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Laser system global overview

* C-band hybrid RF
photoinjector for a compact
100 MeV-class source for
inverse Compton scattering

* Photoinjector accelerates
electrons up to 4.5MeV,
<0.8mm.mrad transverse
emittance, >200A peak
current

« Two C-band linacs (5.712GHz)
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Laser cleanroom

Laser system in three parts:

The laser cleanroom, where the
source of both UV and IR laser is
installed.
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Low vacuum transport

Laser system in three parts:

The low vacuum transport at
~103mbar, only composed of 3"
MIrrors.
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Bunker’s installation 2~ RadiaBeam

Laser system in three parts:

The bunker, where laser
breadboard, imaging setup and
diagnostics are installed.
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IR and UV lasers
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Laser simulations

= /
Laser simulations done with B \s ]
Zemax OpficStudio. —— - —
« Ability to create lenses =
corresponding to catalogues

L] ( O ' I I p U Te b e O I I l S IZe G S O 4 S| Comment . Radius | Thickness = Material Coating Clear Semi-Dia Chip Zone Mech Semi-Dia Mixed Mode results for M2 = 1.1800:
. 0 Stan Iris  Infinity 50.000 2.500 0.000 2.500
fU N C'I'l on Of ‘I‘h e b eam 1 Stan Infinity 624.160 2500 U 0.000 2.500 U sur size Waist Position
2 | Stan Infinity 3500.000 2500 U 0.000 2500 U 0OBJ 2.49845E+00 2.49844E+00 -5.00000E+01
aram e-l-e rs an d 0) -I-iCS U Sed 3 Stan Delay line  Infinity 488700 25000 0.000 2.500 U 1 2.49844F+00 2.49844E+00 ©.00000F+00
4 st Front div lens 100000 3.000  FSILICA 12700 U 0.000 12700 U 2 2.50031E+00 2.49844E+00 6.24160E+02
g font cly Jens) 12 : = : : : sTO 2.54484E400 2.49844E+00 3.12416E+03
5 Stan Beam expander length  33.700 248.74% 3.242 0.000 12700 a 2.56031E+00 3.36715E-02 ~3.23094E+02
6 Stan Front conv lens  100.100 5100  FSILICA 25400 U 0.000 25400 U 5 7.53654E400 1.72821E-02 1.13307E4082
M 7 Stan End of table 279.100 100.000 22860 U 0.000 25.400 6 8.10495E4+00 2.75282E-02 -8.36256E+02
. G f sect |
enerc e O CrOSS Sec |On 8 Stan Vacuum input,  Infinity 846,100 10.635 0.000 10833 7 8.05553E+00 3.63162E-01 -7.55411E+83
. . 9 Stan 1st mirrer  Infinity 304.800 9.605 0.000 9.605 8 7.94911E+00 3.63162E-01 -7.45411E+03
V | eW Of Th e O pTIC O | SYSTe | N 10 Stan 2nd mirror|  Infinity 3390.900 9.234 0.000 9.234 9 7.04882E+00 3.63162E-01 -6.60801E+03
11 Sten 3rd mirror. Infinity 317.500 5.108 0.000 5.108 10 6.72457E+00 3.63162E-01 -6.30321E+03
12 stan sthmiror Infinty | 3556000 4722 0000 4722 E ; ;;32;?22 ; -:izig'gi 5 -2;21?2;
4 . + . - -2. +
13 St Iris  Infinit 0.000 1984 0.000 1984
e L/ SLLILL 13 1.08644E+00 3.63162E-01 9.61190E+@2
14_ Stan Iris to telescope  Infinity 500.000! 1.884 0.000 1.984 14 1.08644E400 3.63162E-01 9.61190E402
15 Stan Front div lens 100000 3.000  FSILICA 2.564 0.000 2.564 15 1.59840E400 6.27050E-02 3.75017E402
16_ Stan Beam expander length  50.200 1119.235 2.542 0.000 2.564 16 1.58566E+00 A.79802E-02 1.96564E+02
17 Stan Front conv lens  100.100 5100  FSILICA 22000 U 0.000 22,000 U 17 1.06097E+01 9.76035E-03 -3.88131E+02
18 Stan Conv ta injection  279.100 120,000 22000 U 0.000 22.000 18 1.04702E+01 1.70023E-02 -4.60144E+02
19 Stan Infinity 0.000 11972 0.000 11972 19 7.73974E+00 1.70023E-02 -3.40144E+02
20 Stan Accelerator window,  Infinity 118560 11972 0.000 11972 2@ 7.73974E+80 1.70023E-82 -3.40144E+82
21 Stan Mirror|  Infinity 221.250 7.679 0.000 7.679 21 5.04201E+00 1.70023E-02 -2.21584E+02
22 Stan Interaction region 20 um | Infinity 221.250 0.333 0.000 0.333 22 1.86277E-02 1.70023E-02 -3.34456E-01
1 . 5 23 5.02679E+00 1.76023E-02 2.20916E+02
23 Stan Mirror  Infinity 118.560 8.344 0.000 8.344
X . . 24 7.72452E+00 1.70023E-02 3.39476E+02
247513n Qutput window  Infinity 0.000 12,637 0.000 12637 IMA 7.72459E400 1.70023E-02 3.30476E+02
25_ Stan Diagnostics|  Infinity - 0.000 U 0.000
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Laser simulations

