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We can calculate the dose at normal incidence
Transmissive Dose Model Reflective Dose Model
electron
Inciden
beam
vanescant
—»\ O e
X-ray /' .
Photon :
m Q atoms E:;Ir?]cted
Dose at normal incidence Dose to reflective optics
IS less, but model
Dose = Ephoton * P photon * T photoion dependent

N

Peak photon density
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FEL beam power levels estimated from

M. Xie formalism

K'Qp'/lw'Fl(K) e
8-7Z'-C'\/§'7/

Saturated
power FEL o parameter P =

Psat :1.6op-—LGlD

G3D LCLS FEL saturated powervs T

14
Roughly 10 Gwatts power at all photon 12
energies 105\\&_,

Psat Gwatt O

=

"
2

0 68’1012’14
Electron T, Gel
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Approximate FEL shape and divergence
as Gaussian beam in optics

2 i 2
W(?S . k —i'(a)-t—k~(z—20)) X2+y 1 I-(X2+y )

. . WZZ' 2 R(z)
WaK+2-1-(2—120) € e
0<t<233-fs

E(x,y,2,t)=p-

2

. P.
NENTRIAL

Amplitude is given in terms of saturated power level ‘ p

2 2
Z dependent phase and width functions R(z)—l' wo k*+4-(2-2) (2)= \/w6'~k2+4'(2—20)

= W
4 (Z_Zo)'k WO'k

<>
Origin is one Rayleigh length in front of undulator exit Zo = Zexit — LRaerigh (ﬂ“)
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Ton levels also fredicted 5y
numerical simulations

GINGER provided
radial distributions
of complex numbers
representing the
envelope of the
Electric Field at the
undulator exit.

Electric Field Envelope Power Density vs time

atR=0
2.00e+15 T T T T T T

Samples are separated in time by

Nn=16 wavelengths.

N
L 1.50e+15
o
$ 1.00e+15
<
2 500e+14
0.00 L
0.0 1.0 2.0 3.0 4.0 5.0 6.0
time, fs
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Gaussian FWHM are good
approximations to FWHM of numerical

simulations

1000
/ 300 meters
X
750 i
0 ¢ Ginger,Om
8 X — Gauss, 0m
£ | Ginger, 75 m
s 500 75 meters Gauss, 75 m
% x Ginger, 300 m
— Gauss, 300 m
250
0 meters
ﬁ—‘—_“
0]
0.0 0.5 1.0 1.5

wavelength, nm
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Theoretical and numerical power levels
agreeto x 3

Total FEL Power

35.00 *10 Ginger simulations were run at
different electron energies but with
30.00 Ginger simulations fixed electron emittance through 100
/ meter LCLS undulator.
25.00 _
n *The Ginger runs at the longer
% 20.00 Wavelgngths were not optimized,
= _ resulting in significant post-
o Theoretical FEL saturation effects. Results at longer
=15.00 saturationtevel wavelengths carry greater
) / uncertanty.
10.00 —
5.00
0.00 | | ‘
0.00 0.50 1.00 1.50 2.00

wavelength, nm
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Calculated dose at entrance to NEH

Element Z dose (eV/atom)
melt NEH H1
1000 eV 8000 eV

Beryllium 4 0.58 0.013 0.000
Diamond 6 2.13 0.062 0.002
Aluminum 13 0.20 0.072 0.058
Silicon 14 0.91 0.100 0.078
Copper 29 0.44 0.183 0.142
Molybdenum 42 1.24 0.993 0.649
Tin 50 0.14 1.873 1.292
Tungsten 74 1.06 1.316 1.341
Lead 82 0.14 2.016 2.042

Doses should be compared to dose needed to melt
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Melts in NEH
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Low Z materials
such as Be, C, B,C
and Si will survive at
least > 1 shot in the

NEH
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We can perform hydrodynamic
calculations for specific optics

Pressure in a zone pate of Be-B,C, 8 keV photons, NEH

time (ps)

N Pressure
‘-.: §
4

£

v YRSy

Be |Beg_ |B§
B,C |B4s€ [B.L

T TR E rywwe T TR T T TR AT TN e

Transverse distance (um)

