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= The global electroweak fit
- fitter _ with Gfitter

e State of the art implementation of SM predictions of f
EW precision observables

- Based on huge amount of pioneering work by many people

- Radiative corrections are important 12N 5 12

- Logarithmic dependence on M, through virtual corrections

* In particular:

- M, : full two-loop + leading beyond-two-loop corrections

[M. Awramik et al., Phys. Rev D69, 053006 (2004) and refs.] (Theoretical uncertainties: 'Y,Z/W V,Z/W
AM = 4-6 GeV)

W/H,Z
- sin?8l: full two-loop + leading beyond-two-loop
corrections H
[M. Awramik et al., JHEP 11, 048 (2006) and refs.] (Theoretical uncertainties: Asin?0 !’/ \\\
| «=4.7-1075) \ |
AY 7/
- Partial and total widths of Z and W: based on aVAVAVAVAVAVAVAY R VAVAVAVAVAVAVAVS
parameterized formulae Z/W Z/W
- [Hagiwara et al. (http://arxiv.org/abs/arXiv:1104.1769)]
- Small additional correction factors, determined from a comparison with
the Fortran ZFITTER package [Arbuzov:2005ma,Bardin:1999yd], are used for H
M,> 200 GeV. PRI
/ \
- Radiator Functions using 3NLO calc. of massless QCD ZIW ZIW
Adler function ZIW

[P.A. Baikov et al., Phys. Rev. Lett. 101 (2008) 012022]
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Set of parameters, which are relevant
for the electroweak analysis:

- Coupling constants:
- electromagnetic (a)
- weak (G;)
- strong (o)
- Boson masses
- M, My, My, My
- Fermion masses:

- Leptons: mg, m, m;, m,, m,,, M,

ver 'y

- Quarks: m, m, m, my, m,, m,

Some basic can be

imposed

simplifications

Electroweak Parameters

Massless neutrinos

- mve=mvu=mvr=0

Electroweak unification
- Massless photon: M, =0

- My, is a function of M, and the
couplings a and G¢

Fixing parameters with insignificant
uncertainties (e.g. G; precisely measured)

Leptonic and top contribution to running of a
precisely known or small

- replace a by Ao, 4
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fi’[’[r ' Experimental input

* Free fit parameters Parameter Input valae irz
, (5)(I\_2 2
Mz, My, my, 8ap54(M77), as(Mz%), me, m, Mz [GeV] 01,1875 + 0.0021  yes
- Scale parameters for theoretical uncertainties on M, L'z [GeV] 24962£0.0023 -
. 0 _
sin0/ 4 (and the EW form factors r/, k) Thaa [oP] 415404 0.037
R} 20,767 & 0.025 -
At 0.01714 0.0010 -
* Latest experimental input 4, ) 01499400018 -
A, 0.870 £ 0,027 -
- Z-pole observables: LEP / SLC results A 0.023 4 0,020 ~
- new top mass combination from Tevatron mtop=173.2%0.9 Az 00992+ 00016 -
GeV from July 2011 (EPS11) R 01721400030 -
latest Tevat Hi binati . to 8.6fb-1 R) 0.21629 £ 0.00066 -
a;s 116()\/;;50;8 iggs mass combination using up to 8. v, Qrs) 0 93744 0.0012 ]
drAlVv: .
A M.2) includi I iable BarB " My [GeV] 80.300 4 0.023 -
- new A, 4(M,?) including e.g. all available BarBar reults T [GeV] . _
arXiv:1010.4180
f' Its £ , h h . [GeV] 1274000 yes
- irst results from Higgs mass searches at the LHC: 775, [GeV] 4904017 Jes
ATLAS (arXiv:1106.2748) m, [GeV] 173.2 &+ 0.9 yes
CMS (arXiv:1102.5429) Aa oy (M3) (12) 2749 £ 10 yos
as(Mz) - yes
Opp My [MeV] [—4,4]ihea yes
5bhsin29£ﬂ 1) [—4.7,4.7theo yes
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G f”:tr I Input from Direct Higgs-Searches

average neglects correlations

* Include Results from the 2010 LHC run ~§13 L L B B L L L L L
- ATLAS (combining six different final states) «© 16 Direct Searches at LEP
- CMS (H QWW 9 |V|V) --m-- Direct Searches at Tevatron

