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Improving Coherence in Superconducting Qubits

Student Name, email@rice.edu, Rice University

BRICE

|
: Summary | |

Superconductors exhibit quantum effects even at
macroscopic scales: natural candidate for qubits.
Quantum effects are still fragile: challenges for SC qubits.

Josephson Junctions

Josephson predicted in 1962 that cooper pairs could tunnel
through a thin insulating barrier. Used widely in SC qubits.

Fig 1: Useful properties of JJ. A: A non-linear LC quantum
oscillator. B: Washboard potential.

Flux maintained by a SC loop is also quantized:
important

I 1. Charge Qubits

Microwave  Static and SQuID
pulses pulsed flux read-out

Fig 3: A: The phase-dependent potential of a phase qubit during usage. Right:
A circuit diagram of a phase qubit. The X’s represent Josephson Junctions.

3. Flux Qubits
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Fig 4: A: A basic flux qubit: three 1] in a superconducting loop. Right: the

Final Comparison

Qubit | Decoherence
Type | Time (pus)
Charge 10
Phase 0.4

Flux 40

« Flux qubits are best by decoherence times.
. Still worth investigating all three types: quantum

« Charge qubits havez ' ' °
« Phase qubits are esp:

computers can be composed of different qubits.
1explored potential.
nable: useful if their

short decoherence tii ! e overcome.

Further Investigation
Decoherence in flux qubits is most often caused
by energy leakage into the environment causing

the excited state to decay.
The source of this leakage is uncertain, as it could

a ﬁ probability of the qubit being in either state depending on the bias flux. be dl;ﬁ;%le‘):of;zq(u;p:;' (:IS:S?poaiiteicT;s‘;fle to
Decoherence and Comparison * (nempareiiniot bty
E} T C} @ strong temperature dependence.
g PN =08 References
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g g“b'f' bR'Ighdt'“d},”.‘aR'““"f charge qubit. \* Fig 5. A: The Bloch sphere. A point on the surface of the compaCtly :
bg:”a elechnisitheicnoperpair: N\ { sphere describes a possible qubit state. C: Rabi oscillations

More recent variations have been called
Transmon and quantronium.

of switching probability..
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Original student poster. Click
on the marked locations to
read about issues in each
section.

Though this poster does
demonstrate that the author
completed the literature
review, it doesn'’t effectively
communicate their findings to
the viewer.

This poster includes too many
scientific details and too much
text. Also, haphazard
formatting is distracting

and makes the poster feel
unprofessional.
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Summary

Superconductors exhibit quantum effects even at
macroscopic scales: natural candidate for qubits.
Quantum effects are still fragile: challenges for SC qubits.

Josephson Junctions

Josephson predicted in 1962 that cooper pairs could tunnel
through a thin insulating barrier. Used widely in SC qubits.

4 N

Fig 1: Useful properties of 1. A: A non-linear LC quantum
oscillator. B: Washboard potential.

Flux maintained by a SC loop is also quantized:

important.
1. Charge Qubits

1.5 Q/e

I G, :
Fig 2: Left: circuit diagram of charge

qubit. Right: dynamics of charge qubit.
Box labeled “n” is the “cooper-pair-
box”.

More recent variations have been called
Transmon and quantronium.
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pulses pulsed flux read-out

2. Phase Qubits
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Superconducting loop

Fig 3: A: The phase-dependent potential of a phase qubit during usage. Right:
A circuit diagram of a phase qubit. The X'’s represent Josephson Junctions.

3. Flux Qubits
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Fig 4: A: A basic flux qubit: three 1] in a superconducting loop. Right: the
probability of the qubit being in either state depending on the bias flux.

Decoherence and Comparison
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Fig 5. A: The Bloch sphere. A point on the surface of the
) sphere describes a possible qubit state. C: Rabi oscillations
g of switching probability..
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Final Comparison

Qubit | Decoherence
Type | Time (ps)
Charge 10
Phase 0.4
Flux 40

Flux qubits are best by decoherence times.

Still worth investigating all three types: quantum
computers can be composed of different qubits.
Charge qubits have a lot of unexplored potential.
Phase qubits are especially tunable: useful if their
short decoherence times can be overcome.

Further Investigation

Decoherence in flux qubits is most often caused
by energy leakage into the environment causing
the excited state to decay.

The source of this leakage is uncertain, as it could
be due to low frequency flux noise or due to
charge noise (stray quasiparticles).

One option to investigate is to reduce operating
temperature, as charge noise is known to have a
strong temperature dependence.

