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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Workshop on the Physics Using Compound Nucleus Separators
Lawrence Berkeley National Laboratory
April 10-12

Thursday April 10, Morning Session
9:00 AM  Lee Schroeder Welcome
Paul Fallon Workshop Introduction
Victor Ninov World's Compound Nucleus Separators
10:05 AM BREAK ,
Ken Gregorich BGS Design and Capabilities
o Paul Falion GFS Design Goals
12:00 PM \ LUNCH

Thursday April 10, Afternoon Session (Jim Waddington)
2:00 PM Witek Nazarewicz  Theory : Drip-line to Super-Heavies

Monique Bernas Fission-of Relativistic Nuclei
3:30 PM : BREAK
Phil Woods RDT and Proton Emitters
Ken Toth Short Lived Patrticle Emitters
5:05 PM END
‘ Friday April 11, Morning Session (Peter Armbruster)
9:00 AM  Peter Moller The Stability of Superheavy Elements and the Valleys that get us there !
Sigrud Hofmann Population and Identification of Superheavy Elements
Matthias Schadel Hot Fusion: Results and Prospects
. General Discussion
- 11:00 AM BREAK _
I-Yang Lee The 8Pi at the BGS Focal Plane S
Michael Hass Electromagnetic Studies at the Focal Plane
Andreas Tdrler BGS as a Preseparator for Chemical Studies
12:30 PM LUNCH
Friday April 11, Afternoon Session (David Fossan)
2:00 PM  Rauno Julin Merits and Limitations of RDT with RITU
- Peter Butler Gamma+Electron Spectroscopy A>220
) : Denis McNabb Search for SD in light Actinides
3:20 PM BREAK :
Bill Gelletly A Birds Eye View of Nuclei Near N=Z
Mike Carpenter Gamma-Ray Spectroscopy Beyond the Proton Drip Line for N>82 and Z<82
- Matt Devlin Channel Selection with Charge Particle Detector Arrays , ,
Cyrus Baktash Spectroscopy and Channel Selection Near the Proton Drip Line.
General Discussion ' ‘ '
5:40 PM END '
Saturday April 12, Morning Session
9:30 AM INFORMAL DISCUSSION / OPEN QUESTIONS

BGS - Physics/Design ~
, GFS - Physics Design ‘
12:00 PM END )



Victor Ninov
Lawrence Berkeley National Laboratory
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Cross Section Systematics for Production of Heavy Elements
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olur "5’*|nQS|t§?“fshculd be as high as PQSS'b'e

° mass resolvmg wer as Iarge as possmle __f |

:‘;f. separatlcn tlme as short as possmle

A1 - an;g' ’I'ar and momentum acceptance as Iarge as possmle

;’-'felcl ’“;"f__separated nuclei not dependant on their




 Principle of Kinematic Separation

.. =D | = 2y
| pmJ p n Yon = .'v'p £

eg. complete fusion |

E <Vpr0]’ proj.

cn ’

magnetic field region
. m. v

vacuum B 0 = cn for v B
q o

‘separation of cn and projectiles in a B-
field is in principle possible

problem: q - distribution




. &

l [ J ® b
Velocity Filters -
: £

“

G T T e S e G T S g g G B UM S i R e e e 2 B R U ST T O NS e IS

magn.

Magneticfield: = q- (VxB)

!

el.

Electric field : - - = q- E

Ryl
ool

A\

"~ combined B- and E- fileds:

'F, = q(E+v-B) for

F, =0 | for V:‘%

F_,#0 for all other velocities

. complete sepratlen of the cn from the projectiles
3 collectlen of all charge states of the cn

e stigmatic focussmg | |

< high transport: effumency




Magnetjc Field

Negative Electrode

Seléjd Nuclei

Rejected Beam Particles



Target Crossed-field analysers

|

l_

Sextupole

il

Sextupole

Sector magnet
(p=1.5m)

AU e
—‘l | B—

T

@am ﬂ '
8 i _—J r_‘
Q-Pole Q-Pole Velocity
triplet triplet slit

Q-Pole
triplet

E-AE
detector

2.1 Lavout of the recoil separator showing ils main components.



Operating parameters

Maximum particle current :
Target thickness :
Accepted angle :

Solid angle :
Accepted velocity range :
Transport efficiency :

Overall background rejection :

Quadrupole apertures :
High voltage maximum :

5x101?/s |
100-500 pg/cm? 3 Y, x-Ray
52x52 mrad 2 Detectors

2.7 msr Si

10 % o Detectors
10-70 %
1071012

75 mm
600 kV

Lenses

TOF

SHIP 1994
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Detector
area

fable 1
>arameters of the ion-optical system

\ngular acceptance .
\E/E
39/9
\p/P
“ransport time
distances between:
target and first triplet
_target and first condenser
target and second triplet
targes and detectors
r{eq;;ve length of quadrupole lenses
Jperiure radius
{axjmnm ficld gradient
{feclive lengths of first und third condensers
flectiNg Iength of second condenser
istance between plates
faximum value of electric field strength
arget diameter

. 43°
+10°

+10°
£5°

3X107%s

0.4m
JSm -
Tm
12m
35¢m
10 ¢m
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. 82cm

1Sem
20keV/cm
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magnetic field region
filled with dilute gas

s independent of cn-velocity

'« séparates c¢n from projectiles

according their difference in Bp

1
X773
vo

log (Bp/A)

" proton number

T

95

T T 1
100 105 110




Counts

Beam

. e — . .
TOF-Avalanche Dipo Hilac
Detectors Recoils

\ \

Beam
\ 7 Window
Y
o / Target
adrupole o -
ollimator
Doublet Rutherford Detector
~ 4 Meter— -
480a(208pp, 2n)254No —
: ’ zsaNoi
Correlalion times
250 4 for 254 Ng 250
' 30 Fm
5
200 1 Q
<
4 !

‘/,o:+ Background § 20::

%01 i s
' 1{sec) 246
EVR ' 'oi "N
100 1 JI"/ A | ’ .
‘| Beam . Ol .nnn nnnM.n_ﬂn ﬂ] nf/\]f\_ SN 1 [ IO

504 . ‘t; 8

L’\,\fﬁ / Targel X E/MeV

r
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®® © 000006

operable under 0°- 150° oo} soxo [ L\l
wide angular acceptance § " " P-;r'?[ ]
. . 600 |- 40 -20 0 20
wide velocity acceptance __ wl
wide charge acceptance o}
N N \
high efficiency | 0 .o e oo
\ "/1,/' Energy / channels
dependant on chemical properties of : //' \
the recoils A \
/'/ \_ ’
difficult calibration e Y -
"weak" mass resolution o P e
e
7 \ focal plane
P e \ detector
:K e -’., N\
/ "\ s ) < \
- -\.\ ’_,-,_ I’l\n/e\;, < '\_\ /\/
<‘ \ /’ - .\. z ,//
. \ - g -7 /"y
center of rotation N el TN
targe] - . < i
beam XA AN
;i. _-} /',. ~\\ ' ’/u///
j = \ ~>_ quadrupole
window "\ e .
- 'y ‘lenses
‘ 1m

. R _\. '/‘;/,/'.
gas inlet \V,/
dipole field
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Combination of two Separators

8EAM PROFILE ENTRANCE

MON‘]"ORS ApERTuRE COPNPAE;{ESSER DIAPHRAGM VElg(L)ﬁlTY DIAPHRAGM
=2
. ;
o= i 7::1 e e D
== |~ ]
] LI o Im
ANTE SCATTER N BEAM OUMP
DIAPHRAGMS
104 . 58 H 96
151Ho  152Fy Ni +*°Ru

m/g-focussing mode or
charge focussing mode
m/q-dispersion minimized
ER focussed onto the
detector ('3 charges)

high-resolution mode

* m/q focussing

m/Am =130x12

1000 2000 3000 4000 6000 6000 7000




radiactive,
stable

recoil separator
beam

RFQ ion guide
cooler trap
precision trap .

cahrged particle;
fission fragment,
detectors = | o P

- Sl-Detectors for
-recoils, o and fission

gamma detectors




Ken Gregorich |
Lawrence Berkeley National Laboratory



‘Gas-tilled Separator Operating
Principles
VACUUm | gas-filled

recoils —. | recoils

- velocity independent

- lower beam rigidity

 target cooling
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Berkeley Gas-Filled Separ,ator' o

A World-Class Facility:

High-Intensity Beams from the 88 Samll Cross Sections
Large Angular Acceptance Asymmetric Reactions
[arge Bending Angle Better Separation .
Large Momentum Acceptance High Effic., Thick Tgts.

