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What are we working on

The new NNPDF theory pipeline:

One program, one job.

Some new features we are developing: Easier to maintain. Mainly python written. Open-source

»  Theory uncertainties @ NNLO

» aN3LO PDFs fits mgs vrap F

> Full calculation of hadronic processes @ NNLO AT —

» OCD @ QED evolution Runcard
Kinematics orid eko

v This has required the complete restructure

of the theory pipeline
used to calculate observables &

exp. data " Fitting Code \ % Pineline

For more documentation: https://nnpdf.github.io/pineline/
https://docs.nnpdf.science/
[arxiv:2211.10447]
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» Towards N3LO PDFs fits.

» Estimation of MHOU from scale variations.

> Evidence for the IC in the proton.



Towards N3LO PDFs

= N3LO DGLAP evolution: splitting functions
approximation

= N3LO DIS light coefficients (+ approximation for the massive
contributions)

= Hadronic observables @ NNLO (+ K-factors)

= |nclusion of theory uncertainties both from scale variations
and N3LO accuracy.



N3LO singlet sector

q

Analytical calculations of the complete N3LO spitting functions are not available yet.  Fu(?)
Restricting to the singlet sector the known limits are:
|arge-nf » Davies, Vogt, Ruijl, Ueda, and Vermaseren. Large-n, contributions to the four-loop splitting functions in
QCD. [arXiv:1610.07477] S—
> Bonvini and Marzani. Four-loop splitting functions at small-x. [arXiv:1805.06460]
small-x | | o o .
» Davies, Kom, Moch, and Vogt. Resummation of small-x double logarithms in QCD: inclusive deep-inelastic
scattering. 2 2022. arXiv:2202.10362.
> Duhr, Mistlberger, and Vita. Soft integrals and soft anomalous dimensions at N3LO and
beyond. [arXiv:2205.04493].
|arge-X > Henn, Korchemsky, and Mistlberger. The full four-loop cusp anomalous dimension in A" = 4 super Yang-Mills and
QCD. [arXiv:1911.10174].
> Soar, Moch, Vermaseren, and Vogt. On Higgs-exchange DIS, physical evolution kernels and fourth-order splitting
functions at large x. [arXiv:0912.0369].
» Moch, Ruijl, Ueda, Vermaseren, and Vogt. Low moments of the four-loop splitting functions in Singlet
Moments QCD. [arXiv:2111.15561].
0
L . . "y
>The|or¢t|c”a| inputs are not enough to determine the full expressions
analytically. (3)
Y y Yag v
> Need to parametrise the unknown part with sub-leading 3 v
contributions. 9
7(3)
> Uncertainties from this determination has to be taken into account qg
during the fit. (3)
Yaq.ps

For results about the Non Singlet sector see slides 25-26
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| Rule of thumb:

ApprOX|mat|0n Of P gg (x) JWN) = J XM fdx  small-N — small-x, Comparison w.r.t. known analytical part (%)

0 large-N — large-x

The approximation procedure is performed in Mellin space for each n, part et ."'-%.. -
independently: ; “tee,.
1. Parametrise the difference between the 4 known moments and | ..°’°-..
known limits with 4 functions f.(N). ool
3
2. Varying the sub-leading unknown f,(N) to produce a large set of o008, }/(g(,g) |n3
parameterisation candidates ( & 70). *
3. Reduce the number of samples discarding too wiggly o N-space
parameterisations and looking at the most representative cases.
In P,,(x):
Theoretical constrain include: Solve the constrain given by the 4 known Mellin
- large-N: ., In(N) moments with many different candidates {f;, />, /3, J4}
75 (N = 00) & [,S(N) + B, + O( ) S(V) 1
g8 g8 N _ 5 _
==y r=GF
- small-N pole at N=0, and N =1 (leading contribution): i | Co1 | |
1 1 ~ TV WN=1) N N NN (N+1)3 N+ 1)
ro (N > 1) = C, -+ G =+ O((N - 1)7%)
(N —1) (N—1) 1 1 S,(N)

