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LIU bearn parameters and béam commissioning: H. Bartosik, V. Kain ™

Outline:
* Recap of LIU baseline

* Proton and Pb ion beam parameters
o Targets and present status

* Post-LS2 beam commissioning milestones




lJJ Present LIU baseline |

(main items)

- PSB

« Connection to Linac4 - New H- charge exchange injection at 160 MeV from
Linac4 to double brightness of LHC beams

» Acceleration to 2 GeV
— New main power supply POPS-B
— Replacement of C02-C04-C16 RF systems by Finemet based RF system

e Linac3 + LEIR

« Source and LEBT improvements to increase current from Linac3 and improve
reproducibility

* Intensive studies on LEIR modeling and monitoring to increase transmission
» 100 ms injection rate into LEIR to accumulate larger current

CE/RIW
\
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lJJ Present LIU baseline Il

(main items)

« PS
* New injection at 2 GeV for protons to mitigate space charge

* RF improvements to improve beam quality and increase longitudinal coupled
bunch instability threshold

— Impedance reduction of the RF systems
— Installation of new Finemet RF system as longitudinal feedback

» Operational deployment of transverse feedback system

* SPS

« 200 MHz RF system upgrade
— Power upgrade and rearrangement of cavities
— New LLRF including slip stacking capability

 Electron cloud mitigation and impedance reduction to increase intensity reach

— a-C coating of QFs + one full arc
- QF-type flange shielding and HOM damping in 200 MHz cavities

* New beam dump system in LSS5 and new design of protection devices to
comply with the target HL-LHC beam parameter values W
ERN

€
\
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lJJ LIU performance reach for protons

STANDARD 25ns « Beam loss and emittance blow up
- I budgets
[ | [
2O R losses 5% 10%
blow-up 5% 10%

N
o

 PSB brightness + intensity
limitations in PS and SPS inferred
from simulations

—_
o

« Space charge limitation curves in

. PS and SPS based on assumed

------------- tune spreads and optimised beam
1.0 1.5 2.0 2.5

parameters at transfers
0'8.0 0.5
Intensity at 450 GeV [p/b] 1e11

o [HHRESEED
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tJJ LIU performance reach for protons

STANDARD 25ns « Beam loss and emittance blow up
3.0 budgets
N N
B 5 s s s v snss snsnis

N
o
I

—
o
I

Emittance at 450 GeV [um]
(@) ]

O
o

0.8.

lnccp< 5%

10%

Details of beam parameters at injection in all
machines can be found in this document

3 1296306 v.2 | LIU-PM-NOT-0011 v.2 (D Released  Public access
== LIU PROTON BEAM PARAMETERS by Giovanni Rumolo

10%

Sity
PS inferred

N curves in

ssumed
sed beam

At SPS extraction:
N & (um)
(x 101 p/b) | °*
LIU/HL-LHC 2.3 2.1
METTSIY dt 40U GEV [PrU] =T AQV, ax 0.31
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JJ Where we are standing (protons)

 Intensity limitation: experience from high intensity run 2017

« 2ell p/b injected into SPS in trains of 48 and 72 bunches (BCMS and standard) and kept along
a long energy plateau at 26 GeV/c

SPS-PAGE]l Current user; SFTPRO2 0.00E+00 10-10-17 03:05:22
SC 233 (31BP, 37.2s) DYNECO Last update: 0 seconds ago

MUL Experiment
0] H2/H4
0] H6/H8
0] COMPASS
0] NAG2
Phone: 77500 or 70475
Comments (10-Oct-2017 03:04:43)

High intensity run on Monday
From 9:00 am till Tuesday 9:00 am

LHCS50NS 3377 E10 0.5 E10 No beam for NA

cw
\



lJ Where we are standing (protons)

 Intensity limitation: experience from high intensity run 2017

» 2ell p/b injected into SPS in trains of 48 and 72 bunches (BCMS and standard) and kept along
a long energy plateau at 26 GeV/c

« Some encouraging observations:
- Excellent beam quality from PS up to this intensity
— No important e-cloud signs in SPS, coupled bunch instability observed in 2015 not an issue
- SPS losses at 26 GeV/c increase with intensity, but also with transverse emittance

100
é 4 "
L ]
95 8
L ]
_ 3 N
c 90
=2
a
E a5 Measured transmission (%)
E along SPS flat bottom
a0
= standard (SPS FB)
» BCMS (SFS FB)
75
0.0 0.5 1.0 1.5 2.0 2.5
i i lell
P5S extracted intensity [p/b] C\w
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lJ Where we are standing (protons)

 Intensity limitation: experience from high intensity run 2017
» 2ell p/b injected into SPS in trains of 48 and 72 bunches (BCMS and standard) and kept along

Delta signal [arb. units]

Delta signal [arb. units]

0.04

0.02

0.00

0.02

0.01

0.00 ===

-0.01

-0.02

a long energy plateau at 26 GeV/c
Some encouraging observations:

- Excellent beam quality from PS up to this intensity
— No important e-cloud signs in SPS, coupled bunch instability observed in 2015 not an issue
- SPS losses at 26 GeV/c increase with intensity, but also with transverse emittance

