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® We have collimators in all LHC straight
sections (except [P4)!
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® We have collimators in all LHC straight
sections (except [P4)!

® The primary role of the collimation
system it to protect the machine from
guenches and losses from failures.
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® We have collimators in all LHC straight

sections (except IP4)!

® The primary role of the collimation

system it to protect the machine from
guenches and losses from failures.

® Cleaning and machine protection

functionalities were optimized taking

Into account experiment needs:

- Tertiary collimators in IRs protect the triplet
with minimum impact on background.

- Layout of physics debris absorbers designed
in collaboration with forward physics teams

- Operational settings chosen to push 3" reach

- Crucial role in special run for physics at high-8
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® We have collimators in all LHC straight

sections (except [P4)!

The primary role of the collimation
system it to protect the machine from
guenches and losses from failures.

Cleaning and machine protection
functionalities were optimized taking

Into account experiment needs:

- Tertiary collimators in IRs protect the triplet
with minimum impact on background.

- Layout of physics debris absorbers designed
in collaboration with forward physics teams

- Operational settings chosen to push 3" reach

- Crucial role in special run for physics at high-8

® This synergy will continue for HL-LHC!
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® We have collimators in all LHC straight

sections (except [P4)!

The primary role of the collimation
system it to protect the machine from
guenches and losses from failures.

Cleaning and machine protection
functionalities were optimized taking

Into account experiment needs:

- Tertiary collimators in IRs protect the triplet
with minimum impact on background.

- Layout of physics debris absorbers designed
in collaboration with forward physics teams

- Operational settings chosen to push 3" reach

- Crucial role in special run for physics at high-8

® This synergy will continue for HL-LHC!

Scope of this talk (WP5: incoming beam + collimators downstream TAN):
Review the present layouts of the experimental interaction regions (IRs).
Discuss the choices that will determine the layouts between LS1 and LS2.
Discuss various considerations on the strategy for the HL-LHC era.
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& IR collimation after LS

o Considerations for HL-LHC

M Conclusions
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Three functionalities for the collimation in the experimental regions:
1. Protect the machine from injection errors
- TDI, TCLIA, TCLIB, TCDD in IR2 and IR8 (bold: part of collimation project)
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Collimators in the experiment regions \\

CERN

Three functionalities for the collimation in the experimental regions:

1. Protect the machine from injection errors
- TDI, TCLIA, TCLIB, TCDD in IR2 and IR8 (bold: part of collimation project)

2. Clean and protect the triplets from beam halo (and optimize background)
TCTH, TCTV collimators in IR1, IR2, IR5, IR8

IR1 - ATLAS

B4L1 A4L1 BIL1 AlILI ATLAS AlIR1 BIRI A4R1 B4R1 AS5R1 B5R1 A6R1 B6R1
21.4 92.8 36.9 1.0 42.4 1.0 36.6 92.8 21.4 18.7 8.9 23.0 8.9
TCL-4 D1 DI TCL-4 new hambourg pipe + TCL-6
z 2 | % “ “ =1z : | L, F———1FX K=——=1cX K X X
< - SRS < ATLAS | < Q3| B |2 & oz % D2 | Q4 Q5 Q6
= & & = =& = S| = -
m Q Q L TCTVA{= TCTH =] BPMWB Xn:' BPTX X X X X:
[ [ [
[ DSL
IR2 - ALICE

[ C4L2 | [B4L2] [ A4L2 | CI1L2 BIL2 AlL2 1P2 AIR2 BIR2 A4R2 B4R2 ASR2 B5R2 A6R2 B6R2
48.0 3.0 14.8 23.5 3.0 48.0 24.7 16.1 13.6 60.6 12.7

éljx % D1 % Q3 Q2 QIX XX ALICE X% g:-x Q1[Q2({Q3 % § (o §Q5 § ié Q61

S. Redaelli, Coll-Exp WS 30/11/2012 4



LHC Collimation
Project

Collimators in the experiment regions < \

CERN

Three functionalities for the collimation in the experimental regions:

1. Protect the machine from injection errors
- TDI, TCLIA, TCLIB, TCDD in IR2 and IR8 (bold: part of collimation project)