N+1,N+2,%[ln(1—x)], A(1 — x)In(1 — x)], N2 }

- 4 lowest moments N = {2,4,6,8}



PRELIMINARY RESULTS

XPgg(x), as=0.2 nf=4

N3LO singlet sector

Xng(X), as - 0.2 nf= 4: 1.4 - — N3LO
1.14 = ==+ NNLO
—— N3LO L — NLO
112 ==+ NNLO e LO
xP 1.0 -
1.10 - gg _XP
0.8 - 88
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> Singlet approximated spitting functions are less constrained by the known limits. The
coefficients of 1/x1n?(x), 1/xIn(x) play a crucial role in the small-x region.

> Uncertainty arising from the approximation is not negligible.

v

Off diagonal terms qu, qu are more difficult to estimate (large-N goes to 0).

> Only theoretical inputs are considered.

-0.1
> All the implemented approximations respect momentum sum rules. o5 log-x
7 10-7 10-6 10-5 1o 10-3 10-2 0t



0.02

Approximation checks

= Approx
1. A possible way to validate the procedure is to reproduce

the known NNLO singlet splitting functions using the very — Analytic

similar constrain that we have right now on the N3LO ones.
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2. Another way to validate the results is to interpolate the

. L= known moments, and construct a more constrained
4 Moments fixed

parametrisation now including 5/6 moments.

If the procedure is working (the samples are varied enough)
the uncertainty band obtained in this way should be small
than the default one.

— + N=3 fixed

0.100

log-x




Comparison

1.4 -
1.2 -
1.0 -

0.8 —

0.35 -

0.30

with MSHT small-x

PRELIMINARY RESULTS

MSHTaN3LO: [arxiv:2207.04739]

— MSHTaN3LO — MSHTaN3LO
—— N3LO 0.5 = — N3LO
— = NNLO ==+ NNLO
—-. NLO wem.ee. NLQ
..... L.O ceeer 1O
' — = Cf/CpPyq
xP
88

1076

1077

— MSHTaN3LO — MSHTaN3LO
— N3LO 0.35 - log_X ~ N3LO
——- NNLO —=+ NNLO
0.30 - =+ NLO
.......... LO
0.25 -
0.20 - q4
0.15 =



https://arxiv.org/abs/2207.04739

Comparison with MSHT large-x PRELIMINARY RESULTS

Ratio to previous order

Ratio to previous order

MSHTaN3LO: [arxiv:2207.04739]
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https://arxiv.org/abs/2207.04739

Exp correlations

1.00
O [
Impact on the covariance matrix
r0.50
DIS NC
r0.25
What can be the effect of the uncertainties coming from the N3LO splitting o
functions?
llllll e 025
» Construct a theory covariance matrix by varying one single candidate L
(during the DGLAP evolution) at the time:
DIS CCH 075
5§N3L0mn N (6 — 0o, n)( o GO,m)9 n= {09"°9Ndat} i =10,..., var}
dat | ~1.00
o _ o _ Exp +Theory correlations aN3LO
> This will produce an ~ 80 point prescription theory covmat assuming that - : - 100
each variation is not correlated to the others. “wmom rwm
| 0.75
» This source of uncertainty can added to the “standard’ theory covariance e m— 050
mat obtained with scale variations: Cenel BB
r0.25
— 2
5 = Guariou + Oanaro 000
Larger effect on the =025
small-x HERA data e
DIS CCH
—-0.75
—-1.00

11



» Towards N3LO PDFs fits.
» Estimation of MHOU from scale varnations.

> Evidence for the IC in the proton.

12



MHQOU from scale vanations

_ _ Lo Scale variation advantages:
General formalism how to introduce theory uncertainties in PDFs have been

addressed in various studies: > Justified by RGE invariance.

MSTH [arxiv:1811.08434], NNPDF [arxiv:1906.10698], [arxiv:2105.05114] > Valid for every process.

