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Few-body dynamics in continuum of

clusterized exotic (dripline) nuclei

Long-range character of three-body
Coulomb continuum problem by
example of 16Ne

K. Brown et al., PRL 113 (2014) 232501
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Lol: Russian physics review journal Physics-Uspekhi (2018) in print

Scientific program of DERICA — prospective accelerator and storage ring
facility for radioactive ion beam research

L.V. Grigorenko, B.Yu. Sharkov, A.S. Fomichev, A.L. Barabanov, W. Barth, A.A. Bezbakh,
S.L. Bogomolov, V. Chudoba, S.N. Dmitriev, V.K. Eremin, S.N. Ershov, M.S. Golovkov, A.V. Gorshkov,
L.V. Kalagin, A.V. Karpov, T. Katayama, O.A. Kiselev, A.A. Korsheninnikov, S.A. Krupko,
T.V. Kulevoy, Yu.A. Litvinov, E.V. Lychagin, I.P. Maksimkin, LN. Meshkov, I.G. Mukha,
E.Yu. Nikolskii, Yu.L. Parfenova, V.V. Parhomchuk, M. Pfutzner, S.M. Polozov, C. Scheidenberger,
S.I. Sidorchuk, P.G. Sharov, P.Yu. Shatunov, Yu.M. Shatunov, V.N. Shvetsov, N.B. Shulgina, H. Simon,
R.S. Slepnev, G.M. Ter-Akopyan, G.V. Trubnikov, A.A. Yukhimchuk, S. Yaramyshev, M.V. Zhukov

Abstract. Studies of radioactive ions (RI) is the most intensively developing field of the low-energy nuclear physics.
In this paper the concept and the scientific agenda of prospective accelerator and storage ring facility for the Rl
beam (RIB) research are proposed for the large-scale international project based at the Flerov Laboratory of
Nuclear Reactions of the Joint Institute for Nuclear Research. The motivation for the new facility is discussed and
its characteristics are briefly presented, showing to be comparable to those of the advanced world centers, the so-
called “RIB factories”. In the project the emphasis is made on the studies with the short-lived RIBs in storage
rings. A unique feature of the project is the possibility to study the electron-RI interactions in the collider
experiment for determination of fundamental properties of the nuclear matter, in particular, electromagnetic form-
factors of exotic nuclei.

April 26, 2018. The is project is submitted to

— : Russian Ministery of Education and Science on the
http://aculina.jinr.ru/derica.php call for «Proposals to build “megascience”-class

facilities on the territory of Russian Federation»




Radioactive lon Beam (RIB) physics — “highway” of modern
low-energy nuclear science

The map of nuclides
254 stable nuclides,
339 can be found in nature
Around 3100 RI are known
Around 2500 to be discovered
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/ Exotic structure of exotic
nuclides:

- Neutron/proton halo

- Neutron skin

- “Soft” excitation modes

- Breakdown of shell structure
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March 30 2018 — The Lomonosov great gold medal is
awarded to Yuri Oganessian and Bjorn Jonson

.
Yu.Ts. Oganessian — synthesis of superheavy

elements
. i

V- N\
B. Jonson — contribution of studies of exotic

nuclei (ISOL method and nucleon halo)
\. S
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“Factory of superheavy
elements”
Stage: mounting of
equipment
Investment: ~55 M€
%
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New facilities at FLNR

“Factory of superheavy elements”




Huge increase in the scale of
modern and prospective RIB
facilities:

Price tag 1-2 G€

-

-

Scale increase — (i) RIB
production increase and (ii)
universality of RIB facility
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Is it possible to have world
competitive RIB program with
modest investment scale?

~

/

To limit universality

To go to underdeveloped fields



Empty “ecological niche”

Underdeveloped field: Empty field: studies of RIBs
storage ring physics with RIBs in electron-RIB collider

4 Studies of )
electromagnetic
formfactors of
exotic nuclei in

e-RIB collider )

Isochronous mass
spectromentry

} RIB storage ring

Precision reaction

: . electron
studies on internal

storage ring

gas jet target
Atomic physics { Ftc.... }
studies with Radioactivity
striped ions studies with

striped ions




Electron scatterin g Robert Hofstadter 1915-1990,

1961 Nobel Prize "for his
pioneering studies of electron
scattering in atomic nuclei and
for his consequent discoveries

concerning the structure of

After masses, the radial properties
are the most important
characteristics of nuclei

nucleons.."
» First Born approximation, fast electrons,
relatively light nuclei Electromagnetic probe is
do oM 5 the most reliably studied
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Status of charge radii studies — broad field for exploration

