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DANIEL SANTIAGO-GONZALEZ My goal for this talk:

Assistant Physicist - ATLAS User Liaison Show you the capabilities and limitations
of CARIBU and associated devices so

2019/Jul/12 you get a better idea as to what type of

experiments can be proposed
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RESEARCH OPPORTUNITIES WITH CARIBU

Outline

" CARIBU overview
Available beams
Key beam line elements
Time structure of CARIBU beams
Beam purity

" Target areas

" Detector systems
CARIBU area
Area 1
Reaccelerated beams

" Planned modifications/upgrades
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AVAILABLE BEAMS

Fission fragments from 2°2Cf source

" CARIBU provides beams of °2Cf
fission fragments

" Neutron-rich isotopes far from
stability

" Nuclei of interest for r-process
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AVAILABLE BEAMS

Fission fragments from 2°2Cf source

" CARIBU provides beams of #»2Cf https://www.anl.gov/atlas/caribu-beams

fiSSion frag mentS A searchable table of CARIBU beams

Nuclide + 1-25/321 >

" Neutron-rich isotopes far from
e Nuclide Nuclide t1/2 Low Energy [ions/sec] Re-Accelerated [ions/sec]
Sta bl I Ity B3As 134s 6.30E+02 9.30E+01

A 83Se 223 m 2.40E+02 3.80E+01

. N B4As 3.0s 5.90E+02 8.30E+01
" Nuclei of interest for r-process : s sam
B5As 203s 7.00E+02 8.30E+01
B85Se-m 19s 1.00E+03 1.50E+02
" Basi info tabulated i - -
Basic beam info tabulated in our N sl ol i i
- . Low Energy [ms‘,m] B6AS 09s 2.50E+02 210E+01
website (for most intense beams) . s B s 10e-03 2roeeoz
. agn Re-Accelerated [lons/sec] B86Br 5555 5.70E+02 B8.70E+01
- Expected beam intensities on &
B7Br 3595 3.00E+03 4.60E+02
F BTKr 1.27h 6.00E+02 9.40E+01
ta rg et More actions. v 885 15 1.20E+03 1.30E+02
R BBBS 16 455 4,GDE:US G,QDE:DZ
- BBKI 284 h 2.40E+03 3.70E+02
Half I IVeS BQS; 041s 4.10E:02 1.70E:01
B89Br 437 s 4 10E+03 5.50E+02
BOKr 315m 4 70E+03 7.30E+02
[ " " BORb 154 m 5.40E+02 8.40E+01
Beams from weaker fission branches snr s
S0Kr 323s 9.00E+03 1.40E+03
Ca n be d eve I O ped 90Rb-m 43m 2.00E+03 3.10E+02
1-25/321 >

@% U.S. DEPARTMENT OF  Argonne National Laboratory is a

557 U.S. Department of Energy laboratory 4 A °

L, ENERGY 22 0smy ot o amctsd rgonne
NATIONAL LABORATORY




KEY BEAM LINE ELEMENTS

Capabilities and limitations

El t li
evator (top beam line) Isobar Separator

Raises beam energy
2 kV — 25 KV (variable) Selects A/Q (Q=+1,+2)
Services: EBIS and Area 1. / Resolution: 1:14,000
) Transmission: 100%
' Resolution: 1:20,000
Transmission: 60%

EBIS
Increases charge state
Breeding time: 20 ms
Frequency: 10 Hz

/ Efficiencies:
Single charge state ~20%
¥ EBIS in to Target 5-10%

22Cf source and
gas catcher not
shown

MR-TOF
Improves beam purity
Capacity: 10* ions/bunch
Resolution: 1:100,000
Transmission: <50%
(depends on # of cycles)
Hold-up time: 10-15 ms (variable)
Can be bypassed

(100% transmission, no hold-up)

HIGH VOLTAGE
PLATFORMS ARE NOT
SHOWN IN THIS VIEW

RFQ cooler/buncher
Pulses the beam
Capacity: 10° ions/bunch

Ejection period: 50-100 ms (variable) Dipole Magnets

Pulse width: ~100 ns Resolution: 1:400  Image credit: Rick Vondrasek
Transmission: 55% for +2, <560% for +1 Transmission: ~100%
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TIME STRUCTURE OF CARIBU BEAMS

Reaccelerated beams (EBIS)
" Beam pulse period 100 ms
" Beam pulse width 0.1-10 ms

