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The FCC-eh Collider

» New layout of the FCC-hh collider:

FCC-hh ring: overview of the new layout

New FCC-hh ring layout: arc and
insertion optics

» High precision microscope for inner
hadron structure

Deep inelastic scattering physics

Collisions of 50TeV protons with
60GeV electrons

Center of mass energy: /s =
3.5 TeV

Peak Luminosity: 103*cm™%s71!
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The energy recovery linac (ERL)

» The electrons are accelerated over
three turns to 60GeV

1 1
> C zg CLHC zl_OCFCC = 9km
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Schematic Layout of the energy recovery linear accelerator.
Courtesy to K.D.J. André [2].

Linac 2 (1008m)

Matching/combiner (31m)

Parameter Unit Electron Proton
Beam energy GeV 60 50000
Beam current mA 20.0 640.0
Bunch population 1010 3.1 10.0
Normalised emittance at IP mm.mrad 20.0 2.2
Betatron function at IP cm 7.3 30.0
Beam size at IP pm 3.9
RMS bunch length o, cm 0.06 8.00
Installed RF voltage GV 21.2 48 x 1073
Beam-beam parameter & 10~ 1.1 x 104 1.7
Luminosity em 257! 7.9 x 107

Table with the main parameters of the FCC-eh [2].

» The remaining electrons have a phase
advance of 180° when entering the
linac again

» 97.92% of the energy can be recovered
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Mini-beta Insertion

Due to Liouville’s theorem the phase space of the beam is
conserved mp blowup of the betafunction before the IP
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The electron interaction region (optimized by K.D.J
Andreé)

' » Optimized to minimize the

SynChrOtron radiation power Difference in the proton orbit with electron magnets

> An electron doublet is used >0107 i —
| for round electron beams | 0.005 -
! . 5 Impact of the
. » Two dipoles are used tobend | 4000+ electron magnets
| the electrons - on the proton orbits
i ! = —0.005 1 (B1). The blue line
. » The protons pass the electron i § marks the position
. magnets with a scaling factor ~0.0107 of the IR
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Proton Optics at the IP

Impact of the electron IR on the o —
proton beam dynamics oo
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Local correction of the proton orbit: Introduction of a o J
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Concurrent Operation
of e-h and h-h

» Concurrent operation implies 3 beams
at the IR

» The two protons need to be separated
at the e-p interaction point

» How will this IP be used?
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Concurrent Operation
of e-h and h-h

» Concurrent operation implies 3 beams

at the IR

The two protons need to be separated
at the e-p interaction point

How will this IP be used?

Distance [m]

Option 1: only e-p interaction in this IP

Option 2: e-p and p-p interaction
alternate in this IP
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Option 1: only e-p interaction in this IP

» Separate apertures for the proton 02 SEPAS?T'ON/ prreTor o 2 2 -~
beams onl ]D D[
. . ° /
» Shift the IP position by % of the 0.0 .74.
bunch distance |
I .
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—0.3-/ e
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the e-p data acquisition |
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L N1 .N2 .n.f 1 -100 —';’5 —ISO —|25 Distance ::)ﬁm b im) 25 5[0 7l5
47T0'x O'y ,B* Schematic of an optional LHeC interaction region. Courtesy to K.D.J. André [2]
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Option 2: e-p and p-p interaction alternate in this IP

» The two proton beams share the same aperture
» Separation of the two proton beams with the use of orbit bumps

» Further separation in the shared aperture with the use of asymmetric optics for the protons

Orbits of the Proton Beams in the x-Plane Orbits of the Proton Beams in the y-Plane
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Distance from the Ideal Orbit [mm]
Distance from the Ideal Orbit [nm]

—10 4

8 5 & 5 & 8
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FUTURE Schematic of an optional LHeC separation scheme [3]

