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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
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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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Deep Inelastic Scattering at the Energy Frontier
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1.2 TeV ep collisions cover the (Q? x) plane - General Purpose Experiment
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; direct searches for new physics
unigue environment: eq only EW interactions
e.g. heavy v, darky, axion-like particles

EW, Higgs and top quark physics
Am,, ~ 3 MeV, A|V,,,| ~ 1%, top-quark FCNC
Asin?0,,°" ~ 0.0002 (full scale-dependency)
weak neutral couplings to light 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
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a new discovery frontier
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Deep Inelastic Scattering at the Energy Frontier

1.2 TeV ep collisions cov

er the (Q% x) plane = Gene

xperiment
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direct searches for new physics
unigue environment: eq only EW interactions
e.g. heavy v, darky, axion-like particles

EW, Higgs and top quark physics
Am,, ~ 3 MeV, A|V,,,| ~ 1%, top-quark FCNC
Asin?0,,°" ~ 0.0002 (full scale-dependency)
weak neutral couplings to light quarks ~ 1%
Higgs couplings largely improved wrt HL-LHC
improved SMEFT fits (accuracy & degeneracy)

W

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
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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 ]

BSM Physics at the LHeC and FCC-eh - Christian Schwanenberger - EPS-HEP 2025, Marseille, France 7 ug;i,;;mrgﬂuuf
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Complementary searches for new phenomena

8 Searches for Physics Beyond the Standard Model
8.1 Introduction. . . . . . . . . . . . ... e
8.2 Extensions of the SM Higgs Sector . . . . . ... ... ... ......
8.2.1 Modifications of the Top-Higgs interaction . . . . . . .. .. ..
8.2.2 Chargedscalars . . . . . . . . . . . . . ... ... ... ...
8.2.3 Neutralscalars . . . ... ... . ... ... .. ...,
8.2.4 Modifications of Higgs self-couplings . . . . . . ... ... ...
8.2.5 [Exotic Higgs bosondecays. . . . . . ... ... ... ......
8.3 Searches for supersymmetry . . . . . . ... ..o
8.3.1 Search for the SUSY Electroweak Sector: prompt signatures . .
8.3.2 Search for the SUSY Electroweak Sector: long-lived particles .
8.3.3 R-parity violating signatures . . ... ... ... ... .....
8.4 Feebly Interacting Particles . . . . . . ... ... .. ... .......
8.4.1 Searches for heavy neutrinos . . .. ... ... ... ......
8.4.2 Fermion triplets in type Il seesaw . . . . . . .. ... ... ..
8.4.3 Dark photons . . .. .. .. ... ... ..
8.4.4 Axion-like particles . . . . . . . . . . ... . oo
8.5 Anomalous Gauge Couplings . . . . ... ... ... ... .......
8.5.1 Radiation Amplitude Zero . . . . . . . . . . ... ... ...,
8.6 Theories with heavy resonances and contact interaction . . . . .. ..
8.6.1 Leptoquarks. . . . . . . . . . ... ...
8.6.2 7’ mediated charged lepton flavour violation . . . . . . . . . ..
8.6.3 Vector-likequarks . . ... ... ... ... .. .. ... ...,
8.6.4 [Excited fermions (v*,e*,u*) . . . . . ... ... L.
8.6.5 Colour octet leptons . . . . . . ... ... ... ... ...,
8.6.6 Quark substructure and Contact interactions . . . ... .. ..

+others published afterwords

LHeC and FCC CDRs:

leptophilic DM, non-resonant BSM and several
di-Higgs, heavy majorana neutrino, dedicated ~and much more
exotics higgs ... publications
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Complementary searches for new phenomena

» ep collider is ideal to study common features
of electrons and quarks with

- Electroweak / Vector Boson Fusion
production, Leptoquarks, forward objects, long-
lived particles, Dark Matter

» Differences and complementarities with pp
colliders

» Some promising aspects:

- small background due to absence of QCD
interaction between e and p
- very low pileup

» Some difficult aspects:

low production rate for NP processes due to
small center of mass energy

— only a few specific examples given here

BSM Physics at the LHeC and FCC-eh - Christian Schwanenberger - EPS-HEP 2025, Marseille, France



