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Negative Weights

MC Samples with > NLO accuracy in QCD
produce negative weights
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For ~37% negative weights, it would take ~14
times more events!



Resource Projections: We're Running Out of Room

cds.cern.ch/record/2815292/files/NOTE2022 008.pdf
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Cell Resampling

Introduced in https://arxiv.org/abs/2109.07851
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Cell Resampling

Introduced in https://arxiv.org/abs/2109.07851

[J [ ® ] ‘ ] - L] [ ) ® - L] e ® » ®
° & 0ie *e ‘ ";o '. 8° o ° . & oo ‘e ‘ ";.. '. L R °
X3 ° i e ) °, " we o @ oo ° * ° oo ® =e o °
° e o ° oo o ® o ° e ° °y ° o ® o
‘o w®,0 ° .. R R ...... :.. ..0.4 I‘. w®,0 ° .. it W, w® = ...". :.. ..o.d
o® o®
bo© ‘.'° .: 4 0o o © ° oo © '.0 .: 2 e o © ° .o
.o (1] e ° : B ..o ° e o . .o oo o : & & ..' ° e o .
° °
® '.' e o ° : 3 % ‘ e ° o S ° o ® ..' ® . * 3 % ‘ e ° o L4 ° o
® % Cod - % ¢ 6 o ° o o o o i = % o o ° o o
b ° ° b ) b ° % )
‘ [ X L Y o ° ‘ ¢ ... LJ ....:. = .. ' :0 ™Y ‘ ‘ oe® o L] © ‘ ° ... : ....:. ° .. ‘ :. ® 1
%o e <o N o o4 (54 ° o' .~. ®o0 ¢ “ o o4 o ® o %
® . ° ... o ] .. LY .0 ) .. oo © o ° . ° ... . ° .. XY .0 ° .O ... ° o
ha® K % e, ° (.\. ot . e, 2 bee % % %, . I“"‘\ e © o Wy R
° e o ° J ° ® . ° ° e o ° x 0 ® .
b ° o o0 o 7 o S o o ° e® o N e e o
o ®pq o .. ¢ °s »° ° . ° ‘e ° A S »° . %
LIS e » o % o o % . o, © e 2 ﬂ.s %o o o % . o, *
oo o ° ° . 7 S st °e o ° ° . e ® 8
o, . ° o Y . . o, : =8 % T m e °
p .... ¢ :. . '0.. .o‘ .l.... P .... ¢ ... .... ..' .l...
s s * ¢ ¥ ces o ¢
® ) ° % ° .0 ° yy- M . . o0
e ° o.. e % ‘ = : - : ® o ‘...: ° . - K ° o.. e % ‘ : - .. e o ‘...: * . - q
] 'Y ° © L] .. [ ) [ ]
° o o' ° .. '." .0.. & ° ‘3.‘ % ‘. L 0 4 o o. °... .'°. $ ° ‘3.\ . ‘o
°* @ ° e o, "o ® . L . oo o, %o ® e
. ° [ o L ° ° °« ° ° [N
e, ° ° ° ® © oo o ° ... ) ° ° ° e © o0 o ° ®
be ° ° ® P °s ° o b ® o ° ® 3 °9 ° 0.
e % o0 ° o a8 :. e % o0 ° oo o &
° ‘.. . w o° ° ..’ we o 8 &, o ° ° “. e 0 o° ° ..' we o $ S, o’ °

[l |

Cell Radius
Seed Event
Positive Events
Negative Events


https://arxiv.org/abs/2109.07851

Cell Resampling
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Cell Resampling

Average weight in
cell is positive
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Earth Mover's Distance




Earth Mover's Distance




Earth-Energy Mover's Distance
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Earth-Energy Mover's Distance
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Earth-Energy Mover's Distance

1 ® Eventa . EMD = 828 GeV
® EventB o/

¢ : How much
e ' ‘e energy moves?

The EMD is IRC Safe!

How far does it
move?



€ = Negative Event Fraction

... And it works!
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Summary

e Negative weights in > NLO accuracy MC are a computational strain
e Cell resampling: remove negative weights by redistributing weights of
nearby events
e Use Optimal Transport to define distances as the EMD
o |IRC safe, obeys mathematical definition of a metric
e Reweighting reduces negative weight fraction, improves statistical
significance

e Reweighted samples show agreement with original in observables

We are deeply grateful for the support this work obtained in its early stages in the form of a seed grant from the Brown
University Data Science Institute. This material is based upon work supported by the U.S. Department of Energy, Office of
Science, Office of High Energy Physics under Award Number DE-SC0026285
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Thank You!
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Negative Fractions

https://indico.in2p3.fr/event/34495/contributions/158239/attachments/93330/142858/NegWeightsIntro.pdf

{ Aside | Negative event weights @

» Any development here would be much appreciated...

» We cannot afford to run full
simulation on samples with

Sherpa (lepton+jets) 364345 20.5

negative weight fraction >25%
Sherpa (lepton+jets) 364346 204
Starting to become a deal-breaker P —— 364347 204
Sherpa ttbb (lepton+jets, CSSKIN, 4FS) 410329 244
Sherpa ttbb (lepton+jets, CMMPS, 4FS) 410335 257
4 AlSO has knOCk-On effeCts aMC@NLO+Py8 (lepton+jets) 410441 23.7
> Fore.g. huge W/Z samples for high aMC@NLO+Py8 (dilepton) 410442 23.7
precision analyses we cannot currently 3MC@NLO*PY8 (Exfx, 70 GeV) 410452 28.4
use MC@NLO-like matching schemes, ~ 2MC@N-O** (7S, fbb) 10245 o
’ Powheg+Herwig7 (lepton+jets) 410557 04
Powheg+Herwig7 (dilepton) 410558 0.4
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