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Jet Flavour Labels & JSS
• Continued discussion from LH 23


• Train taggers with labels from                                IRC 
safe algorithms


• Requirements of EXP and TH for        calculations 
determining    backgrounds 

• several project ideas collected


• From MC perspective: need control over mass effects 
in PS and  especially


• Study stability of taggers under model variations


• Several ideas for JSS studies (JSS in ee, Variable 
Radius Jets, Subjet flavor studies) in various early 
stages

g → bb̄

g → bb̄/cc̄

Measure b and c in CMS: remove HF decays

For b: use b-tagging, and 

remove tracks from secondary 

vertex

For charm: estimate BG from 

sidebands, remove non-prompt 

decays and remove D0 decay 

products

JSS with B 
tagged jets, 
from discussion 
with Mario 
Campanelli on 
Monday

Measure b and c in CMS: remove HF decays

For b: use b-tagging, and 

remove tracks from secondary 

vertex

For charm: estimate BG from 

sidebands, remove non-prompt 

decays and remove D0 decay 

products

See Alexander’s talk

First results from training, 
thanks Radek!

https://docs.google.com/document/d/18M-v7qelS7gaIxl1hD45KwRmwOwx_mKglsqeWc2cZRs/edit?tab=t.0#heading=h.s7umsrv3xyq8
https://mattermost.web.cern.ch/lh2025-sm/channels/hadronisation-for-events-shapes-at-ee-colliders
https://mattermost.web.cern.ch/lh2025-sm/channels/variableradiusjets
https://mattermost.web.cern.ch/lh2025-sm/channels/variableradiusjets
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PS Uncertainties
• LH23 disucssion: replace Event 

Generator variation by more 
systematic variation of 
components


• Example: Herwig AO with cluster 
vs. lund hadronisation, Herwig vs. 
Pythia showers


• LH Update: Additional datapoints 
from Sherpa CS (current default) 
and Alaric with string 
hadronisation, Pythia default 
shower vs. Vincia

Inclusive NLO Z+jets

12/06/2025 Betsy Cunnett 3
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Comparison of the four possible combinations of parton shower and hadronisation models in Herwig (top), and the 
difference between Pythia and Herwig (bottom), for inclusive NLO Z boson + jets events. The exclusive jet multiplicity, 
leading jet pT, and ∆ϕ between the first and second jets are shown. All events are generated in POWHEG-BOX, and the 
same LHE files are subsequently showered in Pythia8 or Herwig7. There is a jet pT cut at 20 GeV.
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ATLAS update from Betsy
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Preliminary runs from last week (thanks Baris!)

Sherpa showers



Very interesting R-dependence
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PS Uncertainties in Higgs+Jets
• Recurring topic in Les Houches


• Last year started efforts for VBF 
matching+shower uncertainties, and ggF 
study including NNLO and NLO merging


• Next step: Systematics with new showers 
(Alaric, Apollo, PanScales, … others?) 


• not all pieces together yet in any of the 
frameworks, but can start for example 
Higgs+jet merged/ME corrected study


• opportunity to think about regions 
where different parts of the simulation 
are important

Les Houches, SM Session, 2025Silvia Ferrario Ravasio 11
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Preliminary
Scale variations 
within a single 
PS simultation 
is not sufficient!

1. Produce 3 preductions: one with 
Pythia8, one with Herwig7 and one 
with Sherpa3 (with your favourite 
matching and PS) 

2. For one of this, include uncertainties 
stemming from renormalisation, 
factorisation (in the hard and PS MEs) 
and starting scale variations 

3. Sum in quadrature these uncertainties

There is no PS vs matching uncertainty: all at once [GeV]Mjj

arXiv:2105.11399

See Silvia’s opening talk
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Negative weight suppression 

Les Houches updates: 
•Rivet analysis written to study negative weights in even samples 
 	 	 	 MC_WEIGHTS ↦ LH_WEIGHTS
Example:
•HERWIG NLO correlated event sample for WJJ used for testing (J. Whitehead) 
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Negative weight suppression
Les Houches updates: 

•Rivet analysis written to study negative weights in even samples

 	 	 	 MC_WEIGHTS ↦ LH_WEIGHTS

Example:


•HERWIG NLO correlated event sample for 
WJJ used for testing (J. Whitehead)      


•CRES: Distributions statistically equivalent

•Statistical tests, e.g. two-sample Kolmogorov-
Smirnov pT

dσ
dpT

pT
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Negative weight suppression
 

 
• Rivet analysis written to study negative weights in even samples

 	 	 	 MC_WEIGHTS ↦ LH_WEIGHTS 
 	    Plan to apply it on ATLAS MC sample to create new “whish list”

