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Why NLO Accuracy Matters in Collider Physics

@ Precise predictions are essential to match LHC data precision.
e LO: only Born term B — fast but approximate.

o NNLO: adds virtual, real, and subtraction terms:

oxto = / 0, [B(®) + V(@ / 0D, 41 [R(@41) — S(Pp)]

@ Reduces scale and PDF uncertainties.

@ But requires heavy phase-space integration = CPU expensive.

MCQ@NLO structure:

S-events: d®,,(B+V +1 +/d<I>1MC), H-events: d®,,11(R— MC)

S-events: LO-like kinematics — used in our reweighting.
H-events: contain real emissions — future extension.
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@ Accurate predictions in collider physics require NLO precision.

@ NLO simulations are computationally expensive due to:

e = Intensive phase-space integration
e = Low unweighting efficiency of events LO Events:

Cheap & Fast
Why NLO?

@ Captures virtual corrections + real emissions

@ Needed for precision (reduces scale/PDF uncertainties)

Can we speed this up? Reweighting
Strategy:
@ Generate LO events (cheap & fast)
. . . Reweighted
@ Reweight to NLO using known corrections NLO Events.

@ Retain kinematics ( S-events)
Goal:
@ Achieve NLO accuracy with LO-level speed

Accurate
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From LO to NLO Accuracy: How It Works

Key Notes:

@ S-events have LO-like kinematics
[ Generate LO Events ] ) o
e H-events Contain extra real radiation (hard
emission)
[Read .1he File with LO EVGH'US] @ Only S-events are reweighted (no H-events)
J, — . o Folding ensures smooth integration
Compute NLO Reweighting Ratio o FKS subtraction avoids divergences
(only for S-events)
J, @ Reweighting factor:
[ Write New Weights to File | B+V+1I+ [(MC—FKS)dps,
B
[ Compare with True NLO } @ Integration validation:

S _ S
O default = Ureweighted
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Cross Section Comparison and Sample Quality (tt)

@ Process: tt production (S-events only, reweighted vs. NLO reference)

Sample o [pb] Stat. unc. [pb] Eff. sample size Neg.-weight [%]
LO2NLORWGT (1-1-1) 618.121 + 7.39 6133 13.36
LO2NLORWGT (16-16-1) 618.092 + 2.28 29722 2.79
NLO (S-events) 618.010 + 2.73 21203 11.75

@ The cross sections agree at the permille level between NLO and reweighted LO
samples.

@ Increasing the folding (16-16-1) reduces the negative-weight fraction from 13%
to ~3%.

@ The effective sample size increases by a factor of ~5, improving statistical precision.

o Confirms that the reweighting reproduces NLO normalization for S-events.
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Validation: tt Distributions
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@ The overall shape agreement between LOgy (1-1-1) and NLO S-events is excellent across

all observables.

The normalization matches within statistical uncertainties.

Small fluctuations remain in LOgy distributions due to limited effective statistics and

weight variance.

These fluctuations can be smoothed either by increasing the folding parameters or
by increasing the Effective Sample Size (ESS) in future reweighted samples.
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Validation: tt Distributions
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@ The agreement between LOgy (16-16-1) and NLO S-events is excellent across all
observables, both in shape and normalization.

@ Increasing the folding parameters to (16-16-1) greatly smooths statistical fluctuations,
confirming the stability of the reweighting.

@ Despite the higher folding, the method remains far faster than full NLO generation,
achieving NLO-level precision with LO-level efficiency.
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Cross Section Comparison and Sample Quality (Z-+jet)

@ Process: Z+jet production (S-events only, reweighted vs. NLO reference)

Sample o [pb] Stat. unc. [pb] Eff. sample size Neg.-weight [%]
LO2NLORWGT (1-1-1) 756.664 + 12.57 3 596 12.81
LO2NLORWGT (16-16-1)  753.045 + 1.58 156 684 12.14
NLO (S-events) 773.141 + 2.75 64 807 28.74

@ The cross sections show a small but visible difference between the reweighted
and NLO samples, especially in the Z+jet process.

@ The origin of this discrepancy is under investigation, likely related to jet
multiplicity or missing terms in the reweighting.

o Increasing the folding enhances statistical precision with a much larger ESS.

e The negative-weight fraction stays around 12%, significantly lower than in NLO

(~29%).

@ Reweighting reproduces NLO-like shapes, but small normalization shifts remain.
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Validation: Z+jet Distributions
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Validation: Z+jet Distributions
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Delta Matching in MadGraph

@ Goal: Control large event weights and reduce negative-weight fraction.

o Applied to the Z+jet process to compare standard and A-matched samples.

Sample o [pb] Stat. unc. [pb] Eff. sample size Neg.-weight [%]
LO2NLORWGT (1-1-1) 776.76 + 15.24 2 585 10.81
LO2NLORWGT (16-16-1) 782.96 + 1.66 153 839 10.49
NLO (S-events) 792.04 + 2.68 70 997 28.28

@ A small normalization difference with respect to NLO is still observed and under
investigation.

e A-matching reduces the negative-weight fraction by 2—3% compared to standard
runs.

o Improves statistical stability for reweighting at high folding.

o Improves efficiency, achieving NLO-level precision with reduced computational cost.
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https://arxiv.org/abs/2002.12716

Validation: Z+jet with A-Matching
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o A-matching stabilizes the LOgzys distributions.
o Achieves excellent agreement with NLO in both shape and normalization.

o Combining with folding further reduces fluctuations.
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Conclusion and Next Steps

@ Demonstrated that LO — NLO reweighting reproduces NLO accuracy using only
S-events (LO-like kinematics).

@ Cross sections and distributions show good agreement with NLO, though a small
normalization difference remains under study.

@ Increasing the folding parameters significantly improves statistical precision while
retaining large CPU-time savings.

@ The A-matching prescription further stabilizes weights and reduces the
negative-weight fraction by ~2-3%.

@ Ongoing work extends the method to include H-events and implement all NLO
components for full event-level accuracy.
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