4 )
[ ]
The global electroweak fit after the
[ ]
discovery of a nhew boson at the LHC
1\ /
Roman Kogler

oot -~ (University of Hamburg)

'k had : %; % %95%
. for the Gfitter group 3
5 10756 ) W'W S

P § o
S S L, HECAP Seminar o
0 20 40 60 (i(}ntrel-g;)-m;:sﬂene:(; (G1e6‘(])) 180 200 220 110 115 120 125 130 135 mL4(OGe\})45
ICTP. Trieste, Nov 26,2012
The Gfitter group: M. Baak (CERN), M. Goebel (DESY), J. Haller (Univ. Hamburg), A. Hocker (CERN), D. Kennedy (DESY),
R. K. (Univ. Hamburg), K. Monig (DESY), M. Schott (CERN) |. Stelzer (DESY)
U'Hm Roman Kogler | The global electroweak SM fit [<] fitter |




Predictive Power of the SM

Tree level relations for Z — f f

—h |

0 0 0 .
g(v?f = gé} + gl(%j?f Ig — 2Qf sin? 0

0 0 0
93y = gy — gy = 11, Z
with the weak mixing angle: B '
o _ My ifY" (v, — 9a,575) fZ,
sin“ 6y, = 1— —5
M2
Z
. . T
Electroweak unification connects the Gr = 0
electromagnetic and the weak coupling ﬂ(Mé?)Q (1 — %)
strengths
: M2 Ji¥e!
...and My can be expressed in terms of M2, ==Z [1+4/1— 5
M7z and Gr 2 GrMz

Electroweak sector of SM is given by three free
parameters, for example o, Gr and M7
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vertices

Radiative Corrections

[J [ ] (] W
Modification of propagators and f WWV*V\/MW
f/f

WH,Z

» Parametrisation of radiative corrections:

electroweak form factors p, x, Ar

H

H I, \\
» Effective couplings at the Z-pole: WW VWVWAASARMAWY
ZIW ZIW ZIW ZIW
ZIW
gv,f = \/pé (Igf — 2@/ sin? Hgﬁ) o 5
W
ga; =\ ry13 t
vz W
sin? Hgﬁ — KL]; sin? Oy e b

» Mass of the W boson:
2 1+ A

» p, K, Ar @

2 GrM2

epend nearly quadratically on m; and logarithmically on My

Precision tests and constraints of the SM
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Electroweak Fits

Electroweak Fits to precision data have a long tradition

» Huge amount of work to precisely understand loop corrections in
the SM - can only outline a few of the recent results here

» Most observables known at least in two-loop order, sometimes
leading order terms of higher order corrections available

» Parametrisation of computationally intensive results used in fits

» Precision measurements crucial, after the LEP/SLC era results from

Tevatron and LHC become available 00l ]

Electroweak Fits routinely performed
by many groups

e TOPAZO (G. Passarino et al.) |
o LEP EWWG, using ZFITTER (D. Bardin et al.) 1002

150 1 7
] ¢ Tevatron
B SM constraint

68% CL

M, [GeV]

The LEP EWWG,

e GAPP (J. Erler) | Phys. Rep. 427, 257 (2006) 1
o Gfitter (M Baak et al) - - IDi.re(.:t sleellrclh l.OV\.ler.”r.nitl(g.W.o C.L). . -
1990 1995 2000 2005

o ... Year
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EW Fits and the Higgs Boson

The LEP EWWG, Phys. Rep. 4

27,257 (2006)

Closing in on the Higgs Boson ° |
Aagd=
: . 5 7 —O0. +0. |
» Final word from LEP/SLC in 2006 | i
o 4 — -+« incl. low Q? data —
» Precision data at the Z-pole
N}{ B |
» Direct limits: My > 114.4 GeV (LEP-II) )
2 _
» Indirect determination:
. _
My =129 *7% GeV _
49 , | Excluded
30 - 10|O I500
Experimental Limits at high values My (GeV]
of My become available ) Gfitter group, EPJC 72,2003 (2012)
R
» First exclusion limits from the Tevatron 4SS TR I EN
» Limits incorporated in EVV fits 7 | E
» Indirect determination: A E
Mu =120 "7 GeV L R ey s 2
---- Fit excluding theory errors —:
2(|)0 ZéO 3_00
M, [GeV]
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The Gfitter Project

: A Generic Fitter Project for
f|tter HEP Model Testing www.cern.ch/gfitter

Gfitter Software
» Modular framework based on C++, xml, python and ROOT

» Core packages for data handling, fitting and statistics tools

Gfitter Features

» Consistent treatment of statistical, systematic and theoretical uncertainties
* correlations and inter-parameter dependencies taken into account

* theoretical uncertainties handled with Rfit prescription: included in y?
estimator with flat likelihood in allowed ranges

» Several fitting tools available
* Minuit, genetic minimisation, simulated annealing... (via TMVA)

* Full statistical analysis possible
* parameter scans, p-values, MC tests, goodness-of-fit...

