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ISOLDE Physics

Sizes and shapes
Exotic nuclei come in a variety of sizes and shapes, from spherical to deformed shapes, which can be “prolate” (cigar-shaped) or

“oblate” (like a discus). Experiments at ISOLDE can investigate the transitions between extremes, for example, the development of
a neutron-halo structure in lithium-11, which makes this nucleus as big as a lead nucleus with 208 nucleons.

Excitation and Decay
Radioactive decays and nuclear collisions can leave nuclei in excited states that decay to the ground state by emitting gamma

rays. These can be detected by advanced germanium detectors. The properties of the gamma-rays (energy and angle) provide
information on the excited states, which can be used to test theories.

Nuclear astrophysics

One of the most fundamental and challenging questions of the 21st century is how the elements from iron to uranium were
created. Nuclear reactions occurring in explosive stellar environments, such as novae, supernovae are believed to play an
important role in the synthesis of these heavier elements. The pathways of the reactions leading to them involve short-lived
radioactive exotic nuclei, which can be studied at ISOLDE.

Fundamental symmetries

The nuclei produced at ISOLDE, with proton-to-neutron numbers varying over a wide range, provide an interesting microscopic
laboratory for low-energy tests of the Standard Model of elementary particle physics. The high quality of the beams allows high-
precision measurements of beta decay, particle correlations and atomic masses.

Bio- and Medical physics

The applications in Biophysics aim at the study of the structure, bonding and transport mechanisms in a variety of biological
molecules such as proteins and amino-acids. Other studies investigate which isotopes are most suitable for Medical diagnostics and

cancer therapy.

Condensed matter

The beams at ISOLDE can also be used to study structural, electrical, optical, magnetic and transport properties in a variety of
technologically and fundamentally relevant materials, including semiconductors, metals, high-temperature superconductors and

ceramic oxides.
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ISOLDE Method

Production

ISOLDE produces exotic nuclei in reactions between protons of 1.4 GeV energy and stable nuclei in a range of special
targets. Multiple reactions take place, generating a vast range of nuclei. The targets are heated so that the exotic
radioactive species diffuse out quickly before they decay.

Fragmentation

Converter



ISOLDE Method

Selection

To produce a beam of a chosen exotic nucleus requires methods to extract the nuclei as ions and to separate
them electromagnetically from other species. ISOLDE has a very selective ionization technique that uses several
wavelengths of laser light simultaneously to pick out specific elements.
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COLLAPS (COLlinear LAser SPectroscopy)

Its aim is the investigation of ground state properties of exotic, short lived nuclei, such as spins, electro-
magnetic moments and charge radii. All these observables contribute widely to our understanding of the
nuclear force — they give valuable information about the coupling between nucleons, about symmetry of
the nuclear wave-functions and thus about the symmetry of the nuclear interaction itself.
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CRIS (Collinear Resonance lonization Spectroscopy) - experiment at CERN ISOLDE is joining together the
high resolution of collinear laser spectroscopy with the high efficiency and selectivity of resonant
ionization. It is used to study the ground-state properties of exotic nuclei, such as spins, nuclear moments
and shapes, and to produce beams of high isomeric purity for dedicated decay studies.
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* Not to scale

MIRACLS (Multi lon Reflection Apparatus for Collinear Laser Spectroscopy) at ISOLDE aims to measure nuclear
ground-state properties such as the size, shape and electromagnetic moments of rare radioactive isotopes. These
properties are extracted from the measurements of the isotopes’ hyperfine structure using laser spectroscopy.
MIRACLS’ goal is to increase the sensitivity of conventional, fluorescence-based collinear laser spectroscopy by
confining the investigated ions in an ion trap. This novel scheme allows for the ions to be probed up to several

thousands of times.
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EC-SLI (Emission Channeling
with Short-Lived Isotopes) is
dedicated to studying the
lattice location of dopants
and impurities in single
crystals and epitaxial thin
films. The main fields of work
currently include
semiconductor doping for
applications in electronics
and colour centers in
diamond and related
materials for guantum
technologies, among others.
While EC-SLI is the on-line
setup for short-lived isotopes
located at the GHM beam
line, it is complemented by
three off-line ones, also at
ISOLDE, which are suitable
for longer-lived isotopes with
half-lives above a few hours.




