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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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Foreword

This document constitutes the proceedings of the Exotic Nuclei
Symposium held in Bodega Bay, California from April 14-16, 1996. All
of the speakers were invited and were past associates either as visitors,
postdocs or graduate students of Joseph Cerny. The timing of this
symposium was such that it coincided closely with Joe's 60th birthday.
Although a university professor can measure his own research productivity
in a rather straightforward manner, probably the best overall measure is
the research accomplishments of those who were directly influenced either
as postdocs or graduate students. Almost all of those associated with Joe
over the years are still active in research in one form or another.
Furthermore, the majority of these individuals are still in nuclear physics
and chemistry. The breadth of just the work presented herein is indicative

of this point.

Many individuals either planned to attend and cancelled at the last
minute or the April timing conflicted with other meetings or teaching
duties. Since a couple of hundred people were invited including all of Joe's
past associates ( to the best of my knowledge ), I obviously have a rather
complete list of the whereabouts of these individuals. Since I have had
numerous requests for this information, I have appended both regular mail
and electronic mail addresses to the end of this document.

The banquet was particularly memorable because of the many
humorous presentations by both volunteers and conscripts. I am grateful to
all who participated. I wish to thank all those who responded so promptly
to my initial queries and all of those who were able to attend. I am
particularly thankful to everyone for keeping the entire affair as a surprise
to Joe. In this light, I am especially grateful to Susan Cerny for arranging
for Joe's presence. 1 also want to thank Linda Lopez for creating a
credible work schedule for April 15 and 16. I wish to thank the Bodega
Bay Lodge for making the organization rather trivial from my perspective.
Finally, I would like to thank my wife Rosette for designing the cover page
art. I believe everyone had a good time, while still managing to learn a
bit.

Dennis M. Moltz



EXOTIC NUCLEI SYMPOSIUM SCHEDULE

April 14 - 19:30 Registration and Welcome Reception
April 15,1996

9:00 - 9:05 Introduction

9:05-10:20 Sessionl Peter Haustein, Chairman

19:05-9:30 Robert Weisenmiller Exotic Energy Policy

o MRW Assoc.
9:30 - 9:55 Rainer Jahn Recent Results from COSY
U. Bonn, Germany
9:55 - 10:20 Jon Batchelder Study of Alpha-Emitters near Z = 82
LSU

Break 10:20 - 10:45

10:45 - 12:30 SessionII  John Hardy, Chairman

10:45 - 11:10 JamesPowell Measurement of the "Be(p, y) Cross Section at Low
LBNL Energies .
11:10 - 11:35 Mike Zisman Building a Factory for B’s
LBNL
11:35-12:00 Gordon Ball Pionic Fusion of Heavy Ions
CRL, Canada
12:00 - 12:25 Joseph Cerny - A Small Scale RNB Facility at Berkeley
LBNL

Lunch 12:30 - 14:00

14:00 - 15:40 Session III Gordon Wozniak, Chairman

14:00 - 14:25 Alan Shotter Radioactive Beam Research at Louvain la Neuve
U. Edinburgh, UK.
14:25 - 14:50 Rick Gough Selected Accelerator Applications
LBNL
14:50 - 15:15 Ted Ognibene Low-Energy Proton Decays in ¥*P and ***Cl
LBNL _
15:15 - 15:40 David Vieira Mass and Decay Measurements of Exotic Nuclei Using
LANL the TOFI Spectometer

Break 15:40 - 16:05



16:05 - 17:20 Session IV Rainer ]ahn, Chairman

16:05 - 16:30 John Hardy Superallowed beta-decay: a Nuclear Probe of the Standard

CRL, _(_Zanada Model
16:30 - 16:55 Juha Aystd, U.of  Beta-Delayed Neutron Emission
Jyvaskyld, Finland
16:55 - 17:20 Gordon Wozniak  From Exotic Reactions to Multifragmentation
LBNL
Banquet 19:30
p

EXOTIC NUCLEI SYMPOSIUM SCHEDULE
Day 2

April 16,1996
9:00 - 9:05 Introduction

9:05 - 10:20 Session V David Vieira, Chairman

9:05-9:30 Mike Rowe Beta-Delayed Particle Decays of Light
LBNL Nuclei

9:30-9:55 Dennis Moltz Dark Matter Axions
LBNL

9:55 - 10:20 Claude Detraz Nuclear and Particle Physics in Europe; A
IN2P3, France View from the Skipper

Break 10:20 - 10:45

10:45 - 12:30 Session VI Juha Aysto, Chairman

10:45 - 11:10 Creve Maples A New Dimension in Human-Compute
Musetech Interaction '

11:10 - 11:35 Mike Cable Nuclear Measurement Techniques for
LLNL Inertial Confinement Fusion

11:35 - 12:00 Peter Haustein Nuclear Stimulated Desorption from
BNL Surfaces and Thin Films

12:00 - 12:15 Joseph Cerny The Final Word



Conference Photograph

First Row- Gordon Ball, Lee Schroeder, Dennis Moltz, Joe Cemy,
Susan Cerny

Second Row- John Hardy, Bernard Harvey, Norman Glendenning, Peter
Haustein, Ruth-Mary Larimer, Janis Dairiki, Rick Gough,
Alan Shotter

Third Row- Mike Zisman, Jorgen Randrup, Juha Ayst6, Eric Norman,
Bob McGrath, Claude Detraz, Rainer Jahn, Bob Weisenmiller

Fourth Row- Creve Maples, Peter Jackson, David Vieira, James Powell,
Mike Cable, Jon Batchelder, Ted Ognibene, Mike Rowe,
Gordon Wozniak
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Registered Conference Attendees not making Presentations

Bernard Harvey, LBNL

Lee Schroeder, LBNL

Norman Glendenning, LBNL
Ruth-Mary Larimer, LBNL

Janis Dairiki, LBNL

Ned Dairiki, LLNL

Jorgen Randrup, LBNL

Eric Norman, LBNL

James Symons, LBNL

John Rasmussen, LBNL and UCBerkeley
Gabor Somorjai, LBNL and UCBerkeley
Sam Markowitz, LBNL and UCBerkeley
Ian Carmichael, UCBerkeley

Carol Christ, UCBerkeley

Dan Mote, UCBerkeley

Bob McGrath, SUNY Stony Brook

Peter Jackson, TRIUMF



Robert Weisenmiller

MRW & Associates
Oakland, CA



| Spent from 1977-96
by
Dr. Robert B. Weisenmiller

Morse, Richard, Weisenmiller
& Associates, Inc. -
“April 12, 1996 ASSCATSS
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977 - PhD in Chemistry
977 - M.S. in Energy & Resources

977 - California Energy Commission
982 - Independent Power Corporation

986 - Morse, Richard, Weisenmiller, &
Associates, Inc.. |
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m Established in 1975 by the Warren-Alquist
Act (signed by Governor Reagen

m Act Implemented by Commissioners
Appointed by Governor Jerry Brown

m Roughly 500 person staff with about
million budget |

m Located in Sacramento

MRW & Associatés, Inc. 3



alifornia Energy Commission
Responsibilities

\m Forecasting future electricity and energy
needs

m Licensing energy facilities to meet these
L - needs

m Promoting energy efficiency
| m Developing alternate energy technologies
m Planning for energy emergencies

MRW & Associates, Inc. 4




m It was assumed energy requirements rose
in lock step with economic growth

m |t was assumed that over the next twenty
~ years, California would require about 20
1000 MW coal or nuclear power plants

m These plants could be either located along
the California coast with seismic issues or
inland with water issues

MRW & Associates, Inc. 5



m Nuclear plants were perceived to have
safety and waste disposal issues

m Coal plants had obvious air quality
concerns

m Electric utilities were monopolies from
power plant to meter

m Natural gas prices were regulated and low,

so regulation rationed supply. Shortages

~were common.
MRW & Associates, Inc. 6
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m Natural gas service was also generally
provided by monopolies, aside from
production

m Domestic oil supplies were also price
controlled, while foreign oil supplies were
controlled by OPEC |

m California’s energy needs would require
the sacrifice of its environmental quality

MRW & Associates, | Inc. 7



m 1977 -- Advisor to Commissioner Ron
Doctor

m 1978-79 -- Office Manager of the Special

- Project Office (Overall RDD Policy, \

Cogeneration, Small Power, Power

. - Pooling

. m 1980-82 -- Director of the Office of Policy

and Program Evaluation

MRW & Associates, Inc. 8



'CEC Accomplishments

L
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m Developed Comprehensive Energy Policy
Package for Brown in 1978, which included
legislation and administrative actions

m Blocked utility commitments to coal plants

m Developed energy services concept which
lead to utility conservation programs

m Developed avoided cost concept which lea
to cogeneration and renewable industry

MRW & Associates, Inc. 9



State of Galifovnix

GOVERNOR'S OFFICE
SACRAMENTO 95814

EDMUND G. BROWN JRr.
GOVERNOR

November 10, 1982

Dr. Robert B, Weisenmiller
Director,

Policy and Programs
California Energy Commission
Sacramento, CA 95825

Dear Dr. Weisenmiller:

On the  occasion of your departure from the California
Energy Commissxon, I want to congratulate you for your

accompllsments in the energy fxeld and WISh you success
in the future,

I understand your efforkts have 1left a mark of
excellerice at' the Commission and been a critical
component of California's progressive energy policy.

