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authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof, or The Regents of the 
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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 infomation, 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. I 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 fiom 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 
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Established in 1975 .by the Warren-Alquist 
Act (signed by Governor Reagen) 
Act Implemented by Commissioners 
Appointed by Governor Jerry Brown 
Roughly 500 person staff with about $50 
million budget 
Located in Sacramento 
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Nuclear plants were perceived to have 
safety and waste disposal issues 
Coal plants had obvious air quality 
concerns 
Electric ulilities were monopolies from 
power plant to meter 
Natural gas prices were regulated and [OW, 
SO regulation rationed supply. Shortages 
were common. 
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Nuclear plants were perceived to have 
safety and waste disposal issues 
Coal plants had obvious air quality 
concerns 
Electric utilities were monopolies from 
power plant to meter 
Natural gas prices were regulated and low, 
so regulation rationed supply. Shortages 
were common. 
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1977 

4 1978-79 -- Office Managser of the Special 
.. Project Office (Overall RDD *Policy,. 

Cogeneration, Small Power, Power 

Advisor to Commissioner Ron 

1980-82 -- Director of the Office of Policy 
and Pro.gram Evaluation 

MR W 8 Associates, Inc. 8 
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CEC.Accomplishments 

Developed Comprehensive Energy .Policy 
Package for Brown in 1978, which included 
leg is I at i.0 n. a n-d ad m i n i strati ve act i o n s 
BI:ocked utility commitments to coal plank 

4 Developed energy services concept which 

4 Developed avoided cost concept which lead 
lead to utility conservation programs 

to cogeneration and renewable industry 

MR W & Associates, Inc. 9 



EOMUNO G. BROWN JR. 
GOVERNOn 

GOVERNOR'S OFFICE 
SACRAMENTO 95814 

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 Commission, I want to congratulate you for your 
accomplisments in the energy € i e l d  and wish you succeo6' 
in the future, 

I understand y o u r  efforgs h a v e  left a mark of 
excell6fice' atr th'e Commission and been a critical 
component of Californ.ia's progressive energy policy. 

€or your.'service to the people of California. 

Sincer 
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u California's (and US.) economic growth 
has occurred with little energy growth 

I II . 

California utilities ha.ve built limited 
resources since 1977' (Lem, Palo Verde) 
Conservation limited need for additional 
utility power plants. 

. I  . * .  - . 
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Cogeneration dissolved utility monopoly 

11 Califo.rnia gets between 20 and 30% of its 

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

on generation services. 

power from cogeneration 

MR W & Associates, Inc. 14 
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Rainer Jahn 

University of Bonn 
Bonn, Germany 
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The study of Intruder States 

Near Z = 82 via Alpha Emission: 

The Decays of 187339B i 

J. C. Batchelder 

Louisiana State University 

presented a t  the Exotic Nuclei Symposium, 

Bodega Bay, Cay April 14-1 6, 1996 
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Advantaaes over a standard AE-E Si telescope 

1). Virtually invisible to beta particles (i.e. betas a re  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-daughter correlations (both energy and timing information). .- 

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

Limitations 

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

2). No event by event particle identification 

. 3). Half-life measurement threshold limited to - l o p .  

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. Cernv 

J 

LBNL 

A. Champagne, J. Guillemette 
ad. Hansper and H. Weller 

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

Neutrino Detectors: 

Homestake Mine 
3Wl+ v -> 3 7 ~ r  + e- 
- Expected rate due to v's from 8B (77%), 7Be (14%) 

10 

nd I th r urce (9%) 

-> Observe only 114 to 113 of rate calculated from the standard solar models 

Kamiokande 
water Cherenkov experiment 

- Sensitive to high-energy neutrinos, mostly 8B 

--> Observe only about 1/2 of the 8B flux expected 

SAGE and GALLEX 
71Ga i- v -> 71Ge + e- 

I I other sources (10%) 
- Expected rate due to v's from p-p (54%), 7Be (26%), 8B (1 l%) and 

--> Observe about 1/2 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 C-> vx 

-- vacuum oscillations 
-- MSW effect 

2) Inaccuracies in some of the Input Quantities 

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

7B e(p,y)8B 
-- rate directly affects the high energy 8B neutrino flux 

that is the dominant component seen by many types 
of neutxino detectors 

-- one of the most significant uncertainties remaining in 
the solar models 



Measuring 7Be(p,y)8B Directly: 

7Be Target: 
{ 7Be electron captures to 7Li: t1/2 = 53 days} 

-- produced through 7Li(p,n)7Be 
-- chemically separated and formed into a thin target 
-- 11% of decays emit 478 keV y rays 

Observe 8B produced:. 
{ 8B Q decays to 8Be --> 2a: t1n = 0.77 s} 

-- detect either the p 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) 



Filippone et al, Phys. Rev. C 28 (1983) 2222 

a-particle spectra 

- , - . I._. 

Total %e(p,y)8B cross section 

(66h) 
BACKGROUND .B I 2 3 E, (MeV) 4 5 6 7 

.. . 
I .  -. ., . ,' : , I. _. . r. ,. , . 



7Be(p, y)'B CROSS SECTION 

x KAVANAGH (1960) 

0 .  KAVANAGH et ai. (1969) 
0 VAUGHN et aL(1970) 
v FlLlPPONE et al. (1983a.b) - 

100 200 400 1000 2000 4000 

R e k t  Calculations: 

I Johnson et al.: S17(O) = 20.2 k 2.3 evb (Filippone et al. data) 
ApJ 392(1992)320 = 25.2 k 2.4 evb (Kavanagh et al. data) 

adopted S17(O) = 22.4 2 2.1: evb 

Barker, NP A588(1995)693: . S17(O) = 17k 3 evb 

Xu et al., PRL 73 (1994)2027: S17(O) = 17.6 evb estimated 

Descouvemont and Baye, Np A567(1994)341: S17(O) 2 24 evb 

e 

Kim et al., PRC 35(1987)363: S17(O) = 24 evb 



Ongoing Experimental wok 
b 

1) Coulomb Dissociation, 8B (pb) -> 7Be + p 1 I 1 

, 7Be (p, Y) 8B 
140 - 

. o Parker(l968) RIKEN 
120 x Kavanagh(1969) 

loo - 0 present 

- 
o Vaughn et aL(1970) 
A Filippone et aL(l983) 

Motobayashi et al., PRL 73(1994)2680 

(Coulomb dissociation) 
F .  
2 u 8 0 -  

1 I 
1 -0 15  

s 
(0 

60- 

40- 

0 -  
0.0 05 

2) p + 7Be E, [MeV 

"RIUMF and U. of Washington (1 997?) 

. TRIUMF (inverse reaction, 7Be+p, 2000?) 

LBNL and TUNL (1996) 

Bochum and Karlsruhe (?) 

