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RAOIAllON INDUCLD NOISE SIGNALS IN UIAGNOMIC CABLING 
ON 1HE ADVANCED HS1 ACCELERA10K 

Lawrence Livermore Nationa 1 Laboratory, 
University of California 

Livermore, CA 94550 

mm 
During the operation of the Advanced Test 

Accelerator (ATA) large radiation induced noise 
signals have Deen observed on the cables coming 
from bean current monitors and photomultiplier 
tubes in those areas of the beamline where beam 
current is lost. These signals are caused by 
Compton and pair production electrons produced 
by x-rays striking the coaxial cables. The 
induced rignal is negative and ranges up to 5 
volts in magnitude. The suseptibility of 
several di'ferent Lable types and dielectrics 
has been experimentally investigated. 
Measurements of induced signal versus cable type 
and dose rate are given. These noise signaIs 
have been successfully eliminated by 
differencing out the radiation pickup. This 
technique will be discussed, and recommendations 
For cable shielding and' routing, as well a 
choice of cable types to be used in high 
intensity radiation environments will be given. 

Introduction 

In the presence of intense gamma ray, x-ray, 
and neutron radiation coaxial cables can produce 
large noise signals. These effects are we? ? 
known [1,?] and have also been observed on the 
ATA in cables in the vicinity of beam spill. 
Typical parameters of the ATA electron beam are 

50 Mev. 6 to 10 kA, with a 50 ns pulse length. 
The x-ray dose rate has been measured in excess 
of 10 rad/sec, and neutron production of 
10 L neutrons/pulse. These factors have 
complicated some of the lower current 
measurements. A typical example is shown in 
fig. 1, which shows a beam current signal 
deoroded by a negative x-ray produced signal. 
Here and following I use the term "x-ray" to 
denote al I electromagnetic radiation in the 
range of 1 keV to 50 MeV. The noise signal is 
eliminated by a differencing technique which is 
described later. The noise pulse is negative, 
is proportional to the beam current, and comes 

from x-rays produced by beam spill up-stream of 
the diagnostic. For this particular device the 
cabling was routed upstream several meters 
before leaving the tunnel. Therefore, tlie x-ray 
induced signal appears ahead of the beam pulse. 

Two types of effects are observeJ. The 
first is that shown in fig. I, and seen as the 
first trace in fig. ?. It comes from free 
electrons produced near the surface of the 
conductors of the cable which are directed 
across the gap, forming a current. This effect, 
even though it is due to several mechanisms, is 
often called the Comptan electron current. The 
second effect is seen in the third trace of 
fig. 2. It arises from electromagnetic 
interference (EHI) produced by x-ray ionization 
of air molecules around the beamline. Large 
currents are induced in the outer conductors of 
the cables, which act as antennas, if the cable 
has a braided outer conductor, suth as RG-58, 
some of this EMI noise current can leak through 
into the cable and appear as the ringing noise 
signal that is seen. It is also possible for 
the signal to leak through any connections in 
the cable. 

Two other radiation effects are also often 
observed but have not been a problem with the 
ATA. One is a neutron induced noise signal in 
the diagnostic cabling. The neutrons interact 
with the cables through nuclear collisions which 
create charged particles. The other effect is 
an x-ray induced conductivity change in -' s 

cable dielectric. This effect has not been 
studied on the AlA. 