References

Not sure how to format this
compactly?
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° Student Name, netid@rice.edu, Rice University

wards quantum computing Comparing the three types of superconducting qubits ° Qubit performance

. - N Qubittype Charge Phase Flux
Moore™ lawi= finally endiny: a CHARGE QUBITS PHASE QUBITS @ FLUX QUBITS
and to fully realize quantum -Va-

= 0 @ ©

Decoherence  1g s
time

Tunabiity b 4

H Intermediate Short Long
decoherence times

computers requires control

i decoherence times
over quantum bits, or qubits. decoherence times

0.4ps 40ps

operate measure

Quantum bits (qubits) \ L X
Qubits = superposition of 2 g "m g e Flux qubits are best in terms of
quantum states 12) decoherence time.

05 10 15 Qe

) Charge qubits have a lot of
Decoherence time = .
: unexplored potential.
how long the qubit Local islands trap charge The phase of the qubit Superconducting rings trap
state lasts like a capacitor? oscillates between states magnetic flux' Phase qubits are especially
[1> and [253 tunable, but decay quickly.

Promising if short decoherence
times can be overcome.

Long decoherengaiimes are required
before app"caﬁoa" be realized. Factors that influence decoherence Performance metrics
: -7, Operation time = how & Future work may focus on
= > e
Superconducting qubits ‘ S A GG \.-/ long it takes to read the =2 reducing operating temperature

mechanisms causes the excited state to

Superconducting qubits are studied decay, resuitingindecohersnce qubit. Typically on the lalecrease charge noise.
h b
in Josephson-Junctions, order of ~ps.
Potential sources of energy leakage: . i References
== Figure of merit (FOM) =
-Q A non-linear / u ratio of decoherence [1] J. Clarke and F. K. Wilhelm, “Superconducting quantum bits,”
LC quantum i . X Nature, vol. 453, no. 7198, pp. 10311042, Jun. 2008.
oscillator Low frequency  Charge noise time to operation time. [2]Y. Nakamura, et al., “Coherent control of macroscopic
(4 . . X quantum states in a single-Cooper-pair box,” Nature, vol. 398,
flux noise (stray quasiparticles) no. 6730, pp. 786-788, Apr. 1939.

[3] J. M. Martinis, “Superconducting phase qubits,” Quantum Inf

* FOM must be at least > 100 Process, vol. 8, no. 2-3, pp. 81-103, Jun. 2009

Temperature dependent

which consist of Cooper pairs that

tunnel through a thin insulating barrier. for computing purposes

[4] Icons created for The Noun Project, thenounproject.com

After

Revised poster. Click on the
marked locations to review
the changes in each section.

The revised version of the
poster focuses on the bigger
picture, including figures to
explain key concepts only.

The revised layout draws

the viewer’s attention to
important sections using color
and icons. The research story
is also reinforced throughout
the poster via more informative
section headings.
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Towards quantum computing Comparing the three types of superconducting qubits Qubit performance

Moore’s law is finally ending,
and to fully realize quantum
computers requires control
over quantum bits, or qubits.

Quantum bits (qubits)

Qubits = superposition of 2
quantum states

Decoherence time =
how long the qubit
state lasts

Long decoherence times are required
before applications can be realized.

Superconducting qubits m

Superconducting qubits are studied
in Josephson-Junctions,

A non-linear

LC quantum
/ oscillator

which consist of Cooper pairs that
tunnel through a thin insulating barrier.

Local islands trap charge
like a capacitor?

Short

operate

Energy leakage through different
mechanisms causes the excited state to
decay, resulting in decoherence.

Potential sources of energy leakage:

“

Low frequency  Charge noise
flux noise (stray quasiparticles)
v

Temperature dependent

decoherence times

The phase of the qubit
oscillates between states
|1> and [2>8

Factors that influence decoherence Performance metrics

0 CHARGE QUBITS @ PHASE QUBITS @ FLUX QUBITS

Intermediate
decoherence times

Long

decoherence times

measure

magnetic flux’

Operation time = how
~-* long it takes to read the
qubit. Typically on the
order of ~ps.

Figure of merit (FOM) =
ratio of decoherence
time to operation time.

FOM must be at least > 100
for computing purposes

Superconducting rings trap

Qubit type Charge Phase Flux
s @ @ ©

Decoherence
time

Tunabiity P X

Flux qubits are best in terms of
decoherence time.

10 us 04pys 40ps

Charge qubits have a lot of
unexplored potential.

Phase qubits are especially
tunable, but decay quickly.
Promising if short decoherence
times can be overcome.

& Future work may focus on
=

reducing operating temperature
to decrease charge noise.
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Ask yourself — What is the central focus of my literature
review? How can | summarize the central research
question?

