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XTOD Commissioning Diagnostics and Offset-Mirrors
In the Front End Enclosure(FEE) = =i
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XTOD Opties-and-Dragnostics. in FEE -
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Attenuator on order
N, boil-off

(surface)
Gas detector

Flow restrictor

e

4.5 meterlong,  Differential
igh pressure N; pumping sections
section separated by 3

/

3 mm diameter Solid N, Gas inlet

holesin B,C  attenuator
disks allow 880
um (FWHM), 827 carries
eV FEL to pass exhaust to

unobstructed =
Gas detector surface

& Green line
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Gas detectors share differential pumplng Wlth

the Gas Attenuator

PMT
Electronics

Bandpass Filter

Photo Multiplier Tube

Al liner

Differential Pumping {
Section —

3 mm apertures

% along beam path

Magnet Coils

Beam / Gas Cylindrical Vessel
Interaction
Magnet Region
Power (~<0.1 -2 Torr N,)
Supply and
Cgr?tr):)"er Gas Feed
And

Pressure Control

LCLS X rays cause N, molecules to fluoresce in the near UV
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Gas detector SSRL prototvpe.. ...

Port for pumping

Photo Multiplier Tube

Magnet Coils

Be window

Gas Feed
And
Pressure Control

Avalanche
Photodiode

Port for LED illuminator and florescence samples
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Prototype Gas Detector insert for'measuring x ray induced
photoemission of candidate wall materials e riztiona Laborztony
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Gas Detector signal vs. magnetic field at
various pressures

Simulated Measured

365nm

{TOtaI #8UV photons from gas} X {QEPMT}/{QEPMT } X {Tfilter} CHROMA filter, 8.2 keV (in tune), no insert
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Results of SSRL Gas Experiments: Comparison Model and Experiments
(2X correction of calculated signal)

CHROMA filter, 8.2 keV (in tune), no insert

~
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We suspect that discrepancy at lower pressures is due to
photo electrons (and secondaries?) hitting the chamber ends
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Measured luminescence of solids at 8 keV

graphite PMMA Al Si Cu silica Be Au holder SS sapphire

10° n 1.3x10"

I 000, B off

| 1M 9:00, B on

. I 12:00, B off
| 1 12:00, B on

1.3x107°

3

PMT Signal (# UV ph/10™ 8keV ph)
# UV photons into 2= / x-ray photon

10 1.3x10°
10° 1.3x10™
10° 1.3x107°

graphite PMMA Al Si Cu silica Be Au holder SS sapphire

UV signal closely represented by 9:00, B on (red): Al is the best
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Time dependence of gas detector signal from the 8keV fundamental

,g 6X:|.07 y T £ T T T T pem—
> — signal from
g \ energy deposited into % 6x10° N, (=~25ns) l
) 7 N, > walls (t~1ns)
© 4x10'r walls 1 < , end caps (1~1ns)
g end caps \C-U/ 4x10 relative amplitude of curves
= 2 is not known
é 2x10’ g
o < 2x10
S 3
]
S 0 : 0
0 ) 10 15 20 0 20 40 60 80 100
time (ns) time (ns)
UV signal within
X rays scattered into walls ~1ns
X rays scattered into detector window ?
Photoelectrons hitting walls 0-18ns
Photoelectrons hitting end caps 0-15ns
Secondaries hitting walls and end caps 0—-200ns (?)
sIERRPLI Energy of photoelectrons deposited into N, 0—-45ns
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Indirect imager-finds-spontaneous core
Raw soft spontaneous After reflection

Figure 3: Spontaneous Fluence at Direct Imager:

Soft X-Ray FEL Setting, 0.79 nC 840 eV <E, <860 eV _
hvi=844.6 eV , Princeton Instruments
affartivia handwidth — B R*1N- . -
All photon energies 400 eV <E, < 1000 eV ' ' back illuminated CCD

s camera
20

25 x 25 mm chip, 20
um pixel size

-40  -20 20 40 =40 -20 20 40

Amemn Ll 2 x 10% photons, total
2.1 x 10" photons, total 2.5 x 10" photons, total "
2.6 x10™ J, total
4 G
3.8x10% J, total Sl % 1 Soal 7.8 x 107 Jlcm?, center
9.1x 105 Jlcm?, center 7.8x107 Jiem?, center
/ ML mirror 0.1%
. ] reflectivity,
Status Indirect Imager: Vacuum 1% bandwidth
: chamber
PRD In progress
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Channel-cut SI Monochrometer will-be used:-to
measure relative K of two undulator segments

0 .
"Monochrometer 1% T\ Leeew | TWo undulator
o ;:: A ':;:T spontaneous
- Detector $30 JJ spectrum. Falloff
—= ‘m:'; g I g‘:z / .Of .hlgh energy tail
e I M\ 7% - | I S F. . is independent of
\ Detector T e GPETIUTE
Linac E N monoch.romet.er
variation and measures intensity at
measurement a single point

Use linac E variation and
measurement to obtain
other points along curve

Two undulator
spontaneous high
energy falloff has
highest slope
when AK/K=0.