Compton Electron Current 

The Ccmpton electron current effect is shown 
schematically in fig. 3. X-rays illuminating 
the cable produce free electrons in the 
conductors and dielectric by the photoelectric 
effect, Compton scattering, and by 
electron-positron pair production. The 
photoelectric effect dominates below 800 keV, 
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Compton scattering dominates between 800 keV and 
5 MeV, and above that pair production 
dominates. Electrons produced within the 
conductors and dielectric by the various 
pr'oct?jS?5 ^re genera 1 ly i sotropica 1 ly d i rec ted . 
As a re so 11 there i s no net current flow, cxci/pl 
at the interfaces. A net current cdfi rc,ult 
because the photo-emissivity of the conductor 
and the dielectric usually differ. For an air 
core or evacuated cable the net current 's 
related to the difference in the surfj? areas 
of the inner and outer cundue tors. )hat is, 
more electrons are- directed inwards from the 
outer conductor than vice versa. On the other 
hand, if the photoemission of the dielectric 
equals that of the conductor there are as "nany 
electrons going into the conductor as leaving. 
The resu11 is no rad iaiion induced current. In 
table 1 relat ive photoeroiss ion of severa 1 
dielectrics and nwitals. at 200 keV >s given (3], 
As seen from the table, the ideal cable, from 
the standpoint of minimizing the Compton 
current, would be dn aluminum cable with a Kel-F 
dielectric. However, the high dispersion of 
Kel-F, mylar, and polyvinylchloride(PVC) rules 
out their use as dielectrics for high frequency 
signal cables. Teflon is also not useful with 
os. machines because it is easily damaged by 
radiation. 

Table 1. Relative photoemission of several 
metals and dielectrics with a photon energy of 
200 kev. 

Haterial Relative Emission 
copper 7.8 
aluminum 1.0 
polyvinylchloride 1.1 
Kel-F 1.0 
teflon ,2f> 

mylar .10 
kapton .075 
polyethylene .03 

Techniques for Reducing X-ray Effects 

Three techniques can be used to reduce the 
x-ray generated Cornpton current in cables. The 
first is to use cables in the high radiation 
fields that are less sensitive to these 
effects. Measurements of the suseptibility of 
several cable types are given in the next 
section. The second technique is to shield the 

cables wJiere there i s intrriM- r,ia i,u ion . ,\ 
tenth v,i lue- layer ( ) VI.) in ICJIJ for Hew jnd 
greatpr energy x--"Jys i-, *> un. Wild the AIA the 
cab I i rig extends f rom the d i j'inost ic to the 
ce 11 in'j lief ore it ex its the lunne 1. Support ing 
lead shielding above the beaml m e is not 
practicaI. the third technique is to subtract 
out th:- Compton current. This technique is 
accomn1i shed by eitner adding a positive and 
i over ted signa 1 f rum the same diagnostic, or by 
adding the inverted signal of an unconnected, 
but term ma led cable to that of the signal 
cable. f-or the ATA beam cjrrent monitor [<JJ, 
which gives both positive and inverted signals, 
the differencing i-, done as shown in fig. 4. 
Ihe critical factors in the technique are: (1) 
matching cahle lengths to within 100 ps, (2) 
using an inverter and summer with a sufficiently 
fast risetime and long droop time (100 kH; to 
I GH*. bandpass for ATA experiments), and (3) 
insuring that the summer is balanced to within 
the desired common mode rejection ratio. 

To reduce the EMI effects one should use at 
least a double braided cable, or a solid outer 
conductor cable. Also, the number of cable 
connectors needs to be minimized, and the 
connectors used should be a screw type, such as 
SHA or typo N. The goal should be to build a 
complete Faraday cage around the signal. 

Cable Radiation Tests 

Several cable types were exposed to the 
x-ray and neutron radiation of Ihe ATA. The 
x-ra\/ dose was determined by measuring the 
accumulated dose at 1 meter intervals along the 
path of the test cables with thermoluscent 
dosimeters. The total dose rate was determined 
by integrating the dos^ along the length of the 
cable and by dividing by the pulse length. The 
x-ray response of the various cables was then 
normalized to the total dose rate determined 
from the TLB's. The x-ray dose was not measured 
for all the cables in these tests. Rather, an 
FSJ4-50A 1/2 inch Heliax was calibrated to 
determine its response per dose rate and used to 
determine the dose rate for the ither cables 
tested. The results of the Compton electron 
effects for the cables tested is given in 
table 2. The units Coul/rad-cm are equivalent 
to amp-sec/rad-cm. The second column in the 
table is the voltage response of a 50 Ohm cable 



P I T told 1 ilOir rate. these sume results, a long 
with the L"I uiseptibi1ity of each cable is 
shown in I iq. b. Tfie L.M1 results dbove 
D.t volts are valid- Below that level [MI 
pick up through poor connector1, dominated the 
results. 

