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Abstract

We have measured the scattering of the LEP beam from the thermal photon
background in the beam pipe. The results agree with the predicted rate for a
Planck distribution and set a limit w¢ < 0.04 eV on the cut-off frequency appearing
in models of stochastic electrodynamics.
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INTRODUCTION

Photon-electron scattering is a fundamental process that has been
extensively studied. Here we report on the scattering of high energy electrons,
Eo =45.6 GeV, from a distribution of thermal photons, @, ~ 0.07 eV. The
experiment was performed at the CERN large electron-positron collider (LEP) [1].
The pipe in which the beams circulate is under high vacuum (P ~ 10710 - 10-9 torr)
to avoid beam losses, but it is also a black body cavity at T = 300°K. Thus the
circulating beams travel through a sea of photons whose density and spectrum
are given by the Planck distribution. While the 4-momentum transfer in these
collisions is small [-(@; - ®2)2 < me], the energy transfer can be a significant
fraction of the beam energy. Thus at LEP, the beam-thermal photon scattering can
be directly observed, but it also contributes to beam losses [2,3].

DESCRIPTION OF THE EXPERIMENT
For head-on collisions of an electron of energy E (y = E/me), with a photon

of energy wo, the energy of the scattered photon is given in terms of the c.m.
scattering angle 9, by [4]

0 1+297% (1-cost) + (2w,y/m) (1+cosd)
° 1+ (4w,y/m) (1)

The scattering in the c.m. is adequately described by the Thomson cross-
section [5]

_do =m? (1 + cod®)
d (cos®) ° ()
where r, = €2/me = 2.82 x 10~12 cm is the classical electron radius.

The density of thermal photons is given by the Planck distribution

o 1
dw nz ea)/kT -1 (3)

and we assume an isotropic distribution in space. The rate of scattered photons
was calculated from Egs. 1-3 after averaging over the electron-photon angle of
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incidence and integrating over the c.m. scattering angle. This is justified because

~ in the laboratory system the entire spectrum is practically contained in the
angular range up to 8 ~ 1/y. Since at LEP y = 105 the angular distribution of the
scattered high energy photons is determined by the angle of the incident electron
with respect to the equilibrium orbit. The results of this calculation for a 500 m
interaction length and a beam current of 1 mA are shown in Fig. 1 for E; =20 and
45.6 GeV.

The other source of high energy photons is beam-gas bremsstrahlung. The
differential cross-section for this process

F(E,/E,,Z)

= 4r* (aZ?)
° E
14 Y )

is of the same order as for Thomson scattering provided (aZ2) ~ 1. In Eq. (4),
a =1/137 is the fine structure constant and F(Ey/E,, Z) is a slowly varying
function for which we used the average value F = 5. The residual gas in the beam
pipe is primarily CO molecules and we have therefore set Z2 = 100. The resulting
yield from the bremsstrahlung process for a pressure P =2 x 10710 torr evaluated
for the same interaction length and beam current as for the thermal photon
scattering is included in Fig. 1.

The geometry of the experiment is shown in Fig. 2. High energy photons
produced by the electron beam over the entire straight section of LEP emerge
from a thin aluminium window 20 mm high and 50 mm wide, located just
before QL13. The detector was a 15 x 15 x 40 cm3 leadglass block [6] located at a
distance of 45 m from the window. To reduce the effect of synchrotron radiation,
the block was surrounded by a 2 cm Pb shield. The leadglass was viewed by a
single 5-inch photomultiplier, and the signal was measured by an integrating
ADC [7]. The counter was calibrated with cosmic ray muons before being brought
in the LEP tunnel and was monitored thereafter by the end-point of the
bremsstrahlung spectrum [8]. The counter was operated so as to provide good
resolution in the range of few GeV. To explore the high energy region, we
maintained the same photomultiplier gain (HV) but attenuated the signal before
sending it to the ADC. The calculated resolution was of order AEyEy ~ 0.13/VEy
for Ey <5 GeV and remained constant at 0.06 thereafter [9].



EXPERIMENTAL RESULTS

Data obtained with electrons of energy E; =45.6 GeV circulating in four
bunches for a total current I = 530 pA are presented in Fig. 3. In (a) of the figure is
shown the high energy part of the spectrum. The solid curve is a fit to the data of
the form A/Eyfor Ey>15GeV. It yields A =876 £62 (counts/s - mA -0.2 GeV)
corresponding to an average pressure in the straight section P =5 x 10710 torr [10].
The experimental resolution of AEy/Ey = 0.06 has been used to fit the end-point of
the spectrum at Ey=45.6 GeV. In (b) of the figure is shown the low energy part of
the spectrum which extends to Ey=2 GeV. The dashed curve is the bremsstrah-
lung fit to the data with Ey> 10 GeV and yields a constant A =730 40 (counts/s -
mA -0.2 GeV). The solid curve is obtained by adding the contribution from the
thermal photon scattering after correction for geometrical acceptance [11]; no
fitting to the data or normalization correction has been made.