900 measured
for 3100 known
nuclear-stable
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Luminosity requirements for e-RIB col

ider studies

p
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Storage ring and e-RIB
collider topic in Russia

Expertize in the field especially at
Dubna and Novosibirsk

Nuclear Instruments and Methods in Physics Research A 637 (2011) 60-76

Contents lists available at ScienceDirect

Nuclear Instruments and Methods in
Physics Research A

journal homepage: www.elsevier.com/locate/nima

The electron-ion scattering experiment ELISe at the International Facility for
Antiproton and lon Research (FAIR)—A conceptual design study
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Status of ring projects in the world TR
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— A lot of ring projects — serious interest to the topic
— All the ring projects with e-collider abilities were
cancelled or indefinitely postponed




A lot of ring projects — serious
interest to the topic

All the ring projects with e-RIB-
collider abilities were cancelled or
indefinitely postponed

Attack at this problem requires record
intensities of RIBs with T, /,>100 ms



DERICA

Dubna Electron-Radioactive
Isotope Collider fAcility

-

According to different
sources “Derica” is female
name of German origin with
meaning “beloved leader,
ruler of the people”

\ 4




DERICA stages 0 -1

Continuity of Minimization of
scientific program technological risks

ACCULINNA-2 and ACCULINNA
experimental halls

Stopped RIB — decay
spectroscopy and

studies in traps
\

Experimental hall EH-A |
~ forlon trap studies

Existing ACCULINNA-2 Experimental hall

Reaction lon
setup source

ACCULINNA-2




DERICA stages 0 -1

Continuity of Minimization of
scientific program technological risks

' ACCULINNA-2 and ACCULINNA

experimental halls

Reactions with
reaccelerated RIBs
around Coulomb barrier
energy (5-7 AMeV)

N

J

Experimental hall EH-A |
~ forlon trap studies ‘
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DERICA stages 0 -1

Continuity of Minimization of
scientific program technological risks

Direct reactions with

—En reaccelerated RIBs at

ACCULINNA-2 and ACCULINNA | intermediate energies
experimental halls (20-30 AMeV)

v

ACCULINNA ¢ Experimental hall EH-C for

| s intermediate energy
\ high-precision reaction

Experimental hall EH-A |
- forlon trap studies ‘

LINAC-30
10-30 AMeV

! Experimental hall
EH-B for
' Coulomb barrier |
| reaction studies
5-10 AMeV

Existing ACCULINNA-2 Experimental hall

Reaction LINAC-30

ACCULINNA-2
setup source 5-10 AMeV




DERICA stages 2 - 4

New experimental
opportunities on
each stage

Experimental hall EH-1:
Application science

Spacious cite for
development

Good upgrade
prospects

LINAC-100 (Ep,: 100 AMeV)

DERICA Fragment
Separator DFS

\elocity filter

-

-

Experimental
hall EH-2: RIBs
15-70 AMeV

|

.

\
Direct reactions with in-
flight RIBs at intermediate
energies (30-80 AMeV)

~

World-leading intencities
are expected for this energy
range

- )




DERICA stages 2 - 4

New experimental
opportunities on
each stage

Experimental hall EH-1:
Application science

Spacious cite for
development

Good upgrade
prospects

LINAC-100 (Ep,: 100 AMeV)

DERICA Fragment
Separator DFS

\elocity filter

Experimental
hall EH-2: RIBs
15-70 AMeV

- Gas cell - lon trap
- Charge breeder

Stopped RIB — decay
spectroscopy and
studies in traps

) Reactions with
reaccelerated RIBs
around Coulomb barrier
energy (5-7 AMeV)

J

intermediate
energies (20-30
\_ AMeV)

( Direct reactions with )

reaccelerated RIBs at

J

Experimental hall EH-3:
reaccelerated RIBs
5 =300 AMeV




DERICA stages 2 - 4

Spacious cite for

New experimental development

opportunities on
each stage

Good upgrade

prospects

Experimental hall EH-1:
Application science

LINAC-100 (Ey:

DERICA Fragment
Separator DFS

Velocity filter Synchrotron FRR:

Fast Ramping Ring

Egig < 300 AMeV

- Gas cell - lon trap
- Charge breeder

Experimental
hall EH-2: RIBs
15-70 AMeV

\_

H lon Sources
Low-energy storage

ring experiments

J

N\

Direct reactions with

reaccelerated RIBs at

“high” energies (30-
300 AMeV)

J

Experimental hall EH-3:

reaccelerated RIBs
5 =300 AMeV




DERICA stages 2 -

4

Spacious cite for

New experimental development
opportunities on
each stage Good upgrade
prospects

Experimental hall EH-1:
Application science

LINAC-100 (Ep,: 100 AMeV)

DERICA Fragment

Separator DFS

\elocity filter

Fast Ramping Ring
Synchrotron FRR:
Epig < 300 AMeV

- Gas cell - lon trap
- Charge breeder

Experimental
hall EH-2: RIBs
15-70 AMeV

Stage 2: Buildings, LINAC-100, DFS, EH-1, EH-2
Stage 3: LINAC-30 relocation, FRR, EH-3
Stage 4: CR, e-RIB collider, ring experiments

Electron
cooler

Storage ring
experiments

Gas jet target
p.d,>*He

Collector Ring CR:

Neutron source
= 108 n/cm?

Experimental hall EH-3:
reaccelerated RIBs
5 =300 AMeV




DERICA stages 2 - 4

Spacious cite for
New experimental development

opportunities on
each stage

Good upgrade
prospects

Experimental hall EH-1:
Application science

e-RIB collider
experiments

LINAC-100 (Ep,: 100 AMeV)

DERICA Fragment :
Separator DFS Gas je::arget
Fast Ramping Ring p,d,**He

Velocity filter Synchrotron FRR:

Egyg < 300 AMeV

e-RIB collider

Electron
cooler

- Gas cell - lon trap
- Charge breeder

Collector Ring CR:

y3 bury
uoli}29|3

Experimental
hall EH-2: RIBs
15-70 AMeV

Neutron source
= 108 n/cm?

Stage 2: Buildings, LINAC-100, DFS, EH-1, EH-2

Stage 3: LINAC-30 relocation, FRR, EH-3 Experimental hall EH-3:
reaccelerated RIBs
5 — 300 AMeV

Stage 4: CR, e-RIB collider, ring experiments
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DERICA timeline and opportunities for modern research

s

.. beginning stage 1
Stopped RIB — decay spectroscopy and studies in traps " stages 3-4
Reactions with reaccelerated RIBs around Coulomb barrier A stage 1
energy (5-7 AMeV) L stages 3-4
Direct reactions with reaccelerated RIBs at intermediate energies & end stage 1
(20-30 AMeV) . stages 3-4
Direct reactions with reaccelerated RIBs at “high” energies (30- & stages 3-4
300 AMeV) " -
Direct reactions with in-flight RIBs at intermediate energies (30- & stages 2-4
80 AMeV) " -
# d stage 3
Storage ring experiments end stage
L stage 4
e-RIB collider experiments { end stage 4
Most (many?) important fields of No wait to construction completion. New

modern RIB research are covered research opportunities arise each 3-6 years




Advantages of the proposed facility

[ Unusual facility layout }

Ordinary approach 1:
ISOL RIB production ->
problem to reaccelerate RIBs

Ordinary approach 2:
In-flight RIB production ->
Problem to stop/cool RIBs

DERICA approach:
In-flight RIB production + RIB “cooling” in gas
cell + reaccelerated RIBs up to 300 AMeV

4 Staged development
- Continuity and flexibility of
the research program

- Low technological risks

- Highly upgradable facility

Qesign

~

4 Unique opportunities

- World most intense RIBs with
intermediate energy (20-70 AMeV)
for reaction studies

- Reaccelerated RIBs up to 300 AMeV

Ke-RIB collider experiment

~

o




Pro et contra for reaccelerated beams

|

|

Contra } { Pro
- Lifetime limit T, , > 10-100 ms - Choice of secondary beam energy
(compared to T,,, > 100 ns for I-F) in a broad range

- Factor 5-20 intensity loss at {gas

i - High quality secondary beams:
cell-ion source} system

monochromatic, “zero emittance”

