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About QS3 : Quantum Computing, Quantum Materials, Quantum Devices

The Quantum Leap: Leading the Next Quantum Revolution
BASIC RESEARCH NEEDS WORKSHOP ON

Quantum Materials
for Energy Relevant Technology

NSRC Portal U.S. DEPARTMENT OF

Community Website EN ERG I

Mourik et al, Science 336, 1003 (2012)

S.J. Lomona iversity of Maryland, Baltimore Count



http://www.csee.umbc.edu/2011/10/prof-lomonaco-talks-on-quantum-knots-quantum-braids-and-quantum-computing/

The QS3 is an annual summer school with the mission of training graduate students
and postdocs in physics, chemistry, engineering, mathematics, materials science,
computer science and related fields for the next "quantum revolution."
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Example of Quantum Leap: Computing

http://www.
nobelprize.o
rg/education
al/physics/tr
ansistor/

AMD

Athion 7400
Socker 462
VIiIA KT7133A Chipset

Modern Classical Computers:
Product of 20t Century Quantum Leap



Example of Quantum Leap: Computing

http://www.
nobelprize.o
rg/education |
al/physics/tr
ansistor/

MIT news / Vuletic

gate

source polysilicon drain

silicon oxide

Quantum Computation
Product of 215t Century Quantum Leap?

p-substrate

Modern Classical Computers:
Product of 20t Century Quantum Leap



Fundamentals and Applications of Quantum Devices

Quantum Devices

Electron Topology Topological edge states
Photon
Cooper pair : :
Spin ' Topological photonics
Valley
Exciton Topological spintronics
Magnon
Zero modes Majorana zero modes
Josephson junction
Topological superconductivity Hybrid 1D, 2D and 3D structures
Topological quantum computing Quantum sensing and imaging

Cavity engineering

Spin torque transfer



School Outline

QS3 2019 Penn State University, June 3-14 (2019)
Monday 3 Tuesday 4 Wednesday 5 Thursday 6 Friday 7 Monday 10 Tuesday 11 Wednesday 12 Thursday 13 Friday 14

8:40 AM Opening 9:00 AM

9:00 AM 9:30 AM Sau1 Sau 2 Crooker 1 Crooker 2 Jayich 2
9:30 AM Van Harlingen 1 Van Harlingen 2 | Rechtsman 2 Nowack 2 Hu 2

10:00 AM 10:00 AM

10:30 AM CooOIBToaR Coffee Break | Coffee Break | Coffee Break | Coffee Break 10:30 AM Coffee Break Coffee Break Coffee Break | Coffee Break |Coffee Break
11:00 AM 11:00 AM Vitale

11:30 AM Frolov 1 Frolov 2 Nowack 1 Hu 2 Samarth 2 11:30 AM Hone 1 Hone 2 Jayich 1 Zhu
12:00 PM 12:00 PM

12:30 °M 12:30 PM

1:00 PM Lunch Lunch Lunch Lunch Lunch 1-00 PM Lunch Lunch Lunch Lunch Lunch
1:30 PM 1t30 v

2:00 PM -

230PM | (e Rechtsman 1 Samarth 1 | Active Learning 2:00 PM Wang Sun

3:00 PM rystal Modeling 2:30 PM Active Learning

Facility Tours
3:30 PM Group Photo 3:00 PM .
4:00 PM | Introductions Poster Talks 3-30 PM Facility Tours Poster Talk Industry Panel
- Open Lab Visits|Open Lab Visits : oster 1alks ndustry Fane
- 4:00 PM
Even Posters (5:00pm- School BBQ | 170 M Posters (4:30pm-
vening 6:30pm) (5:30pm- : )
' 8:00pm) Evening 6:00pm)

23 lectures (Willard 262)

1 virtual reality experience (crystal modeling)

2 poster sessions (with hors d’oeuvres)

2 visits to faculty labs (see participating list on website)

5 facility tour/hands-on activities (2D crystal growth consortium, material

characterization facility, nanofabrication)
2 active learning sessions

1 panel discussion (From Quantum Science to Quantum Technology)

1 picnic in Sunset park

http://gs3.mit.edu/images/pdf/QS3 2019 Summary_Schedule v04.pdf




Millennium Science Complex
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Materials Research Institute Huck Institute of Life Science

* Hands-on activities (June 7 and 10, see schedule, grouping and meeting place on website)
e Poster sessions (June 4 and 11, MSC commons, 3™ floor)
* Group photo (June 6, MSC garden, with your QS3 T-shirts)




Questions, Exchanges and Feedback

Ask questions throughout lectures
and the entire school

Informal discussions

Recap lecture points

Go deeper in your thinking

Stimulate connections between subjects

e Panel discussions on Wednesday June 12
Submit questions to our (mostly) industry
panelists before Tuesday night.

