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Quantum magic

Sandia researchers
validate new algorithm
for error-resistant

qguantum computation
By Shelby Owens

he achievement of creating a big,
I useful quantum computer starts
with the success of individual
components that will one day compose
it. The broader quantum community is
working to develop dozens of distinct crit-
ical components, but one includes such
unique science that it could be called
quantum magic.
A collaboration between Sandia,
Quantinuum and the University of
California, Davis, has made the American

SLEIGHT OF HAND — Sandia researcher Robin Blume-Kohout holds models of the 2D and 3D
color codes used to produce high-fidelity magic states on a trapped-ion quantum computer.
Photo by Ariana Blume-Kohout — CONTINUED ON PAGE 4

Here to observe: Labs historian reflects on
three decades of transformation at Sandia

| F’i\ By Magdalena Krajewski

andia historian Rebecca Ullrich has seen a lot in her nearly
S three decades at the Labs. But as she explains, that’s what
she’s here for: “to observe.”

“It’s been a lot like watching a river go by in front of me,” she
said. “Observing how the Labs has changed, how we’ve dealt
with change and uncertainty both internally and in the world
around us.”

When Rebecca started in 1994, the Cold War had ended, the
United States had declared a moratorium on underground nuclear
testing and the country was discussing a peace dividend.

1995 — Rebecca Ullrich at her desk in 1995, the year after she joined Sandia — CONTINUED ON PAGE 7
as research historian. Photo from the Sandia archives
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The ghosts of Sandia’s Technical Library

By Sophia Horowitz

f you’ve ever found yourself humming

the tune from “Ghostbusters,” you

might feel right at home in the technical
library at Sandia. With its vast collection
of research materials and a few ghostly T
tales, visitors often wonder if this library
is a place for the living and the supernat-
ural to coexist.

Reports of ghost sightings and strange
happenings have sparked conversa-
tions about the library’s possible para-
normal activity. The library moved into
Building 804 in 1961. The main building
was expanded in the 1980s to include a
vault and the periodicals reading room.

Although the library no longer occupies all HISTORICAL GATEWAY — Sandians review research in the technical library in 1965.  Photo
of Building 804, room 10 is still the main ~ from the Lab News archives
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part of the library and the focus of some paranormal activity.

Technical library manager Karen Holt recounted a series of
unsettling events that suggest the library may be home to more
than just books.

“Every time I am alone in the library after 5 p.m., I hear
someone walking around on our mezzanine level,” Karen said.
“The floor creaks loudly, and I can hear them moving between
the stacks, but no one is ever there.”

While there are no specific historical events tied to the library,
the dedication of Sandians who have contributed to its collection
may create a lingering attachment that transcends time. Former
librarians who loved their work might still be organizing infor-
mation in the afterlife.

“There are many haunted libraries, and I think there is an irre-
sistible allure to the library for ghosts,” Karen said. “It is a space
that is deeply connected to the past, where people are immersed
in the flow of knowledge.”

Library staff member Amber Glas has also experienced unex-
plainable occurrences while working in the library.

“My first encounter happened while I was alone on a Friday. I
was shifting books when suddenly a book came off the top shelf.
It was wedged between two other books, so there was no way it
was just unstable and fell. I thought it was odd, and since it was
so close to hitting me on the head, it felt purposeful.”

She also described a mysterious incident with a man who
disappeared without a trace. “I noticed he wasn’t wearing
a badge, so I tried follow him out of the library, but he had
completely vanished. The construction workers outside the door
said they didn’t see anyone walk out. It was as if he had never
been there at all, leaving me with a weird feeling.”

Libraries as paranormal hotspots

Technical librarian Lee Ann Black-Blumenfeld shared her
thoughts on the paranormal and her experiences within the
library.

“I like to say I am an ‘open-minded skeptic’ or a mix of Scully

and Mulder,” she said about her thoughts on the paranormal. “I

want to believe in the paranormal and love hearing other people’s

WHERE THE PAST MEETS THE PAGES — Building 804 in 1965.
Photo from the Lab News archives

experiences. However, I also love to see paranormal events
debunked. I think it’s fun to see how our brains play tricks on
us.”

On what makes libraries a hotspot for ghostly activity, she
said, “I think libraries tend to be a magnet for paranormal
activity because people want them to be spooky and have lore.
They’re old. They have interesting, possibly spooky, collections.
Library buildings are large and can be unusually quiet. Librarians
can be scary — we’re not, I promise. All this makes for a creepy
environment where we can spook ourselves.”

Lee Ann added she often hears noises when she is alone in the
library vault. “It’s as if there are other folks going about their
workday,” she said. “Usually, I ignore it as background noise
until I realize I am alone.”

