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LHC Injectors Upgrade

Outline

- The CERN injectors complex and its recent upgrade
« Overview accelerator complex
« Goals and rationale of the LHC Injectors Upgrade (LIU) project
« QOrganisation, execution and legacy of LIU

- Beam performance ramp-up after LIU installation
« Beam commissioning, tuning and operational use
« Achievements, by-products and ongoing studies

- Summary and outlook
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LHC Injectors Upgrade

The CERN accelerator complex

- Chain of linear and circular
accelerators to serve:
« The four LHC experiments

S - Avariety of Fixed Target
“em J experiments/facilities at the

p*@450 GeVic different energy stages

AD  ELENA s I
ISOLDE . 1 4 oy ) reached along the chain

0 (" A+
C - p*@24|GeV/c
e, | S | peefey . Before 2020 LINAC 2 was
= < NG 2001/2015 .. . .
j.ﬁ:“ = - . [ L A Injecting protons into PSB
F LINAC 2 e yZ ] CR
LEIR *' - In the Long Shutdown 2
ons .
(2019-20) a big revamp of
P H™ (hydrogen anions) b ions P RIBs (Radioactive lon Beams) P n (neutrons) P p @ntiprotons) P e (electrons) the injecto rS tOOk place . e
CERN
\E/-_Dl 8 May 2023 IPAC'23, "Performance with upgraded LHC injectors”, M. Meddahi, G. Rumolo 4



U

LHC Injectors Upgrade

- Chain of linear and circular
accelerators to serve:
« The four LHC experiments

« Avariety of Fixed Target
experiments/facilities at the
different energy stages
reached along the chain

The CERN accelerator complex
- Before 2020 LINAC 2 was

Injecting protons into PSB

LHC Injectors Upgrade In the Long Shutdown 2

(2019-20) a big revamp of
b H™ (hydrogen anions) ions P RIBs (Radioactive lon Beams) antiprotons) P e (electrons) the injectors took place o

CE/RW
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Goals and rationale: High Luminosity LHC

- Where we are, where we are going, what we need ...
1

PENRUAS T | ong Shutdown 3

Injectors

<)

2023 2024 2025 2026

e

A

2x nominal peak luminosity
13.6 TeV CoM

> 250 fb! integrated luminosity
HL-LHC project execution

Installation
&

LHC experiment
upgrade

End of Run 3

10 new technical buildings on surface in P1and P5

U

LHC Injectors Upgrade

LHC TUNNEL
—S"S——yp

CIVIL ENGINEERING
2 new cavems and two new 300-metre
service galleries, two new large shafts;
i P

COLLIMATORS

15 to 20 new collimators and 60 replacement
collimators to reinforce machine protection.

1
FOCUSING MAGNETS

12 more powerful quadrupole magnets
for each of the ATLAS and CMS

experiments, designed to increase the
concentration of the beams before

- 4 O. Briining, “Overall
» 1 status of the HL-

e ogeas A LHC project”, talk
TUYGL, this
conference

CRYOGENICS

2 new large 1.9 K helium refrigerators
for HL-LHG near ATLAS and CMS
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Goals and rationale: High Luminosity LHC

- Where we are, where we are going, what we need ...

ERIASE | ong Shutdown 3 SEERUAATS S

2026 2027 2028

“““ 2023

Injectors : / \

« 2x nominal peak luminosity
© 13.6Tev CoM o Installation
« > 250 fb! integrated luminosity &

» HL-LHC project execution

2024 2025 2029 2030 -—-=>

-———

HL-LHC exploitation

5x nominal peak luminosity, leveled
13.6-14 TeV CoM

3000 fb ! integrated luminosity

LHC experiment
upgrade
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Goals and rationale: High Luminosity LHC

- Where we are, where we are going, what we need ...

