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2015.03 - 2015.06 : PhD candidate, 3-months’ visit, Nitrogen Vacancy Centers in Diamond

[Peking University] Ask for Short-term Visiting Student's Position (Self-Funded)

m Dmitry Budker <dbudker@gmail.com> Nov 16, 2014, 4:24AM “
e e Nov. 16, 2014, 4:24 AM
Xa English v > Chinese (Traditional) v Translate message Turn off for: English x
Dear Teng Wu:

| think it would be very good if you could come to our laboratory as a visiting student. | am not sure if you know this, our group is now in two
geographical locations, one at Berkeley, and another at the new Helmholtz institute and the Johannes Gutenberg University at Mainz,
Germany. It is our German operations that are rapidly expanding at the moment, and where | think it would be best for you to visit. Would this

be of interest?

To proceed, please ask Prof. Hong Guo to e-mail me a (possibly brief) recommendation letter for you; also, please let me know what will be
needed on my side to support your application for the scholarship. Let me know also if you would like to speak with me via SKYPE (I am
dmitrybudker ).
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2015.03 - 2015.06 : PhD candidate, 3-months’ visit, Nitrogen Vacancy Centers in Diamond

Dr. Nathan Leefer Dr. Lykourgos Bougas Dr. Arne Wickenbrock Dr. Georgios Chatzidrosos Prof. Dr. Yannick Dumeige
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2015.03 - 2015.06  PhD candidate, 3-months’ visit, Nitrogen Vacancy Centers in Diamond

Married
PhD degree Dr. Nathan Leefer Dr.Lykourgos Bougas Dr. Arne Wickenbrock Georgios Chatzidrosos Prof. Dr. Yannick Dumeige
Baby

2016.09 - 2019.09 Postdoc, 3 years, Zero- to Ultralow-Field Nuclear Magnetic Resonance, CASPEr

2016

i\

Dr. John Blanchard

s

Dr. Min Jiang/Billion Antoine Garcon Roman Picazo Frutos Dr. James Eills Dr. Kirill Sheberstov

CASPEr Group: Arne, Nate, Gary, Hector, Marina, Martin, Prof. Derek J. Kimball, Yevgeny...
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Q: Why to measure the Gravitation Induced Spin Precession Signal?

I. Check whether Spin experiences the Same Geodetic and Frame-Dragging effects as a Classical Gyroscope

Phys. Rev. D 103, 044056 (2021)

Gravity Probe Spin: Prospects for measuring general-relativistic precession
of intrinsic spin using a ferromagnetic gyroscope

ATWIST IN SPACE-TIME  Phys. Rev. Lett. 106,221101 (2011)

Gravity Probe B confirmed key predictions of general relativity
by measuring two tiny shifts in the spin axis of its gyroscopes.

Frame-dragging effect
(0.000011 degrees per year)
Spinning object twists space-time.

Pavel Fadeev@,l’* Tao Wang@,2 Y.B. Ban.:]‘.‘JEL3 Dmitry Budkerﬂ!ﬁ,]‘4 Peter W. GrahamtEi,5
Alexander O. Sushk(_)vﬁ,6 and Derek F. Jackson Kimball®''

'Helmholtz Institute Mainz, Johannes Gutenberg University, 55099 Mainz, Germany
2DEpm"l‘M’Lem‘ of Physics, Princeton University, Princeton, New Jersey 08544, USA

Gravity Probe B

Guide star 3J[)ept;trtmeivu‘ of Chemistry, Department of Physics, Department of Electro-Optics,
IM Pegasi . and the llse Katz Center for Nano-Science, Ben-Gurion University, Beer-Sheva 84105, Israel
(HR 8703) Department of Physics, University of California at Berkeley, Berkeley, California 94720-7300, USA
O ..... 5Department of Physics, Stanford Institute for Theoretical Physics, Stanford University,
Geodetic effect :

(0.0018 degrees per year)
Massive object curves space-time. ——

California 94305, USA
6Departmem of Physics, Boston University, Boston, Massachusetts 02215, USA
"Department of Physics, California State University—East Bay, Hayward, California 94542-3084, USA

II. Check whether the Extension of General Relativity is Possible (Pseudoscalar Coupling, Long-range Spin-dependent Potential)

Rev. Mod. Phys. 48,393 (1976)  Phys. Rev. D 18, 2739 (1978) Phys. Rev. D 30, 130 (1984)  Rev. Mod. Phys. 90, 025008 (2018)

= Spins Hypothetical bosonic fields

Electron, Nucleus Earth, Mass...

Extension of General Relativity based on Rieman-Cartan Space-Time



Q: What happens to the spin and how to measure it?