IDS (ISOLDE Decay Station) is a permanent experiment at the ISOLDE facility dedicated to measure the decay
properties of radioactive species of importance for nuclear structure, nuclear engineering and astrophysics. Gamma-
ray detection is provided by four HPGe clovers and one MiniBall HPGe cluster. A variety of experimental systems can
be coupled to the station for specialized decay measurement, such as fast timing measurement of excited states
lifetimes, proton and alpha particle emission, and neutron time of flight detectors for neutron energy spectroscopy.
This makes the IDS an ideal tool to study the nuclear properties of species across the nuclear chart, from the lightest
species that fragment in charged particles to the beta-delayed fission of the heaviest nuclei.
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HIE (High Intensity and Energy)-ISOLDE

The installation HIE-ISOLDE post-accelerator has opened up new fields of research
with radioactive ion beams of higher energies. HIE-ISOLDE can provide post-
accelerated nuclei covering the whole mass range from He to U for reaction studies
and Coulomb excitation with energies up to 10 MeV/u for ions

with mass-to-charge ratios 4.5, reaching the

Coulomb barrier threshold for the full range of

nuclei available at ISOLDE.
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Miniball high-resolution germanium detector array has been operational at REX-ISOLDE at CERN for over 10 years.
This array consists of 24 six-fold segmented, tapered, encapsulated high-purity germanium crystals and was specially
designed for low multiplicity experiments with low-intensity radioactive ion beams (RIB). For work with rare-isotope
beams, the multiplicities are low (often only a few states are excited) and the yields of such beams are usually much
lower than for conventional experiments, so efficiency is paramount. High granularity and high efficiency were
achieved by the segmentation of the charge-collection electrodes of the Ge detectors and the use of pulse-shape
analysis to determine the position of the first interaction of the y ray within the Ge crystal, giving a spatial resolution
significantly finer than the dimensions of the crystal. The Miniball array has been used in numerous Coulomb-
excitation and transfer-reaction experiments with exotic RIBs, produced at the ISOLDE facility.
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SEC (Scattering Experiments Chamber) at beamline of HIE-ISOLDE is an experimental station to facilitate
diversified reaction experiments. The chamber is sufficiently big to accumulate a variety of charge particle
detectors as well as scintillator detectors for gamma detection. It is equipped with a rotational disc of 50 cm radius
radially graduated and supplied with Al-bars for precise support and positioning of detectors. This makes SEC a
versatile station for reaction experiments to study low-lying resonances in light nuclei via transfer reactions.
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ISS (ISOLDE Solenoidal Spectrometer )
is being developed for precision studies of
inelastic scattering and transfer reactions
induced by radioactive ion beams from HIE-
ISOLDE. A broad science programme
addressing important topics in nuclear
structure and nuclear astrophysics s
envisaged. The ISS has an advanced design
that employs the proven HELIOS concept,
whereby light charged particles emitted
during the nuclear reactions are transported
with high efficiency by the solenoidal
magnetic field to an array of position-
sensitive silicon detectors mounted on its
axis. Measuring the particle energies and
interaction positions in the silicon array
allows the reaction Q-value to be
determined without the problem of
kinematic compression encountered in more
conventional approaches. The ISS array
currently under development comprises 24
double-sided silicon strip detectors with
ASIC readout and is designed to allow Q-
value resolutions approaching 20 keV to be
achieved.
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Precision mass measurements are performed at the mass spectrometer ISOLTRAP with a relative mass uncertainty
routinely reaching to 1*108. The time-of-flight detection technique is employed to determine the frequency of an ion
stored in a Penning trap, from which the mass can be extracted. The system has studied nuclides with half-lives below
100ms and production yields of less than 1000 ions per second, supplied by the isotope separator ISOLDE at CERN. The
nuclides investigated range from light systems - such as 17Ne - to heavy ones - such as 233Fr, thus, giving insight into
numerous physics topics, e.g., to probe nuclear structure and answer questions related to stellar nucleosynthesis or

fundamental tests.
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VITO (Versatile lon polarisation Technique Online) is a permanent beamline at the ISOLDE
facility devoted to versatile studies with laser-polarised radioactive beams. The research at VITO is
centered around the details of the weak force, properties of short-lived unstable nuclei and even
chemistry and biology. The setup for spin polarisation can be coupled to several end stations. One of
them is devoted to Nuclear Magnetic Resonance on unstable nuclei, which is a billion times more
sensitive than conventional NMR, and is now used to study the interaction of metal ions with
biomolecules. Soon, a new setup will be also added to VITO, devoted to beta, gamma, and neutron

emission of polarised nuclei.
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WISArD (Weak Interaction Searches on Ar Device)