Long Shutdown 3 L ———»

2023 2024 2025

Injectors

v

« 2x nominal peak luminosity » HL-LHC exploitation

« 13.6 TeV CoM « 5x nominal peak luminosity, leveled
« > 250 fb! integrated luminosity + 13.6-14 TeV CoM

» HL-LHC project execution « 3000 fbtintegrated luminosity

How do we reach
5x peak luminosity
(leveled) and

3000 fb1??
Beam properties @LHC injection

N D Bunch spacing

E/RW HL-LHC beam 25 ns 4AX72 per injection
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Goals and rationale: High Luminosity LHC

- Where we are, where we are going, what we need ...

Long Shutdown 3 L ———»

2024

2023 2025

Injectors
> -———=>
« 2x nominal peak luminosity » HL-LHC exploitation
« 13.6 TeV CoM « 5x nominal peak luminosity, leveled
« > 250 fb! integrated luminosity + 13.6-14 TeV CoM
» HL-LHC project execution « 3000 fbtintegrated luminosity

Beam properties @LHC injection

N D Bunch spacing

CE/RW LIU target 25ns 472 per injection
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LHC Injectors Upgrade

Goals and rationale: High Luminosity LHC - LIU

- Aleap back in time ...

Long Shutdown 3 RN

| 2023 2024 2025
Injectors
> -———=>
« 2x nominal peak luminosity » HL-LHC exploitation
 13.6 TeV CoM « 5x nominal peak luminosity, leveled
« > 250 fb! integrated luminosity + 13.6-14 TeV CoM
* HL-LHC project execution « 3000 fbtintegrated luminosity

Beam properties @LHC injection

N D Bunch spacing

E/RW LIU target 25ns 472 per injection
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LHC Injectors Upgrade

Goals and rationale: High Luminosity LHC - LIU

- Aleap back in time ...

3.5
C T RUNESSEEN Long Shutdown 2 [
3.0 pr—
E 25 Injectors Injec
S 2.
> - . - :/
o + >nominal peak luminosity
20 -
2 « 13 TeV CoM LHC
M « 160 fb! integrated luminosity lidati
5 LHC experiment
=
E10 | upgrade
05
0.0

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
Intensity at 450 GeV [p/b] 1e1
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Goals and rationale: High Luminosity LHC - LIU

- Aleap back in time ...

35

CRIAZ Y | ong Shutdown 2

e

W
o

2016 2017 2019 2020

Injectors

N
[

* > nominal peak luminosity

p
o

« 13 TeV CoM
- « 160 fb! integrated luminosit
15 * LlUexecution LHC experiment

upgrade

Emittance at 450 GeV [um]

-
o

o
(&)

e

* Increase PSB brightness

- * Reduce PS space charge
00 05 10 15 20 25 30 35 * Increase SPS RF power and
Intensity at 450 GeV [p/b] 1e11 suppress instabilities

o
o

» » Suppress PS instabilities
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LHC Injectors Upgrade

Main LIU installations

- Expected impact on performance of LIU hardware modifications

3.5
50 - Connection of PSB to Linac4
_ o Linac4 providing 25 mA within 0.4 um
£
52'5 o Charge exchange H- injection at E,;, = 160 MeV into
§ 20 [ PSB
5 s
L
05 |
0.0

PSB injection Line

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Intensity at 450 GeV [p/b] 1el1
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LHC Injectors Upgrade

Main LIU installations

- Expected impact on performance of LIU hardware modifications

35

- PSB acceleration to E,;, = 2 GeV

o New main power supply and RF system in PSB
o New injection region in PS

w
o

N
3]

— N
(63} o

Emittance at 450 GeV [um]

N
o

o
o

S
A

i PSB new RF modules ‘5

0.0 0.5 1.0 1.5 20 25 3.0 3.5
Intensity at 450 GeV [p/b] 1e1
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LHC Injectors Upgrade

Main LIU installations

- Expected impact on performance of LIU hardware modifications

3.5
20| - PS RF upgrades, e.g.
_ o New broadband cavity as kicker for longitudinal
52-5 g feedback system against instabilities
§2,0 i o Impedance reduction of RF systems
S 15
L L
0.5 —
0.0 |