Number of photons (arb.)

Status K Spectrometer:
PRD in progress
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Total Energy (Thermal) Sensor provides

calibrated measurement of FEL"pulse energy
Measures FEL energy deposition through temperature rise
Cu heat . .
sink Thermistors Sensor Temperature Rise
Nd0.66sr0.33MnO3 5
(On back of o
substrate) 4
FEL pulse [ g ’
> 2
0.5 mm Si I 1
substrate t=0

Status Thermal Sensor:
PRD done

SCR done

PDR done
Prototype done
FDR in progress

July 11, 2007 Richard M. Bionta
UCRL-PRES-232792

t=0.1ms t=025ms % oos 01 015 02_ 025 03
Time [ms]
Thermal diffusion of FEL energy
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Thermal sensor prototype

j

D : ’
B Sensor cryostat
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Fat I1mJ
O volt bias

igna
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Channel 1 pulseat400uJwith 2V bias, =

i ScopeDataPlotterForm

Scope vattage vz, time

Lazer Ene[g_p 400.0 T I O O 1 T R e e L e e e e e e EEEELLLE

File riame Naschmi iz [

Chanrelbumber B [ C [y Ty T T T e T

Sensor

Sefial Mumnber  [Serial Mumber ]

Temperature  [SensorT emperatu v S s S

06 §------ aeELEEEEL CEEEEISEEE IREGGEELEE fRens jeaas iRECEELEE Ll CEEEELEEh &

Subtract value at -100us S Y S U A S SN
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& Sample voltages at particular times, convert to ARcmr then to AT ||
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Total energy-prototype-measured.and -
predicted signal

Finite difference prediction

ona 4
0085
0.08 4

0075 4
DD?—E
0085 4
DDE—E
0055 4
oos
nn45-f

0.04 E

AT, °K
AT, °K

0035

____________________________________________________

Measured data — 4"

ooTs

o8 o SO SO

0005 {1/ e S S

___________________

...........................................................

Absorbed'La{ser Energy, puJ Absorbed Laser Energy, puJ
At 100 psec At 3 msec

July 11, 2007 Richard M. Bionta

UCRL-PRES-232792

X-TOD Diagnostics biontal@linl.gov



Thermal sensor, preliminary design....

Thermal Detector

Calibration Laser

Laser Energy Meter
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Direct Imager

oy ND filter Scintillators
Cgr(rfgra wheel High on movable
resolution shaft
lens

4 Scintillators:

Thin, stops 8 keV FEL
find soft x-ray FEL

Very thin, stops 826 eV FEL
find soft x-ray FEL

Thick, stops spontaneous
spontaneous studies

+ one other for tests

O

~N
Stops FEL

> Transmits>

spontaneous
diamond
D] O
Photodiode for ~ N 30 fps

K measurement Low CCD
resolution Camera
lens
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Direct.lmager, preliminq_ljﬁy_.__d._ﬁeﬁ_gign

Single shot measurement of
f(x,y), X,y ,u

Status Direct Imager:
PRD done

SCR done

Prototype done

PDR done

\ Scintillators o .
s p in Final Design
> \/

July 11, 2007 Richard M. Bionta
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< PHOTOMETRICS

a division of Roper Scientific, Inc.

100

S | TN

o
Cascade:512B . 7
512 x 512 imaging array | 16 x 1é6-pm pixels .E I ‘f

E
The Coscade:512B digital imaging system from Photometrics® offers very high sensitivity o f \\\
through the use of on-chip multiplication gain. A backilluminated 512 x 512-pixel array 5 40
(16 x 16pm pixels) enhances this sensitivity, while providing outstanding quantum E I||r \
efficiency and good field of view. The 16-bit, thermoelectrically cooled system can be an ||'[
operated at 10 MHz for high-speed image visualizatien or mere slowly for high-precision 8 0 \
photometry. Supravideo frame rates are achievable via subregion readaut or binning. The \\
camera can be configured with dual amplifiers to ensure optimal performance not only for 1o -
applications that demand the highest available sensitiviry (e.g., GFP-based single-malecule o

200 300 400 500 400 FO0 ] 00 1000 1100

flucrescence) but also for those requiring a combination of high quantum efficiency and
wide dynamic range (e.g., Ca* ratic imaging).