She also mentioned that many library staff have experienced
electronics turning on at odd times. “I personally have expe-
rienced a printer that was off turn itself on and begin trying to
print. These weird occurrences can probably be explained, but so
many of us have had similar unnerving experiences. It’s fun to
think it’s a former librarian haunting the library space.”

As the technical library continues to serve as a hub of knowl-
edge and research, it also invites curiosity about the mysteries
that may linger within its walls. Whether one believes in ghosts
or not, the stories of sightings and strange events add an inter-
esting layer to the library’s history. @
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SORTING THROUGH THE STACKS — The head librarian shelves
books, pipe in tow, in a 1953 photo.  Photo from the Lab News archives
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Quantum magic

Physical Society’s top open-access

journal, Physical Review X. The paper,
titled “Experimental demonstration of
high-fidelity logical magic states from code
switching,” details a new and more efficient
algorithm for creating “magic states” that
will enable future quantum computers to
run programs even if one component fails, a
concept called fault-tolerance.

“Magic states solve a problem with
quantum computation that seems para-
doxical,” researcher Robin Blume-Kohout
said. “The error correction protocols that
prevent random errors from corrupting a
quantum computer’s memory are so effec-
tive that they also prevent programmers
from performing a critical subroutine called
the T gate. Future quantum computers can
get around this obstacle by building special
magic states within some of their memory
qubits that can be used later and on demand
to perform T gates.”

The University of California, Davis,
researchers used a method called code
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INNOVATIVE COMPONENTS — The ion trap at the heart of the Quantinuum H2-1 processor that
executed the demonstration held 56 individual trapped-ion qubits, enough to create a high-fidelity magic
state in a 3D color code, then inject it into a separate 2D color code, while performing quantum error

correction on both codes.

switching to prepare a magic state in one
error-correcting code, then switch it to
another. Quantinuum scientists imple-
mented this method using two different
color codes
on their H2-1
trapped-ion quantum
processor, and
Sandia’s Quantum
Performance Lab
created a customized
validation protocol
that allowed the
team to prove they’d
created high-fidelity
magic states that
only fail 0.01% of
the time.
“Quantinuum is
advancing the state
of the art in quantum
computation by
exploring new terri-
tory. Verifying this
code-switching
experiment required
new techniques,
and our partner-
ship with Sandia
was essential,”
said David Hayes,

4

Photo provided by Quantinuum

director of computational design and
theory at Quantinuum. “Sandia’s Quantum
Performance Lab has world-leading exper-
tise in verifying the faithful operation of
quantum processors and provided exactly
the prescription we needed to execute this
demonstration.”

The science behind the magic

Quantum computers have the poten-
tial to implement calculations that would
be impossible on conventional supercom-
puters. They are able to simulate important
quantum systems, like catalyst molecules
or superconducting materials. With today’s
computers, researchers often have to choose
between speed or accuracy, but a future
fault-tolerant quantum computer could run
algorithms that simulate molecules and
materials both rapidly and accurately.

One problem lies in the quantum bits,
or qubits, the systems are based on. Qubits
store quantum information and make up
a quantum computer’s memory register.
Unlike traditional bits that exist as either a
1 or a 0, qubits can exist in a unique super-
position of 0 and 1. This is a totally new
state of existence that enables unique and
complex calculations, but it leaves them
susceptible to a high risk of errors. During
calculations, researchers must correct
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these errors along the way by encoding
each computational or “logical” qubit into
many physical qubits, and then monitoring
them to detect errors. This protects the
information from errors but also from the
programmer, which is a huge challenge.

A magic state is a particular superposi-
tion state into which a qubit can be initial-
ized. It can be difficult to prepare a magic
state, but once accomplished, it becomes
very useful in calculations. Robin said,
“It’s like a $100 gift card that you can
redeem for cool stuff whenever you want.
Specifically, the quantum computer’s
programmer can ‘redeem’ it for a special
logic operation, the T gate, that is necessary
from time to time in any useful quantum
program.”

Future quantum calculations may take
hours or days to run. If a qubit experiences
an error, it can ruin the entire computation
and force the user to start over. Efficient,
high-fidelity magic states enable quantum
computers to reliably execute operations
that cannot be performed directly. The
research conducted by Sandia and its part-
ners has now demonstrated a method for
achieving a full set of error-resistant opera-
tions more efficiently using magic states.

Sandia’s values make magic
possible

Sandia is well-positioned to explore
quantum computing for critical mission
areas in national security with its Quantum
Demonstration Facility. Quantum
computing is a high-risk but high-reward
technology, so researchers’ deep under-
standing of its challenges and capabilities is
necessary for its advancement.

