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Lagrangians and
The Search for
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New Opportunities for BSM Searches
at the EIC

SBU
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No new particles discovered (yef?)

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: March 2023 JLdt=(3.6-139)fb V5 =13 TeV
miss =t L
Model ty Jetsi ET™ [rdim) Limit Reference Overview of CMS EXO results
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*Only a selection of the available mass limits on new states or phenomena is shown.
{Small-radius (large-radius) jets are denoted by the letter j (J).

Mass Scale (Tev]

Many limits exceed 1 TeV
*note holes for light stuff
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LHC measurements loo

Standard Model Total Production Cross Sectlon Measurements

PP

tichan

wz

o4

ts_chan
ttw
ttz
www

Wwz
it

T
22*107mb d

-
TR T s"@e-,f%
ST

o =1

B+T|

o=

o = a7 Mg
- BTG QT‘PéNNH
o = QIPEEHOT A I

il

MRETE HERTR2 (theory)
e 1@61}]“99*0158 NN gNNLL) (th

+NNLL) (f

- = QNG azg"ﬂaww 0y

I ATLAS Preliminary

V5 =5,7,8,13,13.6 TeV

49 ¥)
+NdLL) (theory)

LOZNNLL) (theory)

o= BIPTEI . b%“é LG (E)NLL (theory)
o= RONLGHTIS ‘?‘9‘#8’(92& 'Y’

o = AR H118 WO faegy

= g\gl'Ungg?CTIéél\l?lLO+N LL) (theory)

) ¢
o= 5 i ,ﬂ%(g'pgr ata) A 9
o = 1Y TOP NG S8 ata) 6
A e
o= SR LI
o~ BGIONDL g, 5
o = Q4G (E'ﬁls Jdigge) o
o = DIGEMANNLD) theoy) 5 7 o (data) g
o= Cq‘ﬁ (NNEO) 1800t o
o = DO 4hedy) 1 (data) 8
o= LQ*'EL‘;LEW&Q (data) o
o = SAONLL (theor (dal ) P
o= r*? H}(?W%X "5‘9%7&313 a
o = H WG YRY P’l??d! ) B
o = HIPHEIVG YRALHeO) o) (o) a
o= 1GEX9YC Y55 (heera) 8
o = OBV oh (data) A
o = SINOLNPYYY (data) o
o= NRLIDYD, (ot a
- @R%Nﬁ&&quswx
o = WAL PO ‘"\? 7 g
- wﬂwr&&a S

_ Mayrix (NNLO) E'?E H(NLO} (theory) °
o Mt (NNLOY & zf IRNED) (theory) =]

— %Qf‘%prb (data) 8
o= eNEQENROY) 5 5 op (data) )
o= b LN 9“&2:!)3 pb (data) m
1~ Mo gon s Moo al
o= 4GH "ﬂé SR (data)
o =TI SBNUUSAN ata) a
o= GEFAGHER 69008 (data) o
o = QLRI _ 013 pb (data) o

o= ERa2R2{eo) 55 @)

L0 QCD + EW (theory)

107 107

10731072107t 1

101

102 10% 10* 10° 10°

Theory

- stat

LHC pp Vs =13 TeV
- Data
stat
stat @ syst

LHC pp Vs =8 TeV
m 7
stat

stat @ syst

LHC pp Vs=7 TeV
- Data
stat
stat @ syst

LHC pp Vs=5 TeV

Data
- stat

1011

0510152025

o [pb] data/theory

S. Dawson, BNL

d

f L_l Reference

(]

