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Motivation

¢In the framework of the update of the European Strategy for Particle Physics, a
CERN Yellow Report will evaluate the physics potential of the HL/HE-LHC

¢ In this context, we have quantified the impact of HL-LHC data on PDFs by means of
projections based on extrapolations from available Run | and Run |l measurements.

¢ Our goal is to assess what is the ultimate precision that can be expected for PDFs
from hadron collider data, and study the implications for LHC phenomenology

&We have also studied how these HL-LHC constraints compare with the corresponding
ones expected from the Large Hadron electron Collider (LHeC)
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HL-LHC pseudo -data

¢ Emphasis on processes sensitive to the
high-pT region and not already limited
by systematics

& Consider different scenarios
(conservative & optimistic) for reduction
of systematic errors at HL-LHC

¢ Quantify impact of HL-LHC data by
means of the Hessian profiling of
PDF4LHC15 NNLO

&€ Assume L= 3 ab? for ATLAS and CMS
and L= 0.3 ab-? for LHCb
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HL-LHC constraints on PDFs

Projected forward W+charm data Projected invariant tt mass data
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HL-LHC measurements will be specially useful to constrain the gluon and

quark flavour separation in the large-x region, including strangeness
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HL-LHC constraints on PDFs
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HL-LHC measurements will be specially useful to constrain the gluon and

quark flavour separation in the large-x region, including strangeness
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HL-LHC constraints on PDFs

Reduction factor for PDF uncertainties in luminosities as compared to PDF4LHC15

Ratio to baseline 10 GeV < My <40 GeV 40 GeV < My <1TeV 1 TeV < My <6TeV
gluon—gluon 0.50 (0.60) 0.28 (0.40) 0.22 (0.34)
gluon—quark 0.66 (0.72) 0.42 (0.45) 0.28 (0.37)
quark—quark 0.74 (0.79) 0.37 (0.46) 0.43 (0.59)
quark—antiquark 0.71 (0.76) 0.31 (0.40) 0.50 (0.60)
strange—antistrange 0.34 (0.44) 0.19 (0.30) 0.23 (0.27)
strange—antiup 0.67 (0.73) 0.27 (0.38) 0.38 (0.43)
Uncertanties in PDF luminosities @ Vs=14 TeV Uncertanties in PDF luminosities @ Vs=14 TeV
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HL-LHC constraints on PDFs

Reduction factor for PDF uncertainties in luminosities as compared to PDF4LHC15

Ratio to baseline 1 TeV < My <6TeV

gluon-gluon Special care will be needed to disentangle 0.22 (0.34)

gluon—quark 0.28 (0.37)

quark—quark potential BSM effects from LHC measurements 0.43 (0.59)

quark—antiquark . 0.50 (0.60)

. also used to constrain the PDFs
strange—antistrange 0.23 (0.27)
strange—antiup 0.38 (0.43)
Uncertanties in PDF luminosities @ Vs=14 TeV Uncertanties in PDF luminosities @ Vs=14 TeV
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Ratio to baseline

Ratio to baseline

0.9

Impact on phenomenology

gg => h+jet @ HL-LHC Vs=14 TeV
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L HeC constraints on PDFs

Applied the same strategy to quantify the PDF constraints expected from the LHeC

& Electron and positron NC and CC inclusive cross-sections (for low and high proton energy)

& NC DIS charm and bottom structure functions: extra information on gluon PDF

& CC strange production structure functions (the ""dimuon” process): strangeness

& LHeC pseudo-data provided with full correlation model for the systematic uncertainties

