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Accelerators:
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Accelerators:

FUTURE CIRCULAR COLLIDER (FCC) - 3D Schematic
Underground Infrastructure
John Osborne - William Bromiley - Angel Navascues
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DIS at v/s ~ 1.2/2.2/3.5 TeV, |ZLdt~1-2
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international collaboration bringing all
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Energy Recovery for HEP collider applications
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Accelerators:

FUTURE CIRCULAR COLLIDER (FCC) - 3D Schematic
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Detectors:

L=13.2 m [ FCC-eh: 9.3, about CMS size] mnmeersem =P | arge acceptance, precision

— e , .- i design determined by

E:élg n;] o2 kinematics (H — bb in CC).
-eh: 6. o

=¥ Low radiation (1/100 that of
~ ™  pp) enables sensitive

—*  technology such as HVY CMOS
" to be used.

=» Low field dipole inserted
before the HCAL to ensure
head-on ep collision;
conventional solenoid.

=» Forward (p,n) and backward

=» Modular structure for fast installation, fitting inside the L3 magnet in IP2.
(e,Y) tagging detectors.

=¥ Forward-backward symmetrised version would allow eh and hh
collisions in the same IP (2201.02436).
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Summary of physics:
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® ep/eA colliders are the cleanest High Resolution

Microscope:

=¥ Precision and discovery in QCD;
= Study of EW /VBF production, LQ, multi-jet final
states, forward objects,...

® Empower the LHC Search Programme (e.g., PDFs,
EW measurements).

® Transform the LHC into a precision Higgs facility.
® Unique and complementary discovery potential of

BSM particles (prompt and long-lived).

e It is also a yy facility.

e Overall: a unique Particle and Nuclear
Physics Facility.
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Summary of physics:
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® ep/eA colliders are the cleanest High Resolution

Microscope:

=¥ Precision and discovery in QCD;
= Study of EW /VBF production, LQ, multi-jet final
states, forward objects,...

® Empower the LHC Search Programme (e.g., PDFs,
EW measurements).

® Transform the LHC into a precision Higgs facility.
® Unique and complementary discovery potential of

BSM particles (prompt and long-lived).

e It is also a yy facility.

e Overall: a unique Particle and Nuclear
Physics Facility.
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QCD: parton densities

® For the Ist time, complete resolution of flavour and gluon parton substructure in single system/
experiment, in unprecedented kinematic range (no higher twists or nuclear corrections,...).
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® PDFs and a, crucial for HL-LHC: high precision electro-weak, nggs measurements

(e.g. remove essential part of QCD uncertainties of gg— H), extension of high mass
search range, non-linear low x parton evolution: saturation.
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QCD: parton densities

® For the Ist time, complete resolution of flavour and gluon parton substructure in single system/
experiment, in unprecedented kinematic range (no higher twists or nuclear corrections,...).

up valence distribution at Q? = 1.9 GeV? down valence distribution at Q* = 1.9 GeV? dv/uv distribution at Q% = 10 GeV?
[ 2_|||||||1||||||||||||||||||||||||||||||||||||_ 2_""|""|"|'|'"'|'"'|"|'|"'||""||"’_ o 1_ll|llll|llll|llll|llll|llll
o B . & B 9 > C
01.8— - 01.8— d . Q o gf [ NNPDF3.1
"6 - UV "5 B \Y, : O [ %% CT18
= 1.6 . = 1.6 S osh S MMHT2014
o [ o L -
1al . 14l . 0.7E CJ15 (T=10)
T i T C "t ww caisa=1.649
- - X .~ .F LHeC 50fb-1 (1st 3 yrs)
121 120 g § 0.1 Bl LHeC 1ab-1
’,';{;.g;%,& % E>7 : F (1/2) SU(G)
e — | — 2 05 -
: < - ’5::’ }}Ilﬁ’: ..... .u, --------------------- n
, 5 il S -
0-8 ; 0-8 fj' ""i!,!ll"l 0.4 n
|  ABMP16 34' . ABMP16 /o E
0.6 I NNPDF4.0 0.6/ B NNPDF4.0 | ".... S 0.3F ‘(0.28) DSE1
- 4 CT18 i : CT18 N <Ko 5
L = MSHT20 - f:g MSHT20 ) : . (0200 NJL, pQCD
0.4 HERAPDF2.0 0.4 HERAPDF2.0 0.2 <
- PDF4LHC21 B PDF4LHC21 - (0.18) DSE2
L LHeC 50 fb™ - LHeC 50 fb™’ [
02" mm [HeC1ab 02 om LH:C1 ab™ 0.1:
: B ] | | | (0) COM
cec o becnc e oo o becc B b O_IIII|IIII|IIII|III||IIIIIIIII'IIII ‘ ol b b biay 11 -
01 0.2 03 04 05 0.6 0.7 0.8 0.9 01 02 03 04 05 06 07 08 0.9 0.2 03 04 05 06 0.7 08 0.8
X X X

