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Compton-based polarized positrons:
motivation and challenges
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The future of High Energy Physics?

4 Lake Geneva

Not discussed here:
- flavour facilities
- y-y collider

- etc.

Positron source:
One of the R&D issues
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Polarized positrons: physics case in short

V-A interactions = polarisation specific processes

Electron polarisation = determination of leptonic/fermionic asymmetries w/o angular analysis

S¢ Positron polarisation = further increase in sensitivit
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Physics Romer 160 (o008) 131243 BEH physics and SUSY searches = background discrimination
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Polarized positron sources (undulator)

Positrons historically produced by e- beam impinging on few X0 high Z target
- unpolarized
- 4x10'° @ 120Hz = 4.8x10%2 s1

Polarised positrons require circularly polarized photons on thin target

ILC design:
—> at least 30% polarisation (60% better, upgrade option of the baseline)
- 2x10%%/bunch w/ 1312 bunches @ 5Hz = 1.5x1014 s1
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Polarized positron sources (Compton)

Polarized postitron source with the required flux and polarisation not (yet) demonstrated

Alternative to helical undulator based on Compton backscaterring
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Laser (E,)

Sse E =5GeV
Electron (E,p) S

Low divergence photon source at high energies
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The Compton backscatering process

Spin-averaged behaviour governed by Klein-Nishina formula

Laser (E,) Compton photon (E,)

hc
E;, = == 1.2eV @ 1um

E =5 GelV

Electron (E,p)

2 2

do 2na 2na
dcosf 2m?+s(1—cos(0)) s (1—cos(h))

Mild energy dependence of the cross-section

s —m? A E;
m2 'm
8ma? s —m? o :
o = 1-— ~ 0.66 barn The cross-section is very small (sic)
3m? m?2
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Basic requirements for a high-brilliance source

o =~ 0.5 barn Pigser = NgEjfrep = 500W with E} ~ 1.2 eV

/ B frep ~ 50MHz

O'L§O' Ne (Plf’ser/Exl) (fcol/ )
B AT

n, = Ne (fcol/ ) Ox = 0y = 0.1mm

Exemple :
91:col = frep' Nez:l'010
—>Photon to positron conversion factor ~1%
- N,,=10% required (ILC) ‘(\%\,\.‘
- Too large power required in cavity (500kW state of the art) C/\(\a\\e“%\

\

- power —> cavity stacking —>top up in damping ring
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Applications of Compton scattering: e + hv > e + X/y

Compton energy threshol

d for A, = 1pm
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~10-1MeV
Low energy applications

Radiography & Radiotherapy
Museology
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~1MeV-100MeV

Nuclear fluorescence
Nuclear physics

Nuclear survey

Nuclear waste management
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>100MeV

High enerqy applications
Compton polarimeter

vy collider

Polarised positron source
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R&D work at LAL:
MightylLaser
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R&D program on radiation sources at LAL

R&D program ongoing at LAL and KEK on enhancement cavities for positron sources

More general context: two paths investigated

High enhancement cavities High laser power
High flux High beam quality
— High collision rate — LINAC (emittance)
— electron ring — optical circulators
R&D with ThomX & MightyLaser ELI-NP-GBS

Issues: oscillator phase noise, thermal effects, alighment, synchronisation, ...
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Properties of passive mode locked lasers

The whole comb must be locked:
dilatation (f )
translation (fgp)

rd
Fourier
transformation

\Y
F_ [—
= V—30000

v=178.5MHz

Av = 6kHz

—> () -— W

T. Udem et al. Nature 416 (2002) 233

Phase noise of the laser must be low to lock to a high finesse cavity

Noise limits coupling
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MightylLaser setup

R&D for polarized positron source for LC
—> circularly polarized laser
— non planar geometry

OSCILLATOR

STRETCHER o) m % El OPTICAL
UNIT Eom |-(Or} m m PUMPING
—

Optical round-trip vs waist size

PHOTODIODE. |COMSE.ETSSOR = 4-mirror cavity
2 plane + 2 spherical mirrors

=]
- ellipticity
=]
FOUR MIRRORS Yb 100fs MENLO Orange @ 178 MHz, 20mW
FABRY PEROT CAVITY
3-stage amplifier > 50W

e Stretcher/Compressor (thermal issues in fibers)
PHOTODIODE Sold fibers from Oscillator to output of amplifier

P-D-H

PHOTODIODE

10MHz feedback required
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Installation of the cavity
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MightylLaser preliminary results

Results obtained at the KEK ATF: collaboration with KEK colleagues
1.08MHz collision rate, ~1nC beam charge, 1.3GeV damping ring

march’11 results

Ll T. Akagi et al 2012 JINST 7 P01021
» o . Akagi et a
= ~10W incident laser power J. Bonis et al 2012 JINST 7 P01017

- 10°y/s @ ~25MeV
- 0.2 kW (continuous regime)

Evolution of the
transverse size of the
beam

>

P1-area(C1} P2:mean(C3) P3:Rescale(P2)
-12.546107130 mVs 734 my 2935 kW
-5.94207922978 mVs 67.544 mV 270175 kW
-15.771320502 mVs 57.3 mV 22.90 kW
603.163061 uV's 758 mv 30.32kW
566748991845 mVs 5255 mV 21021 kW
394 400 400
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1.780 220 mV| -62.0 mV/ -1.165 V|
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MightyLaser preliminary results

