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VUV-sort x-ray beamline for spectroscopy lnd calibration

R. J. ~rtlett, W. J. Trela, F. D. Mlchaud, S. H. Southworth, R. Rothe~ and R. W. Alkire

I.OS Alamas National Laboratory
Post OffIce Box 1663, Mail Stop 0410, Los Alamos, New Mexico 87545

Pbstract-.-—

He descrlhe the design and per~ormanct? ot’ the Los Illamos VUV synchrotrons radiation
heamllrlr?, U3C, on the VUV ring or the National Synchrritron Light Source at FJrookhaverr National
Laboratory. The beamlIne uses separate Function OPLICS to collect and Focus the horizontally
and vertically diverging beam. The monochromator IS a grozlnq lncldence Roland Circle
Instrument or the extend~d grasshopper dcslgn (ERG). A post. rnonochronrator refocusing mirror
1S used to FIJCUS or colllmatp the ctlverging beam from the monochromator” Ttle ~eamllne control
arid dlaqrlost[cs systems are also discussed.

Introduction.——-- —--

Ln% Almmon 1s hullrtlnq four ~ynchrcrl ron ralilntlnn (SR) I]eamllncs at the Nnt.lnllal
Synchrot.ron Ll(~llt Source (NSLS) at Ftrookhaven Natlnnnl Lahorntory. Iwo or these Iinf?!i will
h!! nn the 2.5 GcV (stord electron m?ruy) x-ray rlrw, and the ol~ler [WO Erg on ttle 0.75 ~nv
VUV rlnq. The ~-ray llncs are de%lgnert tn hnve n cnrnblnr?d enerqy rnnqc rrnm npproxlmnt.f?!y
1 Kr!V to 75 Kr!V. 111P VUV llnes will covur tht! r~ngc rrnm npproxlm:iLely Ill eV tn 12UI) cV.
Uccnu~n the Iarqo numhcr nr potcntlal u~ers arlfl the variety Or thn science that wII1 be
pcrrormf!d on t.ll,:5e llncs, the llnus hi+v~ trfmn rJc51twrd tn I)e ns vcrsnl.llc n~ Pns~l~ll@~

111P rlr%t. III” Ilwsr! llI\c%, rtns[~~llntn[l lJJl~, Is now in It.% flnnl comwls%lnnlnq Stn[ln. 1111%
Ilrlr 1~ nll Itlr VIJV ring nrl[l will hnvf? ilIl rllr~rqy covr?rriqf? or apprnxlmnLPly YU rV tr] 17[1[1 f~v.
IL Is I)nlnq fh!vr!lnllcd fur %puctrn%colly nx[lrrlm~llls nll[l x-my cal Ihratlnn mf!nsur~mcnt%m Ullh
Lhl% In m~rlll, wc Ilnvr! t.rlorl lo prrJrlllcc n pilot.uil sourr:e
n Illrlh lh~qrf’1’

wllh minimum %Lrny aIId Ilnrmo!llc llqllt.,
l)r polrrr17n Llnll, nf:r:ltrnln nnf~roy cnllllrnl.lonr n Vorlnl)l[! dl:qrel~ [lr lJl~nm

[llvr~r[lf!llr:fl , vnrlnllll! nllvrqy rc501ul Irlrl, mIIl II 1111111.-III (Ilnqllust.lc systl!m Lllnl C:II1 III! !Jsrrl Ill
vIIrlry lhI! 11111~pl~rfurmtlnr:~’. ltlf~ IIIIC wII I Iw ll~l!rl rOr x-my rllollr’ I:frl lllral.lnll, ~pr!ctroml’1.l!r
llrvf~lfqlmwll ;11111 rvnl(mt 11111, x-my opt, II!’; clurrnr:tr!rl?nl lIm, ns W(!11 ns IIIIIIL III! I r!r:t. roll
vtl)i!(:lrl)-ll:[)lly rll %11I Id’; , [Insr!-, all[l II 111S .
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The next optical element in the beamline is the horizontal collection ■irror, ~. The
mirror is a platlum coated 1 ❑ long piece or float glass that is bent tu approximate an
ellipse. At e grezhu angle or lrcldence or 20, the ●irror collacts approxhetely 10 ❑Rad
of horizontal engle end focuses It onto the exit slit of the monochrometor slth unity
❑eljnlrlcmtlonm The ■irror position, engle or incidence, ●nd the curvature can be ●eternally
●dJusted while the eystom ls under vacuum.

