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= Max. beam energy 500 MeV

PERLE (see talk by A. Stocchi): international collaboration built to realise
500 MeV facility at Orsay, for development of ERL with LHeC conditions

ESPPOU: 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

CERN, ECFA, NuPECC 400 pages, 300 authors, 156 institutions
200 authors, 69 institutions Further selected references:

[ e On the relation of the LHeC and the LHC o @
I Journal of Physics G arXiv:1211.5102 e D)
g Nuclear and Particle Physics
% The Large Hadron Electron Collider LH.O
i arXiv:1305.2090
Volume 39 Number 7 July 2012 Article 075001
g A Large Hadron Electron Collider at CERN The Large Hadron-Electron Collider at the HL-LHC
Macms st Dot T Dig Deeper
g LHeC Study Group V

Nature PhySiCS 9 (201 3) 448 LHeC and FCC-he Study Group

Future Deep Inelastic Scattering with the
LHeC
arXiv:1802.04317

arXiv:1206.2913 ™
Iopscience.org/ltysg An Experiment for Electron-Hadron

0P Publshing Scattering at the LHC
arXiv:2201.02436

To be submitted to J. Phys. G
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arXiv:1206.2913
J. Phys. G 48 (2021) 11, 110501

(arXiv:2007.14491)
see also, FCC CDR, vols 1 and 3:
physics, EPJ C79 (2019), 6, 474 5 page summary: ECFA newsletter No. 5, August 2020
FCC with eh integrated, EPJ ST 228 (2019), 4, 755 https://cds.cern.ch/record/2729018/files/ECFA-Newsletter-5-Summer2020.pdf
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-6904-3
https://link.springer.com/article/10.1140%2Fepjst%2Fe2019-900087-0
https://iopscience.iop.org/article/10.1088/1361-6471/abf3ba
https://arxiv.org/abs/2007.14491
https://arxiv.org/abs/1206.2913
https://cds.cern.ch/record/2729018/files/ECFA-Newsletter-5-Summer2020.pdf
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-6904-3
https://link.springer.com/article/10.1140%2Fepjst%2Fe2019-900087-0

see also, other LHeC /

FCC-eh contributions
to this conference:

LHeC and FCC-eh Overview,
C. Schwanenberger

A Common eh/hh LHC
[nteraction Region, K. Andre

PERLE, A. Stocchi

[mpact on Future Hadron
Collider Phygice (HL-LHC and
FCC-hh), D. Britzger

BSM and Top, O. Figcher

Small-x, A. Stagto

Physice with Energy Frontier DIS
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no nuclear corrections,
free of symmetry
assumptions,
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and exploration of
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small x regime;

as to permille precision

(LHeC projected timeline, several years concurrent HL-LHC operation, plus dedicated run, arXiv:1810.13022 )


https://arxiv.org/abs/1810.13022

Ratioto CT

Ratioto CT

Quark and Gluon PDFe

up valence distribution at Q° = 1.9 GeV?
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xg(x, Q% = 1.9 GeV?)

down valence distribution at Q%> = 1.9 GeV?
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x(s+85)(x, @* = 1.9 GeV?)

Strange, ¢, b

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?
— 10 HHeC 60 GeV 77 TeV
s+5 distribution at Q* = 1.9 GeV? :fg 108;, : .. " Vv ,
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2 f e e o & 3
107 L Ll L 3
10° 10° 10 10°
: Q’/GeV*
c, b: enormously extended range and much
improved precision c.f. HERA Cr
6Mc = 50 (HERA) to 3 MeV: impacts on as, regulates ratio of charm to light, e
crucial for precision t, H ¢, b

oMb to 10 MeV; MSSM: Higgs produced dominantly via bb — A
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Empowering the LHC arXIv:1902.04070

