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Gamma-ray requirements

Jow

Gamma-beam specifications: e
* Energies y (E,) : 0.2 —19.5 MeV ' d
* Bandwidth (AE/E) : <0.5% )
* Spectral density (TASD) : >5000 y/(s.eV) | |
* Linear polarization: >95% :

oY) n (¥.Xn)

AIP Conference Proceedings 1462, 177 (2012)

Bandwidth + energy tunability = Compton scattering
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D. Habs et al., arxiv.org/pdf/1008.5336

=» Highly challenging
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Production of the gamma-beam

TASD ~ @) _ 1 (dN " Compton scattering = Gamma-ray production

bandwidth ~— Tg.y dt

“Collimation” = Gamma-ray energy selection
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ELI-NP gamma beam source (accelerator)

Requirements:
2 interaction points (Low/High Energies)
Accelerator hall size fixed
=>» compact accelerator design (hybrid band S and C = SPARC, Frascati)
= State of the Art, low development risk

/j
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Nothing but mlbrafNst:
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ELI-NP gamma beam source (laser system)

100 Hz

LASER REQUIRED FOR COMPTON
INTERACTION POINT

{ \
Accelerator characteristics constrained by ““““ ““““ m“m “m“
\ i, J : +
Y !

time
_____ ' >

electrons beam quality =
Laser average power > 1 kW

green light, ~30 bunches ~30 bunches

high quality,
pulsed mode > 100Hz @few ps Solution

=» Better than state of the art !

= unreachable even with R&D
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Overview design

. . /_) A Amplitude
LINAC multi-bunch hybrid IN _ T
bands S and C (~80 — 750 (s, high average power laser

MeV) at 100Hz (3.5ps @515 nm, 100Hz,
200mJ-400m))

(space, cost and tunability)

€ e 4 photons
% Laser Beam optical
EE WS Ch Circulator
ALSYOM (efficiency, “robustness”)
Gamma-beam specifications:

* Energies y (E,) : 0.2 —19.5 MeV

* Bandwidth (AE/E) : <0.5%

* Spectral density (TASD) : >5000 y/(s.eV)
* Linear polarization: >95%
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Optical system: laser beam circulator

Requirements; * No optical aberration

=>» 2 high-grade quality parabolic
mirrors

« Constant crossing angle ¢
(small bandwidth)

* Unique laser-electron beam
interaction point

=>» 1 Mirror-Pair System (MPS)
per pass = Optical plan switching A My[ W

(Ma)

Laboratowe Charles Fabry

INSTITUT —/ —
d'OPTIQUE

\

cac

GRADUATE SCHODL ABORATOIRE
ParisTech | EIL"/:,C%EL;RTT;:;UER @A I
I:ILSYD Noting, bt apspfNt llDraqu_Shape” 3D

FILCEN (Ml )

30-31 January 2017 LIA-COSMA WORKSHOP - BUCHAREST (ROMANIA) - K. DUPRAZ




Recirculator constraints

Mirror surface quality

Frozen geometry (parabolic mirrors
distance)

=> Tight alignment (few pum, prad)
with 7 degrees of freedom

MPS parallelism (< 3 prad)

Synchronization (few 100fs)
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Online
Monitoring
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A. Martens - Nuclear Photonics (Monterey, USA)

Diamond sensors

ELI-NP-GBS temporal structure:
32 pulses / 16 ns bunch separation @ 100 Hz repetition rate
|

[ |
I ¥ I
7

>
a) LaBr3:Ce |
Solution with scintillating material not convenient .| b) LaBI3:Ce |
=>»Slow component polution (@) ’
=>» Difficult to insert in ELI-NP-GBS accelerator: 2 [
* (relatively) large volume occupied by the calorimeter © |
* high-vacuum implementation
2 F 0 200 400 600 800 1000
":5 50 <pulse width> = 1.38 ns Time (ns)
_g a0k Van Loef et. Al, Appl. Phys. Let. 10 (2001)
) 305_ A compact (easy to integrate), fast (few ns pulse
"3 width), radiation hard sensor is needed
Wb =>» Diamond sensors
o g * O(1ns) pulse width
%05 10 15 20 25 3 e Diamond sensors are naturally radiation hard

pulse width [ns]