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

Texas A&M 

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



The LBNL + TUNL Experiment: 

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

--> separate 7Be 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 low-energy 
charged-particle detector telescopes pioneered by 
the Cerny group at LBNL. 
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I 

Cooling Block 
(TvthallV -20° C) Distance 

(in nun) ~ 380 mn? silicon cletector 
- - Floating grounci grici 

- - Electrocle grid (+600 V) 

- - Floating grouncl grid - 50pg/cm2 
p o 1 y p r o p y I en e w i II cl o w  
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Improvements Over Previous Experiments: 

--i 10 times more 7Be in the target 
-- 1 full Curie as compared to the 0.08 Ci used 

by FiIippone et al. 

--> low-energy detector telescopes 

reduced background 
-- precise identification of a particles with 

--> 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 
--> detector design and purchase 
--> electroplating developement and 

tests with stable 9Be 
--> develope scheme for energy calibration 

and current integration of proton beam 

August, 1996: 
--> prduce and perform test run on weaker 

--> do higher energy measurements 
--> investigate systematic errors 

7Be target (-0.1 Ci) 

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

LBNL, TUNL 
LBNL 

LBNL 

TUNL 
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Introduction 
6 Strong interest (worldwide) in past few years in 

design of high=% e+e- collider for a .‘‘5 factory” 

- primary motivation: study origin of CP violation 

o effect expected to be large in BE system 

Experiment 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 



a CP-violation studies benefit from moving BE c.m. 

+ “asymmetric” collider, €1 # €2 

- permits spatial resolution of 5 and decays 

o energy asymmetry has broad optimum 

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

Need 9 = 3 x crnS s-I for CP violation study 

Actual figure of merit is integrated 9 

- must produce abundant sample of 5B pairs 

o meaning (and challenge) of “factory” 

%df = 3 ~ 1 O ~ ~ c m - 2  = 30fb-i I,. - aim’for 

o based on canonical “year” of IO7 seconds 



PEP4 Historv 
Concept for asymmetric e-e+ collider to serve as B 
factory due to Oddone (1987) 

- initial accelerator design studies at LBNL led by 
Chattopadhyay (1 988-1 989) 

- 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 PEP4 

Design extensively reviewed over 3-year period 

- Cornell put forth competing proposal “CESR-By’ 

Ultimate hurdle was Joint DOUNSF B Factory 
Review in 1993 

After Joint Review, President Clinton announced 
SLAC as site for US. B factory 

Japan is building an equivalent machine: “KEKB” 

we have a race on our hands! 



Typical Parameters 
Luminosity is 

For machine design purposes write 2 as 

9 = 2 . 1 7 ~ 1 0 ~ ~ ~ ( 1  + (5) [cm-2s-1] 
PY +,- 

where 

1 = total current [A] 

By* = vertical beta'function at IP [cm] 

r = aspect ratio (oy/&) (detector constraint) 

E = beam energy [GeV] (physics 'constraint) 

4 = AVbb,max (accelerator physics constraint) 

Justification for writing Y? as above is empirical 
limit on 4 



Must improve luminosity by a factor of 15 

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

both are challenging 

Typical parameters for 2 = 3 x cm-* s-1 are: 

1 - 5 m A  

100 nmorad 

I cm 

1 - 3 A  

100 - 2000 



Desiun Challenqes 
Design of high-2' asymmetric B factory gives both 
physics and technology challenges 

- design choices are interrelated 

proper optimization is the "art" 

BF parameter regime 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 

0 .  Multibunch instabilities severe for B factory 

- wakefields induced by displaced bunches 
(mainly in RF cavity HOMs) can cause other 
bunches to be displaced 

for certain bunch patterns, get exponential. 
growth of amplitude, leading to beam loss 

- growth rates scale with total current, which we 
require to be very high 



Physics issues just discussed make certain 
implicit assumptions about B factory hardware 

Technology challenges can be summarized as: 

Don’t make a liar out of the accelerator physicists! 
0 Examples: . 

- lifetime estimates assume low P in rings despite 
copious photodesorption 

- 2 estimates assume that high 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 chaluenges 
lie in the following areas: 

- vacuum system 

- RF system 

- feedback system 

o even with heavily damped cavity modes, must 
combat growth times 4 ms 



Proiect Overview 
High-energy ring (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+ in new ring (C= CPEP) 

o located above PEP ring in same tunnel 

Injection system based on present SLC injector 

- world’s most powerful positron source 

- run in “top-off” mode to maintain high average 
I umi nosity 

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

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

- I serve as LERSystem Manager 



Main Collider Parameters 

LER HER 

Energy, E [GeV] 

Circumference, C [m] 

Bunch length, sa [mm] 

476 

581 

10 

476 

1480 

Number of bunches, kB 1658t 1658t 

Dampin.g time, zE/z, [ms] 30.0162.5 18.3137.0 
Bunch separation, SB 1.26 1.26 

Total current, /[A] 2.16 I .oo 
Uo [MeVIturn]. 3859 

Luminosity, 2 [cm-*s-l] 3 x 1033 
tincludes gap of 4% for ion clearing 
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Injection 

Proiect Status 
... 

- 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 

- magnet 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 
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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 QI being developed 

- design of supports under way 
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RF system 

- test cavity demonstrated wall power of 320 kW 

- RF window demonstrated 500 kW- power 

- first-article klystron produced required 1.2 MW 

-, damping loads undergoing tests at 714 MHz 

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 PEP4 
needs 

.* doing realistic “battlefield” testing 

6 . * _ *  ,. .., . . ~ 1 1---- 
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ALS Longitudinal Feedback System 

LONGITUDINAL FEEDBACK OFF 
Vertical and Horizontal feedback on 

Horizontal blow-up & tilt due to dispersion 

LONGITUDINAL FEEDBACK ON 
Vertical and Horizontal feedback on 

Feedback system time domain data 

I A Linear d a m p i n 3  
1 1 1 1 ( 1 1 1 1 ~ 1 1 1 1 ~ 1 1 1 1 , 1 1 1 1 , 1 1 1 1  1 1 1 1 ( 1 1 1 1  

; Exponential growth 
. . . . . . . . . . . .  .i.. 

39 mA in 40 buiiclics 
--.._._ dah .. . i . .  - envelope 



Cost and Schedule 
Cost estimate is $177M 

- activities split among SLAC, LBNL, and LLNL 

DOE plan calls for 5-year construction schedule 

PEP4 Funding Profile 
FY94 FY95 FY96 FY97 FY98 

($MI ($M) ($M) ($M) ($M) 
Budget authority 36 44 52 45 
Budget outlay 27 4% 5 0' 47 11 

-II 

Strategy 

- complete HER first 

o study injection and high-current multibunch 
operation 

- then finish LER 

o study beam-beam collision issues 



Summary 
After 5 years of R&D, PEP4 project funded 
beginning FY94 

Project addresses a fundamental outstanding 
problem in HEP 

Considerable progress made 

- injection system mostly installed 

- HER components being installed 

- LER components in production 

- IR components in final design and prototyping 

PEP-II, team is looking forward to continuing our 
phased commissioning process with HER in about 
one year! 