external, reliable, precise pdfs needed for NNNLO pp-Higgs Cross Sections at 14 TeV
range extension and interpretation g 2
E 51 [ HIGGS iHixs2
30 ‘Glum‘o Pair Prodgctlon PDF Uncertainty ~g 0 7 ———— ABMP.120
— CT10 n - CT14.120 b
— HERA10 8 49 -
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45
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20 - T T T T m arbitrary
18 C ATLAS Simulation Preliminary 3
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g [ PoF MW E Model ATLAS (Ref. [702]) HL-LHC
12 3 -]
oF E £=36fb"" (CT14nnlo) £ =3ab™' (CT14nnlo) L =3ab™' (LHeC)
sk = LL (constr.) 28 TeV 58 TeV 96 TeV
5 - E LL (destr.) 21 TeV 49 TeV 77 TeV
- 3 RR (constr.) 26 TeV 58 TeV 84 TeV
4r E RR (destr.) 22 TeV 61 TeV 75 TeV
oF - LR (constr.) 26 TeV 49 TeV 81 TeV
ok ] LR (destr.) 22 TeV 45 TeV 62 TeV
CT10 CT14  MMHT2014 HL-LHC | LHeC



https://arxiv.org/abs/1211.5102
https://arxiv.org/abs/2007.14491
https://arxiv.org/abs/1902.04070
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Novel emall x dynamice

| DENSE
REGION
‘ S

« small x — various phenomena may
occur which go beyond standard

c

(@) .

> DGLAP QCD evolution:

g BK/JIMWLK BFKL, connected to small x resummation

o 1

§ DILUTE of log = terms

o REGION @  gluon recombination — non-linear

S BrL evolution, parton saturation

. DGLAP

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

_@ : _

T= 5 ‘ Higgs ‘ Z,W ‘ low mass DY ‘ cC

LHC (13 TeV) 10— 5x1075 | ~10=¢ | ~ 1077

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

(note: typical values @1, T2 ~ /T)

central rapidity T

M. Bonwini, 4 FCC workshop, CERN, November 2020
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Novel emall x dynamice: resummation

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

TTTT
NNLO

IIIII L
B 4 NNLO only —  NNLO+NLLx J
3 ¢ HERA data
| $ _
]
-
— — i -
effect of small x 3 -
resummation -
- ' -
Ll ol o
L | T bR
N -&{ I I ; .
[ Ll Ll Ll ]
10~ 1073 1072

recent evidence for onset of BFKL

dynamics in HERA inclusive data,

arXiv:1710.05935; 1802.00064

(see also, arXiv:1604.02299)

9(x, Q%) / g(x, Q*)[ref]

NNPDF31sx, Q@ = 100 GeV

OO NNLO-+NLLx HERA only, global
NNLO-+NLLx HERA+LHeC+FCC-eh, DIS-only
1.2 ‘7455, NNLO HERA+LHeC+FCC-eh, DIS-only

&\\\\%—\m\ww«« st

X2/NOF LHeC / FCC-eh (NNLO+NLLx)
NNLO: 717272

1 1 IIII 1 IIII 1 IIII 1 IIII 1 1 11 1 1 11 1
10-¢ 1077 10® 10® 10* 10°® 102 10! 100

X

W7/

small x resummation mainly affects
gluon pdf — dramatic effect for x < 103
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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https://arxiv.org/abs/1710.05935
https://arxiv.org/abs/1802.00064
https://arxiv.org/abs/1604.02299

Impact on pp phenomenlogy

ggH production cross section --- effect of small-x resummation

v 1 1 1 ' N N i
N3LO, f.0. PDFs my, = 125 GeV X
11 [ . N°LO.resPDFs = = N e = M2 LK
N3LO+LLx. res PDFs HF=HR =M KXXPEZS
SRR
SXSEELS
i SRS
1.08 IEERLS
f.0. PDFs: NNPDF31sx_nnlo_as_0118 IS 938
res PDFs: NNPDF31sx_nnlonlix_as_0118 ‘.:,’:y%zzzo“
L % i
o 1" . S
- band: PDF uncertainty QR
) CX XK X
> 02075250
XL X >
o - XXX X i
SRS
o 020507 956%
5 SRR
© SRS
- CRRIITER .
1.02 0005002 020
0020205 9 %5%%
OLRIELLER
SRRKSBETEKK
1 PREETOEDES
0.98 arXiv:1802.07758, 1805.08785 A
1 1 1 1 1 M M M M M M M
[ o] o o<t N~
™ ™ ™ N
Vs [TeV]

100

» 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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https://arxiv.org/abs/1802.07758
https://arxiv.org/abs/1805.08785
https://arxiv.org/abs/2011.03193

arXiv:1710.05935

LHeC and FCC-eh gengitivity to emall x

NNPDF3.1sx, Q%> =5 GeV?