Hidden, Dark Sectors

* New physics models predicting long-lived particles gained lot of attention in the past few years

— Hidden ) dark sector Portal Coupling
Vector (Dark Vector, A),) € _F' BW

2cos Oy~ nv

Scalar (Dark Higgs, S) (uS + AgsS2)HTH
* Might be difficult in certain regions at hh Pseudo-scalar (Axion, a) | &F, F™, £G;,,GP, %@7u75¢

Fermion (Sterile Neutrino, V) | yyLHN

— populated by feebly interacting particles

— Large backgrounds and high pileup

— detector dimensions and geometrical acceptance

— [e.g. short-distances are hard to cover for hh]

— At LHeC (and FCC-eh), one can reconstruct C B
displaced vertices and as such be sensitive to € Ineraction s, P
non-promptly decaying, light new particles o

benchmark value is r, = 40um (~ 5 nominal detector
resolutions); pt threshold for reconstruction of a single
charged particle is chosen as 100 MeV

'Ct A detector allows detection of secondary vertices displaced by O(0.1)mm

BSM Physics at the LHeC and FCC-eh - Christian Schwanenberger - EPS-HEP 2025, Marseille, France 10 Ummﬂm



Search for Dark Photons

» have masses around the GeV scale and E—
their interactions are QED-like, scaled P o/<—e

with the small mixing parameter ¢

- Y
0.001 ]
| 90% CL
4
e 5.x10
-
y o~ L__-i Nbkg=0, signal efficiency = 100%
w 1.x107 . Nbkg=0, signal efficiency = 20%
p X —
| ! Nbkg=100, signal efficiency = 100%
B , 5.x107° --
€ . Y . Nbkg=100, signal efficiency = 20%
> e
LHCb pr(X) =5 GeV
1 ] x 10_5 ||||||||||||||||||||||||||||||||||||||
01 02 03 04 05 06 0.7 0.8
p S . X m, [GeV]
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Dark Photons

» have masses around the GeV scale and
their interactions are QED-like, scaled
with the small mixing parameter ¢

c
- ft
100 &
- uC3 __
. LHeC ko
e 102 i = [uC 10
\E {6’@0 X E
e > > ‘ 4 Yy -y | - - = W -
R | e AN
. N 10—4 ‘i-.\%,.v-‘:ﬂ) Ly FCC-hh
" S Fochh TUUO8
p . R X e ~ N
10 Faser FP
_ / . /.
€ > ! 1 A6\
> o 1078 B SHiP
10—10 Lo ol Lol Ll L 11 11E§PP11J lzqzlqzlllireli}llilnlalrlylu
10~3 10~2 101 10° 10! 102
p > > X mA/ [GEV]

BSM Physics at the LHeC and FCC-eh

- Christian Schwanenberger -

10°
— covering complementary region

Interactif).nM
[ ] ° - .’

X

he

LHeC allows detection of secondary vertices displaced by O(0.1)mm

Bellell, 50 ab—1!

LHCb Run3, 25 fb!
LHCb Runé, 300 fb1
HL-LHC 6 ab~!

FCC-hh 85 TeV 30 ab~!
LCF 250 GeV 3 ab~!
CEPC 90 GeV

CEPC 250 GeV

FCC-ee Z-pole, 205 ab~1
FCC-ee Combination
FCC-ee 365 GeV, 2.7 ab™!
MuC 3 TeV, 0.9 ab—!
MuC 10 TeV, 10 ab~!
FPF, 3 ab~!

Faser 3 ab~!

NA62, 108 PoT

NA64, 5 x 10'2 EoT
SHiP, 15 years

LHeC, N=10 exp. A’ decays

EPS-HEP 2025, Marseille, France



Search for heavy neutrinos

Heavy sterile neutrinos

Three Generations

cuam(Femo'rl\s)smnwm N MEG: e2=|aea”| — LHeC (LFV): 92=|899p|
“ @ [r ----- DELPHI: ©*=|6]>  — FCC-he (LFV): ©°=|6,6,|
d ) E[ . — ATLAS: 0%=[6,]2 - LHeC (displaced): ©2=|6, |
‘\\ / LHCb: ©°=|6,| FCC-he (displaced): ©*=|6, |
*v J e/ . . - :@%=16,]12 ~he (displaced): ©%=|6, |
d 5 xml:i 1 I . 10'3 —— —— . T—

