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Les Houches activities

• SM: LO study of WZjj (and W+W-jj) on Δyjj and Mjj	
• If you want to join send an email to  

mpellen@physik.uniwuerzburg.de and kdlong@wisc.edu	
• BSM (Thanks Kristin!):	
• EFT validity and dim 8 operators 

https://phystev.cnrs.fr/wiki/2017:groups:np:efttherror	
• Staged approach towards constraining the SMEFT and the 

LHC  
https://phystev.cnrs.fr/wiki/2017:groups:higgs:lhsmeftroadmap	

• Please contact Kristin if interested 
(kristin.lohwasser@cern.ch)
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Radiative corrections to VBS 
Benedikt Biedermann, Ansgar Denner, MP

• Complete set of NLO QCD+EW 
corrections to W+W+jj	
• Take home message: EW corrections 

are dominant at NLO 	
• Combine measurement of QCD and 

EW processes together, separation is ill-
defined at higher orders	

• Large EW corrections come from 
VV→VV scattering
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FIG. 1: Invariant-mass distribution of the four leptons in
pp ! µ+⌫µe

+⌫ejj including NLO EW corrections (upper
panel) and relative NLO EW corrections (lower panel).

relaxing the requirements on the transverse momenta (5)
and (6) leave the corrections at the same level.

In Fig. 1, the distribution in the invariant mass of the
four leptons is displayed. The upper panel shows the LO
and NLO EW prediction and the lower panel the rela-
tive EW corrections � = �NLO EW/�LO � 1 in per cent.
The cross section drops by one order of magnitude only
500GeV above its maximum. For typical gauge-boson
pair production processes like WW or ZZ production the
cross section decreases more than twice as fast with in-
creasing energy. The negative EW corrections increase
from �12% at 150GeV to �32% at 1.6TeV.

In Fig. 2, the rapidity distribution of the dijet system
is presented. In VBS the two jets are typically back to
back, and their joint rapidity tends to be close to zero.
Near yj1j2 = 0, the EW corrections are maximal and at
the level of �16% as for the integrated cross section. For
large |yj1j2 | the two jets tend to be in the same hemi-
sphere, and the kinematics is di↵erent from the one of
VBS. In this kinematic region, the EW corrections turn
out to be smaller. The variation of the EW corrections
is weaker in other rapidity distributions of the jets and
practically absent in those of the leptons.

In addition to the relative corrections, in the lower
panel also the expected statistical experimental uncer-
tainty is displayed. Here we assume 3000 fb�1 which is
the target for a high-luminosity LHC. For each bin we
have computed the number of expected events Nobs and
the corresponding relative uncertainty as ±1/

p
Nobs in

per cent which is represented by the band. This clearly
demonstrates that the EW corrections are mandatory to
describe VBS with su�cient precision at a high luminos-
ity LHC. Note that the expected statistical experimental
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FIG. 2: Rapidity distribution of the leading jet pair in pp !
µ+⌫µe

+⌫ejj including NLO EW corrections (upper panel) and
relative NLO EW corrections (lower panel). The yellow band
describes the expected statistical experimental uncertainty for
a high-luminosity LHC collecting 3000 fb�1 and represents a
relative variation of ±1/

p
Nobs where Nobs is the number of

observed events in each bin.

uncertainty for the total cross section is 1.6%.
We follow the experimental analysis and do not include

real radiation of W and Z bosons. Including these contri-
butions with realistic experimental cuts would only par-
tially compensate the virtual corrections [32] and even
a fully inclusive treatment of massive gauge-boson ra-
diation would not yield a complete cancellation of the
Sudakov logarithms [33].

Origin of large electroweak corrections

Upon splitting the EW corrections into the gauge-
invariant subsets of fermionic and bosonic parts, we could
attribute the large e↵ects exclusively to the bosonic sec-
tor. We have furthermore verified at the level of distri-
butions that the leading behavior of the NLO EW cor-
rections is dominated by the virtual corrections. In or-
der to get a feeling for the relevant scales in the process,
we calculated the average partonic center-of-mass energy,
the average invariant mass of the jet pair, and the aver-
age invariant mass of the four-lepton system and found
hpŝi ⇠ 2.2TeV, hmjji ⇠ 1.6TeV, and hm4`i ⇠ 390GeV,
respectively.