(much more than scintillating materials)
Kolbl et al., IEEE Trans. Nucl. Science 6 (2004)
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Online Synchronization

Diamond detector located on the gamma

: Diamond detector
line 5x5mm?
+
C . Preshower
Wave Catcher (CAEN 734 digitizer)

+

Plug-and-play DAQ DAQ (CAEN 734 digitizer)

High sensitivity

High time resolutions (the 32 passes are
distinguishable)
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A. Martens - Nuclear Photonics (Monterey, USA)

First experiments @ HIGS & newSUBARU

Thanks to HIGS/TUNL colleagues
and CIVIDEC Instrumentation (sensor provider) 5

S o MM
d i v'r 0+

Diamond sensor

HIGS configured to’
deliver 3 bunches |
separated by about

Signal [mV]
=)

Amplifier (fast, GHz BW) 16 ns
-20
Translation stages
-25 : ' ' . : :
OSItIOI‘]In scans 150  -100 -50 0 50 100 150 200
: J (p g/ ) Time [ns]
o . . . . . Williams et al., NIMA 830 (2016) 391

preliminary

2000 -

: _ - 'R

2 » @\(“\\\\ ‘
I X10 yield in signal | —
" using 0.5mm W foil m;"

-
~

B

4 quadrant sensor
(1.5x1.5mm? each)

’

in front of sensor
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A. Martens - Nuclear Photonics (Monterey, USA)

Gamma-beam imaging

Scanning diamond

Polarization of gamma rays at GRAAL (ESRF, France
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Gamma ray beam profile distribution = Gamma ray beam polarisation
(for 100% polarized beam)

30-31 January 2017 LIA-COSMA WORKSHOP - BUCHAREST (ROMANIA) - K. DUPRAZ




Prototype and
Upgrade




Prototype design

L] Y B . Y L . o a2 L € - I A1 AT

ALSYOM

' 4
—

Y noI£aliv

tools —T T ALSYOM
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Possible upgrade:
Angular Orbital Momentum

AOM from 0 to 6k
Without vortex

AOM Adaptation
Generator Optics

Made of 3 parabolic mirrors

: : or 5.9k
Used in unconventional way

Exampl

parameters Parab. 1 Parab. 2 Parab. 3 )
ROC [mm] 500 2185.95  108.09 £
phi angle [deg] 109.31 -154.56 -0.52 T :;:jm
incident angle [deg] 1131  70.83 0.38 5 :
plan angle switching [deg] - 0.06 0.13 - -
Propagation distance [mm] 50 50 50.04 . o ] ]
- 0.5 0 0.5 1 os
Off-axis = 100 mm X fmm] EZji\/
=> AOM is preserved inside recirculator \/\/
=» Down to 15% of TASD @6k e w ow R
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Summary

Highly challenging machine to produced:
TASD: 5000 y/(s.eV)

Bandwidth: < 0.5%

Degree of Polarization: > 95%
Polarization preserved

AOM preserved

Online monitoring with diamond detector for:
Electrons-Laser beams synchronization
Gamma-rays flux

Polarization

30-31 January 2017
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Thank you for
vour attention




Polarisation
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Optimization No. passes

Flux y/(s.eV)

¢ (degrees)
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MPS parallelism

1 Oy, -'-'--'-‘-r-'-w-ﬂ:....ir.......... F E
0.9
| L ‘--...\ 1 l
.E % 0-8L
K o
e £
= 0.6
X 2
= 0.5
L 0.4l =-=with MPS alignment procedure 1t MPS
| |—without MPS alignment procedure
0 1
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At (in prad)

2" MPS
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Alighnment

Simulation points
= Gaussian fit
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Time Average Spectral Density (TASD)

TASD ~ o) _ 1 (dN Pv

~ bandwzdth o dt
Y
@1 ~252 ¢2 Electron beam Laser beam Nonlinear
parameters parameters effects

Angular acceptance |

2
agp/S
1+a3,/2

For good TASD:

Swans e 1@ 511 » Small crossing angle ()

