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‘ High-energy and low-energy storage rings

Storage Rings for Physics with Exotic Nuclei

SN

Low-energy

- TSR @ ISOLDE
- CRYRING @ ESR

- RI-RING @ RIKEN

Highly-charged ions at low-energies

- CR @ FAIR

- HESR @ FAIR Rl beams originates
from opposite side of

- NESR @ FAIR the energy spectrum

- RESR @ FAIR

- HIAF
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Courtesy Y. Litvinov




Test Storage Rings at Heidelberg

experiment

* In operation since 1988

* Mainly for atomic physics
studies and accelerator
development

* One nuclear physics
experiment — FILTEX
(internal polarized

H, gas target)
Courtesy MPI-K
Circumference: 55.42 m Multiturn injection: mA current
Vacuum: ~few 1E-11 mbar Electron cooler: transverse T_, in order of 1 s

coo
Acceptance: 120 mm mrad RF acceleration and deceleration possible

Typical energy 12C%*: 6 MeV/u ip -
www.mpi-hd.mpg.de/blaum/storage-rings/tsr/index.en.html 3 ."“_“




Machine performance




Ring beam energy

Storage

energy TSR magnetic rigidity
range: 0.25-1.57 Tm
—_ —25 MeV/u
£
< T 20Mev REX linac 2<A/q<4.5
5 =15 MeV/u
:_:n =10 MeV/u
—5 MeV/u
T Men \ Lifetime studies and nuclear
1 5 . A s structure studies using
Alq decay at 5 MeV/u
16 ' ' AJq=2.5

- AQ=450,=-20) W =14.5 MeV/
—x— Alg =25 (p, = -20)

14t

12r
HIE stage 2a © Beam can be accelerated (and

S 10} .. .
3 decelerated) inside the ring
z 8f
i A/q=4.5 |
6 W = 9.3 MeV/u @ Takes several seconds though
al 6y=0.140 |
Courtesy M. Fraser
: s . y | Al
T N 12919
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E-cooling needed for:

1. Reducing momentum spread
Stacking of multi-turn injection

Compensate for energy loss in target

H w N

Reducing beam size

Before cooling
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After cooling
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E-cooling needed for:

1. Reducing momentum spread

2. Stacking of multi-turn injection
3. Compensate for energy loss in target
4. Reducing beam size
30 - .
» Before cooling
4o
F20 - Y -
9 1
10 - [ .
|
0 o o WM [ ki s mare
—40 —20 0 20 40
x (mm)
500 T | | T
400 r ) : } M. Beutelspacher,
5300 | After cooling | || | Diploma thesis, i
I |1 I University Heidelberg,
o200 - | | 1997
100 : } 1
O 1 1 1
—40 —20 20 40

Xo(mm)

Radial beam extension

e-cooling

Assembly of 4 movable DSSD positioned
up- or downstream of target point

From T. Davinson
and P. Woods



In-ring experiments?

* SAS allows for either electron, gas-jet or no target to be installed.
* Experimental setups installed on precision rails, moveable in and out from ring.

Superconducting
magnet coils

Faraday

cup with Electron E Adlal‘:‘at\c‘
energy analyzer beam | B8 acceleration
= electrodes

detectors €

Valve [ | Coupling

section

(photocathode) Valve

Fig. 83. ETS magnetic and vacuum system in the thermocathode configuration [170].

Electron target section

* Existing, delivered to CERN

* Offers an independent merged cold
electron beam dedicated for collision studies

%1 dc

1. See M. Grieser et al., EPJ Special Topics May 2012, vol 207, Issue 1, pp 1-117




In-ring experiments?

* SAS allows for either electron, gas-jet or no target to be installed.
* Experimental setups installed on precision rails, moveable in and out from ring.

£ 5% Heavy-lon
27 Spectrometer Layout of the
new target inlet
chamber design
with the existing
interaction

chamber and

Neutrons /
Charged Ejectiles

& L3 DR?CTI target dump
/ etecior
/ system for the
Gasjet | Beamin ESR in
L e 1y Darmstadt.

