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ABSTRACT 
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#s«R 
The 20 HeV electron linac at Argonne produces 5 x10 electrons In a 
•ingle bunch. This amount of charge per bunch is required for the 
proposed single pass collider at SLAC. For this reason the character­
istics of the bean from this machine are of Interest. The longitudi­
nal charge distribution has been measured by a new technique. The 
technique is a variation on the deduction of bunch shape from a spec­
trum measurement. U n ^ r favorable conditions a resolution of about 1* 
of phase la possible, which la considerably better than can be achieved 
with streak cameras. The bunch length at 4 - 5 x l 0 1 O e ~ per bunch was 
measured to be 15* FVHM. The transverse omittance haa also been mea­
sured using standard techniques. The omittance la 16mn-tiradat 17.2 MeV, 

"HARCE DISTRIBUTION MEASUREMENT 
We measured the longitudinal cha--Re density of the Argonne llnac beam using the tech­

nique described here. 

The Argonne linac is a two-section 'I.' band travelling wave (TW) electron linear accel­
erator. The bunching system consists of a single cavity subharraonic prebuncher, a TW pre-
buncher, and a tapered TV buncher {S »0.6 to 1). The ] in.ic produces a pulse aa short aa 
40 ps with a charge of 7 nC. Pulses ranging from 4 to 20 MeV can be produced with total en­
ergy spread of 300 keV.li*> 

For the purpose of this discussion, the accelerator is divided into two parts; the first 
part Jncludes the bunching system and the first accelerator section. The second part con­
sists of the second accelerator section. As the beam emerges from the first accelerator sec­
tion, it is accelerated by the RF fields from the second section whose phase is varied over 
the course of the measurement. In the case of a monochromatic beam emerging from the first 
accelerator section, the energy of the beam after acceleration by the second Beet ion is 

Y<6) - yl cos(9 - •) + T 4 (1) 

where y. is the peak energy contribution of the second accelerator section. y t is the energy 
of the beam emerging from the first accelerator section. 6 is the phaBe of the portion of the 
beam being considered, measured from the leading edge of the bunch, and t Is '-he phase of the 
second klystron RF wave. The charge density, p, is given by dq/d9, the amount of charge in 
i small band of phase. 

We use a momentum spectrometer to measure dq/df for various values of 6 and 4 . We choose to 
fix the energy which the spectrometer will detect at a constant value y . Ses Fig. 1. 
Equation (1) becomes 

l(9) • Tj cos<6 - f) + y - y - constant. 
Tnus, we determine 

cos(0 - •) • constant, 
which implies 

aln(8-*) - constant - C.. 
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Equat ion ( 2 ) beeowes 

dG V l dY 
(3) 

So, for a monochromatic Initial bean, 
,v dq/dd la directly proportional to 

<* + dq/dY» and the beam profile neasure-
tnent Is straightforward. 

The measurement becomes somewhat 
more complicated If the initial energy 

Fig. 1: For a monochromatic beam, one can reproduce 
the longitudinal beam profile by sweeping the phase ° f t h t b e a r"' V U a f " n « l 0 " °f 
of a klystron and measuring the charge density at a phase. Now the energy of the bean Is 
fixed energy slit. 

(4) 

and Lhe charge density is |f--|a [Tl stn(0-», - T'(0)| (5) 

since Y (0) Is an unknown function, we make two measurements of dn/dy, for the same 6, but two o 
clfforent phases, $. Thus we have, for phases • and * 

dq. 
I ? " - 7 T l r i 8 " , ( o - • . > - , ; < " ) ) 

« - - -ST h i s i n < e - v - T ; < f , ) | 

(6) 

(7) 

d q a d q b 
da . TT'dT^i | s ' n ( ° ' V ' s <"< 6 - V> 
d6 ' d q > d q k 

(S) 

dY " if 
-V-iln. we choose to make all energy readings through the slit Y • Thus Y • Y. " Y and, 
1 roni Kqu.it ion (4) 

Y - Y, cos(e - • ) + y (e) - Y. cos(e - •,) + Y(6) (9) 
s i a o 1 b 

vhich implies, 

Since the + sign Is unhelpful, we choose 
6 - * . -8 + » a b 

therefore. 

Substituting into Dquatlon (8), 
d , a d q h 1 

dq -dT 17 h 2 " " I < V •.> 
de d < l« d q K 

(10) 

(11) 

dY " dY 
Lquatlon (11) gives us an expression for the longitudinal charge density In terms of the mem-

surable quantities 4 , f , dq_/dy, dq. /dY provided we can successfully detcrnlne which t and *. M o a D a b 
i-orri-spond to the sane 6. It should be noted that dq /dY and dq./dY are usually of opposite sign-
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To oaVe the bean profile measurement*, we set both klystrons to the aame power, corre­
sponding to energy y , Also, we chose to set the spectrometer to detect electrons with en­
ergy Y . Assuming the beam has small variations In the incident energy, y (9) % y . Equa­
tion (4) gives 

COS(8 - *) + Y (12) 

which implies 
6 - • % + 90* . 