Annotated Version _ Return to ‘Before’

The title on the original poster isn’t unacceptable, but it
could be improved because the central discussion of the
review actually focuses on decoherence (not coherence).

The title isn’t positioned exactly in the center and is
printed in a different font than the rest of the poster.

Also, the Rice logo is quite large and visually overwhelms
the title.



RSuperconducting Qubits Title (annotated)

RICE ﬁmprovin
Ziic, email@rice.edu, Rice University
Ask yourself — What is the central focus of my literature

review? How can | summarize the central research

question?

Original Version Return to ‘Before’

The title on the original poster isn’t unacceptable, but it
could be improved because the central discussion of the
review actually focuses on decoherence (not coherence).

The title isn’t positioned exactly in the center and is
printed in a different font than the rest of the poster.

Also, the Rice logo is quite large and visually overwhelms
the title.
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Student Name, netid@rice.edu, Rice University T |tle (afte r)

Ask yourself — What is the central focus of my literature
review? How can | summarize the central research
question?

Annotated Version Original Version Return to ‘After’

The revised title identifies the central topic of the review
— decoherence. Repeating the main theme of the review in
the title helps the viewer to understand the overall
message from first glance.

Shrinking the Rice logo and the author text directs the
viewer’s gaze to the title, which is the most important
element in this section.




@RICE' Improving Coherence in Superconducting Qubits

Student Name, email@rice.edu, Rice University

Summary ) .
2. Phase Qubits Final Comparison

Josephson Junctions

3. Flux Qubits

Further Investigation
1. Charge Qubits

Decoherence and Comparison

References

Layout (before)

Ask yourself — Do the sections in my poster follow a clear
reading order? Also, does the layout assign the most
space to the most important section(s)?

Annotated Version Revised Version Return to ‘Before’

The original layout consists of three haphazard columns.
The reading order is clear, but the columns are misaligned
and randomly sized.

Also, the original layout awkwardly separates the charge
qubit section from the other qubit types. Ideally, these
central ideas should be grouped together.

The section headings are too generic and do not
communicate the main points of the review. They are also
not consistently aligned.

o
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Summary ) .
2. Phase Qubits Final Comparison

Josephson Junctions

3. Flux Qubits

Fuﬁhx ‘Tnvestigation
1. Charge Qubits k
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Layout (annotated)

Ask yourself — Do the sections in my poster follow a clear
reading order? Also, does the layout assign the most
space to the most important section(s)?

Original Version Revised Version Return to ‘Before’

The original layout consists of three haphazard columns.
The reading order is clear, but the columns are misaligned
and randomly sized.

Also, the original layout awkwardly separates the charge
qubit section from the other qubit types. Ideally, these
central ideas should be grouped together.

The section headings are too generic and do not
communicate the main points of the review. They are also
not consistently aligned.

o



RICE Preventing Decoherence in Superconducting Qubits
Student Name, netid@rice.edu, Rice University LayO Ut (afte r)

o
Ask yourself — Do the sections in my poster follow a clear

reading order? Also, does the layout assign the most
space to the most important section(s)?

Quantum bits (qubits)

Annotated Version Original Version Return to ‘After’

In the revised layout, the central column has been

widened to accommodate all three qubit types.

. .
The asymmetric layout moves the viewer through the
poster and rectangles of background color highlight
important sections.

Consistently formatted section-headings summarize
pieces of the story throughout the poster.
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Summary
Superconductors exhibit quantum effects even at
macroscopic scales: natural candidate for qubits.
Quantum effects are still fragile: challenges for SC qubits.

Josephson Junctions

Josephson predicted in 1962 that cooper pairs could tunnel
through a thin insulating barrier. Used widely in SC qubits.
a
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Fig 1: Useful properties of JJ. A: A non-linear LC quantum

oscillator. B: Washboard potential,

Flux maintained by a SC loop is also quantized:
important.

1. Charge Qubits

15 Qe

il
Fig 2: Left: circuit diagram of charge

qubit. Right: dynamics of charge qubit.
Box labeled “n" s the "cooper-pair-

More recent variations have been called
Transmon and quantronium.

2. Phase Qubits

Fig 3: A: The phase-dependent potential of a phase qubit during usage. Right:
A circuit diagram of a phase qubit. The X's represent Josephson Junctions.

3. Flux Qubits

CP e

Fig 4: A: A basic flux qubit: three JJ in a superconducting loop. Right: the
probability of the qubit being in either state depending on the bias flux.

Decoherence and Comparison
e 17

717 .

Fig 5. A: The Bloch sphere. A point on the surface of the
[/~ sphere describes a possible qubit state. C: Rabi oscillations
= of switching probability..