Present Status:

3-D B-Field Simulations Have Been Colpleted

Full Monte-Carlo Simulations of Trajectories are Running

Magnet System Construction is Under Way

Vacuum System and Target Area are Being Designed

Data Acquisition Work has Begun

Magnets & Vacuum Chamber Installation Scheduled for August .
First Experiments Planned for Late 1997 O

Early Heavy Element Experiments with the BGS:
248Cm(26Mg,4n)270Hs at the center of N=162 Z=108 shell
2381J ( 365, 4n )270Hs what are the o- and SF-halflives?

- 248Cm(48Ca,4n)292116 spherical superheavies, do they exist?
244Py( 48Ca,4n)288114 100 times better sensitivity

209Bi(24Mg,3n)230Am electron capture-delayed fission
209Bi(28S1,3n)234Bk with Qgc > fission barrier

238U + 86Kr binary transfer to produce new neutron-
2487"m + 76Ce rich nuclides: BGS followed by chemistry :
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£500.0

3

o \‘Q‘\\\\ ::}‘_“‘Q*g\‘m w

R
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o\
Q

s
R RTRR

UNITS
Length rcm
Flux density  :gauss
Magnetic fleld : oersted
Scalar potentlal ; oerstedicm
Vectlor potentlal : gauss-cm
Conductivity :Scm’
Current density : A cm*

Power W
Force :N
Energy J

Electric fleld . :Vcm

PROBLEM DATA
k14j18.toscab
TOSCA analysis (nl)
Magnetostatics
CasoNo 1

123067 elements
120699 nodes = -
Nodal fields
Nodal coil fields’

LOCAL COORDS.
Xlocal =0.0
Ylocal =0.0
Ziocal =0.0
Theta =0.0
Phi 0.0
Psi - 0.0

{28/Sep/36 20:20:22 Page 30 |

V- OPERA-3d

Post-processor 2.601
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Force ‘N
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~ PROBLEM DATA

feet el TOSCA analyals (n) *
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Companson of Separators for
Unslowed Compound-Nucleus Recoﬂs

'| Separator . | Magnet. | Angular|Solid Bend Max. Length | Horizontal
. Config. |Accept. |Angle |[Angle Bp Dispersion
SASSY I DQRQy +3° 11.0 msr | 22° 22Tm [{4.0m 0.67 ct/%
SASSY I D,QpDy. | £3° 11.0 msr | 55% 22Tm |2.5m 0.74 cmi/%
RITU QvDOQRQy | +2.8° 9.5 msr | 25° 22Tm |47 m 1.00 c;n/%
DUBNA DQrQy +2.9° 10.2 msr | 22° 3.1Tm 4.3 m 0.92cm/% -
HECK DQRQy +2.8° 9.5 msr | 30° 22Tm |34 m 0.75 cm/%

| SHIP vel. filter | +1.8° 3.9 msr | n/a ‘n/a 12. m 0.22 cm/% (v)

| FMA QQEDEQQ | £2.5° 80msr | 20+40-20} 1.1 Tm |8.2m 1.00 c/%
BGS QyDyD +6.1° 45.0 msr 2.5 Tm 2.00 cm/%

0

4.6m -
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i=1..24
Z =5i

0221891052 @ :21.60210 %-coul MeV 1= 1.602:10 '>joule AMU = 16610 kg
Sx .

j=

qSAS. .=

.13

i,]

aSLO; ; 1=0.394

L
A FTZ-24 0.0045(Z,)

vj =V

Z,-L.o— 1.04-¢

Y
v0

§,j =if(eSLO; ;>qSAS; ;.aSLO; ;.qSAS; ;)

V.
— J
G, ; .-—1f(;6>4.0,qSASi'j,qi'

105
110
115

120 |

vivQ =

1.0

[ 0.099
0.186
0.268
0.349
0.428
0.505
0.583
0.66
0.737
0.814
0.891
0.968
1.045
1.123
1.201
1.279
1.358
1.437
1.517
1.597
1.678
1.76
1.842

| 1.924

20

0.153
0.277
0.392
0.5

0.601
0.698
0.798
0.9

1.006
1.108
1.207

-1.305

1.403
1.501
1.599
1.698
1.796
1.895
1.994
2.094
2.194
2.295
2.396
2.497

)

E/A = 0.025 0.099

0.223
3.0

0.187
0329
0.419
0.504
0.588
0.672
0.756
0.84
0.926
1.013
1.101
1.191
1.283

1.377

1.473
1.571
1.672
1.775
1781
1.99

2.102
2216
2.334
2.455

0.397
4.0

0211
0.353
0.438
0.519
0.598
0.676
0.753
0.831
0.908
0.986
1.065
1.145
1.226
1.308
1.391
1.475
1.561
1.648
1.737
1.827
1.919
2.012
2.108
2.205

Bpi,j :

0.621 0.894

50

0.294
0.38

0.462

0.54
0.616
0.69
0.764
0.838
0911
0.985
1.059
1.133
1.209
1.284
1.361
1.439
1.517
1.597
1.677
2759
1.841
1.925
201
2.097

- Vi -0.666667
[ 0.91-7%- (zi) ”

(z, )0-33333 | s

_ AAMU,

6.0

0.328
0.41

0.488
0.564
0.638
0.71

0782
0.853
0924
0.995
1.066
1.137
1.209
1.281
1.354
1.428
1.502
1.577
1.653
1.729
1.807
1.885
1.964
2.045

- q j'<;é'tesla-m

1.216 1.589

7.0

0.364
0.441
0.517
0.591
0.662

1 0.733

0.803
0.872
0.942

1011

1.08

1.149

1.219
1.289
1.359
1.43

1.501
1.574
1.646

172

1.794
1.869
1.944
2.021

8.0

0.402
0.474
0.547
0.619
0.689

0.759

0.827
0.895

0.963

1.031
1.098

1.166

1.234
1.302
1.371
1.44

1.51

1.58

1.651
1.722
1.794
1.866

'1.939

2.013

2.011 2483

9.0

0.441
0.508
0.579
0.649
0.718
0.786
0.853
0.92
0.987
1.053
L12
1.187
1.253
1.321
1.388
1.456
1.524
1.593
1.662
1.731
1.801
1.872

1.944

2.016

10.0

0.481
0.543
0.611
0.68

0.747
0.814
0.881
0.947

1.013°

1.078
1.144
1.21

1.276
1:342
1.408
1.475
1.542
1.61

1.677
1.746
1.815
1.884
1.954
2.025

3.004 3.575

11.0

0.522
0.58

0.645
0.712
0.778
0.844
0.909
0.975

1.04

1.105
1.17
1.235
13
1.365
1.431
1.497
1.563
1.63
1.697
1.764
1.832
1.901
1.97
2.039

12.0

0.565
0.618
0.68

0.745
0.81

0.875
0.939
1.004
1.068
1.132
1.197
1.261
1.326
1.39

1.455
1.521
1.586
1.652
1.719
1.785
1.853
1.92

1.988
2.057

4.196
13.0

0.607 |
0.656
0.716
0.779
0.843
0.906
0.97

1.034
1.098
1.161
1225
1.289
1.353
1.417
1.481
1.546
1.611
1.677
‘1.742
1.809
1.875
1.942
201
2.078 |
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Paul Fallon |
Lawrence Berkeley National Laboratory



- Quad Triplet + Wien Filter

| Recoil Bp=0.8Tm

Quad Tesla
1 0.6
2 1 1
3

Angular Acceptance ~
Ap +-10%

AV =+/-25%

Aq 1.3,

+/- 6°

'Eff1c1ency 30-70% | -

V3m

-
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Physics

» Fission
A>190

« Rich Variety of Shapes/Collective Excitations
» Weak Structures in ~1mb Channel.

