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Introduction to Low Energy Nuclear Physics at LLNL 
 

Research at LLNL is primarily directed towards satisfying its principal missions in international 

security, fusion energy, and US nuclear security. Towards this end, a core LLNL strategy has 

been to advance fundamental scientific understanding to succeed in its purpose, and to recruit 

and develop a skilled workforce for the future.  Research conducted in the Physics Division at 

LLNL is primarily focused on bringing the highest quality science to bear on LLNL programs to 

achieve broad success in its overall mission. In this regard, the ―applied-science‖ missions at 

LLNL are actually quite well-aligned with the fundamental-science research aims of the Office 

of Science. We aim to perform research for DOE/SC/NP at LLNL that has the greatest leverage 

towards answering fundamental problems in nuclear science -- both at the forefront of 

fundamental science and important to the nation’s security. Towards this end, LLNL brings 

unique capabilities, resources, and skills to bear on the most scientifically challenging endeavors 

of the DOE/SC/NP mission and enhances the training of the nuclear science workforce in 

general. LLNL is a world leader in cost-effective high-performance computing, has a broad 

collection base for Laboratory Directed Research and Development (LDRD), and an excellent 

track record in solving multi-disciplinary and engineering problems.   

 

While the Experimental Nuclear Physics (ENP) Group at LLNL is not primarily supported by the 

Office of Science and there is no DOE/SC/NP ―research facility‖ located at LLNL, our 

laboratory has a strong history of tackling large and significant national security challenges for 

the US and has leveraged its unique capabilities, workforce, and resources to address 

scientifically important challenges that are consistent with NSAC established research priorities.   

Within LLNL, there is growing realization that our high overhead costs are interfering with our 

increasing desire for more effective collaboration with basic research communities, but these 

same overhead costs help support the extensive and unique capabilities that are also used in the 

service of fundamental research. 

 

While a traditional DOE/SC laboratory is supported almost entirely by Office of Science 

funding, enabling researchers to devote nearly full-time to basic research, only the postdocs at 

LLNL are supported full time on basic research projects (with 25% of this support provided by 

the institute).  Staff scientists in the ENP Group are supported mainly by other sources of 

funding (LDRD, NIF, NNSA, NA22, DNDO, DTRA, etc.) with staff members typically only 

supported 5-10% by DOE/SC/NP and the resulting 80-90% of their time spent on applied 

research for the (national security) programs at LLNL; very much analogous to a university 

research group with a PI supported 25% by DOE/SC and 75% by teaching assignments. For 

optimal mentoring of PDs and leverage of other resources, support for researchers at LLNL 

should be nearer to 20%. The net result is a highly leveraged program that we believe 

substantially benefits both DOE/SC/NP and LLNL, a symbiotic relationship yielding a high-

quality workforce performing high-quality science with unique laboratory capabilities. 
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Personnel Supported by DOE/SC/NP 

Scientist Job Code 

Fraction 

support 

Nick Scielzo FX Staff 0.05 

Marisa Pedretti PD (2009-2012) 0.75 

Ching-Yen Wu Staff 0.10 

Aaron Hurst PD (2008-10) 0.75 

Elaine Kwan PD (2010-2013) 0.50 

Mark Stoyer Staff 0.05 

 

 

ENP Group Personnel 

Scientist Job Code Major project(s) 

Lee Bernstein Staff NIF nuclear science 

Darren Bleuel FX Staff NIF nuclear science 

Jason Burke Staff Surrogates/Excited states 

Mike Moran Staff NIF nuclear science 

Jennifer (Jo) Ressler Staff Non-proliferation/RIB 

Nick Scielzo FX Staff CUORE/Surrogates/Trapping 

Steven Sheets FX Staff Non-proliferation 

Wolfgang Stoeffl Staff NIF nuclear science 

Mark Stoyer Group Leader NIF nucl. Science/SHE 

Ching-Yen Wu Staff Exotic nuclei/RIB/Fission 

Robert Casperson PD Excited states/Isomers 

Andrii Chyzh PD Fission 

Elaine Kwan PD RIB/Fission 

Sarah Nelson PD Non-proliferation/SHE 

Marisa Pedretti PD CUORE 

Daniel Sayre PD NIF nuclear science 

Larry Ahle Guest Detector development 

John Becker Retiree Fission 

Eric Norman Guest Surrogates/Nuclear structure 

Ryan Yee Grad. Student Trapping 
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Laboratory Name For each staff member, please indicate the fractional FTE supported by each funding source

FY 101X

Research: Structure, 

reaction, & 

astrophysics

Experimental 

Support: Structure, 

reaction, & 

astrophysics Neutrino Neutron

Fund. 

Interactions Project LDRD WFO Org Burden Other

Total FTE/ 

staff

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Total FTE 

(funding source) 0 0 0 0 0 0 0 0 0 0 0



LLNL-TR-497871 
 

Scientific accomplishments 
Funding for the past review period is summarized in Table 1 and indicates the magnitude of the 

DOE/SC/NP LENP effort at LLNL. 

 

Table 1: Funding profile for FY08-FY11. 

Project PI FY08 (K$) FY09 (K$) FY10 (K$) FY11 (K$) 

Exotic Nuclei Wu 253 188 175 + 370* 175 

CUORE Scielzo 73 158 175 175 + 250** 

*   CHICO2 funding. 

** CUORE-0 Aug. 2011 funding. 

 

Based on the last four-year review in August 2007, we have focused our efforts on two areas of 

research, 1) the investigation of collective effects in exotic nuclei in order to understand 

fundamental nuclear forces and the evolution of shell structure in the nuclear landscape, and 2) 

the search for neutrinoless double-beta decay in order to understand fundamental properties of 

the neutrino. These research areas address NSAC priorities specifically under milestones 1) NS9 

for 2018, to measure changes in shell structure and collective modes, from the most proton-rich 

to the most neutron-rich nuclei accessible, in order to improve our understanding of the nucleus, 

and to guide theory in every region of the theoretical roadmap; and 2) FI14 for 2017, to extend 

the sensitivity of searches for neutrinoless double-beta decay in selected nuclei by a factor of ten 

in lifetime, respectively. Thus, funding was re-apportioned to enable support of two PDs (one for 

each project including 0.25 FTE support by LLNL G&A for career development activities) and 

to enable greater progress in both efforts through the mentoring of PDs. These efforts are 

supported by FWP #’s SCW0147 and SCW0516, respectively. Significant progress was made in 

both of these research areas as discussed in detail below. 

Exploration of exotic nuclei and the collective properties of nuclei 
The nature of the nuclear force binding stable and exotic nuclei as well as the origin of simple 

patterns in complex nuclei are among the fundamental issues to be addressed for the future in 

nuclear physics, as formulated in the 2007 NSAC Long Range Plan. This provides guidance for 

our accelerator-based nuclear physics program. 

 

Based on our prior work on the electromagnetic properties of collective nuclei using low-energy 

Coulomb excitation [1], we decided in FY08 to develop a program to extend these studies to 

nuclei with extreme neutron/proton ratios becoming available at modern radioactive beam 

facilities with a particular focus on the evolution of shell structure far from stability and the 

enhanced E1 strength in halo nuclei.  Our activities in FY08-FY11 centered around two different 

thrusts.   First, we developed particle-gamma coincidence techniques at both TRIUMF and MSU 

and performed measurements to study the collectivity of exotic nuclei by measuring low-lying 

transition matrix elements in the region of N ~ 8, 20 at TRIUMF.   Second, we studied collective 

properties of heavier nuclei in quasi-inelastic reactions with our established collaboration at ANL 

using the Gammasphere array coupled to CHICO, and developed CHICO2, a new instrument to 
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be coupled to GRETA/GRETINA to provide kinematic reconstruction at a resolution that fully 

exploits the resolving power of these next-generation gamma-ray spectrometers.    

Probing collectivity in light nuclei with particle-gamma coincidences  

In the last proposal cycle, we developed a new capability for particle-gamma coincidence 

measurements at TRIUMF by coupling the TIGRESS array to a new particle tracing array called 

Bambino.  TIGRESS is Canadian 4  Compton-suppressed -ray energy tracking array and 

Bambino consists of two double-side segmented silicon detectors placed at both forward and 

backward hemispheres relative to the target position. This particle-gamma coincidence capability 

had been successfully deployed in FY07.  In FY08-FY11 we used this new capability to measure 

the collectivity in selected nuclei further from stability than had been previously achieved.  The 

N ~ 8, 20 nuclei were particularly appealing area of study because the breakdown of traditional 

―magic‖ numbers is known to occur as one moves further from stability, yet the number of 

nucleons is small enough so that a rich set of theoretical techniques to predict the evolution of 

shell structure is available.  Our experience at TRIUMF with TIGRESS/Bambino has naturally 

led us to play a leadership role in the development of instrumentation needed by the community 

in the build up to FRIB.  On this front, we have become active members of the JANUS 

collaboration (spokesperson: A. Gade of MSU).  LLNL’s initial role in this collaboration has 

been to lead the development of particle tracking capabilities for Coulomb excitation 

experiments at the ReA accelerator. 

 
The evolution of shell structure in Be and Na isotopes at TRIUMF 

The TIGRESS/Bambino setup is optimized to provide angular coverage for the detection of 

charged particles in low-energy radioactive beam experiments in order to measure transition 

strengths of low-lying excited states.  TRIUMF also had excellent success in developing Be and 

Na beams, so our collaboration began investigations into the collectivity near N ~ 8, 20 with Be 

and Na beams. One long-term scientific goal of the LLNL group is to advance our understanding 

of the tail of wavefunctions in halo nuclei, e.g. the one-neutron halo nucleus 
11

Be.  Precision 

measurements of the E1 strength in this nucleus provide insight into the development of models 

beyond the shell model.  These plans are discussed in our FY12-15 research plan.  The initial 

experiments of the collaboration in this region were an inverse (d,p) reaction with 
11

Be beam in 

search of the halo structure in 
12

Be [2], where the halo-like structure is fragmented among 

excited 0
+
 states and the low-energy Coulomb excitation of 

10
Be to measure the quadrupole 

moment of the first excited state [3], where the importance of the 3-body force is demonstrated. 

The neutron-rich Na isotopes with neutron numbers close to 20 is the ideal region to study the 

evolution of shell structure, where the energy gap between the neutron sd-pf  shells undergoes 

significant change in a span of four neutrons from N = 17 to 20 [4].  The LLNL group led the 

measurement of the B(E2) in 
29

Na (N=18) [5] to investigate this change in shell structure off 

stability.  Other work in the collaboration in this region included the low-energy Coulomb 

excitation of 
20

Na [6] and 
21

Na [7] to study their low-lying structure (a Ph.D. thesis was awarded 

for this work to M.A. Schumaker at U. of Guelph).   Currently, we are also working on a study of 

the resonant states beyond the p-threshold in 
22

Mg using the inverse (p,p′) reaction with a 
21

Na 

beam, where we have measured properties of the resonant states important to calculations of the 

production of 
22

Mg in novae (the data analysis is being carried out at U. of York). 
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The new B(E2) measurement in 
29

Na is a compelling demonstration of a decreasing gap between 

the sd and pf shells leading to enhanced collectivity. Excitations in 
29

Na were observed via a 

Coulomb interaction on a 
110

Pd target as shown in 

Fig. 1.  The 
29

Na beam energy was well below the 

Coulomb barrier (Ebeam=70 MeV), and particle-

gamma coincidences were recorded using the 

TIGRESS array [8] together with a LLNL designed 

charged-particle detector array, Bambino [5]. Our 

measured E2 strength for the first excited state, 

together with the prior measured static quadrupole 

moment of the ground state [9], provides strong 

evidence for the energy-gap between neutron sd-pf 

shells getting smaller as the ―magic‖ number 20 is 

approached, indicating that the shell structure in this 

region is substantially different from nuclei near 

stability. This shell gap narrowing was well 

predicted by a recent calculation utilizing Monte-

Carlo shell-model techniques with a SPDF-M 

Hamiltonian [10] using a valence shell comprising all the sd-shell orbits and the two lowest 

orbits of the pf-shell with both in-shell and cross-shell effective interactions.  We plan to 

continue these investigations with experiments on 
30

Na and 
31

Na using the SeGA array at MSU 

as part of a new collaboration, JANUS, or Joint Array for Nuclear Structure. 

 
Bambino2: A particle detector array for JANUS at MSU 

The deployment of the auxiliary charged-particle detectors is crucial to the success of in-beam -

ray spectroscopy experiments using modern 4  -ray detector arrays. From a coincident 

measurement, one obtains not only the impact-parameter dependence of detected  rays but also 

the information needed for their Doppler-shift corrections that improve the -ray energy 

resolution thus maximizing the sensitivity of the -ray 

detector array. 

 

For our initial work at TRIUMF, we have developed a 

charged-particle detector array, Bambino, for 

TIGRESS. The array consists of two segmented silicon 

detectors, each with 24 rings of 1 mm width and 32 

sectors covering . This setup has been successfully 

employed for six approved experiments since 2006. 

 

For our new collaboration at MSU, JANUS, we have 

finalized the design of the target/detector chamber to 

reconcile the SeGA array in a barrel pattern (see Fig. 

2). The fabrication of this chamber is currently being 

undertaken at MSU. LLNL is leading the development of a Bambino-like charged-particle 

detector array and its associated amplifiers. The detectors and amplifiers have been ordered and 

received. All the necessary tests will be completed by the end of FY11 and the detector system 

Fig. 1 : Particle-  coincident, suppressed, random-

subtracted -ray energy spectrum observed 

following ~70 h of beam on target corresponding 

to 
110

Pd(
29

Na,
29

Na
*
) at Ebeam = 70 MeV. 

Transitions to ground-state are identified. 

 

Fig. 2:  Schematic diagram of LLNL’s 

Bambino2 detector for experiments with the 

SeGA array. 
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will be delivered to MSU in early FY12. The SeGA/Bambino2 setup will be ready to field 

experiments by early 2012. 

Probing collectivity in heavy-ion reactions with particle-gamma coincidences 

In addition to the activities at the radioactive beam facility at TRIUMF , we also engaged in 

experiments using the stable beam facility at ANL to study 1) the population mechanism for the 

isomer bands in 
178

Hf and 2) the role of j15/2 neutrons in the rotational alignments in 
235

Np. The 

latter was led by LLNL and the results have been published [11]. These experiments utilized 

Gammasphere with CHICO and were intended to investigate collective effects at high angular 

momentum.  