0.0 0.5 1.0 1.5 20 2.5 3.0 3.5
Intensity at 450 GeV [p/b] 1e1

Longitudinal damper
CE/RW
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Main LIU installations

E’RW

U

LHC Injectors Upgrade

- Expected impact on performance of LIU hardware modifications

35

w
o

Emittance at 450 GeV [um]
- N N
o o o

N
o

o
o

o
o

0.0 0.5 1.0 1.5 20 2.5 3.0 3.5
Intensity at 450 GeV [p/b] 1e1

8 May 2023

- SPS upgrade

o Power and control upgrade of 200 MHz RF system
o Longitudinal impedance reduction

o Amourphous-Carbon coating of selected vacuum

o s Canee - MaacOSE 265 |
e~ / : -
/|
Ji

chambers

Z’
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Main LIU installations

« In addltlon

PS internal dumps
Efﬂl
8 May 2023
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LHC Injectors Upgrade

PSB wire scanners

o Il N, AN —

SPS new orbit
measurement system

PS gas profile monitor

IPAC'23, "Performance with upgraded LHC injectors”, M. Meddahi, G. Rumolo 17
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LHC Injectors Upgrade

The evolution of the LIU project

- A 10-years long and 180 M€ worth project rich of progress and milestones

Long Shutdown 1 Long Shutdown 2

2012 4 2016 2017 2019 ! 2020 . 0 2022 5023
] Injectors
* Mandate
“The LHC Injectors Upgrade should plan for delivering reliably to the LHC the
beams required for reaching the goals of the HL-LHC. This includes LINAC4,
the PS booster, the PS, the SPS, as well as the heavy ion chain.”
OT baseline 1Items !
* Planning & budgeting I
. 1
* Exploratory beam studies |
«  Begin'BeutiAns B sring lJJJ
upgrade plans : LHC Injectors Upgrade
= The most performance improving upgrades MUST
be done as soon as technically possible
c@
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LHC Injectors Upgrade

The evolution of the LIU project

- A10-years long and 180 M€ worth project rich of progress and milestones

I
Long Shutdown 1 —.mw_ Long Shutdown 2 SRR

2010 2011 ‘ 2016 2317 2019 2020 0 2022
Injectors : Injectors
I
LHG INJEGTORS UPGRADE | ~
Inauguration /| project:
of Linac4 | LiU Naiawere o breare Linacd
J c A0 I
| e &X instaliation prep
Yo
Study & refine nhog

| | B ¥ @ Sk
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The evolution of the LIU project

- A10-years long and 180 M€ worth project rich of progress and milestones

~un Long Shutdown 1 Long Shutdown 2

2019 2020 0 2022 2023

2009 2010 2011 2012 2013 ' 2015 2016 2017 2018
Injectors Injectors

g

Millions
°

LIU officially ended on 30.06.2021, as
scheduled

e LIU accounting books were closed with
1.3% saving wrt planned CtC

[
[+]
Q

"‘_‘
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[
o
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R SO S P L s U AP S o U S S A S e P s e A S S P I S S & AP A S A S S S S A 7 Q7 Q77 QT QT O
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The evolution of the LIU project

- A 10-years long and 180 M€ worth project rich of progress and milestones

EDMS NO. VALIDITY

REV.
2400331 | 1.1 |RELEASED ‘

Run Long Shutdown 1 Run ( ) =

lJ LIU-PM-RPT-0049

2010 2011 20 2016 2017 LHC Injectors Upgrade Date: 15/10/2020
Injectors ( PROJECT MANAGEMENT DOCUMENT )
LIU legacy:
* A robust plan for LIU beam ramp-up over Run 3 LHC Injectors Upgrade (LIU)
 Arisk register listing beyond-LIU items to be installed Possible injoctor Upgrades to reach the LTU parameters
for possible shortcomings pasTRACT:

The LHC Injectors Upgrade (LIU) project aims at providing proton beams with the
required beam parameters for the LHC to meet its goal of 3000 (4000) fb™! total
integrated luminosity during the full High Luminosity (HL) run for nominal (ultimate)