Reduction of negative weights in Matching PS + NLO

•ESME, Powheg, KrkNLO, …



Non-perturbative physics modeling in Monte Carlo event generators
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➤ Idea: scrutinise hadronisation models using analytic insights and not data

➤ Starting point: extend 2404.09856 (Hoang, Jin, Plätzer, Samitz) to comprise several 
parton shower, hadronisation models, and observables

Cluster model 
String model

Thrust 
C-parameter 
Energy-energy correlators

Angular-ordered (Herwig7, NLL ) 
Catani-Seymour dipole (Herwig7, Sherpa3, LL) 
PanLocal dipole (PanScales, NLL) 
PanGlobal antenna (PanScales, NLL) 
Alaric dipole (Sherpa, NLL)

M. Van Beekveld, S. 
Ferrario Ravasio, A. 

Hoang, K. Lee, I. Moult, 
S. Plätzer, D. Reichelt, J. 

Roloff, A. Siodmok, P. 
Sarmah, G. Vita, 

your name???

https://arxiv.org/abs/2404.09856


Cutoff dependence
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➤ Warmup: cutof dependence on the distributions. 
 The renormalisation scales of parton showers is the  of the emission: hence, all 
showers have a  cut to terminate the perturbative evolution.

p⊥
p⊥, min

➤ For 1- Thrust and C-Parameter: 

  ΣPS(v; p⊥, min, s) − ΣPS(v; p′￼⊥, min, s) =
dΣ
dv

1

s ∫
p⊥, min

p′￼⊥, min

dμ
2CF

π
αs(μ) Δv,soft



Cutoff dependence for the C-parameter: Sherpa
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Solid line: 
PLB 339 
(1994) 
148-150

Dash-dotted:  
JHEP12(2022)062
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PanGlobal  PanLocal

Cutoff dependence for the C-parameter: PanScales

Solid line: 
PLB 339 
(1994) 
148-150

Dash-dotted:  
JHEP12(2022)062



Cutoff dependence
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➤ Warmup: cutof dependence on the distributions. 
 The renormalisation scales of parton showers is the  of the emission: hence, all 
showers have a  cut to terminate the perturbative evolution.

p⊥
p⊥, min

➤ For EEC: 

 
dσ(z, p⊥, min, s)

dz
−

dσ(z, p′￼⊥, min, s)
dz

=
1

2 s(z(1 − z))3/2 ∫
p⊥, min

p′￼⊥, min

dμ
2CF

π
αs(μ)Δτ,soft

dσ
dz

= ∫
dσ
dΦ

dΦ∑
i,j

2EiEj

s
δ (z −

1 − cos θij

2 )
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Cutoff dependence for the EEC

Alaric @ 200 GeV CSS dipole @ 200 GeV PanLocal dipole @ 200 GeV
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Hadronisation Corrections

• Evaluate EECs and Lund Plane in clean  environmente+e− → jets

Lund Plane and EEC, thanks 
Melissa for the plots!



Figure 4: Transfer matrix T ({�1,HL

1
}|{�1,PL

1
}) for the jet width, �1

1
, for central dijet events with R = 0.8

and pT,jet 2 [120, 150] GeV. The angularities at hadron level are measured on charged particles only. For
simplicity of the presentation, we here assumed no pT,jet migration. The left (right) plot corresponds to
ungroomed (groomed) jet width.

At hadron level, the jet width is measured on charged particles only. The transfer matrix for ungroomed
jets shows clear signs of bin migration, especially at low-to-mid angularities where the parton-level values
predominantly get pushed to larger values of the jet width at hadron level. If we instead apply grooming,
the transfer matrix appears to be much more diagonal, albeit with longer tails away from the diagonal.¶

Finally, it is interesting to compare our new method with the simpler approach we have used in earlier
studies, which consisted in accounting for NP contributions via a bin-by-bin HL/PL ratio. In Fig. 5 we
perform such comparison for an observable known to be rather sensitive to NP contributions, namely the
groomed LHA �

1

0.5 measured on charged tracks on the hardest jet in Z+jet events [51]. We again consider
the moderate pT,jet region, here both for R = 0.4 (left), and R = 0.8 (right). The old approach, used
in [51], is shown in blue,� while the results obtained with the new transfer-matrix approach are shown in
red. For both predictions we estimate theoretical uncertainties, illustrated by the bands, corresponding
to the envelope of the 7-point scale variations, the alternative xL-parameter settings, and variations of
the ↵

MPI

min
parameter of the UE model. We see that the di↵erence in the nominal predictions is rather

substantial, and that the new treatment of NP corrections yields a significantly better agreement with
the CMS data, shown in black, although visible di↵erences remain for the R = 0.8 case. One notices
that the uncertainty estimates for the results based on the transfer-matrix approach are somewhat larger
than for the old ratio method. A source of this increase is the larger range of kinematics probed when
allowing for migration from lower and higher pT,jet slices.