In this case pressures < 2 kbr are inconsequential
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1.5 Scope: Front End 4 NEH
Muon
Enclosure/ Near shield
Experimental Hall PPS | it 3“‘7
Flipper Mirror
Front End Enclosure AR
o i Comissioning:
Solid . : Spectrometer,
Slit A Attenuator P Total Energy
Photon _. Direct Imager
Beam | o Slit B Indirect Imager
Gas Attenuator
Fast 13
close | | Muon
valve shield

Electron
Beam Electron Dump
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Diagnostics for Commissioning

Front End Enclosure Near Hall Hutch 1

- I—l
I Calorimeter or

Gas Attenuator Solid Slits Imaging spectrometer

Attenuator Systems

Muon Shield Muon Shield
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Gas Attenuator Requirements
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E Physics Requirements:

mGas + Solid Attenuator transmission 104 at all
wavelengths

I Baseline design assumes attenuators are
9m from end-of-undulator and 0.5 m long
mRequires 150 Torr of Xe to transmit 10+ at 8 keV
mRequires shaped nozzles
mRequires Xe re-circulation system
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2000 L/S 210 L/S 210 L/S 2000 L/S ouiSid
2ea. lea. lea. 2ea. Dry Pump 35 c¢fm UniDry 050-4 2ea IUt ide
Turbo 2101 Turbo 261 Turbo 261 Turbo 2101 Blower
J r i Type 690A Baratron High
Accuracy Absolute Pressure
Sensor 1000Torr
4dea
= Korays } 1
-— e e - High Accuracy
] 5000 sccm MKS
Flow
5000 sccm MKS
Flow
/ Chamber \
Integral Gas Purifier rgﬁ%ﬁg’mml box
Manifold 2ea Check Value’s
L, -1 NuPure MKS
(—R L, =30cm MKS flow driver 146 2ea
Turbo Baratron Power Supply Read Out
500 L/s || Gate PR4000 2ea
521 Control Pfeiffer
N J - J Turbo controller’s 8ea.
[ [ Bottle Bank & Bottle Bank &
—— —L Manifold Manifold
Dry Pump Dry Pump Regulator Manifold Regulator Manifold
35cfm 35cfm 1000 psi 1000psi
UniDry 050-4 UniDry 050-4 Air Products Air Products
— ;l_/
/ \ ( Accumulator Tank
Gast carbon vain Pump 1
MODEL 6066 SERIES 200gal.
25" HG MAX. VAC., 55 CFM
OPEN FLOW Manchester Tank i
2ea. #3240 Compression, Inc
10 psi Production, Compression
& Storage Systems For
Industrial and Natural
k J Gases \ /
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Design

I Gas Attenuator length increased to 6 m
mAllows lower pressures
mAllows use of other gases

I Attenuator distance from undulator
Increased to 88 m

mAllows Be attenuators to survive at lower photon
energies relaxing gas attenuator required
operating range

mBut FEL divergence requires a bigger opening

Po
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Solid Be likely to survive at 88 m

Xray Dose* Dose* Dose* Dose*
Ephoton Li Be B4C C
eV eV/atom eV/atom eV/atom eV/atom

827 0.007 0.024
1000 0.006 0.019
2000 0.002 0.007 0.023 0.040
3000 0.001 0.003 0.011 0.019
4000 0.001 0.002 0.007 0.012
5000 0.000 0.001 0.005 0.008
6000 0.000 0.001 0.003 0.006
/7000 0.000 0.001 0.002 0.004
8000 0.000 0.001 0.002 0.003
8271 0.000 0.000 0.000 0.003

Be < 0.1 eV/atom for all photon energies
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Pressure or thickness for 104 attenuation
Fressure® Hole Size
[+|2 Diam
Torr LI
1.7 1378] 1
78 1171| Use Gas
TTiesl_Tera___ied - 78| |
B4 .3 507
152 5 477
301.4 370 Use Solids
527 8 335
856.2 309
1292 6 289
1457 3 285 '

* 6 m of gas at pressure
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Gas Attenuator Prototype DeEsigh and
Analyses Will Validate Concepts