14 Direct Searches at ATLAS —:
----- Direct Searches at CMS N
e 12 LEP, T , LHC combined e
* Assume SM to be true to test compatibility evatron, LHC combine . ]
with the data 10 . E
- Transform the one-sided confidence level, 8 % =
CL,, into a two-sided confidence level, ¢ Foo =
C|2-sided 3 -'. .
s+b* 4 : Y o —]
- reduces the statistical constraint from the . w o .
. . 2 ) ;”_...‘_b "_‘_:,-‘..___ y . p—
direct searches compared to one-sided CL,,, . T BT S e Mo i
5 Nyl = .I-;.J--'_I."J."‘h"lrblll T B T SR |II"J"-,l Loeheodisileodebeke ) l‘.-"l'T.I‘"I-_.
%90 120 130 140 150 160 170 180 180 200
* The contribution to the x2 estimator minimized Plot does not contain the latest EPS Results M, [GeV]

in the fit is obtained from
5)(2 — 9. [El‘f_l(l _ CL:;ﬁjdEd)F

- No correlations are taken into account
among LEP, Tevatron and LHC results
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Standard Fit Results

X2 = 16.7

13 degrees of freedom
Prob(x2,,,13) =0.21
Complete Fit Results

X2min = 17.6

14 degrees of freedom
Prob(x2,,,,14) =0.23
Probabilities  confirmed

by pseudo Monte Carlo
experiments

Improvement in the p-
value of the complete fit
due to increased best-fit
value of the Higgs mass in
the standard fit

new result reduces the
tension with the direct
Higgs boson searches

RD

lep

I\OI

FB

A(LEP)
A(SLD)
S|n2®'e'°'(Q )

0,c
AFB

AP

FB

(5)
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3 3 3

SM Fit Results (1/2)
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‘ SM Fit Results (2/2)

 Determination of M, and sin?6 excluding all A(LEP) | Efterl- " 162777
the sensitive observables from the standard A(SLD) . 54°%
fit except the one given 0 186
p g Arg 559 32
- +62
. . 0b I\’IW = 45 .22
* Largest tension in both observables from A"
Standard fit —=— 95>
6 10 20 107 2x10? 10°
M, [GeV]
; 80.55 C T T T T ‘ T T T T T T T T i\ T T | T T T T | T _] ol LI L B B B l:l T LA B B B L
i w05 - [€ fitter|sv? 1o band for m, , WA E Aee . B |—.—¢ i 0.23099 = 0.00053
= ~ 68%, 95°/'o, 99% CL fit contours i ” A {LEP) |
= E excl. My, m, incl. Higgs searches E R B I _.5 — | 0.23159 = 0.00041
8045 1o band for M,, WA — ASLD) ——— 0.23098 + 0.00026
80.4 %" '''''''''''''''''''''''''''''''''''''''''''''''''''' g o f*ig e 0.23221+ 0.00029
80.35 - 68%, 95%,99% CL i - Agg —— 0.23220 + 0.00081
— contours excl. M . P Riopt 427 2008 267-254 | : ]
C _ Qqred :
80.3 — = O —— i 0.2324 = 0.0012
B =t . LEP/SLD Avg. B : | ,
80.25 — . e o e I-6-| 0.23153 = 0.00016
u oot . o B ; N 00
C A\b:_,— T 4 . EW Fit w/o Higgs S. —— 0.23115 *000031
80.2 7_}’&\(‘ - QG"'\! QC"*:’ - i themis] | : | D 00031
e @.f'ﬁ M"Q 5 7 EW Fit w Higgs S. tei 0.93147 *-00012
80.15 e e T [ L It treesic] T N - 0.00010
140 150 160 170 180 190 200 0.23 0.231 0.232 0233 0.234
m, [GeV] sin0.,,
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B )

