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Abstract synchrotron sources (both insertidevices and bending

magnetslandthe high critical energie@ip to several 10
Increasecbremmestrahlungadiation levels were observed keV) imply that a lot of scatteregdiation isproduced on
around several ESRF beamlines, which had leegipped the various optical elements. The bremsstrahlung
with new insertiondevicevacuum vessels with duced radiation onthe other hand, although highly penetrating,
vertical aperture. lrorder to understanthe origin ofthis  requires essentially shielding in thdorward direction.
increased radiatiordetailedbremsstrahlung measurementsScattering at larger angles is due to multiple scattering of
have beercarriedout on severalbeamlines. Thigpaper electronsand delta-rayproduction. These processes are
describes the results of these measurements. Theuch weaker than the Compton scatterindpard X-rays.
measurementsllowed the doselevels originatingfrom  Shielding against bremsstrahluntherefore essentially
the gas-bremsstrahlung component to &qeantified. requires the addition of a typically °mvide, 10 cm thick
However, precise vertical profile measuremetizve leadwall on the hutchback wall, centred aroundhe ©
clearly indicatedthe presence of a secoritemsstrahlung beam axis.
component, due to a scrapieffect of the electronbeam The spectrum belowmneasuredvith a Ge detector
at theseareducedvertical apertures. It was shown that thebehind the side wall of a hutch, shows indeed a puray X
latter componentould easily be the predominant one inspectrum. One sees the primarily Comptattered X-
the radiation dosdevels observed arounthe beamlines. ray contribution, lower energynultiple scattered X-rays
The curing effect of changing the storage ring opfiom  (mainly in the shield wall) and the lead fluorescent rays.
a highf to a lowp optics was clearly demonstrated.
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1 INTRODUCTION

People working on the beamlines in the Experimental
Hall of the ESRFarenot considered asvorkers exposed
to radiation. Therefore the shielding of the beamline
hutches musguarantee doseates below2.5 puSv/h. In
order to allow for a certain error in the dose
measurements, as well as anticipating new |aipse
limits (based onICRP 60), our aim is not taexceed 2000 1
measured levels of 0.3 to Qu&v/h.

The use of anX-ray shielding computercode,
developed atthe ESRF, aswell as a by nowwell- 51500 ]
established hutch construction standard, has resulted indeed
in such low dose rates.

However, in 1995, increasedradiation levels were I
measured around mumber of beamlines, whidmad been " \‘H‘ P,
equipped with new 5 metileng insertiondevicevessels, 50 [ W[Lw . )
with a reducedvertical aperture (11 mm internal gap). i
This increasedadiation, althougtstill relatively low (a
few puSv/h) presented aig problem in view of our ) ‘ ‘ ‘ ‘ ‘ P
general radiation protection policy. 9 o lo L0 W0 20 300 0 00

This paper describethe origin of this radiation, as
well as the solutions whickvere adopted tosolve the
problem.
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Figure 1: Example of aneasured X-ragpectrumbehind
2 SHIELDING REQUIREMENTS FOR ESRF  an optics hutch side wall.

BEAMLINES . . . .

] ] o When in 1995 new insertion device vacuum vessels,
Synchrotron beamline hutches mugtovide shielding ith smallervertical aperture (11 mm internal gapgre
against two distinct radiation sources: synchrotrofhstajled,increasedradiation levels outside the beamline
radiation and bremsstrahlung. In the case oBB&F the pytcheswere measure(pf the order of afew pSv/h). It

lateral shielding of these hutches will Hetermined by t,rned out that this radiation, after an initigriod needed
the synchrotron radiatiotndeed,the high power of the
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for the vacuum conditioning of these new vesselghe bremsstrahlung beaimehind a 3 cnthick leadwall.
persisted only on insertiodevicebeamlines, installed on This lead wall eliminated possiblescatteredsynchrotron
high B straight sections. Thigadiation was clearly radiationfrom the upstreanand downstreamdipole, and
identified as bremsstrahlung.Indeed, spectra measured also provided sufficientlosebuild-up for the highenergy

with a Gedetector showedhe presence ohigh energy radiation.
Several measurements were made. One measurement

photons. As an example we show one of thgsectra.

The presence o611 keV annihilation photons is dear was carried out on a lof straight section, following the
footprint of bremsstrahlung photons. It @ear that, evolution of the bremsstrahlunguring the vacuum
because ofthe decreasing detector efficiencyith  conditioning of a newly installed 11 mm vessel. This
increasing energies, thmeasured doseatesare mainly measuremenproved anormal behaviour, with &orrect

due to these high energies.
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vacuum conditioningandthe bremsstrahlung intensities
were completely proportional with the productméssure
and current.

