Towards nNNPDF3.0: A global analysis of
nuclear parton distributions at NNLO

and the impact of the Electron lon Collider

9th Workshop of the APS Topical Group
on Hadronic Physics

Rabah Abdul Khalek
Tuesday 15/04/2021



Outline

NNNPDF2.0 and NNPDF3.1

Parameterisation - Constraints
1 “Parton distributions from high-precision collider data”
— arXiv:1706.00428
*nNNPDF2.0: Quark Flavor Separation in Nuclei from LHC Data”
— arXiv:2006.14629

Electron lon collider Impact
“Self-consistent determination of proton and nuclear PDFs at the
Electron lon Collider”
2 — arXiv:2102.00018

“Science Requirements and Detector Concepts for the Electron-lon
Collider: EIC Yellow Report”

— arXiv:2103.05419

Towards nNNPDF3.0
CMS 5 TeV dijets - DY at NNLO

3 “Phenomenology of NNLO jet production at the LHC and its impact on
parton distributions”

— arXiv:2005.11327

Rabah Abdul Khalek Outline


https://arxiv.org/pdf/1706.00428.pdf
https://arxiv.org/abs/2006.14629
https://arxiv.org/pdf/2102.00018.pdf
https://arxiv.org/abs/2103.05419
https://arxiv.org/pdf/2005.11327.pdf

NNPDF3.1 Parameterisation

NNPDF3.1 parameterisationbasis: {g £ T, T, V V; Vg (c')}
andb=t=0atQ, =1 (1.65) GeV
i
x=) fi¥ (Singlet)
]

T3:u+—d+

V =) fi (Valence)

Vo, =u —d
Vo =u +d —2s
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NNNPDF2.0 Parameterisation

nNNPDF2.0 parameterisationbasis: {g X T; Ty V V3}

andb=t=0atQy,=1 GeV
25 nodes

A=z + A-2)" P = Nx®(1 — x)P NN(x, A)

3 inputs

z,Qo) = By,z®V3 (1 — z)?VsNNy, (z, A),
g (z,Qo) = B,xz% (1 — x)PINN,(z, A).

(%, Qo)
;f‘f:z:V(p/A) (z,Qo) = Byz® (1 — z)PY NNy (z, A),
(2, Qo)

Sum Rules

n/A — pl/A - -
w(d). (@) fd(u)’j(ﬁ) SU(2) isospin symmetry
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NNNPDF2.0 Constraints

Ndat
2 1 Common with
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X -21( H(Cov, )y ( | NNPDF3.1
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nf N
+/1ch Z <f(p/A)(X Oy A=1)— f(p)(x 0, )) NNNPDF2.0 A=1 Boundary condition
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pos _
z: max(0, — 07) —» Positivity constraint for x € [107/,1] Common with
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Kinemat

C coverage
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Impact of the

Electron-lon Collider
On NNPDF3.1 and nNNPDF2.0



NNNPDF2.0

Kinematics

NNPDF3.1
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EIC impact on PDFs
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¢ EIC could reduce the uncertainty of the light quark PDFs of the proton at large x

¢ Size of this reduction is similar for both the optimistic and pessimistic scenarios.
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EIC impact on PDFs

We take NNPDF3.1 + EIC (optimistic)
To be the boundary condition in
NNNPDF2.0 + EIC (optimistic)

0.4r u

Relative Uncertainty

NNPDE3 1
0.2H__===_ NNPDF3.1 + EIC (optimistic)
—-= NNPDF3.1 + EIC (pessimistic)

0.0F
N C ith
2 _ _T -Ip _ T ommon wi
% = Z (D = 1)eovy); (D = 1)1 ™ \NPDF3.1
ij=1
o Ny

""%Z 2 (f 00, 0 A= 1)

pos

pOS 2 max (0, — Olf ) — P

Positivity constraint for x € [1077,1]

Fd Fs d2 DY d2 DY d2 DY Fl

Ouii > dd’ Oss >

2
[P, QO)> nNNPDF2.0 A=1 Boundary condition
Member-by-member correlation

Common with
NNPDF3.1
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C impact on nPDFs
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¢ Reduction of nPDF uncertainties
for nuclei in a wide range of
atomic mass A values both at
small and large-x.