LE]

From EXL collaboration

Gas-jet target
* Not existing, being studied
* Targets with thicknesses of

. ~ 10'* atoms/cm? for light gases
with DSSDs from P. Egelhof as H,, d, He and *He

* TSR gas-jet study group being formed

* Offer to borrow UHV detector setup

19%1dc
1. See M. Grieser et al., EPJ Special Topics May 2012, vol 207, Issue 1, pp 1-117




Internal gas target

Miniball target thickness 0.1 to 4 mg/cm? -> Ny target ~ 1E19 atoms/cm?
(*H-loaded Ti, CD,, Sn, Pd, Ag etc)

To reach the same reaction rate at TSR: Nrsr target = Nue_target Crsr  Ouiion
- Tiietime Vorojeciie  €m

Assume:

Titetime=1 S dgiution™2 €m=0.8 =>  Nisg targer=3E13 atoms/cm?

Vorojectile=0-14-C (10 MeV/u)

Integrated residual gas thickness much smaller
(55.42 m, 5E-11 mbar) => 6.7E9 atoms/cm?

* Target types: H, or He

Miniball TSR
e.g. GH, Pure gas

* To address:
Interaction length ~ 5 mm
ideally 1 mm _
Pressure around target Advantage: target purity

NB. Can’t use foils in the ring!

%1 dc
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Beam life times

Survival times

* Coulomb scattering,
electron capture and stripping

* Residual gas, electrons in the
cooler and gas target

M. Grieser et al., EPJ Special Topics May
2012, vol 207, Issue 1, pp 1-117 ¢

Storage time (s)

Internal gas target

10000.0 Al
Storage life time, Schlachter+Dmitriev,
10 MeV/u,H2 target 3E13 atoms/cm2
1000.0
[ |
® 4 Fully stripped
100.0
. W Stripping 10 MeV/u
. REXEBIS
10.0 .
*
- *
1.0 B =
E B m
0.1 T T T T 1
20 40 60 80 100
Z

Table 1: Parameters of beams circulating in the TSR. See text for details.

Ton Nuclear  Energy  Cooling Beam H, target Beam Eff. target
lifetime (MeV /u) time lifetime in ~ (atoms/cm?)  lifetime  thickness
residual gas in target  (pg/cm?)
"Be 3% (53 d) 10 2.3 s 370 s
IS g+ 100 m 10 0.7 s 280 s 1 x 10 236 s 31000
26mAl13Y 63 10 0.5s 137 s 5 x 104 23 s 4200
52Ca 20t 4.6 s 10 04s 58 s 5% 10 9.6 s 3000
TONj 28+ 6.0s 10 0.25 s 30 s 2 x 104 12 s 1600
TONi 25+ 6.0 s 10 0.3s 26 s 2 x 1013 21s 60
1328 30+ 40 s 4 04s 1.5s 1 x 1012 14s 1.2
1328n 45+ 40 s 4 02s 14s 5 % 102 16s 7
1328n 39+ 40 s 10 0.25s 74s 2 x 1012 36s 9.5
1328 45+ 40 s 10 02s 10 s 5% 1013 1.3s 90
186pY 46+ 48 s 10 0.25 s 4s 2 x 1012 1.5s 4
186Ph 64+ 48 s 10 0.13 s 5s 1 x 1013 1.7s 20

Fully stripped ions
-> improved lifetime

Effective target thickness:
(gas target thickness) x
(revolution frequency) x
(lifetime)

~100 ug/cm? for direct target



Many different ways of operating the machine InjECtion rate

e-cooling
injection  =0.5s Reaction measurements
'\r—*—\
i I [
\
measurement 4

>

=1-2s ‘

REXTRAP trapping + cooling

intacti cooling 0.2-1s
injectio
J n\ A
\ J \ )
\ ) {
e-cool stacking measurement, acceleration,
(no target inside the ring) mass separation

Based on R. Raabe presentation



Ring injection time

* High injection efficiency of outmost importance

* Multi-turn injection

|
t - a_zq 8_I - c"_....._.....:.. R —
collisions with I - *. " collisions with
' the septum foil /,1" [*, the acceptance
8 0.6 /’.-' i |.\/
é I 7 ..-' /'li At=length }\ \
; 04 s ..." / ; injector pulse ;, * \\
= [ ,’ Q) ,/ < Q
é' . . o... it 1 !\\. \\
@02 / .0. e I \e \
’ ) . |
U .. // \
'/ o° /,/ | I \0
0.01s" -~ : 3
10 20 30 40 50 60
turn

closed orbit at
the septum foil

At~ 25 turns

Input from M. Grieser

T

typically = 33 us at 10 MeV/u

extracton — ' Murn

N Crsr ~ ATSR_geO Crsr — ATSR_geo . Crsr
Vinjection SREX_geo_x Vinjeclion 8REX_norm C
13

550

un

=

=
1

TOF2 average

.

