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A beam l ine for macromolec ular cr ystallo gra phy is under construction
at the Swedish synchrotron light source MA X - lab at Lund U niversity in a
collab ora tiv e e˜ort b etw een Denmar k and Sweden. Of the 7 mrad hori zontal
w iggler fan emitted from the new superconducti ng multip ole wiggler , the

central 2 mrad will be used and split in three parts. The central 1 mrad
w ill be used for a tunable station optimised for multi- wavelength anoma-

lous di˜racti on exp eriments and on each side of the central fan there w ill
b e tw o Ùxed wavelength stations using di˜erent energies of the same part
of the beam. T hese in total Ùve stations can be used simultaneousl y and
indep end ently for collecti ng di˜ractio n data.

PACS numb ers: 07.85.Qe, 87.14. Ee, 87.14.Gg

1. I n t rod uct io n

A three- dim ensional m odel of a protei n at the ato mic level pro vi des a weal th
of inf orm ati on. In addi ti on to showi ng the overal l folding to pology, i t pro vi des the
basis for a deta i led understa ndi ng of i ts biological functi on [1]. X-ray crysta l lo-
graphy plays a centra l ro le in the developm ent of structura l biology, as the major
exp erimenta l metho d for determ ining high-resoluti on models of macro molecul es
[2, 3]. The rapid growth of determ ined bi ological m acromolecul ar structures [2] and
the expected accelerated growth due to the advent of structura l genom ics pro jects
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[4] are exp ected to have a large im pact on e.g. pharm aceuti cal developm ent [5, 6].
Ano ther exampl eof the techno logical interest in structura l biology is the potenti al
im porta nce of high-resoluti on structura l determ inati ons for the developm ent of
enzym es wi th new pro perti es [7].

X- ray synchro tro n radiati on pro vi des m any adv anta ges compared to con-
venti onal X-ray sources, due to i ts hi gh intensi ty and highl y coll im ated radi ati on
wi th wavel ength tuna bi l i ty , increasing the accuracy and ease of structure determ i-
nati ons and extendi ng the appl icabi l i t y of X- ray crysta l lography to m ore di £ cul t
pro jects tha t are often also the more interesti ng ones. The use of synchro tro n ra-
di ati on has played a funda menta l ro le in the possibi l i ty to ta ckle more di £ cul t
pro blems as wel l as in the increased structure determ inati on rate [8]. Mo re tha n
90% of the publ icati ons in m acrom olecular crysta l lography in 2000 were based on
m easurements wi th synchro tro n radiati on [9].

Pro gress in m olecular bi ology and com puta ti onal techni ques together wi th
the increased avai labi li t y of dedi cated synchro tro n beaml ines has contri buted to a
rapi dly increased use of the multi -wavelength anomalous di ˜ra cti on (MAD ) tech-
ni que for structure determ inati ons [10]. In a MAD exp eriment data is col lected at
several wa velengths around an absorpti on edge of one of the elements in the macro -
m olecule. By expl oi ti ng the anomalous scatteri ng the so-called crysta l lographic
phase pro blem can be solved and com plete structura l models be determ ined. In a
m ajori ty of the cases Se in the form of Se-m ethi onine is the anomalous scatterer
wi th i ts K absorpti on edge at 0.98 ¡A (12.7 keV). The MAD techni que also holds
the prom ise of being suita ble for the increased thro ugh-put desired by structura l
genom ics pro j ects [11] tho ugh the sing le-wa velength anom alous di ˜ra cti on (SAD )
techni que m ight pro ve more suita bl e in som e cases[12]. In SAD experim ents the
anom alous signal is used as in MAD exp eriments but data is col lected at onl y one
wa vel ength, chosen to opti mise the anom alous signal .

The dem and for synchro tro n beam ti m e is not only related to the possibi l i ty
of expl oi ti ng the wa velength tuna bi l i ty requi red by MAD and SAD experim ents,
but also to a large extent due to the impro ved data qual i ty at synchro tro n beam -
l ines com pared wi th laborato ry sources. Large structures such as vi ruses and large
cellular com plexes are exampl es where synchro tro n beam ti m e is a necessity , but
thi s is true also in many other cases. Structure determ inati ons of potenti al drug
ta rgets in com plexes wi th drug candi dates is one exampl e where abunda nt beam
ti m e wi th rapid accesscan play a cruci al role.

