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Particle Physics: “état de grace” for the next 70 years?

HL-LHC performance (ultimate from 2032)
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attractive, research options for CERN?

FCC integrated project plan if¥fully integrated with HULHC exploitation and provides for Beamless
further continuation of HEP infEurope.
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... So far diversity has proven to be the most successful
> survival strategy of living ecosystems ...




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-??77?) 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.
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What is Gamma Factory?
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The Gamma Factory proposal for CERN
Mieczyslaw Witold Krasny (Paris U., VI-VII) (Nov 24, 2015)
e-Print: 1511.07794 [hep-ex]




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, “small-size” atoms

Atomic rest-frame

Trapped stationary atoms
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Opening new research opportunities in atomic physics:

>
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Highly-charged atoms — very strong (~10'6 \//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 lasers
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July 2018: Birth of Atomic Physics research at CERN
symmetry s tollow + 5

dimensions of particle physics

A joint Fermilab/SLAC publication

07/27/18 | By Sarah Charley

LH c accelerates its Lead atoms with a single remaining electron
first “atoms"”

circulated in the Large Hadron Collider.




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

Hydrogen-like lead

Opens the possibility of collecting, by each of the LHC

; Ecy~ 200 GeV effective ep-collision luminosity comparable to the
/ @ HERA integrated luminosity in the first year of its

electron to the lead nucleus partonic beams at the LHC!
d~ 600 fm

detectors, over one day of the Pb+81—p operation, the

average distance of the operation (1992) — in-situ diagnostic of the emittance of

Available online at www.sciencedirect.com

(sizeably higher than the range
of strong interactions)
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3.Gamma Factory y-source

After photon emission

. . hkl
~ymuv + hik E AN\
E ymv + hk = hk,
ymuv 3> hky > hk

Novel technology: Resonant scattering of laser photons on ultra-relativistic atomic beam




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

13



dn/dE, [MeV"' s

A concrete example: Nuclear physics application: He-like, LHC
Calcium beam, (1s—>2p),,, transition, TiSa laser

10" Photon fluxes

oqofL L L L L L L L L L L L D T -.‘:F
220; i
200 GF@CERN: E
180— =
160, dn/dE = 0.4-2.4 x 10" y/Mev/s E
140 » - » - - —
1200 Highest fluxes achieved so far — HIyS =
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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 10413 W/m~2

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

E,[MeV]
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4.Doppler laser cooling methods of high energy beams

LHC: i
Io/E, 04 - Y I

)eam~ 1

J
g (‘2\
absorption probability
=]

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

>
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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.
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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
* ~ Nuw), 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

16



Scientific context
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Revisiting three paths of progress in experimental science

1. Increasing (incrementally) precision of the canonical measurements to test well-established theories
and models (e.g. ~40 years of the SM building + ESPP recommendation to remain on this paths over

the next 60 years)

2. Verifying predictions of new theoretical models (35 years of the SUSY searches ended up in
disillusion — at present no guidance from the theory, neither for the energy scale of new physics, nor
for couplings of new particles)

3. Technological leaps, creating new research tools ... or increasing the precision of the existing
ones by several orders of magnitude!

> At this moment of particular importance for our discipline, since we neither have any hints for a
new physics which is accessible by the present technologies at a reasonable cost, nor a certainty
that our discipline will survive next 60 years of remaining solely on the “incremental path”!
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Two Nobel Prizes for “predicted discoveries” at CERN (W/Z, Higgs)
... and 19 Nobel Prizes for X-ray based research

. PHYSICS:
NObel Prlzes 1901 - Wilhelm Rontgen
i Based on X-ray Work ’

7 1914 - Max Von Laue

CHEMISTRY: 1915 - Sir William Henry Bragg & Sir William Lawrence Bragg

1936 - Peter Debye
1917 - Charles Barkla

1962 - Max Perutz & Sir John Kendrew .
1924 - Karl Manne Siegbahn

1964 - Dorothy Hodgkin
1927 - Arthur Compton

1976 - William Lipscomb o
1981 - Kai Siegbahn

1985 - Herbert Hauptman & Jerome Karle

1988 - Johann Deisenhofer, Robert Huber & Hartmut Michel* MEDICINE:

1997 - Paul D. Boyer & John E. Walker* 1946 - Hermann Joseph Muller
2003 - Peter Agre & Roderick Mackinnon* 1962 - Francis Crick, James Watson & Maurice Wilkins
2006 - Roger Kornberg* 1979 - Alan M. Cormack & Sir Godfrey N. Hounsfield

* Used SYNCHROTRON RADIATION

The development of X-ray tools was not motivated by the predicted discoveries
— the discoveries resulted form development of the tools!