- Around 5x108 pps intensity limit

of existing gas cells - For intense secondary beams

overcome 10° pps limitation of
- Bunched operation 1-20 Hz - event-by-event operation at in-
specific DAC requirements fight facilities

Re-accelerated beams become acceptable for reaction studies RIB
production 1>10% pps, and become preferable for 1>10° pps




Luminosity estimates

Table 4. Estimates of luminosity in various experimental scenarios in units of (cm™sec”). | - the flux of RI produced in
the fragment separator, Neror (1) and Neor(2) numbers of RI accumulated CR after acceleration in LINAC-30 and
FRR, respectively. L, is the luminosity of the experiment in the experimental hall EH-3 for the fived gas target 5x10°"
cm’” thickness. L, is the luminosity in the CR ring in the jet gas target 10" ¢cm™ thick at the energy 7 MeV/nucleon. L;
and L, are the luminosities in the CR ring in the jet gas target 5x10” em? thick at the energies 30 and 300 MeV/nucleon.
Ls is the luminosity of the collider experiment in the CR ring at the energy 300 MeV/nucleon. Primary beams for the Be,

C, Ar and S isotopes are N, *’Ne, *’Ca and **Ca, respectively.

Ion | Ty»(s) J(s™) L Nygor (1) L, L, Ngor(2) Ly Ls
"Be 13.7 | 5.0E9" 3.7E29 1.5E10 | 2.4E28 | 2.5E31 1.5E10 | 6.5E31 1.4E29"
“Be 0.02 | 1.0E9 1.1E28 6.2E5 1.0E24 1.1E27 2.5E5 1.1E27

°C 0.7 1.5E9 1.0E29 2.1E8 3.4E26 3.5E29 1.8E8 8.0E29

e 0.19 | 2.5E8 1.3E28 7.3E6 1.2E25 1.2E28 4.7E6 2.1E28

e 0.09 | 3.0E7 1.1E27 3.0E5 4.9E23 5.0E26 1.5E5 6.6E26

Pc 0.05 | 3.8E6 9.6E25 1.4E4 2.3E22 2.3E25 6.0E3 2.6E25

ZAr | 0.098 | 2.0E6 8.0E25 2.3F4 3.8E22 3.8E25 1.2E4 5.2E25

BAr 0.17 | 4.0E7 2.1E27 1.0E6 1.7E24 1.7E27 6.3E5 2.8E27

MAr 0.84 | 2.0E9° 1.4E29 3.4F8 5.5E26 5.6E29 3.0E8 1.3E30

P Ar 1.77 1.0E10° | 7.2E29 3.7E9 6.1E27 6.2E30 3.5E9 1.5E31 2.8E28"
g 8.8 | 2.0E9 1.5E29 3.8F9 6.3E27 6.4E30 3.7E9 1.7E31

g 2.0 7.0E8" 5.1E28 2.9E8 4.8E26 4.9E29 2.8E8 1.2E30

29 1.0 | 2.0E8 1.4E28 4.0E7 6.7E25 6.8E28 3.7E7 1.6E29

839 0.265 | 6.0E7 3.5E27 2.7E6 4 AF24 4.5E27 1.9E6 8.5E27

Limit of luminosity 1E23 1E23 1E23 1E25 1E25

* Productivity of modern gas cells (the stage of the RI stop in gas) is limited by the value ~ 5x10% ions/sec.
** Corresponding luminosities for ''Be and *Ar in the ELISe project [3] are 2.4x10°° and 1.7x10°" cm”sec”.




Major bottlenecks

{ LINAC-100 }
{ Gas cell }

Ring branch layout and
measurement strategy




LINAC-100

4 new high-current HI LINACs are
in construction

/ To recover high-frequency \

\

superconductivity technology in
Russia and built most intense HI
LINAC 100 AMeV (with
possibility of upgrade) based on
the gained experience in the

world /

SPIRAL-2 CW-LINAC ~7 AMeV

GSI/FAIR UNILAC replacement,
pulsed ~17 AMeV

MSU/FRIB CW-LINAC ~240 AMeV

HIAF pulsed LINAC ~17 AMeV

Korea - ???

