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Introduction - ICS

Inverse Compton Scattering — process of nifted) [w
upshifting low frequency photons by colliding olton 4 Scat;eéisoéugeam

them with relativistic electron bunches. ICS is

most effective in the head-on collision, when 6
is close to 180°. Resulting radiation has a donut
shape and 1/y angle of propagation.
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Introduction - ICS
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- 1 B 4+ The Inverse Compton spectrum of electrons

s 9l 3 E D:_Z‘» 8:1 3 3 with energy vy irradiated by photons of
i i I 1 frequency v_. The log-log plot of power per

0.01 ¢ . 0.01 ¢ 3 logarithmic frequency range (right) more
AT R M C ol o cdud  accurately shows how peaked the spectrum is.

0.01 01;1/(72%1) 19 o 01;1/(72%1) 10 This explains why X and y radiation generated by

ICS has a relatively high Brilliance.

Monte-Carlos simulation of y-ray imaging
using two different y-ray sources
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Gamma rays produced by ICS are monoenergetic with small
relative bandwidth (below 1 %) and offer high photon flux.
Finally, they do not include the interaction with any solid target
and therefore are in principle scalable to high repetition rate as
no heat management is involved.
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 Standoff inspection

* Nuclear element detection
* Oncology

* Nuclear astrophysics

° Nuclear medicine Domestic Nuclear

Detection Office




Introduction - FAST
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Introduction - Interaction
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Introduction - Main
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Hirotaka Shimizu - “Development of a 4-mirror optical cavity for an inverse Compton
scattering experiment in the STF” KEK, 1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan




Design - Objective n
i

Cavity requirements:
 Recirculation cavity
« Target finesse > 1000 -
interaction point (IP) ‘__,—'
 Vacuum chamber J e-beam )

* Impulse frequency 3 MHz caaa

* No bending magnets \vga“‘\‘ I/ /"3
] Airec permanent-magnet %

° |ﬂterSECt|0n angle ¢ < 50 quadrupoles (PMQ) triplet

« Focusing magnet diameter 40 mm

. Setup |ength <1.5m Intersection angle

 Electron line height over the floor 1200
mm




Design - Finesse

Finesse is a characteristic of oscillatory systems and resonators.
R, =99.9% (entrance mirror)
R, =99.995% (high reflectivity mirror)

4 ’
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F =
Rl : Rz 3
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Planar bow-tie optical setup (H. Shimizu)
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F ~ 5500 at v matching
the optical path length

F ~ 200 at k=27
(number of round trips)



Design - Herriott cell

Piezo-actuator mirror

Concave mirrors

Interaction point

Herriott cell mirrors

Francesco D'amato - “Variable length Herriott-type
multipass cell”, EP 1972922 A1




Design - Finesse and amplification
estimates

EE
EE
Optical path length of one trip 100 50.0 33.3 25.0 20.0 16.7 14.3
k (number of round trips) 1 2 3 4 5 6 7 @
n (total reflection number) 93.3 45.0 28.9 20.8 16.0 12.8 10.5
a (optical amplitude loss) 0.99710 0.99661| 0.99611| 0.99562| 0.99513| 0.99464| 0.99415
Finesse 1080 924 807 716 644 585 536
Finesse decrease % 0% 14% 25% 34% 40% 46% 50%
Amplification 119 87 66 52 42 35 29
Amplification decrease % 0% 27% 44% 56% 64% 71% 75%
1200 130
1100 &‘ 120
1000 \ —e—Finesse —8— Amplification - a = R1 kRZ k(n+3)
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Design - Herriott cell

Length Multiplier
Herriott cell (mm) 1035.05 45
Herriot-reflector (mm) | 122.396
Reflector-concave (mm)| 1104.48
Concave-concave (mm) 969
Herriott path (m) 46.57725
Outside path (mm) 3423
Total path (mm) 50000.002
Difference (mm) 0.00
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Interaction point

PMQ triplet

Concave mirror

Herriott cell exit hole| __| < %"V Y

Concave mirror

| Electron bunch

Herriott cell entrance hole

* Herriot cell length 1035 mm
e Herriot mirror diameter 65 mm
e Distance between concave mirrors 969 mm

Entrance mirror

* Concave mirror diameter 30 mm
* Electron and laser beam intersection angle 5°



Design - mounts and
supports &

Niu

Number of individual
models - 33

Number of assembly
elements - 108

Build version - 3.12




Design - Vacuum chamber and
frame

Dimensions: 1500x420x336 mm
Weight: 280 kg

Dimensions: 1400x1015x780 mm
Weight: 321 kg



Static analysis - Implosion
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The von Mises yield criterion

The von Mises stress is often used
in  determining whether an
isotropic and ductile metal will
yield when subjected to a
complex loading condition. This is
accomplished by calculating the
von Mises stress and comparing it
to the material's vyield stress,
which constitutes the von Mises
Yield Criterion.




