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WG2 Charge
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Charge

Perform a survey of the present status of optics and beam transport 1ssues in ERLs and make a list of unsolved problems The EELs to
be covered include those currently in operation, currently under construction, of enwisioned as a possibiity for the fiture anywhere i the
wotld. Special emphasis should be placed on the clear identification of the heam physics limits and accelerator technology limits and an
examination of the extent that they have been addressed by past research or need to he addressed by further research. These 1ssues should
clude inear optics design for the matn linac section, inear optics for different ERL applications, nonlinear optics, current dependent effects
like BETT and CSE, other sources of emittance growth, halo development and colimation, mstrumentation and commssioning techmoues.
Identify new and promusing 1deas even though they may need additonal worke Finally, the group should summarize i a brief report (a few
pages) the highest priority research topics for beam transport in ERLs and prowide an apprommate schedule for key experiments

and BE&D developments. The group 15 also asked to provide a comprehensive presentations i plenary sessions during this workshop.
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WG2 Schedule

Optics issues for
ongoing ERL projects

Accelerator
modeling

Stability issues

Merger design
(with WG1)

BBU and cavity optics

Computational
aspects

A 4 A 4 A 4 A 4 L »
A T 1
Sunday Monday Tuesday Wednesday
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W€ra Optics in ongoing ERL Projects

« JLAB-FEL

« JAERI-FEL

« RECUPERATOR -FEL
 ERLplus

« Cornell X-Ray ERL

« 4GLS

« MARS

« APS-ERL

 Arc en Ciel

« eCool-RHIC

+ eRHIC-ERL }

e« ELIC Nuclear Physics ERLs

ERL-FELs

ERL-Light sources
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FEL-ERL operation experiences

Longitudinal Matching Scenario

o bl

So, its all very clean and simple. What
could possibly go wrong?? |T
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Accelerator modeling (e.g. ERL-FEL)
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RL Upgrade for CESR

Vafarnany
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Upgrade for APS

Dump

Predictions for x-ray properties
Somewhat more optimistic than
At other designs (preliminary)
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Wera Why X-ray ERLs ?

Simulated Injector Performance
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FIG. 10: Transverse emittance vs. bunch length for various FIG. 11: Longitudinal emittance vs. bunch length for various
charges in the injector (nC). charges in the injector (nC).
Takes several 10° smulations
e-[mm-mrad] = q[nC] (0.73 + 0.15/0,[mm]23)
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WG2

Why X-ray ERLs ?

* Original XPS design' had an error. | 25] ' ' ' ' ' ' B
* New design is based on similar concepts um- :’
* Use combined function magnets [ 20¢ ‘
— Dipole with fixed gradient and sextupole ﬁmng1 5|
- 12 pole magnets for combined quadrupoles ST
e Use variable permanent magnets gmm'mf‘l Ot
- Only way to get the strengths required o 5|
— Need the stability for ultra-low emittance Q008
— Need electromagnetic trims for correctors oo O
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Color code shows horizontal tune.
Momentum aperture too small: +/- 1%

DA 1s much too small;
O 1mm x 0.05mmor 7o X 3.30
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WE¥Ya Stability issues (Rings)

SR - Stability - Requirements

e J.=14m, J,=0.9matID position of section nS —
oy = 84 um, o, = 7 ppm assuming emittance coupling ¢,/e; = 1 %

o With stability requirement Ao = 0.1 x 7 —

Requirement: Orbit jitter <1 um at insertion devices
Noise Scenario from 1998 before SLS construction

Worst case Noise estimate 30 60 Hz
Seismic measurements 300 30 nm
Damping by hall's concrete slab neglected
Girder resonance max amplification <10 <10
Closed orbit amplification hor./vert. 8/5 25/5
—  Maximum Orbit jitter hor./vert 24/15 7.5M1.5 um
Attenuation by orbit feedback =959 =39 dB
— Maximum Orbit jitter hor. /vert. 40/30 130/30 nm
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berizontl bram digp beement, tmim

Stability issues (Linacs)
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BBU codes

V (1) :legj\NX(t—t’)V(t’—tr)l (t")at’| How to Solve

* Beam Tracking (Beam position vs. Time)
— BBU-R (JAERI)
— TDBBU (JLab)
— b1 (Cornell Univ.)
— new code (JLab)

« Eigenvalue Solution (Current vs. Frequency)
— MATBBU (JLab)
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BBU measurements

Cav7, F...=2106 MHz

— 25ma
— 20mA, 0.2
— 15ma
— i0Oma
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Projected threshold current is 2.86 mA
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\W€yYA BBU passive feedback

I
HOM

Recall... threshold ™*

« Damping circuit easily reduced the Q of the
2106 MHz mode by a factor of 5

I..__-I...I Ve 8 I1at ..-.- W ahou i e s ';."_-{-'_-'. 1 Far _I.-l-._-_..

