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THEORY UNCERTAINTIES
IN HIGH-ENERGY PRECISION MEASUREMENTS AT THE LHC

which I find interesting /important/concerning/ ...

[ will focus on select recent developments & trends AI ex a n d e r H u SS CE/RW
\
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LHC — FROM A DISCOVERY TO A PRECISION MACHINE
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WHAT IS THE UNCERTAINTY Apy OF MY RESULTS

increasingly urgent to address with Agyp \\ (¢» HL-LHC)

what does 56 mean if Ay non-negligible?

interpretation of data in need for robust Aty precision measurements, PDF fits, ...
various sources that contribute to A-y:

Ay, Aparam’ Parametric uncertainties «v» exp. extraction

Appp: parton distribution functions (PDFs) «w» fits to data, lattice, ...

A
A

non pert,. 1NIINSIC k7, hadronisation, UE, ... «» TMD, parton showers, ...

pert: Missing higher-order corrections <« conceptually tricky



O UTLI N E focus on dominant sources of

Aty In precision measurements

MOTIVATION
1. Scale Variations
“QCD modelling” 2. Bayesian Estimates
3. Theory Nuisance Parameters
4. Parton Distribution Functions

CONCLUSIONS



SCALE VARIATION

GENERAL IDEA & CONVENTIONS

approximation for an observable doNO = do© 4 4 do® + 4+ " de®
@ (next-to-)" leading order: s s

truncation of series induces a sensitivity to terms of the next order
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1 SCALE VARIATION

CREDIT WHERE CREDIT IS DUE
quite neat & simple

can work very well

lot of experience if it doesn’t
< new channels, jet bins,
“ogiant K factors”, ratios, ...

< strategies to mitigate
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1 SCALE VARIATION
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CREDIT WHERE CREDIT IS DUE pp = W7 @NSLO
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SCALE VARIATION

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

MAIN ISSUES WITH SCALES

© choice of the central scale y,,
® no probabilistic interpretation

©® no correlation model

fastest apparent convergence (FAC)

< 6" (pppc) =0

principle of minimal sensitivity (PMS)

= o)

0
H HpPMS

BLM/PMC, ...

incl. jets @ NNLO
w.rt. py = 2py

or combination:
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band overlap
stability
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1 SCALE VARIATION
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MAIN ISSUES WITH SCALES

@ choice of the central scale y,,
® no probabilistic interpretation

©® no correlation model

R. to NNLL4+NLO R. to NNLL+NLO

meaning of the envelope?

box , Gaussian /\

,...

to correlate, or not to correlate
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1 SCALE VARIATION

MAIN ISSUES WITH SCALES

@ choice of the central scale y,,
® no probabilistic interpretation

©® no correlation model

e o

meaning of the envelope?

box , Gaussian /\
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9 BAYES'AN ESTlMATES [Cacciari, Houdeau '11], [Bonvini '20]

[Duhr, Huss, Mazeliauskas, Szafron '21]

GENERAL IDEA

consider the perturbative series as a sequence of dimensionless numbers

do=do® [1 + 6, + 6,+ ...] w & =0@h

Q: after observing 0, = (9y, 0y, ...,0,), prob. to observe 0, ?

P(6,41,0,) _ |d"p P(5,,,,0,|p) Py(p)
P@,) |dmp P(6,|p) Py(p)

P(5n+1 |§n) —

Known orders: &,

P(A, B) = P(A| B) P(B
(A,B) = P(A|B) P(B) Bayes: P(p|8,)  P(6;|p) Py(p)

P(A) = 4B P(A, B)

Model: P, |p) Hidden

< parameters

Unknown orders:
P(5n+1 |6n)