1 M S i
—1smoom » High duty cycle (f,)

= | > Best spatio-temporal overlap

——+— 2 =t s | between laser beam and electron
; JJ;lf bunch

- ﬁ Jﬁf | » Constant crossing angle

) ., Jr/j;/ﬁf | » Small angular acceptance -
124 125 126 E(MV) 128 129 13 > Excellent electron beam quahty
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ELI-NP gamma beam source (laser system)

ACCELERATOR CHARACTERISTICS LASER REQUIRED FOR COMPTON
CONSTRAINED BY ELECTRONS BEAM QUALITY ~ NTERACTION POINT

Train at 100 Hz Laser average power > 1 kW

green lighf,00 Hz

Few bunches = ~¥30 bunches max
(photoinjector limit)

250 pC (low charge)

~750 MeV max
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Optimization constraints

Synchronization (<few 100fs) for each pass
=» Mirror-Pair System (MPS) rotation

Mechanical tolerances

Laser damage threshold (laser beam size)

Vignetting of the beam

Accelerator’s Radio frequency

Beam focalization T
. b\ D1
Mirror shape f _
Parabolic mirror parameters prrR _
- . . ’ 1
Circulator length (accelerator hall limit) \ ccelerator’s Radlo_f[equency
Maximum number of passes (photoinjectc - e | |
limit) =

TASD (Time Average Spectral Density)

K. Dupraz et al. Phys. Rev. STAB 17, 033501 (2014)
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Geometry parameters

Geometry

Beam profile
Intensity

T 1.0000

<
3

0.5000

uw 00°00%

Parameters :
Parameters Value
N pass 32 il A | 0.0000
b g (Code V)
Duips 40.4 mm
0 23.8°
Re 166.2 mm
D, 32.6 mm
w, 28.3 um K. Dupraz et al. Phys. Rev. STAB 17, 033501 (2014)
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Coatings and Polarization

Simulation with multilayer coatings (interferential coatings)

=>» Constraint on reflectivity for S-wave and P-
wave

¢ =Laser beam polarization preserved at the
IP despite misalighments (>98%)

Linear
N :
double | Circular
layers = Laser beam polarization preserved for
o gamma-ray (checked with CAIN software)

A
4
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Optical quality and beam profile

TASD = Time Average Spectral Density
MPS = Mirror-Pair System

SURFACE DEFORMATIONS IP BEAM PROFILE

Surface deformations =» beam profile
=» gamma-ray flux (TASD)

= 0.0
)
Good >>—0.0<
—0.0500. 05

(Code V) X [mm]

Bad > —(. 0§n u

—0.0500.05

Difficult to relate surface quality to gamma-ray flux (Code V) X [mm]

Equivalent
polishing grade

T 0.
E

TASD is nonlinear with respect to the pass number
=>» the 32 passes have to be simulated

=» Parabolic mirrors deformations < A/80 RMS
=» MPS mirrors < few nm of residual focus
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Surface defects representation

measured

N

olishers have process to
ympensate macro + micro
ructures

Comirms b POR v rsh o/ PER

HepatiisBvius =9 Surface defects are Polisher
dependant

PV =60 nm

Surface defects

Macro-structure Micro-structure
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Real mirrors

MPS = Mirror-Pair System TASD = Time Average Spectral Density

PARABOLIC MIRRORS (REOSC-SAGEM)

0

.. ELDIM

]

- SAFRAN
S e m

h(x:y) [nm]

WaRPP v 3.41

ZU_LAL_15001_

Date : 27/05/15

Heure : 10:34:29

HSE

L = 632.80 nm

R = 108.978 mm

Résol. : 886x386

Echelle Lin. :
-32.472 nm &

39.719 nm
497212 points
Min = -32.472 nm

Max = 39.719 nm
Moy = -1.790 nm
P-V = 72.191 nm
RNS = 7.864 nm

I[IHH {III IIIH[ HI glz:_(TASD)=94.6%:|:D.5%

PV [nm]
L o s A o = W

T0.92 0925 093 0935 094 0945 095 0955
TASD relative

y’ - - - - (Code V)

10 15 20 25

(Matlab)’

B Z4go Oblique Plot

measured

Layertec

100 cuf

(Matlab)'100 . [,?.m, :
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Results with the real mirrors