The next set or optical elements are in the Extended Renge Grasshopper (ERG) monochrometor.s
The ❑onochromator la e grazing Incidence Rnwlend circle instrument with rlxed output beam.
Thn ●otlons or the Internel elements are controlled by st@pplng ❑otors. A computar progr~m
then coordinates the stapplng ●otor drives In order to scnn the photon energy.

The first optical element in the ERG 1s n 30 cm long gold-coaled elllptlcnl ●irror [Ml)
52 cm from the entrance silt thet vertlcell

!
focuses the beam with a 10I1 d@megnlrIcntion

onto the silt. Then the Codllng mirror (M2 entrnnce slit’ dlr”cts the light onto one nr
three %pherlcnl gratings (2 ❑, 3.71 ■, or 5 m rarl[uy nf curvetur~). The grating In turn
vertically dispenses the redlatlon end Focusf?s lt onto the exit silt.

At the nxll ~llt of the monochromntnr the beem 1~ dlvcrglng fit npproxlmntcly 10 ■Rerl in
hnlh the horlzontnl nnd vertlcnl dlrecLlons. A rnrocuslng ❑irror 19 u!ied to rocu!i the bnnm
at n qnmple or to collimnte It.

With Lhc nhove described nrrnngcmenL, tho llne acrmllts 111 MRnd nf thr! hrnm in tlw
horizontal plane nnd on rnergy dcpenrtenl rrnctlon of’ the ht?nm in Lhe vertlcml plenc. Ihn
verticnl nccf!lltnnce or th~ line Is shown III ~l~urf? 2. 1111% nrcqtnnc~ 1~ lleq~d ISI 1[1 Iim
I:IILs and n suurce size Ur 0.1 m (h vnllml. wllh ttm lml dt!mnlIllIflf:tltlnfl Or Ml t.tm la
source !IJlze Iq rullv ncceptmd. I.#?., Mt% llr Lhc tnlnl source. Ilowcvcr, HI nnly nccrptq
1 mReti or tile verllcnlly dlvergln!l hr!nm. rht~ np~n~nu IWIqle flr Ihc SH Iq Illrrcn%lnq wlt.h
dvnrcn%lng phulon r!nergy Lhu=i the rcduc~d ,ICCPI tnncr? nt Iuwnr nnergles. Ihls ftrrect reducns
the accepted rlux by approximately 4.25 l%nm 12”lrl eV Lo 12.5 eV.
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Figure 4. (a) NSL5 front end n%sembly.

1“-
1

I
-ml., .

,- mm
,N1l ,,#m

.-. .

,_-.. ...—- ..—...-. — .. ...—-.. -.. -. —.. . ..—-- .. ---- ----
?!9,0 ●,m J.rmll,m M, :&!g my,~

WI- wvwmm w ml .I-*
u u/“= [J ‘—

/

–----I :.l~’~’i~m--!~-~f:~.... ..—.
IIjl

.,
“11

(~) 1,””-”” . .. . . . . . . ..
. ...—-- .,. ,------- ,-------- [ }.;

‘. (““ ‘“‘-‘ b—. .. T
‘\ I ““ ‘- ““”’”-

. .

I 1“II) 1-.

,,. ,. ,,,.C .,- C,. r,., P,”,

-----

I,,, ,,
,,.,,-,

, .,..,,,,..

I

1’

1’1$-
Mn

I
Irw aw.v
.,* .**,,.

‘1’

1,

u=

yll
I

. . .

1’,m,
, ,“

m.,

g: 9

, ,*



689 32

fimae .*#mm#-s .-1- mu. ● ,arr.
#m*#m a. w,?. -, .-, n-

-#r#m Ucrlm Cm --m

I II f
Wrwm 4n- v m&##I:”m

-------—1%——JI—————————— a-

z—
m. 1

.1,} ,
M4M’ ,,,.- v-—m

Ulv .,4. m.