RF(Q

81 o1 162 MHz 162 IHz

N cavities

¥ ¥
0.7-0.75 keVin 2 MeVim

~30 hleVin 100 IvleVin

First version of DERICA’s driver LINAC-100 general layout



LINAC-100 +
DFS layouts

Preseparator
—~45 dgr
horizontal

turn

Separator—-0
dgr horizontal
turn

100 AMeV

applied
studies

> Fragmentat
N . ion target
@Q/ Q/Q&
& Q/{@
A q;\-Q

ﬂasic considerations: LINAC-100 in trench sever;h
meters underground. U-turn for opportunity of linac
main section upgrade. Beam dump for charge state
separator after striper. Two experimental halls. First
DFS acromat (few meters underground), horizontal
total turn angle around 45 dgr. Second DFS acromat
brings the beam to the ground level experimental

Qall horizontally. /

Upgrade
opportunity

U-turn

%

Stripper
20-30 _ r- lon source
AMeV
Charge 10 AMeV
state stable beam
separator experiments




Major bottlenecks

Ring branch layout and
measurement strategy




Major bottlenecks

Ring branch layout and
measurement strategy




Outlook

Development of the large-scale accelerator and
storage ring RIB facility based at FLNR JINR is
proposed. The project is focused on the storage-
ring studies of RIBs. World unique feature of the
project is proposed studies of the electromagnetic
formfactors of Rl electron-RIB collider experiment.

-~

Important expertize in RF\
but

— Never build without

\world expertize involved )

— Relatively small weight
of concrete shielding

but
— Relatively large weight of

-~
— Comparatively cheap (~ 300 M€)

but

hi-tech devices
J

g

— World unique research opportunities
o

~

)

— Long list of challenges for Russian

scientific and engineering community
but

— Seem to be no crucial technological

bottlenecks

(U

o



Poccusa — weapaa gywa

K KoHuy aekabpa 2015 r. lMpoxopos cTan
eANHONIMYHBbIM  BNadeNbLUeM  KOMaHApl
"BpyKnnH HeTc", nOCKonbKy Kynua [onto,
KoTopas npuMHagnexana  gesenonepy
bptocy PaTtHepy. B obuwen CcnoXHOCTH
POCCUNCKMMN  OBM3HECMeH NOTPaTUA  Ha
KomaHay S825 MAH, BKAO4YasA [0/roBble
obasatennbcrsa.

Bknag Poccum B ueHax 2005 roga — 178.05
M€, u4tO0 cootBetctByer 17.4% ot
ctoumoctn npoekta PAUP. Oxunpaetca
OueHKa CTOMMOCTH YTO €)KerogHbin BKa4 Ha 3Kcnayatauumio

npoeKTa DERICA - cocTtasuT nopagka 30 M€,

okono 270 M€ -
http://aculina.jinr.ru/derica.php

cyuine KOneuKMm...



Reserve



Reserve



Blg blgger the b|gg€5t Huge increase in the Scale increase — (i) RIB
) >~ 17

scale of modern and production increase
prospective RIB facilities: and (ii) universality of
Price tag 1-2 G€ RIB facility

Supraleitender
Doppelringbeschleuniger

/| )

s it possible to have
world competitive

(] l 4 i } . I

«‘ ““w"‘--/ RIB program with

| | — '-,,"_ v, modest investment
</ \. =

EC

p! .-
New Linac-Injector RILAW'I TP
e o
[y I‘iﬂmls )
EcR -] r e | ZeroDegree &
RIPS Ly AVE | > - ! =
= el > i

-\ | \_ scale? Y,

o

Experimentier- und g/ 100m

Speicherringe - -




Motivation — Applications to astrophysics (nucleosynthesys)

S-process

rp-process fragment

A A

Ar
Cl

rp-process

“ Si r

- Al
e Mg rp-process
Na burning in

- an energetic
Ne o novae
F (Champagne
&t & Wiescher 1992)

020

proton number Z

r-process

neutron number N

Hydrostatic burning — slow process

Explosive burning — rapid processes

Where does it take place?

Every day observed violent events in space are produced by rp-processes

Element abundance in space is connected with r-processes

>
>
>
>
>
>

No quantitative understanding until the driplines are studied in details



I\/Iotivation - Appl ications All the heavy elements in the
to neutron stars Universe are produced in explosive

nucleosynthesys

PV = (m/p) RT

{ Supernovae explosions. How we get }

Equation of state for ideal gas. from neutron star to Supernova?

