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Our place in the CERN landscape




On-going and future CERN research programme
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A potential place of Gamma Factory in the future CERN
research programme

The next CERN high-energy frontier project may take long time to be approved, built and become
operational, ... unlikely before 2045 (FCC-ee) or 2050+ (u-collider)

The present LHC research programme will certainly reach earlier (>2032) its discovery saturation
(little physics gain by a simple extending its pp/pA/AA running time)

A strong need will certainly arise for a novel multidisciplinary programme which could re-use (“co-use”’)
the existing CERN facilities (including LHC) in ways and at levels that were not necessarily thought of

when the machines were designed

The Gamma Factory research programme (> 2032) could fulfil such a role. It can exploit the existing
world unique opportunities offered by the CERN accelerator complex and CERN'’s scientific
infrastructure (not available elsewhere) to conduct new, diverse, and vibrant research.




Gamma Factory (PBC) study group
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The Gamma Factory proposal ( ) led to creation, by the
CERN management (February 2017, ) the Gamma Factory study group,
embedded within the Physics Beyond Colliders studies framework.

~90 physicists from 35 institutions have contributed so far to the development of

the project. The GF group is open for everyone who wants to contribute.
(contact: mieczyslaw.witold.krasny@cern.ch)

We acknowledge the crucial role of the CERN PBC framework in bringing our
accelerator tests, the PoP experiment design, software development and physics
studies to its present stage!
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Gamma Factory Tools
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The Gamma Factory in a nutshell

O The infrastructure and the operation mode of the CERN accelerators allowing to:

= produce, accelerate, cool, and store beams of highly ionised atoms

= excite their atomic degrees of freedom by laser photons to form high
intensity

= produce plug-power-efficient diverse tertiary beams

O The research programme in a broad domain of science enabled by the “Gamma
Factory tools”



Gamma Factory: “Novel research tools made from light”

1. Atomic traps of highly charged atoms

2. Electron beam for ep collisions in the LHC interaction points

3. High intensity photon(y)-beams

4. Laser-light based cooling methods of high-energy hadronic beams

5. Sources of polarised electrons, polarised positrons, polarised muons, neutrinos,
neutrons and radioactive ions




1.Atomic traps of highly-charged atoms

Atomic rest-frame . Egju

-
Trapped stationary atoms @ ,,

Exposed to pulsed magnetic ,
and electric fields of the storage

letters to nature
.|

(rysialline beams?

Opening new research opportunities in
atomic physics:

» Highly-charged atoms — very strong
(~107% V/cm) electric field (QED-
vacuum effects)
Small size atoms (electroweak effects)
» Hydrogen-like and Helium-like atomic
structure
(calculation precision and simplicity)
» Atomic degrees of freedom of trapped
highly-charged atoms can be
resonantly excited by laser photons

Y
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2.Electron beam for ep collisions at LHC
(in the ATLAS, CMS, ALICE and LHCb interaction points)

Hydrogen-like lead

o Cow~ 200 GeV @ Opens the possibility of collecting,
t: f by each of the LHC detectors,
. average distance of the
electron to the lead nucleus over one day of the Pb+81-p
d~ 600 fm

operation, the effective ep-collision

, luminosity comparable to the

7 ,,-"' Ecy~ 8.8 TeV HERA integrated luminosity in the
@ first year of its operation (1992) —

in-situ diagnostic of the emittance

of partonic beams at the LHC!

(sizably higher than the range
of strong interactions)

Atomic beams can be considered as independent electron
and nuclear beams as long as the incoming proton scatters
with the momentum transfer q >> 300 KeV!
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3.Gamma Factory y-source

er photon emission
hky

e

ymv + hk = hk,
ymuv 3> hky > hk




Source properties
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1. Point-like:
» For high-Z, hydrogen- and helium-like atoms: decay length (cty,) << 1 cm

2. High intensity:
» Resonant process. A leap in the intensity by 6—8 orders of magnitude w.r.t.

electron-beam-based Inverse Compton Sources (ICS) (at fixed y, and laser power)
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Source properties

