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W-boson mass
Electroweak precision observables
My ,) sin? O, Q...
Highly sensitive to quantum effects of 'new physics'
Precise measurement & precise theoretical calculation needed

Test models

Constrain model parameters
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W-boson mass
Electroweak precision observables
My ,) sin? O, Q...
Highly sensitive to quantum effects of 'new physics'
Precise measurement & precise theoretical calculation needed

Test models

Constrain model parameters

Outline of this talk
Theoretical prediction of the W-boson mass in the MSSM
Analyze effect of SUSY particles on the My prediction
Effects of LHC results on the My, prediction
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Experimental measurement of the W-boson mass

Further improvement

Most accurate measurement from Tevatron e

Combination with LEP World average: ~ >°° @Y T-Kurea

Ma}/(p = 80.385 £+ 0.015GeV

Improvement at the LHC possible but very challenging

. ] } i — See talk by A. Vicini
Great improvement possible at a linear collider

Measurement with ~7 MeV uncertainty plausible at LC
Improvement in the top mass measurement

LC goal: 100 MeV precision

Higher accuracy of theoretical My prediction
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Determination of the W-boson mass

Comparison of muon decay in SM

and Fermi model gives:
Gr __ & (1 4+ Ar(Myw, Mz, my, ... X))
\/5 88%VM%V Wt Z 5 1Ty -

Gr, e, sw known with high I /
W

Ve

precision
X model dependent!

Precise calculation of Ar needed to
test model and constrain model e
parameters!

Vi
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Calculation of Ar

1-loop calculation of Ar in the MSSM and the NMSSM

» General (N)MSSM, complex phases, CKM mixing (MFV)

Incorporation of all known SM and SUSY higher order
corrections

To make use of advanced SM calculation:

AT(N)MSSM _ ATSM —|—ATSUSY

Most precise MSSM prediction for the W-boson mass

Easy to extend to other models
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SM contributions to W-boson mass

ArSM = Ap(@) 4 Apleo) 4 Aplaad) 4 Aple
+ AT(GQQ mt) + AT(GBmt) + AT(G mt )

Ar{® : 1-loop contribution
Ar(eas) ¢ Ap(@ad) - 2_and 3-loop QCD correction

Arf(er )+ Ar(o‘ )" fermionic and bosonic electroweak

2-loop correctlons (fitting formula)
Ap(Grasmi) o+ Ap(Gim?) - 3-loop top quark contributions

Ap(Gumial) . 4-loop QCD correction
QCD corrections enter at 2-loop level:

“— Large corrections beyond 1-loop order
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Calculation of Ar

1-loop calculation of Ar in the MSSM and the NMSSM

» General (N)MSSM, complex phases, CKM mixing (MFV)

Incorporation of all known SM and SUSY higher order
corrections

To make use of advanced SM calculation:
AT(N)MSSM _ ATSM 4 ATSUSY

Most precise MSSM prediction for the W-boson mass

Easy to extend to other models
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SUSY contributions to W-boson mass

1-loop contributions from MSSM Higgs, sfermions,
charginos and neutralinos
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Supersymmetric two-loop contributions:

» SUSY QCD corrections of O(ac)
(S)quark loops with gluon and gluino exchange

* Yukawa contributions
(S)quark loops with Higgs and Higgsino exchange

Leading reducible two-loop corrections

?Lb .\?’;B FB/.’.\,B fb EB
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Detailed parameter scan

Parameter Minimum Maximum
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W-boson mass prediction in the MSSM

80-60 | T T T | T T T | T T T I T T T l | T T l A
- experimental errors 68% CL.:
LEP2/Tevatron: today MSSM
i HiggsBounds
i allowed
80.50 |-
> i
()
0] i
= i
=
80.40 -
- )4
L—A
80.30 _SM MH =125.6 £ 0.7 GeV MSSM, HB allowed
B SM, MSSM E
Heinemeyer, Hollik, Stockinger, Weiglein, Zeune 12
| 1 | | | 1 1 1 | 1 1 1 | | 1 1 I | 1 1 I |
168 170 172 174 176 178

m, [GeV]

MSSM region:
allowed by

HiggsBounds ™
and PDG limits on
SUSY particles,
neutralino LSP

Overlap region
(SM and MSSM):
After Higgs
discovery SM band
very narrow

* P. Bechtle, O. Brein, S. Heinemeyer, O. Stal,
T. Stefaniak, G. Weiglein and K. Williams
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W-boson mass prediction in the MSSM

2
Arl-loop — Ao — CTWA[) — Arrem

S
W 80.60 T T T T T
Largest SUSY contribution: | A L
~ = . . evatron: today
t, b COntrlbUthn tO i HiggsBounds
i allowed 2
A W 80.50 -
Ap_ET(O)_ET (O) _ 5- .
_ 2 2 3 — —
Mz My, e
i _r = i
Sensitive to mass splitting 8040
between stops and sbottoms
Very large values for My, 1050 SMIM, = 125607 GeV ooy rpaiones
pOSSible for : Heinemeyer, Hollik, Stocklnger,svl\\lllélgllleslr?'\zﬂeune12:
. . . ~ ~ 1(158I I I1;0l | |1;2] | I1;4I | I1;6I | I1;8l |
» Large mixing in ¢, b sector m, [GeV]

