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HL-LHC timeline
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== LHC Collimation

Goals for collimation upgrades >

'
v CERN

™ Improve the cleaning performance

- System limitations: dispersion suppressors of cleaning
(IR3/7) and experimental (IR1/2/5) regions

™ Improve impedance and robustness

- State-of-the-art new material and new designs for secondary collimator jaws
- Improved robustness at critical locations (like TCTs)

™ Operational efficiency / machine protection aspects
- Improve beta* reach and setting monitoring

- Faster collimator alignment; improved accuracy
- More flexibility for machine configurations (experimental regions)
- Reduce sensitivity on orbit jitters and other machine perturbations

™ Be ready to replace collimators if they brake or age
- The hardware is designed for 10 y lifetime

™ Achieve remote handling in high radiation environment
- Quick collimator replacement in hottest LHC locations

™ New layouts in experimental regions for Hi-Lumi
- Re-think IR1/5 collimation for new optics options/constrains

M New injection /| The possibility to upgrade the system is built into the

present layout: slots for new collimators, quick plug-in, ...
S. Redaelli, US-LARP, 08-05-2012 4
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_— LHC Collimation

Status of LHC performance in 2012 \\W

-

2011:3.5TeV, 37 =1.0m, 110 MJ (1380 bunches at 50 ns)
2012: 4.0 TeV, 3" =0.6 m, 115 MJ (1380 bunches at 50 ns)
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The collimator system performance is an
important ingredient in this achievement!

S. Redaelli, US-LARP, 08-05-2012 6



Two warm cleaning insertions,

3 collimation planes

IR3: Momentum cleaning
1 primary (H)
4 secondary (H)
4 shower abs. (H,V)

IR7: Betatron cleaning
3 primary (H,V,S)
11 secondary (H,V,S)
5 shower abs. (H,V)

Local cleaning at triplets
8 tertiary (2 per IP)

Passive absorbers for warm
magnets

Physics debris absorbers

Transfer lines (13 collimators)
Injection and dump protection (10)

Total of 108
collimators

(100 movable).

Two jaws (4 motors)
per collimator!
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== LHC Collimation

Collimation cleaning &
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LHC Collimation

Collimation cleaning: 4.0 TeV, '=0.6 m (>

betatron losses B1 4000GeV hor norm F (2012.04.02, 23:18:29)
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LHC Collimation

Losses in IR7: 4.0 TeV, $'=0.6 m O

betatron losses B1 4000GeV hor norm IR7 (2012.04.02, 23:18:29)
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LHC Collimation

Collimator gaps during the cycle

Injection Squeeze Collision
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Reminder on setting strategy
(different than other accelerator).
functions based movements;
rely on excellent machine
reproducibility and unfrequent
alignments (1 only in 2011!)

S. Redaelli, US-LARP, 08-05-2012



3

Physics settings in millimeters

LHC Collimators | Beam: B1 | Set: HW Group:LHC

LHC Collimators | Beam: B1 | Set: HW Group:LHC COLLIMATORS
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== LHC Collimation

Intensity reach from collimation cleaning >

'
v CERN

The performance reach does not only depend on the collimation cleaning!

Minimum (assumed)
beam lifetime

Quench limit of
SC magnets

Collimation cleaning at
limiting cold location

LHC total intensity reach
from collimation:

Preliminary 7 TeV performance Protons: >4 x nominal
estimate based on ACHIEVED loss .
—> |lons: 5-25 x nominal

rates at 3.5 TeV
(500 kW for protons, 27 kW for ions) lons (L debris) closer to limit!

Caveats/assumptions:
- So far, we did NOT quench — Figures for Ryare conservative
- It is assumed that the lifetime will be the same at larger E and smaller 8
- The losses were achieved only during short times =1 s
- There are uncertainties on quench limit and cleaning performance at larger E

S. Redaelli, US-LARP, 08-05-2012 13



== LHC Collimation

Intensity reach from collimation cleaning >

'
'
4 CERN

The performance reach does not only depend on the collimation cleaning!

Minimum (assumed)
beam lifetime

Quench limit of
SC magnets

Collimation cleaning at
limiting cold location

LHC total intensity reach
from collimation:

Preliminary 7 TeV performance
estimate based on ACHIEVED loss
rates at 3.5 TeV
(500 kW for protons, 27 kW for ions)

Caveats/assumptions:
- So far, we did NOT quench — Fig
- It is assumed that the lifetime will
- The losses were achieved only durin

- There are uncertainties on quench lim cleaning performance at larger E
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LHC Collimation

- Collimation quench test in the DS \\

500 kW primary
losses on the TCP!

