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What Can a Recolil Separator Do for Us?

e Separates reaction products from primary beam
particles at 0°.

 Focuses and disperses the reaction products at
the focal plane by M/Q (Mass/Charge). The M/Q
groups are physically separated from one
another.

« With achromatic optics, we can measure
particle energy using time-of-flight, since, for a
given energy, all paths are isochronous.




Fragment Mass Analyzer (FMA)
TGT Q1Q2 EDf1 MD ED2 Q3Q4 DET

e Solid Angle acceptance 8 msr
 Energy acceptance + 20%

 M/q acceptance + 7%

e M/q dispersion 0 —> 20 mm/%
*Mass resolution 1/350

e Length 8.2m




lon Optics of the FMA
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The FMA at ATLA
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FMA Focal Plane M/Q Spectrum
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Types of Experiments Performed at the FMA

* Fusion-evaporation reactions at 0°,
e.g. 22Mo("8Kr,p2n)167Ir

e Transfer reactions, e.g. 2H(°°Ni,p)°’Ni,
“He(#4Ti,p)*"V.

» Radiative capture reactions, e.g. H(*8F,y)1°Ne




Chronology |

Proposal prepared for DOE in 1986, based on
Legnaro design having one quadrupole doublet
at the entrance. Submitted to DOE June 1986.

Competition with ORNL. Approval awarded to
ANL in summer 1987.

Immediately began design study with
consultant Dan Larson. Tried symmetric
guadrupole doublets, which showed
performance vastly improved over just one.

Prepared Request for Quotations, sent to
vendors in the spring of 1988.




Chronology Il

« FMA Contract awarded to Bruker GmbH in
Karlsruhe in summer of 1988. Includes 2
guadrupole doublets, 2 electric dipoles, 1 60
degree bending magnet, Hall probe
magnetometer, all magnet power supplies.
Expected delivery: 1 year.
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Chronology Il

 New addition to Target Room 3 ready in early
1989.
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Chronology IV

 Developed internal 300 kV power supplies for
electric dipole. Shipped to Karlsruhe along with
vacuum equipment in 1989 for factory tests on
dipoles. Conditioned up to 255.5 kV on each
plate (511 kV across gap). Assistance on
various trips provided by Birger Back, Walter
Kutschera, and Thomas Happ.




GLASSMAN HIGH VOLTAGE, INC,
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Chronology V

« FMA components delivered in the summer of
1990 (2 years). Immediately began assembly.

|




Chronology VI

A few months into assembly, a safety incident
at ATLAS caused a shutdown of the accelerator
(Tiger Teams descended on ATLAS). This
benefited the FMA assembly because technical
manpower was available whenever needed.

« FMA assembly was completed in the summer of
1991. Obtained the first mass spectrum in
August, aided by Akunuri Ramayya, Birger
Back, and Walter Kutschera.
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FMA status
as of 8am 10/22/2010




Spontaneous Proton Emission

one of the early experimental programs
in collaboration with Univ. of Edinburgh

VT——T—T—T—T— T v Analogous to o decay
v No pre-formation factor
v’ Decay rates sensitive to E, and |

v Unique laboratory to study
tunneling through a 3D barrier

v Source of information on nuclear
structure and masses far from
stability

v I, important for (p,y) cross
sections in light p-rich nuclei in the
path of the rp-process
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Proton Decay Observables
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Proton emitter landscape

ANL-P-22,108
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BETA - DEFORMATION v 15 new isotopes!
80~ Above 0.25 :
015- 025 v’ ~20 mass units
L . 0.05 --0.05 away from the line of
0.25 --0.15 stability

Below 0.25

v' Often less exotic
neighbors not known
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167]r — 1St new proton emitter observed at ATLAS
June 1994

T T T e o
a3 | A T A R P | Pl i ! [
56 i R ! [
i i : i i L e .| |
P : | Coo ol T

N R R S s
i ‘
|

i

! PROJ Run34 Sum 18,270 Frow ESUMFR  Compronaal l"g :
I ! ! T L | I !

7 s
Experiment to search for 1"1Ag

78Kr+96Ru_>171Ag+p2n
Instead found:
187]r+op2n




Deformed proton emitters at ANL
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C.N. Davids et al., PRL C55 (1997)2255A. Sonzogni et al., PRL 83 (1999)1116
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Rotational bands in the deformed proton emitter **'Ho
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121pr proton emitter
recent developments

, non-adiabatic quasi-particle
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To be continued ...
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Research with the Fragment Mass Analyzer
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Experiments with the Fragment Mass Analyzer

B From 1°Be to 2°’Rf
B Mostly proton- but also neutron-rich nuclei
B Stable and radioactive beams

B Stable and radioactive targets

B Radiative capture, transfer, fusion-evaporation and
everything in between

B [n-beam spectroscopy at the target position
B Decay spectroscopy at the focal plane
B Nuclear structure, reactions, astrophysics, ...