34x10~8  EPJC 83 (2023) 441

50x10-8  PLB761(2016) 158

8x1078  Nucl. Phys. B (2014) 486
29.0 PLB 854 (2024) 138725
0.3 arXivi2404.06204
20.2 EPJC 79 (2019) 760
46 EPJC 77 (2017) 367
0.3 arXiv:2404.06204
29.0 PLB 854 (2024) 138725
0.3 arXiv:2404.06204
20.2 JHEP 02 (2017) 117
4.6 JHEP 02 (2017) 117
0.3 arXiv:2404.06204
29.0 PLB 848 (2024) 138376
140 JHEP 07 (2023) 141
20.2 EPJC 74 (2014) 3109
46 EPJC 74 (2014) 3109
0.3 JHEP 06 (2023) 138
140 JHEP 05 (2024) 305
20.3 EPJC 77 (2017) 531
4.6 PRD 90, 112006 (2014)
0.3 PLB 854 (2024) 138726
3.2 JHEP 01 (2018) 63
20.3 JHEP 01, 064 (2016)
2.0 PLB 716, 142159 (2012)
314 EPJC 84 (2024) 78
139 JHEP 05 (2023) 028
20.3 EPJC 76 (2016) 6
45 EPJC 76 (2016) 6
36.1 EPJC 79 (2019) 884
20.3 PLB 763, 114 (2016)
46 SOF e oy
36.1 EPJC 79 (2019) 535
20.3 PRD 93, 092004 (2016)
4.6 EPJC 72 (2012) 2173
29.0 PLB 855 (2024) 138764
36.1 PRD 97 (2018) 032005
20.3 JHEP 01 (2017) 099
a6 HepmEmm
140 JHEP 06 (2023) 191
20.3 PLB 756 (2016) 228-246
140 JHEP 05 (2024) 131
20.3 JHEP 11 (2015) 172
140 arXiv:2312.04450
20.3 JHEP 11, 172 (2015)
139 PRL 129 (2022) 061803
79.8 PLB 798 (2019) 134913
140 EPJC 83 (2023) 496

Status: June 2024

“SM-like”

Impressive
theory/experiment
agreement over many
orders of magnitude
and in many varied
processes




Higgs couplings look “SM-like”
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S. Dawson, BNL

Different questions

Kno“‘f‘tj elementary pa'r’ticles SL.JggeSt searching at
T Higgs different scales
e S St S SR
10-28 10-17 105 107 1010 (GeV)
GUT | Planck

scale]| scale

Dark matter? Neutrino masses?
Hierarchy problem?

WHERE TO LOOK for new
thSiCS? Current data doesn't really give us any hints

| will focus on scenario where new physics
is heavy (ie, much larger than weak scale

S. Dawson, BNL



Consider a Hierarchy of scales

A >> M, where complete theory exists

* Any new particles or symmetries are at this scale

« Expect effects of heavy particles at low scales to be suppressed

This is sad scenario where there is no
intermediate scale physics

|\/|W Only SM particles in theory at low scales



Effective field theory framework

« Assume SU(3) x SU(2) x U(1) gauge theory with no new light particles
« Assume Higgs particle is part of SU(2) doublet (defines SMEFT)

« SMis low energy limit of effective field theory with towers of higher dimension
operators

C; d=6 C; d=8 Typically stop at
L=Lsm+ 2_2073 T ZFOZ' T dimension-6

/A
BSM Effects Sk Particles

* Many (~2500) possible operators, must choose relevant set (typically ~20-30 in
current fits)

« Power of SMEFT is that it connects top, Higgs, EW physics processes



SMEFT limits

e |t's all connected

* Plus Drell-Yan, Z-pole, EIC

Adapted from K. Mimasu

S. Dawson, BNL



Advantages of SMEFT approach

Quantum field theory where calculations done order by order in 1/A

« Compute cross sections without knowing high scale (UV) physics

Systematically improvable

» Can calculate loops at each order in 1/A

At this level, SMEFT calculations are model independent

Measurements interpreted in terms of SMEFT coefficients

Can compare very different classes of measurements



Learning from SMEFT

6
* Experiment = Theoryg,, + Exigz’
A
Precise/ ‘ T

experimental Precise SM Precise SMEFT
measurements calculations calculations

Understanding uncertainties in SMEFT
interpretations of data is a work in progress.... No
theoretical consensus

Interpreting a pattern of non-zero SMEFT
coefficients gives information about UV models

S. Dawson, BNL
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-
.
.
*s

prediction

......

Not this

prediction
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A tower of EFTs

Heavy physics decouples and leaves
interactions with d>4
SMEFT operators and
l coefficients depend on
SM fields and parameters

Cd
Lspyerr = LSM + 2 dxg- 4Od

coefficients don't depend

l LEFT operators and
on MWI Mz, Mtl MH

Ligrr = LoEp+Qep + 2id Ad—4 Of

Going beyond tree level

predictions
When does it matter?
When is it essential?

11




When is EFT valid»

Cé; Csi

L — Loy + ZZFOGZ + 2 Al Og; + ...
SMEFT 2
Ag AspyAe A
A? ~ Asir + g 2~ A%, + ¥ +A—2+....