High energy atomic beams play the role of high-stability light-frequency converters:

Vit — (4 YLZ) Vi aser

for photons emitted in the direction if incoming atoms, y, = E/M s the Lorentz factor for the ion beam

3.Tuneable energy:

> The tuning of the beam energy (SPS or LHC), the choice of the ion, the number of left electrons and of
the laser type allow to tune the y-ray energy at CERN in the energy range of 10 keV — 400 MeV
(extending, by a factor of ~1000, the energy range of the FEL X-ray sources)

4. Plug power efficient:

» Atoms loose a tiny fraction of their energy in the process of the photon emission. Important: No need
to refill the driver beam. The RF power is fully converted to the power of the photon beam

14



dn/dE, [MeV"' s

A concrete example: Nuclear physics application: He-like, LHC
Calcium beam, (1s=22p), , transition, TiSa laser

101 Photon fluxes
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E, [MeV]

laser pulse parameters

— Gaussian spatial and time profiles,

— photon energy: E_photon = 1.8338 eV

— photon pulse energy spread: sigma_{omega}omega = 2 x 10-4},

— photon wavelength: lambda = 676 nm,

— pulse energy: W_{I} =5 mJ,

— peak power density 1.12 x 1013 W/m~2

— r.m.s. transverse beam size at focus: sigma_{x} = \sigma_{y } = 150 um (micrometers),
— Rayleigh length: R_{L.x} =R_{L,y}=7.5cm,

— r.m.s. pulse length: |_{I} = 15 cm.

5. Highly-collimated monochromatic y-beams:

» the beam power is concentrated in a narrow angular
region (facilitates beam extraction)

> the (E,,0,) correlation can be used (collimation) to
‘monochromatise” the beam
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4.Doppler laser cooling methods of high energy beams

LHC: i
Io/E, 04 - Y I

)eam~ 1

d
g (‘2\
absorption probability
=]

-y o
o=0+ kv Frequency

Opens a possibility of forming at
CERN hadronic beams of the
required longitudinal and
transverse emittances within a
seconds-long time scale.

Bunch

Energy loss A. .Petrenko A. .Petrenko
0.02

AEJE (%)
AEJE (%)

No energy loss
3

—0.05 0.00 0.05 0.10 015 o 2000 4000 6000
s (m) Turn

Beam cooling speed: the laser wavelength band is chosen such that
only the ions moving in the laser pulse direction (in the bunch rest frame)
can resonantly absorb photons.

1.6
—
1.4 N A. .Petrenko "

~ 121
'E 0.8 \\

0.4
\
0.2 1 \-;

0.0
0

t (sec)

Simulation of laser cooling of the lithium-like Ca(+17)
bunches in the SPS: transverse emittance evolution.
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5. Tertiary beams’ sources — Intensity/quality targets

> Polarised positrons — potential gain of up to a factor of 10* in intensity w.r.t. the KEK positron source,
satisfying both the LEMMA and the LHeC requirements

» Pions — potential, gain by a factor of 10°, gain in the spectral density (dN_/dEdpdP [MeV-? x MW] with
respect to proton-beam-driven sources at KEK and FNAL (P is the driver beam power)

» Muons — potential gain by a factor of 10° in intensity w.r.t. the PSI muon source, charge symmetry (Nu
* ~ Nu), polarisation control, no necessity of the muon beam cooling?

» Neutrinos — fluxes comparable to NuMAX but: (1) Very Narrow Band Beam, driven by the small
spectral density pion beam and (2) unique possibility of creating flavour- and CP-tuned beams driven
by the beams of polarised muons

» Neutrons — potential gain of up to a factor of 10% in intensity of primary MeV-energy neutrons per 1 MW

of the driver beam power
> Radioactive ions — potential gain of up to a factor 10% in intensity w.r.t. e.g. ALTO

17



Application domains of the Gamma Factory research tools

particle physics (studies of the basic symmetries of the universe, dark matter searches, precision QED and EW
studies, vacuum birefringence studies, Higgs physics in yy collision mode, rare muon decays, precision neutrino
physics, ...).

accelerator physics (beam cooling techniques, low emittance hadronic beams, plasma wake field acceleration,
high intensity polarized positron and muon sources, beams of radioactive ions and neutrons, very narrow band, and
flavour-tagged neutrino beams).