----------
-

active-sterile mixing angle

q >

+ many backgrounds included

! 1
\\ ]
. 1
-7 N 1
: \ L
b \\ '
b . I
L N I

-
\\\\\
_______
---------

3
a.
10 4
4
“ L4
S -
-----
-~ -———
---------

' arXiv:2007.14491

10“9_. . . . [P . . PR PR

5 10 50 100 500 1000
My [GeV]

arXiv:1908.02852
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Search for heavy neutrinos

Heavy sterile neutrinos

Three Generations

ST — MEG: 0%=|6,6,| — LHeC (LFV): ©°=|6,6,
“ — @ [r ----- DELPHI: @°=|8]|2 — FCC-he (LFV): ©°=|6,6,|
\ ) r[[ . — ATLAS: @%=(6,|2 LHeC (displaced): ©=|8, |2
N / e .a2-1a 12 _ . a2-10 12
N\ _ g/ J ﬂ’,,,/ . . LHCb: ©%=|6,| FCC-he (displaced): ©2=|6, |
V’ _,e ‘.E'.. i . [ S

o
L

active-sterile mixing angle

€ S ——— ———————— T 2 S
e _
107>
W_
i q - -
+ many backgrounds included ' ',
a 1077 i
s N ; A
e € " " | gl N i
Ax 107 |
..."ll........ _____________
J W- J > e . |
arXiv:2007.14491
10"9_ . . PR R R . . PR SR ——
~ , 5 10 50 100 500 1000
' p
- - / My [GeV]
arXiv:1908.02852
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Search for heavy neutrinos

Heavy Majorana neutrinos in T final states _ _
— Heavy sterile neutrinos

1 " Pl — MEG: ©=|6,0,| — LHeC (LFV): ©°=|6,6,|
° o " 20FCCehL > [[ DELPHI: @%=|6]2 — FCC-he (LFV): ©°=|6.6,|
107 O —o2oHecH / /| E ~ 0 Wy b b e T i i b
L 0k —zorccanf IEM — ATLAS: 0%=(6,]2 - LHeC (displaced): ©=|6, |2
> 4 b
R e S R - « g/ v v — LHCb: @=|6,|2 FCC-he (displaced): ©?=|6, |
105 000 s V i 7 : 3
10° arXiv:2210.17050 d s e ] ...E.. 4 I : 10 j
S T ’
my, [GeV] LFV 10

active-sterile mixing angle

€ > o
Pt A~ SR R
105!
W_
¥ q > =
+ many backgrounds included N
a 1077 A
‘; N A
. e > > || 4l N, T
Ax 107 ;
B ...""l-..f....b ________________________ j
J 144 J arXiv:2007.14491
10“9__ N . PR S ST | A . —taaaaJ
~ , 5 10 50 100 500 1000
g = : / My [GeV]

arXiv:1908.02852
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Search for heavy sterile neutrinos

FCC CDR, Eur. Phys. J. C 79, no. 6, 474 (2019)
arXiv:1612.02728 [hep-ph]

—
-
o

active-sterile mixing angle

[W—
o
dn

FCC-eh

O

50 100 500 1000
M [GeV]

— complementary prospects for discovery in ee, ep and pp
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Search for axion-like particles (ALPs)

—TI 150 GéV
1, = 300 GeV
0.8 —m, = 500 GeV
m, = 700 GeV
—m, = 900 GeV
e, = 1000 GeV
0.7F oo background 8
»0.6
S
>
0.5
=
3
\’g 0.4rf 1
S --
Zo03f
0.2} :: ]
0.1f = J L ]
0 -I_"IJ ] ..... &4—_‘
0 200 400 600 800 1000 1200
m..+.- (GeV)
0.25 .
—_—m, =15 GeV
——m, = 30 GeV
—_—m, =50 GeV
m, = 70 GeV
—m, =90 GeV
0.2k l\ ———m, =100 GeV ]
: v background-v, jbb
vrooon background-ve g g
3
S
= 0.15
&S
]
B
IS
= 0.1
Q
=
0.5} (7.
O ) N " . S —— A .
0 100 200 30 400 500