> Not a unigue procedure. There are at least 3 different schemes that Evolution
can be used to compute MHOU. Differences are always higher
orders.

\ 4

> Factorisation scale variations are introduced during the DGLAP FKy (O, pe i) = E; (O, o, ) @ Cyp (O, )
evolution. Renormalization scale variations are retained inside the ’ | |
coefficient functions. n = {1°'°Ndat}

\4

> The way in which uy, p, are varied simultaneously define a so called Partonic coeff

point prescription.

5 points [ points O points
KF KF KF
o O O
KR KR O O ® KR

13


https://arxiv.org/abs/1811.08434
https://arxiv.org/abs/1906.10698
https://arxiv.org/abs/2105.05114

MHOU from scale variations
Impact of the theory uncertainties

DIS NCH

> Ul Q, p,/Q are varied in the range [0.5, 1, 2]

> Theory uncertainties add correlations between
datasets, which are not taken into account in
the experimental covariance mat.

DIS CC1

» Effects on the fit are not trivial.

> Result of [arxiv:1906.10698] at NLO have been

fully benchmarked.

> DIS datasets are ready, hadronic process are

on the way.

Main goal:

DIS NC

include MHOU at NNLO for all the
NNPDF4.0 datasets.

DIS CCy & ¢

Plots from Andrea Barontini

Exp correlatlons
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https://arxiv.org/abs/1906.10698

» Towards N3LO PDFs fits.
» Estimation of MHOU from scale variations.

» Evidence for the IC in the proton.

15



Intrinsic charm in the proton

> Do heavy quarks contribute to the proton PDFs at low scales?
> If yes, how can they be determined?

> If yes, do they have any impact on LHC processes?’

Original idea from 1980
» Focus on the charm, as the natural candite to answer this

_ THE INTRINSIC CHARM OF THE PROTON
uestion (m. = 1.51 GeV).
9 ( ¢ ) S.J. BRODSKY !

Stanford Linear Accelerator Center,
Stanford, California 94305, USA

» Results based on: and

P. HOYER, C. PETERSON and N. SAKAI ?
NORDITA, Copenhagen, Denmark

[arX|V220808372] Received 22 April 1980

Nature 608 (2022) 7923, 483-487 | _ | o —
] ] o Rfecent data give unexpectedly large cr.o§s-sectlon§ for charmed particle prooductlo.n at high xF in hadron collisions. Th}s
RIC/’IEH’O’ D Ba // ’ A /essandro CandldO ’ Juan Cruz MartlnlneZ, Stefano may imply that the proton has a non-negligible uudcec Fock component. The interesting consequences of such a hypothesis

Forte, Tommaso Giani, Felix Hekhorn, Kirill Kudashkin, GM and Juan o
Rojo.

16


https://arxiv.org/abs/2208.08372

Fitted vs perturbative only charm

In VENS there are 2 options of treating the charm pdf.

In a purely perturbative scenario the charm PDF is determined as:

cPx) =0 - W, m.) = Z Ac,ifiB)(xa m.) ~ @(asz)
I=8.q

cP(x, O) functional form is fully determined by the DGLAP evolution and
the initial boundary conditions.

Allowing for Intrinsic Charm (1C) means:

D) #0 - Dm)= Y A fO0m) + A0~ 6y
1=8,9

cM(x, 0) has to treated as the other light flavor and fitted to the data. It will consist of two
components one perturbative (as before) an one intrinsic which has a NP origin.

17



From 4FNS to 3FNS

In NNPDF we parametrise initial PDFs in 4FNS at Q, = 1.65 GeV.

To extract a possible IC component need to determine 3FNS PDFs.

When crossing the heavy flavor scale O* = ,u,% (= m,%) we

need to match the two different flavor schemes using:

ne+ 1 ny

(nf) n (nf)
‘;l_ () = AV, (u?) ‘;_ ()
g ne+1 g ny

0 Gu) = A = |
ht h

2

Where A;; = A (ay, log('u—hz)) are the Operator Matrix Elements available up to aN3LO

my,
18

|

4FNS CHARM PDF CONSTRAINED BY EXPERIMENTAL DATA FOR @ > (o
e NNPDF4.0 dataset ¢ NNLO QCD calculations

|

!