It is evident that the bremsstrahlung spectrum cannot reproduce the data
and that the thermal photon scattering exceeds the bremsstrahlung yield by a
factor of four, at Ey=2 GeV. As a check of these results we also took data at two
different beam energies, Eo = 20 and 45.6 GeV, with a single electron bunch of low
current, I = 58 pA. These data are shown in Fig. 4(a) for the high energy part and
in Fig. 4(b) for the low energy part of the spectrum [12]. The solid curves in
Fig. 4(a) are the bremsstrahlung fit corresponding to a pressure P = 1.5 x 10710 torr,
as expected for the lower beam current. The same fit is indicated by the dashed
curve in Fig. 4(b), whereas the solid curves include the, acceptance corrected,
contribution from the thermal photon scattering. In this case, the low energy data
could be measured down to Ey~ 1 GeV and show qualitative agreement with the
theoretical prediction. In particular the difference between the two data sets
clearly indicates the presence of the thermal photon contribution which is now
dominant.

The low current data, shown in Fig. 4 correspond to a trigger rate of 0.063 per
bunch passage. Therefore the probability of two photons reaching the counter
during one bunch passage is ~2 x 10-3 and can be ignored. Furthermore the
contribution from synchrotron radiation, which consists of many low energy
photons reaching the counter simultaneously [13], if present, would have
triggered the counter at every passage.



DISCUSSION

In models of stochastic electrodynamics [14] the Planck distribution is
modified from Eq. 3 to the form :

dn, _ 0)2[ 1
dw 2 |_ £ @/KT _y

1
+—g(w- a)c)]
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where g(w — oc) =1 for ® < wc and is zero for ® > wc. Namely the "zero-point
energy" modes, up to the cut-off frequency wc, are assumed to correspond to real
photons which would then be scattered by the electron beam. From the
agreement of the data with the predicted rate we can set a limit on the cut-off
frequency, w¢ < 0.04 eV.

We thank L. Camilleri for the loan of the leadglass counter, G. Ruoso for
help with the graphics, and G. Barbiellini, C. Bovet, G. Cocconi, A. Hofmann, E.
Picasso, M. Placidi and E. Zavattini for their interest and support of this
experiment.
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FIGURE CAPTIONS

Fig.1 The yield of high energy gammas from thermal photon scattering at

Fig.2

Eo =20 (diamonds) and 45.6 GeV (squares). The bremsstrahlung

contribution for a pressure P =2 x 10-10 torr and for a 500 interaction
length is also shown.

Schematic of LEP straight section 1 showing the location of the apparatus.

Fig.3 Energy distribution of gammas produced by the electron beam in straight

section 1. (a) High energy part showing the bremsstrahlung fit, (b) low
energy part : The dashed curve is the bremsstrahlung fit, whereas the
solid curve includes the thermal photon contribution.

Fig.4 As in Fig. 3 but data obtained at two beam energies. Eg =20 and 45.6 GeV

is shown. The data were obtained with a single bunch at very low current.
(a) High energy part with bremsstrahlung fit. (b) Low energy part with the
bremsstrahlung fit (dashed curve), and including the thermal photon
contribution (solid curves).



Counts/(mA .sec-0.2 GeV)

103 3
1 +
1 +
J +
+
102 - it + Eo = 45.6 GeV
] A Eo = 20 GeV
101 -
\¢
X+
10o 3 +
]
AA
-1
10 T Y T ' T T ' k E., (GeV
0 10 20 30 40 50 v )
Fig. 4 a)

Counts/(mA.sec.0.2 GeV)

104 5

45.6 GeV

20 GeV

1 Y T v 1 E’Y (GeV)



Counts/(mA .sec -0.2 GeV)

10°

104

-
-

Ey (GeV)

Fig. 1

’ .- +
f 1 i il I fl m il e . e
i U I u_ 1.1 - Aﬂﬂ%_’ R J‘Hﬂ]l
aLs aLk2 a1

Tunnel axis Mini-wiggler

200 100 50 0

Fig. 2



Counts/(mA -sec -0.2 GeV)

104

100

10-1 1 v 1 ! I

: : . Ey(GeV)

. Fig.3 2

Counts/(mA .sec -0.2 GeV)

104?

103-5

102E

101 , . : : : : : : . 1 Ey (GeV)
0 10 20

Fig.3 _b)



