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Abstra
t

The beam parameter variations during the 1995 Z

0

s
an obtained by the Very

Small Angle Tagger (VSAT) luminometer are presented. The results are 
ompared

with the VD and TPC measurements.



1 Introdu
tion

The Very Small Angle Tagger (VSAT) is one of the luminosity monitors of DELPHI

[1℄. It is an ele
tromagneti
 sampling 
alorimeter 
onsisting of four re
tangular modules


alled F1, F2 in the forward region and B1, B2 in the ba
kward region. The distan
e

of the modules from the DELPHI origin is approximately 7.7 m. The luminometers

are pla
ed symmetri
ally around a short ellipti
al se
tion of the beam pipe as shown in

�g. 1. The pro
ess seen by the dete
tor is Bhabha s
attering, i.e. ele
trons and positrons

emitted ba
k-to-ba
k 
arrying approximately the beam energy. We therefore look for


oin
iden
es of signals between a module in the forward region and a module in the

ba
kward region, de�ning two diagonals for the trigger: diagonal 1 (modules F1-B2) and

diagonal 2 (modules F2-B1).
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Figure 1: Layout of the VSAT modules in the (x,z) plane.

The dimensions of the 
alorimeters are 3 
m in x, 5 
m in y and approximately 10 
m

in z. Ea
h module 
ontains 12 tungsten absorbers interspa
ed with 12 sili
on planes for

energy measurement (FADs). The 
enter of the ele
tromagneti
 shower is given by three

sili
on strip planes with 1 mm pit
h pla
ed 
lose to the shower maximum at 5, 7 and 9

r.l.; the se
ond plane is used for the y 
oordinate measurement and the other two planes

for the x 
oordinate measurement.

The dete
tor has an azimuthal 
overage of � 45 degrees. The polar angles seen by

the modules are from 5 to 7 mrad, a region of high Bhabha 
ross se
tion. This allows the

monitoring of the variation of beam parameters with high statisti
s.

In se
tion 2, we give a short des
ription of the variables used in the analysis, as more

detailed a

ounts have been given in previous reports [2,3℄. In se
tions 3 and 4, the

determination of the x and z beamspot is dis
ussed, respe
tively. The variations of the

beam tilts and of the a
ollinearity are presented in se
tion 5. Finally, se
tion 6 presents

beam parameter results for individual minibun
hes.

2 Measurement in the (x,z) plane

The analysis is based on the measurements of the x and y 
oordinates of the impa
t

points of the outgoing parti
les on the four modules. In this se
tion, we will see how

these measurements are a�e
ted by the various beam parameters in the (x,z) plane.

In the general 
ase, the beam has a displa
ement both in x and in z equal to x

b

and z

b

, respe
tively. Moreover, the in
oming ele
tron and positron are expe
ted to have

dire
tions at nonzero angles with respe
t to the z axis. These angles are 
alled tilts and

are denoted by �

x

+

for the positron and by �

x

�

for the ele
tron. If the produ
tion angle of
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the outgoing parti
les in diagonal 1 (2) is �

x
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), the x 
oordinates of the impa
t points

on the modules will be
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In the derivation of the above equations, we have represented the traje
tories of the

outgoing parti
les as straight lines. This entails the introdu
tion of an e�e
tive distan
e,

l

x

= (12:60 � 0:02) m, of the front fa
e of the modules from the DELPHI origin. This

distan
e is larger than the real one be
ause of the defo
using e�e
t of the super
ondu
ting

quadrupoles in the (x,z) plane. This e�e
t is also re
e
ted in the magni�
ation fa
tor

f

x

= 2:1� 0:1, whi
h multiplies the x beamspot value.

The ele
tron and positron tilts 
an be rephrased in terms of two new beam parameters,

the average tilt, �

x

, and the a
ollinearity, �

x

. We de�ne them as

�
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Eqs. 1 
an now be 
ombined into the two following measures
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With a view to extra
ting information on x

b

and z

b

separately, we introdu
e the variables
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The produ
tion angles in the two diagonals have essentially equal values (5.5 mrad ap-

proximately) and sin
e the mean tilt is generally small this allows for the third term in

eq. 4 to be negle
ted. �x thus re
e
ts the variations of both the x beamspot and the

a
ollinearity. The two parameters 
annot be separated with VSAT information only. On

the other hand, eq. 5 provides us with a very eÆ
ient way to measure the z beamspot,

the sum of the produ
tion angles being 
al
ulated dire
tly from our data, as explained in

se
tion 4.

Before we pro
eed to the beam parameter 
al
ulation, it must be noted that the

variables �x

1

and �x

2

are averages over the time required to write one 
assette of data

(about 15 minutes). As the 
orresponding distributions are a�e
ted by the variation

of beam parameters, the average values �x

1

and �x

2

must be 
orre
ted in order for

this variation to be taken into a

ount. FASTSIM simulation runs have shown that the


orre
tion for the e�e
t of the beam width and divergen
e variations 
an be parametrized

in terms of the widths of the �x

1

and �x

2

distributions, R�x

1

and R�x

2

, while the


orre
tion for the y tilt 
an be a
hieved by using the �y

1

and �y

2

variables (de�ned for

the (y,z) plane in a similar way to eqs. 3) [4℄:
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where all quantities are measured in mm. Consequently, the variables �x and Æx should be

repla
ed by the quantities �x

C

= (�x

1C

+�x

2C

)=2 and Æx

C

= �x

2C

��x

1C

, respe
tively.

