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Linac-Ring Collider, LHeC and FCC-eh

FCC-eh (60 GeV electron beams)
®
ope€ rated E...=3.5TeV, described in CDR of the FCC

Ecms =0.2-1.3TeV, (QZ’x) range far beyond HERA sync hronous Iy run ep/pp together: FCC-hh + FCC-eh
run ep/pp together with the HL-LHC (= Runb5) with FCC-hh T —

Underground Infrastructure

LHeC (>50 GeV electron beams)

e operated after HL-LHC data taking i
) Line = 1-2 ab-1 (1000XHERA!) ==

(integrated lumi of 180 fb-! per year)

Energy Recovering Linac (ERL)

\ .. ©® Technological innovation: PERLE,
under construction@lJCLab, Orsay

The principle of Energy Recovery

other beam for collisions J. Osborne, W. Bromiley, A. Navascues

) @ beam brightness is
Wenment 1‘1‘_"7 maintained from
Technology is proven in 2 . = the injector

operational facilities
with lower energies

and lower beam power multiple turns towards higher energies

@ beam dump

at low ener
phase-shift gy

180°

o - S | ACCELERATOR CAVITIES ®

LHeC CDRs:

arXiv:1206.2913, J. Phys. G 39 075001 (2012) FCC CDR:
arXiv:2007.14491, J. Phys. G 48, 11, 110501 (2021 ACCELERATE DECELERATE Eur. Phys. J. C 79, no. 6,
energy in cavities is given energy of particle beam 474 (2019) — physics

to the particle beam goes back to cavities

Eur. Phys. J. ST 228, no.
energy recovered to accelerate 4, 755 ( 2019 ) - FCC-hh/eh

® the next particle beam

arXiv:2503.17727
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“Bridge” between current and future major collider @ CERN

Current flagship (27km) Future Circular Collider (FCC)
impressive program up to 2041 big sister future ambition (90km), beyond 2048
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“Bridge” between current and future major collider @ CERN

Current flagship (27km) Future Circular Collider (FCC)
impressive program up to 2041 big sister future ambition (90km), beyond 2048
cost ~2 BCHF @ one detector r—%

operational cost similar to HL-LHC FCC-eh/hh [3.5 /lbO TéV]
————— e — ! J“HE & S\\TZERLAND
FCC-ee " ° ‘-... |
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ep-option after HL-LHC: LHeC -
A 6y @ 1.2 TeV (1ab'1) arXiv: 2503.17727 [hep-ex]
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https://arxiv.org/abs/2503.17727

The LHeC in ECFA EPPSU

Potential for development: future 10 TeV parton-scale collider options talk by

FCCee LEP3 LHeC LCF, CLIC Karl Jakobs

V/ 7 new electron accelerator

~50 GeV beam energy
h smaller investment

o e e e e

Muon Collider
>10TeV CoM

*,
.
0,
"
tan

.........
s,

i 4GeV Target, xDecay piCooling ~ Low Energy  :

FCC-hh, Muon Collider (3, 10 TeV) | R&D . e*e- with improved acceleration technologies
baseline 85 TeV (= 120 TeV) I . LCF, C3(=> 1 TeV), CLIC (1.5 TeV), HALHF, ...

+ possibility for HI collisions -> plasma acceleration for higher energies

K. Jakobs, EPS-HEP Conference, Marseille, 10" July 2025 (can 0(10) TeV be reached? on what timescale?)
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Deep Inelastic Scattering at the Energy Frontier

1.2 TeV ep collisions cover the (Q? x) plane - General Purpose Experiment

[ | IR

IT] IIIIII | LI | LI l] I Tl

IIIIHI IR

E 75 : direct searches for new physics
‘810 3 FCC-he 4+ aA physics / unigue environment: eq only EW interactions
06 | LHeC . husi e.g. heavy v, darky, axion-like particles
3 HERA YY PNYSICS
EIC
10°1 BCDMS EW, Higgs and top quark physics
§ = e Amy, ~ 3 MeV, AV, ~ 1%, top-quark FCNC
107 _ Asin?0,,°" ~ 0.0002 (full scale-dependency)
. weak neutral couplings to light quarks ~ 1%
L Higgs couplings largely improved wrt HL-LHC
o improved SMEFT fits (accuracy & degeneracy)
10 “} =
o L == = precision QCD physics
é%%%ﬁg ; Ao, ~ 0.14% & running of o,
s ;g:@g;;gg% i PDFs covering a vast kinematic range
10 " Lt S 1 L non-linear QCD physics
0’ 10° 107 10t 107 10? 10
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a new discovery frontier
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Deep Inelastic Scattering at the Energy Frontier