Cm?m mu, .-
-—

—-4------- -l--.pj!jge~”e”e w–
—1 - .1 , ——. _— .-,

... . -_—

I L--——l-f--l---- J

., .,- ,“, -.

II
.---- . ... . .

,##,*m
de, ●

I

II
I 1
y.,... ,S,..,-r,m,,
1’

I *I,- ,-I,,”,*w,,.tw-~am1amm,,,,1’u
“,”,.,,.,-IWP

II .,,,r-r,. ..,....+, J1..-1.”.
,Fwrmm, ,.

I

I

6 1’

1“1-1-----” I

,
#m

I

.. . . . .

Ix
,0, .
,,Jm#I?.

#mmroml*m‘“”I

‘..1

IM,W9.1,alme

‘1 I
II

+%...,,,” rf -

,, . . . .. I..,.

!,,.,,,+,II,,....-,....-,.,,,.I [
. ,*

m,, u

-..

,,, ,

!R
. . i l,” ,,. .,,

.,+., ,
..tl

I

m,

0
, ,h r.,.

,., -.,, . in

,,. ,,W,..,. ,., ,,
o,,.,. ,.r, . m,, t,m ~1,= ,,,.,

8; ,4,%, ,,* ,,, ,,m Uf,::,i’b,lx’m’

I 1111111~4. ((l) M! ml rrnr l.1~nmtn.1 111111IIIIIIIIIIIS;I I r.; [.llllmljltr .

,.,



integrity of the line preventing valve opening or closing without the proper vacuum
conditions exlstlrrg and warning of improper vecuum condltlnns. a slmllar system exists ror
radlatlon protection. Here the problem involves praventlng dr+mage to optical cornpzrnerrts
includlng vacuum chamber windows due to hemtlng from the photon beam or preventing the
possible exposure to hard bremsstrmhlung redlatlon that would be produced by a sudden
stopping of the electron beam._

The data acquisition and monochromator corltrol as well as some data reduction and analysls
will be handled by a DEC Hicrovax II. At the present time this task Is.being performed by a
DEC LSI 11/73 computer. The computer system can access Information @bout valve and radlatlon
shutter status nnd request changes In the status, but It cannot override the safety system
control. The vacuum stptus or tha line can be monitored by the computer and the information
incorporated into the data files.

A block diagram of the beamllne contrnl system 1s shown in Figure 4 (see next two pages).
Also shown on the diagram is the beamllne ~(JMplng s~stem. [t consists IYr lon pumps for all
vacuum chambers with turbomoleclllar pumps used to rough out= the system. The entire line
has an operating pressure In the mid IO-10 torr range.

Performance..-—-- ----

~F t.hls time we have preliminary dnt.a on the performnnct? of the bt?amllnr?. Intensity
men~urernents over the complete energy range have been taken as well as zero order SCFJIIS to
test the resolutlnn of th~ ERG. QunlItatlve mess’.lrements of the stray light and higher
order llght have also been made.

The measurements were made with FJ small Lr?st chnmber attached dlrr?ct.ly 10 the exit hou~lllg
or the rnonnchrnmator. The test chamber conttilned nn ~lllmInum overcnntcd nickel me~ll, n
pho%phor contt?d glass rllsk, and an alumlnurn nxlrh? x-my IIlnrtn. Figure 5 shows the yellrl
from the x-r~y diude over the energy range from 30 CV tr.r 1350 eV.
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The low energy range of the scan 1S covered by o 2 m radlua of curvature 900 l/rxm ruled
grating. The grating IS blazed at 20. The midrange uses a holographic lon etched grating
with a 3.71 m redius of cuivature nnd 1200 lh. The high ener y range 1s covered by a 5 mm

g A smaller blaze angle ofradius, ruled grating with 1200 l/rwm that 1s also blazed at 2 .
approximately 1.50 would be more appropriate for thl~ range and would Incremse the output.
These scans were taken with 35 ~m slitq. 6ased on literature valu S* For the response of

8the aluminum diode, the flux from the monochromator ~S aq high as 10 photons per second per
mllllamp or beam current for energies as high as 900 eV. This agrees with estimates of the
flux based on the output Prom the storage ring, the acceptance or the monochromator, and
calculated values of the mirror reflectivitles.