3 Variation of the x beamspot

As was mentioned in the previous se
tion, the x beamspot and a
ollinearity 
annot be

disentangled. We 
an, nevertheless, apply eq. 4 for the 
orre
ted value, �x

C

, in order to

obtain an estimation of the variations of the x beamspot. If we de�ne the approximate

value of the x beamspot as x

V SAT

=

�x

C

2f

x

, eq. 4 will give

x

V SAT

= x

b

+ �

x

l

x

2f

x

+ x

0

(6)

where the term x

0


orresponds to the third term of eq. 4 and is thus negligible. The

distribution of x

V SAT

and its variation with �ll number are given in �g. 2. One entry in

the plots 
orresponds to one 
assette. The mean value for the s
an is (0:162�0:055) mm.

The a

ura
y for the measurement per �ll is (28� 12) �m.
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Figure 2: x

V SAT

with 
orre
tions for the beam width, divergen
e and y-tilt. The x-

a
ollinearity e�e
t is negle
ted.

We 
an 
on�rm the variation of our estimate by 
omparing with the x beamspot

determination done by VD. The 
orrelation plot is given in �g. 3(a). The linear relation

is evident. The presen
e of the undetermined a
ollinearity term is 
learly eviden
ed by

�g. 3(b), whi
h shows the normalized di�eren
e of the two measurements having an rms

value signi�
antly larger than unity.
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Figure 3: (a) Correlation plot for the x

V SAT

and x

V D

measurements and (b) their nor-

malized di�eren
e.
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4 Determination of the z beamspot

The advantage of eq. 5 over eq. 4 is that the a
ollinearity terms of eqs. 3 have been

eliminated. If we substitute Æx

C

for Æx and z

V SAT

for z

b

in eq. 5 we obtain

z

V SAT

=

Æx

C

2f

x
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2

)

(7)

Eqs. 1 
an provide us with the sum in the denominator

�
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+ x
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The resulting distribution for z

V SAT

and its variation are shown in �g. 4. The overall

mean value is (�47:8� 4:4) mm. The a

ura
y per �ll is (2:4� 0:6) mm.
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Figure 4: z

V SAT

with 
orre
tions for the beam width, divergen
e and y-tilt.

The 
omparison with the TPC result is illustrated in �g. 5. The 
orrelation plot

demonstrates the qualitative agreement of the two measurements. The rms of the nor-

malized di�eren
e 
on�rms that there are no una

ounted e�e
ts.
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Figure 5: (a) Correlation plot for the z

V SAT

and z

TPC

measurements and (b) their nor-

malized di�eren
e.

5 Variations of a
ollinearity and tilt

The VD and VSAT measurements 
an be 
ombined to extra
t the values of the a
ollinear-

ity in the (x,z) and (y,z) planes. Negle
ting the third term of eq. 4, we obtain

�

x

�

�x

C

� 2f

x

� x

V D

l

x

(9)
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A similar equation holds in the verti
al plane. In eq. 9, we have repla
ed �x by �x

C

and introdu
ed the VD measurement for the x beamspot. The variations of �

x

and �

y

are

given in �g. 6. The mean values are (0:905 � 0:012) mrad and (�2:101 � 0:023) mrad,

respe
tively.
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Figure 6: Variations of �

x

and �

y

.

Another measurement that 
an be performed by the dete
tor is that of the mean beam

tilts in the two planes, �

x

(eq. 2) and �

y

. Simulations with FASTSIM have established a

relation between the x tilt and the asymmetry [4℄, A

D

,

�

x

(mrad) = 1:75 � A

D

(10)

where the asymmetry is de�ned as the fra
tional di�eren
e of the number of Bhabha

events in the two diagonals of the dete
tor. Moreover, the y tilt is extra
ted dire
tly from

the y 
oordinates of the impa
t points on the four modules:
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Fig. 7 shows the results of eqs. 10 and 11. The average value of �

x

is (�0:082 �

0:038) mrad, whereas �

y

has a mean value of (0:462� 0:076) mrad.
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Figure 7: Variations of �

x

and �

y

.

As the tilt values above represent only average beam dire
tions, it is useful to determine

also the spread around these dire
tions, i.e. the beam divergen
e. This measurement is not
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possible in the verti
al plane be
ause of the quadrupole e�e
t. On the other hand, eq. 4


an give the variations of the divergen
e in the horizontal plane through the dispersion

�

�x

of the �x distribution. This result is shown in �g. 8.
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6 Beam parameters for minibun
hes

As 1995 was the �rst year LEP ran in the minibun
h s
heme, it is of interest to examine

whether the three minibun
hes exhibited di�eren
es in their beam parameter 
hara
ter-

isti
s. Sin
e the VD has not supplied beamspot information per minibun
h, we 
annot

perform the 
al
ulation of the a
ollinearity. However, the distributions of x

V SAT

and

z

V SAT

as well as the mean tilts in the two planes 
an be extra
ted from VSAT data alone

for the three minibun
hes. The results are shown in �g. 9. We observe no dependen
e on

minibun
h number.
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Figure 9: VSAT beam parameters for minibun
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three (dotted lines).
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7 Con
lusions

The x and z beamspot variations have been su

essfully measured and 
ompared with

the results of VD and TPC. The average beam dire
tions have also been 
al
ulated in

the horizontal and verti
al planes. The 
ombination of VD and VSAT data has provided

information on beam a
ollinearities. Beam parameters per minibun
h have also been

determined. These results have been used for the luminosity analysis [5℄.
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