G ' SM Higgs Results (1/2)

« Ax? estimator for the standard and complete fits % B L
xS DO ®
versus M, £ g 3
e i 5
M, =957 _*_'1’1: GeV (Standard Fit) 75 s
: - g
6
Y +21] . =
M, =1257 7, GeV (Complete Fit) 55
4 CAPAVE - W
* The errors and limits include the various theory 3f Theory uncertainty
. . = Fit including theory errors
uncertainties that taken together amount to 2 | - Fit excluding theory errors ]
approximately 8 GeV on M,, . | SO, VYl T L
E = ‘ Il 1 1 ‘ Il 1 Il 4
0 50 100 150 200 250 300
e The standard fit value for MH has moved by +12 M, [GeV]
GeV as a consequence of the new Aal®), _,(M,?) o, 20 e
T B € fitter- ¢
* Using the preliminary result Aa®),_,(M,?) of k. 16 = : 4o
Hagiwara, R. Liao, A. D. Martin, D. Nomura and T. Teubner, 145
1105.3149, we find 28
10 &
3 oo % 3
M, =887, GeV o °
6
o~ " __Fitincluding theory errors | 2°
2= ---- Fit excluding theory errors
200 250 300
M, [GeV]
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G SW Higes Resuls (2/2)

N
i i & 7000 [ T _
* We did not include the latest ATLAS and CMS results e e el fitterl..i | =
. . . £ B 1 =
- Combination not trivial anymore S 6000 [ o 1 g
a C x? distribution for n, =14 - z
3 5000 — {777} Toy analysis incl. theo. errors j0.8 o
o |n the meanWh”e é‘ ; Toy analysis excl. theo. errors s E
. O 4000 [— —j06 8
- P-value versus M,, of the standard electroweak fit § r 1 &
as obtained from pseudo-MC simulation. £ 3000 — o
. . 4 - 19
- The error band represents the statistical error 2000 | s e 035+ 0001
from the MC sampling size - .........;;;;; p"'alue'o'ws’u'om Z
1000 — ) ] p-value =0.198 + 0. i
E / pirf Gata ?//////;}/!}-"E-
° S | H 07 ',"'r:.A.A.A,A,AAA/A:}.///IIJ"I;"II?ZE?‘:—?E'» RSN R |70
ome speculations 0 5 10 15 20 25 30 35 40 45
- my=140*x0GeV: p=Prob(18.95, 14)= 0.17 Yo
- my=140=%x30 GeV: p=Prob(18.1,14) = 0.20 o 1 B
2 c [€] fitter|..|:
= e
a L S S R 1o
L \ || Toy analysis (1c error band)
107 £
: 370
VOVIIIY, 5 &
10° = g 3
c S )
E g b
C 3 p
LS £ BEE—— s
- TR
| [
10'3 1 | I L L L ‘ L 1 1 1 | it L L L ‘ L 1 1 L | 1 L L 1
50 100 150 200 250 300