Lib i t - 2. Mci w r e d Lompton c u r ren t in ^ev 

cab le lyD£*s. 

f j h l P 1 V'^ Cct, 1 'rat j-cm Vo l t s / rad -cm 

t i j - l - t .0 .1 - 2 . 5 x l < r i 3 -1 . 3 x 1 0 " " 
lbJ4 iOB -b .bx lO "> - 3 . 3 x 1 0 - ' ? 
H.W-50 - 1 . 3 x 1 0 " ' 3 - b . i x l O - ' - ' 
6G-2M - L O K I Q - 1 ' 1 - 3 . 5 x l O - ' 2 
I B I J - i O - 5 . 6 x 1 0 - 1 " - 2 . 9 x 1 0 " ' ? 
RG-223 -2.0x10 M -1 .Ou lO" 1 ' 
RG-58 - J . S x l O - ' 4 - I . 9 X 1 0 " 1 ' 
r s j i -50 
Sf-23 
F i C i - 1 ; • ! 

- 3 . 8 X I 0 1 1 1 

- 7 . 5 x 1 0 " u 

- 1 . 3 x l o ' 4 

- 1 . 9 x l 0 " ' ? 

- 3 . 8 x l O - | J 

- b . i x l O ' 1 3 

from these tests we learned several things 
about cable use in radiation em'irnoments. 
F irst is that there is both a Compton electron 
current and an EMI signal induced on the 
diagnostic cables by the x-ray radiation. 
Second is tliat the magnitude of the Compton 
electron Lurrent signal is proportional to the 
raole diarr.eter. Third is that solid outer 
conductor cables are more immune to the x-ray 
induced CHI signals. Fourth that high density 
dielectric cables have a much lower radiation 
induced signal than low density or air core 
cables. 

The best cable for minimizing both Compton 
electron current and EMI noise is a small 
diameter, solid outer conductor cable which a 
solid polyethylene dielectric. The cable 
diameter choice however needs to be balanced 
with how much attenuation that can be tolerated 
from the smaller diameter cables. For this 
reason we are using a staged Cabling technique 
for future installation. Small diameter, 
radiation insensitive, but high attenuation 
cables w i U be used near the experiment. 
Further away larger diameter cable' will be used 
to limit the attenuation. 

Conclusions 

It has been been experimental ly determined 
that an EMI ano a Compton electron current noise 
signal are produced by x-rays and gamma rays. 
Techniques have been given for reducing this 
effect; the best being to eliminate the effect 

by ',ti ie Id inrj, ur proper LJIOILP of cab • t' - .'- ' s 
also possible to difference oul thrse noise 
signals, but that ii it-*.s desireabie. Several 
cab le types were tested and their 
Suspectibi1ities to radiation induced noise 
given. Ihe best cable has a small diameter, a 
so I id outer conductor, and J solid, high density 
dielectric. 

In is work was performed jointly under the 
auspices of the U.S. Department of Energy by 
Lawrence Livermore National Laboratory under 
contract W-7405-ENG-48 and for the Department of 
Defense under Defense Advanced Research Projects 
Agency ARPA Order No. 439b. monitored by Naval 
Sur'ace Weapons Center under document numbers 
N60y?l-S5-PUW00QI and N60921-85-WRW02G1. 
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F i g . 1 . X-ray induced noise s i g n a l 
c u r r e n t s i g n a l . 
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F i g . 2. Typ i ca l x - r a y .educed no ise s i g n a l s 
th ree tynes of cab les . 
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Fig. 4. Differencing technique for the 
resistive beam current monitor. 
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Fig. 3. Free electrons produced by the 
photoelectric effect, Compton scattering, and 
pair production induce currents in a coaxial 
cable. 

Fig. 5. Compton electron (dots) and EMI 
(triangles) noise signal levels in various 
cables for a 2000 rad-cm radiation dose in 30 ns. 
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