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ABSTRACT 

Boam loading and transverse emittance growth are studied in a 
disk-loaded accelerating structure which has been scaled to a wave
length of 10 urn. The resulting limitations on the charge per bunch 
which can be accelerated in such a scaled structure should provide 
a crude estimate of the charge per bunch which enn be accelerated iu 
a laser driven grating accelerator operating at the same wavelength. 
For an accelerator 100 tn in length delivering an energy of 500 GeV, 
it is found that the number of particles per bunch that can be ac
celerated is on the order of 1QJ — 1 0 6 , 

INTRODUCTION 

Laser driven grating accelerators have been proposed which are 
capable of achieving very high energy gradients at a wavelength on 
the order of 10 urn. The charge per bunch which can be accelerated 
in such a device, as determined by beam loading and transverse-emit
tance Growth considerations, in also of importance, Hea-T loading 
effects and transverse emittance growth are readily calculated if Che 
longitudinal ar.d transverse wake potentials for an accelerating 
structure are known. These wake potentials have been computed' for 
the SLAC disk-loaded structure, and experimental measurements have 
verified that these computed wake potentials arc at least approxi
mately correct. In the absence of similar detailed calculations for 
Che grating geometries proposed for a near-field laser driven ac
celerator, we can obtain a rough estimate of the charge per bunch 
thai can be accelerated by studying beam loading and cmittance grouch 
in a disk-loaded structure scaled to the same wavelenftth. 

BEAM LOADING 

Associated with each mode in an accelerating structure in a 
cunntity k n, called the loss parameter, defined by 
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where E u is the accelerating gradient and w is the energy stored per 
unit length for that node. Not"? that k^ scales as w , The above 
quantity is called the less parameter because the energy loss per 
unit length of structure to a point charge q is given by_AU:j • kj,^-
AAsa, the average beam loading, gradient per particle is E b n - l^q. 
Let k 0 be the loss parameter for the accelerating mode. The energy 
IDBB and average beam loading gradient per particle dye to higher-
order modes can bt taken into account by the beam loading enhancement 
factor B, such that the total loss to all modes is given by 

iU - B(o)k q 2 

E b - BCo)k Qq . 

Note that B is a function of the bunch length o. For the SLAC disk-
loaded structure (A = ]0.5 cm), B - 3.0 for .1 bunch length o « 1 ma. 
The value of k n is -m. 

In addition to an average energy loss per particle, there will 
be an energy spread within the bunch due to beam loading. The par
ticles at the front of the bunch will enperipnce very little energy 
loss, while the partlcl <s at the back of the bunch will see a bean 
loading gradient on the order of 2 Efc. If the accelernting_field is 
E a, the total energy spectrum width vtll be on the order 2 E D/E a. 
Thin energy spread can be reduefcd by letting the bunch ride ahead 
(In space) of the accelerating wave crest so that the more heavily 
loaded p.irtieles at the rear of the bunch pick up more energy from 
the accelerating wave. Let us ignore this complication and compute 
the average energv loss p*r particle riorroaliied d, this peak accelerat
ing field, 

E, I M b o 
E - e - E — * a a 

Reuritiiig this expression in term of the number of particles that 
c.in Se accelerated for a given value of E D/ Ea> u s l n 8 also Eq. (1), 

(2> 

If the SI.AC structure Is scaled to 1 
ratio U O cis/10 nm) 2 = 1D & to fc0 = 2 * ID 2* V/C-m. Using also 
E 0 -" 5 GeV/m, E b/E a = 0.1 and B - 3, we obtain N - 5 * 1<)5. The 
total relative energy sproao in this example would be on the order 
of 20".. This could be reduced to a feu per cent by movi.ig the bunch 
ahead of the accelerating wave crest, but at the expense of an adai-
tional loss in average particle energy. 

The efficiency for transfer of energy stored in the structure 
to the bunch is also of Intercut. This efficiency in given by 

DlSIRIDtlTIOK DF THIS POCUMEHT IS U K L I M i r t n A ^ 
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Tho maximum efficiency Is soon to be ^ • 1/B at E D

/ E 3 " 1/2. r ° r " h e 

preceding cxampla with Sfi/Ea • 0.1 and B - 3, the efficiency la 12%. 

EHJTTANCE GROWTH 

The presence of dipole (deflecting) nodes in a disk-loaded .ic-
cclaraciflg structure can lead to single bunch esnittanee growth.2 

Aftusra tint a bunch moves off axis at the beginning of an accelerator, 
executing betatron oscillations vith a wavelength Xj • 2fl/kg and an 
Initial amplitude x 0 > The bunch can be modeled by a staple two-
charge approximation, a head charge q/2 at 2' = +a and a tall charge 
q/2 it i' • -o, whore z* Is the coordinate with respect to the. bunch 
canter. The htad charge excites a transverse deflection wake, which 
drlvaa the betatron oscillations of the tail charge. After traveling 
Length *» tt is cosy to J>ow 3 that the amplitude of the oscillation 
of the tall charge Is 

q x z w <2er) 
4 V k. * 

0 6 
vhire tV D t* the beam energy and w x is the dipole wake potential. If 
A I x(i)7x a, than the number of particles that can be accelerated is 

6 A V » k a 
« • vA • W 

e *w,<2o) 
Tho transverse wake, for the SLAC structure at X • 10.5 cm and 

2a » 2 BBB Is 1 V± * 3 * I D 1 5 V/C-m2. The dipole wake scales3 as o^; 
at * • 10 « it therefor* becomes \tL « 3 K 2Q27 V/C-n>2. Assuming 
*a " 100 n for SLAC, then lg = 1 cm at the shorter wavelength. As 
a numerical example, again assume a gradient of 5 CeV/m, a total 
energy of SOD GiV and a length of 100 m, Equation (4) is strictly 
valid only for V B constant, bur take V0 - 250 GeV as an approximation 
for uniform acceleration to 500 GHV, Let the amolitode of the 
oscillation of the tall particle grow by a factor of 10, inserting 
those values In Eq„ («), we obtain S - i * 10 5. 

orscussios 
2 The luminosity in a linear collider is given bv .V = 

Hzfr/t«i»0jt0y)» vhere f r is thi repetition rate and 0* and o* 
transverse bca« dimension* at ih^ collision point. To bv ihitirfhtii:G 

as a machine for high energy physics, an accelerator must bu capable 
of achieving a Luminosity 10 3" cm~ 2s _ 1, at the very le,vit. Assuning 
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transverse beam dimensions of 0.1 um and a repetition rate of 1 kHz, 
1CP particles per bunch are required to achieve this luminosity. The 
preceding analysis indicates that It will be very difficult Co reach 
this hi&h a charge per hunch ia a grattes accelerator for a beam with 
a* ** o*. If the charge per bunch is lower, the repetition rate must 
increase above 1 Ml* as N" 2 to maintain a given luminosity with the 
above beam distensions. It Is difficult to believe that fceaiW with 
a transverse dimension much less thaw 0.1 nm can be made to collide. 
Using a w W e flat fceaa <«j, » «*), « aany beams in parallel, is theft 
the only remaining possibility. The total beam width In this case 
would have to be on the order of 1 cm to achieve the above luminosity. 
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