Thank y for your. service to the people of California.




m Co-founded and managed two nationally
known energy consulting firms

m Testified as an expert witness in about 100
proceedings

m Representing Dow, Arco, Chevron,

Simpson Paper, Proctor & Gamble, etc..

established framework for cogeneration

industry in California

MRW & Associates, Inc. 11



m Established bankable reputation with the
financial community for their investments
in energy projects

m Lead witness for the City of San Diego to
i B block SCE/SDG&E merger
m Lead witness for El Paso, Mojave, and

- Kern'River pipelines in pipeline rates and
- expansion cases

MRW & Associates, Inc. 12




| |m California’s (and U.S.) economic growth
has occurred with little energy growth

m Beyond their earlier commitments ,
California utilities have built limited
resources since 1977 (i.e., Palo Verde

m Conservation limited need for additional
utility power plants.

o —r

MRW & Associates, Inc. 13



m Cogeneration dissolved utility monopoly
on generation services.

m California gets between 20 and 30% of its
power from cogeneration

m California has surplus power situation
m Natural gas is cheap and plentiful

MRW & Associates, Inc. | 14



m Gas and power markets on a national and

international level are being restructured

by competitive forces

m Higher oil prices depressed demand,
increased alternatives, and broke OPEC
stranglehold at least in the near-term

MRW & Associates, Inc. 15



Rainer Jahn

University of Bonn
Bonn, Germany
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Die MOMO - Kollaboration
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Louisiana State University
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The study of Intruder States
Near Z = 82 via Alpha Emission:

The Decays of 187.189Bj

J. C. Batchelder
Louisiana State University
presented at the Exotic Nuclei Symposium,

Bodega Bay, Ca, April 14-16, 1996



Argonne National Laboratory
C. N. Davids, D.J. Bluménthal, D.J. Henderson, D. Seweryniak
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Advantages over a standard AE-E Si telescope

1). Virtually invisible to beta particles (i.e. betas are unlikely to leave much
energy in such a small area.

2). Excellent resolution (~ 30 keV for alpha particles).
3). When particles are implanted, the solid angle is nearly 50%.
4). Small pixelation effectively results in many independent detectors
a). Timing correlations between recoil and decay
b). Parent—daqghter correlations (both energy and timing information).

5). Combining with PSAC allows determination of the previous recoil's mass.

rLimitations

1). Low energy threshold ~ 600 keV for protons.

2). No event by event particle identification

. 3). Half-life measurement threshold limited to ~ 10us.

4). Low beam rates.
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A New Measurement of 7Be(p,y)
| - and the
Solar Neutrino Problem

J. Powell, D.M. Moltz, A. Rice
M W. Rowe and J. Cemy
LBNL

A. Champagne, J. Guillemette
V. Hansper and H. Weller
TUNL

M. Hofstee
Colorado School of Mines
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Neutrino Energy. q. in MeV

Neutrino Detectors:

Homestake Mine
37C1+v->3TAr+e- |
- Expected rate due to v's from 8B (77%), Be (14%) and other sources (9%)

> Observe only 1/4 to 1/3 of rate calculated from the standard solar models

Kamiokande
water Cherenkov expenment

- Sensitive to high-energy neutrinos, mostly 8B
--> Observe only about 1/9 of the 8B flux expected

SAGE and GALLEX
T1Ga+v > 11Ge + ¢-

- Expected rate due to v's from p-p (54%) TBe (26%), 8B (11%) and
- other sources (10%)

--> Observe about 12 of calculated rate

"Solar Neutrino Problem"

Several other detector facilities being constructed (SNO, Super-Kamiokanda)
or developed (BOREXINO, etc.).



Solutions to the Solar Neutrino Problem?
1) Neutrino Oscillations Ve <-> Vx

-- vacuum oscillations
-- MSW effect

~ 2) Inaccuracies in some of the Input Quantities

-- stellar reaction rates

-- neutrino capture rates
-- details of the solar models

TBe(p,Y)3B

-- rate directly affects the high energy 8B neutrino flux
that is the dominant component seen by many types
of neutrino detectors, |

-- one of the most significant uncertainties remaining in

- the solar models



Measuring 7Be(p,Y)SB Directly:

TBe Target: o
{7Be electron captures to 7Li: ty» = 53 days)
-- produced through 7Li(p,n)/Be
-- chemically separated and formed into a thin target

-- 11% of decays emit 478 keV ‘yrays

Observe 8B produced:
{8B B decays to 8Be --> 20i: tip = 0.77 s}
-- detect either the B or a particles in a suitable detector

Trace reaction over a range of higher energies,
where the cross section is large enough to measure,
and extrapolate down to the energy most relevant for
solar hydrogen burning (about 20 keV)
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Recent Calculations:

Johnson et al.: S17(0) =20.2 + 2.3 e Vb (Filippone et al. data)
ApJ 392(1992)320 =25.2+ 2.4 eVb (Kavanagh et al. data)
adopted S17(0)=22.4+2.1 eVb
Barker, NP A588(1995)693: - , S17(0) =173 eVb
Xu et al., PRL 73 (1994)2027: S17(0) = 17.6 eVDb estimated
Descouvemont and Baye, NP A567(1994)341: S17(0) =24 eVb

Kim et al., PRC 35(1987)363: $17(0) = 24 eVb



Ongoing Experimental Work:

1) Coulomb Dissociation, 8B (Pb) > 7Be + p I T i
140 : 7Be (p, ,Y) 88
Parker(1968)

RIKEN

Motobayashi et al., PRL 73(1994)2680  *F x Kavanagn(1%69)
© Vaughn et ai.(1970)
a Filippone et al.(1983)
100 |- e present =
k (Coutomb dissociation)
s | } .
S _
+ t
deh Ji 3:**& ftot
2 41 ﬂ ) “L+_ ++
% 015 10 15 | 20
2)p + 'Be . . Ecm. MeV]

TRIUMF and U. of Washington (1997?)
TRIUMEF (inverse reaction, / Be+p, 20007)
LBNL and TUNL (1996)

Bochum and Karlsruhe (?)

3) 10B(7Be,8B)9Be

Texas A&M

4) Possible large p-wave component suggested by 7Li(p,y)
being explored at TUNL and CalTech



The LBNL + TUNL Experiment:

--> produce 7Be via the 7Li(p,n)7Be reaction
at the new medical cyclotron at LBNL (10 MeV)

--> separate /Be chemically and electroplate onto a
platinum backing (5 mm diam. spot)

--> use acceleraters at TUNL
-- Tandem
-- ion implanter (high currents at the lowest energies)

--> use a large area version of the Iow-energy
charged-particle detector telescopes pioneered by
the Cerny group at LBNL.
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Improvements Over Previous Experiments:

--> 10 times more 7Be in the target
-- 1 full Curie as compared to the 0.08 Ci used
by Filippone et al.

--> low-energy detector telescopes
-- precise identification of a particles with

. reduced background

--> an improved energy calibration
-- accurate to about 1 keV compared to 3 keV

Together, the above improvements will allow the
measurement of much smaller cross sections
leading to an extension of the 7Be(p,y) measurement
down to lower energies (60 keV as compared to =2 117 keV)
- -- improves the extrapolation down to solar energies
-- tests the predicted energy dependence



»

Timeline:

Ongoing:
--> detector station design < LBNL, TUNL
--> detector design and purchase LBNL
--> electroplating developement and
tests with stable 9Be | LBNL

--> develope scheme for energy calibration
and current integration of proton beam TUNL

August, 1996:
--> prduce and perform test run on weaker
TBe target (~0.1 Ci)
--> do higher energy measurements
--> investigate systematic errors

Early 1997: |
--> Full experiment on hot target (1 Ci) -



- Mike Zisman

Lawrence Berkeley National Laboratory
Berkeley, CA



Building a Factory
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Project

Michael S. Zisman
LER System Manager
PEP-Il B Factory Project

Accelerator & Fusion Research Division
Ernest Orisndo Lawrence

Berkeley National Laboratory

Cerny Symposium
April 15, 1996
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Introduction

« Strong interest (worldwide) in past few years, in
design of high-£ ete— collider for a “B factory”

— primary motivation: study origin of CP violation

o effect expected to be large in BB system
. Ex'periment will probe the origins of the universe
— why do we live in a matter dominated world?

¢ At Big Bang, equal amounts of matter and anti-
matter | : |

— slight asymmetry in reaction rates caused
matter to dominate

o this is thought to be related to CP violation
o we know it happens, but not why

 Machine to answer this question requires several
novel features compared with existing colliders
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e CP-violation studies benefit from moving BB c.m.

= “asymmetric” collider, £ = E;
— permits spatial resolution of Band B decays
o energy asymmetry has broad optimum

7 <E 12
4  E, 23

o Statistics for decay channels of interest, require
high collision rate (“luminosity” in collider parlance)

— R= %o
* Need £ =3 x 103 cm2 s~ for CP violation study
e Actual figure of merit is integrated £

- — must produce abundant sample of BB pairs

o meaning (and challenge) of “factory”

—aimforJ € -dt =3><1()40 cm—2 = 30 fb—1
year

o based on canonical “year” of 107 seconds
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PEP-ll History

Concept for asymmetric e-e* collider to serve as B
factory due to Oddone (1987)

— initial accelerator design studies at LBNL led by
Chattopadhyay (1988-1989)

— SLAC-LBNL-LLNL design study done in 1990
Original CDR for project completed February '91

— to avoid stigma of new machine, ours was an
“upgrade,” whence PEP-II

Design extensively reviewed over 3-year period
— Cornell put forth competing proposal “CESR-B”

Ultimate hurdle was Joint DOE/NSF B Factory
Review in 1993

After Joint Review, President Clinton anndunced
SLAC as site for U.S. B factory

Japan is building an equivalent machine: “KEKB”

= we have a race on our hands!
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Typical Parameters
e Luminosityis |

_ NN,

¢ =
4oy oy

~* For machine design purposes write £ as

€ = 217x10% E(1 + 7 i) [cm-2s-1]
By J..-
where
/ = total current [A]
By = Vvertical beta function at IP [cm]
r = aspect ratio (0,/0x) (detector constraint)
E = beam energy [GeV] (physics ‘conétraint)
E = AVbb,hax (accelerator physics constraint)

e Justification for writing £ as above is empirical
limit on &
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« Must imprové luminosity by a factor of 15

— need higher /-and smaller beam sizes at IP!

o both are challeng'i»ng

« Typical parameters for £ =3 x 10% cm-2 s are:

Ip
Ex

Oy

~
—~

R

U

U

U

1-5mA
100 nm-rad
1cm
1-3A
100 — 2000
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Design Challenges

Design of high-£ asymmetric B factory gives both
physics and technology challenges