Gordon Ball 

Chalk River Laboratories 
Chalk River, Ontario, Canada 
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a) Subthreshold pion production in heavy ion collisions. 

ChaIkRiver 
G.C. Ball A.C. Hayes 
D.R. Bowman D. Horn 
W.G. Davies G. Savard 
D. Fox 

Ecm S 135AMeV 

University Lava1 
L. Beaulieu 
Y. Larochelle 
C. St. Pierre 

b) Coherent mechanisms at low E, 

2, Experiment4ionic Fusiott 

I2c + 12c -+ 2 4 ~  + pion 

3, Results 

4, Summary 

Collaborators: 
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Pion Production in Heavv-ion Reactions 

ENTRANCE CHANNEL: 

MECHANISM: 

FINAL STATE: 

t S 
0 
0 a cn 

I- 

+-., 

a 
- .  

black 
box 

a 
i ncl u s  ive pionic fusion 

A1 +A2 

pion kinetic energy 
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“SUBTHRESHOLD PION PRODUCTION 
IN HEA YY-ION COLLISIONS” 

Incoherent summation of nucleon-nucleon collisions 

0 “Coherent” models 

1. Pionic bremsstrahlung model 

2. Statistical or compound nucleus models 

(--model of reaction dynamics to define source) 

3. Microscopic models 
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FIG. 1. Experimental and calculated up total cross sections 
of "C, "N, and '60 beams on different targets as a function of 
energy. The open symbols are used for the &penmental data 
(Refs. 1 and 3) and the calculated yields are shown by solid sym- 
bols. In the case of "C beams, the values are linked by lines to 
guide the eye. 

Fig. 1. Calculated total no cross section and the data of ref. 
[ 1).  The point at 35 MeV/N is extracted from the reaction 
14N + 27Al + no + X as explained in the text. The cross sec- 
tion for forming the compound system in the reaction 
12C + 12C, which finally emits a pion, is taken as 00 = 160 
mb. The dotted line shows the cross section of pions 
emitted in the first step, the full line represents the sum over 
all ctenc 



Pionic Fasion 

Ecm near absolute threshold limit 

Previous data 

3He (3He, z+)~ Li - Le Bornec et al. (1 98 1) 

"C (3He, %)z+ - Homolka et al. (1988) 

Present mperiment 

I2c + I2c + 2 4 ~  + pion 

E, -137 MeV 

CT (expected) -.O 1 - 1 .O nb 

detect A=24 residues 
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Experimental Difficulties 

challenge 
low cross section 

Bp calibration 
charge state hactions unknown 
A p / p  > 4.7% (ctr limit) 
scattered beam particles 
high-energy gamma decay 
target impurities 
knowing impurities 
pileup 
ion ID 

target E loss 

solution 
Ibeam 2 2 0 0 d  (charge) 

24Mg tandem beam 
measure 62% 12+; 33% 11+ 
measure at 4 field settings 
tune; slits after 90" magnet; anti p/t 
collimate to I" 
isotopic target; vacuum oven; Ar transfer 
oxide run; assay target 
fast multiple bit reject; TOF 
TOF 

0.5mg/cm 2 12c 

.. 
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24Mg (thick) 

24Na (thick) 

24Mg (thin) 

24Mg (subthresh) 

23 l(47) 98 397(40) 166(25) 

68 ' 353(43) 126(22) 

58 329(43) 1 63 (46) 

14 279(90) 220(62) 

227(48) 

166(63) 

Theorv 

59( 109) 

c(24Mg + n " ) / ~ ( ~ ~ N a  + IT+) = 2.0 

* Estimate that = half the 24Mg yield goes to unbound levels 
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Summary of Pionic Fusion Results 

0 We have measured the 12C(12C,24Mg)7ro and 12C(12C,24Na)n+ 
reactions at Ecm = 137 MeV. 

0 The 24Na velocity spectrum in the “allowed” region displays 
the double-lobed structure characteristic of a forward-backward 
emission pattern. 

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

0 The net 24Mg yield, representing part of the total 7ro production 
cross section was 208 rt 38 picobarns. 

0 The net 24Na yield, representing all of the 7r+ production cross 
section was 182 & 84 picobarns. 

0 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. 
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Integrated. e . 

Sou.rcq - LEBT - RFQ 

Experiment with 30 mA ' 

. . Proton Beam * . .  
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R&D Topics in the Ion Beam Technology Program 

Ion Source Development 

RFQ Linac Development 

Integrated Ion Source / RFQ Testing 

Stochastic Cooling (with CBP) 

Beam Optics 
! 