» Superdeformation : Pb=»U
* Octupole Deformations
» Hyperdeformations !

* Mass Identification -
Decay Tagging: Identify the Nucleus via
p, a-decay energies.

| © Gamma Identification
Gate on the gamma-ray, look at centroid of
“recoil-peak” at

2. Doppler Correction
(a) Determine the recoil angle \
(b) Correct the Doppler shift
» Significant Improvement in Resolving Power

o -




—~ - -~ P e - - . N -~

[ JE T S SR T T T T
- AIM : Collect “all” recoils from a fusion-evaporation
‘reaction originating from the target position of gammasphere:

Design Goals - Constraints
- |+ Large Acceptance/Transmission | |« Fit with/within Existing
| * Good Beam Rejection Gammasphere Frame
| * Recoil (Mass) Identification '
‘| * Doppler Correction | |« COST

| Accept +/- 7 degree Recoil Cone
Beam Rejection : 10’

e Focus “all” Charge States
* Velocity Compensation
e Low Resolution

GAS FILLED




Devices Studied :
History : (Al Ghiorso) Considered GAS SYSTEMS._

Two “Element” Design :
1. Focus Products
2. Dispersive (Reject Beam)

Focugsing Dispersive
QUADS (Cu-Fe/ Per.) DIPOLE

SOLENOID DIPOLE




Quad + Dipole

(1) Gammasphere |
Quads

(2) Ga mmasphe_re dipole

%\’Mo.hev\t ‘ o

/

Solenoid + Dipole

(1) Gammasphere dipolé

solenoid

(2) Gammasphere .
solenoid

dipole

3.5m




Solenoid Only |
1 Silicon Array and/or 2 “x.y.z Tracking” Information

@) Gammasphere  poqpy recoil

Si array

solenoid

ii : |
(1) Gammasphere  paom recoil

solenoid Y position > slope, }ntercept
of recoil ray
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. L +dCa + 1I8Fu at 210 meV > 152Dy -

S I
lon S:zosmon in Gr S__ngrfarge Exchange + Multiple Scatte_zr) - Solenold B2=4.4 Tm. (85% Max) 1 rr He.
. ' : e+ r v Y
Bp=t0 Bp=0.92Tm 2l 2 dagress from
Target. .
“48Ca
Bp=1.1
Bp=1.29 | le+04t (1pnA)
Bp=1.44 2‘3 152Dy (2Q0mb)
Bp=1.25Tm
le+02F
: LWL T
100 200 300 400 : 16400 . .
Z Intercept (cm) 0 - 100 200 300 400
. Zcm
36S + 160Gd at 160 MeV -> 192Hg ‘58Ni + 58 Ni at 250 MeV -> 110Te
. Solenoid Bz=5.3 Tm. 1orr He. ] : Solenoid Bz=5.3 Tm. | Torr He.
10g - R - 1 T - d v le+06 r - r Hep
. Positi Solenod ' lon Positi Solenot
Bp=0.81Tm Z axls 52 degroes from Bp=0.87 N 2 axis, >2 degross from
Target. - Target.
(1pnA) tesoa).  (APNA)
510 F §
192Hg (100mb) 1er02).
@l Bp=1.73Tm
Bp=0.98
l 110Te (1mb)
1 : s - : 1e+00 — e S T—
0.0 100.0 2000 300.0 400.0 : 0 100 200 -~ 300 400
2'em - Zcm




Bp(C,Gas)

Average Beam and Recoil Rigidities in Carbon and He Gas

1.8 _
| . .
1.6 1 p - m m om om wm ™ =
v’
,’ ——= Beam (Carbon)
1.4 - ’
’ :
.’ = Recoil (Carbon)
1.2 - , "’ _
ol ‘
> L = = Beam (Gas)
= 14 7 ,
O ' - o :
= L omm = mmmmmm = mn = Recoll (Gas)
- L]
m 0.8"‘ L\f
p— -~ - - - -
o+
0.6
0.4 -
0.2-1 |
0 +— — ; — ;
58NI(58Ni)110Te  108Pd(48Ca)152Dy 150Nd(48Ca)194Hg 176Yb(Ne)193Hg 160Gd(36S)192Hg
Reaction |



/

. | Reconstruct Ion Path

- /Z
. . .- -
| q N
| N
) Wire Grids

Extract (X,Y,Z), (X,Y,Z), - ©,®
~ e« Doppler Correct. | |
- *» Reduce/Remove Solenoid’s Aberrations




| Determining the Recoil Cone Angle

« Track recoil - obtain exit angle.
* Reconstruct emitted angle.
Ap=40° ADO=1°

Target - Recoils

Effect on Resolving Power for y* (0.5mg/cm? Targéts )

Increase in RP

29Ne+176Yb . 365+160Gd | 58Ni+58Ni




‘Summary

ot Tape'reds C. Solenoid - Teéhnically"F'easiblé"" -

- Demgn ReV1ew (OK), Vendors wﬂhng tobid.

.- Optics : Ray Tracmg “Reahstlc” Mag. F1eld
Charge Exchange and Scatter in the Gas.

: — Beam ReJectlon OK for ABp 30% (20%)
- Resolution ~ -10%

| ' * No Gas Optlon.

~ —Solemoid?

_ Quads (perm) + Wien Filter



- Witek Nazarewicz
Oak Ridge National Laboratory/University of
| Tennessee
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Fig. 3. Comparison of the neutron drip lines obtained with three
mass formulae. The curves indicate the position in the (N, Z) plane
of the last even isotope stable against two neutrons emission
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How well com HF do —fo«r‘
}é‘dowh_ o - clecay chaius ¢

Table 6
Calculated and experimental values of Q« for the 2#*Mt— ... —>*®Fm a-decay chain

10.80

Nucleus HF4-SkP ' HF+SLy7 WS exp
24 My 10.82 10.81 1L
2WOND. 1016 10.21 10.12 9.92
BORf 9.63 8.77 9.18 8.95
32No 9.04 7.97 8.51 8.55
3 Ref. [41]. | I‘
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HOT FUSION: RESULTS AND PROSPECTS

- HOT FUSION IN HEAVY ELEMENT RESEARCH -

Matthias Schadel, GSI, Darmstadt
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- 0 (Z) - dependence
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Alternative Approaches

- (axn) - reactions
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‘Do we understand "HOT FUSION”?

—

Vo

L Semi-empirical appro'aches (educated guesses)

"\ e.g., fusion-evaporation codes like HIVAP:

- Parameters

~+ Masses - particle separation energies
- shell effects, S = M.,, — M;p

?

~  Fission barriers By=Bsp-—S

.. Level densities | p(E, J) ~ exp[2(aE,)!/?]
- a=a[l + f(E)S/E]

. . f(B)=1-exp(~E/E)
. Damping constant E; =18 MeV

~—

» F
- II. Empirical descripitions

_ - = No! We can describe it
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Cold — and Hot Fusion: Common Feature?!

- Important,

i.e., mainly determining the o(Z)-dependence,
1s only the fission competition in the |
evaporation of the last neutron.

’

_ ”Second order 7 effects:

— fusion hindrance in cold fusion.

.+ — fission competition in the evaporation

of the first neutrons in hot fusion.

(F,,,/Ff ~ 0.5)

BUT:

This is in contradiction to calculations

- which indicate a strong influence of
"\ fusion hindrance for Pb-based systems.



' Fission Cqmpetition, Time Scales,
- ' and Pre-Equilibrium Reactions

A.N. Andrevev et al. Proceedings Taormina. 1994
T B Ne B\ g 2P AL on P2 Th, 20U 238L'(22Nc>.81‘1)252x<)

”... conclude that ... the main losses in the yields of transcurium ER
. formed in heavy ion “hot 7 fusion reactions arise at the final steps of

the deexcitation cascades.”