® PDFs and a, crucial for HL-LHC: high precision electro-weak, Higgs measurements

(e.g. remove essential part of QCD uncertainties of gg— H), extension of high mass
search range, non-linear low x parton evolution: saturation.
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QCD: parton densities

® For the Ist time, complete resolution of flavour and gluon parton substructure in single system/
experiment, in unprecedented kinematic range (no higher twists or nuclear corrections,...).

Ubar distribution at Q° = 1.9 GeV?
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® PDFs and a, crucial for HL-LHC: high precision electro-weak, Higgs measurements

(e.g. remove essential part of QCD uncertainties of gg— H), extension of high mass
search range, non-linear low x parton evolution: saturation.
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QCD: parton densities

® For the Ist time, complete resolution of flavour and gluon parton substructure in single system/
experiment, in unprecedented kinematic range (no higher twists or nuclear corrections,...).
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® PDFs and a, crucial for HL-LHC: high precision electro-weak, Higgs measurements
(e.g. remove essential part of QCD uncertainties of gg— H), extension of high mass

search range, non-linear low x parton evolution: saturation.
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QCD: a, and small x

® o, to per mille accuracy (incl.+jets): ® Breaking of standard factorisation: resummation
Aa(M,) (incl. DIS) = +0.00022,,,ppr,  aNd new non-linear regime of QCD, implications for

Aay(M,) (incl. DIS & jets) = % 0.00016 0, ppp, T (€:8 887 H).
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QCD: a, and small x

® o, to per mille accuracy (incl.+jets): ® Breaking of standard factorisation: resummation
Aa(M,) (incl. DIS) = +0.00022,,,ppr,  aNd new non-linear regime of QCD, implications for

Aay(M,) (incl. DIS & jets) = % 0.00016 0, ppp, T (€:8 887 H).

Am LI l 1 1 1 L L L I 1 1 1 LI L L l LI I
3 - — World average [ppa24]
=1 ii proton 137 AU
0.20 ¢ LHC. and FERA ogets pe.o, 203 p roton F, difference (%) go I CI F, difference (%)
= { e'e jets/shapes [NNLO+res] 60 6o
i ¥ EW fit ;poc24)
I 10° 10 10
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010 | _Future projections
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Implications: Higgs

‘e PDFs+a.

Vs [TeV] Ogq—sH |PD] TH uncertainty PDF+as uncertainty Total
measurements at Ref. 39 Ref. s2 | S2+LHeC | Ref 32 | S2+LHeC
the LHeC reduce 14 54.7 239% | 2.0% | 32% | 1.6% 0.5% 51% | 2.6% 2.0%

"~ , , O ‘ O 9 90 O O O ‘ O O
very strongly the 927 146.6 4.0% | 20% | 33% | 1.7% 0.6% 52% | 2.6% 2.1%
100 R04.4 42% | 21% | 3.7% | 1.9% 0.7% 56% | 2.8% 2.9%

corresponding
uncertainties in the
Higgs cross section.

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

125 GeV

114 F N3LO usmgfo PDFs -
‘ N°LO using res PDFs ™= ™=
N°LO+LL using res PDFs “F Hp =my/2
112 F N°LO+LLy,, using res PDFs — -~ — P
.0. PDFs: NNPDF31sx_nnlo_as_0118 1805.08785 /
1.1 [ res PDFs: NNPDF31sx_nnlonlix_as_0118 7
— / ’
9 1.08 -
. band: PDF uncertainty e
o 106
Re,
€ 104
102 [
1
0.98 [=—

8

10

® Also constrains
the mass in the

SM indirectly in 6
EWK fits (mostly 4

effect of myy).

8

2

e Sizeable effect of the type of factorisation at small x.