1.2 TeV ep collisions cover the (Q? x) plane - General Purpose Experiment

[ | - IR IT] I IIIIII | LI | LI I] I IR IIIIHI IR

E i : direct searches for new physics
oy i A unigue environment: eq only EW interactions
e.g. heavy v, _darky _axign-like particles

ULLLE B
|

FCC-he 4 .
1 LHeC eA P hys ICS

HERA + vy physics
EIC
BCDMS
NMC
— | SLAC

-

l

10 0L

EW, Higgs and top quark physics
Am,, ~ 3 MeV, A|V,,| ~ 1%, top-quark FCNC
i020,,°™ ~ 0.0002 (full scale-depends#
weak neutfatcooptrgs-totigiit quarks ~ 1%

Higgs couplings largely improved wrt HL-LHC
improved SMEFT fits (accuracy & degeneracy)
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precision QCD physics
Adg~ 0.14% & running of o
PDFs covering a vast kinematic range
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non-linear QCD physics

a new discovery frontier
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The Large Hadron-Electron Collider at the HL-LHC

g An Experiment for Electron-Hadron Scattering at the LHC
5 pages summary:
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The Large Hadron-Electron Collider at the HL-LHC
LHeC Study Group
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J. Phys. G 48, 11, 110501 (2021) 0. Briining, M. Klein novel concept of a detector to alternately

; lopscience.org/jphysg Following the Plenary ECFA meeting, 13 July 2020 serve eh an d h h C 0"' S' ons /phys| CS
5 - Summer 2020
8 IOP Publishing

https://cds.cern.ch/record/2729018/files/ECFA-Newsletter-5-Summer2020.pdf Bridge prOj ect: 2503.17727 [ hep_ex ]
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https://arxiv.org/abs/2503.17727

Deep Inelastic Scattering and EKW observables

Neutral Curren;g:l')C) Unpolarized e*p cross section
a> 10 \ l L FCC |e"‘p NC E
% 1 — FCC e*p CC 1
S = ---LHeC e*p NC °:
Y 10 B ---LHeC e*p CC 7
p(p) | x 2 16%F N L
&4 S10°%F .
Charged Current (CC) 10 & E
(k') 10°F “
e(k) 10 —HERA ep NC
: 1077 -;— HERA e“p CC
E Wi(q) 10-32_ * H1 data
| ] Ll o] A
5 b X 10° 10° 10°

Q° [GeV?]
— LHeC/FCC-eh are unique facilities for testing EW theory:
NC+CC, two e-beam charge and polarisation states, p or isoscalar targets

Top and Electroweak Physics at the LHeC - Christian Schwanenberger - EPS-HEP 2025, Marseille, France



Electroweak Fermion Couplings and SMEFT couplings

Britzger, Klein, Spiesberger,
Eur.Phys.J.C 80 (2020) 831

g\ = \/pnc.fpfnc, fIif ’
gy = \/PNc,fPch,f (1. s = 2Qknc e Sin” 6w )

— precision on per mille level
(largely unaccessible in e+e-)

Y/Z(q)

" 1 FCC-eh 68C.L. ] - FCC-eh 68C.L. -
- ]LHeC-50 - O _JLHeC-50 N
0.4 EmH1 :
(.- LEP & SLD ; T LEP&S !
o3f- SM : 2 S _
%? I | i : . ‘\\\ ]
0.2[ ' -
0.1_—
-
0.4
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Electroweak Fermion Couplings and SMEFT couplings