[The Gfitter group, EP] C60, 543 (2009), EPJC 72,2003 (2012)]
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http://www.cern.ch/Gfitter
http://www.cern.ch/Gfitter

The Gfitter SM Package

f. t t A Gfitter package for the global
ITIEI" sv electroweak fit

» Implementation of SM predictions of all available precision observables

» State of the art calculations used

parametrisations: considerable speed improvement, agreement with exact
calculations to high accuracy

* The mass of the W boson M [M.Awramik et al.,, Phys. Rev. D69, 053006 (2004)]

 The effective weak mixing angle sin?0/ctr [M. Awramik et al,, JHEP 11,048 (2006),
M.Awramik et al., Nucl.Phys.B813:174-187 (2009)]

* Partial and total widths of the Z, total width of the W [Cho et. al, arXiv:1104.1769]
* hadronic Z width [PA.Baikov et al., arXiv:1201.5804]
* Electroweak two-loop corrections to Rb [Freitas et al., arXiv:1205.0299]

» Free fit parameters: Mz, M, Aonad®(Mz), 0s(Mz), me, ms, mq

» Scale parameters for theoretical uncertainties: AMw, Asin?0l
www.cern.ch/gfitter
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Observables and Calculations

“It doesn't matter how beautiful your theory
is, it doesn't matter how smart you are. If it

doesn't agree with experiment, it's wrong.”
(Richard P. Feynman)
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Measurements at the Z-Pole

Total cross section

» Express in terms of partial decay width of initial and final state

0 SF2Z 1 h o0 127 Leel s 7
— = 0} —
fF(s— M2+ 2T /M2 Roep V" 787~ M2 T2

A
O'f—

|

Corrected for QED radiation

4 FU” W|dth I\Z — Fee _|_ F,u,u _|_ FTT _|_ Fhad _I_ I‘inV

» Highly correlated set of parameters

Less correlated set of parameters
» Z mass and width: (M7, |1z

Cross Section [pb]

» Hadronic pole cross section| oy, 4 |= 127/M% - Teel'haa/T'%
» Three leptonic ratios (lepton univ.) RS — Rg = Mhad/Tee (: RSL — RO)
» Hadronic width ratios | R} || R?
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Measurements at the Z-Pole

Definition of Asymmetry

» Distinguish axial and axial-vector couplings of the Z

2 2
9.5t 9k  9vytIay

F 1
» Directly related to sin” ng‘ff = —— (1 + Re (gv’f>>
1Q ¢ gA,f

Observables

» In case of no beam polarisation (LEP) NI NS
use final state angular distribution to App = NZ; n N? ARl = S A Ay
define forward/backward asymmetry v

» Polarised beams (SLC): define left/right 4/ — Né _ Né ; —y
asymmetry N{ + N}, ([Ple)

) 0,4 0,c 0,b
» Measurements: |(AZn | |Azg!|AZg| | Aef|Ac||Ab
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The Electromagnetic Coupling

Running of the EM coupling
» The EWV fit requires precise knowledge of a(A7) (better than |%)

» Conventionally parametrised as (0(0) = fine structure constant)

_ _ a(0)
als) = 1 — Aa(s)

» Evolution with renormalisation scale
Aa(s) = Aagep(s) + Aozgd(s) + Actop(s)

[M. Steinhauser,

. 2
» Leptonic term known up to three loops for g > my Phys. Lett. B429, 158 (1998)]

» Top quark contribution known up to two loops, small: =0.7- 1074

» Hadronic contribution difficult, cannot be obtained from pQCD alone

. .o
» analysis of low energy e*e™ data Acthag(M2) = (274.2 % 1.0) - 10~

» usage of pQCD if lack of data
— [M. Davier et al., Eur. Phys. ). C71, 1515 (201 1)]

Roman Kogler | The global electroweak SM fit

[<] fitter |



Radiator Functions

» Partial widths are defined inclusively: they contain QCD and QED
contributions

» Corrections can be expressed as radiator functions R rand Ry

M: 2
7S Gp Z 2 2
L= N (94,51 Ras + lgv.s | Rv.y)
6/ 27
[D. Bardin, G. Passarino, “The Standard
Model in the Making”, Clarendon Press (1999)]