2. Clean and protect the triplets from beam halo (and optimize background)
TCTH, TCTV collimators in IR1, IR2, IR5, IR8

3. Clean the collision debris in high-luminosity experiments
- TCL, TCLP collimators in IR1 and IR5
- Dispersion suppressor collimators for proton or ion operation (IR1/5 or IR2)
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CERN

Three functionalities for the collimation in the experimental regions:

1. Protect the machine from injection errors
- TDI, TCLIA, TCLIB, TCDD in IR2 and IR8 (bold: part of collimation project)

2. Clean and protect the triplets from beam halo (and optimize background)
TCTH, TCTV collimators in IR1, IR2, IR5, IR8

3. Clean the collision debris in high-luminosity experiments
- TCL, TCLP collimators in IR1 and IR5
- Dispersion suppressor collimators for proton or ion operation (IR1/5 or, IR2)
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Cleanlng colllmators (IR3/7):
Primary and secondary: Carbon composite jaws; 'l‘
Absorbers made of Tungsten.

ngh -Z materials for the experimental regions:

TCT'’s: Tungsten; TCL: Copper.

Same design for both types.

P e

-



P "1 LHC Collimation

Collimator design and controls \\

-

X Vacuum tank

[E=

Microphone Temperature sensors

Reference Reference

=
Motor o I Motor

Sliding table
Gap opening (LVDT)
Resolver
Resolver  Gap, position (LVDT)
R. Assmann + switches for IN, OUT, ANTI-COLLISION

Settings: 2 jaws — 4 motor positions; 1 motor for tank position. Resolution: 5 pym.
Survey: 7 position measurements (4 corners + 2 gaps + tank)
4 motor resolvers; 10 switch statuses (full-in, full-out, anti-collision)

Dump thresholds (functions+discrete) per collimator (continuously active with beam):
24 warning/dump functions versus time (in/out for 4 jaws + 2 gaps);
2 gap limits versus energy; 4 gap limits f3".

S. Redaelli, Coll-Exp WS 30/11/2012 6



Collimator design and controls

Vacuum tank

[E=

- Temperature sensors
Microphone P

= Il
- » - > |
| I \ | I 2
| m— — ]
! ‘

=2 =
Motor I o I Motor

—

Reference Reference

LHC Collimation
Project
.\
N\

All LHC movable devices that can
Intercept the beams must be
treated as collimators:

- Closest positions determined by
the collimator hierarchy;

- Controls implementations must
comply to machine protection
standard in terms of redundancy,
accuracy and precision.

- Remote control by OP from CCC.

Sliding table
Gap opening (LVDT)
Resolver
Resolver g5 position (LVDT)
R. Assmann + switches for IN, OUT, ANTI-COLLISION
Settings: 2 jaws — 4 motor positions; 1 motor for tank position. Resolution: 5 pym.
Survey: 7 position measurements (4 corners + 2 gaps + tank)

4 motor resolvers; 10 switch statuses (full-in, full-out, anti-collision)

Dump thresholds (functions+discrete) per collimator (continuously active with beam):
24 warning/dump functions versus time (in/out for 4 jaws + 2 gaps);

2 gap limits versus energy; 4 gap limits f3".

S. Redaelli, Coll-Exp WS 30/11/2012
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Concept of DS collimators O
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LHC Collimation

Concept of DS collimators O
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LHC Collimation

Concept of DS collimators )

v CERN

EIIII’ Bl OO Fom 0 Y000 WO W O o [.
0t 4y Limiting loss locations: -
dispersion suppressor of IR7

Relative beam loss rates

| | I
19.8 19.9 20 20.1 20.2 20.3 20.4
Longitudinal position [ km ]

Losses of off-momentum particles occur at the dispersion suppressors (DSs):
- Single-diffractive events or ion interactions with collimators: IR3/7
- Energy lost and BFPP in collision process: I1R1/2/5/8

S. Redaelli, Coll-Exp WS 30/11/2012



LHC Collimation

Concept of DS collimators \\

v CERN

EIIII' TR T TR R T T T T I i 0] [I
0t 4y Limiting loss locations: -
dispersion suppressor of IR7

Relative beam loss rates

| | 1l A 1l :
19.8 19.9 20 20.1 20.2 20.3 20.4
Longitudinal position [ km ]

