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Luminosity Leveling at 5x10°%
baseline vs. alternative scenarios

Parameters Baseline | Alt. 1 Alt. 2
Energy [TeV] 7
Bunch spacing [ns] 25
Number of collisions at IP1,5 2736
Particles/bunch [10" "] 2.2
Norm. emittance [pm] 2.5
Bunch length [cm] 7.50 10.0
B+ /By [em] from start 68/68 47/47 | 112/28
to end of levelling — 15/15 | —40/10 | —40/10
Crossing angle [urad] 590 280
(12.50) (9.7 o)
Levelled luminosity 5.0
[10%*cm 257 ']
Virtual luminosity 19.6 10.5
[1034 cm_gs_l]
Levelling time [h] 8.3 5.2
Pile up [events /crossing]| 138
Peak PU density [mm™ "] 1.25 1.31
Luminous region (r.m.s.) [cm] 4.4 4.3
Integrated luminosity [fb~ "] 1.44 1.34
m8h—10h —1.75 — 1.55 ishev, HL-LHC BBLR 3




~ Luminosity Leveling at 5x10°*

baseline vs. alternative scenarios
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~ Luminosity Leveling at 5x103*

baseline vs. alternative scenarios
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Luminosity Leveling at 5x10°*
baseline vs. alternative scenarios
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v The luminosity performance is equivalent to baseline for store
duration 6-8 hours and reduced ~10% (5%*) for 10 hours

v’ Pile-up and pile-up density are equivalent

v’ Longer bunches — less e-cloud and IBS (growth rate -40%!)

* Without and with IBS & SR
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~ Luminosity Leveling at 5x103*

baseline vs. alternative scenarios
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LRBB Correction Algorithm
* LRBB and wire field

po (IL),, oL
2m zé,"

/ds By +iBi],, = [Bi+iA 2 with By+iAy=
k=1
10.5A per LR collision at Np=2.2E11

* Beam-beam separation

don(5) ~ dp(—5) ~ [\/Bm(s)ﬁ* " \/ﬁy(s)ﬁ*] 0.2

R L
By® By
/B;}u.R /B;,:UL

* Resonance Driving Terms = 3 2% (sk)B8 (k)

Pg = + P =
kELR dyp * (Sk)

e Beta-function ratio

Tw

0,g>0

@ S.Fartoukh, AValishev, Y.Papaphilippou, D.Shatilov, PRSTAB, in press
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Beta Aspect Ratio

80 100 120 140 160 180 200
T ‘ T T T T T

] 20 i [ [T 1 7 7 ] 25 ~
E L — Bx . %
: ]85\ _By j2.25@-
S - . (r=2rightafter D1) - =P, / By ] .§
S 16 [ ) 42 8
= i ] -
S P
o~ 14 175 2
12+ -15 =<
10+ —1.25
8- 1
6- -0.75
- e r = 0.5 after Q4)
4 T @.-0.5
@ 2 -0.25
= 0 L [ [ I [ [ | \: 0
LARP 80 100 120 140 160 180 200
€0 Position [m] w.r.t. the IP

AValishev, HL-LHC BBLR



Optimized Wire Current - Baseline

Integrated Current | A.m|
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Optimized Wire Distance - Baseline
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Residual RDT vs. r — Round

(40)-(04)-(60)-(06) correction
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— Round Optics 15/15, Np=2.2x10'}
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FMA — Round Optics 15/15, Np=2.2x101
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Dynamical Aperture — Round Optics
15/15, Np=2.2x10%!
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Dynamical Aperture - Flat Optics 10/40,

300prad, Np=2.2x10!
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Compensation performance in
simulations:

Application to alternative scenario
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Macroscopic Beam Parameters f* = 40/10cm, x=280 urad
IP8=0on, CC=off

End of Leveling at 5x1034, no compensation
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/* =40/10cm, x=280 urad
IP8=0on, CC=off

Evolution of Tails, 1E5 particles
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Wire configuration

IP TAS Q1-Q3 D1 TAN D2 Q4-Q6 Q7-Q13

|_h“ R
. et A |-
NI i

1. Distance from IR 150 m (r=1, not most optimal)

[ —

2. Distance from IR 197 m (r=0.5)
* Minimum distance to beam 9.3 o

* Current 125 Am (Partial compensation)

—
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FMA/DA Flat Optics £*=40/10cm, 280urad,
Np=1.5x10! - end of leveling

BBLR=off, DA=3.2 BBLR=on, DA=5.4

—
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Robustness of compensation

* Wire at r=0.5, distance to beam ~ 3.9 mm

* Alignment errors of 0.5 mm rms in all 4 wires, both x

andy 7

ldeal —+—
rms 0.5 mm_ -

6.5 f

60 70 80 90

—
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Summary and Discussion

 Alternative HL-LHC scenario with reduced crossing angle and
flat optics to restore performance without CC is feasible with
long-range beam-beam compensation

