Precision QCD at future DIS facilities

with focus on PDFs at LHeC, FCC-he, ...

Fred Olness
(SMU)

Thanks to the LHeC Study Group

C. Gwenlan, G. Pownall, M. Klein, N. Armesto, P. Newman, A. Stasto,
D. Britzger, J. Rojo, U. Klein, ... LHeC PDF & Low x Working Group

and my xFitter colleagues

{ _hl—l ee he :

LHeC Study Group

/)Qf/z'z‘w

Snowmass 2021
Energy Frontier
7-8 July 2020

CERN-ACC-Note-2020-0002



Improved PDFs are Key to Precision Measurements

ATLAS SUSY Searches™ - 95% CL Lower Limits
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Improved PDFs are Key to Precision Measurements
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LHeC: A Game Changer

First Run (3 Years, ~50 fb'') = X50 HERA

Complete PDF unfolding in a single experiment

Precision resolution of parton dynamics

Extend {x,Q*} kinematic reach by decades

PDF Extraction free of: 1) Nuclear effects,

11) Hadronization 1ii) higher twist, 1v) ...

Unique potential to revolutionize PDFs

Generated with APFEL 2.7.1 Web



[LHeC

Also Provides Access to
Unique Kinematic Regions



Complementary Coverage

Towards ultimate PDFs at the HL-LHC and LHeC

Exploit novel facilities for precision studies of the proton structure

Juan Rojo

Kinematic coverage Kinematic coverage
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Fully complementary in terms of PDF constraints, possible synchronous operation
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Complementary: ... add a dimension, Sensitivity:  S*
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Up and Down

PDFs at Large x

Ratio to CT

down valence distribution at Q% = 1.9 GeV?
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Precision Determination:
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Large x
crucial for HL/HE-LHC & FCC searches
Also relevant for DY, M, etc.




Resolve the long-standing mystery of d/u as x - 1

valence
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dv/uv distribution at Q%> = 10 GeV?
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Gluon PDF and Q. 10

gluon distribution at Q? = 1.9 GeV? gluon distribution at Q? = 1.9 GeV?
l_ cq""\ _IIIIlli[llllllllllllI|II|IIIi[II|I|II\i|IIII_
o > [ ]
o PDF (68% C.L.) [} . oA
- B cTi8 (O] {L hi-x crucial for
- £ NNPDES. ] Rk new physics
© 3 MMHT2014 ™ r searches |
oc ~ HERAPDF2.0 N" i .
LHeC 50fb-1 e-, P=-0.8 &
I LHeC inclusive ><'10 E_ _é
5 :
2 L 1
10 PDF (68% C.L.)
S Kt
= %22 NNPDF3.1
B == MMHT2014
1 0'3 e - HERAPDF2.0
: LHeC 50fb-1 e-, P=-0.8
r I LHeC inclusive
b i
=§§i?é;%i%%gisggs‘sigi%%g;%s;%?ﬁl| E 10-4 1111 | 1111 | 1111 | 1111 | 1111 | 1111 ‘ 111 :-'-, 1% A
6 A5 ard D a2 01 02 03 04 05 06 07 08 09 X
107 10° 10° 10*% 10° 102 10
X Gluon and sea PDFs intimately related.
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non-linear evolution
gluon saturation
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implications for ultra high energy High precision alpha-s presentation last week
neutrino cross sections
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1.50
Strange PDF ~— NNPDF3.1 -
. 1.25 i
Large Uncertainty pPDF3.1.str
1.00
g
_|_
0.75 &
Charged Current W o~
Charm Production C 0.50 ks
s .ok PRELIMINARY A
B 1 .3_ Mz =100 GeVz Faura, Iranipour, Nocera, Rojo, Ubiali, prelim
Nj'_:- L -NINPDF3-1 0'00 Illllll-4 | | |IIIIII‘--3 1 | Illllll__2 1 1 I|1I||I_-1 1 1 i
s [ (a) B profiled with cuts 10 = i 1
X 1.2 Il profiled all data X
Nj':- :
» .
E; e LHeC:
PDF errors, Q = 10 GeV
g POFALHCYS
% ] + LHeC (inclusive) 1_,
g ; wn + LHeC (inclusive + heavy quark) §
{"Z L = E
s(x) 5 ; ................................. ;
uncertainty L 200 il
0-8 1Ll 1|1|||| 1L ||||||1 1 ‘I |||1|1| ?210*25— _E
107 107 1072 107 o - LHeC: Inclusive + HQ :
m Ll Ll ool Ll

xFitter Developers' Team
Eur.Phys.J.C 79 (2019) 10, 864

107 10 107 107 107

X

R.A. Khalek, S. Bailey, J.Gao, L. Harland-Lang, J. Rojo,

arXiv:1906.10127 [hep-ph]



Charm and Bottom

12

Multi-scale problem, HQ PDFs and resummation,

LHeC F,ec (RAPGAP MC, 7 TeV x 100 GeV, 10 fb', £ =0.1)

F,bb x 4'

theory improvements ongoing

LHeC F,"» (RAPGAP MC,7TeV x 100 GeV, 10 b’ £,=0.5)
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Small x region:  Effects of Resummation F_

R tion at LHeC
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Nuclear PDFs & Collective Phenomena 15
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Work ongoing

Contributions welcome

%/ﬁer GED)

i,




Features & Recent Updates: Sample data files: 17
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LHeC: A Game Changer

to boldy go where no experiment has gone before

Complete PDF unfolding in a single experiment
Hi resolution of parton dynamics: a new era of precision QCD
Explore new {x,Q?} kinematic regions: hi-x & low-x

Fundamental for hadron collider physics, both SM (Higgs) & BSM, ...

First Run (3 Years, ~50 fb'') = x50 HERA

Unique potential to revolutionize PDFs







Up and Down PDFs at Small x

21

Ubar distribution at Q% = 1.9 GeV?

Dbar distribution at Q% = 1.9 GeV?
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precision determination, free from higher twist corrections and nuclear uncertainties



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