2020_21 2022 operation. The beam commissioning in the injectors to the LIU specifications will take
. . . . e . . " 1 dually during Run 3 (2020 - 2025). In thi: illustrate the strat for
\ Commissioning of pre-LS2 beams + Commissioning of 1.8 10! p/b with desired Ene o parameters ramp up t the LIV vales and provide a detald lis o pos L1

options to be kept in store should any related performance limitations actually eceur.

commissioning of LIU Pb ion beams brightness and degradation budgets

DOCUMENT PREPARED BY: |DOCUMENT TO BE CHECKED BY: DOCUMENT TO BE APPROVED BY:
Hannes Bartosik Reyes Alemany Fernandez Malika MEDDAHI

Giovanni Rumole Julie Coupard

2023 2024 Heiko Damerau
Commissioning of 2.1 10! p/b with desired Commissioning of 2.3 10! p/b with desired Glan Plero b1 Glovanni

brightness and degradation budgets brightness and degradation budgets Brepnan Gocdard

Klaus Hanke
Alexander Huschauer
Verena Kain
Alessandra Lombardi
Bettina Mikulec
Fernando Pedrosa
Richard Scrivens

Elena Shaposhnikova

@) 8 May 2023 IPAC'23, "Performance with upgraded LHC injectors”, M. Meddahi, G. Rumolo 21



U

LHC Injectors Upgrade

The evolution of the LIU project

- A 10-years long and 180 M€ worth project rich of progress and milestones

Long Shutdown 1 Long Shutdown 2

2010 2011 2012 014 2016 2017 2019 ! 2020 | 0 2022 2023
Injectors Injectors

A key to LIU success?

c@
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LHC Injectors Upgrade

The evolution of the LIU project

- A 10-years long and 180 M€ worth project rich of progress and milestones

Long Shutdown 1 Run Long Shutdown 2

2010 2011 o 2016 2017 2019 2020 2021 2022 2023
Injectors Injectors

A key to LIU success?

PT RU

IT
21%

Safety 5% Finance 5%

@\ ... in domain of competence ...
} 8 May 2023 IPAC'23, "Performance with upgraded LHC injectors”, M. Meddahi, G. Rumolo 23

Diversity in gender ... o

... in nationality ...
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Beam performance with upgraded injectors

- Now we close the loop and get back to where we are ...

Long Shutdown 1 [SSSSSSRERPINN - | ong Shutdown 2 [EESSSSSNNRR S

2010 2011 2016 2017 2019 2020 2022 2023
Injectors Injectors

J

e 2 vyears with beam
 How many of the LIU promises have been

fulfilled?
e What issues have we discovered?
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PSB 2021-22

U

LHC Injectors Upgrade

- PSB brightness line after connection with Linac4

4.0 - + R3 (measurements 2012)
® 50 MeV (simulations)
3.514 ® 160 MeV (350 keV rms, sim.)
® 160 MeV (440 keV rms, sim.)
€
2
a
W
+
«

0.0 T T

0.0 0.5 1.0 1.5 2.0
Intensity (p)

E/RW
8 May 2023

2.5

4.01 4 R3 (measurements 2012)
€ 160 MeV (440 keV rms, meas. 2021) I
3.51 % 160 MeV (440 keV rms, meas. 2022) I
° _3.0{
3 |
= 2.5
~ v
>2.01
+
E’: 1.5
1.0
0.5
T T 0.0 - - - - - - -
3.0 3.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

lel2 Intensity (p) lel2
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LHC Injectors Upgrade

LIU predictions fulfilled?

