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ABSTRACT 

The transverse emittance in the HIRFL beam line 
has been measured using two different methods. One is 
the "Three-Position Method" in which the beam sizes 
at three different locations in a field-free drift space are 
measured by Three Secondary Emission Multi-Wire Pro
file Monitors . The other is the "Three-Gradient Method" 
in which the beam sizes at a particular location are mea
sured by the profile monitor ,as a function of the strength 
of an upstream quadrupole. The emittance calcula
tions,measllrement error analysis, the best beam config
uration for making optimum emittance measurements, 
and results of experimental measurements for both meth
ods in the HIRFL beam line are presented in this paper . 

1. INTRODUCTION 

The optical matching of various HIRFL subsystem 
as well as the optimization of beam parameters in HIRFL 
beam line requires accurate determination of the beam 
emittance and ellipsoid( (T -matrix) at key poits.The 
phase space and emittance at the exit of SSC also serve 
as a figure of merit for its operation. Assuming that par
ticle transfer can be treated with the matrix formalism 
and no coupling motion exists in each transverse degree 
of freedom, the transverse phase space of a beam then 
can be characterized by three parameters which define 
the emittance boundary ellipse in horizontal or vertical 
direction. In the HIRFL beam line two different meth
ods were used to measure the beam emittance. One is 
the "Three-Position Method" .l) The other is the "Three
Gradient Method" . 2 - 3) 

2. ERROR ANALYSES 

2.1. Three-Position Method 

Consider a beam in a field-free drift space. If there 
are three measurement poits A , B, and C along the beam 
line at axial position Zl, Z2 , and Z3 respectively, define the 
origin of coordinates to be at B so that 2 1 = -It. 2 2 = 0, 
and 23 = ' 2 . The beam sizes at the three poits are 
denoted by / '1' 1'2 , and 1'3 . Three profile monitors will 

be set at the three poits to measure the beam sizes. From 
theory of transfer matrix the beam emittance (horizontal 
or vertical) is given by 

f {2Itl'~[l~l't + (11 + 12)21'~J - ltl'~ 
- [I~l't - (11 + 12)21'~ J2 }~ /[21112(11 + 12)J 

(1) 
The standard deviation of emi ttance is then calcll

lated from the following formulas: 

Df Df Df 1 

bf = [( --- )2bl't + ( - )2bl'~ + ( )2b1'5J 2 (2) 
D"l DI'2 D1'3 

From Eq.2 we can derive that the bE is minimum 
when 11 is equal to 12 . 

If 11 = 12 = L, the standard deviation of emittance 
1S 

(3) 

With the aid of Eq.3 and theory of transfer matrix 
,the beam configuration for making optimum emittance 
measurements can be found . The error in emittance mea
surements has a great dependence upon the location of 
a beam waist, the waist size and the separation for the 
three profile monitors . 

The effect on the deviation of emittance measure
ment by moving the location of the beam waist is shown 
in Fig.1 ,which is corresponding to different waist sizes 
and a fixed separation for three profile monitors. Fig
ure 1 illustrates that it is alwayse best to have the waist 
near the center measurement poit (:':0 = O),although for 
some "0 this requirement is not as critical. Figure 1 also 
indicates that for fixed 20 ,there is a dependence of bE 

on 1'0 .This is shown explicitly in Fig.2 , which gives the 
relation between OE and /'0 for ':0 = 0, and several differ
ent L . The optimum value of beam size at waist 1'0 as 
a function of L is shown in Fig.3 . Finally, with 1'0 at its 
optimum value and 2 0 = 0 , the minimum deviation of 
emittance measurement as a function of L is displayed 
in Fig4 . 
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2.2. Three-Gradient Method 

Consider a section of a beam line in which a 
quadrupole is separated from a downstream profile mon
itor by a field-free region, In beam transfer principle,any 
three independent settings of the quadrupole are corre
sponding to three independent beam sizes at the profile 
monitor and three different transfer matrixs , and this 
can be used to solve for the three unknowns IJ'11 , IJ'12 

, and 0'22 , from which the beam emittance can be cal
culated, But in practice the emittance measurement is 
sensitive to the accuracy in determining the beam size. 
A series of profile measurements are taken by varying the 
strength of the quadrupole so that we could try to solve 
for those three unknowns by the least square method, 
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With the use of the least square method and stan
dard propagation of error calculations, the error in the 
emittance measurement is given by 

b£ (er~ 1 ber~2 + a~2beri 1 + 4ai 2ha~ 2 

- 4er 11 er 12 (11222 8 er 128er2 2 

+ 2erll er22(111220all{)er22 

- 4erI2er22f11112herlloerI2); /2 £ 

where t- = (er11er22 - eri2)~ 
(4) 

in which beri.i is the error in determination of eri.i and 
fliild is the coefficient of interrelation between aii and 
er/;/ 

3. EXPERIMENTAL RESULTS 

Emittance measurements in the HIRFL beam line 
,based on the above analyses, are made with an auto
matic emittance measuring system. In order to deter
mine the beam size from the beam profile a Gaussian 
distribution is fitted to the profile data . 

In the emittance measurements with "Three
Position Method", the profile monitors seperation in the 
measurement chamber is only 750 .00 mm. So we should 
try to make the beam waist near the center profile moni
tor and take the waist size to be 1.9 - 2.371/.1/1, as possible 
as we could. Figure 5 shows the results of emittance 
measurements in horizontal direction with the "Three
Position Method". From Fig .5 we can see that the beam 
configuration is not in the best state. This is a main 
source that error comes from. The results will be better 
if the profile seperation is greater. 

In the emittance measurements with "Three
Gradient Method", fourteen settings of the quadrupole 
have been performed to get a series of profile measure
ments at one location . Figure 5 indicates the dependence 
of the beam size at the profile monitor on the quadrupole 
strength in the "Three-Gradient Method" . Both exper
imental results and theory fitting from matrix elements 
are presented in Fig.5 . Experiments indicate that in or
der to get a good result in the "Three-Gradient Method" , 
the range of the quadrupole strength should generate a 
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4. SUMMARY 

Emit.tance measurements in the HIRFL beam line 
have been made using two different methods. From mea
surement results of the two methods it seems that they 
are not in very good agreement with each other. But 

some calibrations and revisions can be made to the mea
surement results if we take various errors into accout. 
After revisions, the horizontal emittances measured with 
two methods are as follows: 
with Three-Position Method: 

E = 5.43 mm mrad 76% beam 

with Three-Gradient Method 

E = 4.99 mm 1n1'(1(i 76% beam 

So we think the emittance measurement results us
ing the two methods are consistent with each other in the 
error permission. Another emittance measuring system 
using slit and multi-wire profile monitor will also be put 
into operation in the near future. 
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