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PART 1. RESEARCH PROGRAM AND PERSONNEL

Part 1

Research Program and Personnel

During its 1 year duration this grant has supported: Huber, Vanegas-Forero, Jaffke 
(travel only) and Ankowski. The group had the following members: David Vanegas- 
Forero (research associate). Patrick Jaffke (graduate student graduated by the end of 
2015 and moved to a postdoc position at Los Alamos). We also supported research 
associate Artur Ankowski for a brief period. In the summer of 2016 David Vanegas- 
Forero will spent three months as a URA Visiting Scholar at Fermilab. Pilar Coloma 
previously supported by a DOE grant of the PI is now a staff scientist in the theory 
group of Fermilab.
Scientifically, this grant supported the further development and maintenance of GLoBES, 
which serves as standard tool for all long-baseline oscillation experiments, including 
DUNE. A strong focus was on the oscillation physics in long-baseline experiments in
cluding the difficult issues of optimization and systematics as well as search for new 
physics. Sterile neutrinos at the eV-scale, their phenomenological implications and 
possibilities to test their existence represented another major topic. In particular, we 
have performed the to-date most accurate computation of the antineutrino spectrum 
resulting from fissions in a nuclear reactor. In synergy with this research area we also 
explored potential applications to nuclear non-proliferation safeguards.
We provided direct theory support to the following experiments and collaborations: 
Daya Bay and DUNE. As of January 2015, the director of Fermilab has appointed 
Huber to serve for a two year term on the Long Baseline Neutrino Committee (LBNC). 
Huber also has been selected as one of the inaugural Fermilab Distinguished Scholars. 
Huber is recipient of the 2015 Breakthrough Price in fundamental phyiscs.
The research funded by this grant had a lasting impact at the host institution: it lead 
to the creation of the Center for Neutrino Physics at Virginia Tech (CNP), Huber 
has been promoted to associate professor with tenure in 2012 and has become a full 
professor effective August 2015. From September 2015 till August 2016 he served as
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PART 1. RESEARCH PROGRAM AND PERSONNEL

department chair.
For the community at large it is fair to say that many of the results from this research 
had a profound effect on the shape and direction of the domestic U.S. HEP program, 
for instance the LBNE science book [1] acknowledges Huber “[...] for a long and fruitful 
collaborative effort, and in his critical role in developing the case for a very long-baseline 
neutrino oscillation experiment over the past decade”.
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PART 2. RESEARCH ACTIVITIES IN YEAR I

Part 2

Research Activities in Year 1

(Huber with Ankowski, Benhar, Bowden, Cogswell, Coloma, the Daya Bay Collab
oration, Escrihuela, Heeger, Jaffke, Jen, Kopp, Lindner, Mariani, Meloni, Miranda, 
Tortola, Vagnoni, Valle, Vanegas-Forero, Vogelaar, Winter)
During the past year, we have worked on the following projects:

• GLoBES
• Long-baseline Oscillations
• Reactor Neutrinos & Daya Bay
• Beyond the Standard Model
• Applied Neutrino Physics

Many of these projects are ongoing and will be continued into 2016-2017.
Beyond these independent research projects, we have provided continued service to the 
community using GLoBES [2, 3]. In particular, we have supported the application of 
GLoBES for DUNE.
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2.1. GLOBES PART 2. RESEARCH ACTIVITIES IN YEAR 1

2.1 GLoBES
(Huber with Coloma, Kopp, Lindner, Winter) - In the previous funding cycle we re
leased a beta version of GLoBES with significantly improved handling of systematics 
to the DUNE collaboration in September 2014. This version has played a central role 
in the preparations for the CD-1R for DUNE and allowed to address several of the is
sues regarding the previously simplified treatment of systematics. During this funding 
period we have prepared a full release to provide these new features to the whole com
munity. The actual release of version 3.2.16 took place on June 7, 2016, This improved 
systematics interface is a direct result of our work on cross section uncertainties [4, 5, 6] 
and their impact on oscillation physics sensitivities. This highlights the interplay and 
cross pollination of cutting edge phenomenological research and software development.

2.2 Long-baseline Oscillations
(Huber with Ankowski, Coloma, Mariani, Vagnoni) - Expanding on previous work we 
explored how missing energy in the reconstruction of neutrino energy affects the ability 
to extract the leptonic CP phase in future long-baseline neutrino experiments [7]. The 
main cause for missing energy are neutrons produced in charged-current interactions, 
which is of particular concern since the number and momentum distribution of those 
neutrons is generally poorly understood. Moreover, a large difference between neutrinos 
and antineutrinos is expected.
(Huber with Ankowski, Benhar, Coloma, Jen, Mariani, Meloni, Vagnoni) - Precise 
energy reconstruction is the key for a wide-band beam experiment like DUNE and 
in previous work we have pointed out the limitations of the usual kinematic energy 
reconstruction employed for quasi-elastic events. Liquid argon TPCs should provide 
full calorimetric capabilities to aid the reconstruction of neutrino energy in charged- 
current events. In this work we investigated the gains which could be obtained from 
employing a full calorimetric energy reconstruction. Our main finding is that real-world 
detector effects may limit this method severely [8].

