Time-Resolved Crystallography
Experimental Set-up at 14-I1D
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Sample Environment

Laser beam

Laser beam

100 X 500 pm?
X-ray beam l

s

Crystal
- Overlap of x-ray and laser beams is critical rotation

X-ray beam
80 (h) X 75 (v) um?

(80 (h) x 30 (v) um? possible)
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Sample Viewing

Wide field camera—_ = TR

3.2 x 2.4 mm FOV .

High resolution camera\‘
0.632 x 0.476 mm FOV y

» High resolution cameras allow for precise sample alignment
» Small focal spot allows for working with small crystals or for
collecting multiple data sets from one crystal

. R

Yellow box indicates approximate
beam size on the sample
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Laue Collect

Written by Friedrich Schotte

Il Laue Data Collection =10 x|

Drata Collection ]Optiu:uns 1 Diagniostics ] &lign Sample ] Translate ] Eieam 1 Check List 1 Chopper 1 Mix ]

Phi [deg]: ] ko | 60 in steps of 1 3 deg in a single pass Strakegy...

Laser Mode: on

e Data collection interface
written in Python

Time delays: | off, 100ps, 1ns,10ns, 100ns, 1us, 10us, 1000s, 1ms Generate. ., J ® Tabbed |ay0 Ut

File basename: I PP Extension: mced ° U Sed for bOth SI ng Ie CrySta‘I
Description: J Laser 480 nm, Single x-ray pulse an d SOI utl O n Stu d |eS

Log File: l PYP.log

Path: J C:ADocuments and Settingsthenningi My DocumentsiMIH Softwarelsoftware Browse. .,

Image 1 of 189; P¥P_off_001.mced, Phi 0 deg, laser off, 8 pulses

Current settings: Phi 0 deg, laser off

Single Image ] Collect Dataset ]

» Data Collection
» Determine data collection strategy
 Laser operation and time delays
* Input basic information: file name, directory and description
» Provides status information
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Data Collection Strategy

Il Laue Data Collection 101 x|
Data Collection lOptinns1 Diagnostics ] Align Sample ] Translate l Beam 1 Check, List 1 Chopper1 Mix ]

Phi [deqg]: ] ko |60 in steps of 3 degin a single pass Strategy.. j\
o

Laser Mode: on = \

strate gy . ; "’.:';:“:/Z‘/x/‘}_,.-’f:;;| - Tl

) Two interlaced passes

Time delays: | off, 100ps, 1ns, 10ns, 100ns, Lus, 10us, 100us, 1ms Generate,,,
) Filling gaps

File basename: J PP Extension: mced :

o - I User-defined list
Descripkion: J Laser 450 nm, Single x-rav pulse
Lag file: l PYP.log
Path: lC:'l,Documents and SettingsihenningiMy DocumentsiNIH Software) Software Browse. ., | 49 QK || x Qancel |
Image 1 of 189: PYP_off_001.mccd, Phi 0 deq, laser off, & pulses . I,

Current settings: Phi 0 deq, laser off

Single Image ] Collect Dataset ] ance] I s Time Series I

(Y T T T T T T 1, singepass
WW??QI\I > Two Interlaced Passes

0 Angular Position 180

> Filling gaps
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Pump Probe Delay

Il Laue Data Collection . o ] 5

Data Collection ]Options 1 Diagnastics ] Align Sample ] Translate l Beam 1 Check List 1 Chopper ] Mz ]

Phi [deq]: 0 ko {60 in steps of 3 deg in a single pass Strategy... Generate Time Series | _51

Laser Mode: on |

Time delays; |DFFJ1EID|:5,lnsJ1EIns,1DDnsJ1us,1DusJ1EIDus,1ms Generate. ., . Fromm 1 -100ps ko I 100ps  in | 10  skeps

File basename: ]F"‘r‘P Extension: mccd [ I+ Logarithmic time series

Description: JLaser 480 nm, Single x-ray pulse Fram ] 100ps  to | 1ms in {1 | steps per decade

Log File: IF"‘r‘P.Iag i i
- - Collect laser off' images:

Pakh; l C\Documents and SettingsihenninglMy Documents\WIH Software\Software Browse. .. |

W atbeginning |0 inbetween [ atthe end
Image 1 of 189: PYP_off_001.mccd, Phi 0 deg, laser off, & pulses

Current settings: Phi0 deq, laser off ]5 | Cancel

Single Image ] Caollect Dataset ] I Firish Time Seties ]

Linear times series: 0, 500ps, 1ns, 1.5ns

Logarithmic time series: 0, 100ps, 1ns, 10ns, 100ns, 1lus
Can also add time sequence manually

Off images can be collected periodically
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Data Collection Optlons

M Laue Data Collection
Data Collection ! 0 II"II'I'I'I51 Diagnostics ] Align Sample ] Translate ] Beam ] Check, List ] Chopper ] Mix ]
Pulses per image: &
Min., waiting time between pulses [£]: 0.304/0.097 {on)off)
Repeat collection number of passes: 1
Save Settings As... ] Load Settings. .. ]