CIRCULAR
COLLIDER 08/06/2023 1




Option 2: e-p and p-p interaction alternate in this IP

2

Proton Beam Optics

Betafunction before a drift space of the .
ATLAS LHeC/ALICE CMS LHCb . O ) . ﬁ(l) — ﬁ _I_ _
20000 4 length | with minimum betafunction (* : B

— Bx* Bl
15000 - B,* B1
—— B* B2
— B,*B2

B [m]

10000 ~

» A high B* of the spectating proton beam at the IP keeps it
at a

5000 +

sowf’ 20000 25000 » Use asymmetric proton beam optics to maximize the
distance between the beams in the shared aperture

» Alow B* of the colliding beam increases the Luminosity
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Summary & Outlook

>

An electron interaction region has been optimized to minimize the synchrotron radiation
power

The local impact of the electron magnets on the proton beam orbit and optics can be
corrected in the new FCC-hh lattice

2 schemes to separate the proton beams have been designed for the LHeC == they can be
adapted for the FCC-eh

Outlook: implement both separation schemes into the new h-h lattice

Tracking simulations to investigate the impact of the proton beams on each other

T HH-II

>
>
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Mini-beta Insertion

Due to Liouville’s theorem the phase space of the beam is
conserved mp blowup of the betafunction before the IP

A =me 7

Phase space diagram [4]
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How does this affect our collider?

» The beam-size is defined as: 1Uu(S) — /E,B(S — /5,8* at the IP with u=x,y

2
» Using the formula for the betafunction in a drift: | g(I) = p* + —

ﬁ*

40m?
0.3m

= 5333.56m

» For the FCC- hh collider with *= 0.3 and L* = 40m this yields: | £(40) = 0.3m +

» How far can we go in betastar with a drift of 15m?

2
B(20) = B* + 2"[;} =5333.64m | Em) | B* = 0.074m
Nl.NZ.n.f . . . . . .
| = [cm 2¢ 1] Em) | Proportional impact on the luminosity
O FUTURE 4TTOx Oy
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10° T — — T -

o The development of ERLs has been ® Completed  J......... s, 2
recognized as one of the five main axis of | |® Ongoing (cold) | e .0 g
accelerators R&D in support of the 10" B @ Ougoing (wamn) Clglc e ERLC :
European Strategy for Particle Physics 7 : ii(ﬁfzirj% L'H’e'e..,. Doy, -
(ESPP). 100 BB AR ' | €

o The ERL Roadmap Panel, chaired by Max & ’ -
Klein and Andrew Hutton, has done a /E . w
tremendous job with broad and active 2 10° ¢ 3 '§_
participation. PERLE & bERLinPro projects g =1
were recognized as one of the "essential = (g2 | STPALINAC f
pu!lars of the ERL devglopment," with ® . @ sy (oo @ VI, S
milestones to be achieved by the next @ Racuk
ESPP in 2026. 10" £ T Srati = E

Z 0, ‘0 ‘o IA"!» !

ESPP R&D Accelerator RoadMap: 10° ‘ 0111,, olf’ ‘ 1/“1" J ‘ hf’ ‘ hf’ Ly

https://arxiv.org/ftp/arxiv/papers/2201/2201.07895.pdf 1073 102 101 109 101 102 103

Average current in mA Technology Limited ——>

Walid Kaabi, “PERLE: a novel facility for ERL development and
applications in multi-turn configuration and high-power regime”,
IPAC 2023
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Optimization Scheme for the electrons

V 4
Courtesy K.D.J. Andre [2] o ot | Reference
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LHeC interaction region for Concurrent
e-p and p-p Operation [3]
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and the ERL in yellOW. [P. Agostini et al., “The Large Hadron-electron Collider

at the HL-LHC,” J. Phys. G: Nucl. Part. Phys., vol. 48, no. 11, p. 110 501, 2021, doi:10.1088/1361-
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LHeC interaction region for Concurrent

Minimal Interbeam Distance

°
e-p and p-p Operation [3] ..
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