Problem is that (A4)? terms are the same order as Ag terms that we have dropped

If | only keep A,/A? terms and drop (A,/A%)?, the cross section is not guaranteed to
be finite

Corrections are O(s/A?) or O(v2/A?), which means there is some maximum energy
for which the expansion is valid

S. Dawson, BNL

12



Counting lore

S
o~ ggn(Asn)® + gSMgBSMASMA(SE
2 2

s s
+959m (46)° Al + gsnm9BsmAsiAs Al

\ )

Assumptions

Same order of magnitude if gey ~ g gom are creeping in

(Dim-6)? could dominate if ggep>> gsy

State of the art fits typically use dimension-6 operators and
compare linear and quadoratic fits to get an estimate of
uncertainties, ie is the expansion converging?

S. Dawson, BNL



Where do limits come from-

ATLAS fit to Higgs,
VV, EWPO data

* Electroweak precision observables:

ATLAS Preliminary e Best Fit M Higgs
V/5=13TeV, 36.1-139 fo~* — 68%CL W EWPO
M F F SMEFTA=1TeV e 95 % CL EW
Linear parameterisation
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Many global fits

* Fits to anomalous interactions (Include Drell-Yan, EWPO, Higgs, top, B)

« Top measurements play an important role in constraining effective 4-fermion operators
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Fit includes NLO QCD, but is tree level electroweak
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Go beyond tree level

NLO QCD is automated for dimension-6 SMEFT

Electroweak NLO SMEFT must be done on a case-by-case basis

* NLO EW has complicated momentum structures, lots of ys's

NLO EW corrections typically introduce a dependence on many new operators

« Typically, LO limits are weakened at NLO
Program of systematically computing relevant processes at NLO EW in SMEFT
Start with Z pole physics, then do Drell Yan, Higgstrahlung, Higgs decays, DIS...
Goal is a global fit that is accurate to NLO EW

16



The power of loops

SMEFT is consistent field theory: renormalizable at each order in 1/A?

Can calculate to NLO (one loop) using standard techniques to improve predictions

Many interesting effects: typically gain sensitivity to new interactions at loop level

Tree level predictions are often misleading

eett vertex poorly constrained Drell Yan sensitive to ZWW vertex

S. Dawson, BNL
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NLO corrections

 Loop corrections include logarithms which can be found from renormalization group
running (RGEs) and constant pieces

o~ (...)1og(]\A4—§> + ()

« RGEs completely known at 1 loop for dimension-6 operators

e Partial dimension-8 results exist

 Are logs a good approximation to complete results? [They are easy to get and
implement in codes]

A priori this is not known

« Compute in a hybrid scheme: M, M, on-shell, Coefficients in MS

18



W and Z pole observables

» Fitto 24 data points—inputs are G, Mz, o
MW7 FW) FZ7 Oh, Al,FB) Ab,FBa AC,FB) Ab7 AC) Al7 Rl7 Rba RC

 Tree level expressions depend on (in Warsaw basis)
Cu,Cawp, CHu, Cg;, Cj(-;c)ﬁ C), O Crre, Crp, Crra

 Tree level observables depend on 8 combinations of operators parameterized as:
Z Zd s 7 Z Z Zd s 7
My, 097 ",097 097" ,091°,09%",09%",09R"

= 2 blind directions (resolved by other measurements)



Fits are straightforward

« Compute observablesin SMEFT including
all NLO QCD and EW contributions:

€
O; = O sm + 00; sMEFT
* Use most accurate SM theory
« Do y?fitto data oosof o SO
. . H Marg@LO
« Operators contributing to EWPOs at tree ol H Marg@NLO
level strongly restricted oous|
« At NLO, many new operators contribute P vt o) B o) B o e
NLO results for Z-pole are public—have Coefficients constrained at tree level

been widely used by SMEFT global fitters

* This is log plot, NLO effects significant

Dawson, Giardino 2201.09887



https://protect.checkpoint.com/v2/___https://arxiv.org/pdf/2201.09887.pdf___.YzJ1OnN0b255YnJvb2s6YzpnOjI0ZDk3MzFiODE1MjVhODg1Mzk1OGUwMjNiMjBmZjE1OjY6NzU2NDpkMjY3Y2RjODYxZGIwOWMyMzM0ZGNmM2QzNDQ2ODQyNDBiMGNjODk3NzM3NDFiMGUyZjk2MmJhODFkZWQwYjBmOnA6VDpO

