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The PhysTeV workshop takes place every two years
‣ This year celebrated 20 years! 
‣ Two sessions, 10 days each: one SM and one BSM 
‣ About 70 people (both experimentalists and theorists) gathered 

together at Les Houches Physics School
‣ No formal talk or agenda prepared in advance

The Les Houches Workshop

‣ All discussions are very 
informal, brainstorming-like 

‣ Collaboration on projects starts 
at the meeting and continue 
through the year till the 
publications of the proceedings

‣ Even people not present in LH 
can contribute!
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https://phystev.cnrs.fr/


Topics of discussion

‣ Loops/Multilegs/Jets 
‣ Higgs
‣ Monte Carlo and Tools
Ideas, initially collected by the 
conveners, are updated during 
the workshop based on the 
interests of partecipants
A wiki is used to keep track of 
the status of different projects 
I will give an overview of what 
might be interesting for VBSCan
It is my (biased) selection 
Have a look at the workshop 
wiki pages for more
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SM session is organised in 3 working groups, with some overlap: 

https://phystev.cnrs.fr/wiki/2019:start


Jet activity in VBF Z and W production
Physics motivation: 
• Standard candle for VBF H and VBS
• New measurements are becoming available
• New Theory/MC developments trying to improve the description of these kind of  

processes

Ideally a continuation of the study 
on VBS WZ at LH 2017
K.Long, M.Pellen et al. arXiv:1803.07977

VBF Z and W are a proxy to VBS, 
with much more data! 
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Fig. V.7: Di�erential distributions computed at fixed-order with centre-of-mass energy
Ô

s =
13 TeV at the LHC for pp æ e≠‹eµ+µ≠jj at LO with fixed scaled µ = MW: invariant mass
of the two jets (left), rapidity separation between the two jets (right). The predictions in the
lower plot are normalised to the prediction of MoCaNLO +Recola. The shaded bands indicate
the relative statistical uncertainty by bin for each sample. The statistical uncertainty on the
MoCaNLO +Recola predictions is shown in grey, other samples are indicated in the ratio with the
color indicated in the legend.

VBFNLO for example), both predictions are in very good agreement as at the level of the cross
section. This supports the findings of Ref. [954] where preliminary results for similar compar-
isons for W±W±jj have been reported. This means that the VBS approximation (VBFNLO)
approximates rather well the full computation (MoCaNLO+Recola) in the fiducial region
chosen.

We stress that di�erences of configuration should be considered independently of typical
estimates of theoretical uncertainties such as QCD scale and PDF uncertainties. To illustrate
this, we compute the PDF uncertainty for the NNPDF3.0 set and the two scale choices considered
here. The PDF uncertainty is evaluated to be 3–5% using MADGRAPH5_aMC@NLO. Scale
uncertainties are evaluated using the typical prescription of varying µR and µF subject to the
constraint 1/2 Æ µF /µR Æ 2, using MADGRAPH5_aMC@NLO and cross-checked with MoCaNLO
+Recola, and are found to be between 7–10% for the scale choices considered. The full results
obtained with MADGRAPH5_aMC@NLO are shown in Table V.5.

Scale choice pp æ e+‹eµ+µ≠jj pp æ e≠‹̄eµ+µ≠jj
µR = µfix = mW 0.286+9.2%

≠7.8% ± 3.7% 0.166+9.0%
≠7.7% ± 4.3%

µ = µdyn = Max
Ë
pT,j

È
0.255+8.0%

≠6.9% ± 3.7% 0.149+9.0%
≠7.7% ± 4.3%

Table V.5: Fiducial cross sections at LO for the process pp æ e+‹eµ+µ≠jj and pp æ e≠‹̄eµ+µ≠jj
at order O(–6) via MADGRAPH5_aMC@NLO. The predictions are expressed in fb and are for
the LHC running at a centre-of-mass energy of

Ô
s = 13 TeV. Uncertainties are expressed as

‡+”scale

≠”scale ± ”PDF.
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https://arxiv.org/abs/1803.07977


 Third jet and Parton Shower  
Possible issue with color flow in VBF-like topology:

Several studies of W+W+

showing disagreement on the 
third jet, even at NLO
e.g. VBSCan study, 
A. Ballestrero et al.,
arXiv:1803.07943
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Vector-boson scattering simulations with Sherpa

I VBF-like situations require judicious setting of color flow information
in interface between fixed-order calculation and parton shower

Correct Incorrect

I Current color selection in Sherpa based on hardcoded probabilities
for the most relevant processes, VBF topologies are not included

I Alternative, generic option in future version 3.0.0
I Idenitify all possible color flows in core interaction

(after ME+PS clustering, e.g. pp ! e
+
e
� in pp ! e

+
e
�+jets)

I Compute corresonding partial amplitudes [Gleisberg,SH] arXiv:0808.3674

I Select winner topology probabilistically

I Sherpa 3.0.0 also allows to specify di↵erent starting scales
for parton-shower evolution of disconnected dipoles

2
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Fig. 19: Di�erential distribution in the Zeppenfeld variable of the third-hardest jet from predictions matched to
parton showers, at LO (left) or NLO (right) accuracy (upper plot), compared with the fixed-NLO result computed
with VBFNLO (lower plot). At NLO+PS accuracy, for VBFNLO+Herwig7-Dipole, the three-point scale
uncertainties are shown, while for MG5_aMC+Pythia8 the darker and lighter bands correspond respectively
to the nine-point scale uncertainty and the scale and PDF uncertainties combined linearly. The predictions are
obtained in the fiducial region described in Sec. 3.3.

culation is satisfactory given the current experimen-
tal precision, as well as the one foreseen for the
near future [109, 5, 6]. Nonetheless, care has to be
taken when using such approximations, in particular
if more inclusive phase-space cuts are used.

– In addition to the standard interpretation of EW
signal versus QCD background, combined measure-
ments should also be presented as they are better
defined theoretically. In fact, while at LO the in-
terference term can be included in the background
component, at NLO the separation of EW and QCD
components becomes more blurred, as, e.g. at the
order O

!
–s–

6"
both types of amplitudes contribute.

Therefore, a combined measurement including the
EW, QCD, and interference contributions is desir-
able. Note that with such a measurement a compar-
ison to the SM would be straightforward and still
be sensitive to the EW component. In addition, the
QCD component could be subtracted based on a
well-defined Monte Carlo prediction.

– Since the inclusion of NLO QCD corrections gives
a better control of extra QCD radiation and re-
duces the ambiguities related to the matching de-
tails and/or the parton shower employed, we encour-
age the use of NLO-accurate event generators in ex-
perimental analyses. In doing so, special care should
be employed in order to estimate the theoretical un-
certainties, as the standard prescription based on

renormalisation and factorisation-scale variation is
clearly inadequate. Rather, di�erent combinations
of generators and parton showers should be em-
ployed.

– The present study has focused on the orders O
!
–

6"

at LO and O
!
–s–

6"
at NLO. NLO computations

and publicly-available tools also exist for the QCD-
induced process [13–17, 19, 58].

– For practical reasons, we have focused on the W+W+

signature. Nonetheless, the observed features (e.g.
validity of the VBS approximation or comparison of
theoretical predictions matched to parton shower)
should be qualitatively similar for other VBS signa-
tures with massive gauge bosons. For these other
signatures, similar quantitative studies should be
performed.
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arXiv:1803.07943

https://arxiv.org/abs/1803.07943


 Third jet and Parton Shower  
Both Pythia and Sherpa recently provided a “fix” for the color flow  
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Example: W+W+ production, e+µ+ channel

I Test new setup in simplest vector boson scattering scenario
! same-sign WW production (simplified to e+µ+ channel)

I Rivet analysis courtesy of Stefanie Todt (TU Dresden)
I Two charged dressed leptons (same sign) pT > 27 GeV, |⌘| < 2.5
I At least 2 jets with pT > 30 GeV, |⌘| < 4.5
I Lepton isolation �Rll > 0.3, �Rlj > 0.3
I Lepton invariant mass mll > 20 GeV
I Missing transverse momentum pT,miss > 30 GeV
I Tagjet (lead-pT ) invariant mass mjj > 500 GeV
I Tagjet rapidity di↵erence �yjj > 2

before cuts
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Example: W+W+ production, e+µ+ channel
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I Di↵erential distributions confirm expectation:
I Third jet produced more centrally and at higher rate in Sherpa 2.2.2
I PS radiation pattern in Sherpa 2.2.0 corrected by ME+PS merging,

but breaking of PS unitarity in CKKW(L) decreases overall event rate

I Sherpa 3.0.0 predicts ⇠20% larger cross section after cuts
as a result of correct color flow and PS starting scales

