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L ow-Energy Rare | sotope Beams (RIBs) production
Planned L ow-Energy RIBs Facility at NSCL
Re-accelerator

* Design considerations

o Accelerator system

 Beam dynamics

o Current statusand future plan

e Summary



Low-Energy RIB Production

o Strong demand from nuclear suencefor hlgh quallty
low-energy RIBsfor:
e Precision mass measurements & Laser spectr oscopy

e Precision decay studies & L ow energy coulomb
excitations

e Transfer reaction studies of astrophysical reactions
e Two RIB production methods
e |sotope Separation On-Line (1SOL)
e Produced at ~ rest
e REX-ISOLDE & TRIUMF
e Projectile Fragmentation
e Produced at ~ 50 MeV/u
e NSCL/MSU
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e High beam quality and low beam energy
e Limited tolonger lifetime (t > 1s)

e |sotope extraction and ionization efficiency depend on
chemical properties of element

e Themost neutron-rich isotopeswill havetoo low
Intensities and too short lifetimesto be suitablefor re-
acceleration

Ion source
Transfer tube

Isotope / isobar
separator

Production
accelerator

Thick, hot target
Production beam

Postaccelerator

T \ ’
Radioactive ion beam




MICHIGA

Modest beam quality and high beam energy

(E/A >50 MeV/u)

Suitable for short-lived isotopes (t > 10°s)

Physical method of separation, no chemistry

L ow-energy beams are difficult ( emittance too large)

Heavy ion

accelerator
Fragment separator

Thin production

target Radioactive ion beam

/
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e In-flight particle fragmentation method

e Coupled cyclotrons produce high energy primary
beams

e Production target produce RIBs at velocity
e A1900 Fragment Separator separate RIBsin-flight
o Experiments performed with fast RIBs

e Nuclear structure/Nuclear reactions
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Re-acceleration

Re-acceleration

Prototypefamhty planned
for stopping and re-
accelerating RIBs produced
and separ ated in-flight

| mportant step toward a
next-generation rare-isotope
facility in the United States

Threekey steps:

e Gasstopping

e Chargebreeding
e Re-acceleration
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e Linear Gas Cedll —worksbut has

e Intensity-dependent
extraction efficiencies

e Extraction time of ~100 ms

e L ow stopping efficienciesfor
light beams

e “Cyclotron” Gas Stopper —under
development

e Shorter extraction times
e Higher beam rate capability

Georg Bollen/NSCL User Workshop 2007

limitations >50 MeV/u
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NSCL Gas Stopping Plan
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 Possibil ity of both stoppi ng methods
at the NSCL

Momentum Cyclotron
Compression Gas Stopper

10 FEET

5 METERS To LEB'T,

Laser beam line
& Reaccelerator

Momentum Linear Low Enargy
Compression Gas Stopper ~ Beam Transport

\




Electron Beam lon Trap (EBIT)
~ Charge-Breed
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» More efficient acceleration

* Electron gun/collector
« Solenoid
 Trap electrodes
e 60 KV platform




M SU Reaccelerator Beam Specification
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|nput Beam Parameters ( From EBIT)

Energy 12 keV/u

QIA 0.2—0.4

Transver se Emittance 0.6 Tt mm-mrad
(normalized)

Energy Spread + 0.2%

Output Beam Parameters ( On target)

Energy Variability From 0.3to0 3.0 MeV/u

Bunch Width on Target ~1ns

Energy Spread on Target ~1keV/u

Beam Sizeon Target ~1mm

11
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. DeS|gn benefitsfrom past RIA driver linac R& D
efforts

 Many similar components

e Design experience

e Beam simulation tools

e SRF cavity and cryomodule prototyping

e Design and construction of the M SU reaccelerator
will provide valuable experience for the future M SU
| sotope Science Facility (1SF)
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e Low Energy Beam Transport (L EBT)
 Radio Frequency Quadrupole (RFQ)

o Superconducting (SC) Linac

 High Energy Beam Transport (HEBT)

Q/A Selection  LEBT RFQ SC Linac HEBT  Experimental Area
/ S / // f
/ // # / \
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» Transport, bunch and match
RIBsinto RFQ
o 4 electrostatic quadrupoles
e 2 Superconducting
solenoids
e Multi-harmonic buncher
(MHB)
» Three harmonics
* High bunching
efficiency: ~ 82%
e Two A/4 resonators

14



Low Energy Beam Transpor
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Beam simulated
using RIAPMTQ

Beam envelopes
in the LEBT

Horizontal, vertical
and longitudinal
phase spaces at the
exit of the LEBT
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e CW operation
« Room temperaturestructure
« Achieve small longitudinal emittance
 ~0.25 1t kev/u-ns
o External multi-harmonic buncher
 Enhanced acceleration efficiency
« Shortened gentle bunching section
* Freguency: 80.5 MHz
e Length: 3.5m
e |nput energy: 12 keV/u
e QOutput energy: 600 keV/u

16
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Chargeto massratio, Q/A 0.2-04
Max. Intervane voltage (kV) | 86.2

Peak electric field (MV/m) 16.7

Peak field (E,;aric) 1.6
Number of cells 94
Synchronous phase (degree) | -20

M odulation factor 1.15->2.58
Averageradius (mm) 7.3

Tip radius (mm) 6.0
Focusing strength 4.9
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The longitudinal
acceptance (~ 0.8 &
keV/u-ns) and beam
phase space at the
entrance of the RFQ
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e Accederation or deceleration of the RIBstothe
desired energy