- Double brightness for PSB beams after connection with Linac4
- Achieved with margin «

CE/RW
\\_/ 8 May 2023 IPAC'23, "Performance with upgraded LHC injectors”, M. Meddahi, G. Rumolo 26



PS 2021-22 UJ

LHC Injectors Upgrade

- LIU intensity and brightness achieved and exceeded in 2022 in the PS

STANDARD 25ns

® 2018 (pre-LS2) ] | |
. @ 2021 (2eVs) ... S T
® 20222023 (3 eVs) r r

- Intensity demonstrated already in 2018
thanks to LIU longitudinal feedback
prototype installed in 2014

(&)}

S

w

Average emittance at PS extraction [um]
[\S]

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Intensity at PS extraction [p/b] lell
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LHC Injectors Upgrade

- LIU intensity and brightness achieved and exceeded in 2022 in the PS

Average emittance at PS extraction [um]

STANDARD 25ns

® 2018 (pre-LS2) 1 - Intensity demonstrated already in 2018
. @ 2021(2eVs) o s b 2 .
@ 2022-2023 (3 eVs) : ’

(&)}

- First step of brightness ramp-up (2021) with
2 GeV and 2 eVs injection

S

- Full PS performance achieved in 2022
thanks to 3 eVs injection

w

- Actually 2.9 « 10! p/b successfully achieved
out of the PS

(N

—

0 Ay
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Intensity at PS extraction [p/b] lell
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LIU predictions fulfilled?

- Double brightness for PSB beams after connection with Linac4 «

- Preservation of PSB brightness in PS thanks to space charge «
reduction at 2 GeV injection

- Stabilisation of PS longitudinal instabilities to extract 2.6 - 10'* p/b «
- Even reached 2.9 - 10! p/b

c@
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SPS 2021-22 UJ

LHC Injectors Upgrade

- The SPS recovered all pre-LS2 beams in 2021 and had a successful intensity
& brightness ramp-up at injection (26 GeV/c) in 2022

Intensity measured BCT

3.5 . : ::tf:lrler:::s\ty _— Momentulm | 500
= =LIU target eooe
- % measured at the end of SPS flat bottom (1x 72 bunches) P s F_— / | oo
E 3y ¥ measured at the end of SPS flat bottom (5x48 bunches)| <~ g H / .
> - £ o s bHtrains of 48
- g 300 £ .
E25f — - / ¢ bunches with 95%
z R : ] - transmission and
S 2 * R 1 stable beam across
- . . .
g 9;* - e Injection plateau
é 1 ST * * | ’ : 0 5000
g ¥
o 1f - ]
o 7 3
g - E 2.5 |<tp>':t3'§22ilo3'221nr;mh
0.5 r - = £ < ntensity: 348 charges
< P £ 20
-~ E
0 , 1 | | | | | % 15
0 0.5 1 1.5 2 25 3 35 £ 10
Bunch Intensity [1e11] 05
0.0
0 50 100 150 200
CERN Bunch number
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SPS 2021-22 UJ

LHC Injectors Upgrade

- The SPS recovered all pre-LS2 beams in 2021 and had a successful intensity
& brightness ramp-up at injection (26 GeV/c) in 2022

- Longitudinal stability on the ramp achieved by deployment of automatized
longitudinal emittance blow-up with target bunch length (2022)

Obs. 1 Obs. 2 Obs. 3 Obs. 4
20100 21600 23100 24600 1e—-9
' ' ' ‘ i 11 21 31 41
i 1 1 [} [} 1
3.2
1.0+ \  —
— | | 3.0
3
m 0.8 - |
— | — 2.8
[} A
© |
2 06 | ;cgn 2.6
= | ' k5
= 2.4
g 0.4 I | g
o
> I @ 221
2 02 '
o | 2.0
m | ------ Bunch length target !
e Bunchlength min T g
0.0 7 1.8 1 —— Bunch length mean
—— Bunch length max
1
T T T T T T
18600 20100 21600 23100 Injection Extraction
Skeleton 1 Skeleton 2 Skeleton 3 Skeleton 4 Time from injection [s]
c@
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SPS 2023: Sneak a peek

- Reached 2 » 10! p/b with 4 trains
even 2.2 * 10 p/b in single train

SPS-PAGEL1 Current user: LHCMD3 5.86E+13 12-04-23 14:42:59
SC 31 (35BP, 42.0s) DDESTECO Last update: 23 seconds ago|