" Figure shows example for ~1 ms pulse

" Larger pulse width — less instantaneous rate
on target detector (deadtime)

Currently ion distribution with 10-ms pulse is
not homogeneous (work in progress)

Low-energy beams
" Beam pulse period 50-100 ms (variable)

" Beam pulse width ~100 ns
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Reaccelerated beams (EBIS) e
" Recently delivered radioactive ion beams (RIB) and purities

A/Q=106/20: 94% RIB (Mo and "*®Tc) :
A/Q=134/28: 99% RIB ("**Te and "34|) \

(
A/Q=138/25: 96% RIB (** and '¥Xe) —
A/Q=143/28: 96% RIB (“*Ba and '“La) WMMMMMMUL
A/Q=145/28: 83% RIB (“sBa and '“’La) ..
(

2933
Bl

ADC Chamnel

A/Q=146/27: 99% RIB ('**Ba and 'La)

o
o
=]

Low-energy beams

" Using MRTOF: single isotope purity is possible (depends on g“"“
isotopic mass differences) £ 010
" Fast HV switches (BNG, ~200-ns wide) remove contaminants‘%——ﬁ

" Example: A/Q=150/2 (mixture of Ce,Pr,La) 020
" MRTOF — higher purity, less intensity (consider trade-offs) s

T T Iv.v T T T
10.8 11.0 11.2 11.4 11.6 11.8 12.0
TOF [us]
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TARGET AREAS
ATLAS floor plan

" Low energy (< 1 keV/u)
" CARIBU area
" Area 1 (old tandem hall)

a=

Radiological
Prep Lab

— CARIBU Stopped
Beam Stations

s

Fragment
Mass Analyzer

" Reaccelerated
(3-10 MeV/u) "°°

" Area 2
" Area 3
" Area 4

AGFA

Gammasphere

Split-Pole

AIRIS Spectrometer

General
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DETECTOR SYSTEMS
CARIBU Area

" Beam specifications
Pulsed beam (period 50 ms, pulse width ~100 ns)
Beam E ~ 2-4 keV

" Two beam lines
0-degree: Canadian Penning Trap (CPT, see talk by
R. Orford) used for mass measurements
General purpose: typically used by Yang group
(UIUC), beam implantati ARIBU

" High background from 2°2Cf

® source in same room
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DETECTOR SYSTEMS
Area 1

" Beam specifications:
Pulsed beam (period 50 ms, pulse width ~100 ns)
Beam E ~ 25 keV (variable)

" Currently two end stations
X-array+SATURN (tape station, gamma+beta coinc.,
see talk by F. Kondev)
Modular Total Absorption Spectrometer (MTAS, see
talk by C. Rasco)

CARIBU

ional Laboratory is a
i ’ENERGY ent of Energy laboratory '] 0

™

CARIBU Stopped
Beam Stations
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DETECTOR SYSTEMS
Area 1

" Beam specifications:
Pulsed beam (period 50 ms, pulse width ~100 ns)
Beam E ~ 25 keV (variable) ———r

Currently two end stations
X-array+SATURN (tape station, gamma+beta coinc.,
see talk by F. Kondev)
Modular Total Absorption Spectrometer (MTAS, see
talk by C. Rasco) =

More end stations to come, including CARIBU

CARIBU st d
Summing Nal detector+Tape station (SUNTAN, see L | Beam Staﬁ‘;ﬁﬁe
talk by A. Spyrou) | ‘
Laser spectroscopy ik

Trap to study beta-delayed neutron emissions (see
talk by S. Marley)

Low background from 22Cf source =~ | . keo=ll -[
First CARIBU beam sent May/2019
" First expenment performed Jun/2019 (X-array)

(ENERGY ¢22
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DETECTOR SYSTEMS

Reaccelerated beams (EBIS) Mass Analyzer

V%

Pulsed beam (period 100 ms, pulse width 0.1-10 ms)
Beam E = 3-10 MeV/u
RIB purity > 80% (typically RIB contains 2 or more isobars)
" Max. intensity <2x10* pps (limits reaction studies)

ATLAS end stations (contact) o o

HELIOS

=, A
S

MUSIC+SPS

AGFA (D. Seweryniak) —CARIBUStopped  AIRIS / ."