P} (GeV)
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Search for axion-like particles (ALPs)

Phys. Rev. D 107, 115025 (2023) LHC

= ! BLEAALL L . . -
C oI
’ ) mg e "
a € .
- a e ] [
. — e
. = e 4
—m, = 1000 GeV r
0.7k v background g -
2 0.6} : C - o
f——oVTTV . ———— e} }
S ' ]
O
o I - L HeC 1
Y -
A ] -
: () 4

E ¢ p —=, ja (a—bb) (this work)
[ e p—=uv. ja(a— ' i) (this work)

0 200 400 mii? (GeV?OO 1000 1200 1 0-2 D Photons (1 -Ioop)
' =t | -
0.2 :E;gfs;vﬂbb - 3 Rare meson decays (1-loop)
‘i1 background-ve 10 U I

3 . 'Nonresonant ggF (LHC)
i i [ ] Nonresonant VBS (LHC)
s 10° 107 10" 10° 10’ 10° 10° 10°

0.05-55 : m, [GCV]

o — promising sensitivity beyond LHC reach

400 500
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Anomalous FCNC tuy, tuZ Couplings

I. Cakir, Yilmaz, Denizli, Senol,

Signal Karadeniz, O. Cakir, Adv. High Energy J)
hys. 2017, 1572053 (2017 _ § : q v
q=u,c
b-tagging
: 130<Mwb<190 GeV
u, c wr v,q
TS A s0<my< 100 GeV
4x10° |
p > 5
DELPHES 3.5x10
v o = —__ StBwiza Ae=A=0.03 3X10-5 ”
) = BwH.zu
c t — b 9 5 |
g " } — T 25x107 |
3. Y —
< - bt s £ 20
T Ty o 0.617 b c 5 |
- 0z= 0. - !
= R Oe0.415 pb g 15x10° |
= Ty, 5
00 £ +, T oty 1x10° |
o B e e e 108 E -eh i test exotic models
5 X ' : - ; ] .
ES_M *ﬁ ...... A I S A N : Ieadlng to FCNC
mooE  ee®® mwmﬁw“#m T | e i s - ¥
50 100 150 300 350

m{GeV] V) 3 35
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FCNC Top Quark Couplings

FCC CDR, Eur. Phys. J. C 79, no. 6, 474 (2019)

95%CLupperlimits <@ ATLAS <® oMs complementarity
Each iimd aseumes that (1) JHEP 02 (2017) 079 [2) ATLAS-CONF-2018-049 f I I = d
of other (V0000808 819 2070 [3] JHEP 06 (2018) 102 [4] JHEP 04 (2016) 035 OoT1 colllaers
[5] EPJC 76 (2016) 55 [6] JHEP 02 (2017) 028
Theory predictions [7) CMS-PAS-TOP-17-017 (8] JHEP 07 (2018) 176
from arXiv:1311.2028 (9] JHEP 07 (2017) 003
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High Mass Searches at the LHC via EFT

Model ATLAS (Ref. [702]) HL-LHC
L =36fb~! (CT14nnlo) L =3ab ' (CTl4nnlo) L =3ab ' (LHeC)

LL (constr.) 28 TeV 58 TeV 96 TeV
LL (destr.) 21 TeV 49 TeV 77 TeV
RR (constr.) 26 TeV 58 TeV 84 TeV
RR (destr.) 22 TeV 61 TeV 75 TeV
LR (constr.) 26 TeV 49 TeV 81 TeV
LR (destr.) 22 TeV 45 TeV 62 TeV

— considerable improvement (up to factor 1.7) in reach of
hew physics mass scale using LHeC PDFs and o
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Conclusions

This includes direct and indirct searches for new physics

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

here some examples of the studies carried out are presented, more could be done

- . AP s gt S s
» M o : ' \ .
bt > ’ 3 & \
257 ol N3
N I ‘JO-‘- »
: "
//. W , y
\ »
-»

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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Search for new scalars

» Interpreting the results for a specific model, where lifetime and production rate
of the LLP are governed by the scalar mixing angle

» The contours are for 3 events and consider displacements larger than 50 um to
be free of background.

