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i@ii Beam-Beam Interactions in a Nutshell

s Need crossing angle 6 to avoid parasitic crossings
— reduces bunch overlap & luminosity

s Two mitigations:
— “crab cavities” rotating the bunches before and after the IR

— beam-beam compensator (BBC) mitigating effect of long-range interactions
— presentLHC:F___. =0.7 - HL-LHC ~ 0.2
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s Additional beneficial effects =

— improves/allows more relaxed collimator settings (more triplet aperture)
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— improved physics-debris loss pattern at TAN (losses more centred)
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Beam-Beam Field
@

. Y Y
& long-range ~ 1/r head-on ~r
= — 05¢
N. 3 -
g S 0.4f
4 3 =
i 5 03
H £ 0.2 /
_%‘:) p ) ; -
- 0.1 —
e oF
=3 -
S 0.1 —
8 -
-0.2F
E E [
E —0.3E
5 -0.4F
4 =
- o S S 0 2 4 6
- separation [o]


mailto:Ralph.Steinhagen@CERN.ch

@ Beam-Beam Interactions — Simulations

Heafj On Head On Long Range
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- Passed several Milestones

@ Motivation for Installing a BBC Prototype in the LHC I/l
7

s |nitial proposal based on to J.-P. Koutchouk's note: CERN-SL-2001-048-BI

T'rrm'rrt%mm

s Since, SPS wire-wire and RHIC beam-wire experiments demonstrated that:
1. “detrimental wire effect on life-time can be compensated by another wire”
2. Partial BBC results at RHIC
3. Benchmark of numerical tool chain — indication of what to expect at LHC

s Further tests require a true long-range beam-beam limited machine...
— proof-of-principle requires BBC prototype into machine before HL-LHC
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@ Beam-Beam Interactions — LHC Experiments I/l
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|@ii Beam-Beam Interactions — LHC Experiments Il/I|

s Distribution of integrated bunch-by-bunch losses across the train
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— more long-range encounter < higher losses

7" HL-LHC LPC Meeting, BBC, Ralph.Steinhagen@CERN.ch, 2013-12-03


mailto:Ralph.Steinhagen@CERN.ch

i@ii Beam-Beam Interactions — RHIC Experiments

I11: LRCompensationExp, 5A R. Calaga, CERN
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@ Initial Plans: LHC Beam-Beam Compensators I/

s Reservations around IR1&IR5, LHC-BBC-EC-0001: EEA conern 2 (Y
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s Symmetric beta-function: B_, = 1000 m (for B*= 0.55 m) il
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i@ii Analysed Cases Summary

W- TCT opt
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@ Nominal BBC — Crossing Angle Reduction Performance
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i@ii Post-LS1 BBC Prototype — Test Scenario

s Scenario to be tested post-LS1 to benchmark existing simulations

— N.B. Will need to blow-up the beam to nominal ie. 3.75 um emittances for

the tests
Transverse position Current | Unstables Particles Minimum Radius
o] A %) o]
HoLr 5.7 2.8
9.5 177 2.4 3.7 )
11 177 3.4 5.6
11 237 2.6 3.7

Table 4.16: Summary of the stability test for TCT opt £ , using the nominal
LHC optics and performing the tests for differents transverse positions and current
values, with nominal crossing angle.
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i@ii Initial SPS Prototype Proof-of-Concept Design

s SPS & RHIC-type design incompatible for installation in LHC:

= \Wire needs to be in between beams
s Some inherent risks with moveable tanks
— require movement > 10 mm

s Free-standing wire & RF resonances
— classic A/2-antenna

— impedance issues
(very large B between D1 and TAN)

s Not robust w.r.t. beam impact (MP)

— water cooled wire inside vacuum C » I ; T‘
and very close to beam o T =

BBC wires =
. water cooled
— unacceptable due to too big impact on = = copper tubes

LHC operation in case of failure.

7" HL-LHC LPC Meeting, BBC, Ralph.Steinhagen@CERN.ch, 2013-12-03
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@ Two-Stage BBC Approach l/lI
i

— Initial Post-LS1 proof-of-concept

s Primary aim: benchmark existing simulations and predictions prior to LS-2

s |nitial wire-in-TCTP-jaw design seems to be feasible
— Thermal, cleaning & impedance issues seem to be under control

— Pending: worst-case beam impact scenario studies

i.e. asynchronous beam dump spraying 1-15 nom. bunches onto jaw N.B. TCTP (W jaw) is known to fail

“badly” but additional wire should not significantly deteriorate the situation further — A. Bertarelli's talk

s Allow to test the predictions but may not achieve the best-possible
performance under nominal (HL-) LHC conditions

— test require € =3.5-3.75 um vs. nominal € = 2.0 um
— larger phase-advance w.r.t. nominal BBC

