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The electroweak fit of the SM
New physics constraints

Example: The 2-Higgs-Doublet Model (2HDM)

Future Colliders
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The Electroweak Fit

fitter

Gauge & scalar sector is determined by 4 parameters

(choose a, G;, M;, My)

Other parameters and observables related by theory

Myy

. 9 o 2 .2 -
S111 Qw — — W MW S111 QW —
A

— over-constrained theory

Other SM parameters (quark masses, My, as) enter

T
V2Gr

corrections

Wive

f H
2 \ o
MI%V:% 1+ 1_\/§7TO£(1 AN~ AN~ ~
2 GFM% "W 1 I o AAARAAAAAA
ff Z/W Z/W
sin20ly = whsin?0, vy = \oh ( —207sin0%) 9.y = \/ld]

. G_known with high precision - not varied in the fit
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« Consistent set of full EW 2-loop calculations is available:

« sin’@'y: effective weak mixing angle (from ratio g./g.)
(M. Awramik et al., PRL 93, 201805 (2004), JHEP 11, 048 (2006), Nucl. Phys. B813, 174 (2009))

 My: mass of the W boson, includes QCD corrections at 4-loop level
(M. Awramik et al., PRD 69, 053006 (2004), PRL 89, 241801 (2002))

o [ partial widths of the Z boson (. rreitas, JHEP 04, 070 (2014))
« Radiator functions to I': QED and QCD corrections up to N°’LO

(Baikov et al., PRL 108, 222003 (2012))

(- Mv: width of the W boson, only 1-loop EW corrections included

(Cho et al., JHEP 1111, 068 (2011)

« Estimate uncertainties due to unknown higher orders (using a geometric

series):
Stheo M 4 MeV Stheolu.c 0.12 MeV
Sihoo SIN207¢ 4.7-107° Sineols 0.21 MeV Uncertainty on m;:
Stheole o 0.012 MéeV Stheoo 6 pb Relation between m
Stheol'w 0.014 MeV Stheo RV, A ~ O(a) and measured mass
Otheol d,s 0.09 MeV | Otheo Tt 0.5 GeV I
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« All SM parameters measured in experiments My [GeV] 125.14 + 0.24
« Input from e*e colliders (LEP+SLC): My [GeV] 80.385 £ 0.015
'y [GeV] 2.085 + 0.042
* Mg My, T, T2 My [GeV] 91.1875 + 0.0021
- forward-backward asymmetries bz [GeV] 24952 % 0.0023
_ _ _ oV . [nb] 41.540 4+ 0.037
« partial-Z-width ratios R RY 20.767 4 0.025
. _ A%L 0.0171 + 0.0010
Input from hadron colliders (LHC+Tevatron): A 01499 £ 0,001
e« My Iy sin?0 (Qrp) 0.2324 4 0.0012
A, 0.670 & 0.027
e My A, 0.923 +0.020
cm AV 0.0707 4+ 0.0035
t AV 0.0992 + 0.0016
« 0os(M7) enters the fit as free parameter R 0.1721 £ 0.0030
Rg 0.21629 4 0.00066
o " " " (5)
Evolution of a parameterized with Aoy — |97 1007
my, [GeV] 4201087
my [GeV] 173.34 +0.76
Ac (M2) 2757 + 10
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ol

-
o

. . . _ _ < e N B G fltter-_g .
« Perform fit without including direct " . easuremont E
. 8 — -
measurement of observable in the ~ F swiitwgl and m, messurement -
f. t 7 —— SM fit wi imal input —
I 6 - H@H M, world ge [arXiv:1204.0042] /
oF E
. . . . S /A 20
 Indirect determination of My more £ E
precise than direct measurement ¢ E
12_ """"""""""""""""" o—------ —i 1o
0: ||||||||||| I B

80.32 80.33 £0.34 80.35 80.36 8037 8038 8039 804 80.41

My = 80.3584 & 0.0046,,, + 0.00305, ., + 0.0026), & 0.00184,
+0.0020,, & 0.0001 7, + 0.00405, 2., GeV

= 80.358 £ 0.008,; GeV .

compared to world average:
80.385 + 0.015 GeV
(difference of 1.6 o)
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Sensitive variables of the EW data to as: = ®