- Measurement
= EWK Fit (2025)
EWK Fit (HL-LHC + LHeC)

= Reduced Theory unc.
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Kinematic plane for nuclei

® cA collisions at LHeC/FCC-eh: region
presently explored in DIS extended by ~4

- NC DIS (1A} T B decades down in x and up in Q2.
_ CC DIS (vA) [CT I FPF
10° - ixed.target DY e ® Determination of inclusive and diffractive
105 - aice e il nuclear parton densities for a single nucleus,
T o " Teveur untoldng
£ .. LHCb fixed-target P e .
w0 ALICE FoCal o # e Studies of 3D structure.
| SHiP Al
° ST /| @ Saturation (ep & eA, nuclear enhancement).
0 A A
)| REREERD R s | e Flavour dependent anti shadowing, Gribov
Yo 1w we  we w0 w2 1w relation with diffraction,...

with strong implications on the pA/AA
programmes at the HL-LHC and FCC-hh.
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® cA collisions at LHeC/FCC-eh: region
presently explored in DIS extended by ~4
decades down in x and up in Q-2

]59 in A(xa Qz)

R, =
77 Afyree o(x, 0?)

HERAPDF2.0 NNLO, xFliter, Ay*=1
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o
™

oS ¢
-~

'1|||||||||||E

I|III|III|III|III;‘

o
N

o

(x,10 GeV?)

S
n

III|III|III|III|I

LHeC -

4 1 1 LT
1

Pb/p
Ve

rel’ "u,

LHeC+FCC-eh

R

HERAPDF2.0 NNLO, xFltter, Ay*=1

(x,10 GeV?) A

Anti-shadowing oE-
0.001 001 01 o e
2 4 567 3617 2 3 4 567 02—
l‘ld." LA | 1 1 lllll] | IIIIII""I 1 T P rri ll OE
«: l : _0_2:_.
| — -+ o —
|27 S o
10k 1 210 N Yy = LHeC LHeC+FCC-eh
_ E 2 m;,*’-a;_ |
- — Y —— e ] Lol
& E < 10° 10* 10° 102
~0.9F Fermi-motion T
= F o NMC Ca/D > 0; HERAPDF2.0 NNLO, xFltter, Ax*=1 )
- o SLACESTFeD = 8 LHeC LHeC+FCC-eh
= m SLAC EI39 Fe/ :
o A A E665 Ca/D o™
— Parameterization - 02
-------- Error in parameterization ~ .
sl ! 11(13111]....1 1 -ltlé“ 5_02
2 3 567 2 3 4 5617 2 3 567 |
: 0.001 0.01 0.1 EMC-effect S o
Shadowing X £ o
m_-0.8
e 4L | |
< 10° 10%
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Implications of eA on pA/AA:

® cA collisions at the LHeC will provide precise information on the partonic structure of nuclei
and the dynamics of dense partonic systems (a new non-linear regime of QCD which requires
ep and eA), relevant for all stages of HICs.

|

Gluons from saturated nuclei = Glasma? -2 QGP = Reconfinement

[B. Cole]

— LI B 'l L3 L] L] LR I]’
OTN . '\ ['ix&d Q) § 194 Ratio e Pbhi/ep [NNLO TUUUZ21) -
1 ' —v Yy YV Y . BB AR g i 1 - - = :
% U HERAPDF2.0 NNLO, xFitter, Ay =1’ ) a POF tinceftainty e-foles TU=1)
¢ | LHeC+FCC-eh _ DENSF B
y , REGION | 5
2 02 # @
) > =
s 0 (% wn
> N . @ . B
g_v : . P = [
Q. O, Iu e - eA 0°8- LHeC poeudo-data
m?,m g DILUTE . ‘. [ ¢ a-Pb/ep tmam)
(]» 1 ‘.’ﬁ.- et PR REGCION ' ' 07— PR T S S A Y |
h . 10 107
el
In A Py (GeV]
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Diffraction and 3D structure:

e Diffraction: probability of ep inelastic interaction keeping the proton intact (10-15 % at HERA).

