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Outline

Brief recap on parton distributions.

Why nPDFs? Why do we do this to ourselves?
WHY?1?217?1

Latest sets and comparison.

Which one is the best?

Summary.
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PDFs

* In pQCD we can write “any” observable as

6= al(u)o(x. X)
1=0

% F(w, X) are universal, non-perturbative and scale

dependent parton distribution functions.
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The simplest process we can do is DIS: [+p - '+ X.
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The simplest process we can do is DIS: [+p - '+ X.
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*  We take data from NC-DIS, perform a fit and

*

determinejj. within uncertainties.

NC-DIS is not enough to fully separate flavours. We
complement it with CC-DIS, Drell-Yan, EW-boson

production, jets, etc.

These are free proton collinear PD

But we can do the same for other

s (a.k.a.

nadrons, t

state (FFs), TMDPDFs, TMDFFs, GPDs, etc.

PDFs).

ne final



Why nPDFs?



6/27

Why nPDFs?

If we do DIS with nuclei we will have l.i. combinations of PDFs



6/27

Why nPDFs?

If we do DIS with nuclei we will have l.i. combinations of PDFs
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Why nPDFs?

If we do DIS with nuclei we will have l.i. combinations of PDFs

Reality
Expectation
L T T T T LI T
T 1B R 1 ! 1 R A F
14 | - PLB 123, 275
! 4
! = -
PLB 123, 275 |7 13
; -
Q 12 . .
Z o~y
&3 N
e ~
N — nr .
< QU
Y . w
QN Z ™3
o L.
B 10 1 1 i L 1 1 L
~N
< ™~
L
09 _
08 - -
08 I -] 1 ] ! i 1 1 [
0 02 04 06 X
{ ] 1 1 { 1 1




6/27

Why nPDFs?

If we do DIS with nuclei we will have l.i. combinations of PDFs
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The more they measured, the more differences they

found. The effects follow a very particular pattern:
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found. The effects follow a very particular pattern:
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The more they measured, the more differences they

found.
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We can describe the data with models. Of course.

But we can see if, just like PDFs, we can describe the
data with just some parameters and “"without

assumptions”.

We introduce de concept of nuclear PDF: like a PDF,

but for a nucleus.

And we test this idea by doing fits to data. The

procedure is the same as for proton PDFs.
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*  From the proton PDF perspective, nuclei provide
different linear combinations of PDFs and can be

used for flavour separation.
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ny do we do this?

*  From the proton PDF perspective, nuclei provide
different linear combinations of PDFs and can be

used for flavour separation.

*  From the HI perspective, CNM effects are the

baseline for QGP studies.

* Because we are curious. We want to understand.

(A—2)
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n_ 2 y 9
Jia(x, Q%) = Zfi/p/A(xa Q) Jimiax, Q)



Sets

= and =-2: nCTEQLS5: prp 93, 085037. NCTEQLS5WZ: epic 8o, 968.
NCTEQLSHIX: prD 103, 114015. NCTEQIS5WZ+SIH: prRD 104, 094005.

NCTEQLSHOQ: PRD 105, 114043,

== and =-2: nDS: prp 69, 074028. DSSZ: prp 85, 074028.

+=-=: nTuJul9: prp 100, 096015. NTUJU21: pPRD 105, 094031.

+=-2: EKS: epico, 61. EPS09: 3HEP 0904, 065. EPPS16: EPIC 77, 163.

EPPS21: Epics2, 413.

o HKM: prD 64, 034003. HKNO7: prc 76, 065207.

= and =-#=; KA15: prp 93, 014026. KSASG20: prp 104, 034010.

NN: nNNPDF1.0: Eepic 79, a71. NNNPDF2.0: 3HEP 09, 183.

NNNPDFZ3.0: epic 82, 507.
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CC DIS
DY: p+A
DY: n+A
SIH@RHIC
SIH@LHC
di-jets@LHC
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Comparing sets
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up and down
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ratios: up and down
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ratios: anti-up and anti-down
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remember: everything is connected

u Lead >*Pb
nNNPDF3.0 (no LHCb D)
nNNPDEF3.0

i~

st EP]IC 82, 507

=
N
T

1.4 1.4F

= 10.0 GeV
1.4F d © )
—— median
\ - 68% CL
1.2F

0.61

107 107 10 107 102 10T 1 107° 10— 107 10° 107 10' 1



Rpr

1.3

1.2

1.1

1.0

0.9

0.8

0.7

0.6

Which one iIs the best?

+ CMS W, pPh, /5 = 8.16 TeV

EPJC 82, 413
------- isospin only

EPPS16
EPPS21 nuclear err.
EPPS21 full err.