Britzger, Klein, Spiesberger,
Eur.Phys.J.C 80 (2020) 831

;13
8{4 = \/pNC-prC,fILf ,

e(k)
3 ’ . 2
8{/ = \/PNCJP'NC, f (1 Lf ZQfKNC»fKNC,fSln Ow )
V/Z(q) . . :
o(0) | — precision on per mille level
03 }X (largely unaccessible in ete-)
jﬁF'CCl:-e'h O | sgc.ll_.: i |':|'FC'C-;eh S '58(';,|__'_
[ []LHeC-50 - 0|~ LHeC-50 -
0.4 Em H1 - - e
 --- LEP & SLD ]
W e 4]
03f-. SM " -
02
0.1
|
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Electroweak Fermion Couplings and SMEFT couplings

Britzger, Klein, Spiesberger,
Eur.Phys.J.C 80 (2020) 831

, 3
gﬁ = \/PNC,fPNC,fILf ’
e = sty (12~ Wity

— precision on per mille level
(largely unaccessible in ete-)

d

Electroweak physics of 1st generation quarks are
largely inaccessible in other colliders
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Electroweak Fermion Couplings and SMEFT couplings
08 = (¢'i Dy 7' 0) @y ")
Oyp = (' Dup)* (' D )

Britzger, Klein, Spiesberger,
Eur.Phys.J.C 80 (2020) 831

;13
8{4 = \/PNC.fPNc,fILf ,

gy = \/PNc,fPch,f (1. s = 2Qknc e Sin” 6w )

L . ——— _
Y/Z(q) - : | A
— precision on per mille level | {1
(largely unaccessible in e+e-) 5 \ :
- ATt
- FCC-eh 68C.L. - | \ -
O LHeC-50 - & o '
IEI ) | @ o \1)
T _slmm EWPO
0 Joint EIC
0 Joint LHeC
1 Joint FCCeh -
1000 Y -
~10 -5 0 5 10
arxivi2306. 05564 ol e Cep

FCC-eh and LHeC will improve upon existing

Electroweak physics of 1st generation quarks are precision electroweak bounds in SMEFT parameter
largely inaccessible in other colliders space in many cases, also for correlations
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Scale Dependence of sinZ0w

- Future projections
0.245— —
- arXiv: 2503.17727 [hep-ex] =
i E158 ]
0.240 MOLLER 1 |
= i P2(H) 7
— i APV(Cs) P2(C) = Qweak SoLID LHeC T
© 02351 OIS T e
i EIC LEP1 T
_ Tevatron -
- X Future LHeC projections 3 -
0.230™ § Existing data sLc  LHC -
- { Future fixed target projections -
¢ Future EIC projections ]
| | i | I | | i | | | I i | | i | | i | | i | | | i —i i
> B eDIS -
=
© 2 EIC _
T 10 - APV(Cs) E158 :
(&) - LEP1 -
i Qweak )
5 - P2(C) " SolLID '?:fatron 7
O i LHC .
= i (L—R) |
"(-6' MOLLER
00:3 1 0_3 . P2(H) ‘ =
- | | | | | | | | | | | | | | | 1 | | | 1 | | | | | .
-3 -2 -1 0 2 3
Iogm(u /GeV)

— probe large range of scale dependence
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gy = voney (I ;- fo“NC,f

g = onos It

— precision per mille level

— scale dependence
4 D

Asin?g  (FCC-eh) = +0.00011
= $0.00010,  +0.00004

- J
[ Am,=t45MeV |

(Includes PDF uncertainty of about £3.6 MeV)