The WISArD experiment has been set up
for investigation of the weak interaction
focussing on the beta-neutrino angular
correlation coefficient of 32Ar by looking
at beta-delayed protons emitted from
the daughter nucleus 32Cl. As the

protons are emitted from a moving

source, the proton energy distribution is
thus subject to kinematical broadening
and a kinematical shift. Protons from
the isobaric analogue state fed by a

Fermi-type beta decay allow searching §
for small contribution of scalar currents §

to the dominant vector current, |
whereas protons from Gamow-Teller- |
type beta decays allow searching for

tensor contributions to the dominant | #

axial-vector current. The experiment
aims for a sensitivity limit of 0.1% for i
these exotic currents.
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JKcnepumeHTbl Ha na3depHom cnekTpomeTpe RILIS (ISOLDE)

J1azepHasa cneKTpocKonusa nsoronos ptyTty (IS 598 )

UccnepoBaHue cocyuwiecrsoBaHuMA 1 3sonrounn (I)OpM A4aep sucMmyta metogaom

CNEeKTPOCKONUM B Na3epHOM MOHHOM UCTOYHUKE U 3ana3ablBaloLLLero AeneHus
aapa 128Bi (IS 608)
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JKcnepumeHTbl Ha naszepHom cnekTpomeTtpe RILIS (ISOLDE)
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JKCnepuMeHTbl Ha na3epHom cnekTpomertpe RILIS (ISOLDE)

Appa pTyTHM B OKPECTHOCTU HEUTPOHHOM NoA06010uKKN N=126

PHYSICAL REVIEW LETTERS 126, 032502 (2021)

Laser Spectroscopy of Neutron-Rich ?*7*"*Hg Isotopes: Illuminating the Kink
and Odd-Even Staggering in Charge Radii across the N =126 Shell Closure
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«OboNnoYeYHbIN» U «K4eTHO-HeYeTHbINY» 3pchekTbl B obnactn N=126

Ob6Hapy»KeH «0bon04eyHbIn» 3dPEKT, T.€. XapaKTepPHbIn
M31I0M B W30TOMMYECKON 3aBMCUMOCTM  3apALOBbIX
pagnycos ptytM npu N = 126, a TakKe BbIPaKEHHbIN
YeTHO-HEeYeTHbIN  3PPeKT: HEeYeTHO-Heun-

pagunycobl
TPOHHbIX W30TOMOB OKa3bIBAlOTCA MeEHblUe CpeaHero
apudPmeTMyecKoro pagMycoB UX YETHO-HENTPOHHbIX
cocenen.
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JNTazepHas crnekTpockonusi U30TONoB BUCMYTA

PHY SICAL REVIEW LETTERS 127, 192501 (2021)

Large Shape Staggering in Neutron-Deficient Bi Isotopes
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JTazepHas cnekTpockonusi U30ToNoB BUCMYTA
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JNNTazepHasi cnekTpockonusi U3oToNoB BUCMYyTaA

CunbHbIN 30 PeKT yepeaoBaHma Gopm AN HENTPOHHO-AEPULNTHbLIX N30TONOB BUCMYTA
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3TO AnLWb BTOPOW nocae pTyTv Cay4vait nogobHoro nosegeHUsa M30ToNMYECcKon 3aBUCMMOCTH
CpeAHeKBaAPaTMUYHbIX 3apPAA0BbIX PAANYCOB, 0OHAPYKEHHbIN K HAacToAWEMY BpeMeHWU. I3mepeHHbI 34ech ke
KBaApPYNo/ibHbIM 31IEKTPUYECKNIN MOMEHT Aapa 188Bi8 ykasbiBaeT Ha cUIbHYIO AedopmaLmio AaHHOro A4 pa.
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ABOUT NEWS SCIENCE RESOURCES O SE

Bismuth isotopes also alternate
from spheres to rugby balls

The unusual nuclear physics phenomenon, first discovered at CERN’s ISOLDE facility
50 years ago, had until now been seen only in mercury isotopes

Related Articles

18 NOVEMBER, 2021 | By Ana Lopes
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Potassium nucleus

loses'some of its magic

The ultrasensitive set-up used by the ISOLDE team to study bismuth isotopes. (Image: CERN|

Alternating from spheres to rugby balls is no longer the sole preserve of mercury isotopes, an international View all news )
team at CERN's ISOLDE facility reports in a paper published in Physical Review Letters.