« 11 or b, relatively light
» Restriction: mg, /mg, < 2.5, my /my < 2.5
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Impact of a Higgs at 125 GeV
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The discovered Higgs boson can in the MSSM be interpreted
both as the light or heavy CP-even Higgs

In both cases My, prediction in good agreement with current
measurement
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Contribution from SUSY particles

Effects from charginos, neutralinos and sleptons:
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Contribution from SUSY particles

Effects from charginos, neutralinos and sleptons:
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Impact of stop and sbottom mass limit
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Limits on stop and sbottom masses would decrease the possible
size of the SUSY contributions

Myw prediction in good agreement with exp. measurement
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Conclusions

Precise prediction of W-boson mass in the MSSM
Size of SUSY contributions:

» Largest contribution from stops and sbottoms
— Limits on 3rd generation squarks have large impact on Ay,
— No restriction possible

* Light sleptons and charginos, neutralinos give sizable
contributions — sizable shift compared to SM even for very
heavy squarks

Both MSSM interpretations of a Higgs at 125 GeV give
W-boson mass prediction in good agreement with
measurement

Current value favors non-zero SUSY contribution

Higher precision needed to distinguish between models
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Back-up slides
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Stop contribution | TSl

o If stops are heavy:
/ » Still sizable SUSY
3050 ¢ contributions from:
— sleptons
—
i 80.45 Chargin_os,
= neutralinos
+ remaining
80.40 contributions from
stop, sbottoms
8035 500 1000 1500 3000
mi. [GeV] measurement

All HiggsBounds allowed points
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Stop contribution

R O LHC bounds on
S~ squarks and gluinos
e : z % have very little
80.50 |4 .
) impact on W-boson
= mass prediction
g. 80.45
=]
50.40
80.35 | i 0% 1500 2000
mj, [GeV]

+ squarks and gluinos heavier than 1200 GeV
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Stop contribution

80,55 If sbottoms are
r : | heavier than
ol I S T 500 GeV:

Very large My,
values impossible

Good compatibility
with experimental
result

5035 500 1000 1500 3000

+ sbottoms heavier than 500 GeV
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Stop contribution

80.55 , , , With
| | | myg ~ 500 GeV
wsol S S ]
Neutralino LSP my, > 9500 GeV
;% ; remaining My
t. BO45 L .. ........................ ............................. Contrlbutlon from
= T I | | stop — sbottom
s I sector can still be
o ' 0 sizable
[SM . . _
-5 500 1000 1500 2000

mj, |GeV]

+ sleptons and charginos heavier than 500 GeV
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New measurement of the W-boson mass

Mass of the W Boson New CDF Result (2.2 fb™)
Transverse Mass Fit Uncertainties (MeV)
Measurement ; M,, [MeV]
i E’.'I(:‘ff.l'f'ﬂ.i'l"_'l' muaons camimon
CDF-0/I —® 80432+ 79 W statistics 19 16 0
Leplon energy scale 10 7 3
D@- | L 80478 + 83 Lepton resolution A | 0
DG-Il (o) 1 o 80402 + 43 Rec 1].| encrgy scale 5 5 i
| Recoil energy resolution 7 7 7
CDF-Il e2) —&- 80387 + 19 Selection bias 0 0 0
3 Lepton removal 3 2 2
DG-Il  @aw) — - 80369 * 26 Backerounds 4 3 (I
Tevatron Run-0/1/11 -9~ 80387 + 16 pT(W)model I 3
| Parton dist. Functions 10 10 10
LEP-2 '—.—' 80376 + 33 QED rad. Comrections 4 4
World A : Total systematic 18 16 15
orld Average @ 80385+ 15 Total 26 23
‘ 1 1 1 3 ‘ L 1 1 |
80200 80400 80600
MW [MeV] March 2012
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W boson mass predlct|0n SI\/I

80500 Complete 1 LDD[J Re%ult - s0.50[ | Full Result including
[ ,
| [ Corrections beyond 1-Loop
20,45} : My 173.3 £ 1.1 GeV ] 8045: :
l oy N
T ap N U exp .
04001 \\ My" = 80399 + 0.023 GeV 8040l My" = 80.399 + 0.023 GeV
> : e = L
|
|
[‘D_— B0.35F I 9. 5035
= | =
= ! =
80.30F | 80.30
|
I
| I
80.25p ! 80.25}
! [
| ;
BO20F, , , , R 8O.20f , , , , R
200 200 600 800 1000 200 400 600 80D 1000

My, 1GeV]| My, [GeV]

» Corrections beyond one-loop cause downward shift of more than 100 MeV
» Dominant contributions: Ar(@®) + Ar(#%) (2 14% of Ar(®)
A% (~ 9% of Ar(®)
» Preference for small SM Higgs masses
> No overlap between 10 band and theoretical prediction for mp,, > 114 GeV

» Dominant theoretical uncertainty from m; (higher order uncertainty 4 MeV)
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Full Ar formula

SEW(0) — Re (S (Mg, 2, SEA(ME) WM,
Ar = 1 () erE 1 ( ”))+HAA(O)—F? Re 1 (QZ)_ T (2 Hr)
inv_{”; S H’T ;'Vf Z 4'1‘{ H’?
sw 242(0 1 .
+ 2 fug ) + Vertex + Box — 5Re (27.(0) + 25 (0) + 24 (0) + £7#(0))
CM;" 1V VA
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