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disclaimer: | will focus on recent developments &

additions to the overall framework

(all of them either in the current release or to become available very soon)
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improved perturbative precision
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adding CCFM-style non-Sudakov form factors

(in progress)
@ long standing issue(s) in SHERPA V+ jets:
mj; and assorted observables badly described (most obvious: bad m; shape)

@ solution: addition of CCFM-style non-Sudakov form factor
— suppresses non-angular-ordered emissions

SHERPA 2.2.
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adding CCFM-style non-Sudakov form factors
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@ long standing issue(s) in SHERPA V+ jets:

mj; and assorted observables badly described

(in progress)

(most obvious: bad mj; shape)

@ solution: addition of CCFM-style non-Sudakov form factor

do/dm [fb/GeV]

— suppresses non-angular-ordered emissions

to be released in SHERPA 3.1.0
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NLO with resonances
(260413978, in progress)
@ problem: radiation may pull resonances “off-shell”
@ solution: resonance & width-aware subtraction & showering

@ implemented in ALARIC (full release within SHERPA w.i.p., see blow)
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loop-induced processes

e " BLOYPS, & = 136 TeV (COM polarisation)
T T T T T

[/Gev]

@ typically of the form gg — VV,
gg — VH, etc..
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vector boson polarizations

(available, 2310.14803)

e focusing on ZZ production:
polarization effects (logitudinal VV

Pp-e*e u'u~, matching & merging, V5 =13TeV: LL mode

scattering) N EEET T =

o fixed order: QCD/EW NLO sorted, g F
but: large NNLO (gg — Z2) fu &

@ SHERPA provides nLO-multijet _—"_,_a;

merged samples

— 17

nLO = full polarised NLO for resolved emissions, S s

but no pols for unresolved emissions =
o for full NLO: need automated
polarised subtraction terms

(in progress)
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heavy-flavour fusing

(1904.09382, 2402.15497, see also talk by Tetiana Moskalets)
o 4- vs. 5-flavour schemes: large uncerts, e.g. in tthb
o bH-flavours slightly preferred in Z+jets
@ in parton showers: tricky g — QQ
o fusing as “MC implementation” of FONLL scheme

((1612.04640)
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heavy-flavour fusing (cont'd)

(1904.09382, 2402.15497)

o fusing in ttbb: comparison with CMS data (from 2300.14442)
CMS, 13 TeV, 17D lepton + jets CMS, 13 TeV, 6D lepton +jets, > 5 jets: > 3b
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heavy-flavour fusing (cont'd)

(1904.09382, 2402.15497)

@ fusing in ttbb: comparison with CMS data (from 2300.14442)
CMS, 13 TeV, £FbF lepton + jets, > 6 jets: > db CMS, 13 TeV, b lepton + jets, > 6 jets: > 4b
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polarised parton showers

(in progress)
@ polarisation effects in parton showers:

o relevant for polarised full NLO accuracy (see above)
o full NLL (and higher) accuracy of QCD parton shower

@ must include polarised splitting kernels in QCD (and EW)

@ at the moment: FS parton shower only with new algorithm
(cf. 2508.19018: simpler than traditional Collins-Knowles)
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QED parton showering

(in progress)
@ adding MC@NLO for QED parton showers
@ tricky bits: resonances & IS-FS interference

(even trickier for, e.g., FCC-ee, due to electron PDF)
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photon physics at LHC

(in progress)
@ consider yy — put ™

@ implemented various form factors for EPA spectra

Cross section vs myy for 0 < [y < 0.8
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@ added higher-order effects

@ residual beam-beam interactions w.i.p..
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photon physics at LHC

(in progress)
@ consider yy — putu~

@ implemented various form factors for EPA spectra

@ added higher-order effects

Cross section vs iy for 0 < |yyuu| < 08
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photon physics at LHC

(in progress)

consider yy — uTu”

°
@ implemented various form factors for EPA spectra
@ added higher-order effects

°

residual beam-beam interactions w.i.p..
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QED in 7 decays

(in progress)
@ so-far:

e soft QED resummation with YFS + collinear approximation
o exact 1% order QED for leptonic decays only

@ NLO QED just started for hadronic 7 decays
@ below: snapshot for 7 — 771,
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improved efficiency

In perturbative calculations
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efficiency improvements

(2209.00843, see also Enrico Bothmann's talk)
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added non-perturbative

modelling capabilities
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a new NLL-accurate parton shower: ALARIC

(available, w.i.p. for full NLO)
@ constructed a new, NLL-accurate parton shower (ALARIC)  (2208.06057)
@ MEPS@NLO for Ieptonic colisions (2507.22837)
@ MEPS@LO for hadronic colisions  (2404.14360, need to extend 250722837 to QCD initial states)
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colour reconnections

(available)
@ added a simplistic colour reconnection model:
(currently as part of hadronization phase, to become separate phase)
e randomly test pairs of color connections
define “distance”: dj = log [1 + Pifi 2m i
e reconnection probability for (ij)(kl) — o (ik) (kj):

Pcr = R [1 — nerexp (dij + du — dif — dij)]

effect: longer combined distances will never reconnect
first tune of 3 parameters in MPIs (below)
will add space-time dependence (w.i.p.)
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robust model calibration

(2602.2232, in progress)
@ new methodology: Bayesian emulators & History Matching

@ applied to SHERPA + cluster/Lund fragmentation

(see also Moritz Pabst's talk)
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robust model calibration

(2602.2232, in progress)
@ new methodology: Bayesian emulators & History Matching
@ applied to SHERPA + cluster/Lund fragmentation

(see also Moritz Pabst's talk)
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robust model calibration

(2602.2232, in progress)
@ new methodology: Bayesian emulators & History Matching
@ applied to SHERPA + cluster/Lund fragmentation

(see also Moritz Pabst's talk)
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enhanced practicality
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on-the-flight reweighting of UFO couplings
(in progress)
@ adopted methodology from 0912.3501, 1606.08753 etc. to generate
results for multiple new operator couplings in one single run

@ examples below:
impact of M (left) and T-type (right) dim-8 operators on photon
spectra in jjvy~y final states
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on-the-flight non-perturbative uncertainites
(in progress, see also Moritz Pabst's talk)
@ algorithms adapted to CRs, MPIs & hadronization
(parameter changes captured though relative weights)
e multiple runs — (slightly more expensive) run
@ allows robust parametric uncertainties in non-perturbative models
(vision: using HM to produce 100 or 1000 replica samples)

Drell-Yan @7 TeV/
Toward Neng

777] reweighted
=2 dedicated
07 @z p(Ry,ay) ==== nominal

ratio to nominal
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on-the-flight non-perturbative uncertainites

(in progress, see also Moritz Pabst's talk)

@ algorithms adapted to CRs, MPIs & hadronization

(parameter changes captured though relative weights)
e multiple runs — (slightly more expensive) run
@ allows robust parametric uncertainties in non-perturbative models

(vision: using HM to produce 100 or 1000 replica samples)

DY @7 TeV - ATLAS_2014_11315949/d108-x01-y01

Transverse region, 5 GeV < pf < 10 GeV DY @13 TeV - ATLAS_2019_I1736531/d454-x01-y01
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summary & outlook

@ SHERPA: version 3 replacing 2.x.y series
@ lots of developments released or close-to release:
e improved perturbative precision
e enhanced perturbative efficiency
o additional modelling features
e practical solutions
@ longer-term developments (not covered here):
o ALARIC parton shower fully functional

(with even higher accuracy)
o additional non-perturbative features

(improved cluster hadronisation, CRs & MPIs modelling)
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