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Abstract

In this work we describe a model to study the effect of
charge saturation in phosphor screens in the determination
of electron beam profiles. It is shown that the charge sat-
uration introduces systematic errors in the beam diameter
determination, since it tends to increase the observed beam
diameter. The study is made supposing a Gaussian beam
profile and a saturation model to the charge response of the
phosphor material. The induced errors increase for higher
currents and/or narrow beams. A possible correction al-
gorithm that can be applied to some measurements is pre-
sented, together with a brief discussion about the conse-
quences of these systematic errors in emittance measure-
ments.

INTRODUCTION

Beam imaging is based on some process of light pro-
duction. This process can be, for example, Optical Transi-
tion Radiation (OTR). In this process, the intensity of the
emitted radiation is a linear function of the incident charge,
therefore the image generated by OTR emission is propor-
tional to the beam charge distribution. This makes OTR a
very good process to produce light for beam imaging [1].

However, if the process is non-linear, the beam image is
a distorted representation of the beam charge distribution.
This phenomenon is well illustrated in reference [2].

An example of non-linearity is observed if the light in-
tensity becomes constant, even if the incident charge is in-
creased (saturation). In this work, we discuss the influences
of this saturation on phosphor screens, that are widely used
for beam imaging in accelerators.

It will be shown that charge saturation introduces sys-
tematic errors in the beam diameter determination, since it
tends to increase the observed beam diameter.

This phenomenon is relevant to higher currents and/or
narrows beams in observations with phosphor screens with
slow response.

We also propose an algorithm to make a correction on
the observed beam diameter in order to estimate the actual
beam diameter.

MODEL OF SATURATION AND ITS
EFFECTS

To analyze the influences of charge saturations on phos-
phor screens, it is necessary to model the response of the
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phosphor to an incident charge. We suppose a saturation
model with the form:

I(Z) = Inas- [1 — €Xp (_/\Z)] (n

where I is the light intensity produced by the incidence of
a current ¢, I,,q, 1S the intensity of the light in saturation
condition, and A is a constant related to how sensitive is
the material to the incident charge. Materials with higher A
saturates with lower currents, while materials with lower A
saturates with higher currents.

We study the effects of saturation, as described by equa-
tion 1 on an “unidimensional” beam with a gaussian charge

distribution, given by:
2
- 2
exp ( 202) (2)

where iy is the total beam current, z is the position relative
to the center and o is the standard deviation of the distribu-
tion. Using equation 2 on 1, we have the expression for the
observed distribution:

1 X\ -2
1= e {1 o (_E 7 P (_ 2;))}
3)

Since the term exp(—22/(2.02)) is limited to the inter-
val ]0;1], the influence of charge saturation is strongly de-
pendent of the parameter ig.\/o. This term, that we call
saturation factor, is higher for high currents and narrow
beams incident on sensitive phosphor screens.

Figure 1 shows the ratio between the actual standard de-
viation of the beam (0 = 04.tuq;) and the one based on the
observed light distribution (0pserveq) as a function of the
parameter ig\/o.

With the previous knowledge of the saturation factor, one
would be able to determine the correcting factor k. Figure 2
shows the influence of the constant A in the beam charge
distribution (for A = 1, 10 and 100). The full line represents
the observed distribution, while the dashed line represents
the actual charge distribution.

It is possible to observe that the standard deviation of the
observed distribution increases with A\, consequently induc-
ing a systematic error in the beam diameter determination.

The problem with the results shown in Fig. 1 is that, in
general, the constant A is unknown. For this reason, it was
elaborated the graph presented in Fig. 3 that express a re-
lation between the correcting factor k as a function of the
fraction of the half width on half maximum (HWHM) and
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Figure 1: Ratio k = 0uctual/Tobserved as function of satu-
ration factor.
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Figure 2: Comparison between the observed beam distri-
bution (continuous line) and the actual beam charge distri-
bution (dashed line) for saturation factor of 1, 10 and 100,
respectively.

the standard deviation, both measured in the observed dis-
tribution.

The proposed algorithm to make a correction of the stan-
dard deviation measured from the phosphor screen image
consists of determining the ratio 2 gw g ar /Gobserved in the
observed image and to find in the graph of Fig. 3 the corre-
sponding correcting factor. Note that Fig. 3 is independent
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Figure 3: Ratio 0uctual/Cobserved as function of
THWHM /Uobserved-

of a previous knowledge of the constant A or the saturation
factor.

In a regular gaussian, the ratio zpwpm/o =
v2.In2 =~ 1.18, therefore this is the minimum value
of X gw HM /Cobserved t0 be observed in gaussian beams.
For this value we find, in Fig. 3, the correcting factor

Jactual/aobserved =1

CONSEQUENCES ON BEAM
EMITTANCE MEASUREMENTS

Beam emittance can be measured by many methods, but,
in order to analyze the influence of the charge saturation
in phosphor screens, we will take the method described in
reference [3]. This method consists of measuring the beam
diameter using two different phosphor screens separated by
a distance L, free of fields, where the second observation
point is a beam waist.

The emittance can be calculated using the formula:

o RLE3 RS "
1.2

where R (R2) is the beam diameter in the first (second)

phosphor screen.

As the second observation point is a beam waist, we
have R; > Ry. Both of them are measured with phos-
phor screens and in saturation condition, so they must to be
corrected. This implies that:

2 2 2 4
6aci&ual o Rlactual‘R2actual B RQactual 5
€ - R? R2 - R} ©)
observed lobserved ~ “2observed 2o0bserved

Supposing that Rispserved and Roopserveq Must be cor-
rected by approximately the same factor k (obtained in
Fig. 3), the beam emittance must be corrected by a factor
k2.

€actual _ k‘2 (6)

€observed
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As the factor k is always less than unity, then the ob-
served emittance is bigger than the actual emittance.

As an example, let us suppose the beam profiles illus-
trated in Fig. 2. The first profile does not need correc-
tions, since the saturation factor is equal to zero (A — 0).
The other two profiles, for which we can obtain a fac-
tor L gw g M /Oobserved = 1.22 and 1.48, respectively, need
correction (obtained on the Fig. 3) of 0.97, and 0.80, re-
spectively. The corresponding emittances must be correted
by factors 0.94 and 0.64, respectively. This implies that,
in these conditions, the measured emittances are approx-
imately 6% and 36% higher than the actual beam emit-
tances.

CONCLUSIONS

In this work we studied the influence of charge satura-
tions in phosphor screens on beam profile determination.
The analysis supposed a gaussian beam profile, and as-
sumed a model for the charge saturation process.

It was shown that saturation introduces a systematic er-
ror in the diameter measurements, and an algorithm to cor-
rect this effect was proposed.

We also discussed the influence of these systematic er-
rors in beam emittance measurements, where they are par-
ticularly critical.
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