Selected results obtained with the FMA
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proton

Si detector array (25% of 4n)

d(**Ni,p)5’Ni

CD, foil
AU attenuator
57Ni

beam integrator S6Ni beam
Fragment Mass Analyzer
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| T T T
1 | —
10° |-
W T %Ni(p,y) reaction rate
~ 00 higher than
L 10° previously assumed.
Z 0 L More material can
of pass through the °6Ni
10— —— ANL bottleneck towards
1012 — Iim 1996 _| I heavier nuclei
—— ND 1994
10.14'_ — — Woosley 1981
Lo
0.1 0.2 05 07 1.0 20
Tg

Astrophysical Reaction Rate
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Reaction rate:

r=N Ny; [ vo(v)f(v)dv

Tp (E,2) = C*S « TP (E,2)

PRL 80, 676 (1998)




GAMMASPHERE+FMA

GAMMASPHERE and FMA with its
auxiliary  detectors IS a unigue
combination of a large y-ray efficiency
and high reaction channel selectivity.

Implementation of a novel technique
Recoil-Decay Tagging resulted In
observation of many exotic nuclei across
the nuclidic chart.




Recoil-Decay Tagging

Two orders of magnitude more

o i Clover Ge
sensitive than any previously
HPGe used methods!
X-array
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characteristic decays
Prompt y rays < > or chains of decays:
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Implants Spatial and time Alphas
correlations B-delayed particles
in the DSSD Isomers

B decay




Spectroscopy of Trans-Fermium Nuclel

CHART OF THEN
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254No — first in-beam spectrum in a Transfermium nucleus

14
VOLUME 82, NUMBER 3 PHYSICAL REVIEW LETTERS 18 JANUARY 1999 { +] 1471
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>>4No - Entry point distribution 215 MeV 219 MeV

(a)

L LR

VOLUME 84. NUMBER 16 PHYSICAL REVIEW LETTERS 17 APRIL 2000

E" (MeV)

Entry Distribution, Fission Barrier, and Formation Mechanism of fggNo
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3 University of Liverpool, Liverpool L69 7ZE, England
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254NO _— K-lsomers PRL 97, 082502 (2006) PHYSICAL REVIEW LETTERS week ending

25 AUGUST 2006

30 0 300 600 900 1200 K Isomers in***No: Probing Single-Particle Energies and Pairing Strengths in the Heaviest Nuclei
{ a) -L, 403 1,.= 266(10) ms S.K. Tandel,' T.L. Khoo.” D. Seweryniak.” G. Mukherjee,">* I. Ahmad.” B. Back.” R. Blinstrup. M. P. Carpenter.’
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Stringent test of spe including the
states relevant for the shell gaps in
super-heavy nuclei
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126
SHF
120
7 Where are the magic gaps’? 114
Macroscopic/Microscopic (MM), MM
2 Skyrme (SHF) & Relativistic (RMF) 179 184

mean field.
K0 /

N— Proton gap (~2.2 MeV)
2 & at 114 — if WS continues
to apply for Z>102.




100Sn physics
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super allowed

p decay
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Doubly-magic

Self-conjugate
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n-n interactions




100Sn region experimental status

114Ba llSBa 1168a

/ CN

| |

\

y y y CN
N=50 10 10
-

i 105Te 106Te 107Te 108Te
: CN
; VAR V4 | B-delayed protons
: 103€ | 104 | 105 A with sizeable branch

Observed/expected

99 100 102 103 104
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Excited states

aiy 1%8In | 90 1001y [ 201j 102 1031 : ,
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CN
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cd{°¢cd Jocd CgN Cd |*Cd Decay properties

Fusion-evaporation
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Decay properties
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CN Fragmentation
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101Sn prompt yrays

yrays
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N=51 isotones

92
9/2* 7/2+ 1363
9/ 2
9/ 2
712942
29+ 686
172
V72 %
5/2% 5/2* 5/2% 5/2%
vdsg),

1015 99Cd I7Pd 9SBRuU 93Mo




FMA upgrades

preparation for intense beams after energy and intensity upgrade
PN TLLET 1 1 me

1} 4!
-I'..

GRETINA Digital electronics




GRETINA at the FMA

Closer to FMA
Higher rates




AGFA — Argonne Gas Filled Analyzer
FMA little brother

Gs [ i U \‘ P

Electronics

f—

| —

T o2
= | i Horizontal rays

Vertical rays
Large efficiency, no mass resolution Optics by D. Potterveld

Target distance 40 cm — 6x=55 mrad / 6y=155 mrad
Target distance 80 cm — 6x~45 mrad / 6y=100 mrad

small focal plane

In-beam and decay spectroscopy




Possible experiments

Proton decay, 2p decay

Super-allowed alpha decay chain 108Xe-104Te-1005n

Excited states in 100Sn

Secondary fusion-evaporation reactions with in-flight radioactive beams
Z>102 nuclei
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Thank you and Happy Anniversary!




Thank you for your attention!
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