D ;
NE 10_2 = European gateg\y A — e ILC.Z 0
7 -3 - <eszr2.CEPC,Z
10_4 P FCCee, Z 0 FCC-ee
10 '.“.“'TeraZ
107>
107° I

(‘LIC'.~ 8” St

m— == HL-LHC, 6 ab”, h - NP
------- HE-LHC, 15 ab™, h - NP
e SHIP - 2 10% pot

B ¢ " § g LS.h SQ
10 7 | “.t' E § \l\) S

-10 ~——— FASER2- 3 ab"
10 ——— CODEXb - 300 fb™
1 0—1 1 MATHUSLA200 - 3 ab™
we == |LC,,,, 6.2 ab™, h — NP
1 O— 12 w== == CEPC, 5.6 ab”, h — NP
{ | ICCEREEE FCC-ee, 5.0 ab™, h —» NP
10” 13 ' T CLIC,,,, 1 ab™, h — NP
s wem CLIC, 0, 2.5 @b, h — NP
1 0—14 s CLIC,, 5.0 ab™", h — NP
1 O_ 15 | 1 = 1 1 " L 11
10~ 1 10 10°

— covering complementary region mg (GeV)
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Determination of the strong coupling

o O(S i S IeaSt kn own E;I - -IWorId average [PD(;24] - AILAS & gadron C(,Z\”iders PDG 2022
= = ¢ LHC and HERA dijets [NNLO, 2025] . —®- Category Averages
coupling constant 020 | e torshanes o, : ~@- Latice Average FLAG 2021
u Y EW fit poczg - -@- World Average PDG 2022
. - i -@- ATLAS Z P 8 TeV
e e 0.15 - — ATLAS ATEEC © 0.1185+ 0.0021
I | CMS jets ® 0.1170+ 0.0019
B | | H1 jets @ 0.1147 £ 0.0025
Q2 - e 1 HERAjets 0.1178+ 0.0026
0.10 - uture projections —  CMS finclusive ® 0.1145 + 0.0034
| ¢ LHeC inclusive jets - _ ' -
- ¢ LHeCay(m.) (DIS and jets) i Tevatron+LHC tt inclusive 0.1177 £ 0.0034
- 4 FCCee (Z-pole) = CDF Z P 'T_ 0.1191+0.0015
q > EH &l R ”:a( )’ m_;cm‘)n; HH AR H = Tevatron+LHC W, Zinclusive | T 0.1188+£0.0016
= = [ LHeC jets projection) LI:::ZZaZ(n'jIZ): 01d%pwror  C C Jotsishapes 3 tdecays and low Q° 0.1178+0.0019
S qot pLItromneHERA | FoCeeh) 012kemon  ~EWT E QQ bound states 0.1181+0.0037
P g 3 : 1 PDFiits o 0.1162 + 0.0020
g . 5 102 | T o'e jets and shapes o 0.1171+ 0.0031
p 2 10-2 i ] Electroweak fit | T 0.1208+ 0.0028_ _
Lo N Lattice 10— 0.1184 £ 0.0008
10 100 1000 10000  worid average @~ | - 0.1179+0.0009
1[GVl ATiaszp sTev T _'F'— """"""" 0.1183+0.0009
e s from fits to ep jet production ‘ LHeC ‘ R
ocs(mz)

LHeC CDRs and

LHeC simultaneous PDF+ag fit: arXiv:2203.08271 Achievable precision: 0(0.1%) - x5-10

’ Aas(mz) = iO.OOOZZ(eXp..FPDF) better than ’rodoy

» Aas(my) = +£0.00018 (with ep jets)

— considerable improvement of world average
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Status of the facility: Energy Recovery Linacs (ERL)

e Demonstrating ERL: scalability is critical path multi-turn ERL based
e Prototype (PERLE @ IJCLab / Orsay) implementation started on SRF technology
e First stage (one turn) by 2028, 3 turns in 2029 (3-turns, 500 MeV, 20 mA)

nuclear power plant

10° \ — - first 10 MW
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100 B a CDR: J. Phys. G 45 (2018) 6, 065003
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Electron DC-gun
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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 & N
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

Matching/s

\_

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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