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MatLab Based Online Toolbox for FLASH Optics

Version 1.0    - July 28, 2006            
Version 1.1    - October 20, 2006     
Version 1.2    - December 11, 2006 
Version 1.3    - July 18, 2007            
Version 1.35  - September 25, 2007
Version 1.4    - coming soon        

( 6 + 2)D  motion is implemented, including  rf-focusing 
(based on usage of on-axis accelerating field profile) and 
natural undulator focusing (based on usage of measured 
undulator field).  

+2)D means dynamics of reference energy and reference 
time of flight (although time of flight is not in usage yet).
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Manual (120 pages for current version)
in FLASH-eLogBook: doc/Physics/Optics

Optics Toolbox consists from three equally
important components: optics calculation

engine + optical model of the FLASH facility
+ model for transfer between power supply
currents and magnetic fields. All parts are

subject of permanent improvement.
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Outlook
New Features in Versions 1.3 and 1.35

Manipulations with beam in ACC1-DBC2 section

Recent experiments with beam optics
using Toolbox Version 1.35

Expected new possibilities in Version 1.4

Matching to the BC2 entrance using 5 upstream quadrupoles
Switching BC2 on and off  and compensating  difference in focusing using
5 downstream to BC2 quadrupoles

Moving ACC1 phase off-crest and measuring changes in incoming beam
parameters (with BC2 on and off)

Four optics installations from scratch



New Features in Versions 1.3 and 1.35
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Field profile for the FIR undulator



13 October 2007: manipulations with beam in ACC1 – DBC2 section
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1. BC2 on. ACC1 on crest. Matching to the BC2 
entrance using 5 upstream quadrupoles.

2. BC2 is switched off and 5 downstream
quadrupoles are set to their theoretical
currents required to compensate difference
in focusing.  Nothing else was touched.

3. BC2 off. ACC1 is moved to -10 degree off-crest.
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13 October 2007: manipulations with beam in ACC1 – DBC2 section

4. BC2 is switched on again and 5 downstream
quadrupoles are returned to their initial
setting. Nothing else was touched.

5. BC2 on. ACC1 is moved to -7 degree off-crest.
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1 (op2+) 2 (op2+)

3 (op2) 4 (op2)

Four optics installations 
(from scratch)

1. 12 October 2007, Afternoon
2. 13 October 2007, Night
3. 14 October 2007, Morning
4. 15 October 2007, Afternoon

In the beginning of every new
installation of the transverse focusing
energy profile along the linac was
different with about the same final
energy  (~685 MeV). 

Procedure:   
Matching to the BC2 entrance

and, after that, loading of theoretical
quadrupole currents calculated
by Optics Toolbox for all downstream
quadrupoles.

Measurements were done after
some steering and  without touching
quadrupoles (except for the variant
4, where quadrupoles in ACC3
and ACC5 were slightly tuned and
beam was matched in the SEED
section, because this optics was
then used for establishing SASE
operation).

Measured beam sizes along the linac (OTR screens, red dots) compared with theoretical prediction 
(green areas) and with beam sizes reconstructed using measurements in DBC2 section (blue lines).

IN THIS MEASUREMENT RF FEEDBACK WAS OFF
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15 October 2007: measured beam sizes along the linac (OTR screens, red dots) compared
with theoretical prediction (green areas) and with beam sizes reconstructed using

measurements in DBC2 and SEED sections (forward and backward tracking, blue lines).

RECONSTRUCTION POINT RECONSTRUCTION POINT
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TQD TQF

Unfortunately, for these quadrupoles we do not have measured or calculated field profiles yet !

Some disagreement between  theoretical and measured beam sizes
is observed in BC3 area
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Expected new possibilities in Version 1.4

All other suggestions are welcome !

The main new feature:
inclusion of the dump line and bypass description 
into Optics Toolbox and, therefore, inclusion of 

the possibility to deal with coupled
linear motion.