 

The Coriolis effect in rotating nuclei leads to the mixing of the K quantum number; the projected 

angular momentum on the nuclear symmetry axis. This leads to the band mixing of higher-spin 

members with very different K quantum numbers, which, we believe is the pathway to 

population of the isomer bands in 
178

Hf. Our current effort is directed towards searching for 

direct transitions between the ground-state band and isomer bands among the higher-spin 

members to confirm the interpretation for the population mechanism of isomer bands. The data 

analysis is being performed at U. of Rochester. 

 

Rotational alignment of high-j orbitals such as the i13/2 in the rare-earth region and j15/2 in the 

actinides is believed to be the mechanism for observed band cross crossing phenomena in nuclei. 

The evidence for the rotational alignment of the i13/2 neutron orbitals is firmly established but not 

for the j15/2 neutron orbitals in actinides. The current effort has established a possible scenario of 

a strong interaction between the ground-state band and the aligned j15/2 band in 
235

Np. Rotational 

states in the ground band in 
235

Np were observed for the first time in this experiment using a two 

neutron transfer reaction 
237

Np(
116

Sn,
118

Sn)
235

Np [11]. 

 

CHICO2:  Upgrading CHICO to provide kinematic reconstruction for GRETA/GRETINA 

Nuclear -ray spectroscopy entered a new era when the first engineering run of GRETINA [12], 

the first of a new generation of -ray tracking arrays, was successfully carried out at LBNL in 

early April 2011. A parallel effort has been set up to develop the auxiliary charged-particle 

detector arrays with a matching position resolution to fully exploit the potential of GRETINA. 

Improving the position resolution of the existing charged-particle detector array, CHICO [13], is 

a part of this coordinated effort. 

 

CHICO has proven to be a valuable auxiliary charged-particle detector array for Gammasphere 

[14]. It is a highly segmented parallel-plate avalanche counter with position resolution of ~ 1º in 

 and ~ 9º in  and solid-angle coverage of 69% of 4 . Over the period between 1996 and 2008, 

a total of 26 experiments were fielded successfully, involving 58 experimentalists from 17 

institutions; resulting in 37 publications and 5 Ph.D. theses. The proposal to upgrade CHICO was 

approved by DOE/SC at the end of FY10. The plan is to redesign the cathode board and 

amplifier to improve the resolution for both  and  coordinates to better than one degree to 

match that of GRETINA. This project is scheduled for completion in the summer of 2012. 
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A number of tests on the pixelation pattern for the position sensing have been made at LLNL in a 

search for the optimal design, which was described in Ref. [15]. We have finalized the design for 

position-sensing cathode board by adopting full strips for  and pixels for .  This hybrid design 

will preserve the  resolution achieved in CHICO and significantly improve the  resolution over 

that of CHICO. The redesign work on the high-gain and high-bandwidth amplifier is in progress. 

All of the hardware fabrication will be completed by the end of 2011. 
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Search for neutrinoless double-beta decay 
Many of the biggest questions in particle and nuclear physics (as underlined by DOE/NSF 

Nuclear Science Advisory Committee) revolve around our limited knowledge of the properties of 

the elusive subatomic particle, the neutrino.  Determining the neutrino mass and the relationship 

between the neutrino and antineutrino would provide an explanation for the grand scientific and 

philosophical question of how there came about a slight excess of matter over antimatter that 

makes up all the matter we observe in the universe today. Neutrinoless double beta decay is a 

long sought-after nuclear transition in which two neutrons in a nucleus are converted into two 

protons and two beta particles without the emission of accompanying neutrinos (see Fig. 3). A 

discovery would have far-reaching scientific consequences – it would determine not only the 

neutrino mass and hierarchy but also whether the neutrino is its own antiparticle and therefore 
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whether nature violates the conservation of total lepton number. Lepton-number violation is 

thought to hold the key to explaining the predominance of matter over antimatter in the universe.  

  

 
Fig. 3: On the left, the two neutrino double-beta decay mode and the neutrinoless double beta decay mode are 

shown.  The corresponding energy spectrum of the two emitted electrons is shown on the right.  For the neutrinoless 

case, the electrons carry away essentially all of the decay energy and a signal at the Q value is expected. 

 

The Cryogenic Underground Observatory for Rare Events (CUORE) experiment brings together 

about 100 American and European scientists to build and operate an array of 988 cryogenic TeO2 

bolometers. This will be the largest (~ ton) cryogenic bolometer array ever realized and it will be 

used to perform the most sensitive search for the neutrinoless double beta  (0 ) decay of 
130

Te. 

Beginning in FY08, the LLNL CUORE group has taken on a significant role in the CUORE 

collaboration using funding from the Office of Science (~$73k in FY08) and LDRD ($200k in 

FY08). The research performed by the LLNL CUORE group over the past four years has been 

crucial to improve the sensitivity of upcoming 
130

Te double-beta decay searches by limiting the 

sources of backgrounds in experiments that use TeO2 bolometers, improving the performance of 

the TeO2 bolometers, and precisely determining where to expect the neutrinoless double-beta 

decay (0 ) signatures. This work is crucial for exploiting the scientific opportunities afforded 

by CUORICINO and CUORE. 

 

In 2008, the LLNL group compared crystals produced by two vendors of TeO2 crystals, the 

Shanghai Institute of Ceramics, Chinese Academy of Sciences (SICCAS) and Crystal 

Technology, Incorporated (CTI) located in Palo Alto, CA and determined that SICCAS produced 

the highest radiopurity crystals. Since then, the group has been overseeing the US production of 

high-quality TeO2 crystal bolometers at SICCAS. The crystals represent the single largest US 

procurement for the project. The techniques required to meet the stringent performance and 

radiopurity requirements for the CUORE experiment were developed and carried out by LLNL 

in collaboration with the Italian colleagues [1]. In order to minimize the contamination of the 

crystal bulk, raw materials, reagents, and ancillary materials involved in the crystal production 

were monitored for radiopurity using a variety of techniques – inductively-coupled plasma mass 

spectrometry (ICPMS), -ray spectroscopy using high-purity germanium (HPGe) detectors, and 

 particle spectroscopy using surface barrier detectors. Special procedures for etching and 

polishing the crystal surfaces, and handling and packaging the produced crystals were developed 

to minimize the surface contamination of the crystals. Cryogenic tests performed on 5% of the 

delivered crystals have verified that the crystals perform well as bolometers with excellent 
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energy resolutions (~5 keV FWHM at the 2.5 MeV energy of interest) and have exceeded the 

radiopurity requirements of the CUORE experiment [2]. The LLNL group has overseen the 

production of the crystals that will be used for CUORE-0 and is currently in the middle of the 

production of the remaining US crystals required for the full CUORE array. 

 

As of 2008, the double-beta decay Q values for 
130

Te, 
128

Te, and 
120

Te recommended by the 2003 

Atomic Mass Evaluation had uncertainties that were larger than the resolution of the TeO2 

bolometric detectors. To precisely determine where to expect the 0  signatures, these Q values 

were determined by a LLNL-led team that used the Canadian Penning Trap Mass Spectrometer 

at Argonne National Laboratory [3]. The 
130

Te Q value was determined to be 3 keV lower than 

the previously recommended value and the 
120

Te Q value uncertainty was reduced by nearly an 

order of magnitude.  These results have already had an impact on searches for 
130

Te 0  decay 

[4] and 
120

Te electron capture with  emission [5] using CUORICINO data. CUORICINO was 

the first tower array of 62 TeO2 bolometers with a total mass of 40 kg. The FY11 results for the 

search for the 
130

Te 0  decay using 

the updated Q value is shown in Fig. 

4. In addition, the fact that the Q-

value results demonstrated that the 
120

Te signature fortuitously is 

expected to lie between the 
214

Bi lines 

commonly observed in low-

background experiments was a 

crucial component of the analysis that 

improved the limits for this isotope 

by 3-4 orders of magnitude.  

 

The LLNL group has also had a 

major role in understanding the 

backgrounds produced by cosmic 

rays. A recipient of the highly-

competitive SEGRF fellowship (a 

LLNL-funded appointment for top 

Ph.D. students to conduct research at 

the laboratory, now called ―Lawrence 

Scholarship‖), Michelle Dolinski conducted her thesis research with the LLNL group to 

determine cross sections for neutron interactions on tellurium [6].  The -ray production cross 

sections from neutron interactions as a function of energy were measured at LANSCE at Los 

Alamos National Laboratory (LANL) using the GEANIE HPGe array (built in ~1999 by a 

LLNL-LANL collaboration) to improve the simulations of neutron-induced backgrounds.  

 

In addition, prior to the successful completion of data-taking with CUORICINO [7], large-area 

plastic-scintillator detectors (borrowed from the Department of Homeland Security) were placed 

above the CUORICINO detector to better understand the contribution of cosmic-ray muons to 

the CUORICINO background [8]. Although a number of additional scintillator detectors were 

used in this work, the detectors LLNL provided were the largest, and therefore, provided the 

most useful data.  This work demonstrated that muon-induced backgrounds contribute negligible 

Fig. 4: Final CUORICINO results for the search for the 0  

decay of 
130

Te [3]. The updated Q value is used to search for a 

peak in the energy spectrum. The best fit and the 68% and 

90% confidence intervals are shown. The peak at 2505 keV is 

due to background from 
60

Co. This analysis resulted in a half-

life limit of T1/2 (0  )  > 2.8×10
24

 y (90% C.L.) [4]. 
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background for CUORE in the underground site at LNGS and that a muon veto will not be 

necessary.  

 

In FY10, LDRD funds were leveraged to develop a system to reliably and reproducibly 

instrument bolometer detectors with thermistors (for signal read-out) and heater chips (for signal 

stabilization). Previously these pieces were glued by hand to the crystals and significant variation 

in the thermal connections was observed from detector to detector. The newly-developed system 

enables the user to place these pieces with significantly better precision, which is expected to 

result in more uniform performance of the bolometers. This system is now being used to 

instrument the CUORE-0 crystals and will be used to instrument all the CUORE crystals. 

 

In the beginning of FY11, Dr. Marisa Pedretti, a LLNL post-doc, was enthusiastically selected to 

be the CUORE-0 experimental coordinator by the CUORE collaboration. This is a significant 

leadership role in establishing the scientific program and organizing the commissioning and 

operation of the CUORE-0 tower.  She was selected because of her deep understanding of the 

CUORE experiment and the assembly and function of the components of the CUORICINO 

experiment as well as her extensive experience with cryogenic bolometers. The CUORE-0 tower, 

consisting of 52 TeO2 crystal bolometers, is the first step towards the realization of CUORE. She 

has been stationed at the experimental site to effectively organize the onsite group of US and 

Italian scientific and engineering staff that is working to commission and run the CUORE-0 

tower. As a result of Dr. Pedretti’s efforts, there has been no major delay in the CUORE-0 

schedule in the past year.  

 

Marisa Pedretti was awarded a Physics Division SPOT award because of her leadership within 

the CUORE collaboration and her achievements developing novel cryogenic bolometric 

techniques (see for example Ref. [9]) and was featured in a LLNL Newsline article 

(www.llnl.gov/news/aroundthelab/2011/Jan/ATL-011011_pedretti.html) on her selection as 

CUORE-0 experimental coordinator. The LLNL CUORE effort was featured in LLNL’s 2009 

Science & Technology Reviews (see Science & Technology Review, June 2009, pp. 17-18 and 

Physical and Life Sciences 2009 Science & Technology Review Highlights, pp. 15-16). 
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Four Year Proposed Research Plan (FY12-15) 

LLNL Experimental Nuclear Physics Group 

 

We propose to extend prior work in the areas of collective properties of exotic nuclei and 

fundamental neutrino physics, and, with a modest increase in funding, initiate a new area of 

exploration into the physical and chemical properties of superheavy nuclei in collaboration with 

scientists at LBNL. This new research thrust will enable the heavy element group at LLNL to 

build on the discovery-class research of the last decade. This three-pronged research plan will 

enable three post-doctoral researchers to explore basic research in three forefront research fields: 

1) to study of the evolution of nuclear shells in new regions of the chart of nuclides at the leading 

radioactive-ion beam facilities around the world; 2) to search for exotic decay modes, namely 

neutrinoless double-beta, in order to study the fundamental properties of neutrinos and test the 

standard model of nuclear physics; and 3) to investigate the chemical properties of heavy and 

superheavy nuclei in order to determine the placement of these heavy elements into the proper 

location in the periodic table. Each research area is described more fully in the following 

sections.  

Exploration of exotic nuclei and the collective properties of nuclei 
Activities under this task support the NSAC Subcommittee on Performance Measures report 

under milestone NS9 for 2018, to measure changes in shell structure and collective modes, from 

the most proton-rich to the most neutron-rich nuclei accessible, in order to improve our 

understanding of the nucleus, and to guide theory in every region of the theoretical roadmap. We 

propose to continue building on the work from the past four years. 

 
Valuable experience with radioactive-beam experiments was acquired from our initial effort at 

TRIUMF. The upcoming low-energy radioactive beam capabilities at MSU and ANL have made 

it possible to explore further the evolution of shell structure in new territory of isotopes with 

extreme neutron/proton ratios. We propose to take advantage of this opportunity to form new 

collaborations to field experiments providing data important for further developing or refining 

the cross-shell effective interactions and our theoretical understanding of nuclear collectivity. 

 

For the next proposed period, we will extend our research on several fronts.  First, we will move 

to heavier nuclei and study of the evolution of shell structure in neutron-rich nuclei of N ~ 20, 28 

using the ReA facility at MSU with the JANUS (Joint Array for NUclear Structure) collaboration 

(see Fig. 1). These experiments are a major step forward in that we will now have the capability 

to move further from stability and to study the collectivity of nuclear excitations in these nuclei 

beyond the first excited state. At ANL’s CARIBU facility we will extend our exploration of the 

collective properties in heavy nuclei with our Gammasphere/CHICO collaboration using 

GRETINA/CHICO2, where the improved -ray energy resolution by a factor of 2 – 3 allows us 

to carry out the experiments with low intensity of radioactive beams. 
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In addition, we are responsible for maintaining and 

upgrading the auxiliary charged-particle detector 

arrays for both the JANUS and GRETINA/CHICO2 

collaborations. Our focus at with the 

TIGRESS/Bambino collaboration is to further our 

understanding of the effect of continuum states on 

the collectivity of halo nuclei, e.g. 
11

Be. Details of 

our proposed research are described below. 

Probing collectivity in light nuclei with particle-

gamma coincidences 

So far, most low-energy radioactive-beam 

experiments measure the transition probability for 

the first excited state in a nucleus of interest. However, a comprehensive test of predictive power 

of nuclear models requires a broader set of measured quantities such as the static moment and the 

properties of excitations beyond the first excited state. Listed below are examples we plan to 

pursue in the proposed period. 