TASD = Time Average Spectral Density

ELDIM (MEASURED) + REOSC (SIMULATED) ELDIM (MEASURED) + ARDOP (SIMULATED)
o: -0.4
j(“l 4 _log10(PSDr) |m'm2mm] , . :-0.2
- W —Ardop |[/i ¢
- Ng-m- REOSC 50.2
o= 3 E
(Code-OVj 0.2 | "(‘)m] 02 04 —113-3 L™ o.s(Cod-gAV) 0.2 . n01ml 02 04
oot (Matlab) log0(fr) [mm’1]
. [(TASD) = 75.3% + 4.5% wt (TASD) = 92.8% + 1.1%
£
% 60 %60_
3 3
l% S0k ‘; 401
b ke
g i)
Z 2t Z 20t
0 7.165 0.7 0.75 0.8 0.85 0.9 0.87 0..88 0.89 0.9 0.91 092 093 094
(Code V) TASD relative (Code V) TASD relative

=» Parabolic mirrors deformations < A/80 RMS
=» MPS mirrors < few nm of residual focus
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MPS parallelism

1t MPS

As =T, ()

Big accumulation effect = dedicated
parallelism alignment procedure:

Each stage beam angular deflection < ¢’

—

=
o
T

&
=]
T

=
=

relative 'I;ASD
2

&
7]
T

== with MPS alignment procedui‘e
—without MPS alignment procedure

0 1 2 3 ;I é é
(Matlab) Acg [prad]

=
=
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Alighnment

DEGREES OF FREEDOM

ALIGNMENT = OVERLAP OF 32 PASSES

)k

919

) test Distance
yBetween Axes

(SDBA)

AN

ra

= misaligned = aligned = well angned

= Alignment algorithm
=» Max TASD ~80%
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Observables

ON-IP (ELDIM (MEASURED) + ARDOP (SIMULATED)) OFF-IP (ELDIM (MEASURED) + ARDOP (SIMULATED))

Superimpose spots together

Superimpose spots on a circle

y [mm]

Before alignment

-0.05 0 0.05 0.1 0.15
(Code V)

X [mm]

X [mm]

-0.08

-0.06

-0.04
E-0.02
£

- 0

y [mm]
[—]

After alignment

0.02 0.2
0.04

0.06

0.4

-0.06 -0.04 -0.02 0 0.02

(Code V)

0.04  0.06 0.08
X [mm]

-0.4 -0.2 0 0.2 0.4
(Code V)

X [mm]|
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Alighment tool

Laser Beam Circulator 3 mm

( < vacuum )
_On-IP!_1Off-IP
pellicle |

% air

. —— & @

I
intensified — - circulating )
time-gated CCD objective laser beam A
1 pulse
C | N frop < 1.94 MHzZ oulse
%/.— N 3
n
= k —,
n+1 \CCD
Barycenter |
: delay PLLES i
alignment =
g generator n frep = 62.08 MHz SHG
electronical off-IP imaging \WAR Laser oscillator
trigger | locked in frequency
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Results

WITH MIRROR SURFACE DEFECTS (ELbim +

WITHOUT MIRROR SURFACE DEFECTS e
2307 before alignment I5n
i | ] i
S (TASD) tinar = 98% + 1% “ (TASD) finar = 80%+[1%
s § 1oy Pre-alignment
L s (20 pwm, 20 prad)
7 z °f (best)
; 0
(Matlg?b) ° rélative TASD *8 ( Code V) " relative TASD " 1

before alignment
M after alignment

. (TASD) jinat = 98% + 1%
Y | Pre-alignment
= S5 (100 pm, 100 prad)
2 n progress laxed
z (TASD)init = 22% + 15% | P .g : (relaxed)
=» algorithm improvements on
(Matlz;]b) 02 I(‘]é‘ltative TAé)ig 08 gOing
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Synchronization