. What about nuclear matter? .

Neutron star: very large nucleus with

Known nuclei: practically symmetric absolutely asymmetric nuclear matter
nuclear matter

NEUTRON STAR

Moving towards the driplines we get experimental knowledge about
more and more asymmetric nuclear matter




AN What we already have at Flerov lab

( N Cyclotron U-400 118
Elements 102 - 108 and 113 - 118 > -
Cn
- /

were synthesized at FLNR JINR

-
Superheavy “isle of stability” 162

discovered =
. /

82 Pb
New elements .

114F]  Flerovium
“elv Livermorium | r

13Nh Nihonium N Tty
115Mc Moscovium oy 126
117Ts  Tennessine 50 Sn .

1180g Oganesson .
82

114

. n
&ecognlzed recently e 152g

Fragment-separator ACCULINNA:
50 Studies of the light RIBs

20 Ca 78N

80 28
. 20 ’—[ Cyclotron LLI0OM ]—> The only facility for RIB studies in

Russia, CIS, and Easten Europe




Challenges: rings

/ FRR Fast Ramping Ring \

Synchrotron
- AE ~ 30 - 300 AMeV
- Fastest possible operation time
(< 0.5 s - ?) to enhance research
opportunities with short- lived

Quclides /

-

experimental areas

o

CR Collector Ring
- Versatile design with 3 major

\

/

-~

- E~ 500 MeV
- Highest possible bunched beam intensity

Q‘or collider operation )

CE Electron Ring =




Challenges: LINACs

Luminosity is our
absolute aim

- LINAC-100

- Universal heavy-ion accelerator

- Good for Rl production nuclides from B to U

- Up to 100 AMeV for B, 60 AMeV for U

K- Up to 10 ppA for light ions DC operation /

~

4 A

LINAC-30

- Universal heavy-ion
accelerator

- ALL CHART OF NUCLIDES

- Up to 30 AMeV, 10*° pps

- Pulses < 50 ms, < 20 Hz

g

-~
e-LINAC

- 500 MeV electrons

- Pulses of highest possible intensity

.

/




Challenges: other important devices

/

DFS fragment-separator
- Unusual design with very large
aperture for gas cell mode operation
- Double achromatic or velocity filter?

~

~

4 lon sources
- ECR for LINAC-100 with highest
charges/intensities

- EBIS for LINAC-30 with highest
\charges /shortest operation time/

4 Gas Cell A
- For high intensity RIBs from DFS
this is a bottleneck technology

- Modern limitation 108 pps —

(S

4 Gas jet target at CR D)
- Operation modes for maximum
luminosity (~5x10?° thickness) and
precision experiments (~5x1013

thckness) )

4 I

Neutron “target” at CR
- Neutron-RlI collision can be studied
only on “neutron target” in ring

o

/

Kwhat about 1010?

/

Electron cooler at CR
- Sufficient performance for
“crystallized beam” CR mode for
low-intensity RIBs
%




[peabicTopua. K4-K10.

Yu.Ts. Oganessian et. al., NHxeKuua oT unknotpoHa U-400M J
Z. Phys. A341 (1992) 217

Konbuo K4 (MarHutHoe none 4 Tm)
- HakonneHune
- OxnaxaeHune

- DopmunpoBaHme baH4yewm
- YckopeHue

KaHan cenapauuu
(bparmeHT-cenapaTtop)

~
Konbuo K10 (MarHutHoe none 10 Tm)

- CNnekTpoMeTp CBEPXBbLICOKOIO
paspelleHnsa

L - PeaKunM Ha BHYTPEHHEN MULLIEHN -

[ INeKTPOH-UOHHbIN KoNAnanaep ]




Currently realized RIB studies strategies

Ordinary approach 1: ISOL RIB production + reaccelerated RIBs up to 10 AMeV

Driver: high-
current pord
from 30 to
1000 AMeV

. >
production A,Z
target+ [ separator
noble gas é
transport

Decay spectroscopy or
Penning trap studies

LINAC
Charge breeder —>

AMeV

~10 a Low-energy storage

Ordinary approach 2: In-flight RIB production

Driver: high-
current HI
accelerator 40
to 1800 AMeV

Light
production
target

Reactions

ring studies

ISOLDA, CERN;
SPIRAL2, GANIL;