 
The evolution of shell structure in Na and S isotopes at MSU 

One neutron away from the N = 20 shell closure, 
30

Na exhibits characteristics of enhanced 

collectivity [1,2] in addition to single-particle degrees of freedom. These characteristics can be 

attributed to the significantly reduced energy gap between sd-pf shells or even shell inversion, 

described by calculations using Monte-Carlo shell-model techniques with a SPDF-M 

Hamiltonian [3]. The enhanced collectivity implies the existence of rotational or vibrational 

modes of motion. However, the existence and properties of the second excited state is not firmly 

established [2]. 

 

We propose to investigate the collectivity of 
30

Na using the low-energy Coulomb excitation 

using the SeGA array at MSU, in contrast to previous measurements using intermediate-energy 

projectiles above the Coulomb barrier. This measurement exploits our new Bambino2 charged-

particle array coupled to SeGA for the two-body kinematic reconstruction. This new 

collaboration, JANUS, includes scientists from LLNL, MSU, and the Univ. of Rochester. Our 

initial research focus is outlined in the Letter-of-Intent proposal [4], which was submitted to the 

PAC34 of MSU in Dec 2009 and given a high mark by the PAC committee. 

 

In our long-term planning, we keep an eye on 
31

Na, where the shell closure at neutron number of 

20 is totally absent resulting in enhanced collectivity that can be investigated using low-energy 

Coulomb excitation. This will provide the needed data to further test the predictive power of 

models, specifically with the cross-shell effective interactions involved. 

 

The second example is to measure the static quadrupole moment of the first excited state for 

nuclei near 
44

S: The static moment for a given state in nuclei is very sensitive to the orbitals 

occupied by the valence nucleons. For neutron-rich nuclei in the vicinity of 
44

S, the static 

quadrupole moment besides the transition probability thus provides another avenue to explore 

issues related to the evolution of shell structure due to the weakened N = 28 shell gap which 

Fig 1: Portion of the chart of nuclides showing 

the N=20,28 region taken from D. Dean, 

Physics Today, Nov. 2007, p.48. Locations of 

larger and smaller than expected shell gaps are 

marked with blue and green dots, respectively. 
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leads to the occupation of intruder orbitals or mixed configurations. The latter is very sensitive to 

the cross-shell effective interactions. 

 

The reorientation effect in the low-energy Coulomb excitation offers the opportunity to deduce 

the static quadrupole moment of the first excited state in these nuclei. We are going to propose 

these measurements once the ReA facility at MSU is ready to deliver the beam as stated in our 

Letter-of-Intent proposal [4]. 

 
Completing Bambino2: A particle detector array for JANUS at MSU 

To accomplish our proposed program at MSU, an auxiliary charged-particle detector array is 

needed for the SeGA array for the particle-gamma coincidence experiments. LLNL leads the 

development of this auxiliary detector array based on a pair of double-sided segmented silicon 

detectors similar to those we developed for TIGRESS. This detector array, Bambino2, will be 

completed by the end of FY11 and delivered to MSU to integrate into the target/detector 

chamber, which is under construction at MSU. This integration will be done by early 2012. 

Understanding enhanced E1 strength in halo nuclei at TRIUMF 

Besides the new initiative discussed above, we propose to analyze and publish the results for the 

low-energy Coulomb excitation experiment on 
11

Be, completed in FY11 at TRIUMF using 

TIGRESS/Bambino. The significance of this study on the development of models beyond the 

shell model is described in details below.  After this measurement, we will investigate additional 

cases to improve our understanding of the role of continuum states in shell model physics. 

 

The parity inversion and the strongest E1 strength between bound states in nuclei in 
11

Be are 

difficult to interpret under the standard framework of shell model. The calculation failed to reach 

the convergence using the sophisticated ab initio no-core shell model with the basis up to 9ћ  

[5]. It is doubtful for the viability of this approach to ever describe the properties of halo nuclei. 

Therefore, a hybrid model, ab initio no-core shell model + resonating-group method, is being 

developed to describe the properties of halo nuclei not only for bound sates but also for the 

continuum (unbound scattering states) in a unified manner [6]. 

 

The comparison of the E1 strength between measurement and calculation is one of the best ways 

to test the predictability of this hybrid model since the enhancement is very sensitive to the 

detailed wavefunction. To make this comparison possible, we have proposed to make precision 

measurement of the E1 strengths to both bound state and continuum concurrently in 
11

Be using 

the low-energy Coulomb excitation. The proposal has been approved and the experiment is 

scheduled from July 27 to August 10, 2011 using the TIGRESS/Bambino setup at TRIUMF. 

 

The E1 strength between bound states in 
11

Be has been measured using the Doppler-shift 

attenuation method [7,8] and the intermediate-energy Coulomb excitation [9,10,11]. The former 

has an uncertainty more than 10% and the latter has the unknown uncertainty for the reaction 

mechanism. Separately, the E1 strength to the continuum has been measured using the projectile 

breakup reaction at intermediate energy [12,13,14,15]. The measured E1 strength most likely is 

contaminated by the 
10

Be core excitation. For our proposed experiment, we intend to measure the 

E1 strengths to both the bound state and continuum using the low-energy Coulomb excitation by 

quantifying the effect on the population of bound excited state due to the E1 coupling of the 
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ground state to the continuum. This technique avoids all the uncertainty associated with the 

intermediate-energy experiments and at the same time provides a precision measurement. 

 

The extended wavefunction for the ground state of 
11

Be complicates the analysis; that is, the 

determination of the E1 strengths using the technique developed for the stable nuclei [16] is 

inappropriate. Instead, an extended continuum discretized coupled channels (XCDCC) method 

[11,17], where the extended wavefunction is treated properly, will be used to extract the E1 

strengths in 
11

Be. This analysis will be carried out in FY12 once the experiment is completed in 

FY11. 

Probing collectivity in heavy nuclei with particle-gamma coincidences 

With the CARIBU facility at ANL available soon to the user, we are going to explore the collect 

properties of heavy neutron-rich nuclei, in particular, the aspects of the octupole collectivity 

using Gammasphere/CHICO or GRETINA/CHICO2 with our existing Gammasphere/CHICO 

collaboration. Examples of our research focus are described below in details. 

 

The dominant collective mode of motion exhibited in nuclei is resulting from reflection-

symmetric shapes that arise from the quadrupole degree of freedom. However, nuclei with the 

proton number near 34, 56, 88, and the neutron number near 34, 56, 88, 134, can assume reflect-

asymmetric shapes that arise from the octupole degree freedom [18]. The even-odd staggering of 

the positive and negative parity yrast bands in even-even nuclei, parity doublets in odd mass 

nuclei, and the enhanced E1 strength due to a displacement between the center of charge and 

mass are among the identifiable phenomena associate with the reflect-asymmetric shapes. 

Nevertheless, the only observable that provides the unambiguous evidence for the enhanced 

octupole collectivity is the measurement of E3 strength since the enhanced E1 is very sensitive to 

the shell corrections [19]. 

 

The neutron-rich Ba isotopes (Z = 56, N ~ 88) are among the ideal candidates to study the 

octupole collectivity in nuclei and can easily be accessed using the spontaneous fission sources 

[20,21]. The characteristics of octupole collectivity has been observed in 
144

Ba and 
146

Ba from 

the measured even-odd staggering of positive and negative parity bands, however, the measured 

E1 in 
146

Ba is an order of magnitude lower than that in 
144

Ba. The non-enhanced E1 in 
146

Ba is 

attributed to significant shell corrections [19]. We propose to field a low-energy projectile 

Coulomb excitation experiment for both Ba isotopes to measure their E3 strengths at the 

CARIBU facility of ANL. This will provide direct evidence of enhanced octupole collectivity in 

the Ba isotopes. We will carry out the proposed experiments with our established collaboration at 

ANL using Gammasphere together with CHICO or GRETINA together with CHICO2 when 

available.  

 

In addition to the opportunity provided by the CARIBU facility at ANL, we also are engaged in a 

collaboration at CERN/ISOLDE to explore the octupole collectivity in Rn and Ra isotopes with 

mass near 220. We recently completed the measurement of 
224

Ra and 
220

Rn using the low-energy 

projectile Coulomb excitation with the MINIBALL [22] and a double-side segmented silicon 

detector. These measurements are important in the search for permanent atomic electric-dipole 

moments [23]. The data analysis of these measurements is being carried out at U. of Liverpool. 

We also have a proposal to explore the octupole collectivity for odd-A nuclei in the same mass 

region. 
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Completing CHICO2 to provide kinematic reconstruction for GRETA/GRETINA 

CHICO2 will be a major auxiliary charged-particle detector array with a matching position 

resolution for GRETINA. This upgrade, described elsewhere in the proposal, is a part of 

coordinated parallel effort to provide the capability of the particle-gamma coincidence 

experiments for GRETINA. LLNL leads the upgrade effort. We have finalized the position-

sensing design with a hybrid pixelation. The fabrication of the position-sensing board and 

amplifier will be completed by the end of 2011. The assembling and testing will begin in early 

2012 and last for about 6 – 8 months. CHICO2 should be ready for GRETINA by the summer of 

2012. 

Summary and Deliverables 

Our initial effort to study the evolution of shell structure using the radioactive beam facility at 

TRIUMF has been successfully carried out in the past few years. The success has encouraged us 

to expand our program to the soon available low-energy radioactive beam facilities at MSU and 

ANL, where a new territory of nuclei with extreme neutron/proton ratios will be available to 

further explore issues related to the evolution of shell structure. We anticipate great success in 

this new effort to provide the data to test and improve the predictive power of models. Our 

collaboration with many intuitions is the key to the success to our relatively small group at 

LLNL and they provide the critically needed equipment and manpower to complete the required 

measurements in experiments. In the meantime, we contribute our expertise to design and 

fabricate the auxiliary charged-particle detector array for measuring the needed two-body 

kinematic for observed  rays. 

 

The yearly deliverables for this research effort are: 

FY12: Two charged-particle detector arrays, Bambino2 and CHICO2, will be ready for 

SeGA at MSU and GRETINA, respectively. We will complete the analysis and publish the 

results on the E1 strength for 
11

Be, which is important for the development of models beyond the 

shell model. New initiatives on the excitation beyond the first excited states for neutron-rich 

nuclei with N ~ 20, 28 to further address issues related to the evolution of shell structure will be 

begun. 

FY13: New initiatives on the excitation beyond the first excited states for neutron-rich 

nuclei with N ~ 20, 28 to further address issues related to the evolution of shell structure will be 

continued – for example the measurement of excitation beyond the first excited state in 
30

Na. 

Depending upon CARIBU schedule, a measurement to firmly establish octupole collectivity in 

neutron-rich Ba isotopes will be fielded. 

FY14: Depending upon results of previous years work, explorations into collectivity and 

shell structure of neutron-rich fission products will continue – for example the static quadrupole 

moment near 
44

S. Investigations of other isotopes near N ~20, 28 or even heavier are planned. 

Depending upon CARIBU schedule, the measurement to explore octupole collectivity in 

neutron-rich Ba isotopes will be continued/finished. Begin work on odd-A nuclei near A=220 at 

CERN/ISOLDE. 

FY15: Explorations into collectivity and shell structure of neutron-rich fission products 

will continue and investigations of other isotopes near N ~20, 28 or even heavier are planned.  
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Depending upon CERN/ISOLDE results, finish octupole collectivity studies of odd-A nuclei 

near A=220. 
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Requested FY12 budget is $250K (an increase of $50K to support Ching-Yen at 20% level and 

some small amount for travel). 

Exploration of fundamental neutrino physics 
Activities under this task support the NSAC Subcommittee on Performance Measures report 

under milestone FI14 for 2017, to extend the sensitivity of searches for neutrinoless double-beta 

decay in selected nuclei by a factor of ten in lifetime. We propose to continue building on the 

work from the past four years.  

The Cryogenic Underground Observatory for Rare Events (CUORE) is an experiment that will 

search for the neutrinoless double beta decay of 
130

Te and other rare and exotic decays using a 

large array of cryogenic bolometers.  Observation of this decay mode would determine the 

neutrino mass scale (see Fig. 2) and demonstrate that neutrinos are Majorana in character (i.e. 

their own antiparticle).  Note that the expected CUORE sensitivity, should 0  decay not be 

discovered, eliminates most of the inverted neutrino mass hierarchy from consideration. 
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Knowledge gained from this discovery would answer key questions regarding the nature of 

neutrinos and may explain why matter dominates over antimatter in the universe. 

 

The group’s efforts to characterize 

experimental backgrounds, understand 

where they originate, and determine how to 

best eliminate these backgrounds will 

continue during the CUORE Crystal 

Validation Runs (CCVR), the CUORE-0 

scientific efforts, and the data-collection 

phase of the CUORE experiment.  As the 

sensitivity of a double-beta decay 

experiment depends crucially on the 

background level around the 0  energy 

region, this research is aligned well with the 

Low Energy Nuclear Physics program goal 

FI14 to improve the sensitivity of 0  

searches by a factor of ten in lifetime by 

2017.  

 

The LLNL group has significant expertise in 

low-background, low-energy nuclear physics 

and bolometers (Nicholas D. Scielzo and 

Marisa Pedretti along with Eric Norman 

from the Nuclear Engineering Department at 

the UC Berkeley) and a significant portion of the existing US CUORE expertise in developing 

sophisticated Monte Carlo simulations of the apparatus have taken research positions at LLNL 

(Kareem Kazkaz, Samuele Sangiorgio). In addition, Marisa Pedretti was recently enthusiastically 

selected by the CUORE collaboration to be the CUORE-0 experimental coordinator because of 

her extensive experience and expertise with cryogenic bolometers and the various components of 

the CUORICINO/CUORE-0/CUORE experiments. The group’s efforts to characterize 

experimental backgrounds, understand where they originate, and determine how to best eliminate 

these backgrounds will be expanded during the CUORE crystal validation runs (CCVR).  The 

group is unique in its intimate knowledge of the crystal production and therefore potential 

sources of contamination. In addition, two graduate students (Barbara Wang – funded through a 

Nuclear Forensics Fellowship from the Department of Homeland Security and a second graduate 

student funded by the ―Nuclear Science and Security Consortium‖ that was recently awarded by 

NNSA to a UC Berkeley led consortium including LLNL) will work with the LLNL group on 

CUORE for their Ph.D. research. 

 

The group will continue its years-long effort to optimize the production and delivery of high-

quality TeO2 crystal bolometers to meet the stringent performance and radiopurity requirements.  

These crystals serve as both the source and the detector for the experiment and if not produced 

properly could severely limit the sensitivity of the CUORE experiment by contributing the 

dominant radioactive background. The US CUORE crystal production will be complete by the 

end of FY12. 