Phone: 77500 or 70475
Injected Flat Top Comments (07-Apr-2023 12:51:28)
2.8 E10 2.4 El0

LHC Injectors Upgrade

of 72 bunches at SPS extraction and

Current user: LHCMD3 12-04-23 14:45:41

oot ot SN

100 200 300 400

Nb. bunches First bunch Int. Min Int. Mean Int. Max
288 1 1.76E+11 2.01E+11 2.30E+11

CE?W
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LIU predictions fulfilled?

@

v 4

- Double brightness for PSB beams after connection with Linac4 «
- Preservation of PSB brightness in PS thanks to space charge «

reduction at 2 GeV injection

- Stabilisation of PS longitudinal instabilities to extract 2.6 - 10'* p/b «

- SPS scrubbing and stabilization strategies in transverse and «

longitudinal planes

- Acceleration of LIU beams in the SPS «

-« Achieved 2.0 « 10! p/b at extraction in 4 trains of 72 bunches
(consistent with ramp-up plan)

8 May 2023 IPAC'23, "Performance with upgraded LHC injectors”, M. Meddahi, G. Rumolo 33
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LHC Injectors Upgrade

LIU for fixed target physics ...

- Beam delivery to SPS North Area (NA) with potential future users within
the Physics Beyond Colliders (PBC) program

LSS2 TT21 . TT22 TT23 12 H2

St

HIKE (Phase 1) P
o oy s P _,,‘)5‘"\'i.::'-ili'?:fj":t:::-—-, o \ [ o= .
= Ui .

Splitting H4

SPS in TDC2 e
YA

P6 magnels TCC8

removed P42, P62 * —
YETS22/23 PBC

experiment

TT25 T6 M2
* h—

ﬂ
EHN2| ECN3 ‘ EHN1

CE/RW
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LHC Injectors Upgrade

LIU for fixed target physics ...

- Beam delivery to SPS North Area (NA) with potential future users within
the Physics Beyond Colliders (PBC) program

- Barrier bucket PS-t0-SPS transfer thanks to LIU broadband cavity
- Important loss (and activation) reduction at PS extraction, now operational

B ':f“;ée;{‘;‘” a'":’_'[":de g I turn : Beam losses along PS ring
e 2 1y == amplitude | :
; ] : —6 H ® No barrier bucket
5’ v Barrier bucket
40- ) Es| J]
E < i
i o i
< B4t |
= 30+ 11 F04 = &
£ / TR
) = = 3r
g 02 = 2
= 201 1 o = e
‘ =) g ol .
N O
S = b
10 | ) &1l | ¢ *
@ g * .
= X L7 v y: ,
) < ol ATSS S ¥R b,,"..m.“““" '!..WW 27 RbeostssTTRRITD
10 5 00 500 1000 1500 2000 2500 0 20 40 60 80 100
V [kV] Time [ns] PS straight section
CE{W
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LHC Injectors Upgrade

... and antiproton production ...

- Seven experiments receiving 100 keV pbar from Antiproton Decelerator
(AD) / ELENA

8 May 2023 IPAC'23, "Performance with upgraded LHC injectors”, M. Meddahi, G. Rumolo 36



... and antiproton production ... UJ

LHC Injectors Upgrade

- Seven experiments receiving 100 keV pbar from Antiproton Decelerator
(AD) / ELENA
- Intensity increase on AD target

« PSB/PS can send 5 bunches to AD target thanks to lower LIU emittances
« Firstincrease by >10% end 2022, further 30% increase possible

200
Protons on target
] 1600 -
150 (=) :
o 1500 7
— 3 : Al g A
Z = 1400 RPN :
) 100 +— ] o’" ® oo '
: | 3, a00] el - . :
= 1 > 13001 . o P I T oo . ’ .
L'l © R ¥ .. LI o - .
\ leoo: ’ gk = TR = e i |
50 | ° o '
1 o s LR
1 11004 .,%
—1000 -500 (: 500 1000

01/05 01/07 01/09 01/11

| {
5 50 )C Date in 2022
Time [ns]
CERN
\
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And much more ... UJ

LHC Injectors Upgrade

« The future has more in store ...

