Gamma Factory at CERN (and elsewhere)
Extraordinary Tool for Extraordinary Tasks
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Gamma Factory @ CERN

ymuv > hk, > hk

® hkl

ymv + hk — hk,

Photon absorption Excited 1on Photon emission

Proposal: M. W. Krasny (2015)
Up to 10! photons/s with energies up to 400 MeV

Physics with primary, secondary, and tertiary beams

“Table-top” physics with the LHC ?




Photon scattering on relativistic ions

In the laboratory reference frame:

Before photon absorption Excited 1on A fter photon emission

hk _ _ hk:
" ymu «\/\/\/\/\ . ymwv + hk E NNV
E ' E muv + hk — hk;

N
ymuv > hky > hk

Photon-energy boost: 2y, X 2y

In the 1nitial ion reference frame:

backward emission angle: 1/y;

Before photon absorption Excited 1on After photon emission 2
Random

. direction

- - hk’ hk! Excited .iog i_s,
@ ‘\/\/W\. @ nonrelativistic,

since hk' < me

Photon-energy boost: 2y,



The Gamma Factory Intensity Leap
ross-section

Compton backscattering

Electrons:

o, =8m/3xr,?

- electron r, - classical electron radius

o, = 6.6 X 10725 cm?

Gamma Factory
Partially Stripped lons:

VW - 2

2 ® Ores = }“res /2317

VAVAVV A

Laser [ o \° ' ‘ Mos - PhoOton wavelength in
2 |

the ion rest frame

— 1016 2
Oes =2.9X107°°CmM

Example: Pb, hydrogen-like ions,
stored in LHC y, = 2887

Tune laser frequency to resonant atomic transition

Requirements

E,...~1.5GeV

>
LINAC or LWFA >
>

Electron fractional energy loss:

emission of 150 MeV photon:
S T

(electron is lost!)

e e (0 {I-x107phss -

>
E . =574 000 GeV

>
(LHC)
Electron fractional energy loss: >
emission of 150 MeV photon:
E /Epeam = 2.6 X 107 >
(ion undisturbed!) >

eatures

Relatively “compact”
_arge laser system
_ow Y photon flux

(109 ph/s)

Unique Gamma-ray
beam

Modest laser
requirements
Ultrahigh y photon flux
(1076 ph/s)
Transparent to
accelerators

Beam cooling
capability

—> ~every photon in the bunch interacts
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Where is GF in the global context?

LHC — huge rel. factor y

PSI — huge cross section

XFEL at <400 MeV energy!

Proof-of-Principle (PoP)
experiment

at SPS in preparation for 2028
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PSI @ LHC

Is this possible?




A major news from CERN! (July 2018)

. N\ N Ay /I

During a special one-day run, LHC operators Iinjected lead "atoms” containing a single electron into the machine
(Image: Maximilien Brice/Julien Ordan/CERN)
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90 scientists

Gamma Factory PBC study group [EeRuttaies

>10 countries
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C. Yin-Vallgren®, M. Zanetti'”"'', E Zimmermann?, M.S. Zolotorev*’ and F. Zomer”
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3 Institute of Spectroscopy, Russian Academy of Sciences, Troitsk, Moscow Region, Russia
1AL Alikhanyan National Science Laboratory, Yerevan, Armenia

° PN. Lebedev Physical Institute, Russian Academy of Sciences, Moscow, Russia
 Marian Smoluchowski Institute of Physics, Jagiellonian University, Krakow, Poland

! Center for Advanced Studies of Accelerators, Jefferson Lab, USA

8 Helmholtz Institute, Johannes Gutenberg University, Mainz, Germany

Y LAL, Univ. Paris-Sud, CNRS/IN2P3, Université Paris-Saclay, Orsay, France

10 Department of Physics, INFN-Milan and University of Milan, Milan, Italy

" INFN-Padua, Padua, Italy
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13 University of Malta, Malta
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15 HI Jena, I 0Q FSU Jena and GSI Darmstadt, Germany
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Y 4 Prof. Dr.
GF group is open to everyone willing to contribute to this initiative! A SSS) Witold Krasny




Volume 534, Issue 3

Gamma Factory virtual MITP workshop in 2020 Special Issue: Physics Opportunities

with the Gamma Factory

Great response from the community March 2022
Issue Edited by: Dmitry Budker, Mikhail Gorchtein, Mieczyslaw

SpeC|a| |Ssue |n Annalen der PhyS|k Witold Krasny, Adriana Palffy, Andrey Surzhykov

Review

(3 Open Access
__| Expanding Nuclear Physics Horizons with the Gamma Factory

Research Articles

(3 Full Access
__| Local Lorentz Invariance Tests for Photons and Hadrons at the Gamma Factory

(3 Full Access

P 3 I"tl C| e J basic symmetries, dark matter, EW-precision

measurements, v-factory, u-collider physics "] Electric Dipole Polarizability of Neutron Rich Nuclei

A (3 Open Access
N UCIGar nuciear charge and spin structure, neutron | Vacuum Birefringence at the Gamma Factory

) skin, QCD- confinement, photo-fission & Full Access
\ __| Double-Twisted Spectroscopy with Delocalized Atoms
ACCGlera tor beam cooling, plasma wake field acceleration 2 Full Access
polarized e+ & u sources __| Delta Baryon Photoproduction with Twisted Photons
. / ’