Theme colors —

Bonus topic! Click me to learn
more about theme colors
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Final Comparison

Qubit | Decoherence
Type | Time (us)
Charge 10

Phase 0.4
40

. Flux qubits are best by decoherence times.
- still worth investigating all three types: quantum

computers can be composed of different qubits.

. Charge qubits have a lot of unexplored potential.
+ Phase qubits are especially tunable: useful if their

short decoherence times can be overcome.

Further Investigation

«  Decoherence in flux qubits is most often caused

by energy leakage into the environment causing
the excited state to decay.

* The source of this leakage is uncertain, as it could

be due to low frequency flux noise or due to
charge noise (stray quasiparticles).

«  One option to investigate is to reduce operating

temperature, as charge noise is known to have a
strong temperature dependence.

References

Not sure how to format this
compactly?

Annotated Version Revised Version

Design (before)

Ask yourself — Is my poster pleasant to look at? If not,
what visual clutter can | remove? What visual elements
other than journal article figures can | use to communicate
my message?

Return to ‘Before

The original poster exhibits many inconsistencies in font,
text size, text spacing, and alignment.

Overall, the poster is too text heavy. Long bullet points
are difficult to read during a poster session and usually do

not invite or engage the viewer.

The poster also uses a Serif font (one with the little feet)
which is more difficult to read on screen.

Small formatting details such as panel labels in the
journal article figures have been neglected.
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Fig 1: Useful properties of JJ. A._\non-linear LC quantum
oscillator. B: Washbo.__* potential,

Flux maintained by a SC loop is also qu. tized:

1. Charge Qubits

Fig 2: Left: circuit diagram of charge
qubit. Right: dynamics of charge qubit.
Box labeled "n” is the “cooper-pair-

More recent variations have been called
Transmon and quantronium.

2. Phase Qubits
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Fig 3: A: The phase-dependent potential of a phase qubit during usage. Right:
A circuit diagram of a phase qubit. The X's represent Josephson Junctions.
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Final Comparison
Qubit | Decoherence
Type | Time (ps)
Charge 10

Phase 0.4

o an

. still worth investigating all three types: quantum

computers can be composed of different qubits.

+ Charge qubits have a lot of unexplored potential.
+ Phase qubits are especially tunable: useful if their

short decoherence times can be overcome.

Further Investigation

+  Decoherence in flux qubits is most often caused

by energy leakage into the environment causing
the excited state to decay.
Siianlane.is uncertain_ as it could
De QUE tOOWneuEens)
charge noise (stray quasiparticles).

«  One option to investigate is to reduce operating

temperature, as charge noise is known to have a
strong temperature dependence.

References
Not sure hov. | 1crmat this

compa¢ y?

Design (annotated)

Ask yourself — Is my poster pleasant to look at? If not,
what visual clutter can | remove? What visual elements
other than journal article figures can | use to communicate
my message?

Original Version Revised Version Return to ‘Before

The original poster exhibits many inconsistencies in font,
text size, text spacing, and alignment.

Overall, the poster is too text heavy. Long bullet points
are difficult to read during a poster session and usually do
not invite or engage the viewer.

The poster also uses a Serif font (one with the little feet)
which is more difficult to read on screen.

Small formatting details such as panel labels in the
journal article figures have been neglected.
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Towards quantum computing Comparing the three types of superconducting qubits Qubit performance
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computers requires control , .
decoherence times decoherence times times 'Ce  10us  0.4ps 40ps
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. Flux qubits are best in terms of

Qubits = superposition of 2
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quantum states ] ) decoherence time.

Charge qubits have a lot of
unexplored potential.

Annotated Version Original Version Return to ‘After’

Decoherence time =

how long the qubit J VA Local islands trap charge The phase of the qubit Superconducting rings trap

state lasts. like a capacitor? oscillates between states magnetic flux' . Phase qubits are especially
|1> and [253 tunable, but decay quickly.

Long decoherence times are required Promising if short decoherence

S e oreeens In the revised poster, text blocks have been reduced and
Operation time = how Futt rk fi ’
@ s imeane D it @ i iy o text spacing has been increased to make it more pleasant

mechanisms causes the excited state to 4 N ;i
Superconducting qubits are studied decay, resulting in decoherence. qubit. Typically on the to decrease charge noise.
in Josephson-Junctions, order of ~ps. to rea d

@ Figure of merit (FOM) = References

A non-linear / U ratio of decoherence [1]J. Glarke and F. K. Wilnelm, *Superconducting quantum bits,”
LC quantum Nature, vol. 453, no. 7198, pp. 1031-1042, Jun. 2008.

oscillator Low frequency  Charge noise time to operation time. 21Y. Nakarmura, o al. “Coherent corirol o macroscopic:

fuxnoiss  (stray quasiparticies) L Font, text size, alignment, and spacing are all consistent in

" N . 13]J. M. Martinis, "Superconducting phase qubits,” Quantum Inf
which consist of Cooper pairs that + FOM must be at least > 100 Process, vo. 6. n0. 23, pp. 61-103, Jun. 2009

tunnel through a thin insulating barrier. for “ for oject, th erev | S ed vers | on.
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The revision also incorporates icons that help to establish
Theme colors — a visual theme.