Wavelength (rim) T

CCD image sensor

&2v CCD%7; back-illuminated, framedransfer CCD with on-chip multiplication gain
SIS Camera QE

CCD format 512 x 512 imaging pixsls; 16 x 1épm pixels; 8.2 x 8.2.mm imaging area [opfically centered) , '
Lin.edrlnﬁJ”.w‘la” . / \\3 ) ) I |
single phe R
oufput node 800 ke ["enchip multiplication gain” amplifier) e “ SCI ntl a-tor
Digitizer type 16 bits @ 10 MHz, 5 MHz, and 1 MHz / , \ /f 3\\ < emission
“On-chip muliiplication gain” amplifier (port #1)  “Traditional” amplifier (port #2) : \j b
. VAN spectrum
Read noise ~45 e rms @ 5 MHz <100 ms @ 1 Mz A
~&0 e-rms @ 10 MHz ~15e-rms @ 5 MHz Waekn i)
Read noise effectively reduced fo <1 e mms -
with on-chip multiplication gain enabled
On-chip multiplication gain 1 to 500x [guaranteed) Met applicable Region
1 to 1,000 [fypicall ) )
Software controlled in 4,096 steps S12x512 256 x256 128x 128 ddxdd
Parallel (vertical) shift rate 2.0 psec/row o 1x] ] 54 o5 155
. =
CCD temperature 30°C (regulated) E 242 58 95 155 207
Dark current 1.0 e/p/s @ -30°C (0.5 e/p/s @ 30°C typical) =
Binning Flexible binning capabilities in porallel direction; 1 through & binning in serial direction 4x4 98 155 227 295
Operafing environment 0o 30°C ambient, O to B0% relative humidity noncondensing bxb 130 195 262 329
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Soft X-Ray Spontaneous signal in WFOV Direct

Imager

Absorbed in 5 um YAG,
Maximum ~ 20,000 photoelectrons/pixel

Camera: Photometrics 512B

Objective: Navitar Platinum 50
Power: 0.1365
NA:  0.060

¥LineOut at ¥=-5.861e-02|2.2930e+04at x: -7 912e+00

ns

Photoelectro

-20 -10 a 10 20
* ()

YLineOut at ¥=-5.861e-02{2.3115e+04at v: -2 169 e+00

rJ

-

[an]

o
L

T
1
-
1
1
I

1563 - : : JI TR eeeeeones boemee e
1083 -
5082 ]
00el

- -

Photoelectrons

oo

-20 -10 a 10 2
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Linac Kinetic Energy 4500 Gey' .
Peak Current 3400 ampg ﬁip:ig:g g]g
Undulator K Factor 3.630000 #p. 514
Number Periods 3535 pxels
Undulator Period 3.00 CITl
xcellsize 01172 mirm Distance fram
yoell size 01172 il Beginning of Undulatar
cellarea 0.013741 mme meter 219.700
Pulse Duration 230.0 fs

B/ Image  Colorlmage |Sur1ac:e Plutl LineOutsl Prc:jeu:tic:nsl Data |

’_|v:_:/ EED‘%G

Seriesindex: 261226
A7 208e+00 Y 2 995 e+01

CCD Photoelectrons {Photoelectl_Fhetozlectrons: 0.000e+00

Y (mim)

-30 -20 -10 0 10 20 30
# (mim)
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Scintillator signals in FEL equivalents

uJ FEL at High Energy uJ FEL Low Energy
10000.000 10000.000
Needed x- _ Needed x-
] AN ray 1000.000 H [— ray
1000.000 S attenuation attenuation
= 100.000 H — 17
100.000 1 - L[ V YAG|Range
N A 10.000 H — | —m N‘??gled oco Range
m 10000 H H H H H = o visible
e L I attenuation
s 5 1000 H —H — —H H A
E 1000 H — H —H H H E
= 0.100 H — —H —H H — 7
o100 H H H —H H H
0.010 H — — —H H — —
0010 = T 0.001 H — H HH H H v
I]-[Iu1 T T T T T T T H T |_| I].l]["] T T T T T T T T |_|
= -l -1 o " — = = -] = -l - Q = = -1
2EE %2 2§ 2 SEEEAE G EL
252383 %§% 2323837 ¢%%
> 2 g ¥ & s BV £ 0 2 L FZ £ ¢
™~ o v N o W
- — > -
= =
=] =
= n
Need x-ray attenuation of > 100 and visible attenuation of > 10