CROSS-CORRELATION (SuM OF FREQUENCIES) INTERFERENCES

Y
. S9N - 1 | . :
(N b \
e” beam / L/ : 2 | 1 [
’ aser pulse <096 : :
- ]
~ £0.94 | |
3 I I
0.92f | |
| |
Pi%on ~sod Ato[f | Eoo 1000
Frequency summing =» Optical synchronisation
inside
nonlinear crystal ',‘:':,:: ;,‘:..:.,.::, X5 ..:::.;.:.;.:“\ \\\\\
Y 0,'0" (A ‘00'0.' .’ O o " .\\\\
0"0 :o.:..0 : .o.:.:.O ..: O :“\:::\
W W o' ' \)
NV .’o'c'o'\ ‘
;::::.u AN \\ \\\
\\\\ \\\ \ \ .‘:.‘. \ . 0:.
Red lights (800 nm) \\\ .~ X0 ..,o.'.,'.:o.:*
\\\\\: 0 ' 0 o (X % 0.0." 0.:0“0“001
\ \‘\‘\‘:‘ e ‘: X0 "o"‘l ‘"o
\ \\\\ \‘.‘.‘.‘.‘."o' "0'0 ! o'o'o XSO

Blue light (400 nm)
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Synchronization tool

Laser Beam Circulator

3mm
a8 D vacuum )
. On-IP ' ' Off-IP
pellicle | .
T —— _ _ _ AN air
| AI
L |
\ -+ 1--" ¢
1
intensified CL, - | circulating )
time-gated CCD objective | IaseLean: pu/I\se
A, .
= | fep < 1.94 MHz oulse
= - @X_ _% I|: I picker
reference
\_laser beam )

rmmi CCD
Barycenter
pulses
alignment u LR frep = 62.08 MHZz 1

generator
Interference
synchronization T

electronical ] off-IP imaging

reference AN Laser oscillator

trigger clock locked in frequency

30-31 January 2017 LIA-COSMA WORKSHOP - BUCHAREST (ROMANIA) - K. DUPRAZ




Synchronization (Proof of principle)

Synchronization e .
< 500fs o]

+ data
—fitted curve]

cross-correlatjo,

S.H. intentisty [CCD unit]

.. 6.5 5 .5
. . delay [fs] X 1“4
=>Synchronization OK ! o e Mira (300nm)
=>» Could be improved ~75Mhz (mode ps)
interferences SHG crystal
pellicle
. 1.5°
Compa riIson between Contrast intensity
- max at: 9822um
2 algorithms T T TTm ”
g g T I Py H ﬁtt:ed carvel delay |ine 1 f \ <// Vers Ia ca\”te
i X + algo 1\ ; " e () é:ré:;ope et
Bl e * algo 2 £ IR
.'.S-'[,_z :.:».::‘ ‘.‘.::;. J 5 .3 - --'- “:‘-- é l]elg;‘s[fsl ';" “ 75 3 1:4'5 M2
oy ‘;a-_ .2. - 'm'nn Sﬂlﬂﬂ 9l'|lﬂlf| II'HI]OI] lliliﬂﬂ ll;i[lﬂ - M2 D Ientl”'e 1m
50 100 _P[:rbui?‘?,— uf.ft']] 300350 400 Delay line position [um]
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Diamond sensors (ctd.)

Desjardins, J. Synchrotron Rad. (2014). 21, 1217-1223

0.4 1 \
» 02 e [ = 0
g . §3 =
‘:Z' -~:::\ 4 _0_5 : \
0 2 L .l s : -1 \
-0.25 -0.125 0 0.125 0.25 -0.25 -0.125 0 0.125 0.23
XBPM position (mm) XBPM position (mm)

Diamond sensors have already been used for X-ray beam position monitoring
- Few pm precision

R iger c
— . I N Principle of detection similar to that of
2 semiconductors

Photons produce secondary electrons in diamond that in
turn deposit energy
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Energy response/Detection efficiency

Simulated (GEANTA4) efficiency about few per mille

O Cut=90keV

| - - Slight dependence with energy

[eR]
00000
@ooco
0000000000000
0000000000000
oooooooooooooooooo

oo
ooooooooooo
000000000000000000000000000000000000

Coomo0oo

000,00 00 o
© o

909000 ,65000p000%0000800000000G00000000000

187 Williams et al., NIMA 830 (2016) 391

1.6

Collected charge in 500pm diamond
roughly flat with energy

14

”H'.HHHH

0.8 1

Normalized charge
=

0.6
04

0 2 4 6 8 10 12
~+ beam energy [MeV]
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