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Motivation

n Collimation of both proton and nuclear beams in 
the LHC leads to losses in superconducting 
magnets of the dispersion suppressors, limiting 
intensity

n Collimators in the dispersion suppressors could 
prevent most of these losses, opening the way to 
higher performance

n Proposal to equip IR3 with these “cryo-
collimators” and use it for combined betatron-and 
momentum- cleaning.

– Hardware and integration being studied in 
detail in Collimation Working Group.
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Example of 206Pb created by 2-neutron EMD 
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n Green rays are ions that almost reach collimator

n Blue rays are 206Pb rays with rigidity change

Primary 
collimator

“Obvious” solution is to put 
more collimators here.

Unfortunately there is no 
space.

Beam pipe in 
IR7 of LHC



Present IR3 Optics overview, Beam 1
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Beam 2 has F and D quads inverted, but imperfect  (left-right, x-y) 
asymmetry, so has to be treated separately.

IR3 optics is constant – no change with energy, β-squeeze, etc.

Primary collimators. Secondary collimators.
x

y

xD

Beam 1



Making space, IR3 right, Beam 1
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Move outer group of elements 4.5 m away from IP into missing dipole space.

Move inner group of elements 4.5 m towards IP to (roughly) compensate change 
in geometry.

Similarly on left of IP3.     

x
y

xD Outer groupInner group



Zoom on displacements along reference orbit
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This vacates enough space in the right places to install the cryogenic 
collimators.

N.B. this is in Courant-Snyder coordinate s, so we do not see the change in 
geometry of the LHC.

Before

After



Global Cartesian Coordinate System

n Global coordinates 
with origin at IP1

In the straight 
section including 
IP3, it happens 
that:

n X is longitudinal

n Y is vertical

n Z is “radial”

w.r.t. Courant-Snyder 
coordinates.

n Use (Z,X) as 
coordinates in the 
machine plane
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Displacements of reference orbit, Beam 1
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Zoom

Radial displacement of IP3 and straight 
section due to non-commutativity of 
rotations and translations is small 
enough (-0.026 mm) to neglect.

Radial displacement of reference orbit 
between shifted sections by 46 mm.
N.B.  Not the displacement of elements!

Longitudinal displacement mainly reflects change 
in length of reference orbit – can be fixed.



Displacements of 
moved elements, 
Beam 1, left of IP3

In the global cartesian frame, 
the displacements of the outer 
and inner groups of elements 
include a component from the 
angle (“curvature”) of the initial 
reference orbit. 

MAD - and the LHC Layout 
Database - use the “beads on a 
necklace”  method of laying out 
the machine so everything 
downstream of IR3 moves and 
the ring does not close … this is 
not real of course but has to be 
corrected in the MAD 
description.
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Outer 
group

Inner 
group



Corrected layout

Small negative 
displacements of all 
elements downstream 
of IR3 along the 
reference orbit restores 
them to their original 
position in the global 
cartesian system and 
closes the ring. 

New sequence 
descriptions created for 
both rings.
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LHC circumference is 
changed by -2.808 mm. 

Some freedom to 
distribute IP movements 
with RF phase.

/afs/cern.ch/eng/sl/ilhc/JMJ/CryoCollimatorOptics/IR3/LHCCC.seq 

Use new sequence names LHCB1CC, LHCB2CC.



Optical perturbations
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Change in layout perturbs the optical functions, giving about 20% 
β-beating which must be corrected everywhere outside IR.

Optics perturbation in IR3 would cause significant aperture loss.  

Rematch IR3 for each ring without using the common quadrupoles
that affect both.

0/x x
0/y y

0x xD D

0/x x

β-beating in whole Ring 1 β-beating in IR3, Ring 1

0/y y

0x xD D
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Powering 
scheme for 
quadrupoles 
on left side of 
IR3, Beam 1.

Graphs are 
computed 
by parsing 
sequence 
file.



Quadrupole strengths in present IR3 optics
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Beam 1 Beam 2

Some trim quadrupoles 
at ~99.8 % of limits at 
7 TeV – potential 
problem for full energy 
operation.

Strength display function 
takes an optics, derives 
limits at its energy and 
computes relevant part of 
powering tree.



SOLUTION 
LHCB1CC, LHCB2CC

A rematch, allowing optics to vary in warm section, 
multiple constraints applied to improve aperture.
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Rematch of IR3, Beam 1
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Perfect match – same transfer matrix over IR3 - so can be used in modular way with 
all existing LHC optics configurations.

Adjusted β-function peaks (many iterations) to avoid loss of mechanical aperture.

Optics in central (warm) part is close (not identical) to old optics.

Solid blue/red curves=new x,y, 

Dot-dashed blue/red curves=old x,y,, 

Solid green/magenta =new Dx,y

Dotted green/magenta =old Dx,y



Strengths and limits, Beam 1 at 7Z TeV
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Strength limits are 
computed 
automatically from 
sequence file and 
optics data.

All now comfortably 
within range (green).



Rematch of IR3, Beam 2
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Perfect match – same transfer matrix over IR3, so can be used in modular way 
with all existing LHC optics configurations.

Adjusted β-function peaks so available aperture is not changed significantly.

Transfer matrices within warm collimation section are NOT identical.

Solid blue/red curves=new x,y, 

Dot-dashed blue/red curves=old x,y,, 

Solid green/magenta =new Dx,y

Dotted green/magenta =old Dx,y



Strengths and limits, Beam 2 at 7Z TeV
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Strength limits are 
computed 
automatically from 
sequence file and 
optics data.

All now comfortably 
within range (green).
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Mechanical aperture 
of standard IR3.B1 
optics at injection.

Mechanical aperture 
of IR3.B1 LHCB1CC 
optics at injection.



Mechanical aperture comparison, Beam 1
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New optics (green) with new layout is better than 
present optics (brown) almost everywhere.
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Mechanical aperture 
of standard IR3.B2 
optics at injection.

Mechanical aperture 
of IR3.B2 LHCB2CC 
optics at injection.



Mechanical aperture comparison, Beam 2

J.M. Jowett, ABP-LCU meeting, 19/10/2010 22

New optics (green) with new layout is better than 
present optics (brown) almost everywhere.



Momentum collimation efficiency
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Momentum collimation efficiency depends on the 

"normalised dispersion"    at the primary collimator.x

x

D

M om e n tu m C ol l im ation e ffi cie n cy com parison

SEQUENCE TCP x D x
D x

x

LHCB1 TCP.6L3.B1 131.5 2.177 0.1898

LHCB1CC TCP.6L3.B1 126.9 2.06 0.1829

LHCB2 TCP.6R3.B2 131.5 2.207 0.1924

LHCB2CC TCP.6R3.B2 99.33 1.93 0.1936



Transverse impedance effects, Beam 1
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Collimator gap: 

Resistive impedance depends (very roughly!) on

Transverse instabilities depends on the product of 

optical function and transverse impedance 
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to compare different optics, possibly improve

beam stability at few % level (collimators to be weighted relative to one another).



Transverse impedance effects, Beam 2
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Of course, a proper comparison 
requires much more elaborate 
calculations.

May be some scope to improve beam 
stability



SOLUTION 
LHCB1CC1, LHCB2CC1

A rematch, maintaining previous optics in warm section, 
multiple constraints applied to improve aperture.
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Rematch of IR3, Beam 1
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Perfect match – same transfer matrix over IR3 - so can be used in modular way with 
all existing LHC optics configurations.

Adjusted β-function peaks (many iterations) to avoid loss of mechanical aperture.

Optical functions (except phases) in central (warm) part now identical to old optics.

Solid blue/red curves=new x,y, 

Dot-dashed blue/red curves=old x,y,, 

Solid green/magenta =new Dx,y

Dotted green/magenta =old Dx,y



Strengths and limits, Beam 1 at 7Z TeV
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Strength limits are 
computed 
automatically from 
sequence file and 
optics data.

All now comfortably 
within range (green).



Rematch of IR3, Beam 2
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Perfect match – same transfer matrix over IR3, so can be used in modular way 
with all existing LHC optics configurations.

Adjusted β-function peaks so available aperture is not changed significantly.

Transfer matrices within warm collimation section are NOT identical.

Solid blue/red curves=new x,y, 

Dot-dashed blue/red curves=old x,y,, 

Solid green/magenta =new Dx,y

Dotted green/magenta =old Dx,y



Strengths and limits, Beam 2 at 7Z TeV
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Strength limits are 
computed 
automatically from 
sequence file and 
optics data.

All now comfortably 
within range (green).
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Mechanical aperture 
of standard IR3.B1 
optics at injection.

Mechanical aperture 
of IR3.B1 LHCB1CC1 
optics at injection.



Mechanical aperture comparison, Beam 1
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LHCB1CC1 optics (green) with new layout is better than 
present optics (brown) almost everywhere (should be 
same in warm part).
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Mechanical aperture 
of standard IR3.B2 
optics at injection.

Mechanical aperture 
of IR3.B2 LHCB2CC1 
optics at injection.



Mechanical aperture comparison, Beam 2
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New optics LHCB2CC1 (green) with new layout is better 
than present optics (brown) in some places.



Results as MAD files
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All files in directory: 

/afs/cern.ch/eng/sl/ilhc/JMJ/CryoCollimatorOptics/I

R3/

Sequence file:  LHCCC.seq

Seqedit patch to create new sequences from old: 
LHCCryoCollimatorLayoutIR3.madx

Strengths for the two optics shown:

LHCCryoCollimatorOpticsIR3.str

LHCCryoCollimatorOpticsIR3CC1.str

To be used on top of any other set of strengths for LHC optics 
V6.503, with the new sequences LHCB1CC, LHCB2CC. 

Will be moved to “usual” place soon.



Another matched solution 
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Beam 1, from Thys
Risselada.



Another matched solution
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Beam 2, from Thys
Risselada.



Strengths in TR solution
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Conclusions

n A new “cryo-collimator” layout for maximum 
4.5 m shift of the dipoles and Q10 has been 
worked out and is being used as base for 
hardware integration.

n Optics for both beams re-matched with general 
improvement in n1 aperture over standard IR3 
optics 

– Various solutions available, at least as good as 
present optics.  Can probably be tweaked 
further.

– All trim quadrupole strengths now comfortably 
inside 7 TeV limits.
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