H— L |
= Sy
\:\
Laser simulafions done with \\
E—
. . — ——— 1
Zemax OpticStudio. - \ %//
— N, )‘\
S— B
/ﬁ
”/
oye LL— :;
« Abillity to create lenses
i i 5e+03 mm
® ( : O ' I I p U Te b e O I I l S Ize o S O ( 4 S| Comment . Radius  Thickness = Material Coating Clear Semi-Dia Chip Zone Mech Semi-Dia Mixed Mode results for M2 = 1.1800:
. 0 Stan Iris  Infinity 50,000 2.500 0.000 2.500
fU nc 'I'| on Of 'I'h e b eam 1 Stan Infinity 624.160 2500 U 0.000 2.500 U sur size Waist Position
2 sen Infinity 2200000 25000 0000 2500lU 0BJ 2.49845E400 2.49844E+00 -5.00008E+01
aram e‘l‘e rs an d 0) 'I'l CS U Sed 3 | Stan Delay line, _ Infinity 488700 2500 U 0.000 2500 U 1 2.49844F+00 2.49844E+00 ©.00000F+00
4 st Front div lens 100,000 3000 FSILICA 12700 U 0.000 12700 U 2 2.50031E+00 2.49844E+00 6.24160E+02
gt font cly Jens) 12 : = : : : sTO 2.54484E400 2.49844E+00 3.12416E+03
5 | Stan Beam expander length.  33.700 248.74% 3.242 0.000 12.700 a 2.56031E+00 3.36715E-02 ~3.23094E+02
6 Stan Front conv lens  100.100 5100 FSILICA 25400 U 0.000 25.400 U 5 5.53654E400 1.72821E-02 1.13307E+02
G H 7 Stan End of table| 279100 100,000 22860 U 0.000 25.400 , ,
° ‘I' _ ‘I' | 5] 8.10495E+00 2.75283E-02 8.36256E+02
enerc e O CrOSS Sec |On 8 _Slan Wacuum input,  Infinity 846.100 10.635 0.000 10635 7 8.05553E+00 3.63162E-01 -7.55411E+83
. f _I_h 1,‘ I _I_ 9 Stan 1st mirror Infinity 304.800 9.605 0.000 9.605 8 7.94911E+00 3.63162E-01 -7.45411E+03
view O € OpT1ICdl system 10 sten 2nd mirror_Infinty | 3390900 923 0000 5234 9 7.04882E400 3.63162E-01  -6.60801E+03
11 Sten 3rd mirror. Infinity 317.500 5.108 0.000 5.108 10 6.72457E+00 3.63162E-01 -6.30321E+03
12 stan sthmiror Infinty | 3556000 2722 0.000 4722 E ;-;;32;?22 i':izig‘gi ‘5-2321?23
1 . + . - -2. +
13 5t Iris  Infinit 0.000 1.984 0.000 1.984
. an | | e I"ff"f v <0000 Lane 0000 Lo 13 1.08644E+00 3.63162E-01 9.61190E+@2
g Stan ris to telescope| _Infinity - : - : 14 1.08644E400 3.63162E-01 9.6119€E+02
15 Stan Front div lens 100,000 3000 FSILICA 2.564 0.000 2.564 15 1.50840E400 6.27959E-02 3.75917E402
16_ Stan Beam expander length  50.200 1119.235 2.542 0.000 2.564 16 1.58566E+00 A.79802E-02 1.96564E+02
17 Sten Front conv lens  100.100 5100 FSILICA 22000 U 0.000 22,000 U 17 1.06097E+01 9.76035E-03 -3.88131E+02
18 St=n Conv to injection. 279100 120,000 22000 U 0.000 22,000 18 1.04702E481 1.70023E-82 -4.60144E+02
19 Sten Infinity 0.000 11972 0.000 11.972 19 7.73974E+00 1.70023E-02 -3.40144E+02
20 Stan Accelerator window,  Infinity 118560 11972 0.000 11972 2@ 7.73974E+80 1.70023E-82 -3.40144E+82
21 Stan Mirror|  Infinity 221.250 7.679 0.000 7.679 21 5.04201E+00 1.70023E-02 -2.21584E+02
22 Stan Interaction region 20 um | Infinity 221.250 0.333 0.000 0.333 22 1.86277E-02 1.70023E-02 -3.34456E-01
] - - 23 5.02679E4080 1.70023E-082 2.20916E+02
23 Stan Mirror  Infinity 118.560 8.344 0.000 8.344
1 : o 24 7.72452E400 1.70023E-02 3.39476E+02
24islan Qutput window  Infinity 0.000 12,637 0.000 12637 IMA 7.72459E400 1.70023E-02 3.30476E+02
25_Stan Diagnostics|  Infinity - 0.000 U 0.000
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10 Laser simulations & RadiaBeam