QCD evolution

|

4FNS CHARM PDF PARAMETRISED AT Qg

e Deep-learning parametrisation ¢ Monte Carlo representation of uncertainties

|

QCD evolution

4FNS 1O 3FNS TRANSFORMATION
NNLO or N3LO matching conditions

INTRINSIC (3FNS) CHARM
e Scale-independent ¢ PDF and MHO uncertainties

(8. 2= ) fr V=) fr....})

Matching conditions references:
Eur.Phys.J.C 1 (1998) 301-320],
[arxiv:1510.00009],

[arxiv:1711.06717] et al.,

See slide 34 for complete bibliography



https://link.springer.com/article/10.1140/epjc/s10052-016-4469-y
https://arxiv.org/abs/1510.00009
https://arxiv.org/abs/1711.06717

Intrinsic charm

In 3FNS:

> Charm PDF exhibits a valence-like peak. > The carried momentum fraction is within 1%.

»  Charm PDF is now scale independent

» For x < 0.2 the perturbative uncertainties are quite large. (we are in 3FNS)
P erturbatllvely perturbatively stable, non-zero
unstab\e charm in the 3FNS
0.03 / 0.03
0.02 1 0.02 1
__0.011 . 0.01-
= =
+ +
&) &)
= 0.00- S 0.00-
_0.011 — Intrinsic Charm, NNLO match (PDFU) _0.01 -
4FNS Charm, Q=1.51 GeV (PDFU)
—— Intrinsic Charm, N*LO match (PDFU) —— Intrinsic Charm, O(a?) match (PDF+MHOU)
—002 k T T T T —002 \ T T T T
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8



Comparison with models

0.03
» BHPS model: [Phy. Letter B (1980) 451-455] 0.02-
R _
p — uudcc T
1 1 =
xet = =Nx[=(1 = x)(1 + 10x + x?) + 2x(1 + x>)In(x)] e
2 3 S ~
O OO i I e eSSttt bttt n et N E— = — —
> Meson Baryon model:[ariv:1311.1578] _0.01- Intrinsic Charm, NNLO match (PDF+MHOU)
_ BHPS model
_|_
P — AC +D 0 — = Meson/Baryon Cloud model (effective mass)
N —0.02 T l T |
ot = x(1_|_a)(1 . X)'B 0.2 0.4 0.6 0.8
Bla+2,p+1) L
> ¢ = ¢ by assumption in BHPS, not true in M/B models.
See also recents studies:
> A conclusive analysis of what is the origin of 1C is beyond CTEQ: [arxiv:2211.01387],
of the scope of our study. LFHQD model: [arxiv:2209.00403]

20
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Impact on LHC observables

. c c Z
/Z~+charm production @ LHCb NS
- ’/
9999? \\ - NNPDF4.0
We validate our observation of Intrinsic charm g g ¢ “ LHCb data
evaluating the prediction for: tomes 1; gex
) . . N m. = 1. e
Z + c production at LHCb [arxiv:2109.08084 +  m,=1.64GeV
Compare data to POWHEG © NLO+PS [arxiv:1009.5594]
> Better agreement is found with the
NNPDF4.0 baseline especially in the forward region. .02 - - " N ™ o
. . | h . . y(Z)
> Predictions are also stable upon charm mass variation. - NNPDF4.0 perturbative charm
» NINLO corrections not taken into L0 [ | _ ? LHCH dataG )
ST =0 me = 1.51 Ge
account yet. — 03k - = m, =138 GeV
i ) . Qg; . * m.=1.64 GeV
> High correlation with the charm = 06 : - ..
O L
PDF and LHCb observable. = oul i :
% """ 2.0 S Yz S 2.75 . :
0.2 ——= 275 < yz < 3.5 : . :
— 35<y, <45 : ¢ :
O'O_ | | | | = 0.02 T T ||—-—-—-—-—-—-—-—-—-—-|I
0.2 0.4 0.6 0.8 2.0 2.5 3.0 3.5 4.0 4.5