M, [GeV]
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A

Indirect Determination of

_ flttr ' m,, m,, and o

o 10 :\ T ‘ll ‘ T 1T T F'.\ T T 1T ‘ T 1T | T T ‘ rT 1T ‘ T 1T | T T ‘ \>I:
* Indirect Determinations g o Vi T | SN ] fitter|s
- Perform (complete) fit for each parameter or ob- e\ i ] Fitexcluding Higgs searches E
servable, obtained by scanning the profile likelihood JE [ Fitincluding Higgy searches E
) A A . E Fit assuming MH:120 GeV 4
without using the corresponding experimental or s b o Teustron m'™ [aafiiv:1107.5255] =
phenomenological constraint in the fit SE { —- DO Cross-secfion-based det. [arXiv:1104.2887] |
E using approx. NNLO of [Phys Rev.D.80,054009]
) ) . L . S A 20
* W mass is 1.60 below and exceeds in precision the JE s
experimental world average - E
a012 . 10 RN TN e 1
M, =80.3607 GeV (Complete Fit) g \ Rt 1"
T o - 0 \III‘\\II'\\\\‘\II . " -"\‘1 I I | ‘ I | | I ‘ L1
. . . 155 160 165 170 175 180 185 190 195 200
* Allowed 1o regions are found from the indirect m, [GeV]
constraint of the top quark pole mass in the e 10 LN T g T
complete fit e --.."-,.; ....... [ I Fitexchiding Higgs searches. .. § . AS1TIEr|sy] 30
8 = i.. D Fit including Higgs searches é
mr = IT?‘E-—:::':' GEV [CDH‘I}'J]E‘-'[E Fit] . ; “';-.‘ Fit assuming M, =120 GeV i é
- = ‘.- ‘_‘ =@~ World Average [arXiv:090&1374]:' —
: 6 — g —
* N3LO ag from fit - :
5 K —
a, =0.1193 = 0.0028 (Complete Fit) S | LN S Ry A Eki
3 ]
- Negligible theoretical uncertainty aF E
- Excellent agreement with result N3LO from t- B NN 1o
decays 0 E R R I BN | . ol afhe PRI T S T N -
80.28 80.3 80.32 80.34 80.36 80.38 80.4 80.42

M,, [GeV]




i’[’[r i, Conclusion & Prospects

* Gfitter is a powerful framework for HEP ™

model fits. T 3
8 3
- Latest results/updates and new results always E [ FitincludingfHiggs searches E
available at: http://cern.ch/Gfitter o Fit assumiffs M, =120 GeV E
;_ -@- Davier et .. [arXiv:1010.4180] ; _§
3 E . .._Hagiwar?" Et al. [arXiv:1105.3149] §

* Results shown e | o ER
3 b —
- New & updated global fit of the electroweak SM E E

- Very happy to see first LHC Higgs results included ) S AN A S— o
in EW fit ! S . i R ol

. . 09024 0.025 0.026 0.027 0.028 h(;.029 0.03 0.031 0.032
- SM Higgs mass strongly constrained. Ao (WP)

- Light Higgs very much preferred by SM.

Updated Status of the Global Electroweak Fit and Constraints on New
Physics
* The future o0 oen

M. Baak, M. Goebel, J. Haller, A. Hoecker, D. Ludwig, K. Moenig, M. Schott, ). Stelzer

We present an update of the Standard Maodel fit to electroweak precision data. We include newest experimental results on the

- M a I nta I n a n d eXte n d eX I Stl ng fl ts top quark mass, the W mass and width, and the Higgs boson mass bounds from LEP, Tevatron and the LHC. We also include
. a new determination of the electromagnetic coupling strength at the Z pole. We find for the Higgs boson mass (96 +31 -24)

GeV and (120 +12 -5) GeV when not including and including the direct Higgs searches, respectively. From the latter fit we

indirectly determine the W mass to be (80.362 +- 0.013) CeV. We exploit the data to determine experimental constraints on

= U p d ate Wit h | atest Tevat ro n a n d L H C res u |ts the oblique vacuum polarisation parameters, and confront these with predictions from the Sta rd Model (SM) and selected

SM extensians. By fitting the oblique parameters to the electroweak data we derive allowed regions in the BSM parameter

. . spaces. We revisit and consistently update these constraints for a fourth fourth fermion generation, two Higgs doublet, inert
- 20 1 1 . S U SY resu |ts an d/o r H i S- D iscover Higgs and littlest Higgs models, models with large, universal or warped extra dimensions and technicolour. In most of the
. gg y models studied a heavy Higgs boson can be made compatible with the electroweak precision data.

