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Group VII met at the ICFA Workshop to discuss the status of diagnostics to support the
development and operation of future light sources. Participants in this working group are listed
in Table 1. We heard presentations from a number of those listed in order to assess the state of
the art and understand the limitations of existing diagnostics. For the electron diagnostics we
summarize our conclusions below in Table 2 arranged by the particular parameter requiring
measurement. We have used the LCLS specifications as our guidance for the parameter range
required although a user facility will have substantially higher average beam power. The
required resolution is our own assessment of the needs to understand the machine performance.
Against each diagnostic type we have attempted to give a rough estimate of the presently
available resolution. Note that in many cases the available absolute accuracy is substantially
worse than the resolution that can be achieved. In many cases the technology is sufficiently well
developed to support both the development and operation of the next generation light sources.
However, the high average power of the e-beams will require non-intercepting techniques. There
are however a number of key areas that have a significant need for additional research to support
the understanding of how these light sources operate and are optimized. This is especially true
for the temporal measurements.

Table 1: Group VII Participants

I. Ben-2vi, G. Decker, P. Emma, W. Graves, G. Krafft, W. Leemans, J. Lewellen, A. Lumpkin,
G. Naylor, G. Neil, P. Piot, D. Shu, T. Smith, B. Yang, M. Zolotorev

Table 2: Electron Diagnostic Methods

Parameter Range Resolution Technique Comment
Required | Available
E 1-20GeV| 0.01% 0.01% Spectrometer Standard technology
0.1% Undulator Non-intercepting
Charge 0.1-5nC 1% <1% BPM, Cavity, Toroid Standard technology
q(t) 0.1-5kA 1%, 0.01 | Few % Time resolution requires work
ps
0.1 ps CTR, CSR, CDR’, COUR Uses auto-correlation
~ 0.2 ps Streak Caméra Single bunch for > 1 nC
~ 0.1 ps Laser Cross Correlation Potentially < 0.01 ps
~0.1ps Laser Samplifig Potentially
< 0.01 ps, jitter control?
<0.1ps PLAID, M56™ Manipulate e- phase space to
transform longitudinal into
transverse
3ps Fluctuation measurement Potentially much faster,
Needs development
Position +/- 1 mm 1um <1um Cavity, Buttons, Striplffie Alignment for absolute accurac
is currently the question. Use




beam based techniques?

Imaging in wiggler or bend$

Non-intercepting but difficult to
getto 1 um

Profile +/-1 mm 1um ~5um Single crystal screén®TR” Intercepting, Crystal useful at
lower energies
Imaging in wiggler or bend3 Non-intercepting but difficult to
getto 1 um
? 50 um Higher moment BPNfs Immature technology
? 50 um DR Needs development
<10 um? Wires Intercepting
Laser wire$’ Non-intercepting
Potentially < 10 um?
Divergence | 0.1 -10 0.1 uRad 3 urad Undulatdr Good potential
uRad
30 urad OTR interferometér Intercepting
(@600
MeV & 50
urad at 30
GeV)
Higher moment BPM$ Needs development
3 screens Interfering
DR interferometer Development needed
Emittance 1-2mm | <30% 30%? FEL, combine above FEL most sensitive measure
mrad actual phase space
Combination of techniques can
probably meet resolution
required
6D Phase NA NA NA Tomography (multiple Many shots average, interfering
Map techniques: rotate, slic®) Used primarily during initial

commissioning

CSR= coherent synchrotron emission
CTR= coherent transition radiation
CDR= coherent diffraction radiation
COUR= coherent off-axis undulator radiation
BPM= beam position monitor

of



Photons

The case for photon diagnostics was less completely treated since many of those experts were
involved in discussions with other groups. A promising X-ray position monitor was discussed
and the status of X-ray streak cameras for time and profile information was examined.
Improvement is need to extend the time response available (~ 0.2 ps) to even faster resolution
using laser triggers for single pulses and synchro-scan techniques for repetitive signals. There
was concern expressed that the temporal resolution available for UV cameras would not be
achievable in the X-ray region because of higher photo-electron energy spread from the cathode.
Significant challenges remain in dealing with the ultrahigh intensities, analyzing the coherence in
this wavelength range, and, as with the electrons, dealing with temporal analysis at the femto-
second level.

Proceeding with the development of the next generation light source will require the concurrent
development of the associated diagnostics. We believe the following areas are likely to be
fruitful in extending our ability to analyze beams:

Coherent Radiation Techniques (CTR, CDR*, COUR*, CSR*, ...) * non-destructive
Higher Moment BPMs

Tomography

Ultrafast techniques at the fs level especially laser based

Streak Cameras for X-ray

Diagnostic undulator techniques

Alignment techniques for accuracy

Precision timing(overlap with user needs

Xray optics techniques (overlap with user needs) especially non-linear approaches
All non-intercepting techniques
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