
The National Lab Perspective:
A Tale of Two National User Facilities

The High Flux Beam Reactor (HFBR)
at Brookhaven National Laboratory

The NIST Center for Neutron Research (NCNR)
at the National Institute of Standards and Technology

Peter M. Gehring
National Institute of Standards and Technology

NIST Center for Neutron Research
Gaithersburg, MD  USA



Overview

Some Statistics …

My Story – Getting from Here to There

National Laboratories – Pros and Cons

What Staff Scientists Do – Neutron Scattering

Classic Examples of Neutron Science

Some Tips …



Some Statistics …



Some Statistics …



Some Statistics …



Some Statistics …



Getting from Here to There

To be honest, I was utterly naïve and uncertain about what I wanted.

Buckshot approach – I sent out a large number 
of letters inquiring about postdoctoral positions.

A year before graduating I had two awkward industry interviews.

I was lucky: postdoctoral positions 
were relatively plentiful that year.

I interviewed at two places:  
UC Santa Barbara and Brookhaven National Lab

Statistically, I was in the largest category – postdoc.



Both interviews went well ....

Getting from Here to There



Getting from Here to There

Had a very hard time deciding 
(I waited until the last day).

Salary - $25K/year

Used one technique (neutron scattering)

X

X

X

X

Great scientist (Vincent Jaccarino) Great scientist (Gen Shirane)

Used many techniques

Studied mainly Mn1-xZnxF2

Gorgeous location

Studied many systems

OK location

Salary - $35K/year

UC Santa Barbara: Brookhaven National Lab:

Pros and Cons:



Getting from Here to There

I made my decision. Letter from Gen Shirane ...

The High Flux Beam Reactor (HFBR)
at Brookhaven National Laboratory



Getting from Here to There

The rest, as they say, is history ...

I have worked (happily) at national labs ever since.

I spent almost four years at Brookhaven National 
Lab before accepting an offer at NIST to work as 
an instrument scientist.

Come September I will have finished 20 years at NIST.

Time flies!  (This is not an empty cliché.)



National Laboratories – Pros and Cons

Not all national laboratories are the same.

Federally Operated Labs (incomplete) Contractor Operated Labs (mainly DoE)

NIST (DoC)

NIH (DHHS)

NRL (Navy)

AFRL (Air Force)

NASA (US Gov)

ARL (Army)

USGS (US Gov)



National Laboratories – Pros and Cons
Many support large, national, user facilities, which attract leading 
scientists world wide and provide unique research opportunities.

One of the best examples is Brookhaven National Lab

AGS and RHIC NSLS HFBR

AGS researchers won three Nobel Prizes in Physics:
1976: Ting for the J part of the J/ψ and charm quark.
1980: Cronin and Fitch for CP violation.
1988: Lederman, Schwartz, and Steinberger for the 

muon neutrino.

NSLS researchers won one Nobel Prize in Chemistry:
2009: Ramakrishnan and Steitz for ribosome.
HFBR researchers won two APS Buckley Prizes:
1973: Shirane for studies of soft modes.
1987: Birgeneau for low-dimensional magnetism.



National Laboratories – Pros and Cons

It is illegal to ask or pressure someone to retire at a federal lab. 

NIST staff possess tremendous expertise about physics and measurement 
science – if you have a question, it’s likely that someone at NIST can answer it.

People freely share thoughts when you're thinking of trying a new experiment. 
They offer suggestions on how to measure it better and warnings about what 
you might find difficult.

Exposure to a broad variety of interesting science.

Do not have to write grant proposals for funding (federal labs).

No teaching requirements and comparatively few committee requirements.

Freer evenings compared to academics .

You can get more research done, and it is often of higher impact.



Needless bureaucracy.

National Laboratories – Pros and Cons

NIST is a very applied place, and we sometimes have to educate 
management about how the work we do fits within the NIST mission.

You won’t be able to “build an empire;” get two or three postdocs at most.

No teaching requirements. (For those who enjoy teaching …)

Slightly less job security than for a tenured professor.  
(But much better than the private sector/industry.)

Slightly less autonomy than in academia, but more than in industry.

Tend to have a focused “mission.”  Your work needs to be “relevant.” 



NIST Center for 
Neutron Research 

(NCNR)
25beam

facilities



What Staff Scientists Do



They get to interact/collaborate with many world-class scientists.

They often have to work long hours/nights/weekends.
(Industrial researchers typically work 9-5.)

They publish papers and are well-positioned to strike first on 
hot-topics in science, e.g. iron-based, high-Tc superconductors.

They don’t have to write grant proposals (a few exceptions).

They get to “teach” external users (mainly graduate students and postdocs).

They are reasonably well-paid.

They serve as local contacts for external users who run 
experiments on a variety of different neutron instruments.

What Staff Scientists Do



What Staff Scientists Do



Management

IT Support

Different Career Paths

Instrument Scientist

Data Acquisition TeamSample Environment Team

Univ. of Illinois PhDs



What Staff 
Scientists Do

Primarily, they schedule and run 
experiments on, as well as maintain our 
many neutron scattering instruments.

So let’s discuss neutron scattering a bit …



“If the neutron did not exist, it 
would need to be invented.”

Bertram Brockhouse –
1994 Nobel Laureate in Physics



Neutron Scattering in the World

• number of users

• capacity/throughput 

• scientific productivity

Western Europe dominates in terms 
of…



Neutron Production 
by Spallation

New Spallation Neutron Source (SNS)
located in Oak Ridge Nat. Lab, USA.

Tungsten or
Mercury

Uses a cascade effect that results from the 
collision of a proton on a heavy target nucleus

Delivers an intense beam of neutrons 
with a pulsed time structure

protons

Target

t



Nuclear fission is used in power 
and research reactors.