Fig 2: Neutrino mass limits achievable with CUORE-0 

and CUORE. The sensitivity depends on the success of 

background-rejection efforts. The limits are shown as 

bands because of uncertainties in the nuclear matrix 

elements. The KKDC red-line is the published claim for 

discovery of 0  decay in Ge [1]. Inverted and normal 

hierarchy allowed regions are shown as grey bands.  
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The collaboration is enthusiastic to exploit the first tower in a stand-alone experiment and build a 

scientific program, outside of the CUORE construction project, that can be executed in parallel 

with the construction of the nineteen CUORE towers that will go on for several years. To 

execute the scientific program using the CUORE-0 tower there is a plan to deploy the tower 

array in the refurbished cryostat originally used for CUORICINO. The CUORE-0 experimental 

coordinator will play a significant leadership role in the scientific program of CUORE-0. 

 

The coordination of the CUORE-0 experimental program, which began in FY11 and will 

continue during data-taking and analysis period, is being performed by LLNL. This effort 

naturally builds off the group’s crystal production and background characterization efforts. The 

CUORE-0 scientific efforts are crucial to understand the issues that will be encountered during 

the construction and data-collection phase of the CUORE experiment. Once data collection 

begins in FY12, the CUORE-0 tower will be operated for 2 years as a stand-alone double-beta 

decay experiment.  As a result of reduced backgrounds, this tower will surpass the sensitivity of 

CUORICINO within a few months. In FY12-13, the coordination of the R&D efforts to 

understand and optimize the detector performance and collect data can for the most part be 

carried out from Livermore and therefore it is anticipated that less time will need to be spent at 

Gran Sasso. 

 

As the CUORE project transitions from construction to primarily data collection, LLNL 

anticipates taking the lead in the US on developing detailed Monte Carlo simulations (using the 

GEANT4 toolkit) required to interpret the observed backgrounds.  These data analysis tools will 

be developed and used to characterize experimental backgrounds, understand where they 

originate, and determine how to best eliminate these backgrounds. This work will be done in 

close collaboration with Italian colleagues at the University of Milan who are leading the Italian 

efforts.  Initial efforts will be focused on determining the nature of any backgrounds observed in 

the TeO2 bolometers from the CCVR runs and in the CUORE-0 array. Following the insights 

gained from these models, a simulation of the entire CUORE array (including support structure, 

detector instrumentation, cryostat, and shielding) will be developed and used to understand the 

backgrounds.  

 

The simulations used for background studies are also critical for much of the CUORE-0 and 

CUORE scientific program.  LLNL will take the lead in the searches for rare decays such as the 

double-beta decay modes of 
120

Te and the double-beta decay of 
130

Te to excited states in 
130

Xe.  

These searches require guidance from a simulation of the detector array which can determine 

which decay signature provides the greatest experimental sensitivity for each decay mode. The 

development of the simulation model and optimization of the physics searches will begin 

immediately with CUORE-0 so that the tools are ready when CUORE begins collecting data. 

These science topics would make up a significant portion of a graduate student’s Ph.D. research. 

 

Experimental efforts to directly measure potential backgrounds will also be pursued.  Neutron-

induced backgrounds can be determined by irradiating sample TeO2 crystals with a neutron beam 

that has an energy distribution that mimics the cosmic-ray neutron energy distribution but at 

intensities many orders of magnitude higher. Operating a single activated crystal as a bolometer 
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months and years after the irradiation can provide insight into some of the backgrounds that will 

be observed during the 5-year data collection period with the full 988 crystal CUORE array. 

 

 

The yearly deliverables for this research effort are: 

FY12: Complete production, quality control and assurance, and testing of the US portion 

of the TeO2 crystals. Complete CUORE-0 as a test and ―shake down‖ of the assembly methods 

for CUORE. Begin data collection for the scientific program using the CUORE-0 tower. Collect 

data to determine long-lived isotopes resulting from cosmic-ray neutron activation. 

FY13: Improve assembly line procedures based on experience from CUORE-0 and 

subsequent data collection with this array. Analyze data from cosmic-ray neutron activation 

experiment. Develop Monte Carlo simulation of CUORE-0 and CUORE to understand 

backgrounds and perform physics studies. 

FY14: Begin data collection with CUORE array. Optimize running and operation of 

detector array based on experience with CUORE-0. Calibrate the CUORE Monte Carlo to data 

collected with the detector array and use it to understand the observed backgrounds. Using data 

collected from cosmic-ray neutron activation experiment and Monte Carlo simulation of 

CUORE, determine the expected background spectrum from cosmogenic activation in CUORE. 

 FY15: Apply Monte Carlo simulation to determine the efficiencies for observing various 

physics signatures needed for studies of 
130

Te decays to excited states of 
130

Xe, various 
120

Te 

decay modes, possible electron decay modes, and other exotic decay modes. Lead the efforts to 

search for these decay modes. 

 

[1] H.V. Klapdor-Kleingrothaus et al., Nucl. Instrum. Meth. A 522, 471 (2004). 

 

Requested FY12 budget is $400K which is the level consistent with CUORE review request. 

Exploration of SHE physical and chemical properties 
Activities under this task support the NSAC Subcommittee on Performance Measures report 

under milestone NS8 for 2015, to measure properties and production mechanisms of the 

elements above Z ~ 102 to understand the nature and behavior of these nuclei, and to assist 

theoretical predictions for the stability, structure and production of superheavy elements. We 

propose to begin a new program in collaboration with Rod Clark, Paul Fallon, Ken Gregorich 

and Heino Nitsche at LBNL to investigate the physics and chemistry of the heaviest elements. 

LBNL currently plans to concentrate on physics experiments with BGS + a variety of other 

auxiliary apparatuses such as the cube focal plane detector coupled with beta, x-ray and gamma-

ray detectors, the gas cell or GRETINA—experiments that would be led by LBNL that we 

propose to collaboratively participate in as appropriate. Experiments that would be led by LLNL 

would involve the testing of an automated chemistry system (see Fig. 3) using homologue 

aqueous chemistry and, when ready, potentially SHE (such as element 114). The automated 

chemistry apparatus at LLNL is being developed for nuclear forensics applications, but is easily 
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modified to perform atom-at-a time 

chemistry using micro-volumes and 

columns on a valve. Incidentally, this 

system could also be utilized for 

purification of isotopes reliably and 

reproducibly with high specific activity, a 

potential benefit for the isotopes program 

side of the DOE/SC/NP office. 

State-of-the-art Dirac-Fock calculations 

have been performed for atoms and ions 

to predict the electronic shell-filling order, 

and hence the configuration of the 

periodic table for elements with Z ≤ 172 

as shown in Fig. 4 [1]. Naturally, as 

predictions recede from the region of the 

periodic table where chemical investigations of the heaviest elements have been performed (Z ~ 

109, with some gas-phase investigations of Z=112, 114), uncertainties in the electronic shell 

interactions and relativistic effects make predictions less reliable. Note the predicted electronic 

shell filling order is interesting (8s < 5g < 8p1/2 < 6f < 7d < 9s < 9p1/2 < 8p3/2) and the first 

element with g-orbital valence electrons is predicted to be Z=121, only three elements heavier 

than the heaviest element observed so far, element 118. It is, therefore, critical that we explore 

the chemical properties of the heaviest 

elements, in conjunction with production 

and identification of these elements via 

measurement of their nuclear decay 

properties, in order to experimentally 

determine the validity of such theoretical 

calculations, and to measure the 

magnitude of relativistic effects in these 

elements. A number of isotopes (such as  
289

114 (t1/2 = 2.6 s)) have been discovered 

with half-lives longer than a few seconds 

which are suitable for chemistry 

experiments, if a chemical separation 

could be reliably repeated continuously or 

sequentially rapidly during a long 

accelerator irradiation. Production of such 

isotopes could be enhanced utilizing 

thicker targets and higher beam intensities 

than possible in separator experiments. At LLNL, we have an interest in exploring atom-at-a-

Fig 3: A photo of the LLNL automated chemistry 

apparatus in operation in the lab.  

 

Fig 4: The extended periodic table predicted in Ref. [1]. 

Note that the elements do not systematically fill the table 

after element 138. 
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time aqueous chemistry, in order to elucidate the chemical behavior of these heaviest elements, 

which is distinct from complementary studies of gas-phased chemistry or surface chemistry. 

Characterization and testing of such an automated system is essential. 

Thus, we specifically propose to investigate methods for putting radioactive products generated 

by the 88‖ cyclotron into solution and by generating several isotopes with different half-lives in 

order to measure the shortest time such products could be processed through the system. In order 

to successfully perform a transactinide chemistry experiment, a transport mechanism is required 

to move reaction products from the target or separator to the aqueous phase of an automated 

chemical system. At LLNL, we are currently developing the GLITTAR (Gas-Liquid Interface for 

Transferring Transactinides to Automated Radiochemistry) apparatus as an interface between the 

Tandem accelerator at the CAMS (Center for Accelerator Mass Spectrometry) at LLNL and the 

SHELA (Super Heavy Element Liquid Automation) chemistry system.  This type of transport 

interface is accelerator specific, which means that a similar system must be designed and 

implemented behind the BGS separator at the 88-Inch Cyclotron at LBNL for a future 

transactinide chemistry experiment.  We require a transport mechanism from any separator 

system to the interface to the automated radiochemistry apparatus.  Chemical experiments were 

carried out at the BGS the past few years [2-7] and may have already provided an appropriate 

interface.  If not, then such an interface needs to be developed and tested.  We are currently 

thinking of a traditional He/KCl aerosol transport system into GLITTAR, but certainly other 

methods can be considered.  Depending on the species to be looked at, the possibility of using a 

gas transport without aerosols can be considered, particularly if the species under study is 

predicted to have some inert character, as some predictions for the properties of element 114 

indicate.   

One area of constant need will be to produce appropriate homolog tracers for chemical 

development of separation schemes aimed at determining the properties of element 114, or any 

other element that has a sufficiently long-lived isotope to permit study.  Current production plans 

at CAMS can only provide a limited set of isotopes for study.  The 88‖ cyclotron provides access 

to essentially the entire chart of the nuclides, which will allow us to produce isotopes such as 
69

Ge and 
71

Ge by ( ,n) reactions on 
nat

Zn.  Appropriate reactions for producing Group 14 

elements will be investigated and developed for use at the 88-Inch Cyclotron both for off-line, 

bench-top batch chemical studies, and on-line efficiency measurements for system testing. 

Heavy element aqueous experiments have long been plagued by the need to evaporate a final 

counting sample to dryness prior to successful detection of alpha radiation.  We intend to counter 

this requirement with functionalized surface technology [8], where extractive molecules are 

chemically bound to a surface, currently glass, allowing species of interest to be quickly bound 

from an aqueous solution.  The solution is removed almost immediately following contact with 

the substrate, and the sample is then ready for alpha counting with resolution comparable to an 

electroplated source.  This technology permits easier access to shorter half-life species, and 

allows meaningful experimental statistics to be generated in shorter time periods.  The extractive 
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species can be tailored to the element under study, and may even offer a rapid alternative to 

traditional column type experiments.  Fission is also an important decay mode in the super-heavy 

elements, and using a glass substrate will permit only single fragment measurement, whereas if 

the technology can be extended to a polymer surface, then the potential for being able to do 

fission spectroscopy on both fragments becomes possible.  Developing this technology using an 

appropriate polymer substrate will be a key development. 

The yearly deliverables for this research effort are: 

FY12: Test techniques for accelerator/automated chemistry interface and measure on-line 

efficiency for several homologue isotopes. Utilize approximately 3 shifts of 88‖ beam time. 

Participate in BGS+GRETINA experiments in early FY12. 

FY13: Develop rapid sample preparation techniques and continue development of 

aqueous chemistry for group 14. May include some runs at LBL or Texas A&M (TAMU). 

FY14: Based on the results of prior tests at 88‖ cyclotron, determine best location for 

element 114 aqueous chemistry experiment (88‖, Dubna, GSI, or TAMU). 

 FY15: Based on results from prior developments, attempt the first aqueous SHE 

chemistry (eg., element 114). 

  

[1] P. Pyykkö, Phys. Chem. Chem. Phys. 13, 161 (2011).  

[2]  J.P. Omtvedt et al., J. Nucl. Radiochem. Sci. 3, 121 (2002). 

[3]  L. Stavsetra et al., Nucl. Instrum. Meth. Phys. Res. A 543, 509 (2005). 

[4]  R. Sudowe et al., Radiochim. Acta 94, 123 (2006). 

[5]  J.M. Gates et al., Radiochim. Acta 97, 167 (2009). 

[6]  J.M. Gates et al., Radiochim. Acta 97, 173 (2009). 

[7]  Ch.E. Düllmann et al., Radiochim. Acta 97, 403 (2009).  

[8]  W.J. Oldham et al., J Radioanal. Nucl. Chem. 282, 585 (2009). 

 

Requested start-up budget is $150K for support of 0.5-0.75 PD (institution supports 0.25), travel, 

and some chemical and material expenses. 
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LLNL institutional support 

The Experimental Nuclear Physics Group is part of the Physics Division, in the Physical and Life 

Sciences Directorate (PLS) of the Lawrence Livermore National Laboratory (LLNL).  The Lawrence 

Livermore National Laboratory was established in the 1950’s to design and test nuclear weapons, and 

nuclear physics has been an integral part of the Laboratory since its inception.  With the lab’s 

multidisciplinary structure, we have a long heritage of successfully conducting both large- and small-scale 

experiments, and effectively balancing research with our programmatic responsibilities. 

We are located in the several buildings at the laboratory including B194 electron accelerator building, 

which gives us direct access to laboratory space and infrastructure built up for nuclear physics 

experiments at LLNL.  In addition to the standard facilities supplied by LLNL such as offices, computers, 

and laboratories, the laboratory also supplies specialized engineering support and machine shop precision 

metrological capabilities. If needed, the institution also supplies super-computer machine time and 

specialized analytical support. We have strong connections with the stockpile stewardship radiochemistry 

group in the Chemistry Division within PLS which enables access to radiochemistry laboratories with 

both fume hoods and gloved boxes, counting rooms for measurement of emitted radiations, mass 

spectrometry laboratories, and both classified and unclassified work areas.  We also have access to a wide 

range of analytical techniques including automated ion-chromatography, X-ray fluorescence, organic gas 

chromatography, mass spectroscopy, detector development laboratories including gamma-ray, x-ray and 

particle detectors of varying types, the TPC laboratory, etc.   