In order to do m easurem ents wi th synchro tro n radi ati on one has to appl y for
beam ti m e well in adv ance at one of the avai lable synchro tro n l ight sources around
the worl d. The beam ti me avai lable is not su£ cient to m eet the increasing dem ands
caused by the rapid growth of structura l biology. The MAX I I synchro tro n radia-
ti on facil i t y at MAX- lab, Lund, is a 1.5 GeV storage ri ng [13] wi th eight stra ight
secti ons for inserti on devi ces tha t can operate up into the hard X-ray regim e. It
is theref ore a very attra cti ve resource for researchers in bi o-crysta l lography. The
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purp ose of the here described beam line is to further expl oi t thi s potenti al by in-
creasing the av ailabl e beam ti me and to extend the capacity to MAD and SAD
exp eriments. The only crysta l lography beam l ine in Scandinavi a so f ar, I7 11 at
MAX- lab [14], is only partl y dedi cated to macromolecular crysta l lography and is
onl y slowl y tuna ble m aki ng i t non-suita ble for MAD experim ents.

The beam l ine has been named Cassiopeia after the Ùve-star constel la ti on
where the Dani sh astronom er Tycho Bra he, l ivi ng not far f rom Lund, di scovered
a supernova in 1572.

The Cassiopeia-911 beam l ine [15] is a uni que facil i ty wi th Ùve exp erimenta l
sta ti ons at one beam l ine. It is the resul t of a col laborati on between D ani sh and
Swedi sh researchers in the â resund region, from Lund and Co penhagen Uni versi ty .
The econom ical basis for the constructi on of the beam l ine com es from a grant to
the Departm ent of Mo lecular Bi ophysi cs, Lund Uni versi ty , from the Knut and
Al ice Wal lenb erg Foundati on, a grant to the Centre for Crysta l lographi c Studi es,
Uni versi ty of Copenhagen, from The D anish Bi otechno logy Instrum ent Center
and from a consorti um form ed by the two pha rm aceuti cal com pani es Astra Zeneca
and No vo No rdi sk A / S. The beam line is also supp orted by the Swedish Research
Co unci l thro ugh MAX- lab.

2. T h e new M A X -wi ggl er

The source for the beam l ine is a new cold-bore superconducti ng mul ti pole
wi ggler designed and bui l t at MAX- lab [16]. Som e parameters describi ng the wi g-
gler are found in T able I.

T ABLE I

Some parameters describing the supercondu ctin g wiggler.

N umb er of poles 49

Wiggle r p erio d 6.1 mm

Length of w iggler, L w i gg l er 1 51 2 mm

Peak Ùeld 3.54 T

DeÛection parameter, K 21.2

Electron beam energy, E e 1.5 GeV

Electron beam current 250 mA

C ritical energy 5.2 keV

The wi ggler radiati on is emi tted in a diverg ent cone as i l lustra ted in Fi g. 1.
The horizonta l and verti cal opening angles are given by [17]:

K =Û = 7 m rad ( h ) ; 1=Û = 0:34 mrad ( v) ; (1)

where Û = E e=m ec2 , wi th m ec 2 being the electron rest energy (see also T able I). D ue
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to the typi cal length of wi gglers in the order of one or a few m eters, the vi rtua l
source size increases signiÙcantl y at large vi ewi ng angles. Since the maxi mum
accepta ble photo n beam emitta nce at the sam ple is around 1 mm Âmra d, only the
centra l part of the wi ggler fan wi l l be used for the exp erimenta l sta ti ons.

Fig. 1. Schematic draw ing of the magnetic array of a wiggler w ith its radiation cone.

Fig. 2. C omparison of the calculated Ûux from the new MA X -wiggler w ith Ûuxes from

the MA X -lab I 711 wiggler, the ES RF bendin g magnet beamline BM14, and the 9. 6

b eamlin e at SRS Daresbury . T he Ûux is given per horizontal opening angle.