UCRL-PRES-232792
X-TOD Diagnostics biontal@linl.gov
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Prototype Direct Imager testing

Flat field testing of camera only Enclosure

CCD

Integrating
Sphere

Camera

Pulsed UV laser testing with YAG

WFOV
Optic

N2 Laser UV beam

}splitter . ’
Lens ND filter

I Photodiode '

YAG

L4

Insertable photodiode
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Photon Transfer Curve

2 1 2
oc-°=G-d+o Readout

Our fit; Manufacturer:
O-Readout — (5 i 50) | e_ O-Readout — 75 | e_

G= }(13.e/gray) = }(12;e/gray)

3000
2000 -
o2
1000 -
@
O I I ” ’\

0 10000 20000 30000 40000

d
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Cascade 512B on-chip gain measurements

70.00

Measured Gain vs On-Chip Gain Setting

60.00

*

50.00

c 40.00
‘®

Gain: 1

On-Chip: 0 to 4000,
Exposure Time: 5to 190
Lamps: 1, 2

O 30.00

20.00

10.00

0.00

*

. * . *

500 1000 1500 2000 2500 3000

On-Chip Gain Setting

3500

4000

100.00

1.00

July 11, 200/

Measured Gain vs On-Chip Gain Setting

% 10.00
3 .00 4

*
*

On-Chip Gain Setting

X-TOR Diagnosiocs

0 500 1000 1500 2000 2500 3000 3500

4000

Measured Gain = Slope g(j)/Slope g(0)

On-Chip Measured
Gain Slope Gain

0 45.09 1.00
500 62.44 1.38
1000 77.59 1.72
1500 106.06 2.35
2000 168.20 3.73
2500 307.83 6.83
3000 848.24 18.81

3500

UCRL-PRES-232792

2723.20

Richard M. Bionta
biontal@linl.gov
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Direct Imager image of N, laser excited YAG
scintillator at 20 Hz

. cam20Hz.SPE (300%) E@@

12512 pixels; 16-hit; 512K

YAG excited by N, laser
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FEL Offset Mirror Systems have “Pop-in"""
Imagqgers for alignment
Full Offset Mirror System: SOMS + HOMS Collimator

wf_fﬂv C4-Soft 1
Front End Enclosure (FEE) e A
Collimator b
- C3-Soft 1 .
A ) o
Steel Wall | A \ | Collimator
N § C4-Soft 2
\ | 7 mi
™) . // =
R Mirrors | . - L
(Plzn View) ‘Q M3/M4-Soft ) o - T
N ~-——"  Colimator ;e .
N e C3-Soft 2 Neal
Q L | N Experimental
-~ Hall {NEH)
] - i
B ' Steel Wall —/
7 |
Collimator - - S Concrete Wall — |
| C2Soft T N | \
I Collimator | Collimator ’ ‘| Colimator
\ C2-Hard C3-Hard \ Da|  CaHard
N
- " Mirior NSNS
N | M2-Hard k:.‘_;
S
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Bidirectional Popup Viewer allows viewing of
the x-ray beam and the collimator

To CCD
A
Light Source

Camera Lens

Polarizing Beam Splitter —\

Collimator

Scintillator i - —

Quarter Wave Plate ———~, |
Mirror ol ‘
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We are studying expected signal.levels in the Pop-in cameras

Low Energy, All undulator modules oo Tk
100% Spontaneous
Propagated through fixed mask, pipes w=fegme cx s g o 271804 Sold ngle Facton

. A Unoatr € Fcior 3500030 m;;‘:gl‘g -
12 Boron Carbide windows are open iwiacsi s = w 0121 Quantum Efficiency (0E)
1stance from
Sllt |S Open ;i%ujgg gwﬂggﬂ EEZ Baglnnmn?;t;[l_lrzv;:lztg; 2.347e+16 isible Photons Per Joule
Pulse Duration 2300 fs

No attenuation, no gas detector |3v|'maualcn&'gelSu‘rggﬁfegtslmmecmmlPixewmData |
. iy s S
Photons absorbed in 1 mm YAG, rcou Aves et [T T
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Summary

B Progress continues on XTOD diagnostics:
mProcurement - Slit, Fixed Mask, Attenuator
mPDR - Direct Imager, SOMS, Thermal Detector
BSCR — K-Spectrometer
mPRD — HOMS, Indirect Imager
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