Laser simulations done with
Zemax OpticStudio. =

« Ability to create lenses -
corresponding to catalogues

i i 5e+03 mm
® ( : O ' I I p U Te b e O I I l S Ize o S O 4 S| Comment . Radius | Thickness = Material Coating Clear Semi-Dia Chip Zone Mech Semi-Dia Mixed Mode results for M2 = 1.1800:
. 0 Stan Itis  Infinity 50,000 2.500 0.000 2.500
fU nc 'I'| on Of 'I'h e b eam 1 Stan Infinity 624.160 2500 U 0.000 2.500 U sur size Waist Position
2 sun Infinity 500,000 500U g.000 500U 0BJ 2.49845E400 2.49844E+00 -5.00000E+01
aram e‘l‘e rs an d 0) 'I'l CS U Sed 3 | Stan Delay line, _ Infinity 488700 2500 U 0.000 2500 U 1 2.49844F+00 2.49844E+00 ©.00000F+00
4 st Front div lens 100.000 3000  F_SILICA 12700 U 0.000 12700 U 2 2.50031E+00 2.49844E+00 6.24160E+02
gt font cly Jens) 12 : = : : : sTO 2.54484E400 2.49844E+00 3.12416E+03
5 | Stan Beam expander length.  33.700 248.74% 3.242 0.000 12.700 a 2.56031E+00 3.36715E-02 ~3.23094E+02
6 Stan Front canvlens  100.100 5100  F_SILCA 25400 U 0.000 25400 U 5 2.53654E480 1.72821E-02 1.13307E402
G H 7 Stan End of table 279.100 100.000 22860 U 0.000 25.400 _ _
° ‘I' _ ‘I' | 5] 8.10495E+00 2.75283E-02 8.36256E+02
enerc e O CrOSS Sec |On 8 _Slan Wacuum input,  Infinity 846.100 10.635 0.000 10635 7 8.05553E+00 3.63162E-01 -7.55411E+83
M f .I_h 1,‘ I 1_ 9 Stan 1st mirror Infinity 304.800 9.605 0.000 9.605 8 7.94911E+00 3.63162E-01 -7.45411E+03
vieEw O € OpT1ICdl system 10 st 2ndminor| Infinty | 3390300 0234 o000 2234 9 7.04882E400  3.63162E-01  -6.60801E+03
11 Sten 3rd mirror. Infinity 317.500 5.108 0.000 5.108 10 6.72457E+00 3.63162E-01 -6.30321E+03
12 stan sthmiror Infinty | 3556000 2722 0.000 4722 E ;-;gggg*gg i-:igig‘gi ‘5-2321?33
1 . + . - -2. +
13 5t Iris Infinit 0.000 1,984 0.000 1984
. an | | e I"ff"f v <0000 Lane 0000 Lo 13 1.08644E+00 3.63162E-01 9.61190E+@2
g Stan ris to telescope| _Infinity - : - : 14 1.08644E400 3.63162E-01 9.6119€E+02
15 Stan Front div lens 100.000 3000  F_SILICA 2.564 0.000 2.564 15 1.50846E+00 6.77950E-02 3.75017E402
16_ Stan Beam expander length  50.200 1119.235 2.542 0.000 2.564 16 1.58566E+00 A.79802E-02 1.96564E+02
17 Stan Front canvlens  100.100 5100  F_SILICA 22000 U 0.000 22,000 U 17 1.06097E+01 9.76035E-03 -3.88131E+02
18 Stan Conv to injection| 279.100 120.000 22000 U 0.000 22.000 18 1.04702E401 1.70023E-02 -4.60144E+02
19 Stan Infinity 0.000 11972 0.000 11.972 19 7.73974E40@0 1.70023E-02 -3.40144E+02
20 Stan Accelerator window,  Infinity 118560 11972 0.000 11972 2@ 7.73974E+80 1.70023E-82 -3.40144E+82
21 Stan Mirror|  Infinity 221.250 7.679 0.000 7.679 21 5.04201E+00 1.70023E-02 -2.21584E+02
22 Stan Interaction region 20 um | Infinity 221.250 0.333 0.000 0.333 22 1.86277E-02 1.70023E-02 -3.34456E-01
=+ - : 23 5.02679E400 1.70023E-082 2.20916E+82
23 Stan Mirror  Infinity 118.560 8.344 0.000 8.344
| - - 24 7.72452E400 1.70023E-02 3.39476E+82
24islan Qutput window  Infinity 0.000 12,637 0.000 12637 IMA 7.72459E400 1.70023E-02 3.30476E+02
25_Stan Diagnostics|  Infinity - 0.000 U 0.000
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i Laser simulations