4.5 F B sm fit
¢ ROep=Thad/lep — 0s=0.1221(41) L R e or s ooy s B 2°
35—
« Hadronic pole cross section g%q g2
- 05=0.1055(70) 25
2E
« Total widthl'z - 0s=0.1182(406) 15 E
LT N S L 10
0.53— =
as(mQZ) - 0'1196:|:O'OOZSGXP:'ZO'OOOGQCD + 0.0006gw 091jzl o114 0416 0418 012 0122 0124 0126

= 0.1196 £ 0.0030 ag(M,)

[z might be affected by unknown New Physics contributions
- Include I, as additional parameter in the fit:
ag(my) = 0.1186 £ 0.0034
'y = 503.0 £ 2.5MeV
(PDG value: I, = 499.0 £ 1.5 MeV)
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mm Global EW fit
Bl Indirect determination

Other indirect determinations: - Measurement

R L B L B L L
My = 93+ GeV

direct value: 125.09 £ 0.24 GeV o0

A (LEP)
my = 177.0723 GeV Mol imm
Al

HH' il

Ay

direct value: 173.34 £ 0.76 GeV A

FB

ACP

FB

direct value from cross section: RY

0
|:{b

173.68 +£0.20 (stat) + 1.58 -0.97 (syst) GeV m,

(arXiv:1603.06536) oy (M)
Aocf:d(l\nz)
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2D

Scans

fitter

« Testing simultaneously two sensitive observables to New Physics effects

* Determine x’for each point in 2D space

r— 80.5 LI B S I B S B I R LI — T T [ T T T T T ] ;‘ [T T T T [T T T T [T L T [ T T T T T T T
% - 68% and 95% CL contours sin*(6!, ) LEP4+SLC * 1o . 8 ~ 68% and 95% CL contours S ‘::r_k:;: r3"4b'GJ:JG 1
O, 80.48 |- W direct M, and sin(e! ) measurements = = 805 — [ fitw/oM, and m, measurements i) - 5 =0.76 GeV L
Eg 80.46 — M fitwio M, sin’(6],) and Z width's measurements ] EB n fit w/o M,,, m and M, measurements HE c=076% 0'5f))bm’GeV a
C fitw/o M,,, sin’(e] ) and M, measurements - L B direct M, and m, measurements 1o - ]
80.44 ?‘” fitw/o M,,, sin*(6,,), M_ ard Z widths measurements — 80.45 — 3 ]
80.42 |- = C ]

\ ] 80.4 [ -
80.4 - - = )
C. ] I My, world comb. + 15 -
80.38 — —] 80.35 [— M, =80.385 + 0.015 GeV —
80.36 [ My, world comb. + 15 _: E E
C ' ] 80.3 — —
80.34 - | = - g ]
80.32 = - % A & : £
— F 80.25 ol /',"’ “\@/Jf" \‘\Y\f-' G ; -
RN T TR NN TR TR AN N N S L L] I Pl P 1

|’ 1 1 1 1 1 1 }’ 1 1 1 L" | L : 1 1 | 1 1 1 1 | 1 1
0.2308 0.231 0.2312 0.2314 0.2316 0.2318 0.232 , 0.2322 140 150 160 170 180 190
sin®(6.,,)
m, [GeV]
* Increased precision due to knowledge of My
°

Good consistency of SM predictions and measurements

Electroweak Fits




#..... Oblique Parameters [Elfitter

DER FORSCHUNG | DER LEHRE | DER BILDUNG

New Physics in electroweak sector parameterized with 3 parameters:
« S: changes to neutral currents
« T: changes to difference between charged and neutral currents

« U: changes to W width and mass

0 I B o o o o B B L e e o o o e o s

In SM: S=T=U=0 i = Fit contoura for freell.J(SMre1:|MH=125|GeV, m1|=173 Ge|V) =

) 0.4 E_ B 68%, 95% and 99% CL for present fit _E

Fit result (for fixed My=125 GeV P E

and m=173 GeV): “2E E

01— -

S = 0.054 0.11 oF E

-0.1 —

1T = 009 + 013 _0.2 =5 SM Prediction E

< E M, = 125.14 + 0.24 GeV =

U 001+ 011 o3 E m; = 173.34 1 0.91 GeV E

. . 04 -

(with large correlations) Y =S TS PR EURE S ST PR T S S
-0.5 -04 -03 -02 041 0 0.1 0.2 0.3 04 0.5

S

No hint for New Physics but constraints on BSM models!
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#..... Example: 2HDM  [Elfitter

I The 2-Higgs-Doublet Model
« Simple extension of the SM Higgs sector
« One additional Higgs doublet - 5 Higgs bosons:
ho, Ho, Ay, HY, H
« Additional free parameters:

« tan B = vi/v;
« a: mixing angle of the neutral Higgs fields
« My mass parameter of the mixed term ®,/®,, soft breaking scale

How is parameter space constrained by precision measurements?