DP-Vacuum
10 T
1 1S
. 01 J»
fum Conductance — Intermediate L
Pump Pump Pl\ll'ﬂl') - P g oo B e e R R
- s2 = - Flow Modeled o Ly i
] =1 :
Gas Chamber (1+18.958P,,, d F,) - \
- V3 V4 _ avg [ 204 N 4
w H v | s ] v H |+ cmcaaur,oR SR ey
[l c1 (1+23.413F,, d Fy) s B
A4 c13 C3 110
=6 1 I
im tm G im 1m 110
" hamb Time (s)
— Cl
Stazrzz
4-Port Configuration ~ Stage 4
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Imaging Detector Tank

000000

! T TF TP Le)
° "l
1

\ ( S
, . i
4 .
s s
{ o

Be [\ & I
Isolation Hm? | ;|
valve ”_;L e 1L
_ / Indirect
Direct Imager Imager d T g af
(Placed directly in (Sees only a low T e
beam) intensity reflection) . g@v
/L i

Turbo pump
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Imaging detector head prototype

CCD
Camera

Microscope
/ Objective

[ =]

®

X-ray beam
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Direct imager iIssues

F Vacuum Operation

E Low Photon Energy Performance

F 120 Hz Readout

E Afterglow in LSO

F High Energy Spontaneous Background
I Damage threshold
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Indirect Imager reflects small amount
of FEL into camera, avoiding damage

Be Mirror Reflectivity at 8 KeV
Be Mirror

BeMmar Reflectivity

0.1
0.01 "=
0.001 : : it o
o Be Mirror angle provides "gain" adjustment
0.0001 over several orders of magnitude and

B < discriminates against high energy
1560 spontaneous background
- v Avkyﬁ.

1E®8

Angle(deyrees)
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Minimum mirror reflectivity needed to fill
CCD well
Objective mag 2.5 X
Solid Angle 1.088E-3
Optical efficiency 0.911
Scintillator Sensitivity 30000 y/MeV
CCD QE 0.67
1 keV 4 keV 8 keV
Photons / nm?  |11.6 27.1 35.0

Photoelectrons |2.0 x 107 1.9x108 4.7 x 108
—ull Well / PE 25x102 |2.7x103 |1.0x103
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Multilayer allows higher angle, higher transmission and
energy selection, but high z layer gets high dose

Be Mirror needs grazing incidence, camera close to beam

ok

Single high Z layer tamped by Be may hold together

_ Hydrodynamic calculations needed for
Best performance may be obtained by candidate multilayer systems
SiC / B,C multilayer -

\
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Indirect imager iIssues

E Calibration

E Mirror roughness

E Tight camera geometry

E Compton background

F Vacuum 6-260 mechanics

E Making mirror thin enough for maximum
transmission

mCeramic multilayers?
E Use as an Imaging Monochrometer
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NEH Hutch 1 Diagnostic systems

Direct
Imager
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(=
Commissioning diagnostic tank

Aperture “Optic” Detector and attenuator
Stage Stage Stage

\ \ /
\ \ /

_ Rail alignment
Rall Stages
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Total Energy Calorimeter

Temperature Poor Thermal

II sensor Conductor
II absorber

Heat
Crossed apertures Sink
On positioning stages
Attenuator
Absorber| Dose |2 x FWHM|4 x attn Ingth Scintillator
eV/atom| microns microns
0.8 KeV Be 0.01 2628 20
0.8 KeV Be 0.00 412 27640
0.8 KeV Si 0.10 2628 I
8 KeV Si 0.08 412 299

August 10, 2004
1.5 Breakout
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(S
Photon Spectra Measurement

Aperture Cry_stals Detector and attenuator
St or gratings for 3 Stage
age _
Photon energies /
\ i B /
o
| N

LJ
L)
L
LJ
]
LJ
L]

X ray enhanced linear array and stage
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-osem EXECted Spectra

Time Domain

imiicls_fodoll01 rms BW (%) vs wavelength
Fower Uellsll.y
wicm'2 (nm)
1.94e+15
1.44e415 ’\8 0.40
9.43e+14 S
~ 0.30
4.43e+14 ;
5.69e+13 N A o 0.20
0 2.00 4.00 6.00 "
time, f N
ime, fs g 010
0.00 |
A= 0.15 nm 0.0 1.0 2.0

Frequency Domain

wavelength (nm)
“—08% AE[E—>

Power Density
watts
2

cm?

x 1017

0 A k A 1 L L L
w. -50/fs Wo=12558/fs w,+ 50 /fs
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Spectrometer Issues

E How to achieve 10 resolution over a 0.5%
bandwidth shot-to-shot?