The case for post HL-LHC colliders is strong and well developed — several
choices are on the table and decisions will be taken by the end of this decade

- The LHC injectors are gearing up for the new era challenges ...
« Achieve better efficiency and automation of operation

« Continue minimising environmental impact - CERN energy management and accelerator
sustainability panels

- Play a key role for next generation machines

CE/RW
\ 8 May 2023
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Summary and outlook

- LIU project was conceived to fulfil the HL-LHC target parameters
« Completed on time and budget
« Injectors sequentially back to operation since July 2020
« Teamwork, diversity and competences were the project strength

- LIU beam commissioning on schedule
« PSB and PS already fulfilled and exceeded LIU targets
« SPS also in line with ramp-up plan and excellent results already achieved

« LIU has benefited beams beyond standard LHC-type, opening paths for high intensity
Fixed Target beams in all injectors

- Throughout 2023 and 2024 the beam optimization will continue to open
a new era of high brightness beam facilities

CE/RW
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Overall status of the HL-LHC project TUYG1
Electron cloud observations and mitigation for the LHC Run 3 WEPAQ091
Beam performance and operational efficiency at the CERN Proton Synchrotron TUPA158
Transverse instabilities at injection energy in the CERN-SPS: Lessons learned WEPL156
during high intensity studies
Beam induced heating mitigation of the SPS kickers: A crucial upgrade to move WEPL157
towards HL-LHC beam intensities
Experimental confirmation of the impedance reduction campaign in the CERN TUODAZ2
SPS
Improved antiproton production beam at CERN TUPMO75
Investigations of losses on the CERN SPS flat bottom with HL-LHC type beams TUPA153
An Improved Procedure for Energy Matching between PS and SPS at CERN TUPA156
SPS fixed target spill quality improvements in the longitudinal plane TUPA157
Overview of transverse instabilities in the CERN Proton Synchrotron WEPL148
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S. Joly
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C. Zannini

C. Zannini
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G. Hagmann

M. E. Angoletta
P. Baudrenghien

L. Intelisano
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Impedance-induced beam observables in the CERN Proton Synchrotron

Characterization of the longitudinal beam coupling impedance and mitigation
strategy for the fast extraction kicker KFA79 in the CERN PS

Transverse beam coupling impedance studies at the CERN Proton
Synchrotron Booster after the LHC Injectors Upgrade

Head-Tail Mode Zero Instability Growth Rate Studies in the CERN SPS

“Characterization of Transverse Profiles Along the LHC Injector Chain at
CERN”, paper

The CERN SPS Low Level RF feedback with amplitude and frequency
modulation

Operation and New Capabilities of CERN's Digital LLRF Family for Injectors

Beam loading compensation in the CERN SPS 200 MHz cauvities.
Measurements and comparison with expectations

Measurements of longitudinal loss of Landau damping in the CERN Proton
Synchrotron
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WEPL149
WEPL150

WEPL154

WEPL155
WEPL158

THPAQO92

THPAQO94
THPAO96

WEPAOQ012
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L. Intelisano Longitudinal loss of Landau damping in the CERN Super Proton Synchrotron = WEPA013
at 200 GeV

B. Karlsen-Baeck Validation of control loop modelling for power limitation studies with beams for TUPA160
HL-LHC

E. Vinten Longitudinal microwave instability with long bunches in the CERN Proton WEPAO11
Synchrotron

R. Borner SPS bunch-by-bunch phase measurement in the CERN SPS Low Level RF THPAQO93

J. Eqli The CERN SPS Low Level RF: Embedded acquisition system for the Cavity-  THPAQ95

Controller and Beam-Control commissioning and diagnostics

CE/RW
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