Kinematic coverage

107§ e o =

s[ & e"HENCo, | LHeC pseudo data | ,
10°}- ‘ R e e e -
E v e HE CC Or E : H i ,.m@é
[ < e” LENCo ; : & & g
10°F ©» €7 LECC Oy Hoommmreeeens b freeereonneeeee & 05T
. e HENCo, | | oSN Getm—
i e~ HECCo, ! ; | 0000 B A QSN EORIMI
]_04 - ! - 4 T GH00 500 - G- P ITE——
: NC F ' ' ° ]
o N o efetlo Mg e
" o NCFL | 08000 S T BNO BB G S SR |
]_03 - ccpe @4 oammfnoomm R Ry S .-
E ° 040 E
[ ; 2 : .°°A?gnf °m° oﬂéyn{’ ) ?ﬂm e e ]
I ; | 0800 T 0SN00 SN GHORNO &N BN L& O DOVO0
102 e D oy SIS SPAE—
F : a0 ®o ®an € s @ %an © s Bal Oaw a ai a ]

[ : © ©6:i6 © o606 o o i6¢ -

Amoamooiomowociowomomi q < :
101 - ---mmm e &5 -0 A -0 -ACH- OS] - 0AE - O 4G EH -0 4SO i B -
F ADgD oamgmg@ gmgmgm %ac1 9 « < a : ]

[ °o ;o0 o °o o <) <) o .
107> 10~4 103 10“2 1071 10

X

Juan Rojo

Q%(GeV?)
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Inclusive vs semi-inclusive data

Compare impact of inclusive structure function data only as compared to adding as well
semi-inclusive measurements: NC charm and bottom and CC strange structure functions

PDF luminosities Vs=14 TeV

PDF luminosities Vs=14 TeV
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HL-LHC + LHeC combination

Compare the effects of the adding separately LHeC and HL-LHC to PDF4LHC15

Uncertanties in PDF luminosities @ {s=14 TeV
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HL-LHC + LHeC combination

Compare the effects of the adding separately LHeC and HL-LHC to PDF4LHC15

Uncertanties in PDF luminosities @ Vs=14 TeV
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HL-LHC + LHeC combination

Compare the effects of the adding separately LHeC and HL-LHC to PDF4LHC15

= Uncertanties in PDF luminosities @ {s=14 TeV Uncertanties in PDF luminosities @ {s=14 TeV
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& The information provided by the LHeC would be comparable or superior to that provided by HL-
LHC measurements when added on top of a global PDF fit

& Crucial complementarity, also since LHC data might contain contributions from bSM effects,
and DIS has completely different theoretical and experimental systematics than p+p collisions
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The impact of the low-x data

PDF4LHC15 is the combination of three different global fits with
different heavy flavour schemes and heavy quark masses

How is LHeC impact modified if we include only Q > 7 GeV in profiling?

Uncertanties in PDF luminosities @ Vs=14 TeV [ T=3 ] Uncertanties in PDF luminosities @ Vs=14 TeV [ T=3]
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Results essentially unchanged for Mx > 40 GeV

The use of PDF4LHC15 as a prior is robust to gauge the impact of
LHeC constraints for electroweak and TeV-scale processes
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Comparison with NNPDF fits

Compare results of PDF4LHC15 profiling with the direct NNPDF fits with

LHeC pseudo-data produced in the context of the BFKL paper
Ball et al 17
Q =100 GeV
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Comparison with NNPDF fits

Compare results of PDF4LHC15 profiling with the direct NNPDF fits with
LHeC pseudo-data produced in the context of the BFKL paper

Q=100 GeV
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Summary and outlook

¢ We have presented a systematic estimate of the impact of future HL-LHC
measurements on the PDFs

¢ PDF uncertainty reduction on LHC xsecs between a factor 2 and 5, depending on
assumptions on systematic errors, the mass region, and the partonic combination

¢ Only a subset of the possible PDF-sensitive measurements from the LHC has been
included, and potential inconsistencies are partially accounted by the use of T=3

¢ The PDF4LHC15_HLLHC sets are publicly available and have been used for several
studies in other sections of the HL/HE-LHC Yellow Report.

¢ The LHeC would provide fully independent and complementary PDF information,
with different theory and experimental systematics and reduced risk of BSM
contamination, when added on top of a global PDF fit

Juan Rojo PDF4LHC meeting, 13/12/2018