Results obtained at the KEK ATF: collaboration with KEK colleagues
1.08MHz collision rate, ~1nC beam charge, 1.3GeV damping ring

Q
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December ‘13 results:
— finesse ~10000m
— 50W incident laser power
— >100 y/crossing @ ~25MeV
— >100kW (transient regime)
— 40kW (continuous regime)

~108y/s roughly consistent
with expectations
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MightylLaser issues

Several bottlenecks identified:

Thermal effects in compressor (CVBG)
Thermal effects in cavity
Oscillator noise

= WL
\\\\\\\\K\

Use low expansion substrate...
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The ThomX project:
Implement solutions to MightylLaser issues
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Beam dump 4

~50 MeV ring, 1nC
— electron dynamics complex
17.8MHz collision rate (35.6MHz cavity)
300kW expected in cavity raicreeiiie
commissioning in 2016 D Compton interaction
Applications: medical and cultural heritage TR By spead R

measurement

; Triplet for /ity for Users
It emittance measurement ]

Miroirs 1"’ : ' : AC I
roirs Diagnostic station Acceleratmg section 50-70 MeV | & Electron gun
and beam dump ; i

1011-10%3y/s
1%-10% spectral bandwidth (w/ diaphragm)
10 mrad divergence w/o diaphragm

Pursue R&D of MightyLaser
Try to improve stored power by a factor 10

Programme Investissements d’avenir de I'Etat ANR-10-EQPX-51. Financé également par la Région lle-de-
France. Program « Investing in the future » ANR-10-EQOX-51. Work also supported by grants from Région
lle-de-France.

CAL SOLEIL gy v S tiinserm /\Ers THALES @ ) S E55° @) #rooronce
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ThomX applications

Transfer techniques developped at the ESRF (Grenoble) & SOLEIL (Saclay)
= medical field: ESRF, INSERM (Grenoble)
—> Cultural heritage: formerly with C2RMF CNRS (Louvre) and now LAMS (Archeology)

Phase contrast absorbtion-edge imaging
on heavy elements (pigments)
Tt s e =

44444

mapping ¥ - Similar painting by VGogh

= - S J. Dik et al., Analytical Chemistry, 2008, 80, 6436
http://www.esrf.eu/news/general/amber/amber/
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The ELI-NP-GBS project:
A complementary strategy
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ELI-NP-GS in a nutshell
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ELI-NP-GS circulator

_ . Ne (Plaser/Exl) (fcol/
n, =oL =0

) f_, ~100Hz

14 AT

- Not a cavity !!!

— 1

o > —;j‘.:.

mirror 2 mirror |

Herriot cell

Herriott, Appl Opt3(1964)523)

Wild focussing region
= Luminosity ®
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Confocal circulator

Rollason, NIMA256(2004)560
Yamane, KEK-notes

Crossing angle vary

- y ray spectrum ®

TO
DETECTOR

Mirror 2

MOLECULAR

Mirrar 1
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ELI-NP-GS naive solution

>2m = >13ns round-trip period

Mirrors located on 2
rings centered on the
beam axis

1ps FWHM laser
515nm
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collimation

collimation focus collimation
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e-beam
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K. Dupraz et al, submitted to
Phys. Rev. ST Accel. Beams

laser: >200mJ@100Hz, 515nm
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ELI-NP-GS optimisation

=
B

=
(¥

TASD (10° y/eV.s)

Extensive simulation
under Matlab and CodeV
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K. Dupraz et al, submitted to
Phys. Rev. ST Accel. Beams

TASD (10" y/eV.s)

5
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ELI-NP-GS alignhement, synchronisation

Optical Recirculator

Challenging:
<10pm alignement required
<200fs jitters required

vacuum

q . — A t pulﬁ&1
But feasible | = interferometry I = & O
[ p-objective synchronization I
laser beam
cCcD
delay bunch 32 pulses i
generator |+ |amval
trigger

oplical Yb Oscillator

aster
:o ok frequency locked

Relative TASD without optimization
BRelative TASD with optimization K. Dupraz et al, submitted to

Phys. Rev. ST Accel. Beams

Nb of evts

Obtained by means of fringe
visibility maximisation

0.4 0.6
Relative TASD
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ELI-NP-GS status

O

Offer deposited to Romanian
contractor on the 3rd of February...

while the construction of the
building progresses well !
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ELI-NP-GS applications

Brand new gamma source with excellent spectral properties (100x state of the art)
Wide range of applications will certainly additionnally show up

Nuclear resonance fluorescence is easily excited
narrowband laser-Compton sources \

Excited nucleus

|
A
N
AV
vy

Incident v-ray

Relaxation:
Fluorescence

Time

Nuclear Resonance Fluorescence depends upon the number of protons and the
number of neutrons in the nucleus and is an isotope-specific material signature

NRF is the ID-card of nuclei 2 nuclear waste package management, non proliferation, etc.
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Conclusion

Ultimate goal reach few MW in cavities: required for positron sources at ILC

Flux 1011-10%3y/s 10°y/s
Bandwidth 1% - 10% 0.5%
Divergence <10 mrad 50 - 100 prad
High enhancement cavities High laser power + circulator
MigtylLaser lessons: R&D required Tight constraints on:
Thermal effects inside cavity Alignment
Compressor heating Synchronisation
Choice of oscillator Optics quality (large impinging energy)
Expect several 100kW for ThomX ELI-NP-GS spectral density challenging
Still a lot of work ahead Exciting and hard times ahead:
- Try to maximise the flux - commercial offer !!!
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