1.041 T T \‘ T T T T T I ‘7

» High sensitivity to the strong L ow) |
coupling as R R ]
» Recently full four-loop calculation of 3" =X\ e
. N i ) =
QCD Adler function became S s O o 0D ;
. z i ]
available (N*LO) ST P :
» Much reduced scale dependence 0% ow
» Theoretical uncertainty of 0.1 MeV, s o 15*, SN
compare to experimental u/My
uncertainty of 2.0 MeV [P Baikov et al., Phys. Rev. Lett. 108, 222003 (2012)]
[P. Baikov et al Phys. Rev. Lett. 104, 132004 (2010)]
UH — .
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Calculation of Mw

Full EVW one- and two-loop [M Awramik et al., Phys. Rev. D69, 053006 (2004)]
calculation of fermionic and bosonic [M Awramik et al., Phys. Rev. Lett. 89,241801 (2002)]
contributions | Yy
One- and two-loop QCD v RZ W
corrections and leading terms of f T VR
higher order corrections é Ve

Results for Ar include terms of order
O((X), O((X(ls), O((X(st), O((Y,Zferm),

O((Xzbos), O((Xz(lsmt4), O(a3mt6) 0.045 |
Uncertainty estimate: |
* missing terms of order O(a?as): 004 |
about 3 MeV (from O(o?asm?)) 5
* electroweak three-loop v
correction O(a?): <2 MeV ;oo e AP AR,
. 0.03 t Ces Ap@ AP (0)
* three-loop QCD corrections Artr Argen A,
o o S Alr(a)j— ATQCI,D+A7‘"(°‘) B
0(0(0(33 )Z <2 MeV 0 200 400 600 800 1000

e Total: oOMw = 4 MeV
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Calculation of sin?(0'cs)

» Effective mixing angle:

sin? H(Iff?t = (1 — My /M7) (1 + Ak)

» Two-loop EW and QCD correction

to Ax known, leading terms of higher

order QCD corrections

» fermionic two-loop correction about
1073, whereas bosonic one 107>

» Uncertainty estimate obtained with
different methods, geometric

[M Awramik et al, Phys. Rev. Lett. 93,201805 (2004)]
[M Awramik et al., JHEP 11,048 (2006)]

. 0.2325
progression: o 2232 |
8% [ .
O(a’ay) = Olaay). e
(a”as) O0) (avos) . 0.2315
< 0.231}
O(a’ay) beyond leading m¢ 3.3...2.8 x 107> = e
0.23()5;/ =
O(O&O&S) ]_5 . e ]_4 0.23 ' """" Q —— 7 afzerm
E ——— + aay —+ad,,
O(a?) beyond leading m? 2.5...3.5 0.2295 —+aa?  — +leading a3, a2a |
. 200 400 600 800 1000
Total: 6sin?0lesr = 4.7 107> My [GeV]
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New Calculation of sin2(0bP.)

[M Awramik et al, Nucl. Phys. B813, 174 (2009)]
» Calculation of sin?0.s for b-quarks

more involved, because of top quark e o
propagators in the Z—bb vertex z e |, 7 W )
» Investigation of known discrepancy W W
o

between sin’0.r from leptonic and
hadronic asymmetry measurements

» Two-loop EWV correction only
recently completed, effect of O(107%)

» Now sin?0%.¢ known at the same
order as sin’Oefr for leptons and light
quarks

» Uncertainty assumed to be of same
size as for sin’Ocrr:

0sinZ0.¢r =~ 4.7 107>
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New Calculation of R,

_ [A. Freitas et al., JHEP 1208, 050 (2012)]
Full two-loop calculation of Z—bb

» The branching ratio R';: partial decay width of Z—bb and Z—qq

" Tha Ta+T,+D0,+T.+0, 1+2(C,+T1,)/T,

» Contribution of same terms as in the calculation of sin?6°.
— cross-check the two results, found good agreement

» Two-loop corrections are comparable to experimental uncertainty (6.6-107%)

|-loop EWV and 2-loop EW 2-loop EW and | +2-loop QCD
QCD correction || correction 2+3-loop QCD correction to gauge
to FSR correction to FSR || boson selfenergies

MH O(&) + FSRl_lOOP O(a{germ) O(Oé?erm) + FSR>1—100p O(QOKS? OéOég)

(GeV] [1077] [1074] [1074] [1074]
100 —3.632 —6.569 —9.333 —0.404
200 —3.651 —6.973 —9.332 —0.404
400 —3.675 —6.581 —9.331 —0.404
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The Global EW Fit with Gfitter

“There's two possible outcomes: if the
result confirms the hypothesis, then you've
made a discovery. If the result is contrary

to the hypothesis, then you've made a
discovery.”