 RFQ output energy: 600 keV/u
* Final energy: 300 keV/u ~3 MeV/u
 Maintain beam quality
o SC linac advantages
 Requiresvery littlerf power

« High accelerating gradient for CW operation
(100% duty factor)

o Better operational flexibility and availability

19
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Type

A4

A4

Optimum J

0.041

0.085

Frequency

80.5 MHz

80.5 MHz

Epeak

16.5 MV/m

20.0 MV/m

Vacc

0.46 MV

1.18 MV

Eacc

4.84 MV/m

5.62 MV/m

Bpeak

28.2 mT

46.5 mT

Temperature

45K

45K

Length

0.095 m

0.21 m

Aperture

30 mm

30 mm

20




B, =0.085 Prototype Cavity
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B, =0.041 Prototype Cavity
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QWR [30 t—O 085
protoned and tested
in 2003

* Q,: 5X108

e E,: 20 MV/m

* QWR B,,:=0.041
prototyped and tested
in 2007 — to be
presented at Tuesday
poster session
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Transver se Focusing — Super conducting
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Allow more cavities per
cryostat

2 dipole corrector coilsfor
central orbit correction

Peak magnetic field: 9T
Adjacent to superconducting
cavities
» Active end bucking coils and
niobium shield to minimize
stray magnetic field

e Obtain ~10°% reductionin B
field

24



Super conductmg Llnac Cryomodules

. 1St Cryomodule
» 2 Superconducting solenoids
* 1 A4 SC cavity, 3,,=0.041
 Transverse and longitudinal matching

e 2nd Cryomodule
3 Superconducting solenoids
* 6 A/4 SC cavities, 3,,=0.041
» Acceleration/deceleration: 1.2/0.3 MeV/u

3 « 31 Cryomodule

e « 3 Superconducting solenoids
* 8 M4 SC cavities, 3,,=0.085
 Acceleration/rebunching

25



Super conducting Linac Prototype
yomodules

IGAN STATE MICHIGAN STATE MK

UNIVERS TVLA

* Prototype cryomodule fabricated
* 80.5MHz [3,,=0.085, A/4 cavity
« 322 MHz B3,,=0.285, /2 cavity
e Superconducting solenoid
 Superconducting quadrupole

e Testingin progress
o Cavity performance
 Magnet field effect on cavities
* RF frequency stability,

amplitude and phase controls

, o Will compare with vertical test

Superconducting Superconducting o i+c

Quadrupole Solenoid &
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Superconductmg Llnac Performance [1]

« Beam simulationsusing IMPACT (~3 M eV/u)

Beam energy gains

along the SC linac

Beam transverse
envelopes and
longitudinal beta
function along the
SC linac
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 Adequatetransverse and longitudinal acceptance
 Nobeam loss

 Notransverseor longitudinal rmsemittance growth

Transverse and - .
longitudinal rms N
emittances along the ; e
SC linac T
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Crymodule #4
single A/4 cavity
Bop=0.041

. Achleve the required
beam conditions on
target

. * m-phase advance cell

e 4 quadrupoles
» Cryomodule
 Single A/4 cavity,
Bop=0.041
» Used as rebuncher
 Final focusing
* 4 quadrupoles
 Superconducting
solenoid
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Hrgh Energy Beam Transport — [2]

. RI Bs accelerated to ~ 3 O MeV/u
» ~88% of the RIBswithin 1 nsand 1 keV/u

Horizontal, vertical
and longitudinal 5
phase spaceson  «: E
target

0 35 . (()r.:r?m) 25 50 Ui 2s ) ?r.'gm) 75 50 2o -éghuse ?degree)z'o 40
Energy spread and | L
bunch width on
target Z 2000 L 2 2000
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. RI Bs decelerated to ~ O 3 MeV/u
» ~89% of the RIBswithin 1 nsand 1 keV/u

Horizontal, vertical
and longitudinal
phase spaces on : N
target o

0 s xl()r':?m) %5 5o %0 s , ?r.'gm) %5 so "o -ighuse ?degree)z'o 40
Energy spread and o
bunch width on
ta rg et 1000 L 1000

s o 05 £ 98,0 05 10 15 %5 0 s ) 05 10 15
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Future Upgrades Possuble

. Phasel 03 30 MeV/u —In progress
e Upgrades. 0.3 ~12MeV/u
» Additional SRF cryomodules
 NSCL High Bay Area expansion
* New experimental areas

Q/A Selection RFQ SC Linac Additional SRF Cryomodules 12 MeV/u

z
-—--—ﬂ-&ﬂ-&—---ﬁﬁ

3MeV/u 75MeV/u

EBIT Low Energy Experimental Area High Energy Experimental Area
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o Baselineaccelerator system defined
 End-to-end beam ssimulations performed
 RFQ construction expected to be completein 2009

e Superconducting cavity & cryomodule prototyping
- test and design ongoing

e Experimental apparatus planning - underway

o Studiesof beam diagnostics and realistic beam
tuning scenarios - ongoing
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Planned Low-Energy RIB Facility
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. R& D for gas stoppers EBIT chargebreeder on going
» The project expected to complete by 2009
 Will be thefirst facility of creating fast RIBs in-flight,
stopping, charge-breeding, and re-accelerating them
effici ently and with mini mum Ioss
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