Pulsed Spallation Neutron Source 

Boron Neutron Capture Therapy 

Proton Therapy 

- ~~~ 

Surface Modification Studies 

Biocompatible Materials 

Neutron Logging 

..MeV Implantation 

Ion Beam Lithography 

Ion Doping 

Flat Panel Display Technology 

0 Diamond Coatings 

MutiLavers 

\ 
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IBT Scientific Staff 

Alonso, Jose 
Anders, Andre 
Anders, Sirnone. 
Brown, Dan 
Chu, Bill 
Gough, Rick 
Hernandez, Jacob . 

Lee, Yung-Hee 
Leung, Ka-Ngo 
Liu, Fenghua 
Ludewigt, Bernhard 

Monterio, Othon 
Olgetree, Marie-Paule 
Perkins, Luke 
Pickard, Dan 
Rutkowski, Henry 
Staples, John 
Sun, Lee 
Vilaithong, Rummiya 
Wang,Zhi ' 

Wengrow, Adam - 
Wutte, Daniela ' 







Selected Accelerator Applications 

Richard A. Gough 

Exotic Nuclei Symposium 
Bodega Bay, California 

April 1546, 1996 

CRNCST ORLANDO LAWRCNOC 
BLRKLLRI NATIONAL LA.ORATORY 





, --- 

Rick Gough 

Lawrence Berkeley National Laboratory 
Berkeley, CA 
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1978 -1980 

12 8 Used apparatus for : ( C, Be ta )  
(7~i,a+t) 

* Tidal Coulomb interaction could explain results 

* Relates i 7 L i + y  ---=>a+t 
a+t ----->'~i+y 
/ 
I 

Larger detectors 

Ideal for Radioactive 
beam experiments 

Breakup q., 
Capture Dc 



. Summary 

* At LLN several beams are available : 

6~~ 11c 1 3 ~  1 8 ~  1 8 ~ ~  'we 3 5 ~  

15 ( 'OC 7Be 0 34Ar 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 byxlO 



I 

Figure 10: Comparison of the background subtracted gamma-ray singles spectra 
for (a) the ''Ne beam, and (b) the I9F beam data. Data from all 90" Ge detectors. 

I I I L . 1  1 I I I .. 
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Some Nuclear Physics experiments with LEDA 

2) 13N+p = = > 1 4 0  - 

1 p+p+'2C 

4) 6He+4He --> 6He+4He 

5 )  6He+p =-> a + t 

Tranfer : 
13N Proton wavefunction 

2 p decay mechanism 

Fusion : 
T dependence of GDR 

Exchange scattering 

2 n structure of 6He 











In general for radioactive beam experiments a , -.- 

Low beam intensities / High backgrounds a 
Use Large segmented detectors 

bproblems: Space / Cost 

LEDA microelectronics overcomes these problems 



7 

€ 
0, 

Ln 
c, 

c 
n 

I" 
0 
U 

v 
)o 
3 

c 
n 

a" 
0 
W 





n 

. .. 



i 



Decay of *'Na 

4.73 o+ 

. 
1.63 

0.00 ' 

2+ 

79% 
I .2MeV 
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*' Ne 

448ms 
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ExperimentaLproblems 

1)  Radioactive beam intensity << stable beams 
, 

2) Radioactive beams produce more background radiation 

To overcome 1) --- use high efficiency detector systems 
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Tl R Intensity (pps) Q 
1+ 1.2 x 106 

Element 

$e 0.8 s 
1+ 1.0 107 0 min 

0 min I+ 4.0 x lo8 

3.0 x lo8 2+ 

Beams available: 

Maximum enerm (MeV) 

18 

10 

8.5 

34 

3+ 

2+ 

3+ 

3+ 1.7 s 

17 s 

4+ 

5+ 

2+ 

1.8 s 

110 min 

70 

55 

23 

50 

93 

79 

24 

3.0 10’ 

1.9 x io9 

1.5 x io9 

5.0 x lo8 

1 o5 
1 x lo6 

4.2 x 16 
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Radioactive Beam Research at Louvain la Neuve 

a) Brief word about facility 

b) General experimental problems with intense 
radioactive beams 

c) Examples of Nuclear Astrophysics experiments 

d) List of Nuclear physics experiments 

e) Instrumentation 

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





Alan Shotter 

University of Edinburgh 
Edinburgh, UK 
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Measured Yields- 25 m capillary 

10 MeV p + 14N, 10 smqll capillaries 

1.9 x 10s /sedpA 

140 . 

6.35 x lo9 /sec/p’A 
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0.5 
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extr. 
U 

Extracted ion current 

RF Power 
VS. 

= 1 2  kV 

= 5 mTorr 
'source 

RF-Power [W] 
I 



TRIUMF SOURCE 
11111rrl1ll. 
0 10 C M  ( FOR RADIOACTIVE ION BEAN PRODUCTION ) 

PERMANENT MAGNETS 

------ 
----I- 

EXTRACTION TUBE FROM 

TARGET APERTURE 

SECTION FRONT VIEW 
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Alpha - 5x' Ion Projection Exposure 
Ion Microfabricatio'n Systems (IMS) 

Stencil Wafer 
Mask 

Hydrogen 
or 

Helium 
gas 

Hydrogen ' 

or 
Helium 
beam 

!- Einzel lens f Field lens 
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ENERGY ANALYZER SCHEMATIC 

I J 

Multicusp Ion Source Electron +l 
Suppression 

I - 

Power Supply 

Data Acquisition System 

L v =  v, +v*; 1 =- 
R 

.. . 
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Mevva ion. sou rces 

Vacuum-arctbased ion sources havevirtue of producing ion beams that are 

high current 
metal 

.. 

Important applications are 

,ion implantation 
accelerator injection 
tool for fundamental ‘vacuum arc physics 

It is feasible I to * .  make a giant ion beam device (implanter) I 

A na4.iQ.n sQui+Ge.~ooking for new applications 



i 

1 

,. 
.. 
, r  

Accelerator lniection Applications 
I 

For synchrotron injection 
Bevalac, LBL - Limited tests 
Unilac &SIS, GSI - Program is ongoing 
ITEP, MOSCOW . 0 Limited tests 

Problem: Transport of high current beams 



Source & beam characteristics 

Extraction voltage 

Beam current 
** diameter 
'* divergence 

emittance 
length 

Ion species 

Ion. charge state 
ion energy * 

I O  - 100 kV 

10mA - 2 0 A  
0.1 - 50 cm 
2 2 O  

2 0.05 n cm.mrad. 
1 0 ~ ~  - dC 

Li, C, Mg, AI, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 
Zn, Ge, Sr, Y, Zr,. Nb, Ma, 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 

1 - 6  
10 - 600 keV . 
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ELEMENT Z Q=1+ 2+ 3+ . 4+  -5 + 6+ Q, 
Li 3 100 
C 
Mg 
AI 
Si 
a. 
S C  
Ti 
V 
Cr 
Mn 
Fe 
CS 
Ni 
@u 
Zn 
Gf2 
Sr 
Y '  
Zr 
Nb 
Mo 
Pa 
Ag 
Cd 
In 
Sn 
Ba 
Ea 
Ce 
Pr 
Nd - Sna 
Gd 

- 

6 
12 
13 
14 
20 
29 
22 
23 
24 
25 
26 
27 
28  
29 
3Q 
32 
38 
39 
40  
4 1  
42 
46 
47 
48 
49 
so 
56  
57 
58  
59 
60  
62 
64 

100 
46 
38 
63 

8 
27 
11 
8 

$0 
49 
2s 
34 
30 
16 
80 
60 

2 
S 
1 
1 
2 
23 
13 
68 
66 
47 

1 
3 
3 

2, 
2 

54 
' 51 
35 
91 
67 
75 
71 
68 
50 
68 
59 
64 
63 
20 
40 
98 
62 
47 
24 
21 
67 
61 
32 
34 
53 

I00 
76 
83 
28 
83' 
83 
76 

'DY 66 -. 2 .  66 
Bo 67 . .2 . . .  ,66 
Er . 68 1 63 
Yb . .70 ' 3 . 8 8  

11 
2 
]I 
6 

14 
28 
2 1  
1 
7 
7 

- 6  
20 

8 

33 
45 
5 1  
49 

9 
25 

8 

23 
1 4  
69 
17 
15 
22 
32 
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1 

7 
22 2 
25 3 
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32 - 
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1.0 
1.0 
1 .S 

1.4 
1.9 
p08 
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2.1 
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'-1 . 8 