The revised poster utilizes a complementary color scheme
with muted violet as the main color and peachy orange as
the accent color.

Bonus topic! Click me to learn
more about theme colors 6



Summary

Superconductors exhibit quantum effects even at
macroscopic scales: natural candidate for qubits.
Quantum effects are still fragile: challenges for SC qubits.

Introduction (before)

Ask yourself — Who is the audience? What background
information will they need to understand my review? How
can | summarize the big picture?

Annotated Version _ Return to ‘Before’

The original poster includes a short paragraph as the
introduction, but the text is awkward and difficult to read.

The section-heading, “Summary,” is too vague and doesn’t
communicate a specific message to the viewer.

This section is crowded by the section below it and
lacking white space.




Introduction (annotated)

Ask yourself — Who is the audience? What background
information will they need to understand my review? How
can | summarize the big picture?

Original Version Return to ‘Before’

Superconducinrs ex 2
macroscopic scales: natural candidate for qubits.
Quantum effects are still fragile: challenges for SC qubits.

effects even at

The original poster includes a short paragraph as the
introduction, but the text is awkward and difficult to read.

The section-heading, “Summary,” is too vague and doesn’t
communicate a specific message to the viewer.

This section is crowded by the section below it and
lacking white space.




. Introduction (after)
Towards quantum computing
Ask yourself — Who is the audience? What background

information will they need to understand my review? How
can | summarize the big picture?

Moore’s law is finally ending,
and to fully realize quantum

computers requires control

over quantum bits, or qubits. Annotated Version Original Version Return to ‘After
The revised introduction begins by explaining a potential
motivation for this type of research.

Though a paragraph is still used, the text is spaced out
and important words are highlighted so that the viewer
can easily follow along.

An icon is used to represent the general idea of quantum
computing, adding a much needed visual element.




Background (before)

Ask yourself — What information does my audience need
to know before they can understand the importance of
these findings? Are there any terms | should define?

Annotated Version _ Return to ‘Before’

The background section begins with a discussion of
Josephson junctions, but doesn’t explain why they are
relevant to the review topic.

Josephson Junctions

Josephson predicted in 1962 that cooper pairs could tunnel
through a thin insulating barrier. Used widely in SC qubits.

The text relies heavily on scientific jargon and fails to

define basic terms.

Fig 1: Useful properties of JJ. A: A non-linear LC quantum
oscillator. B: Washboard potential.

Flux maintained by a SC loop is also quantized:

Also, this is an obvious example of inconsistent panel
important.

labels. Ideally, these labels would be removed by
cropping the images or covering them up with a white
box.

o
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Fig 1: Us
illator. B: Washboard potentic

Flux maintained by a ap is also quantized:
important.

Background (annotated)

Ask yourself — What information does my audience need
to know before they can understand the importance of
these findings? Are there any terms | should define?

Original Version Return to ‘Before’

The background section begins with a discussion of
Josephson junctions, but doesn’t explain why they are
relevant to the review topic.

The text relies heavily on scientific jargon and fails to
define basic terms.

Also, this is an obvious example of inconsistent panel
labels. Ideally, these labels would be removed by
cropping the images or covering them up with a white
box.

o



Quantum bits (qubits) Background (after)

Ask yourself — What information does my audience need
to know before they can understand the importance of
these findings? Are there any terms | should define?

Qubits = superposition of 2
quantum states

Decoherence time =
how long the qubit

Annotated Version Original Version Return to ‘After’
state lasts

Long decoherence times are required
before applications can be realized.

The revised poster introduces basic terms first and then
briefly describes Josephson-Junctions.

. ) The revision also introduces a simple visual icon to better
SuPercondUCtmg qultS explain the concept of decoherence.

Superconducting qubits are studied

in Josephson-Junctions, More specific section-headings remind the viewer of the
main message.

A non-linear

LC quantum
/ oscillator

which consist of Cooper pairs that
tunnel through a thin insulating barrier. 6




Literature findings (before)

Ask yourself — What are the central topics of my
literature review? Which references are necessary to the
main message of my review?

