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W e descri be t he design of the C anadian Macro molecula r C r ystallog -
raphy Facility 08ID- 1 protein crystallograph y beamline that is b eing built

at the C anadian Light Source. A n in- vacuum small gap undulator w ill il-
luminate the beamlin e pro vidi ng high X -ray brill iance and beam prop erties
available at the C anadian Light Source that w ill allow studying small crystals
( > 20 ñ m ) and crystals with large cell dimensions (< 1000 ¡A ). T he planned

automation of the beamline w ill allow for its remote usage.

PACS numb ers: 41.50.+ h

1 I n t r odu ct ion

The Canadian Li ght Source (CLS) wi l l be a 2.9 GeV synchro tro n l ight source.
The Pro tei n Crysta llography (PX) beam l ine is one of the Ùrst group of seven ap-
pro ved beaml ines whi ch is being bui l t at the facil i ty . Single crysta l X- ray di ˜ra cti on
of bi ological m acromolecules has arguably become the m ost im porta nt exp erim en-
ta l techni que to eluci date the structure of bi ological m acromolecul es at the ato m ic
level [1]. In recent years the techni que has pro duced the deta i led structures of
tho usands of protei ns and other macro molecules [2]. These structures have con-
tri buted to the understa nding of fundam ental pro cessesin vi rtua l ly al l Ùelds of
bi ological and m edical sciences.

R ecently the expl osion of geneti c sequences from the Hum an Genom e Project
and a numb er of techni cal adv ances in structure determ inati on have created the
structura l genom icsÙeld [3]. It arose out of a desire of scienti sts to obta in structura l
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data , and eventua l ly functi onal inform ati on, about all kno wn protei ns based on
the identi Ùcati on of protei n fam i lies. A consequence of these e˜o rts wi l l be the
pro ducti on of large quanti ti es of smal l crysta ls to be m easured at synchro tro n
faci l iti es.

Studyi ng smal l crysta ls of large biological m olecules requi res the high X- ray
bri ll iance and beam properti es avai lable from the in-vacuum smal l gap undul ato r
(SG U). It also requi res easy and preci se tuni ng of the X- ray energy in order to use
the powerf ul to ol o f mul ti ple-wavelength anom alous dispersion (MAD ) phasing,
whi ch to day is the m ost accepted m etho d of solvi ng new protei n structures [4].
The beaml ine requi res superior opti cs wi th inherent focusing capabi l ity in the
hori zonta l and verti cal dim ensions, to get a very smal l beam size at the sampl e.
Mo reover, the beam l inem ust be as long as possible to obta in hi gh dem agniÙcati on.
W i th the predi cted large numb er of crysta l sam ples to be measured per shif t an
intense source l ike the SGU at the CLS wi ll be requi red, coupl ed wi th a highl y
e£ cient and pro ducti ve beam l ine design.

2. In st r um ent at io n

2.1. General descr iption

At Canadian Ma crom olecular Crysta l lography Faci li t y (CMCF) a 1.6 m long
smal l gap in-vacuum undul ato r located in the 08 stra ight section wi l l i l lum inate
the PX beam l ine. The SGU wi l l be located upstrea m from the center of the stra ight
secti on in a chicaned positi on, whi ch wi l l al low a second SGU in thi s section in
the future. The SGU wi l l be a hybri d undul ato r wi th a 20 mm period, set at
a m inimum gap of 5 mm . The predi cted perform ance of the undul ator is shown
in Fi g. 1. The expected Ûux on the 0:15 m m È 0:05 m m (h È v) sam ple wi l l be
¿ 5 È 1 0 1 2 ph/ s at 12 keV usi ng the seventh harm onic and a Si(111) doubl e crysta l
m onochro mato r.