The horizontal axis of a chart recorder recorded a continuous sweep through the klystron 
phase «> while the vertical axis recorded the current In the spectroaeter. See Fig. 2. 

If -y.(O) Is a fairly smooth function. It Is reasonable to as suae that the peaks In the 
unreduced data correspond to the sane 8. Since |8 - $] • 90", the peaks are close to 180* 
apart. We then assumed that points at 902, 80X...10Z of the peak value on each curve repre­
sented nearly the- same 8. Lq. (11) was used to reduce the data to charge density vs phase 
angle 0. We made measurements for three different currents corresponding to 7 nC/bunch, 3nC/ 
bunch, and 1 nC/bunch. The three bean profiles are shown in Figs. 3, «4, and 5 respectively. 
While the FWHM of the three beams varied fro» 12 to 15 degrees, almost half of the charge is 
in the tall of the bunch, which extends nearly 90' behind the head of the bunch. The length 
of the tail decreases slightly for the lower charge bundles, but the effect Is not large. 

The resolution of the measurement can be determined as follows. From Eq. (4) we find, 

^ - - Y X ain(6- *) + Y|(8) 
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Fig. 2: Spectroaeter current 
vs second klystron phase 
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Fig, 3: Longitudinal charge density 
va phase; 7 nC/bunch 
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Tig. 4: Longitudinal charge 
density vs phase; 3 nC/bunch 
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Fig. 5: Longitudinal charge 
density vs phase; 1 nC/bunch 



Thus ve have. 
(13) 

For the caae at hand we have chosen y - y - y which implies je - *| - 90*. Eq.(13) be­
comes 

±1 +-^~ 
AX (14) 

The uncertainty in energy consists of two parts, Ay of the spectrometer and Ay of the beam 
at a given B. Ay of the spectrometer la, 13* while Ay of the beam la estimated to be 30 to 
100 keV or approximately 12 of 8.6 MeV. From Fig. 2 we find that for a given 8, 

1-371* " I T ? I 
From Fqs. (6) and (7) we determined 

Thus 
A8 < 1.2 ^ - 1.2* Y 

converting to degrees, the resolution is 
fi6 < 0.7* (16) 

For comparison, the resolution of a streak camera 1B 

-"•STREAK- 3- 3* <17> 

EHITTANCE MEASUREMENT 
We measured the emlttance of the bean from the Argonne linear accelerator by two methods. 

In the first we used a single adjustable collimator with a Faraday cup behind it to measure 
the beam diameter. A quadrupole was adjusted to vary the beam size at the collimator. If 
we assume that the bean distribution in phase apace is elliptical, then the radius of the 
beam at the collimator can be written 

r - l<8oL)2 + rV<j - ± )2J% (18) 
o 

where 
r - radius of the beam at the quadrupole, 
6 - angular divergence of the particles on the axis of the beam at the quadrupole, 
L * distance from the quad to the collimator, 
f - focal length of the quad, and 
f - focal length which minimizes beam spot at the collimator, o 
We adjusted the quadrupole to minimize the beam size at the collimator (i.e., maximized 

the transmission through the slit which was iteratlvely adjusted to transmit about 802 of the 
beam). From this minimum beam radius one can find the angular divergence 6 : 

r . 
. _ min o L 

The quad was then adjusted to increase the beam size more than a factor of 2. Inserting 
Eq. (19} in Eq. (18) we find the omittance. 

,2 1 M 

(19) 



The eiblttance measured by this technique was E - 16.1 ma-mrad. 

We confirmed this measurement by usIn* the slit plus a glass slide exposure. The beam 
radius was measured with the silt, the angular divergence at the slit was measured by clos­
ing the silt down to about 0.15 r and exposing a slide 2 meters downstreaa of the silt. The 
emlttance measured by this technique was E - 15 nuo-mrad. The invariant emittance area is 
E " 6 x 10" in C - cm. This Is a factor of 20 larger than what is required at the collision 
point of the collider. However, the proposed 1.2 GeV cooling ring could damp this emlttancc 
down to the required emittance in one interpulse period of the collider. 

con cms ION 
The beam from the Argonne llnac comes close to meeting the requirements for the proposed 

collider at Stanford. The bunch length is rather long for injection into SLAC'a S-band 
llnac. Tne full width at half maximum of the charge distribution would fit within 33" of 
the SLAC accelerating frequency. This would end up In a kl energy bin which can comfortably 
be accepted Into the cooling ring. However, about half the charge falls outside this re­
gion. 

The emittance is too large to be used for the collider without a cooling ring but should 
be easily damped down to the required emittance In the 5.6 msec interpulse period. 

Primarily on the basis of cost, we decided to design an S-band injector using a sub-
harmonic buncher similar to the Argonne one. We believe the higher field gradients achiev­
able at S-band should result is a shorter bunch length. Our design calculations indicate 
thJt we should obtain an emittance equal to approximately one-half that of the Argonne em­
ittance. This factor is not critical since a cooling ring would be required in either case. 

* * * 
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