Magnitude

« The threshold is increased accordingly:
from 2 mA to ~10 mA

Frequency
i, = (7.6 - 10.6) mA

il o
2 5
5 2
2 2
= =

— Amplifier ON (2 = 1.3e06)

— Amplifier OFF (Q = 6.2e0B)

| 1 | 1 1 1
Frequency 0 2 4 B B 10 12

Average Beam Current {(mA)
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WG2

BBU stabilization

Effect on
2106 MHz
HOM

Considerations for Implementation

Q-Damping

Damping
Circuit

3-Stub
Tuner

5xly

1.5y,

Works for only 1 mode per cavity

» Not as effective at raising the threshold as
beam optical methods

» Long term stability of system

« Does not effect beam optics

‘.
(7] i
0
]
=B
=
£
Lyv)
D
(& N

Phase
Trombone

Pseudo-
Reflector

Stabilized

Stabilized

» Can stabilize the mode against BBU
»  What are the effects on other HOMs?
» Do they prevent reaching the requirements

needed for a suitable lasing configuration?
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Weya BBU active feedback

Al

i . '}
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-~ g

28 T, =433 ns

T~ T, —(100m/c)
=100 ns

Even this is generous, in reality you
are left with 10’s of nanoseconds
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Accelerator modeling (S2E simulations)

CSR Microbunching Instability in LCLS
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WG2

Computational aspects
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Need for fast, open source, parallel 3D space charge codes:
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WG2

'y [mm]

4 g, [n mm.mrad]

Space charge and CSR

el LT R B

o
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WI€¥A Space charge and CSR

A Taxonomy of Codes

Nameless (R. Li) FMM32 Recent approaches:

ELEGANT (Borland) AMV31  Agoh and Yokoya: Grid calculations of field
TraFiC4 (Dohlus, Limberg, A.K.) FMM33 Warnock, Ellison, Bassi: PF, new field integration
CSRTrack (Dohlus, Limberg) MMy33 ~ Scheme

Talman: string charges

TREDI (Giannessi and Quattromini) FMM33
Nameless (P. Emma) FMV31
3D ok ok E
3D TRAFIC4 -0.058 -0.002 1.4
TREDI -0.018 -0.001 1.85
2D Program by R.LI -0.056 -0.006 1.32
1D Elegant -0.045 -0.0043 155
CSR_CALC -0.043 -0.004 1B
Program by M. Dohlus | -0.045 -0.011 1.62

T i 33 i L
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Wi€¥aA Collaboration (EuroFEL)

Example: European FEL design study (EuroFEL)

18 European laboratories, lead by DESY-Hamburg
Collaborating on several different FEL projects

DS 1 Photo-Guns & Injectors (Massimo Ferrario, INFN);
DS 2 Beam Dynamics (Hywel Owen, CCLRC);
DS 3 Synchronisation (Mario Ferianis, ELETTRA);

DS 4 Seeding and Harmonic Generation (Sverker Werin,
MAX-lab);

DS 5 Superconducting CW and Near-CW Linacs (Jens
Knobloch, BESSY);

DS 6 Cryomodules Technology Transfer (Bernd Petersen,
DESY);
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WG2 Collaborations

«Joint proceedings writing:

Optics issues for ongoing ERL projects
Stability issues

Merger design

BBU issues

RF optics

Space charge and CSR

Push-Pull FEL

Multi turn ERL issues

lon clearing

(Susan Smith)
(Michael Boege)
(Vladimir Litvinenko)
(Eduard Pozdeyev)
(Phillip Piot)
(Gabriele Bassi)
(Andrew Hutton)
(Gennady Kulipanov)
(Georg Hoffstaetter)
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WG2 Instrumentation

Discussions on diagnostic necessities:

a) Number and location of BPMs

b) BPMs for two beams

c) Number and location of beam size measurements
d) Longitudinal beam profile measurements

e) Longitudinal tomography

f) Optic measurement procedures

g) Beam based alignment procedures

h) Commissioning strategies

1) Emittance control

]) Phase space tomography
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WG2 Conclusion

* Most important things to address:

Stability issues

Beam loss and halos in ERLs

CSR and LSC suppressing designs
Completion of BBU test
Experimental verification of RF optics

Clarification of Multi turn ERL issues
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