Comments: 58 pages, 27 figures, submitted to EPJ-C

License http:/farxiv.org/licenses/nonexclusive-distrib/1.0/
. . . Cat::quries ) )
* Much more and detailed information to be N e .

found in our recent publication e i b ey boen st
- http://arxiv.org/abs/1107.0975
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fi’[’[r ' Oblique Corrections

» Gfitter Beyond Standard Model Package
- At low energies, BSM physics appears described through STU parametrization

Oblique corrections from New Physics

corrections

- Called: oblique corrections ' f

* Obligue corrections reabsorbed into
electroweak parameters - S-Parameter: New Physics contributions to
neutral currents
e Ap, Ak, Ar parameters, appearing in - (S+U) Parameter describes new physics
- My/? sin®84, G, a, etc processes to charged current processes

- T-Parameter: Difference between neutral
and charged current processes — sensitive to
weak isospin violation

* Electroweak fit sensitive to BSM physics
through oblique corrections

X

- U-Parameter: (+S) New Physics contributions

1ZW e ZIW to charged currents. U only sensitive to W

e In direct competition with sensitivity to Higgs mass and width, usually very small in BSM
loop corrections models (often: U=0)

A * Also implemented: correction to Z—>bb

o - o coupling, extended parameters (VWX)

i [Burgess et al,, Phys. Lett. B326, 276 (1994)]

[Burgess et al., Phys. Rev. D49, 6115 (1994)]
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fi’[’[r ' Fit to Oblique Parameters

. S,T,U obtained fromfit to EW observables

[ e L L L L NN LB RSP 7 0 L B
FE  95% CL fit contours
0.4 == [) Asymmetries & sin’0_,
* Results for STU: 03 [1zwidhs
- §=0.04+0.10 0_22—
- T=0.05+0.11 01
- U=0.08£0.11 0
0.1
= 73.3+ 1.1 GeV
. . 0.2 &
* SM prediction osl
- SM, chosen at: M, = 120 GeV and m,= 173.1 GeV 04 gk et
- i 1 = & :1 e v b b by b P Py By a4
ThlS deflnes (S’T'U) - (O’O’O) 0'§0.5 04 -03 -0.2 0.1 0 0.1 0.2 0.3 0.4 0.5
- S, T: logarithmically dependent on M|, o s
= U ETTITA IR L LI ERREOERREH EERE ERRNERAT T
04 =
» Comparison of EW data w/ SM prediction: osE E
- Preference for small M, 0.2 = (1 2120 GoV, m.=173 GoV, U -
- No indication for new physics BE E
0 3
o1f M, L% %), Gev £
* Many BSM models also compatible with the EW data: o2E et E
- Variation of model parameters often allows for large 03 F =
H E  68%, 95%, 99% CL fit contours 3
area in ST-plane 04 = (4 2120 Gev, m <173 GeV, U free =
° - . - -l Ci1 11 | 1111 I 1111 | 1111 I 11 1 1 I L1 1 1 | bkl I e | I 1111 I 11117
- Tested: UED, 4" fermion generation, Littlest Higgs, %%5 04 03 02 01 0 01 02 03 04 05
S

SUSY, Two-Higgs-Doublet Model, Inert HDM, etc.
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fi’[’[r ‘ 4th fermion generation

« Models with a fourth generation [H. He etal,, Phys. Rev. D 64, 053004

Sequential Fourth Fermion Generation

- No explanation for n=3 generations SRR AT T R A R
- Intr. new states for leptons and quarks 04 :
- % 0.3 ;_ m, =200 GeV, m =120 GeV, m =400 GeV ;
| — 0.2 E_ ° mu,fseo GeV, M"f1206ev _E
- Free parameters: 01 3 maeisoGev b 400 Gev i
- masses of new quarks and leptons sE. 3
- assume: no mixing of extra fermions el N\ E1100, 1000] fev 3
E m,,,m,,\E[200, 1000] GV
0.2 — =
e Contrib. to STU from new fermions 03 - AT -
. P . E  68%, 95%, 99% CL fit contour. Uil =
- Discrete shift in S from extra generation 04 £ (4 120 Gev, m, = 173 GeV) E
.o, . . SN U WU TS WU W S W U A A S M U S A Y B b
- Sensitive to mass difference between up- and ©0%5 04 03 02 -01 0 01 02 03 04 05
down-type fields. (not to absolute mass scale) s

