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A A new phase of the LHC starting in 2025
A Increased luminosity results in improved statistics
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Data Sets

Top quark pair production W + ¢ production Drell—Yan production
, e -
" 2y A Concentrating on mid
Hights R ‘ - high x for a vgriety qf pdfs
gluon Strange quark ~ Flavour separation A Not systematic dominated
A Low number of observed
Jet production Direct photom y m i events (W + ch arm)
A Benefit from extended
" kinematic reachc®)
00000000

Highwgluon + valence Mid wgluon +
quarks antiquarks

Mid wgluon



Data Sets

A Central value determined by NLO theory Statistics:
and then shifted according to errors
O OAB

A No need for NNLO theory due to closure

test
A Acceptanceg) accounts for detector T w
SFFSOUA KONIYOKAYI NFUAZ2KXO g
W Ol P

A Acceptanceaken from existing
experimental data set (nearest bin)



Data Sets

A Systematics taken from existing data set

A Treated as uncorrelated, with factor'Q =
to account for this

A A variablefactor,”Q , used to estimate
Improvement tosystematics

A Exceptioniuminosityerror

Gluon PDF using 8 TeV tt data

Baseline

Relative er
o
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Profiling with correlations
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Hessian Profiling

A Estimates the effect of adding Hesslan©  ——
new data sets to a Hessian PDF
set Expand: ... ... "YB T
A Hessian PDF set described by
eigenvectors of thélessian it rf2y3 1 SaaAlyQa SA3ISYyD
matrix.
A Tolerance;Y takes into account Ati  p define error PDFQ o

data inconsistencies
A We take’Y o, in line with
MMHT and CT Error on PDF: (@) \/B ("Q (W "Q(cb))




Hessian Profiling

A Can add in new data set with typical . . 3 1
... formula
A Theory values parametrised using ) )
error PDFs 3, (YY) 7Y
A ... minimised with respect to
Hessian parametes new central
PDF 3. < ) 3 T )(AT)C)(,, . 3 1 ) YT
A Calculate new Hessi&h new error

PDFS o
New HessianO —_



Individual Data Sets

Projected invariant tt mass data
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A odhas good constraints on
high-x gluon

A Results from extended
Kinematic region

A Forward W + charm data
constrains the strange PDF

A Limited by overall
normalisation error



Parton Distributions and Luminosities

PDFs at the HL-LHC (Q =10 GeV )
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PDFs at the HL-LHC (Q = 10 GeV )
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A Good reduction overall
A Not much difference
between scenarios




L uminosities

A Overall factor of 2-4 improvement over a wide range of kinematics
A Not much difference between optimistic and conservative (in brackets)

scenarios

Ratio to baseline 10 GeV< Mx <40 GeV [ 40GeV < Mx <1TeV | 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 Vs=14 TeV

Gluino pair production @ HL-LHC Vs=14 TeV
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A Errors down ts 2% A Example BSM theory with good
A Potential for new heavy particles reduction
at highn A Will help constrain parameter space



Yellow Report Studies

-
E=N

% - ATLAS éimulation Fl’reliminary . %‘ EI §
? 181 Vs=14TeV, su>=2 Bl st ePoF200pb | & 1.3F cT14 (=14 Tev \\
16my fomm & pi N[ <4 Elswerorim’ O = N
< 14 :_ - PDF _: E 1.2 E_ k\\\ PDFA4LHC HL-LHC scenario 1 §
12 f_ = Q44 antik R=04 ly|<0.5 §
- N - -
10 = _: 1:—\\\\\\\\\\\\l\.\\\\\\I\\I\\|\\\\~\\\+\\\+\\{\\+\*+\\\\\ \ §
8 - . - .
s : 0.9F §
6 [ = - N
- . 0.8 N
4F = -
2F — 0.7 %g
- . s %i‘
0= cT10 CT14  MMHT2014 HL-LHC  LHeC 0.pb——— l el
3x10? 10° 2x10° 10*
. m; [GeV]
A W mass measurement A Dijet theory
A Factor of 2 improvement over CT A Significant error reduction over a

broad range ofx



LHeC

A Proposed electromproton collider

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

A What happens when applying the same formalism?