:§E /
Laser simulations done with \s g\
Zemax OpticStudio. <\ — FZ ‘
/ . 1|
. Ability to create lenses =

corresponding to catalogues

i i 5e+03 mm
® ( : O ' I I p U Te b e O I I l S Ize o S O 4 S| Comment . Radius | Thickness = Material Coating Clear Semi-Dia Chip Zone Mech Semi-Dia Mixed Mode results for M2 = 1.1800:
. 0 Stan Itis  Infinity 50,000 2.500 0.000 2.500
funChon Of 'I'he beO m 1 Stan Infinity 624.160 2500 U 0.000 2.500 U sur size Waist Position
2 sun Infinity 500,000 500U g.000 500U 0BJ 2.49845E400 2.49844E+00 -5.00000E+01
aram e‘l‘e rs an d 0) 'I'l CS U Sed 3 | Stan Delay line, _ Infinity 488700 2500 U 0.000 2500 U 1 2.49844F+00 2.49844E+00 ©.00000F+00
4 st Front div lens 100.000 3000  F_SILICA 12700 U 0.000 12700 U 2 2.50031E+00 2.49844E4+00 6.24160E+02
g-tan font cly Jens) 12 : = : : : sTO 2.54484E400 2.49844E+00 3.12416E+03
5 | Stan Beam expander length.  33.700 248.74% 3.242 0.000 12.700 a 2.56031E+00 3.36715E-02 ~3.23094E+02
6 Stan Front canvlens  100.100 5100  F_SILCA 25400 U 0.000 25400 U 5 2.53654E480 1.72821E-02 1.13307E402
G H 7 Stan End of table 279.100 100.000 22860 U 0.000 25.400 _ _
° ‘I' _ ‘I' | 5] 8.10495E+00 2.75283E-02 8.36256E+02
enerc e O CrOSS Sec |On 8 _Slan Wacuum input,  Infinity 846.100 10.635 0.000 10635 7 8.05553E+00 3.63162E-01 -7.55411E+83
M f .I_h 1,’ I 1, 9 Stan 1st mirror Infinity 304.800 9.605 0.000 9.605 8 7.94911E+00 3.63162E-01 -7.45411E+03
vieEw O € OpT1ICdl system 10 st 2ndminor| Infinty | 3390300 0234 o000 2234 9 7.04882E400  3.63162E-01  -6.60801E+03
11 Sten 3rd mirror. Infinity 317.500 5.108 0.000 5.108 10 6.72457E+00 3.63162E-01 -6.30321E+03
12 stan sthmiror Infinty | 3556000 2722 0.000 4722 E ;-;gggg*gg i-:igig‘gi ‘5-2321?33
1 . + . - -2. +
13 5t Iris Infinit 0.000 1,984 0.000 1984
. an | | e I"ff"f v <0000 Lane 0000 Lo 13 1.08644E+00 3.63162E-01 9.61190E+@2
g Stan ris to telescope _ Infinity - : - : 14 1.08644E400 3.63162E-01 9.6119€E+02
15 Stan Front div lens 100.000 3000  F_SILICA 2.564 0.000 2.564 15 1.50846E+00 6.77950E-02 3.75017E402
16_Slan Beam expander length  50.200 1119.235 2.542 0.000 2.564 16 1.58566E+00 A.79802E-02 1.96564E+02
17 Stan Front canvlens  100.100 5100  F_SILICA 22000 U 0.000 22,000 U 17 1.06097E+01 9.76035E-03 -3.88131E+02