Static analysis - Implosion

test :
Niu

ANSYS stress units - MPa
A36 steel properties:
Density of 7,800 kg/m3
Young's modulus 200 GPa
Poisson's ratio of 0.26

A36 steel in plates, bars, and shapes
with a thickness of less than 8 in (203
mm) has a minimum vyield strength of
36,000 psi (250 MPa)

|
.255E-03 22.3196 44.639 66.9584 89.27717
11.1599 33.4793 55.7987 78.1181 100.437



Static analysis - Implosion

test

90.616

72.781

63.864

54.947

46.03

37.113

19.279

10.362

0 74.208 148.416 222.624 296.832 371.039
37.104 111.312 185.52 259.728 333.936

| EEEEEeeeees
5.20063 26.3644 47.5281 68.6918 89.8556
15.7825 36.9462 58.11 79.2737 100.437  54.479

49.5
44.518
39.536
34.554
29.572

24.59
19.608

14.626

0 74.208 148.416 222.624 296.832 371.039
37.104 111312 185.52 259.728 333.936
DIST




von Misses stress, MPa

Static analysis - Convergence
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von Mises stress convergence w

/ Von Mises stress at
/ singularity points does
j not converge and
grows with higher
mesh resolutions
R E—
340 350 360 370 380 390 400

Thousands

Number of Elements




Static analysis -

Displacement

(x10%%-2)
1.096
1.001
.901
.801
701
601
.501
.401
.301
.201
| | 101
0 .02154 .04308 064621 .086161 0 280.792 561.584 842.376 1123.168  1403.961
- : : 140.396 421.188 701.98 982.772 1263.564
.01077 403231 .05385 .075391 BIST
(x10%%-2)
1.080
.996
.913
T - 45;‘;‘ A al% .830
SEsEsEgi
s S 58
A‘Vggﬁ ] ‘%A' .664
Vlgaﬁg < .581
DR VAV,
:a"% VA‘VAVAV .498
A wuVAN 7avav, =
.332
.249
0 62.118 124.236 186.354 248.472 310.586

31.059 93.1717 155.295 217.413 279.531
DIST




Static analysis - Gravity

compression I%I

Von Mises stress - 9.29 MPa

Generally, the stands are fastened hard to the
floor with 3/8” bolts into drop-in inserts.
Main frame is mounted to the floor by 24
hexagonal bolts (4 per each of six legs)

Bod . .
] Width Across| Head Height
Diameter :
i Flats Basic Basic
Basic

Lo | 953 |




Modal analysis

The purpose of performing a modal analysis is to find the natural
frequencies and mode shapes of a structure. If a structure is going to
be subjected to vibrations, then it is important to analyze where the

natural frequencies occur so that the structure can be designed
apprnnriafpl\/
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Modal analysis - Modal maps [

Ny




Modal analysis -

10 20.00%
9 18.00%
% 16.00%
; Ps f : : o - 14.00%
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Harmonic analysis - Full

A harmonic analysis finds the steady state response of a structure under sinusoidal loading
conditions. A harmonic, or frequency-response, analysis considers loading at one frequency
only. Loads may be out-of-phase with one another, but the excitation is at a known
frequency. This procedure is not used for an arbitrary transient load.
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MG} + [Nl + (K10 = (F9) b
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g = — / A
J C |H(s)| 25 ¢=03
& 2 /INY Leeos

Types of damping available
in Full harmonic analysis: 7 TN\ /
« Alpha damping
« Betha damping

¢ = 1.0, Critical Damping

« Constant damping ratio 5 : : o g




Harmonic analysis - Loading

data

Vertical Integrated Displacement (rms) Results 8 June 2017 (12:00 — 13:00) FAST

a3

Elevated (on 80/20 rails) ~0.3 um (rms)
Geophone roll-off (below 4.5 Hz) 60 Hz (electrical)
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Harmonic analysis - Seismograph
readings I%I
Ny

27-Jan-05 SETUP OF

—use Math?—

No Fourier transform is used to convert
signal from time domain to

TR .- oo i

Fourier transform requires
FFTAVG . . :
Jnnnpesal! understanding of integration and

Silaaaml imaginary numbers.