Sandia has historically valued the impor-
tance of tackling engineering challenges to
prepare for future national security needs.
This has attracted and empowered a strong
team of quantum experts who are dedicated
to developing bleeding-edge technology.

“We have a world-class group at Sandia
that thrives on successful collabora-
tion with industry and academia,” said
Tzvetan Metodi, manager of quantum
computer science at Sandia. “Our partner-
ship efforts support full end-to-end design
of quantum computing systems, from the
physical qubits through architectures and
applications.”

By strengthening these collaborative
efforts, Sandia enables a future where the
full power of quantum computing can be
harnessed. (@)

CLEVER TRICK — Magic states can be created
easily in 3D color codes, but they can’t be used to
compute. The team created magic states in 3D col-
or codes, then injected them into 2D color codes in
which computations can be performed.
Photo provided by
University of California, Davis

Teaching through the lens

Albuquerque Public
Schools embarks on
new teaching strategy
with Sandia’s help

By Kim Vallez Quintana

‘ During my first year as superintendent,
I visited 100 schools in the city. What
I found was an inconsistency in what’s
being offered and a very evident discon-
nect among students,” APS Superintendent
Gabriella Blakey told an audience of
Sandians gathered during the Community
Engagement Speaker Series.

Her message: “We need to do a better job
preparing our students for the real world,
but we can’t do it alone.”

And they won’t. Sandia is among

hundreds of businesses that Albuquerque
Public Schools and United Way hope to
engage in a new learning model called the
Academies of Albuquerque.

Already launched at Highland, Manzano
and Cibola high schools, the program,
based on the Ford Next Generation
Learning framework, is designed to put
students on a more direct learning path
based on potential careers.

Albuquerque Public School adminis-
trators refer to it as “teaching through the
lens.”

Similar to a college structure, students
are divided into different academies
focused on specialties such as business,
engineering, culinary arts and education.
They are taught specific skills in a more
hands-on environment, with opportuni-
ties to earn internships, dual credits and

i
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“WE CAN’T DO IT ALONE” — Albuquerque
Public Schools Superintendent Gabriella Blakey
speaks to Sandians as part of the Community
Engagement Speaker Series, encouraging support
of its new educational project Academies of
Albuquerque. Photo by Bret Latter
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certifications, giving them a head start on
their career path after graduation.

Seeing the program in action

Bianca Hill, senior manager of external
engagements, saw the model at work
firsthand earlier this year in Nashville,
Tennessee. She was invited by United Way
of North Central New Mexico, which is
leading the local partnership.

“We had the chance to visit four different
high schools, interact with the students,
watch classroom teaching and see in real
time how they were teaching core subjects
in ways that made sense for their particular
pathway,” Bianca said. “What we saw were
students who were ambassadors for their
schools, who had clear relationships with
their teachers and were proud of that.”

It didn’t take much convincing for
Bianca to see how Sandia could become a
partner.

Sandia support

Sandia and United Way have a long-
standing relationship, but this initiative
allows Sandia to be more hands-on.

Bianca said Sandia will continue to
provide volunteer opportunities in the class-
room, hold donation drives and financial
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support campaigns, but now the Labs will
also play a role in curriculum and teaching
paths at Albuquerque Public Schools.

“Where we really have an opportunity
to shine is showing educators how their
curriculum translates to the real world,”
Bianca said. “If they are using outdated
engineering terms or applications, that is an
opportunity for us to help bring them up to
speed, so they understand what they need
to teach in the classroom to prepare those
students for tomorrow’s necessary skills.”

“United Way mobilizes communities to
action so that all can thrive,” said Rodney
Prunty, United Way of North Central New
Mexico president and CEO. “If you want
qualified people to fill open positions, you
have to get in there and get involved. You
can’t just sit back and hope teachers do it.”

Prunty and Blakely emphasized that the
program’s success depends on a “commu-
nity connected approach.” United Way and
Albuquerque Public Schools are working
with businesses and organizations across
the community to cultivate buy-in to the
concept, with a meeting planned for late
October to develop next steps.

The partnership is not only good for
students, but good for Sandia.

“We have a lot of career
programs right now but
nothing sustainable,” Blakey
said. “We want to keep
good students here in New
Mexico and not have to hire
employees from outside the
state. But students don’t
always know how to connect
with industry. We want a
better partnership to give
students more exposure to
possible paths.”

How Sandians can
help

Any Sandian can get
involved. One of the best
ways is by participating in
the Sandia Gives campaign in
November.

