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SUMMARY REPORT OF WURKING GRUUP 4 ON e'e” SUURCES,
LOW EMITIANCE PRODUCIION AND PRESERVAIION

PARY PI:r HIGH BRIGHTHESS GUNS

4 fe Duff
LA, Drsay, France

It is worthwhile considering the possibility of operating the electron linau without a
damping ring. lo do so, the electron beam has to be generated within tight tolerances in
terms of emittance, bunch length and peak «urrent, and one mist assume that the beam almost
keeps its initial characteristics as it goes along the linac.

The SLAC-SIC gun is an example of a modern thermoionic, short-pulse, high-peak-curyent
device., However, the normalized emittance is still two orders of magnitude greater than
that required for a future linear uollider {y o o = 3 X 10-* m.orad after Lhe
buncher), In the SIC the emittance is reduced 1o 3 x 10°° m.rad by means of an electron
damping ring

At the present time the device closest to fulfilling the future linear cullider
requirements {such as those of the Stanford Super linear Collider now being designed) is
the {os Alamos RF gun which uses a photouathode (Csy Sb) Lriggered by a lsser pulse and
whose present performance is summarized in lable 1.

Table 1
Per formance of the los Alamos RF gun

— o

Qutput energy 1 MeV 1
* Peak current 100 A }
i (harge 8 nt !
Rum.s. bunch length 80 ps i
R.m.s. energy spread & 3% ;
Notmalized emitiance (y "’xax‘} 3 % 107 m.rad }

Notice that one (nuld obtain a 1 aC charge within a 10 ps pulse length, while still keeping
the current densilty (onstant, ‘However, 1t is assumed that such a gun could fulfil the
requirements of a multi hundred GeV linear collider if circular shaped heams were used. In
the case of a ribbon beam, the currenl density would be 10 times higher and it is not
obvious that the £s3 Sh photocathode could handle this higher figure,
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As soon as iU is possible lo generale high currents From a pholocathode i1luminated by
a laser pulsa, it will be pussible to eliminate high modulated vollages and hunching sys-
tems and Just operate with a d.oo. stcelerating veltage.  Such guns are presently beiny
developed fur high power RF sowrces such as the |ASERTRUN, For the high RF-frequenty, high
REwpeak ~power [ASERIRUN, the heam requirements are almost the same as those for high
by ightness guns:

~ HHigh accelerating voltage
High peak current
~ Small emitiing pholocathode sw fare

Notice that one imporiant advantage of d.c. gquns is the small oulpul energy spread, and
which is independent of the pulse length, at least if space charge effects are vontrolled
by very high accelerating yradients,

Short pholo-emitied current pulses need:

~ Correspomding picosecond lasers
Inslant aneous photo emission
« Good quantum efficiendies to remain below theymal effect thresholds.

Tnis Workshop has shown that many laboratories are presently experimenting on high

cirrent photouathodes and thal encouraging results have already been oblained. Essentially
two families of photocathodes are being investigated:

a) Llesiated semiconductors

With this type of photorathode, peak (uvrents ahave 200 Afcm® have been obtained in
the picosecond regime  However, in the case of d ¢  acceleration, emitiances 1emain to be
measured. Ihe main problem comes from the cesium which leads to specific pollution and
requives both a very good ultra-high vacuum environment and periodic reconditioning, In
fact the photacathode lifetime gels worse as the extracted current and accelerat ing voltage
increase In this photncathode family one finds {5y Sb {as used at los Alamos) and As Ga
{as used al SIAL and KEK)

b) Micro emitters

It has been already demonsirated thal metallic micro emitters can produce 10 KA/ m in
the picosecond regime  Here loo, emittances need to he measured and lable 2 gives two
recent examples of their per formance,

In the vase of needles, the field emission process is used to lower the potential well
and Facilitate the electron extraition {photo field emission), so providing a very high
guantum efficiency fo comparison with the usual photo-emission From melals  Both melallic
wites and needles appear to have long Tifelime
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lable 2

Perfarmance of miore emitters

BN ' LAl l

Material Metallic wihre | Single metallic needle E

Surfare density 10 Afem? 1019 B/n? §

Emitting surface | 107" om® 10719 n? |

Peak curient 1A E I & %

i Quanium yield ¢ WPt 1 }
|

The requirement for very high peak currents with good quantum yield will dictate the
use of arrays of needies and exper imenis have started 1o delermine whether Ihe rurren! can
tnerease directly with thelr number  According to lable 2 the gun requivements of 1 nl,
10 ps, 100 A peak cwrvents can be fulfilled either with a | m’ mefallic wire emitting
surface {1 = emitting surface) or with an array of mome than 100 needlies {assuming the
total emilied current does not intrease exactly linear ly with the number of needles)

Biseussion

U. Amaldi, LERN
1} the repetition frequency of the {1IL collisions is 30 times larger than for the SLAL
cullides In designing the damping rings we always pul as a tondition a damping fime of
the nrder of 7-3 ms, equal to SO and 10 times smaller than the one mresented by Llawdio
Pellegr ini in this way we are thinking in terms of about 4 or 5 damping rings using the
{hasman-Green laltice and about 100-150 m long each

2y 1 want to (myect the statement made by Joel le Buff the longitudinal briiiiasnce of
the SLAL design is much larger than for (LI because the bunch lengths are - 50 pm and
00 um respettively

N,K. Sherman, Ottawa

faser brightness and pulse dw alion are not limitations sor is quantum efficiency, in
low-emittance electron guns  This is because laser pulse durations are down to 8 femto
seconds now, and at longer durations are so bright that even with low guantum efficiency
the electric field tan be collapsed by space charge of emitted electrons. The limitation
is really Gauss' law.
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Reply

In the lasertron case we expect high power efficiency, This is the ratio between RF
power and plug power. A powerful laser with poor efficiency might lower the total effi-.
clency of the device. For a gun we should nat worry too much about power efficiency, but
much more aboul heam quality.

J. Seeman, SLAC

Is there any news on high intensity, low emittance positron sources other than damping
rings?

Reply

We have nol been considering particular methods of producing high brighiness positron
beams., @ still believe that for the moment conventional methods of positron production are
still right. The positrons need to be produced at quite high energy and then damped.
However, one must fry to find out in the case of high repetition rate if the target can
handle the input electron energy.



