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1 INTRODUCTION investigated at CERN [11] and LANL [12], as a compro-U

An 18 MeV electron photo-injector facility was con- mise between high QE and. long life-time. Thg pr'esent
structed at Fermilab in collaboration with UCLA, INFN- SyStem was developed at Milano [13]. The,Tsfilm is
Milano, University of Rochester, and DESY. The photo-depos'ted onto a molybdenum plug via evaporation under

injector is now being operated in partnership with thltra-high-vacuum (UHV). Manipulator arms are used to

Northern lllinois Center for Accelerator and Detector De_transfer a cathode from the preparation chamber into the

velopment. The facility consists of an RF gun [1, 2] withRF_ gun while remainﬁng in UHV, in order to avoid the dele-

a cesium telluride (CSe) photo-cathode [3] excited by a terious effepts of rem?ugl gases or’1, the QE. The Q.E can be
pulsed ultra-violet (UV) laser [4], a 9-cell superconductin ecovered in part by 'rejuvenatmg the cathode with higil
cavity, a magnetic chicane, and a beam line for experimen mperature and UVlight[12, 14]. Two cathodes have be

with the electron beam. The original goal was to produc&®@ted and used so far; the present (second) cathode Zzas

a beam with high charge per bunch (8 nC) and low trané:_oated in August 1997'and last rejgvenated in August 19. 8.
verse emittance<{ 20 mm mrad) in long bunch trains (800 Excess Cs was deposited onto this cathode (the deposiggn

bunches, s apart) time was 75% longer than for the first cathode). The initigh
i . 0/n- e 1

The facility at Fermilab was used to develop, fabricateQE qf the second cathode was10%; .the QE'vaIues 'm

and commission an RF gun for the TeSLA Test Faci”tymedlately beforg and after the last rejuvenation were 0.6
Linac. This gun has been in use at DESY since Novemb arnd 5%, respectively (DC measurements). Immediately &

’ r coating, an increase in QE with time under UV light &D

1998, and its behaviour is under study [5]. A second R ) : . .
. . .room temperature was observed; after rejuvenation, this
gun was subsequently installed at Fermilab. Recent actiy- )
ect was absent. The coating and early measurementsdwglre

ities at Fermilab include studies of photo-injector dynamaescribed in more detail elsewhere [3].

ics [6, 7] and various expenments with the electron beam: The RF gun is a 1.3 GHz 1.625-cell copper cavity, BT
electro-optic sampling of wake fields [8], plasma wake-

. . o
field acceleration, channeling radiation studies [9], and prci-'ggggéﬁriﬁ Eg‘gﬁ%%ﬂiﬁogg%[1115(1' ;ngpl;?esriza?ge-
duction of flat beams [10]. :

. - . cribed herein were done wit = 35 MV/m (E; = peak &
Anothgr major'gqal fo“r the photo-|r31ector was high QEZlectric field at the cathode), which produces a (total) beéﬁﬁ
and low field emission (“dark current”) from the gun (the

latter being a source of unwanted radiation and unwantq?nergy of 4.5 MeV at exit of the gun. The RF pulse dur§
. . . tipn was between 22 and 1Q%& and a 1 Hz repetition rate
background signals). Hence, in between the work outlme& P =

.Th i f i lenoids.
above, studies of the photo-emission and field emission be—as used. The gun is surrounded by 3 focussing solenoids

havi fth ied out. The oreliminary result nder normal conditions, one of the solenoids is used for
aviourottne gun were carried out. The pre aryresu soucking,” to makeB; approximately equal to zero at the
will be summarised in this paper.

cathode. The cathode isggled in the back wall of thgun,

2 PHOTO-INJECTOR DESCRIPTION with a Be-Cu spring for electrical contact. The pressure in
the gun is typically between 18 and 2 10~° torr.

The photo-injector uses UM\(= 263 nm) pulses of du-
ration 10 ps FWHM from the laser. A train of 1 to 10 laser 3 STUDIES
pulses with 0.3 to 1.4J per pulse was used for the present The UV energy per pulse and charge per photo-electron
measurements. bunch were measured with a photo-diode and Integrating
The UV pulses from the laser are directed onto th€urrent Transformer (ICT, located 0.38 m downstream of
Cs,Te cathode inside the RF gun. The use ofTesas a the gun), respectively, allowing us to infer the QE. The QE
high quantum efficiency (QE, the ratio of emitted photowas measured on a shot-by-shot basis, selecting one bunch
electrons to incident UV photons) photo-cathode was firgiut of the train. Thus the QE includes not only the intrin-
sic efficiency of the cathode, but also takes into account the
*Present address: NSCL/Cyclotron Lab, Michigan State University. transport (or lack thereof) of the photo-electrons from the

TUniversig de Paris XI Orsay, France. . .
*Present address: Institute of Optics, University of Rochester. cathode into the beam tube. The RF phase relative to the

SOperated by the Universities Research Associatinder contract with 1aS€r pulse was typically chosen to be "f‘bom(g@asured
the U. S. Department of Energy. from the phase of zero charge extraction), where the ex-




tracted charge is relatively insensitive to the phase. A large 8

laser spot with low energy per pulse was typically used for :

the QE measurements, so as to minimise space charge ef- a (a) : E

fects on the charge extraction. _ 8+ ; o aadt e 4
The dark current was measured with a Faraday cup in- " T Tty ]

serted into a diagnostic port 0.07 m after the ICT. Thedark & |
current was also measured on a shot-by-shot basis, average & i
ing over a portion of the RF pulse (the dark current values ©

urren

given herein are averaged over the RF period, but not overgs i RFpulse| 13

the RF duty cycle). Thus, the QE and dark current were — & ——100psec| S

both recorded at a rate of 1 Hz. Binning and averaging was i SOpsec | 4R

done later, which improved the signal to noise ratio. . ;‘_m‘__‘““‘m““‘m““M“MMMMME%
Mea;urements were done with the' usuall “round beam” 0 500 100 1500 2000 2500 3000

solenoid settings, “flat beam” solenoid settings, and with Time [minutes]

the solenoids off. The round beam settings correspond to

equal current in the primary solenoild), bucking solenoid e

(Ip), and secondary solenoid)l Ip = I, = Is = 220 A for i (b) B

the present measurements. These settings Bakéose 1 ]

to zero at the cathode. The flat beam settings correspond i A WMMWWW“ ]

to zero current in the bucking solenoid and reduced cur- _, | W . N

rent in the primary and secondarly; = 170 A,Is= 70 A, § -

I, = 0in the present case, which mak&sabout 0.08 Tat & .