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).

Examples in this talk

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 atoms?).

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

20



Virtual MITP Workshop
Physics Opportunities with the Gamma Factory

30 November — 4 December 2020
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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

Contacts
Web: https://indico.mitp.uni-
mainz.de/event/214/overview

Email: POG2021@uni-mainz.de

ganizers
Dmitry Budker
Misha Gorshteyn
Witold Krasny
Adriana Palffy
Andrey Surzhykov

Workshop is sponsored by the Mainz Institute for Theoretical Physics

Day 1: Introduction to Gamma Factory
1350- 14100

Welcome Greeting by Matthias Neubert, Director MITP

1400- 1410
Logistics/Publication Dima Budker @
1010- 1420
Physics beyond Coliders ko Lanont €,
0100 14201500
GF in the CERN Landscape ik kasny @
(0-10) 1500 1540
Coftos Break
15401610
Existing Photon Sources ogkws @
(30-10) 1610 - 16:50

Prootot-rinciple Experiment @ 575 pr——)

(0-10 1650730
[T E——
1350- 1400
Light DM Particle Searches @ Gamm Factory Yotam soreq
0-10 1400- 2440
Physics with Muon Beams: GF and Elsewhere angelaPapa @
0-10 1401520
Physics with Neutron Beams r—)
(0-10 1520- 1600
Coftes Break
1600- 1630
Rare Isotope Production at GF Y Linanow
(0-10 1630-1710
La - oaryat vinters @
Day 4: Atomic Physics at the Gamma Factory
1350-1400
Overview of Atomic Physics at the GF Andrey Suizhykov @
(30+20) 14:00 - 14:40
Twsted Photons at he GF vatey serv0 | @
(30+20) 14:40 - 15:20
Atomic Structure Calculations Viadimir Shabaey @
(15+5) 1520 - 15:40
Coftos Break
1540-1610
Polaization o Resonanly Scttered Photons ey voloka
(15+5) 16:10- 16:30
Nonlinear QED Effects Felix Karbstein @
(15+5) 16:30 - 16:50
Kaoni o Cataina Curceans | @
-5 1650- 1710
Interation of Nuclear and Atomic ... sananapany, €
(15+5) 17:10-17:30

Day 2: Nuclear Physics at the Gamma Factory

13:50 - 14:00
Nuclear (Astro)Physics in the Multimessenger Era Jorge Piekarewicz @
(30-10) 14:00 - 14:40

Nuclear physics with a laser-generated brilliant gamma-ray beam Peter Thirolh €@

(30+10) 14:40 - 15:20

Overview/NP@GF and discussion Viadimir Zelevinsky @

(30+10) 15:20 - 16:00
Cotfee Break

16:00 - 16:15

“Virtual Field Trip™: Mainz Colloquium Prof. Eli Zeldov

16:15 - 17:00

Day 5: Lasers | Polarimetry / Related Facilities | Case Studies

13:50 - 14:00
GF for High-Lumi LHC Alexey Petrenke @
(15+5) 1400- 1420

Gamma Factory Low-Emittance Muon Source Armen Apyan - @
(15+5) 14:20 - 14:40

Nuclear-Waste Transmutation Takehito Hayakawa
(15+5) 1440 - 15:00

Radioactive lon Beams at the Gamma Factory Dragos Nichita @

(15+5) 15:00- 15:20
Resonance Photoproduction of Pionic Atoms at GF Junlan Jin @
(15+5) 15:20- 1540

Access to the Kaon Radius with Kaonic Atoms Natalia Oreshkina @

(155) 15:40 - 16:00
Cotfee Break

16:00 - 16:20
X- and Gamma-Ray Polarimetry Ginther Weber
(15-5) 16:20 - 16:40

Monte Carlo Program GF-CAIN for Simulations of Photon Emission in Collisions of Partially Stripped lon Bunches with &
Wieslaw Placzek
Cotfee Break

17:00 - 17:20
Anisotropy of hadron universe with the maximum attainable speed Bogdan Wojtsekhowsk @

(15+5) 17:20 - 17:40



Three examples of the Gamma Factory contributions
to particle and accelerator physics

The first example - 22




The Gamma Factory path to high-luminosity LHC

nin2

L

- f47'('\/€3; Bz €y B}

Two complementary ways to
increase collider luminosity:

> increase the focusing strength, f* \

> reduce the beam emittance, ¢
> both.

