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Figure 2 shows a schematic of a typical time-resolved, pump-probe experiment at sector 14-ID (crystallography is Photoactive Yellow Protein [=rasonm y grapny
The 14-ID beamline has recently undergone a major upgrade of its X-ray optics and experimental infrastructure. With the gure ypic _ » PUMP-Probe exp . _ ystatiography d=110 pm Marius Schmidt
addition of a new KB mirror system, the X-ray flux density at the sample has increased by a factor of 100 compared to the described however WAXS and general diffraction setups are also possible). Movmg‘ from right ‘to left, a hlgh-heat-loa-d e Blue light photoreceptor from ) ] ] . .
old setup. A minimum focal spot size of 90(H) x 20(V) um?2 achieved by the new mirrors also reduced the minimum chopper reduces power on downstream components to less than 1% of the original power in the X-ray beam. This the purple eubacterium Ectothiorhodospira halophila University of Wisconsin-Milwaukee
opening time of the chopper system, thus allowing the beamline to operate with 100-ps time resolution for nearly 80% of chopper typically produces a 22 us burst of X-rays at a repetition rate of 82.3 Hz. Single pulse isolation is achieved using e Involved in negative phototactic response of E. halophila
the APS run cycle, taking advantage of both 24 bunch and hybrid modes. For most experiments, the critical parameter is the fast Jilich chopper which has a minimum opening time of ~200 ns and can isolate a single pulse from the initial to blue light :
' , ' hrot Ise train at 1 kHz. Si this ch i ti ly rotati d shutt ith illi d o  PYP exhibits a photocycle: Space, Time and Temperature
the number of photons per 100-ps pulse impinging on the sample. The 14-ID beamline delivers as many as ~4 10'° synchrotron puise train a 2. >Ince this chopper 15 continuously rotating, a second shutter with a millisecona open : : T . . .
: . : " : o time acts like the shutter on a photographic camera, exposing the CCD detector on demand to the X-rays scattered by the several intermediates spanning time-scales from <ps to Unique Mechanism and Energetics
ph/pulse in a bandwidth of AE/E~4% at a maximum repetition rate of 1 kHz. By comparison, the LCLS operating in 10 fs | he | b . p. gd P " | ’ ph 8 b . n | yh 1\__/ ) seconds
mode has a maximum flux of 10! ph/pulse in a bandwidth of 0.5% at a repetition rate of 120Hz. The nearly identical time sample. The aser beam 15 oriente Ort- ogonal to the X-ray beam an |'ntersects the cryst.a at the cejnter of the
average flux and photons-per-pulse at 14-ID and LCLS makes BioCARS a suitable for LCLS type experiments that use goniometer rotation. Two APS storage-ring mpdes are u?,ed for ~100 ps time-resolved experiments at BioCARS. The satellfte crystals
samples where interesting, slow dynamics occurs on time scales >100 ps. Additionally, a broadly tunable picosecond laser standard APS operating mode has 24 bunches C|rculat|r1g with 4.25 mA/bunch and 153.4 ns separation between bunches.
system was installed at BioCARS which makes the temporal width of the storage-ring electron bunch the factor that limits The bunch' length in this mode is 79 ps (FWHM). Hybrid mode has a 16 mA bunch separated from adjace-nt septu-plets by ) _ _
the overall time resolution. Each laser pump pulse is synchronized to the time of arrival of the X-ray bunch to within a 4- 1.59 ps with a bunch length of 118 ps (FWHM). There are three 12-week runs per year at the APS, with hybrid mode ‘\ Photoactive Yellow Protein photocycle
ps RMS jitter and can be delayed relative to the X-ray pulse over a time range from picoseconds to seconds. accounting for ~17% of the total run cycle and 24-bunch mode accounting for ~60%. In both modes, periodic top-up of the R as a function of time and temperature
individual bunches maintains the total ring current at 102 maA. . Glu46 o
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Figure 1: Layout of the upgraded 14-ID beamline. The scale indicates the distance in meters from the source point, i.e. Figure 2: The laser beam is oriented orthogonal to the X-ray beam and intersects the crystal at the center of the 5 ] PB}/pB,
between the two insertion devices. From right to left the components are: 1.5mm diameter power limiting mask (25.5 m), goniometer rotation. For each crystal orientation, X-ray pulses probe a ~60-80 um-deep layer of the crystal on the laser- ] _""""""""ZA'|3|'—"63'0LT<]7"'|"‘_
high-heat-load slits (28 m), high-heat-load chopper (29 m), Si (111) monochromator (31 m), equipment safety beamstop, illuminated side in order to match the typical laser penetration depth. A MAR165 CCD detector records the diffracted X- ] pG - mo pG
vertically focusing mirror (47 m), horizontally focusing mirror (49.5 m), equipment safety beamstop, pink-beam slits (52.5 rays. Typical laser and X-ray beam dimensions are shown in the inset. The vertical size of the X-ray beam can be e o
m), and sample position in the 14-ID-B experimental station increased from the 20 mm minimum (shown) to whatever size is necessary to match the laser penetration depth. AH from Takeshita et al., Biochem. 2002
(56 m). Example — temperature studies can
help to distinguish between two mechanisms M. Schmidt, T. G:aé)er, RI.I HennLng and \ésrajeré(; 66206, 2010
. . . Five Dimensional Crystallography, Acta Cryst. A66, 198-206, 2010.
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