— design choices are interrelated
o proper optimization is the “art” |
BF parameter régime forces two-ring collider
— different energies, high currents, many bunches
Two-ring collider gives physics challenges in
— collider design |
o beam separation and common focusing of
unequal energy beams; keeping beams in
collision
Multibunch instabilities severe for B factory
— wakefields induced by displaced bunches
(mainly in RF cavity HOMs) can cause other
bunches to be displaced

o for certain bunch patterns, get exponentiél
growth of amplitude, leading to beam loss

— growth rates scale with total current, which we
require to be very high
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* Physics issues just discussed make certain
implicit assumptions about B factory hardware

e Technology challenges can be summarized as:
Don't make a liar out of the accelerator physicists!

e Examples:

— lifetime estimates assume low P in rings despite
copious photodesorption

— & estimates assume that higvh beam currents
can be supported without melting anything

— coupled-bunch instability estimates assume RF
cavities with heavily damped HOMs

— performance estimates assume components
are sufficiently reliable that the machine
does not “spend all its time in the shop”

 For any BF design, main technological challenges
lie in the following areas:

— vacuum system
— RF system
— feedback system

o even with heavily damped cavity modes, must
combat growth times =1 ms <
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Project Overview

‘Hi-gh-energy rinQ (HER)
— 9 GeV e- in PEP (C = 2200 m)
o reuses all magnets; new RF & vacuum system
— some new magnets required
Low-energy ring ’(LER)
— 3.1 GeV e+t in new' ring (C = Cpgp) R
o located above PEP ring in same tunnel
Injection sYstem based on presént SLC injector
— world’s most powerful positron source

— run in “top-off” mode to maintain high average
luminosity

o time to top-off operating collider is 3 minutes;
time to fill from zero is 6 minutes

LBNL is lead lab for design, construction,
commissioning of LER

— | serve as LER System Manager
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BERKELEY LAB

- PEPR-=[I
Main Collider Parameters

LER HER
Energy, E [GeV] 3.1 9
Circumference, C [m] 2199.32 2199.32
£,/ex [nm-rad] 2.0/66  1.5/49
B;/Bx [cm] 1.5/50.0 2.0/66.7
Soxoy 0.03 0.03
far [MHZ] 476 476
Vre [MV] 5.1 14.0
Bunch length, o, [mm] 10 11.5
Number of bunches, kg 1658t 1658t
Bunch separation, sg 1.26 1.26
Damping time, 7=/7,[ms] 30.0/62.5 18.3/37.0
Total current, / [A] 2.16 1.00
U, [MeV/turn] . 0.75 3.59
Luminosity, £ [cm—2s-1] 3 x 1033

Tincludes gap of =5% for ion clearing
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Project Status
e Injection TS

— electron extraction and both bypass lines
installed

o electron line being commissioned

— components for positron extraction line being
fabricated for installation in Summer 96

 HER

— maghnet refurbishment and remeasurement
completed |

o arc dipoles reinstalled
o quadrupole rafts being installed
o vacuum chamber production under way

— arcs use in-house e-beam welder



Installation of the e* and e Bypass Lines
in LINAC Housing
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 LER

— quad and dipole production under way in
collaboration with IHEP (Beijing)

o quad quality exceeds design specs
o prototype dipole approved for production
— corrector magnets being constructed in industry

— sextupoles being refurbished from PEP (new
coils)

— prototype arc and straight section rafts
completed

— arc vacuum chamber extrusions in hand
IR

— intricate region to design and build

— prototype of Q1 being developed

—_ design of supports under way
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upport Tube Design

2335 mm from L.P.

B1 Magnet Q1 Magnet

Carbon Fiber Central Tube Stainless Steel Outer Tube
Plan View of Near IR Components in Support Tube

Detail of C.F.C.
Bolted Joint
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BERKELEY LAB

e RF system
— test cavity demonstrated wall power of 120 kW
— RF window demonstrated 500 kW power
— first-article klystron produced required 1.2 MW
— damping loads undergoing tests at 714 MHz

e Feedback systems

— preferred approach is bunch-by-bunch
feedback in time domain

o detect bunch displacement, kick it back where
it belongs

— considerable design verification done at ALS

o both longitudinal and transverse systems
work as expected

— ALS requirements are comparable to PEP-II
needs

= doing realistic “battlefield” testing
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ALS Longitudinal Feedback System
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Cost and Schedule
J Cost estimate is $177M

— activities split among SLAC, LBNL, and LLNL
. DOE plan calls for 5-year construction schedule

PEP-ll Funding Profile

FY94 FY95 FY96 FY97 FY98

_(SM) (SM) ($M) (SM) (SM)
Budget authority 36 44 52 45 ——

Budget outlay 27 42 50 47 11
e Strategy
— complete HER first

o study injection and high-current multibunch
operation

— then finish LER

o study beam-beam collision issues



N

A
reecoee

BERKELEY LAB

Summary

o After 5 years of R&D PEP-II project funded
beginning FY94

e Project addresses a fundamental outstandmg
problem in HEP

. Considerable progress made

— injection sysfe_m mostly installed

— HER components being installed

— LER componehts in production

'— IR components in final design and prototyping
* PEP-Il team is looking forward td continuing our

phased commlssmnlng process with HER in about
one year!



Gordon Ball

Chalk River Laboratories
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“PIONIC FUSION OF HEAVY IONS”

G.C. BALL

Presented At

Exotic Nuclei Symposium

Honoring The 60th Birthday Of Joseph Cerny

April 14-16, 1996



1. Introduction

a) Subthreshold pion production in heavy ion collisions.

Em < 135A MeV

b) Coherent mechanisms at low E,

2. Experiment—~Pionic Fusion

2C+12C 5 X+ pion

3. Results
4. Summary
Collaborators:
Chalk River University Laval
G.C. Ball A.C. Hayes L. Beaulieu
D.R. Bowman |D. Hom Y. Larochelle
W.G. Davies @G. Savard C. St. Pierre

D. Fox
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Pion Production in Heavy-ion Reactions

ENTRANCE CHANNEL:

MECHANISM:

FINAL STATE:

inclusive pionic fusion

e

cross section

/\A*

pion kinetic energy

~



W. Cassing et al., Production of energetic particles in heavy-ion collisions

probability per N-N collision
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“SUBTHRESHOLD PION PRODUCTION
IN HEAVY-ION COLLISIONS”

Incoherent summation of nucleon-nucleon collisions

“Coherent” models |
1.  Pionic bremsstrahlung model
2. Stativstical or compound nucleus models
(%model of reaction dynamics to define source)

3. Microscopic models



"SUBTHRESHOLD" PION PRODUCTION MECHANISMS

nucleon- pionic brems- compound 2-nucleon
nucleon strahlung nucleus coherent

Cassing et al. Vasak et al. Aichelin-Bertsch Huber et al.
Bertsch Prakash et al. Gibbs-Hayes

Potvin et al.
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Pionic Fusion

e E., near absolute threshold limit

e  Previous data
He (He, n+)® Li — Le Bornec et al. (1981)

12C (He, "N)n+ — Homolka ef al. (1988)

e  Present experiment
2C + C —» X + pion
Ecm ~137 MeV

o (expected) ~.01 - 1.0 nb

detect A=24 residues
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0 at E(cm)=137 MeV
g - ca. 25 levels | ca. 50 levels
'g" - 2 | (l;ound) (unbound)
g = =1
=14
‘é X
* 6 7 _
9.5 MeV
Y =0

24Na + 139.6MeV  **Mg + 135.0MeV
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Experimental Difficulties

challenge

solution

low cross section

Tyeam > 200nA (charge)

target E loss

0.5mg/cm? 12C

Bp calibration

2Mg tandem beam

charge state fractions unknown

measure 62% 127; 33% 11t

Ap/p > 4.7% (ctr limit)

measure at 4 field settings

scattered beam particles

tune; slits after 90° magnet; anti p/t

high-energy gamma decay |

collimate to 1°

target impurities

isotopic target; vacuum oven; Ar transfer

knowing impurities

oxide run; assay target

pileup

fast multiple hit reject; TOF

ion ID

TOF
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Ogross (Pb)

Onet (pb)

Measurement | Counts Obked (PD)
Mg (thick) 98 397(40) 166(25) | 231(47)
24Na (thick) 68 353(43) | 126(22) | 227(48)
**Mg (thin) 58 329(43) 163(46) | 166(63)
24Mg (subthresh) 14 279(90) | 220(62) | 59(109)
Theory

o o(*Mg+n)/c(**Na+n+)=2.0

e  Estimate that ~ half the Mg vield goes to unbound levels
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Summary of Pionic Fusion Results

¢ We have measured the 2C(12C,2*Mg)n? and 2C(}2C,2*Na)r*
reactions at E., = 137 MeV.

e The 2“Na velocity spectrum in the “allowed” region displays
the double-lobed structure characteristic of a forward-backward
emission pattern.

e Backgrounds interpolated from “forbidden” velocity regions and
from explicit background measurements account for approxi-
mately one-half the observed A=24 yield.

e The net 2*Mg yield, representing part of the total 7° production
cross section was 208 + 38 picobarns.

e The net ?*Na yield, representing all of the 7+ production cross
section was 182 = 84 picobarns.

e Observation of pion production so near threshold places con-
straints on the mechanisms, requiring that they incorporate the
kinetic energy of the entire 24-nucleon system as well as the
binding energy gained in fusion.



Joseph Cerny

University of California
and
Lawrence Berkeley National Laboratory
Berkeley, CA |
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Nuclear Astrophysics
(140 + 4He — 17F + p)
‘ E. Norman, T. Wang

Reactions and Structure of Mirror Nuclei ’ -
(11C + 1B and 13N + 13C)
: J. Cerny, D. Moltz

Nuclear Physiés at the Proton Drip Line
| ( e.g., studies of 11N, 15F) -
. F. Ajzenberg-Selove, H. Weller

Isospin Mixing in the GDR : :
(160 + 12C, 150 + 13C) i
K. Snover ,

Spectroscopy of Proton-rich 1f-2p Nuclei
(eg., 140 + 40Ca —» )

\.

