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on Monitoring — The Challenges

Tpically one ofgfhe largest Bl system§

LHC has 1100 BPMs — CLIC drive beam requires 40000! This implies:

* Precision engineering at low cost

o Simple, robust, yet very highly performingelectronics
— Digitise as saon as possible (how doable withadvances in ADCs & digital treatment systems)
— Radiation Tolerant:(improves:S/N;minimises expensive cabling BUT needs significant testing time)

— 'XFELs and Linear|Colliders increasingly asking for very high resolution
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te of the Art BPMs
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Available Data - Example
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M Results
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h High Beam Power - The Issues

 Tradlitional ip#asive diagnostics noganga@msuitaldle

— Materials do'not withstand energy deposition
e Burning of'holes or breaking of wires

— Use/of superconducting RF structures
* Risk of contamination on breakage or sputtering of the intercepted material
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g the Size of High Power Beams

* Synghrotron Ligh®PDiagnostics

— Only for electron & very high energy proton/ion machines (LHC)
* Difficult to separate the light from the beam for linear accelerators

— | Difficult to get absolute calibration
* Image correction factors typically bigger than the beam size!

— | Additional challenges lie in fast cameras & signal treatment chains for bunch by
bunch measurement
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g the Size of Intense Bunches

e Standag@@TR not an op#OA for short intense bunches (M@ih isstd€fer LCLS)
— Signal swamped by Coherent OTR from micro-bunching within the main bunch

e One proposal is to goto luminescent Screens
— There will still-be:COTR jat-polished surfaces
— Resolution might be a problem

* Investigation of tempotalsuppresSionoCOTR 3
— Scintillation screen + fast gated camera '
— Proof-of-principle at'FLASH, DESY

 Resol@gtign of scintillation screens needs study

— Synergy.with ion beam diagnostics

— Similar studies ongoing for FAIR
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sive Beam Size Measurement

e LaselWwire scanber m A

— @ood candidate for H- & electrons R _—
e Can measure,down:to=micron-level W osriecror SCRHIRID

— Needs conversion to turn-key instrument r ‘ i
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am Size Measurement
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vasive Beam Size Measurement

—/Issues viewport size }'3
e Seénsitivity to radiation 7 _jg

e Low signal yield = vacuum bump | =" 2
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ive Beam Size Measurement

e Residéial Gas lonisé@tion

— Some 10 times more sensitive than BIF

— More complicated to build
* Highwoltage network Corrector 1
* Guiding magnetic field
— Image broadening dueto'space charge  -skv
— Ageing of detectors an issue

Comparison of BIF and IPM Profiles in Different Gases
10
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itors — New Materials
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rt Bunch Length Diagnostics

* NextfG€neratiopfFtLs & Linear [BRGRHC 250ps
Colligers H @ SNS 100ps
— Use ultra_short.bunches.to increase
brightness or improve luminosity e @ ILC 500fs
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ctive — Electro-Optic Sampling

CCD %

Limited to >250fs by laser bandwidth Spectral Decoding

s a-
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Limited to >30fs by sampling laser pulse & _
response of electro-optic materials Temporal decoding
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Electro-Optic Sampling
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MeasliFing rare ighs and antiprotons

g very low Intensity Beams

— Currents well below 1uA resolution of traditional Direct Current Beam Transformers

— Can overcome the limits of conventional systems

Sup@rcongeucting @Uamtunrimerfasence Deviges

— Both low and high temperature versions have been developed

Challénges

— Shielding the detector from stray fields
. Earth’s magnetic field ~ 50uT
' Field.produced by 100 nA beam at 10cm ~ 0.2 pT !

— Making the system compact

Cryogenié Cufrént Comparator (CCG)

— Charged particle beam induces'screening currents

— Toroidal pick-up coil of niobium with ferromagnetic
core is used to measure magnetic field

— Signal fromcoil is fed through asupéerconducting
transformer for impedance matching tortheinput
coil of the readout DC SQUID.
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