Priors: Py(p) 4




> BAYESIAN ESTIMATES

THE CH MODEL [Cacciari, Houdeau ’11]

pert. exp. &, = ¢, a* bounded by geometric series: |¢,| < ¢ Vk  «» 1param: ¢
\ a, at what scale? why not: /7, a./(4x), a, In’(v), a, In(v), ... 7?
THE GEOMETRIC MODEL [Bonvini '26]

let the model learn the expansion parameter: |8, | < ca* Vk <v 2params: q, ¢

model: priors:
PN (5 _ ! ® 0| Pya) =1+ ) (1—-a)? O(|a| < 1) Py(c) = - O(c—1)
geo( cla,c) = 2o ok ¢ o o\d) = w a a ON=/ = olte
3 |
A w =0 ——
w=1-——
PR (Sl a,c) : NS S de/e ~ dIn(c)
1 (€: regulator)
5k

—ca +ca 0 9.5 1 10



Probability distribution of the cross section: P(Z)

BAYESIAN ESTIMATES Bonvini 2]

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Higgs production in gluon fusion at LHC 13 TeV, mpg = 125 GeV THE GEOMETRIC MODEL
LA B L L B L =1 ' 1

NLO given LO | '
.l NNLS siver, NLO | @ full prob. dist. P(0)

N3LO given NNLO Hp =my/2

N4LO given N3LO U = myy/2 broad lower orders:
0.4 F - stronger dependence

on priors P

0.3 | -

narrow higher orders:

Geometric behaviour model :
inference of

0.2 _

hidden parameters

| . ___"lk |
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2 BAYESIAN ESTIMATES [Duhr, Huss, Mazeliauskas, Szafron '21]

THE ABC MODEL P PO, a,b.)
)
allow for a bias & alt. series: b —c¢ < —I;{ <b+c VEk S
d k
INCORPORATION OF SCALES (b-cat  (b+oat

@ scale marginalisation (sm) Jd,u P, 16,;1) P(u|d,)

L« PG ) Py

prior
weight

© scale average (sa) Jdﬂ w(p) P(6,4110,; 1) - 0(InF - [In(£)

2uln F

)

12



2 BAYESIAN ESTIMATES [Duhr, Huss, Mazeliauskas, Szafron '21]

THE ABC MODEL P PO, a,b.)
)
allow for a bias & alt. series: b —c¢ < —I]i <b+c VEk S
d k
INCORPORATION OF SCALES (b-cat  (b+oat

@ scale marginalisation (sm) Jd,u P, 16,;1) P(u|d,)

«» P (6,.1]0,) L« P(0,; u) Po(u)
peaks at ppac prior
weight
© scale average (sa) jdﬂ w(u) P(S,.116,; 1) - @<1np_ ‘m(ﬂio) )

S sa(5n+1 ‘511)

peaks at pipyg scale interpretation
<> prescription
12




BAYESIAN ESTIMATES )l
2 J [Duhr, Huss, Mazeliauskas, Szafron '21]
VBF-H DY-NC IER
4 W+ + W-
4.2 l i | i
” | E— o152 T
41 F M - i ;
- . I . . 0.15 | -
= =ul | | §
— 4 | &% HH 0148 | ol e
: = 46 |
g—g %%.m wFofd 4;42_ i %¢I 1 | %42_ O 146 i I 1 |
= 39t I | Lo | £ o
o O | =
5 38 | | F a2t | < 0144 ¢ ]
Y * (ovBE=8)n (1o, to) o A 40 = MR (DY —NC)n(1os fo) © - 0.142 + (Aw )n(p0, f10) © -
— 3.7 r geo sm = sa — 9pt m{ = geo sm ——  sa —— 9pt mm 0.14 L geq sm. = sa —— 9pt =
abc sm = sa —— Tpt mm S abc sm = sa —— 7pt mm ' abésm ~ sa ~— Tpt mm
3.6 | | ' ' 36 g | | 0.138 | | | |
0 1 2 3 0 1 2 3 0 1 2 3
n n n
n < 2: Clgg bigger than 9pt 05 1s large and outside of 9pt! large cancellations in the ratio
0; < 0 w abc alternating similar unc.: sa =~ 9pt n < 2: 9pt performs poorly
n > 2: all prescriptions similar n=72: sm< others (ypsc) (Aw), / (anticipated by abc)
n = 3: all prescriptions similar size: abc < others

(n > 2)

overall: not radically different estimates for A

pert. 13



BAYESIAN ESTIMATES [Duhr, Huss, Mazeliauskas, Szafron '21]