Calculated values of the resolving power of the ERG with 10 .]lm silts for several gratings
are shown in Figure 6. As can be seen, It 1s possible to have a resolving power of greater
than 1100 for energies rrom 30 eV to over 1000 eV. With the three gratings currently
installed in the ERG the resolvlng power of the higher anergles is that of the 5 m, 1200 l/mm
grating.

5000 I 1 1 I 1 I I I I I

I3.71rn 12001/mm

5m 12001/mm

3000 I5m ldOO1/mm

“;’\k ‘:1000 -

L J--””–X$6—J-..-...l ... l.– ....-1..
400 600 –—---Hd~6bo

PHOTON ENERGY (eV)

qurp 6. Cr+lculat~d rl~snlvlnq prfwrr of tllc ERG mnnochromiltor
th 10 Mm slits for several rjratlngs. . .

IIIC net.unl ri!nolul.loll Or Lhc mollnrhrnmnl.or Is nl!;o depnrldf!nt nll hcw well the Insl.rumcllt
IR nllqne[l. Scnnq nf the znrn orflrr Ilnt- wlrlth ror the qrnt,lnq< lndlcaf.e that the resolut.lrm
[Jr tl!l: !.71 m firnl lflrJ Is wlt.hln tlnnroxlmilkrlv 10% nr the tllnurellcnl valu~. Ilt the nre%nnt
I Imp tllII 5 m IJ;iitlfIq”-l% :lpproxlmn~;ly thrrr ~.lmes wnrsc thnn tlw cnlrxllat.rrt value. ‘Furt.hcr
RI Iqllmrlll. !lr thlq qratlnq 1% clJrr Pnt, ly llrldf~r wny. flncnusr t.hc mnnochrnmator scan ranqc does
Ill) t Pxl.1~1111 t.r) 7Pro ordt!r fnr the 2 m grntlllg, IIU estimate of lts resolvlng powf!r 1s
nvnllnhle nt thlq Limo.

lIII? III!(;1 lllfllcHt.l(Jll Illnt sl.rny Ilrlllt In Ilot. a muJnr prolllrnr 1% tllc cr]rltInucd d{:crnn:.r
rrhcrrved ;IIIIJ;ttll’ ]I(lht. Illt.l!ll;lky Ifk f!ll{!r[~lt?% llhlJV17 11(][~ I?V. 11 SIIIIIIL Illcrense wii~ .

... I 21)[1 r!v . CVflnruflr t.hl I: ~lqnn I wn~: PI lmlllnll~ll hy nll.lllrl.lllq t.llu varlnlllt? nprrt.tlrn nl lhf~
rlltrnllcv tu t,hv mollo{:llrt)mnt,~lr.” II t% nlll.lrll]nt.cd lhnt Lfnrrl!!q 111 t.hc EI{G will bc nc[:l!ssary
t,fl rf![lllrr thv “;t rny llullt nl. t.hn Illqtlrr vncrfllm’;.

IIIIS Illqllnr (lrft~r II[lht s~rm~ tl} III* mostly r*v[!lt:llt IIIIIIIW 1%[1 PV. IIIC oxyqf?n f!flqn qtrucl.lirf!
Ifl r! f“tII nflfl ~f’vf~flth nrflvr cnfl Iw wf?fl. Wl:llllllatlvc mon%urnrncllts of Lhc Illghr!r nrdr!r% IKIVR
rlfll. t)nnu milf~n nt. t.h I q t, Inm.

ltlf~ ~lrqt mun.iilrrmf’nt. Il%lfifl thf’ llf*.~m I 111[! wn~ tlln rnl Ihrnl.lflfl [Ir II rnult. llnycr ~pcclrnmt!t.crm
Illr ~flf~rqy r]r thf! Hrnqq r-rlrrtlufl 111111ItIf* rl)%l)lllt.11)11 [If tllf~ lflslrurncnt WFIS di!lprmlrled. Illv
r~%pnll%~ f)f f)flf~ Or Llln mllll.1 lnyerq l% qllowrl Ifl r lqIIru ?.
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Figure 7. Measured response or a multllayer mirror.
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