— high sensitivity to NP

sinzes\',f,

LEP+SLD — N

Tevatron o

LHC -

LHeC-50 Ve

LHeC-60 ——

FCC-eh ——

FCC-eh + LHeC ——

Standard Model [PpG20) 10 1
0.231 0.2315 0.232

. 2 eff
arXiv:2203.06237 SN0y,

* Global fit to electroweak precision measurements at FCC-ee + FCC-eh

- - . -

100F | Fec-eereh 5% Prob. Limits " Preliminary

- - -

1
oy oy Oge
No Fermion flavour universality assumed

,
3 E

CY0) I ettt AR S
3 “

. FCC-ee/eh (1 op. at a time)
"

rr p Foe oo
S
@
E
v 19~ La
< s

sl

Ol O‘.’.’ O O Oy

Independent info about all 3 SM fermion families

EPS-HEP 2025, M

arseille, France


https://arxiv.org/abs/2503.17727

Constraints on New Physics: EFT operators

e Global fit to electroweak precision measurements at FCC-ee + FCC-eh

o0

>
Qo
&
) 10---
<
S
1
o o Oge o o) Ogn Ops O
No Fermion flavour universality assumed Independent info about all 3 SM fermion families

— high sensitivity to NP
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Impact on W mass and effective EWK mixing angle @ HL-LHC

W mass uncertainty prospects @ HL-LHC

W-boson rﬁaés | |

HL-LHC == Amw= £[6 MeV
Direct measurements

LEP2 .
Tevatron o
ATLAS °

CDF ——
Indirect determinations
LHeC-50 ——
LHeC-60

——
FCC-eh e
FCC-eh + LHeC-60 >
arXiv:2203.06237

PDG [2020] °
| | | |

80.35

Co1
80.4
m,, [GeV]
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Impact on W mass and effective EWK mixing angle @ HL-LHC

W mass uncertainty prospects @ HL-LHC

{ ATLAS low-<p> HL-LHC prospects }

I | I | I I I
< 20 L | - W-boson mass
% 18 :_ATLAS Simulation Preliminary E HL-LHC + LHeC PDEs . Amw = +12 MeV
> F s=14Tev, A 3 Il Stat. © PDF 200 pb™ 3 Direct measurements
£ 1opmyfromm &pn, i <4 Estat o POF 1167 LEP2 .
£ = i Tevatron .-
8 I Por : ATLAS s
S5 12 4 | CDF —o—
£ 10 Indirect determinations
- . LHeC-50 ——
81 = LHeC-60 ——
6 -
- . FCC-eh e
4E E FCC-eh + LHeC-60 <
2F = arXiv:2203.06237
9 - . PDG [2020] °
CT10 CT14  MMHT2014 HL-L . 180|351 L . 0I 2 .
with LHeC " my[GeV]
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Impact on W mass and effective EWK mixing angle @ HL-LHC

{ ATLAS low-<p> HL-LHC prospects }

my, Uncertainty [MeV]
o B o o O

—_
o

o NN~ OO 0

W mass uncertainty prospects @ HL-LHC

= | | | |
- ATLAS Simulation Preliminary

W-boson rriasls |

- = HL-LHC + LHeC PDFs M Amw = +
- Vs =14TeV, <uw> =2 Il Stat. ® PDF 200 pb' - Direct measurements
—my fomme &pL <4 I st oPOF 1T - LEP2 *
= I FoF - Tevatron .-
- N ATLAS @
| B CDF
- Indirect determinations
- - LHeC-50 —
. E LHeC-60 ——
- . FCC-eh =
. - FCC-eh + LHeC-60 —
: - arXiv:2203.06237
- . PDG [2020] °
CT10 CT14  MMHT2014 HL-L . 180|351 L . OI 2 .
with LHeC my, [GeV]
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sin26y prospects @ HL-LHC

LEP-1 and SLD: Z-pole average
LEP-1 and SLD: Arg

SLD: A

Tevatron

LHCb: 7+8 TeV

CMS: 8 TeV

ATLAS: 7 TeV

ATLAS Preliminary: 8 TeV

HL-LHC ATLAS CT14: 14 TeV
HL-LHC ATLAS PDF4LHC15,, . 14 TeV
HL-LHC ATLAS PDFLHeC: 14 TeV

ATLAS Simulation Preliminary

023

0.231

2n/
sin Oeﬂ

EPS-HEP 2025, Marseille, France
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Precision of W mass and effective electroweak mixing angle