DIFFERENTAIL DISTRIBUTIONS

n<?2:
e = E pp-W +X Js= 8 TeV 1.3 ' = ,
O TR L H N N xﬂxwk Cl, bigger than 9pt
1.0 e - .
195 9.9 EF _ abc captures pos. shift
— 8? : abc sm Clgg :
31@4 1.3F ] ' — n=>722:
> 1.2k -
S =
~ 103 ~ 1.1F | ,‘,A@« w%ﬁ@%%%xxx%w 1 . .
- Tl ) S almost identical bands
5 L 09 S NN
= 8
S ; ?; L gleo s Cl]:ég - AMHO Very I'ObUSt
10 = 15 N
*3 1.1 o= %&&&“&%@&%@&&X SIN VS. Sa
1@@ L _lc':,c' %g = }
~ 1o 100 = 23 _ almost identical CI
= pry (GeV) 2.7 albc sa CI:[68 _
~ q3F ' AR a 1.3 s
(o) 12 [ ] 1.2 =
S 1.1F 1.1 AN :
o 1.0 — 1.0
- 1 e9f \\\\\\
P O e o salespt o] | geo sa Clgg _
T 10 100 10 100
pr.y (GeV) pr.y (GeV)

14



3 THEORY NU'SANCE PARAMETERS [McGowan, Cridge, Harland-Lang, Thorne '23]

[ Tackmann 24], [Lim, Poncelet '24]

GENERAL IDEA & STEPS

@ parametrise the unknown order using nuisance parameters ¢ (TNP)

do = do'V+a, do'V+a? daégp(é)

L~ ro (simplest case)

© assign a probability distribution P(6)
< stat. interpretation & correlation model

most interesting when we have

o e information on the functional
@ possibility to constrain 6 using data dependence of an observable

«» correlations

15



5 THEORY NUISANCE PARAMETERS S

RESUMMED PREDICTION

@ factorization in limit p, - 0 ~ functional dependence known

do
i H® B,® B,® S|(a; L) +0(p;/Q) L=n(p,/0)
T
L
d(ag; L) =T (a,) expj dL’ {F(aS(L’)) L+ Y%(GS(L,)) }
0

boundary conditions:
L(a) = XLogta, L i+a>Lot...
anomalous dimensions:
I'(a,) = o [F0+0‘s [+a’ F2+...] Yo(a,) = a [7’04‘% y+a? 7/2+...]

16



5 THEORY NUISANCE PARAMETERS S

RESUMMED PREDICTION

|

@ parametrise unknown resummation ingredients using nuisance parameters (/

boundary conditions: % € {H,B,,B,,S}

L= gi) O L actually functions: B;(x;)

anomalous dimensions:
(+ beta function f & splitting functions P, _, ;)

Yo Y&

implements a correlation model for the (low-ish) p; spectrum

17



5 THEORY NUISANCE PARAMETERS S

RESUMMED PREDICTION selection bias?

@ assign a probability distribution (statistics over 3 calculations)
<« assume universality in order n as well as processes/ingredients  valide

Matrix Elements anomalous dimensions
707 e s e s e e s e s s s e B s s . . ..
= T (= 5) - CHOICES («»» ambiguities)

0.6 entries n\ltf s

T p=-011+0.11 :
2 00p o= 0940, E scheme dependence
© 0.4F o
I g (scale, ren. scheme, IR subtr., ...)
2 0 2
- 0.2 - parametrisation freedom

o1 (0 — 0" changes what is

0.0

S ( uncorrelated /independent)
0, 0,
N =4"C.Ci™ (n—1)! N =4"C.C{  “massaging”