E Dynamic range
E Designs for low divergence beam

August 10, 2004 Richard M. Bionta
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Commissioning strategy

E Start with Low Power Spontaneous

mSaturate Direct Imagers, measure linearity with
solid attenuators

mRaise power, Measure linearity of Calorimeter
and Indirect imager. Cross calibrate

B[ est Gas Attenuator

I Raise Power, Look for FEL

min Direct Imager
=Verify linearity with attenuators

mswitch to Indirect Imager if scintilator damages

UCRL-PRES-205946
1.5 Breakout biontal@linl.gov
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SPEAR Monte-Carlo predicts cafhera performance
LSO
A
%
2 =
o I
2 Bend < \
E a
>_" - LSO25 Exit Z ¢
X, microns 300
200 X Ray Photons
SPEAR source 100 interacting in
simulation 50 scintillator
Interaction depth, microns

-10,000 -5,000 0 5,000

Transverse position,
microns

Visible photons
detected by CCD
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Camera Sensitivity Measurements at'SPEAR 102

lon chamber  attenuator

K 1

Imaging camera

Photon Rate at Camera

1.40E+12 ]
1.30E+12 ]
1.20E+12
1.10E+12
1.00E+12]
9.00E+11 ]
8.00E+11 ]
7.00E+11 ]
6.00E+11]
5.00E+11 ]
4.00E+11]
3.00E+11 ]
2. 00E+11:

Sum of gray levels / sec 1. ooE+11

0. 00E+00
1.000E+10 2.000E+10 3.000E+10
G Z g re Sum-of-Greys/Second

At scintillator

Horizontal

Vertical

60,000

B0,000
A0,000

&0,000

40,000 40,000

30,000
20,000

30,000

20,000

10,000 10,000 ¢4

0 200 a0 500 800 1000 0 200 400 500 B0 1000

#Photons/Sec

e
w

lon Chamber /
Photopn rate

=Db+

<----10 mm----- > Fitto n,

In front of camera window
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ltem Fit Error Units ltem Fit Error Units
G 39.4 0.1 vlg G 31.1 0.1 v/g
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Prototype measured and predicted
sensitivities in fair agreement

Measured and Predicted Sensitivity

180
160
l\

140
120 —m— Pred Ver 1

100 —e— Meas Ver 1
80 Meas Ver 2

60 Pred Ver 2
40 o —

20 Akay
0 ‘ ‘
0 10000 20000 30000

Photon Energy, eV

Photons/gray
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LCLS beam footprint

Expected LCLS beam profile contains FEL and Spontaneous halo

2-3 mJ
~ FEL
3 mJ High _ - 20mJ
energy core - i ' ' Spontaneous

Ey > 400 keV

At entrance to NEH, FEL tuned to 8261 eV Fundamental

August 10, 2004 Richard M. Bionta ” |
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LCL§spontaneous radiation ¢4alctTations

Near-Field calculation 88 m from End-of-Undulator, Sven Richie, UCLA

O0<E<10keV 7.6 <E <9.0keV 10 < E <20 keV 20 < E < 27 keV
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UCRL-PRES-205946

1.5 Breakout biontal@IInl.gov



Stanford Linear Accelerator Center

pon

Source spatial distribution

Photon starting X,
y matches
electron
distribution, a
Gaussian with o
=30 um

August 10, 2004

1.5 Breakout
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taneous Monte Carlo Simulation

Photon starting angles
generated to give calculated
spontaneous spatial
distribution

Seriesindesx: 1498

. . xmm:-1.50
Spatial Dis Ymm: 9.50

10 e Photons: 9.221e+07

r/ Y mim

Events / 2 meter

Photon starting z is uniform
along undulator (from 0 < z
<130 m)

——

Initial Z

Xmm

0 100 200
z, meter

UCRL-PRES-205946
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Each photon final x, y has its own cumulative energy distribution

[1h}

= | Photons: 0D.000e+00
% Energy Distributid = ° 7 "G4y

o 2068 Ff-—-r——

?1538---- __________________________________
']-l 1 1 1 1

3 1088 F--fF---4------- T T T
= s0ev d - |-
:__‘-F- 1 1 1 1

[y ] 1 1 1

S 00el ..‘.4—.‘-.—-44.4..4....,.