J. Becker, P. Haustein, F. Stephens

Subbarriér Fusion and Transfef
(15,160 4+ 143,144Nd ) . o e
_ D. Di Gregorio, Y. Chan, R,.‘ Stokstad.

Mass Measurements of Nuclei Flve Neutrons from Stabllity
(eg the(1°C 15C ) Reaction) . - :
J. Cemy, D Moltz

.8
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Resonant Charge Exchange Effects between error Nuclei
- M.A. Nagarajan and J.P. Vary (1984)

{ gf:gc't: 'eld} and Charge Exchange Amplltudes both

~ contribute to elastic scattenng -,
Q=0 cross sections large near Coulomb Barrrer

- Cores (1°B) are |dent|cal SO calcula'aon lS sumple(r)

o { Coupled Channel formalism P -
Microscopic Wave: Funcﬂons are in hand
-Optical ootermais o

Goal : new knowledge of g.s. wave functlons
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Figure xx. Low-lying level structure of the A =11,13 T, =1/2 mirror nuclei.
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11C Production Yields

Production

Target Efficiency

Initial Rate

Transit Time (200 m)

Yield for 20 min Activity
Skimmer Efficiency

Yield into ECR

Yield out of ECR (~ 1 %)
Cydotron Efficiency (~ 30 %)
Optics (80 %) |

Helium Jet Targets
20 x 220 pg/ cm?

1.4x10°9 sect
50 %

7 x108 secl

~ 30 sec

- 7x108 secl

50 %

3.5x 108 secl
35x106 sect
12x106 sect

1x 106 secl
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Measured Yields- 25 m capillary

10 MeV p + 14N, 10 small capillaries

11C 140

1.9 x 108 /sec/pA 6.35 x 109 /sec/pA



Alan Shotter

University of Edinburgh
Edinburgh, UK



RadiOactive Beam Research at Louvain la Neuve

a) Brief word about facility

b) General experimental problems with intense
radioactive beams |

¢) Examples of Nuclear Astrophysics experiments
d) List of Nuclear physics experiments

¢) Instrumentation

Collaboration: Brussels-Budapest-Edinburgh-Leuven -LLN-Notre Dame
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Beams available:

Element Tin Q Intensity (pps) Maximum energy (MeV)
SHe 08s I+ 1.2 x 10° 18
tc 20 min I* 1.0 x 107 10
BN 10 min * 40 x 108 8.5

2* 3.0 x 108 34

, 3+ 3.0 x 107 70

18Ne 1.7 s 3+ 42 x 10° 55
9Ne 17 s 2+ 1.9 x 10° 23
3+ 1.5 x 10° 50

4* 5.0 x 108 93

SAr 1.8 s s* 105 79
18 110 min 2+ 1 x 105 24




Experimental problems

1) Radioactive beam intensity << stable beams

2) Radioactive beams produce more background radiation

To overcome 1) --- use high efficiency detector systems

Lorje QN

2)

segmented detector
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In general for radioactive beam experiments

J

Low beam intensities / High backgrounds

Use Large segmented detectors
Need many hundreds channels of electronics
problems: Space/ Cost

J

LEDA microelectronics overcomes these problems
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Some Nuclear Physics experiments with LEDA

1) PN +'"B ->PC*+2C* ~ Tranfer :
N Proton wavefunction

2) PN+p -->"*0 | 7 2 p decay mechanism

> p+p+C

3) PN+!'B -->*Mg+y - Fusion :
T dependence of GDR
"Ne+’Be -->%Si+y

Lo

4) ‘He+*He --> °“He+*He Exchange scattering

I3N+12C __>13N+12C

5) ‘Hetp ->a +t " 2n structure of *He
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Figure 10: Comparison of the backgroun& subtracted gamma-ray singles spectra
for (a) the ®Ne beam, and (b) the °F beam data. Data from all 90° Ge detectors.
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Summary

* At LLN several beams are available :
6HC HC I3N ISF lSNe lgNe 35Ar

('°C Be PO **Ar under consideration)

*  Beams used for a variety of nuclear and nuclear astrophysics
experiments

experience shows a lot of innovation is needed
both for production and exploitation

* New cyclotron will increase intensity byx10



19781980 . (‘He,2p)

——

—
‘He
P Ng
Used apparatus for : (**C,*Be+a)
('Li,a+t) > Direct Breakup
| —
53— —o- ’

* Tidal Coulomb interaction could explain resh‘

* Relates {7Li+ Y --->0tt Breakup o,
o+t ----->"Lit+y Capture ¢,

Larger detectors Deduce o, from o,

Ideal for Radioactive e.g. 0O -->PN+p
beam experiments o
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Rick Gough

Lawrence Berkeley National Laboratory
Berkeley, CA



Selected Accelerator Applications
Richard A. Gough

Exotic Nuclei Symposium
Bodega Bay, California
April 15-16, 1996
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R&D Topics in the lon Beam Technology Program

. lon Source Development | e Surface Modification Studies
* RFQ Linac Development | * Biocompatible Materials
Integrated lon Source / RFQ Testing ~ « Neutron Logging
 Stochastic Cooling (with CBP) * MeV Implantation
| e Beam Optics * lon Beam Lithography
e Pulsed Spallation Neutron Source *lon Dopi'ng
' Boron Neutron Capture Therapy ~ ¢ Flat Panel Display Téchnology |
. Proton Therapy * Diamond Coatings |
. | e MutiLayers |
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" Phase Space Plot Format

Phase Space Plot
XVS. X -

Beam Intensity Distribution
in Phase Space .

‘(qu_Background): Signature of
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LANL |
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TRIUMF SOURCE

( FOR RADIOACTIVE ION BEAM PRODUCTION ) (l)' ' '.l M '1% -
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Mevva ion sources

«  Vacuum-arc-based ion sources havevirtue of producing ion beams that are
high current
metal

« |mportant applications are
ion implantation

accelerator injection .
tool for fundamental vacuum arc physics

 ltis feasible to make a giant ion beam device (implanter)

« Anewion sbufcé.looking for new applications



Accelerator Injection Applications

For synchrotron injection

 Bevalac, LBL — Limited tests
Unilac & SIS, GSI — Program is ongoing
« ITEP,Moscow - Limited tests

For heavy ion fusion |
 [TEP, Moscow — In development

~ Problem: Transport of high current beams



Source & beam characteristics

Extraction voltage 10 - 100 kV
vBeam current 10mA - 20A
" diameter 0.1 - 50 cm
" divergence 2 2°
" emittance 2 0.05 = cm.mrad.
" length . 10 us - dc
lon species Li, C, Mg, Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu,

Zn, Ge, Sr, Y, Zr, Nb, Mo, Pd, Ag, Cd, In, Sn, Sb, Ba,
La, Ce, Pr, Nd, Sm, Gd, Dy, Ho, Er, Tm, Yb, Hf, Ta, W,
Ir, Pt, Au, Pb, Bi, Th, U o

“lon charge state 1 -6
lon energy 10 - 600 keV
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OB WWIN N AN O N AL O O AND RN LU =t RS ANDD

ELEMENT Z Q=1+ 2+ 3+ 4+ 5+ 6+ Q,
Li 3 100 ' 1.
C 6 100 1.
Mg 12 46 54 1.
Al 13 38 51 11 1.
Si 14 63 k11 2 i.
Ca 1 1.
Sc 6 1.
Ti 14 2.
\'’ 20 1 2.
Cr 21 1 2
Mn 1 i.
Fe 7 1.
Co 7 1.
Ni .6 1.
Cu 20 1 2.
Zn ‘ 1.
Ge * 1.
Sr 2.
Y 33 2.
Zr 45 7 2.
Nb 51 22 2 3.
Mo 49 25 3 3.
Pd 9 1 . 1.
Ag 25 1 2.
Cd 1.
In . i.
Sn 1.
Ba 2.
La 23 2.
Ce 14 2.
Pr 69 2.
Nd 17 2.
Sm 18 2.
Gd 22 2.
Dy 32 2.
Ho 32 . 2.
Er 35 1 2
Yb 8 2.
Hf 51 21 1 2.
‘Ta . 38 = 24 3 -2,
W .. 43 -~ 26 .. 8§ 8.
Ir 46 D B SRR -2,
Pt 18 1 na
Pb o 1
Bi : 2 1.
Th 64 12 ;j 2.
U 58 30 . - 3.

NON D!




lon implantation research applications

Some examples of research projects done:

» High temperature oxidation inhibition
Corrosion resistance

«  Hardening of ceramics

«  Buried conducting layers in Si (IrSij)
Buried strained layers in Si (Siy_,Ge,)
+  Hi-T, film compositional "tuning”: Y, Cuinto YBaCuO
* Fundamental study of implantation ranges in C
« Effect of implantation on diamond nucleation



PHYSICS AND BIOLOGY OF BNCT

WHAT IS BNCT

0.49 MeV y-ray
(94%)

N ¢
“B 4 ta, -+ (8] < He + 'Li + 2,79 MeV (6%)
: ‘He + Ui + 0.48 MeV 7 + 2.31 MeV (94%)

AUG 2,1995



BORON NEUTRON CAPTURE THERAPY
(BNCT)

ESQ Accelerator - . .2.5 MeV, 10-20 mA protons

25 kW beam power

Proton Beam

"Li(p.n)"Be

Target ’ En<800 keV

10-cm diameter beam

Filter Assembly 300W/cm2

‘Moderating

Reflecting

Thermal neutron absorbtion
photon attenuation

Epithermal neutrons
(~1 eV-10 keV)

Tumor-seeking
boron compounds

(desired Paeen Thermal neutrons
boron concentrat:on : (~0.025 ev)
tumor/bra|n>4/1) . .

