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Introduction of LCLS Complex
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LCLS Photon Instruments

Near Experimental Hall

X-ray Transport Tunnel

S, N

oo N
TMO: Time-resolved AMO %.Qn )
TXI: Tender X-ray Instrument
XPP: X-ray Pump Probe Far Experimental Hall
gRIXS: Materials Science Resonant Inelastic X-ray Scattering :

chemRIXS: Liquid Chemistry Resonant Inelastic X-ray Scattering
XCS: X-ray Correlation Spectroscopy

MFX: Macromolecular Femtosecond Crystallography

CXI: Coherent X-ray Imaging

MEC: Matter in Extreme Conditions

B MeV-UED
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FEL Beam Parameters and Material Damages

LCLS can generate strong Free Electron Laser (FEL) beams Cu FEL:

- can damage materials, especially when focused * Large pulse energy >
* Achieved 5 mJ SXR and 3 mJ HXR

. C .
FEL pulse energy for LCLS-II Smgle pUIse ablatlon’ or

Best based on simulatjons ", * Multi pulse fatigue

SCFEL

* Smaller pulse energy, but much higher
repetition rate (120 Hz vs. 100 kHz)

FEL Energy [m]/pulse]

* Melting, multi pulse fatigue,
sublimation, ...

T T T T T T T T | T T T T T T T
0.1 1.0 10.0
Photon Energy [keV]
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Instruments for Tests

3 qRIXS L
BN chemRIXS Most recent tests referred in this talk were

performed at XCS with FEL beams from the
, Near Experimental Hall warm accelerator (CU)

* Early tests from 2009 to 2013
* Recent tests from 2020 to 2024

X-ray Transport Tunnel The superconducting accelerator (SC) is still
under commissioning

TMO: Time-resolved AMO
TXI: Tender X-ray Instrument
XPP: X-ray Pump Probe
gRIXS: Materials Science Resonant Inelastic X-ray Scattering

Far Experimental Hall

chemRIXS: Liquid Chemistry Resonant Inelastic X-ray Scattering
XCS: X-ray Correlation Spectroscopy

MFX: Macromolecular Femtosecond Crystallography

CXI: Coherent X-ray Imaging

MEC: Matter in Extreme Conditions

MeV-UED
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Overview of XCS Instrument
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Test Setting for Material Damage

Adjust beam sizes at the
sample location to get
different beam intensity

120 Hz, 9.1-9.3 keV beam

Test Purposes:
* Damage threshold
* Damage speed

* Hole size

SLAL  ShanjieXiao, SATIF-16, 2024

Detector

(YAG Screen)/photodiode /

Focus Point

Sample

'i—

Beam

£ vn;] g |~

P ‘.Aiﬁwﬁ '

Diamond
Window
(100 pum)

.‘.‘J“ w7 P
< | 7:!.&*
- —~a

;‘f?‘ II,‘

Lens Stack



Material Damage Test

Stainless steel )
1 mm stainless steel

* Early test established a multi-short safey level at 0.28 eV/atom Photo via a micreéseope

* Burn through 1 mm thick stainless steel immediately at 8 eVV/atom

Dents at

* Visible damages from 0.7-4.2 eV//atom _but much variotsy

slower damage speed:

¢ 70 minutes (~500,000 pulses) to burn-through 1mm thick stainless steel
at 3.0 eV/atom

No obvious surface change on SiC under 1.1 eV/atom for 500,000 pulses

3 eV/atom
hole

()
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Material Damage Test: Drill Time

1.27 mm thick stainless steel, 30 um FWHM beam (4.5 eV/atom) .
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Material Damage Test: Drill Time
Spot Size . 9.09 keV, 0.36 mJ (on target), 120 Hz, 0.043 W
ev/atom
(FWHM um) * Repeat 10 times for each beam size on steel (raster the sample), but

295 57+2.2 only twice on aluminum
5 160 58+1.2 0.5 . . ! !
1.27 mm 10 40 60+0.4 |05 % 4004 Euupns{_:;#Sﬁ M % 400 +—— Eﬂpng#ﬁz i)
Stainless e = M
Steel 20 10 7611.3 0.6 Elg: 200 - Elg: 200 1
30 45 11724 1 = | =
0 0
40 25  Notin~1,000 pulses 0 20 40 60 80 0 20 40 60 80
Event # Event #
12.5 mm 2.25 800 Not in ~65,000
Stgi“|e|55 10 40 pulses (9 min) * 12.5 mm thick steel was burned by 5 um beams in
= > 160 622 5 5s, but not drilled through by 2.25 or 10 um beams
14 mm Al 2.25 60 83+1.0 0.7
5 10 150 12 o |
s = pre= 5 * 7 mm thick SiC was burned quickly at 25 eV/atom,
> ' but not drilled through at 2.5 eV/atom for 1 hour
5 2.5 Not for 1 hour
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Material Damage Test: Hole Size

Front

Back

beam
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LS | ™ g \ ~4

1.27mm steel, 10 um FWHM
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Assume hole diameter = beam FWHM in radiation safety analyses
* Assumption is conservative in most cases but not conclusive
* No “Inners” and no Back holes for 30 and 40 um beams

* More tests with SC beam are planned

Hole Sizes on 1.27mm Steel
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Burn-Through Monitor (BTM): Traditional Design

A traditional BTM consists of a pressured gas New fast-response BTM:
chamber connected to a control box * Dark box with a YAG screen, 2x photodiodes
and 2x self-checking LEDs
BTM
| BTM Control Box (as built)
%ﬁ | .-
@ ; Pressuref] i
[©) 7] . ';

Pressure

i

BTM Control Box

*Front cover removed
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Waveforms from Photodiode

Averaged waveforms were plotted Wave Average Ch1 Run 192

x1073

* Fast response

. . — Wave Average Ch1 (Unfocused) Run 192
* The amplitude from focused beam is smaller, 50 — Wave Average Ch1 (Focused) Run 192
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Amplitude
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Test for Photodiode BTM

Tested 3 cases at different intensities (9.8 keV):

* Unfocused beam

* Focused beam to damage YAG - ~half signal
after damaging

* No YAG (air only) = noticeable signal

Wave Maximum Ch1 Run 191
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Event “event” = “shot”
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Photodiode signal vs. Transmission

— Wave Maximum (Unfocused, with YAG)
— Wave Maximum (Focused, with YAG)
— Wave Maximum (No Beam, with YAG)
— Wave Maximum (Unfocused, no YAG)
— Wave Maximum (Focused, no YAG)

— Wave Maximum (No Beam, no YAG)
— Linear Fit

— Linear Fit

— Linear Fit

— Linear Fit

— Linear Fit L
— Linear Fit

Unfocused
' beam

Focused beam after

damaging YAG
. Air only
[ ]
Airpnly (focused)
(unfocused)

0.1 0.2 0.3 0.4 0‘.'5 = 0.6 0. 0.8 09 7 1.1
Transmission
Background (no beam)
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Summary

Various tests were performed to study material damage by FEL beams and how the damage may be
detected

e Only Cu Linac beams (120 Hz) were available so far
* The superconducting Linac is under commissioning; no enough power yet

* More tests have been planned during the ramp up of the superconducting Linac
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