LThe on-going HL(pp)-LHC project

Y

| By
o eriociofochale 6 iR

Dispersion Suppressor (DS) in P7 Matching Section (MS)

Interaction Region (ITR)

_ 1.2 km of LHC !I!
om> @)

Levelled Luminosity: 2.5 (5) x 103* cm2s, cost ~ 1 billion euro

A low-emittance particle beam is the beam where

Progress in Particle and Nuclear
Physics

Volume 114, September 2020, 103792

Rey

High-luminosity Large Hadron Collider

with laser-cooled isoscalar ion beams *

particles are confined within small distances and have
nearly the same momentum vectors — cold beams.

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

Show more

https://doi.org/10.1016/j.ppnp.2020.103792 Get rights and content
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The GF scheme of reducing the transverse beam emittance

O Produce highly charged ion bunches (partially stripped atoms) with the existing CERN ion source

0 Leave a couple of electrons attached to their parent nuclei for the SPS acceleration phase (in the
canonical SPS heavy ion operation all electrons are already stripped off).

O Cool the atomic beam with the specialised laser system at the top SPS energy to reduce its
emittance (longitudinal and the transverse cooling).

O Strip the electrons in the SPS-to-LHC transfer line.

O Accelerate and collide fully stripped ion beams in the LHC.

24



Gamma Factory path to HL(AA)-LHC:
A concrete implementation scheme with Ca beams

LHC: fully stripped

Calcium Ca(+20)

"nannl Laser cooling
‘ \
W a0,

Stripper

SPS: Lithium-like
Calcium - Ca(+17)

Stripper

P Pbions

LINAC 3

lon Source + Linac: charge state after stripping: Ca(+17)

1.64

1.4
~ 12
el

C 101

'E 0.8
= 0.6
0.4

0.21
0.0
0

—
\\ A. Petrenko

Reduction of the
transverse x,y, emittances
by a factor of 5 can be
achieved in 9 seconds —
sufficiently short to avoid
the CA(+17) beam losses in
the SPS.

Parameter Value

s'2 [TeV] 7
O'had(Ca)/ O}ot(Ca) 0.6

N, 3x10°
Epyn [um] 0.3

IBS [h] 1-2

B* [m] 0.15

Ly [cm2sT] 4.2 x 1034
Nb of bunches 1404

Collisions/beam crossing 5.5

Optical stochastic cooling time for the Ca beam, if
necessary, at the top energy — 1.5 hours (V. Lebedev)
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The merits of the cold isoscalar beams

Partonic emittances (longitudinal and transverse) can be fully controlled by the LHC data
alone (no precision brick-walls coming from the LHC-external data, and PDFs, PS models).

Significantly higher systematic precision in measuring the EW processes by using
isoscalar ion beams rather than proton beams (as in the earlier fixed target experiments).

A Z% leap in photon fluxes — access to exclusive Higgs boson production in photon—
photon collisions — unreachable for the pp running mode.

Lower pileup background at the equivalent (high) nucleon-nucleon luminosity.

New research opportunities for the EW symmetry breaking sector.
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Three examples of the Gamma Factory contributions
to particle and accelerator physics

The second example - 27




DM searches (and studies?): Axion-Like-Particles (ALP) example

Collision schemes for ALP production: j>‘*

Search phase “Production” phase

| £ | ‘;‘ 3,_
\ ,’\/ﬂ\/\; _ : SUpEAR T » Y ‘\f“g | /;[\; 4 -\/\/\/{\ Ter ™Y
! g Mpp < 1keV Iy Macp ~ 1-100 keV
\/\/\/\b Yer— A (beam dump) | M 4 MA Yor~ Y (LHC)
Map ~ 1 keV — 10 MeV AR Map ~ 100 keV — 800 MeV
\/\/\/\" ot 0 v A (LHC) [ Concurrent, rich QED programme (e.g. yy elastic scattering) ]
Map ~ 10 MeV — 10 GeV

Three principal advantages of the Gamma Factory photon beams:

« Large fluxes: 10°* photons on target over year (SHIP — 1020 protons on target).