: Desired reaction
boronated porphyrin 10B(n, o)7Li
BOPP ‘

Background radiation
TH(n, n)p
-14N(n, p)14C
TH(n, v)2H

v from target






STUDIES FOR BNCT RADIOBIOLOGY

- BOPP ‘Boronated protoporphyrin

~ +30% boron by weight
« highly water soluble
. 10 bbron atoms / cage
. 4'0 boron atoms / molecule

~« tumor/normal tissue ratio in mice: 400/1
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PHYSICS AND BIOLOGY OF BNCT

POTENTIAL TUMORS
'FOR BNCT TREATMENT

INITIAL TARGETS

GLIOBLASTOMA MULTIFORME
ANAPLASTIC ASTROCYTOMAS

SQUAMOUS CELL CANCER OF
THE HEAD AND NECK

MELANOMA
PANCREATIC CANCER

s

AUG 2,7995



Purpose:
Prepare an ESQ-based BNCT facility at Berkeley Lab.

Perform multi-faceted science-based Phase I/ll BNCT
clinical trials starting in 1999. '

Advanced accelerator studies leading to the design of
hospital-based BNCT facilities.

Technology transfer of BNCT to medical centers for
Phase lll clinical trials.



Ted Ognibene

- Lawrence Berkeley National Laboratory
Berkeley, CA



Beta-Delayed Proton Decays of
27p and 31C1
T. J. Ognibéne, J. Powell, D. M. Moltz,
M. W. Rowe and Joseph Cerny
88-Inch Cyclotron
Department of Chemistry,

Lawrence Berkeley National Laboratory,
University of California, Berkeley



Outline
Introduction
Experimental Techniques
Results
27p

31y

Conclusions
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Goals

e Shell Model Tests

K

ft =

e Mass Models

2152 + 02>
‘gV<1> + g <oT>

14.77 Tz =-3/2

| / 13sr
L
374 T=3/ B

| o/
006 O - 000

T3Rb

72Kr+p

e Nuclear Astrophysics

2301

2401

N

26,

22v1g2Mg2Mg2M
Mg “Me™Mg™Me

21N

22\

23Na

"\
2ONe

21Ne

22




The Beta-Delayed Proton Emission of 27P and 31l

, 27P(QEC) =11.6 MeV

31CIQEC) = 12.0 MeV

_ 6170 sec
! t_B(F) + B(GT)

B(F)=(T-Tz)(T+Tz+1) for AT=AJ =0
=0for Ti #Tf, Ji#Jf

£2
B(GT) = <<rc>2 for AJ =0, +1
gv

Wo o
f= | FZWWW2 -2 (W -W2aw
1 ,

W = positron energy in units of mec2

. 2
F(Z, W) — 27'52; ==
hv(l - exp( nhve D




SETUP FOR THE PHOSPHORUS AND
CHLORINE Bp EXPERIMENTS

KCl Aerosols in Helium

From Oven Nitrogen Cooled

% HAVAR Windows
@ Qm 88-Inch Cyclotron
— w Beam

Tareet / To Roots RSl(t)avtv'ly
arge
Foils (5) Short Capillaries ~ Blower =& (O
(11x) ‘ T |
Header /
Main Capillary /
Low-Energy Charged-Particle Motor VARIAC

- Gas AE-Gas AE-Silicon E
Detector Telescopes



- Cross Section
Low-Energy Charged-Particle

Gas AE-Gas AE-Silicon E Detector Telescope

Cooling Block
(Typically -10 to -20° C) _

Second Gas
AE Detector

/ (10-14 Torr CFy)

B

PR

Incoming Particle

Features

} Distance

(in mm) 2 .
== 380 mm~< silicon detector

" Floating ground grid
= - Electrode grid (+600 V)

- - Floating ground grid

== 50 pg/cm2
polypropylene window

Low Energy Threshold
 Particle Identification In High Beta Backgrounds

Triple Coincidence Gating



Counts

3500,
3000
2500

2000}

1000

500

1500f

T T T

i [ ] ] 1

40 MeV 3He + MiMg — 5 25g;i

3 mC

35 keV—>

ALY

Energy (MeV)




Counts

900

800

700

500
100}
300
200

100

600

T T

Py 28 MeV protons +135j
-290 mC
Protons
p Peak Energy (keV) Intensity (%)
" T4 pl 469 + 1 S 6%1
p2 6791 100 (defined)
p3 828 +1 61
p4 953+1 56 +4
pS 1089 + 1 4+1
p6 1267 £ 1 18+2
p7 1452+ 4 2*1

1.5 2.0
Energy (MeV)

B

2.5



Counts

700

600

500

400

300

200

100

Illll'lllllllllllllllllllll[ﬁl

S D A §

45 MeV protons + Dalg;

240 mC
Protons
Peak Energy (keV) Intensity (%)
pl 466 +3 9+2
p2 6122 97+3
p3 731 +2 100 (defined)
p4 1324 +4 T7+2

o

1.5 20
Energy (MeV)




12 4+

11-+

10

Energy (MeV)
o0
|

[ ) )
W

Peak Energy (keV) Intensity (%)
pl 466 + 3 9+2
p2 6122 97+3

p3 7312 100 (defined)
p4 1324 +4 72

E*( 25i)
8176 3
8328 +2
84512
9067 + 4

11.64 421
27p (T=3/2)
260 + 80 msec

I(Bp) = 0.07%

N



a)

Shell Model

l"l__'

R

Hﬂ,ﬂfﬂ il

.

b)

Btp Experiment

i

IAS P

|'< This
Experiment
1 |

-

4

|
8

- Excitation Energy (MeV)




Counts

3500 [
45 MeV protons + ZnS/Al

3000 | 220mC
2500 | i
o 986/991 keV
2000 | 31c1/3201
-

T

1500 1 1762 keV!

32C1 | 1524/1524 keV
31y /253i

1

1000 T

500 [




~——31Cl1 Beta-Delayed Proton Groups. ____

Relative Proton Intensity
Ep?) This Work Aysto et al.

845 +30 b) | 3+2

986 £ 10 100¢) 100+ 20
1173 £30 b) - 3x2
1520+15 115 2316
1695 + 20 < 10+£3
1827 +20 <1 13+4
2113+30 <1 73

<1 6+3

2204 + 30

a) Energies are reported in keV in the laboratory system and are from Aystd et al.

b) These proton groups could not be positively identified because of the
significant levels of contamination of 25Si_beta-de1ayed protons.

¢) Defined.



e Conclusions

New proton groups in 27,28p
Shell Model Tests

Bp groups in 31C1

» Future Work
27p and 31C1 By decay studies

Targets for 311 |



David Vieira

Los Alamos National Laboratory
Los Alamos, NM
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Mass-to-Charge
Filter

.~ LAMPF
. 800-MeV
* ProtonBeam . -

~Vel=D,,/T, A=,/ (M)

m_=2xE_/Vel?
. low tot - :
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‘Re.c.o.\\ Ta.gsiwg - pPpn - Dc.\m,c.c\ Coin. Exp.

: n Clocls, Tive ﬂ
Detector Geometry (7

Total E

6x0.4 "fonr CP, detector

\ .ﬁhg‘_\\u\gsg feoils
(degrader) CcP,
, N

TOF

M/Q = Ta = CP; — CPs

. Tw=CPy=CP, To=CP, —CP,

V=DM Va=Ba/Te A
o | CP: Channel-ploie"’f

timing detector,

S W R

L Mov=2x E(of/v@ AE =M x (Viiiv — V«zz)/Z a
7‘)

/ MQ) Z = (v, AE)

r INC DIVISION
L os A ﬂam)@



N -~

Passive D;Jro.clu"" AV* Techni ue

i

0
0]
T

7=6 7=8 7=10 7Z=12 X =24 mg/em?

(Nitrocellulose)
T 1 P/Q) = 210 MeV/c/Q
£ o A PQ); = 158 MeV/c/Q
¥ R :

..A_z?- = /.5-2.0%

A
(©>)
T
n
1

o

=

IR D

w2 ef

X Mim“ k
1.80 SEEININD

Average Velocity ( em/ns )

(le\m)
= Y as limfed
. = R & by enargy)

= T T ‘*7"0?““3
Y23 5 T 8 B & 4 0ot il
R XY x T T o3 o T T oy L uwmbrmig
e ik-_.i_ T R % 2 O% O

.y 2 3 O OEREOZEOE =, B
20- iz f % ¥ OF R OCROZE %
18+ " LA S

| 50 BT
Energy loss in degrader ( MeV )

Mm.s. thesis = Y.~K.- Kim

(Utah Stete , /1989)



Count Rate (c/ms)

‘Db\a.t’bc‘ 'Ior'\. - newdran oowv\.')inj +¢-=}\;n.:’_u¢

————

11L1 Beta-Neutron Coino. Decay Cutve

100

1(1/2) = 8.1 £ 0.42

10
2
"{ &
zd\.mc-c_. coin
MJ.
1 —A—a—n—n—‘.‘ hremtin dreselbusmebremdendincel Aveduemcl,
0 80 100 180 200
Time (ms)

14Be Beta-Neutron Coine. Deoay Curve

100 p—v—r e e e

o 1(1/2) » 4.48 £ 0.49 me

PO S G

Py §

amlin P Y

100 160

Time (m9)

P. Reeder efal. - 1992 data
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Radioactive
Beams
at
'LAMPF

B < 10° part/sec
] <10° part/sec

N so} -

: Secondary Pote|1ﬁa;;lela2$ncisioactive
LAMPF Beam i
: m X
gmary Materlals Sc1ence
T cam Secondary
Target
Mass Separator
Post Accelerator

Y Primary Target /
~ Ion Source




mistry ,egi{?

