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Introduction (€ fitter

Outline
o Global electroweak fit

o Current status and BSM tests
o Future prospects

e The Standard Model was proving it's predictive power for decades
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e Precision electroweak fits are used as testing tools since LEP era

o We are using [Efitter — generic fitter package
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Electroweak sector (el fitter

. . ftree level _ . )
e Tree level relations are not sufficient — (79.964:0.005) GeV
radiative corrections are needed M7 = (80.385+0.015) GeV
e The impact of corrections stored in sin = ] sin by

EW form factors helps to define

: _ gv.g = o] — 207 sinly)
effective coupling at Z-pole
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e The relation between SM parameters appears

Miy (In(Mp),m?, Mz, Aal, (MB), as(M3))
sin%/ (m(z\,fH), My, m2, Mz, Aal®, (M), as(Mé))
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Current predictions (el fitter

e Gfitter is using state-of-the-art EW calculations:
o My — mass of W bosson in full two loop + beyond-two-loop corrections
[M. Awramik et al., Phys. Rev. D69, 053006 (2004)]
sin20€fff — effective weak mixing angle same as My,
[M. Awramik et al., JHEP 0611, 048 (2006); M. Awramik et al., Nucl.Phys. B813:174-187 (2009)]
T'hea — QCD Adler function at N3LO
[P. A. Baikov et al., Phys.Rev.Lett. 108, 222003 (2012) ]
e I'z,...— new full two-loop partial and total Z width
[A. Freitas, JHEP 1404, 070 (2014)]

RY — Electroweak two-loop corrections
[Freitas and Huang, arXiv:1205.0299, v3]

e nuisance parameters for theoretical uncertainties used EW fit:
SwMw  4MeV 6nTue  0.12MeV
Smsin¥ly  47x107° | 5Ty 0.21MeV
dwlepr  0.012MeV | o,  6pb
sl 0.014MeV | 6 Rys  ~ O(a)
6nlas 0.09 MeV | dynme 0.5 GeV
e Gaussian treatment of theoretical uncertainties
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Experimental inputs

My [Gev] 1251442024 | LHC
My [Gev] 803850015 |/
evatron
T [GeV] 2.085 + 0.042
My [GeV] 91.1875 % 0.0021
Tz [Gev] 2.4952 + 0.0023
004 [nb] 41.540£0.037  [LEP
RY 20.767 £ 0.025
AR 0.0171 = 0.0010
A, 0.1499 +0.0018 ||
sin¥’ (Qrp) 0.2324 £ 0.0012
A 0.670 £ 0.027
¢ SLC
Ay 0.923 + 0.020
A% 0.0707 = 0.0035
A% 0.0992 + 0.0016
R 0.1721 + 0.0030
RY 0.21629 £ 0.00066
T, [GeV] 1.27 8997
Ty [GeV] 4.20 047
my [GeV] 173.344+0.76 || Comb
A (M2) 2757 + 10
free in fit
J.Ciith

Efitter

Z-pole observables: from LEP / SLC

[ADLO+SLD, Phys. Rept. 427, 257 (2006)]
My and Ty from LEP/Tevatron
[arXiv:1204.0042, arXiv:1302.3415]
my latest Tevatron4+LHC combination
[arXiv:1403.4427]
e, Ty world averages (PDG)
[Phys. Rev. D86, 010001(2012)]

(5) 2 :
Aoy (M7) including os dependency
[Davier et al., EPJC 71, 1515 (2011)]

My latest ATLAS + CMS

[arXiv:1406.3827, CMS-PAS-HIG-14-009]
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Status of EW fit — improved calculations EM

= Full EW 2-loop
= Z-partial widths at 1-loop

M 0.0

M = 1.4

. 2 o r 2

* no observable exceeds 30 with x; . =17.8 " o
Mz 0.0

. . . . Ohea 15

e the system is over constrain since Higgs discovery =, 10
. . AL 0.8

e most affected My with shift of 13 MeV A(LEP) 02
A/(SLD) -2.0

sin“0);'(Q,) = 0.7

e comparing new two-loop calculation main ~ L o0
differencies are from corrected calculation of R) = 09