— limited min. wire-in-jaw-to-beam distance

7" HL-LHC LPC Meeting, BBC, Ralph.Steinhagen@CERN.ch, 2013-12-03
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i@ii Summary of LHC BBC Prototype Specifications

s Wire-in-jaw design:
— Embedded (insulated) Cu wire inside W block 20 mm
— Possibility of 1+n wires (spare/redundancy)? clearance
— >100 um between wire and cleaning surface (RF screening)

— more compatible w.r.t. collimation and machine protection

s Wire parameters:
— Solid (round) wire radius of ~ 1mm and e.g. 1 m length
— sub-o level of hor./ver. position control (e.g. 0.1 mm)
— nom. scheme: I/ =1__\2mo_n =72 ... 350 Am (max.)

wire peak- s- parasitic. wire
— DC compensation only
— cooled via passive heat transfer (1 kW)

s |nitially two units: BBC-H.xL5.B1 & BBC-V.xR1.B1

— same location as present TCTP & planned TCL collimator

s Reuse as much of established infra-structure as possible
(collimator type girders/motor control, LHC-type 600 A PC)

7" HL-LHC LPC Meeting, BBC, Ralph.Steinhagen@CERN.ch, 2013-12-03
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@ Combined Collimator & BBC Function
CA@

Improved Wire-in-Jaw Design I/l

Cooling Pipes (Cu Ni)

Tungsten Jaw (Inermet)

L

Glidcop Jaw (Glidcop)

Back-Stiffener (Glidcop)

7" HL-LHC LPC Meeting, BBC, Ralph.Steinhagen@CERN.ch, 2013-12-03
T

G. Maitrejean, L. Gentini details — A. Bertarelli's talk;
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@ Combined Collimator & BBC Function
CA@

Improved Wire-in-Jaw Design II/II

Enlarging wire
section from
2mm to 3.4mm

G. Maitrejean, L. Gentini

s BBC-enhanced design re-uses ~100% of existing TCTP collimator design

s Additional heat-load in jaws and feed-throughs seems under control

7" HL-LHC LPC Meeting, BBC, Ralph.Steinhagen@CERN.ch, 2013-12-03
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Two-Stage BBC Approach I/l

— Possible Nominal BBC Installation for HL-LHC

Primary aim: improve luminosity via reduced crossing-angle
& BBC mitigating long-range beam-beam interactions

Several independent predictions, all consistent and quite promising w.r.t.
potential to reduce the crossing angle, however

Two inconvenient BBC constraints (from engineering/operation/MP point of view):

a) needs to be close to the D1 (i.e. in common beam pipe)
b) Similar “wire”-to-beam distances as the targeted beam-beam separation

Three (/more?) nominal implementation options for HL-LHC:
1. Wire-in-jaw design — scale TCTP exp. and integrate between D1-TAN
2. For reference only: Simulate 'wire' effect through external fields

3. Simulate 'wire' field through e-beam running || to the p-beam

— all three options are challenging w.r.t. design and integration
... following slides give a glimpse on some of the issues

18
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HL-LHC Option 1:
Scalled Wire-in-Jaw Design placed between D1 < TAN

20 mm
clearance
\Y,
—
(0))
o
3
cooling R
ﬁ cooling water ;{ water
00 .g. ([ X X X ) l I

S ~100 mm X 60 mm

Non-neglible n-flux, impedance and TAN aspects need detailed simulations
Major design and qualification effort — basically another collimator
— materials choices: Cu, W, Carbon, SiC, (CVD) Diamond, ...
|deally targeting a 6-70 distance (from a physics point-of-view)
— de-facto becoming a primary collimator next to the experiments
(IMHO: “.. a very challenging scenario”) 19
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HL-LHC Option 2 — more for reference p

Local 'wire'-like Gradient using External

Long-range approximation with 8-10-pole off-centre multi-pole field

ElR n /
© e 5 7
— 0.25_ i +(‘O‘ i % Z
) - : IO Z
5 02
£ 015+ o
S o - . )\ ZB %
0'055 / / Z e
= 7 mu-metal /
_0_05/ J supercond.
0.1 ' ,
- beam-beam field
-0.15¢ multipole approximation
S A R A R I s

05590 0 10 20 30 40 50 60
separation [o]

Septum-like design: mu-metal or superconductor to magnetically shield
between B1/B2 aperture (n-flux may be limiting factor)

Needs further investigation — numerically possible but may required magnetic

peak-fields beyond what can be done with superconductors
20
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HL-LHC Option 3:
Local e-beam simulating 'wire'-like Field I/l

E-beam has by-design perfect 'wire' field distribution

-
=
W
é ‘é e-collector é ‘é e-gun -
[ D
¥}
t
o
1
T ] o
©
\ e-beam / 1
-beam — 3
- P
b dipole solenoid dipole O
typ. 1-10m

...‘ (units are back-to-back)

similar to existing e-cooler, (hollow-) e-lenses used at Tevatron & RHIC,
however: offset e-beam! — much lower requirements on transverse e-beam
parameters (i.e. beam size, profile distribution etc.)