° ° ° . ° k’ ] . .
; Inclusive dlffra;:gc;fn. preus;DF e—%X, e Exclusive diffraction: transverse
etermination of diffractive S. ‘ )ZL’{ -
(&) partonic structure, hot spots
10_‘ZEUS-LRG>< T —
A A ©) coherent ep—eXp versus
‘ P > — — _ . >k
p Y incoherent ep—eXp™), small x.
f)/* L 109 T Y*'_Ibpl_> p'+p T T T
,\/\l\l\]\’ My [P-Sat (Saturation)
< 106 et [P-Sat (l-Pomer.on) 3
(3 T + 5 /‘ \ T — g - [w= = | b-CGC (Saturation)
0 — _ g 10°F 9% 1402.483 |
P p' _?é _ i L '
=~ 10°F
,)* V '\8 -
— ~10°F
— Q=0,W_=1TeV
T—I—E/f %\T _5 106:_ ] ] I -|
,,,,,,,,,,,,,,,,,,,,,,,,,,, 0 I > q' 3 4
102 L1 N R RS R R B R R — —, |t|[GCVH]
108 107 10% 10° 104 103 102 107 P P
x = BE
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Quark and gluon GPDs:

~ 7

)

y *
7
r+ & / \ r —
p_

du}— e_l'sp-i-w—

/

<P’ TV, (o

27T

§

pl

| yt |
,;w .0’[‘) 7@//] (O.—;U) ,O’[‘

et i

)l

.
/

.1‘—1—5/‘5 %\‘I—ﬁ

p Y

coherent
p/A stays intact

r X (My)
: Largest rapidity
/ gap in event o
o O=F | ymy
breakup of A
Incoherent
p/A breaks up

e Coherent exclusive production of Y and VM yields information about q and g GPD:s.

LHeC 1206.2913

; * 6 * N —o— x=4.7e- —o— x=1.2¢-
N @+Pb — e+PbO+J/Y, Q2=0.1 GeV? ok e+Pb — e+PbO+J/p, @2=10-100 GeV? > 10° e tien o 2700
100000 = ======_—_=== ________ 10000 G ::_.__._—.— : ::z:::g: :z:fg::gz
10000 | Bttt T s st — == =S SSoIIIIIIIIIIIzIooooommm——mmee oo B b —o—+—'—_._
Al = Qq 1000 cecccceea It R —— '.'-.-_._ +_._ ——
> 1000 |- Rl A A\ I o1 . e e
Q100 | 8 10 B = *+++_._+ ' _._. ¢ ° .
% or B 10 -é :::_‘__._—0— —— ¢ ¢ :
S T = P BT B e S — .
a— 01 5 0.1 — _._++—.—_._ ——
g ol = g 10, T .
od] p— W=0.1 TeV, coherent 000 W TeV. coh o> B e o " *
K = S oo f 01 o coherent [ DVESE=50GeV dor—p—t
| — W=2.5TeV, coheren , =2. i = -
(R W=0.1 TeV, incoherent Ooooo_l --------- W:%? TSV’ iCnOcrcl)ehreerrgnt C i prycut=2 GeV, | fb+—+— '
1107 [ ==————-= W=0.81 T’eV, incoherent A0 cccaaae. W=0.813 T’eV, incoherent
w0t T WV=25 TeV.jricoherent, S S W=25 TeV.jricoherent, . T T
01 02 03 04 05 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
t[GeV?] ; “tiGevy 5 10 15 20 25 30 35 40
Q% [GeV?]
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Quark and gluon GPDs:

n f / 5 X (My)
€T r —
o _I f %‘ : L argest rapidity
P P . —_— /,' gap in event P
/ N Lo (e LY (My)
du- ] n | p p \}—’ PP’ breakup‘(;f_;—— "
/ ?w piEP W <P’|T$j (O, W OT) V_t/,j (0, —sw, OT) |p> coherent Incoherent
e 2 2 < c p/A stays intact p/A breaks up

e Coherent exclusive production of Y and VM yields information about q and g GPD:s.
® Incoherent excluswe productlon yields information about fluctuations: hot spots.

Pb+Pb— J/¥ +Pb+Pb, /s =502TeV,y =0
IOZO

103
- | | | 1| | | | 1 140.15
L 1T 1 1 do.10

A — Geometnc and Q. ﬂuctuauons in the nucleons
10
O Oo '
e 1
E of It : A
-, -1
= 8 ! 0.05 10—

1703.09256

10t

100}

do /dtdy [mb/GeV?]