W mass uncertainty prospects @ HL-LHC

[ ATLAS low-<pu> HL-LHC prospects J

my, Uncertainty [MeV]
o B o o o

—
o

P lllllllllllllllllll

o NN~ OO 0

= | | | |
~ ATLAS Simulation Preliminary

-~ Vs =14 TeV, <u> =2 Jl Stat. © PDF 200 pb”
C |
—my frommy &prinf <4 N giat @ PDF 1 1

I POF

CT10 CT14 MMHT2014 HL-L

with LHeC

W-boson mass | |
HL-LHC + LHeC PDFs ¥  Amw=+[2 MeV
Direct measurements
LEP2 °
Tevatron .-
ATLAS °
CDF ——
Indirect determinations
LHeC-50 ——
LHeC-60 e
FCC-eh ——
FCC-eh + LHeC-60 >
arXiv:2203.06237
PDG (2020 | ° |
80.35 80.4
m,, [GeV]

sin26y prospects @ HL-LHC

LEP-1 and SLD: Z-pole average
LEP-1 and SLD: Arg

SLD: A,

Tevatron

LHCb: 7+8 TeV

CMS: 8 TeV

ATLAS: 7 TeV

ATLAS Preliminary: 8 TeV

HL-LHC ATLAS CT14: 14 TeV
HL-LHC ATLAS PDF4LHC15,, . 14 TeV
HL-LHC ATLAS PDFLHeC: 14 TeV

ATLAS Simulation Preliminary

llllllll T

LHeC PDFs will shrink uncertainties in HL-LHC measurements of many
(not only electroweak) parameters dramatically

Top and Electroweak Physics at the LHeC
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Expected measurements of Wtb couplings

8 1-.u ) ) - arxiv:1307.1688
L__ by ‘/tb L JR tWﬂ Kumar, Ruan, to be publ.

= 1 in SM o
— 10 _
- QV@L R)tW +h.c.
u
N2 M,
LHeC
] 0.07 . . .
DI r ion B =4 frl=+0.5
0.06 1 gm top+bckag. |
E o005t
o)
=
5 004 |
o)
©
= 003t
0.02 |
0.01
P n8 w4 3m8 w2 Sw8 3w4 Tn8  wm
S ok, ST, ePDrE S A ¢)l:.’l‘misl
+ other variables sensitive on W helicity
( )
Vud vus Vub
VCKM - Vcd Vcs Vcb
\vtd vts \/tb )
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Expected measurements of Wtb couplings

=1 in SM

L= Ebr GG

hadronic channel:

GG
\/Eb M. ), < )JtW, +hec.

arXiv:1307.1688
Kumar, Ruan, to be publ.

Anomalous Wtb Coupling

IR fr

fR

LHeC HL-LHC, 3000fb~! (Re)

-0.28,0.32] | [-0.17,0.19

-0.05,0.02]

CC DIS top production oz

P

$ including beam energy uncertaint
IV, I 'and IV, | mot fixed, unitarity enforced
s

INLO (JHEP 02 (2021) 040) w. PDF4LHC21 (J. Phys. G 49 (2022) 080501)

ATLAS+CMS Preliminary

arXiv:2310.01518
tw

JHEP 05 (2019) 088
ATLAS 13 TeV(@3.2b™)
JHEP 01 (2018) 63
CMS 13 TeV(35.9fb™)
JHEP 10 (2018) 117

s-channel:

JHEP 05 (2019) 088

all channels: s
LHC Comb 7+8 TeV "(1.17-20.3 b ™)
JHEP 05 (2019) 088

LHC Comb 7+8 TeV "*(2.05-20.3 fb "

VC
f V - meas
| Lv tbl Gtheo

Ac, :scale® PDF® o (t- and s-channel

LHCfopWG
o AG,..: scale® PDF (tW)
* Preliminary
theo”
Mygp = 172.5 GeV
t-channel: v2 . )

LHC Comb 7+8 TeV ""(1.17-20.3 fb™ HeH
JHEP 05 (2019) 088 :
CMS 13 TeV*35.9 1™ —tod—i
PLB 800 (201 9)2(]35042 :
CMS 13 TeV ™" (35.9fb™) Foif
PLB 808 (2020) 135609 :
ATLAS 13 TeV "(140 fo™) Ead
ATLAS-CONF-2023-026" :
ATLAS 5.02 TeV "(255 pb™)