Large effects at NLO

Fit to EPWO using LEP;lNLO operators are put to 0|

Single parameter fits at 95% CL

Coefficient

LO

NLO

[—0.0039, 0.021]

[—0.0044,0.019]

[—0.0088, 0.0013]

[—0.0079, 0.0016]

[0.072,0.001]

[—0.035,0.084]

[—0.011,0.014]

[—0.010, 0.014]

[—0.027, 0.043]

[—0.031,0.036]

[—0.012, 0.0029]

[—0.010, 0.0028

[—0.0043, 0.012]

[—0.0047,0.012

[—0.013,0.0094]

[—0.025,0.0019]

]
]
[—0.013, 0.0080]
]

[—0.023, 0.0023

[—0.16, 0.060]

[—0.13,0.063]

Marginalized fits at 95% CL

Coeflicient LO NLO

Cup [—0.034,0.041] | [-0.039.0.051]

Cown |[—0.080,0.0021] [—0.098,0.012]
Cora [—0.81, —0.093] | [—1.07, —0.03]
cly [—0.025,0.12] | [—0.039,0.16]
Céu [~0.12,0.37] | [~0.21,0.41]
cly)  |[-0.0086,0.036] [-0.0072, 0.037]
Cii [—0.085,0.035] | [—0.087, 0.033]

(1)

[—0.060, 0.076]

[—0.005,0.075]

S. Dawson, BNL
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Include Flavor Structure

« Consider CKM diagonal, which implies specific flavor structures

* |In Warsaw basis:
Not all combinations of flavor

* 4-fermion operators indices arise in EWPOs

(fzfy f])(fkf)/pdfl)

« 2-fermion operators
(H'iD,H)(@"q;) — Cxlij] = Exdi

* Bosonic operators

* Most general case: NLO EWPO calculation involves 178 independent coefficients (6
from bosonic, 23 from 2-fermion, 149 from 4-termion)

Enhancement of
~M<:>< diagrams with internal
top quarks

* Only 1 insertion of SMEFT operator



What about flavor assumptions?

* Global fits often done assuming flavor universality
* SM has U(3)° global symmetry that is broken only by Yukawas
(QL)T — (uLadL)a (lL)T — (VLaeL)a UR, dR7 €R

« 3rd generation is different

« Do fits with U(2)> global symmetry

« MFV assumption assumes top Yukawa is only source breaking U(3)> symmetry (since
we assume all other fermions are massless)

* Do fits assuming new physics only couples to 3™ generation

* Do fits assuming new physics doesn't couple to 3" generation

Do flavor assumptions make significant differences to SMEFT fits?




Flavor assumptions reduce
possibilities

Operators that contribute to EWPO at NLO

Operator [7(3)° | MFV | U(2)* | 3™ gen specific | 3™ gen phobic | 3™ gen phobic + [7(2)® | Flavorless

2-fermion > Class A 7 12 16 9 14 7 g
4-fermion V‘f'th |dent|c7al Class B 11 17 27 5 23 11 6
representations

Class C 11 21 14 11 44 11 11
Remaining A-fermion Total 50 =0 a7 - a1 20 96

« NLO SMEFT EW fits done with coefficients evaluated at M,
* Input parameter dependence? Results use Gg, My, a [Could use G¢, My, M|

* After separating out dominant scheme independent contributions, residual scheme
dependent contributions similar in commonly used schemes [Biekotter, Pecjak, Scott,

Smith, 2305.03763]
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Flavor matters:!

* Neglecting flavor gives overly aggressive limits

« Strong correlations in flavor space
Fits to Z pole observables in

« NLO EW can have large effects different flavor scenarios

2-fermion operators

95 % CL limits on 2-fermion operators from EWPOs T seet, |
008 NLO: Solid; LO: Dashed ~
03 3 rd g e ® MFV
r - U3’ LO 006 e U@y
02~ = U@’ NLO I R ® 39GenCen .
VAR I A N Note difference
0.1 -3 generation centric LO ™ o - .
[ I|I ||||I | 39 generation centric NLO o’._.)“ L I n N I_O/ I_O
[0) P ] | - LI | | E—— .,,,,I,I,III,, ,“"| o] - ’o,?g 002~ .
: ‘ I shapes in MFV
oil 93 038 Couls3||[I] Coclsa) P 1383) € 133) P ,
| - scenario
021 oo2-  TSsal_ - -]
03— : . . . | . . . . | . . . . | . . . . | . . . .
L 0.01 0.00 0.01 0.02
99 3
sl Coals3) Col1, 1] 1stgen