= 0 20 40 G0 g0

g Energy (ke

Calculated far-field energy spectrum

Source Energy Distribution
90,000 —F : E

80,000
70,000
60,000
50,000
40,000 3
30,000
20,000
10,000

Events / 1 KeV

0 50 100
E, KeV
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Simulated spatial distributions agree with far-field calculation

Final position All Photons Final Position 1st harmonic
10 10 oo
8 8
: : Monte Carlo
e 4 c 4
£ 465 m f
E %) C_EU 2 . .
o £ beginning of
_6 -6
2 s undulator
-5 0 5 10 -8-6 -4-20 2 4 6 810
Final X, mm Final x, mm
|
Seriesindex: d258 Seriesindex: 1326
Spatial Diy  smme®|  spatialDis Yo Fgr-Field
10 Photons: 1.163e+03 10 Photons: 1.126e+07

. Calculation
bdulul — I _ E 400 m from
. o] | center of

) e _m_', I | undulator
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Simulated spatial distributions agree with far-field calculation —
higher orders

Final position, 2nd harmonic Final Position, 3rd harmonic Final position, E> 400 KeV
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Simulation work In progress
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E Generate near field patterns
mFor selected energies
mAt positions of instrumentation
E Incorporate near-field into Simulation

F Run Simulations of

mSpontaneous reflections in undulator tube
mBackgrounds in camera from slits
mSpontaneous + FEL in imagers

August 10, 2004 Richard M. Bionta
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XTOD WBS Organized by Function

1.5 XTOD
.1 Mgmt. | | .2 Ctrls. || .3 Mech&Vac. 4 Optics .5 Diagnostics | | .6 Install
Controls for | | Pumps, pipes, Masks Simulation Installation
all and stands Slits Direct Imager of all
instruments | | between Flipper Mrr. Indirect Imager vacuum
instrument Gas Atten. Diagnostic Tanks || and
tanks, by room || Solid Atten. Spectrometer instruments
Optic Tank Calorimeter
Monochrom Coherence
Split & Delay | | Shape

August 10, 2004
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Schedule

FYO4 | FYO5 || FYO6 FYO7 FY08

Management / Oversight
Management and oversight PED

Controts [ -

Mechanical and Vacuum
EIR Review .
Front End Enclosure(FEE)
Near Experimental Hall
Tunnel

Far Experimental Hall

Facility Optical Systems
Lehman Review

Fixed Mask FEE
Slits/Collimator AFEE
Slits/Collimator B FEE

Gas Attenuator FEE

Solid Attenuator FEE

August 10, 2004 Richard M. Bionta
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Schedule (cont.)

FYO4 (| FYO5 FY06 FYO7 FY08

Crystals and Gratings
Crystal Monochromator FEH

Pulse Splitand delay FEH

Diagnostics

Modeling and Simulation
Direct Scintillator Imager
Indirect Imager

Imaging Diagnostic Tank
Comissioning Diagnostic Tank
Total Energy Measurement
Spectrometer

August 10, 2004 Richard M. Bionta
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« Resources
Management 5993 108 XRAY TRANSPORT & DiAGNoSTICS
Controls 1119 OPC TOTAL 54781 AVK
Mech & Vac 2724 ©16.000
Fixed Mask 338 $9.000 ]
Slit A& B 1954 $7.000 ]
Flipper Mirror 769 ss.000 - o ore
Gas Attenuator 2044 $2.000
Solid Attenuator 233 soo0 e B ‘ ] T
Optics Tanks 684 FY-04  FY-05  FY-06 FY-07  FY-08
Monochrometer 338 PUDGETED COST OF WORK SCHERDLED (BEWS
Pulse Split and Delay 275
Modeling and Simulation 864 1.05 X-RAY TRANSPORT - TEC RESOURCES
Direct Imager 820 "
Indirect Imager 689 "
Diagnostic tanks 573 . . I
Total energy 806 y
Spectral Measurement 739 . B SLAC
Coherence Measurement 383 A - BLLNL
Centroid and Divergence 94 .
Installation 2461 ,
R&D 2491 = | | |