. 2 A% 1|25

e two loop partial I'z decrease value of x: .. r 00
. R = 0.8

e four loop QCD Myy increase value of x2 .. N - o
a (M) == 17

Bayg, (M) E 0.2

3210 12 3
(O ~ Oneas) / Omeas
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Status of EW fit — measurement vs fit precission (e fitter

= Global EW fit
-8 Measurement
HHHHH‘HH‘HHHHHHH
M, . . ..
M, - e fit results drawn as pull: deviation from
™ +. indirect determination divided by total
r, e error
O L i
R  nm e total error = direct measurement @
Ass —t inderect determination
A(LEP) e
A/(SLD) -
sin0;r'(Q,) i
A, e black: experimental measurement
A, * .
i R . . full fit result
Are ] . . . .
e b e blue : fit without input in row
R} — g
m, =
. (")xi — e many indirect determinations are more
(M, .
I T e AT T e preclse than measurement

3 2 -1 0 1 2 3

Opireet - O)/ G

indirect
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Fitting observables — 1D scans (el fitter

N ST L A B e e N BN NI S
< E E ¢ =
" ST P, w
E [ s fit with M, measurement E [E'smifit wio m measufgments
A TS Wi M, measurement T E E-C sMfitwio m, and M, fpeasurements =
3.5 [ HBH ATLAS measurement [arXiv:1406.3827] 3 7 ;*'* mif world average [arKiv:1403.4427) 3
E - cMS measurement [arXiv:1407.0558] E E HBH m{" DO measurement [ yiv:1405.1756] E
SE = 6 E704 mP* from Tevatron o farxiv:1207.0080] =
25 ; é 5 ; m?* from CMS o, [arXi§:1307.1907v3] é
E 3 E HH m " from ATLAS o [arXly:1406.5375] E
2 — 4 — 20
15F E 3 E
S T S b 2 E
05 — 1= N — 1o
0B v e et T 0:‘”‘mH‘\HH\H/\HH\HH:
70 80 90 100 110 120 130 140 160 165 170 175 180 185 190
M, [GeV] m, [GeV]

e Higgs measurement made strong impact on indirect determination

e further improvement of My precision would have small effect (log
dependence)
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Fitting observables — 1D scans (el fitter
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measurement [ [ SM fit with M, measurement

L[] sMmfitwio M, measurement

©

and M,, measurement
imal input
ge [arXiv:1204.0042]

- = SMfit with minimal input
& |__"® LEP/SLD average [hep-ex/0509

™
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el b bl |

sl b PRSI AR RE SR R 0 PRI R ANRRI i | Tl
80.33 80.34 80.35 80.36 80.37 80.38 80.39 804 80.41 0.2309 0.231 0.2311 0.2312 0.2313 0.2314
M, [GeV]

Lo b N
o [TTTT
wr

0.2315 0.2316 02317 0.2318
sin?(8l,,)
My = 80.3584 & 0.0046,,, = 0.00305,,__m, £ 0.0026,7, + 0.0018 0.,
£ 0.0020,4 % 0.0001 57, + 0.00405,, . rr,, GeV,

= 80.358 £ 0.008;0; GeV .

sin®lg = 0.231488 + 0.000024,,,, % 0.0000165,,,._n, £ 0.00001557, & 0.000035 a0,
£ 0.0000104,4 + 0.000001 57,, + 0.000047

Stheo sinzﬁgE ’
= 0.23149 4+ 0.00007 ¢
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Status of SM — 2D scans (el fitter

My, [GeV]

L e I L 1 Mot e e I~ o B L L B S LSS BB

[ 68% and 95% CL contours moorg ot 1 3 E 68% and 95% CL contours 5in’(@,) LEP+SLC & 19 B
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80.45 — — 80.44 = fitw/o M,,, sin’(8},), M, and Z widths measurements —