* Coefficients are related by flavor assumptions Bellafronte, Dawson, Giardino, 2304.00029
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Higgstrahlung at NLO EW SMEFT

« Complete NLO calculation including all dimension-6 operators
* (~70 SMEFT operators contribute in ~ 35 combinations)

* Sensitive to poorly constrained interactions that first arise at NLO

4-fermion operators, Cey[1133] I

I Higgs tri-linear couplingCy I

Note complementarity with Z-pole results:
2304.00029,2201.09887 ,2412.14241

S. Dawson, BNL 26

* Complete results at
https://gitlab.com/smeft/eehz
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Higgstrahlung

e Combine virtual diagrams with real photon emission

* IR poles from real photons controlled using EW dipole subtraction (Just like dipole
subtraction in QCD)

* Pure QED corrections are large (and negative)

[ L
OnLo = Osmnro | |+ dsmomn + A2 Z ) { Agfv];?k) +4;log ST Aiqep }}
i

S. Dawson, BNL
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SMEFT Operators Present at LO

e Consider future measurements
at:

« Js=240 GeV with a precision of 0.5% on

total rate

« Js=365 and 500 GeV with a precision of

* Single parameter bounds in

general slightly weakened at NLO

* For most operators, FCC-ee
significantly improves bounds

Global single parameter fit limits from 2012.02779

S. Dawson, BNL

Single Parameter
Fits

[ LO 3 NLO [ Current Limits

I Allowed Region with 0.5% Measurement A = 1 TeV, /s = 240 GeV I

e
(3) 3
: ,I Cai[ [2 2]
3
=1
-
— LU |
1 : :
:-l 005?— [1! ]'] ﬁ":r,_ — HZ
— 5 ¢ =240 GeV
r l C¢WB
L Csp
T y .
" Cow
| . Cd)D
1
1  Con
0.001 0.0050.010 0.0500.100 0.500 1
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Finite Contributions Matter

Logarithmic contributions can
be found from renormalization
group evolution (RGE)

Finite contributions require
complete NLO calculation

Finite pieces sometimes larger
than logarithms

A priori, we don't know if finite
pieces or logs will dominate

3 LO 3 RGE 3 RGE + finite

Allowed Region with 0.5% Measurement, A = 1 TeV, /s = 240 GeV

T T T T T T T T T T T T T T
L S . . : —

e f N\ Fini-te- terms
No finite ' included
terms| ' ’
Q
Q@ Oj """""""""""""""""""""""""""""""
B R

- ete” — HZ, NLO

[ unpolarized, =1 TeV

-04 -0.2 0.0 0.2 0.4

Sensitivity at FCC-ee

S. Dawson, BNL 29



CP violation at future e*e colliders

 Define CP violating asymmetry

o

o(cos > 0) — o(cosd < 0)

o(cosf > 0) + o(cos < 0)

« CPviolation in the gauge sector is limited by eEDMs

« eEDM depends on SMEFT coefficients

* Limits from angular observables at LHC from H— 4 |lepton

eEDM, LHC, e*e  probes of CP violation
are complementary

2406.03557

S. Dawson, BNL

ATLAS limits
ete” = Z(= I)H

i,
5ab!, 240 GeV

ete"—=ZH

EEEH 240 GeV, Acp < 1%

[ 365 GeV, Acp < 2%

eEDM

TLAS

cEDM

ng

-4

eEDM: 2109.15085, 1810.09413
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e'e” — ZH is window to many new
interactions

Effects of different operators is correlated
Power of measurement at 2 different energies

Note: Z pole limits depend on flavor assumptions

2406.03557

S. Dawson, BNL

Top-electron 4-fermion, C,,[1133]

LEP Global Fits 240 GeV, 0.5% 365 GeV, 1%
MEFV [ RGE + finite” RGE
71 Flavorless [T771 RGE + finite