¢ At large-x region, nPDF benefit
from the increased precision of
the baseline proton PDFs.
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Implications

: —_—
= HEDIS-BGR
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%15 %15—
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3 4 5 6
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1.1 1.1
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O O
o o
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o) o} .
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T/ < TBGR >

EIC Conclusions

0.4
¢ EIC could reduce the uncertainty of the light quark PDFs of
the proton at large x
0.2
¢ Size of this reduction is similar for both the optimistic and
pessimistic scenarios.
0.0F

¢ Reduction of nPDF uncertainties for nuclei in a wide range of
atomic mass A values both at small and large-x.

¢ At large-x region, nPDF benefit from the increased precision
of the baseline proton PDFs.

1 ‘ 1 ‘ 1 1
HEDIS-BGR
1 HEDIS-nBGR [nNNPDF2.0]

HEDIS-nBGR [nNNNPDF2.0 (EIC)] 1

] cosmic neutrinos with matter.
vy,
. cos6=0.1
I ¢O o EO—Z.O

a nuclear target.

o P =
o wu

high-energy neutrino astrophysics.

log1o(Ev[GeV])

u

Relative Uncertainty

- NNPDF3.1
NNPDF3.1 + EIC (optimistic)
== NNPDF3.1 + EIC (pessimistic)

¢ nuclear PDF uncertainties may no longer encompass the
difference between vApredictions obtained on a proton and on

1 & Improve the modelling of the interactions of ultra-high energy

¢ importance of carefully accounting for nuclear PDF effects in



Towards nNNPDF3.0

nNNPDF3.0
| Order NLO & NNLO|
Neutral current DIS £+ A/¢ + d v
Dell-Yan dilepton p +A/p +d
RHIC pions d + Au/p + p
Charged current DIS v+ A v
Drell-Yan dilepton 7 + A
~ LHC (di)jet (5 TeV) p + Pb v (k-factors)
LHC W, Z (5,8 TeV) p + Pb v (k-factors) | CUITeNt Focus
: LHC D° p + Pb v
Qo 1.0
Q cut in DIS 1.87
Datapoints
Error analysis Monte Carlo
Free Proton Baseline NNPDF4.0
Heavy quark effects v
Flavour separation v
Parametrization With A ms oot
Reference




CMS Dijet
pp and pPb at 5 TeV



0-p CMS 5 TeV
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NNPDF3.1+diet + pp CMS 5 TeV

CMS dijets 5 TeV pr,avg (GeV) = 65

CMS dijets 5 TeV pr,avg (GeV) = 85
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p—Pb CMS 5 TeV

Both spectra (See slide 3) and

d2 Gpr / dpave dn dijet

dchPb / dpae
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NNNPDF2.0 + pPb CMS 5 TeV

1.1 1.101
1.07 : 1.05 1
1.05 1
0.9 1.00
1.00 1
o 0.81 0.95 1 *
§ * 0.95 *
Q& 0.71 0.90 ‘ | |
0.90
0.6 95 < p%vg <75 0.85-
—— nNNPDF2.0 + new baseline 0.85 1
0.5 —— w/ CMS dijet pPb 0.80 1 ‘
—— w/ CMS dijet pPb/pp — 0.801 o
i g 9
. : , 0.751 , , , :
-3 -2 -1 0 1 2 9 1 0 2 -2 -1 0 2
ndij et ndl.] ot "7d1] et
1.101 1.1
1.05 1 1.0
1.001
0.9
j=8
=N
E 0.95
S 0.8
0.90
0.85 079
0.80 1 115 < p7? < 150 0.6 1 150 < pg? < 400
—2 —1 0 1 2 ) 1 0 1 2
Tldijet Tdijet

— w/o dijet — )(jataset/N = [6.47]
— w/ CMS dijet pPb — y7 /N =[6.16]
— w/ CMS dijet pPb/pp — )(jamet/N = 3.85