. Electroweak Fits
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I Four CP conserving types of the 2HDM with different Yukawa couplings:
« Type l:
« Only one Higgs doublet couples to fermions

 Type ll:

« One Higgs couples to up-type quarks and leptons

« Second Higgs couples to down-type quarks and leptons
 Lepton specific:

* As type | model, but with leptons coupling to other Higgs doublet
than the quarks

 Flipped:
« As type Il, but with couplings of up- and down-type exchanged

. Electroweak Fits
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« Use STU formalism to constrain 2HDM
« Assume: discovered 125 GeV Higgs boson is light hy

« Keep tan B and a free (not constraint by EW data)

Two-Higgs Doublet Model

G

o)
@
£
o

Only weak constraints

M,, [GeV]
o
S

800

on mass ratios from
700
electroweak data
600

500

400

300

200 300 400 500 600 700 800 900
M, [GeV]
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2HDM: Higgs BRs

fitter

tan

Measured Higgs branching ratios can constrain 2HDM

Predictions for Higgs BRs from 2HDMC (p. Eriksson et al., CPC 181, 189 (2010))

Importance sampling algorithm MultiNest (. reroz et al., arxiv:1306.2144) USed to

scan parameter space

Two-Higgs Doublet Model Type |
rTrrryrr7r |7 r 11T 7 17T T 17T

[ T | | | IIIIII|IIII|IIII|IIII|IIII
. 68% and 95% CL fit contours

preliminary

50

] fitter [0 :

III|IIII|IIII|IIII|IIIIt

Two-Higgs Doublet Model Type II
IIIIIIII|IIIIIII

50

tan p

40

30

20

10

| L N Y B
Bl 68°% and 95% CL fit contours

preliminary

SM like limit B-o=T1/2

Inverted limit B+oa=T11/2

|IIII|IIII|IIIIt
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fitter

Flavor observables may be affected by charged Higgs contributions

Wﬂ: H:i:
b // -~ N S b , -~ = \\ s
F. Mahmoudi, CPC 180, 1579 (2009)
M. Misiak et al., PRL 114, 221801 (2015)
u,c,t u,c,t T. Hermann, M. Misiak, M. Steinhauser,

Y JHEP 11, 036 (2012)
Requires precise theory predictions and CKM matrix elements (CKMfitter)

Two-Higgs Doublet Model, Type | Two-Higgs Doublet Model, Type i
T T T T T T T T T T T T 7T T T T T T T T T

o 4 _ T T I LA I N L L B Y B ] o /', :-f | T T T T T T =
c - _ . _ ] c 45 s - . —
s 3.5 :_ €] fitter 5 95% CALI\TIXCIUded regions _: s a0 / :,:' €] fitter 5 3
- prelimina B A Vs, . reliminary =
s F P ry CJAMg E E P y -
- B > uu ] =4 E
25>~ | - 30 £ =
2 b E 25 & =
= . = 95% CL excluded regions -
- ] 20 — 3 B — X,y —
1.5 — = - [ | B(B — Dtv)/ B (B — Dev) 3
C = 15 = B> v —
1E = 7 @ D > v -
C__ _ 10= e D, — v —
T . = = N EEEEEE B; — up -
0.5 B L L L PP 5 e B(K = uv)/ B(m — pv) —
- 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 . J -------------- L -------------- | E
150 200 250 300 350 400 450 200 300 400 500 600
MH* [GeV] MHi [GeV]

Limit on M(H*) from b—-s+y only in Type Il 2HDM
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Two-Higgs Doublet Model Type Il
L I|IIII|IIII|IIII|IIII|IIII|IIII|IIII

50 . 68% and 95% CL fit contours
Two-Higgs-Doublet model constrained by: oll |
« Electroweak precision data %
 Higgs coupling measurements

| 1T
preliminary
| | | | | I | | | I | | | | 11 1 11
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

tan

] fitter [51]:

III‘IIII‘IIIIlIIIIlIIIIT—

20
* Flavor data 10
0 [ [ |
cos(f - «)
Combination of all available data allows o  eoggDomeMesmeel ____________
to derive tight constrains on allowed 8 e frlE: 3
parameter space sEf preliminary
30 ’:'
25
20 QS““CLBeic;zjjl(ed regions