27 -
e Z pole
olE=—————A=¥ = Higgstrahlung
T d

L Vi 4

i A |
B A s .

| ete” — ZH, A:lTeVi

C, always RGE + finite; Cuy = Cou(Z) |

i  *RGE and RGE + finite indistinguishable |
20— ]
-10 -5 0 5 10

Higgs self-interactions, C,

Need running at \/s=365 GeV to
really nail down Higgs tri-linear
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Global fit

Include top, H, VV, HH in LHC
projections
* HL-LHC limits largely independent of

contamination from other operators, (ie
single parameter and marginalized fits
very similar)

Include EW loops in FCC-ee fits

(don't have NLO for other pieces)

» FCC-ee marginalized limits differ from
single parameter limits

Need ,/s=365 GeV @QFCC-ee to
improve on HL-LHC limits

(Results depend on flavor
assumptions)

Bounds (1/TeV?), ug = 250 GeV

1
|
LHC Run 2 | 95% C.I.
|
— 8% C.L
0 BRI R
—
—
HL-LHC{ ]
I
——
HL-LHC| —
+FCC-ee
@240 GeV
Ind., O(A™?)
% ——
HL-LHC.| Marg., O(A™%) —
+FCCee Ind., O(A™) Y i
—
/ Marg., O(A™) - MEFIT
3 5 ] 0 i 2 3
C
¥
Includes /s=240 GeV

+/s=365 GeV running

S. Dawson, BNL

Higgs tri-linear

2504.05974
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Example fit

« Z decays at FCC-ee, Drell-Yan at HL-LHC, DIS at EIC all closely related

» Consider all 4-fermion operators involving electrons and top

>«Q< DY @ HL-LHC 0(3) = Enr ) (@' Qr)
: ' (1),1133 M
; O EL’Y;LEL)(QL'Y QL)

= (
sot Ay Opu™ = (Lrvulr) trRY"tR)
DIS @ EIC -
Zi 03311 = (erYuer)( QL' Q1)
T Ocn”® = (erVuer)(trY"tR)
; ¢ Ly _
FCC-ee: ete” — bb Work to 1/(16m2A2) , so only

N operators that interfere with SM



Example fit, #2

* Tree level contributionsto bb — eTe™ (Drell-Yan), ete™ — bb (FCC-ee), eTe™ — tf
(FCC-ee @365)

 Calculations include all NLO EW and QCD contributions. [This is unique]

* DY projections for 3 ab™" plus pp — tte”e™ projections (restrict DY to m; < 800 GeV to
ensure validity of EFT)
 EIC projections: Assume /s=140 GeV, P,.=70%, 1% systematic uncertainty

« Take advantage of polarization to reduce large SM photon contribution

(61 —Gr) .
ALR = = —~, Oorr=FPorr+(1—F.)orL
{:JL + JR} ' ( :] '
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xample fit,

3

FCC-ee program: Z pole - WW threshold — tt threshold

[0 Current Z-pole ] HL-LHC 8 EIC

S. Dawson, BNL

B fcC-ee(Z-pole) [ FCC-ee (162 GeV) [] FLC-ve(248 Ge¥) [l FCC-ee(365 GeV)

: («’:um =0,

‘ (dlh,ll” =0,

civ=0

2

-

e

- 0
[ &)
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Example fit, #4

A [TeV]

Future colliders probe top-
electron 4-fermion interactions

5]

-

=1
Current Z-pole
Current Z-pole+HL-LHC
Current Z=pole+HL=-LHC+EIC
Current Z-pole+HL=-LHC+EIC+FCC-g8

n..
33,1133 1).1133 1133 3311 1133
o}q o' o, 0 0

fig qe e

25,

20

A [TeV]

10

22}

W

ﬂ[f'l] 1133

C=dr
Current Z-pole
Current £-pole+HL-LHC
Current £-pole+HL-LHC+EIC
Current £-pole+HL-LHC+EIC+FCC-ge

EEODN

0(]] 1133 G}JH 033“ I:-:;;.Iliﬂ
i ife £l

Marginalized fits
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Conclusion

* SMEFT approach may be able to extract insights about new physics even if
new physics is very heavy

* It could be the only tool we have to find heavy new physics

* NLO EW corrections give new insights, but must be included consistently

» Working towards a global fit that is accurate at NLO EW order
> Still many missing pieces....

S. Dawson, BNL 37
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