(& & — X0 toscale like A, _, ;)
18



THEORY NUISANCE PARAMETERS ko 24

3 e . B e B 3 I L
RE SUMMED PRED|CT|QN - SCETIib N3+1LL pp — Z (13 TeV) - = SCETIib N*T'LL  pp — W+ (13 TeV) -
- o 4:- MSHTaN3LO, Q=mz, Y=O_E o 4 3 MSHTaN3LO, Q =mw, Y:O_E
@ 100% correlation of ¢ g 3k [, e TET :
large cancellationin W7/Z 7 b
dommant re51dual "% 10 15 20 25 30 Ly T T 200 25 30
qr [GeV] qr |GeV]

uncertainties from B _,

similar absolute errors to Ay W-|- /7

07— 71— T N e
= SCETIib N*+'LL W /Z (13 TeV) -

valid at low p

=
N

MSHTaN3LO, Q=my, Y =0 -

requires matching
@ high pr (ug, pir)

rel. difference [%)]

L1
Scooooo9o9
_ W N = O =N W

. . . ; == Lcusp - H qu E
missing: non-pert. modelling — TS By
> — % :

—0-95 5710 15 20 25 30

qr (GeV] 19



THEORY NUISANCE PARAMETERS

CMS My, MEASUREMENT

@ constrain ¢ using data

Events/bin

Data/Pred.
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CMS Postfit
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driven by correlations
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5 THEORY NUISANCE PARAMETERS >
.......................................................................................... (\D
CMS My, MEASUREMENT !
|_
. Q
@ constrain 0 using data RS
o
%10° 16.8 fb~1 (13 TeV) O
> e T T T T T
(05) CMS Prefit ¢ Data ;
5 sb 1l -~ MiNNLOps -
4q<:_; - : VA RVIVIE
o 4F "'1 Bl Other _

O ]
D C
A .Ur
3 [
cDU 09-_‘ Fixed-order+matching CS-Nonpert.
L Resum. TNP ~ Nonpert.
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¢ Unfolded data
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3 THEORY NU'SANCE PARAMETERS [McGowan, Cridge, Harland-Lang, Thorne '23]

[Lim, Poncelet '24]

BEYOND RESUMMED SPECTRA

pull out the Born prediction and split off leading-colour factor at each order n

de  do¥ _ _ _ 1 de"™/dx
g (1) 2072 T2) K"(x) =
i ™ [1 + aN. K"V (x) + a;N: K (x) +] (x) Nt doO/dx

parametrise first unknown order as superposition of lower-order K™

n

Ko @0 = ) [0 ) KO ()

TNP
I D

polyn. modulation

k
F0; x) = % 0" <ll€> x*"'(1-x)'  (Bernstein)
- 1 & .
100 == ), 00T (Chebyshev)
i=0
P(é’i(j)): uniformin [—1, + 1], normal witho = 1

k=0 = féj)(é; xX) — HO(j) <« approach to approx. N3LO in MSHT PDF fit

22



THEORY NUlSANCE PARAMETERS [Lim, Poncelet '?24]

pp — tT — € 2b—jets, LHC @ 13 TeV BEYOND RESUMMED SPECTRA
central scale: yu = Hr/4
Bernstein parameterisation (k=2) LO: no uncertainty estimate
TNP's: | 4 J Errorbands: TNP (quad.) __ .
cymmetric by - tt NLO: effectivelya ~ a,N.O(1)
construction = o modulation of NLO correction
A N S B S e e — o .
e NNLO: first time an interplay
0.6 - . _
between two independent K%
0.4 -
1.4 - Errorbands: 3-Point scale var.
1.2 -
1.0
scale variation: E
3-point, not 7-point 08
0.6
can be asymmetric 0.4 -

100 200 300 400 500 600
m(4f) [GeV] 03



THEORY NUlSANCE PARAMETERS [Lim, Poncelet '?24]

pp — tt = €€ 2b—jets, LHC @ 13 TeV BEYOND RESUMMED SPECTRA
central scale: yu = Hr/4
Bernstein parameterisation (k=2) LO no unce]_‘tainty estimate
TNP's: | 4 J Errorbands: TNP (quad.) __ .
cymmetric by - tt NLO: effectivelya ~ a,N.O(1)
construction = o modulation of NLO correction
P N S e e — o .
e NNLO: first time an interplay
how to map x? 0.6 - : 7 (1.,2)
© multi-dim? between two independent K™
0.4
| Errorbands: 3-Point scale var.
14 ® NLO can have artefacts?
1.2 A
o vt L0 -f-ﬂg o LO-NLO cross
scale variation: 1.0 ——— 2|
3-point, not 7-point 08 08 = Ano =0 ¢
0.6 -
can be asymmetric 0.4 - .
100 200 300 400 500 600 ® Slmllar CITOTIS @ NNLO
m(4f) [GeV]
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THEORY NUISANCE PARAMETERS

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

BEYOND RESUMMED SPECTRA

TNP’s:
symmetric by
construction

" how to map x?