= == No subnucleon fluctuations
10-2L

1 0 1 1 0 1 0.00 00 01 02 03 04 05 06 07
z|fm] z|fm] t| [GeV?
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LH.C =2 Summary:

1.2 TeV ep coII:s:ons cover the (QZ x) plane > General Purpose Experiment @ LHeC in the |andscape of pal'tICIE

5107? -~ direct searches for new physics phys|cs colllderS.
VA Eﬁcéhe + eA physics - unlq:eenwrc:jnmkent eq orl1l|3</EW|:telract|ons
- [ LHe e.g. heavy v, darky, axion-like particles : . Tt
0k +rrphysics g heawy v, darky : =?» Physics case on their own: QCD (precision
i EIC ——
10°- [/ BCDMS Z=— EW, Higgs and top quark physics " : ) .
e LIV Amy, ~ 3 MeV, A|V,| ~ 1%, top-quark FCNC and dlscovery In €p & eA ’ Evv’ tOP’ nggs’
104 A —N=—1 Asin20,,2% ~ 0.0002 (full scale-dependency) BS M
3 e = i weak neutral couplings to light quarks ~ 1% .
107= —F = PP v Higgs couplings largely improved wrt HL-LHC . . .
& JAH  improved SMEFTfits (acouracy & degeneracy) =?» Enlarge the reach of hadronic colliders into
o (A= L precision QCD physics (higher) precision, both for pp and for AA.
/ e = Aog~0.14% & running of o )
B _— - - - =0 PDF i t ki ti PR - -
aggET= -4  COVEIING A vastEnemETe rAnes =» Complementarities/synergies with hh &
I — g S ) non-linear QCD physics +
0”7 10° 107 10t 107 w07 10’ . a new discovery frontier e'e-.

e LHeC is not the next flagship project at CERN but it may serve as bridge
between HL-LHC and a new major project at CERN (2503.17727):

=?» Ultimate exploitation of the results of the LHC (e.g., my,, Higgs couplings).

=?» Physics program on its own: proton/nuclear structure and dynamics, EWV, top , Higgs, BSM.
=¥ |t facilitates technology (SRE ERL, detector) and physics (e.g., PDFs for pp and AA,
combinations of Higgs couplings, complementary regions on searches) for future projects.
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LHeC as a bridge:

® In standalone mode (ep/eA only), LHeC may be a bridge between major colliders at CERN,
between the end of the HL-LHC (204 1) and the next flagship CERN collider.

essential enabler for the
physics at any new high-
energy hadron collider

ultimate upgrade of
the LHC physics reach

Slide by . D’Hondt

. o | .

¢ Y - .\

= -
| | ’F .‘; .-‘ - '-- w
PR > —
-y . :
‘ ." / O N ¢ { o’ ) . " P’ .
i" ‘\ " .. ," —_ / ’ - = s .
. - » v,
| - el

i.e. SRF@LHeC as prototype series
and training for SRF@FCC-ee

fast-track to new and impactful fast-track to the optimal
opportunities at colliders for SRF performance of a H-factory &
attractive SM & BSM physics cost/risk reduction for SRF at FCC-ee

17
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LHeC as a bridge:

® In standalone mode (ep/eA only), LHeC may be a bridge between major colliders at CERN,
between the end of the HL-LHC (204 1) and the next flagship CERN colllder

ultimate upgrade of
the LHC physics reach

Slide by . D’Hondt

u VG oo
3 0“\( YO W and impactful fast-track to the optimal
o 1 _»Ortunities at colliders for SRF performance of a H-factory &
il attractlve SM & BSM physics cost/risk reduction for SRF at FCC-ee

17
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Backup:
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Accelerators:

® Thoughts of combining 1000000

, ® Lepton Colliders
LEP with LHC came from < M Hadron Colliders 100 TeV FCC-pp
the start (1990%). 3 100000 H— : ==
) » Linear Colliders “ECcC-pp M SppC
. , 6 Electron-Proton Colliders LHC -~ 40Tev
® LHeC idea born in 2005: » 10000 - ’-*. FCC-eh
upgrade of the HL-LHC to o .-Tevatrgn’q’ LHeC CLIC
- T
study DIS at the terascale. S 1000 — - ILC  CLIC ILC
LL) ; B SppsS HERA R @
e " & -~ | FCC-ee
- 18R LEP I
e It should be able to 2 100 - ,  PETRA® SLC CEPr
m — @ TRISTAN EIC
run concurrently = ~oris ® PEP
with pp (also FCC-eh), S 10 | spgardd ® CESR Tevatron/HERA/
plus limitations on power = ® ADONE LEP (fermiscale) —
consumption, high 3 1 @@ VEPP2 HL-LHC/LHeC/
. . . PRIN-STAN -
luminosity for Higgs e*e- (terascale)
studies,... = energy 0.1 1 .
, , 1960 1980 2000 2020
recovery linac as baseline. Year
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Parton densities: synergies with HL-LHC