2.3 Reactor neutrinos & Daya Bay
(Huber with the Daya Bay Collaboration) - Daya Bay published its first result on the 
measured reactor antineutrino spectrum and Huber served as internal reviewer for this 
publication [9].
(Huber with Jaffke) - We identify a new, flux-dependent correction to the antineutrino 
spectrum as produced in nuclear reactors [10]. The abundance of certain nuclides,
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2.4. BSM PART 2. RESEARCH ACTIVITIES IN YEAR 1

whose decay chains produce antineutrinos above the threshold for inverse beta decay, 
has a nonlinear dependence on the neutron flux, unlike the vast majority of antineutrino 
producing nuclides, whose decay rate is directly related to the fission rate. We have 
identified four of these so-called nonlinear nuclides and determined that they result 
in an antineutrino excess at low-energies below 3.2MeV, dependent on the reactor 
thermal neutron flux. We develop an analytic model for the size of the correction 
and compare it to the results of detailed reactor simulations for various real existing 
reactors, spanning 3 orders of magnitude in neutron flux. In a typical pressurized 
water reactor the resulting correction can reach 0.9% of of the low energy flux which is 
comparable in size to other, known low-energy corrections from spent nuclear fuel and 
the non-equilibrium correction. For naval reactors the nonlinear correction may reach 
the 10% level.
(Huber) - We have been invited to contribute to the special issue of Nuclear Physics 
B celebrating the 2015 Nobel Prize for neutrino oscillations. In our contribution we 
describe the current understanding of reactor antineutrino fluxes and point out some 
recent developments. This was not intended to be a complete review of this vast topic 
but merely a selection of observations and remarks, which despite their incompleteness, 
will highlight the status and the challenges of this field [11].

2.4 Beyond the Standard Model
(Huber with Vanegas-Forero) - Recent data from T2K, NOvA and Daya Bay seem to 
hint at a value of the leptonic CP phase around —n/2, which would indicate maximal 
CP violation in the lepton sector. In this work we study the interplay of so-called 
non-standard interactions and regular, three flavor oscillation. We find that CP con
serving new physics combined with CP conserving oscillation can be mis-interpreted 
as maximal CP violation in the lepton sector [12], highlighting the need for a broad 
program in precision oscillation physics, e.g. like DUNE.
(Vanegas-Forero with Escrihuela, Miranda, Tortola, Valle) - Neutrino oscillations are 
well established and the relevant parameters determined with good precision, except 
for the CP phase, in terms of a unitary lepton mixing matrix [13]. Seesaw extensions 
of the Standard Model predict unitarity deviations due to the admixture of heavy 
isosinglet neutrinos. We provide a complete description of the unitarity and universality 
deviations in the light neutrino sector. Neutrino oscillation experiments involving 
electron or muon neutrinos and anti-neutrinos are fully described in terms of just three 
new real parameters and a new CP phase, in addition to the ones describing oscillations 
with unitary mixing. Using this formalism we describe the implications of non-unitarity

5



2.5. APPLICATIONS PART 2. RESEARCH ACTIVITIES IN YEAR 1

for neutrino oscillations and summarize the model-independent constraints on heavy 
neutrino couplings that arise from current experiments.

2.5 Applied Neutrino Physics
(Huber with Bowden, Mariani, Heeger, Vogelaar) - We organized and hosted Applied 
Antineutrino Physics 2015 with more than 50 participants. The focus of the 2015 
workshop were detector technologies applicable to short-baseline reactor experiments 
as well as to reactor antineutrino monitoring for non-proliferation safeguards [14]. Two 
preliminary results on the detection of reactor antineutrinos at the Earth’s surface 
without overburden were presented by the PANDA and T2KEcal collaborations and 
the Nucifer collaboration showed an unequivocal detection result very close to a reactor. 
(Huber with Cogswell) - The Plutonium Management and Disposition Agreement be
tween the United States and Russia makes arrangements for the disposal of 34 metric 
tons of excess weapon-grade plutonium. Under this agreement Russia plans to dispose 
of its excess stocks by processing the plutonium into fuel for fast breeder reactors. To 
meet the disposition requirements this fuel would be burned while the fast reactors 
are run as burners, i.e., without a natural uranium blanket that can be used to breed 
plutonium surrounding the core. This article discusses the potential application of 
antineutrino monitoring to the verification of the presence of a breeding blanket. It is 
found that a 36 kg antineutrino detector, exploiting coherent elastic neutrino-nucleus 
scattering and made of silicon could determine the presence of a breeding blanket at a 
liquid sodium cooled fast reactor at the 95 percent confidence level within 90 days.