(Enrico Fermi)
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This Year’s Discovery

ATLAS and CMS have reported the

[ATLAS Phys Lett B, 76I [ (2OI2)]

= 'ATLAS 2011-2012 obe
discovery of a new boson G pumleciese e
» The cross section and branching ratios are iy
compatible with the SM Higgs boson o
» Measured mass: Z S - N N
ATLAS: 126.0 + 0.4 (stat) £ 0.4 (sys) GeV f """"""""""""""""""""""" B 6
CMS: 125.3 £ 0.4 (stat) £ 0.4 (sys) GeV 10 115 120 125 130 135 140 r;4f661,?0
» Assume that it is the Higgs boson, then [CH15, Phys. Lete. B, 761, 30 (2912)]
Mp=125.7 £ 0.4 GeV m, = 1255 GoV
» Difference between fully uncorrelated and Ho7y e
fully correlated systematic uncertainties: - i |
uncertainty on My 0.4 — 0.5 GeV _— .l
The SM is for the first time fully o "
overconstrained — test its consistency How| o —egg
T Bdiis,,
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Experimental Input

Observables:

» Z-pole observables: LEP/SLD results

[ADLO+SLD, Phys. Rept. 427, 257 (2006)]

» My and ['y: LEP/Tevatron [arxiv:1204:0042

» m;: Tevatron [arxiv:1207:1069]

4 Aahad(s)(Mz) [M. Davier et al., EPJC 71, 1515 (201 1)]

» me, mp: world averages
[PDG, J. Phys. G33, | (2006)]

» Mr: LHC [arxiv:1207.7214 , arXiv:1207.7235]

Free fit parameters:

} MZ) MH’ Aahad(s)(MZ), aS(MZ)’
me, mMp, Ny

» Scale parameters for theoretical
uncertainties

SMw (4 MeV), 8sin20s (4.7 107)

M [GeV]©) 125.7 £ 0.4
My [GeV] 80.385 £ 0.015
Ty [GeV] 2.085 4 0.042
M [GeV] 91.1875 %+ 0.0021
'z [GeV] 2.4952 + 0.0023
o, 4 [nb] 41.540 + 0.037
R) 20.767 £ 0.025
A%L 0.0171 4 0.0010
Ay &) 0.1499 + 0.0018
sin®’ (QrFp) 0.2324 + 0.0012
A, 0.670 4 0.027
Ay 0.923 4 0.020
AV 0.0707 + 0.0035
AV 0.0992 4 0.0016
R? 0.1721 4 0.0030
R 0.21629 + 0.00066
e [GeV] 1.27 1097

m [GeV] 4201087

my [GeV] 173.18 4+ 0.94
Aal®) (M2 (A7) 2757 + 10

| LHC

Tevatron

LEP

SLC

SLC

LEP

| Tevatron
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[The Gfitter Group, arXiv:1209.2716]

Parameter Input value Free Fit result Fi.t result Fit result i.ncl. M H
in fit incl. Mg not incl. Mg but not exp. input in row