Losses of off-momentum particles occur at the dispersion suppressors (DSs):
- Single-diffractive events or ion interactions with collimators: IR3/7
- Energy lost and BFPP in collision process: I1R1/2/5/8

Can only be caught efficiently by local absorption where the dispersion function his
high = DS collimators in cold regions!
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Concept of DS collimators \\

v CERN

EIIII' TR T TR R T T T T I i 0] [I
100 ~ Limiting loss locations:
dispersion suppressor of IR7

Relative beam loss rates

|l

| | :
19.8 19.9 20 20.1 20.2 20.3 20.4
Longitudinal position [ km ]

Losses of off-momentum particles occur at the dispersion suppressors (DSs):
- Single-diffractive events or ion interactions with collimators: IR3/7
- Energy lost and BFPP in collision process: I1R1/2/5/8

Can only be caught efficiently by local absorption where the dispersion function his
high = DS collimators in cold regions!

Design concepts well advanced in preparation for LS1 installation in IR3, which was
eventually postponed considering the good performance of the present system.
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Concept of DS collimators \\

v CERN

EIIII’ Bl OO Fom 0 Y000 WO W O o [.
0t 4y Limiting loss locations: -
dispersion suppressor of IR7

Relative beam loss rates

A. Bertarelli of the
EN-MME team

| | I
19.8 19.9 20 20.1 20.2 20.3 20.4
Longitudinal position [ km ]

Losses of off-momentum particles occur at the dispersion suppressors (DSs):
- Single-diffractive events or ion interactions with collimators: IR3/7
- Energy lost and BFPP in collision process: I1R1/2/5/8

Can only be caught efficiently by local absorption where the dispersion function his
high = DS collimators in cold regions!

Design concepts well advanced in preparation for LS1 installation in IR3, which was
eventually postponed considering the good performance of the present system.
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Outline \\....,

™ Introduction

™ Present designs

“ IR collimation after LST

& Considerations for HL-LHC

& Conclusions

Two main changes affect IRs:
- New tertiary collimators with BPMs;
- Improved TCL layouts in IR1/5.

S. Redaelli, Coll-Exp WS 30/11/2012 8



LHC Collimation

New collimators with integrated BPMs >

® 16 Tungsten TCTs in all IRs and the 2 Carbon TCSGs in IR6 will be replaced by new collimators

with integrated BPMs.
Gain: can align the collimator jaw without “touching” the beam = no dedicated low-intensity fills.
= Drastically reduced setup time => more flexibility in IR configurations
—> Reduced orbit margins in cleaning hierarchy => more room to squeeze B*: =35 cm (R. Bruce)

® Solid experimental validation of this concept from prototype SPS beam tests (2010-2012).

® These new collimators replace the existing collimators (except TCTVB’s in IR8).
—> No changes of the present layout, no draw-backs for experiments; just require new cabling for BPM.

BPM button

Courtesy O. Aberle, A. Bertarelli, F Carra, A. Dallocchio,
L. Gentini et al.

S. Redaelli, Coll-Exp WS .



LHC Collimation

New collimators with integrated BPMs

® 16 Tungsten TCTs in all IRs and the 2 Carbon TCSGs in IR6 will be replaced by new collimators

with integrated BPMs.
Gain: can align the collimator jaw without “touching” the beam = no dedicated low-intensity fills.
—> Drastically reduced setup time => more flexibility in IR configurations
—> Reduced orbit margins in cleaning hierarchy => more room to squeeze *: = 35 cm (R. Bruce)

® Solid experimental validation of this concept from prototype SPS beam tests (2010-2012).

® These new collimators replace the existing collimators (except TCTVB’s in IR8).
—> No changes of the present layout, no draw-backs for experiments; just require new cabling for BPM.
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LHC Collimation

New collimators with integrated BPMs Q;E

® 16 Tungsten TCTs in all IRs and the 2 Carbon TCSGs in IR6 will be replaced by new collimators
with integrated BPMs.
Gain: can align the collimator jaw without “touching” the beam = no dedicated low-intensity fills.