204 E £ J 80.42 = e —

4 E Tk E 3 E B

= =i A 80.4 —

E m, world comb. = 15 7 4 = B

80.35 [ M, =80.385 £ 0.015 GeV - 80.38 — -

r E 80.36 ; My, world comb. £ 1o é

80.3 — = = E

£ ] 80.34 — \ -
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e new m; measurement — LHC+Tevatron

o My vs singﬁflcf — sensitive probes for new physics (both are tree level SM
predictions)

e the constrain is higher from Higgs than Zwidths measurements
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Oblique parameters

e NP has higher energy scale
however could contribute to EW in
vacuum polarization corrections

e oblique parameters in SM are
hidden into EW radiative form
factors Ap, Ak, Ar appearing in
M2, M2, sinQQeff, Gr, o ...

e fit is sensible to BSM model —
similar to top and Higgs loops

X
ANNN NNNN
N, Z/W N, Z/W
X/
H
RSN
ANNN . . N\NNN
z/W Z/W
z/w

J.Ciath

Efitter

we are using Peskin-Takeuchi STU
parametrization, which measures
the deviation from SM

[Peskin, Takeuchi, Phys. Rev. D46, 1 (1991)]

Onmeas = OSMref(]WH. mt)+CSS+CTT+CUU

e S: new physics in neutral currents
e T: neutral-charged difference —

BSM fit WS — Sep 29, 2014

weak isospin violation

U: charged currents (with S),
sensitive to My and I'yy, usually
small

closely related to €123
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STU fitting

J.Ciath

STU are derived from EW
observables

the SM reference: My = 125 GeV
and m; = 173 GeV, which defines
(S,T,U) = (0,0,0)

log dependence on My

Efitter

R BRI B I U U I I
fiit contours for U=0 (SM__: M,=125 GeV, m =173 GeV)
W 68% and 95% CL for present fit
95% CL for asymmetries & smﬁe‘m,(qm)
95% CL for Z widths
Bl 95%CL for M, & Ty

SM Prediction

M, =125.14 +0.24 GeV
m, =173.34 £ 0.91 GeV

(e fitter

P I
01 02

fit results : results show consistency with SM

S = 0.05+0.11 s T U
S|1 409 -0.59

T = 0.09+0.13 T 1 -0.83

U = 0.0140.11 U 1

St=0 = 0.06+0.09

Ty—o = 0.10+£0.07
corry—o(S,T) = +0.91
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Higgs couplings Efitter

Hv(: KW = /{Z)7 ;{f(: Kt = Kp = 57)7

e NP potencialy couples to Higgs field. Ky =Ky (Kp, K, K p, KV ),
e Popular benchmark model [Lrc Hxswe.

L . . kG =Kyp, kg = k(Ki)
13071347]  originating from effective

Lagrangian oy H% = H% . H%jf
e considering only leading corrections wH L3
e Higgs—vector boson (k) and VBE  xird b s
Higgs—fermion (k) scalling Vet - -
e no additional loops in production _Ii
e no invisible decays L 4
Z/ 7/ W
e main effect with gauge bosson coupling sy ZJ/W
e Most BSM models implies Ky < 1 : H
additional give positive contribution to PN
My, Y 3
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Modified Higgs couplings (el fitter

e Modified Higgs coupling via gauge boson scaling Ky [Espinosa et al arxiv1202.3607]

2 _ 2
S L(l—fi%/)log;(A >, T:ig(l—m%/)log<A ), A= A

- 127 @ 1677'0%‘/ Mil%l /|1—H%/‘

e \is varied between (1-10) TeV, normally fixed 3 TeV (47v) = NP> 13 TeV

Higgs-vector boson couplings scaling

0.5 R R Raa = = 805 [T T T T T

3 = [ 95% CL contours K private LHC average * 16 |

04 - [ wlo M, and k, measurement A= ‘1{#‘ ]

03 E 80.45 [ I A = 10 Tev : -

E 3 - A= 5TeV B

02~ — C A= 1Tev ]

0.1p = 80.4 — —

= E r ) ]

= E L My, world comb. = 1o — -

01 = 80.35 — —

-0.2 [ 68%, 95%, 99% CL fit contours ky 0[0,2] — L ]

E (M,=125GeV,m =173 GeV, U =0) A D[1,10] Tev 3 = -

03 = 80.3 — —

E E L 68% and 95% CL contours for ]

0.4 = C direct M, and k, measurements [ fitter |

o5t b b b bl b Ml b 1 80.25 Ll v L b b b b b 1]
05 -04 -03 02 -01 0 01 02 03 04 05 08 085 09 095 1 105 11 115 12

S v
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Higgs couplings resutlts

Combination of ATLAS and CMS results. Average neglects correlations.