* Multiple ALP production schemes covering a vast region of ALP masses (sub eV — GeV)
» Once ALP candidate seen =2 a unique possibility to tune the GF beam energy to the resonance. | 28




A concrete example: Gamma Factory APL-finding potential

(beam-dump search mode mode)

Search phase

Example: beam-dump mode

1072

\/\/\/\ b. Yee—A collisions

Two appearance modes:

1073

10

1073

1/A[GeV™]

M
|— 72 10-6

» decay:a 2yy

U -

10 m 1077k

1078

Y.Soreq, T.Ma, R Balkin -- preliminary

— yN—aN, a—»yy: d=1m, Lp=20m
— yN—-aN, aN—ny

1073

» reconversion: aN 2>yN

L
10 4 1073 1072
my[GeV]
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Three examples of the Gamma Factory contributions
to particle and accelerator physics

The third example -

30




Towards the Gamma-Factory-driven, neutrino source and
polarised muon source

Neutrino Factory (NuMAX)

lProton Driver Front End |Cool- |} Acceleration | Storage Ring
ing o ,
OO R —=— Shouldn’t we try to
? 1 : & o Bfr il | adll avoid constructing a
- g29 2 5|3 Zeti costly, high power
=1 Q@5 2|Z Accelerators: g
= % e | = Single-Pass Linacs Long Baseline NF Proton Drlve,; and tO

get rid of the

Proton-driven Muon Collider Concept (MAP)

necessity of building

fProton Driver Front End Cooling Acceleration Collider Ring
__OOA o | [ 257000 m fong,
= S Higgs Fact 0~ :
? 1. .. i (== | | sophisticated cooling
= &8 5 £ |[s98¢€ 2|8 5 = = = .
S 2 £ £ [s622588 588 & ol section?
< 3 O [CRB 212 40 32 a0 ® . ur
S R 2ls e @2 & ¢ Accelerators:
< 2 o alg g & N Linacs, RLA or FFAG, RCS
hd‘

Who would not be excited by the perspective of constructing a 3 TeV muon-
collider in the existing, 7 km long, SPS tunnel, for the cost of digging the tunnel
for the 100 km long, 350 GEV, e*e collider (6.5 BCHF)? 31




Novel paradigm: u and v sources based on exclusive pion production in
photo-excitation of A resonances with the Gamma Factory photon beam

Y+Pp 2 A2 n+a’
Y+N2>A"S>p+m

7T+, -

A+, A0
p,Nn n,p

Exclusive process: E, = 300 MeV,

liquid hydrogen target

» Pion energy and transverse
momentum no longer random

> Fully specified by one
parameter: the pion emission AApyan, MWKrasny
angle, 6 preliminary

75

30 45 60
0 (degree)

Symmetry of n* and s production for isoscalar target
(e.g. graphite) (the cost: Fermi smearing - error bars)

E, = 300 MeV
"
-

iR

20F-

— -
—

S
Hy-H-

80F- H :

7of- A-Apyan, M.W.Krasny M

f prelimpary |
80 ——— 20 — 50

30 40 50 60 K[
Production Angle 6 (Degree)

Further “Monochromatisation” of the pion kinetic
energy by a suitable choice of the target radius

x10°
> [ 300 MeV
g 2 - — Pions initial spectrum
[ E[S" - 112MeV, o - 22 MeV]

; 5 mm— Pions corrected spectrum
E i ETS" . 8OMeV, o = 14 MeV

1.5
I
-~
o [
s 1
o 5
s B
505 A.Apyan,
.g i M.W.Krasny
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| Il Il L
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Pion production rate and spectra: proton versus GF y-beams