4

Sherpa 3.0.0 vs 2.2.2
S. Höche, MBI Workshop, Ann Arbor, 2018  

ATL-PHYS-PUB-2019-004

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-004/


CMS measured the jet activity in the rapidity gap in a signal 
region selected with a BDT
‣ in the signal region about same amount of EWK and QCD Zjj or Wjj 
‣ the BDT is based on mjj, Δηjj, z*, quark/gluon likelihood (QGL)

Jet activity in VBF W

 7arXiv:1903.04040

http://arxiv.org/abs/1903.04040


Jet veto efficiency
Clear disagreement between MG+Pythia and data
MG+HW ok down to jet pT ~ 10 GeV 
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VBF Z measurement
Similar analysis for VBF Z, which also uses a BDT
Preliminary Rivet which selects signal events with mjj > 500 and Δηjj > 2.5

Same qualitative behaviour
Even without a fully unfolded measurement, MG+HW can be used as a 
“proxy” to the data
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arXiv:1712.09814

K.Long 

http://arxiv.org/abs/1712.09814


VBF Z measurement
More predictions from the Rivet plugin for MG LO 
‣ the effect of “dipole recoil” in Pythia can be clearly seen

‣ We plan to run a full set of comparisons: LO (fixed order), LO+PS, 
NLO (fixed order), NLO+PS 
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K.Long, L. Gellersen, C. Reuschle 



Unfolding BDT selection
An (ambitious) experimental project is to provide a “fast folding” 
for the Rivet analysis
The problem with BDT is that it uses measured observables as 
input: mjj, Δηjj, z*, quark/gluon likelihood
However we can train another BDTgen on particle level inputs, 
(mjjtrue, z*true, quark/gluon jet) to the output of the selection BDT: 
‣ events with a BDT > 0.95 are tagged as signal 
‣ events with a BDT < 0.95 are tagged as background 
If able to tag them with good efficiency, we can obtain a sample 
as that in the data!
Not sure it will work, but worth trying…

For practical reason this is easier for  VBF W analysis, so we 
agreed to focus on that for the proceedings instead of VBF Z
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Jets
Very active group (theory + ATLAS) on jet substructures
Quark-gluon tagging was the main focus
Possible applications to VBF H, VBF Z/W and VBS 
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�16O(10+ GeV): VBF

Vector boson fusion is an 
often-discussed testing 
ground for q/g tagging.

Phys. Rev. D 92 (2015) 032008

Signal versus background.

How useful is q/g tagging  
& how well is it modeled? 

Signal versus signal

Can q/g tagging be used to 
disentangle VBF from VH/ggH?

Our study has two components:

B. Nachmann



Title TextTitle Textq/g discrimination in VBF
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�17O(10+ GeV): VBF

mjj
350 GeV 700 GeV

…for the proceedings: signal versus background, modeling, etc.

Case study: can q/g tagging help disentangle VBF from ggH?  
At high mjj, jets from ggH are also quark-like - biggest gains expected at lower mass.   

kinematic info only
+ track multiplicity 

+ suite of angularities 
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Non-trivial gains seem possible!