b y(Z)


https://arxiv.org/abs/1009.5594
https://arxiv.org/abs/2109.08084

0.03
Summary and outlook
0.02 -
> Evidence of a non zero intrinsic charm ¢™ in n; = 3, carrying a S 0.01-
momentum fraction total within 1%. =8
+
> Our intrinsic charm is in agreement with the most recent LHC results. S 0.00-
Intrinsic Charm
IC study extensions: —0.01- y  NNPDF4O
NNPDF4.0 + EMC F§ 4+ LHCb Z+c (uncorr. sys)
> Need to proper quantify MHOU and possibly g e NNPDF4.0 + EMC F§ + LHCb Z+-c (corr. sys)
: V.
—0.02 . . . .
move towards a full N3LO PDF fit. 05 0 0 03
> Independent parametrisation of ¢~. Any impact of the charm T
asym metry? XPgg(X), as=0.2ns=4
1.4 N3LO
XP,, =30
..... LO
NNPDF4.0 extensions: Lo
> Faithful estimation of MHOU from scale variations @ NNLO. h
» Update the determination of the photon PDF. g )
»  Towards an aN3LO fit. 02_____________—__—__—_:'__—__—__-.—_.-.-.-.-__u.....__../[
107 10-6 107° 1074 . 1073 1072 1071

22
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DGLAP evolution with EKO

2L e ) rdzmx ) £(x, )
— 71X, — —r;(—, a,) fix,
,!4' ‘]ng:z l ‘!4' . z ] z ] “l

f(a) = E(a, < a?) - f(a?)

> |n x-space:

f(x, a,) = B (a, < a))f(x;, a))

» Evolution is performed in Intrinsic Evolution basis:

span{g, X, V,V,, T5, Vo, Tg,c ¥, c7, b, b, t7,17)}
» Solution is available at: LO, NLO, NNLO, aN3LO

>  EKO implements various solution methods:
Exact, Truncated, Expanded (see documentation)

~)
——

da,

E(a, < a0) = Pexp

(uz) =

The formal solution of DGLAP can be written as in Mellin space:

24

ylay)

rel. distance to EKO
S

play)

~J

\
A

A
A
LS\

Evolution Kernel Operators

larxiv:2202

A.Candido, F.Hekhorn, GM:

02338]

Mellin transformation:

rn

fIN) =

LHA Benchmark comparison

rg(z)

— LHA
= Apfel

Pegasus
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109 107
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1
xN () dx

70
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https://eko.readthedocs.io/en/latest/theory/DGLAP.html
https://arxiv.org/abs/2202.02338

N3LO non singlet sector

non-singlet 4-loop Anomalous Dimensions

0 1 Lo 3
"y "y Ty "poo
A v i v oo
’)’7(7?,+ v v E v v E
Yrols oo 5

» Estimation of the N3LO anomalous dimensions is based
on the best available theoretical constraints:

Comparison w.r.t. known analytical part (%)

0.00008 |

0.00006

0.00004

0.00002

-0.00002

-0.00004

- large-N: 3) S{(N) 1 In(N)
- small-N: 7
(3) ~ 1
Vg (N = 0) & Ciﬁ
=1

- 8 lowest Mellin moments

> For more details on the procedure used see
EKO N3LO ad documentation

> Non singlet approximated spitting functions are compatible with the
known analytical (and much more complex) parts within numerical
accuracy.

(3)
7/ns,+

¥

Main references:

> Moch, Ruijl, Ueda, Vermaseren,
Vogt [arXiv:1707.08315].