“Sandia plays one of the
largest roles in our commu-
nity when it comes to giving,”

A PARTNER IN EDUCATION — United
Way of North Central New Mexico President and
CEO Rodney Prunty explains how United Way is
partnering with Albuquerque Public Schools and
community organizations to improve education.
Photo by Bret Latter

Associate Labs Director Josh Parsons said.
“We gave more than $4 million last year
alone through United Way.”

Sandians can choose specifically where
they want to direct their donation dollars.
Josh hopes many will consider giving
during this year’s campaign and choose
an initiative called Rising Together, which
focuses on improving education outcomes
in the community.

“The power of this academies model is
that it’s a system solution,” Josh said. “This
is a direct way that we, as a highly educated
population, can impact the school system
for our families and build the next genera-
tion of the workforce. The more we invest
in K-12, the better we are at enabling the
mission in the community we serve.”

That support includes not only financial
donations but also the volunteer efforts that
Sandia organizes. Bianca said the partner-
ship will shift the Community Involvement
team’s educational focus a bit to allow for
more impactful efforts and expanded volun-
teer opportunities across Albuquerque.

“This pathway gives Sandia a way to do
that,” Bianca said. “We are neighbors and
members of this community and students’
educational success matters to us. We want
opportunities for all students so they can
step into a career here if they choose.” [
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Here to observe
CONTINUED FROM PAGE 1

“The Labs was entering a period of uncertainty,” she said. “If
we’re no longer building any new nuclear weapons, and there’s
just the maintenance of the stockpile — which is no minor thing —
some were asking whether there was still a need for the Labs.”

Sandia, like many defense-related organizations at the time, was
trying to figure out its position in a post-Cold War environment.

“There was a lot of soul searching and philosophical discussion
going on,” she said. “Then the Stockpile Stewardship Program
was introduced, prompting a shift in focus and a reevaluation of
staffing needs.”

The Labs was downsizing, and as a result there were voluntary
separation packages offered in 1996 and 1997, with some involun-
tary separations a few years later.

“It was a precarious time to be an employee,” Rebecca said.
“But as the historian, my job was to watch how Sandia handled
these changes, observing how leadership — first Al Narath and
then Paul Robinson — coped with what was going on while also
trying to preserve morale.”

In the following years, Sandia began to find its footing,
expanding its work in counterterrorism, energy, cybersecurity
and counterintelligence, slowly transforming into a multimission
laboratory.

Wen Ho Lee fallout

Then, in 1999, Los Alamos National Laboratory scientist
Wen Ho Lee was arrested and charged with mishandling classi-
fied nuclear weapon design information. The high-profile inves-
tigation and legal proceedings that followed raised significant
alarms about security practices within the U.S. nuclear weapons
complex.

Secretary of Energy Bill Richardson initiated a review of secu-
rity measures across DOE and its labs, including Sandia, in an
effort to find weaknesses and enhance protections for sensitive
information. The situation prompted a push for broader reforms
to improve oversight and management of classified information to
help improve national security and prevent similar incidents from
happening again.

Answering the call

By January 2001, Rebecca said things were on the upswing at
Sandia.

“In the State of the Labs address, Paul and deputy director Joan
Woodard said the budget had turned and expressed optimism,”
she said. “It was all positive. Programs were moving forward. We
were going to see some life extensions come into play. Stockpile
surveillance was going great. Computing was going great. Sandia
was in a really good place.

“And then 9/11 happened.”

Rebecca recalls driving to work when she heard about the first
plane crashing into the World Trade Center, and then halfway in,
she remembers the radio broadcaster announcing that a second
plane had hit the south tower.

“I pulled over, called my husband, and told him to turn on the

2003 — Rebecca greets children and families attending Sandia’s Annual
Take Your Son to Work Week. Photo from the Sandia archives

2001 — Rebecca shows off the Record of Life Cycle exhibit as part of an Infor-
mation Management Week event in 2001.

Photo from the Sandia archives

2002 — Rebecca stands in the shock tube.

Photo from the Sandia archives
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TV — something big was happening,” she
said. “When I got to work, people were
huddled around the televisions in the break
rooms. No one knew what was happening.
Then we saw the towers collapse, and
everyone was just in shock. It was really
scary.

“Eventually, they decided to send
us home, and we received a voice
message on our desk phones. I remember
hearing Paul’s voice telling us what had
happened, that we didn’t know what it
meant, but they were sending us home.
Then he reminded us that our service was
still needed. Maybe it was the timbre of
his voice, but I felt so reassured in that
moment. If Paul says it’s going to be OK,
if he says we’re going to be fine, then
we’re going to be OK.”

The next day, while other flights were
grounded, a flight carrying around 50
Sandians departed from Albuquerque en
route to Washington, D.C., with an Air
Force escort.

