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LHeC in Concurrent Operation

» Equip the HL-LHC with a tangential energy
recovery linac

» Realization of collisions of a 7 TeV proton beam
with a 50 GeV electron beam -> /s = 1.2 TeV

» This would enable deep inelastic scattering
experiments at |IP2 with concurrent operation with
the other experiments

Create a beam optics, enabling
e-p collisions and one
spectator proton beam passing
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Insertion of the Electron Doublet in the IR2 of the LHC
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Proton Beam Orbits and Optics
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R*=0.35m Colliding Beam

B*=10m Non-colliding Beam
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Apertures in the Beam Pipe

Aperture at QOF for 10 o
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Impact on the Proton Orbits x-plane
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Impact on the Proton Orbits x-plane
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Orbit Deflection Colliding Beam with g* = 0.35m Orbit Deflection Non-colliding Beam with f* = 10m
0.04 0.04
0.03 - ATLAS | HeC/ALICE CMS LHCb 0.03 - ATLAS |HeC/ALICE CMS LHCb
0.02 4 0.02 4
€ €
£ 0.01 A £ 0.01 A
: x |
E 000_ E 000_ lllr.llllrilllll|I.I|'Jl|'1_|'l‘1|i1ul..lll'lllll‘l_._lllrlll Illl.ll'lqlr'Illlll'.lullllr.‘ll._lllrlll il‘l'u_.llrlll
" "
% —0.01 A % —0.01 A
=) =)
—-0.02 A —-0.02 A
—0.03 4 —0.03 - —— Without Electron Doublet
—— Without Electron Doublet —— With Electron Doublet
_0.04 T T T T T T —0.04 T T T T T T
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
Position s [m] Position s [m]

Federal Ministry
@ of Education Rw“'

and Research
27/10/2022 7




Impact on the Proton Orbits x-plane

» Colliding Beam » Non-colliding Beam
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Impact on the Proton Orbits x-plane
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Impact on the Proton Orbits x-plane

» Colliding Beam » Non-colliding Beam

Orbit Deflection Colliding Beam with g* = 0.35m Orbit Deflection Non-colliding Beam with f* = 10m

1.5 ]
—— Without Electron Doublet

—— With Electron Doublet
- Correction with g*= 10m

\

=
wu
L

1.0 A1

=
o
1

0.5 A1

o
(9
1

ﬂ__________

Deflection x [mm]
|
o o
(O] o

Deflection x [mm]
S
19

-3 IS S S S —

-1.5 - . —1.0 A
—— Without Electron Doublet
—2.0 1 ——— Correction with f*= 0.35m —1.51
. — Tt T . . o e o B e e .
g 883§§$§§8’8’5’ Q' S §3858*s 5884 Q
Position Position

Federal Ministry

of Education Rw“'

and Research
27/10/2022 10




Impact on the Proton Optics in the x-plane

» Colliding Beam » Non-colliding Beam
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Impact on the Proton Optics in the x-plane
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Impact on the Proton Optics in the x-plane
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Impact on the Proton Optics in the x-plane

» Colliding Beam » Non-colliding Beam
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High Luminosity -LHC Orbit Corrections

Orbit Colliding Beam with g* = 10m
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High Luminosity -LHC Orbit Corrections
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Achromatic Telescopic Squeeze Optics

» The quadrupoles in their IRs reach their
limits -> chromaticity rises

» Push the Luminosity further using the
telescopic squeeze:

1. Squeeze to B*=30cm in IP1 and IP5
2. Telescopic Squeeze from adjacent
IRs to B*=15cm
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Achromatic Telescopic Squeeze Optics Corrections

1. Squeeze to H*=30cm in IP1 and IP5
2. Telescopic Squeeze from adjacent IRs to BR*=15cm
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Summary

» Successful implementation of the electron

interaction region in the LHC and the HL-LHC Outlook for the HL-LHC

lattice

» Optics and Orbit can be corrected for LHC and > More aggressive B* for the colliding beam

HL LHC to increase the luminosity
» Squeeze of the colliding beam down to 35cm for » Increase the inter-beam distance:
the LHC Distance Beams in o
70 5 — 1. By using the orbit correctors to distance
601 | # o Coliiding Beam the non-colliding beam further from the

o Non-colliding Beam

w
o
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2. By sweeping different * values for the
non-colliding beam
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Recap: Beam Envelope