Still quite some work to do:

- Even with fully deployed longitudinal feedback, PS cannot provide higher intensity

— Transverse single bunch and longitudinal instabilities in SPS

Measured horizontal intra-bunch oscillations

P LA
\\;7 A 4

€,~0.1-0.2

Bunch length [ns]

258
[+

1518

Do G|

T
Batch 1

Batch 2 ]

Batch 3

Batch 4 []

Bunch lengthening seen after

injection of second batch

oo

1
Fayt +
0.5 m““&‘."“" 0.“0."” “
Mm,,o LI

‘#“"uw’ “+ “j’h e ey b, kg
by b
Wb it

‘:. 3’48.“‘ .“d'oo
1

I g

12

Time [s]

14

16

88

Cc

M

A



lJ Where we are standing (protons)

» Brightness limitation: experience from 2017

« Emittance blow up at PSB-PS transfer intensively under study
— Observed also on operational beams
— No benefit observed when transferring large longitudinal emittances

- Many potential contributors (mismatch, injection scheme, space charge, accuracy of measurements)

« Emittance blow up in the SPS

- Increasing with increasing intensity in the vertical plane
— Mechanism to be understood

2.4

T T T T T T T 24 T T T T T T
23k ¢ ¢ injection & ¢ endFB| | t ________ i ¢ ® injection ¢ ¢ endFB| ! {
: : ; ; ; 5 220 = po— — — — preey.. beeeoeaene Lo i
S22 Hplane g = | Vplane |
3 21 Lo .......... ........... .......... .......... { ......... ........... ......... i 3 20 Lo .......... ............................... % .................... .........
v 20k L b L i ......... Ll ] v L8 f
S 19b L SR AR SRR S S s : ¢ :
E 18 : : ; : ; : h= 16 : ;
g~ A T g B |
1_,!'_ .................................................... 14 ;
16l t ____________________ S R R R S : ¢
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lJJJ LIU performance reach for Pb ions

 Intensive study program in 2015-2016 across injector chain
« Performance in 2015 was already outstanding thanks to improved LEIR performance

« Performance in 2016 was pushed even further thanks to improvements in source + Linac3,
continued LEIR studies, bunch splitting in PS, 7 injections in SPS

PS
. SPS / \ “ I — 2015 — 2016

=
o 7
= a
© S = _| 4bunches per
5 —
S 3 s injection
Z 3 Sy
i & z 2 bunches per
g z @3 injection
—_ 2 c
o [
= £ ’
o 1
L
0 | | | I | | 0 0 L
0 500 1000 1500 ' 2000 2500 0 0 20 30 20 50
Cycle time [ms] Time [s]
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lJJ LIU performance reach for Pb ions

* Intensive study program in 2015-2016 across injector chain
« Performance in 2015 was already outstanding thanks to improved LEIR performance

« Performance in 2016 was pushed even further thanks to improvements in source + Linac3,

continued LEIR studies, bunch splitting in PS, 7 injections in SPS

20

15

10

Pb ions per PS batch [1e+8]

LEIR accum. LEIR ext. PS inj. PS ext. SPS inj. SPS ext.
(avg)
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lJJ LIU performance reach for Pb ions

* Intensive study program in 2015-2016 across injector chain
« Performance in 2015 was already outstanding thanks to improved LEIR performance

« Performance in 2016 was pushed even further thanks to improvements in source + Linac3,
continued LEIR studies, bunch splitting in PS, 7 injections in SPS

« Baseline LIU Pb ion parameters compliant with HL-LHC request

« Single bunch parameters at SPS extraction from 2016 experience translate into requested ones
when including additional losses in SPS due to longer injection plateau and slip stacking

* Number of bunches can be achieved including slip stacking in the SPS (otherwise only 60% of
integrated lumi target)

# of

(um) | bunches

Achieved 2.2 1.5 548
LIU/HL-LHC 1.9 1.5 1248

> 1420286 v.2 | LIU-PM-ES-0004 v.2 @ Released () Public access
LIU ION BEAM PARAMETERS by Giovanni RUMOLO

-
C{RW
\
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lJJ LIU timeline and milestones

« Activities until LS2
« Beam studies to further test performance, evaluate risks and study mitigations

» Final design, procurement and test of hardware (e.g. protection devices, cables,
power converters, amplifiers)

 Anticipated installation/cabling work during YETS

« Work on surface (e.g. civil engineering, racks), Linac4 Reliability Run &
commissioning to desired performance

 Main LIU installations and hardware work during LS2

« Beam commissioning of LIU beams after LS2
* lon beams to be ready for 2021 LHC ion run

* Proton beams during Run 3 to be ready for LHC physics after LS3

Runi2[ LS2[
~ A ~— A Run3@ >
2015 2016 2017 2018 2019 2020 2021
Q1102i03104|Q1102/03/04|Q1102i03/d4|Q1 @2ia31a4ja1i02/a3104/a1i02/03104 /01102103104
LHC
Injectors '