In view of the complexity of the VBS process and the
appearance of many di↵erent scales, the study of approx-
imations is useful in order to understand the origin of the
large corrections.

As a first step, we have evaluated the subtracted vir-
tual corrections to the VBS process in the double-pole
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Tool comparison	
Alexander Karlberg, MP, Michael Rauch, Jurgen Reuter, Christopher Schwan, MZ

• Preliminary results at LO and NLO QCD 
available	

• Excellent agreement at LO, differences 
appear at NLO (understood)	

• Next steps: 	
• NLO+PS	
• QCD background at NLO	
• Δyjj and Mjj dependence of S/B ratio
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Valida*on	and	Results	2	
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Variables	which	do	limit	the	range	
of	!.	Interference	among	polariza*ons.	
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Polariza*on	content	through	Legendre	analysis	
and	through	direct	computa*on	of	polarized	
cross	sec*on	agree!	
Consistent	predic*on!	

e-θcos
1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

 (p
b)

e-θ
/d

co
s

σd

0

0.0002

0.0004

0.0006

0.0008

0.001

0.0012

0.0014
unpolarized (full) 
longit. (OSP res.)
left (OSP res.)
right (OSP res.)
longit. (Legendre)
left (Legendre)
right (Legendre)
sum of polarized (Legendre)
sum of polarized OSP 2 res.)

 > 300 GeVww (pb), Me-θ / dcosσd

 (GeV)wwM
400 600 800 1000 1200 1400 1600 1800 2000 2200

po
l. 

fr
ac

tio
ns

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Longit. (OSP res.)
Left (OSP res.)
Right (OSP res.)
Longit. (Legendre)
Left (Legendre)
Right (Legendre)

wwPolarization fractions as functions of M

 (GeV)wwM
400 600 800 1000 1200 1400 1600 1800 2000 2200

jo
in

t p
ol

. f
ra

c.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

longit. - longit.
longit. - transv.
transv. - longit.
transv. - transv.

wwJoint polarization fractions as functions of M

29/06/17	

W-boson polarisation	
Ezio Maina

• First framework to describe boson 
polarisation in VBS (based on double 
pole approx.)	

• Works very well for observables 
which do not restrict the lepton decay 
angles	

• Method can be exploited to measure 
polarised VBS at the LHC	

• To become available in Phantom
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EFT and VBF  
Ilaria Brivio

• SM EFT can be used as a model-independent proxy to new 
physics	

• 76 operators @Dim-6; 20 relevant for VBS	
• Gauge invariance: operators in different vertices are linked!	
• Assessing the EFT validity is non-trivial	
• Plans for the future:
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An important point: gauge invariance!

An example:
gauge invariance relates TGC and Vff corrections.

the Equations of Motion can transform TGC operators into Vff!

Non-gauge invariant parameterizations (e.g. κZ ,γ, g
Z ,γ

1 ) cannot deal with this.

Coefficients of an EFT basis always give EOM equivalent parameterizations

Ñ not a matter of anomalous TGC / Zff but anomalous amplitude!

Ilaria Brivio (NBI) VBS & EFTs 4/19

Ideal plans for the future

1. Figure how to produce experimental constraints on EFT parameters

§ Determine a parameterization with d=6, trying to keep gauge
invariance and avoiding setting stuff to zero. How many are feasible?

§ UFO model with the complete SMEFT on the way!

§ SMEFT vs HEFT: extremely interesting!

§ Combination with other datasets?

2. Establish a way to report data in a flexible/model-independent way,

crosssections + distributions that may be used by theorists in the future

Ilaria Brivio (NBI) VBS & EFTs 19/19

Dim-8 operators might also be relevant 
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Final words

• WG1 meeting at MBI workshop (Karlsruhe, 28-30 August), on 
Thursday 31 (to be confirmed)	

• Meetings for the different activities will be announced	
• Please subscribe to the WG1 mailing list!  

https://groups.google.com/forum/#!forum/vbscan-wg1
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