He-jet Test Experiment

0.8mA _PROTON DE
800 MeV | BEAM

AEROSOL | : o | TAPE DRIVE
GENERATOR O o

RAYORNRAA D e g

| N T 5

TARGET CHAMBER

| < RoOTS
METAL BLOWER

’ BELLOWS PUMP

l

ROTARY
PUMP

PAPER

' FILTE?f,\

OlL
DEMISTER

08 8 KN L R

RS O AT NI



0 15
| l l |
Meters
= —\_
\ el | /

Staging Area

HE - JETCAVE

o

30 m Lohg \

Capillaries ———>

LAMPF
‘Main Beam Stop Area

1 mA- 800 MeV
proton beam

N

B He out

Water in

\Q Targets
- He-jet Target
He in | Chamber
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Cs Atoms

* Highly-concentrated, point-like source (10° atoms /2 mm ¢)
* Long trapping times (1-100 sec) o

* Cold sample (< 1 mK)

« UHV environment (10 - 10 torr)

* Atoms/nuclei can be easily polarized & mampulated




| Atomlc PNC Experiment in Cs (Fr):
A Low-Energy Test of the Standard Model

Neutral current e-q coupling leads to parity mixing of atomic states.

N i W.-S.-G. Electroweak theory
Standard Model
v |
predicts mixing of S + P states
e P IS = 18> + O, IP>
Weak neutral current Coulomb interaction )
(parity violating) (parity conserving) | 78 F=4
" F=3
‘ . A
/9 s | CExte \%\‘ =312
. \ t t . P
sk N Jome e svn | ——m,
Q, = -2[(2Z+N)C, + (Z+2N)C, ] T T o
+ % ra&. COfrT. | / 852 nm @
with C = -1/2 + 4/3sin?0,, 50 nm

. F=4
C,, =1/2-2/3sin%0 65 —F=3

=-N+ Z(1-4sm29 )
(0.076 from 2




John Hardy

‘Chalk River Laboratories
Chalk River, Ontario, Canada



SUPERALLOWED BETA-DECAY:

)

A Nuclear Probe of the
Electroweak Standard Model

J.C. Hardy
E. Hagberg

V. Koslowsky
G. Savard
1.S.Towner

Chalk River Laboratories



ALLOWED NUCLEAR BETA DECAY

/i I
| Ly, |
EXPERIMENT Qe
| | 1=/(2,Qe) -
WEAK DECAY | [y — 2" —— | /(. 8R) ,
EQUATION __ Gy <D+ G, <6T) Gv,a = coupling Constar’s
| { ) =malrix elements
SELECTION {1 <aT>
RULES ,
AJ o 0,
(nat 0+0)
AT o o,l
amw o no
PURE L Ot— Of, AT=0
VECToR DECRY ,




SUPERALLOWED O'~=0' BETA DECAY

01,1
t’/z

EXPERIMENT Qec
WEAK DECAY | [, - K ox
EQUATION Gy <10
knpmr/Vé'M‘ t —t(1+8g) Sk * / (2 Qe ,nuclear structure)
CORRECTIO . <y

GE—> 63 (1+8g) | Ar=F (interaction)
CHRREE < 1>2___,, 2 (/_ 5c) 8= / (nuclear structure)
CORRECTIONS

| K
CVC TEST Ft = ft (IfSn)(/-Sc) = 262 (1+0g) | CONSTANT




UNITARITY TEST

. : 4 ‘ 4 1 4
CAB/BBO - KoBAYASHI - MASKRLA d’ Via Vis Yo d |
QUARK - MIXINE MRTRIX

s'| = |V Ves Ve S
, | ,
| & Lth Ves Vo) | b )
THREE - GENERRT/ON 2 2 2
UNITRRITY | Vud + Vi + \p =1
Vud ~0.97
Vus ~0.22
Vi ~0.003
NUCLEAR [Veal = 6v/6u
CONTRIBY T7T0N

= ( K - 1/2 6"/
2(14+4-)Ft7

32 = AVERREE Ot 0!
NUCLERR RESVLT

G = MUON COUPLING
CONSTRNT
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EXPERIMENTAL RESULTS -,

/. Qec VALUE | - / A T
preciséon 3 soeV Qe .
-L ’
. - b -
e B(pn)A threshold (Auklond) /
e Clp¥)A & C(h, Y)8 Q values ,. (Bak zdje/z/m!e

¢ B(He, )R & B'(3He,t)A' Q-value doublet  (Chatk Ruver)
2. LIFEriME
/or‘ecz‘é_iorz 2 0.03% |

- Iso bope - seperaled 5a,mp(¢§ , (Chatr Kever)

3. BRANCHING RRT 0

o °C, direct measurement with 2
Y-ray speclromeler (Chalk Rover , LBL)

© QU others (ndireel s BR > 99% (Chalk River)



BRANCHING - RATIO MERSUREMENTS

/. DIRECT MEASUREMENT OF SUPERALLOWED BRANCH

. oC bfamcding Yatio = /.46 %

- 2. MEASUREMENT OF OTHER WEAK BRANCHES

- * Al other cases , supevallowed 6ﬂ.nc6btj Yatio > 99%

o Ot—»|* Axial-vector
decay branches

o1

L}

- affects superallowed.
branching yatio

- senstéive
Yeguc'rcd Sao,qom

* O0t—» Ot Non-analogue
vector-decay bBranches

- tests charge
corrections

~ locates relevant
Qtstates

- sensctivety ¢
re?uired ~/ ppm
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CHRRGE CORRECT/ON

S = Om * | Szo

* Difference (n amftg- t * Mismaleh in radial wave
uration mcixing beCween function between parvens
perent and & ghter. | and daughter b

*Shell-model caleulation  Woods-Saxon wave functi
fitted to otstates, TMME matched fo experimental

& non-analoque branch. 6£n¢ut5' energy and
E §Aedl - model /:zr‘cnta.gc
*~0./ %
' ™ “0.4%
EXPERIMENTAL TEST | ( Hagbery etal, RR.L. 281999 39¢)

04'

ot M)=28), (1-8g0)

ot <Mo)z=2(l"5a,)[l" ggo)

BRANCHINGE RRT/08S 76 NON-RNRLOSUE O STRTES

EXPERIMENTAL CALCOLATIN
PRRENT RESYLTS
| ppm) (pm)
ImK </9 62l
“6 \/ 3914 34 24
S0 Mn <3 J0t4

ki Co 45t6 482 /0




Ft (s)

1000
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UNITARITY TEST - WORLD DATA, ‘94

o MNUCLERR O*—» O+ DECRYS

éﬁ = (3072,311.01 /.o) S

* MUON LIFETIHE

Gu /(%¢)® = (1.16£39+0.00002) £ /05 Gel/ -2

* RRDIRTIVE CORRECTION (Z MRASS,...)
| Ae= (246+0.09)%

= K % op-
Ved = (Z(NAR).’-?_E) e

10.97%0 £ 0.0005

$0.0002 experimental
* Keg & HYPERON DELARYS

Vus = 0.2205t0.00/8

* B-MESON DECRY

Vub = 0.0032 £ 0.0009

. F
Vid + Vis +Vis = 0.9972 £ p.0013




EXPLANATIONS OF “NON-UNITARITY"

TRIVIAL

« INADEQUATE (HRARGE LORRECTIONS To NUCLEAR
Ot—= Ot DECRYS : RESIDURL Z-DEPENDENCE IN -
Ft VALUES.

Z =~ 0.998510.00/5

* RERNALYSIS OF WYPERON DECRYS (Vus)

2 = 0.9987 £ 0.00/3

NON- TRIVIAL
o RIGHT-HAND CURRENTS

* RODITIONRL NEUTRRL SRVGE BOSONS
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PHYSICS AT TQISOL cn 1996 - 93
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Reactions: (p,xnf), (d,xnf) & (d,pf)

p+238U Ep = 20 - 90 MeV

p + 232Th Ip =40 pA (up to 30 MeV)
Ip = 10 pA (above 30 MeV)

d+2380 Eq = 15 - 65 MeV
| Iq= 20 pA
d + 232Th '
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New beta-delayed neutron-emitters observed
at IGISOL

° Decaj observed Jor H Jirsd Hwe

Nuclide Ty (s) Pn-value (%)
e 103-Y 0.23 8
104-Nb(gs) 5.0 0.06
104-Nb(m) 1.0 1 0.05
105-Nb 2.8 1.7 .
106-Nb 0.90 4.5
107-Nb 0.30 6.0
@ ]108-Nb 0.19 6.2
e 109-Nb 0.19 31
® 110-Nb 0.17 40
109-Tc - 0.82 | 0.08
110-Tc 0.78 _ 0.04
111-Tc 0.29 0.85
112-Tc 0.23 2.6
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Nuclear Shell Structure at Particle Drip Lines

'J. Dobaczewski,* I. Hamamoto,! W. Nazarewicz,® and J. A. Sheikh?
Joint Institute for Heavy-Ion Research, Physics Division, Oak Ridge National Laboratory,
P.O. Boz 2008, Oak Ridge, Tennessee 37831
and Department of Physics, University of Tennessee, Knozville, Tennessee 7996
- (Received 1 September 1993)

The shell structure of exotic nuclei near proton and neutron drip lines is discussed in terms of
the self-consistent mean-field theory. It is demonstrated that when approaching the neutron drip
line, the neutron density becomes very diffused and the single-particle spectrum shows similarities
to that of the harmonic oscillator with spin-orbit term. Interaction between bound orbitals and
continuum is shown to result in quenching of shell effects in light and medium systems.

‘OLUME 72, NUMBER 10 PHYSICAL REVIEW LETTERS 7 MARCH 1994

Shell Effects in Nuclei near the Neutron-Drip Line

M. M. Sharma,! G. A. Lalazissis,2 W. Hillebrandt,! and P. Ring?
! Maz Planck Institut fur Astrophysik, Karl-Schwarzschildstrasse 1, D-85740 Garching, Germany
2Physik Department, Technische Universitat Munchen, D-857{7 Garching, Germany
(Received 20 October 1993)

Shell effects in nuclei close to the neutron-drip lines have been investigated. It has been demon-
strated in the relativistic mean-field theory that nuclei very far from stability manifest the shell
effects strongly. This behavior is in accord with the predictions of nuclear masses in the finite-
range droplet model including shell corrections. The shell effects predicted in the existing Skyrme
mean-field theory in comparison are significantly weaker than those of the other approaches.