ATSCAT (D. Santiago) | / el /
FMA (D. Seweryniak) At / # ?eam“"‘-‘/ o
Gammasphere (M. Carpenter) W aciity(ATSCA

= Facility(ATSCAT)
|
HELIOS (B. Kay) __ BRI S

mparea | Reaccelerated

MUSIC+SPS (M. Avila) T = 1 " — (3-10 MeV/u)
Trap area (J. Clark) %ﬂ[” — Area 2

— 7 | " Area 3

| " Area 4

~'~‘«z U.S. DEPARTMENT OF _ Argonne National Laboratory is a

q U.S. Department of Energy laboratory 1 2 A

WSENERGY oomisdsssesamtid rgonne
NATIONAL LABORATORY




PLANNED MODIFICATIONS/UPGRADES

" CARIBU beam yields:

= Additional attempts at HFIR to produce thin, strong 252Cf sources (short term)

" Looking for alternatives that would replace 252Cf source (long term) and provide:
= Higher feeding in 132Sn region
= Larger portfolio of available beams at higher intensities than at present

" Low-energy experimental areas:
"= Complete installation of MTAS and SuN in Area 1
= Carry out PAC-approved experiments with CPT, X-array, MTAS, SUN(TAN)
= Expand beam lines in Area 1 (for Laser Spec, beta-delayed neutron, etc.)
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THANK YOU FOR YOUR ATTENTION

This material is based upon work supported by the U.S. Department of Energy, Office of Science,
Office of Nuclear Physics, under contract number DE-AC02-06CH11357
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EBIS BEAM PURITY ON TARGET

" Had performed a Mo experiment with ECR-CB in 2015, 10 days
" Repeated the same experiment with EBIS-CB in 2018, 6 days
" Improved signal-to-noise ratio

" Less spurious peaks;

e 2:0,E=171 EBIS ~
%Ry 1%6Mo (408 MeV) + 2%Rh
2-0 %Mo -
4-2,E=351 196Mo .
S, ‘ | - AM E=511 R
— 20 | s L 800
“Mg [1bcq Eg =00
2
med e 1#6Mg (408 MeV) + %R -
W R R—
E, (keV)
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BEAM ONT%II;IIISI‘NATION - 106Mo

I
"XPERIMENT #: 1677 SILICON BARRIF DETECTOR 27-APR-2016 11:39:49 [ XPERIMENT #: 1677-3 SILICON BARRL DETECTOR 18-SEP-2018 14:22:01
Time Since Last Clear: 641165 ENnrGY i Rl i ENERGY
el Seaned b2 Gl g DIAGNOSTIC AREA: PII
ATOMIC MASS 108 CENTROID AT CHANNEL 20847 el cuse oo CENTROID AT CHANNEL 1913.4
ATOMIC NUMBER az ENERGY 13524 i ATOMIC NUMBER az ENERGY 151.08 MEV
CHAR O STATEN £ aided zi2 o CHARGE STATE 1 20 FWHM 2.163 MEV
CHARGE STATE 2 21 AREA 234 e e 20 ARGA 1338
ConsTATES o Ao SR A Z08)) b Gkl CHARGE STATE 3 20 WINDOW RANGE: From 1865 to 1961
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206 Cramnet ] 2k, o 500 1000 1500 -
[Commen . setfor 106Mo 15%1 R FLd 1 r 1

Beam from ECR charge breeder Beam from EBIS charge breeder
196Mo2?™: 6000 pps (beta) 1%6Mo20*: 5500 pps (beta)

Stable background rate: 25 Hz Stable background rate: 0.3 Hz
RIB: <0.01% of total beam current RIB: 94% of total beam current

vvvvvvvvvvvvvvvv
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2-AUG-2018 05:04:26

» ~
M m i TRENTHITS | N ;

e = A L
134Te?8+: 300 pps (beta) 138125+: 1300 pps (beta) 143 Bg?8*: 6800 pps (beta)
Stable background rate: 0.0 Hz Stable background rate: 0.2 Hz Stable background rate: 0.1 Hz
RIB: 99% of total beam current RIB 96% of total beam currart BIR- Q6% ot lotal heam cyrrent

45Ba?¢*: 7000 pps (beta) 46| @27+ 2500 pps (beta)
Bonenes  (Hekeray ceStable background rate: 0.7 Hz 17 Stable background rate: 0.0 Hz Argonne &

RIB: 83% of total beam current RIB: 100% of total beam current
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