My [GeV]©) 125.74+ 0.4 yes 125.7+ 0.4 94 +2° 9425
My [GeV] 80.385+0.015 -  80.3674+0.007  80.380 % 0.012 80.359 + 0.011
'y [GeV] 2.085 4 0.042 - 2.091 £ 0.001 2.092 4 0.001 2.091 4 0.001
My [GeV] 91.1875+0.0021 yes 91.1878 £0.0021  91.1874 + 0.0021 91.1983 & 0.0116
'z [GeV] 2.4952+0.0023 - 249544 0.0014  2.4958 + 0.0015 2.4951 + 0.0017
ol [nb] 41.540£0.037 -  41.479+0.014  41.47840.014 41.470 £ 0.015
RY 20.767+£0.025 -  20.740£0.017  20.743 £ 0.018 20.716 + 0.026
A%L 0.01714£0.0010 -  0.01627+0.0002  0.01637 & 0.0002 0.01624 & 0.0002
Ay ) 0.1499 +0.0018  — 0.1473 100008 0.1477 £ 0.0009 0.1468 & 0.0005()
sin®s (Qrp) 0.2324+0.0012 - 0.23148 F0.90011 () 93143 +0-00010 0.23150 4 0.00009
A, 0.670 £ 0.027 —~  0.6680 1000025 0.6682 0 0003 0.6680 & 0.00031
Ay 0.923 =+ 0.020 —0.9346410-00001 (0.93468 + 0.00008  0.93463 + 0.00006
AdC 0.0707 £0.0035 - 0.0739 105002 0.0740 =+ 0.0005 0.0738 & 0.0004
A% 0.0992 +0.0016 - 0.1032 790502 0.1036 + 0.0007 0.1034 + 0.0004
RO 0.17214£0.0030 -  0.1722340.00006 0.17223 +0.00006  0.17223 + 0.00006
RY 0.21629 + 0.00066 —  0.214744 0.00003 0.21475+0.00003  0.21473 4 0.00003
M [GeV] 1.27 007 yes 1.27 10-07 1.27 1097 =
My [GeV] 4201507 yes 4201007 4207907 =
my [GeV] 173.184£0.94  yes  173.52+0.88 173.14 + 0.93 175.8 727
Aal®) (M) (A9) 2757 + 10 yes 2755+ 11 2757+ 11 2716 +4
as(MZ) = yes  0.119140.0028  0.1192 + 0.0028 0.1191 + 0.0028
Otn My [MeV] [—4, 4]theo yes 4 4 —
Sn sin®ly () [—4.7,4.Ttheo yes —1.4 4.7 -
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[The Gfitter Group, arXiv:1209.2716]

Parameter Input value Free Fit result Fi.t result Fit result i.ncl. M H
in fit incl. Mg not incl. Mg but not exp. input in row

My [GeV]©) 125.74+ 0.4 yes 125.7+ 0.4 94 +2° 9425
Myy [GeV] 80.385+0.015 - | 80.3674+0.007 || 80.380 =+ 0.012 80.359 + 0.011
'y [GeV] 2.085 + 0.042 - 2.091 £ 0.001 2.092 4 0.001 2.091 4 0.001
M [GeV] 91.1875+0.0021 yes |91.1878 +0.0021 || 91.1874 + 0.0021 91.1983 & 0.0116
'z [GeV] 2.4952+0.0023 - | 2.495440.0014 || 2.4958 + 0.0015 2.4951 + 0.0017
o0 . [nb] 41540 £0.037 - | 41.4794+0.014 || 41.478+0.014 41.470 £ 0.015
RY 20.767+£0.025 - | 20.740£0.017 || 20.743 +£0.018 20.716 + 0.026
A%L 0.01714£0.0010 - |0.01627 +0.0002 | | 0.01637 = 0.0002 ||  0.01624 = 0.0002
Ay ) 0.1499 +0.0018  — 0.1473 100008 0.1477 £ 0.0009 0.1468 & 0.0005()
sin®s (Qrp) 0.2324+0.0012 - | 0.23148F0:90011 1| ( 23143 +0-00010 0.23150 4 0.00009
A, 0.670 + 0.027 — | 0.668019-09022 0.6682 7000032 0.6680 = 0.00031
Ay 0.923 =+ 0.020 — | 0.934640-00004 110.93468 = 0.00008| | 0.93463 + 0.00006
A 0.0707 £0.0035 - 0.0739 105002 0.0740 =+ 0.0005 0.0738 & 0.0004
A% 0.0992 +0.0016 - 0.1032 790502 | [ 0.1036 + 0.0007 0.1034 + 0.0004
RO 0.1721 £ 0.0030 - ]0.17223 4 0.00006 [0.17223 + 0.00006 | 0.17223 + 0.00006
RY 0.21629 + 0.00066 — [0.21474 4 0.00003| |0.21475 + 0.00003||  0.21473 4 0.00003
M [GeV] 1.27 007 yes 1.27 10-07 1.27 1097 =
mp [GeV] 4201507 yes 4201007 4207907 =
my [GeV] 173.184£0.94  yes | 173.52+0.88 173.14 4 0.93 175.8 127
Aal®) (M) (A9) 2757 + 10 yes 2755+ 11 2757+ 11 2716 +4
as(MZ) = yes | 0.1191=+0.0028 || 0.1192 + 0.0028 0.1191 + 0.0028
Otn My [MeV] [—4, 4]theo yes 4 4 —
Sn sin®ly () [—4.7,4.Ttheo yes —1.4 4.7 -
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Global Fit: Results

2min/ndf = 21.8/14 — p-value = 0.08

» large value of y?min not due to inclusion of
My measurement

» without My measurement:
min /ndf = 20.3/13 — naive p-value = 0.09

Pull values after the fit
Oﬁt — Omeas

Umeas
» No pull value exceeds deviations of more

than 3o (good consistency of SM)