—> Drastically reduced setup time => more flexibility in IR configurations
—> Reduced orbit margins in cleaning hierarchy => more room to squeeze *: = 35 cm (R. Bruce)

® Solid experimental validation of this concept from prototype SPS beam tests (2010-2012).

® These new collimators replace the existing collimators (except TCTVB’s in IR8).
—> No changes of the present layout, no draw-backs for experiments; just require new cabling for BPM.

'E 5 - .
I o meas BPM
TR lin. fit: y = 0.99 x - 0.10
2 4l | ¢ measBLM
e © —lin. fit: y = 0.99 x - 0.09
= -
B
=— =-
_5:'_-__—.--’::-"‘ -2t
R Set beam offset - bump [mm]

\ Figure 8: Correlation between measured beam centres
(BPMs - red, BLM based method - blue) and the bump
settings for the orbit offset at the collimator. The error in
the bump settings was estimated to about 10% of the move-
ment increment.

O
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Recent results from SPS beam tests \\

First BPM-based alignment (MD of Oct. 181, 2012)

W —— Beam Centre UP
—— Beam Centre DW
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Two MDs in 2012 with prototype software for
BPM-based alignment. Proved fast alignment!
Still need to workout details for the pickup
calibrations and non-linearities.

Measured beam position

S. Redaelli, Coll-Exp WS 30/11/2012

within jaws [mm]

Beam Pos. [mm]
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LHC Collimation
Project

Automatic EPM-based Alignment

Minimum Gap [(mm): 18.000 Gap Closing Factor 1.0
Time Interval [s): 10 Align .
Step Size jum] & v Stop All

Alignment Error [um?
LVDT & MOTOR Averaging Average over sk
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20 seconds with 20mm full gap
(no need to touch the high-intensity beam)
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Recent results from SPS beam tests

First BPM-based alignment (MD of Oct. 181, 2012)
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LHC Collimation
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LHC Collimation

Losses from luminosity debris &

v CERN

Proton operation in 2011 Proton operation in 2012

M T T T R I D B NIRRT 1 1 T o I T - - ]

10'4 I — e P S S porfdaanasaprataannnans S — T S S Al : i ‘ axsrnmisgunatend ool

| | | | || |
13.2 13.3 13.4 13.5 13.6 13.7 13.8
Longitudinal position [ km ]

| fff

| | | ||
138.2 13.3 13.4 13.5 13.6 13.7
Longitudinal position [ km ]

10°

In 2012, we have started using the TCL collimators in
cell 5 (TCL-5) to catch physics debris!
Set to 10 sigmas since the start of the run.

S. Redaelli, Coll-Exp WS 30/11/2012 11



Role of present TCL-5

Working on understanding the present limitations from luminosity losses:
- Scans of TCL collimator in physics;
- Measurements of beam losses and loads in the magnets;
- Benchmarking simulation tools.

A. Marsili for the collimation team

S. Redaelli, Coll-Exp WS 30/11/2012

LHC Collimation
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LHC Collimation

Role of present TCL-5 \f\m-'

Working on understanding the present limitations from luminosity losses:

- Scans of TCL collimator in physics;

- Measurements of beam losses and loads in the magnets;

- Benchmarking simulation tools.
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Gap scans with the physics debris collimators
(TCLs) in IR1/5: direct measurements of loads in
matching section and DS; simulation benchmark.

Immediate interest: update of IR1/5 layout in LS1.
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Role of present TCL-5 \f\m-’

LHC Collimation

'
CERN

Working on understanding the present limitations from luminosity losses:

- Scans of TCL collimator in physics;

- Measurements of beam losses and loads in the magnets;

- Benchmarking simulation tools.
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Role of present TCL-5 \i\"*-'

LHC Collimation

'
CERN

Working on understanding the present limitations from luminosity losses:
- Scans of TCL collimator in physics;
- Measurements of beam losses and loads in the magnets;
- Benchmarking simulation tools.
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Gap scans with the physics debris collimators
(TCLs) in IR1/5: direct measurements of loads in
matching section and DS; simulation benchmark.

Immediate interest: update of IR1/5 layout in LS1.
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New experiment requirements

S. Redaelli, Coll-Exp WS 30/11/2012

EXISTING COLLIMATORS || AFP 210 || POSSIBLE NEW COLLIMATOR
TCL4 TCLS TCLE
,4]-[/45 (149 m) (184 m) (~225m)
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LHC Collimation

Present layout: only
TCL-5 installed in IR1/5.