2.6 Service
• Co-convener of the neutrino parallel session at Baryon and Lepton Number Vio

lation 2015.
• Member of the 2015, 2016 NuFact scientific program committee.
• Member of the 2015, 2016 NNN international advisory committee.
• Chair, local organizing committee for Applied Antineutrino Physics 2015
• Member of the Long Baseline Neutrino Committee at Fermilab
• Member of the URA Visiting Scholars selection panel
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PART 3. PUBLICATIONS

Part 3

Publications

In the one year of this grant we had 13 publications. Papers 1, 2 and 3 of the exclusively 
DOE supported ones, as well as 3, 5, 8, and 9 of the DOE and other agency supported 
ones are genuine small-group theory/phenomenology papers, including two Physical 
Review Letters.

Exclusive DOE support

1. Reactor antineutrino fluxes Status and challenges
P. Huber.
Nucl. Phys. B 908, 268 (2016)

2. Hints for teptonic CP violation or New Physics?
D. V. Forero and P. Huber.
arXiv:1601.03736 [hep-ph], accepted for publication in PRL.

3. Neutron capture and the antineutrino yield from nuclear reactors
P. Huber and P. Jaffke.
Phys. Rev. Lett. 116, no. 12, 122503 (2016)

DOE and other-agency support
1. New measurement of via neutron capture on hydrogen at Daya Bay 

F. P. An et at. [Daya Bay Collaboration].
Phys. Rev. D 93, no. 7, 072011 (2016)

2. Applied Antineutrino Physics 2015 - Conference Summary
N. S. Bowden, K. M. Heeger, P. Huber, C. Mariani and R. B. Vogelaar. 
arXiv:1602.04759 [hep-ex]
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PART 3. PUBLICATIONS

3. Detection of Breeding Blankets Using Antineutrinos
B. K. Cogswell and P. Huber
Science & Global Security, 24, no. 2, 114-130 (2016)

4. fundamental symmetries, neutrinos, neutrons, and astrophysics: a White Paper 
on progress and prospects
A. Aprahamian et at..

5. On the description of nonunitary neutrino mixing F. J. Escrihuela, D. V. Forero,
O. G. Miranda, M. Tortola and J. W. F. Valle, Phys. Rev. D 92 (2015) no.5, 
053009 Erratum: [Phys. Rev. D 93 (2016) no.11, 119905]

6. Measurement of the Reactor Antineutrino Ftux and Spectrum at Daya Bay
F. P. An et at. [Daya Bay Collaboration].
Phys. Rev. Lett. 116, no. 6, 061801 (2016)

7. The Detector System of The Daya Bay Reactor Neutrino Experiment
F. P. An et at. [Daya Bay Collaboration].
Nucl. Instrum. Meth. A 811, 133 (2016)

8. Missing energy and the measurement of the CP-viotating phase in neutrino os- 
cittations
A. M. Ankowski, P. Coloma, P. Huber, C. Mariani and E. Vagnoni.
Phys. Rev. D 92, no. 9, 091301 (2015)

9. Comparison of the catorimetric and kinematic methods of neutrino energy recon
struction in disappearance experiments
A. M. Ankowski, O. Benhar, P. Coloma, P. Huber, C. M. Jen, C. Mariani, D. Mel- 
oni and E. Vagnoni.
Phys. Rev. D 92, no. 7, 073014 (2015)

10. New Measurement of Antineutrino Oscittation with the futt Detector Configura
tion at Daya Bay
F. P. An et at. [Daya Bay Collaboration].
Phys. Rev. Lett. 115, no. 11, 111802 (2015)
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PART 4. PERSONNEL

Part 4

Personnel

Personnel supported by DOE funds
For the period April 1, 2015 through March 31, 2016.

• Faculty:

— Patrick Huber (2 months)

• Research associates:

— David Vanegas-Forero (12 months)

— Artur Ankowski (1.5 months)

• Graduate Students:

— Patrick Jaffke (0 month as he was supported by a subcontract from LLNL 
for work on non-proliferation activities)

Transitions
• Patrick Jaffke has graduated in January 2016 and since then has joined Los 

Alamos National Laboratory as reasearch associate in the nuclear theory group 
working with Anna Hayes.

• Rebekah Hawkins started in the fall of 2015 as new graduate student in the group.

• Pilar Coloma, formely research associate in the Huber group and supported by 
DOE, has now a tenure-track appointment in theory group of Fermilab.
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