 

Our research projects dictate that we participate in experiments at accelerator and reactor facilities around 

the world.  We have collaborations with the 88" cyclotron at the Lawrence Berkeley National Laboratory, 

the ATLAS accelerator at ANL, ISAC at TRIUMF, NSCL and FRIB at MSU, TUNL on the Duke Univ. 

campus, LANSCE at LANL, ISOLDE at CERN, JINR at Dubna, Univ. of Oslo, Univ. of Richmond, 

Univ. of Maryland, Univ. of Rochester, Rutgers Univ., ORNL, and are developing connections with 

Texas A&M.  We are currently collaborating with the Heavy Element Group at the Joint Institute for 

Nuclear Research in Dubna, Russia, and have the use of their facilities, including several heavy-ion 

cyclotrons. 

Furthermore, we cooperate with the High-Flux Isotope Reactor at the Oak Ridge National Laboratory, 

which has provided us with an extensive inventory of exotic heavy element isotopes of varying 

enrichments, suitable for spectroscopic studies themselves, or as target materials for synthesis of heavier 

nuclear species.  Our ability to make radioactive targets of exotic nuclides on thin substrates is unequalled 

by any other facility in the country. We have also used irradiations at HFIR to activate NIF capsules for 

development of radiochemistry experiments at NIF. 

Through offering an exciting basic nuclear science research component, we are able to effectively recruit 

young scientists that are interested in nuclear science as postdoctoral researchers or graduate students.  

We routinely have ~6 post doctoral researchers within the group at any time, two of which are directly 

supported by DOE/SC/NP. We typically have 1-2 graduate students working with us at any time, mostly 

on DOE/SC/NP projects, but they are supported by DHS or NNSA funding through their home 

institution. During the summer, we typically have ~6 undergraduate researchers participating in a variety 

of projects in the group. 
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Publications during 2008-2011 

Exotic nuclei studies 

1. A.B. Hayes, D. Cline, K.J. Moody, I. Ragnarsson, C.Y. Wu et al., ―Coulomb excitation 

of a 
242

Am isomeric target: E2 and E3 strengths, rotational alignment, and collective 

enhancement‖, Phys. Rev. C 82, 044319 (2010). 

2. A.M. Hurst, C.Y. Wu et al., ―Rotational alignment in 
235

Np and the possible role of j15/2 

neutrons‖, Phys. Rev. C 81, 014312 (2010). 

3. R. Kanungo, et al., ―Structure of states in 
12

Be via the 
11

Be(d,p) reaction‖, Phys. Lett. B 

682, 391 (2010). 

4. M.A. Stoyer, et al., ―Nuclear physics and heavy element research at Lawrence Livermore 

National Laboratory‖, Russian Chemical Reviews 78(12),1145 (2009). 

5. M.A. Schumaker, D. Cline, G. Hackman, C.J. Pearson, C.E. Svensson, C.Y. Wu et al., 

―Coulomb excitation of the proton-dripline nucleus 
20

Na‖, Phys. Rev. C 80, 044325 

(2009). 

6. A.M. Hurst, C.Y. Wu et al., ―Narrowing of the neutron sd-pf shell gap in 
29

Na‖, Phys. 

Lett. B 674, 168 (2009). 

7. U.S. Tandel, S.K. Tandel, P. Chowdhury, D. Cline, C.Y. Wu et al., ―Collective oblate 

rotation at high spins in neutron-rich 
180

Hf‖, Phys. Rev. Lett. 101, 182503 (2008). 

8. M.A. Schumaker,D. Cline, G. Hackman, A.C. Morton, C.J. Pearson, C.E. Svensson, C.Y. 

Wu et al., ―Coulomb excitation of radioactive 
21

Na and its stable mirror 
21

Ne‖, Phys. 

Rev. C 78, 044321 (2008). 

9. M. Wiedeking, et al., ―Intruder excitations in 
35

P‖, Phys. Rev. C 78, 037302 (2008). 

10.  W.D. Kulp, et al., ―Search for intrinsic collective states in 
152

Sm‖, Phys. Rev. C 77, 

061301(R) (2008). 

CUORE neutrinoless double-beta decay studies 

1. E. Andreotti et al. ―
130

Te neutrinoless double-beta decay with CUORICINO‖, 

Astroparticle Physics 34, 822 (2011). 

2. L. Foggetta et al. ―Composite macro-bolometers for the rejection of surface radioactive 

background in CUORE-like bolometric experiments for rare events searches‖, 

Astroparticle Physics 34, 809 (2011).  

3. E. Andreotti et al. ―Search for β
+
/EC double beta decay of 

120
Te‖, Astroparticle Physics 

34, 643 (2011). 

4. C. Arnaboldi et al. ―Production of high purity TeO2 single crystals for the study of 

neutrinoless double beta decay‖, Journal of Crystal Growth 312, 2999 (2010).  
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5. E. Andreotti et al. ―Muon-induced backgrounds in the CUORICINO experiment‖, 

Astroparticle Physics 34, 18 (2010).  

6. N.D. Scielzo et al. ―Double-beta decay Q values of 
130

Te, 
128

Te, and 
120

Te‖, Physical 

Review C 80, 025501 (2009).  

7. M. Pedretti et al. ―CUORE experiment: The search for neutrinoless double beta decay‖, 

International Journal of Modern Physics A 23, 3395 (2008). 

8. M.J. Dolinski.  ―Neutron interactions in the CUORE neutrinoless double beta decay 

experiment‖, Ph.D. Thesis, University of California, Berkeley (2008). 

9. C. Arnaboldi et al. ―Results from a search for the neutrinoless double beta decay of 
130

Te‖, Physical Review C 78, 035502 (2008). 

 

In addition, a number of papers are nearly ready to be submitted: 

 

1. E. Andreotti et al. ―Study of the double-beta decay of 
130

Te to the first 0
+
 excited state of 

130
Xe with the CUORICINO detector‖, to be submitted (2011). 

2. F. Alessandria et al. ―Observation of 
123

Te electron capture decay from the L atomic 

shell‖, to be submitted (2011). 

3. E. Andreotti et al. ―CUORICINO: construction and operation‖, to be submitted (2011). 

4. F. Alessandria et al. ―Sensitivity of CUORE to neutrinoless double-beta decay‖, to be 

submitted (2011). 

5. F. Alessandria et al. ―CUORE crystal validation runs: results on radioactive 

contamination and extrapolation to CUORE background‖, to be submitted (2011). 

 

 

Awards: 

 

M. Pedretti – SPOT award from the Physics Division of the Physical and Life Sciences 

Directorate, LLNL (2011) for her leadership within the CUORE collaboration. 

Recognitions 

M. Pedretti – selected as CUORE-0 experimental coordinator (2010). 

M. Pedretti – featured in a LLNL Newsline article 

(www.llnl.gov/news/aroundthelab/2011/Jan/ATL-011011_pedretti.html) for her selection as 

CUORE-0 experimental coordinator (2010).  

N.D. Scielzo – featured in LLNL’s Science & Technology Reviews (see Science & Technology 

Review, June 2009, pp. 17-18 and Physical and Life Sciences 2009 Science & Technology 

Review Highlights, pp. 15-16) for research in double-beta decay (2009). 

 

 

  

http://www.llnl.gov/news/aroundthelab/2011/Jan/ATL-011011_pedretti.html)%20on%20her%20selection%20as%20CUORE-0%20experimental%20coordinator)
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Summary Table of Publications 

Scientist 

No. career 

papers* 

No. papers 

2008-2011* 

H 

index* 

No. papers 

1
st
 author 

No. papers 

2008-2011 

(lead role) 

No. papers 

career  

(lead role) 

Nick Scielzo 33 22 9 9 16 25 

Marisa Pedretti 64 12 10 11 10 48 

Ching-Yen Wu 85 15 19 8 10 60 

Aaron Hurst 9 7 4 3 5 6 

Elaine Kwan 23 15 6 2 10 18 

Mark Stoyer 269 34 31 20 20 180 

*Data from ISI Web of Knowledge/Web of Science extracted July 2011. 
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Ching-Yen Wu 
 
 

Education: 
Ph.D. in Physics, University of Rochester, (Advisor: Prof. Douglas Cline), 1983 

M.A.  in Physics, University of Rochester, 1979 

B.S.  in Physics, National Central University, Taiwan, R.O.C., 1976 
 

Academic Appointments: 
Staff Physicist, Lawrence Livermore National Laboratory; 2005 to present 

Senior Research Associate, University of Rochester; 1987 to 2005 

Research Associate, University of Tennessee; 1985 to 1987 

Research Associate, University of Rochester; 1983 to 1985 
 

Professional services: 
Referee for Physical Review C, Physical Review Letters, and European Physical Journal A; reviewer for 

DOE SBIR/STTR program 

 

Community services: 

Member of Gammasphere user executive committee (2010 – 2011, 2002 – 2003) 
  

Selected Publications: (85 total in refereed journals; 15 since 2008) 
10. A.M. Hurst, C.Y. Wu et al., ―Narrowing of the neutron sd-pf shell gap in 

29
Na‖, Phys. Lett. B 674, 

168 (2009). 

9. M. Jandel et al., ―Neutron capture cross section of 
241

Am‖, Phys. Rev. C 78, 034609 (2008). 

8. A.P. Tonchev et al., ―Measurement of the 
241

Am(n,2n) reaction cross section from 7.6 MeV to 14.5 

MeV‖, Phys. Rev. C 77, 054610 (2008). 

7. A. B. Hayes, D. Cline, C. Y. Wu, et al., ―Spin dependence of K mixing, strong configuration mixing, 

and electromagnetic properties of 
178

Hf‖, Phys. Rev. C 75, 034308 (2007). 

6. C.Y. Wu et al., ―Evidence for possible shape transitions in neutron-rich Ru isotopes: spectroscopy of 
109,110,111,112

Ru‖, Phys. Rev. C 73, 034312 (2006). 

5. A. B. Hayes, D. Cline, C. Y. Wu, et al., ―Breakdown of K selection 
178

Hf‖, Phys. Rev. Lett. 96, 

042505 (2006). 

4. C.Y. Wu, H. Hua, and D. Cline, ―The role of the intrinsic E2 matrix element between the first two 0+ 

states in their configuration mixing in 
100

Zr‖, Phys. Lett. B 541, 59 (2002). 

3. C.Y. Wu and D. Cline, ―Triaxiality in quadrupole deformed nuclei‖, Phys. Rev. C 54, 2356 (1996). 

2. C.Y. Wu and D. Cline, ―Fragmentation of two-phonon gamma-vibration strength in deformed nuclei‖, 

Phys. Lett. B382, 214 (1996). 

1. C.Y. Wu, W. von Oertzen, D. Cline, and M.W. Guidry, ―Pairing correlations and two-nucleon transfer 

between heavy nuclei‖, Ann. Rev. Nucl. Part. Sci. 40, 285 (1990). 

 

Synergistic Activities: 

1. Current PI for 

a. Fission-neutron measurement (WCI); responsible to develop a new generation of fission 

chamber to provide a fast and clean trigger for the Chi-Nu neutron detector array. 

b. Evolution of shell structure in neutron-rich nuclei (DOE/SC); exploring the structure of 

nuclei with extreme isospin with radioactive beams. 

d. Neutron capture measurement at DANCE (NA22); improving the (n, ) measurement for 
238,241

Pu by developing a new fission detector system for DANCE. 
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2. Particle detector: Key person in developing a) Gas avalanche fission-trigger counters as 

auxiliary detectors for the (n, ) and (n,f) measurements with actinide targets, b) Bambino, a 

segmented silicon array for TIGRESS in TRIUMF, and c) CHICO2, a pixelated parallel-plate 

avalanche counter with a matching position resolution for GRETINA. 

3. Coulomb excitation: Key role in developing both the experimental and analysis tools for the 

second-generation of Coulomb excitation study of collective modes of motion in nuclei. 

4. Spectroscopy of neutron-rich nuclei: Pioneer role in establishing the nuclear structure of 

neutron-rich nuclei, produced in the fusion-fission reaction. 

 

Collaborators: 

1. Chi-Nu collaboration: R. Haight et al. (LANL) 

2. DANCE collaboration: J. Ullmann et al. (LANL) 

3. TIGRESS/Bambino collaboration: 52 participants from 15 institutions 

4. Gammasphere/CHICO collaboration: 58 participants from 17 institutions 

5. JANUS collaboration : 9 participants from 3 institutions 

 

Postdoctoral Advisees in LLNL: 
Aaron Hurst (2007 – 2009, curent location : LBNL), Andrii Chyzh (2010 – present), Elaine 

Kwan (2010 – present) 
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Aaron M Hurst 
Isotopes Project, Nuclear Science Division 

Lawrence Berkeley National Laboratory 

Phone: 510-486-6152 

Email: AMHurst@lbl.gov 

 

Education: 
 

 Ph.D. in Nuclear Physics. University of Liverpool, Liverpool, United Kingdom, 09/2006. 

 M. Sc. in Nuclear and Radiation Physics. University of Manchester, Manchester, United 

Kingdom, 10/2002.  

 B.Sc. (Honours) in Chemistry. University of Nottingham, Nottingham, United Kingdom, 

06/2000. 

 

Work History: 
 

 Lawrence Berkeley National Laboratory, Berkeley, CA, United States, Physicist Project 

Scientist, from 03/2010 to present. 

 Lawrence Livermore National Laboratory, Livermore, CA, United States, Postdoctoral 

Fellow, from 02/2007 to 02/2010. 

 University of Liverpool, Liverpool, United Kingdom, Graduate Student Researcher, from 

10/2002 to 09/2006. 

 

Awards and Honors: 
 

Spot Award, Physics Division, Lawrence Livermore National Laboratory, 2009. 

 

Three Most Important Publications: 
 

A.M. Hurst, C.Y. Wu, J.A. Becker, M.A. Stoyer, C.J. Pearson, G. Hackman, M.A. Schumaker, 

C.E. Svensson, R.A.E. Austin, G.C. Ball, D. Bandyopadhyay, C.J. Barton, A.J. Boston, H.C. 

Boston, R. Churchman, D. Cline, S.J. Colosimo, D.S. Cross, G. Demand, M. Djongolov, T.E. 

Drake, P.E. Garrett, C. Gray-Jones, K.L. Green, A.N. Grint, A.B. Hayes, K.G. Leach, W.D. 

Kulp, G. Lee, S. Lloyd, R. Maharaj, J.-P. Martin, B.A. Millar, S. Mythili, L. Nelson, P.J. Nolan, 

D.C. Oxley, E. Padilla-Rodal, A.A. Phillips, M. Porter-Peden, S.V. Rigby, F. Sarazin, C.S. 

