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Short Explanation of Course Materials
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U Particle accelerators come in various types. The beam diagnostic techniques discussed in this course focus on the diaghdsigho
energybunched electron beamDiagnosing heavy ions and lovenergy electrons presents its own specific challenges; while the
underlying principles are similar, practical details differ. Therefore, the experience or case studies presented in this ceacannot
be directly applied. Compared to highenergy electron accelerators, signals from loweta accelerator beams exhibit lower intenty
and narrower bandwidth.

U The content will primarily focus on the introduction and discussion okexperimental methods and resultsincluding only asmall
number of relevant formulas. For those interested in more details regarding specific issues, it is necessary to consult the relevant
references and textbooks.

U The courseware incorporates extensive research findings from numerous domestic and international research groups, primarily
sourced from journals such asPRAB, NIMA, IEEE TNS and NST, as well as proceedings of international conferences including
IPAC, IBIC, BIW, EPAC andCERNCAS. Gi ven the broad range of sources, I t O0s
comprehensive; we kindly ask for your understanding should any omissions occur.

U Many research teams have contributed to advancements in beam diagnostic technologies, resulting in hundreds of publicly
published papers to date. For studies employing similar technical approaches, this lecture notes wiak list every individual
contribution exhaustively. Instead, we selectively feature the most representative works as illustrative case studies.

U During the preparation of these materials, we drew upon the research achievements of multidelleagues and PhD candidates
from both the Hefei Light Source and the Shanghai Synchrotron Radiation Facility (SSRFYXheir substantial support during the
collection and organization of references is deeply appreciated, and we extend our sincere gratitude to them here.
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U Overviewof beamdiagnostics

U Typicalbeam diagnostics

Beam intensity
Transverse position
Transverse distribution
Longitudinal parameters

U Beam diagnostics challenges for advanced light source
U Bunch by bunch beam diagnostics technology

U Outlookandsummary



BeamDiagnostics Overview



What is Beam Instrumentation / Beam Diagnostics ?
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U Obtain optical and electrical signals carrying beannformation through the
Interaction between the sensor and the particle beam

U The output optical and electrical signals from the probe are processed to extract
A spatial distribution characteristics of the particle beam (such as transverse cressction
dimensions, longitudinal bunch length, trajectory, emittance, etc.),
A electrical parameters (including bunch charge, average current intensity, etc.),
A and time-varying properties (like beam lifetime, bunch instability, etc.).

U Based on the measured beam parameters, accelerator characteristic parameters
are derived:tune, response matrix, Beta function, dispersion function, coupling
coefficient, chromaticity,etc..



N What is Beam Instrumentation / Beam Diagnostics ?

Beam observer, beam (accelerator) data deliverer

U Accelerator builder: gauge for machine acceptance test
U Accelerator operator: commissioning & operation toolkits
U Accelerator physicist: machine study toolkits

An accelerator Is just as good as Its diagnostics

Beam Diagnostics for Accelerators, H.Koziol, CERN



\ What is Beam Instrumentation / Beam Diagnostics ?

_ Beam diagnostics
Phy§ICS oBehavioral Benchmarks
- Bran oNot essential for survival
Define the basic logic oBut crucial in determining system performance

] Control Magnlet
= —— nervous system ~ Muscle
= = Link all other systems together Maintain beam path

Exchange information

Power supply
digestive system

Electrical power conversion

RF

circulatory system
Deliver energy to the beam

Mechanical support

skeleton

Framé keep everything
positioned precisely

Vacuum
skin
Maintain the survival
environment for the beam




ical diagnostic devices and beam properties measut
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M What kind of beam information do we need ?

EngineersMeet anyneeds of accelerator operation and physical research.

Charge, Current, Lifetime, Orbit, Size, Bunch Length, Energy, etc.

Scientists’A complete beam measurement should determine the distribution of particle
groups (bunches) in foudimensional space (three dimensions of real space x/y/z + energy
and the their changes over time.

In practical full dimension measurement is not feasible to achieve. Deliver lower
dimension projection results to user:

u

c:

Charge/Current/LifetimeTotal number of particles in the bunch/First derivative with respect to time/Second derivative
with respect to time.

Bunch PositionThe centroid of the bunch on a specific coordinate axis afterdimensional projection in real spaceyd.
Bunch LengthOnedimensional projection of the bunch along the direction of motion (z) in real space.

Transverse profileTwo-dimensional projection of the bunch on the normal plarg) @long the direction of motion in real
space.