=

=
1

i offset

350

T T T T T T T
120 140 160 180 200 220 240
Time (us)

TOF after REX charge breeder

Adapt EBIS Textraction
to fit beam pulse into
transverse acceptance

%1 dc




Beam-line layout

14




Building layout

Presently at MPI-K, Heidelberg, a large hall is housing the TSR with enough space around it
for experiments and equipment that need to be close to the ring. The basement
underneath the ring is used for power supplies and other necessary equipment.

-
o ~
_T -

“ .
- L.
»

Proposed layout to fit the TSR:
Installation above the CERN service-tunnel
Tilted beam-line coming up from the machine.

Y/ Courtesy E. Siesling
12919




- Building layout

Ci'}

. _, TSR building 670:

= - ~ . Taken in account at the

- Y . 7 construction of the new user
\' / E building 508.

Water station:

Water station and cooling
tower to be integrated in the
ISOLDE area.

-—2) 199

—
' Roads:

—D 170 i 198 Adaptation of the Route
Rutherford and corner with
I L B Route Einstein. Move of the
] ramp giving access to the
premises to the Route
Democrite side.

>
Service
tunnel

CERN service tunnel:
Construction above the
tunnel creating two separate
basements to house TSR
equipment racks and power
supplies.

——— 99198

Courtesy E. Siesling




Beam-line layout

- 35m i
TSR __Positionat_| "} 1. Achromatic injection line
(/Q Helddlberg P\>\ 6.86 m * Links HIE-ISOLDE to TSR ring via XT04
12.73 m S . * Considers HIE-ISOLDE and TSR
: i floor level difference of 4.73 m
| In-ring
g exper ment 25 m 2. Standard HIE-EBIT elements
AN
2
N &
'.:‘I'I"._ (\1’ ((\
\ W
\ >; (o L ininl dnipl |
\ Hisg, o b T P
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b rF=F1=7 e = 14. || | |
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- / N “g . ~.; ‘ a / 5&\( . ‘\ K ‘\ 5 (m)
o “ - i} - N \\:éﬁ :.v". w/ A - | T t
Tz D Ny? RE  Beam Injection e-cooler Targe
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- HIE- ISOLDEI ' N ' i Heidelberg layout 4 -
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35m i
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Extraction lines

* Tentative layout for two
experimental stations.

* Tolerated stray magnetic field at ring

from experiments
J Bstrayds < 107*Tm

* Beam optics study initiated.

* Awaiting feedback from physics
community.

CERN input: A. Parfenova,
D. Voulot, B. Goddard,
M. Fraser

19919




Charge breeder upgrade

19




Charge states out of REX

Benefits from high q Charge breeding times for a selection of elements of
relevance for TSR@ISOLDE experiments

@ Rigidity TSR
L lon Z q A/q Breeding time (ms)
Storage lifetimes Be |2 3 533 | 20
9

o
@ Cooling times 18F 9 2 100
o

7ONj 30 25 2.33 | 350

13250 [ 50 39 3.38 |700*

182pp | 82 53 3.43 |1000 *

182pp | 82 64 2.84 | EBIS upgrade needed

Experiments

* to be tested

© REXEBIS charge breeder capable of producing sufficiently low
A/q (or beam rigidity for < 10MeV/u) for most elements

20




‘ TSR@ISOLDE implications for charge breeder

Experiment Species State Charge breeder
requirements
Astrophysical p-process i & e E ~150 keV
physical p-p Zn | through* | Yb bare “n s 2 *en
capture e Jo ¥1-2x10* A/cm
Atomic effects on nuclear 2 [ T ek . E ~100 keV
ha If-l |VeS jaaess o |wasaesssp: [Xejatsavosiep Je 1-2X 10 A/Cm
'372% 174.967 ?91133 238.0%2 ?;gg 232.031!‘?; E ~1OO keV
DR on exotic ions Li/Na-like e ’
[x;hLJ‘ Ergsy‘ls; . [Rlsh / .Je ~1_2X1O4 A/sz