» Pull defined as P =

» Small values for My, A¢, R%:, m: and my
indicate that their input accuracies exceed
the fit requirements

» Largest deviations in the b-sector:
A%’ rp and R, with 2.56 and -2.4c

RO

lep

AO,I

FB

AI(LEP)
A (SLD)

. 2 lept
sin*e 3} Q)
AC
A,
A0,c

FB
0,b

[

]

0.0
-1.2
0.2
0.2
0.1
-1.7
-1.1
-0.8
0.2
-1.9
-0.7
0.0
0.6
0.9
2.5
0.0
-2.4
0.0
0.0
04
-0.1

3 2 - 0

1 2 3

(Ofit - omeas) / Omeas
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Goodness of Fit

Toy analysis with 20000 toy experiments
» p-value: probability for getting y%min, toy larger than y%min from data

» p-value: probability for wrongly rejecting the SM:0.07 + 0.01 (theo)

."B _I LI LI I LI I LI LI LI LI LI LI .I 1 1T Iml g
§ 100 S C: 11141 P
= N —— 2 distribution for n,_=14 ] %
& 1200 [— Toy analysis incl. theo. errors S
¢ - . —0.8 =~
o 1000 Toy analysis excl. theo. errors | o
> — L ]
o s 72 777 T p-value incl. theo. errors N 0
S goo - —— p-value excl. theo. errors —06 ©
600 — N
> B _
> B _0.4
400 — N
B —0.2
200 — p-value = 0.083 = 0.002 |
W oz o7 o et Jvalye = 0.071+ 0,002 1
0 40 45
2
Xmin
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Global Fit: Results

N 5 [T T 17T | T 11 | T 11 L T 11 T 11 | LN LY L | T 1T T1T_]
= - - g
< 45E  [smiit _:
- SM fit w/o M t =
g PR | R =20 fit includes only the given observable
= ATLAS measurement [arXiv:1207.7214] = e - - )’ -~ .g oo
3.5 E_ -l- CMS measurement [arXiv:1207.7235] _E Al(LEP) el fitter [su/° =
3l I e e —
)s - 5 A(SLD) g
5k E o B
2 E FB | el
15 = My —
1 E— -------------------------------------------------------------- H ----------- —E 1o
05 4 LHC average i
O_IIII|IIII|IIII|IIII|IIII|IIII|II | L1117 ! L L PR B L R
60 70 80 90 100 110 120 130 140 6 10 20 10%2x10? 10°
M, [GeV] M, [GeV]

Determination of My

Scan of the Ay? profile versus My
removing all sensitive

» blue line: full SM fit

| 248
109 *%

47
27 7

585
387 :69

56
60:9

125.7 + 0.4

observables except the given
» grey band: fit without My measurement one:
» fit without My input gives Tension (2.56) between 4%’f3,

My =94 2> GeV Aiep(SLD) and My visible

» consistent within |.3c with measurement
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Xs(Mz) from Z—hadrons

. ° N 5 | | | | | | | | | | | | | | | | | | |
» Determination of X o | -
4.5 5 SM fit —
at NNNLO 4 BN A [ swfitwith minimalinputand RPand o, e
» most sen SitiVit)’ - \ _@- «_ from decays at 3NLO [Eur.Phys.J.C56,305 (2008)] -
3.5 ; —
through total hadronic s E =
cross section 6%ag 25 E
and the partial 2 - =
leptonic width RY; 15 E
» Theory uncertainty e EL
obtained by scale 05 E
o . o [ 1 I I | I I I | I I I L,—;F’/I I I | I I I | I I ]
variation, per-mille 0112 0114 0116 0118 042 0122 0124  0.126
level arg(M,)

as(Mz) =0.1191 + 0.0028 (exp.) =+ 0.0001 (theo.)