Annotated Version _ Return to ‘Before’

The literature findings should be the central focus of the
Fig 3: A: The phase-dependent potential of a phase qubit during usage. Right: pOSter, bUt they are Spread OUt over aWkwa rd ly tWO

A circuit diagram of a phase qubit. The X’s represent Josephson Junctions.

3. Flux Qubits columns.

Microwave Static and
pulses pulsed flux

2. Phase Qubits

Rearranging the content so that the types of qubits are
; close to one another will help the viewer to group
1. Charge Qubits — SR information.

Fig 4: A: A basic flux qubit: three JJ in a superconducting loop. Right: the
probability of the qubit being in either state depending on the bias flux.

There is no explanatory text telling the story. Right now
these sections include formal figure captions, but captions
aren’t required for this assignment and they occupy
valuable space.

Fig 2: Left: circuit diagram of charge
qubit. Right: dynamics of charge qubit.
Box labeled “n” is the “cooper-pair-
box".

More recent variations have been called
Transmon and quantronium.




Literature findings (annotated)

Ask yourself — What are the central topics of my
literature review? Which references are necessary to the
main message of my review?

Static and
pulsed flux

Microwave
pulses

9

Original Version Return to ‘Before

----------------- : The literature findings should be the central focus of the

Fig\i:irél:ﬂ'tﬂ;ieagl'rlaa;e-de de:tng'i::.n‘tl:_i:é ‘;I’: rzrp‘)?':ze%l: osephson Junctions. pO Ste r, b Ut th ey ares p rea d o Ut over aw kwa rd ly tWO
columns.

lux Qubits

*2

Rearranging the content so that the types of qubits are
close to one another will help the viewer to group
- information.

Fig 4: A: A basic flux qubit: three JJ in a superconducting loop. Right: t ¢
probability of the qubit being in either state depending on the bias flu:

There is no explanatory text telling the story. Right now
these sections include formal figure captions, but captions
aren’t required for this assignment and they occupy
valuable space.

Fig 2: Left: circuit diagram of charge
qubit. Right: dynamics of charge qubit.
Box labeled “n” is the “cooper-pair-
box".

More recent variations have been called
Transmon and quantronium.

o



Literature findings (after)
Ask yourself — What are the central topics of my

: . : literature review? Which references are necessary to the
Comparing the three types of superconducting qubits . .
main message of my review?
a CHARGE QUBITS @ PHASE QUBITS ea FLUX QUBITS

Intermediate Short Long

decoherence times docoherance times docobarenca timos Annotated Version Original Version Return to ‘After’

Dy/2
megaure In the revised arrangement, all three qubit types are
discussed in the same section.

2

z
20,

2

&

> o S One important figure was selected for each qubit type,
shifting the focus away from technical details.
Local islands trap charge The phase of the qubit Superconducting rings trap
like a capacitor? oscillates between states magnetic flux’ . .
P [1> and [253 9 Icons are used to represent each qubit type. These icons
act as a visual shorthand that is repeated throughout the

rest of the poster.




Discussion (before)

Ask yourself — What themes appear in multiple articles?
What scientific questions are being answered? What are
the current challenges?

Annotated Version _ Return to ‘Before’

The heading is not informative and no subheadings are
provided to guide the viewer.

Figures in this section seem random and aren’t aligned.

Decoherence and Com parison This experimental figure could probably be replaced with
‘< a simple visual that illustrates the same idea.

1
200

o)+
[0) i), Time (ns)

Fig 5. A: The Bloch sphere. A point on the surface of the
sphere describes a possible qubit state. C: Rabi oscillations

of switching probability..




Time (ns)
Fig 5. A: The Bloch sphere. A point on the surface of the
sphere describes a possible qubit state. C: Rabi oscillations
of switching probability..

Discussion (annotated)

Ask yourself — What themes appear in multiple articles?
What scientific questions are being answered? What are
the current challenges?

9

Original Version Return to ‘Before

The heading is not informative and no subheadings are
provided to guide the viewer.

Figures in this section seem random and aren’t aligned.

This experimental figure could probably be replaced with
a simple visual that illustrates the same idea.



Discussion (after)

Ask yourself — What themes appear in multiple articles?
What scientific questions are being answered? What are
the current challenges?

Annotated Version Original Version Return to ‘After’

The revised poster expands the discussion of qubit types
with an overview of decoherence and performance.

Icons are used to visually summarize each concept

Factors that influence decoherence Performance metrics discussed.