) Open Access
_| Resonant Scattering of Plane-Wave and Twisted Photons at the Gamma Factory

@ Full Access
__J Probing Axion-Like-Particles at the CERN Gamma Factory

electronic and muonic atoms, strong-field
QED, DM-searches, EW-measurements

accelerator driven energy sources, cold & & Open Access

warm fusion, medical isotope production __| Charge-State Distributions of Highly Charged Lead lons at Relativistic Collision Energies
’

(3 Open Access
| Access to the Kaon Radius with Kaonic Atoms

(3 Full Access
__| Radioactive lon Beam Production at the Gamma Factory

(3 Open Access
__J Possible Polarization Measurements in Elastic Scattering at the Gamma Factory Utilizing a 2D
Sensitive Strip Detector as Dedicated Compton Polarimeter

Examples of physics opportunities (from 2021) & Full Accens
NOW many more additional papers have been pUb“Shed __| Polarization of Photons Scattered by Ultra-Relativistic lon Beams




Expanding Nuclear Physics Horizons with Gamma Factory Ann PhyS (Ber“n)
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Department of Physics and Astronomy, Michigan State University,
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Selected physics highlights

Secondary Photons (w, = 40 keV — 400 MeV) on Fixed Target

Angle-correlated energy resolution ~10-4/5

Ion bunCh Targets
Excited ions - s =
+ 100% polarization —> \ w =
Study narrow states, identify quantum numbers %
- Laser pulse Gamma-ray
Photophysics with radioisotopes (proximity of ISOLDE)

ulses

P-violation with real photons in hadronic range

Secondary Photons in Colliding Mode on p/ion beam (\/E < 100 GeV)

Circular photon polarization —> assess parity violating part of CS (F3)
With PV can access odderon () without the need for anti-particle beam!

Parity-Conserving F': C+, P+ (pomeron) — Parity-Violating F5: C-, P- (odderon)
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Tertiary VHEGR Photons w; < 3.2 TeV

Tune the gamma ray to be on the Delta resonance (in the rest frame of the proton beam)

~ (M}’aO,O,M}/) (G),0,0, o G))

NVVVVV VNV VY

4

y = E,/M = 7000

A*+(1232)

0

p+ry—=>A-> p+ 1o ->p+l
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Tertiary VHEGR Photons w; < 3.2 TeV

Tune the gamma ray to be on the Delta resonance (in the rest frame of the proton beam)

~ (M}’aO,O,M}/) (G),0,0, o G))

NVVVVV VNV VY

4

y = E,/M = 7000

A*+(1232)

Vo> p +2y

p+yvy—->A—-> p+
Incident beam: @ =~ 300 MeV /2y ~ 22keV —> pion produced at w, ~ 2y 230 MeV = 3.2 TeV

All pions will decay into 2 photons within y7_o & 2.5 X 107 5

Rate estimate: 4300 photons/s
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Tertiary VHEGR Photons w; < 3.2 TeV

Tune the gamma ray to be on the Delta resonance (in the rest frame of the proton beam)

~ (M}’aO,O,M}/) (G),0,0, o G))

NVVVVV VNV VY

4

y = E,/M = 7000

A*+(1232)

0

p+yv—=>A->p+ra->p+2

Incident beam: @ =~ 300 MeV /2y ~ 22keV —> pion produced at w, ~ 2y 230 MeV = 3.2 TeV

All pions will decay into 2 photons within y7_o & 2.5 X 107 5

Rate estimate: 4300 photons/s

The highest photon energy produced in the lab - studies relevant e.g. for astrophysics
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Summary

eThe Gamma Factory @ LHC: a unique gamma source

e Unprecedented photon flux, wide energy range, high energy resolution, 100% polarized

e A wide range of physics tasks with photons from 40 keV to 3.2 TeV

o\Will deliver crucial insights in atomic, nuclear, hadronic, particle physics, BSM searches
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LOI endorsed by

JGU & Helmholtz-Institut Mainz (Budker, Gorshteyn)
Sorbonne U. (Krasny)

CERN (Dutheil)

|JCLab, Orsay France (Martens)

*Beyond GSI Darmstadt (Litvinov)

“Colliders FSU & Helmholtz-Institut Jena (Karbstein)

| FAU Erlangen-Nurnberg (Palffy)

PTB Braunschweig (Surzhykov)

LMU Munchen (Thirolf)

MPIK Heidelberg (Weidenmuller, Oreshkina)
Jagellonian U. Krakow, Poland (Placzek)

100+ physicists from 40
institutes in 15 countries
contributed to the GF studies

In its various aspects JLab, Newport News, USA (Wojtsekhovsky)
MSU, East Lancing, USA (Zelevinsky)

U. New South Wales, Sydney, Australia
(Flambaum, Berengut)
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Goals

GF collaboration exists and already produced scientific results:
- Review papers and special issues of Annalen der Physik with case studies
- Technical group preparing the PoP experiment at SPS

Maintain the collaboration and promote its contribution to PBC
Further elaborate the physics case for GF @ CERN —> service to CERN

Study application of GF principle to other machines (EIC, GSI/FAIR, ...)

Budget
2 workshops a 15 k€ = 30 k€ (ECT* and CERN natural choice, also MITP)

Travel money for networking 25 k€/year = 100 k€

1 PD position for 2 years at Mainz = 150k€
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