The group would provide critical tech-
nical expertise and support to help assess
the damage and investigate the attacks in
the days that followed.

“I think Sandia being called upon in
that moment was a statement about how
important the Labs’ work is,” Rebecca
said. “How vital Sandia is to national
security.”

The stories

When asked what she loves about history,
Rebecca points to the stories and narratives.

“History is full of complicated stories
about how we got from here to there,

because we could have ended up anywhere.

But there’s this path — decisions that were
made, events that happened — that brought
us to where we are,” she said. “Sometimes

people talk about history as if it’s inevitable

because we know the punchline; we know

how it ends. But I love the stories that get us

there, the ones we’re still part of. We don’t
know the endings.”

And Sandia’s story, according to
Rebecca, is still very much a river in
motion, meandering through challenges but
always moving forward.

“Sandia has been through a lot — the

Labs, the workforce — but it has always
gotten through, and there’s no reason for
that to change as long as it is meeting the
needs of the nation,” she said. “In times of
uncertainty, when things are scary and out
of our control, I believe the best we can do
is fall back on what we do well, and at the

Labs, that is to solve problems and produce.

So, let’s keep doing what we’re good at.”
Looking ahead

On Nov. 3, after 28 years of service,
Rebecca will archive her work, turn in her
badge and hang up her metaphorical histo-
rian hat.

N

“Sandia really embraces its history, and
so does the workforce,” she said. “They’re
interested in the past of this place, what
they’ve inherited and therefore what they
can do. I hope I've been able to play a small
part in that — keeping history alive and in
front of them so that they can absorb and
appreciate it and make it part of their expe-
rience here.”

Rebecca’s reflections on what Sandians
have been through, how they’ve risen to the
occasion and how they’ve persevered offer
comfort. Maybe it’s the timbre of her voice,
but when Rebecca says it’s going to be
OK, then we’re going to be OK. (@

2024 — Rebecca speaks to a crowd gathered to celebrate Sandia’s 75th anniversary.

Photo by Craig Fritz

2025 — Rebecca speaks to students from Rice University during a tour of the National Museum of

Nuclear Science & History on Oct. 14.

Photo by Craig Fritz
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Lonnie Martin 35 Sara Sokolowski 25  Justin Ford 20 Harry Cisar 15

Recent
Retirees

Brian Oden 46  Cathy Ottinger Farnum 45 Jenny Gilbride 42 Joseph Maestas 41

Greg Sjaardema 41  Ann Campbell 40  Jerry Friesen 38 Joy Giron 36 Dennis Helmich 36

Dee Dee Dicker 35 Sandra K. Begay 33  Pamela Maestas 33 Ricardo ‘Rico’ Ortiz 33 Laura Owens 33 Sylvia Saltzstein 32

Ben P. Aragon 30 Kim Haulenbeek 30 Laura Swiler 30 Karen Tafoya 28 Rhonda Dukes 27  Douglas Johns 27
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Matthew M. Hopkins 26  Patricia A. Brown 23 James V. Cox 23 Frederick McCormick 22 Carrie Devonshire 21 Hy Tran 21

Lu Fang 17 Ken Summers 15 Roger Burton 14  Lucille Ortiz 37 Rex Jaramillo 24  Bill Jackson 6

Retiree Deaths

July 5-September 17, 2025 VETE RANS DAY
Frederick Enote 88) iy 3 NEW MEXICO
Monty Apple (65 iy 1 CELEBRATIO

Douglas Schuler (83) July 13

George Connor (86) July 14

Amy Cogswell (77) July 16

Douglas McGovern (79) July 21

Esther Moore (98) July 22 el 5

Andrew Ashbacher (63) July 23 J bie U SR £ KOTH £
Kathryn Fowler (9 iy 2 e e
Adolfo Bachicha (77) July 23 and Chief Research Officer

Judith Wills (87) July 24

Nancy Spear (89) July 26

Donald Morrow (89) July 31

Madonna Opdahl (80) August 2 STEVE SCHIFF AUDITORIUM
Betty Pierce (84) August 3 11 A.M. - NOON (MT)
Melba Sue Peters (92) August 4

James Griffee (71) August 8

Jerry Letz (82) August 8 U.S. Marine Corps Reserve will have a
John Formea (102) August 9 donation box for Toys for Tots
Jimmie Martin (90) August 16 )
Richard Toth (89) August 21

A.McFarland (93) August 24

James Muir (91) August 27 Poredbyihe

Albert Lucero (79) August 29 @ Ty —
Leo Klamerus (96) September 4 REMbL-ce

Roy Dickey (84) September 17
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