2.0 
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1.4 
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2.3 
2.6 
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1.9 
2.1 
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PHYSICS AND BQOJLOGY OF BNGT 

WHAT IS BMCT 

nmaf Neutron 

::3:. ..:.::. 
--a- ..:.:. ::: ....... @I) !? i:;::::: -2::: -: 

. - a  -. B 10 

AUG 2,1995 



BORON NEUTRON CAPTURE THERAPY 
’ (BNCT) 

. - 2.5 MeV, 10-20 mA protons 

Proton Beam \ 25 kW beam Dower 

photon attenuation 

Epithermal neutrons 
(-1 eV-io kev) 

Tumor-seeking 
boron compounds, .. 
(desired : .jr. I. 

boron concentration 
tumor/brain>4/1) 

BOPP 

: ;. ‘ . .  
Thermal neutrons 

(-0.025 ev) 
Desired reaction 

, boronated porphyrin %(n, a171-i 

. . .  55.. 

. .  

Background radiation ... .. . I,, . .: . ’.. . I :s . ., 
W n ,  n)p 
I4N(n, p)I4C 
IM(n, ;/)*H 
:/ from target 





STUDIES FOR BNCT RADIOBIOLOGY 

BOPP . Boronated protoporphyrin 

030% boron by weight 

highly water soluble 

10 boron atoms I cage 

040 boron atoms / molecule 

tumor/normaI tissue ratio in, mice: 400/1 







PHYSICS AND BIOLOGY OF BNCT 

POTENTIAL TUMORS 
FOR BNCT TREATMENT 

INITIAL TARGETS. 

G LlOB LASTOMA M LJ LUI FORM E 
ANAPLASTIC ASTROCYTOMAS 
SQUAMOUS CELL CANCER OF 

MELANOMA 
THE HEAD AND NECK 

PANCREATIC CANCER 

AUG 2,"995 



Purpose: 

Prepare an ESQ-based BNCT facility at Berkeley Lab. 

Perform multi-faceted science-based Phase 1/11 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 111 clinical trials. 



Ted Ognibene 

Lawrence Berkeley National Laboratory 
Berkeley, CA 



Beta-Delayed Proton Decavs of 
J J 

27Pand 31 Cl 

T. J. Ognibene, J. Powell, Do 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 

Conclusions 

- -  , , . .-. 
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( A - 4 , 2 - 3 )  + a 
Daughter 

IAS Jn; T 

( A - l , Z - 2 )  + p 

Precursor 

Jn: T=Tz - 
(A, Z) A 
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Goals 

2%e21Ne 

Shell Model Tests 

22 Ne 

K ft = 
g2<1>2 + g2<m>2 

V a 

Mass Models 
14.77 Tz = -3 12 

) 73Sr ZJP’ 3.74 T = 31 

0.00 -0.06 O+ / 
7% + p IsRb 

Nuclear Astrophysics 



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

27P(Q~c) = 11.6 MeV 

6170 sec 
t=B(F) + B(GT) 

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

f = wo F(Z,W)W(W2-1) 112 (Wo-W)2dW 
1 

w = positron energy in units of mec2 



SETUP FOR THE PHOSPHORUS W 
CHLORINE pp EXPERIMENTS 



Cross Section 
Low-Energy Charged-Particle 

Gas AE-Gas AE-Silicon E Detector Telescope 

I Cooling Block I Distance 
I (Typically -10 to -20” C )  I 

t 
Incoming Particle 

380 mm2 si1,:on detector 
- - Floating ground grid 

- - Electrode grid (+600 V) 

- - Floating ground grid - 50 pg/cm2 
polypropylene window 

Features 
. Low Energy Threshold 
Particle Identification In High Beta Backgrounds 

Triple Coincidence Gating 
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0 0 0 m 0 m 
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800 

700 

600 

500 
Y 
El 400: 8 

300 

200 
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! 

28 MeV protons +natSi 
290 mC 
Protons 

Peak 
Pl  
P2 
P3 
P4 
P5 
P6 
P7 

'6 

R 

Energv (keV) 
469 + 1 
679 3.1 
828 + 1 
953 k 1 

1089 k 1 
1267 k 1 
1452 k 4 

Intensity (%I 
100 (defined) 

6-t-1 

6-t-1 
56-t-4 
4 + 1  

1 8 k 2  
2 k 1  

A 

01 I I I 1 I I I I I I I I I I 1 I I I I I I I I - r u  

' 0  0.5 1 .o 1.5 
Energy (MeV) 

2.0 2.5 
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8 8-- 
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4 
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6 
N 

12 

11 

10 

-- 

-- 

-- 

11.64 (1/2+) 
27P ("= 3/2) 
260 f 80 rnsec 

I 

I@) = 0.07% 

1 1  
I 1  

I I  
/ I  

I = 15% I 
I 

I 
I 

A 
I 
I 
I 
I 

I 
0 5/7+t 

l L k f L 3 2  
26Al+p I . I  

6.63 (T = 3/2)1 j247 

FT 

27si 

Peak Enerm& ev) Intensity EY 23iI 
P l  466 & 3 9 f 2  8176 f 3 

. P2 612 f 2 9 7 f 3  8328 f 2 
P3 731 + 2  100 (defined) 8451 f 2 
p4 1 3 2 4 f 4  7 f 2  9067 f 4 

. , =. . 
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31Cl Beta-Delayed Proton Groups. 
Relative Proton Intensity 

E@ This Work Avsto et al. 
845 f 30 
986 + 10 

1173f30 
1520f 15 
1695 + 20 
1827 + 20 
2113 + 30 
2204+30 . .  

5 1  
51 

3 f 2  
100 + 2c) 

3 + 2  
2 3 f 6  
10+3 
13 +4 
7 + 3  
6 + 3  

I a) Energies are reported in keV in the laboratory system and are fiom Aysto et al. 
b) These proton groups could not be positively identified because of the 

significant levels of contamination of 25Si beta-delayed protons. 
c) Defined. 



Conclusions 
New proton groups in 27,28p 

Shell Model Tests 

PP groups in 3 1 ~ 1  

Future Work 
27P and 31Cl Pydecay studies 

Targets for 3 k 1  



David Vieira 

Los Alamos National Laboratory 
Los Alamos, N M  
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2.6 4 E 
0 2.4 

1.8 

Z=6' 2=8 .Z=10 
I I I .  

z=12 AX = 2.4 mg/cm2 
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P/Q)i = 210 MeV/c/Q 
P/Q)f = 158 MeV/c/Q 
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Radioactive * 

.Beams 
at 

LAMPF 

Nuclear Physics 

/ Astrophysics 

Potential Radioactive 

Materials Science 



He-jet Test Experiment 
Ge 

AEROSOL 
GENERATOR 

DEMISTER 
COLDTRAP. 

TARGET CHAMBER 

METAL 
BELLOWS PUMP 

ROOTS 
BLOWER 



0 15 - 
Meters 

Staging Area 
I I E  .XI CAVE 

He-jet Cave 

1 mA- 800 MeV 

LAMPF 
Main Beam Stop Area 



... 

I 
CD 

I 







I 

j 
Atomic PNC Experiment in Cs (Fr): 

A Low-Energy Test of the Standard Model . 

,.I Neutral current e-q coupling leads to parity mixing of atomic states. 
e P W.-S.-G. Electroweak theory 

Standard Model 
i 

predicts mixing of S + P states + 3 -I-.,.-" 

C f e  P IS'> = IS> + tjPNC iP> 
Coulomb interaction 

(parity violating) (parity conserving) F = 4  

J = 3/2 

e 

Weak neutral current 

L l c  OC Q,r, * 

f atomic matrix 
weak element e 23 charge 

Q =-2[(2Z+N)C + (Z+2N)Cl,] 
W l u  + % rad. corr. 

W with C = -112 + 4/3sin20 
du = 112 - 2/3sin*e W i d  

133cs 'I 
1 

I 
= -N + Z(l-4Sin20 ) 

! (0.076 fro: 9) 





John Hardy 

Chalk River Laboratories 
Chalk River, Ontario, Canada 





SUPERALLOWED BETA-DECAK 

A Nuclear Probe of the 
Electroweak Standard Model 

J.C. Hardy 
E. Hagberg 
V. Koslowsky 
G. Savard 
I.S.Towner 

I . .  . .  . . .  
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New beta-delayed neutron-emitters 
at IGISOL 

observed 

Nuclide Pn-value (%) 

o 103-Y 
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Nuclear Shell Structwk at, Particle Drip Lines 
J. Dobaczewski,' I. Hlunnmntof W; Nazqwig,' and J. A. Sheikh! 