Source of Precession Geodetic Precession Frame-Dragging Precession Spin-Gravity Precession

_SGM’U Q - HngXeg)'y)-l_XNi'ﬁ
geo — 5 2p2 = ~ —42
2¢c“R c (x = h/c~10"*kg m)

Basic Formula

G: Gravitational Constant 6.6743 x 10! m3kg!s2 R: earth radius v: orbit speed | x: Coupling coefficient between spin and gravitation field
M: Earth mass 5.9722x10>* kg c: light speed  I: moment of inertia ~103 m?kg | e: electron /V: nucleus
wg: Earth rotation angular frequency S: electron spin I: nuclear spin g: gravity accelation

Typical Frequency ~ 10-8 Hz (estimated value)

Classical Angular Mom. Quantum Angular Mom. Classical Angular Mom. | Quantum Angular Mom.
YES YES YES

After one year, gyroscopes IM Pegasi

predicted to turn with . (star) - Electron Spin (~ 10'4 HZ)

‘spacetime’ frame

mm - scale
Ferromagnetic Gyroscopes

de Sitter

Methods - _ . Phys. Rev. D 78, 092006 (2008)
pacelime Inside the probe: | /

& Iy > Telescope
P

Gravity B {#y Solar
y  panels

__:‘, ol oy
ReSUItS E Vacuum flausk%‘ﬁ'\ia‘_ m—l_
0

i ittt LT
Rotation of Earth hintus I

Proton Spin (~ 10-3 Hz)

Frequency Uncertainty (s ')
Frequency Uncertainty (mas/yr)

Phys. Rev. D 96, 075004 (2017)

Gravity Probe B Gyroscopes x4 ‘% ) Neutron Spin (~ 1077 Hz)

Time (s)

Phys. Rev. Lett. 106, 221101 (2011) Phys. Rev. D 103, 044056 (2021) Phys. Rev. Lett. 130, 201401 (2023)




The basic idea for measuring exotic spin-dependent interactions

Princeton University, USA

WETR CHUIIE

PRL 103, 261801 (2009) PHYSICAL REVIEW LETTERS 31 DECEMBER 2000

£

Limits on New Long Range Nuclear Spin-Dependent Forces Set with a K-*He Comagnetometer

G. Vasilakis, J. M. Brown, T. W. Kornack, and M. V. Romalis
Department of Physics, Princeton University, Princeton, New Jersey 08544, USA
(Received 1 September 2008; revised manuscript received 23 September 2009; published 29 December 2009)

A magnetometer using spin-polarized K and *He atoms occupying the same volume is used to search
for anomalous nuclear spin-dependent forces generated by a separate *He spin source. We measure
changes in the *He spin precession frequency with a resolution of 18 pHz and constrain anomalous spin
forces between neutrons to be less than 2 X 107% of their magnetic or less than 2 X 107* of their
gravitational interactions on a length scale of 50 cm. We present new limits on neutron coupling to light
pseudoscalar and vector particles, including torsion, and constraints on recently proposed models
involving unparticles and spontancous breaking of Lorentz symmetry.

DOIL: 10.1103/PhysRevLett.103.261801 PACS numbers: 14.80.Mz, 04.80.Cc, 21.30.Cb, 24.80.+y

85SRb — 37Rb California State University, USA

PHYSICAL REVIEW D 96, 075004 (2017)

§

Constraints on long-range spin-gravity and monopole-dipole
couplings of the proton

Derek F. Jackson Kimball,” Jordan Dudley, Yan Li, Dilan Patel, and Julian Valdez
Department of Physics, California State University—-East Bay, Hayward, California 94542-3084, USA
(Received 5 July 2017; published S October 2017)

Results of a search for a long-range monopole-dipole coupling between the mass of the Earth and
rubidium (Rb) nuclear spins are reported. The experiment simultaneously measures the spin precession
frequencies of overlapping ensembles of *Rb and *Rb atoms contained within an evacuated,
antirelaxation-coated vapor cell. The nuclear structure of the Rb isotopes makes the experiment particularly
sensitive to spin-dependent interactions of the proton. The spin-dependent component of the gravitational
energy of the proton in the Earth’s field is found to be smaller than 3 x 10~'® eV, improving laboratory
constraints on long-range monopole-dipole interactions by over 3 orders of magnitude.