Wednesday, Friday sessions

nuclear physics (confinement phenomena, nuclear spectroscopy, nuclear photo-physics, fission research, gamma
polarimetry, physics of rare radioactive nuclides,... ).

atomic physics (electronic and muonic atoms, pionic and kaonic atoms).

applied physics (accelerator driven energy sources, cold and warm fusion research, medical isotopes’ and
isomers’ production, ...).

Tuesday, Thursday, Friday sessions

18



Gamma Factory milestones —
status report
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Gamma Factory project milestones

1. Successful demonstration of efficient production, acceleration and —
storage of “atomic beams” in the CERN accelerator complex.
2. Development “ab nihilo” the requisite Gamma Factory software ol Done...

tools.

3. Building up the physics cases for the LHC-based GF research _
programme and attracting wide scientific communities to evaluate = RULJgeIge[olle e
and use (in the future) the GF tools in their respective research.

4. Successful execution of the GF Proof-of-Principle (PoP) W | o/ submitted to the
experiment in the SPS tunnel. SPSC on the 25t of
‘ September 2019, public
presentation on the 13t
future of October 2020 2>

waiting for CERN’s
approval

5. Extrapolation of the PoP experiment results to the LHC case and
precise assessment of the performance figures of the GF
programme (prior to the next European Strateqy Update).

6. Elaboration of the TDR for the LHC-based GF research programme.
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Milestone 1:

Successful demonstration and control of efficient production,
acceleration and storage of atomic beams of partially stripped ions in
the CERN accelerator complex..
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July 2018

symmetry &=

dimensions of particle physics

LHC acceleratesits
first “atoms"”

follow + O

A joint Fermilab/SLAC publication

07/27/18 | By Sarah Charley

Lead atoms with a single remaining electron
circulated in the Large Hadron Collider.




What have we learned from the SPS beam test:
(beam lifetime: Xe and Pb )

LIFETIME AND BEAM LOSSES STUDIES OF PARTIALLY STRIP IONS
IN THE SPS ('¥Xe**)

S. Hirlaender, R. Alemany Fernandez, H. Bartosik, N. Biancacci, T. Bohl,
S. Cettour Cave, K. Cornellis, B. Goddard, V. Kain, M. Lamont,
D. Manglunki, G. Papotti, M. Schaumann, F. Zimmermann, CERN, Geneva, Switzerland
M. W. Krasny, LPNHE, University Paris VI et VII and CNRS-IN2P3, Paris, France
and CERN, Geneva, Switzerland
F. Kroger. T. Stohlker, G. Weber, HI Jena, I0Q FSU Jena, and GSI. Darmstadt, Germany
V.P. Shevelko. P.N. Lebedev Physical Institute, Russian Academy of Sciences, Moscow, Russia
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What we have learned form the LHC beam tests:
(optimisation of the electron stripping )

F Kroeeer. T. Stohlker. (.
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What have we learned form the LHC beam tests:

(LHC beam lifetime studies — hydrogen-like lead )

10th Int. Partile Accelerator Conf. IPAC2019, Melbourne, Australia JACoW Publishing
ISBN: 978-3-95450-208-0 doi:10.18429/JACoW-IPAC2019-MOPRBO55

FIRST PARTIALLY STRIPPED IONS IN THE LHC (?Pb8!*)

M. Schaumann*, R. Alemany-Fernandez, H. Bartosik, T. Bohl, R. Bruce, G.H. Hemelsoet,
S. Hirlaender, J.M. Jowett, V. Kain, M.W. Krasny, J. Molson, G. Papotti,
M. Solfaroli Camillocci, H. Timko, J. Wenninger, CERN, 1211 Geneva 23, Switzerland
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What have we learned form the LHC beam tests:

(modelling of the LHC PSI bunch dynamics)
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What we have learned form the LHC beam tests:
(collimation of PSI beams in the LHC rings)