Request to change TCL
layout in IR1 to install the
forward detector AFP
(D. Macina, LHC-XAFP-
EC-0001)

TOTEM far stations and AFP
can not take data with TCL-5
at nominal settings (high
intensity fills).

Need to consider new layouts
with TCL-4 and TCL-6.
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New experiment requirements
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Similar requests in the physics CMS
program - see talks of this morning!
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Present layout: only
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TOTEM far stations and AFP
can not take data with TCL-5
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intensity fills).
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with TCL-4 and TCL-6.
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LHC Collimation

Updated simulation results \\W

-
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LHC Collimation

Updated simulation results O

- '
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LHC Collimation

Updated simulation results \S'"
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LHC Collimation

Updated simulation results &
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LHC Collimation

Updated simulation results \\
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LHC Collimation
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can take data (AFP/TOTEM) without them!
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) 000 _LHccollimation

Approved TCL strategy for LST N

(discussed with ATLAS, CMS, TOTEM) N4,
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Approved TCL strategy for LS1

(discussed with ATLAS, CMS, TOTEM)

® Symmetric layouts in IR1 and IR5

S. Redaelli, Coll-Exp WS 30/11/2012
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P "1 LHC Collimation

@ Approved TCL strategy for LS1 N

: (discussed with ATLAS, CMS, TOTEM) N4,

® Symmetric layouts in IR1 and IR5

® Install TCL-4 both in IR1 and IR5 (and remove TOTEM close station)
- Readqy for a “quick” installation as infrastructure is readly.

S. Redaelli, Coll-Exp WS 30/11/2012 15



P "1 LHC Collimation

@ Approved TCL strategy for LS1

® Symmetric layouts in IR1 and IR5

® Install TCL-4 both in IR1 and IR5 (and remove TOTEM close station)
- Readqy for a “quick” installation as infrastructure is readly.

® Keep the TCL-5 operational at their present locations
- Minimize LS1 works close to these collimators that are hot.
- Only open them when forward physics. Keep them as an additional “safety”’.

S. Redaelli, Coll-Exp WS 30/11/2012

/ (discussed with ATLAS, CMS, TOTEM) N
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== LHC Collimation

@ Approved TCL strategy for LS1 ZN

(discussed with ATLAS, CMS, TOTEM) N

® Symmetric layouts in IR1 and IR5

® Install TCL-4 both in IR1 and IR5 (and remove TOTEM close station)
- Readqy for a “quick” installation as infrastructure is readly.

® Keep the TCL-5 operational at their present locations
- Minimize LS1 works close to these collimators that are hot.
- Only open them when forward physics. Keep them as an additional “safety”’.

® Prepare the infrastructure for an installation of the TCL-6
- Requires new collimator supports, cabling and services!
- Needs update of the vacuum layout (replacement chambers?)
- Installation of the collimator is subject to the availability of new TCTPs!

- Possibility to install the collimators in a short shutdown otherwise.

S. Redaelli, Coll-Exp WS 30/11/2012 15



== LHC Collimation

@ Approved TCL strategy for LS1

(discussed with ATLAS, CMS, TOTEM)

® Symmetric layouts in IR1 and IR5

® Install TCL-4 both in IR1 and IR5 (and remove TOTEM close station)
- Readqy for a “quick” installation as infrastructure is readly.

® Keep the TCL-5 operational at their present locations
- Minimize LS1 works close to these collimators that are hot.
- Only open them when forward physics. Keep them as an additional “safety”’.

® Prepare the infrastructure for an installation of the TCL-6
- Requires new collimator supports, cabling and services!
- Needs update of the vacuum layout (replacement chambers?)
- Installation of the collimator is subject to the availability of new TCTPs!

- Possibility to install the collimators in a short shutdown otherwise.