Rabah Abdul Khalek 13 CMS dijet 5 TeV



A word on the pA
Drell-Yan at NNLO




NNNPDF2.0 Results

nNNPDF2.0 (DIS) nNNPDF2.0 EPPS16nlo 30k ATLAS pPb 1} CMS pPb -
Dataset Ndat X* /N X? /Mdat X*/Naat =l
NuTeV (7Fe) 37 0.946 1.094 0.639 227 10 I
NuTeV (vFe) 39 0.287 0.264 0.381 §
10f 1t -
CHORUS (#Pb) | 423 0.938 0.97 1.107 N I Data
CHORUS (vPb) | 423 1.007 1.015 1.024 = nNNPDF2.0 (A =1) 11 V3NN = 5.02 TeV |
0 nNNPDF2.0 (A = 208)
ATLASSTEV 7 14 1.469 1.134 1.12 ' ' ' ' ' L ' ' ' 1 ' - .
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CMSETeV W- 24 1.458 0.72 0.825 %1.0 SN P SFE EEENEPIEE S ---f--;--’--.--.----.--s--s--;--;--}--
CMSSTeV W+ 10 2.32 1.125 1.211 gosp . . . 0 0 ML . . . - .
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CMS5TeV 7, 12 0.58 0.52 0.639 < 1.0
08 C 1 1 1 1 1 1 1 i 1 1 1 1 L
Total 1467 1.013 0.976 0.896 B T R T R S - .
Yz YycMm
120F t Data 1 CMS pPb | 160F §  Data 1F ]
— —— nNNPDF2.0 (A = 1) = —— nNNPDF2.0 (A = 1)
2 100F nNNPDF2.0 (A = 208) 1r . m 1 & 140 nNNPDF2.0 (A = 208) 1T l
= 80 i g 120
N i 171 1T = i 1T i
< %"’"\ Vo =5.02TeV | 3 /3NN = 8.16 TeV
< 60 '.g 100F 1L i
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g L { 1L T I 1
é 1_0---1__L___.{__{._.i__}._.}______- “'}“{“i"'I“}‘“i“}"i“}‘““ % 1_0——flfl-i.;-t{-T}LL{.!J.I_L'.'.I_;.!.I_}.- __f.f.;.;.;,lu.i.*s.s.i.,.;.;.;.LL!.H.}_-
< - 4 L _ 8 - 4 L _
S 0.8 L 1 1 L 1 1 1 1 1 1 1 1 S 0.8 1 1 1 1 1 1 1 1 1 1 1 1
1.2 1.2
R S I L
Mab ncMm
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Towards nNNPDF3.0: QCD K-factors

NLO
LA

N0 (pA — £¢) = 6N (pp — £¢) ®f119\ILO é’ffm

Not trivial with the available MC generators
NNLO _ aANNLO NNLO / ANNLO NLO
Ky =6 (pp—>ff)®5pr /6 (pp—)ff)@ffm

~ aNNLO (pp . ﬁp) ® QCZII;IPNLO/&NNLO (pp . fz/ﬂ) 2 SZEQLO

X

K0 (With the appropriate pA kinematics)

NLO
Z A

5NNLO (pA N Lﬂf) ~ K]é\];NLO . NNLO (pp N ff) ®]}]1)\1L0 R ANLd
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CMS Z pPb 5 TeV

We started computing K@NLO Using MATRIX [arXiv:1711.06631]

CMS Z - 5.02 TeV

120000 - .
100000 - : e s T
&=, 80000 -
<
~ 60000 -
E ------ --- MCFM6.8(NLO) + PDF(NLO) -
5 400007 ‘ —— MATRIX(NLO) + PDF(NLO) '
0000 | —— MATRIX(NNLO) + PDF(NNLO)
—— MATRIX(NNLO) + PDF(NLO) g - ————
O I $ I I I I I
2 1.25 1 -~ Benchmark Rlac 1 Will improve with
< . increased
=l accuracy
0.75 | 1 1 1 1 1
-3 —2 —1 0 1 2
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https://arxiv.org/abs/1711.06631

NNNPDF3.0 Status

CMS pPb dijet at 5 TeV

¢ Problem with the observable? Systematic uncertainties and missing
correlations might be crucial to describe well this dataset.