Still need large solenoid field to stiffen e-beam rigidity

no solid material close to beam — chance of being MP compatible @6-70

21
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HL-LHC Option 3:

Local e-beam simulating 'wire’-like Field II/li

s Rationale:
— 'current x length' ~ 100 Am/unit needed LN
L]

* i.e."100 A over 1 m'or 10 A over 10 m' o i
— Commercial solutions deliver ~ 10-35++ A (I0Ts and Klystrons)
— simulations indicated beam profile not being critical
— Leverage experience with existing e-cooler and -lens systems
— Potential to do bunch-by-bunch compensation of pacman bunches
s Limiting factor — required solenoid field <» energy of e-beam

— from a head-on impedance perspective (Burov et al., PhysRevE.59.3605):

eNVESE, _ FNAL: 12T
N BNL: 14T

FNAL: ¢ =0.01, N =6-10", v.=1-10%, Av=0.01, a=1.0 mm
RHIC: ¢, =0.011, N =3-10", v.=5-10+, Av=0.011, a=0.8 mm

B;Bth’w“-’ 1.3

— LHC v =2..5-10° — 10x smaller field due to larger v_

s However: LR e-beam need further detailed studies/simulations

7" HL-LHC LPC Meeting, BBC, Ralph.Steinhagen@CERN.ch, 2013-12-03
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i@ii Analysed Cases Summary

W- TCT opt

W - Q5
W-BBC ?
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S. Fartoukh, T. Rijoff, F. Zimmermann 23
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Conclusion I/l
@]

Sim.: nominal BBC (D1-TAN) may allow crossing angle reduction by ~2c0

7" HL-LHC LPC Meeting, BBC, Ralph.Steinhagen@CERN.ch, 2013-12-03

BBC proof-of-concept to be deployed to confirm predictions prior to LS-2
— however: reduced performance and for a non-nominal/MD-type scenario

— testrequire € =3.5-3.75 um vs. nominal € = 2.0 um
— larger phase-advance between long-range encounter and TCTPs
— limited min. wire-in-jaw-to-beam distance

Efforts to deploy 2 wire-in-jaw based BBC before LS2

— aim: confirm simulation scaling and gain experience for nominal design
— Cabling and supporting infratructure being prepared during LS1
— BBC-TCTP style device to be installed during first long stop after LS1

Assessment of beam-beam compensation prototype prior to LS2, two
possible outcomes

— best case: scale wire-in-TCTP design for HL-LHC

— back-up option: integrate LR-BBC at nominal location (D1-TAN)

Need to start full-system design/integration for HL-LHC soon
24
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Conclusion Il/II
@]

Inconvenient BBC scaling:

7" HL-LHC LPC Meeting, BBC, Ralph.Steinhagen@CERN.ch, 2013-12-03

— needs to be close to the D1 (i.e. in common beam pipe, n-flux, impedance)

— “wire” will be as close to the beam as the targeted beam-beam separation

Two more-realistic/promising nominal implementation options for HL-LHC:
A) Wire-in-jaw design — scale TCTP exp. and integrate between D1-TAN
* Need to respect collimator hierarchy for cleaning & MP
B) Simulate 'wire' field effect through e-beam running || to the p-beam
« Technology seems to be available but still not trivial < strong
synergies with (hollow-) e-lens experience Tevatron/RHIC

BBC should be between D1 and TAN (4 devices/beam: [L/R][1/5].B[1/2])
— Estimated length: £15 m/device (was +1.5 m/device)

— The precise location will depend on the technology:
« e-beam (solenoid) or superconducting multipole — close to D1

e wire-based device — closer to TAN

25
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Predicted BBC Performance for Nominal LHC
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Best Tune Results
S
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Best Stability Results
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Head on Head on Long Range
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Compensating inc. BB-Separation Distance with | ?

@ LHC BBC Simulation
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i@ii Why BBC has to be local

7" HL-LHC LPC Meeting, BBC, Ralph.Steinhagen@CERN.ch, 2013-12-03

Ideal location only at '0' or 'multiples of 21T’
— Unfortunately any other quadrupole, sextupole, octupole error between
LR-BB effect and BBC thwarts the good correction (here 2% error)
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nth-order kick phase [a.u.]

-0.5

phase advance [nr]
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BBC at Q5
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Wire Linear Tune Shift
@]

[]
— I'IOLWI ﬁx 2dxv2v 1
AQ =~ ] 2 2)? * 2 2+
21B,p 411 (dxzedy) dxrdyiE

C
AQ :,uOLIm dys 1 =

21B,p 44 (dxv2|/+d_yv2v)2 dxj,+dy‘,2vE

u, = free permeability

L = wire length

| = wire current |
B,p = magnetic rigidity 6(7):—2Nr° | [1—5%)] 7
B, ,~betatron function Y F r

(x , ¥,) = wire coordinates
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