Sumithrarachchi, S. Triambak, P.M. Walker, S.J. Williams, J. Wong, J.L. Wood.  “Narrowing of 

the neutron sd-pf shell gap in 
29

Na”, Physics Letters B 674, 168 (2009). 

 

J. Cederkall, A. Ekstrom, C. Fahlander, A.M. Hurst, M. Hjorth-Jensen, F. Ames, A. Banu, P.A. 

Butler, T. Davinson, U. Datta Pramanik, J. Eberth, S. Franchoo, G. Georgiev, M. Gorska, D. 

Habs, M. Huyse, O. Ivanov, J. Iwanicki, O. Kester, U. Koster, B.A. Marsh, O. Niedermaier, T. 

Nilsson, P. Reiter, H. Scheit, D. Schwalm, T. Sieber, G. Sletten, I. Stefanescu, J. Van de Walle, 

P. Van Duppen, N. Warr, D. Weisshaar, F. Wenander.  “Sub-Barrier Coulomb Excitation of 
110

Sn and Its Implications for the 
100

Sn Shell Closure”, Physical Review Letters 98, 172501 

(2007). 

 

mailto:AMHurst@lbl.gov
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A.M. Hurst, P.A. Butler, D.G. Jenkins, P. Delahaye, F. Wenander, F. Ames, C.J. Barton, T. 

Behrens, A. Burger, J. Cederkall, E. Clement, T. Czosnyka, T. Davinson, G. de Angelis, J. 

Eberth, A. Ekstrom, S. Franchoo, G. Georgiev, A. Gorgen, R.-D. Herzberg, M. Huyse, O. 

Ivanov, J. Iwanicki, G.D. Jones, P. Kent, U. Koster, T. Kroll, R. Krucken, A.C. Larsen, M. 

Nespolo, M. Pantea, E.S. Paul, M. Petri, H. Scheit, T. Sieber, S. Siem, J.F. Smith, A. Steer, I. 

Stefanescu, N.U.H. Syed, J. Van de Walle, P. Van Duppen, R. Wadsworth, N. Warr, D. 

Weisshaar, M. Zielinska.  “Measurement of the Sign of the Spectroscopic Quadrupole Moment 

for the 2
+

1 State in 
70

Se: No Evidence for Oblate Shape”, Physical Review Letters 98, 072501 

(2007). 
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Nicholas D Scielzo 
Physics Division, Physical and Life Sciences Directorate 

Lawrence Livermore National Laboratory 

Phone: 925-422-4172 

Email: scielzo1@llnl.gov 

 

Education: 
 

 Ph.D. in Nuclear Physics. University of California, Berkeley, Berkeley, CA, United 

States, 05/2003. 

 B.A. in Chemistry and Physics. Harvard University, Cambridge, MA, United States, 

06/1997. 

 

Work History: 
 

 Lawrence Livermore National Laboratory, Livermore, CA, United States, Staff Physicist, 

from 08/2009 to present. 

 Lawrence Livermore National Laboratory, Livermore, CA, United States, Lawrence 

Fellow, from 10/2006 to 08/2009. 

 Argonne National Laboratory, Argonne, IL, United States, Postdoctoral Researcher, from 

07/2003 to 10/2006. 

 Lawrence Berkeley National Laboratory, Berkeley, CA, United States, Interim 

Postdoctoral Researcher, from 05/2003 to 06/2003. 

 Lawrence Berkeley National Laboratory, Berkeley, CA, United States, Graduate Student 

Researcher, from 06/1998 to 05/2003. 

 

Awards and Honors: 
 

Outstanding Performance Award, Lawrence Berkeley National Laboratory, 2000. 

Lawrence Fellow Award, Lawrence Livermore National Laboratory, 2006. 

 

Professional Leadership and Service: 
 

Physical Review C, Reviewer, from 2011 to Present 

Physics Letters B, Reviewer, from 2007 to Present 

SIGMA, Reviewer, from 2006 to Present 

 

Three Most Important Publications: 
 

G. Savard, F. Buchinger, J.A. Clark, J.E. Crawford, S. Gulick, J.C. Hardy, A.A. Hecht, J.K.P. 

Lee, A.F. Levand, N.D. Scielzo, H. Sharma, K.S. Sharma, I. Tanihata, A.C.C. Villari, Y. Wang. 

"Q value of the superallowed decay of V-46 and its influence on V-ud and the unitarity of the 

Cabibbo-Kobayashi-Maskawa matrix", Physical Review Letters 95, 102501 (2005). 

 

N.D. Scielzo, S.J. Freedman, B.K. Fujikawa, P.A. Vetter. "Measurement of the beta-nu 

correlation using magneto-optically trapped Na-21", Physical Review Letters 93, (2004). 

mailto:scielzo1@llnl.gov
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J.R. Guest, N.D. Scielzo, I. Ahmad, K. Bailey, J.P. Greene, R.J. Holt, Z.-T. Lu, T.P. O'Connor, 

D.H. Potterveld. "Laser trapping of Ra-225 and Ra-226 with repumping by room-temperature 

blackbody radiation", Physical Review Letters 98, 093001 (2007). 
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Marisa Pedretti 
Physics Division, Physical and Life Sciences Directorate 

Lawrence Livermore National Laboratory 

Phone: 925-424-5945 

Email: pedretti2@llnl.gov 

 

Education: 

 Ph.D. Insubria University, Como, Italy, 01/2004. Thesis title: “The single module for 

Cuoricino and CUORE detectors: tests, construction and modelling”.   

http://www.roma1.infn.it/exp/cuore/thesis/phd/Pedretti_phd.pdf . Advisor: A. Giuliani. 

 Laurea (Italian M.S. degree). Milano University, 05/2000. Dissertation title: 

―Development of low temperature detector arrays for the measurement of electron 

antineutrino mass” (written in Italian). Advisor: E. Fiorini. 

 

Work History: 

 

Jan. 2009 – present:  Post-doctoral Researcher at Lawrence Livermore National 

Laboratory.  

May 2005 – Dec 2008:  Post-doctoral Fellowship of Instituto Nazionale di Fisica Nucleare 

(INFN) at Milano-Bicocca University. 

Jan. 2004 – Dec. 2004:  Post-doctoral Fellowship of Insubria University. 

Jun. 2001 – Aug. 2001:  Research period at the Kamerlingh Onnes Laboratory (Leiden 

University, Netherlands) on superconductive transducers for 

cryogenic gravitational wave antennas. 

Awards and Honors: 

SPOT award – Physics Division of the Physical and Life Sciences Directorate, LLNL (2011). 

Short-listed in 2010 for a scientific staff position at SLAC Laboratory. 

Short-listed in 2009 for a tenure-track position at Columbia University. 

Obtained INFN ―researcher qualification‖ status in astroparticle physics after competing in an 

INFN national competition (2005).  

 

Three Most Important Publications: 

 

C. Arnaboldi et al. ―New limit on the neutrinoless beta bb decay of 130Te‖, Physical Review 

Letters 95, 142501 (2004). 

C. Arnaboldi et al. ―First results on neutrinoless double beta decay of 130Te with the 

calorimetric CUORICINO experiment‖, Physics Letters B 584, 260 (2004). 

C. Arnaboldi et al. ―CUORE: A cryogenic underground observatory for rare events‖, Nuclear 

Instruments and Methods in Physics Research Section A 518, 775 (2004). 

  

mailto:pedretti2@llnl.gov
http://www.roma1.infn.it/exp/cuore/thesis/phd/Pedretti_phd.pdf
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Mark A. Stoyer 

 

L-414 

Physics Division 

Physical and Life Sciences Directorate 

7000 East Ave. 

Lawrence Livermore National Laboratory 

Phone: 925-423-3079 

Email: stoyer1@llnl.gov 

 

Education: 

University of California, Berkeley, Berkeley, CA, United States, attended from 08/1985 to 11/1990, PhD, 

Nuclear Chemistry, 11/1990. 

 

Purdue University, West Lafayette, IN, United States, attended from 08/1981 to 12/1984, B.S. in 

Chemistry, 12/1984. 

 

Work History: 

1/85 - 8/85  Research Assistant at LLNL, Nuclear Chemistry Division, with Dr. Richard Meyer  

8/85 - 11/90  Grad. Student Research Assistant at LBL with Dr. John Rasmussen 

11/90 - 2/91  Post Doctoral Research Assistant at LBL with Dr. John Rasmussen 

2/91 - 8/93  Post-Doctoral Research Assistant at LLNL with Dr. Eugene Henry 

8/93 - 6/95  Post-Doctoral Research Assistant at LBL with Dr. Michael Nitschke 

6/95 – 2/07  Staff Scientist, Stockpile Stewardship Radiochemistry Group, LLNL 

6/01 - 9/03  Deputy Program Element Leader, Stockpile Stewardship Radiochem Group, LLNL 

6/02 - 7/03  Nuclear Chemistry Counting Facility Manager 

7/03 - 7/04  Sabbatical in the Chemistry Dept., University of Maryland w/Dr. William B. Walters 
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7/03 - Present  Visiting Professor, Chemistry Dept., Univ. of Maryland 

7/03 - Present  Senior Staff Scientist (26 years LLNL service in Jan. 2011) 

06/95 to Present   Guest LBNL, Berkeley, CA 

2/07 – present Experimental Nuclear Physics Group Leader, Physics Div., LLNL 

 

Professional Memberships: 

American Physical Society (Nuclear Physics Division) 

American Chemical Society (Nuclear Chemistry Division) 

American Association for the Advancement of Science  

Sigma Chi Science Society  

 

Awards and Honors: 

NNSA Certificate of Appreciation, 2009. 

13 Directorate Awards, 1999-2011. 

US DOE certificate of appreciation, 2008. 

Distinguished service award, 2004. 

 

Professional Leadership and Service: 

 American Chemical Society, Past Chair, from 2010 to 2011. 

 American Chemical Society, Chair, from 2009 to 2010. 

 American Chemical Society, Chair Elect, from 2008 to 2009. 

 American Chemical Society, Vice Chair, from 2007 to 2008. 

 Los Alamos National Laboratory, LANSCE Users Group Executive Committee, Member from 

2008 to 2010. 

 NNSA, Stockpile Stewardship Academic Alliance, Proposal Reviewer from 2005 to present. 

 DOE/SC/NP, Nuclear Physics, Proposal Reviewer from 2004 to present  . 

 Los Alamos National Laboratory, LANSCE Program Advisory Committee, Member from 2001 

to 2003. 

 Referee Phys. Rev. C, Phys. Rev. Lett., NIMA, Radiochem. Acta, J. Phys. G, Nature 

 

Three most important publications: 
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1. “Intense High Energy Proton Beams from Petawatt Laser Irradiation of Solids” R.A. Snavely, 

M.H. Key, S.P. Hatchett, T.E. Cowan, M. Roth, T.W. Phillips, M.A. Stoyer, E.A. Henry, T.C. 

Sangster, M.S. Singh, S.C. Wilks, A. MacKinnon, A. Offenberger, D.M Pennington, K. Yasuike, 

A.B. Langdon, B.F. Lasinski, J. Johnson, M.D. Perry, and E.M Campbell, Phys. Rev Lett. 85 

(2000) 2945. 

2. “Synthesis of Superheavy Nuclei in the 
48

Ca + 
244

Pu Reaction” Yu.Ts.Oganessian, 

V.K.Utyonkov, Yu.V.Lobanov, F.Sh.Abdullin, A.N.Polyakov, I.V.Shirokovsky, Yu.S.Tsyganov, 

G.G.Gulbekian, S.L.Bogomolov, B.N.Gikal, A.N.Mezentsev, S.Iliev, V.G.Subbotin, 

A.M.Sukhov, G.V.Buklanov, K.Subotic, M.G.Itkis, K.J.Moody, J.F.Wild, N.J.Stoyer, 

M.A.Stoyer, R.W.Lougheed, Phys. Rev. Lett. 83 (1999) 3154. 

3. “Synthesis of a New Element with Atomic Number Z=117” Yu. Ts. Oganessian, F.S. Abdullin, 

P.D. Bailey, et al., Phys. Rev. Lett. 104 (2010) 142502. 
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   Budget Form For 

Low Energy Research Programs

              At National Laboratories

OR GA N IZA TION

FWP #  SCW0147

P R IN C IP A L IN V ES TIGA TOR ( S )  & EM A IL( S ) :

Ching -Yen Wu wu24@llnl.gov

B ud g e t  P ag e  # (        )  LE R ES EA R C H F U N D S   ( KB 0 4 0 1)    K$

VERSION (   ) DATE: (  Aug . 1, 2011  ) All costs are fully burdened

A .  S C IEN TIF IC  P ER S ON N EL/ S TA F F N P  F und e d  Ef f o rt  in F Y  11 Actual

One  l ine  f o r e ac h p e rs o n (FTE)  FY 2011 FTEs

Lis t  add it ional personnel on a 2nd  sheet ; show SUBTOTAL on line 7 Research  (Res . only) FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

1. Ching-Yen Wu 0.10 40.0 40.0 40.6 41.2 41.8 0.05 0.1 0.1 0.09 0.09 0.08

2 .

3 .

4 .

5.

6 .

7 SUBTOTAL OF ADDITIONAL PERSONNEL (show b reakdown on a 2nd  page)

8 . ( )  TOTAL SCIENTIFIC PERSONNEL  (1-7) 0.10 40.0 40.0 40.6 41.2 41.8 0.0

B .   OTHER  S c ie nt if ic  P e rs o nne l  ( S ho w  numb e r o f  p e o p le  in b rac ke t  & p ro v id e  name s  & d e t a ils  o n e xp lanat io n s he e t ) B .   OTHER  S c ie nt if ic  P e rs o nne l  

1. ( 0.6 )  Term Appo intments , includ ing  POST DOCS 0.75 125.0 145.0 147.2 149.4 151.6 0.6 0.6 0.6 0.6 0.6 0.6

2 . ( )  GRADUATE STUDENTS (Stipend ) 0.00

3 . ( ) VISITING SCIENTISTS 0.00

4 . ( )  OTHER PROFESSIONAL (TECH, IT, PROGRAMMER, ETC.) 0.00

5. ( )  SECRETARIAL - CLERICAL 0.00

6 . ( )  ANY OTHER (e.g ., Vis ito rs ) 0.00

SUBTOTAL SALARIES AND WAGES (B) 125.0 145.0 147.2 149.4 151.6 0.0

C . TOTA L F ully  B urd e ne d  S A LA R IES  ( A +B ) 165.0 185.0 187.8 190.6 193.5 0.0

D . P ER M A N EN T EQU IP M EN T  ( N o t  ap p lic ab le  t o  Lab s )  

TOTAL PERMANENT EQUIPMENT 0.0 0.0 0.0 0.0 0.0 0.0

E. TR A V EL ( S TA F F  & P OS TD OC S ) 1.  DOMESTIC 

2 .  FOREIGN

Provide b reakdown on exp lanation sheet ; e.g .,  experiment , meetings  & conferences , etc.