Two Spin Species

a

Av, y,B+¢&,

Reduce Common-Mode
Magnetic-Field Noise

19Hg - Neutron PSI, Switzerland

PHYSICAL REVIEW X 7, 041034 (2017)

Search for Axionlike Dark Matter through Nuclear Spin Precession
in Electric and Magnetic Fields

C. Abel,' NJ Ayres," G Ban’ G. Bl\()n ' K. Bodek,* V. Bond.xr M. Daum,’ M. Fmrbdlm V. V Flambaum,’
P. Geltenbort,” K. Green,” W. C. Griffith,' M, van der Grinten,” Z. D. Grujic., YpG. H.u-m N. Hild,? P laydjiev.”
S.N. Ivanov,” M. Ka\pr/nk Y. Kermaidic,'' K. Kirch,'™* H.-C. Koch,* S. Komp()sth MEPA, K()\s A. Kozela,"
J. Krempel, 12 B L.xuxs *T. Lefort,” Y. Lemidre,” D. J. E. M.nrxh P. Mohanmurthy.” WA, Ml(,h(.dll\h\’lh M Musgrave, 11
F. M. Piegsa," G Pignol,"" M Rl\\'hk" D. R;bn.vcnd LD Ries,''%s. Rmua ? D R()/pgd/lk P Schmldl-
W‘.llcnburg N. St.wn_]ns D. Shiers,' Y. V. Stadnik.” A. Weis,'” E. Wursten.® J. Zejma,* and G. L\leond
I)(purlnu-nl of Physics and Astronomy, University of Sussex, Falmer,
Brighton BNI 9QH, United Kingdom
*Normandie Univ, ENSICAEN, UNICAEN, CNRS/IN2P3, LPC Caen, 14000 Caen, France
SPaul Scherrer Institute, CH-5232 Villigen PSI, Switzerland
*Institute of Physics, Jagiellonian University in Krakéw, 30-348 Krakow, Poland
SInstituut voor Kern- en Stralingsfysica, Katholieke Universiteit Leuven, B-3001 Leuven, Belgium
"Kiu,g':.\' College London Department of Physics, London, WC2R 2LS, United Kingdom

129¥e — 131Xe  University of Science and Technology

PHYSICAL REVIEW LETTERS 130, 201401 (2023)

Editors' Suggestion |l Featured in Physics |

Search for Spin-Dependent Gravitational Interactions at Earth Range

S.-B. Zhang,' Z.-L. Ba,' D.-H. Ning,' N.-F. Zhai,” Z.-T. Lu®,"*" and D. Sheng®
'CAS Center Jor Excellence in Quantum Information and Quantum Phys School of Physical Sciences,
University of Science and Technology of China, Hefei 230026, China
"I)epurlmwu of Precision Machinery and Precision Instrumentation,

Key Laboratory of Precision Scientific Instrumentation of Anhui Higher Education Institutes,
University of Science and Technology of China, Hefei 230027, China
“Hq[w' National Laboratory, University of Science and Technology of China, Hefei 230088, China

® (Received 23 January 2023; revised 6 March 2023; accepted 15 March 2023; published 15 May 2023)

Among the four fundamental forces, only gravity does not couple to particle spins according to the
general theory of relativity. We test this principle by searching for an anomalous scalar coupling between
the neutron spin and the Earth's gravity on the ground. We develop an atomic gas comagnetometer to



Comagnetometer with Single-Species Molecule: ZULF NMR

ZULF NMR: Zero- to ULtralow-Field Nuclear Magnetic Resonance

@ Mainz, Germany (2018) Acetonitrile-2-13C: no magnetic field
Phys. Rev. Lett. 121, 023202 (2018) £

~140.5 Hz
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Comagnetometer with Single-Species Molecule: ZULF NMR

ZULF NMR: Zero- to ULtralow-Field Nuclear Magnetic Resonance

@ Mainz, Germany (2018)
Phys. Rev. Lett. 121, 023202 (2018)

Phys. Rev. Lett. 122, 191302 (2019) 6@0« Cosmic Axion induced

AN
Phys. Rev. Lett. 123,16 2019)  @m@pEEy Spin Precession Experiment
5.6
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Frequency ratio

magnetic shield

Measurement time (day)
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ParaHydrogen Induced Polarization (PHIP) + ZULF NMR

Long-Lasting Detection of SABRE-Derived Nuclear Magnetization

/

Methanol
presaturator

Para-H2in |

Magnetic shield

Dr. John Blanchard

Signal Amplitude (pT)

Magn Reson Chem. 59, 1208 (2021)

Dr. Barbara Ripka

Signal Amplitude (pT)

Field (uT)

Observation of Chemical Exchange on ZULF NMR
Nature Communications 10, 3002 (2019)

High-field SN NMR Zero-field NMR
Experiment Simulation Experiment Simulation

e € *
O LT
pH Lok, (s pH : kyls™)
' |
2.3 ; i 171
1 A 1 A I
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Polarization transfer via field sweeping on ZULF NMR
J. Chem. Phys. 150, 174202 (2019)

tH H|
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Dr. James Eills
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PhD candidate, 3-months’ visit, Nitrogen Vacancy Centers in Diamond