Maximum flexibility for present and future physics programs:
- Need TCL-4 to allow TOTEM physics at full intensity (requires TCL5 open!)
- Most likely, TCL-6 must also be foreseen to control losses at the Q6.
- Requires detailed integration studies to assess required works (ongoing)
Optimized strategy for works in radiation area in preparation of future upgrades

S. Redaelli, Coll-Exp WS 30/11/2012
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== LHC Collimation

@ Approved TCL strategy for LS1 7N

(discussed with ATLAS, CMS, TOTEM) N

® Symmetric layouts in IR1 and IR5

Maximum flexibility for present and future physics programs:
- Need TCL-4 to allow TOTEM physics at full intensity (requires TCL5 open!)
- Most likely, TCL-6 must also be foreseen to control losses at the Q6.
- Requires detailed integration studies to assess required works (ongoing)
Optimized strategy for works in radiation area in preparation of future upgrades
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! Losses in cell 6 while inserting XRPs

LHC Collimation

® Roman pot insertion to physics settings on 13/10/2011 (3.5 TeV, *=1.0m)

® Could not go closer to the beam than ~20 sigmas due to loss levels in Q6

® Clearly, local Q6 protection would be beneficial for the 220m XRP stations!
(Need to quantify this with detailed simulations)
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LHC Collimation

® Roman pot insertion to physics settings on 13/10/2011 (3.5 TeV, *=1.0m)

® Could not go closer to the beam than ~20 sigmas due to loss levels in Q6
® Clearly, local Q6 protection would be beneficial for the 220m XRP stations!

(Need to quantify this with detailed simulations)
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New challenges for HL-LHC

® Higher beam energy and reduced quench margins!
- Uncertainties on the extrapolation remain an important source
of error in the performance extrapolations!
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® Higher peak luminosities
- Larger loads from physics products

® Different optics concept for smaller 3* reach
- Additional limitations in the arcs (cleaning/protection)
- New IR aperture restrictions requiring local protection
- Different layout requirements for physics debris protection!
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- Uncertainties on the extrapolation remain an important source
of error in the performance extrapolations!

® Higher beam intensities
- Larger halo population and loss rates in the cleaning insertions
—> Possibly more background from TCTs

® Higher peak luminosities
- Larger loads from physics products

® Different optics concept for smaller 3* reach
- Additional limitations in the arcs (cleaning/protection)
- New IR aperture restrictions requiring local protection
- Different layout requirements for physics debris protection!

® New layouts for forward physics programs?
- Need to know as soon as possible the plans
- Only a concern for the run with nominal physics beams
(dedicated low-intensity runs are not a concern).
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- Uncertainties on the extrapolation remain an important source
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® Higher beam intensities
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Example: IR aperture for HL-LHC

nl values for irlbl
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LHC Collimation

Example: IR aperture for HL-LHC (>

nl values forirlbl
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LHC Collimation

Example: IR aperture for HL-LHC O

v CERN

nl values for irlbl
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—— 115 ¢m round
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Results recently presented at
Frascati: R. De Maria + A. Marsili

sim|

Ongoing studies (HiLumi-WPS5 in collaboration with WP2):

- Assessing the needs to add additional protection for the incoming beam a la TCT.
- Studying the phase advances for optimized cleaning of the outgoing beam.

- Clearly, need an integrated study of the layout to fulfill all requirements!

S. Redaelli, Coll-Exp WS 30/11/2012 19



-

(8c,.8¢,.1¢) envelope 10r ¢,=541311x10"'"m, ¢,=5.41311x10""°m, &,=0. 0001137

003

|

P

001p

xm

>
-001+
> |

-0.02}

A=A

f
/
f
f
|
S
b E ':/ 4
< 9 -y .-,..-_ - o= - - = o=
N - )
> ~ey ¢ N ACo I < o £ e o ) o
'
o . ¥ = = R
s - e - v v =We « = 4
a
a - ¢
3

-0.03

| N

‘ J. Joyvgatt

| |

S. Redaelli, Coll-Exp WS 30/11/2012

400

S00
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Collimator for forward physics? \\W

Evaluating the technical feasibility to
Integrated a physics detector into the
DS collimators considered for IR2.

ColUSM meeting of Mar. 16, 2012.
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IR3 represent the momentum
bottleneck of the machine.

Can catch particles with momentum
errors in the range 1 - 8 x 10-3!

