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RADIOMETRY AT THE ELECTRON STORAGE RINGS BESSY I AND BESSY 11
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fhe Physikalisch-Techmsche  Bundesansiale  iPTR,
Germany s national metrology institute, has heen operating
< vadiometry laborateny at the BESSY 1800 Mel: eleciron
sterage ving sinee (982 BESSY 1 is used as a pronery
scree shandard of caleuiable spectral photer flac with
relagive wnceriauttivs below 0.4 % in a broad spectral range
frem Dol o S Reil ) crvogemic elcctrical-substitution
radivmicior 1y operaied wy a primary detector standard with
G relative wee rtavngy of tesy thant U.2 % in the measurement
o vadiant pewer Based on these primary sicoidards,
Faitaleont saurces, deteetars, and opiical componenis are
charucterized and  calibrated  at variows experimental
startions, Curvcntlv, P11 s commissionmy rew experimental
Satcons it (s radiomelry laboraiory at ihe third geaeration
BESNSY 4 17 el elvectron sqorage ning o extesd e
spectral range fo the hard X-ray range by asing radiation
arom bending magacts and a supercondieing waveloath
shitfier, awd o pnprove” radiomernry by wsng andilaior
radisiiicn. The curvent siatns of radiometry al SIESSY 1 well
b eeviewed and the new radiometry programs auived
which have been plamned for BESSY 1T
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Tochngues tor quantiiitive MCUSER RIS of
cicvtronagnetic radiztion are well established in the visible,
The basis of this Moptical radiometn® are blackbady
rudiators acting as primary source slandards and laser-
ppeidied oryogdinie electrical-substitution radiomelers used
as pripuiry detector swndards 1o order (o extend radiometry
o unges of higher phaton euergies. continuously from the
VISIDIC 1o die hard Xeray region op o phoon encrgies of
sbout 100 keV. clectron storage vings are used. They serve
as broadband primary source standards lor the developruznt
o source-vused  rdiematry and as sources of  tunable
monochromatic photon Muxes for the development of
detectir-based  mdiomictry in combination with prinny
delecton standards,

Onls u dfew storage nngs are used today for COnicLy 1
the vacuun ulimyvolen (VUVY and sofi X-ry range, manly
dl nubonal metrology nstlues. A review has been given by
Ulin and Wende | 1] We will restriot this short contribaison
to radioinetny performed w the BESSY 1 800 MeV election
sworage sng and planned for the BESSY 11 1.7 GeV storage
g The prisry radiometric standards will be described 1n
sosne delail. the calibration and reflectometry faciliics and
examples of recent work will be préscenied,
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2. Radiometry based oo clectron storage rings as
primary source standards

Electron storage rings optimized tor radiometry are primary
source standards. e (herr spectral photon flux @y (rom
bendmg magneis though an aperture can be caleulated from
Storage ring parumeters and geometrical quantitics.

For o given photon cnergy E. @, depends on (i) cleciron
beam parameters: the electron encrgy W the stored clectron
current [ the effective vertical beam divergence ¥, n the
observition plane. which results from the vertical extension
and divergence of the electron bewm. and s taken into
account via g convolution of the fundamenial Schwinger
caleulition ol synchrotron radiaton (SR). (i) the maguetic
induction B at the source pomt of the radiation: and (iii)
geametrical quantties: distance d from the source point. lor
cArcularaperiure stops the rdios r.and the enussion angle ¥
with respect 1o the clectron orbit plane

B =G E WOBL LY, d )

For BESSY L the measurement of the paraineters and (heir
values  and  ancertmnues  are presested  in various
publications {1.2 and references thercin], The total relative
uncerlainty of the spectral photon flux Ady/db. which (s
inereasmg wilh increasing photon cnergy from about (01 %
ae boeVoup o 03 % al 15 keV. s made up of the
uncertamties ol the scven  parameters imvolved in the
calculation of s,

special operation of BESSY [ (800 McV nominal encruy)
for ridiometnic purposcs at 340 MeV or 830 McV optimizcs
the spectrum for the requircments of certain calibritions
Farthermare, the speciral photon ux can be adjusied w© (he
experimentai requirements by controlled variation of the
stored beam current withun a dysanne range of (welve orders
of magnitude.

The accuraiely calculable spectral photon Hux of BESSY |
(in the fulwre: of BESSY 1) is mainly used for two different
calibranion lasks:

(1) Calibration of cnergy-dispersive detegtors such as SitLn,
tgh-purity Ge. CCD detectors. or proporiional couniers [ 3
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(1) Cabibration ol radiation sources by comparing iheir
anknown speciral photon (ux wili the cateulable SR Mus,
Expenmenial stations consisung of an aimaging muror. a
monochronudor, and @ delector system wie used for this
purpose. Recenl examples of (his kind of work are the
calibration of transfer source standards lor the calibration of
telescopes ol the Solar and  Heliospheric Observaton
(SOHO) [5]




