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Outline
• Overall Layout 

• Idealized Lattice

• Bypass Design

• Complete Lattice without Interaction Region
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Lattice Design dominated by 
geometry:

✦ forbidden space (usually 
DFBMs) induces an 
asymmetric lattice

✦ asymmetric lattice needs to be 
matched to the symmetric 
LHC lattice

➡ most choices for the LHeC 
lattice structure are made due 
to integration
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4

Lattice Design dominated by 
geometry:

✦ forbidden space (usually 
DFBMs) induces an 
asymmetric lattice

✦ asymmetric lattice needs to be 
matched to the symmetric 
LHC lattice

➡ most choices for the LHeC 
lattice structure are made due 
to integration
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Lattice Design dominated by 
geometry:

✦ forbidden space (usually 
DFBMs) induces an 
asymmetric lattice

✦ asymmetric lattice needs to be 
matched to the symmetric 
LHC lattice

➡ most choices for the LHeC 
lattice structure are made due 
to integration
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4

Lattice Design dominated by 
geometry:

✦ forbidden space (usually 
DFBMs) induces an 
asymmetric lattice

✦ asymmetric lattice needs to be 
matched to the symmetric 
LHC lattice

➡ most choices for the LHeC 
lattice structure are made due 
to integration

Bypass Design:

✦ Bypasses increase the 
circumference of the ring

➡ Compensation of the 
increase in circumference 
by placing the electron 
ring 0.61 cm to the inside 
of the LHC (Idealized 
Ring)



Idealized Ring
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General Structure
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Text

Text

‣ Geometry: electron ring is placed 61 cm to the inside of the LHC

‣ Lattice: Built out of different modules reflecting the LHC symmetries
• Arc
• Standard insertion for even points (DSL - straight section - DSR)
• Standard insertion for odd points (DSL - straight section - DSR)

LHC Symmetry and Layout:

LArc Cell 106.881 m
LDSL, even 172.78 m
Leven straight section 538.83 m
LDSR, even 161.57 m
LDSL, odd 173.72 m
Lodd straight section 537.81 m
LDSR, odd 162.51 m

IR length = 880.6 m
IR length = 879.7 m

IP1

IP
3

IP5

IP7

IP
4 IP6

IP
2 IP8

AR
C2

AR
C3

ARC4

ARC8

ARC5

ARC6
ARC7

ARC1

Arc length = 2452.23 m
IP distance = 3332.36 m

Idealized Ring Symmetries
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Arc Module

7

23 arc cells, LCell=106.881 m

To meet the LHC geometry the dipoles 
must be shortened
➡ trade off between synchrotron 

radiation loss and geometry
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Geometry:Optics:

LHC - LHeC

Beam Energy 60 GeV
Phase Advance per FODO Cell ≈ 90◦/60◦

Cell length 106.881 m
Dipole Fill factor 0.75
Damping Partition Jx/Jy/Je 1.5/1/1.5
Coupling constant κ 0.5
Horizontal Emittance (no coupling) 4.70 nm
Horizontal Emittance (κ = 0.5) 3.52 nm
Vertical Emittance (κ = 0.5) 1.76 nm
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Insertion Module

8

Dispersion Suppressor Left side and 
Right side: 

‣ Same layout for even and odd points, 
only different length

‣ Dipole configuration adapted to follow 
the LHC geometry

Geometry and Layout

Optics

Even Points

Odd Points DSL
‣ Equal distance of quadrupoles between 

first and second DFBM and the second 
DFBM and the end of the DSL

‣ 8 matching quadrupoles

DSR
‣ Equal distance between all 

quadrupoles
‣ 8 matching quadrupoles

Straight Section
‣ FODO lattice with a phase advance of 

90˚/60˚

“IP”

arc →← arc

Straight Section:
‣ FODO cell (has to be adapted later to 

each insertion)

arc →← arc

DSL

DSL DSR

DSR
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Idealized Ring Geometry
Distance between the LHC and LHeC:

Maximum distance between LHC and LHeC: 

Maximum difference to the ideal value of 61 cm:

dLHC−LHeC = 64.3cm

dLHC−LHeC − 61cm = 11.6cm



Bypass Design
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- Necessary change of radius to compensate the path length difference caused by the bypasses:
 

-  Fine adjustment with the separation in Point 5 (the separation in Point 1 is fixed as the bypass has to pass through the 
survey gallery:

- Final configuration:

Bypass Design
Matching LHC and LHeC Circumference

11

General Design: 

- Insertion of a straight section into the lattice
  leads to a separation
- Both bypasses have the same lattice for the 

bend sections, but different length for the 
straight sections arc

invertedbend

straight

normalbend

∆

Matching the circumference:

∆BP5 =
∆sBP5

2( 1

sin θ
−

1

tan θ
)

∆R = 61 cm, ∆BP5 = 20.56 m, ∆BP1 = 16.25 m

∆R =
∆IP

π cot
(

θ

2

)

− 2
, with ∆IP = ∆IP1 +∆IP5
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Bypass Layout

12

Bypass Point 1: 

- Injection on the right side of the bypass
- long part of the straight section lies inside the tunnel
- straight sections used for Installation of the RF

Bypass Point 5: 

- more space for Installation of RF or other
special elements

Bypass Design Parameters:

-500

Bypass ATLAS

-500 500

x

z

10

20

-10

-20

S.BP1 E.BP1

free sections

38 m 50 m

42 m 42 m

IP1

Injection

Bypass CMS
x

z

S.BP E.BP

IP5

- 600 600

20

10

-20

-10

81 m 92 m

124 m free sections

ATLAS CMS

LBP 1303.3 m 1303.7 m

ΔBP 16.25 m 20.56 m

Ltot, straight sections 172 m 297 m



LHeC Workshop, 12.11.2010, Chavannes-de-Bogis Miriam Fitterer - Ring-Ring Lattice and Optics

0 500 1000 1500

�50

0

50

100

150

s�m
�Β x,

Β
y
,1
00
D
x
10
0D

y
��m

0 500 1000 1500

�50

0

50

100

150

s�m

�Β x,
Β
y
,1
00
D
x
10
0D

y
��m

Bypass Optics

13

Bypass Point 1

Bypass Point 5

8 14 14 8

8 14 14 8

- Total number of individually 
powered matching 
quadrupoles:   40

- Phase advance of 90˚/60˚ in 
the FODO cell sections

LS
SL LSSR

IR
TL
IR TRIR

DS
LS
SL DSLSSR

BP Nomenclature

DSLSSL

DSLSSL

DSLSSR

DSLSSR

LSSL

LSSL

LSSR

LSSR

IR

IR

TLIR

TLIR

TRIR

TRIR
- Total number of individually 

powered matching 
quadrupoles:   40

- Phase advance of 90˚/60˚ in 
the FODO cell sections



Ring Lattice and Optics
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Summary
‣ Optics look rather regular
‣ Largest peaks in 

dispersion and beta 
function in the bypasses

Not Yet Considered
‣ RF (Energy Sawtooth)
‣ Tune, Phase advance of 

Insertions
‣ Chromaticity correction 

and Resonances
‣ Adjustment of the 

damping partition number

Optics without Interaction Region
Beam Energy 60 GeV

Numb. of Part. per Bunch 2.0× 1010

Numb. of Bunches 2808

Circumference 26658.8832 m

Syn. Rad. Loss per Turn 437.2 MeV

Power 43.72 MW

Damping Partition Jx/Jy/Je 1.5/1/1.5
Damping Time τx 0.016 s

Damping Time τy 0.025 s

Damping Time τe 0.016 s

Polarization Time 61.7 min
Coupling Constant κ 0.5
Horizontal Emittance (no coupling) 5.49 nm
Horizontal Emittance (κ = 0.5) 4.11 nm
Vertical Emittance (κ = 0.5) 2.06 nm
RF Voltage VRF 720 MV
RF frequency fRF 359.856 MHz
Bunch Length 6.05 mm
Max. Hor. Beta 141.26 m
Max. Ver. Beta 135.25 m



LHeC Workshop, 12.11.2010, Chavannes-de-Bogis Miriam Fitterer - Ring-Ring Lattice and Optics

Summary and Outlook
‣ Detailed lattice exists:

- fits the LHC integration constraints

- meets design parameters

‣ Next steps : 

- integrate RF

- injection

- further optimizations:

Tune, Phase advance of insertions, chromaticity correction, 
(dynamic) aperture, adjustment of damping partition number ...

16
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Arc Cell Parameters

18

Arc Cell (60 GeV) :



LHeC Workshop, 12.11.2010, Chavannes-de-Bogis Miriam Fitterer - Ring-Ring Lattice and Optics

Complete Ring 6060

19

Ring with BP (60 GeV) : Ring with BP (10 GeV) :



LHeC Workshop, 12.11.2010, Chavannes-de-Bogis Miriam Fitterer - Ring-Ring Lattice and Optics

Bypasses Point 1 and Point 5

20

ATLAS:

CMS:

Bypass using the Survey Gallery

Δ =20.56 Meter

by Y. Muttoni

by J. Osborne GS/SEM

Δ =16.25 Meter

Experimental hall is fully bypassed