 Multiple pump-probe pulses may be required for a single image
» 4-20 pulses are typical for macromolecular materials
* A single pulse could be used if the sample diffracts well or
the chemistry requires only one pulse (irreversible reactions)
» Waiting time between pulses
* Lifetime of the excited state may be long
» Large temperature jump due to the laser
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Crystal Edge Scanning

Il Laue Data Collection

-D-a'i:'a:CdHe.ci::iErﬂcr"ﬁp. .llzuﬁsl'fiiag_rmsfics' Align -

ample :I"Trsarasl:hl'af"] Beam | CheckList | ﬁb‘q_qpet:-'l""ﬁﬁx |

File Plot Help

Auto align sample: _':'FF * 400000
Probe depth: [0.080 mm (should match vert, K-ray beam size) Pl
vettcdscantange:  [0000 1o [0.400 | o L /

Vertical step sizet [0025  mm i

Realign every: | 20 | deg 2000000

1500000

\Mﬂrﬁegljans\ | 1000000

pres

Sample 'PYP’ centered at ¥=5,41, =491, interpolated at 7=1.51 500000 A
Mo alignment scans, Mo vertical adjustment.

0

-0.40 -0.35 -0.30 -0.25 -0.20 -0.15 -0.10 -0.05 -0.00

Current sttings: PRi=0 deg, offsst 0.000 mm.

DefineCenter: | | GoteCenter  mignsampe | el [ tsean. |




Crystal Translation

* Radiation damage

 Large crystals can be translated to a fresh surface during the data collection
» May have to switch samples if crystals are too small

Ml Laue Data Collection i =10l | -
Data Collection 1 Cptions 1 Diagnostics ] align Sample  Translate ]Beam 1 Check Lisk 1 Chopper i Plizz | TranSIate OptlonS
Translate sampls: C Afte r I m ag e
Ean% Eany EanE C COntI n UOUS (TWAX)
Current: 5,407 4,907 1.510  mm ° Linear Stage (TWAX)
Fram: [s.407  |4907  [1.810  mm  Usecurrent ‘ Go ko ] o Off
To: (5407  [4807  |2310  mm Use currenk ‘ Go ko ]
Stroke: 0.000 0.000 0.500 i CryStal tranSIatlon
_
Yellow box is the x-ray/laser beam
- jesy Rz
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=10l x|

Mariable chopper opening windaw: no

¥ [mm] | I[pulses] | Pulse length | Min. delay

1 0.8 1 1ps | -20us

2 2003 24 3.5us 150us

Flo Verdicll Timebase Trigger Display Cursors Meacure Math Anaksic UlilSes Help

I

|
|
1
|
|
i
]
L1y

. .

 Vertical position of Julich chopper is adjusted to
change number of pulses

» Can be used to increase flux at longer time delays
» Used in 24 bunch mode

|
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Online Diagnostics

B e ' _ _ =241 Information logged for every image
[rata Colleckion ] Options  Diagnostics l.ﬂllgn Sample ] Translate ] Beam ] Check Lisk ] Chopper ] M¥lize ] .
» Laser to X-ray time delay

Online Diagnostics: on hd
e X-ray Intensity
Read || off i i 5 |2us Offsek: |E| ) )
aqilent_scopelidl4b-scope cars. aps. anl.gov').measurement (1), average L Laser IntenSIty

¥ %-Ray Pulse Intensity  Read 1.5851e-003  Ref.: |-1.22E-DID Offset: JEI

lecroy_scoped'id1 4b-wavesurfer cars. aps. anl.gov: 18607, measurement(1), value. average

W Laser Pukse Intensity  Read || -3.588e-010  Ref:  |2.5e-009 | offset: |0

lecroy_scopelidl 4l-scope.cars, aps.anl.gov: 1860'), measurerment( 1), value, average

Detectors

* Microchannel Plate (MCP)
* Silicon diodes

* Micro lon Chamber

» Laser diodes

Current
Mean
Min

Max
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Real Time Beam Profiles

M Wide-field camera (60 deg) =10l x|
File Edit Orientation Camera

» Use sample viewing cameras to view the
laser beam profile and size in real time

» Developing similar techniques for use
with the x-ray beam

" Live Refresh 50% .| fo.z2s )' | Auto

mode: read-only, Bayerd
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Automated X- -ray Alighment

I Laue Data Collection 3 _ O] x|
Data Callection ] Dptions 1 Ciagnastics ] Align Sample ] Translate : BEEITI ......... ] Check List 1 Chopper 1 M ]
futo-run during collection: | off "1
Repeat every: J 1:000
Only ak start of bime series: | ves  *
Retract sample by | 1 rorn
sing rmaokor: GonZ -
Mimirnurn Inkensity: J 10%
| Fun Mow | (Eamce ‘

« X-ray beam can automatically be optimized at periodic intervals during the
data collection

Robert Henning NIH NCRR




Incident Spectrum

* Needed for the data analysis
» Can be extracted directly from the diffraction data by Precognition software
» Can be measured using a channel cut monochromator mounted at the sample position

U27 Measured and Calculated

12 ————

® U27 Measured
U27 Calculated

15 keV [K=0.53]

U27 Intensity [Arb]

o b v
13 135 14 145 15 155 16

Energy [keV]

Channel Cut
Monochromator
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