... qualitative conclusion that fission does not play decisive role in
"~ their formation. at least, at the first step of the deexcitation process.”

' for evaporation of 6n, 7n, 8n (E* 40 MeV)

~ leading to ***Cf, #8Fm, ?°Md, #2No: I', /Ty & 0.5 !

“ie., 50 % survival probability for each step, or
"only” f = 10-20 loss for 4n-evaporation.

ey

!

F a) . 2.45-250Cf' o b) . 254-2601 02- :'
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(axn)-REACTIONS

H.C. Britt and A.R. Quinton, Phvs. Rev. C 124 (1961) 877
T 100 MeN /u BCOUIN 60 on 9 A 29
B0 a of a-particles measured: |

”... direct projectile breakup reactions occur in interactions between

- the projectile and the surface of the target nuicleus and, thus, involve

- the larger impact parameter. These reactions would then leave residual
nuclel that are excited to energies considerably below the excitations
- involved in the full compound nucleus reactions.”

- R.J. Silva et al.. Nucl. Phys. A 216 (1973) 97

SN N O.a3n PN o discovered

"R.L. Hahn et al.. Phyvs. Rev. C 10 (1974) 1889
PP Cla2n )P CE measured

factor ~ 5-10 higher ¢ than 4n- and 3n-channel

" A. Ghiorso et al., Phys. Rev. Lett. 22 (1969) 1317 .
2WCHC.aln)?ONo measured

factor = 10 higher o than 4n-channel

" H. Bruchertseifer et al., JINR P 7-80-666 (1980)

POl NCaln) ! Au measured

" broad excitation functio_n
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WHAT’'S NEEDED

- Targets (facilities, expertise, new technologies):

232}, 236,238(7 242,244p 248y - _ 249B) ’254ES -
; 3 ) — L ypp—le R

~ Beams (intense):

180’ 22Ne, 26Mg, ‘3OSi, 4OAI‘, and 34’368, 48Ca.

 Techniques:

* Recoil separators with
- large angular and momentum acceptance

~ (gas-filled or not), and a good supression of
near-target transfer products.

* Sensitive radiochemical techniques;
high separation factor, fast

" Reaction Studies:

- more dedicated studies in the region of \
 highly fissile nuclei; e.g. E,, ©, in coincidence
‘with heavy-element EVR.

Motivated young scientists, |
- support (financial) from authorities, and
support from THEORY !




I-Yang Lee
Lawrence Berkeley National Laboratory



Delayed y - ray, ©> 1 usec

Eisomeric states
following o—, }—, or p—decay

N=Z nuclei
5 n-p pairing
‘Single particle states near 190 Sn

#9 5- decay
~ Low spin, high excitation energy states
- Order to chaos | | L

j® Proton activity |
From excited states ,
To excited states
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Compton Shielded Ge detector

Number of detectors N = 20
- Source to Ge distance = 15 cm

- Solid angle Q= 0.0076 %
Peak efficiency &= 0.15 (1.33 Mev)

Total efficiency N Q ap = 0.023
Peak-to-total = 0.55
Resolving power = 1000

one detector at closest distance
| - Q €,= 0.015
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Rate(event/sec)

500

lot_8pirate _ev.dat
10.31 ot

8- at BGS

1000 -

T 1 1 T [ T T T

-

L Event Rate = 300G

7T T

T

T

T

T 1

)

e O V10 Nieatane Diesise (e £77 0




Rate(event/sec)
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8- at BGS

Raw Ge Rate = 10 k




YAV

L:‘)& CA?% \_}

MY | Raw total clean rate
Ge singles rate Y Y-
5 1 /sec 5.7/sec 0.45/sec

490 k/day 39 k/day

10 2 /sec 10.2/sec 1.76/sec
880 k/day 152 k/day |




h S

Raw Ge single rate < 10 k/sec

M, event rate ~ total clean rate
Y Y=Y
5 3.1 105/sec ' 59.2 k/sec 4.7 k/sec
5115 M/day 406 M/day
10 1.6 105/sec 54.4 k/sec 9.3 k/sec

4700 M/day 804 M/day




Detection efficiency

FILE: plot_bigs.dat
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o—, p—decay
Energy specific
RDT

Isomeric y-deca
f-decay 4
Energy nonspecific
Long lived = |
—ray multiplicity
Y-ray sum energy
moving tape select lifetime




8T BGS

@ Arrived at LBNL on 4/3/97 from Chalk Rivef.

. @ In storage at Buildihgs 51 and 88.

@ To opérate at BGS requires :
Supporting structure.

| Lidujd nitrogen filling system.

»Cab'les. ’



B Michael Hass
The Weizmann Institute



~ Structure Studies of Isomers and Ground States
with

Bes
| LBL Gas-Filled-Magnets GFS
Michael Hass
Department of Particle Physics
The Weizmann Institute

Gamma-decay studies of isomers
1820s(I=K=25)
* Quadrupole moments ( signs) of high-spin
isomers.
* Magnetic moments of ground states In
mirror nuclei (f-shell).

. opNe im YT (&$J.+Ufm.r°)/

ADVANTAGES |
1) High transmission efficiency |
2) Short transit time!! —s ¢rFs!
3) “Good” beam-products separation




- wmogg=x=s)
- +Decay-path, and in partlcular a branch from :
~ K=25to gsb(K=0), estabhshed but
- ONLY very partially.
 «Magnetic moment measured [g=+ 425_(8) TR
- *Quadrupole moment measured [|Q|—4 2(2) eb] S




- 18205 (K=I=25)
l ’ .
. 1=216ns
. 150Nd(36S,4n)!820s at E(3%S)=160 MeV
-==>v/c[recoils]= 0.6 cm/ns
==> For GFMI length of 200 cm,
t(flight)=350 ns. ’
=> about 20% K=25 isomers reach fp.
Tlmmg at the fp with individual nuclei.

Previous experiments at Daresbury:

A A

200 ns /
I=~ 1-2 pnA and timing with the pulsed beam.

 Particular and immediate aim:
level scheme below 1somer

similar considerations also for measurlng sign-of-Q.for this
sase and others as well.
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Ratio function for aligned 44Gd(10%) isqmers

_FrELH-ype’,) 3
. v R(t) - m"ﬂ +ﬂ’oo’0 ‘TAqugm(n“‘ﬂ‘J

PO,

80 60 40 20

24— {(ns)

Yalt) = Yi(t) + Yoult) + Yau () + Yea()

- Yo(t) = Y4(t) + You(t) + Yaqlt) + Yau(t)

0 L. The experimental s?t-up (shown for the 144Qd case).

by Ratio functions (eq.2) for polarized ’44Gd(10+) isomers

A Rt = LU= N0 3 pettp, $ 51240n(amat

Ya) + Y1) L 230
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Magnetic Moments of Mirror Nuclei
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*Schematic figure of the ISOLDE setup
on the HV platform. |
*The inset shows the tilted-foil and
beta-NMR geomtry.

Deiector 1

Elecuronics
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X | Andreas Tiirler
-~ | Paul Scherrer Institute
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VR A. Tiirler

Paul Scherrer Institute

Why cherh_ical studies?
Chemical separator systems

Why combine a physical with a chemical
separator?