» Good agreement with value from t decays, also at N3LO

Improvement in precision only with ILC/GigaZ expected
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Indirect Determination: W Mass

Scan of the A2 profile = of  joNtwon e L] Elfiter ],
» Mr measurement allows for :_ -0 M Wil average [arki: 2040042 3
precise constraint of My S E

» also shown: SM fit with Rl 0 S/ A ERy
minimal input: *E E

Mz, Gr, Aonad®(Mz), as(Mz), j T N A E .
M, me, mp, my T N A

80.32 80.33 80.34 80.35 80.36 80.37 80.38 80.39 80.4 80.41

. . SR M, [GeV]
» Consistency between total fit and SM fit with minimal input )

» Fit result for the indirect determination of Mw:

My = 80.3593 % 0.0056,,, == 0.0026,;, 4= 0.00184,
+ 0.00174, £ 0.0002)7,, & 0.00401c0 ,

= &80.359 &= 0.011¢¢

More precise than the direct measurements
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The Effective Weak Mixing

Scan of the Ay’ profile 3
versus sin’0/cs

» all observables sensitive to
sin20.¢r removed from fit

» My measurement allows for
precise constraint of sin’0/cf

» also shown: SM fit with
minimal input

-
N W A~ OO0 O N 0 O o

—h

sin0% = 0.231496 + 0.000030,,, & 0.000015,7, + 0.000035 A4,
+0.0000104,4 % 0.000002,7,, = 0.000047 hc0

= 0.23150 == 0.00010¢4¢ ,

— | | [ -l- [ | [ [ [ | ’ ’ [ | -

- |SM fit w/o_meas. sensitiveltaisin®(0', ) ________________ [e] fitter]s.): 35

- SM fit w/o meas. sensitie o"esinz(e:eﬁ) and M_meas. -

~  — SMfit with minimal input ' .

~  -@- LEP/SLD average [arXiv: 008] _E

I EREEEE] = SRR EEEEEEEEEEEETS [ e R — 20

= e / oo 1o

- l | l l | | ! | l | "0 il ﬂ l l |:

0.231 0.2312 0.2314 0.2316 0.2318

sinz(GLﬁ)

More precise than the direct determination from LEP/SLD measurements
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Indirect Determination: Top Mass

N 1 0 ! ! ! ! I ! ! "l I ! ! ! ! I ! ! ! ! ! ! .L ! ! ! ! !

SM fit w/o m measurement - €] fitter|sw

\

gl deg

30

SM fit w/o m, n_d M,, measurements

mi" ATLAS m éurement [arXiv:1203:5755]
-l mii" CMS meas ;'ement [arXiv:1209:2319]

m¥i" Tevatron av age [arXiv:1207.1069]

-O- mP°* obtained fro Tevatron o, [arXiv:1207. 098ﬂ

20

N W R OO N 0 ©

IIII!IIII|IIII|IIIIllIIIIIlII|IIl|lIIII|IIII!IIII

0 | | | | | | | | | l | | | o ‘qM/I | | | | | | | | | | |
160 165 170 175 180 185 190
m, [GeV]

-—h

10

IIII'IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII'

Scan of the Ay’ profile versus m;

» consistency with direct measurements

» My measurement allows for better constraint of mi;

my = 175.8 757 GeV  (Tevatron average: m; = 173.2 £ 0.9 GeV)
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W and Top Mass

';l 80-5 | | | | | | | | | | | | | | | | | | | | | | ’,P | | | |
o - [} 68% and 95% CL fit contours | mg" Tevatron average -
S, - w/o M, and m, measurements : g 7
=¥ 80.45 [~ 8% and 95% CL fit contours ]
_ w/o M,,, m _and M, measurements —
N M,, world average = 10 .

80.4 ——
80.35 [— —
80.3 — _
80.25 — . -
B fitter|swfz -
_"; ] ] ] ] ] ] ] ,’1, ] ] ] ,P” | ] ] ] | ] ] ] ] | ] ] ] ] |
140 150 60 170 180 190 200

m, [GeV]
68% and 95% CL contours of fit without using My, m; (and Mpy)

» Impressive consistency of the SM
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Oblique Parameters

“A man should look for what is, and not
for what he thinks should be.’
(Albert Einstein)
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fitter su Beyond the SM

At low energies, BSM physics appears * Oblique corrections from New Physics

dominantly through vacuum polarisation described through STU parameters
[Peskin-Takeuchi, Phys. Rev. D46, 381 (1992)]

* Aka, oblique corrections

u v
A B

= ITT,

AB={W,Z,y}(q) Omeas = OSM,ref(MHamt) B CSS T CTT + CUU ]

S: (S+U) New Physics contributions

« Direct corrections (vertex, box, brems- to neutral (charged) currents

strahlung) generally suppressed by m;/ A
T : Difference between neutral and

Oblique corrections reabsorbed into charged current processes —
electroweak parameters Ap, Ak, Ar sensitive to weak isospin violation
U: Constrained by M,, and T',,. Usually
Electroweak fit sensitive to BSM physics very small in NP models (often: U=0)
through oblique corrections
» In direct competition f’_ * Also considered: correction to Z — bb
with Higgs loop RO coupling, and extended parameters (VWX)
corrections 7 WWV\ 7 [Burgess et al., PLB 326, 276 (1994), PRD 49, 6115 (1994)]
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Constraintson S, T and U

o R R B B B I R L IR LI I
S, T, U obtained by fit to EW o T g5 oot atconours, U e
observables 03
0.2
0.1

