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Overview

Contributions from CERN for
A LHC

A LINAC4, LHC Injector Upgrade Project (LIU)
A AWAKEFCCee

A ELENA, HiEBolde

A

Summary and outlook



The accelerator complex

Remarkably flexible injectors: LHC 201

N CMS
LHC

North Area

auce ff Beam 1

Beam 2 LHC-b

TI2 T 18
) . A~ AWAKE
A
West Area .
AD L
( ’ i
[3)
A P
g 3
LINAC3 'y ’.ﬁ LHC Ce
lons ,c':"" Q . LEIR pI‘Oton
s« Sasmsar Pb+ pat h
) protons P antiprotons  AD Antiproton Decelerator LHC Large Hadron Collider
) ions D electrons PS Proton Synchrotron n-ToF Neutron Time of Flight
D neutrons p neutrinos SPS Super Proton Synchrotron  CNGS CERN Neutrinos Gran Sasso CTF3 CLIC Test Facility 3



LHC LLRIystem
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Reduction of required klystron power in LHC

Timeseries Chart for multiple windows
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Above plot the power of all klystrons, plus beam intensity for all fills that made it to phiygigisys prerampz. X~ &G} 0 f &
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All Klystron power below 120 kW (except 2B2, @ 140 kW)

Currently running with > 1800 bunches 8b4e beam, luminosity levelled at 1.5 design value
36 fbl produced in 2017 (goal is 45%b
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Electroncloud studie8BCMS and 8b+4e

Motivation:
A 8b+4e schemésfall-back
scenario for HLLHQ(in case e Standard 25 ns beam

Cou efectsare (o0 iong !}}Mﬂﬁ |

A Tests performed in the LHC in
_‘.[

1600b
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2015confirmed that the 8b+4e  :

scheme can be used ftally

suppress the ecloudformation in ° R =

the arcs, at the cost 6f30% less 4yobnSé o6StY

bunches w 1600b;
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a YAGAIFGAZ2Y 2

(beam dumps by vacuum OLMW

degradation from trapped gas on I T .
beam screen, being released by e

cloud heat load) reduced ecloud heat load




RHongitudinal blow-up in LHC
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Luminosity [cm2s1]

HL-LHC luminosity reach
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Beyond LHCECCeg~100 km tunnel)

-

: Schematic of an
4 80-100km
g long tunnel

2 rings

0.6 m

separated by ’

z W H ttbar, ttbar,

Beam energy [GeV] 45.6 80 120 175 182.5
Beam current [mA] 1390 147 29 6.4 5.4
Number of bunches 16640 2000 393 48 48

Beam RF voltage [MV] 100 440 2000 9500 11000

400 MHz cavities 52 (1-cell) 52 (4-cell) 136 (4-cell) 104 (4-cell) 104 (4-cell)
800 MHz 5-cell cavities 296 376
Runtime [year] 4 1 3 1 3

Poster: A. Butterworth

Challenging RF system feCCee

while FCChls for RF very similar to LHC




AWAKE: Synchronizing 3 Beams

A Proton bunch driven, plasma wake field acceleration
Synchronizatiomnd RFistribution must delivewide range
of RF signalfor laser, electron and proton beams

A Reference: signal€,, frep) fOI laser
A Signals for proton/electron beams and fast triggeingted

Laser phastocked loopf,p, 5.9958 GHz 1 Laser pulse
Electron acceleratiorfz-, 2.9979 GHz fp (2
23 Laser moddocker, 2f, 176.347 MHz o {17

Electron beam

Laser moddocker fy,. 88.1735 MHz {3 /[34

23 SPRF system freq2fzesps  400.8 MHz  2fy, 32511

Common frequencyf, 8.68 kHz  f,,/10164 Proton beam
Pulse repetition ratef 9.97 Hz f/870

Simultaneous arrival of beams in AWA




Simplified overview synchronization and RF distributiol

- Commercial equipment
[ Existing RF design
10 MHz (reference) BA4/building 871 - Awake specific RF design

TSG40 BA3/Faraday Cage

5995.8MHz
(reference)

88.2 MHz (divider)

.8 MHz

: .97 Hz, 8.68 kHz,
400.8 MHz

2997.9 MHz

;
“iRe

200.4 MHz

176.3 MHz

Timing

Various frequencies Fast pulse triggers :  Extraction and bunch

distributed (many!) (~20 adjustable) : rotation triggers 10



Fiber link stabilization

Simplified diagram

Prototype fully meets requirements
Installed and commissioned

To To

- synchronized proton beam

extraction to AWAKE
A New logging of temperature and
compensation delay for correlation

D. Barrientos, J. MolendijiPhase stabilization over a 3 km optical link with sylcosecond
precision for the AWAKExperiment submitted to IEEE Real Time Conf., 2016
Poster: D. Barrientos et al.
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