TRIUMF, Vancouver

| MSU, GSI, GANIL, etc J

/ Relativistic reactions LT

o

In-flight
fragment
separator

— Gas cell

—>

RIB cooling in ring

—>

LINAC ~10 AMeV

Storage ring studies

‘ MUSES, ELISE@NESR




e-RIB colliders: Evolution of RIKEN

'PLAN VIEW OF RI-BEAM FACTORY | -
-Ring: isochronous mass
spectroscopy for very rare events

http://www.rarf.riken.go.jp/rarf/index.html|
Existing Facility RILAC

csM P ~RFa

- e-RIB collider MUSES

A_"“-?un_;-i‘. .
R o o
- | .,,__a__, -S.A Collider
;199?53092* ~ =>e-RI Collider (2001)

K2500 MeV SRC
(Superconducting Ring Cyclotron) P I a n n ed

SCRIT: separate-standing ISOL facility
for e-RIB collision studies in trap

150 MeV microtron
(RTM)

%',.

electron detectors

(SCRIT) isotope. separator
(IS0L)
i |
\‘ nF | [}

: UcC, target
Ty . (ion souirce)

g RIBF Rl beam generator RIBF Rl beam experiments

700 MeV synchrotron storage ring fea[urln_g sqp&rconducnng ring cycln_tron [SRC) will be started in 2007,
(SR2) and projectile fragment separator (BigRIPS) with colored experimental installations
will be commissioned late in 2008,



e-RIB colliders: Evolution of FAIR.

Planned

FAIR “Ring Branch”:
- Storage ring CR
- Experimental ring NESR

-~

NESR@FAIR:
- e-RIB collider ELISE
- experiments on the internal

gas target EXL
-

J

Decision
postponed to 2026 (?)

Supraleitender
Doppelringbeschleuniger

o 4

47 UNILAC
K

/;/ v
w oSS/ =
\\é‘\ik i\ = :‘;\\':'. ¢ i
: ﬂ\”\\“;j?-\'\-, VL e
> y =) \\7' ~ )
o F e
o3 2 £ /. /'

Antiprotonenring

et )

Experimentier- und 100m

Speicherringe

slowed-down \OJ
highly-charged ions .- ==~ .
production target ' ) . on et
?mpper foil station ecl:i%t\eor ESR ) / - N
Y, petitng iy Hun3koaHepreTuyeckasa nporpamma:
particle CRYRING\% ’ nepees3g CRYRING u3 Lseunn
, .~ deteclors & .
% Bpy A Bp, A resonant M \ y,
energy 7 Schottky )
degrader \detecmr
to HITRA/ \ time-of-flig -~ )
Schottky detector Bo3amoxkHocTb BKAtOUNTL ESR B FAIR:
ick- Internal
PP prototype of EXL target MyukoBas AMHMA oT SuperFRS ???
recoil detector
o 111
L L~ 200 m !!! -

from UNILAC




Storage rings. China

HIRFL-CSR@Lanzhou

- Weak “driver”

- Not much space for
driver upgrade

\I_r

=1k
el

Planned

-~

HIAF:

- 2 storage rings

- 1-st — main function
spectrometer

- 2-nd — reactions with

“merging beams”

o

/




New facilities at FLNR




History of U-150 vs U-400M

Underdeveloped field:
storage ring physics with RIBs

RIB stor.

Isochronous mass
spectromentry

Precision reaction
studies on internal
gas jet target

Empty field: studies of RIBs
in electron-RIB collider

COBPEMEHHASA UCCNEAOBATE/IbCKAAl UHOPACTPYKTYPA POCCUIACKOM
®ELEPALUM
YHUKA/IbHBIE HAYYHbIE YCTAHOBKM

CBEAEHUA O PE3Y/IbTATUBHOCTM 3A 2016 roa (AAHHbIE
MOHUTOPUHTA)

YYACTUE B MOHUTOPUHIE Her
YMCNO OPFAHU3ALIUIA-NONb3OBATENEMN, EA. 0
4YUCNO NYBAUKALMUMN, EA, 0

3ATPY3KA B UHTEPECAX BHELLHUX OPTAHU3ALIMIA-NO/Ib30OBATENEN, %
0.00

Atomic physics Etc....
studies with Radioactivity
striped ions studies with

striped ions
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