TOTAL TRAVEL 10.0 10.0 10.2 10.3 10.5 0.0

F . F ully  b urd e ne d  S TU D EN T/ TR A IN EE C OS TS  ( S ho w   name s ,  & U niv  a f f i l ia t io ns  o n  e xp lanat io n s he e t )

1. TUITION & FEES GRADUTE STUDENTS

2 . TUITION & FEES UNDRGRADUATE STUDENTS

3 . TRAVEL (Provide b reakdown on exp lanation sheet ; e.g .,  experiment , meetings  & conferences , etc.)

4 . OTHER

TOTAL STUDENT/TRAINEE COSTS 0.0 0.0 0.0 0.0 0.0 0.0

G. OTHER   C OS TS

1. MATERIALS AND SUPPLIES

2 . PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION Total FTEs (provide breakdown on explanation sheet)

3 . CONSULTANT SERVICES

4 . IT & COMPUTER SERVICES no t  covered  under ind irect

5. SUBCONTRACTS

6 . OTHER 

TOTAL OTHER COSTS 0.0 0.0 0.0 0.0 0.0 0.0

H. TOTA L  C OS TS   f o r A  THR OU GH G 175.0 195.0 197.9 200.9 203.9 0.0

Scnario A

I. Cost of Living Adjustment assumption 0% 0% 1.5% 1.5% 1.5%

J . C A R R Y  F OR WA R D  & R ES ER V ES  ( ac c rue d  f ro m p rio r ye ars ) Total FTEs (provide breakdown on explanation sheet)

K. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  P R OJEC TS  & M IEs

L. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  WF O

M . S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  LD R D

N . S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  Org  B urd e n

O. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  F e llo w s hip s  & A w ard s  o f  f init e  d ura t io n

COMMENTS & NOTES (identify each item by a label, e.g., F.3);  add additional rows as needed:

B1. Elaine Kwan
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   Budget Form For 

Low Energy Research Programs

              At National Laboratories

OR GA N IZA TION

FWP #  SCW0516

P R IN C IP A L IN V ES TIGA TOR ( S )  & EM A IL( S ) :

Nick Scielzo scielzo1@llnl.gov

B ud g e t  P ag e  # (        )  LE R ES EA R C H F U N D S   ( KB 0 4 0 1)    K$

VERSION (   ) DATE: (  Aug . 1, 2011  ) All costs are fully burdened

A .  S C IEN TIF IC  P ER S ON N EL/ S TA F F N P  F und e d  Ef f o rt  in F Y  11 Actual

One  l ine  f o r e ac h p e rs o n (FTE)  FY 2011 FTEs

Lis t  add it ional personnel on a 2nd  sheet ; show SUBTOTAL on line 7 Research  (Res . only) FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

1. Nick Scielzo 0.05 20.0 20.0 20.3 20.6 20.9 0.05 0.05 0.05 0.04 0.03 0.03

2 .

3 .

4 .

5.

6 .

7 SUBTOTAL OF ADDITIONAL PERSONNEL (show b reakdown on a 2nd  page)

8 . ( )  TOTAL SCIENTIFIC PERSONNEL  (1-7) 0.05 20.0 20.0 20.3 20.6 20.9 0.0

B .   OTHER  S c ie nt if ic  P e rs o nne l  ( S ho w  numb e r o f  p e o p le  in b rac ke t  & p ro v id e  name s  & d e t a ils  o n e xp lanat io n s he e t ) B .   OTHER  S c ie nt if ic  P e rs o nne l  

1. ( 0.8 )  Term Appo intments , includ ing  POST DOCS 0.75 145.0 145.0 147.2 149.4 151.6 0.75 0.75 0.74 0.72 0.7 0.68

2 . ( )  GRADUATE STUDENTS (Stipend ) 0.00

3 . ( ) VISITING SCIENTISTS 0.00

4 . ( )  OTHER PROFESSIONAL (TECH, IT, PROGRAMMER, ETC.) 0.00

5. ( )  SECRETARIAL - CLERICAL 0.00

6 . ( )  ANY OTHER (e.g ., Vis ito rs ) 0.00

SUBTOTAL SALARIES AND WAGES (B) 145.0 145.0 147.2 149.4 151.6 0.0

C . TOTA L F ully  B urd e ne d  S A LA R IES  ( A +B ) 165.0 165.0 167.5 170.0 172.5 0.0

D . P ER M A N EN T EQU IP M EN T  ( N o t  ap p lic ab le  t o  Lab s )  

TOTAL PERMANENT EQUIPMENT 0.0 0.0 0.0 0.0 0.0 0.0

E. TR A V EL ( S TA F F  & P OS TD OC S ) 1.  DOMESTIC 

2 .  FOREIGN

Provide b reakdown on exp lanation sheet ; e.g .,  experiment , meetings  & conferences , etc.

TOTAL TRAVEL 10.0 10.0 10.2 10.3 10.5 0.0

F . F ully  b urd e ne d  S TU D EN T/ TR A IN EE C OS TS  ( S ho w   name s ,  & U niv  a f f i l ia t io ns  o n  e xp lanat io n s he e t )

1. TUITION & FEES GRADUTE STUDENTS

2 . TUITION & FEES UNDRGRADUATE STUDENTS

3 . TRAVEL (Provide b reakdown on exp lanation sheet ; e.g .,  experiment , meetings  & conferences , etc.)

4 . OTHER

TOTAL STUDENT/TRAINEE COSTS 0.0 0.0 0.0 0.0 0.0 0.0

G. OTHER   C OS TS

1. MATERIALS AND SUPPLIES

2 . PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION Total FTEs (provide breakdown on explanation sheet)

3 . CONSULTANT SERVICES

4 . IT & COMPUTER SERVICES no t  covered  under ind irect

5. SUBCONTRACTS

6 . OTHER 

TOTAL OTHER COSTS 0.0 0.0 0.0 0.0 0.0 0.0

H. TOTA L  C OS TS   f o r A  THR OU GH G 175.0 175.0 177.6 180.3 183.0 0.0

Scnario A

I. Cost of Living Adjustment assumption 0% 0% 1.5% 1.5% 1.5%

J . C A R R Y  F OR WA R D  & R ES ER V ES  ( ac c rue d  f ro m p rio r ye ars ) Total FTEs (provide breakdown on explanation sheet)

K. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  P R OJEC TS  & M IEs

L. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  WF O

M . S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  LD R D

N . S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  Org  B urd e n

O. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  F e llo w s hip s  & A w ard s  o f  f init e  d ura t io n

COMMENTS & NOTES (identify each item by a label, e.g., F.3);  add additional rows as needed:

B1. Marisa Pedretti
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   Budget Form For 

Low Energy Research Programs

              At National Laboratories

OR GA N IZA TION

FWP #  SCW0147

P R IN C IP A L IN V ES TIGA TOR ( S )  & EM A IL( S ) :

Ching -Yen Wu wu24@llnl.gov

B ud g e t  P ag e  # (        )  LE R ES EA R C H F U N D S   ( KB 0 4 0 1)    K$

VERSION (   ) DATE: (  Aug . 1, 2011  ) All costs are fully burdened

A .  S C IEN TIF IC  P ER S ON N EL/ S TA F F N P  F und e d  Ef f o rt  in F Y  11 Actual

One  l ine  f o r e ac h p e rs o n (FTE)  FY 2011 FTEs

Lis t  add it ional personnel on a 2nd  sheet ; show SUBTOTAL on line 7 Research  (Res . only) FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

1. Ching-Yen Wu 0.10 40.0 41.2 42.4 43.7 45.0 0.05 0.1 0.1 0.1 0.1 0.1

2 .

3 .

4 .

5.

6 .

7 SUBTOTAL OF ADDITIONAL PERSONNEL (show b reakdown on a 2nd  page)

8 . ( )  TOTAL SCIENTIFIC PERSONNEL  (1-7) 0.10 40.0 41.2 42.4 43.7 45.0 0.0

B .   OTHER  S c ie nt if ic  P e rs o nne l  ( S ho w  numb e r o f  p e o p le  in b rac ke t  & p ro v id e  name s  & d e t a ils  o n e xp lanat io n s he e t ) B .   OTHER  S c ie nt if ic  P e rs o nne l  

1. ( 0.6 )  Term Appo intments , includ ing  POST DOCS 0.75 125.0 128.8 132.6 136.6 140.7 0.6 0.6 0.6 0.6 0.6 0.6

2 . ( )  GRADUATE STUDENTS (Stipend ) 0.00

3 . ( )  VISITING SCIENTISTS 0.00

4 . ( )  OTHER PROFESSIONAL (TECH, IT, PROGRAMMER, ETC.) 0.00

5. ( )  SECRETARIAL - CLERICAL 0.00

6 . ( )  ANY OTHER (e.g ., Vis ito rs ) 0.00

SUBTOTAL SALARIES AND WAGES (B) 125.0 128.8 132.6 136.6 140.7 0.0

C . TOTA L F ully  B urd e ne d  S A LA R IES  ( A +B ) 165.0 170.0 175.0 180.3 185.7 0.0

D . P ER M A N EN T EQU IP M EN T  ( N o t  ap p lic ab le  t o  Lab s )  

TOTAL PERMANENT EQUIPMENT 0.0 0.0 0.0 0.0 0.0 0.0

E. TR A V EL ( S TA F F  & P OS TD OC S ) 1.  DOMESTIC 

2 .  FOREIGN

Provide b reakdown on exp lanation sheet ; e.g .,  experiment , meetings  & conferences , etc.

TOTAL TRAVEL 10.0 10.3 10.6 10.9 11.3 0.0

F . F ully  b urd e ne d  S TU D EN T/ TR A IN EE C OS TS  ( S ho w   name s ,  & U niv  a f f i l ia t io ns  o n  e xp lanat io n s he e t )

1. TUITION & FEES GRADUTE STUDENTS

2 . TUITION & FEES UNDRGRADUATE STUDENTS

3 . TRAVEL (Provide b reakdown on exp lanation sheet ; e.g .,  experiment , meetings  & conferences , etc.)

4 . OTHER

TOTAL STUDENT/TRAINEE COSTS 0.0 0.0 0.0 0.0 0.0 0.0

G. OTHER   C OS TS

1. MATERIALS AND SUPPLIES

2 . PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION Total FTEs (provide breakdown on explanation sheet)

3 . CONSULTANT SERVICES

4 . IT & COMPUTER SERVICES no t  covered  under ind irect

5. SUBCONTRACTS

6 . OTHER 

TOTAL OTHER COSTS 0.0 0.0 0.0 0.0 0.0 0.0

H. TOTA L  C OS TS   f o r A  THR OU GH G 175.0 180.3 185.7 191.2 197.0 0.0

Scnario B

I. Cost of Living Adjustment assumption 0% 3% 3% 3% 3%

J . C A R R Y  F OR WA R D  & R ES ER V ES  ( ac c rue d  f ro m p rio r ye ars ) Total FTEs (provide breakdown on explanation sheet)

K. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  P R OJEC TS  & M IEs

L. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  WF O

M . S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  LD R D

N . S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  Org  B urd e n

O. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  F e llo w s hip s  & A w ard s  o f  f init e  d ura t io n

COMMENTS & NOTES (identify each item by a label, e.g., F.3);  add additional rows as needed:

B1. Elaine Kwan
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   Budget Form For 

Low Energy Research Programs

              At National Laboratories

OR GA N IZA TION

FWP #  SCW0516

P R IN C IP A L IN V ES TIGA TOR ( S )  & EM A IL( S ) :

Nick Scielzo scielzo1@llnl.gov

B ud g e t  P ag e  # (        )  LE R ES EA R C H F U N D S   ( KB 0 4 0 1)    K$

VERSION (   ) DATE: (  Aug . 1, 2011  ) All costs are fully burdened

A .  S C IEN TIF IC  P ER S ON N EL/ S TA F F N P  F und e d  Ef f o rt  in F Y  11 Actual

One  l ine  f o r e ac h p e rs o n (FTE)  FY 2011 FTEs

Lis t  add it ional personnel on a 2nd  sheet ; show SUBTOTAL on line 7 Research  (Res . only) FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

1. Nick Scielzo 0.05 20.0 20.6 21.2 21.9 22.5 0.05 0.05 0.05 0.05 0.04 0.04

2 .

3 .

4 .

5.

6 .

7 SUBTOTAL OF ADDITIONAL PERSONNEL (show b reakdown on a 2nd  page)

8 . ( )  TOTAL SCIENTIFIC PERSONNEL  (1-7) 0.05 20.0 20.6 21.2 21.9 22.5 0.0

B .   OTHER  S c ie nt if ic  P e rs o nne l  ( S ho w  numb e r o f  p e o p le  in b rac ke t  & p ro v id e  name s  & d e t a ils  o n e xp lanat io n s he e t ) B .   OTHER  S c ie nt if ic  P e rs o nne l  

1. ( 0.8 )  Term Appo intments , includ ing  POST DOCS 0.75 145.0 149.4 153.8 158.4 163.2 0.75 0.75 0.75 0.75 0.75 0.75

2 . ( )  GRADUATE STUDENTS (Stipend ) 0.00

3 . ( )  VISITING SCIENTISTS 0.00

4 . ( )  OTHER PROFESSIONAL (TECH, IT, PROGRAMMER, ETC.) 0.00

5. ( )  SECRETARIAL - CLERICAL 0.00

6 . ( )  ANY OTHER (e.g ., Vis ito rs ) 0.00

SUBTOTAL SALARIES AND WAGES (B) 145.0 149.4 153.8 158.4 163.2 0.0

C . TOTA L F ully  B urd e ne d  S A LA R IES  ( A +B ) 165.0 170.0 175.0 180.3 185.7 0.0

D . P ER M A N EN T EQU IP M EN T  ( N o t  ap p lic ab le  t o  Lab s )  

TOTAL PERMANENT EQUIPMENT 0.0 0.0 0.0 0.0 0.0 0.0

E. TR A V EL ( S TA F F  & P OS TD OC S ) 1.  DOMESTIC 

2 .  FOREIGN

Provide b reakdown on exp lanation sheet ; e.g .,  experiment , meetings  & conferences , etc.