Isotopes are forms of a chemical element that have the same number of protons in their atomic nuclei but a
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JlazepHo-sigepHas cnekTpockonua. [lpyrue akcnepuMeHTbl

AnepHas cnektpockonus 176.177.179Ay: cxeMbl pacnaga, BpeMeHa Xu3Hu, dakTopbl
3aJepkkn anbda pacnaga, CXemMbl YPOBHEN A0YEPHUX SOep U T. A.

o- 1 B-pacnapg '83TI™:. necpopmupoBaHHble BO3OYKAEHHbIE COCTOSIHUS B
cdhepuyeckom 172Au.

3anasgbiBatollee geneHune 178Au

AnepHas cnektpockonus 2'4Bi: obHapy»XeH HOBbIA AONTOXMUBYLLMIA N30MEP,
CYLLIECTBEHHO pacluMpeHa cxeMa ypoBHen goyepHero 2'4Po, nposepka
npoaBuHyTbIX shell-model pacyeTos.

ATOMHbIE pacyeTbl aHOManuMM CTC B 30M10Te U FpaaneHTa aneKkTpn4ecKoro noss
3NEeKTPOHOB Ha sape BUCMYTa (ON1S1 U3BNEYEHUs KBaapynonbHOrO MOMeHTa sapa)
BpemeHa xun3Hu Bo30YyXaeHHbIX ypoBHen 214Po

|/|3OMepHO-CeJ'IeKTI/IBHaFI AAepHasdA CrekTpoCKOonnA BONMM3n aBaxkabl Marmn4eckoro
1328n

@EMM



558

oy CERN-INTC-2020-032 / INTC-P-

e 13/05/2020

Bnnxanwmne nepcnekTuBbl: HOBble 3KcnepuMmeHTbl Ha RILIS

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Proposal to the ISOLDE and Neutron Time-of-Flight Committee

Laser assisted studies of f-delayed fission in "™!"Au and of the
structure of 1" Au

May 13, 2020

B. Andel’?, A. N. Andreyev®, 8. Antalic®, A. E. Barzakh?, T. Berry®, M. J. G. Borge®,
J. A. Briz®, A. Broniz®, T. E. Cocolics!, K. Chrysalidis”, J. G. Cubiss®, H. De Witte!,
K. Dockx!, D. V. Fedorov?, V. N. Fedosseev’, L. M. Fraile®, H. O. U. Fynha®,

P. T. Greenlees, L. 1. Harkness-Brennan!'!, R. Heinke!, J. Johnson!, D. T. Joss!!,
D. 8. Judson'!, J. Konki'®, J. Kurcewicz’, I. Lazarus'®, R. Lica'®, M. Madurga®,

N. Marginean'®, B. A. Marsh”, C. Mihai'®, P. L. Molkanov?, P. Mosat®, E. Nacher'?,
A, Negret', K. Nishio'®, R. D. Page'!, 8. Pascu'®, A. Perea®, V. Pucknell'?,

P. Rahkilal®, E. Rapisarda’, M. D. Seliverstov?, A. Sott3, C. Sotty!3, P. Spagnolettil®,
M. Stryjezyk!, O. Tengblad®, I. Tsekhanovich!™, P. Van Duppen!, V. Vedia®,

R. Wadsworth®, N. Warr'®, and S. G. Wilkins®

KU Leuven, Instituut voor Kern- en Stralingsfysica, 3001 Lewven, Belgium

I Department of Nuclear Physics and Biophysics, Comenius University in Brotislava, 84248
Eratislava, Slovakia

3 Department of Physics, University of York, Heslington, York, Y010 5DD, United Kingdom

4 Petersburg Nuclear Physics Institute, NRC Kurchatov Institute, 188300 Gatchina, Russin

5 Department of Physics, University of Surrey, Guildford GU2 7XH, United Kingdom
SInstituto de Estructura de lo Materia, CSIC, Serrano 113 bis, E-28006 Madrid, Spain
TCERN, CH-1211 Geneve 23, Switzerland

S Grupo de Fisica Nuclear, Universided Complutense de Madrid, 28040, Madrid, Spain
 Department of Physies and Astronomy, Aoavhus University, DE-8000 Aarfius C, Denmark

10 tiiversity of Jyvdskyld, Department of Physics, P.O. Box 35, FI-{0014, Jyviskyld, Finland
U Department of Physics, Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 7ZE,
United Kingdom