Atomic data for supernova F S 1* to H-like Not limiting any
explosions e ! W' 4 charge state

Atomic data for fusion W 4522 Not limiting till H-like
research s Courtesy A. Shornikov

* After Z=60 the abundance of bare state will drastically drop
*x Only Li-like Tl with acceptable abundance

*E* Assumed an injection repetition rate of 1 Hz

%919
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Pick up reaction at TSR

A+1Y(q+1)+ gas jet:
_ w(g+1) quadrupole hydrogen target
detector ~X%* /
— .\ 1R stored
chamber - . ,
Ax(a-1)+/  dipole ion beam
— — —_—
' | I Axa+
separation T
Reactions
nuclear: AU+ p HAHLY(arL 4y
ionization: AXa+r > AX(a+ll+ 4o

recombination: AX* + e > AX(a-1)+
A+ly(a+1)+ gnd AX(a+1)+

oE 1

E _(1+A) —> experiment
has to be carried

L | o out with bare
) B . g+1)+ .
Dead-time /pile-up due to high flux AX AX9* ions

V| y |
Slide info from M. Grieser 22 n 6"‘-‘-




Charge states out of REX

100
90 G. Schiwietz and P. L. Grande, Nucl. .
Instrum. Meth B175 (2001) 125
80
: : : 70 = %
@ But some experiments might require: 60 R N
T 50 —x if +
* [ ~ 40 X%
Fully stripped to 260 0o S
20 X 10 MeV/u stripping
* #
Few-electron system, e.g. for Th/U 10 - # Fully stripped
0
0 20 40 60 80 100
YA

Estimated attainable charge states in REXEBIS
and after stripper foil as a function of ion Z

Design parameters HIE-ISOLDE / TSR@ISOLDE breeder

Upgrade REXEBIS
Electron energy [keV] 150 5
Electron current [A] 2-5 0.2
Electron current density [A/cm?] 1-2x10% 100
Trapping region pressure (mbar) ~1011 ~1012
lon-ion cooling needed YES NO

Extraction time (us) <30 >50




15000 -

1500 -

Current density, A/cm?

150

No such breeders available

TEST+
goal ® REX
® LLNL rep*
HD Il est ® MSU rep*
EBIT constellation: ® ® Titan est
high compression, mostly standalone LLNLrepT o -ARIBU exp*
low capacity spectrometry devices
O goal
MSU rep* Shanghai est
Tokyo est Tokyo est
® O Titanest Y

Shanghai est
ORHIC

= ——
-

yae S HD Il est
o Y2 éiijiii::k -~
/ S<
- / \\\
Immersed gun limit )/

’ ~

1.0E+03

Bubble size represents electron current

, TESTT <2
/' CARIBU exp* \ / -
L / \\\\
| EBIS constellation : AN
- 1 N
‘\ REX RHIC ‘,
\ Low compression, high capaciy injectors _ _ -
\\\ ’ ————————— o2
|\\~|~-T—T_l--1—|- ———————— 1'-""——l———T——T——l——lEll-e_¢tlron beam elnergy' ev
1.0e+04 1.0E+05

rep - reported, est - estimated, * - in commissioning phase 1 - discontinued

24 Courtesy A. Shornikov ‘6"‘_‘:




How we are addressing them

High Energy Current and Compression (HEC?) electron gun project
Requirements compared to simulations

Matching two focusing systems Influence of B field leaking

Very laminar electron flow,

_ ) ) Current density in the interaction region
high electrostatic compression

35000 -

. -'E‘ 081, _ 150 k
12,07 7 £ Jo= =3t ralum] = oo [1e[41/VEeTkeV]
anode // E 30000 - T
;‘ “f / 's 25000 T 8kT r-m B2rA
(| o0 ]
iy o ry=— [1+1 1+4< et 22)
= 5‘\‘ / S V2 e?ryB B2rg
E \‘\x § 20000 -
ot e‘l\ \ ‘s
i electron beam .s 15000 1 N
i'\\ \ £ ...........
) = R
= 10000 - :
‘ —— e coog | 175 A, B=6T E=50 keV
0.0 Z (mm) 160.0 = R:=10 mm, T,=1500 K
A. Pikin, E. N. Beebe, and D. Raparia, qt, 0
Rev. Sci. Instr. 84 033303 (2013) S ' ' ' ' '