Chemistry in the gas phase:
. Prospects for chemical studies Z=107 to 109
Future developments in gas phase chemistry

A proposal for a 108 chemistry experiment
in 3 years from now

01.04.97/ - _J
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Periodic Table of the Elements
1 18
H |2 13 14 15 16 17| He
3 4 5 6 7 8 9 10
Li | Be B|C|[N|O|F |Ne
11 12 13 14 15 16 17 18
Na| Mg| 3 7 8 9 10 11 12|A[Si|P |S |Cl]|Ar
19 20 21l 25 26 27 28 »29 3q 3N 32 a3 4 35 36
K | Cal Sc Mn| Fe| Cof Ni | Cuf 4n| Ga| Ge| As| Se| Br | Kr
37 38 39 43 44 45 46 47 48 49 50 51 52 63 54
Rb| SrlY § Tc| Rul Rh|{ Pd| Ag| Cd|In | Sn| Sb| Te|l | Xe|
5 56 | 5771 @ 75 76 | 77 | 78 79 80 81 82 83 84 85 86
Cs| Ba| La } Re| Osjlr | Pt|Au| Hg| Tl | Pb| Bi | Po{ At | Rn
87 88 | 89-103 [ l
Fr | Ral Ac !
107 108 109 ' 110 111 t12
Ns| Hs| Mt
% % [8 & [o & & [a s 6 o |8 To 17 17
Lanthanides | La| Ce| Pr | Nd|Pm|Sm| Eu| Gd| Thi| Dy| Ho| Er | Tm| Yb| Lu
‘ 89 20 91 92 93 94 95 96 o7 I o8 99 100 10 102 103
~ Actinides Ac| Th|{PalU | Npj| Pul[Am|Cm| Bk| Cf | Es| Fm| Md| No| Lr
L
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Separator
SHIP, BGS OLGA, ARCA, SISAK

01.04.97/
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Nickname OLGA ARCA SISAK
-Affiliation PSI Villigen GSI Darmstadt Chalmers University
University of Bern University of Mainz University of Mainz
FZ Rossendorf TU Dresden University of Oslo
Separation time 23s >210s >1s
Separation principle gas - solid extraction or liquid - liquid extraction
- chromatography ion exchange
chromatography
Operation principle continuous batch wise continuous
Chemical yield =60 % 60 -80 % 60 - 80 %
" Decontamination from =10° =10
actinides

Detection system

Wheel (ROMA, MG)
Tape system

Counting chambers

Liquid scintillation
flow through cells

Detection efficiency 70 % 70 % =100 %
Smallest detected cross =50 pb =250 pb >5nb
section
Transactinides studied 104, 105, 106 104,105,106

01.04.97/




PA'dL?SCH;EFTRER‘IN‘S\T"ITU'KF(, S \ - { -
 OLGA < Dubna Gas Filled Separator
OLGA is factor 4 more efficient!
Compared to beam dose even factor 16!
L :‘ 01.04.97/ J




r— 5§5§€§5§5§2|_—,:-.'E:]§55535:5;&- PAUL SCHERRER INSTITUT \
| Schematic of a gas-jet device - |

Gas - supply. Particle generator

)
Target chamber
Reaction
He. A products
e, Ar ' :
1-3 Ijmin \ /-
‘Laboratory
{ >
Transport capillary
Stainless steel, poly-
ethylene
| | ¢;1-3mm; I<700m
\— GH32-15A/KI82—— ' A — 1.09.95 —
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©® Strong fluctuations in gas-jet yiéld (10 - 60%)

@ Varying performance of aerosol generators

® Yield dependence on beam intensity and
possibly beam structure (DC «» macropuls)

@ Relatively long transport times (> séconds)

® No separation from unwanted reaction
products

@ Aerosol material interferes with desired
clean chemical conditions

® High gas flow rates (= 1 I/min He)

01.04.97/

J
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1000L

Counts/10 keV

Example: Dubna Gas Filled Separator

Separation Factor: Transferproducts 104 - 105

22 248 265 34 238 267
Ne( Cm, 5n) 106 S( U,5n) 108
. 2
252-255Fm E =116 MeV 1000 |27 Rn 238y + 345
ﬁ 211pg ) 00 : *
. All 24 S‘U'lpS 2po Al 12 strips

B3 2HN iy gl 304 33
65 7.0 7.5 8.0 85 9.0 9.5 p
Alpha—particle energy (MeV)

Example: OLGA
Separation Factor: Actinides:103 - 104; Pb, Bi, Po: 0 - 101

7 8 9 10 1
Alpha-particle energy (MeV)

18 249 262
o(""Bk, 5n)" 105
10000 200
7.27 MeV | 7.99 MeV 8.87 MeV |
211mp° 1 211mp° 211mp°
8000 | T /
' - -4 150
r >
8.40-8.75 MeV -
6000 |- 1 22143 8 25811 )
: o
}g 4100 3
<
4000 3
(&
. 9.08 Mev] 50
2000 + 6.28 MeV 211mpg
581 Mev 2B
2490'
0 m— ' 0
5000 5500 6000 6500 7000 7500 8000 . 8500 39000 “_9500

Energy (keV)

Problem:‘Target Impurities (Pb — Bi, Po, Ra, Ac) !!!

01.04.97/
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Chemistry profits from:

Fast and reliable transport.

Will allow special chemical environment (e.g. pure Oy)

Physics profits from:

Enhanced separation factors for separation from actinides

long-lived SF activities.
BGS + Chemistry = 107-109

Good separation of transfer prodUcts from target impurities.

with

T12 2 1s. Especially interesting for enhancing separa’uon from

01.04.97/
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Qo {T1/2| Qo |T1/2(a) [ T1/2(EC)| Qo | T1/2 | Cross section
(MeV)| (s) |[(MeV)| (s) (s) |(MeV)| (s) (pb)
(1.2] [[1,2]{ [3] 3] [8] |[exp.]|[exp.]| extrapolated
Ns (Element 107) -
22Ne(249Bk, 5n)266Ns | n.a. | n.a. | 8.82 377 >100 250
22Ne(249Bk, 4n)267Ns | 8.94 63| 8.47 | 2475 >100 - 100
Hs (Element 108) :
26Mg(248Cm, 5n)269Hs | n.a. | n.a. | 8.84 632 >100 | 9.34 | = 10 10
365(238y, 5n)269Hs " " " o " " 3
26Mg(248Cm, 4n)270Hs | 9.44 5| 8.69 168 >100 4
365(238U, 4n)270Hs " " " " 1
136Xe(136Xe, 1n)271Hs| n.a. | n.a. | 8.82 745 >100 n.a.
Mt (Element 109)
25Mg(249Bk, 5n)269Mt | 9.60 | 0.6] 9.62 3 7 | , 10
26Mg(249Bk, 5n)270Mt | n.a. | n.al 9.53 12 19 10
26Mg(2498BkK, 4n)271Mmt | 9.45 | 1.6] 9.30 27 39 ' 4

[1] Cwiok et al., Nucl. Phys. A573, 356 (1994)
[2] Patyk et al., Nucl. Phys. A533, 132 (1991)
[3] Méller et al., Nucl. Data Tables 59, 185 (1995)
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N

Element
103 104 105 106 167 108 109 110 111 112
Element X X X
Chloride (X) X X \' X X
Oxychloride (X) X X (X) ‘
Oxide X X X X
Hydroxide X X | X
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f Jm PAUL SCHERRER INSTITUT

Improvements in the chemistry:

For the chemistry of element 107,108 and 109 the hydroxides and the
oxides are best suited for a gas chromatographic separation:

& Good separation from actinides

& Good separation from early transactinides 104, 105 and 106

& Good separation from Pb and Bi and probably also Po (compared to
chloride and oxychloride chemistry).

lmprovements in the current detection system:
Tape system with thin foils and movable detectors

& 80% detector efficiency

® lower background compared to wheel

& o - recoil technique: measurement of interesting samples in low
background environment

=  With these improvements we should be able to perform a first
chemical separation of element 107 |

However:

=  The low productibn cross sections of elements 108 and beyond
require better separation factors than what can be accomplished
with chemistry alone!

Improvements in the transport system: .
Replace aerosol gas-jet with chromatography column coupled directly to

the BGS!:

® Transport time =1 us !