Uncertanties in PDF luminosities @ (2=14 TeV

By

I Iltttl
 — FPOF4ALHC1S

o 88

—
S

| InIns o LHOC + HLAMC

i (ratio to baseline)
o

Wy
E 08
- 0.6
8
— 0.4 ‘.‘...
Q . \",‘"‘u.“.“"""'"nnrhuo.u\ .“.“ '
g 02 ‘..‘.‘...'.'I.Q.I‘O."“..'......uc-o..{{%\.ﬁ.‘:oll‘ W
2 ““.‘n..uﬂ "'h.‘.‘,‘f‘.ﬂﬂ(“
© O.l..l.l'l.l". 1 Ll 1 Lo a v aaal 1 L1 111
1
10 10° 0’ M, (GeV)

Uncertanties in PDF luminosities @ {2=14 TeV

| m— oS HC1S

I qq

O —y
S

@
8=
&
3
g 1'2: NININE § LHoC + HLAMC
=4
@ 1
§ 0.8

3
g | e
=04 CTLLLLLLT T &~ =
g P O
%02 et :
g 0 :'l'l'”""'“l L 1l Lo a1 el L1 .11:

10 10° 10°

Uncertanties in PDF luminosities @ {==14 TeV

__ 16 —rr .
) { == POF4LHC1S -
'-g 1.4[| mmm , LHoC qg =
g E - HLLHG _:
o 1'2: NN 4 LHeC + HLLHC .
o 1 -
® .
z 08 =
3 . .

0.6 -
5 . =
= 04 . .o".'s.‘“ S
(? LTI ".'.o ‘:.'.“ '
§ 02 RETLT i
3 . Yiay, mm““"" h

0,.lllI... 1 1 1 llllll 1 1 1 llllll
10 10 10° M, (GeV)
Uncertanties in PDF luminosities @ {e=14 TeV

1.6== r—r—rrrrx T
) | m— pOEYLHC1S
= 1.4} mmm 4 LHeC
o qq
B 12: Im- . HLLHG
=} [ memam 4 LHoC « HLLHC
o
®

E 08

'u”."nnﬂnu.“‘

o T \W} '
: ¢ “.uunnul LT n‘)l‘.‘ ot
l\m:u::a‘o‘fﬂ:“‘l:“.“....,....uuo....,“..:‘“.n
3 3 B '
..... ..'..““\‘ .
1111' 1 o aaaual 1 e el 1 L1 111

10 10° 10° M, (GeV)

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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Components, cost, sustainability

Section| Horizontal Dipoles | Vertical Dipoles Quadrupoles RF Cavities
Number | Field |Mag. Length|Number | Field lMag. Length| Number |Gradient lMag. Length| Number | Frequency/Cell | RF Gradient
LINAC1 29 1.6 1.0 448 802/5 20.0
LINAC 2 29 1.9 1.0 448 802/5 20.0
Arcl 344 0.039 4.0 3 0.51 4.0 158 9.3 1.0
Arc 2 294 0.077 4.0 6 0.74 4.0 138 17.7 1.0
Arc 3 344 0.123 4.0 6 0.92 4.0 158 24.3 1.0 6 1604/9 30.0
Arc 4 294 0.181 4.0 6 1.23 4.0 138 27.2 1.0 6 1604/9 30.0
Arc 5 344 0.189 4.0 4 0.77 4.0 156 33.9 1.0 18 1604/9 30.0
Arc 6 344 0.226 4.0 4 1.49 4.0 156 40.8 1.0 30 1604/9 30.0
Total 1964 34 962 956

® Cost estimate for |/3rd of the LHC, 50 GeV racetrack:
|.6 BCHF (2018 cost, CERN-ACC-2018-0061), 46%
corresponding to the SRF ERL accelerator and 24% to
civil engineering; detector: 360 MCHF (75% calorimetry).