0 2 4 6 8 10
Field on the cathode, [G]

HEC? designed at BNL is now a collaborative effort between BNL and CERN
25
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HEC? prototype tests at BNL
.o
BBOOKI‘IFA\'EN

f‘\ NATIONAL LABORATOR

First beam time — 08.11.2013-15.11.2013

Anode voltage

JRTid Mot CUROR

Extracted current
(1V=1A)

NB: pulsed
electron beam

BNL, built by CERN being

tested at BNL by joint HEC? ultimate spec 10-20
team at BNL TEBIS Achieved in 1-st run 30 1.54 tba
REXEBIS 5 0.4 0.2

* These activities supported by HIE-ISOLDE design study will continue in 2014
* Hopefully a continuation within ENSAR2 . -
%19
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Technical integration study
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Technical integration study

Two approaches 1. CERN homologation (full-fledged ‘standardization’)
2. Keep-system-as-is (low-budget option with minimal changes)

Dismantling and

reassembly General safety
Control system Civil engineering 1. Obsolete electronics
and applications and infrastructure Improve sensitivity
_ 4
Inj-ext J s i 2. Change for Finemet® type
septum Induction
Beam accelerator 3. Exchange bakeout system
diagnostics?!
g 18 work packages 4. Improve electrical safety
Alignment
5. External targets on elements
and survey? Power :
converters
3
Vacuum Radioprotection
Scrapers Red: fully replaced

RF2  E-cooler Blue: complemented and improved
Green: accepted or minor upgrades

Recommendations by CERN specialists

28 12%4 9




Technical integration study - conclusions

v" The radiological concern of importing the ring is minimal.
v" Well advanced civil engineering plan with associated infrastructure exists.
v No technical show stoppers for the implementation — standard solutions identified.

CERN integration proposal Keep-system-as-is

a. First cost and manpower estimate believed a. Would need to keep all subsystems as they are
to be conservative. However, no contingency since many are interlinked with the control system.
included.

b. Would have limited / no support by CERN groups;

b. Most CERN groups have insisted on longer dependence on MPIK Heidelberg.

hardware changes and CERN standardization

and discourage a 3 years transition period. The approximate cost and manpower need

for the Keep-system-as-is scenario are:
Total cost and manpower for transfer and 11.8 MICHF 17.1 FTE (man year)
lntegratlon into a CERN f GCI/Ity : The cost saving might appear low. Reasons:
15,2 MCHF 2 7,5 F TE ( man year) * The main cost drivers are the injection line, buildings and infrastructure.

* Some spares, complementing parts and replacement parts are absolutely necessary.
* Includes the mandatory electrical protection of magnets connections.
* Includes sensitivity improvement of the beam diagnostics.

NB. The figures have not been considered

the CERN management ‘50‘_‘:




Tentative implementation schedule

2014 2M3 2016 2m7 2018

Q3 Q4 Q1 Qz Q3 Q4 a1 Qz Q3 Q4 a1 Qz Q3 Q4 Q1 Q4
CERN review

revigion of cost estimate and planning
beam physics evaluation

Building
study
market survey
preparation specs
call for tender
preparations contractor
finance committee
construction

CV (HVAC, water cooling, compressed air)
from URD to approval
from writing to approval
from writing to bidders list
from dispatch to contract award
design | \
procurement X

installation water at "WAC  water dist.
if HYAC and water coeling split -= add 3 months ) ]

RF {cavity and controls) | | |
design I
procurements | I
production | |
cavity assembly and testing II |
testing and firmwars softwals doveljoment | |
installaticy | W
COM TN g | | | |

Beam d ignostics [ |1 I
dismantling and shipping | |
specifications 1 |
design and production
installation | |
test and commissioning | | |

excerpt from 20140328

50 12%4 9




Past, present and future

* Lol to the ISOLDE and Neutron Time-of-Flight Committee
http://cdsweb.cern.ch/record/1319286/files/INTC-I1-133.pdf

* TSR at ISOLDE technical design report

M. Grieser et al., EPJ Special Topics May 2012, /

vol 207, Issue 1, pp 1-117

* Approved by CERN Research board, May 2012 o R

“The installation of TSR, as an experiment to be included in the HIE-ISOLDE
programme, was approved by the Research Board. The timescale will be

defined once the study of its Integration has been completed.”
* Presentation of the integration study to the CERN Research Board Nov 2013
* TSR@ISOLDE workshop at CERN 14/2-2014 — focus on experiments

* Tentative planning for the installation of TSR@ISOLDE handed over to the

BE department leader 28/3-2014
12%914dx




Plain sailing?