>

multi-dim?

>

scale variation:
3-point, not 7-point

can be asymmetric

ratio to NLO

pp pp — et v.p~ v, LHC @ 13 TeVaV

central scale: yu = Hp/2

Bernstein parameterisation (k=2)

1.50 ~

1.25 -

1.00

0.75

0.90 -

Errorbands: TNP (quad.

TWHW-

— — T

—— e ——————————

— |

— LO — NLO — NNLO

1.50 ~

1.25 -

1.00

S s ———

0.90 -

Errorbands: 3-Point scale var.

200 2560 300 350 400 450
m(WTW ™) [GeV]

500

[Lim, Poncelet '24]

LO: no uncertainty estimate

NLO: effectivelya ~ a,N.O(1)
modulation of NLO correction

NNLO: first time an interplay
between two independent K12

® NLO can have artefacts?

V

LO—NLO cross

® more robust?

oo channel?



4 PARTON DISTRIBUTION FUNCTIONS

DATASET & TOLERANCES
0(4000) datapoints in a global fits more stable y* in the

< 1inconsistencies between data, progression of the orders

unknown /underestimated Total Dataset

. . 1.26 —
EXP/TH uncertainties, model, ... 4+ NNPDF40 1m0 MHOU | =
B =®- NNPDF4.0 MHOU 1 =
A)(z = 1 for 68% C.L. not suited - *. ’ v
~ “tolerance” T? = 10-30 1.22)- 1=
THEORY UNCERTAINTIES IN PDFs = 10F 1=
~—
NNPDF4+ (scale variation) S LsE 4 i
MSHT aN3LO (nuisance parameter) L6 G T _
~
‘N ‘¢
mandatory in aN3LO as (almost) no L4 \\\ e -
predictions available at this order | I~ |
112 NLO NNLO alN3LO

24



4 PARTON DISTRIBUTION FUNCTIONS

H @ N3LO ~N°LO
g8 » » O oot (NNLO PDF)
estimate ~ 1 % error [ awo =™ rpry ro=rer = 48.3 pb 3.8%
< actual shift much larger:
[MSHT, NNPDF 2411.85373] N3LO 3
< . OgoH] (aN°LO PDF)
1050 aN3LO PDFs = 46.5pb

1.025

1.000

0.950

0.925

Ratio to MSHT20xNNPDF40_nnlo

0.900

MSHTxNNPDFnnlo MSHTXNNPDFan3lo NNPDFan3lo MSHTan3lo
PDF4LHC21 MSHTxNNPDFnnlo(ged) MSHTxNNPDFan3lo(ged) NNPDFan3lo(qged) MSHTan3lo(qed)
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PARTON DISTRIBUTION FUNCTIONS

ggH @ N3LO N EO(NNLO PDF)
estimate ~ 1 % error ( ao=; “mggg%?ﬂéﬁfg%m = 48.3pb 3.8%
actual shift much larger: \
[MSHT, NNPDF 2411.05373] GggNHLO(NNLO PDF) 6N3II_IJO(aN3LO PDF)
Y )\ N
aN3LO PDFs — 46.7 pb — 46.5 pb
0.4%

did we just see some artefacts from

the mismatch between 6 & PDFs?
(uncompensated logs, ...)

