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Abstract

The PLS 60 MeV injector (PLS-IM-T) for the 2-GeV
linac is expected to be commissioned by the end of 1991.
A simple technique has been developed for the beam emit-
tance measurement, which employs the bending magnet
and the quardrupole magnets in the beam transport sys-
tem. By varying the quadrupole strength, one can simulta-
neously determine the horisontal and vertical emittances,
and the momentum spread of the beam.

I. Introduction

The PLS-IM-T, an injector of the PLS 2.0 Gev linac,
will be commissioned by the end of 1991. In the PLS-IM-
T, there will be no scintillation target in the beam line
which can be used for emittance measurement. Thus, the
measurement of the beam emittance will be performed at
the beam energy analyzing station, differently from the
ordinary method . The layout is illustrated in Fig. 1.
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Fig.1 Layout of the beam analyzing station
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II. Theory

It is taken that z is the direction of the beam transport,
z and y are the horizontal and vertical coordinates respec-
tively. It is also assumed that the quadruple is focusing
in the z direction and defocusing in the y direction, and
the bending magnet will bend the beam in the z direc-
tion. The beam matrix at the entrance of the quadruple
is defined as o,, which is discribed by the super-ellipsoid
equation as follows:

XTolX =1, (1)
where
z
:cl
X= ;’,
§
op
P

z' = dz/dz, y = dy/dz, § is the half width of the
beam, and o, is symmetric, s.e.

Gojiy 7 =12,...,6.

Then, the beam matrix will satisfy the following fomula
at the scintillator in the beam analysing station.

o = Ro, RT, (2)

where R is the total transfer matrix from the quadruple
to the scintillator.
Expression for R is:

1195

PAC 1991



( Riy Riz Ris Rue Ris Rie

Ray Rs Ras Ryy Ras R
R = Rsy R3z Ris Rayw Rz Rse 3)

R Ry Rys Ry Rys Ree
Rsy Rsz Rss Rsa Res Rse

\ Re1 Rez Res Res Res Ree

(1 Ly 0 0 0 0 ) cos & psina 0 0 0 p(l—cosa)
0 1 0 0 0 O ~psina cos o 0 0 O sin a

_ 0 0 1 L 0 O 0 0 1 pa 0 0
- o 0 01 0 O 0 0 0 1 0 0]

0 0 0 0 1 Xy —sina —p(l—cosa) 0 0 1 p(sina—a)

\o 0 0 0 0 1 J 0 0 0 0 0 1

(1 L 0 0 0 0 \ [ cos(kLi)  isin(kL,) 0 0 0 0
010 0 0 O ~ksin(kL;) cos(kL,) 0 0 1 p(sina —a)
0 0 1 L 0 O 0 0 cosh(kLy) 1sinh(kL;) O 0
¢ 0 0 1 0 O 0 0 ksinh(kL;) cosh(kL,) © 0
0 0 0 0 1 & 0 0 0 0 1 oy

L o0 000 1 /) \ 0 0 0 0 0 1

At the scintillator, one can get a graph as shown in Fig.
From (3), one can get

2, from which it is easy to get the HWHM of the beam, Az
and Ay. As well known, the HWHM is related to the beam

matrix by Az = ,/57; and &y = /033 . If the quadruple Ls . .
strength is changed four times, one can get four graphs Ry = cos(kLy)(cose - 7’“‘ a) — ksin(kLy) x
and therefore four different Az and Ay. - L,L
From (2), it can be derived that (Lz + La) cosa — 3 gina + psin a] , (7)
1 Ls .
o1 = R*0oi + 2Ri Rizoora + R2002 R = % cos(kL,){cos a — 7 sin a) + cos(kL,;) x
2 r
+f160066’ 2 (4) (Lz + Lg) cos a ~ Lals sin & + psin a] , (8)
o33 R3,0033 + 2R33 R340034 + R340044,  (5) I
Cos Toss. (6) Rig = p{l—cosa)+ Lysina, (9)
Rag cosh(kLl) + ksmh(kLl)(Lg + La + pa), (10)
Y Y Rou = 7 sinh(kLy) +cosh(kLy)(Ls + Ls + pa). (1)
III. Beam emittance measuring method
X for PLS-IM-T
/ Values of Eqs. (7) through (11) will be changed as
the quadruple strength varies. In the case of PLS-IM-T,
L =02m, Lz = 1.14m, Ls = 1.36m =0.52m a =
articl b 1 y L2 y 43 y P
particle number 0.418rad, and k = 24.245./G/2w; w = 60 MeV, where
i G is the field gradient of the quadruple.
r Substituting four Az’s into (4) and solving the equation
2 //\ set, one can get 0511, 0012, U023, Joee, and thus the hor-
i izontal emittance
=
‘&/ \
X €z = \/ 00110023 ~ 021, (xm.rad), (12)
Fig.2 beam profile at the scintillator
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and the beam momentum spread dimension or divergence at the focusing point. However, it
is noticeable that the Eq. (13) has an expression of a pure

dp/p = £/30es. (13) beam momentum spread.

Using the same procedure for Eq. (5), it is possible to
get the vertical emittance from the three Ay values.

Ordinarily, measuring the beam momentum spread by
means of measuring Az of the beam at the analysing sta- [1] K. L. Brown, et al., Transport. SLAC-91, Rev. 2,
tion always includes the contribution of either the beam UC-28(1/A).
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