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Lifetime measurements of the JLab polarized electron guns (2001-2004)
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Since 2001, the lifetime of the polarized gun in use at the main CEBAF photoinjector was studied along with other operation parameters. Results were gathered for each year under a separate technical note [1], [2], [3].  This note summarizes the lifetime measured between January 2001 and the summer shutdown in 2004. 

The total cumulative charge extracted from the injector was:


in 2001: 967 C

in 2002: 525 C

in 2003: 606 C

in the first half of 2004: 665 C,

summing to a charge of  2.8 kC within 3.5 years.

1. Lifetime per hall

Figure 1 is extracted from ref. [3].  It displays the daily QE measured with the hall A beam as a function of the total charge (ie: extracted with the 3 beams) originating from the photocathode. For each period with similar conditions (same spot, same gun, same wavelength), a fit of the data yields to the charge lifetime of the gun for that period. The charge lifetime is defined as the amount of charge being extracted from the photocathode before the QE is reduced by a factor of e.   
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Figure 1: Lifetime expressed in Coulombs with the hall A beam per spot in 2003-04 from [3]. The dashed lines indicate spot moves, the number indicated at QE=0.5% is the spot number. 

Each lifetime value is then displayed on figure 2 as a function of the maximum charge extracted during this lifetime. For example, the first lifetime measured with the A beam in 2003 was 203 ± 16 C, as seen on figure 1. This measurement was determined for a charge up to 65 C extracted in 2003, which corresponds to a total charge of 1557 C pulled out since 2001. This lifetime measurement is then displayed on figure 2 as the 14th entry. Figures 2 through 4 display the distribution of measured lifetimes for each hall as a function of the total extracted charge over 3.5 years. On each plot are indicated the yearly ranges and the gun changes, for example gun 3 was in use in 2001 until early 2002.       
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Figure 2: Measured lifetime as a function of the total extracted charge over the 3.5 years with the hall A beam.

Although the 3 different plots exhibit somewhat different behaviors, some global trends can be seen with the 3 beams. The QE measurements with the A and B beams are more noisy and scattered (systematic due mainly to laser power measurement), it is therefore easier to refer to figure 4 with the hall C beam to extract the global lifetime trends:   

· Lifetime was high in 2001 with gun 3 (several hundreds Coulombs),

· Lifetime was dropping with time in gun 2 over 2002-03,

· When gun 3 was used in 2003 and 2004, the lifetime was the shortest measured over the whole range (tens of Coulombs),

· After the NEG pumps were replaced in Gun 2 (Fall 2003), the lifetime in Gun 2 was greatly improved and rising (up to ~ 500 C),
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Figure 3: Measured lifetime as a function of the total extracted charge over the 3.5 years with the hall B beam.
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Figure 4: Measured lifetime as a function of the total extracted charge over the 3.5 years with the hall C beam.

As a result of this study, the NEG pumps were replaced in Gun 3 during the summer shutdown in 2004. To date, no lifetime data is available since the gun has not been used. But the lifetime in gun 3 is expected to be improved.
To substarct the large fluctuations and errors in the lifetime distribution, we averaged the 41 individual lifetimes measurements over periods of similar conditions and/or calendar years:

· Period 1: Gun 3, 2001

· Period 2: Gun 3, early 2002

· Period 3: Gun 2, 2002, with the old NEG pumps

· Period 4: Gun 2, 2003, with the old NEG pumps

· Period 5: Gun 3, 2003

· Period 6: Gun 2, 2003, with the old NEG pumps

· Period 7: Gun 2, 2003-4, with the new NEG pumps

· Period 8: Gun 3, 2004

· Period 9: Gun 2, 2004, with the new NEG pumps
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Figure 5: Lifetime averaged over periods of similar running conditions, as a function of the period number. See the text for the definition of the individual periods. Both guns have been in use. 

2. Global lifetime

Taking the averaging process one step further, we now average the lifetime for each period over the 3 beams. Figure 6 displays the overall beam average as a function of the period. We indicated on this plot the definition of the periods in green, for gun 3, and in blue for gun 2. 


Figure 6: Lifetime per period averaged over the 3 beams, as a function of the period number. Periods are labeled in different colors for the 2 different guns. 

Eventually, to make it easier to extract the trend for each gun, figure 7, a & b, summarizes the overall averaged lifetime for each gun between January 2001 and August 2004. This grand average of lifetime confirms the global trends described for both guns in the previous section.


Figure 7: Lifetime per period averaged over the 3 beams for gun 2 (a) and gun 3 (b) for 3.5 years.

3. Conclusion

The lifetime of the two CEBAF photoguns was monitored continuously between January 2001 and August 2004 as the guns were used to deliver polarized beam for the physics program. The 2 guns exhibited very different behaviors over the years. 

The lifetime in gun 2 started at a few hundreds of Coulombs and dropped. Among other gun reworks, the NEG pumps were replaced in the gun chamber in 2003. Since then, the lifetime has been steadily rising and seems to converge to the maximum value seen at CEBAF (~500 to 700 C).  

The lifetime in gun 3 started around the highest reported at Jlab (~500 C) and dropped steadily. The last measurements, ~ 15 C, were the shortest lifetime seen over the whole period of time. As a result of this study, the 10 NEG pump cartridges were replaced in Gun 3 during the 2004 summer shutdown. We hope to see improved lifetimes as gun 3 is used again.
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