1 B(B —» D)/ B (B — Dev)
1B —>1v

[ D. - wv

----------- Dg — v

------ B, — un

-------- B(K > pv)/ B(rm — uv)

A 4= [ PP R,
200 300 400 500 600
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LHC and future electron colliders could improve EW measurements

Future LHC:

Parameter Present LHC  ILC/GigaZ

* Run 2 and 3 data My [GeV] 02 [<o1 <0.1
« 300 fb? My [MeV] 15 8 5
« More precise t, Hand W Mz [MeV] 21 21 2.1

masses m¢ [GeV] 0.8 0.6 0.1
ILC sin?0’; [1077] 16 16 1.3

] Aoy, (M2) [1077] 10 4.7 4.7
« WW, tt threshold scans RY [1079] 25 25 4

- t and W masses with high precision
« GigaZ:
- Z pole measurements

Reduced theory uncertainties from 3-loop calculations

— assume &yxMy and 6uSin’@'y reduced by factor 4-5

. Electroweak Fits
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5¢

N>< 25 T T T T T L 5c (N?< 25_‘| L L I B I L L T |l||||L_
< | [ Presentsmiit | e] fitter|-v|" - < L |:| P 's;ent SM fit Ll fitter|uf: 1

B " Present uncertainiies i ! i
20 | Prospects for LHCI'-_ ] 20 ]

- [} Prospects for ILC/ i ' : 4 .
T3 S 4o 15 '-, ;' A A —: 4o
b N W V. L W W L A— Jse

5 Y . 3 i & _]
20 [T :"—s:"_ .‘:"" ‘-‘ _______ ;.‘ "‘;*_,7 ____________________________ : 20
--I- ------- | --I--I---l---l--l---l---l--l---l--]- 16 0 |--:--|--|--|--|--|---|--|--|--| r---- et I-i 11 I:I i 1 I.I 1 i I:I 11 i_ 16
120 140 160 180 200 80.33 80.34 80.35 80.36 80.37 80.38 80.39 804
M, [GeV] M,, [GeV]
» Central values adjusted to reproduce « Expected uncertainty of direct and
My=125 GeV indirect My, determination improved

by factor ~3.
« Expected uncertainty of 7 GeV for ILC
« For unchanged central values:
* Indirect determination of My will not 3o discrepancy possible
compete with direct measurement
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; 80-46 | T T T T | T T T T | T T Il | T T T T ] ; 80.46 _I T | T 1T | T 1T | LI | T T T Iél T | LU | T 1T LI I_
8 - 68% and 95% CL fit contour m*ic ] 8  68% and 95% CL fit contour sinf(6!) 1o .
= 80.44 | — w/o M, and m measurements : ] = 80.44 — w/o M, and sin’(6] ) measurements : ]
Eg - [l Present SM fit E; - Bl Present SM fit .
80.42 — [ Prospect for LHC 80.42 — [ Prospect for LHC —
—~ [ Prospect for ILC/GigaZ - - [ Prospect for ILC/GigaZ —
80.4 [~ present measurement —_ 80.4 ™ present measurement ]
80.38 L ~|LEC precision— ~ A ] 20.38 L L& precision- —
o Iston — :_IIHC‘pTE'cTSI'On — T 7
- My +i1c -] - M, +1o NS e
80.36 — —] 80.36 [ I‘ -
80.34 |- - 80.34 [ =
80.32 [ _ - 80.32 — , ;
: Y fitter]..| - :
B 1 1 1 1 1 1 | 1 i i - | 1 1 1 1 | | | | 1 ] _I 11 | L1 11 | | I | | L1 11 | | I | | | I L1 | L1 11 | L1 11 | 11 I_

160 165 170 175 180 185 0.231 0.2311 0.2312 0.2313 0.2314 0.2315 0.2316 0.2317 0.2318 0.2319
m, [GeV] sin(6.,)

* m: assumed to be measured with 0.1 GeV precision at ILC
 Indirect measurement of m; with precision below 1 GeV reachable

« Improvements on m; and Aa"1.4 could lead to improved determination of
weak mixing angle by factor 3 already with more LHC data

» Direct measurement at ILC will gain more than factor 10 in precision
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| T T T | T T T

____________________________________________________________________

-* Prospects for IL GlgaZ present heo. unc
H8- o (M) from't de ays at 3NLO [EPJC56,305(2008)]