The calcul ated Ûux of the source is pl otted in Fi g. 2 and com pared wi th
the source Ûux of som e exi sti ng beaml ines for macro molecular crysta l lography.
W avelengths around 1 ¡A (12.4 keV) are suita ble for most m acrom olecular struc-
ture determ inati ons tho ugh wa velengths at longer or shorter wavelengths can be
requi red e.g. for MAD exp eriments. The range 0.7{ 1.8 ¡A (7{ 18 keV) covers the
requi rem ents of most exp eriments. The Ûux of the new MAX- wi ggler in tha t wave-
length range is indeed com parabl e wi th the shown existi ng beam l ines, tho ugh the
bri ll iance of 3 È 1 0 1 5 photo ns/ (s 0.1%bw m rad 2 m m2 ) (bw = band wi dth) is up to
Ùve orders of m agnitude inf erior to undul ator beaml ines at hi gher-energy storage
ri ngs such as ESR F [18]. Thi s m eans tha t the Cassiopeia-911 beaml ine wi l l have
Ûux values comparable to these sources but wi l l not reach the sam e smal l focal
spot sizesor hi gh col lim ati on of the radi ati on. The to ta l power of the wi ggler is of
the order of 5 kW [16].
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3. Co n cept of t h e b eam l in e

The centra l 1 mrad of the radiati on cone, Fi g. 1, wi l l be used exclusivel y
for an energy- tuna bl e stati on, opti m ised for MAD experim ents, and the adj acent
0.5 m rad on each side wi l l beused for four Ùxed wavelength side stati ons di ˜ra cti ng
hori zonta l ly away f rom the synchro tro n beam, as i l lustra ted in the \ top vi ew" in
Fi g. 3. The wa velengths of the side stati ons are chosen in part to cover some
im porta nt absorpti on edges used for SAD experim ents and in part to give the
hi ghest qual i ty beam for exp eriments not related to anom alous scatteri ng.

Fig. 3. Top- view sketch of the di˜erent exp eriment stations at the beamline. T he tw o

upstream side stations w ill have diamond mono chromators (C Ê ) and the tw o dow n-

stream side stations silicon mono chromators (Si), all being bent for horizontal focusing.

A ll side stations will have multilayer (ML) mirrors for vertical focusing. The central,

energy- tunabl e station w ill have more classical grazing incid ence mirrors and a Si double

crystal mono chromator.

T ABLE I I
Predicted perf ormance of the side stations. T he mono chromators of the 1.10
¡A and 0.97 ¡A stations are made of diamonds in the Laue conÙguratio n and the

remaining tw o side stations are Si or Ge crystals in the Bragg conÙguration .

W avelength Ñ 1 = 1.10 ¡A

W avelength Ñ 2 = 1.03 ¡A

W avelength Ñ 3 = 0.91 ¡A

W avelength Ñ 4 = 0.97 ¡A

Relative bandw idth, Â E =E ¤ 1 È 1 0
À

Spot size 0: 3 0 :3 mm

Flux w ith Laue mono chromator 10 photons /s

Flux w ith Bragg mono chromator 10 photons/s



600 C.B. Mammen et al .

T ABLE I I I

Predicted perf ormance of the MA D station.

W avelength range = 0.7 ¡A to 1.8 ¡A

Relative bandw idth, Â E =E ¤ 2 È 10
À 4

Sp ot size ¤ 0: 3 È 0: 25 mm 2

Flux at 1 ¡A ¤ 3 È 10 12 photons/s

Flux at 1 ¡A in 0: 1 È 0: 1 mm 5 10 photons/s

The opti cal com ponents of the beaml ine wi l l be designed and constructe d
accordi ng to the requi rements for macrom olecul ar crysta l lography . The predi cted
characteri sti cs of the beam at the sam ple positi on of the four side stati ons are
found in T able I I and of the MAD stati on in Table I I I.