Energy Spectrum/Energ@nedimensional projection of the bunch on the energy axis (E)/The centroid of this projectic



\ What are we doing and how canwe do it ?
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\ How to do a beam diagnostics system design
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A typical beam diagnostics system: SXFEL
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What kind of beam signals we can use ?
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Signal conditioning
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DAQ solution
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Signal processing method

Typical DAQ and digital signal processing of DBPM
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\ Configuration and optimization

Machine commissioning stage

Small chargé, high sensitivity
Uncorrected Latticéy large dynamic range
Tuning tools® qualitative measurement, large measurement errors acceptable

Facility acceptance test stage

Optimize accelerator performandg high resolution
Determine machine parametes Accuracy
Continuous measurement not requiréyl destructive method acceptable

Operation stage

Online monitorsA minimal interference for beam hon-interceptive
Good enough to identify abnormal conditidn high resolution
Easy to usé, reliability/repeatability/stability

Beam data source for the various feedback or feedforward loops in the machine
High data rate, high bandwidth
Low latency



Typical Beanbiagnostics:
beam intensity and lifetime

18



Typical diagnostics devices for beam intensity

Destructive Faraday Cup Q meter / Scope ~ 1% Absolute value | LINAC
ICT Scope / fast digitizel 1 ~ 2% Absolute value | LINAC
DCCT DMM 2UA(1E6) Absolute value | RING and LINAC
Other CTs Scope / fast digitizell ~ 1% relative value LINAC and RING
Non-destructive | Wall current monitor | Scope / fast digitizelf ~ 1% relative value LINAC and RING

BPM sum signal Scope / fast digitizel 0.02% (multturns) | relative value RING and LINAC
Cavity (TMNyo RFFE + fast digitizer 0.01% relative value LINAC
SR + PD Scope / fast digitizell ~ 1% relative value RING




Faraday Cup

A Faraday cup is a device used to catch charged particles and measure their current, helping to determine the amount
electric charge carried by these particles. It works by collecting electrons or ions, which then generate a measurable €|
current proportional to the number of particles striking the cup.

i
i

Primarily used for theabsolute measurement of charge quantity in leenergy beams

When the particle beam strikes the collector electrode, it dissipates all its energy, causing the charge to accumulate
the collector.

By connecting an ammeter or electrometer across the collector electrode and the signal ground, the beam current ¢
total charge can be measured.

Given the relatively wide signal bandwidth, an oscilloscope is typically utilized as the data acquisition device.

To mitigate signal distortion resulting from secondary electron emission, a negative bias voltage is conventionally af
to the shielded enclosure.
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\ Integration Current Transformer (ICT)

Suitable for absolute measurement of average beam current in storage rings and@pétition-rate linacs(operating
at tens of> ), serving as a reference calibration device for other measurement techniques.
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\f DC Current Transformer (DCCT)

Suitable for absolute measurement of average beam current in storage rings andreigétition-rate linac (operating at
hundredsof > 1), serving as a reference calibration device for other beam intensity measurement techniques.
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Beam Instrumentation and Diagnostics,
PeterForck Proceedings of the General
Introductory CAS course on Accelerator
Physics & Technologies, 2019 and beyond
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\ Filling Pattern Monitor @ SSRF
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Filling Pattern Monitor @ SLS

Biunckh Fablesmr
(030w p-pd

Standard SLS filling pattern:
» 390 buckets filled
» gap of 90 buckets

SR lignt conditioning - [IJI:::?
focusng, reflecting eic.y

e PR RS ) e e R R ey

Bz Winlta s

CHE0 w DaCy
ey irdectiomn fo
e s Lecroy fast digitizer
4 Fulsed magnets (2 GEks, 1 GHz analog B Ap—p-
" {erdraction / iniection) 1 T
SLS : i Ext. Trigoer Fel clock
SICITEQE-" i med LA C fhunch clocks (el ieeg |
- mun“nmﬂ (providad by tha Bming svxbaml
— T
RF Budket s he ollon
VME crate
Timing System Crates grunning EPICS)

adiiast Lres o aned paft=ed magnet
Pyl iyt e L e —

ringhs huckst
Ethermeat

DI < IQ'IEDE DI<1%

£ Filling pattern feedback: off £ Filling pattern feedback: on
o, s (aher 6 hours with ruring keedback)
- I———— s EPACO0O04, Kal ant ar i et
S LIy, T 5 iy P LA At i
5 MO PPV g T
- -
[%] [%]
= =

oo o Vs S e A [P e SO

S0 100 150 200 250 300 350 400 450 S0 100 150 200 250 300 350 400 450

bucket number bucket number

R F F TR : =

B IY
| S T
Mo
LT




\ Bunch Charge and Lifetime Measurement @ SSRF
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