® Transport yield = 10% - 40%

© Separation from unwanted reaction products (transfer products with
target and target impurities '

® Clean chemical conditions (no aerosol material)

¢ Remote controlled chemistry inside the cave

01.04.97/
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®H PAUL SCHERRER INSTITUT

Aluminized Mylar ca. 1 um

\

0,/0,

approx. 500 mbar
approx. 500 m/min

" 269
supported by grid 108 from BGS

-100 °C

deposition of 1080,
(= -40 °C)

cm

01.04.97/




108 Experiment:

Half-life:

— | /&8 PAUL SCHERRER INSTITUT

%108 T,,~10s

Production reaction: 26Mg(mCm, 5n) 269108; Cross section = 10 pb

Production rate:

8.4 /day (0.5 mg/cm2 target, 0.5 puA beam)

Separator Efficiency: 20%

Chemical Yield:

80%

Detection Efficiency: 80%
Overall Efficiency: 12.8 %

Detection Rate:

Testexperiment

Test experiment:

1/day

1710304

Production reaction: 24Mg(szd, 5n)mOs

Half-life:

171
OsT,,=82s, Eq=524 MeV

Determine Chemical Yield

Check if Detector Setup works

Results:
Chemistry:

Physics:

Adsorption enthalpy of 1080, on Si surface
Relative volatility compared to lighter homologs
Determine possible SF-branch

Disadvantage of thermochromatography:

No half-life measurements possible for 108 nuclide
unless the separator can provide a start signal (TOF ?)

01.04.97/
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108 110 112 114 116 118 120 122 124 126

218 219
U U

JSO‘I'OPC'S {'Oumo(_ with RIT'U 2185, [216p,[217p 4 1218p,

210Th 211Th 212Th 213Th 214Th 215Th 216Th 217-”'

' 07  _|208 09, |210, 211 212, 213 14 :
R YRR W% A ¢ 121%A¢ |2 Ac |2 12Ac 1212Ac 124 Ac |2 5Ac |28 Ac

. 203|204 06 _ 207~ _ 208 09 . 1210 _ [211 1 13
. 28333 P%Ra 2%Ra [P°"Ra F°Ra FRa F'°Ra [F''Ra F'?Ra P °Ra f*Ra P '°Re

c

205 206 207 208 209 210 211
°'Fr 2°2Fr 2°3Fr 204Fr Fr Fr Fr Fr Fr Fr Fr 212Fr 213p, 1214,

199
R

: 204, 205~ 206 207~ |208 '
ni?*®Rn 20'Rn 2°2Rn Rnl?®°Rn|2%®Rn|?*"Rn|2°®Rn|2*°Rn 210

211 1
n[2"'Rn|2?Rn|?"°R:

193At 194At ‘|97At 198At 199At 200At 201At 202At 203At 204At 205At 206At 207At 208At 209At 210At 211At 212At

199 202~ [2034 |204 05+ {206~ {2070 |208~. |20
196Po 197Po 198Po Po 20°Po 201p Po|*®Po|*®Po|?®P0o|?®Po|2%7Po P029Po 21°Po 211Pc

1015, (192g; |193p; |194g; |195g; {198, |97 |198g; |10 |2%g; 2B 202g; |203; |204g; 205, 1206, |207, (208, |209G, (2104,

189Pb 190Pb

194Pb‘1gspb|1gspb 197y |198p), |199p), 20001 1201 12020, 12030, 12045, (205, 1206, 1207, 2095,
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GAS -FILLED SEPARATOR

FOR HEAVY-ELEME~T STUDIES
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PHYSICAL REVIEW C : VOLUME 54, NUMBER 6 DECEMBER 1996

First observation of excited states in **Po

K. Helariutta, T. Enqvist, P, Joges. R. Julin, S. Juutinen, P. Jamsen, H. Kankaanpai, P. Kuusiniemi, M. M. Leino, M. Mu1kku A

M, Piiparinen, A. Savelius, W. H. Trzaska, S. Tormanen, and J. italo
Umverstty of Jyvaskyla, Department of Physics, P.O. Box 35, 40351 Jyvaskyla, Finland

R. G. Allatt, P. A. Butler, P. T. Greenlees, and R. D. Page
Oliver Lodge Laboratory, Department of Physics, University of Liverpool, Liverpool, L69 3BX, Umted ngdom
(Received 13 September 1996)

y-rays following the 16°Dy(36Ar,4n)'92Po reaction have been identified by employing a high-transmission

gas-filled separator in recoil decay tagging measurements. The deduced level scheme reveals a flattening of the

~ energy systematics, when going towards the neutron midshell mdxcatmg that the deformed intruder structures
 have become yrast. [S0556-2813(96)50212-8]
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OUTLINE

1. INTRODUCTION
Why study N=Z nuclel’?
How can we study N=Z nuclei?

2. STUDIES WITH FUSION- EVAPORATION |
REACTIONS
-~ Mirror Nuclei
I[sospin Mixing
Shape changes along N=Z line
n-p pamng | -

3. FUTURE OF FUSION EVAPORATION
REACTION STUDIES

4. STUDIES WITH FRAGMENTATION
REACTIONS
Nature of Experiments
4 New Isotopes |
~ ‘Gamma-gating and Identification -
| | of Isomers |
74 Kr
Future Studies
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Why study N = Z nuclei?

1 Up to 1%°Sn neutrons and protons fill the |
same shells

2 Strong dependence of deformation on Z,
N and angular momentum

3 Co-existence of prolate, oblate and
triaxial shapes |

4 Evidence of n-p pairing
5 Mirror pairs'at high spin

6 Astrophysical rp-process passes this way

Successfully studied by:

1 Beta-decay following spallation
2 Heavy ion fraémentation

3 Gamma rays from fusion - evaporatlon
reactions |
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49Mn from 28Si on 2*Mg [PEX]
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~ Ex{Mn] - Ex(Cr] (keV)

Plot of level energy difference with spih for mirror pair
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B A BROWN, J.Phys G8 (1982) 679
We need 3 things:

-  Relative position of lowest T=0 and
T=1 states of each spin involved.

- <J,T=1|V_|J,T=0>

— - Anticipated strength of non-retarded E1 matrix
~ element [<5|E, |4>]

Position of lowest T=1, T =0 state we get from masses of
isobars corrected for n-p mass difference and Coulomb shifts.
Calc" gives J7=0' at 4.85(20 MeV). The 4' and 5 states are
then at 3.34 MeV and 2.97 MeV.

Strength we get from unperturbed p-h states in A=63 and 65

E1l strength = 1.0&8 5 W.U. from average over A=56-74

M:Xc;\ﬁ au.%f/:ﬂ[’d ‘s 1270
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1 Increased Efficiency - 2n Claonnel.

EUROBALL/GAMMASPHERE - 10% FMA - 10%

In principle we can do spectroscopy up to Zr/Mo

2 Seiection by charged particle detector array

Allows use of (2n) channel

Improvement with EURQBALL - 5 x 10°

but it depends on cleanliness of target

3 Recoil Decay Tagging

Here we use subsequent radioactive decay to

identify source of y-rays

4 Radioactive beams

@ “*c'Fe, 2n)" ' Ge 155 MeV  640(70)ub

) “Ca’Ar, 2p20)*Ge 130 MeV 50 mb
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RECOIL DECAY TAGGING METHOD

PPAC ~ DSSD
TARGET § EE
BEAM 5 RECOIL N FM A s EEE
q

SNSSNSNI'NSNN
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FESNSNSS_ 'ESN
FNSNNSSSS VAN,
SNSSSNNSSASN

NSNS NNSNE.VE
FOSSSSNSSSNE,
FESSSNNSSSNA
IS SNSNSSNEN

»-12 -9
A 10 -10 S Jo 0.5-2.0us

A
1

i caun el -
REACTION  GAMMA-RAY WQ  RECOIL IMPLANTED ‘
OCCURS ~ DETECTED ~  MEASURED  INDSSDPIXEL  Jio oM DECAY
' | | (X ] Y) (X ‘Y)

‘ Prompt y-rays correlated with M/Q and (X, Y) position of recoil in DSSD
‘ Decay proton or alpha identifies nucleus that emitted the Y-rays
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“"Kr/"Br - Surrey/Daresbury/Valencia/
Legnaro/Liverpool/Jyvaskyla

JUROSPHERE

(gammas)
PIN - PPAC  DSSD
. (protons) - (recoils)  (betas)
/ - NS

FD\W 1

“Ca (36Ar, on)™Kr - 105 MeV - 6 = 60 ub
JUROSPHERE -e£=1%

RITU separates beam from recoils
PPAC and DSSD record arrival of recoil

DSSD has 2304 pixels

"Kr- 100 ms, “Br - 80 ms
B* decay correlated with gammas at target

1000 counts in 5 days
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HOW DO YOU MAKE N~Z NUCLEI ?