SM Prediction
M, =125.7 = 0.4 GeV
m, =173.18 = 0.94 GeV

MH,ref - |26 Gev -0.1
mt,ref — |73 GeV -0.2

™ SM Prediction

» SM reference chosen to be 3
0

0.3 with M,, €[100,1000] GeV
» this defines (0, 0, 0) 04
. . _0_5|||||||||||||||||||||||||||||||||||||||||||||||||
) S’T depend Iogarlthmlcally on MH 05 -04 -03 -02 01 0 01 02 03 04 ;.5
’ . 0.5 [ .
> Flt rESUIt' " 04 = |I 68%, 9|5%, 99%|CLfitcc|mtours, Iu=o | E
S — 0.03 i O. I O . g (SMref:MH=126 GeV,mt=173 GeV) g
0.3 E
T=0.05x0.12 02 =
U=0.03=x0.10 0.1 - E
. . 0 . —=
with large correlation between Sand T . & \ Mae 1257 04GeY
T E m, =173.18 = 0.94 GeV -
. . 0o My =
» Stronger constraints from fit with U=0 *: " s predition E
-0.3 — with M, €£[100,1000] GeV 3
; : : . 04 ;_ €]l fitter |\ _2
No indication of new physics D R T e
S
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T he Future

“Prediction is very difficult, especially

if it concerns the future.’
(Niels Bohr)

Roman Kogler
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ILC with GigaZ

A future linear collider would tremendously improve the precision of
electroweak observables

» Z peak measurements

* polarised beams, uncertainty 64%z: 1073 =107
translates to dsin?0esr: 1074 — 1.3-107°

* high statistics: 10° Z decays: 6Rep:2.5- 1072 = 4-1073
» tt threshold

* obtain m;, indirectly from production cross section: om; = | = 0.1 GeV

» WWV threshold
 from threshold scan: oMy = |5 & 6 MeV

» Low energy data

* Adhad: more precise cross section data for low energy

(v/s < 1.8 GeV) and around cc resonance (BES-III),
improved s, improvements in theory: 107% —= 4.7- 107>
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Prospects for ILC with GigaZ

For GigaZ used: dM,, = 6 MeV, dm, = 0.1 GeV, dAa,  =4.7 x 107, 8sin(62ﬁ) =1.3x 107, 6R|‘;p =4x10°

NX 20 :I [ | T Tl I UL | L | L | L | L l LI h I I 1 I.I | L ZI:
< 18 £ SM fit\prediction using current uncertainties (5, ; = Rfi[) fitter|sy -
E SM fit prediction using estimated GigaZ uncertajnties (5theo = Rfit) E
16 —---- SM fit prediction using estimated GigaZ uncertainties (;'»t'h"EGédé's)"" 740
— . 7
14 : =
n " _
12 — ! —]
— : ]
n ! _
10 — ; —
bbbt W v it f-Tme 130
8 . Xp
- L
= 1 —
4 —cci N AR+ =120
N 1 _
2 — . ]
e O g e §pTTT 1o
0 I I | | L1 1 1 | L1 1 1 ' i S | l e | _de] l | e | ' 1 1 1 | 111 1 | L 11 1 | | I |
50 60 70 80 90 100 110 120 130 140 150

M,, [GeV]

» no theory uncertainty: My = 94.2 223 (*327) GeV _ in brackets
» Rfit scheme: Mp =92.3 1168 (£3%3) GeV the 4o values

» strong coupling: as(Mz) = 0.1190 = 0.0005(exp) = 0.0001 (theo)

Roman Kogler 34 The global electroweak SM fit

€] fitter |



summary

Assuming the newly discovered boson is the SM Higgs
» all fundamental parameters of the SM are known

» possibility to overconstrain the SM at the electroweak scale

» global EWV fit has been redone, with a p-value of 0.07

» small p-value comes mostly from R%, and A%%¢5

Knowledge of My allows for precision determinations of
» W mass, top mass, effective weak mixing angle sin’0/cs

» detailed information in arXiv:1209.2716 and updates on
www.cern.ch/gfitter

EW Fit allows to constrain many BSM models
» no signs of new physics from oblique parameters

» stay tuned for more results
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