L 18— T
< ]
1.6 [ . LHC experiments . EW-fit + LHC experiments .

C 68% and 95% CL fit contours 68% and 95% CL fit contours -]

C A =3TeV] ]

14 f Standard Model prediction ¢ Fitminimum ]
121~ =
e =
08— =
0.6 [— -
04— s

F [ fitter[3: ]

Y T E A R B I
0.7 0.8 0.9 1 11 1.2 13

K

v

Efitter

e Private LHC combination
ky = 1. 026+8'8ﬁ
Ky = 0.88%009
e EW fit results with fixed A
A Ry
1TeV 103710059
3TeV  1.027100%9
10TeV 10217005

e Higgs coupling measurement from LHC compatible with SM

e EW fit so far more precise than current experiments

J.Ciath
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Prospects for future colliders

Experimental input [+10exp]

Parameter LHC ILC/GigaZ
My [Gev] 0.2 <0.1 <0.1
My [MeV] 15 8 5
My [MeV] 2.1 2.1 2.1
my [GeV] 0.8 0.6 0.1
Tz [MeV] 2.3 2.3 0.8
sin¥y (1077 16 16 13
R) 1107 25 25 4
Aaf 4 (M2) (1077 10 => 4.7 4.7
Sen My [MeV] fe=—>1 1
Sn sin®g [1074) 4T=>1 1
Ky (A = 3TeV) 0.05 0.03 0.01

J.Ciath
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Efitter

e future measurements: | LHC

e Run 2+3, i.e. 300fb1!
e numbers from LHC studies

ILC

e future colliders:
[H. Baer et al., 1306.6352]

e GigaZ: scan of WW, tt
thresholds and Z-pole (M7 not
improve)

e precise determination of Higgs
couplings

e future theory: multi-loop
calculation (25% of today)

e pulls are forced to be zero for
future prospects

e present uncertanties — current
uncertainties with pull = 0
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Future of EW fits fitter

o 25 R e e S 50
E3 L ) 1 ]
< [, Present su it H i -
CK§ ] C E| Pro; ’pecxs for LHC |
20 ] prospects for LHC; - -
[ [} Prospects for ILC/GH - -

\ 40
15— —
10— A

30
5 1’ -

o Ll 0

60 80 80.33 80.34 8035 8036 8037 8038 8039 804
M, [GeV]
S 8046 T T 80.46 T T
3 [ 68%and 95% CL fit contour mtlo [ 68% and 95% CL fit contour sini(el,) £10 B
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80.38 LHC precision 80.38 == e precision =
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8032 |- 80.32 [ 3
[ . M P R AR I A A S I B B
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Higgs couplings and STU prospects
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e For STU parameters, improvement of factor of >3 is possible at ILC.

e At ILC a deviation between the SM predictions and direct measurements

would be prominently visible.

e Competitive results between EW fit and Higgs coupling measurements!

J.Ciath
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Conclusion (€ fitter

e as far as we can see SM is consistent (according to EW fits)
the BSM test (STU + Higgs couplings) looks compatible with SM as well

posibility to new discoveries and hint with future data and theoretical

predictions

e smoking gun My, : needed measurement with
higher precision

5theo

6direct]MW — 15MeV SMy

6indireCtMW — 8 MeV
AMy ~ 1.80

dag

SMy 0Aanaq

new paper available [axiv:1407.37021 , latest results on [neep://cern.ch/gfitter]

Thank you for your attention.
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