PHYSICAL REVIEW ACCELERATORS AND BEAMS 23, 101002 (2020)

p
Collimation of partially stripped ions in the CERN Large Hadron Collider Halo Apertuire
A. Gorzawski®,'"”" A. Abramov®,"”" R. Bruce,' N. Fuster-Martinez®,' M. Krasny®,"* N ) L . bottlcncclf.
J. Molson®,' S. Redaelli,' and M. Schaumann®' Beam )
'CERN European Organization for Nuclear Research, Esplanade des Particules 1, Collimators

1211 Geneva, Switzerland, Warm Cold aperture
2Um'ver_\'ity of Malta, Msida, MSD 2080 Malta P

*JAI, Egham, Surrey, United Kingdom aperture
*LPNHE, Sorbonne University, CNRS/INP2P3, Tour 33, RdC, 4, pl. Jussieu, 75005 Paris, France o g 3 -
@] o O o
® (Received 3 August 2020; accepted 5 October 2020; published 23 October 2020) B 3 B e
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What we have learned form the LHC beam tests:
(collimation of the PSI beams in the LHC rings)
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We have reached the first of Gamma Factory milestone:

« We have demonstrated that we can efficiently produce, accelerate and
store bunches of atomic beams of high Z, partially stripped ions in the
CERN accelerator complex, with the requisite bunch intensities.

* We have identified and understood the dominant sources of beam losses
over the full beam production, acceleration and storage cycles

29



y [mm]

Milestone 2:

Development of the requisite Gamma Factory software tools.

Gamma Factory: Pb”®* beam profile
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Gamma Factory: Pb”%*

30



1000

-

lifetime, s

00

-
o

Example: Beam lifetime in the SPS

o . V.P. Shevelko et al.
Lifetimes of Pb ions 7=82 Lifetimes of Ca ions Z=20
3 100
g ‘\.\.\.\ = - E vacuum conditions:
:0\_\ \:i.‘. - rest-gas de;nsity: s : m—E—E—E N -5 u m—s—m—m Calo+ density 7 x 10° partlcm3
'\,\. p=7.4x 10  mollcm ]

T e —— e " . (2.75 x 10°® mbar) NN m—u- m—mu—m Cal8+ residual-gas fractions:

S . e
e ’\o\.\. rest-gas fractions: [7,) = CH 25%
] S ———— . L - | H, 905% & lm mfm—w S —a—s s s s == Cal7+ -
] H,0 35% £ ] HO 3.5%
] y = - cCoO 25%

CO, 1.0% (5] e ® & o
. cH, 2.5% 5 . © ® ® o e e e o o o e o Pb54+| CO, 10%
—e——— . co 25% 1
E - — e . . E P e e e e e ]
] 69+ ] Cal10+
S s 1 ]
T T — - T ——r 0.1 —rr T —r—Trr T ——TrT T
1 10 100 1 10 100 1000
E, GeV/u 13.04.2019
E, GeV/u Nuclear Instruments and Methods in Physics V-Shevelko

Research Section B: Beam Interactions with

Materials and Atoms
Volume 392, 1 February 2017, Pages 67-73

. i‘s&é“;g‘e

BREIT code: Analytical solution of the balance
rate equations for charge-state evolutions of’
heavy-ion beams in matter

N. Winckler /&, A. Rybalchenko %, V.P. Shevelko , M. Al-Turany €, T. Kollegger 2, Th. Sthlker » ¢ €
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Example: S

Imulations of longitudinal cooling
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Example: Simulations of photon emission delay

(PoP experiment: Lithium-like lead beam and Yb-doped laser pulses)

E, lkeV]

Photons at z = 7m: No emission delay

P PR B 1 1 1
0.02 0.04 0.06 0.08 O.1

1 1 1 1 L
0.12 0.14 0.16 0.18 0.2
r [m]

PSI beam 208py, 70+
m —ion mass 193.687 GeV/c?
E — mean energy 18.652 TeV
v = E/mrQ— mean Lorentz relativistic factor 96.3
N — number ions per bunch 0.9 x 10%
op/E — RMS relative energy spread 2x 1074