NNPDF3.1sx, @ = 5 GeV?

15 y

TTTTT T T T TTTT
o NNLO
E===== NNLO-+NLLx

OO0 NNLO 1.4
E— NNLO+NLLx
I Pseudo-Data

1.2

1.0

1.0

3 0.8 .
o & 05
0.6
2 | \
0.0 \\
1 SO e PSS LHeC kinematic range
LHeC kinematic range
FCC-eh kinematic range FCCeh kinematic range
0 ol il PR | TR B MR | P | L
10-° 107° 1074 10~ 107 107° 1074 1073
x x
y? Q?
H . _ 2 2 —
NC cross section: o.nc = Fa(z,Q%) — 5 Fr(z, Q%) y=—
1+(1—y) xs

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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https://arxiv.org/abs/1710.05935
https://arxiv.org/abs/1802.04317

Longitudinal Structure Function

05— T 05— — —
FLoog O 0 |l QT=ssCev I | simulated for:
04+ 1 04r 1
03k 1 oab ] Ep=7TeV and
el Mg + | ol ++++++ } Ee = 60, 30, 20 GeV
0.1+ 1 o1l .
Y S l RPE P TR integrated luminosity:
08 e g 10,1, 1 fb”
F, Q *=35GeV * ] | Q *=200GeV ° ]
04 B 04 B
03l 1 osf | measurement
02F ++++++ \ 102k, T 1 dominated by
] r **#ﬂ ! ]
01 f 1 ooap - systematics
05 T ; T 0.5r . —
F, | Q *=2000 GeV ] E Q *=5000 GeV ° 1
04 ] 04 - .
03+ 1 osl m<HI> |
02F 1 02r ® LHeC
01 I
i o tbbesy 4T 444 |
%07 x10? Yo7 10° X

simultaneous measurement of F2 and FL is clean way to pin down dynamics at small x



Novel dynamice at emall 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)

05 E T | T T '§§§'§§§ Tt T | T T T E
e 7 - E
Eo == Saturation pseudo-data 3
S 03Fi LHeC peeudo-data fitted with DBLAR =
> — : : : : E
D0.25F e
D gof i =
A 0.2 S -
0.05F—- -
S —
0—%s 1.8

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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Strong Coupling

25.8 T T T T
arXiv:1211.5102

25.6

W&

252 r
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24.6 :
15 15.2 154 156 15.8 16 16.2

logo(Q/GeV)

] theory uncertainties

10}

——— 1 Higgs

6(PDF+as) i

5(EW)

5(PDF-TH)

arXiv:1902.00134

0 20 40 60 80 100

Collider Energy / TeV

PDG21

BDP 2008-16
Boito 2018
PDG 2020
Boito 2021

T decays
&

low Q2

Mateu 2018

Peset 2018

Narison 2018 (c¢)
Narison 2018 (bb)
BM19 (cc)
BM20 (bb)

Q0
bound
states

BBGO06
JR14
ABMP16
NNPDF31
CT18
MSHT20

PDF fits

ALEPH (j&s)
OPAL (j&s)
JADE (j&s)
Dissertori (3j)
JADE (3j)
Verbytskyi (2j)
Kardos (EEC)
Abbate (T)
Gehrmann (T)
Hoang (C)

ete~

jets
&

shapes

Klijnsma (tt)
CMS (tf)

H1 (jets)*
d'Enterria (W/Z)
HERA (jets)

hadron
collider

PDG 2020

1
———
Gfitter 2018 H i. ; electroweak
:

FLAG2019

lattice

| I
0.110 0.115

August 2021

[ R A A |
0.120 0.125 0.130
as(M%)

as is least known coupling constant
world av.: a,(M2)=0.1175+0.0010 (w/o lattice)

current state-of-the-art: das/as = 0(1%)
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https://arxiv.org/abs/1211.5102
https://arxiv.org/abs/1902.00134

