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Data Sets
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Concentrating on mid —
high x for a variety of pdfs
Not systematic dominated
Low number of observed
events (W + charm)
Benefit from extended
kinematic reach (tt)




Data Sets

e Central value determined by NLO theory

and then shifted according to errors Statistics:
* No need for NNLO theory due to closure stat ~/ Nyps
test
ao.th
* Acceptance, a, accounts for detector N~al Ox Ax
effects /branching ratio/...
N
* Acceptance taken from existin a=BrX >
P g Npredicted

experimental data set (nearest bin)




Data Sets

Gluon PDF using 8 TeV tt data

» Systematics taken from existing data set —T

Profiling with correlations

Profiling without correlations

* Treated as uncorrelated, with a factor ol
feorr to account for this

* Avariable factor, fo4, used to estimate
improvement to systematics

* Exception: Luminosity error

Relative error

'0.001 0.01 0.1
X

sys(14 TeV)~ feorr X fred X Sys(8/13 TeV)

Strange-antiquark PDF using 13 TeV W+charm data

feorr = 0.5 : pﬁ.f;'w%?‘“:iiilzl
Scenario A: _ 1.0 (8 TeV)
(Conservative) frea = 0.5 (13 TeV)
Scenario C: _ 0.2 (8 TeV) ol . ,
(Optimistic) fred — 0.1(13 Tev) 0.001 0.01 ) 0.1




Hessian Profiling

» Estimates the effect of adding

2,2
new data sets to a Hessian PDF Hessian: H;; = 0 X
aZiaZj
set
* We will be using PDFALHC for this , , , ,
study Expand: y“ = x5 +T“X.0%
* Hessian PDF set described by
eigenvectors of the Hessian B, along Hessian’s eigenvector directions
matrix.

* Tolerance, T, takes into account
data/theory inconsistencies,
parameterisation effects..

 We take T = 3, roughly in line Error on PDF: 6f (x) = \/Za (fsa(x) B fo(x))z
with MMHT and CT

At B, = 1 define error PDF: fs_(x)




Hessian Profiling

th th _
* Can add in new data set with typical o ot z liaPa
a

x? formula

* Theory values parametrised using
error PDFs

* 2 minimised with respect to
Hessian parameters = new central

e = 01(Sy) — a1(So)

PDF A)(2=Z(O'iex —ath+ZFaﬁa)(cov) ( ; —o-jth+z yﬂy)‘l'Tzz 2
* Calculate new Hessian — new error ’ y
PDFS o

New Hessian: Hy,, = YREY:
a~ry




do/dm, [fb/GeV]

Ratio

g‘,gmn‘ginal

Individual Data Sets

Projected invariant tf mass data
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Parton Distributions and Luminosities

PDFs at the HL-LHC ( Q=10 GeV ) PDFs at the HL-LHC (Q=10GeV )
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Luminosities

e QOverall factor of ~2-4 improvement over a wide range of kinematics

* Not much difference between optimistic and conservative (in

brackets) scenarios

Ratio to baseline 10 GeV < Mx <40 GeV

40 GeV < Mx <1 TeV

1 TeV < Mx <6 TeV

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)




Higgs and BSM

Higgs production in gluon fusion @ LHC {s=14 TeV Gluino pair production @ HL-LHC y{s=14 TeV
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* PDF errors down to ~ 2% * Example BSM theory with
* Potential for new heavy good reduction
particles at high pr * Will help constrain parameter

space




Yellow Report Studies
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* W mass measurement o Dijet theory

* Up to a factor of 2 * Significant error reduction over a
Improvement broad range of m;;




LHeC

Proposed electron-proton collider

Much cleaner results, expected significant improvement to PDF errors, all
the way down to low x

What happens when applying the same formalism?

See talk by A. Cooper Sarkar for further details

Observable ’ E, | Kinematics | Naar | Lins [ab"]
I
&NC (e~ p) ’ 7 TeV 5% 1076 < <0.8,5 < Q? < 10° GeV? 150 1.0
%€ (e7p) ’ 7TeV | 85x1075<x<0.8,10% < Q? <10% GeV? 114 ‘ 1.0
aNC (etp) ’ 7 TeV 5x108<5<08,5<Q?<5x%x10° GeV? | 148 ‘ 0.1
Inclusive — | isation:
°C (etp) ’ 7TTeV | 85x1075<2<0.7,102<Q?<5x 105 GeV? | 109 ‘ 0.1 Ignore p0|arlsatlon :
) - . not expected to have
N (e p) ’ 1 TeV 5x 1075 <z <08, 22<Q?<10° GeV ‘ 128 ‘ 0.1
- , a large effect
a°C (e7p) ’ 1 TeV 5x 1074 <z <0.8, 102 < Q? < 10° GeV? 94 ‘ 0.1
——
EyNC (e~ p) ’ 7 TeV ’ Tx1076 <2 <0.3,4<Q?<2x10° GeV? ‘ 111 ‘ 0.1
bNC (- ;i . 10-5 < o 2 5 GeV?2
Heavy quark Fy (e7p) | 7 TeV 3x107°<x<03,32<Q*<2x10° GeV K ‘ 0.1
F§9€ (e=p) | 7 TeV 1074 <@ <0.25, 102 < Q2 < 10° GeV? | 14 | 0.1
Total ’ ’ ‘ 945