—e—

November 2023

——t—
) total theo

[fLy Vil £ (Mmeas)+ (theo)
1.02+ 0.04 = 0.02
0.98+0.07+£0.02

0.988+ 0.024 (stat® syst)
1.016+ 0.031 (meas® theo)
0.94+ 0.11 (meas® theo)

1.02+ 0.09 = 0.04
1.14+0.24+ 0.04

LHC Comb 8 TeV '*(5.1-20.3 tb™") I—H—|

HeH

0.94+0.07+ 0.04

0.97 + 0.15+ 0.02

1.02+ 0.04 + 0.02

1.000+0.01
LHeC [100 fb-1 H (expected)
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Ifuy Vil

T T Illllll T T T

1
R

T HL-LHC, 3000fb~" (Zm)

-0.30,0.32] | [-0.19,0.18
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Expected measurements of Wtb coupl

=1 in SM

L= Ebr GG

Dutta, Goyal, Kumar, Mellado,
arXiv:1307.1688
Kumar, Ruan, to be publ.
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Search for Anomalous tty Couplings
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Physical Review D 88, 094007 (2013)
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Lizz D

Search for Anomalous ttZ Couplings
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Top Quark Yukawa Coupling and CP Nature

rapidity difference (H,t)

I
0-
-

top polarisation angular asymmetries (bz,l1-)
T 0.8 v v v v v v |

“ scalar O l-;:.'.-lmogv ...........
" . G =22 0.7 :
o0s | “(flipped sign) == - < :

scalar

------------------- e T
. a

/o do/d(Ay,,)
;.
~
c
-
™

Asymmetry

Top Polarization

oo TNM)
plpseudo- SN | | W S
scalar T O\
0 M N M B TP 0.2 A a " : N
0 0.5 | 1.5 2 2.5 3 0 w4 n2 3w/ x 0 w4 n2 In/4 n
B. Coleppa A¥i & .
M. Kumar — ——
S. K __M. S e
‘ ‘ . M:T::do CP-even L » f[kcos; +iyssind,|th )
parton level |  ppog. prett. B770 (2017) 335 (flipped sign) -~ . o .
" N O/10 - HL-LHC - - LC: analysis of
wEEl .
ﬁd ucial i"Cl- cross_section 4t/5 :ES Phys. Lett. B761 (2016) 25 — ) CP nature prOfItS
) ) ) 77/10 \ LHC, 3000 fb~1@14TeV _ |, from dlreCt
3m/5 : roduction at
CP_Odd o 12 N L 3 p .
high energies
271t/5 -
z 37/10 - 2
° /5 1
CP-even ™ \
(SM) 0 0
| 10 100 1000
0.1 0 x; ” t;2 3,;/ ” - Luminosity [fb™'] T
g, - pOWEI’fUl pFObe 10% uncertainty on -1 OO " O 17
of ttH coupling background yields lK — 1.UU L V. |

Top and Electroweak Physics at the LHeC - Christian Schwanenberger - EPS-HEP 2025, Marseille, France



Conclusions

This includes electroweak and top quark measurements

An electron-proton facility represents a seminal opportunity on its own but also in particular in
combination of pp with ep

here only some examples of the studies carried out are presented

Our future hasn't been written yet.
Our future is whatever we make it.
So, let'’s make it a good one.

(Doc Brown)
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Anomalous FCNC tuy, tuZ Couplings

I. Cakir, Yilmaz, Denizli, Senol,
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FCNC Top Quark Couplings

FCC CDR, Eur. Phys. J. C 79, no. 6, 474 (2019)
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Determination of the strong coupling

. , ———— | | | |
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Expected measurements of Wtb couplings

in SM

8 1-.u ) - arxiv:1307.1688
L__ by ‘/tb L JR tWM Kumar, Ruan, to be publ.
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Status of the facility: Energy Recovery Linacs (ERL)

e Demonstrating ERL: scalability is critical path

e Prototype (PERLE @ IJCLab / Orsay) implementation started

e First stage (one turn) by 2028, 3 turns in 2029
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©® Completed '001,,,0\ .
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Electron DC-gun