T T : o

Deformation: Zr Isotopes

e—oNL-SH -
04t rT 0----0 FROM ‘/$h 0 S{QTC‘)
o Y-
(]
Bz ’ 02} 4
0.0
02} )

110




Gordon Wozniak

Lawrence Berkeley National Laboratory
Berkeley, CA



(:.un?ls

Counts per channel

e~

Li target _
78 uC  ;

Channel number

"DCC (,zcg

1000 1200 1400 16001800

XBL721-2188

LYV

45
Vg.s
1
L 20{ .
T - —
\ |
"""a. '.‘ ; g &/




Counts per channel

I ' i
g+ 65MeV *He

(b)
(o) ] Exposed

T TT

Position sensitive
E detector

s %Be 'L

a

LRILE LLLL S B p 111}

i
l.
i
d
K
'.
f

|l|||l
Counts

T T T T
—t _1~J_u__n| el

T Ctl‘fo " 7 —
IOO -1 T Al T 7 T T T T T T T
| Fos. T 2¢(2C, 8Be) 0 1
| 1627 626 Mev %C
80_ IO.34 el b = |4° 7]
a
| 1467 ' . )
60 _ | , Pulser- _
o+ 0| 692 {
40+ -
eQ7

- | -
20- | 'fo gs. B

200300 400500 600 %00 800 900
Channels
. XBL721-2i75



Counts

200
IGO

E

1501 QI

100}

(QI.BBe) ‘12CI
a® 65 MeV
_=225%23004C

2¢ gs.
o+

do/dQ (ub/sr)

20 ‘ 10
Excitotion energy (MeV)

o ExMeV) L
L
160(q, 8Be) 12C oxo,oeo 0
E,=65 MeV 0444 2
100 : w765 O i
- - Al408 4 -

XBLTS(2-9930




Count;

(a) ®He detection system

150 - p——1—1—7

T 1 T I T T
(b) ATOF " (c) Ep, = 46MeV |
. . . e
2 //\
100}~ 4 ek R
[C |
gL [
& NMe\ﬂ
W]
[~ T .
50} - 1 . T
- o
/\\mMeV
oLy 43y ' S R Y R S
2 - 0 + <2 9 10 Il 12 13 14

" Time (ns)

Distance (cm)
X8L 766-2041

40

20

Counts

20

T T T T

" (o)

IO..:).’)
26(a,2He) “C N
Eq=65 MeV
B1p =15°; 250 C 5;_3
i

14.67
(4')

~(b) 35
-13C(a, 2He) '°C
Eq = 65 MeV
0|°b=|2°'. 390,C

{c)
0 (a,2He) %0 355
. Eq = 65 MeV
8100 = 15% 420G
- e -
BOSi
) B
-4 } } '} } ﬁn;ﬁm [T}
20 30 40 50

_Energy (MeV)



it

B

1
i
B )

P
Sy

ot

4

+

3

o 8 Sy s A g I

A e







Multifragmentation

Binomial Reducibility Thermal Scaling
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Phase Coexistence in Multifragmentation?
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Beta-Delayed
One- and Two- Proton
Decay Studies

. of
2351 and Al

M. W. Rowe, T. J. Ognibene, J. Powell,
J. C. Batchelder, D. M. Moltz
and Joseph Cerny

88-Inch Cyclotron
Lawrence Berkeley National Laboratory
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Si-23 Mass f”redictions

Mass Model Method of Prediction Mass Excess | Lab. Proton Energy*
Authors (MeV) (IAS-->¢.s.; MeV)

Satpathy-Nayak Infinite nuclear matter model! 25.37 13.69
Tachibana et al. Empirical liquid drop with odd/even.and shell corrections 23.84 11.17
Moeller et al. Finite-range drdplet with shell/paliring corrections 24.39 12.22
Moellér-Nix Yukawé+exponential model with shell/pairing corrections 23.86 12.62
Masson-Jaenecke _ imhomogeneous partial difference equation with isospin 23.94 11.74
Jasnecke-Masson Transv'erse Garvey-Kelson mass relation 23.43 10.88
Comay-Kelsoh-Zidon Transverse and longitudinal Garvey-Kelson relationships 23.51 10.76
Pape-Antony Isobaric Mass-Multiplet Equation (IMME) 23.44 10.95
Wapstra-Audi Experimental data and systematic trends 23.77 11.383

* Proton energy calculated using Coulomb Displacement Energy of 5.03 MeV and predicted Mg-22 ground-state masses

All predictions taken from Atomic Data and Nuclear Data Tables, vol. 39, 186 (1988)

except for Wapstra-Audi, which is from Nuclear Physics A565, 1 (1993).




Predicted Decay Energetics for Silicon-23

T Bsi |

T  MassExcess: ~1.5% Qec= 5.03 MeV (ffom CDE)

] CDE: 23.63 log ft = 3.09

2 i partial half-life: ~700ms

- 18.6040.2 (3/2, 5/2)+ Y
S (AS) ‘ f f :
0
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2 T M al.'4:7:t7 ‘

uto et al.: ms

8 T from mirror fT values: 53ms 14,825
» 0 Qs 14,117 124+ 20
HooT 36— - Ne + 3p
@ 1 346 At 12.726 o
< L6802 - 12,394 30+
= 12 4+ o o1

R | | - SRR —— M . Na + 2p

B (¢} 4+ I

1 R S 8.14 2+ i

. 6.767 6.892 u Y

1 N “Mg +p

. . AR - T e



Counts

-

110 3He + ”atMg (2.30 C)

B = T T 1
(a) | Two -proton sum |
80— small angles
o 2p -
X )
60— ] _
40} R -

Energy (MeV)



Mass Excess (MeV)

ro
|
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)
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% }

~18.18 (4+)

22 Al

measured: 70 ms
predicted: 99 ms

Decay Energetics for Aluminum-22

~20.38
¥R+ 3p
~2.9% I ’ S3p=-2.20
log ft = 3.19 Qec = 4.14 MeV (from CDE)
14,04 B Y
4+
S2p =6.50
2+
0+
Ne + 2p
5.105 3/2+ -
21
Na+p
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7.22 (18.493)
Al
B. A. Brown,
B+ Phys. Rev. Lett. 65, 2753 (1990)
~2.9%
14.044 44+ (T=2)
Predicted

| Energy Branch Observed

11.69 - 16.5% 11.68
11.56 0.8% 11.45
11.31 0.4% 11.28

10.00  4.1%
995 4.0% 9.80

2+ | 9.560

0+ 7.926
2Ne

828 14.0% XXX
760  40.0% XXX

574 69% 5829
5.50 5.3% 5.497 32+

O+ 0




Experimental Goals

¢ Observe *°Si beta-delayed proton decay
e Determine masses of *Si IAS and **Si
« Look for?Si beta-delayed two-proton decay

* Observe beta-delayed two-proton decay branch of
Al through predicted 2.78 MeV *'Na state

e Measure 2°Si half-life
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Comparison of Experimental Parameters

22 Al

7St

Predicted Observed Predicted
(Cable et al.)
Cross Section 6.75 ub 116-260 nb 450 nb
(ALICE) (ALICE)
Half-Life Wtdms | 4 | 4747 ms
(Muto et al.) 35 TS (Muto et al.)
He-Jet Transport Time ~100 ms N/A . ~20 ms
IAS Feeding 4% ~2.99 4.9%
(Muto et al.) (Muto et al.)
Beta-Dglayed p/2p Ratio 0.2 0.52 - 0.18 1
(Detraz) : (Detraz)
Proton Feeding to Ground and 21.6% N/A 36.4%
First-Excited Daughter States (Brown) (COCAGD?3)

S



Experimental Requirements

- Large proton-energy range: ~300 - 13OOVO keV
‘o - Ability to observe two-proton decay events
* Tolerate high beta_-décay count rates (>30 kHz)
« Unambiguous identification of decay events
« Minimize background events
« Minimize transport time

» Reliable calibrations at both high and low energies



KCl Aerosols in Helium
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Large Energy-Range Particle Identification Telescope

Capable of detecting protons with energies from ~300 keV to ~14 MeV'
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Electronics Set-up for Large Energy-Range Telescopes

high gain) .
Shaping %’v——' Discrim- Delay Gate
Slow Amplifier inator Generator |
Pre- low gain) ‘
GasAB [+ ampifier |Fast Sha%ing :
Amplifier | SloW Logic:
AND
(low threshold) Master
Shaping g?s Discrim- Delay Gate xR Road
Amplifier |2O% Inator Generator ADC's
‘ o
—— S]ow ;;___ ' S.TAR‘
300 um Pre- A ADC's
Si AE/E amplifier |Fast 1 | BURST |
Shaping Favst >—» Discrim- Delay Gate
Amplifier inator Generator
(high threshold) ‘
* Logic:
AND
——Slow
1000 3 Bro- Slow A Shapspg Fast Discrim- Delay Gate
Silicon E "1 amplifier Fast Amplifier inator QGenerator

Pre-amplifier fast outputs are used for fast-timing measurements.

TAC signals are measured between gas-AE and SI-AE/E and between SI-AE/E and SI-E for each telescope
and between the Top and Bottom Si-AE/E's
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Modifications in the Experimental Set-up

for the Main Run
¢ Fix the cyclotron!!!

~

e Switch to 1000 um SiLi E detectors;

negative detector biases on E detectors
* Increase solid angle by repositioning telescopes
. Improve activity catcher-wheel efﬁciency
~ * Change pulsing structure for faster transport
¢ Improve on-line analysis capabilities

e Use separated-isotope Mg target
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AXIONS “OVERDOMINATE "
THE UNIVERSE

—E3 AXIONS ARE DARK MATTER

- AND — IN PRINCIFLE — DETECTAELE

SNS87A BOUNDS

2
2
?

4

4 RED GIANT BOUND

LABORATORY BOUNDS

Axion parameters excluded by cosmological, astrophysical, and laboraeon
bounds. We only show results obtained from the generic axion couplings to
nucleons and radiation.

D7 <

1+ Ny — N34 Ny+a. This volume emission would compete
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'WHO'S MINDING THE STORE?

Leading Dark-Matter Candidates:

« WIMP's : NSF Science Center for
(Weakly Interacting Partidle Astrophysxcs, Berkeley;
Massive Particles) Europe ...

