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KrkNLO ~lar enauh

Key ideas:

— change PDF factorisation scheme
(‘Krk’ scheme: exploit ambiguity!)

— matching becomes multiplicative

— no subtraction: weights all positive

based on work with Staszek Jadach, Andrzej Siédmok, Pratixan Sarmah
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A Sudakov alogorithm

We want to transform the problem, such that we are guaranteed that negative
weights are only associated with terms beyond O(«s).

Exponentiated subtraction

¢ Start with normalisation ng = 1 and the max value for k; (ordering variable)
Run a loop while k¢ > k¢ min:

e Sample Ink; from e~ M/Bolnl/%t where M = max(R,C),
¢ generate random number 0 <1 < 1

o ifr< IR;ACl then

— ifR>C:ng —>ng+1
— ifC>R:ng - ng—1

e returnng L Only coblresses  proflems ol over palimafe

(np) =1+ [[R(®) — C(@)]/By dPpag

Slide 12/22 — Alexander Karlberg — ESME
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ARCANE reweighting
» Under ARCANE reweighting, the density of (V, L) is modified as:

perene) v/ 1)y = F(V,L)+ G(V, L)
where G satisfies /dL G(V,L)=0.

> This way [@c@ne)(1/) eracy F(V).
> ( redistributes the contributions of different (V, L)-s to the same V/,
to try and get F'@™@")(1/ ) to have the same sign as F'(V/).

. cmpP. reJTs‘H.
Two questions: acroys  history
1) How does one construct the redistribution function G?
2) How does one sample events from [er@Me)(/ [,
4= Fermilab

6/29 5May 2025 Prasanth Shyamsundar | ARCANE Reweighting | CERN workshop on negative weights



arbitrary units
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tt @ NNLO in MATRIX: weights

[ born
0.25 4 ] CA
VA
1 RA
CT2
3 vT2
0.201 RCA
RVA
1 RRA
[ total
0.15
0.10 4
0.05

721010 —10° -108 -107 -10° -10° -10° -10° -102 -10' -10° 0 10° 10* 102 10® 10¢ 10° 10° 107 10%® 10° 10%
weight [fb]

@ Largest (positive and negative) weights: RRA gg — ftgg and CT2 gg — tt
@ These are most time consuming contributions (also RVA gg — ttg which is slow itself)

M.V. Garzelli, S.-O. Moch, S. Zenaiev Negative weights in MATRIX framework 18/31



Cg[l. l‘(SO\m?lW‘ : c\slra{e Y fo (€mo e weghts
(4v~olrer-a Md?f) a n% ?

Cell Resampling
[Andersen, Giitschow, Maier, Prestel 2020; Andersen, Maier 2021]

w = 400

o(d rcoJe. Po‘-«* !

© Choose seed event wjth negative weight for cell C

@ lteratively add nearest event to cell until 3_; .. w; > 0 or radius exceeds rmax
ZJ- cWj

# events in C

w = —0o0O

Cell resampling:

© Redistribute weights, e. g. average over cell: w; —» w =

0 Repeat

2/17
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r<V evens hove O

k&4 UNIVERSITY OF

7 ¥ LIVERPOOL number of events

Note aqrp < as = need many more events

Order | &, | N r [Wmins Wmax]/{w) | feature
LO | n/a [ 99.7M | 0.0% | [0.03,7.7]
0.5% | [—3.6,3.6] x 107
0.1 | 22°M 1 g1 [-1.3,19] x 103 cres
NLO 51M v | [+0.0,1.6] x 10* subs
S1eM | 30% | [F21,2.0] < 10°
1.0 0.3% | [~7.0,26] x 103 cres
61M 0 | [+0.0,2.5] x 10* subs
21.1G | 0.7% | [-8.6,8.6] x 107
NNLO 0-1 1366 |~ [—6.9,6.9] x 10° cres (4 S"Z?Tﬁc«n"
o | 198G [92% [ [-23,23] X 10} reddy i on
T 126G | 0Ly | [-3.3,2.4] x 107 cre ¢

Yannick Ulrich, 06.05.25 — p.18/20
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Stratification of signed integrands

There are ways around: Caarn lew)Q_ in fwo wheoks
1) Add a large constant

2)Stratification:  f(x) = f.(x) + )lf((x), with  fi(x) = O(xf(x))f(x)

‘ I / dH, f+(,x) +/ dH_ J-(x) “two independent integrals”
H, (x)en hy(x) H_(x)en h_(x)
1 Qa falx) | 1 o= fo(x) 1 [~
o - oL +(X L (X P A var(T AV 5
Ly = L + I = 5 ; he) T ; e O = \| 577 | 77 Var(L,) + 5 Vdr([)}

Nt

2N 1 f(XL) ’ 72

i=1

+ The total variance is now bounded by the individual variances
- The mappings are more complicated (need high phase space efficiency)

/=
L ‘f'hl?} s whore V‘W"\o@'\nj

07.05.2025 CERN Rene Poncelet — IFJ PAN
Qlow comes



Veural re 7n¢meml' d’()we; hs  (Depad Mol )
Ue vv to o/.“s*'inﬂg‘.:sﬂ o3, ng, ewent
D W 7"1\:5 fo I*Eu/eigl}v

Weight Workshop | Dennis Noll | Berkeley LAB | 07.05.25

Weight Transformation: Refiner

Wyt+two  —— wyt|wo| - |w_|
—_— wy — w_ — refine

* Learn residual weight spectrum 1.5

» Train classification between:

—_
o

- Samples with positive weights w+

« Samples with negative weights |w-

* Application:

probability density
o
(9]

+ One refinement factor r per phase space x

<
=)

° wrew=r- |wdd

—0.51
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QCD Theory meets Information Theory

Boltzman machine: Generative model samples according to stat dist

i

i<j
Boltzman factor: Maximum entropy solution subject to constraint on average energy

Prior Sets Partition Function

} ;
) = ale)ow [~ o= Bufa(o) ~ fafale) -] WE—p

Lagrange Multipler ~ Constrained Quantity

Sudakov structure: Plucking a random event-shape observable distribution

r(T)LLfc. = ~2a,Cp In7 exp [— asCr In? 7']
m

Sudakov factor

ML practitioner: Sudakov = Boltzmann factor and cusp AD = Lagrange multiplier
that enforces constraint on the 2nd log moment of distribution

log moments not previously measured or calculated before in QCD!

14 BA, Hoche, Lee, Thaler 2501.17219
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