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This is a request to change the master frequency of the XFEL RF synchronization system from 10 MHz to 9.0277… MHz. The master frequency defines the design bunch repetition rate; this would change from 5 MHz to 4.5 MHz. The frequency choice has a large impact on all reference frequencies which are derived by multiple integers of the master frequency or the bunch repetition rate such as: RF reference distribution, the clock and trigger signals, local references for electron and photon beam diagnostics, all laser oscillator repetition rates, frequency of transverse deflecting RF structure and the system design of the optical synchronization reference. The following table summarizes the most important frequencies and frequency ratios related to the main acceleration frequency
	Device
	Frequency
	Ratio to RF
	Frequency
	Ratio to RF

	Bunch repetition rate
	5.000000 MHz
	1/260
	4.513889 MHz
	1/288

	Master RF oscillator
	       10.000000 MHz
	1/130
	9.027778 MHz
	1/144

	RF distribution
	     100.000000 MHz
	1/13
	216.666667 MHz
	1/6

	Acceleration 1.3
	1300.000000 MHz
	1
	1300.000000 MHz
	1

	Acceleration 3.9
	3900.000000 MHz
	3
	3900.000000 MHz
	3

	Injector lasers
	50.000000 MHz
	1/26
	54.166667 MHz
	1/24

	Experimental lasers
	100.000000 MHz
	1/13
	108.333333 MHz
	1/12

	Optical reference
	200.000000 MHz
	2/13
	216.666667 MHz
	1/6

	Transverse deflector
	3000.000000 MHz
	30/13
	2997.222222 MHz
	83/36


The 10 MHz was originally selected because of the higher availability of hardware components at this frequency

· Crystal oscillators at 10 and 100 MHz

· Commercial measurement devices and synthesizers using 10 MHz input reference

· Stable long-term frequency references from GPS and Rubidium standards
However, if this frequency is used, many developments for the XFEL will be incompatible with developments for FLASH and XFEL prototypes cannot be tested on FLASH without modifications. This is important because the influence of the harmonics of the master reference on noise signatures and control software are important to debug in advance of commissioning a new machine. This concerns also the user experiments, for which an easy transfer of measurement devices between FLASH and the XFEL would be desired.
Compared to the difficulty of changing FLASH hardware and FPGA-software to accommodate a new master frequency, the advantages of the availability of commercial 10 MHz components pales, especially when one finds that

· Crystal oscillators at 9 MHz, 81 MHz and 108 MHz are available with only a slightly increased cost and delivery time

· The commercial measurement devices and synthesizers using a 10 MHz input reference are frequency stabilized, whereas our systems require phase stabilized  devices

· Stable long-term frequency references, such as GPS and Rubidium standards, can easily be used to frequency lock the 1.3 GHz thereby removing drifts of the master RF frequency regardless of what frequency is chosen.

In addition, due to an undesirable harmonic ratio generated by the 10 MHz master, several disadvantages have been identified: 
· There is a very limited availability of low noise dividers that provide a frequency ratio of 1/13 and no realistic concept exists for a drift-free phase detector for this ratio. This ratio is required to lock the 1.3 GHz to the 100 MHz reference distribution.

· The selection of the optical master laser repetition rate for the femtosecond stable timing reference is problematic: 

· When the master laser repetition rate is an integer ratio of the bunch repetition rate, optimum performance is achieved for beam diagnostic devices

· When the master laser repetition rate is an integer of the repetition rate of commercially available solid state lasers for pump-probe experiments and future seeding experiments, optimum performance can be achieved.

·  The harmonics of the master laser repetition rate should match the RF acceleration frequencies and, ideally, the reference distribution frequency.
In conclusion, while the number of bunches per bunch train would be reduced by 10%, there is no technical advantage to change from the 9 MHz currently used at FLASH to 10 MHz for the XFEL. There is also no possibility to change the FLASH reference to 10 MHz within the near future. This means that, given a 10 MHz reference, there would be no chance to test prototypes in their final configuration for the XFEL in FLASH. This applies to both short and long-term time frames and it denies prototypes needed debugging opportunities. Therefore, it is recommended to change the XFEL reference frequency to the FLASH standard of 9 MHz.