28TFC Daresbury, Daresbury, Warrington WAJ4 {AD, United Kingdom

13 “Horin Hulubei” National Institute for R & D in Physics and Nuclear Engineering, RO-
077125 Bucharest, Romania

W nstituto de Fisica Corpusenlar, CSIC - Universidad de Valencia, E-{6980, Valencia, Spuin
15 Advanced Science Research Center, JAEA, Tokai, Ibaraki 319-1195, Japan

16Simon Fraser University, Burnaby, Canada

1TCENBG, Bordeaur, France

18 atitut fiir Kernphyaik, Universitit zu Kéln, 50937 Kéln, Germany

2020029 / INTC-P-556

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Proposal to the ISOLDE and Neutron Time-of-Flight Committee

Investigation of octupole deformation in neutron-rich actininm
using high-resolution in-source laser spectroscopy

May 13, 2020

B. Andel', A.N. Andrevev®, M. Au®, A E. Barzakh®, A. J. Brinson®, K. Chrysalidis®,
T.E. Cocolics!, B. 8. Cooper®, 1. Cubiss®, H. De Witte!, . Dockx!, D. V. Fedorovt,
V. N. Fedosseev?®, K. T. Flanagan®, R.F. Gareia Ruiz®, F. P. Gustafsson!, H. Heinke?,
J. Johnsont, M. Kadja®, V. Leask®®, R. Lica®, B. A. Marsh®, P. L. Molkanov?
0. Neyens™®, H. A. Perrett”, 5. Raeder'®, B. Reich®, C. M. Ricketts™, 8. Rothe®,
M. D. Seliverstov, 5. M. Udrescn®, P. Van Duppen®, A. R, Vernon!, E. Verstraelen?,
K. Wendt®, J. Wessolek™, 5. G, Wilkins®, W. Wajtaczka!, 2. F. Yang®

LK Leuven, Belgium
rersity af York, United Kingdom
SCERN EN-STI, Switzerland
{PNPI Gatchina, Russia
® Massachusetis Institute of Technology, United States
B Peking University, China
" The University of Manchester, United Kingdom
& Johannes Guienberg University Mainz, Germany
% Horia Hulubei National Institute of Physics and Nuclear Engincering, Romania
W8T Helmholtzzentrum fiir Schwerionenforschung, Germany

1A ML= HAYVKH



Bnnxanwmne nepcnekTuBbl: HOBble 3KcnepuMmeHTbl Ha RILIS
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Bnnxanwmne nepcnekTuBbl: HOBble 3KcnepuMmeHTbl Ha RILIS

PI-LIST: Perpendicularly llluminated Laser lon Source and Trap
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ISR - ISOLDE Storage Ring

sespeicherte
Molekilionen

Max Planck Institute

for Nuclear Physics

UNIVERSITY g
HEIDELBERG @

residual gas beam
profile monitor
: le . 4
m qu iiljlf'llr"i le current monitor l?\p(‘l'll‘ll(‘ﬂl | \) stem
- \.C[‘hc‘dl ]lll\h\'\‘l\m

corrector

® pick-up

gas iL[

| hmnpl.l‘
" dmnlc sector

3.5m AL
’ \dLlLtiLll' — magnet

«+— chambers sextupole —

bumber

&, detector
* chambers
mm sextupole

Vv
extraction

®m slow bumb

magnet experiment 11 septum

| valve

Schottky - injection
resonant schottky ==V pick-up sextupole — v
pick-up —
I / ECOOL v ’ bumper
detector A \‘- -I-Il-l-lﬂ—ﬂl-l-l-l-ll-‘
chambers T

clstront o

e vertical hnrlmmal kicker

kicker (BTF) (extraction+BTF)



NMepcnekTuBbl: HOBbIe NpoeKkTbl ISOLDE

The EPIC project:
Exploiting the Potential of ISOLDE at CERN

The ISOLDE Collaboration input to the EPPS (European Particle Physics Strategy Update)

Contact persons:
Gerda Neyens, ISOLDE Collaboration Spokesperson
Karsten Riisager, Chair of the ISOLDE and N-Tof Committee (INTC)
Bertram Blank, Chair of the ISOLDE Collaboration
Richard Catherall, Technical Coordinator of ISOLDE
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EPIC Project

A. ENHANCING THE PRODUCTION AND CAPABILITY OF ISOLDE is possible thanks to the increase of the driver
beam energy to 2 GeV and an increase in proton intensity through the new LINAC4 driver. The production
capacity can be increased in two ways:

(a) by the installation of new beam dumps to cope with the higher beam powers and the installation of new
bending magnets between the booster and ISOLDE to allow the 2 GeV beam to be sent to ISOLDE. The
increase of the proton energy from 1.4 GeV to 2 GeV results in an increase of the production of short-lived
nuclei, in particular those produced in the spallation process, at the limits of nuclear existence.