Ratio to MSHT20xNNPDF40_nnlo

MSHTxNNPDFnnlo MSHTxNNPDFan3lo NNPDFan3lo MSHTan3lo
PDF4LHC21 MSHTxNNPDFnnlo(ged) MSHTXNNPDFan3lo(ged) NNPDFan3lo(ged) MSHTan3lo(ged)
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[CMS 1806.6808863]

PARTON DISTRIBUTION FUNCTIONS
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PROFILING / REWEIGHTING

-0.2 —

1mpact
2 X )in A

to reduce

PDF uncert. often among dominant sources
exploit correlations

often a huge reduct
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nrovm Kl
s vy W
[} Ny L
\Wom nyna \ '}
WORUUIAN L Nk uorg "
/r_—-—
O
o
o
o
|

-_—

PDF

hted

welg
0.232 0.233

(

0.231

101

1
0.23

nomina

A

0.00057

PDF
0.229

30

20

10
0

)]

S
Q
o

@
o0
L
a
al

90 100 110

m, (GeV)

80

SN

0.00018 (syst)

0.00031 (PDF)

0.00016 (theo) [

0.00036 (stat)

205 = 0.23101

SN

still almost
50% of A,

te

ig impac

how sensible is that ©(100) extra datapoints have such a b

«v» this data effectively carries a very high weight!
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PARTON DISTRIBUTION FUNCTIONS as(mz) = 0.1183 £0.0009 =

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

PROFILING / REWEIGHTING FOR a, - o o -
profriing may oias prooing X1.04 Q=mg —
. . . , direction of factorised approx. 2 : gmgﬂégﬁglg_mﬁ.m
situation is even more delicate for «; S
. 21.02 SN
«» strong correlations between a, & PDFs (g) /M

0070700070 600 6760070 0. v 90';'0‘('/ v'o';‘
0000002 0600000000060 00 000000000

9. 90.0.90.6.7.0.0.0.90.0.0.0.90.0.0.0.0.0.0.5.60.0.0.0.0.000

aoted A — + (0.00051 Ezi;2z%gE§§§§;E§f‘/"7"/’/7///‘/’)}‘522§§§§5Ezig
1 PDE = == S s
& W)
n ,,\\4
ATLAS | -O-NNLé) PDF profliling 0.98~ ,l'
_e- NNLO PDF fit -
@ aN°’LO PDF profiling 10 102 10"
X
NNLO MSHT20 o Spread in
NNLO NNPDF4.0 —c— NNLO PDFs back-reaction to other
NNLO CT18A ° : o
measurements in the fit¢
NNLO HERAPDF20 | e ~ 0.00203 ~ 2A
aN’LO MSHT20 ®
underestimated unc. /

I | |
0.117 0.118 0.119 0.120 0.121

oL, (m) unaccounted A .
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CONCLUSIONS & OUTLOOK

Covered two dominant TH systematics in precision measurements
~ QCD modelling & PDF uncertainties.

no time to cover: EW corrections, PS, non-pert. uncertainties, ...

Situation: Apyp << Ay puts analyses in the position to constrain Ay from data
~ prob. interpretation & correlation model crucial in this endeavour

Bayesian estimates: prob. interpretation (can also implement correlations)

Theory nuisance parameters: “physical” correlation model & P(0)

relying on a single

prescription is
A a “correct” Apert. model (each approach relies on set of assumptions) potentially dangerous!

PDF reweighting / profiling by now standard practice

can reduce nominal Appp by factors of 2—4

impact on global PDF fit picture needs to be better understood
& potential missing model / methodology uncertainties?
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CONCLUSIONS & OUTLOOK

Covered two dominant TH systematics in precision measurements
~ QCD modelling & PDF uncertainties.

no time to cover: EW corrections, PS, non-pert. uncertainties, ...

Situation: Apyp << Ay puts analyses in the position to constrain Ay from data
~ prob. interpretation & correlation model crucial in this endeavour

Bayesicm estimates: pI‘Ob. interpretation (can also implement correlations)

Theory nuisance parameters: “physical” correlation model & P(0)

relying on a single

prescription is
A a “correct” Apert. model (each approach relies on set of assumptions) potentially dangerous!

PDF reweighting / profiling by now standard practice

can reduce nominal Appp by factors of 2—4

impact on global PDF fit picture needs to be better understood
& potential missing model / methodology uncertainties?