Strong Coupling

as determinations at NNLO QCD:

arXiv:2007.14491
Featured also in Snowmass as White Paper,
arXiv:2203.0827

fit to subsets of ep jet data:

2%

— World average [PpG1s]
o LHeC inclusive jets (expcd. exp. uncert.)
H1 inclusive jets [NNLO —
HERA inclusive jets [NNLO]
* JADE 3-jet rate [NNLO+NLLA+K]
s OPALY__ INNLO]
GFitter EW fit Loy
| \*% + CMS inclusive jets 8TeV [NLO]

el

| LHeC
| L L R |

LHeC experimental uncertainties :M\’\N\‘N
-

AN

é & &
b4 !l! 1’1

1000
s [GeV]

(Hk =@ +p1)

6 10 20 100 200

as running testable over two orders

of magnitude in scale

ABM | o : =
ABMP —C— g 0.2
BBG i -~ —
JR = °
NNPDF —e—i 0.15
MMHT S =
H1 e 0.1
HERA incl. jets —
LHeC incl. DIS (.~50Gev) o 0125
LHeC incl. jets L 2 012
LHeC DIS+jets = g
LHeC incl. DIS@strun ) —e—i 0.115
World average (oot | B 0.11

0.11 0.115 0.12

ocS(MZ)

LHeC simultaneous PDF+as fit *
achievable precision at LHeC: 0(0.1%) .

QCD theory uncerts. will be limiting factor
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https://arxiv.org/abs/2007.14491
https://arxiv.org/abs/2203.08271

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 (J. Phys. G 48 (2021) 14, 110501) 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 achievable early, with use of inclusive DIS and/or jets

... and much more in realm of QCD and small x physics (see also talk by A. Stagto); no time
today to cover EG. diffractive, vector meson, yp, ... physics


https://iopscience.iop.org/article/10.1088/1361-6471/abf3ba

Extrae
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pdfe: the situation today

xg(x,Q), NNLO, Q2=100 GeV?2, as(Mz)=0.118

NNPDF3.1
IO ABMP16-0118
“¥eiAvei HERAPDF2.0

gluinos, KK gravitons,
boosted top quarks, ...

:

-------- CT18
o= MSHT20
Higgs production
in gluon fusion

Sl

d c, b, low mass DY,

. soft QCD, MC tuning

II!IIIII 1 IIIIIIlI 1 llIlllll 1 llllllll 1
10° 10 1())(4 102 10

1

>

pdfs poorly known at large and small x

Generated with APFEL 2.7.1 Web

Ratio

current data above x=5.10", and below x=0.6-0.7 0.9

B
S cTes

T T

WX NNPDF3.1
S5555 MSHT20

e r N RSN

pdf luminosities (LHC@14TeV)

gqbar

SRS

B %4444 MSHT20

2N NNPDF3.1

BSM searches limited by (lack of) knowledge of large x gluon and quark pdfs

| '
1R, [Gev)

... plus precision MW, sinZ29W (where small discrepancies may indicate BSM physics) and Higgs,

also limited by pdf uncertainties at medium x, where we know pdfs best!

crucial also to ensure BSM deviations not inadvertently absorbed into pdfs, see EG. arXiv:2104.02723 , 1905.05215

Generated with APFEL 2.7.1 Web

Generated with APFEL 2.7.1 Web
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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
L1 Electron-Proton collider

Preparation

ILC: 250 GeV 500 GeV
20km tunnel 2 abl 4 ab?

Japan

{ 4 years
CepC: 90/160/240 GeV “NO CONSENSUS LA Buropean

100km tunnel (PR , ,
community on which type of future

ee collider (Linear or cirewlar)”
(F Gianotti, CERN Council Week, June 2020)

31km tunnel 40 km tunnel

China

CLIC: 380 GeV

5 years 11 km tunnel 1.5 abt

29 km tunnel 50 km tunnel

350-365 GeV FCC hh: 150 TeV =20-30 ab

i
8 years 100km tunnel [Nae At p 1.7 ab
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Qtatement of the [AC

Members of the Committee

Sergio Bertolucci (Bologna)

Nichola Bianchi (INFN, now Singapore)
Frederick Bordy (CERN)

Stan Brodsky (SLAC)

Oliver Briining (CERN, coordinator)
Hesheng Chen (Beijing)