TOTAL TRAVEL 10.0 10.3 10.6 10.9 11.3 0.0

F . F ully  b urd e ne d  S TU D EN T/ TR A IN EE C OS TS  ( S ho w   name s ,  & U niv  a f f i l ia t io ns  o n  e xp lanat io n s he e t )

1. TUITION & FEES GRADUTE STUDENTS

2 . TUITION & FEES UNDRGRADUATE STUDENTS

3 . TRAVEL (Provide b reakdown on exp lanation sheet ; e.g .,  experiment , meetings  & conferences , etc.)

4 . OTHER

TOTAL STUDENT/TRAINEE COSTS 0.0 0.0 0.0 0.0 0.0 0.0

G. OTHER   C OS TS

1. MATERIALS AND SUPPLIES

2 . PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION Total FTEs (provide breakdown on explanation sheet)

3 . CONSULTANT SERVICES

4 . IT & COMPUTER SERVICES no t  covered  under ind irect

5. SUBCONTRACTS

6 . OTHER 

TOTAL OTHER COSTS 0.0 0.0 0.0 0.0 0.0 0.0

H. TOTA L  C OS TS   f o r A  THR OU GH G 175.0 180.3 185.7 191.2 197.0 0.0

Scnario B

I. Cost of Living Adjustment assumption 0% 3% 3% 3% 3%

J . C A R R Y  F OR WA R D  & R ES ER V ES  ( ac c rue d  f ro m p rio r ye ars ) Total FTEs (provide breakdown on explanation sheet)

K. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  P R OJEC TS  & M IEs

L. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  WF O

M . S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  LD R D

N . S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  Org  B urd e n

O. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  F e llo w s hip s  & A w ard s  o f  f init e  d ura t io n

COMMENTS & NOTES (identify each item by a label, e.g., F.3);  add additional rows as needed:

B1. Marisa Pedretti
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   Budget Form For 

Low Energy Research Programs

              At National Laboratories

OR GA N IZA TION

FWP #  SCW0147,SCW0516+new

P R IN C IP A L IN V ES TIGA TOR ( S )  & EM A IL( S ) :

Ching -Yen Wu, Nick Scielzo , Mark Stoyer wu24@llnl.gov scielzo1@llnl.gov mastoyer@llnl.gov

B ud g e t  P ag e  # (        )  LE R ES EA R C H F U N D S   ( KB 0 4 0 1)    K$

VERSION (   ) DATE: (   Augus t  1, 2011  ) All costs are fully burdened

A .  S C IEN TIF IC  P ER S ON N EL/ S TA F F N P  F und e d  Ef f o rt  in F Y  11 Actual

One  l ine  f o r e ac h p e rs o n (FTE)  FY 2011 FTEs

Lis t  add it ional personnel on a 2nd  sheet ; show SUBTOTAL on line 7 Research  (Res . only) FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

1. Ching Yen Wu 0.01 20.0 80.0 82.4 84.9 87.4 0.05 0.1 0.2 0.2 0.2 0.2

2 . Nick Scielzo 0.05 20.0 40.0 41.2 42.4 43.7 0.05 0.05 0.1 0.1 0.1 0.1

3 . Marisa Pedretti 0.00 0.0 200.0 206.0 212.2 218.5 0 0 0.5 0.5 0.5 0.5

4 . Mark Stoyer 0.00 0.0 20.0 20.6 21.2 21.9 0 0 0.05 0.05 0.05 0.05

5.

6 .

7 SUBTOTAL OF ADDITIONAL PERSONNEL (show b reakdown on a 2nd  page)

8 . ( )  TOTAL SCIENTIFIC PERSONNEL  (1-7) 0.06 40.0 340.0 350.2 360.7 371.5 0.0

B .   OTHER  S c ie nt if ic  P e rs o nne l  ( S ho w  numb e r o f  p e o p le  in b rac ke t  & p ro v id e  name s  & d e t a ils  o n e xp lanat io n s he e t ) B .   OTHER  S c ie nt if ic  P e rs o nne l  

1. ( 2 )  Term Appo intments , includ ing  POST DOCS 2.00 290.0 432.6 445.6 458.9 472.7 1.5 1.5 2.25 2.25 2.25 2.25

2 . ( )  GRADUATE STUDENTS (Stipend ) 0.00

3 . ( ) VISITING SCIENTISTS 0.00

4 . ( )  OTHER PROFESSIONAL (TECH, IT, PROGRAMMER, ETC.) 0.00

5. ( )  SECRETARIAL - CLERICAL 0.00

6 . ( )  ANY OTHER (e.g ., Vis ito rs ) 0.00

SUBTOTAL SALARIES AND WAGES (B) 290.0 432.6 445.6 458.9 472.7 0.0

C . TOTA L F ully  B urd e ne d  S A LA R IES  ( A +B ) 330.0 772.6 795.8 819.7 844.2 0.0

D . P ER M A N EN T EQU IP M EN T  ( N o t  ap p lic ab le  t o  Lab s )  

TOTAL PERMANENT EQUIPMENT 0.0 0.0 0.0 0.0 0.0 0.0

E. TR A V EL ( S TA F F  & P OS TD OC S ) 1.  DOMESTIC 

2 .  FOREIGN

Provide b reakdown on exp lanation sheet ; e.g .,  experiment , meetings  & conferences , etc.

TOTAL TRAVEL 20.0 35.0 36.1 37.1 38.2 0.0

F . F ully  b urd e ne d  S TU D EN T/ TR A IN EE C OS TS  ( S ho w   name s ,  & U niv  a f f i l ia t io ns  o n  e xp lanat io n s he e t )

1. TUITION & FEES GRADUTE STUDENTS

2 . TUITION & FEES UNDRGRADUATE STUDENTS

3 . TRAVEL (Provide b reakdown on exp lanation sheet ; e.g .,  experiment , meetings  & conferences , etc.)

4 . OTHER

TOTAL STUDENT/TRAINEE COSTS 0.0 0.0 0.0 0.0 0.0 0.0

G. OTHER   C OS TS

1. MATERIALS AND SUPPLIES

2 . PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION Total FTEs (provide breakdown on explanation sheet)

3 . CONSULTANT SERVICES

4 . IT & COMPUTER SERVICES no t  covered  under ind irect

5. SUBCONTRACTS

6 . OTHER 

TOTAL OTHER COSTS 0.0 0.0 0.0 0.0 0.0 0.0

H. TOTA L  C OS TS   f o r A  THR OU GH G 350.0 807.6 831.8 856.8 882.5 0.0

Scnario A

I. Cost of Living Adjustment assumption 0% 3% 3.0% 3.0% 3.0%

J . C A R R Y  F OR WA R D  & R ES ER V ES  ( ac c rue d  f ro m p rio r ye ars ) Total FTEs (provide breakdown on explanation sheet)

K. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  P R OJEC TS  & M IEs

L. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  WF O

M . S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  LD R D

N . S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  Org  B urd e n

O. S c ie nt if ic  P e rs o nne l  & as s o c ia t e d  c o s t s  c harg e d  t o  F e llo w s hip s  & A w ard s  o f  f init e  d ura t io n

COMMENTS & NOTES (identify each item by a label, e.g., F.3);  add additional rows as needed:

B1. Elain Kwan (PD), Marisa Pedretti (as FX), new PD for 3rd task



LLNL-TR-497871 
 

Budget Justification/Explanation 
 

Budget scenario A and B spreadsheets were prepared using required guidance and therefore 

don’t require additional explanation.  

 

The grand-total proposed budget for these efforts (+ new SHE effort) requires further 

explanation. It should be noted that LLNL is a laboratory different than Office of Science 

laboratories in that we leverage funding from other parts of DOE such as NNSA, DNDO, and 

NA22 and even other funding agencies (DOD). 

 

Exotic Nuclei Studies 
 

The FY11 budget for this effort was $175K. Not included in the budget sheets was the one time 

additional $370K for Chico2 development. The FY11 funding supported Ching-Yen Wu at 10% 

time and a PD (Elaine Kwan) at 60% time (LLNL G&A supports 25% of a PD for career 

development activities). The remaining funding was used for travel to experiments 

(approximately one trip per year to TRIUMF, ANL and MSU) and some materials. We request a 

small amount of additional funding FY12-FY15 (~$40K) to increase Ching-Yen’s time to 20% 

effort. This additional funding is required for development of experiments at MSU moving 

towards FRIB and support of experiments at TRIUMF, ANL and MSU. 

 

CUORE Neutrinoless Double-beta Decay 
 

The FY11 budget for this effort was $175K + $250K additional allocated in Aug. 2011 as an 

advance which was not added to base funding. We continue to request an additional amount of 

funding to be added to the base starting in FY13 in order to achieve ~425K level principally for 

support Marisa as a staff person rather than PD. The total amount is included in the budget sheets 

distributed as funding to convert Marisa Pedretti (currently PD) to staff and support her at 50% 

(other 50% support is programmatic), to increase Nicholas Scielzo to 10% effort, and to increase 

travel funding by ~$20K. The LLNL group currently consists of Nicholas Scielzo (staff) and 

Marisa Pedretti (post-doc), who are funded through the Office of Science and Eric Norman 

(staff), and Barbara Wang (grad student), who are funded through UC Berkeley and external 

funding, and Kareem Kazkaz (staff),  and Samuele Sangiorgio (post-doc), who participate in the 

LLNL CUORE effort but currently receive no funding through Office of Science (they receive 

funding through LLNL or other sources).  The group is looking to add a graduate student through 

the Nuclear Science and Security Consortium led by UC Berkeley Nuclear Engineering 

Department. Marisa Pedretti is currently a post-doctoral researcher at LLNL who started in 

January 2009 and it is LLNL’s intention to hire her as a research staff member before her post-

doc appointment ends in January 2012.  In addition, LLNL contributes an additional 0.25 FTE 
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per year for each post-doc from a G&A account for career development activities.  A new post-

doc will be supported at the 0.75 FTE level after Marisa Pedretti’s term as a post-doc ends in 

FY12.    In FY08-10, the group has leveraged LLNL resources of a Lawrence Postdoctoral 

Fellowship (Nicholas Scielzo) and a three-year Exploratory Research LDRD.  

 

The LLNL group currently has much of the US CUORE team members that developed the US 

Monte Carlo simulation to study scientific and background signatures. With the additional 

funding, the LLNL group effort will be able to implement the four-year research plan described 

above including participating in the background determination and elimination in the bolometers 

and overseeing two graduate student theses on these backgrounds and a search for exotic double 

beta decays. 

 

Travel:  

 

Domestic:   

Yearly travel to 1 domestic CUORE collaboration meeting for three LLNL members.   

Yearly travel to 1 domestic conference for two LLNL members. 

 

International:   

In FY11 only, Marisa Pedretti will travel to LNGS for 9-12 months for her role as the 

CUORE-0 experimental coordinator.   

Yearly travel to 2 CUORE collaboration meetings for three LLNL members.   

For FY12-15, travel (14 weeks total) is anticipated for experimental shifts at LNGS for 

the LLNL group.   

Yearly travel to 1 foreign conference for two LLNL members.   

 

SHE Automated Chemistry Development 
 

New funding of $150K is requested for support of 0.5-0.75 PD (institution supports 0.25), travel, 

and some material expenses—to investigate the chemistry of the heaviest elements using an 

automated chemical apparatus. We have a candidate PD, but this person would still have to be 

hired. This request is the source of $150K increase in FY12 budget and additional FY13-15 

outyears. Without additional funding, this effort would not be performed. 

 

Summary 

 
The large increase from FY11 to FY12 ($350K  $807K), a $457K increase, is explained as 

follows: the $250K Aug. 2011 CUORE-0 advance is included here, the new $150K SHE request 

is included here, and an additional $50K for exotic nuclei in order to increase Ching-Yen’s time 

to 20%. 
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Current or pending support: 
 

N.D. Scielzo received LDRD funding ($150-200k per year) as PI for ―Research and 

Development for a Cryogenic Bolometer for Double-Beta Decay Research‖ (08-ERD-049) over 

the three-year period FY08-10. This successful project developed new techniques to improve the 

sensitivity of bolometric detectors to rare radioactive decays such as the long-sought-after 

neutrinoless double-beta decay by reducing detector backgrounds, improving detector 

instrumentation methods, and developing analysis tools to determine the source of any remaining 

backgrounds and the sensitivity to various scientific signals of interest. This research has had an 

immediate impact on the CUORE project as the tools developed to instrument bolometers with 

thermistor and heater chips is being used in the CUORE-0 assembly and will ultimately be used 

to instrument all the CUORE crystals. The LLNL group will continue to seek funding through 

LLNL LDRD to support research and development efforts related to advanced scintillating 

and/or isotopically enriched bolometers. 
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Student education and training supported by the group: 
 

Exotic Nuclear Studies 

 

Education is an important component of this program. Many students including the 

undergraduates and postdocs are involved in our fielded experiments. A total of five Ph.D.’s 

were awarded over a period of 16 years in our Gammasphere/CHICO collaboration. One Ph.D. 

was awarded so far and more in the pipeline for our TIGRESS/Bambino collaboration. We 

anticipate numerous Ph.D.’s will be awarded in the future for our newly formed JANUS 

collaboration with MSU. These collaborations pursue the physics of mutual interest but also 

provide a fertile ground to nurture the next generation of nuclear physicists. 

 

CUORE neutrinoless Double-beta Decay Studies 

 

The LLNL CUORE group has had a strong connection with UC Berkeley through Eric 

Norman of the Department of Nuclear Engineering:   

Michelle Dolinski was funded through a LLNL fellowship (the SEGRF fellowship, now 

called ―Lawrence Scholarship‖) to work with the LLNL group. Her thesis topic was ―Neutron 

Interactions in the CUORE Neutrinoless Double Beta Decay Experiment‖. She graduated in the 

fall of 2008 and has since taken a post-doctoral researcher position in neutrino physics at 

Stanford Univeristy. 

Barbara Wang has joined the LLNL group and is funded through a Nuclear Forensics 

Graduate Fellowship through the Department of Homeland Security. She will be analyzing the 

backgrounds that are expected in the CUORE experiment and in particular the signals at both 

low energies and in the 0  region that result from cosmogenic activation. 

 The LLNL group is expecting to attract a second graduate student from the ―Nuclear 

Science and Security Consortium‖ that was recently awarded by NNSA to a UC Berkeley led 

team that included LLNL. The LLNL group’s CUORE research was featured as one of the 

research topics for graduate students. This Consortium would provide funding for a graduate 

student to work at Livermore with the LLNL group. 

 In addition, a UC Berkeley undergraduate student, Jessica Mintz, was involved in the 

tellurium double-beta decay Q value measurements during 2008-2009.  She played an important 

role in collecting the data using the Penning trap and travelled to Gran Sasso to learn about the 

CUORE experiment and participate in the onsite research and development activities.  She is 

currently attending graduate school in nuclear engineering at Purdue University. 
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