Proton@un [ i issioning TS-(E)YETSE
Pb-Pb&un AongBhutdownR2FLS2)z

\ /
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lJJ Post-LS2 beam commissioning

* The first year of Run 3 (2021) will have to be fully devoted to

» Recovery of needed pre-LS2 proton beams (LHC and FT) with all new LIU (and CONS)

equipment
* Production of Pb ion beams with slip stacking in SPS for 2021 ion run

LIU beam commissioning Coordination meeting
Thursday 19 Oct 2017, 10:30 — 11:30 Europe/Zurich

Q 774-2-058 (CERN)

Mandate and organisation

Speakers: Giovanni Rumolo (CErN), Verena Kain (CERN)

LIU_BC_meeting_1.. LIU_BC_meeting_1...

2020-21
Commissioning
newly installed

Pb ion be

— 11:00 Rough planning of deliverables for 2018

Speaker: Verena Kain (CERN)

—+11:15 Forecast of deliverables during LS2, with needed resources

Speaker: Verena Kain (CERN)

Round table discussion

HiLumi Collaboration Meeting, Madrid. 13-16 November Giovanni Rumolo
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lJJJ Post-LS2 beam commissioning

* The first year of Run 3 (2021) will have to be fully devoted to

» Recovery of needed pre-LS2 proton beams (LHC and FT) with all new LIU (and CONS)
equipment

» Production of Pb ion beams with slip stacking in SPS for 2021 ion run

« 2022 should be devoted to accelerating 2el1l p/b in the SPS
» Build on 2017-18 experience

» Overcome stability issues in PS-SPS in new operating conditions + acceleration in SPS

* Further intensity steps (additional 15% and 10%) in 2023 and 2024

 These intensity steps are unprecedented and will require dedicated scrubbing runs in the
SPS and fine transverse and longitudinal optimisations

» While high intensity is being commissioned, corrective actions could be applied in
YETS’s or planned for LS3, as identified and needed.

2020-21 2022
\ Commissioning of pre-LS2 beams with Linac4 and \ Commissioning of 1.8 10! p/b
newly installed equipment + commissioning of the with the desired brightness
Pb ion beams with slip stacking in SPS and loss budgets out of SPS

2023 2024
\ Commissioning of 2.1 10! p/b up to SPS \ Commissioning of 2.3 10! p/b up to SPS
extraction and tests of higher intensity extraction with the desired brightness

at least up to the SPS injection and loss budgets

HiLumi Collaboration Meeting, Madrid. 13-16 November Giovanni Rumolo 15 ")



lJJJ Conclusions

 LIU beam performance with baseline upgrades has been analysed leading to the
estimation of robust beam parameter sets

» Future operation scenarios are based on simulations and present knowledge of the
machines — constant improvement and validation with better simulations and machine studies
using already installed hardware

* LIU beam parameters match HL-LHC requests both for protons and ions

« Performance risk items have been identified for both protons (intensity limitation in PS, losses
in SPS) and ions (slip stacking in SPS) and mitigations are under study

« Beam commissioning after LS2 will mainly follow physics requests

« LHC and FT proton beams re-commissioned to pre-LS2 performance with new hardware in
2020-2021

* lon beams to be commissioned to full LIU performance in 2021
» Gradual intensity ramp up of LHC beams to LIU/HL-LHC values over Run 3

— Beam commissioning working group for injectors to prepare, coordinate and oversee post-
LS2 return to operation and beam production to LIU specifications

CE/RW
\
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lJJJ SPS losses
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lJJ SPS losses
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lJ SPS momentum aperture

positive side seems good:
losses for mean dp/p > 3e-3

negative side is worrying:
Immediate onset of losses ...

1.0 , ‘ 1 — !
loss patterns i : : :
depend on tune ' :
0.g | and chromaticity fgj/ - LN SO S YOO S
" | settings, but NOT p§
on position of i o
> : 1 : -
'E momentum 3 :ﬁ
- 0.6 ~scraper§' g 3
I 1’9
o =
E | E
1204 o S SR Aperture measurement:
- [~ : !
o LT +0.76 % / -0.59 %
g
02 b :40&: ......................... i A
1O :
! E
% 3 % :
0.0 ‘ ! ] 1 ] | I
-8 -6 -4 -2 0 2 4 6 8
dp/p calculated from frequency [le-3]
Optics dp/p [%] Aperture [o]
V. Kain Q20 +0.76 / -0.59 +4.9/-3.8
Q22 +0.9/-0.73 +58/-4.38
HiLumi Collaboration Meeting, Madrid. 13-16 November Q26 +1.7 / -1.3 +10.5 / -83




l JJJ Q22 TMCI

Threshold at 2.7 MV around 2.4el1

lell Transition from PS to SPS
— from PS
—— captured in SPS after 200ms
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JJJ Emittance blow up in PS

« Challenging LIU baseline
« transfer of bunches with large longitudinal emittance (3.0 eVs)

» Observation in 2016: significant blow-up of the horizontal emittance at injection

21 Jul to 25 Aug (32 LHC fills)
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