— first 10 MW
ERL facility
HV tanks

|

- Christian Schwanenberger -

multi-turn ERL based

on SRF technology
(3-turns, 500 MeV, 20 mA)
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®
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R&D Need: Detector Design

_Mmmeesenl  Bur. Phys. J. C 82 (2022) 1, 40

Compact

13m x 9m (c.f.
CMS 21m x 15m, :
ATLAS 45m x 25m) W e — . —
Hermetic | = lm \
- 1o tracking ¢ s
acceptance ; ; Ny

forward & S, 2
backward |

Beamline also
well instrumented

- 326

FCC-eh: 19m x 12m

- 156

FCC-eh Detector

- 05

. /A

........

........

Could be built now, but many open questions:

- a shapshot in time, borrowing heavily from (HL)-LHC (particularly ATLAS)
- possibly lacking components for some ep/eA physics (e.g. Particle ID)
- not particularly well integrated or optimized

... synergies with EIC, LHCb, ALICE3, future lepton colliders still to be explored
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Estimates of sustainability

1375 All Numbers [em]

LHeC (>50 GeV electron beams) o
E.,.=0.2-1.3TeV, (Q%x) range far beyond HERA
run ep/pp together with the HL-LHC (= Runb5) o
.h - 1" e
LAr-EMC-Barrel 1 TCP:, ﬁ—r N —
N Tracker Fwd b 10 Yraoker Tracker Bwd p/A

BHC-Plug -Bwd
- M .

164
23

Loss compensation 2 (90m)

o ‘sustainable’
acceleration:

~100 MW (similar to
LHC today)

® green technology

Loss compensation 1 (140m)
60 GeV ERL

Not to scale

Linac 1 (1008m) R

— aspects of sustainability are
being collected and reviewed

Arc 1,35
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\_

Injector

Linac 1

Injector

Matching/combiner

plitter

Arc 2,46

50 GeV ERL Arc 2,4,6

(3142m)

Bypass

\

Linac 2

by a dedicated working group
of the LDG (Lab Directors

Linac 2 (1008m)

Group), in due time this report . o™ Matching/combiner (31m) Pine Dt

PERLE 250 MeV

will become public
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Costs and personpower

CERN-ACC-2018-0061, ATS report approved by

director of accelerators, Frederick Bordry » 1-1.8 BCHF: in 10 yeéars means ~8-14% Of the
_ CERN annual budget

Budget Item Cost30GeV = 50GeV o detector: ~few x 100 MCHF, presumably mostly
SRF System 402MCHF +26MCHF ~ coming from contributions via an experimental
SRF R&D and Proto Typing 31MCHF collaboration, so not core CERN funds

Injector 40MCHF » Considering electricity price of 0.1CHF/kWh:
Magnet and Vacuum System 103MCHF additional operation cost for the LHeC at around
SC IR magnets 105MCHF 15MCHF to 30MCHF per year (similar to LHC)
Dump System and Source SMCHF : : _

o accelerator implementation: total personpower

Cryogenic Infrastructure 41.5MCHE t28MCHE  need of ca. 2500 Person Years (2300 of CERN
penera Infrastructure and S8SMCHF staff plus personpower from international

Civil Engineering 289MCHF collaboration S)
Toal ____ 107SMCHF = 137IMcuF  ©® operating the LHeC: with only one experimental

insertion of one proton beam and ERL facility is
comparable to the needs of to HL-LHC with two
proton beams and 4 experimental insertions

costs: 2018
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Effective electroweak mixing angle

< > arxiv:2203.06237
0.25
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Log10 Q [GeV]
— probe large range of scale dependence ol L - . FCC-eh o
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[arXiv:2007.11799] 0231 02315  0.232

2
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[ Am,, = +4.5MeV j

(includes PDF uncertainty of about 3.6 MeV)
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Measurement of |Vid]