FY-04 FY-05 FY-06 FY-07 FY-08

Total 26391
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Labor vs. M&S

1.05 X-RAY TRANSPORT & DIAGNOSTICS - TEC 2.05 X-RAY TRANSPORT & DIAGNOSTICS - OPC
TOTAL $23,877 AYK TOTAL $4,781 AYK
M&S

2%

M&S
43%

EDIA + Labor
57%

EDIA + Labor
98%
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Critical Path

B = 5 STl e L e R T S ST = Tt T T e R
p ek el
':Q: nnnnnnnn
TEaToe=- i === === P = == =
SETEET e TANERES BT T TR S ST S D e S S S T IS e P carm == e
e e P P e T

First 7 items on critical path are not needed for
commissioning or CDA4. First "truly critical item", gas
attenuator is number 8
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.
Level 3 Milestones
At vity Aetivity 2005 2006 2007 2008 2003

[ BesRilpiien Alalalslolnlo LiTeTlalaly Lilals{o o (e sl lalalsolnlolalr Iulalala [y lalslo(n o ile e
W53 _XT005 COMP: Design Padiage - Tunnel MechfWac ! ! ! ! ! ! ! ! ! ! ! !
WS3_XTO01G COMP: Design Padkage - Flipper Mirmar i i i ‘ i i i i i i i i i
MS3_XTO40 COMP: Dresign Package - Far Hall Mechivac ; ; ; ‘i’ ; ; ; ; ; ; ; ;
ME3_XTOz0 COMP: Design Fackage - Gas Attenuator i i i i ‘I‘ i i i i i i i
MS3_XTO2E AWAIL: Solid Attenuator Ready to Ship to SLAC i i i i i # i i i i i i i
MS3_XTO3E COMP: Dresign Package - Spectral Measurement ; ; ; ; ; *I ; ; ; ; ; ;
W53 _XT020 AWAIL: Indirect Imager Ready to Ship to SLAC i i i i i i ‘ i i i i i i
W53 _%T040 COMP: Solid Attenuator Installed & Commissioned i i i i i i i + i i i i i
W53 _XTO00 COMP: FEE Mechanical®/acuum Installed & Commiss i i i i i i i i " i i i i
W53 _XT055 COMP: Controls System Tests Complete ; ; ; ; ; ; ; ; ‘ ; ; ; ;
W53 _xTOS0 COMP: Tunnel Mech®fac Installed & Commiss ; ; ; ; ; ; ; ; ; & ; ; ;
W53 _XT045 COMP: Gas Attenuator Installed & Commissioned i i i i i i i i i i ‘i i
MS3_XTOGD COMP: Total Energy Measurement Installed & Com i i i i i i i i i i “é i
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Near term activities planned

E Mechanical & Vacuum
m Gas Attenuator Calculations and Prototype
m Beam Line Layout / Standardization / Detailed Specifications

E Modeling and Simulation
m Spontaneous / FEL simulation
m Calculate Beam sizes at Gas Attenuator, Cameras, etc
m Simulations of Camera response to mix of Spontaneous and FEL

¥ Component R&D
B Spectrometer
m Total Energy
m Damage

August 10, 2004 Richard M. Bionta
UCRL-PRES-205946

1.5 Breakout biontal@linl.gov



f;‘}/("— Stanford Linear Accelerator Center
L LT Stanford Synchro 1 Laboratory

Technical Activities |n FYOS

E Detailed Design in preparation for
construction in FY06

mMech. & Vac. through Near Hall
mSlit

m Gas attenuator

mDirect Imager

I R&D & Prototype
mTotal Energy
mSpectrometer
mindirect Imager

August 10, 2004 e Richard M. Bionta
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E No XTOD Long-Lead Procurements
E XTOD Risks identified

E XTOD Baseline Set

E XTOD Ready for serious R&D and
Engineering effort to begin in FYO5 In

preparation for procurement and fabrication
In FYO06
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