Joint Institute for Henvy-Ion h e u d ,  &&s Diuision, Oak Ridge N a t i d  Lubomtory, 
P.O. Boz 2008, Oak Ridge, Tatussee 37831 

and Department of Physiw, Unimsits. of TenneJsce, KnozVitle, Tennessee 37996 
. (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. I t  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 h u m  systems. 

Deformation: Zr Isot6pes 

IE 72, NUMBER 10 . P H Y S I C A L  R E V I E W  L E T T E R S  

Shell Effects in Nuclei near the Neutron-Drip Line 

7 MARCH 1994 

M. M. Shaxma,' G. A. Lalazissb,2 W. Hillebrandt,' and P. Ring2 
' M a z  Plan& Kditut  ftir Astrophysik, Kad-Schumrzsdrilds~se 1 , 0-85740 Garching, Germany 

Ph& Depudment, TeJtnische UniverdZt Mkchen, 0-85747 Garching, Gemany 
(Received 20 Cktobec 1993) 

Shell &ets in nuclei close to the neutrondip Lines have been investigated. It has been demon- 
strated in the relativistic mean-field theoq that nu& very far frop stability manifest the shell 
effects strongly. This behavior is in accord w i t h s r e d i c t i o n s  of nuclear masses in the finit; 
range droplet model including shell corrections. The shell &ets predict& in the existing Skyrme 
mean-field theory in comparison are significantly weaker than those of the other approaches. 
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Reducible and Thermal Nature of the Charge Distributions 
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Phase Coexistence in Multifragmentation? 
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Decay Studies 
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Si-23 Mass Predictions 

Mass Model 
Authors 

Satpathy-Nayak 

Tachibana et al. 

Moeller et al. 

Method of Predictlon Mass Excess Lab. Proton Energy" 
(MeV) (IAS-->g.s.; MeV) 

Inflnite nuclear matter model 25.37 13.69 

Empirical liquid drop with odd/even and shell corrections 23.84 11.17 

Finite-range droplet with shell/pairing corrections 24.39 12.22 

Moeller-Nix Yukawa.texponentla1 model with shell/palring corrections 23.86 12.52 

Masson Jaenecke 

Jaenecke-Masson 

Comay-Kelson-Zldon 

Pape-Antony 

I '  

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

lmhornogeneous partial difference equation with isospin 23.94 11.74 

Transverse Garvey-Kelson mass relation 23.43 10.88 

Transverse and longitudinal Garvey-Kelson relationships 23.51 10.76 

Isobaric Mass.Multiplet Equation (IMME) 23.44 10.95 

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). 

Wapstra-Audi 

! 
i 

Experimental d.at.a and systematic trends 23.77 1 I .33 

, 



Predicted Decay Energetics for Silicon-23 

-23.6 (3/2,5/2)+ 

f 23si .  
Qec= 5.03 MeV (fiom CDE) 

partial half-life: -7OOms ... 
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Decay Energetics for Aluminum-22 
-20.38 
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Experimental Goals 

Observe 23Si beta-delayed proton decay 

Determine 

I '  

Look f ~ r ~ ~ S i  

masses of 23Si IAS and 23Si 

beta-delayed two-proton decay 

Observe beta-delayed two-proton decay branch 
22A1 through predicted 2.78 MeV 21Na state 

e Measure 23Si half-life 

of 
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Half -Lif e 

, I 
1 

99rt4 ms +50 
(Muto et al,) 70 -35 

i i 
;! 

-100 ms I 

Comparison of Experimental Parameters 

N/A 

I (Cable et al.) 

Proton Feeding to Ground and 
First-Excited Daughter States 

Cross Section 

N/A . 
21.6% 
(Brown) 

116-260 nb 6.75 pb I (AT.JCE) 

. 

He-Jet Transport Time 

I 
I 

I 

IAS Feeding -2.9% 4% I (Muto et al.) 
I I 

I 

0.52 - 0.18 I (Detraz) Oo2 
Beta-Delayed p/2p Ratio 

23Si 
Predicted 

~- 

450 nb 
(ALICE) 

47f7 ms 
(Muto et al.) 

-20 ms 

4.9% 
(Muto et al.) 

1 
(Detraz) 

36.4% 
(COCAGD3) 
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Experimental Reaairements 

Large proton-energy range: -300 - 13000 keV 

Ability to observe two-proton decay events 

Tolerate high beta-decay count rates (>30 kHz) 

Unambiguous identification of decay events 

Minimize background events 

Minimize transport time 

Reliable calibrations at both high and low energies 
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KCl Aerosols in Helium 
From Oven 

Nitrogen Cooled 
HAVAR Windows 
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Gas AE - Silicon AE/E - Silicon E 
Large Energv-Range Particle Identification Telescope 

Capable of detecting protons with energies from -300 keV to -14 MeV 

Incident radiation . 

.......................................... 
(CF, gas at 10- 14 torr) 

.......................................... 
(CF, gas at 10- 14 torr) 

.......................................... 

400 pg/cm' aluminum window 
Wire grid at ground 

Wire*grid at 525 V 

Wire grid at ground 
300 pm silicon detector 

1000 pm silicon detector 

AE 

AB/E 
E 

. .  



Electronics Set-up for Large Enerw-Range Telescopes 

. slow Shaping 
,Amplifier 

* 

I I (low threshold) I 

Discrim- 'L Delay Generator Qate 
inator 

Discrlm- Delay Gate 
lnator Generator 

- 
LOglC: 3LLI-l 

jlow gain) 
Shaping 

Master 

ADC's 

Amplifier 

Logic: 7Y-F 

Slow . 

Slow 

Pre-amplifier fast outputs are used for fast-tlming measurements. 
TAC signals are measured between gas-AE and Si-AWE and between SI-AWE and SI-E for each telescope 
and between the Top and Bottom SI-AWE'S 

4 Amplifier Fast ' 

-. Slow 1000 pm - Pre- lnator Generator ,Fast __t 

Siltcon E amplifier 







Modifications in tihe Experimental Set-up 
for the Main Run 

Fix the cyclotron!!! 

Switch to 1000 pm SiLi E detectors; 

negative detector biases on E detectors 

Increase solid angle by repositioning telescopes 

. Improve activity catcher-wheel efficiency 

I Change pulsing structure for faster transport 

Improve on-line analysis capabilities 

, 

Use separated-isotope 24Mg target 
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I d ’ O  4 AXfGNS “OVEROOMINATE ” 
THE UNIVERSE 

AXICNS .ARE DARK MATTES 
AND - IN PRINCFfE - DETECT’ELE 

SN 1987A 80UNDS 

RE3 GIANT EOUNO 

LABQRA-~ORY EOUNDS -‘ 

. 

.. . . .  . .  

.. 

.. . . -  
. .  

... . .  1 .. . .  
Fi=me 1 . ’ ?  

Axion pkameters excluded by cosmological, astrophysical, and laboratory 
bounds. We only shoE results obtained from the generic asion couplings to 
nucleons and radiation. 

:le= bremsstrahlung IV~ f IV~ -+ ,fk> + iV4 + a. This volume ernission wodd com_oete 
’ -  . 



. 

c 

. .  

t 





WHO'S. MINDING THE STORE? 

Leading Dark-Mutter Candidates: 

WrMFS : NSF Science Center for 
Weakly Interacting Particle AstrophySicS, Berkeley; 
Massive Particles) Europe ... 

MassiveNeufrinos : SAGE, GALLEX, §NO, 
Homestake Mine, LLNL ... 

hio-m: 
... 

71 .. 

(Limifs to the Baryonic Component in terins of Massive Compact. 