Imaginary

E‘:f;f‘ Dens 'f ( T ) z B J o (IIL
P |;| |:|:l>;r" S ;:_IE«; t !

—with window— EMVACQRYIRT called the amplitude

spectrum of f

/ : f(t) coswt dt

~C

—RA:MACFFT(])) :
‘ Magnitude 50008 -> 5801 pts OC

—Nyquist=2.50 kHz, AF=500 mHz 0 AUTO ' » .
— 7 f(t)sinwtdt

Rodion Tikhoplav - Vibration measurements at the AO laser room .




Harmonic analysis -
Postprocessing

FREQ=24.0892
USUM (AVG)
RSYS

DMX

SMX

a3

Dangerous mode to be examined - concave mirror supports




Harmonic analysis -

Postprocessing I%I

Tracking displacement of a
single node over the whole
frequency region in order to
find the peak response

On a chosen frequency map
the displacement on the path
on the surface of the mirror.
Linear approximation will give
the tilt angle of the mirror.




displacement

Harmonic analysis - Critical
Ny

Design success criterions:
« Mirror displacement should not exceed wavelength of 1.054 pm

« Concave mirror tilt angle should not exceed a =4.13*10" rad

0 - electron beam diameter 20 pm
[ - distance from concave mirror to IP 484.5




Harmonic analysis -

Postprocessing

(x10%*-3) | A | B G | E F
C . 1 S X z angle disp

-1.865 2 0| -2.63€-03| -4.96E-03| 0.191986218 3.53E-03
3 | 1.4997|-2.59€-03| -4.92E-03 3.49E-03
-2.178 4 | 2.9995| -2.56E-03| -4.88E-03 3.44E-03
X direction 5 | 4.4992] -2.526-03| -4.84E-03 3.40E-03
-2.487 6 5.999| -2.48E-03| -4.80E-03 3.35E-03
7 | 7.4987| -2.44E-03| -4.76E-03 3.31E-03
—2.1796 8 | 8.9984|-2.41E-03| -4.73E-03 3.26E-03
9 | 10.498| -2.37€-03| -4.69E-03 3.22E-03
-3.105 10| 11.998| -2.336-03| -4.65E-03 3.17E-03
11| 13.498| -2.296-03| -4.61E-03 3.13E-03
n At 12| 14.997| -2.25€-03| -4.57E-03 3.08E-03
13| 16.497| -2.21E-03| -4.53E-03 3.04E-03
g 14| 17.997| -2.18€-03| -4.49E-03 2.99E-03
15| 19.497| -2.14E-03| -4.45E-03 2.95E-03
. 16| 20.996| -2.10E-03| -4.41E-03 2.90E-03
—4.032 17| 22.496| -2.06E-03| -4.37E-03 2.86E-03
18| 23.996| -2.02E-03| -4.33E-03 2.81E-03
-4.341 19| 25.496| -1.986-03| -4.296-03 2.77E-03
20| 26.995| -1.94E-03| -4.25E-03 2.72E-03
-4.650 21| 28.495| -1.90E-03 -4.21E-03 2.67E-03
22| 29.995| -1.87€-03 -4.17€-03 2.63E-03

-4.959 23 |

0 6 12 18 24 29.995 24 | 3.00E+01 max-min 59.03E-04 max-min
3 9 15 21 27 25
DIST 26 |1 4.845E-01| 4.128E-05 rad 3.01029E-05 rad

27 |delta 2.000E-05

28 | 1.054E+00 pm 3.530606178 um




Harmonic analysis -

Solutions

(x10**-3)
4.998

4.506

2.061
1572
1.083

.594

.105

4.00E-03

3.50E-03

3.00E-03

2.50E-03

2.00E-03

1.50€-03

0.00E+00
0

1.00E-03
5.00E-04 /

44.616 89.232 133.848 178.4¢64 223.084

22.308 66.924 111.54 156.156 200.772
DIST

disp

-

50 100 150 200

250

l%

Geometry modifications
Extra supports
Make shorter mounts

Height support
modification has
mitigated maximum
response in the mirror
from 7 um to 3 um




Conclusion I]’T’I
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 ICS is an exceptional method of generating y
radiation of high brilliance, its development is
important for National security and a number
of other applications.

 Designing of ICS interaction region is a
complicated process that comes in several
interconnected stages.

* Present design is a trade-off between technical
requirements of finesse, size, mechanical
stability and overall complexity. It has its
limitations.
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