8 GeV proton beam 300 MeV GF y-beam
For A\, = 2 graphite target: For A, = 2 graphite target :
~4.1x 10" x*/s and ~ 2.6 x 10" «/s for 1 MW p beam ~2x 10" n* and «w /s for 1 MW y beam (2 x 106 y/s)
1 MW photon beam deposits ~ 6 ° : x sordl- R comee > - Alter crtect
. . _ ?/ . er correction —_ ler correction
times less energy in the )\'i -z g‘/ *oa Egn" = 183 MeV, o = 19 MeV §5'0 Egn”" =23 MeV, o = 12 MeV R i
. , N - _— -
graphite target! ...in addition ~20% o - % R p —
muons lost in the cooling channel s . 230 E4.0~
' I : & [ g i o |}
o5 G887 . o 230f v
;z'*((%%i?) [ A A 0.20— Gp ~20 Mev g : - Opt ~12 Mev
A K- (0.007) J * “6 | 5 [
- M % A N 2
2 * W, 1 : 020
E e S9! é - 5 |
5Hr 5. | |
v p4 A.Apyan, all [~ AApyan;
[ i - ‘ M.W.Krasny g 5 M.W.Krasny
o oy 1 - limi i limi
* 0,~1000 MeV °F 0y ~250 MeV o e ] 2 oIV Wiz
o L omo- = RE , L , , . 0 5 100 150 200 260 300 -150 -100 -50 0 5 100 150
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Expected reduction of the transverse pion-beam emittance (x,y) by a factor of > 10 and longitudinal
emittance by a factor of > 20. If preserved while forming u-beam (under study), no cooling necessary!
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Potential advantages of the Gamma Factory
photon-beam-driven neutrino and muon sources

Replacing the high-power proton Linac beam by the LHC-driven GF photon-beam may turn out to be
an exciting, cost-optimising option for the future neutrino factory and muon collider.

Producing and handling of > 1 MW photon beams may turn out be easier than > 1 MW proton
beams (less power deposited in the target).

GF source could produce low-emittance muon beams for which the muon-cooling phase may be
avoided (CW beam!).

High spectral density of the pion beams allows to generate a Very-Narrow-Band Neutrino Beams
(VNBNB,.

The almost exact symmetry of the n+/n- and u+/u- is assured (contrary to the proton driven sources).
The above two merits may facilitate the design of the neutrino factory and muon collider (for the
latter, the bunch merging scheme at the top energy would need to be developed).

Muon polarisation provides an unique path towards the CP and flavour tagged neutrino beams.

This exciting option needs further studies ... 34




Gamma Factory status
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Martinez?, S.M. Gibson®, B. Goddard?, M. Gorshteyn®, A. Gorzawski'®2, R. Hajima?®, T. Hayakawa%, S. Hirlander?,

J.Jin*3, M. Jowett?, R. Kersevan?, M. Kowalska?, M.W. Krasny'®2, E. Kroeger'”, D. Kuchler®, M. Lamont?,
T. Lefevre?, D. Manglunki?, B. Marsh?, A. Martens'2, S. Miyamoto®! J. Molson?, D. Nichita®*, D. Nutarelli'?,
L.J. Nevay!, V. Pascalutsa®®, A. Petrenko'®:2, V. Petrillo'2, W. Placzek”, S. Redaelli2, Y. Peinaud'?, S. Pustelny”,
S. Rochester!?, M. Safronova®®?, D. Samoilenko!”, M. Sapinski?®, M. Schaumann?, R. Scrivens?, L. Serafini'2,
V.P. Shevelko®, Y. Soreq®2, T. Stoehlker!”, A. Surzhykov?!, I. Tolstikhina®, F. Velotti?, A.V. Volotka'?, G. Weber!”,
W. Weigiang?” D. Winters?®, Y.K. Wu?2, C. Yin-Vallgren®, M. Zanetti?*!®, E. Zimmermann?, M.S. Zolotorev?*
and F. Zomer™!

The Gamma Factory initiative ( ) was endorsed by the
CERN management by creating (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.

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 milestones — where we are?

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 =y [RILJEgele[l/loR
and use (in the future) the GF tools in their respective research.

4. Successful execution of the GF Proof-of-Principle (PoP) M | 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 Strategy Update).

6. Elaboration of the TDR for the LHC-based GF research programme.
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PoP experiment: integration (LSS6)

SPS

PoP location
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Details of the PoP-experiment proposal and its status 38
in Aurelien’s talk. ..




Conclusions

Gamma Factory can create, at CERN, a variety of novel research tools, which could
open novel research opportunities in a very broad domain of basic and applied science

The Gamma Factory research programme can be largely based on the existing CERN
accelerator infrastructure — it requires ‘relatively” minor infrastructure investments

Its “quest for diversity of research subjects and communities” is of particular importance
in the present phase of accelerator-based research, as we neither have any solid
theoretical guidance for a new physics ‘just around the corner”, accessible by FCC or
CLIC, nor an established “reasonable cost” technology for a leap into very high energy
“terra incognita”

Gamma Factory requires extensive R&D studies which must be finalised prior to the
next European Strateqy Update
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...and my closing slide