Observable ‘ E, ‘ Kinematics ‘ Nyat ‘ Lint [ab_l]
— &N (ep) ‘ 7 TeV ‘ 5% 1076 <2 <08, 5< Q< 10° GeV? ‘ 150 ‘ 1.0

7°C (e7p) ‘ 7 TeV ‘ 8.5 x 1075 < z < 0.8, 102 < Q% < 105 GeV? ‘ 114 ‘ 1.0

NC (etp) ‘ 7 TeV ‘ 5x107% <z <0.8,5< Q% <5 x10° GeV? ‘ 148 ‘ 0.1

lnCIUSIVe — 59C (e+p) ‘ 7 TeV ‘ 8.5 % 1075 < z < 0.7, 102 < Q2 < 5 x 10° GeV? ‘ 109 ‘ 0.1 |gn0re pOIarlsatlon
FNC (e=p) ‘lTeV‘ 5x 1075 <2<08,22 < Q? < 10° GeV? ‘ 128 ‘ 0.1 not eXpeCted to have

°C (e p) ‘ 1 TeV ‘ 5x 1071 <o < 0.8, 10 < Q* < 10° GeV? ‘ 94 ‘ 0.1 a |arge e-ﬁ:ect

— BN (ep) ‘ 7 TeV ‘ Tx1070 <2 <03, 4<Q?<2x10° GeV?2 ‘ 11 ‘ 0.1
H eaVy — FPNC (emp) ‘ 7 TeV ‘ 3x107° <z <03, 32 < Q%<2 x10° GeV? ‘ 77 ‘ 0.1
q uark F2CC (emp) ‘ 7 TeV ‘ 1074 < 2 < 0.25, 102 < Q2 < 10° GeV? ‘ 14 ‘ 0.1

— Total ‘ ‘ ‘ 945 ‘




LHeC

PDFs at the HL-LHC (Q =10 GeV ) PDFs at the HL-LHC (Q =10 GeV )
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11 72 +LHeC (inc! 1 7 - .
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% ros S oo A Heavy quark data had good
s = improvement over a broad
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LHeC

Uncertanties in PDF luminosities @ (s=14 TeV

Uncertanties in PDF luminosities @ Vs=14 TeV

—
D

-
[e)]

T s PDF4LHC15

= PDF4LHC15

I

© 1.6p 5
—_ I— c " ]
© . ° H 1
Q
c H - - —
% 1_4: EREERI +LHEC __ g [ EEEENl +LHEC a
(2] = - L0 [ N
g 1 2- i 4 HL-LHC _ o 1 2: w4+ HL-LHC __
L 1 O 1.2 .
2 [Meimint 4+ | HeC + HL-LHC ] fe) [{#rern 4+ L HeC + HL-LHC i
-— - —
o - - ] 1
.ru. 1I'I'i|“,” - \: U_J"'”"'””“”ﬁ, :
.‘b : Y, : 'E 0 8— ,I’I e\\“'"“ﬁ
Zo08F = 8 - S
EVE % - 3 F § 3
— 0.6f ] X 0.6 s,
.o[— Z 3 SV Z e, ]
g : % .“L: g — =r' ._.‘ “'li‘
3 - oS o ~ Z o~ o
- 0.4+ ot Ea = 0.4 Z LI O
(? r ”’”“”Hunmnl i mh\l"'""”””"'m, t““ N 5 - ”’q \h‘\’\"n‘\ll"'"".'"'“”'l”lrm::'"""\ﬂﬁa\‘s\ 3 N
c C n'n'u‘nln'".uuullu.luh«" ppannt*t o o ql: C z,‘”“"“p.h Tt R .
g 02__ .u“'.‘.‘c‘n:"‘u‘nl\"""“"'I.I'"I."’#r.,”’"’frmm.;..lnn\.\!\“'\“:.\“ ] x 0.2 . ‘.“.:|l|.||l|"""l.I.I'Ill”"“lfllllllll““ —]
o L i, A n m© C o ]
(D r,...'l l““‘!\l\ Timimi ] "'.l'l .“ .\n\ -
o - ol e -
O L1 | IT 1 1 1 L1 | II Ll | II 1 1 1 L L O 0 e IT | | | | [ II L III |
2 3 3
10 10 10 102 1
M, (GeV ) 10 0" M, (Gev
X

A HL:-LHC and.HeG:omplementary, reducing errors in different regions

A e.g. HLLHC reduces highgluon, whild.HeQeduces lowx gluon

A However, not all datsets chosen to concentrate on these regions and others such as jets at
LHeQan constrain higix gluon



Conclusions

A HL-LHC will have significant constraining power, reducing
uminosity errors by 21 over a wide range of kinematics
A Reduced errors on SM measurements and BSM searches

A Caveats:
o Ignored issues such as correlation models and data incompatibilities
o Not included all possible data sets

A HL-LHC and.HeGare complementary in their PDF constraining
abilities




LHAPDF Sets
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Thank you for listening
Any guestions?