Eckhard Elsen (CERN)

Stefano Forte (Milano)

Andrew Hutton (Jefferson Lab)

Max Klein (Liverpool, coordinator)
Shin-Ichi Kurokawa (KEK)

Victor Matveev (JINR Dubna)

Aleandro Nisati (Rome I)

Leonid Rivkin (PSI Villigen)

Herwig Schopper (CERN, em.DG, Chair)
Jirgen Schukraft (CERN)

Achille Stocchi (Orsay)

John Womersley (ESS Lund)

Young-Kee Kim (Chicago)

In conclusion it may be stated

The installation and operation of the LHeC has been demonstrated to be commensurate
with the currently projected HL-LHC program, while the FCC-eh has been integrated into
the FCC vision;

The feasibility of the project as far as accelerator issues and detectors are concerned has
been shown. It can only be realised at CERN and would fully exploit the massive LHC
and HL-LHC investments;

The sensitivity for discoveries of new physics is comparable, and in some cases superior,
to the other projects envisaged;

The addition of an ep/A experiment to the LHC substantially reinforces the physics pro-
gram of the facility, especially in the areas of QCD, precision Higgs and electroweak as
well as heavy ion physics;

The operation of LHeC and FCC-eh is compatible with simultaneous pp operation; for
LHeC the interaction point 2 would be the appropriate choice, which is currently used by
ALICE;

(published in LHeC CDR update, arXiv:2007.14491)

e The development of the ERL technology needs to be intensified in Europe, in national
laboratories but with the collaboration of CERN;

e A preparatory phase is still necessary to work out some time-sensitive key elements, es-
pecially the high power ERL technology (PERLE) and the prototyping of Intersection
Region magnets.

Recommendations

i) It is recommended to further develop the ERL based ep/A scattering plans, both at LHC
and FCC, as attractive options for the mid and long term programme of CERN, resp. Before
a decision on such a project can be taken, further development work is necessary, and should
be supported, possibly within existing CERN frameworks (e.g. development of SC cavities and
high field IR magnets).

ii) The development of the promising high-power beam-recovery technology ERL should be in-
tensified in Europe. This could be done mainly in national laboratories, in particular with the
PERLE project at Orsay. To facilitate such a collaboration, CERN should express its interest
and continue to take part.

iii) It is recommended to keep the LHeC option open until further decisions have been taken.
An investigation should be started on the compatibility between the LHeC and a new heavy ion
experiment in Interaction Point 2, which is currently under discussion.

After the final results of the European Strategy Process will be made known, the IAC considers
its task to be completed. A new decision will then have to be taken for how to continue these
activities.

Herwig Schopper, Chair of the Committee, Geneva, November 4, 2019
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LHeC simulated data

Source of uncertainty Uncertainty
Scattered electron energy scale AE!/E! 0.1 %
Scattered electron polar angle 0.1 mrad
Hadronic energy scale AE}, /E}, 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 DS 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 0 0 0 +08 +40.8
Integrated luminosity fb=1 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 x 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.
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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)

= AgzPs(1—2)%(1 + Dya)

= A, 2P (1 —2)% (1 + E,, 2%
Advadv (1 — )%

= ApaPo(l —x)¢o

= ApxPp(1—1)¢p

8 8 8
£ & &
|

H
o

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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d/u at large x

dv/uv distribution at Q%> = 10 GeV?

d/u essentially unknown
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PDFs at the HL-LHC (Q = 10 GeV ) 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 PDFALHC15 baseline set (green band). Results
for the LHeC (red), the HL-LHC (blue) and their combination (violet) are shown.
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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 emall x: eaturation
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Novel emall x dynamics: eaturation

