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LHC Collimation

Introduction - were we are <&
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LHC Run Il: good performance stored beam energy above 250MJ
Beam energy = 6.5 TeV (design =7 TeV)
B =40cm (30% lower than design of 55 cm)
2016: Lower intensities, limited by injection kickers and SPS dump.
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GENIE CIVIL CAVITES « CRABE »
2 nouvelles galeries de 300 métres et 32 cavités supraconductrices £
2 puits prés d’ATLAS et de CMS. « crabes » pour chacune des &8

expériences ATLAS et CMS pour
orienter les faisceaux avant les
collisions.

AIMANTS DE FOCALISATION

12 aimants quadripdles plus puissants
pour chacune des expériences ATLAS
et CMS pour concentrer plus fortement
les faisceaux avant les collisions.

23000mm '

New TAS and VCX

BGV

LIGNES SUPRACONDUCTRICES

. St AIMANTS DE COURBURE
Des lignes de transmission électrique a base COLLIMATEURS 4 paires d’aimants de courbure
d’'un supraconducteur haute température 15 a 20 nouveaux collimateurs et 60 collima- dipéles plus courts et plus
PO t.ransporter le oouran.t bk ‘Ies z’umants teurs remplacés pour renforcer la protection de puissants pour libérer de la place
depuis les nouvelles galeries prés d’ATLAS i polw las nouvesin pollimatetes.

et CMS.
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LHC Collimation

Challenges for collimation o)
™ Increased beam stored energy: 362MJ — 700MJ at 7 TeV

Collimation cleaning versus quench limits of superconducting magnets.
Machine protection constraints from beam tail population
(7 MJ above 3 sigmas even for perfect Gaussian tails!).
& Larger bunch intensity (/b=2.3x10'p) in smaller emittance (2.0 um)
Collimation impedance versus beam stability.
Collimator robustness against reqgular and abnormal beam losses
at injection as well as top energy.
@ Larger p-p luminosity (1.0 x 1034cm-2s-1 = 5.0-7.5 x 1034cm-2s-1)
More challenging collimation of physics debris.
Overall upgrade of the collimation layouts in the insertion regions.

™ Much smaller B8” in the collision points (55 cm — 15 cm)
Cleaning and protection of high-luminosity insertions and physics background.
Concerns from ground motion and cultural noise with betas of ~20km

& Operational efficiency is a must for HL-LHC!

Collimators: high precision

ol Upg raded ion perform an Operation with crab-cavities adds new scenarios for
fast failures the call for controls of halo population.

|
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Collimation upgrade baseline

Completely new layouts \ [Cleaning; DS coll. + 11T \

Novel materials: TCTs in CuCD dipoles, 1 unit per beam

. IR1+IR5, per beam:
4 tertiary collimators
3 physics debris collimators

fixed masks
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i T|CF§%4R3 Momentum Betatron TCSﬁ;\‘;
TCSG.AL3 TCSG.5L3 cleaning cleaning TCSG.A4R7 TCSG.A4RT
TCSG.A5L3 TCP.6L3 TCSG.B4R7 TCSG.B5R7
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©) Open questions

™ The present collimation upgrade baseline is solid
“Historical” concerns on collimation cleaning, impedance, robustness and
operational efficiency (alignment) are addressed.
™ The success of HL-LHC relies on unexplored regimes

— Double bunch intensity in smaller emittance
How halo population and beam lifetime scale?

— Operation with crab cavities
No experience with proton beams. Implications for machine protection?

— Luminosity levelling
Must ensure a loss-free operation while levelling at 5x103%¢cm-2s1
@ Re-baselining of June 2016 added some uncertainties
See introduction by Oliver.

@ Recent concerns from ground motion — dedicated talk

™ Recap.: 3 quench tests in 2015 at 6.5TeV

- Still no quench for protons (~600kW losses)

- Quench for ion debris with <15mW steady losses in DS

- Quench with ions in IR7 with 15kW beam losses
Scaling to 7 TeV still entails uncertainties.
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Why a hollow e-lens review now

o Sufficient operational experience at 6.5TeV

2017 run starts late — after EYETS — would set us back to fall 2017
One caveat: not seen e-cloud limitations this year because of intensity limitation

o (CERN) timeline for construction of hollow e-lenses

End of 2017 estimated as latest date to comfortably produce 2 units in LS2
Require another year of technical design and studies before final TDR.