V'LLd V’LLS Vub 24;—~,,’.’:’T9V@:°:’:@LH°C ‘ LHeC ‘ _53: — LHC
V=1V Ves Vo 4 T
™~ similar 2
VM| = 857510009 x 1073 >
] — |Vid]| <0.05
10_— 50TeV@:(::‘|:\;@FCCeh ‘ FCC ~ e p‘ -'3:
° 20
s
w'c
DELPHES 5
Hao Sun to be publ. g
— |Vwd| <0.02
- 1(132 | T
v at 20 C.L.
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Measurement of |Vid]

261 LHC. 3000 fb~'@14TeV
Vu d V'U,S Vub LHC _z— 7TeV©60GeV@LHeC ‘ LHeC ‘ "o
22; Pe=08 ™ H L_ LHC
V=1 Veg Ves Vi
; e, arXiv:1709.07887

|&— 50

Vid) Vis Vb
‘II') ™ similar

VM| = 857510078 x 1073

«—— 30
+— 20

VgV |

2077, |Vl <0.05
L[fb ]
r — +-— 20-
10; e Pe::.a e ‘Fcc_ep‘ =30
S
U)_c 7_
DELPHES Nl
Hao Sun to be publ. éf j‘
1 — |V <0.02
— extend HL-LHC limits =~ .5 |
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Top Quark Polarisation

Atag, Sahin,
PRD 73, 074001 (2006)

cosO: angle between charged
lepton and spin quantisation
axis in top rest frame

1 dI' 1 Ny — N
I'r dcos@ 2( +Apacosd) Ay Nt + N
P —
05t | LHeC | SM
using simply e-beam axis: | Ee=60 GeV
- m 0.7 +
polarisation: Py = 96% 5 |
TESLA +HERAp: f ol fR=02
Vs=1.6 TeV =
Line=20 fb-1 03 | e
.l accuracy of order 10-2
19.7 fb-1: ATl = 0.26+0.11 , [ . assuming 10% systematic uncertainty

-0.8 -0.6 0.4 -0.2 0 0.2 0.4 0.6 0.8
JHEP 04 (2016) 073 cosf
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Top Quark Parton Density Function

LHeC CDR, J.Phys. G39, 075001 (2012)

parton momentum fraction

six-flavour '\ —
variable number b
- /scheme for top
1071 —cfns , quark t
...... . massless

logQ?%/GeV?

® in 6 flavour number scheme, top receives at Q2~mi2 certain fraction of the proton's momentum
® need to understand what a “top PDF” is in the framework of parton model

— LHeC offers new field of research for top quark PDF
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Top Quark Structure Function

100

Boroun, Phys. Lett. B744, 142 (2015)

N v Q°=100
- -1 _ 10 s ‘ LHeC ‘ e Q°=1000
Line=10 fb variable flavour S A 82_10000
Ec=60 GeV number scheme 1 . s
for top quark ° A
ﬁy 0.1 o A
o A
o A
— ® A
G 0.01 v v o A
“LLN v ® A
o
1E-3 v, .
t v -
v
1E-4 v
2 2 v
t 1E-5 Q < 4mt
1E-6 | L | oo rrerTn voor e rerTn oo rrrT !
g t— 10 100 1000 10000 100000
T

7 = (14 4m%)1+>‘Q2($B )A

Q? Q" o
'4 2
r=2g(14 g;t)

— LHeC/FCC-ep opens up a new field of top quark PDFs
and to unveil the complete flavour structure of the proton
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Search for Anomalous ttZ Couplings

Bouzas, Larios,
Physical Review D 88, 094007 (2013)

q
. |__property | precision |
q EDM: K / Kz | 0.20-0.28/0.6-0.8
MDM: Kk / Kz | 0.05-0.09/0.9-1.3
%
| LHeC| E.=60 GeV
4
10% and 18% accuracy assumed
tt Kz | -
DIS ' ‘ ’
05 - =
0L i
-05 ! -
MDM e : - EDM i
—16 B 1 | ’/1 1 | 1’, 1 | 1 1 ] | 1 | 1ﬂ | 1 L | 1 \ | L L | 1 | | 1 |
0.1 0 0.1 02 , -0.2 0 0.2 P
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