Neutron Production 
by Fission

The fission process and moderator are 
confined by a large containment vessel.
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A liquid medium (D2O, or heavy water) is 
used to moderate the fast fission neutrons 
to room temperature (2 MeV  50 meV).
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FissionSpallation
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“Fast” neutrons: v = 20,000 km/sec



Fast Neutron,

V ~ 20,000,000 m/sec
~ 0.00002 nm

Thermal Neutron,

V ~ 2,000 m/sec
~ 0.2 nm

Cold Neutron,
V ~ 200 m/sec

~ 2 nm

de Broglie Relation  = h/mnv

Wave - Particle 
Duality



 strong but short-ranged (s-wave scattering)

 varies from isotope to isotope (“isotopic labeling”)

 light elements and heavy elements comparable

 nuclear spin-dependent (coherent and incoherent scattering)
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Nuclear Interaction



A source

A method to specify the 
incident wave vector ki

A method to specify the 
final wave vector kf

A well chosen 
sample + good idea

Detector(s)(Ei,ki)

(Ef,kf)

Basics of Neutron 
Scattering Methods Elements of all scattering experiments



Basics of Neutron Scattering

(1) Neutron scattering experiments measure the flux of neutrons 
scattered by a sample into a detector as a function of the change
in neutron wave vector (Q) and energy (h

(2) The expressions for the scattered neutron flux  involve the 
positions and motions of atomic nuclei or unpaired electron spins.

EnergyMomentum

hQ = hki - hkf h = hi - hf

hn = h2kn
2/2mhkn = h(2/n

 provides information about 
all of these quantities! = F{ri(t), rj(t), Si(t), Sj(t)}

Qh = neutrons
sec–cm2





(3) The scattered neutron flux (Q,h is proportional to the space (r) and 
time (t) Fourier transform of the probability G(r,t) of finding one or two 
atoms separated by a particular distance at a particular time.
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The Neutron Scattering Cross Section



Because neutron scattering is an intensity-limited technique.  Thus 
detector coverage and resolution MUST be tailored to the science.

Uncertainties in the neutron 
wavelength and direction imply 
Q and  can only be defined 
with a finite precision.

Courtesy of R. Pynn

Why so Many Different Spectrometers?

The total signal in a scattering 
experiment is proportional to 
the resolution volume  better
resolution leads to lower count 
rates!  Choose carefully …





There are two main ways of measuring the 
neutron scattering cross section S(Q,).

Constant-E scans:  
vary Q at fixed h.

Constant-Q scans:  
vary h at fixed Q.
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Phonon and Magnon Dispersions



“For pioneering contributions to the development of neutron 
scattering techniques for studies of condensed matter"

“For the development of 
neutron spectroscopy"

Bertram N Brockhouse
McMaster University, Canada

(1918 – 2003)

Showed us how 
the atoms move …

“For the development of the 
neutron diffraction technique"

Clifford G Shull
MIT, USA

(1915 – 2001)

Showed us where 
the atoms are …

Nobel Prize 
in Physics 

1994

The Fathers of Neutron Scattering

Ernest O Wollan
ORNL, USA

(1910 – 1984)

Did first neutron 
diffraction expts …



Awards for or Influenced by Neutrons



Classic Examples of Neutron Science



Antiferromagnetism
Confirmed magnetic 

sublattice model of Louis 
Neel (Nobel – 1970)



Phonons and 
Magnons



Superconductivity



Polymers

Confirmed De Gennes’ model 
of polymer reptation



Neutron Imaging
Viewing Operational Fuel Cells in Real-Time

Problem:  Water management in fuel cell; 
metal cell components; scattering 
from hydrogen

Solution:  Neutron imaging



Biology

(NCNR)



Real-Time Observation of Decay Curve

Radial Confinement Axial Confinement

Expected Sensitivity : 2 s
3.1 Tesla trap depth
~9 Liter volume

Magnetic Trapping of Neutrons

Neutrons lose energy in liquid Helium

Electrons from decay excite Helium

Dexcited helium gives off photons

Light is detected by outside PMTs

1.6 T ~ 1×10-7 eV
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Career path potential

Quality of management

Location (US or abroad?)

Your boss

Salary/benefits

Stability

Retirement

Do you like to teach?

Do you like research?

Some Tips
Things to consider the following when choosing your next job …

Tenure

Personality matters.

Communication skills matter.

Writing skills matter.



http://sites.nationalacademies.org/PGA/RAP/index.htm

More Tips

RAP/NRC Postdocs 
earn $65K at NIST.

Many open only to 
US Citizens …

BEFORE you apply, 
contact a mentor.

They can help you 
to write a solid 

proposal.

Many federal labs 
offer NRC postdoc 

positions.



In 1996, the routine maintenance of the 
reactor was being conducted when tests 
indicated a slightly increased level of 
tritium in ground water monitoring wells on 
the perimeter of the reactor. A thorough 
inspection of the reactor found no leaks in 
the reactor itself but a small leak in the 
water system of a pool where spent fuel 
was being stored. This turned out to be 
the only source of the tritium and was 
easily fixed. Unfortunately, the disclosure 
of the tritium leak lead to a political effort 
that would prevent the reactor from 
reopening. Scientists and laboratory 
personnel fought to keep the reactor alive 
for the next three years, but in 1999, the 
Secretary of Energy Bill Richardson 
ordered that the reactor be 
decommissioned.

A Tale of Two National User Facilities



The NCNR Expansion Project
Part of the America Competes Act

A multi-year plan to meet strong U.S. demand for cold neutron measurement 
capability by creating new beamlines and instruments at the NCNR. 

• Five-year project (started in 2007)
• Four new state-of-the-art neutron guides
• Five new cold neutron instruments
• 500 additional research participants/year 









Questions?

Thank-You!