the cathode. The maximuBy on axis is about 0.11 T for i

both cases. The flat beam settings produce a correlation be® B

) . —— 26 May 2000 |8

tween the transverse coordinates and momenta, which can i 16 3un 2000 | <

be used to make the transverse emittances unequal down- 2

stream of the 9-cell cavity via an appropriate set of mag- o 13

netic elements [1.0], hence the name. Note that thg f[at a.nd © % 160 10 0 00 280

round beam settings produ.ce the same charge distribution Time [minutes]

in the electron bunch as it is acceleratedbtigh the gun;

only the correlations are different. Figure 1. Measurements of (a) dark current and (b) quan-

tum efficiency as a function of time with round beam
4 RESULTS solenoid settings. A 2Rs RF pulse was used for (b).

After having the RF off for a shift or longer, we observe
a slow increase with time in both the QE and the dark cufl QE is rapid, and then becomes more gradual, whichis in
rent after turning on the RF and solenoids with round bearfPntrast to the dark current's behaviour. After running for
settings; eventually a steady-state value is reached. Sofgended periods, a QE of about 2% is typical.
examples are shown in Figure 1. In Figure 1a, the initial If we turn off the solenoids after running with round
dark current is about 7QA, and a steady state value aboutoeam settings for several hours, we observe a gradual de-
8 times higher is reached after mamgurs. In the case of crease in QE and dark current with time. Likewise, the
the 30us RF pulse, the RF field was drifting up (as high aglark current and QE decrease with time if we switch to flat
36.5 MV/m) and down (as low as 34.5 MV/m) relative tobeam settings. The effect is illustrated by switching be-
the nominal value. The exponential dependence of the fiet&veen solenoid settings periodically, producing a “zig-zag”
emission current on the electric field serves to amplify thgattern in the QE and dark current. Examples are shown
fluctuations, which accounts for the relatively large fluctuin Figure 2; another example is shown in [10]. Initially, the
ations in the dark current. In the case of the J8RF dark currentand QE are relatively constant, having reached
pulse, the field level was more stable. After about 700 mira steady state value. Upon changing the settings, the QE
utes, the RF was turned off for about 30 minutes. Wheand dark current begin to vary with time. Steady state val-
the RF was turned back on, the dark current was lower thares are not reached after keeping the sarttenge for an
it had been just before the RF was turned off. As can bleour. (After running with flat beam settings for several
seen, the rate of change and the steady state value of treurs, the dark current and QE might reach 140 and
dark current are insensitive to RF pulse length. 0.4% or so, respectively.)

Figure 1b indicates that the QE follows the same general Although it is typical to each a maximum dark current
pattern as the dark current (note the different time span). lof 600 uA or so (Figure 1a), significantly higher dark cur-
one case, the initial QE is 0.3%, increasing to 0.8% aftaent has been observed. Dark current values in excess of
about 7 hours. In the other case, the QE increases by a fdcmA are not unusual; the highest dark current observed so
tor of 2 in 5 hours. In both cases, the initial rate of increastar is about 3 mA (aE; = 35 MV/m). The circumstances



e is due to the CsTe film, not due to effects occurring in the
: Solenoids ] gap betwgen the cathode Qnd' the wall of the gun, at the
a JIM - round beam| | Be-Cu spring, or elsewhere inside the gun.
3" % . flat beam B The photo-current and dark current were imaged on a
] flag downstream of the chicane. A dozen or more distinct
spots or “streaks” of dark current were seen, each in the
shape of a comet or crescent moon. The distorted shape
is due to electrons being emitted at different RF phases,
being accelerated to different energies, and being guided
to differently by the magnetic elements. To get an idea of
the location of the sources of dark current, the laser spot
was steered to different transverse positions on the photo-
cathode. Aeach posion, the RF phase was varied in order
to trace out the shape of a dark current streak at that loca-
tion. This allowed us to get an idea of which dark current
spots originated on the photo-cathode; more than half of
the sources appeared to be on the photo-cathode itself.

5 CONCLUSION

: 7 ] A time dependence is observed in the photo-emission
g Y il L® and field emission from the photo-injector at Fermilab. The

' : ) ] focussing solenoids can be adjusted to cause the QE and
dark current to increase or decrease with time. The ob-
served variation is in excess of a factor of 5 in the QE and
a factor of 10 in the dark current, with time constants mea-
sured in hours. The evidence suggests that the source of the
time-dependent behaviour is the, Os cathode. The time
dependence in the QE (and dark current) occurs even in the
absence of UV light. Under favourable circumstances, the
QE is about 2%, even though it has been almost 4 years
Figure 2. Measurements of (a) dark current and (b) QE &ince the cathode was coated. The mechanism which pro-
a function of time, switching between round and flat bearluces the variation in photo-emission and field emission is
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solenoid settings. The RF pulse length wag.&0 not yet understood, and all of the relevant variables have
probably not been identified.
which produce this much higher dark current have not yet REFERENCES

been understood. L
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