-1 0 1
lepton rapidity (c.m. frame)

x 108

CMS W /s =8.16 TeV

23/27

=
B
T

—
[\)
T

=
o
T

-

wwrer nNNPDF3.0 (no LHCh D)X*/N=0.77)

T
1 11

I 1.1
I II‘H

EPJC 82, 507

o nNNPDF3.00¢*/N=08)

Data/Theory do”V =7 /dncy [fb]

{ il,,{ Data
1.5
L0 ¥ ¥ . R
0.5 _'2 _'1 i
neMm
180
E 160
3
<
<
~ 140
li
_|_ s
=
T 1204 '
Jé $ ---- TUJU21.nlo_1_1
T — TUJU21_ nlo_208_82
< 100 5= —-—  syst. shifts
/ $ CMSRunlI
80 ' ' ' '
—2 —1 0 1



Rpr

1.3

1.2

1.1

1.0

0.9

0.8

0.7

0.6

+ CMS W+, pPb, /5 = 8.16 TeV

EPJC 82, 413
------- isospin only

EPPS16
EPPS21 nuclear err.
EPPS21 full err.

-2 -1 0 1
lepton rapidity (c.m. frame)

—_
(@)

Data/Theory do”V =7 /dncy [fb]

o
o

KSASG20 TUJU21 EPPS21 nNNPDF3.0 nCTEQ15HQ

X2/ Npts

1.055 0.93 0.99 1.09

Which one iIs the best?

x 108

CMS W /s =8.16 TeV

23/27

=
B
T

—
[\)
T

=
o
T

EPJC 82, 507

wwor nNNPDF3.0 (no LHCb D)(XQ/N=0.77)
o nNNPDF3.00¢*/N=08)
.4 Data

---- TUJU2l nlo 1.1

—— TUJU21 nlo_208_82
—-—- gyst. shifts
$ CMSRunll

) 1 0 1



24/27

Summary

* In the last few years nuclear PDFs have gained much from old

and new experiments.



*

scummary

24/27

In the last few years nuclear PDFs have gained much from old

and new experiments.

O JLab Hall-C

O JLab CLAS

& SLAC

* CHORUS DIS
B pA Drell-Yan
# 1A Drell-Yan

" ] PHENIX 7°

D mesons

EPJC 82, 413

LHC dijets =
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Broader kinematic coverage, S
larger amount of data, higher 1
precision, new observables, 10" -
relaxation of kinematic cuts. 10 £
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stimmary

In the last few years nuclear PDFs have gained much from old

and new experiments.

- 10° = ggmit | LHC dijets =
T f T |
i 4 | LHCW & Z
. . ~ 10" E o0 JLabHall-C
Broader kinematic coverage, &L onmans
3 | * CHORUSDIS i
larger amount of data, higher U NS Epacsz, 413
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precision, new observables, 10° -
relaxation of kinematic cuts. 10 D mesons
1 | |

The up and down distributions have not changed much in the
high-x region. In the low-x region they remain largely

unconstrained.



25/27

*  The up and down anti-quarks are not that well determined

(e.g. TuJu21 and nCTEQ do not attempt to separate them).



25/27

*  The up and down anti-quarks are not that well determined

(e.g. TuJu21 and nCTEQ do not attempt to separate them).

* The strange quark remains unconstrained despite the

precise W boson production data.



The up and down anti-quarks are not that well determined

(e.g. TuJu21 and nCTEQ do not attempt to separate them).

The strange quark remains unconstrained despite the

precise W boson production data.

DO production and SIH have significantly reduced the
uncertainty band of the nuclear gluon (w.r.t. past

iterations).

25/27



The up and down anti-quarks are not that well determined

(e.g. TuJu21 and nCTEQ do not attempt to separate them).

The strange quark remains unconstrained despite the

precise W boson production data.

DO production and SIH have significantly reduced the
uncertainty band of the nuclear gluon (w.r.t. past

iterations).

Even more, shadowing and anti-shadowing of the gluon

are now determined by data.

25/27



25/27

The up and down anti-quarks are not that well determined

(e.g. TuJu21 and nCTEQ do not attempt to separate them).

The strange quark remains unconstrained despite the

precise W boson production data.

DO production and SIH have significantly reduced the
uncertainty band of the nuclear gluon (w.r.t. past

iterations).

Even more, shadowing and anti-shadowing of the gluon

are now determined by data.

The use of some data rely on assumptions/other densities

for the modelling, and those should be further explored.
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but CC DIS with nuclei and NC DIS/DY with deuterium nuclear PDFs

- <

proton PDFs ‘

vacuum F FS in-medium final state effects? | ' nuc I ear F FS




proton PDFs but CC DIS with nuclei and NC DIS/DY with deuterium nuclear PDFs

double counting

effects is just too
easy!!!!

4

vacuum FFs nuclear FFs

in-medium final state effects?
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(LHeC? FCC-eh?) and we will be able to explore the complex

observables better.

A non-terrifying hat.

My drawing didn’t represent a hat. It
represented a boa digesting an elephant.

Not a hat.

Thus I draw the interior of the boa, so that
grown-ups could understand. They always

Le petit prince, A. de Saint-Exupéry need explanations.