3 Hadioawetry hased on coyogenic electrical-subsiitetion
radiomietery as primary detector standards

Phowon deicctors which are not encegy-dispeisive or have
only mederaie resolving power. such as photodiodes. cannol
te culibroted wsing the calculible SR continuum. in that
cuse. calibranon 15 performed by comparing the detector
response o mencehromansed radiation with the response of
@ pranany detector standard i the same radiant (ax
cxprottiang the storge ring as o bright adation source. PIB
s proncered 10 adapt cryogenic electrical-subsutution
midininctors (FE 8148, which are well established o the visible
as pringry actector stundards and operaied with lasers as
sourcees. i the fower radiant power  available  behind
morochromanons @1 slorage rmmgs (0] We have Arst
demoenstraicd ot BESRY 1 ihe extension of an EXR [or use m
the UV VRN and i e solt N-ray spectral ranges THRs
subsbluie e radiank power 1o be mcasured by e
equivalent cleetrical power, see Fig | The same absorber
icmpomiture T, s obtained either by healing duc w0 e
mode it radiand power @ or withou! incident raduition. by
cluctrical licdiing with power P, which can e measured
with fugh accuwracy  An absolute mcasurement of e
iy preitly avasiabie rachant power of monochromatized SR of
abwgat | W Lo 10 pWois Teasible with the PTG s BSR with g
relalive uscertamiy of less than 0.2 %,

Forexaogde. Recently. the  foliowing  Gotectors were
calibrated al BESSY 1 based on the ESR: scmiconductor
photudicdes i the UV and YUY [7] and m o the son X-my
regeon (8L CCD=detectors {90 10 and superconducting
wnned puctions [ Other examples are presenicd i ref.
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Diz b schumane drawmye of @ orvogene clectrical-
stbmutsion nkbomcier used as prioony detecior standard.
U heat=siek reference wemperawire: R, thermal resistance,
P absorier emperature. O absorber heat capacity, Py
ciectrical heater powes.

4. Hefleciometry
Phe lncraasiag setivity an Uie VUV and X-cay reglon has ded
{w a corresponding need for faciliies for the charctensation
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of nptical compenents such as (mulbiliyer) mirrors, gratings
and  filwers, In response 1o this. PTB operates  two
refleciometer fucilnies which can be nstailed at the different
beamlines depending on the desired spectral range [13] Due
W the dow sway  bght and  higher-order  harmonic
contribulions available behind the PTB  monochromator
beamitnes, high-aceuracy measurcments can be performed.
Recent examples cover the characterization of transnussion
[Hers lor astronomy [14] and the measurement of the
diffraction cificiencies of Lransmission gratings | 13].

5. PTB’s Radiometry Laboratories at BESSY [ and
BESSY I

Radiometnic  applications of SR require  experimental
stations and beamlines which differ m some respects from
the apstrsmentation commonly  available in the  basic
rescarch aress of SR facilities. Whercas the resolving power
of the monochremators may be quite moderate (about 1000
15 sullicient m most cascs), special emphasis has (0 be
piaced on the spectral purily of the mwnochromatized
radiation. Relative contributions of stray light and higher
orders o the mdiant power must not be higher than | %,
Furthermere, the reproducibnlity of the photon flux for a
aiven photon cnergy must be very good even after the
monochronutors have scanned over broad spectral ninges,

A the PIE's BESSY | oubiometrny  labormtory [2] six
expertmenidl statens en four bonding maginet beamlines
sptupzed lor radiometry are i operaban. Five of them
provide monochromatized SR which covers the photon
cnerpy nange rom 3 eV te 18 keV for source calibration
and the nminge [rom 3 ¢V 1w about 1.5 keV Jor detector
cahbration. One beamhine 18 inlended for use of the direct
undispersed calculabie SR,

PTR 1s currently comnussioning new expermmental stations
al ns radiometry faboratory al BESSY Il [16] When uscr
operation of BESSY 11 15 staried i January 1999, we will
bave four beamlines ready Tor rudiometric use: Two bending,
magnet beanlines. one for the use of calculable undispersed
SKE i an exwnded spectral range up w about 50 keV. and
one cquipped with a lour-crystal monochromator providing
crcdiation iy the range from 175 ke o 10 keV. Undulator
radiatton will be provided behind ¢ plane  grating
mopochronuuor m the range [rom 20 eV o about 1.9 keV
The direct unduluior radiation beam can be used 1n addition.
Our first source is an undulator built as an eleclromagnet
with a perod length of 180 mm and a total of 21 full-ficld
pertods 117 A 2 second  short-period  undulaior s
considered 1o be nstalled alicrnatciy in the PTB s stight

section of BESSY 11,

O, Outloonk

At present, radismetry 15 developed by PTE at BESSY 1ina
broadly extended spectral range from about 1 ¢V to 15 keV
by wse of the ailcukible undispersed SR, and i the range
from 3 ¢V 1o about 18 keV, where monochromatized SR s
provided. The higher elecron cnergy of BESSY 11 will
extend the usable range 1o higher photon energies: about
50 ke wiien usmg undispersed SR, and 10 ke in the case
of mongchromaitzed SR, Furthermore, the use of undulator




]

ndution will atlow radiometne echmiques 10 he mproved
owng, 1o is superior spectral purity. and it will make new
cxpenments possibie where high photou flux 1s required
The wse of lhe mdiation of @ 7 T superconducting
wavelength shilier located outside the PTE BESSY
fatoratory will soon exiend the photon encrgy range further
mie the bard X-miy region. lnvestigations carried out at ihe
wat clength shifier instailed at BESSY T proved that this will
bz possible 18] Morcover. Compion-backscaltered laser
plwtons. currendly used for (the measurement of the cleciron
energy at BESSY T [1v], are considered lor use m
caciomety 1 the MeV region
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