(A) SOFTLY....... Heavyélon- Fusion—Evaporatioh

0 - ,\OO o

Eb ~ Coulomb Barrier

(~4 MeV/A) ~ 2nout channel for
- | o heavy N=Z upto 96-Cd

(B) BANG!!!! Fragmentation Reactions

g o -~ Many channels
| S Need LISE3 to

"Eb ~ 50 MeV/A 1d all recoils
| o (~200 N,Z combinations)
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SPECIFIC RESEARCH GOALS

2) Structure of N~Z Nuclei With Radioactive Ion Beams.

- (a) Along the N=Z Line Using Projectile Fragmentation.
- Nuclear collision causes beam to FRAGMENT.

O—= (=

~ secondary beam to
mass spectrometer

IFragments form a SECONDARY BEAM of r-active nuclei.

“hese can be selected and separated by their A and Z eg.
Tz= 1 12 0 -112 |

|Defines the
|limits of |
‘nuclear stability
1...very imp. for
: nucleosythesis

L T,=-1/2

and creation of
1 the_elements

| above A=56

(®7Ru) | i

I UL |

100 200 300
energy loss AE

counts

Time of Flight (A/Z)



Identify recoils using LISE3 + Si stack

Si1 stack

~
— 113 @—

Measure delayed gamma-rays using Clover + Leps detector

- 1somer

o~~~ 1 Total Gamma—efﬁciency for
i . 4 clovers and 1 clover Leps

| * Y2 = 15% for 1.33 MeV gamma-ray




FIRST IDENTIFICATION OF ‘NEW’ ISOTOPES.

Tz= (N-Z)

Tz = 1 1{2 0 -1

3 s l T T T T T T
\ o8 =0 zr
3 R 250} -
», '- . 78Y
768( 82Nb
P ._
c ‘
3 150 -
O
. B4Mo
Mo i "4Rb |
86T '
sol- ¢ :
3 b oea L i 1 | ]
L I T T ] 1
: Zr 7 | - Tz = —1/2 —f
. 792r
- ) n 5 B 7
Sr < 8Mo
S _
3 73S¢
3 -
87RU
I R ] 7y i
73 o -
. .&% E ':::"::-~ "ll I l I l i I I ! !
SEWCE. . . 100 200 300

[ PRV

energy loss AE

TOF(A/Z) —=

First identification of 77Y, 79Zr, 83Mo and 87Ru.....
1someric spectroscopy across the N=Z line is possible......

(Evidence of new isomeric deéays in Tz=0, 82Nb and -86Tc).
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Mike Carpentér
Argonne National Laboratory
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. Protbn Emitter : 83 . Bi

Predicted Proton | Pb
Emitter 81 ] TI

- {176 | 177|178 1179|180 | 181 | 182 Hg-
79 N 181 | Ay
174 {175 176 | 177 | 178 | 179 | 180 | Pt

92 94 9% 98 100 102

Byr + 1%Rn @ 340, 360 and 380 MeV

- Theoretical Calculations
Predict Variety of Shapes in Light Hg and Pb Isotopes

W. Nazarewicz, Phys. Lett. B 305 (1993) 195-201
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fi€et

13 experiments from A=24 to 226

40 scientists from 13 countries

Mass Gated

C14.06 W. F. Mueller
IL11.07 G. J. Lane
RDT

C14.03 M. P. Carpenter
L.11.09 D. Seweryniak
Ion Chamber Gated

K7.05 J. Schwartz
N7.10 - M. P. Carpenter

.. . and much more to come

0 5’\ - AREAS OF RESEARCH —

50

150>

179Au first results
110Sb intruder bands

103Rh(78Kr,pxn)176-179Hg
102Pd(58Ni,2p2n)156Hf

12C(160,a)24Mg High-spin states
12C(58N1,X)Y ----> 40Ca(Y,X)Z Development of secondary reactions

Studies of N=Z nuclei: 62Ga, 88Ru, 92Pd
New regions of deformation: 200Rn, 204Ra
- First observation of excited states in other nuclei using the RDT method o o -

4
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BEAM RECOIL

RECOIL DECAY TAGGING METHOD

~ PPAC

TARGET

2 > FMA |

",

| wQ RECOIL IMPLANTED  pon=HAOR
OCCURS  DETECTED WEASURED INDSSDPEL  OCURg I piL
- ! - (X,Y)

. Prompt y-rays correlated with M/Q and (X, Y) position of recoil in DSSD

Decay proton or alpha identifies nucleus that emitted the -rays

P > . - SN —— . L~ ~ \ o~ . - N —

Cd _ oo
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Channel selection with
charged-particle detector arrays

- Talk given at the |

Workshop on the Physics of using
Compound-Nucleus Separators

LBNL

M. Devlin |
Aprl 11, 1997
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“Design goals of charged-particle
detecor arrays |

High efficiency

- High degree of segmentation
- Good particle 1dentification

~ Able to handle high count rates

Low particle detection energy thresholds

" Low total mass



Properties of the Microball

It éonsists of 95 CsI(T]) scintillators with Si-photodiode
readout arranged in 9 rings covering 96% of 41

It resolves and_‘ identifies charged particles with 80-95%
efficiency

It provides the charged particle energies
It selects the exit channels with high efficiency

It allows precise Doppler corrections to be made from
the measurement of the recoil direction that improve
substantially the energy resolution

For the **Ni(*Si,a2p) reaction channel the FWHM
goes from 24.0 to 6.5 keV at 2.0 MeV! |

It improves the peak to background by factors of 4 -10
depending on the channel.
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k-w H,, E” gating

137 MeV 3IP + 38Ni = 89Tc"—

e 18% in 85857Zr the 3p particle gate
— with 12% as 85Zr+3pn and 2. O% as
867r+3p

— The Yrast SD was 2.8% of the 862r or
0. 056% of the total

* After gating by k.17
— 90% of the 3pn+8Zr was removed
— 35% of the total 8Zr was lost
— and only 25% of the SD was lost |

« In the end the SD was 0.042% of
total and 4.0% of 3p, but only 2% of
the initial background remained -
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- Cyrus Baktash |
Oak Ridge National Laboratory



Specfroscopy and Channel Selection
Near Proton-Drip Line

Cyrus Baktash
- ORNL
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Important Considerations in the Choice of Tools and 7
Techniques:

* Objectives:
- New isotope/element production, decay studies:
High beam intensitis
—» Gamma spectroscopy
Few pna of beam

» Reactions: |
- Transfer and DIC (grazing angle)
— Compound nucleus (forward angles) P-r<¢ A
Evaporation particles may be used for tagging

n-rich

* Partial Cross section: | ~ g mb
Determines requisite selectivity { ~ .5 mb
4 ~ 5 ‘/"5

3
-

 Count-rate requirements: .
- A function of beam intensity and cross section;
Determines requisite efficiency

F OH ~ Se/ecfz'V:;v X eff/c,\-rs.

