
3 i ER LS E

80360 P e S E 3
[ T T o E =
80.340F 02309 ]
S FYYTT Y FYNTU Y FYRTY FYYTE PR VST IOT AT OO Bl bbb oo oo b b, d

20 40 600 800 000 1200 1400 20

m; [GeV] m; [GeV]
i 1

= Slight preference for light SUSY from My .
= No clear preference for light SUSY from sin® fcf.
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RESULTS

My and sin? 6 for varied SUSY-scale
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= MSSM slightly favoured over Standard Model from My .
= No preference for MSSM from sin? O
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WHAT, WHY, HOW? RESULTS

Scatter plots for My & sin? O

m SUSY parameters:

, =100...2000 GeV
= 100...2000 GeV

sleptons
light squarks

™
TR T

’
up/down

/ =100...2000 GeV

F up/down

A¢p = —2000...2000 GeV
gauginos : M, =100...2000 GeV
mg = 195...1500 GeV
@ = —2000...2000 GeV
Higgs : Mjp =90 — 1000 GeV
tang=1.1...60

s

< £ L
™

t/b doublet

™

m Unconstrained scan, only Higgs mass required to be in
agreement with LEP data.
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My (m;) and sin? feq(m;) in the MSSM
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= Preference of MSSM over SM from My .
= MSSM and SM equally good for sin? fe.
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RESULTS
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— Combination of My, and sin? 6.5 slightliy favours MSSM.
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= G. Weiglein, SUSY 07
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m Electroweak observables and dark matter constraints:

m Best fit for to current data for low mass scales.
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= G. Weiglein, SUSY 07

m Global mMSUGRA fits:

m Preference for light SUSY for “natural” priors.
[Allanach, Cranmer, Lester, AMW]

= B.C. Allanach, SUSY 07
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Outlook & current projects

m Extend computation and analysis to non-minimal
models.

m Preparation of public computer code “SUSY- POPE”.
m LHC precision analysis projects:

m “KISMET”
[Allanach, Cranmer, Lester, AMW], see B.C. Allanach SUSY '07

m “Mastercode”
[Buchmdiller, Cavanaugh, Heinemeyer, Isidori, Paradisi, Ronga, AMW,

Weiglein], see O. Buchmiuller/F. Ronga SUSY '07
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