> Davies, Vogt, Ruijl, Ueda,
Vermaseren. [arXiv:1610.07477]

> Davies, Kom, Moch,
Vogt . [arXiv:2202.10362].
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- Rule of thumb:
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I N-space large-N — large-x

or —— small-x (2202.10362)

Fitted moments
— Large N limit
5 — Total
-5
log-x



https://eko.readthedocs.io/en/latest/theory/N3LO_ad.html
https://arxiv.org/abs/1707.08315
https://arxiv.org/abs/1610.07477
https://arxiv.org/abs/2202.10362

N3LO non singlet

PP)\s - (x), nf=4, series in as PP \s.-(x), nf=4, series in as

= small-x (2202.10362)

PG)

| ns,— - Fitted moments
| — Large N limit
i — Total
\\\//\ ’
log-x | lin-x
P®) s 4 (x), nf=4 P®)\s +(x), nf=4, series in as




N3LO singlet large-x

Ratio to previous order

Ratio to previous order

PRELIMINARY RESULTS

Xng(X), aAs = 0.2 Ng= 4 Xqu(X); as = 0.2 Ng= 4

1.14 '

ey Lo
==+ NNLO
1.12 -
xP al xP
1.10 -
88 - 89
©
|-
1.08 - o
n 1.10 -
>
O
1.06 - S
)
| -
o
1.04 - O 1.05 -
]
O
o
©
a'd

1.3 -

—— N3LO
. NNLO
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* NNLO

0.9 -

Ratio to previous order

0.8 -
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N3LO singlet small-x

1.4 - : : . - N3LO
— =+ NNLO
-+ NLO
1.2 -
..... LO

1.0 - : : . xP

0.8 -

0.35 -
—— N3LO

==+ NNLO
0.30

0.20 -

0.15

PRELIMINARY RESULTS

— N3LO
0.5 - : : ' - =+ NNLO
— NLO

-0.1 -
—0.2 - IOQ'X
T T T B A
- N3LO
0.35 - == NNLO
=+ NLO
0.30 - - - e LO

0.25 - : : ; xP

0.20

0.15 -




NNPDF4.0 datasets

More than 4000 datapoints in total.

Kinematic coverage
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The charm PDF in 4FNS

Al
1
o

cT at the fitting scale exhibits a non
vanishing peak in the high-x region and
vanishes

at low-x.

Constrain are coming mainly from collider
data.

NNPDF4.0 is consistent with EMC data.
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Fitted vs perturbative only charm

Perturbative charm is more rigid assumption.

The matching procedure is perturbative unstable due to

the low m_ value. Perturbative charm uncertainty is
dominated by MHOU.

)(fzitted ch. <X§ert ch. mainly due to a
worsening of the LHC W, Z and top pair data sets.

Fully perturbative charm is not compatible
with the fitted one.

zc'(z,Q)
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Charm PDF mass dependence

Charm mass is varied in the range: m.=151%0.13 GeV

Fitted charm Perturbative charm only
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The matching conditions

A(np(ﬂ ) =1+ a(”f+1)( 2) A 4 a(”f+1) 2( 2) A2 4 a(”f+1) 3( 2) A3 1 6(at)

NLO NNLO
S,(1) S (1)
Agg,H 0 A4, AS(2) AS(Q2)
+
S, h ¢ (1) ) A(nf) (2) 0 Ans,l(g)
Ap 0 Ay S+ qq.
AS (2) APS (2) 0
A(nf) (1) O O A(nf) (2) Agg,g) 0
nsv,h- 0 A(l) v 0O O

[Eur.Phys.J.C 1 (1998) 301-320, Phys.Lett.B 754 (2016) 49-58]

Inversion can be computed exactly or expanding in a.:
exp(ﬂh) =1- a(/,th)A(l)+a2(lu}%) [A(Z) (A(l))2] +Cl3(//t}%) [_A(3)_|_2A(1)A(2)_ (A(l))3] +0(af)
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N3LO
S,(3) S,(3)
Agg,H qu,H 0