The general layout of the beam line is shown in Fi g. 2. The main opti cal ele-
m ents of the PX beam l ine incl ude: pri m ary aperture (wa ter- cooled mask), double
crysta l monochro mato r wi th the cryogenically cooled Ùrst crysta l and sagi tta l ly
bent second crysta l , m i rro r, Brem sstra hlung col l im ato rs and stop, synchro tro n ra-
di ati on photo n beam stop, adjusta ble guard slits and photo n shutter. The beam
wi l l be hori zonta l ly focused by the sagi tta l ly bent crysta l of the m onochro m ator
and verti cally focused by the 1.0 m long bent m irror, whi ch wi l l also rem ove higher
harm oni cs. A numb er of beam positi on m oni tors and ref erence detecto rs wi l l be
incl uded in the opti cs conÙgurati on. The beaml ine wi l l be ini ti al ly com missioned
wi th the front end separated by a beryl l ium wi ndow.

General speciÙcati ons of the PX beaml ine are given in T abl e I. The most
valuable absorpti on edges for the resonant crysta l lography are between 11.5 and
12.66 keV (Se K -edge; L I I I -edges of Pt, Au, Hg ). W e anti cipate tha t most of
the user communi t y wi l l pref er to use X- ray energies in the range of 6.5{ 18 keV:
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Fig. 1. Brightness of the SGU in 2003 (dotted line) and in 2008 (solid line). T he thic ker

lines show the harmonics that w ill be used to cover the 6.5{18. 0 keV range.

Fig. 2. Layout of the C MC F 08ID- 1 beamlin e.

a range encom passing the absorpti on edges of the heavy ato m s m ost comm only
used for crysta l structure analysis: K -edges between 6.5{ 18.0 keV incl ude Mn, Fe,
Co , Ni , Cu, Zn, Ga, Ge, As, Se, Br, Kr, Rb, Sr, Y, Zr, Nb, Mo ; L I I I -edges between
6.5{ 18.0 keV incl ude al l elements wi th Z > 6 2 (samari um { ura nium ).

TABLE I
General speciÙcatio ns of the 08ID- 1 beamline .

Spectral range 6.5{18. 0 keV

Flu x on the sample @ 12 keV ¿ 5 È 10
1 2 ph /s (Si(111))

(7th harmonic)

Brillia nce @ 12 keV (7th harmonic) ¿ 10
1 8 ph/mm 2 /mrad 2 /0. 1% bandw idth

Energy bandw idth ( Â ) 1 4 10 (Si(111)) ( 5 5 10 (Si(220)))

Focused spot size at the sample 0 15 mm 0 05 mm (FW H M)

(horizontal vertical)

Beam crossÙre at the sample 0.65 mrad
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The end stati on wi l l be equipped wi th a goni ostat, a CCD detecto r, a sam -
pl e cryo-cool ing system , a Ûuorescence detecto r, a ti ming shutter, vi deo cam eras,
and an auto m ated crysta l m ounti ng system . Adv anced user interf ace and contro l
softwa re, together wi th f ul ly auto m ated roboti c sam ple m ounti ng and al ignm ent
wi l l al low data col lection wi th rem ote observati on.

2.2. Mono chromat or

The Rosenbaum { Rock m onochroma tor was ini ti al ly designed and imple-
m ented at the X9 Beaml ine at Nati onal Synchro tro n Li ght Source (NSLS) [5] and
then the cryo -cooled version was developed at the Adv ance Photo n Source. It is
a doubl e-crysta l m onochromato r wi th a Ùxed exit height. At the 08ID -1 beaml ine
the Ùrst crysta l wi l l have a hockey puck shape wi th cooling Ùns located opp osite
to the acti ve area [6]. The second crysta l wi ll be very thi n (¿ 0 : 5 m m), to perm i t
i t to be sagi tta lly bent [7]. The crysta l wi l l be 25 mm wi de and 76 mm long wi th
i ts sides glued to alum ini um wi ngs, whi ch wi l l pro vi de the bending m oment of the
crysta l .