—
(00]
l‘lll

—

(o))

T [T 17T
1

—
N
T T T T

—
\}
T LI

Beam intensity [ 10" of

—
o
T T LI

Bl

6— ........
19

Peak loss inthe| o
DS magnets f
330 W. Nothing | S
seen in the
cryogenics. 10

Note-2011-042 ” A P TR E T )
li

MD(LHC) o8 1 1 | R (Rl (Rl o R (] R -

19.6 19.7 19.8 19.9 20 20.1
Longitudinal position [ km ]
S. Redaelli, US-LARP, 08-05-2012 15




LHC Collimation

DS upgrade in cleaning insertions (>

(1) Catch local losses in the
dispersion suppressor (DS):

two DS collimators per beam
- Layout change of the DS: moving
dipoles to create space;

- New design of warm collimators.

A. Bertarelli of the

EN-MME team
(2) Combine momentum/betatron
cleaning in IP3 by adding 5
vertical collimators per beam New IP3 schematic layout (by A. Rossi)
- Standard technology of Phase I. = < =
- Essentially using existing slots. M Beam 1 L ' B2 ' ge

- New production chain for building
the missing collimators. D& E]'u B : ==l

Details: Review of DS work, July 2010:
http://indico.cern.ch/conferenceDisplay.py?confId=100156

S. Redaelli, US-LARP, 08-05-2012 16



http://indico.cern.ch/conferenceDisplay.py?confId=100156
http://indico.cern.ch/conferenceDisplay.py?confId=100156

LHC Collimation
P

DS upgrade in cleaning insertions (>

A. Bertarelli of the
EN-MME team

- New production chain fC '
the missing collimators.

S. Redaelli, US-LARP, 08-05-2012 17
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Losses [Cray | s)

LHC Collimation

Losses in physics é

CMS ~ LHCb

Oaam 2 Oaant 3 Ocant 4 Oaam 5 Oaam 6 Oaant 7 Oaam 8

Momentum Betatron
cleaning cleaning

High intensity operation — Limited earlier than expected in the experimental
regions; focus on remote handling as we can reach larger stored energies!

S. Redaelli, US-LARP, 08-05-2012 19



== LHC Collimation

Upgrade strategy (l) %

® Shutdowns 2010-11 and 2011-12

- New IR2 layout for improved ALICE data taking

- Software for faster collimator alignment

- Improved SW for protection functionality (B" limits)

- Improved controls HW: OP efficiency against downtimes from radiation

® LS1 (LHC energy to nominal)
- BPM-integrated design (18 new collimators)
— Faster alignment in the IP’s, smaller 8°, improved machine protection.
- Update the air duct in the cleaning insertion
- New IP8 layout (to allow installation of TCTs with BPMs)
- Improved IR collimator layouts for forward physics in IR1/5 (TCL layout)
- Considering new passive absorbers in IP3 (longer lifetime of warm magnets)
- Replacement of electronics components to improve redundancy

S. Redaelli, US-LARP, 08-05-2012
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== LHC Collimation

Upgrade strategy (Il) <>

lllll

® LS2 (double LHC luminosity)

- Possible first upgrade of experimental regions: DS collimators in the IRs
- Additional collimators equipped with BPMs (faster alignment, smaller 37)

- Improved design and new materials (less impedance, more robustness)
- Investigate collimator HW aging / lifetime

- Remote handling (partly)

® LS3 (HL-Lumi LHC)

- Complete re-design of collimator layout in the IRs
(DS collimators + additional local protection for ATS optics)
- Fully remote handling in radiation environment
- Complete DS collimation in all the required IRs (also IR3/7 if needed)
- New collimator materials to replace collimators that have aged. BPM design.
- New concepts for improved cleaning (crystal, hollow e-lens) - if needed

S. Redaelli, US-LARP, 08-05-2012 21



BPM-integrated design \:\m

Button 1 at upstream port on D side Present (10-15min/coll) to BPM (~ten sec)

Distance from Jaw face: 10 mm X T T >
" m— , ol ¢ meas upstream

——lin. fit: y = 0.95 x - 0.02

- " ——

BPM center (mm)
o O
RS N

2

-08r -~ - D. Wollmann

-1 -0.8 -0.6 -0.4 -0.2 0 0.2
BLM center (mm)

® BPM bottoms integrated in the collimator jaws to
measure the local beam position.

® We will replace all 16 tertiary collimators in LS1!

® Reduce setup time from several min to tens s;
Continuous monitoring during standard OP
— Improved machine protection and 3" reach

® Proof of principle: SPS beam tests in 2010-11
@ Production contract signed!