Tools:
* Magnetic Recoil Separators

* Ge arrays, charged-particle det., n-det., (H,K) at the target
position
» Recoil Mass Separators (RMS)

e Focal-Plane detectors:

>Jonization chamber, X and y-det. for Z-sel.; -
>DSSD; |

>Recoil-Decay (p, o, isomers) Tagging

D oThers (¢ Je(f/ scheme )
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Figure 6. Spectra of the yrast SD band in '**Gd when one, two, three, four and five coincidence

" requirements (gates, fold two corresponds to one gate) are demanded from a gate list of 10
transitions. The data are taken from Eurogam I (a) and Eurogam 11 (b) [31]. No background
has been subtracted from these spectra.
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- Reaction *°Si + **Ni at 130 MeV
| .GAMMASPHERE (57) plus MICROBALL

23x 10 pariicle-yyy events

Relative Cross-Sections (%)

{

; 0.08 1o. 05

\77] 78 Br

38 39 40 41 42 43 44
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36 AT + 28Gf 136 MeV

(1)
. (o} 4
(2) 28S;+"°Ca 125MeVv
63 64
CN
‘75/ 61 62 1 63
P h’.llﬁ &r-
It
59 60 1 61 62
2p2n 2pn
f- \ , 0.3 | 1.8
HeaviesT . 57 |¥s58 § 59 | 60 61
meurror PAIE apn | ap 3pn | 3p
n!‘0.3 pl 28 p| 12 16
!55 56 57 58 D| 59 60
2an 2« a2pn | a2p 4pn 4p
0.004 | 0.02 | 3.8 33 42 11
-
53 54 { 55 56 57 58 59
20pn | 2ap a3pn | a3p Sp
| , 0.1 2.0 1.2 9.0 0.01
51 52 ; 53 54 55 56 57 58
3a 2a2pn | 2a2p adp
0.03 |<0.01| 1.0 0.1
49 50 51 52 53
3ap 2a3p
0.1 0.02
48 49 50 51 52

Figure 1: Experimental relative cross-sections (%] of the reaction *Ar +
85j at 136 MeV beam energy deduced from the thin target GAMMASPHERE

experiment. The total cross section amounts to oyt ~ 1000 mb and the

uncertainties reach from 5 % (strong channels) to 20 % (weak channels).

The proposed reaction 2*Mg + “°Ca leads to the same compound nucleus
64Ge.
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HRIBF Recoil Mass Spectrometer

Momentum Separator ~
(P/Q) | Mass Separator

- A
s2 D2 Q405 | (A/Q)

aué[d [eoog

Inverse reactions
High rigidity beams (K=100)
T Excellent beam rejection (>10 12)
Excellent mass separation (M/AM=450)
Large energy acceptance
Large solid angle
Large A/Q acceptance
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Tar et Position Detectors

6 @ 90°

| —
Aluminum

2 @ 132° (not shown)

4@ 120° 25% HPG

Clover

Csl
Fast Plastic/Inverted Si
Neutron Detectors
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Ta9® 1: W tecuon Mciency of Ancillary Systems Separately and Combined for a

Typical RIB Experiment?
’ EFf. Se_{ecf?wé/ . & X Se /ecﬁ‘VJ&’
Distinct £c % Yieldd || Enhancemente|| F.O.M.f
_ Residuesb |
Total8 23 1.00 0.05 not applicable || not applicable
RMSh 3 030 | 14 28 8.4
HB! 15 0.90 2.7 54 - 48.6
NWI 4 0.01 2.4 48 | 0.2 |
e ———e—— ________L———m‘m Yl e | f B/ {
RMS + HB 3 027 || 15 300 < - > 81.0 ] 014{2' .
RMS + NW 1 0.0030 || 100.0 2000 ~ «{[--> 6.0 i
HB + NW 4 0.0090 10 200 | 1.8
| RMS+HB+NW 1 - 0.0027 || 1000 || 2000 ] . 54
i = may bn

a) Values calculated from a statlstncal model calculation for the 40Ca(5463 p2n)10iSn A dd
reaction at a beam energy of 235 MeV. The total fusion cross section is calculated to N° ¥
be 341 mb. | | nown

b) The number of reaction channels which survive the gating conditions.

c) Efficiency of the auxiliary detection system(s) in place. See Appendix B for discussion.

d) Percentage yield of the 101Sn channel with respect to the total channels within the
gating conditions. N

e) Enhancement of the relative yield of the 101Sn channel with respect to 1ts ungated
relative yield.

f) The Figure Of Merit (F.O.M.) for the detector which is equivalent to the efficiency of
the detector multiplied by the enhancement it provides for 101Sn.

g) The values with no ancillary detector gating. ©
h,i,j) The values for the Recoil Mass Separator (RMS) the Hybrid Ball (HB), and the Y
Neutron Wall (NW), respecuvely |

YR PYRYTIY
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FISSION OF EXOTIC NUCLEI

Experiments performed at GSI by:

C. Bockstiegel, H-G. Clerc, A. Grewe, M. de Jong
o | A. Junghans, J Miiller, S. Steinhduser
, | - IKDA, TH Darmstadt, Germany

M. Pfitzner
sae T ' University of Warsaw, Poland

J Benlliure, A. Heinz, K-H Schmidt, B. Voss
- GSI Darmstadt, Germany



FISSION OF EXOTIC NUCLET

Limitations of conventional techniques
The secondary-beam facility of GSI

A fission experiment with exotic beams
Experimental set-up
-~ Excitation mechanism

Results
Z yields and TKEs in bimodal fission
New insight into pair breaking in fission

Perspectives
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lllustration of present knowledage on low-energy fission
max. 10 MeV above the fission barrier

[ 2?“Fim'
3 ziSFm]

O measured mass distributions
(n,f) (sf) etc |



| OL/r knowledge of low-energy fission
relies on a very limited number of
fissioning systems.

Difficulties to populate states
close to the fission barrier:

spontaneous fission  restricted !
(n,f) | |

(x,F) | need stable or
(d,pf) etc. long-lived nuclei !

New options by the use of secondary beams?
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Isotopical separat‘ion
at the fragment separator (FRS)
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Fission In inverse kinematics
at relativistic energies:

excitation mechanisms

nuclear, E*~30 MeVxAA  electromagnetic, E*~12 Me ’

| |
¢ ¢ : | | ®




Setup for the fission experiment

nzFlz
s~5m
Scintillator CAE; %00, 12
Lead plates []u
_ /gu__
1] : i
] U e s Uﬂ
| ﬂﬂ
Separated _ Fission 0
_ secondary ~ 'arget Twin=MUSIC g gments l
beam Subdivided : TOF wall
' scintillator 1x1n?
-
' Method:

electromagnetic excitation - fission
(fission after nuclear contact is suppressed)

Features: _
forward focussing (almost 100% detection efficiency!
excellent Z resolution
kinematic analysis

‘Results:
Z yields
total kinetic energies

- Z response (sec. beam 22°Th)

T | 1 i T 1 . 1
600 - -
2] N NN N §
Yout 400 + 3 § . 5:§3 : R § -1
NINIH NANNRRANR HdANIR
3 i NANNN R INRNRNNAFY RRRNAN ]
NENANIRANANNNNNLIBE.RRANEBN
Q NNNENIHANRNNNANRNINRNRN
NANANEN NNRNNNNN RN ARANAN
200 | NANNNNNNNNNNNNNRNANANAN ~
NNNNSNANNNANNNNNNNA NNNNA
NANAN AN A AN AN A N AR
N N AN ] 4
| NANAN NN FANANAN NN
i niii Hinike
ARN \\5\ N \§§§&\\\}§\:§&\
Al IInIMI!IIHHm R
0
30 35 40 45 50 55 60

Z of fission fragment



Excitation mechanism:

» electromagnetic interaction

- Excitation of the giant resonances (]
(dipole-, quadrupole-) ‘ — . <: ®

' T

> 11 MeV mean excitation energy ()

(FWHM = 5 MeV)

Multichance fission of 23U after e.m. excitation

A | T T T T T T
L . 300f B4 on Pb .
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Charge yields (e.m. induced bimodal fission)
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Relative strength of the 2 fission modes
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Prediction based on single-particle excitations
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Perspectives

Secondary beams make short-lived nucler
“available for of low-energy fission studies.

Challenge to develop adaquate experimental techniques
for the new specific conditions.

A new door for fission studies is open
and will give new life to this unique
research field on large-amplitude collective motion.



CONCLUSION

Transition from symmetric to asymmetrfc fission
around A = 226 systematically mapped

Weights of modes governed by A

Compact asymmetric mode around N = 82
observed for all nuclei

First determination of superfluid
component in symmetric mode (10X to 15%)

First systematic observation of
even-odd structure for odd-Z
~ fissioning nuclei
(Z even-odd effect in the presence
of unpaired protons!)

Evidence that pair breaking occurs
in an early stage of fission
(not durina snaopina-in at scission)
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