LHeC pseudo-data, Q = 5 GeV? LHeC pseudo-data, Q = 10 GeV?
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inspect PULLS to highlight origin of worse agreement: in saturation case (fitted with DGLAP),
theory wants to overshoot data at smallest x, and undershoot at higher x
while a different x dependence might be absorbed into PDFs at scale Q,, this is not

possible with a Q2 dependence — large Q? lever arm crucial
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prospects for precise extraction of diffractive pdfs, tests of factorisation breaking
(soft and collinear)
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Gluon diffractive PDF

from LHeC:
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HERA

LHeC
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DPDF uncertainties reduced 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 factorisation breaking (collinear and soft)
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Non-linear QCD dynamice
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Figure 4.12: Comparison between the PDF4ALHC15 baseline (green band) with the results of the
profiling of the LHeC pseudodata for the gluon (left) and quark singlet (right) for @ = 10 GeV. We show
the cases where the pseudodata is generated using DGLAP calculations (red hatched band) and where
it is partially based on the GBW saturation model (blue curve).
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ag from LHeC inclugive NC/CC DIS

2
e «s frominclusive NC/CC DIS: OE LHeC-50: o, from inclusive DIS and jets -
_ o 18- — DIS alone (50ibe) E
« simultaneous determination of pdfs 165 — DIS alone (sowe, 11t e
and as in NNLO QCD fit DS e )
145_ Bll:)SG-'-‘IjSGtS (full lumi.)
12 ---

» 3 LHeC scenarios:

 LHeC 1st Run (50 fb-1 e-p)

* plus 1 fb-1 positron data

» full inclusive LHeC dataset (1 ab)

o, x 104

\

Aag(Mz)(incl. DIS) = £0.00022(exp+PDF) 107 2x10™ 1
Uncorr. uncertainty (DIS) [%]

* as to better than 2 permille experimental uncertainty!

inclusion of jet cross sections yields further improvement, and stabilises against uncorrelated uncertainty scenario —
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NC DIS jet production at the LHeC
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Figure 4.3: Studies of the size and correlations of experimental uncertainties impacting the uncertainty
of as(Mz). Top left: Study of the value of the correlation coefficient p for different systematic uncer-
tainties. Common systematic uncertainties are considered as fully correlated, p = 1. Top right: Size of
the JES uncertainty for three different values of pjrs. Bottom left: Impact of the uncorrelated and nor-
malisation uncertainties on Aag(Mz). Bottom right: Contribution of individual sources of experimental
uncertainty to the total experimental uncertainty of as(Mz).
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Impact of g, ¢, b
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LHeC: enormously extended range and much improved precision c.f. HERA

« ®Mc =50 (HERA) to 3 MeV: impacts on as, regulates ratio of charm to light, crucial for precision t, H
*  OMb to 10 MeV; MSSM: Higgs produced dominantly via bb — A



Empowering the LHC:

einZ9l

Parameter Unit  ATLAS (Ref. [433]) HL-LHC projection
MMHT2014 CT14 HL-LHCPDF LHeCPDF
Centre-of-mass energy, /s TeV 8 14 14 14
Int. luminosity, £ ! 20 3000 3000 3000
Experimental uncert. 105 + 23 +9 +7 +7
PDF uncert. 107° + 24 + 16 + 13 +3
Other syst. uncert. 1075 + 13 - - -
Total uncert., A sin?fy, 107° + 36 + 18 + 15 + 8
ATLAS Simulation Preliminary
LEP-1 and SLD: Z-pole average ' ' — ' 0.23152 + 0.00016
LEP-1 and SLD: A’y B ——e—— | 0.23221:0.00029
SLD: A, B —_— 0.23098 = 0.00026
Tevatron B —_———— 0.23148 = 0.00033
LHCb: 7+8 TeV B ° 0.23142 + 0.00106
CMS: 8 TeV N o 0.23101 = 0.00053
ATLAS: 7 TeV B 0.23080 = 0.00120
ATLAS Preliminary: 8 TeV T —_—t 0.23140 + 0.00036
HL-LHC ATLAS CT14: 14 TeV B — 0.23153 = 0.00018
HL-LHC ATLAS PDF4LHC15,, ,;: 14 TeV | —— 0.23153 = 0.00015
HL-LHC ATLAS PDFLHeC: 14 TeV B - 0.23153 = 0.00008
0.23 0.231 0.232
sin“0L,
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Empowering the LHC: MW

Parameter Unit  ATLAS (Ref. [424]) HL-LHC projection
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Statistical uncert. MeV +7 +5 + 4.5 + 4.5 + 3.7
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Kinematics of a 100 TeV FCC

Plot by J. Rojo, Dec 2013
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