* Massive Neutrinos :  SAGE,GALLEX, SNO,

Homestake Mine, LLNL ...

¢ Axions: 2!

(Limits to the Baryomc Component in terms of Massive Compact
Halo Objects - MACHO's—is being carried out by an
IGPP/CfPA/Australia collaboration, and the French.)

Yet of the 3 leading candidates, Axions are:

 The only one for which we can achjevé the required sensitivity today
* The only one for which the signal would be completely unambiguous

o Atleast as well motivated as my, WIMP's.
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-~ RF Shielded Tower

Cryostat vessel

i

Magnet support
Cavity LHe reservoir

Magnet LHe reservoir

3.5 meters

/ Cav1ty vacuum chamber

1.5K I-T refrigerator

L

Amplifiers

Tuning mechanism

_— Microwave cavity

Dielectric tuning rod
T~ Metal tuning rod

™

Supérconducting magnet

Figure 3. Schematic of the magnet and cryostat, with the physics package inserted.
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' Micro Pulse Systems, Inc.

LINEAR MICROPOSITIONING
e WITH
MICRO PULSE SYSTEMS’ PIEZOELECTRIC ACTUATORS

Direct microinch resolution

Unlimited travel

Power-off position locked without drift

No lost motion — bearings and gears can be eliminated
Simple drive circuitry with fast response

High vacuum compatibility and non-magnetic options

B FEATURES

The patented direct drive technology of MPS provides the advantages
of plezoelectric actuators without the complexity and costly
mechanics of conventional devices. MPS actuating drivers are simple and
reliable; in most applications they are mounted kinematically, eliminating the
need for critical tolerances and adjustment.

Figure 1

Figure 1 illustrates the direct drive principle in the linear mode using L-104
components. The actuator incorporates four piezoelectric elements which are
excited in pairs to drive a hardened steel bar. When the thickness of the piezo
element expands and contracts in response to pulses of the exitation voltage, the
resuitant motion has a component along the length of the bar, and the bar is
moved in steps. By adjusting the width of the pulses the size of the steps can be
varied. The bar can be driven in either direction with a minimum step of
approximately 1 microinch.

= ﬂ
Micro Pulse Systems, Inc. 3950 Carol Ave., Santa Barbara, CA 93110 (805) 687-6558
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NUCLEAR MATTER
QUARKS AND LEPTONS
HADRONIC PHYSICS

FIELDS, PARTICLES, NUCLEI IN THE UNIVERSE
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1. EVOLUTION

LEP (ete™) |
e LHC (pp)
HERA (ep)
SATURNE (hadrons)  ---------- > : CEBAF, etc, ... ELFE
(electrons)
2. NEW FIELDS
Neutrinos Radioactive - Astro B ou tc

beams particles Factories

3. MAJOR PROGRAMS FOR THE DECADE

LEP200 |  HERA
GANIL VIVITRON

SATURNE



\ SHARED MULTI-DETECTORS

DETECTOR PARTICIPATING PARTICIPATING = SUCCESSIVE
COUNTRIES LABORATORIES SITING

(TAPS i France GANEL Caen GANL Caen
{Two arm Pholon Germany GSI Darmsiadt GS! Darmsiad
Speciomeler] Nethedands Univ. Giasser KVI Groningen
: LEAR CERN
1 EDEN 1 : France IPN Orsay Tandem Orsay
{Neutrons) Nelhedands - KV Groningen GANIL Coen
: KV1 Groningen
[EmMon) Fronce LPC Caen; CRN Skasbourg ~ U.C. Lowvain-ka-Nevve
{Neuirons) Belgium UL Bruxefles, U.C. lowwvain- GANK Coen
Jo-Neuwve Vivilron Srasbourg
EuRcGAM) Fronce PN Orsoy NSF Doresbory
(Photons] CSNSM Orsay
CEN Bordeaux Vivilron Sirasbourg
GANIL
CRN Strasbourg
IPN Lyon
ISN Grenoble {GANIL)
United Kingdom  NSF Daresbury
Univ. Manchester
Univ. Birminghom
will evolve towards
iEURCBAU. +
Germany
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HUMAN SENSES

~ length color
SIGHT width -motion
| | objects

height

loudness  |ocation
pitch motion
voice speech

texture location
IR0]18[ed M pressure motion

temperature

type direction
degree

type
degree
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Manual Cohtrols

Visual Dislay
Synthetic Speech Vocal Commands
-|Sound Queues = Position Information
Auditory Display Display Interaction
Force or Tactile Feedback. odel Transformation

LThe LuSE Shell 4
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Operation of a Multichip Module

APPLICATIONS: Finite element analysis; Thermal conductivity; Circuit simulation; Stress analysis;
CAD models; Data sonification.

DESCRIPTION: This model integrates diverse information associated with the electrical and thermal
operation of a Modular Adaptable Controller. This multichip module contains various electrical compo-
nents and controls the mechanical operation of a complex maze-wheel discriminator.

The system displays CAD and finite element models, and permits any of 25 points to be probed during
the operation of the chip. Data from the probes may be displayed on the craft side wall, as spatial graphs,
or transformed into sound output. Time-dependent thermal information is shown as color overlays to the
finite element grid. Thermal conductivity of substrates may be altered, and electrical and thermal effects
examined. \

Page 1 of 7



Explosive Welding

APPLICATIONS: Dynamic simulations (e.g.: stress, shock or impact analysis); Mass distribution
analysis.

DESCRIPTION: The mode] represents a simulation of an attempt to simultaneously weld and. force-fita
copper pipe to a beveled steel plate by setting off an explosive charge in the pipe. The simulation was
run using the Parallel CTH code on the Paragon Super-computer in 95 time steps.

Spatial and temporal teleportation to specific marked locations, coupled with the ability to manipulate
dynamically changing data sets, permits detailed examination of the welding pro zss and its effect on
materials.

Page 2 of 7
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Dynamic Solar System

A.PPLICATION S: Time-dependent models; Fusion of different types of correlated information (e.g.,
pictures, trajectories); Real-time interaction with dynamic models.

PESCRIPTTON : The scale model of the solar system covers a spatial range of 1010 km with an indi-
vidual positioning resolution of ~20km. It contains 73 objects, each with appropriate motion. Tethering
or locking permits a viewer to attach to an object and travel with it, duplicating all or part (e.g., center of
m.ass) of its inertial motion while retaining the ability to move independently. Here, tethering also
triggers a search of available NASA data. Photographs and associated text information are displayed on
the craft wall while tethere...

Page 3 of 7



Environmental Evaluation

APPLICATIONS: Transportation, Construction, Planning, Architecture, Training, Environmental im-
pact, Command and Control, Tactical and strategic analysis.

DESCRIPTION: Topographic, geometric, photographic, and observational information was combined to
recreate a section of an actual beach over a three month period. The reconstruction included the dynamic
lighting variation, actual weather and surf conditions, and changes in terrain and structures due to cli-
mate effects. The user has complete freedom of movement through both time and/or space, either by
moving location and controlling the rate of time, or by teleporting to different spacial and temporal
locations set by the viewer. A user can rapidly assess and evaluate the complete situation, and make
informed decisions and plans that take all the various factors into account. The MuSE system was used
both by the designers to actually construct this model, as well as by users to interact with it.

Page 4 of 7



MRI Scan and Related Patient Data

APPLICATIONS: Medical imaging; Complex data evaluation; Analysis of 3-D volumetric data; Opera-
tion planning; Structural analysis -

DESCRIPTION: Model is based on 128 MRI cranial scans. A dynamic cutting plane may be invoked to
project cross sections on the wall of the craft. Additional patient information (e.g. actual photographs,
test result) can be accessed as needed on the craft wall, or selectively mapped into sound (e.g. systolic
pressure, heart rate, respiration rate, temperature).

Page 5 of 7



CAD Analysis and Operation

APPLICATIONS: Design analysis and verification; Component integration; Training.

DESCRIPTION: A synthetic working model of a complex electromechanical maze-wheel discriminator,
designed and built at Sandia National Laboratories. MuSE integrates CAD information with functional
kinematic calculations from commercial software. The actual device is approximately 2” x 1” x 2”.
MuSE permits the user to vary size ratios to explore the internal operation of the system. Users can
control the speed and direction of time, manipulate components, examine subsystems, and disassemble
the model, all while the motor is running. Cutting planes permit cross-sectional views during operation
and side displa; s can access schematics or test result information.

Page 6 of 7



Seismic Information

APPLICATIONS: Investigation and evaluation of financial, economic, statistical or scientific data.

DESCRIPTION: Information was obtained from the ARCESS seismic detector array in Norway. The
data is based on a fusion of individual detector information distributed over a roughly 1 km square area.
The sensor information is transformed into time-dependent frequency wave number (F,) data. The
display shows the amplitude of seismic events. The location of a peak in this display is related to the
direction and velocity of the approaching seismic wave. Interacting with this time-varying information
in a synthetic environment enhances the ability to understand and separate independent seismic events
which occur at different locations but are closely spaced in time.

The same technique can be applied to other numeric information, allowing a rapid evaluation of finan-
cial, economic, statistical, or scientific data.

Page 7 of 7
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Nuclear Measurement Techniques for Inertial
Confinement Fusion*

Michael D. Cable Exotic Nuclei Symposium
NIF Diagnostics

Development Group Bodéga Bay. CA

University of Callfomla April 1 4-1 6, 1 996

Lawrence Livermore
National Laboratory

*Thig work was performed under the auspices of the U.S. Department of Energy
by Lawrence Livermore National Laboratory under contract No. W-7405-ENG-48.



1, & .“. 2 14
e 3 *
'8 5
¢ »\;\n‘x

E
0,
it
N
>
({p
©
=
(=}
=

02-31-0385-1279










_ ) ] - Foy / J “

The National Ignition Facility—192 Beam

Amplifier columns Main amplifier power

conditioning system
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Cavity mirror
mount
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Beam control and laser
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Laser and beam
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