& LARP collaboration for production as in-kind contribution
Must have by January 2017 a statement on baseline status for HEL

2015
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LHC Collimation

Collimation reviews and losses — | Q&’

Collimation project review 2004

“The assumption of a minimally tolerable beam lifetime of 0.2 hours over a short
period seems reasonable based on experiences made at the TEVATRON, HERA and
RHIC. However, a wide spectrum of combinations between enhanced loss rates and
their durations exists and fast loss mechanisms were insufficiently considered.”

Collimation project review 2009

“Another potentially very beneficial proposal consists in the application of a hollow
electron beam that effectively functions as a beam scraper for the LHC proton beam.
This hollow e-beam scraper might be an excellent solution to relax the sensitivity of
the collimator loss rates with respect to small beam |jitter, as it was observed at HERA

or the TEVATRON.”

@ Review 2011 on needs for dispersion suppressors

Hi D,
( ] et~ S. Redaelli, HEL review, 06-10-2016, p. 9

“‘Since no material must be placed close to the beam, there exists no damage risk
with this scheme. Beyond a certain betatron amplitude the hollow e-beam would

generate high diffusion rates for the protons. It can be expected that this mechanism
also smoothens out spiky loss rates in time. With high intensity and primary |
collimators placed close to the beam, such non-uniformly distributed loss rates can

be an operational problem.”
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Collimation reviews and losses — ii

@ Review 2013 on needs for dispersion suppressors
“..lIdeas of scraping off halo particles with other methods and an improved
understanding of halo formation are being discussed. One option is to use hollow
electron beams as it has been demonstrated at FNAL. Other alternatives should be
explored, such as tune modulation, crystal collimation etc. The committee considers
studies on halo cleaning with different methods for controlling beam losses and for
machine protection as very interesting. ... In HERA the operation suffered from spiky
loss patterns. ... If such a scenario becomes an issue at LHC, direct control of halo
diffusion and the temporal distribution of losses could become important. The hollow
electron beam option can be a solution for these issues.”

@ HL-LHC cost&schedule review 2015
“The HEB collimation concept could become very important for high intensity
operation, especially to control time wise uneven loss patterns. A fast diffusion
speed beyond a certain betatron amplitude could reduce the sensitivity of the

losses to orbit jitter from ground motion.”

& CMAC 201 6. 3 Consistent concerns from experience at other
Becomme.ndatlon: Utilize machines that loss spikes can be an issue.
lighter settings at the beal  acknowledgement that HEL are a viable solution!

Hilurni )
bl S. Redaelli, HEL review, 06-10-2016, p.10
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LHC Collimation

@) Basic idea for halo control <&

Controlling rate of halo diffusion creates a region of depleted halo.

Driving motivations:
Control actively when loss occur;
Mitigation of loss spikes, e.g. in case of orbit jitters;
Reduced risk of damage with highly populated halos.

Key requirements:
Need to be able to select particles by transverse amplitudes;
Adjust depletion rates in time ranges that depend on OP scenarii;
Effect on the core must be negligible.

Local loss rate (flux) Talk by G. Stancari —
- Rox —D- [ f, . ' .
2 ; g will see how this
2 Be;’f"tf? x x worked at the Tevatron
z ulation .
§ e g S 2 with hollow e-lens.
s = -
z Diffusion S S
Z‘ speed S
= =
lllustrative plot by G. Stancari
_ & | | | | | | | | | |
Hi | , 0 2 4 ( 8 0 2 4 6 8
( L RDIEC Transverse position, x [0] Transverse position, x [0] S. Redaelli, HEL review, 06-10-2016, p.15




S} Integration in the collimation
. primary  secondary shower
- collimator  collimator  absorbers

primary
beam halo

circulating beam

*Non-material” scraper — adds scraping functionality but
particles are disposed of by the present collimation system.
Can be installed in other points than IR7, because kicks per

turn are small.
Same conceptual implementation of other methods.