20

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1o

0.114 0.116 0.118 012 0.122 0.124 0.126
OLS(MZ)

-t [ TTTT
N

1

Better measurement of masses at ILC and reduced theory uncertainties
might lead to uncertainty on as of;

Aag = 0.00065¢xp @ 0.00023qcp @ 0.00025gw
= 0.00070
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P 0-3 | 1 I I I | I I I I | I 1 I I I I I I I 1 I I I 1 I I I | R
~ 68% and 95% CL fit contours for U=0 4 Central values adJUStEd to
0.2 __(SMref: M,=125 GeV, m =173 GeV) = reproduce MH= 125 GeV for
= Present uncertainties ] .
C @ Prospects for LHC ] future scenarios, U=0
01 . B Prospects for ILC/GigaZ |
| B 1+ Only minor improvement with
ol 1  expected LHC data
- 1 + Expected improvement of factor
-0.1 SM Prediction
C M, = 125.14 = 0.24 GeV - 3to4 atILC
C m, = 173.34 + 0.91 GeV -
0.2 ]
C €] fitter]s ]
_0.3 B 1 | | | | | | | | | | 1 | | I | | | | | 1 | | | | 1 | | | ]
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
S
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Electroweak fit: combination of precision theory with precise measurements

 Probes SM at high precision

« Combination of EW and Higgs data can be used to constrain New
Physics

« So far: consistency of all SM measurements

Outlook:
 LHC and future e'e colliders could improve measurements
« Looking forward to new W mass measurements from LHC and Tevatron

« EW fit important to test SM with ultra-high precision in the future

. Electroweak Fits
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Fit

Results

fitter

Parameter Inpot valoe _ch Fit Resolt wio .c XB - input . v.vfo exp. input
in fit in line in line, no theo. unc
Mz [Gev]t®) 125144 0.24 yes 125.14 4 0.24 gat+ae g3tad
My [GeV] 80.385+0.015 - 80.364 + 0.007 80.358 + 0,008 80.358 + 0,006
Tw [GeV] 2.085 4 0.042 - 2.001 4+ 0.001 2.09140.001 2.00140.001
Mz [GeV] 011875400021  yes 911880400021 91,2004 0.011 91.2000 £ 0.010
'z [GeV] 2.4952 40,0023 - 2.4950+£0.0014  2.4046 4 0.0016 2.4045 + 0.0016
ol 4 [nb] 4154040037 - 41,484 +0.015 41,4754 0,016 41474 +£0.015
R} 20.767 & 0.025 - 20.743 +0.017 20.722 4 0.026 20.721 £ 0.026
A 0.0171 4 0.0010 - 001626400001 001625400001  0.01625 £ 0.0001
Ap ) 0.1499 40,0018 - 0.14724£0.0005  0.14724 0.0005 0.1472 4+ 0.0004
sin¥e (Grp) 0.2324 40,0012 - 0.2315040.00006 0.2314040.00007  0.23150 4 0.00005
A, 0.670 4 0.027 - 06880+£000022 066804+0.00022  0.66804 0.00016
Ay 0.923 4 0.020 ~- 0934634 0.00004 0.9246240.00004  0.93483 + 0.00003
Al 0.0707 4 0.0035 - 0.0728 £0.0002  0.0738 4 0.0003 0.0728 + 0.0002
ARt 0.0992 £ 00016 - 0.1022£0.0004  0.1034 40,0004 0.1023 £ 0.0003
R 0.1721 4 0.0030 - 017226 Fo0000s  0.17226+ 0.00008  0.17226 + 0.00008
R} 0216294+000066 -  0.21578+£0.00011 0.215774+0.00011  0.21577 + 0.00004
i, [GeV] 1272597 yes 1.27 4097 - -
Ay, [GeV] 420 F337 yes 42007 - -
ey [GeV] 172344+ 0.76 yes  173.81+£0.85(%) 177.0 F22(v) 177.04£23
Aal) (pr2)(12) 2757 & 10 yes 2756 + 10 2723+ dd 2722 £ 42
s (M3) - yes  0.1196+0.0030  0.1106+0.0030 0.1196 + 0.0028

(°) Average of the ATLAS and CMS measurements assuming no correlation of the systematic uncertainties.

(*)

(7)The theoretical top mass uncertainty of 0.5 GeV is excluded.

() 1n units of 107,

() Rescaled due to @, dependence.