Preliminary discussions with TOTEM.
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== LHC Collimation

Conclusions &

'
""""""

™ Reviewed the baseline collimation upgrade in the IRs for LS1

Will replace 18 collimators in IR1/2/5/6/8: improved machine availability and !

Proposed an improved TCL layout baseline: TCL-4, -5 and -6.
Other important changes not discussed here.

™ A project review in spring 2013 will address the needs for LS2
Present layout might be compatible with proton operation until LS3.

lon operation might be closer to limits, in particular for physics debris in IR2.
Working on different fronts (collimation, magnets, ...) to prepare the DS collimators!
& The HL-LHC will pose many new challenges for IR collimation
that we being addressed with high priority
New collimators for incoming beams?
Appropriate layouts for physics debris cleaning with new optics solutions.

@ We supported strongly the forward physics community and will
continue to do so!

LS1 works compatible with presently known requirements.
Open to new ideas for the future!
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Recap. of TCL collimators in IR1 and IR5

® TCL/TCLP collimators have the same design as the TCT but are made of
Copper instead than Tungsten.
We can re-use TCTs replaced with the BPM-design if new TCL'’s are needed!
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® TCL/TCLP collimators have the same design as the TCT but are made of
Copper instead than Tungsten.
We can re-use TCTs replaced with the BPM-design if new TCL'’s are needed!

® They are designed to protect the machine from the collision products.
Main concern: matching sections and dispersion suppressors of IR1 and IR5.
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® TCL/TCLP collimators have the same design as the TCT but are made of
Copper instead than Tungsten.
We can re-use TCTs replaced with the BPM-design if new TCL'’s are needed!

® They are designed to protect the machine from the collision products.
Main concern: matching sections and dispersion suppressors of IR1 and IR5.

® Nominal collimation layout for 7 TeV, at a luminosity of 1034 cm-2s-1:

2 TCL’s per IP per beam (downstream side of the IP):
1 in front of the D2/Q4 cryostat (TCL-4), 1 in front of Q5 (TCL-5) in IR1/5
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® TCL/TCLP collimators have the same design as the TCT but are made of
Copper instead than Tungsten.
We can re-use TCTs replaced with the BPM-design if new TCL'’s are needed!

® They are designed to protect the machine from the collision products.
Main concern: matching sections and dispersion suppressors of IR1 and IR5.

® Nominal collimation layout for 7 TeV, at a luminosity of 1034 cm-2s-1:

2 TCL’s per IP per beam (downstream side of the IP):
1 in front of the D2/Q4 cryostat (TCL-4), 1 in front of Q5 (TCL-5) in IR1/5

® IR1/IR5 layout for the 2010-2012 operation:

The TCL-5’s were installed. Used in physics since the beginning of 2012.
The TCL-4’s were built and are ready for installation (tunnel infrastructures)
but not yet installed (overlap with TOTEM XRP station in cell4).
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Recap. of TCL collimators in IR1 and IR5 \\

’ CERN

® TCL/TCLP collimators have the same design as the TCT but are made of
Copper instead than Tungsten.
We can re-use TCTs replaced with the BPM-design if new TCL'’s are needed!

® They are designed to protect the machine from the collision products.
Main concern: matching sections and dispersion suppressors of IR1 and IR5.

® Nominal collimation layout for 7 TeV, at a luminosity of 1034 cm-2s-1:

2 TCL’s per IP per beam (downstream side of the IP):
1 in front of the D2/Q4 cryostat (TCL-4), 1 in front of Q5 (TCL-5) in IR1/5

® IR1/IR5 layout for the 2010-2012 operation:

The TCL-5’s were installed. Used in physics since the beginning of 2012.
The TCL-4’s were built and are ready for installation (tunnel infrastructures)
but not yet installed (overlap with TOTEM XRP station in cell4).

® In spring this year we triggered a re-evaluation of the present TCL layout:

Do we need to change the present layout during LS17?
Does the operational experience and updated simulation confirms old results?
What are the new requirements of the forward physics community?
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LHC Collimation
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TCL-4 installation in IR5 was postponed due to conflicts with TOTEM Roman pots.

It was decided to adopt the same layout in IR1.
This layout were reviewed taking into account new requirements of the forward
physics community! Comparative assessment of TCL-4/TCL-5 +
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