Units: meter (m), Tesla (T), T/m, MHz, MV/m

A. Bogacz, full lattice simulation for ERL at 50 GeV

Budget Item Cost
SRF System 671 MCHF
SRF R&D and Proto Typing 31MCHF
Injector 40MCHF
Magnet and Vacuum System 215MCHF
SC IR magnets 105SMCHF
Dump System and Source SMCHF
Cryogenic Infrastructure 100MCHF
General Infrastructure and 69MCHF
installation

Civil Engineering 386MCHF
Total 1622 MCHF

® Power consumption for this option: 220 MW including the ERL, the single-beam HL-LHC
and the detector — +60 MW w.r.t. HL-LHC and +75 MW w.r.t. nominal LHC operation.
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Feasibility:

2035 2041
YEAR1 YEAR2 YEAR3 |YEAR4 YEARS YEAR6 YEART

LHeC construction planning

[Land negotiations

Environmental Impact

Study
Building permits

Detailed design & tendering

Construction
e Target ep luminosity of 1 ab~! can be Dcm—-“ _°“o¢.,,.,,,
achieved in 6 years: two years for i -« g)
installation and commissioning plus one avama & | 8
year LS leads to completion in 2050. cRL 1-L00PS o

ERL 3-LOOPS

&
=
<
PERLE 3-LOOPS 250MeV

® Demonstration of multi-turn high-
current ERL in PERLE in 2029/2030:

2024
2025
2026
2027
2028
2029
2030
2031
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Challenges:

‘@ Accelerator (ERL in the ECFA Accelerator Roadmap

and in the 2020 strategy):
=?» High quality SRF cavities integrated in the cryomodule:
PERLE (iSAS).

=?» High-current, multi-pass ERL = PERLE as demonstrator
(2029 1-turn, 2030 3-turn).

® Detector (in the ECFA Detector Roadmap):
=» Keep material budget in the forward direction low
(MAPS) — synergies with ALICE(3) and ePIC.
=» Choose between more conservative or more aggressive
proposal: particle ID, EMCAL? — synergies with EIC.
=?» Further develop an ep/pp option and the possibility of
reusing existing detectors.

® Machine-detector interface:

=?» Synchrotron radiation protection: beam pipe and inner
tracking.

=?» 3-beam IR: high aperture, field-free region Q| (HL-LHC
complexity). 2-beam configuration simpler.

Rad-hara/longevity
Muon system Time resolution
FPC, MuS-GEM, esisttve GEM, zmgnmwgs (eco-gas)
MO, MICIpi
Mook, | Fwsl, LG . Spatial recolution
Rate Capabilty
Rad-hard/longevity
Inmer/central Low X,

IBF (TPC only)

Time resolution

TWCHnn -1 : .
Qrigptd, O chamiees, Cyinaricsd Rate CWIity
s Of NPGID, straw chwemitees dE/dx

Fine granularity
Rag-hara/longevity
P!!!l!ll!ll Low power
Galorimeters Gas properties (eco-gas)
Proposed tectnoiogies: Fast timing
FPC, MFPC, Moomegss &
GEM, | Fwed, G intsgriess Fine granularity
neciods Pesse. FiW . Rate Capability
Large afray/integration
Rad-hard (photocathoos)
Particle IV TOF IBF (RICH only)

Precice timing
FICH-MPQD, TRO-MPGD, TOF: - Rate Capability

dE/ax

Fine granularity

Low power

Fine granularity

Large airay/volume
Higher energy resolution
Lower energy threshoild
Optical readout

Gas pressure stabillty
Rads .

.lhsunppenotuinplysicsgoalsca-mbe-u

DRDT
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() Important to meet several physics goals

. & . A.l
I'A--f-
L N
i :.—-I

Desirable to enhance physics reach

l .l ... l. "

2040-2045

0 R&D needs being met
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Synergies between eh and hh programes:

High precision ep ep analyses with

measurements used sensitivity complementary

as input in hh to hh analyses to
-]

complete the overall hh
physics program

analyses for their — p—
_

Improvements
— Empowerment of hh ,
program.

input

— High precision QCD analyses.
— High precision measurements

of specific parameters.
— Searches in complementary

phase space regions.

— Input to pp physics
analyses improving sizable
uncertainties and limitations.

— Competitive measurements and combination of results.

— Uncorrelated uncertainties.
— Resolve common/correlated expt. uncertainties.

— Resolve correlations in parameters of interest.
— Empowers global fits.

ep measurements to considerably
improve hh physics output, e.g., in
final combinations
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