ILUMI §
HC PROJECT

HL-

,...
o
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LHC Collimation

© Hollow election beams o

= A

HORIZONTAL POSITION / o
6 -4 -2 0 2 4 8

————+—— Hollow electron beams runs co-axial to proton beam:
e | [ dnedent. Zero field in the core
0 ! P Selection of affected particles by
% . transverse amplitudes at the HEL location
Z°] Length of a few meters (depends on e-beam current)
£ i E-beam is disposable and can be pulsed at high
7 rates (DC vs AC excitation)
Highly tuneable — e-beam current, radius, pulsing
g N - modes.
Well-established techniqgue used in accelerators.
g | 43556 ,
I S'Jpercc.nductirq solenoid l
\\ s @ é
- protons ‘-*’Wﬁ \ — 23 ?@ antiprotons

“"hollow electron beamé N

v Rz

2690

Gun solenoid
Collector _—

( Hi ).
=L REZ PO SECT S. Redaelli, HEL review, 06-10-2016, p.17




LHC Collimation

Alternative methods under study

& Narrow-band excitation with transverse damper (ADT)
Tested in MDs at the LHC in 2015 and 2016
Allows bunch-by-bunch excitations.

@ Resonance excitations with tune ripple

Used in HERA.
Preliminary MDs at the LHC 3 weeks ago.
No bunch-by-bunch.

@ Resonant excitation with crab cavities.
Recent proposal by Themis M. Similar to ADT method.
Try to address this in MD5.

Talk by R. Bruce

Do not act in transverse (x,y) plan but rely on detuning
with amplitudes and (for some) on precise tune
knowledge bunch-by-bunch. Effect on core: concern!

Studied with high priority in Run Il — only viable
solution in case of problems with halos in Run lIl.

Ml ﬁ
HL-LHC PROJECT

—
X
0
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LHC Collimation

@ Operational scenarios %M
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A) Loss mitigation during cycle setup:

- end of ramp, squeeze, collision setup. Time scale: ~min
B) Static control of tails during long stores in physics

- Time scale: continuous depletion for hours.
C) New for HL-LHC — betastar levelling

Hi 'y
@4ECT S. Redaelli, HEL review, 06-10-2016, p.19




LHC Collimation

Q) Possible benefits from HEL <>

Main functionalities (asking feedback to the review panel!)
- Loss spike mitigation
- Halo population controls for fast failure of 700 MJ beams

Provides several nice additional “bonus” features:
- Enhanced collimation: smoothing/reduction of total losses
through halo loss control (for given cleaning)
- Adds scraping functionality at tight amplitude, no materials constraints

(recap. recent Roman pot run with scraping at 2 sigmas) o
- Control of impact parameters on collimators, useful for ions 6\@00

Improve ion cleaning with 1 dispersion suppressor collimator \!0'

Complementary to crystal collimation. @\\(3)

- Specific for e-lens: allow new AP studies by changing the gun
(Gaussian or flat distributions)
- Specific for e-lens: Provides complementary halo measurements

Potential ways to boost performance (also in light of recent re-baselining) |
- Allow tighter IR7 hierarchy for larger beta* reach 6\5\(\\
- Operation at smaller crossing, if limited in adjust by loss spikes. Q‘N

S. Redaelli, HEL review, 06-10-2016, p.20
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Possible drawbacks of HEL (>

J CERN

New — complex — device that needs to be commissioned
— See talks on operational experience at Tevatron and RHIC

Possible concerns if it does not work as designed?

—~ In the worst case, keep it OFF. No detrimental effects for the
beam if aperture well designed.