The presence ofanother bremsstrahlung source on

high B beamlines was clearlydemonstrated by
measurementdone with various scrapersettings. There
are two sets of horizontal and vertical scrapers installed on

140 1 the ESRFstorage ring. The measurement shoatow
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was carried out on high B beamline, which in terms of
phase advance is normally well-protected by these
scrapers. One can sé®at, when opening thecrapers
completely, adrastic increase inbremsstrahlung was

100 1 observed.This measuremenproved unambiguously the
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Figure 2: Example of a bremsstrahlumdpminated
spectrum, measured behind an optics hutch side wall.
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presence of a “scraping” effect made by these nessels.
Monte Carlo calculationsvould indicatethat even with
the scrapers intheir nominal position, part of the
radiation is still due to this scraping effect.
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3 BREMSSTRAHLUNG
MEASUREMENTS
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Figure 3: Measuredvertical bremsstrahlung profiles for
two extreme scrapesettings. Theexpected doserofile

from Monte Carlo calculations is also shown.

Initially some confusiorexistedabout the origin ofthis
radiation. Either it was gas bremsstrahlurdye to

When looking at these 2 profiles in more detail, one

increasedvacuum level inside the 5 metre long vesselgpserves a clear vertical offset between the two, indicating
(pumping is onlyforeseen athe two extremities of the jndeed a different origin (beam axis for the gas
vessel, and a higher gradient conlot beexcluded due t0 premsstrahlung, vessel wall for thecraping” induced

a reducecconductance) othe bremsstrahlungriginated  premsstrahlung).

from a moredirect interaction mechanisnbetween the
electrons and the reduced aperture (“scraping” effect).
Therefore, inorder to identify the source ofthis
increasedradiation, more detailed measurementswere
carriedout. Bremsstrahlung profilesiere measuredsing
a small ionisation chamber (0.6 cn? Farmer type
chamber).This chamberwas scannedvertically through
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021 Figure 5: Measuredvertical bremsstrahlung profiles for
o1 two extreme scraper settings, for the new polattice.
% % % % 0 % ! We alsoverified that noextra radiatiorwas measured on
8 6 4 2 0 2 4 the originally low[3 beam lines.
reight [mm] Since theend of 1996 the storage ring is now

gpermanentlyoperated inthis new low 3 optics, and the
bremsstrahlung problems on all the beamlirtes/e
dissapeared.

Figure 4: Vertical offsebetween the two bremsstrahlun
profiles.

5 CONCLUSION

This experience athe ESRF clearly demonstrated the
radiationproblems thatan becaused bylocalised beam
losses in the straight sectionsedfor beamlines. In the
case ofthe ESRF, the local beam lossesere caused by

the bottleneckeffect produced bythe reduced vertical
aperture of the new insertiatevicevacuum vessels. The
bremsstrahlungroduced bythese“scraping” effects can

be much higher than the expected gas bremsstrahlung, and
produces radiatiorwhich is vertically off-centred with

4 LOW BETA OPTICS

As mentioned above, thiacreasedradiation levels only
remained aftethe initial vacuum conditioningperiod on
those beamlines installed on higlstraight sections. The
ESREF lattice alternates oW (Byerica = 3.51 m) with
high B (Byerica = 12.85 m) cells. A new lattice wased
out, putting all the cells into low betaptics. The
measurementseportedabovewere repeated othe same
beamline, with the storage rirgperated inthis new low
betaoptics, andthe resultsareshown below. Ascan be
seen, there is no more effect of the scraper position on fgspect to the synchrqtron peam..

measured bremsstrahlung profiles. Also, these new . AL present new |nsert|_odeV|cevacuum v_essels are
profiles arenow slightly lower,corresponding very well being tested at thESRF, with afurther reduction of the

with the calculatedevels shown in figure 3. This result vertical aperture (9 mmmterngl gap). Up to now
therefore clearlyshows that with this new lo\@ optics, bremsstrahlung measurementsriedout show acorrect

the bremsstrahlung originating from ttecraping” effect vacuum conditioning .Of these vessels, as well as no
completely disappears, and that the residual evidence ofany scraping effectFurther neasurements

bremsstrahlung spectrugan be completely attributed to will be carried out beforethese vesselare installed on
gas bremsstrahlung operational beamlines.
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