Halo Objects - MACHO'S-is being carried out by an 
IGPP/CfPNAustralia collaboration, and the French.) 

,-- 

Yef of the 3 leading candidates, Axions are: 

The only one'for which we can achieve the'required sensitivify'today 

The only one.for which the sipal.would be completely unambiguous 

At least as well motivated as mvr WIMP'S. 
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Typica? power spec'mm. 
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Figure 3. schematic of the magnet and ayostiit, wifh the physics package inserted- 

-8- 



.c. . . . ,. :-- 



Jp der- 

R 

x ld 





Micro Pulse Systems, Inc. 

LINEAR M1CROPOSfTIONING 
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 

0 Simpfe drive circuitry with fast response 

FEATURES 

High vacuum compatibility and non-magnetic options 

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

. 

Figure I 

Figure 1 illustratesthe 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 
resultant 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 
daried. The bar can be driven in either direction with a minimum step oF 
approximatefy 1 microinch. 

Micro Pulse Systems, Inc. 3950 Carol Ave.. Santa 8arbara. CA 931 10 (805) 687-6558 
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NUCLEAR MATTER 

QUARKS AND LEPTONS 

HADRONIC PHYSICS 

FIELDS, PARTICLES, NUCLEI IN THE UNIVERSE, 
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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. 



Explosive Welding 

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

DESCRIPTION The model represents a simulation of an attempt to simultaneously weld and force-fit a 
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 sss and its effect on 
materials. 

Page 2 of 7 



Dynamic Solar System 

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

DESCRIPTION The scale model of the solar system covers a spatial range of 1010 km with an indi- 
vidual positioning resolution of - 2 O h  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 
mass) 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 tetherei. 



Environmental Evaluation 

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

DESCRIPTION: Topograpl~ic, 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 compIete 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. 
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MRI Scan and Related Patient Data 

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

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 
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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, al l  while the motor is running. Cutting planes permit cross-sectional views during operation 
and side displaq s can access schematics or test result information 
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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 Et0 timedependent frequency wave number (FJ data. The 
display shows the amplitude of seismic events. The location of a peak in this display is related to the 
direction &d 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. 
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The National Ignition Facility-I 92 Beam 
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NIF beam number and orientation (>192) meets 
I .  - - implosion symmetry requirements 
for baseline target design NIF 
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Axis of symmetry 
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V 113 of NIF beams 



.The target area is configured for accessibility 
and ease of maintenance N/F 
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Nuclear reaction products can be used as penetrating 
"probes" for the central region of large ICF implosions. 

:LE--$$$ mo h'ai/onar /gn/t/on ~ac/ / / ry  

Pros 
Multi-MeV particles (particularly neutrons) can escape 
from the center of the implosion and carry out information 
about that region. 

Nuclear reaction products are produced at burn time and 
are useful for probing the final fuel conditions - know 
when and where produced. 

Cons 
Early stages of implosion (pre-burn) can't be studied 
since no reactions occur during this time. 

Failed implosions (no burn) provide little useful 
information. 

Relatively small number of reactions 
historically has been technically limiting, but 

this situation has changed at Nova and is 
expected to change even more at NIF. 

. CablelJCGO/nucDleg proslcons 
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Comparison of NIF and Nova 
z¶-..2$& Tho Nallonal Ignlllon Faelllly 

Quantity Nova NlF 

Laser energy on target 40 kJ 6.8 MJ 
Capsule diameter 2.5 mm 9 mm' 
Hohlraum length . 0.45 mm 1.1 mm 

Implosion velocity 3.5 x 107 cm/s 4 x 107 cm/s 

Fuel areal density 20 mg/cm2 1-2 g/cm2 
Fuel density 20 g/cm3 800 g/cm3 
Fuel temperature 1-3 keV 5-20 keV 
Confinement time 5ops ' 100 ps 

Convergence ratio up to 24 25-35 

Neutron yield 1011 

High NIF neutron yields will make a variety of new 
nuclear diagnostic techniques possible. 

CabldJCGOMIFBNovaCompadson 
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A simple model for ICF shows some important 
properties to measure 

me Naflonal Ignll/on Faclllly 

Y = n n&V>TI’V n d t  

This model of a spherical fuel with uniform density and tem- 
. perature burning for time, z, illustrates how the following 

quantities are fundamental to an ICF implosion. 

Neutron yield 

Fuel density 

I 

I 

Fuel temperature - 
Confinement time - 

Gives the amount of fusion energy 
released. 
Determined by the amount of fuel 
compression. 

Determines the reaction rate (along 
with density). 

Length of burn, the ‘c in nz.\ 

! 



More detailed simulations show other interesting 
properties that can be measured by 
nuclear techniques 

Fuel areal density - Must be sufficient to stop alphas for 
ignition. 

Pusher density - Useful for evaluating implosion 
dynamics. 

"Bang" time - Can be compared t~ simulations with 
differing drive dynamics. 

Charged particle slowing - important for alpha heating. 

Mix 

CablelJCGO/more nDlag 

- Fuel and pusher mixing 
dynamic instabilities. 

due to hydro 



Neutron energy spectra, measured with a time-of-flight 
technique, are used to determine fuel ion temperatureH 

0 -0 
ICF Fast 

target 

-AAt ps 

neutron 
detector 

-AAt ' * ns 

AE = At 
A E = 1 7 6 q  dtn 
A E = 8 2 . 4 q  ddn 

4 

3 

2 

1 

oa 

I \  

I l l  

I 20 30 40 
Time (ns) 

Shot # 17122303 
8, = 8  keV 

CabldSUSSPfAug94 
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Neutron energy spectra are measured using an 
array of single-particle time-of-flight detectors. I!!!! 

n . 
n 
I -  . . 
. 

0 

0 