B. Nachmann



Title TextTitle TextEFT interpretations of Higgs meas.
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Lorenzo Viliani – HIG PAG meeting                 1226/06/2019

EFT interpreta�ons

Start discussing about EFT interpreta ons of Higgs measurements

Trend to move from anomalous couplings to EFT

Use Warsaw basis

Available tools:

SMEFTsim @ LO tool containing all EFT operators but no loops

SMEFT@NLO @ automated calcula on at NLO within MadGraph including loops but not 
complete

Ongoing studies:

Study ggH and ggZH at NLO EFT

Provide STXS parameteriza on

Study EFT for HH produc on (details here)



∆𝜑 distribution in VBF Higgs
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Lorenzo Viliani – HIG PAG meeting                 926/06/2019

CP sensi�ve STXS bins for VBF (from Y. Haddad)

In VBF the signed Δφ between the 2 tagging jets can 
be used to probe the HVV vertex tensor structure

Check Δφjj distribu ons in VBF STXS bins using a mixture 
of SM and CP-odd/even

3 values of fmix = 0.1%, 1%, 10%

a2 CP-even a3 CP-odd a2 CP-even a3 CP-odd

Y. Haddad



MC variations “compendium”
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1p2Mi@;2M2`�iQ` T�`�K2i2`bfT?vbB+bfp�`B�iBQMb +QKT2M/BmK

S`Q#H2K, 1p2Mi@;2M2`�iQ` T`2/B+iBQMb /2T2M/ QM K�Mv /Bz2`2Mi
T?2MQK2M� rBi? K�Mv T�`�K2i2`bX
6B`bi bi2T, :Bp2 M�K2b iQ +�i2;Q`B2b Q7 T�`�K2i2`b- i?2M /2b+`B#2
i?2B` BMi2`T`2i�iBQM BM J*b � ;Bp2 2t�KTH2b r?2`2 r?B+? p�`B�iBQMb
?�p2 � /QKBM�Mi BKT�+iX
S`QD2+i, S2/�;Q;B+�H BMi`Q/m+iBQM- /2}MBiBQM Q7 M�K2b 7Q`
p�`B�iBQMb- ;2M2`�i2b ǳBMimBiBQMǴ 7Q` p�`B�iBQMbX "mBH/ QM
�`sBp,RRyRXk8NN � +QQ`/BM�i2 rBi? J*M2iX 8 f 3

S. Prestel 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-054/


MC variations “case study”
Several possible “case studies” considered for an exercise on MC variations
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ttH most interesting:
‣ largest uncertainty at HL-LHC expected 

to come from UEPS (actually difference 
between PYTHIA and HERWIG…)

‣ but ttH too difficult to start with 
tt is a good proxy to it:
‣ standard candle with many available 

measurements
‣ background to many channels
Plan:
‣ runs NLO+PS and select 2-3 obs. 
‣ produce envelope varying matching, PS 

model, NP models
‣ check that envelops for different setups 

overlaps

ATL-PHYS-PUB-2018-054

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-054/


Experimental treatment of theory uncertainty
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F. Tackmann



Title TextTitle TextScale uncertainties and correlations
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F. Tackmann



Theory Nuisance Parameters 
The general structure of higher order corrections it is known for 
resummation 
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F. Tackmann



Negative weights and importance sampling
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L2;�iBp2 r2B;?ib �M/ �@TQbi2`BQ`B BKTQ`i�M+2 b�KTHBM;

q2B;?i2/ 2pib �`2 BM/BbT2Mb@
�#H2 /2p2HQTK2Mi iQQHX

6Hm+im�iBM; Q` M2;�iBp2
r;ib +QKTHB+�i2 J* bi�ib
�bb2bbK2Mi � `2[mB`2 KQ`2
`2bQm`+2bX

→ .Bb+mbb2/ ?Qr iQ BK@
T`Qp2 bBim�iBQM � +QM+Hm/2/
iQ +?2+F ǳ�@TQbi2`BQ`B BKTQ`@
i�M+2 b�KTHBM;Ǵ,

S�bb QMHv bm#b2i Q7 2p2Mib iQ /2i2+iQ` bBKmH�iBQMX *?QQb2 i?Bb
b�KTH2 #�b2/ QM #BMM2/ UKmHiB@/BK2MbBQM�H- K�v#2 mMT?vbB+�HV
/Bbi`B#miBQM- F22TBM; bi�iBbiB+�H TQr2`X d f 3S. Prestel 

Not sure if it will work, but good that MC experts started to discuss it!



Conclusions(?) 

The work has just started!

Many other projects discussed for the proceedings: most of them 
are just getting going

Some, I believe, are interesting for VBSCan action

Have a look at Les Houches wiki pages and feel free to join if you 
are interested!

Results/conclusions to come in about a year… 
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