Operational complexity

ISOL + REX low energy stage + RT + SC LINAC + ring injection + e-cooling + storage

— / |

g 2 s holding time < 30 us extraction cooling time ->  |ife-time
S (or longer) from REXEBIS + sets lifetime issues
S in REXTRAP efficient injection limit

* All for very low beam intensities compared to Heidelberg — not even visible?
* All steps involves unavoidable losses

Optional (complexity) NB! Different from:
rings at in-flight facilities
Gas-jet target rings with stable beam

Slow extraction to external setups:
* even longer holding time in REXTRAP required
* will the good longitudinal energy spread be conserved due to RF excitation?

* efficiency <85% P
32 lﬁ'll‘i




1. 7Li contamination from ISOLDE
Expe ri m e nta I ch a I Ie nges 14N6+ contamination from REXEBIS
2a. life times: 6He 0.8 s (no e-cool stacking)
8He 119 ms (no e-cool stacking)

Be 13.8 s (e-cool stacking)
2b. REX efficiency for 6He is sub-percent.

Type of experiment ) T In addition |m9055|ble to store in REXTRAP
o> £ g for long bunching. 8He same problems.
'E =] - o " ﬂ,’ o B2 if no e-cooling, force to resolve keV
3 ) ) Q2 g 5 ) e superimposed on MeV
. = < U T = 'E; ©
£ o | & Ww e | 9 o + - e
o o o | 2 & £ 3. e-cooling time set lower life-time limit
@ | & cal| o o £
& e e O S | Q O LB 4a. life-time needs to be longer than cooling time
Half-lives of 7Be in different v 4b. electron pick-up in gas-jet limits the
atomic charge states 1 storage lifetime
] ] 4c. fully stripped ions required
In-flight beta-decay of light v v v
exotic nuclei 2a 2b 2c 5a. e-cooling time set lower life-time limit
5b. electron pick-up in gas-jet limits the
Laser spectroscopy of rare v piek-upin gas]
isotopes with the TSR 3 storage lifetime
5c. Higher charge states improve storage life-time
Capture reactions for the v v v 5d. UHV detectors moved out from beam during
astrophysical p-process 4a 4b 4c beam injection
Se. difficulty to arrange well-defined target vertex
Nuclear structure through v v v v v y & &
inelastic scattering and transfer 5a 5b 5c 5d Se 6a. losses during injection/extraction
reactions optional 6a. if CW requested, long holding time in
REXTRAP required
External spectrometer v v

6b. increased long. momentum during

62 s extraction?

Long-lived isomeric states v ) )

7 7. very high charge state required for

Schottky detection
Atomic effects on nuclear half- v
lives 8 8. very high charge state required for
Di-electronic recombination on v SChOtFky detection o
. experimental request for H- or Li-like ions
exoticions 9
33

9. experimental request for Li- or Na-like ions



Lifetime determination of "Be3*

Accumulate 10° ions:

108 ions injected with multi turn injection and 10 ECOOL stacking cycles
filling time = 30 s

107 injected 'Be3*ions R
/ N (1) = Ny ety (e g TBe]

1071 number of 7Be3+ and 7Li3* @? HE
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remark: 10° ’Be3*ions is below the space-charge limit: N=5.8-10°
this means the life-times tg, and t,; should not effected by the beam intensity !
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General conclusions

* The technical aspects of the integration have been studied. No
technical showstoppers identified.

* Cost and manpower analysis of the integration has been
performed.

* Request feedback from the user community about the layout of
the extraction lines and experimental setups.

* Tests of charge breeder upgrade on-going. Concept promising
but a long way to go.

* Operational and experimental difficulties shouldn’t be
underestimated or ignored at this stage.
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‘ Personal plead

To continue the HEC2 studies (REXEBIS upgrade) | need:
» work affiliation for A. Shornikov from start of ENSAR2 (1/3-2015 ?) for 30 months

* bridging of his contract between fellowship (terminates 31/12-2014)
and start of ENSAR2 (1/3-20157?)

Firm confirmation needed by mid April for me to pursue ENSAR2 proposal
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