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HL-LHC: Introduction

Upgrading the LHC

Double Quarter

Wave: Vertical
Unit LHC HL-LHC g,/
Energy [TeV] 7 7
p/bunch [10'] 1.15 2.2
Bunch Spacing [ns] 25 25
€ (X,y) [m] 2.5 2.5
o, (rms) [cm] 7.55 9.0
IP115 ﬁ* [cm] 55 20
Betatron Tunes - 64.31, 59.32 62.31, 60.32
X-Angle: 2¢. [prad] 300 590
Piwinski Angle Z 0.65 3.14
RF Frequency [MHz] 400.79
Peak luminosity [103**cm™2s71] 1.0 7.2

[1]1 CRAB CAVITIES FOR THE HIGH-LUMINOSITY LHC

RF Dipole: Horizontal

L% PHDJECTi ’ (iE/RW Marinov, Woolley, Valuch, Hagmann | 14th MicroTCA Workshop for Industry and Research




HL-LHC: Crossing Angle

LHC Beam Crossing
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HL-LHC: Crab Cavities (1)

* Pivoting the bunch to increase the collision surface
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[2]Luminosity reduction caused by phase modulations at the
HL-LHC crab cavities
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HL-LHC: Crab Cavities (2)
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[2]Luminosity reduction caused by phase modulations at the
HL-LHC crab cavities
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HL-LHC: RF Beam Noise Feedback System

Data Acquisition
Required ENOB

* Position:14.1-bits

max dlstqnce __4mm__ 17699 codes
resolution 226 nm

* Tilt: 10.7-bits

max tile _ 9.44 mrad
resolution 5.86urad

=1611 codes

RF System Noise ____ l
® Processing
3]
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Architectures

* |IF Design

* Direct RF Design

Solutions
* AMD RFSoC
* TI12DJ

Analogue

Mixer |F filter

RF in

Analogue

ADC driver

Digital
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* Architecture: IF vs Direct RF Sampling
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uTCA Infrastructure
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Spectrum

RFSoC Measurements
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RFSoC Measurements: ENOB

ENOB Figures

* 9.34 bits from the ADC (at 400MHz)
* 1 bit from channels averaging
* 3.377 from sample averaging (108 samples)

* Total: 13.71 ENOBS!
* 14.1 Required!
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easurements: Noise (1), 14-bit data
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Grounded-input histogram: Channel 5
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Grounded-input histogram: Channel 6
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Grounded-input histogram: Channel 7
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RFSoC Measurements: Noise (2), 14-bit data

Sub ADC 0 Parity Sub ADC 1 Parity Sub ADC 2 Parity Sub ADC 3 Parity
100 100 100

Sub ADC 4 Parity 100 Sub ADC 5 Parity 100 Sub ADC 6 Parity 100 Sub ADC 7 Parity
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RFSoC Measurements: Noise (3), 13-bit data

Grounded-input histogram: Channel 0
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Grounded-input histogram: Channel 5
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RFSoC Measurements: Noise (4), 13-bit data

Sub ADC 0 Parity Sub ADC 1 Parity Sub ADC 2 Parity Sub ADC 3 Parity
100 100 100

Sub ADC 4 Parity 100 Sub ADC 5 Parity 100 Sub ADC 6 Parity 100 Sub ADC 7 Parity
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: RFSoC Test Setup

Backup Slides







* Backup Slides: RF Dipole

' L% PHDJECTi , ?E/RW Marinov, Woolley, Valuch, Hagmann | 14th MicroTCA Workshop for Industry and Research




* Backup Slides: Crab Cavity Enclosure
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* Backup Slides: HL-LHC Magnets
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