Average of the LEP and SLD A; measurements, used as two measurements in the fit.
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Correlations between S, T and U:
S T U

S 1 0.891 -0.540

T 1 -0.803

U 1

P 0-5 LT T 1T ‘ T TTT | T T TT | T T TT | T T 1T | TTTT | T T 1T | T T TT T T 1T T T 11T l— 0.5 [T T TT | T TT | LI | LI | LI | LI | T T 11 T T 11 T 1T 11 T T 1T 1_]

= fit contours for U=0 (SM__: M,=125 GeV, m =173 GeV) C [ 68%, 95%, 99% CL fit contours, U=0 -

0.4 = 'm 68% and 95% CL for present fit 0.4 - (SM_:M,=126 GeV, m =173 GeV) —

0.3 = 95% CL for asymmetries & sine! (Q_) 0.3 = =

- 95% CL for Z widths - T E 3

0.2 — HM 95% CL for M, & Iy = 0.2 =

0.1 = 0.1 =

0 —] 0 =

= - - SM Prediction 3

015 = 01 F- M,=125.7- 04 GeV

= - " E m, = 17318+ 094 GeV

-02 E SM Prediction _ 0.2 - 3

-0.3 — 03 F with M, < [100,1000] GeV _J

04 - 04 N

0 5 L 111 ‘ | | 111 | | 1111 | 1111 | 1111 | 1111 | | ‘ | | 111 I: : G g :

- '_ o _ o - _0.5 1111 | 111 1 | 111 1 | 111 | | 111 1 | 111 1 | 111 | | 11 11 | 1111 | 11117
0.5 0.4 0.3 02 0.1 0 0.1 0.2 0.3 04 0.5 05 04 -03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5

S S
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2HDM Types

fitter

Parameterization for various 2HDMs (taken from arXiv:1106.0034)

Type 11

Lepton-specific

Flipped

Type 1
¥ | cos a/ sin 3

cos a/ sin 3

cos v/ sin 3

cos a/ sin 3

¢ | cosa/sinf

—sina// cos

cos v/ sin [

—sina/ cos 3

* | cosa/sin 3

—sina/ cos 3

—sina/ cos

cos o/ sin 3

% | sina/sin 8

sin a/ sin 3

sin o/ sin 3

sin v/ sin 3

% | sina/sin 3

cos a/ cos 3

sin o/ sin 3

cos a/ cos f3

% | sina/sin 3 cosa/ cos 3 cos v/ cos 3 sin «v/ sin 3
4 | cot 3 cot [3 cot (3 cot [3

@ | —cotp tan [ — cot 3 tan 3

5 | —cotp tan (3 tan (3 — cot 3
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Experimental uncertainty source [+10]
Parameter Opeas O¢  d40€° 8t My dMz dm; Jsin® 19"{ g O0Ao,g dove
Present uncertainties
N
My [MeV] 15 7.8 5.0 6.0 - 2.5 4.3 n.1 1.6 2.5
Mz [MeV] 2.1 120 3.7 114 10.5 - 3.5 11.2 2.2 1.4
my¢ [GeV] 0.8 2.5 0.6 24 2.3 0.4 - 2.3 0.5 0.6
sin0fp 0 16 6.6 49 45 37 12 20 - 3.4 1.2
Adayag © 10 4 13 42 31 6 10 41 - 2
LHC prospects
T N T T T I R
My [MeV] 8 5.0 1.8 D.2 - 2.5 3.5 4.8 0.8 2.6
Mz [MeV] 2.1 7.2 1.4 7.0 6.0 - 2.8 5.9 0.8 1.9
my [GeV] 0.6 1.5 0.2 1.5 1.3 0.4 - 1.2 0.2 0.5
sin?0f; ) 16 3.0 11 2.8 2.5 1.1 14 - 1.5 0.9
Aapag ) 47T 36 6 36 25 9 12 35 - 5
ILC/GigaZ prospects

Mpewl <01 TR OfE | 3 i o o
My [MeV] 5] 2.3 1.3 1.9 - 1.7 0.1 1.2 0.6 0.3
Mz [MeV] 2.1 2.7 1.0 2.5 24 - 0.1 1.3 1.9 0.2
my¢ [GeV] 0.1 0.8 0.2 0.7 0.6 0.5 - 0.3 0.4 0.2
sin0f; 0 1.3 23 10 2.0 L7 12 o0l - 1.5 0.1
Ay @) 4.7 6.4 3.0 56 2.6 42 0.2 3.8 - 0.2

) n units of 10~%. “'In units of 101
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