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Abstract
The electron beam size as measured using synchrotron

light in a circular accelerator is influenced by the incoherent

depth of field effect. This effect comes about due to the in-

stantaneous opening angle of the emitted synchrotron radi-

ation (SR) and the acceptance angle of the SR light monitor

beamline. Measurements were made using a visible light in-

terferometer at the visible light beamlines in three circular

accelerators at ATF, SPEAR3 and AS. The first order spa-

tial coherence of the beam was measured and from that the

horizontal beam size was calculated. The data is compared

with a theory of synchrotron radiation with and without the

horizontal incoherent field depth effect.

INTRODUCTION
The work in the paper covers in more detail the horizon-

tal theory presented in Ref. [1]. If we accept the theory of

the coherence of SR given in Ref. [2,3], then the highly rel-

ativistic motion of electrons in a storage ring results in tem-

poral squeezing at the point of photon emission. From the

observers frame of reference, this gives the appearance of

a small cusp in the trajectory which – in the visible part of

the spectrum – effectively forms a diffraction limited win-

dow from which the SR emerges. Each single electrons

emits pencil of light having approximately the same open-

ing angle in vertical and horizontal (precisely speaking the

vertical distribution has π component so a small difference

exists) which is then occupied by a single mode of 1 photon

(or vacuum when photon number is zero). The opening an-

gles of the pencils of light are (λ/ρ)1/3 in both for vertical

and horizontal.

The independent electrons in the bunch emit this pen-

cil of light with a probability roughly proportional to the

fine structure constant α = 1/137. According to quantum

physics, a fraction of a photon does not exist, leaving the sit-

uation that only one electron in every 137 electrons emits

one single photon. The observed intensity downstream is

the incoherent summation of these pencils of light. In an

light source storage ring there are a lot of electrons in the

bunch, so the SR is still very bright. One single photon

mode in a pencil of light is coherent, so an interferogram

created by a double slit interferometer must have a contrast

of exactly 1 for many observations of individual photons

emitted by single electrons. So, if this pencils of light il-

luminate a double slit downstream, as shown in Fig. 1, the

following situations emerge in the horizontal case.

Figure 1: Photon emission from an electron beam in storage

ring bending magnet.

Situation 1: beam upstream of tangent starts to illuminates

slits.

Situation 2: tangential beam evenly illuminates slits.

Situation 3: beam downstream of tangent last illumination

of slits.

Figure 2: Horizontal sweeping of beam over double slits.

Situation 1 in following figure shown pencil of light start

to illuminate the one of double slit, full noon illumination
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in situation 2, and end of illumination in situation 3. The

contrast of interferogram for each case is modulated by in-

tensity imbalance factor for each position of pencil against

the double slit. Only in full noon illumination case does is

the intensity balanced in each slit.

Each individual light source has a Gaussian shaped pro-

file,

exp
[ −[x−ρ {1−cos(θ) }]2

2σ2

]

σ
√

2π
. (1)

Whereσ denotes beam size and the term x−ρ{1−cos(θ)}
term is the displacement of centre of Gaussian distribution

represented by ρ and θ, which is the rotation of the axis of

the pencil of light along the bending radius ρ. Then appar-

ent beam profile is calculated by integrating over θ thus,

∫ exp
[
−[x−ρ {1−cos(θ) }]2

2σ2

]

σ
√

2π
dθ. (2)

Then the real part of spatial coherence by this apparent

distribution is given by,

γh (D) =
� 2

√
I1

(
θ + D

2R

)
I2

(
θ − D

2R

)

I1

(
θ + D

2R

)
+ I2

(
θ − D

2R

) ·

I (θ) ·
exp

[ −[x−ρ {1−cos(θ) }]2
2σ2

]

σ
√

2π
· cos

(2πDx
Rλ

)
dθdx.

(3)

In here the term

2
√

I1

(
θ + D

2R

)
I2

(
θ − D

2R

)

I1

(
θ + D

2R

)
+ I2

(
θ − D

2R

) · I (θ), (4)

denotes intensity imbalance between each of the slits, and

I (θ) is intensity scale factor at θ given by,

I (θ) =
ξ (θ)
ξ (0)
, (5)

where ξ (θ) is intensity distribution of pencil of light in hori-

zontal plane. A plot of the observed change in the visibility

of the interferogram with the intensity imbalance ratio is

shown in Fig. 3.