The two upstrea m m onochromato rs for the side stati ons are asym metri c di -
am ond (111) crysta ls in Laue tra nsmission geom etry (Fi g. 3). D iamond is chosen
due to i ts hi gh tra nsmission above 10 keV in order to al low the extra cti on of an
addi ti onal downstrea m m onochrom atic beam. The outer dim ensions of the dia-
m ond crysta ls wi l l be m m , and the crysta ls are bent m eridional ly to
pro vi de focusing in the hori zonta l pl ane. Thi s techni que has previ ously been used
wi th silicon crysta ls [19]. Addi ti onal ly, the bendi ng increases the accepted band
wi dth by a facto r two . The m eridional bending radi us of curv ature wi l l be 12 m
to achieve the requi red focusing. The fracture l im i t f or bendi ng of thi n crysta ls is
typi cal ly reached for , where is the crysta l thi ckness [20]. Hence,
the requi red bendi ng radi i for the di amond crysta ls are obta inable.

The m onochro mato rs for the downstrea m side stati ons are Si (111) crysta ls in
asym m etri c Bra gg reÛection geom etry . The outer dim ensions are mm
and they wi l l also be bent to pro vi de m eridional focusing. The asym metry angle
for the Si crysta l at the 1.03 ¡A stati on wi l l be 2.5 and i ts bendi ng radi us 52 m.

The verti cal focusing is obta ined by curved mul ti lay er mirro rs inserted in
the downstrea m beam from the monochro mato rs. Mul ti layer m irro rs are chosen
due to the larger angle of beam inci dence com pared to conventi onal mirro rs. Thi s
al lows shorter m irro rs and thus considerable cost reducti on.

The four m irror substra tes are identi cal : 450 mm long, m ade of SiO and
pol ished to a Ùxed radius of curv ature of 400 m . The m ulti layer m ateri als are
al terna ti ng Si and Mo wi th a to ta l of 150 bi layers. Since the angle of inci dence
vari es along the m irro r, the -spacing is longitudi na l ly graded to obta in Bra gg
di ˜ra cti on at both ends of the mirro r simul taneousl y. The multi lay er period and
longi tudi na l grading is speciÙed accordi ng to the wavelengths of the indi vi dual
four side stati ons.

The predi cted characteri stics of the side stati ons are found in Table I I.
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5. D esi gn of t h e MAD st at ion op t i cs

The opti cs of the MAD stati on wi l l consist of a verti cal ly col l im ati ng m ir-
ror, a doubl e-crysta l Si(111) m onochro mato r and a to ro idal focusing m irro r. A
soluti on where the hori zonta l focusing is done by the second m irror instead of by
the second m onochrom ator crysta l was chosen since i t was bel ieved to give an
easier- to -use beam l ine for the users. The coll im ati ng m irro r is needed to achi eve
the hi gh energy resoluti on (of the order of Â E =E ¤ 1 0 À 4 ) requi red by the experi -
m ents using anom alous scatteri ng. The m irro rs wi l l be Rh-coated and operated at
a Ùxed grazing incidence angle of 3.5 m rad givi ng a smooth reÛection curve in the
who le accessibl e wa velength range of 0.7{ 1.8 ¡A (7{ 18 keV) tha t covers the K -edges
from Fe to Y, and the L I I I -edges from Gd to U. The high power of the wi ggler
is reduced by the relati vel y smal l angul ar acceptance and by wi ndows and Ùlters
resul ti ng in lesstha n 200 W reaching the Ùrst MAD -stati on mirro r and 160 W on
the Ùrst m onochro m ator crysta l .

The predi cted characteri stics of the MAD stati on are found in T able I II.

6. E xp er im ent st at ions

The experim ent stati ons wi l l consi st of relati vel y small radiati on enclosures
(appro xi m atel y 1 : 2 È 2 : 5 m2 ) wi th al l equipm ent inside being reached f rom the
outsi de, i.e. the exp erimenters wi l l not enter into the enclosures. Thi s saves space
and also al lows a m ore rapi d interl ock system . The stati ons wi l l be equipped wi th
hi gh perf orm ance area detecto rs and wi l l also be prepared for auto m ati on.
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