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ABSTRACT 

'The 20 HeV electron linac at Argonne produces 5x10 10 electrons in a 
single 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 beam 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. Under favorable conditions a resolution of about 1. 

\ of phase la possible, which is considerably better than can beachieved 
with streak cameras. The bunch length at 4.5x101°e' per bunch was 
measured to be 15' FWHM. The transverse emittance has also been mea- 
sured using standard techniques. The emittance is 16mm-mrad at17.2MeV. 

CHARGE DISTRIBUTION MEASUREMENT 

We measured the longitudinal charge density of the Argonne.linac beam using the tech- 

nique described here. 

The Argonne linac is a two-section 'L' band travelling wave (TW) electron linear accel- 

erator. The bunching system consists of a single cavity subharmonic prebuncher, a TW pre- 

buncher, and a tapered TW buncher (8,-0.6 to 1). The linac produces a pulse as short AS 

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.*s2) 

For the purpose of this discussion, the accelerator is divided into two parts; the first 

part includes 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 section is 

r(e) = Yl coso - $1 + Yl (1) 

where yl is the peak energy contribution of the second accelerator section, yr is the energy * 
of the beam emerging from the first accelerator section, 8 is the phase of the portion of the 

beam being considered,measured from the leading edge of the bunch. and 4 is rhe phase of the 

second klystron RF wave. The charge density, p, Is given by dqfd0, the amount of charge in 

J small band of phase. 
5!9,!k~,-ih 

" dO dy dO dy y1 sintO - 0) (2) 

We use a momentum spectrometer to measure dqfdy for various values of 6 and 4. We choose to 

fix the energy which the spectrometer wil, ' detect At A constant Value y,. See Fig. 1. 
Equation (1) becomes 

y(e) - y1 c06(e - $) + yl - ye - constant. 

Thus, we determine 

c0s(e -9) - constant, 

which implies 

sin(6 -0) - constant - C 1' 

*Work supported by the Department of Energy under contract number DE-AC03-76SF00515. 
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Equation (2) becomes 

So, for a monochromatic initial beam 

dq/dS is directly proportional to 

Phosr of Kiysfto~? ment is straightforward. 

The measurement becomes somewhat 
I “.,.I more complicated if the initial energy -. 

Fig. 1: For a monochromatic beam, one can reproduce 
the longitudinal beam profile by sweeping the phase 

of the beam, yi, is a function of 

of a klystron and measuring the charge density at a phase. Now the energy of the beam is 
fixed energy slit. 

y(e) - y1 c0s(e - 4) + y,(e) (4) 

and the charge density IS 
3,, 
de 2 irl sintO -4) - r;(o)1 (5) 

Since y,(6) is an unknown function, we make two measurements of dn/dy, for the same 8, but two 

different phases, 0. Thus we have, for phases 0, and +b 

9 I _ dqa 
d0 yjy Irl sinto - @,) - UpI 

a,, 
d9 sin(e - +,I - ~;(o)l 

The unknown ~~(0) term is subtracted out giving, 

ha h,, 

9-d-r Y 
- d y1 [sin(O - +,) - sin(0 - $,)I 

d0 dqa dqb 
dy-dy 

(6) 

‘Igain, we choose to make all energy readings through the slit y,. Thus y, - yb = y, and, 

from Equation (4) 

yS = y1 c06(e - 4,) + y,(e) - y1 COS(~ - 4,) + y(e) (9) 

which implies, 

cos(8 - $,I - cos(9 - ‘+,) 

2nd hence 

e-0 A - w - 0,). 

Since the + sign Is unhelpful, we choose 

therefore, 

e-4 a 
- -e + 0, 

e = l/W, + 4,) 

Substituting into Dquation (8). 

dqA dqb 
--Y 

3 . dy dy 
1 2 sin+ (+,- $,I 

ha dqb 

7-x 

(10) 

(11) 

Equation (11) gives us an expression for the longitudinal charge density in terms of the mea- 

surable quantities $,, +b, dq,/dy , dqb/dy provided we can successfully determine which $a and ob 

iorrcspond to the same 0. It should be noted’ that dqA/dy and dqb/dy are usually of opposite sign. 
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To make the beam profile measurements, we set both klystrons to the same power, corre- 

sponding to energy y,. Also, we chose to set the spectrometer to detect electrons with en- 

ergy Yo. Assuming the beam has small variations in the incident energy, y,(e) % y 
0 

. Equa- 

tion (4) gives 
c 

YO 
- y, cos(8 - 9) + Y, (12) 

which implies 

The horizontal axis of a chart recorder recorded a continuous sweep through the klystfon 

phase $ while the vertical axis recorded the current in the spectrometer. See Fig. 2. 