The Ùrst crysta l is m ounted on a chi -ro ta ti on axi s, whi ch al lows exact par-
al lel al ignm ent of the latti ce planes of the Ùrst crysta l and a second crysta l in
the di recti on perpendicul ar to the Bra gg angle. The second crysta l is m ounted
on an (x ; y ) tra nslati on stage. Mo vement along the beam (x ) axi s allows inter-
cepti on of the di ˜ra cted beam from the Ùrst crysta l by the center of the second
crysta l . The verti cal m ovement (y ) al lows consta nt exit height. A vi bra ti on iso-
lati on base isolated from the vacuum envelope wi l l supp ort the m onochroma to r.
The m onochromato r 's speciÙcati ons are given in Tabl e I I.

T ABLE II

SpeciÙcati ons of the mono chromator.

Spectral range 6. 5{18. 0 keV

Bragg- angle repro ducibi lity 2 ñ rad

C rystal Si(111) or Si(220)

First crystal cryo- cooled

Second crystal Sagittall y bent

Bragg angle range 6. 5{38 deg

Beam o˜set 31 mm

2.3. Mi r ror

The bent m irro r wi l l focus the pho ton beam verti cal ly and rem ove higher
order harm onics. The speciÙcati ons of the mirro r are given in T able I II. The m irro r
wi l l be placed imm ediatel y downstrea m of the m onochroma to r. Focussing wi ll be
achi eved by dyna m ical ly bending the Ûat m irror substra te around a hori zonta l
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T ABLE I I I

SpeciÙcati ons of the mirror.

Substrate U LE plane mirror of 1000 mm È 90 mm È 43 mm

( L È W È H ) clear aperture

Surf ace 2 ¡A rms roughness and 1 ñ rad surf ace Ùgure error

Coating Pt , none, Pd coating strip es (30 mm w ide across w idth)

Bending mechanism Dynamic, indep enden t at both ends

Ab erration correction V ia ellipti cal bending

axi s. The m irror substra te, made of ul tra low expansion (ULE) glass, wi l l be
di vi ded latera lly into three areas, each 30 m m wi de. One stri pe wi l l be coated
wi th pl ati num , the second wi l l be uncoated and the thi rd wi ll be coated wi th
pal ladium . The use of the appro pri ate surface keeps the verti cal deÛection angle
(about 2.5 m rad) in a smal l range thus minimi zing the verti cal tra nslati on of the
exp erimenta l sta ti on.

3. R ay -t r aci ng

The ray- tra cing for the 08ID -1 beam l ine was done usi ng SHAD OW softw are
[8] and the ray-tra cing result is shown in Fi g. 3. Calcul ati ons were done wi tho ut
surf ace e˜ects (slope errors and roughness). The locati on of the com ponents and
dem agniÙcati ons are shown in Tabl e IV.

Fig. 3. SHA D OW ray- tracing results | focus on the sample.
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T ABLE IV

Location of the optical comp onents from the center of straight section 08.

Comp onent Lo cation [m ]

Center of SGU {0. 955

Front end aperture ( 2: 78 mm È 1: 39 nm ) 12.965

Primary aperture ( 6: 0 mm È 2 :0 mm ) 40.842

First crystal of Si(111) mono chromator 42.444

Second Si(111) crystal of mono chromator at 12 keV 42.534

Mirror 44.613

Specimen 49.462

H orizontal magniÙcation 0.160

Vertical magniÙcatio n 0.106

4. Su m m ar y

The CMCF 08ID -1 beam l ine at Canadian Li ght Source wi l l be a MAD beam -
l ine, capabl e of del iveri ng a photo n Ûux of ¿ 1 0 1 2 ph/ s at 0:15 m m È 0:05 m m focal
size wi thi n the range of 6.5{ 18.0 keV. The SGU, coupl ed wi th a stro ng demagni Ùca-
ti on envi ronm ent, wi l l al low data to be col lected from smal l crysta ls (> 2 0 ¡A) and
crysta ls wi th large cell dim ensions (< 1 0 0 0 ¡A). The experim ental stati on wi l l be
equipp ed wi th a roboti c sam ple pl acement and al ignm ent system al lowi ng rem ote
access, whi ch wi l l increase the e£ ci ency of structure determ inati on.
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ti on to the pro ject.
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