Halo “too clean” to detect early on losses, for machine protection
— Depletion rates are smoothly tuneable
— Batch-by-batch to leave “withess” batches with populated halos

Loose Landau damping is tails are removed
— Present specs have inner radius of >5 real beam sigma
—~ Compression factors of e-beam can be tuned with solenoide field

Perturbations of beam from residual fields and imperfections
—~ Nothing in DC mode (preferred operation mode)
— Propose an 'S’ shape design to self-compensate edge effects

S. Redaelli, HEL review, 06-10-2016, p.21
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Conceptual design for LHC lenses

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
CERN — ACCELERATORS AND TECHNOLOGY SECTOR

CERN-ACC-2014-0248

FERMILAB-TM-2572-APC

Conceptual design of hollow electron lenses for beam halo control
in the Large Hadron Collider*

G. Stancari, V. Previtali, and A. Valishev
Fermi National Accelerator Laboratory, PO Box 500, Batavia, Illinois 60510, USA

R. Bruce, S. Redaelli, A. Rossi, and B. Salvachua Ferrando
CERN, CH-1211 Geneva 23, Switzerland
(Dated: October 30, 2014)

Present conceptual design based on achieved parameters
Range of sigmas — 4-8 (emittance of 3.5 microns)
Halo depletion time — < a few minutes
Electron beam current — upto 5 A
Time structure — rise time of 200ns (batch-by-batch)
Main solenoid field — 6 T

Hi iy
(* ] et~ S. Redaelli, HEL review, 06-10-2016, p. 23
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First CERN gun will soon be tested at the
FNAL electron beam test stand!
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LHC Collimation

Location and infrastructure <>

(3x) 1000
ONE COIL WINDING

CERN cryo team: there will be enough cooling power
at P4 for possible e-lens if approved (10-20W @ 4.5K).

We already clarified the process interfaces (4.5K, thermal shield) for
pressure and temperature, and position is so far open but could be
managed with connections to be installed during a LS.



LHC Collimation

Location and infrastructure O

Old design (larger)

A. Rossi &
integration
feam

; Tentative (obsolete) installation
T —— - t ~ study in the dog-leg of point 4

\\\\\\\

——————

CERN cryo team: there will be enough cooling power
at P4 for possible e-lens if approved (10-20W @ 4.5K).

We already clarified the process interfaces (4.5K, thermal shield) for
pressure and temperature, and position is so far open but could be
managed with connections to be installed during a LS.
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Cost estimates

57 -
CERN

Hollow Electron Lenses

o4

- .
Main solenoid ST © Bending colls. Each side of the ms. . _ , Gun coil
Solenoid coils (2 or 3 sectons) Solenoid coll Macuwum C Solenoid cod
Corrector coils 3 sets) - Corrector oo s Instrumentation Corrector coils
He tank Collector He tank / He tank
Thermal screen Mechanical components Thermal screen / Thermal screen
Vacuam vessel Cooling system Current leads / Vacuum vessel
Current leads Power supply for electrods MHe in and out / Curren t beads
He in and out Quench protection // _ Me in and out
Quench protection Power supply / Quench protection
Power supply Suppo\ns / , Power supply

Supports
~

Detailed work by
D. Perini (CERN) and
L. Valerio (FNAL)

Included all key hardware components, for 2 units:
CERN -~ 5 MCHF
FNAL ~ 12.8 M$

Magnet configuration not fully equivalent.

Not included: cabling, infrastructure, power supplies,
modulators, halo monitoring (in WP13)

S. Redaelli, HEL review, 06-10-2016, p.31
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&N Conclusions

FIntroduced the topics of halo controls for the HL-LHC

Topic recognised as critical consistently in collimation reviews that warned

us about possible concerns from loss spikes.
Needs were clearer in Run |, losses have got quieter at 6.5 TeV.

g'We have worked actively on designing a hollow lens for HL

Very advanced design status that followed a CDR produced with FNAL.

Design in nearly complete, could be finalised in less than 1 year:
Still many details can be improved, but no showstopper.
Interest by US-LARP and other partners to contribute to construction.

A Alternative techniques for halo control studied
Dedicate talk will address the limitations that we think they have.

A1t is now time to decide if this shall be made part of the
collimation upgrade baseline
Far enough into run Il at 6.5TeV.

' We are looking forward to getting feedback from this review!
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