Mockup collimator
for SPS tests

(A. Dallocchio)

S. Redaelli, US-LARP, 08-05-2012 22



IR Upgrade Specifications <)
""""""""""""" Secondary beams from Beam 1 in IR2

Il Q
v I . { (87,80 10;) enveiope for ¢,=5 41311 510" ¥ m, ¢ =8 413115 10°m. &,=0 0001137
VRS | N I R O N Y | Y Y (N

dp/p = 0.4 % ! HU””I ' ; 'A‘iﬂ JAN J‘

20|

~n

| 0.6% -
10,' 0.7 % ‘, I:

£
e
g | 1.0 %
E 0 1.2 % ,
@ L E 000
o) } L
@ -10| it Bt
g | Wittt
& . \S Q5 54 05554555
< 20! A .
I -002p \/
1 ' N T )
30| " H | i
: | : ) é
402 il ||| | : (/ [ TECHNICAL SOLUTIONS: PRE-DESIGN 2
a0 0.1 0.2 0.3 0.4 0.5 0.6 0.7) ot —6
Longitudinal coordinate [ km | T 1.0" d
(IUCIOIU”H.}' Ul 11 vwIiHI O I II.UHI aLlcou i1 1\vJi, Colli jaws f
. L
O
Website of the LHC Collimation Upgrade Management Meeting 0 C B
LHC Collimation B

. Website of the LHC Collimatio
“= Meeting

........................................................................................................................................................................ D. Dumm
Ch. Mucher

S. Redaelli, US-LARP, 08-05-2012 23



® Chasing “dream” material for collimator jaw: improved
robustness and reduced impedance!
Ex.: replace secondary collimators in IR3/7; more robust TCTs?
® HiRadMat beam tests scheduled in 2012 to study
behaviour of materials during impacts of high-intensity
proton beams

https://indico.cern.ch/getFile.py/access?contribld=3&resld=3&materialld=slides&confld=185383

@ After evaluation of the beam tests, we will decide about
possible production of new collimators for the
installation in LS2

® Collaboration with Kurchatov for studying effect of
radiation on material properties.

® We are interested to perform material tests with
BLN. Topic for US-LARP collaboration?

e “'

EUCARD |I= 5&[.1
F

S. Redaelli, US-LARP, 08-05-2012

LHC Collimation

Courtesy of A. Bertarelli
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Hollow e-lens

Phys. Rev. Lett. 107, 084802 (2011)

Collimation with hollow electron beams ' . I
G. Stancari,” A. Valishev, G. Annala, G. Kuznetsov," V. Shiltsev, D. A. Still, and L. G. Vo 34:, O
Fermi National Accelerator Laboratory, P.O. Box 500, Batavia, IL 60510, U.S.A. > s : ':
(Dated: May 16, 2011) s B .
A novel concept of controlled halo removal for intense high-energy beams in storage rings and col =
presented. It is based on the interaction of the circulating beam with a S-keV, magnetically confined - -ib
hollow electron beam in a 2-m-long section of the ring. The electrons enclose the circulating beam, ii L
halo particles transversely and leaving the beam core unperturbed. By acting as a tunable diffusion e =5 —
and not as a hard aperture limitation, the hollow electron beam collimator extends conventional coll : @ /.'\I‘,._
HORIZONTAL POSITION / o e losses. The concept was tested experimentall !“:;“ 2. 1N
-6 -4 -2 0 2 4 6 t results on the collimation of 980-GeV antipro — L L5 "’."@ \'7
L 1 ] ] L 1 ! - uwd B 1
2 HOLLOW ELECTRON BEAM = = I
-
4 - L.

T Ideal scraper that | {
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LHC Collimation

Tests at the Tevatron indicate very promising potential for LHC!

We found a solution for the integration into LHC-IP4 (Y. Muttoni).
We want to prove that the parameters of the Tevatron HW are suitable for
conclusive beam tests at the LHC. valentina and Giulio = soon presenting at the CWG.

0 2 4 6 8 10

r (mm)

Incari, Fermilab.
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LHC Collimation
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Promises: better DS cleaning due to reduced single-diffractive
Interactions; larger collimator gaps for reduced impedance.
Beam tests in the LHC endorsed by LHCC.
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LHC Collimation
. Project

Conclusions £ N

]
g CERN

@ The LHC and its collimation system work well (up to > 100 MJ)
- Indications that IR3/7 cleaning is ok for ultimate LHC intensity.
- Performance studies continue in 2012, the final verification only comes in 2015!

@ LS1: collimators with integrated BPMs in experiment and dump regions
- Will improve machine efficiency (faster alignment) and beta™ reach.

@ R&D on new materials and remote handling continues with high priority
- We are very interested in radiation tests at BNL

@ The present LHC collimation cannot protect the cold magnets in the DS’s.

- Quench: no obvious limitation for proton beams but ions might be closer to limit
- Magnet lifetime to be assessed carefully by magnet experts

- Focus of present studies is moved to experimental regions

@ We want to be ready with a design of DS collimation in IR1/2/5 for LS2
- 11 T dipole development is critical.