(b) by building two additional new high-power target stations. These will be used in such a way as to enable
de-coupled parallel operation of the low-energy (30-60 keV) and high-energy (HIE-ISOLDE) facilities, which will
double the available beam time, enabling a larger number of more challenging experiments to be performed.
That is even more important in case the third component of this project is realized (a storage ring coupled to
HIE-ISOLDE), as this will attract a new users community.

B. UPGRADE OF HIE-ISOLDE ACCELERATOR, in order to allow re-accelerated beams in the full range of
energies between 0.1 and 10 MeV/u by an upgrade of the 20-years old normal-conducting REX-part of the

post-accelerator. This is crucial for astrophysical reaction studies relevant for the rp-process in X-ray bursts.

C. INSTALLATION OF A LOW-ENERGY STORAGE RING
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ltems IE:COHS; FTE Comments
Beam dumps 9,000 15 Includes civil engineering for the existing beam dumps, 4 beam dumps
and 2 GeV and bending magnets
Phase 3 HIE- 8,000 Includes beam chopper, 2 low Beta cryo-modules and refurbishing of
ISOLDE cooling plant
Target stations | 67,000 400 | 2 new target stations, pre separators, HRS, RFQ Cooler, beam lines, civil
and HRS engineering, shielding and cooling and ventilation, additional laser

laboratory

ISR 17,000 46 Procurement of all ISR equipment and hall extension
Total 101,000
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2020 2021 2022 2023 2024 2025 2026 2027
CERN LS2 period
2 GeV upgrade and beam dumps
Design and integration
Construction
Civil engineering
installation
Commissioning
Phase 3 HIE ISOLDE
R&D
Procurement and construction
Installation
Commissioing
New Frontends & HRS
Design and integration
procurement and construction
Civil engimeering
installation
commissioning
ISOLDE Storage Ring
Design and integration
Procurement and construction
Civil engineering
installation
commissioning

Figure 2. A proposed schedule for the EPIC project based on the CERN’s long shutdown 3.
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Mony4yeHue 207:208Hqg

Reaction
_~products YunTbiBaA, 4YTO MmaTepuman MULIEHU WCNOJSb3yeMbl ANA
_ " 3TOr0  3KCNepumeHTa - NPUPOAHbLIN  cBUHel, (296-
agnet
Chimney Igz 208ph), nonyueHune nsoTtonos ptyti ¢ N<=126 (Hg-206) naet 8

peakunii paclensieHna, NpoToHamn ¢ 3Heprmen 1,4 [3B.

Anode cavity Laser OpgHako npu  N>126 370 MexaHM3M  CTaHOBUTCA
{+HV J+bias V ligh HEBO3MOXHbIM M BCTYMaloT B Ae/1I0 Apyrue npouecchl, B

| YaCTHOCTHU, BTOPUYHbIE pPeaKUunKn, Bbi3BaHHblIE JNErKNMHU

" d \_ NPOAYKTAaMW  MNEpPBUYHOM  peakunmm  Ha  MPOTOHax,
- ABUXKYLLMXCA C 6ONbLUNMMM SHEPTUAMM.

Cathode —

=2000 °C +H‘~.zr GND

Hanpumep, 207Hg nonyyaetca B peakuumn 208Pb(n, 2p) 297Hg u yxe 6bin ussecteH Ha U3ONJE

MexaHun3m nonydyeHua 2°8Hg 3HaumMTeNbHO 6o1ee 3K30TUYEH, O YeM CBUAETE/IbCTBYET PE3KOE CHUMKEHME BbIXOA0B -
B 2400 pa3 ot 2%7Hg K 298Hg. CyuwiecTByeT psAA, NOTEHLUMA/bHbIX KaHa/10B NPON3BOACTBA, BKAOYas

208pht, 3p) 2°Hg,
208Pb(a’ 4p) 208Hg’

WA peakumm ¢ paguoreHHbimmn 29Pb (T, , = 3 u) nan 21%b (T, ,, = 22 roga), KoTopble HaKaNAMBAKOTCA BHYTPY

MUweH” BO BpeMﬂ 3Kcr|epmmeHTa
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