For physical reasons, the spatial coherence at D = 0

must be 1, the necessary condition to check Eq. 5 is whether

γh (0) = 1 or not. Numerical integration of equation Eq. 5

shows that if γh (0) = 0.999999998 the integration range

chosen is sufficient. We cannot simply check if this condi-

tion is satisfied mathematically, we must also check if this

is the case physically by doing the experiment. Three sets

of experimental data measured at ATF, AS and SPEAR3 all

seem to support this theory.

EXPERIMENTAL RESULTS
Three set of experimental data are presented to verify the

afore mentioned theory. Each machine on which the mea-

surements were performed have approximately the same

bending radius but quite different beam sizes.
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Figure 3: Change in visibility with imbalance ratio.

ATF
The initial results that led to the curiosity of the inco-

herent field depth effect were measured at the Accelerator

Test Facility (ATF) in 1998. These data show the largest

effect of the experimental results presented here due to the

small beam size less than 40 μm. The small beam sizes

at ATF where in fact one of the motivations for developing

the SR interferometer monitor, since conventional visible

optics can only resolve down to approximately 50 μm beam

sizes.
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ATF Data 1998
IDOF fit σx = 38.5 μm

No IDOF σx set to 38.5 μm

Figure 4: ATF data from 1998.

AS
The Australian Synchrotron (AS) is a third generation 3

GeV electron storage ring light source with a bending radius

of 7.59 m and the beam size at the optical diagnostic beam-

line is twice the size of the ATF. According to the lattice

parameters measured using LOCO [4] the horizontal beam

size at the source point is 87 μm. Fitting the IDOF theory
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to the measured data gives beam size of 88.0 μm, while the

curve without the IDOF effect for a beam size of 88.0 μm
does not agree with the data as shown in Fig. 6. If a theoreti-

cal curve without the IDOF effect is fit to the data, the beam

size is determined to be around 8% larger at 94.8 μm – in

strong disagreement with the lattice parameters. The beta

function at the optical beamline source point would have to

be 20% larger than the nominal to explain the effect. Fig. 5

shows a comparison between the two fits and, although it is

difficult to distinguish between the two curves, the IDOF fit

residuals are half the value of those without the IDOF effect

included.
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AS Data 2014
IDOF fit σx = 88.0 μm

No IDOF σx set to 88.0 μm

Figure 5: AS data from January 2014.
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AS Data 2014
IDOF fit σx = 88.0 μm, fit Res. 0.00269

No IDOF fit σx = 94.8 μm, fit Res. 0.00457

Figure 6: AS fit comparison, IDOF fit has smaller residuals.

SPEAR3
The SPEAR3 data show the smallest effect since beam-

line has the largest source point and the bending radius is

approximately the same as AFT and AS. Nonetheless there

is a distinguishable difference and the IDOF theory gives

a better fit to the data. The beam size of 132.7 μm is con-

sistent with the value expected from the nominal lattice. A

recent reduction in the horizontal emittance in SPEAR3 in

2015 warrants new a new data set with the smaller beam-

size.
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SPEAR3 Data 2014
IDOF fit σx = 132.7 μm

No IDOF σx set to 132.7 μm

Figure 7: SPEAR3 data from March 2014.

CONCLUSIONS AND FURTHER WORK
The theory of the incoherent field depth effect seems to

be supported by measurements made with visible light inter-

ferometers at the ATF, AS and SPEAR3 storage rings. The

effect is larger for smaller beam sizes (and for larger bend-

ing radius) and is not easily explained by errors in the stor-

age ring lattice parameters, for example. There are plans to

remeasure SPEAR3 using the new lower emittance lattice

which has reduced the beam size by around 15%. Measure-

ments will also be performed on the newly installed inter-

ferometer at the LHC, which has a bending radius of almost

one thousand times that of smaller light sources.
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