@ New collimation in the experimental regions to be worked out for LS3
- We see no show stoppers for HL-LHC challenges

@ Advanced collimation R&D relevant for US-LARP collimation work

- SLAC prototype: fully support beam tests (SPS, HiRadMat) matching the SLAC schedule
- Hollow beam: basically ready to present it to CERN management for LHC installation
- Crystal studies: UA9 collaboration trying to meet the challenging goal of LS1 installation
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LHC Collimation
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LHC Collimation

Losses in experimental regions o
IP5: proton operation IP2: lon operation
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® Continuous losses in the dispersion suppressors of experimental regions
during physics production

® Different loss locations for proton and ion beams in different IRs

® Local radiation caused by losses affected already the LHC operation!

® Can be cured satisfactorily only by local collimators in the DS

® Even if we would not quench, the magnet lifetime might become a concern
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== LHC Collimation

2010-2011 operational experience (>

!
’ CERN

w -So:tuanmc o
90 Il Total Time |
] 80 £ 250
e Good news from OP experience: e i
. . . 5 °
- The beam lifetime at 3.5 TeV is good! & s
. 50 €1
- The alignment was only needed once! £ £
- No indication of problems from £ % r
collimator impedance (N. Mounet, Evian2011). 2 =
0—""2010 2011 . 2010 2011
Year Year
s bU t . (a) Setup time and total time (b) Aligned collimators

G. Valentino et al., Evian2011

e Large losses in experimental regions
e Collimation setup is time-consuming

e The operation flexibility in the IRs affected by collimation (VdM scans, spectrometer
polarity, B* levelling, ...)

e The B reach is determined by collimation/machine protection constraints: retraction
between beam dump and horizontal TCTs (R. Bruce’s talk) which are not robust

e Radiation aspects affected already the operation (trips/accesses around IRs)
e Only passive monitoring of performance by unfrequent loss maps (~4weeks)
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LHC Collimation
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LHC Collimation

V. Parma

Short Conn.cryostat

1 dipole (8T) = 15.67 m >

3 m
@ 5.5 m Nb,Sn
3 m
Collim.
M. Karppinen
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Radiation at the collimators

Doses in uSv/h

TCP 13 0.3 88 6 1.2 376 6

TCP.D6 10
TCAPA 24 0.7 360 8 TCP.C6 18 2.5 345 16
TCSG.5 7.5 0.2 172 12 TCPBS 31 31 560 40
MQWA.C 9 176 5 TCAPA 70 3.0 860 35
TCAPB 13 1.2 203 13
TCSG.A6 g 1.5 450 28
TCAPC 65 2.5 840 16

Courtesy of S. Roesler for the RP team
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LHC Collimation

Effect of radiation on materials O
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Fig. 50. The relative change in resistivity of samples for AC-150 material Fig.48. The relative change in density of samples for AC-150 material depending
depending on the doses. on the doses.

Samples of the Carbon material used for the collimator jaws were tested
under radiation environment (1017-101° p /cm=2 of up to 30 MeV) at the
Kurchatov institute (Courtesy of A. Ryazanov)

Material properties degrade in high-radiation environments.
Examples: resistivity increased by more than 350%; thermal
conductivity reduced by 70-80%
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Ex: losses in the experimental regions

LHC Collimation
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LHC Collimation
Project

Losses in the DS of IR1/2/5 <

v CERN

lon losses in IR2
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Large loss also for ions that affected operation already!
Issues: operational efficiency, radiation, magnet
lifetime, ...
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-

[Intensuty Limit [
Performance reach depends on: \

- Collimation cleaning inefficiency
- Total beam intensity;

- Peak minimum lifetime;

- Quench limit of magnets;

- Loss dilution Iength.

Quench limit,
e.g. 8eb p/m/s

l im
m 1 n

/ ,

Assumed input

Minimum beam
lifetime (peak loss):

Design loss assumptions

LHC Collimation
\
\
CERN

Factor for BLM

ki

Factor for
margin, e.g. 0.33 shower dilution
from FLUKA,
/ eg.3.5
v

?

BIM ) Fd(/utiun

imperfect

o

Factor for
imperfections,
e.g.6

R. Assmann

Our design Mode T T Rioss Pioss
specification: (5] (] [v/4] TV]
Injection | cont. | 1.0 | 0.8 x 10" 6
10 0.1 | 8.6x 10" | 63
Ramp A 0.006 | 1.5 x 10*3 | 1200
Collision | cont. 1.0 | 0.8 x 10! 097
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This figures
are being
revised based
on the beam
experience
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LHC Collimation

The layout is ready for upgrades! (>

’
4 CERN

Layout optimized for upgrade, by new
requirements not covered by the existing slots

|
Tran{ll] ~~_‘i :!ﬂ! g,

e ey | o~

TCSG.A6L7.B1

Slots ready for new collimators!
Can install and test new designs/
materials in IR3/7 without impact
on the present system.

Installation in short tech. stops.
S. Redaelli, US-LARP, 08-05-2012 41