Orange is used to draw attention to the figure of merit,

‘ Energy leakage through different Onsraden;time = hay

hani th o state & long it takes to read the e
MIECiaismSca oo Die SXOILE SIS0 GUBIE Typlcally.en the which is the parameter most relevant to future

order of ~ps. applications in quantum computing.

decay, resulting in decoherence.

% Potential sources of energy leakage:
; Figure of merit (FOM) =
/ \ ratio of decoherence
Low frequency  Charge noise time to operation time.
flux noise (stray quasiparticles)

Il FOM must be at least > 100
Temperature dependent for computing purposes




Final Comparison

Qubit | Decoherence
Type | Time (pus)
Charge 10
Phase 0.4

Flux 40
Flux qubits are best by decoherence times.
Still worth investigating all three types: quantum
computers can be composed of different qubits.
Charge qubits have a lot of unexplored potential.
Phase qubits are especially tunable: useful if their
short decoherence times can be overcome.

Further Investigation

Decoherence in flux qubits is most often caused
by energy leakage into the environment causing
the excited state to decay.

The source of this leakage is uncertain, as it could
be due to low frequency flux noise or due to
charge noise (stray quasiparticles).

One option to investigate is to reduce operating
temperature, as charge noise is known to have a
strong temperature dependence.

Final overview (before)

Ask yourself — What major themes emerged from the
articles | read? How can | synthesize and summarize the
overall conclusions from several key articles at once?

Annotated Version _ Return to ‘Before’

This section contains most of the needed content, but is
very difficult to read because of poor formatting.

The table stands out awkwardly because the blue is very
bright and the text is larger in the table than in the rest of
the poster.

The bullet points are too long. They read like a paragraph
instead of a skimmable list.



Final overview (annotated)

Ask yourself — What major themes emerged from the
articles | read? How can | synthesize and summarize the
overall conclusions from several key articles at once?

Deéoherehce
Time (us)
'Chﬁrgq 1 \ 0§ g

9

Original Version Return to ‘Before

Phase 0.4

Flux 40 _ _ _ _
. Flux qubits are best by decoherence times. ) This section contains most of the needed content, but is
. Still worth investigating all three types: quantum very difficult to read because of poor formatting.

computers can be composed of different qubits.
. Charge qubits have a lot of unexplored potential.
. Phase qubits are especially tunable: useful if their
short decoherence times can be overcome.

The table stands out awkwardly because the blue is very
bright and the text is larger in the table than in the rest of
the poster.

Further Investigatio 4

The bullet points are too long. They read like a paragraph
instead of a skimmable list.

One option to investigate is to reduce operating
temperature, as charge noise is known to have a
strong temperature dependence.




Final overview (after)

Qubit performance )
Ask yourself — What major themes emerged from the

Qubittype Charge Phase Flux articles | read? How can | synthesize and summarize the
o 0 e @ overall conclusions from several key articles at once?

Decoherence  1o0ps 04 pus 40ps
time

Tunabilty P X
The revised version summarizes qubit performance with a

Flux qubits are best in terms of visually appealing table.
decoherence time.

Annotated Version Original Version Return to ‘After’

The overall conclusions reconnect with the motivation by

Charge qubits have a lot of ] ] ) e
focusing on potential for future computing applications.

unexplored potential.

Phase qubits are especially
tunable, but decay quickly.
Promising if short decoherence
times can be overcome.

The revised version also includes a brief perspective
about possible next steps without going into excessive
experimental detail.

@ Future work may focus on
w reducing operating temperature
to decrease charge noise.

References



References (before)

Ask yourself — What are the main articles | refer to on the
poster? Where did | obtain images from? Do | need to cite
anything else?

Annotated Version _ Return to ‘Before’

The original references section is obviously incomplete.

Format references compactly by limiting the number of
papers discussed on the poster and by using a smaller
font size (even 8 or 9 ptis fine).

If you don’t have room still, remove article titles and
References replace author names past the first author with “et al.”

Not sure how to format this
compactly?




Not sure how to format this
compactly?

References (annotated)

Ask yourself — What are the main articles | refer to on the
poster? Where did | obtain images from? Do | need to cite
anything else?

Original Version Return to ‘Before’

The original references section is obviously incomplete.

Format references compactly by limiting the number of
papers discussed on the poster and by using a smaller
font size (even 8 or 9 ptis fine).

If you don’t have room still, remove article titles and
replace author names past the first author with “et al.”




References (after)

Ask yourself — What are the main articles | refer to on the
poster? Where did | obtain images from? Do | need to cite
anything else?

Annotated Version Original Version Return to ‘After’

The revised poster includes references for three main
articles — one for each type of qubit.

An expanded reference list would be included in the
written report.

Starting components for icons on the revised poster were
References |19 comp . . P
obtained from the Noun Project, so this website
[1] J. Clarke and F. K. Wilhelm, “Superconducting quantum bits,” (www.thenounproject.com) is also included in the
Nature, vol. 453, no. 7198, pp. 1031-1042, Jun. 2008. reference list

[2] Y. Nakamura, et al., “Coherent control of macroscopic
quantum states in a single-Cooper-pair box,” Nature, vol. 398,
no. 6730, pp. 786-788, Apr. 1999.

[3] J. M. Martinis, “Superconducting phase qubits,” Quantum Inf
Process, vol. 8, no. 2-3, pp. 81-103, Jun. 2009

[4] Icons created for The Noun Project, thenounproject.com
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Colors

The colors you use contribute to the overall feel
of your poster. Color can also be used
strategically to visually emphasize key
information.

Basics of
color theory

How to combine
colors

How to select
pleasing colors

Return to Design

o



Basics of color theory

Understanding color theory is the first step
to meaningful and effective color choices.
Here are some basic terms to remember.

Hue = the actual color Value = light to dark Shade = color + black Tint = color + white Saturation = color strength

Return to Color Return to Design 0



How to combine colors

The color wheel outlines standard color schemes.
Use a standard color combination as a starting

point for your color scheme.
Next page —

Color wheel Some examples of standard color schemes

Monochromatic Analogous Complementary

s a? Y o

| ‘

Split complementary Triadic Tetradic

Return to Color Return to Design 0



How to combine colors

The color wheel outlines standard color schemes.
Use a standard color combination as a starting
point for your color scheme.

< Previous page

Purple
Colors

Q= = i

Orange
Colors

O=kHE =

The revised poster uses a
complementary color
scheme.

Tints and shades of purple
are used as the main colors.

Orange is used as an accent

RICE Preventing Decoherence in Superconducting Qubits

Student Name, netid@rice.edu, Rice University

Towards quantum computing

Moore’s law is finally ending,
and to fully realize quantum

computers requires control Intermediate

Comparing the three types of superconducting qubits

0 CHARGE QUBITS ' PHASE QUBITS “ FLUX QUBITS

Qubit performance

Qubittype Charge Phase Flux

s @ @ ©

‘over quantum bits, or qubits.

Quantum bits (qubits)
§

Qubits = superposition of 2
quantum states.

Decoherence time = fiviva
how long the qubit VA
state lasts

Long decoherence times are required
before applications can be realized.

Local islands trap charge The phase of the qubit
like a capacitor? oscillates between states
[1>and [2>°

decoherence times: times

s 10ps  04ps 40ps
time

Tonabiity € X

. Flux qubits are best in terms of
decoherence time.
Charge qubits have a lot of
unexplored potential.

Superconducting rings trap
magnetic flux!

Phase qubits are especially
tunable, but decay quickly.
Promising if short decoherence
times can be overcome.

Factors that influence decoherence Performance metrics

color that draws the viewer’s
attention to key elements on
the poster.

Superconducting qubits

Superconducting qubits are studied
in Josephson-Junctions,

“Q
< Anon-inear
4’ LC quantum
/ oscillator

Energy leakage through different
mechanisms causes the excited state to
decay, resulting in decoherence.

B\ Potential sources of energy leakage:

Low frequency  Charge noise

flux noise (stray quasiparticies)
which consist of Cooper pairs that
tunnel through a thin insulating barrier. Temperature dependent

Gl

Operation time = how
~* long it takes to read the
qubit. Typically on the
order of ~ps.

S Figure of merit (FOM) =
ratio of decoherence
time to operation time.

FOM must be at least > 100
for computing purposes

& Future work may focus on
=7 reducing operating temperature
to decrease charge noise.
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Selecting pleasing colors

Use natural, muted, or neutral colors for most
applications. Don’t use a bright color unless
you intend to attract the viewer’s attention.

Consider colors in Yes No Avoid bright colors except for
nature for inspiration. emphasis.

Natural colors are much Bright colors demand

more muted than pure the viewer’s attention,

hues and are more so make sure to use them
pleasing to the eye. wisely. Overuse bright colors

and they lose their meaning.

ANNELTJOPLIN 2018 Return to Color Return to Design 0



Project details

This poster will be presented electronically
so the suggested formatting is slightly
different than your normal poster.

Goal

This poster should
outline the main points

in your literature review.
11 inches

Don’t get bogged down tall

in technical details,
instead focus on general
themes and how the
articles relate to one
another.

Slide size

17 inches wide

Recommended font sizes

Title
28 - 40 pt

Section-headings
16 - 22 pt

Body text
12 -16pt

References
8-10pt
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