» During their travel on the trajectory s, the
particles perform betatron oscillations

» The beam envelope for many particles and
many turns is defined as:

E(s) =,¢B(s) =10, u=xy

¢ is the energy dependent emittance

vV Vv

f(s) defines the betafunction, which
depends on the beam optics defining the
beam size at a certain position s
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Phase Space Conservation and
Liouville’s Theorem

» The phase-space distribution function is constant along the
trajectories of the system

» The area in the phase space is conserved

» the smaller the beamsize, the bigger the divergence

Betafunction at the IP

Phase Space Diagram

The Quadrupoles the closest to the IP
» need the biggest aperture

Betafunction x [m]

1 —— Betafunction x
—— Betafunction y

T T T T T
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Betafunction at the IP

Minibeta Optimization
z |3
» Betafunction in a drift space: | g(1) = g* + ,8_ s
L dB) 2 )
> F]nd 0] t]mal . — 1 - — O 1 —— Betafunction x
p ﬁ dﬁ* ﬁ*Z —_— Beta:unctiony !
» Smallest beta at the end of the drift for: §* = [ Teosttionstml

» At ALICE the drift space has a length of 23m

» An variation of the second beam between the
design 10m and 23m could lead to optimized
distances between the beams

Eu 27/10/2022 24
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How does this affect our collider?

N{-N,-n- 9 _
[ =Yt ey —26-1)
40,0y
l2
» Using the formula for beta in a drift: | B(I) = B* + E
2
» For the standard LHC this yields at ATLAS and CMS: | 8(23) = 0.55m + si?m= 963m

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

B(15) = x m + ™= 963m == | x = 0.234m

xm

E" 27/10/2022
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LHC Data
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Apertures of the

Proton Beams
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Apertures of the
Proton Beams
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Apertures of the |
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Deflection x [mm]

Proton Optics and Orbit

x-plane

Orbit Deflection at Flattop Energy

8 1 =—— Colliding Beam 'l“
-—-=- b0 ~ R
6 - y \‘ h \\
—— Spectator Beam 7 \ ] N
’ __ 1 ~
44 === 50 Ll / A

0y 4
Q24
Q14

-
Qop
014 -
024
0y

Position

At the IP:
Bl*= 0.35m
B,*=10m ... 23m

Federal Ministry
of Education
and Research

2

y [mm]

y-plane

Orbit Deflection at Flattop Energy

10 A

Deflection y [mm]

_10_

—— Colliding Beam
-—-- 50

—— Spectator Beam

Aperture at QlAfor 10 o

0y
D;
Q34 -
Q24 -
14 -
P
4
24
Q34 -
by
Dy

30+

20 4

10 A

—10 1

—-20 4

—30 1

o

/

/

Colliding Beam

Non-colliding Beam

N

A\

T
-30

T
-20

T
-10 0 10 20

x [mm]

T T
Iy cé;? éJ e
Position
27/10/2022 30




Impact on the Proton Orbits y-plane
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Impact on the Proton Orbits y-plane
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Impact on the Proton Orbits y-plane

» Colliding Beam » Spectator Beam
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Impact on the Proton Orbits y-plane
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Impact on the Proton Orbits y-plane

» Colliding Beam » Spectator Beam
Orbit Deflection Beam 1 with g* = 0.35m Orbit Deflection Non-colliding Beam with * = 10m
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Magnets constraints in the LHC IR

» On each side of the IP, there are 3 antisymmetric minibeta
quadrupoles

» They are succeeded by 6 matching quadrupoles on each side

Inner Triplet Quadrupole

» Both Beams see the same

field in the Triplet Matchi drupol
P atching Quacrupole The Beams have their own Coils, they are
- however restricted in their difference
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Magnet L] mitations Gradient Dependencies Beam 1

and Beam 2 Matching Quadrupoles

Difference in Magnet Strengths for f;* = 0.35 mand B2 * =10 m
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Difference in Magnet Strengths for 1 * = 0.35 mand 8;* =10 m

Magnet Limitations

1.8 1

1.6 1
]

» Still necessary to change some
copper wiring for the dependencies

of the magnets for B1 and B2 _
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Matching Quadrupoles Constraints

» The coils of the matching quadrupoles
allow a difference in their strength of up | B1

to 50% > \"3
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