LHeC

PDF errors, Q = 10 GeV PDF errors, Q = 10 GeV
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* Very good reduction overall, particularly at low x
* Heavy quark data had good improvement over a broad range of x,
especially around x = 0.1-0.3

* Fits have also been done with T =1, with a factor of 2 improvment




LHeC + HL-LHC

Uncertanties in PDF luminosities @ Vs=14 TeV Uncertanties in PDF luminosities @ (s=14 TeV
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* HL-LHC and LHeC complementary, reducing errors in different regions

e e.g. HL-LHC reduces high-x gluon, while LHeC reduces low-x gluon

* However, not all data-sets chosen to concentrate on these regions and others such
as jets at LHeC can constrain high-x gluon




Conclusions

* HL-LHC will have significant constraining power, reducing
luminosity errors by 2-4 over a wide range of kinematics
* Reduced errors on SM measurements and BSM searches

* (Caveats:
o lgnored issues such as difficulties in data/theory comparisons
and data incompatibilities
o Not included all possible data sets

e HL-LHC and LHeC are complementary in their PDF
constraining abilities




LHAPDF Sets

https://data.nnpdf.science/HLLHC_YR/PDF4LHC15 nnlo_hllhc_scenl.tgz
https://data.nnpdf.science/HLLHC _YR/PDF4LHC15 nnlo_hllhc_scen2.tgz
https://data.nnpdf.science/HLLHC _YR/PDF4LHC15 nnlo_hllhc_scen3.tgz




Thank you for
istening
Any questions?




Data Sets

Process Kinematics Naat | feorr | Jred | Baseline
20 GeV < p']'- < 3.5 TeV
Z pr 12GeV < my; < 150 GeV 338 | 0.5 (0.4,1) [52] (8 TeV)
lyul <24
) pr® > 40(30) GeV
high-mass Drell-Yan 32 05 | (0.4,1) [47] (8 TeV)
[7'] < 2.5, my > 116 GeV
top quark pair myg =~ 5 TeV, || < 2.5 110 | 0.5 | (0.4,1) | [50] (8 TeV)
) Pr 2 26GeV, p§ > 5GeV
W +charm (central) 12 0.5 | (0.2,0.5) [24] (13 TeV)
[n*] < 2.4
P 2 20GeV, pg. > 20GeV
Wcharm (forward) p',‘f“ > 20GeV 10 0.5 (0.4,1) | LHCD projection
2< <45, 22< <42
Direct photon | E} <3 TeV, |np,| <25 118 | 0.5 | (0.2,0.5) | [55] (13 TeV)
§ Pr 220GeV,20< ' <45
Forward W, Z 90 | 05 [ (0.4,1) [49] (8 TeV)
60 GeV < my < 120 GeV
Inclusive jets | ly <3, R=04 58 | 0.5 | (0.2,0.5) [61] (13 TeV)
Total | 768 | |
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Parton Densities

PDFs at the HL-LHC (Q = 10 GeV)
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Luminosities

Uncertanties in PDF luminosities @ {s=14 TeV
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SM Cross Sections

Di-photon production @ HL-LHC Vs=14 TeV
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BSM Cross Sections

Squark-Gluino production @ HL-LHC {s=14 TeV

Gluino pair production @ HL-LHC {s=14 TeV
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Hessian Profiling

Hap = Tig(cov)i'Tig + T8y

Neig
= Z(fsk fo)v(l)\/7

k

Data dominant -> € independent of T -> §f ~ T

Data not constraining -> e~T-> §f independent of T
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High Mass DY

Correlations between high-mass DY and the up anti-quark PDF
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Forward DY

down anti-quark PDF with projected forward DY data

Correlations between forward DY and the down anti-quark PDF Projected forward Z data
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Inclusive Je

Ci i inclusive jet ion (n<0.5) and the gluon PDF

Projected inclusive jet production (1<0.5) data
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Direct Photon

Correlations between direct photon production (<0.6) and the gluon PDF
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Central W + charm

Correlations between central W+charm and the strange PDF
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Forward W + charm

strange PDF with projected forward W+charm data

Correlations between forward W+charm and the strange PDF PrOJected forward W-+charm data
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Correlations between off peak Z production and the gluon PDF Correlations between on peak Z production and the gluon POF
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Kinematic coverage LHeC

Kinematic coverage
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Prue LHeC

PDFs at the HL-LHC (Q =10 GeV )
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