A(nf) (3)_ AS,(3) Ans,(3)_|_Aps,(3) 0

q8,H qq,H qq,H
S.(3 .(3
A ( ) All?q (3) 0

,(3
A3 _ Apy 0
0

nsv,h—
0

[arXiv:0904.3563,
doi:10.1016/S0010-4655(00)00156-9,
arXiv:1406.4654,
doi:10.1016/j.nuclphysb.2014.10.008,
arXiv:1405.4259,

http://dx.doi.org/10.1016/|.nuclphysb.2014.02.007,
arXiv:1403.6356,

arXiv:1008.3347,

arXiv:1711.07957]
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Impact of IC on LHC observables

Central region LHCb

—— NNPDF4.0 (fitted charm)

1.2

1.1

- —— NNPDF4.0 (fitted charm)
NNPDF4.0 (perturbative charm)

ref
Leg/ Leg"

0.9 |
08 2.0 < nxy <2.75 ~
0.7 | | | | | |
50 75 100 125 150 175
mx (GGV)

Forward region LHCb

1.100 - -
NNPDF4.0 (perturbative charm)
1.075 -
(i
\%g 1.050 = -
o2 -
S
Q 1.000
0.975 -
V5 = 13 TeV
0.950 ~ -
| | | | | |
50 75 100 125 150 175 200
mx (Ge\/)
1100 = NNPDF4.0 (fitted charm) _
NNPDF4.0 (perturbative charm)
1.075 —
(i
%g 1.050 -
1025 -
S
< 1.000
0.975 —
Vs =13 TeV
0.950 —
| | | | | |
50 75 100 125 150 175 200
my (GeV)

1.75

200

—— NNPDF4.0 (fitted charm)
B NNPDF4.0 (perturbative charm)

i 3.0 <nx <45 |
| | | | | |
50 75 100 125 150 175 20(
my (GeV)

To see where the differences between fitted and

My
Loy = ZLogt Lo 3%:23%"'3‘

35

1
gabz

\)

partonic lumi of: pp > X

1

2
X

S

d

nerturbative charm can be evident you can look at

X 2 Y
7 I, mp)fy (x, my)

=1

Central region ATLAS-CMS

| —— NNPDF4.0 (fitted charm)

NNPDF4.0 (perturbative charm)

Vs =13TeV |
| | | | | |
50 75 100 125 150 175
my (GeV)

200

1.08

1.06

1.04

1.02

1.00

ref
Log/Liy"

0.98

0.96

0.94

qi8

—— NNPDF4.0 (fitted charm)

i NNPDF4.0 (perturbative charm) )
B -25< Nx <25 7]
B | | | | | | i
50 75 100 125 150 175 200
my (GeV)



rct(x)

|IC mass dependence and dataset variation
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Intrinsic charm is stable upon mass variation

Scale independecy

Always vanishing for x < 0.2
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Comparison with CTEQ analysis

CTEQ collaboration recently addressed the IC topic in: [arxiv:2211.01387]

Different BHPS and Meson Baryon clouds models are used as inputs into a PDF fit.

Claims

= There is not a clear mapping between the IC models and the
charm that you can extract from PDF fits.

= The momentum fraction is not resolved enough to justify an
evidence for IC.

= There might be large FSR effects in the Z+c production
measurements, for which NNLO corrections (+ PS) should be
used.

= Need to be sure that PDFs uncertainties are not

underestimated.
37

Possible response
v True, but our analysis is model independent. 3FNS heavy

quarks PDFs have a definition also as OPE and consistently
with operator definition [Collins et al., PhysRevD.18.242,
1978].

v There might be better metrics to use in oder to
disentangle IC. The two study quote a really similar
momentum fraction.

v Our calculation reproduces the best knowledge we have on

that process so far. Z+c production is not yet included as
default in PDFs fits.

v PDFU have been validated with many StatSiSti(Ii—‘afl?E\c/)OB B
(Closure Tests, Future Tests, Tr/Val ... ) ~= 0% ta


https://arxiv.org/abs/2211.01387
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.18.242
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.18.242

Comparison with CTEQ analysis
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