€, —normalised transverse emittance
o, — RMS transverse size

1.5 mm mrad
1.047 mm

oy — RMS transverse size 0.83 mm
o, — RMS bunch length 6.3cm
Laser Infrared
A — wavelength (5w — photon energy) 1034 nm (1.2 eV)
/A — RMS relative band spread 2x 1074
U — single pulse energy at IP 5mJ
o, — RMS transverse intensity distribution at IP (o7, = wr,/2) 0.65 mm
o — RMS pulse duration 2.8 ps
6, — collision angle 2.6 deg
Atomic transition of 2°Ph7F 25 — 2p1 /9
hw(, — resonance energy 230.81 eV
7/ — mean lifetime of spontaneous emission 76.6 ps
hwi™™ — maximum emitted photon energy 44.473 keV

E, lkeV]
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Photons at z = 7m: With emission delay
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W. Placzek talk on Friday
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Photons at z = 7m, 4cm <r < 6cm
s NO emission delay
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We have reached the second of the Gamma Factory project milestones:

We have developed software tools capable to extrapolate the results of the

beam tests (stripping efficiency, beam loses) to the other particle species
specified in terms of atomic number and the number of left over electrons

« We have developed the simulations tools to optimise the Laser-PSI
Interaction Point (IP) design

« We have developed the simulation tools to study the multiturn PSI beam
dynamics (including beam cooling)

« We have developed software tools to optimise the Fabry-Perot cavity design



Milestone 3:

Building up the physics
cases for the LHC-based
GF research programme
and attracting wide
scientific communities to
evaluate and use (in the
future) the GF tools in their
respective research

(work on-going).

Virtual MITP Workshop
Physics Opportunities with the Gamma Factory

30 November — 4 December 2020

* Accelerator developments

* Atomic and fundamental physics

* Search for Dark Matter

* Nuclear and particle physics

* Rare isotopes and isomers

* Nuclear-physics applications

» Studies with primary, secondary and tertiary beams
* Gamma Factory in a global landscape
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Physics cases for the LHC-based GF research programme
published and soon-to-be-published studies)

g physik

Feature Article & OpenAccess (@ (D
Atomic Physics Studies at the Gamma Factory at CERN

Dmitry Budker i, José R. Crespo Lépez-Urrutia, Andrei Derevianko, Victor V. Flambaum, Mieczyslaw
Witold Krasny, Alexey Petrenko, Szymon Pustelny, Andrey SurzhykoviX, Vladimir A. Yerokhin, Max
Zolotorev ... See fewer authors ~

First published: 09 July 2020 | https://doi.org/10.1002/andp.202000204

Progress in Particle and Nuclear
Physics

Volume 114, September 2020, 103792

Review

High-luminosity Large Hadron Collider
with laser-cooled isoscalar ion beams *

M.W. Krasny * P 2, &, A, Petrenko © ®, W. Ptaczek ¢

Show more

To be presented at this workshop

https://doi.org/10.1016/j.ppnp.202 by Alexey Petrenko
Available online at www.sciencedirect.com OCLEAR
lclzncu@nln!cv- INSTRUMENTS
IN PHYSICS
et RESEARCH
ELSEVIER Nuclear Instruments and Methods in Physics Research A 540 (2005) 222-234 S

www.elsevier.com/locate/nima

Electron beam for LHC
Mieczyslaw Witold Krasny

LPNHE, Université Pierre et Marie Curie, 4 PL Jussieu, Tour 33, RDC, 75025 Paris, France

Received 14 September 2004; received in revised form 19 November 2004; accepted 23 November 2004
Available online 22 December 2004

Expanding Nuclear-Physics Horizons with Gamma Factory

Dmitry Budker
Johannes Gutenberg-Universitdt Mainz, 55128 Mainz, Germany
Helmholtz-Institut, GSI Helmh um fiir 55128 Mainz, Germany and
Department of Physics, University of California, Berkeley, California 94720, USA