If ~~(0) is a fairly smooth function, it is reasonable to assume that the peaks in the 

unreduced data correspond to the same 0. Since 10 - $1 z 90’. the peaks are close to 180’ 

apart. We then assumed that points at 902, 80% . ..lOX of the peak value on each curve repre- 

sented nearly the same 8. Eq. (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, snd 1 nC/bunch. The three beam profiles are shown in Figs. 3, 4, and 5 respectively. 

While the FWHM of the three beams varied from 12 to 15 degrees, almost half of the charge is 

In the tail of the bunch, which extends nearly 90’ behind the head of the bunch. The length 

of the tail decreases slightly for the lower charge bunches, but the effect is not large. 

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

Al 
de - -ylsin(e- $1 + y;(e) 

-96 -72 -48 -24 0 24 48 72 96 120 144 168 192 

IU SECOND KLYSTON f3iASE (dqreo) .“I 

Fig; ii 
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Fig. 4: Longitudinal charge 
density vs phase; 3 nC/bunch 
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Fig. 3: Longitudinal charge density 
vs phase; 7 nC/bunch 
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Fig. 5: Longitudinal charge 
density vs phase; 1 nC/bunch 
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Thus we have, 
A0 - ix 

-ylsin(e -'+I + v;(e) y (13) 

For the case at hand we have chosen y - yl - yo which implies 16 - $1 2 90". Eq.(13) be- 

comes 

(14) 

The uncertainty in energy consists of two parts, Ay of the spectrometer and by of the beam 

at a given 9. Ay of the spectrometer is.13Xvhile Ay of the beam is estimated to be 50 to 

\ 100 keV or approximately 1% of 8.6 MeV. From Fig. 2 we find that for a given 6, 

From Eqs. (6) and (7) we determined 
1 

rp 2 x Yl 

Thus 

A8 5 1.2 Y" 1.2x 

(15) 

converting to degrees, the resolution is 

A6 ( 0.7" 

For comparison, the resolution of a streak camera is 
(16) 

AR STREAK = 3'3" 

MITTANCE MEASURR?lENT 

Wb measured the emittance of the beam 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 beam distribution in phase apace is elliptical, then the radius of the 

beam at the collimator can be written 
124 r - [(eoLj2 + rf2($ - T ) ] 08) 

0 

where 

r 
0 

'9 radius of the beam at the quadrupole, 

eO 
= 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 
0 

- focal length which minimizes beam spot at the collimator. 

We adjusted the quadrupole to minimize the beam size at the collimator (i.e., maximized 

the transmission through the slit which was iteratively adjusted to transmit about 80% of the 

beam). From this minimum beam radius one can find the angular divergence 6 : 
0 

r min 
BOIL. 

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 emittance. 

__ 

2 2 % r (f-r 1 
E-re - ain min 

00 
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The emittance measured by this technique was E = 16.1 rmu-mrad. 

We confirmed this measurement by usinp. the slit plus a glass slide exposure. The beam 

radius was measured with the slit, the angular divergence at the slit was measured by clos- 

ing the slit down to about 0.15 r. and exposing a slide 2 meters downstream of the slit. The 

emittance measured by this technique was E - 15 mm-mrad. The invariant emittance area is 

E - 6 x 1O-2 nmoC - cm. This is a factor of 20 larger than what is required at the collision 

point of the collider. However, the proposed li2 CeV cooling ring could damp this emittance 

down to the required emittance in one interpulse period of the collider. 

CONCLUSION 

The beam from the Argonne linac comes close to meeting the requirements for the proposed 

collider at Stanford. The bunch length is rather long for injection into SLAC’s S-band 

linac. Tile full width at half maximum of the charge distribution would fit within 33* of 

the SLAC accelerating frequency. This would end up in a 4% 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 

that 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. 

* k * 
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