¢ |nability to describe its pp data with NNPDF3.1 seems the main
bottleneck to be able to fit pPb data with nNNPDF2.0

¢ NNLO k-factors need investigation.

¢ |n order to include this dataset, we would need to cut out the extreme
rapidity bins.

Drell-Yan at NNLO
¢ CMS pPb Z at 5 TeV — completed v/
¢® ATLAS pPb Z at 5 TeV — on the way
¢ ATLAS pPb W= at 5 and 8 TeV — on the way
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NnNNPDF2.0 + p-Pb CMS

CMS5TeV O.pr(AzQOS)Hdijet+X(55 < pr‘c}vg < 75)
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NNNPDF2.0 + pPb CMS 5 TeV

NLO NLO
L.10F Boundary condition L 10k Lead, A=208
1.05
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m g \
0.95 \
PDFs Ratio (@ = 100.0 GeV) nPDF's Ratio (Q = 100.0 GeV)
0908 . nNNPDF2.0 + new baseline Y nNNPDF2.0 4+ new baseline
0.85F = + p-Pb dijet B + p-Pb dijet
------- + p-Pb/p-p dijet 0.85F " + p-Pb/p-p dijet
0.80¢ ey L
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PDF and nPDF fit quality

Dataset w/o (NLO) w/ (NLO) w/o(NNLO) w/ (NNLO)
CMS 5TeV (pp) [5.87] 2.51 [12.04] 6.91
CMS 5 TeV (pPb) [11.07] 3.53[9.86] — —
CMS 5 TeV (pPb/pp) [6.47] 3.85[6.16] — _

No tension is recorded between pp CMS 5 TeV dijet
and the 7 and 8 TeV already considered in

“Phenomenology of NNLO jet production at the LHC and its impact on parton distributions”

— arXiv:2005.11327

(More on this in the appendix)


https://arxiv.org/pdf/2005.11327.pdf

Dijet Paper

Experiment Measurement Vs [TeV] L [fb~!] R Distribution Ndat
ATLAS Inclusive jets 7 4.5 0.6 d?c /dprd|y| 140
CMS Inclusive jets 7 4.5 0.7 d?c /dprd|y| 133
ATLAS Inclusive jets 8 20.2 0.6 d?c /dprd|y| 171
CMS Inclusive jets 8 19.7 0.7 d?c /dprd|y| 185
ATLAS Dijets 7 4.5 0.6 d?c /dm;d|y*| 90
CMS Dijets 7 4.5 0.7  d%0/dm;;d|ymax| 54
CMS Dijets 8 19.7 0.7  d30/dpy avedypdy* 122
NLOgcp  NNLOoep + _EW correctlons
considered in the paper
baseline (NNPDF3.1 w/o jets) b bn
ATLAS & CMS jets 7-8 TeV ja jan

Absence of <

correlation ATLAS & CMS dijets 7-8 TeV da dan




NNPDF3.1 w/ CMS dijet 5 TeV

NNPDF3.1 5 FNNLO o NNLO
+ 7 and 8 TeV Dijet (paper) KRNLO = ):U'-i]-' oy, ‘CI;’NLO :
+ CMS dijet 5 TeV y2ing,. 7 !
Dataset ngat W/0(NLO) w/ (NLO) w/o(NNLO) w/ (NNLO)
DIS NC 2113 1.28 1.31 1.25 1.27
DIS CC 81 1.24 1.25 1.15 1.16
Drell-Yan 440 1.36 1.33 1.21 1.24
Z pr 120 2.22 2.26 1.11 1.09
Top pair 25 1.67 1.11 1.27 1.27
Dijets (all) 351 3.27 2.43 4.21 3.00
ATLAS7TeV 90 1.03 1.01 1.98 1.91
CMS 7 TeV 54 1.58 2.03 1.75 1.92
CMS 8 TeV 122 3.87 3.61 1.48 1.55
CMS 5 TeV 85 [5.87] 2.51 [12.04] 6.91

Total 1.37 1.42 1.24 1.41




Single Jet
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