0 
0 

The Large Neutron Scintillator Array (LaNSA) consists 
of 960 scintillator-phototube detectors and associated 
electronics. 

Each detectqr is capable of recording the arrival time 
(relative to the time at which the laser is fired) of at 
least one neutron. An energy spectrum is obtained 
by summing theresults of all detectors. 

i 
CablelJCGORanDla 
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aeconaary neurron energy spectra are measureu 
with an array of neutron time-of-flight detectors. 

111. 

CoblelJCGOAanPII 

. . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  1 helium- - ~~~ . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  .balloon a e . . . . . . . . . . . . . . . . . . . . . .  1 I j  I I . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . .  
1 

: : : : : : : 3 a ' :  

. . . . . . . . . . .  : : table. . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . .  a , . - .  . . . . . . . . .  i--- . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  

I 
. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  

. . . . .  ie'&j: : : : . . 6 . * , 

. . .  shielding: : : . . . . . . . . . . . . . . . .  .- .-. - .- e- .  - .. , . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . -. - A'-' '2 -2 A".. 

array . . . . . . . . . . . . .  I . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  



, 

j 
I 
I 

A low yield calibration shot shows 
the 14.i MeV dt neutron peak. 
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Shot 21 11271 1 
Y, = 1.4 x I O 6  dd neutrons 
N = 235 detected neutrons 
FWHM =81.9(4.7)keV 

with 27(5.4) keV 
i nstr urnen t response 
Bi = 0.88(0.16) keV 
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The higher neutron yields at NIF may allow time- 
resolved ion temperature measurements. 

*$& 
-Tbw 0 6  

NIF 

Magnetic Field 

Array of single- 
hit detectors Recoil protons 

Current-Mod 

TDCs, ADCs 

Array of single- 
hit detectors Recoil protons 

TDCs, ADCs 

H ig h-Bandwidt h 
Transient Dig itimers 

CH foil 
Multiple foils or advanced 
radiator design might 
enhance sensitivity 

TJM NIF Nuclear Dlagnoallcr Workshop Jan 11-12,1994 
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Neutrons from 
target 

Measure 
E proton energy 
‘c proton arrival time 
0 recoil proton angle 

From these, calculate: 
E n neutron energy 
‘c n neutron birth time 
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The measurement of fuel areal density can be 
1 

I illustrated with a simple example. E! 
_ I  

, .  

0- 

1.01 MeV t 

I 

d 

ddd 

Probability of triton reaction in 
a thin slab of deuterium is 
P = npx. Since CT is known, ratio 
of reacting tritons to incident 
tritons gives n,x. . 

Number reacting tritons i 

= o(E)n t d x '  I 
I 

Number incident tritons 

I 



Secondary neutron measurements can be used to 
determine areal density for pure deuterium fuel. l!! 

He + n (2.45 MeV) 
d + d  T3 p + t (1.01 MeV) 

1 

I' i n-f I ig ht I' 

t + d  - a + n  (11-17MeV) 
secondary neutrons 

Q Small triton slowing 
E l  Large triton slowing 

2 0  

E I 1 0  

" 
8 1 0  1 2  1 4  16  1 8  2 0  

Neutron energy (MeV) 

1 The spectrum width can be used to determine the amount of triton [ §bWi?lg. Tri'b?l SlQWil'lg iS S@l'lSiaiVe aQ bU@!/pUSh@?' mix. 
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~errrary neuxrons can De used to measure 
large fuel areal densities. 

I o - ~  1) d + t - . a + n  

2) n + t - n' + t' (0-10.5 MeV) C e I o - ~  

n + d n' + d' (0-12.5 MeV) .- 
3) d ' + t  + a+n(12-31.5MeV) 2 

2 I o-6 

> 
t ' + d  + a + n  S 10-7 <o 

T- 

. A  -e- Noslowing 

-8- 0, = 10 keV 
= 1 o-8 5 

a, I omg 

m 

e5 

For negligible ion slowing 

effects) tertiary production is 
proportional to <pR>*. 

(no energy dependent cross-section .I 

I I I 1  2 I I 4-5 I 1  I I 1 1 1  

T o 1  0.1 1 
' 2 4 6  0.001 

pR (g/cm2) 

Cable/JCGO/lerlnExplanallon 



High energy tertiary neutrons or protons (>28 MeV) 
may be used to determine capsule symmetry at NIF 

1) d + t - + a + n  (14MeV) 

2) n + d --+ n' + d' (0-12.5 MeV) 

3) d' + t-a + n (12-31 MeV) 
d+?He-a+p 

PR2 

Reaction sequence must be nearly collinear 
(momenta aligned) to reach high energies. 

pR measurements in different directions can be 
used to determine if the final fuel configuration 
is round. region 

neutro n version 
Welch, Kislev and Miley, 1985 

CablelJCGOnerln8pSym 
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(b) Detector system 
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Excellent signals are recorded for targets 
I!!! producing only 5 x IO8 DT neutrons 
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Laser-ablated ICF capsule: mu It i mode surface 

Mode Spectrum 
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Laser-ablated ICF capsule: multimode surface 
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Mode Spectrum 
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Neutron yield and final fuel areal density decrease 
I 

with increasing surface roughness. 
1111 
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What is ? Why study it? 
Consequences of nuclear recoil 

Basic premise used in interpretation 
Typical events and experiments to study them 
Relevance of to remediation of High Level Radio- 

active Waste (HLW) 
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What is timulated esorption? 

I 

\ 

to the heavy participant. This can range 
ergy p> to (p, a or n-capture) to 

This SeCOil elleQJy iS SUffidelIa a0 pi'WTKlk3 akae 
of ato'ms from surfaces or thin films. It can also promote 
the desorption or of atoms near the site. 
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Nuclear event occurs (n-capture, P-decay, etc.) 
Recoil energy is imparted to nucleus, which starts to move 
in a random direction and eventually is stopped. 
Nucleus motion is affected by surface binding and may 
be hindered by the presence of adjacent atoms or over= 
layers. 
Besides the primary recoiling atom, other atoms may be 
dislodged and/or desorbed. 
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A Sa.mpler of Typical NSD Events 

most atom on a surface 

2. An atom just 

3. An atom in the 

and events 
5. Complicated cases with i rr 
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Nuclear. Techniques to Initiate NSD 
and Follow its Evolution 

te: Some 
decay 

type of nuclear tranformation, e.g. beta 
or neutron capture 

r ii desorbing species becomes (and remains) 
radioactive and can be f d b ~ e d  (location, amount, 
etc.) with v sensitivity . 

stable atoms which also desorb can be 
assayed via n after the assay of 
primary species. 
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