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MOTIVATION.

Statement from USR workshop 2012 in Beijing:

 

3.2  Accelerator Physics 
Questions for consideration in these sessions included: 

1. What are collective effect and IBS issues for USRs? 

2. What are narrowband and broadband impedance limitations for USRs? 

3. How can CSR effects be mitigated? 

4. Are ions an issue? 

5. How is lifetime maximized? 

6. How can short bunches be generated and for how many turns can they be circulated in 
the ring? 

7. Can ~200 peak amps be achieved for lasing?  Can beam manipulation be used? 

8. What are beam manipulation methods and applications (emittance exchange (RF and 
laser-induced), flat-round transform, crab cavities, 2-frequency RF, etc.)? 

9. Can longitudinal emittance be reduced? 

10. What is the optimal RF frequency or combination of frequencies? 

11. Can lasing be achieved (SASE FEL, X-ray FEL oscillator)? 

12. Do tracking and simulation codes need development? How can these codes be built to 
match real machines to ensure achieving the predicted performance?  

13. What studies can be performed on existing storage rings? 

14. What R&D is needed before an actual USR is built? 

Not all questions were addressed in the Workshop, but they remain for future consideration. 
Some talks in other sessions, such as Lattice Design and IDs, are also accelerator physics 
related. These talks addressed the issues of round beam, ID effects, etc.  

Presentations given in this session are listed in Appendix A.2. The following items were noted in 
the session and discussion periods: 

Modeling and simulation: 

1. Codes for collective effects for USRs are in various stages of completeness (rated 1-5, 5 
highly complete): Touschek lifetime (5), IBS (4), impedance (3), ion instability (2), CSR 
(2), space charge for low-E rings (1)). 

2. Codes/formulas should be benchmarked on working machines that can approximate 
USR parameters by reducing energy, coupling, etc. (e.g. PETRA-III, ESRF, SPring-8). 

3. General scaling laws that take into account as much as possible all the effects, including 
emittance (with collective effects), brightness, spectrum, circumference, magnet 
strengths, running costs, etc.). 
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LOW ENERGY STUDIES.

Behaviour of wigglers at
low energies?

Focussing and
intrinsic octupole
scale quadratic with
energy
Do higher multipoles
matter?

What emittances can be
realized in PETRA III at
low energies
Look for interesting and
viable energies
Go for 5GeV and 3GeV
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Physics: IBS, Touschek-Lifetime, ...
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WARM UP EXERCISE - 5 GEV.

FIGURE : Interferometric emittance measurement of the horizontal
emittance at 5 GeV. εx = 570 pm rad.

Test for machine setup
Check of hard edge dipole model
used for wiggler modeling
Optic corrected once via orbit
response matrix measurement
Resulting emittance as expected
No strong IBS observed

ALEXANDER KLING (MPE - DESY) LOW ENERGY/EMITTANCE STUDIES AT PETRA III DEC. 2013, SLAC 4 / 13



PETRA III @ 3 GEV.

FIGURE : Interferometric emittance measurement of the horizontal
emittance at 3 GeV. εx = 160 pm rad.

Machine setup much more
tedious
Hard edge dipole model still o.k.
Optic corrected twice via orbit
response matrix measurement
(slow convergence)
Resulting emittance as expected,
but only at very small single
bunch intensities!
Strong IBS observed
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PETRA III @ 3 GEV: IBS.
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PETRA III @ 3 GEV: IBS.
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FIGURE : Horizontal emittance at 3 GeV vs. single bunch
current.
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FIGURE : Beam lifetime at 3 GeV vs. single bunch current.
The red curve is a fit to the first few data points neglecting
the emittance growth with single bunch current.
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FIGURE : Vertical emittance at 3 GeV vs. single bunch
current.

Emittance growth in the vertical plane and
effect on the bunch length is small

At the resolution limit of the measurement

Modeling of lifetime is work in progress

Simple estimate from a fit to the first data
points yields a Touschek lifetime of
∼8 minutes @ 2.5mA (MadX:
6 minutes).
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MODELING IBS.

Using MadX to model IBS + solving equations selfconsistently (iteratively)
Growth rate for the horizontal emittance (BM):

dεx

dt
=

2
Tx
εx

Coulomb Log:
MadX computes ∼ 19
Tail cut formulas suggest ∼ 12
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MODELING IBS.

Using MadX to model IBS + solving equations selfconsistently (iteratively)
Horizontal emittance:

dεx

dt
= − 2

τx
(εx − εx0) +

2
Tx
εx

Coulomb Log:
MadX computes ∼ 19
Tail cut formulas suggest ∼ 12
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MODELING IBS.

Using MadX to model IBS + solving equations selfconsistently (iteratively)
Steady state horizontal emittance:

εx =
Tx

Tx − τx
εx0

Coulomb Log:
MadX computes ∼ 19
Tail cut formulas suggest ∼ 12
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MODELING IBS.

Using MadX to model IBS + solving equations selfconsistently (iteratively)
Steady state transverse emittances:

εx =
Tx

Tx − τx
εx0

εy =

(
(1 − r)

Ty

Ty − τy
+ r

Tx

Tx − τx

)
εy0

r controls the vertical emittance growth induced by coupling.

Coulomb Log:
MadX computes ∼ 19
Tail cut formulas suggest ∼ 12
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MODELING THE DATA - A FIRST GLANCE.
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Data 16.07.13
Data 31.07.13
Data 04.12.13
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Data 31.07.13
Data 04.12.13
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Data 09.10.13
Data 17.10.13

Vertical emittance growth small!
Impedance effect of bunch
lenghtening has to be subtracted.
Coulomb logarithm alowed as free
parameter
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PHOTON BEAM PROPERTIES.

Measured at beamline P04:

6 GeV  vs.  3 GeV 

3 GeV run slightly better in relevant ROIs 

Γ-fit works 

Incoherent background correction 

Again, 3 GeV has slightly higher speckle contrast within relevant ROIs 
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PETRA III @ 3 GEV: ROUND BEAM (COUPLED).

Round beam generated via coupling: 90 pmrad measured in both planes

FIGURE : Horizontal emittance at 3 GeV at the coupling
resonance.

FIGURE : Vertical emittance at 3 GeV at the coupling
resonance.
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PETRA III @ 3 GEV: ROUND BEAM (COUPLED).
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FIGURE : Vertical emittance vs. single bunch current for the
round beam.

FIGURE : Vertical emittance at 3 GeV at the coupling
resonance.
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y = 2.6e+002*x + 80

FIGURE : Vertical emittance vs. single bunch current for the
round beam.

FIGURE : Vertical emittance at 3 GeV at the coupling
resonance.
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SUMMARY.

PETRA III operated at 5 GeV and 3 GeV
Natural emittances in both cases established
No significant IBS at 5 GeV, but strong IBS at 3 GeV
Modeling of IBS at 3 GeV still in progress:

Coulomb log cut off
Ratio of coupling contribution to contribution by dispersion to vertical emittance

3 GeV round beam with 90pm rad demonstrated
Further studies planned, but limited time due to reconstruction starting in
February
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SUMMARY.

Thank you for your attention!
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