Julian C. Berengut
School of Physics, University of New South Wales, Sydney 2052, Australia and
Maz-Planck-Institut fiir Kernphysik, 1, 69117 Heidelbery, Germany

Victor V.Flambaum
School of Physics, University of New South Wales, Sydney 2052, Australia
Johannes Gutenberg-Universitat Mainz, 55128 Mainz, Germany
Helmholtz-Institut, GSI um fiir 55128 Mainz, Germany and
The New Zealand Institute for Advanced Study, Massey University Auckland, 0632 Auckland, New Zealand

Mikhail Gorshteyn
Johannes Gutenberg-Universitat Mainz, 55128 Mainz, Germany

unlan Jin
Department of Modern Physics, University of Science and Technology of China, Hefei 230026, China

Felix Karbstein
Helmholtz-Institut Jena, Frobelstieg 3, 07743 Jena, Germany and
Theoretisch-Physikalisches Institut, Abbe Center of Photonics,
Friedrich-Schiller-Universitit Jena, Maz-Wien-Platz 1, 07743 Jena, Germany

Micczyslaw Witold Krasny
LPNHE, Sorbonne Université, Paris Diderot Sorbonne Paris Cité, CNRS/IN2P3, Paris; France and
CERN, Geneva, Suitzeriand

Adriana Pélffy

Maz-Planck-Institut fiir Kernphysik, 1, 69117 Heidelberg, Germany

Vladimir Pascalutsa and Marc Vanderhaeghen
Institut fiir Kernphysik, Johannes Gutenberg-Universitit Mainz, 55128 Mainz, Germany

Alexey Petrenko
CERN, Geneva, Switzerland and
Budker Institute of Nuclear Physics, Novosibirsk, Russia

Andrey Surzhykov
Technische 38116 Germany and
Technische dt 38106 Br , Germany
(Dated: July 31, 2020)

To be presented at this workshop
by Dragos Nichita

Radioactive Ion Beams (RIBs) production using
the Gamma Factory source

D. Nichita'?, D.L. Balabanski', P. Constantin!, W. Krasny?

Corresponding author email: dragos.nichita@eli-np.ro
1 Extreme Light Infrastructure — Nuclear Physics, ”Horia Hulubei” National
Institute for Physics and Nuclear Engineering, 077125 Bucharest Magurele,
Romania
2 Doctoral School in Engineering and Applications of Lasers and Accelerators,
University Polytechnica of Bucharest. 060042 Bucharest, Romania
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Physics cases for the LHC-based GF research programme

(on-going work)

The GF driven muon and neutrino source

Dark Matter searches: ALP example

Selective Nuclear-Waste transmutation
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Proposal for selective isotope transmutation of long-lived fission products

using quasi-monochromatic y-ray beams

Takehito Hayakawa?, Shuji MiyamotoP, Ryoichi Hajima?, Toshiyuki Shizuma?, Sho Amano®,
Satoshi HashimotoP and Tsuyoshi Misawa®

2Tokai Quantum Beam Science Center, National Institutes for Quantum and Radiological Science and Technology, Ibaraki, Japan;

BLaboratory of Advanced Science and Technology for Industry, University of Hyogo, Hyogo, Japan; ‘Research Reactor Institute, Kyoto

University, Osaka, Japan

Table 3. Selective isotope transmutation energy windows for each LLFP.

LLFP  SITEW (MeV)  Residual isotope Tin Other radioisotope Tin
B7r  6734—8220 27¢ - %7t 64d
Se  6914—9914 8Se - - -
Wpd  6359-9221 106pg - - -
265n  8193—37.980 1255h 28y Zgp 27h
sy 7.806—11.490 8y 50.6d 8Rb, 185d
B5Cs  8762-15.476 Bics 20y B 132d
BICs 827815476 B6Cs 132d B4Cs 20y
129 6799—15.574 128 25m 126) 1B31d
OTc  6500—8.967 %Mo - - -
0.2 mrad <6, <0.3 mrad 0.4 mrad <6, < 0.5 mrad
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T S w
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To be presented at this workshop by Armrn Apyan, Yotam Soreq and Takehito Hayakawa




