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Electroweak fit: precise inputs

> 5 inputs needed to fix the bosonic sector of the SM:
SU(3) x SU(2) x U(I) gauge couplings and 2 Higgs parameters

> fine structure constant: & known to £6.6 x 107'° from
Rydberg constant (leaves ge—2 as new physics constraint)

> Fermi constant: GF known to +5.1 X 1077 from muon lifetime

> Z mass: Mz? known to 4.6 x 107> from Z-lineshape

> Higgs mass: My? known to +3.8 x 073

> strong coupling: &s(Mz) extracted to +1.4% from EV fit
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» Z width:in SM [z provides clean X constraint
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> Z decays: [(Z — hadrons)/[(Z — leptons) & | ~

e e —hadrons

» L height: for hadrons least correlated

> Ny =2.992 + 0.007
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> s at the verge of a perturbative breakdown: FOPT vs. CIPT
> combined with Z-pole values gives perfect quantitative QCD test

> W width: lacks precision, but |** + 2" row CKM unitarity test
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> Yukawa coupling — mass relation:

Amp, =+ 9 MeV & Am. = + 8 MeV to
match future precision in HiggsBRs

z Sum rule:

me = 1272 £ 8 + 4 (0t) MeV

Masjuan, Spiesberger, JE 2016
(expect about twice the error for my)
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Top quark mass
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CMS
grand average

JE, Eur. Phys. J. C 75 (2015)
Mt — |72.97 i O.28uncorr, i O.29corr,i O.SOQCD Gev
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> reduce QCD error to 70 MeV in the future
M. Beneke, P. Marquard, P. Nason, M. Steinhauser 2016
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me = 173.34 £ 0.8] GeV reduces indirect My by 3 GeV

13




1000 Ly, Opaer Ry Ry (10) ':':"'
--------- Z pole asymmetries (10) - i
500 — _ __ M, (10) I -
..... — direct m, (10) L /
300 direct M,, o _ - /‘ _
200| B precision data (90%) :' < D

S
Q
S, 100} —
XL - -
= - i
50 | -
e I -
0 / ! -
/ .
20 |- / | —
/ |
/ |

10 I 1 1 1 1 I 1 1 1 /I 1 1 1 /I 1 1 1 1 I 1 1 1 L I 1 1 1 1 1
150 155 160 165 170 175 180 185

m, [GeV]
Freitas, JE (PDG 2016)

14



W boson mass [GeV]

O l LEP
O : CDF Run |
O LEP
O Tevatron = CDF Runll
O LHC
world average : O | DO Run |

== S\

L) DO |l

~—] ATLAS

80.2 80.3 80.4 80.5

15



M,, [GeV]

80.40

80.39

80.38

80.37

80.36

80.35

80.34

80.33

B direct (10)

indirect (10)

B all data (90%)

168 169 170 171

lllIlllllllllllllllllllIlllllllllIlllllllllIllllllllllllllllllllllll..

172 173 174 175 176 177 178

m, [GeV] Freitas, JE (PDG 2016)

16



M,, [GeV]

80.40

80.39

80.38

80.37

80.36

80.35

80.34

80.33

B direct (10)

indirect (10)

B all data (90%)

168 169 170 171

lllIlllllllllllllllllllIlllllllllIlllllllllIllllllllllllllllllllllll..

172 173 174 175 176 177 178

m, [GeV] Freitas, JE (PDG 2016)

16



Mw in the MSSM
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Precision sin2Ow/(0): issues

use PQCD where possible
(mc and mp needed)
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of upper and lower limits on
strange quark contribution

singlet separation: adaptation
of lattice result for g,—2
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Parity violating electron scattering

€L.R €L.R

v, Z

f f

» NC couplings:g'ay e YFY?ef Yuf  gfae YHef yuy°f
o |g¥av| = V2 — 2 | Q4 sin?Ow lg'va| = V2 — 2 sin?Ow

o f=e=>|g*av|="2—2 sin2Bw « |

* Asin?Ow = (sin2Ow — 1/4 + N/4Z) AQw/Qw
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Polarized DIS

E122 (SLAC) & PVDIS (Jefferson Lab)

deuterium target (isoscalar and simple nucleus)

AR = OL— ORrR/ OL + Or « Q%
large Q* = Ar(d) ~ 10~*
large y = g®av and g%9av

Qg weighted (Y-Z interference)
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Polarized Moller scattering