Thank you!
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PARTON SHOWERS /

5 I e e Tey  —— s Ao =
PERTURBATIVE <> NON-PERTURBATIVE S i, e =
AR T
Parton showers (PS) model all-order QCD emissions " e I
through the evolution from hard to soft scales : s =
e T
no systematic approach (afaik) to assess 3 | M+++
50.95- s
perturbative uncertainties in PS T e :
-, AITLAIS S."m.“'.at.".’r.' | | |
: 2102 10°  2x10°
tuning of PS further entangles the i b [GeV]
pert. part with the non-pert. (NP) model . P B
) ? 1.08:— —— Herwig 7 LO (CH3) - C%
latter very sizeable S 1.06] — MRy
o 5 — Pythia 1 =X
. . . Z 1.04E Herwig 7 NLO (CH3) i
difficult to assess due to the notorious R T - e = W R
1.02:— POWHEG+Pyth|a8(CUETP8M2)—: g
”Herw1g VS. Pythla’ ’ 1.00 e 2

0.98F

effective two-point systematics

0.96
0.94F —

| Yo < 0.5 _:

C anti-kt (R=0.4) y*<0.5 1

092 . . | | T
500 1000 2000 5000 30

mq 2 (GeV)



PARTON SHOWERS

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

FORMAL ACCURACY

tremendous progress in improving the

formal accuracy of PS to

I\JIJ];, [Alaric, Deductor, Herwig, Apollo, FHP, Panscales]

N NI.I, [PanScales 2406.82661]

addresses long-standing issue with

dipole showers that required an
anomalously large a(M,) 2 0.130

NP effectively absorbing pert. etfects?
can formally accurate PS lead to
better alignment in NP modelling?
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WORK IN PROGRESS — CORRELATIONS A el ik i

idea: if two bins show similar (opposite) perturbative behaviour
< two bins should be partially (anti-)correlated.

we want: joint probability distribution P(x, y) for two bins x & y
< preserve projections for compatibility:

P(x) = de P(x,y) = [dz P(x, z)

< hidden parameter —1 < ¢ < 4+ 1 to smoothly implement the correlation

possibilities: algorithmic “earth movers distance”; map P(x) onto P(y), ...
< can be done much simpler
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WORK IN PROGRESS — CORRELATION MODEL ST

projections of multi-dim. Gaussians (+ correlation matrix) are again Gaussian
< map P,; onto Gaussians, implement correlations, map back

P(z,y) = Pi(z)P2(y) Yi(z) = /_ . dz' P;(z')

. d®~(a) d®~(B) &~1(p) = V2Erf~}(~1 + 2p)
do

c=0.9

use inference to constrain ¢
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PuLL = CONSTRAINTS ON TNPs e
slide by K. Long]

10 16.8fb"' (13 TeV)
E of CMS ¢ Dat - lZ/v*—wM/lTT—f CMS Pull + Constraint
g | ﬁf”mmafy-" MINNLOps W Other - Preliminary 2 -1 0 1 2
() i L- ] !
it af i — - SCpert A4(2) P - ‘ 7
_ : | SCETLIib Nonpert. A3(Z) |
» 'SCETLIib Nonpert. AN(Z) I
| SCETle Nonpert. CS ¢, |
" Resum -FO transmonZ[dlﬁ] |
|‘ Resum gliO transmon Z [avg ]L o
e ;:;'lﬁ IR . : Resum. TNPyVI - i
g:_ 1.02—}%1':—'- = -.__ELT — — = Resum. TNPy,, | |
co% O_lezr Fixed-orde_r:n;;;c;r_\i_r;g_ CS-Nonpert. 1 Resum. TNP Tousp I |
I Resum. TNP Nonpert. ] Resum. TNP qqAS BF | |
0o 10 20 30 a0 50 Resum. TNP qqV BF | |
ptt (GeV) Resum. TNP qqV BF | |
Resum. TNP qgS BF | |
small pulls/constraints on TNPs Resum. TNP qg BF | |
Nonperturbative terms most important Resum. TNP Soft func. : :
- Different behaviour of A2 and CS e e
N - FOURMe Z [diff ] E |
ems olue. {0 degeneracy . FOumeZlvel |
- Consistent impact on pt4 S

Kenneth Long
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