Physics cases for the LHC-based GF research programme
(new contributions)

= physik

ann-phys.org

Special Issue
Physics Opportunities with the Gamma Factory

Submisson deadline: March 1st, 2021

Scope:
* Accelerator developments
*  Atomi i

A ndary and tertiary beams
in a global landscape

Ily 15-25 pages): a snapshot of most
s with possibly open or controversia i

ager.com/adp-journa
10245 Berlin, German: y

Contact Editor: Nadezda Panarina E-mail: ann-phys@wiley.com

Guest Editors

Everybody is invited to
contribute to the special
issue of “Annalen der
Physik” devoted to the
physics opportunities
offered by the Gamma
Factory project!
Subsequent

publication of the Volume Il
of the Gamma Factory
CERN Yellow report.
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Milestone 4:

Successful approval by the SPSC and by the CERN Research
Board), construction and execution of the GF Proof-of-Principle
(PoP) experiment in the SPS tunnel (work on-going).
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PoP experiment: integration (LSS6)

SPS

PoP location

:

Vi Ema
2] =)
i ———"—atm =

Ed

Details of the PoP-experiment proposal and its status 40
in Aurelien’s talk. ..




Milestone 5:

Extrapolation of the PoP experiment results to the LHC case and
precise, quantitative assessment of the physics reach of the GF
programme (should be finalised prior to the next European
Strategy Update -20267?).

Milestone 6:

Elaboration of the TDR for the LHC-based GF research programme

(If positive recommendation of the next ESPP). a1
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GF PoP experiment

GF interactions with the SPSC and the approval process

How to find 2.5 MSFR to execute the experiment?

PoP- experiment collaboration, MoU, cost and manpower sharing
Grant application(s)

Timing

Y VYV VY

lon source(s) and new electron stripper construction and installation
Mirror reflectivity and the frontier of the highest energy gamma-rays
High repetition (~20 MHz) FEL as an alternative to conventional lasers
Time-structure of laser pulses for the highest gamma-source intensity

Production of polarised gamma-beams
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An example: maximal gamma energies —
LHC beams, 1s—> 2p transition, Hydrogen-like ions

LHC 23352.81 Tm rigidity
1000 - :

100 - > F
3 £ 2ok *
E & . .
; o i f
= 10_: ; ]
= - -
\“éi 5, 90Zr ;
. 79 : .
i gl 5 647N
S0 :-‘

e B, x55Mn_ A6Ti .
120 200 300 400 500 600 700 10601 T - 2-000

Wavelength (nm) laser wavelength (nm)

Need optical cavities for (100 nm - 400 nm) wavelength. Multilayer mirrors using high refraction index materials (AL,O;,
HFO,, ZRO,) and low refraction index material (SiO.,) deposited on silicium or sapphire. The roughness must be
controlled to better than 1 angstrom.Very recent technological progress: Mackowski- Lyon, Jena (Germany)

.. or a dedicated FEL to cover the wavelength range of 100-500 nm (initial studies by Vittoria Petrillo, Fabrizio Castelli
and Luca Serafini).



Conclusions

€ The target of the GF initiative is to develop a variety of novel research tools which
could potentially open new research opportunities in a broad domain of basic and
applied science.

€ Over the last 3 years the Gamma Factory initial ideas developed into a well defined
project involving a large group of ~90 physicists.

€ Progress has been impressive. The next steps are clear.

€ The Gamma Factory R&D studies enter now the crucial, decisive phase of its PoP
SPS experiment.

@€ In parallel, we are intensifying our effort to propose and evaluate the physics cases
for the LHC-based GF research programme and trying to attract various scientific
communities to consider using the GF tools in their future research
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Building the Gamma Factory project foundations

Technological R&D, Group organisation,
technical feasibility CERN support,
studies, . o funding scheme,
PoP experiment timing

Research We are looking forward to your new ideas

I;Z)eg ggj ggI;WT mmel  and your constructive criticism!

quantitative case
studies
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