We conclude this section by noting that a similar procedure to account for NP e↵ects was employed
by the ALICE collaboration in Ref. [54], where a measurement of various angularity observables in
inclusive jet production in pp collisions at

p
s = 5.02TeV was reported. These data, based on SoftDrop-

¶At larger pT,jet, not shown here, the transfer matrix for groomed jets shows clear signs of migration from relatively
large partonic values of the angularity to very small hadron-level values. These are likely related to subjets passing the
SoftDrop condition at parton level being pushed below the SoftDrop cut after hadronisation, an e↵ect which is typically
included in analytic treatments of non-perturbative corrections of SoftDrop observables [21, 23, 92].

�Note that, for a meaningful comparison between the two methods, both the approach based on the HL/PL ratio and
the one based on transfer matrices are derived using the SHERPA generator with variations of the UE parameter ↵MPI

min .

13

	 arXiv:2112.09545 
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Next Steps and Ideas…

• Study cutoff dependence of 
corresponding hadronisation 
models and consistency


• Study Transfer Matrices and their 
dependence


• Hadronisation differences between 
models / tunes in EECs and Lund 
plane / effect of higher log showers

become pathological for observable values corresponding to scales below the shower cuto↵. This generator
dependence can be partially overcome by considering several MC programs and using the spread of the
extracted NP ratios as an uncertainty on the NP corrections, as was done in Ref. [51], and consequently
used in the comparison to CMS data in [30].

3.3.1 The transfer-matrix approach

In this new study, we attempt to overcome the limitations of the method for extracting NP corrections
we previously used. To this end we develop and implement a more realistic and detailed model to include
NP corrections, in which we account for the change of parton-level event kinematics due to hadronisation
and the UE. In particular, considering double-di↵erential measurements in jet-transverse momentum and
the angularity observables, we derive non-perturbative transfer matrices which account for the alteration
of both pT,jet and the angularity. Through the migration in transverse momentum we significantly
reduce the sensitivity to phase-space restrictions and non-perturbative parameters in the underlying MC
simulations, in particular to the parton-shower cuto↵ parameter. We here present our approach in full
generality, applicable to an arbitrary set of observables, measured in a multi-di↵erential way. We thereby
aim to keep track both of the migration in the underlying event-kinematical variables, used to define
the fiducial phase space, that get partially integrated over, as well as changes in the actual observable of
interest, e.g. a specific angularity variable.

Let us consider a scattering process which results in a partonic configuration P. Through NP e↵ects
the set of parton momenta is then mapped onto a hadron-level configuration H (P). The map H, which
does not need to be fully specified at this point, accounts for hadronisation and UE corrections. It could
be derived from field-theoretical considerations (see for example Refs. [92, 93] for recent work on SoftDrop
observables) or it can be extracted from any given parton-shower simulation interfaced to a model of NP
phenomena. For a given configuration P or H (P), we then measure a set of m observables, ~V (P) or
~V (H (P)).‡ We define the transfer operator as the conditional probability to measure a hadron-level set
of observables ~vh, evaluated on H (P), given that the parton-level observables were ~vp:

T (~vh|~vp) =

R
dP d�

dP �
(m)

⇣
~vp � ~V (P)

⌘
�
(n)

⇣
~vh � ~V (H (P))

⌘

R
dP d�

dP �(m)

⇣
~vp � ~V (P)

⌘ . (3.15)

This way, the multi-di↵erential distribution for the set of hadron-level observables ~vh can be written as

d
m
�
HL

dvh,1 . . . dvh,m
=

Z
d
m
~vp T (~vh|~vp)

d
m
�
PL

dvp,1 . . . dvp,m
. (3.16)

When performing numerical studies, we often work with binned distributions, i.e. we consider binned cross
sections obtained by integrating the multi-di↵erential distribution over hypercubes in the observables’
space. If we consider, for instance, the parton-level case, the cross section in any given hyper-bin p is
written as

��
PL

p =

Z
dP d�

dP⇥p (P) , (3.17)

where

⇥p (P) =
mY

i=1

✓(Vi(P) � v
min

p,i )✓(vmax

p,i � Vi(P)) . (3.18)

‡Here, we have chosen the same set of observables ~V on the parton- and hadron-level configurations for simplicity. It
is of course trivial to extend this to di↵ering sets of observables for parton and hadron level, for example using additional
auxiliary observables to parameterise the parton-level phase space, or adding selection criteria like, for instance, particle
charge, at hadron level.
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Alaric + cluster model / string 

w/ 10 replica tunes each

https://arxiv.org/abs/2112.09545