18 Stan Conv to injection| 279.100 120.000 22000 U 0.000 22.000 18 1.04702E401 1.70023E-02 -4.60144E+02
19 Stan Infinity 0.000 11972 0.000 11.972 19 7.73974E40@0 1.70023E-02 -3.40144E+02
20 Stan Accelerator window,  Infinity 118560 11972 0.000 11972 2@ 7.73974E+80 1.76023E-02 -3.40144E+82
21 Stan Mirror|  Infinity 221.250 7.679 0.000 7.679 21 5.04201E+00 1.70023E-02 -2.21584E+02
22 Stan Interaction region 20 um | Infinity 221.250 0.333 0.000 0.333 22 1.86277E-02 1.70023E-02 -3.34456E-01
1 - : 23 5.02679E400 1.70023E-02 2.20916E+82
23 Stan Mirror  Infinity 118.560 8.344 0.000 8.344
| - - 24 7.72452E400 1.70023E-02 3.39476E+82
24rslan Qutput window  Infinity 0.000 12,637 0.000 12637 IMA 7.72459E400 1.76022E-02 3.30476E+02
25_Stan Diagnostics|  Infinity - 0.000 U 0.000
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UV beamline ¢~ RadiaBeam

[| : waveplate |] : mirror [} . convergent lens

BB : beam profiler u . photocathode

:reference iris

)
A
)
A

= : FHG module [E : motorized mirror H .divergent lens : imaging iris B : power meter

 From the FHG module to the photocathode, we are going through 14 mirrors, 4 lenses, 2 beam sampler
and a total of ~10.5m of distance

* Most of the transport under vacuum

Bunker's Accelerator’s

« Ability to measure UV energy, beam position
breadboard vacuum

Vacuum
transport

HEHHHHAH==HEHE R

Cleanroom
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2 IR beamline ¢, RadiaBeam
*: Interaction point |] > mirror [} : convergent lens g . reference iris - : beam profiler
[E : motorized mirror H .divergent lens g :imaging iris B : power meter

*  From the split between IR and UV to the interaction point, we will be going through 18 mirrors, 4 lenses,
1 beam sampler and a total of ~15m of distance (UV + 4365.5 mm +/- 5 mm)

* Half of the transport is the vacuum transport

« Ability t IR , iti . .
bility to measure IR energy, beam position Virtual IP Interaction Dump

Vacuum diagnostic region Diagnostic

Cleanroom TrOnsporT

o e = |
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Laser cleanroom
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is Laser cleanroom ¢, RadiaBeam

Laser cleanroom ISO5, 5x4m:

« Temperature controlled environment
* Low dust presence and laminar flow
« 8'x4’ Optical damped table

* Laser enclosure

Picosecond Yb:YAG amplifier:

* Up to 23mJ delivered at 1030nm

 Up to 100ud delivered at 257nm

» Repetition rate adjustable from 1 to 120Hz
« < 2ps pulse width

« < 10urad rms pointing stability

* Full synchronization capabilities

-« Amplock

22nd — July — 2024 RadiaBeam Technologies
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Cleanroom’s setup

DE = — _u. O d
« UV beam expanding for transport -\QB
B - g
* UV motorized mirror for real time beam
position correction \ -
| o9
* IR beam expanding for fransport (| R — - 3
ZEnY IR VRS RN
* IR long path travelled and delay stage SESEEEERE RREEE| . G L SR
to adjust the transport length /’ o Splitiene L PR
‘,ﬁ@ ety S

SIS T OO OO T SR

CARZIV/[CERTiis 8 60 ¢ 4 o v o b ¢« /PN ¢ ¢« o+ o 9

..........

‘‘‘‘‘‘‘‘‘
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Laser transport
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Low vacuum transport & RadiaBeam

« Pneumatic valves
« Low vacuum

« Nitrogen purge

Bunker
| Viewpoint

‘ _ 3 4 / ‘ 3 S

il ‘ il ‘ il ‘ i ‘ il

!
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Bunker’s setup



Photocathode breadboard (UV) $13 RadiaBeam

TN Y ) 4
Cover has been mounted ke =0 15545 - _ &

e '/]Sfimogeiris

Beam aligned

UV beam injected in accelerator

Energy
meter

Virtual
photocathode

N - Photodiode
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2 Photocathode breadboard (UV)

» Injection polished
aluminum mirror
45degree angle

* Only horizontal
reflection angle
adjustable

22nd — July — 2024 RadiaBeam Technologies



1st iris image (UV laser - bunker)

FHG output S o Tmm iris
imaged = oz | imaged

Imaging
mask
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2 Interaction Point (IP) breadboard (IR) 3:: RadiaBeam

« |P chamber in three parts
* |Insertable mirrors

» Insertable and motorized alignment iris
(30um])

Divergent lens |
3 o 4
¢ o /4
. _,§ Iris
.ifl % Convergent lens
Bear'n Iris ! Beam sampler
profiler .
o
o : o :

i

L 0
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24 Interaction Point breadboard (IR) v, & RadiaBeam

e Aluminum enclosure
* Acrylic top

« Flexible PVC curtains

2274 — July — 2024 RadiaBeam Technologies
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Interaction Point alighment

IR beam aligned through the IP chamber

Beam profiler installed at the virtual
interaction point and after the IP chamber

Interaction point lenses mounted and
aligned in respect with the initial beam

Goal 40-48um beam diameter (1/e2)

Achieved 64.1um vertically and 73.7um
horizontally

16th — May — 2024 RadiaBeam Technologies




Interaction Point features




Interaction Point features

& Thorlabs Beam 9.1 - BC106N-UV
File Control Options Windows View Help

Oz @ @ @eE N NEREBW 2«40 2@

~

™
(¥

CalculationsDerived
BeamWidth4SigmaX  225.2
BeamWidth4SigmaY  240.3

Goal 40-48um beam diameter

=

Ellipticity4Sigma 93.7
(1/€?) or 10-12um (o) -

GaussianIntensityX 94.6
GaussianIntensityY 95.7
GaussianDiameterX — 73.7
GaussianDiameterY ~ 64.1

4

LO % 40

n : Parameter Value

ZDPIOIECtonN B Calculation Results

Unit

um
pm
%

pm
pm

%
%
um
pum

Plot Positions

Test

Min

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

—J[@)(x

Ma;

64
64
10
64
64

10
10
64

64
3

=J(ol[x

Achieved 64.1um vertically and

| Peak Position X | | m Peak Position Y| | Centrald Position X| | Centroid Position Y|

/3.7um horizontally or o = 17.26pm  gr

= EEE] T

Position [um]

T T
00:00:00 00:00:05
easurement Time [hh:mm:ss] started at 2024 May 15 15:58:

T
00:00:10

1
00:00:15

Beam

- X
2024-05-15
15:58:23

» 75 | Attenuation: 20 dB | Exposure Time: 100.01 ms | Gain: 1.20 x | Auto Exposure: OFF |  5.66 fps

22nd — July — 2024 RadiaBeam Technologies



Py .
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