* Feedback and input for the future

Fill out the questionnaire

* Active Learning Sessions (Thursday afternoons)



Location Penn Sate University, State College, PA

PennState

e Established 1855
e Land-grant state flagship
* 24 campuses

99,000 students total

\

Ma}wsflel(‘.

Coudersport Wellsboro' |

Susquehannock
State Forest

/

{
/
Sproul o ”L
- et illamsport

Clarion P State Forest AR
ve:City==— ~— — &= Brookville PV’O”“

e o saStat
-~ SIEY

]
Lock Haven “redf
> /

. - — / .
Clearfield e SN Hloomsbugg;ﬂ,

N 13 P % :T\ o)
MATE R IALS ) Punxsutawney. \\E { N / Lewisburgi—
v !

\ & 5 - ¢
RESEARCH | =

b 7 . y 4 Alld
3 *-~Indiana : f N < e
SOCIETY® [NV / o g o
\ 5 Alto..c;na > . P :
1 A ¢

5 Huntingdon: = e
ff ‘\»,_Holhda/ysburg 2 ) ,_/[,/ o
i ’ L 2~ Lebanon Relz\if;lmg

Advancing materials. Improving the quality of life.

|
Johnstown

Sy D S0 2 " s RSO S T (o
Founded at Penn State in 1973 e B N I ey leircies g i

SRS, 3 J )
=0~ = Chambersburg / e
) g

Seven Springsi( - P W e
7 . s A6 . ’ Yor\]s R
/ A (e
\

|
|

p / - e
1 ( ¥ diHanover. \ Pa—
S > // e



MATERIALS RESEARCH INSTITUTE

Research Centers and Facilities

2D Crystal Consortium wnALS

NSF Materials Innovation Platform

v

Materials Characterization Lab

Nanofabrication Lab

‘~‘5u,)g e SOV

Materials Computation Center

Center for Nanoscale Science

joey _ .
M RS ( : f&%"‘j Materials Research Science
& & Engineering Centers



Quantum Devices at Penn State Physics

Eberly College of Science

Jun Zhu

Nitin Samarth

RN

Mikael Rechtsman

Quantum valley Hall effect
Topological valleytronics

Topological insulator

Spintronics N :
Topological photonics Cui-Zu Chang

Quantum anomalous Hall effect

A T
L

Superconductivity Multiferroics

Tunnel junctions



Where to go over the weekend

THE CREAMERY JP*

IN 1892 OFFERED AMERICA'S FIRST
COLLEGIATE INSTRUCTION IN ICE
CREAM MANUFACTURE, A PROGRAM
THAT HAS HELPED TO MAKE PENN
STATE AN INTERNATIONAL CENTER
FOR RESEARCH IN FROZEN CON-
FECTIONS. THE ORIGINAL CREAMERY
BLDG (1889) HOUSED THE NATION'S
EARLIEST EXTENSION COURSES IN
DAIRY SCIENCE. THE CREAMERY
MOVED TO PATTERSON BLDG (1904),
BORLAND LAB (1932, EXPANDED 1960).
AND THE FOOD SCIENCE BLDG (2006).
WHERE IT WAS RENAMED THE
BERKEY CREAMERY IN RECOGNI-
TION OF PHILANTHROPIC SUPPORT.
PENN STATE ALUMNI ASSOCIATION
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Evelyn Hu
James Hone

Jay Sau Jonathan Sun

(IBM)

Steven A. Vitale  Zhenghan Wang Joseph Broz
(Lincoln Lab) (Microsoft) (SRI) Susan Trolier-McKinstry

Dale Van Harlingen



Questions? gs3.mit.edu
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oe Checkelsky (MIT) — On-Site e o ¢

Natalia Drichko (JHU) Information RS A S D
Liang Fu (MIT) |
Ky|e Shen (COI’T]G”) — Detailed Schedule
Jun Zhu (PSU)

Schedule 2019 Lecture Materials

/ Open Lab Visit Information

Questions about Reimbursements:

Questions to gs3@mit.edu Donna Lucus
dzm4@psu.edu



mailto:dzm4@psu.edu
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Software to Install

VESTA : |p-minerals.org/vesta/en/download.html

During coffee break, make sure you can connect to “attwifi”
- Need this from 2pm for crystal modeling

- If there are any issues, ask organizer during coffee or lunch

If you need a computer and haven’t contacted us, let us know during coffee


http://jp-minerals.org/vesta/en/download.html

Dale Van Harlingen
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(Lincoln Lab) (Microsoft) (SRI) Susan Trolier-McKinstry