« EI58 (SLAC) & MOLLER (Jefferson Lab)
e AR~ 3x|08
e purely leptonic

= very clean theoretically

= ultra-high precision

= need at least one 2-loop electroweak
calculation Aleksejevs, Barkanova

24



Polarized elastic scattering

e AR « Qw(p) + Q2B(Q?2 0)
o Qweak (Jefferson Lab):
e Q?=10.025 GeV?

e extrapolation to Q2 =0

* large Y-Z box Gorchtein,

Q,+0°B(Q",0

=0)
o
N

O
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0
o
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O
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o
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€ This Experiment
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A PVA4

® GO

2> SM (prediction)

Data Rotated to the Forward-Angle Limit

L 01

Horowitz, Ramsey-Musolf; Rislow, Carison;
Hall, Blunden, Melnitchouk, Thomas, Young

25

02 03 04 05 06

0°[GeV/c]
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e AR « Qw(p) + Q2B(Q?2 0)
o Qweak (Jefferson Lab):
e Q?=10.025 GeV?

¢ This Experiment | Data Rotated to the Forward-Angle Limit
m HAPPEX

| % SAMPLE

A PVA4

® GO

2> SM (prediction)

- 0)
o
~

<
0

Q. +0°B(Q%,0
o
N

0
O

O
o0 v —

ep

e extrapolation to Q2 =0

A_/A

0 01 02 03 04 05 06
[GeV/c]
* large Y-Z box Gorchtein, ¢ et

Horowitz, Ramsey-Musolf; Rislow, Carlson;
Hall, Blunden, Melnitchouk, Thomas, Young
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Polarized elastic scattering

e AR « Qw(p) + Q2B(Q?2 0)
o Qweak (Jefferson Lab):
e Q?=10.025 GeV?

¢ This Experiment | Data Rotated to the Forward-Angle Limit
m HAPPEX

| % SAMPLE

A PVA4

® GO

2> SM (prediction)

- 0)
o
~

<
0

Q. +0°B(0°,0
o
N

o

O
o0 v —

A /A,

ep

e extrapolation to Q2 =0

0 01 02 03 04 05 06
2IGeV/c]’
* large Y-Z box Gorchtein, ¢ et

Horowitz, Ramsey-Musolf; Rislow, Carison;
Hall, Blunden, Melnitchouk, Thomas, Young

» P2 (JGU Mainz): Q? = 0.0045 GeV? (Ar ~ 107°)
* Y-Z box correction (error) factor of 8 (5) smaller
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Atomic parity violation

e g%y (coherent) Stark induced- ¢ ¢<m4

1/2 \ 2.18 GHz m=_3
Z interference amplitude F=3<mz+3
dominant (spin-independent)
¢ QW(I33CS) -~ 0.60/0 (inCI. Dye Laser
theory) c.s. Wood et al. 1997 (540 nm)

e spin-dependent nuclear

F=4
anapole moment through /<
9.19 GHz

difference in hyperfine 0512
transitions

F=3



Oblique physics beyond the SM

> STU describe corrections to gauge-boson self-energies

> T breaks custodial SO(4)

> a multiplet of heavy degenerate chiral fermions contributes
AS = Nc/311 3 [ta' — t3r]?

> extra degenerate fermion family yields AS =2 /311 = 0.21

> Sand T (U) correspond to dimension 6 (8) operators
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Non-degenerate doublets (T)

> Apo =G 3 Ci/ (8 V2 T1%) Am2 [ Am{® = (m) — my)°]

> despite appearance there is decoupling
(see-saw type suppression of Amiz)

> Moriond 2017 update:

Po = 1.00036 + 0.00019 (1.9 0) = Z; C;/3 Am* < (46 GeV)* @95%CL
> LHC@150 fb™':
> no SM deviation: po = | £ 0.00014 = 3, C;/ 3 Am* < (27 GeV)’

> assuming no change in central value:
Po = 1.00036 + 0.00014 = 3, C;/ 3 Am* = (34"°_; GeV)
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Effective parity-violating couplings
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current
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Oad
AR
F

ALR

My

M

FCC-ee

+ 2.1 MeV » < |00 keV

+ 2.3 MeV » < |00 keV

+ 0.025 =» < 0.001

+ 0.00066 @ < 6x10

+ 810 MeV (incl. QCD) » + |5 MeV

+ 37 pb ® £ 4 pb (assumes 0.01% luminosity error)

+ 0.0022 = + 2x IO_5 (needs 3-loop EWV to be useful, 4-loop to match exp.)
B(b) + 0.020 » + 0.001 (using similar b-tagging improvements as for Ry)

+ 33 MeV (LEP); = 16 MeV (Tevatron) » + 0.6 MeV

+ 42 MeV » st + 2nd row CKM unitarity test
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