 CDF+DO0 & CMS: SM4G Higgs partially excluded:
- CDF+DO0: 131 > M, > 204 GeV @ 95% CL
- CMD: 144 > M > 207 GeV @ 95% CL

* Fit-Results:

- With appropriate mass differences: 4th fermion model
consistent with EW data (large M,, is allowed)

- 5+ generations disfavored

- Data prefer a heavier charged lepton / up-type quark
(which both reduce size of S)
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Full SM-Fit Results

Free Resolts from global EW fits: Complete fit wic
P f Input val
arameter aput vatae in fit Standard fit Complete fit exp. inputin line
Mz [GeV] 011876+ 00021  yes  91.187440.0021  91.1877 +0.0021 01,1083 +] 013
Lz [GeV) 24052 4 0.0023 - 240504 0.0016 2.4955 40,0014 240510 0T
a4 [nb] 41.540 + 0,037 - 41,478 4 0,014 41,478 + 0.014 41,460 4 0,015
B} 20.767 & 0,025 - 20.743 + 0.018 20.741 £ 0.018 20.718 X0 05k
At 0.0171 + 0.0010 - 0.01641 % 0.0002 0.01620 +]-0002 0.01606 +0.0001
Ay ) 0.1409 £ 0.0018 - 0.1479 % 0.0010 0.1472F 70008 -
A 0.670 + 0.027 - 0.6683 *1-0002 0.6680 ] o0l 0.6679 1000052
0.00008 0.00002 0.ooo0oy
A 0.923 + 0.020 - 0.93470 ¥ tioos 0.93483 ) Dhine 093463 (oobs
Akt 0.0707 £ 0.0035 - 0.0741 £ 0.0005 0.0737 X0 ooos 0.0738 £ 0.0004
ok . 3
At 0.0992 4 0.0015 - 0.1037 £ 0.0007 0,1035 *-500s 0.1038 50052
R 0.1721 = 0.0030 — 0172264000006 017236 +£0.00006 0.17226+ 0.00006
Ry 0.21629 4+ 0.00086  — 0,21678 +-0oo0e 0,21677 +0aanes 0.21577 25 8ho0s
sin®g (QrE) 0,2324 4 0.0012 - 0231414000012 0.23150 730002 023152555608
° 1174 . +30[+ 4] +8[+21] +30[+74]
My [Gev1(®) Likellhood ratios  yes 95 e 126750 95 e
My [GeV] 80.399 4 0.023 - 80,3820 03 80,368 0007 80,360 F102
Ty [GeV] 3.085 + 0.042 - 2.003 + 0.001 3.002 £0.001 2.001+5 052
. [GeV] 1272007 yes 1a7X00r 12728 -
7y [GeV] 420047 yes 4204018 420018 -
my [GeV] 173.24+ 0.9 yes 173.3£09 17365+ 0.9 177.2 F23(%]
Act, (b2yU18) 2749 + 10 yes 2750 4 10 2748 + 10 3716452
oy (M2) - yes 011024 0.0028 0.1193 +0.0028 0.1193 + 0.0038
Spp My [MeV] [—4,4)thes yes 4 4 -
B siniy (1) [~4.7,4.7]hee yes 47 4.7 -

(*)Average of LEF (4, = 0.1465 + 0.0033) and SLD (4, = 0.1513 £ 0.0021) measurements. The fit w/o the LEF (SLD)

+0.0010

measuremeant but with the direct Higes searches gives Ae = 01471 X5 s (4e = 0.146?’:8;8831)_ ()1 brackets the 2o. ‘MPIn
units of 10~%. ®Rescaled due to o, depandsncy. ““'Ignoring a second lese significant mindmum, of fig. 77 and the result of

aq. (77
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