* Wires restore DA from 3 to almost 6 sigma at smallest
separation of 9.4 at end of fill (worst case, non-optimal wire
location). Macroscopic parameter evolution is unaffected by
beam-beam

* Wires need to be at 9.3 sigma, a solution with larger distance
has not been found

* Wires need to be turned on towards the end of fill, the
required current is 125 Axm — good for immaterial wire with
E-Lens, would require 20 Axm EL. Benefits:

* No impedance contribution
a « Can take care of pacman bunches

—
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Summary and Discussion
* In all proposed options wire is at 9-10c beam, or 7-
8o collimation

* For wire embedded in TCT: wire-jaw=3mm, +10-110
beam = total distance 14-150 beam

* A satisfactory compensation with wire at 14o could
not be found

e E-lens wire is a natural solution

~* 125 A-m corresponds to ~20 A-m for 5keV e” beam. |_=7A
b for L=3m

——
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Motivation for BBLR in HL-LHC

1. Flat optics + wires
(S. Fartoukh, 5th HL-LHC coordination meeting, 2013)

HL-LHC Plan B without crab cavities

* Implication of flat optics — no mutual compensation of
long-range collisions at IP1,5 requires large crossing
angle to create 16-17 o separation.

* Current wires can be used to allow reducing crossing
angle and recover geometrical luminosity loss.
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Motivation for BBLR in HL-LHC

2. V-V crossing scheme s. rartoukh, F.Cerutti — Wp10)

allows strong mitigation of the heat load from the debris
produced at the IP and arriving in D2/Q4

* Same as 1 — no mutual compensation of long-range
collisions at IP1,5 requires large crossing angle to
create 16-17 o separation.

* Current wires can be used to allow reducing crossing
angle and preserve the crab cavity voltage.

* For full flexibility, do we then need to foresee 8 wires
per IR (one in each transverse plane, per beam, and
e per IP side)?

v High
) Luminosit
¥ LHC
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Motivation for BBLR in HL-LHC

3. Flexible tool for overcoming intensity

Imitations . rartoukh)

wires allow to restore full freedom in the choice of
octupole polarity

* minimize the octupole strength and preserve the DA
which otherwise may be limited in the ATS (M.Fitterer,
19 Nov. 2014).
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Motivation for BBLR in HL-LHC

4. Cra b-KiSSing scheme (S. Fartoukh, Phys. Rev. ST Accel. Beams
17, 111001, 2014)

Together with crab cavities and flat optics, wires are a key
ingredient allowing to reduce the pile-up.

* CK requires crab cavities in two planes.
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FMA Flat Optics *=40/10cm, 280urad,
Np=1.5x101

BBLR=off BBLR=0n
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FMA/DA Flat* Optics £*=40/40cm, 280urad,
Np=2.2x10! - beginning of leveling

BBLR=off, DA=3.9 BBLR=on, DA=5.8
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Macroscopic Beam Parameters
End of Leveling at 5x1034, no compensation

S* =30/7.5cm, x=320 urad
IP8=0on, CC=off
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Significant degradation of luminosity lifetime (t~10 hr) and DA (30) at end of

leveling, significant tail growth (1-2 orders of magnitude)
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[* =30/7.5cm, x=320 urad
IP8=0n, CC=off

Evolution of Tails
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Code Benchmarking
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Computer code validation against DADONE data

* |n 2005, simulations with Lifetrac were used to
justify the wire installation and qualitatively
predict performance

* We used the latest version with the full account
of machine detail and the latest simulation tools
to reproduce the experimental data
quantitatively
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DAFNE Lifetime Optimization with BBLR

* C. Milardi, D. Alesini, M.A. Preger, P. Raimondi, M.

Zobov, D. Shatilov, http://arxiv.org/abs/0803.1544
(2008)

* ... During the operation for the KLOE experiment two such
wires have been installed at both ends of the interaction
region. They produced a relevant improvement in the
lifetime of the weak beam (positrons) at the maximum
current of the strong one (electrons) without luminosity
loss, in agreement with the numerical predictions.

The only demonstration of long-range compensation with
wires in collider operations.
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Slide courtesy C.Milardi | pgrasitic Crossings in the DA®NE IR1
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Reduction of Experimental Data
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Reduction of Experimental Data
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Simulation Results
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Simulation Results
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Lifetrac Simulation Summary

The general conclusions of 2005-2006 campaign have been
reproduced

1. Full machine detail does not change the results
* in particular strong coupling in the IR due to experimental solenoid

* sextupoles

2. No effect on specific luminosity from BBLR —in
guantitative agreement with experiment

3. Aperture model implemented and lifetime effect
reproduced quantitatively

In April 2015, Lifetrac simulation was used to guide machine
development, which resulted in performance increase
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