Data Sets

Process Kinematics ldat | feorr Sred Baseline
20GeV < pfl < 3.5 TeV
Z pr 12GeV < my < 150 GeV | 338 | 0.5 | (0.4,1) [52] (8 TeV)
[yu| < 2.4
72 > 40(30) GeV
high-mass Drell-Yan pr " 2 40(30) Ge 32 | 05 | (04,1 [47] (8 TeV)
In'] < 2.5, my > 116 GeV
top quark pair myg = 5 TeV, |y| < 2.5 | 110 | 0.5 ‘ (0.4,1) | [50] (8 TeV)
P~ > 26 GeV, pS. > 5GeV
W +charm (central) | *7 = o Pr=0me 12 | 05 | (02,05 | [24] (13 TeV)
[n*| < 2.4
P = 20GeV, pf > 20GeV
Wcharm (forward) Pt 2 20GeV 10| 0.5 (0.4,1) | LHCb projection
2< gt < 4.5,2.2 <1 < 4.2
Direct photon E; <3 TeV, |n,| €25 | 118 | 0.5 ‘ (0.2,0.5) | [55] (13 TeV)
P> 20GeV, 2.0 < g <45
Forward W, Z 90 0.5 (0.4,1) [49] (8 TeV)
60 GeV < my < 120 GeV
Inclusive jets lyl <3, R=04 58 | 0.5 | (0.2,0.5) [61] (13 TeV)
Total 768




Kinematic coverage

Kinematic coverage
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Parton Densities

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

Uncertanties in PDF luminosities @ Vs=14 TeV
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SM Cross Sections

Di-photon production @ HL-LHC {s=14 TeV Dijet production @ HL-LHC {s=14 TeV
12 e - e
9 PDF4LHC15 1o} I POF4LHC15 3
ASH 2508 + HL-LHC (scen A) B + HL-LHC (scen A)
1.15 -]
@ 1.1 A% + HL-LHC (scen C) @ A + HL-LHC (scen C) ]
o T =
& 1. 8 F =
o Q9 1.05 .
8 L = 1
8 L 1 =
¢ @ s osf- £
08 0sf- 3
m e cely gkl g ce chcngl)

M (GeV) M (GeV )

gg=>h=> bb @ HL-LHC Vs=14 TeV Higgs production in gluon fusion @ LHC (s=14 TeV

1-06_ BRI ) BT LA B IO 13 LI T B OB [P G
H I PDF4LHC15 ~Hl B PDF4LHC15

1.045 S8 + HL-LHC (scen A) 12 $E% + HL-LHC (scen A)
 200F + HL-LHC (scen C) % + HL-LHC (scen C)

tio to baseline
Ratio to baseline

& 0.99

400 600 800 1000 1200 _ 1400
pr™ (Gev)




BSM Cross Sections

Gluino pair production @ HL-LHC ys=14 TeV Squark-Gluino production @ HL-LHC {s=14 TeV
2 S — 2 U —————
- B PDF4aLHC15 - B PDF4LHC15
1'6 AN + HL-LHC (scen A) 1'6 N + HL-LHC (scen A)
9 %% + HL-LHC (scen C) @ %7 + HL-LHC (scen C)
5 14 = 1.4
8 12 8 12
L 1 S 1
2 2
6.9 0.8 & 08
06 06
0.4 04
0 (VIR PR W (I Ly Yl VI 0y W] [P V0 YO A R (LG Sy JP el VR L SRt ol 0 Ty VI VR (VR N LT W VI RPNt Ry I Vil (S vl ey Wy I L0 Wy W VIO WAL (S L0 VI Sy
1900 1500 2000 2500 3000 3500 4000 1900 1500 2000 2500 3000 3500 4000

M, (GeV) M0 =Myuars ( GEV)




Hessian Profiling

O 3 (AD)O3 Y

Data dominant>7 independent of Y->] QY

Data not constraining~Tx "¥>1 "{bdependent of Y



High Mass DY

Projected high-mass DY data

Correlations between high-mass DY and the up anti-quark PDF up anti-quark PDF with projected high-mass DY data

Lumi error=1.5 %
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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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Correlations between invariant tt mass and the gluon PDF
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Inclusive Jet

Correlations between inclusive jet production (n<0.5) and the gluon PDF

Projected inclusive jet production (n<0.5) data gluon PDF with projected inclusive jet production data
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Direct Photon

Correlations between direct photon production (n<0.6) and the gluon PDF Projected direct photon production (n<0.6) data gluon PDF with projected direct photon production data
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Central W + charm

Correlations between central W+charm and the strange PDF Projected central W-+charm data strange PDF with projected central W+charm data
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Forward W + charm

Correlations between forward W+charm and the strange PDF Projected forward W-+charm data
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