Dr. Nathan Leefer Dr. Lykourgos Bougas Dr. Arne Wickenbrock Georgios Chatzidrosos Prof. Dr. Yannick Dumeige

Postdoc, 3 years, Zero- to Ultralow-Field Nuclear Magnetic Resonance, CASPEr

2\ ~

Dr. John Blanchard Dr. Min Jiang/Billion Antoine Garcon Romén Picazo Frutos Dr. James Eills Dr. Kirill Sheberstov

CASPEr Group: Arne, Nate, Gary, Hector, Marina, Martin, Prof. Derek J. Kimball, Yevgeny...

Assistant Professor, Peking University, Atomic magnetometry in Fundamental Physics & Biomagnetism



Lab-A for Exotic Physics @ PKU




Comagnetometer with Single-Species Atom: Cesium

Two Ground States of Alkali-Metal Atom Precess at Different Frequencies under Magnetic Field

_— Potassium 39 Rubidium 85 Rubidium 87 Cesium 133
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Comagnetometer with Single-Species Atom: Cesium

Two Ground States of Alkali-Metal Atom Precess at Different Frequencies under Magnetic Field

_— Potassium 39 Rubidium 85 Rubidium 87 Cesium 133
(Hz/nT) F=1-1/2 - 7.0075 - 4.6756 -7.0237 - 3.5098

See: Nature Physics 17,1396 (2021) Advanced GNOME (With Comagnetometers)
Single-Species Comagnetometer (PKU Station)

Current date: 2025/06/06 14:36:55 GPS
Show Map Legend

Magnetic field (pT)
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Magnetic field (pT)

Magnetic field (pT)




GNOME (magnetometer) & aGNOME (comagnetometer)

GNOME: Global Network of Optical Magnetometer for Exotic Physics

Searches for Axion Domain Wall (Topological Defect) or Axion Stars  See: Nature Physics 17,1396 (2021)

o 2 -
sensitive Earth’s rotation axis : ________A
_/ﬂXiS trajectory - GNOME:'.-:“._.-::f,‘ s - '\x\\//""_" ,,,,,, ——
= sensor ;0% . trajectory 5
Cmr / sensitive @] Beijing China
axion axis ; | 4. Fribourg, Switzerland __/\_
ZL domain g 5. Hayward, USA
* wall :L ® A
= Linear coupling . 'W’
E AN AANA
g LA e
E" “‘ | I“ IM‘ \wl “lk ““ Time
~30 =20 =10 0102030 5 Time Synchronization with GPS
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£ 3 Sensor Calibration (Per Hour) i Data Acquistion System
= \} @@ @ »

g
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Time Synchronization & Calibration @ GNOME

Magnetometer Signal (Optimized)

(100 fT/Hz"2, BW 200 Hz )

Data Acquisition System

Disturbance & Fault Monitoring

()

Sensor Laser Cell Temperature

Environment Vibration Magnetic Acceleration

CH1: Magnetometer
GPS Signal (Time Stamp) CH2: Disturbance & Fault

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
.

[ GPs signal [ Arauino uno B IRGNEEEURAWANAVAWAY
| “Function Generator [  Magnetic-Field Coil ]

Frequency Sweep Sinusoidal (1-190 Hz) Frequency Sweep Magnetic Field




Some Thoughts of GravNet (Transient Signal)

Detection of High Frequency Gravitational Wave Signals

2 3 4
Interacting with Cavity Generating HF EM Field EM Enhanced by Cavity

7 6 5
Fourier Trans. Coherent Averaging Frequency Mixing (LF) EM Field Readout (HF)

Suppose we could not observe the signal from single shot and have no idea where the frequency is

1

oE|[lJrUi[ZIINHE The Starting Frequency of the Spectrum for Each Station For Averaging
of:[]r:1il 11l Relationship between Input MW Signal with Output Signal For Conversion
o[l ][ 1Ml Q Factor, Bias Magnetic Field Amplitude of Each Station For Conversion

o[l ][ 1Ml Inject MW Field for each station and perform spectrum averaging




Some Thoughts of GravNet (Transient Signal)

Station 1: Voltage Signal Station 2 : Voltage Signal Station N : Voltage Signal
|
N
fSTART f END fS TART f END

Station 1: Cavity Calibration Parameter Station 3: Cavity Calibration Parameter
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Lab-B for Biomagnetism & Metrology @ PKU




Atomic Magnetometry for Biomagnetism (Brain, