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ESPOU: ERL ig a high-priority future initiative for CERN

Footprint: 24 x 5.5 x 0.8 m3 2


https://arxiv.org/abs/1810.13022

LHeC Conceptual Degign Report and Beyond

CDR 2012: commissioned by CDR update 2020

CERN, ECFA, NuPECC 400 pages, 300 authors, 156 institutions
200 authors, 69 institutions
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Dig Deeper
Nature Physics 9 (2013) 448

Future Deep Inelastic Scattering with the LHeC
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Quark and Gluon PDFg

up valence distribution at Q* = 1.9 GeV?

Ratioto CT

2|||||||||||||||||||||||||||||||||||||||

0.4 Bl LHeC 1ab-1

LHeC 50 fb-1 (1st 3 yrs)

0....I....I....I....I....I....I....I....I..

0.1

02 03 04 05 06 07

5 VAT

Ratioto CT
=Y

\ﬁl‘ol\O'TOJ\IJ\OJ

gluon distribution at Q® = 1.9 GeV?

7Y T

1072

0.8

10"

arXiv:2007.14491

down valence distribution at Q% = 1.9 GeV?
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Strange, ¢, b

x(s+S)(x, @° = 1.9 GeV?)

« strange pdf poorly known =>» LHeC: direct sensitivity via charm tagging in Ws—c
« suppressed cf. other light quarks? (x,Q2) mapping of strange density for first time
strange valence?
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oMb to 10 MeV; MSSM: Higgs produced dominantly via bB — A .
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Empowering the LHC

external, reliable, precise pdfs needed for

range extension and interpretation

Gluino Pair Production PDF Uncertainty
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ATLAS (Ref. [702))
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In 1/x

Novel emall x dynamice

- small x — various phenomena may

DENSE o

c REGION rS occur which go beyond standard

o < .

£ 2 DGLAP QCD evolution:

_g BK/JIMWLK BFKL, connected to small x resummation

a 1

§ - DILUTE of log - terms

o REGION @ « gluon recombination = non-linear

= evolution, parton saturation

wv

DGLAP

In Aqco InQ unprecedented opportunity to explore
small x with LHeC/FCC-eh
x15/120 extension in 1/x cf. HERA

_@ , _

T= ‘ Higgs ‘ Z, W ‘ low mass DY ‘ cc

LHC (13 TeV) 104 5x 1075 ~ 108 ~ 10~7

FCC-hh (100 TeV) | 1.5 x 1078 | 8 x 10~7 ~ 108 ~ 1079

(note: typical values @1, x2 ~ +/T)

central rapidity T

M. Bonwini, 4 FCC workshop, CERN, November 2020



OrNC

Ratio to data
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recent evidence for onset of BFKL
dynamics in HERA inclusive data,

arXiv:1710.05935; 1802.00064

(see also, arXiv:1604.02299)

HERA NC /s = 920 GeV, Q? = 3.5 GeV?

4 NNLO only

effect of small x
resummation

NNLO

NNLO-+NLLx

HERA data

a(x, Q%) / g(x, Q?)|ref]

Novel emall x dynamicg: resummation

NNPDF31sx, Q = 100 GeV

A3 NNLO4-NLLx HERA only, global
NNLO+4NLLx HERA4-LHeC+4FCC-eh, DIS-only

X2/NDF
NNLO:

LHeC / FCC-eh (NNLO+NLLx)
171/ 272
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« small x resummation mainly affects

gluon pdf — dramatic effect for x < 103
e essential for LHeC and FCC-eh

* NB, gluon pdf obtained with small x resummation
grows more quickly — saturation at some point!
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Impact on pp phenomenlogy

ggH production cross section --- effect of small-x resummation
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» effect of small x resummation on gg—H cross section for LHC, HE-LHC, FCC

» significant impact, especially at ultra low x values probed at FCC

(see also recent work on forward Higgs production, arXiv:2011.03193; other processes in progress)
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LHeC and FCC-eh genitivity to emall x
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LHeC and FCC-eh have unprecedented kinematic reach to small x;
very large sensitivity and discriminatory power to pin down details of
small x QCD dynamics

measurement of FL has a significant role to play, arXiv:1802.04317
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Novel dynamice at small x: eaturation

« with the unprecedented small-x reach, gluon recombination / parton saturation

may also be expected, manifesting as deviation from linear DGLAP

Post-fit results to LHeC (500 pseudo-experiments)
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LHeC can distinguish between DGLAP and saturation

possible to identify saturation by distortions in pulls =
large lever arm in Q2 is crucial; fit cannot absorb a non-DGLAP Q2
dependence
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Longitudinal Structure Function
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simultaneous measurement of F2 and FL is clean way to pin down dynamics at small x



Strong Coupling

as determinations at NNLO QCD:

fit to subsets of ep jet data:

o o | —World average poerey
ABM b ® = A. ® LHeC inclusive jets (exped. exp. uncert)
ABMP —e—i s 02 HERA Inchiahe o5 o ]
BBG : ® — \ * \(J)PE’DAIIE_S-jet rate [NNLO+NLLA+K]
J R F ® GFitteryﬁl\[l fit [l]\IGLO]
NNPDF 0.15F+ \4 + CMS inclusive jets 8TeV [NLO]
- 4
MMHT .,
H1 — 0.1} .
HERA |nC| jetS ® LLH|-e!Ce)Sxperimental uncertainties only
. 0.125_.:::} — —t—t———++H —
LHeC incl. DIS (e_=50GeV) Ho- ~ ].
LHeC incl. jets L éw 012 L" r . J 1‘ J ‘1 ‘ =
LHeC DIS+jets . 3 LI ELE L1l 4 R Tk ﬁ T
LHeC incl. DIS @ run ) —e— 0.115 ]
0. 11 i R T Y B
World average z018] T 6 10 20 100 200 1000
0.11 0.115 0.12 H, [GeV]
OLS(MZ)
« s is least known coupling constant * as running testable over two orders

» current state-of-the-art: das/as = 0(1%)

« achievable precision at LHeC: 0(0.1%)

of magnitude in scale
QCD theory uncerts. will be limiting factor
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Summary

energy frontier electron-proton colliders essential for full exploitation of current
and future hadron colliders (Higgs, BSM, electroweak, ...)

external precision pdf input; complete q,g unfolding, high luminosity x — 1, s, c, b, (t);
N3LO; small x; strong coupling to permille precision; ...

LHeC CDR update (arXiv:2007.14491) summarises wealth of new and updated studies

enormously rich physics programme both in own right, and for transformation of proton-
proton machines into precision facilities

all critical pdf information can be obtained early (~ 50 fb-' = x50 HERA), in parallel
with HL-LHC operation

unprecedented access to novel kinematic regime, with unique potential to explore
small x phenomena

as to permille experimental precision also achievable early, with use of inclusive DIS
and/or jets

. and much more in realm of QCD and small x physics; no time today to cover EG. diffractive,

vector meson, yp, ... physics


https://arxiv.org/abs/2007.14491

Extrag
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CERN/ESG/05

Possible scenarios of future colliders ™ Proton collider mmmm Construction/Transformation: heights of box construction cost/year
Electron collider Preparation
1 Electron-Proton collider

ILC: 250 GeV 500 GeV

c
©
%{ 4 years 20km tunnel [SERRICE 4 ab?
31km tunnel 40 km tunnel

@O ’
K= CepC: 90/160/240 GeV “No consensus tn Buropean
< 100km tunnel [EEARENGE , ,
O community on which type of future

] CLIC: 380 GeV ee collider (Linear or circular)”

ears . . .
4 11 km tunnel RRCEYIS (F Gianotti, CERN Council Week, June 2020)

29 km tunnel 50 km tunnel

1570-3;)65 GeV FCC hh: 150 TeV =20-30 ab™
.7 ab?

100km tunnel [See SR
GeV -150/10/5 ab'!

8 years

FCC hh: 100 TeV 20-30 ab™*

FCC hh: 100 TeV 20-30 ab*
8 years 100km tunnel

CERN

HL-LHC: 13 TeV 3-4 ab! HE-LHC: 27 TeV 10 ab™
2years 178/6 LHeC: 1.2TeV FCC-eh: 3.5 TeV 2 ab?
-/ B/0VeRl g 55 9 gb10 U. Bassler, CERN council president
1 T T O R
2020 2030 2040 2050 2060 2070 2080 o04/10/2019 2090 4

| s> LHeC: installation during LS4;
concurrent operation through LHC Runs 5/6; and period of dedicated running, arXiv:1810.13022 18



https://arxiv.org/abs/1810.13022

LHeC qimulated data

Source of uncertainty Uncertainty
Scattered electron energy scale AE!/E! 0.1 %
Scattered electron polar angle 0.1 mrad
Hadronic energy scale AE},/Ej, 0.5%
Radiative corrections 0.3%
Photoproduction background (for y > 0.5) 1%
Global efficiency error 0.5%

Table 3.1: Assumptions used in the simulation of the NC cross sections on the size of uncertainties from
various sources. The top three are uncertainties on the calibrations which are transported to provide
correlated systematic cross section errors. The lower three values are uncertainties of the cross section
caused by various sources.

Parameter Unit Data set

D1 D2 D3 D4 D5 D6 D7 D8 D9
Proton beam energy TeV 7 7 7 7 1 7 7 7 7
Lepton charge -1 -1 -1 -1 -1 41 +1 -1 -1
Longitudinal lepton polarisation -08 -08 0 -08 O 0 0 +40.8 +40.8
Integrated luminosity o 5 50 50 1000 1 1 10 10 50

Table 3.2: Summary of characteristic parameters of data sets used to simulate neutral and charged
current e* cross section data, for a lepton beam energy of E. = 50 GeV. Sets D1-D4 are for E, =
7TeV and e™p scattering, with varying assumptions on the integrated luminosity and the electron beam
polarisation. The data set D1 corresponds to possibly the first year of LHeC data taking with the tenfold
of luminosity which H1/ZEUS collected in their lifetime. Set D5 is a low Ep energy run, essential to
extend the acceptance at large  and medium Q2. D6 and D7 are sets for smaller amounts of positron
data. Finally, D8 and D9 are for high energy e™p scattering with positive helicity as is important for
electroweak NC physics. These variations of data taking are subsequently studied for their effect on PDF
determinations.

19



LHeC pdf parameterigation

QCD fit ansatz based on HERAPDF2.0, with following differences:

no requirement that ubar=dbar at small x
no negative gluon term (only for the aesthetics of ratio plots — it has been checked
that this does not impact size of projected uncertainties)

= A5l — z)%o1 4D x)

= A, 2P (1 - 2)% 1+ E, 2%
Ag xBa (1 — 2)%

— AU:IZBU(l — :L“)CU

= AD:I:BD(l — e

g.gi*i%%&
& &
I

H
B &

8

8

4+1 pdf fit (above) has 14 free parameters
5+1 pdf fit for HQ studies parameterises dbar and sbar separately,
17 free parameters
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PDFs at the HL-LHC (Q = 10 GeV )
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Figure 9.9: Impact of LHeC on the 1-0 relative PDF uncertainties of the gluon, down quark, anti—up
quark and strangeness distributions, with respect to the PDF4LHC15 baseline set (green band). Results
for the LHeC (red), the HL-LHC (blue) and their combination (violet) are shown.



Uncertanties in PDF luminosities @ {s=14 TeV

Uncertanties in PDF luminosities @ {s=14 TeV
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Figure 9.10: Impact of LHeC, HL-LHC and combined LHeC + HL-LHC pseudodata on the uncertain-
ties of the gluon-gluon, quark-gluon, quark-antiquark and quark-quark luminosities, with respect to the
PDF4LHC15 baseline set. In this comparison we display the relative reduction of the PDF uncertainty
in the luminosities compared to the baseline.
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Novel dynamice at small x: eaturation
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Novel small x dynamics: gaturation
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potential for high quality data for inclusive diffraction at LHeC/FCC-eh (only small
subset of simulated data shown)

prospects for precise extraction of diffractive pdfs, tests of factorisation breaking
(soft and collinear)
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Diffractive PDFe from gimulation
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Reduction of DPDF uncertainty by factor 5 — 7 at LHeC and 10 — 15 at FCC-eh with inclusive data alone

Prospects for precise extraction of diffractive PDFs, tests of factorization breaking (collinear and soft)
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» one of the best processes to test for novel small x dynamics
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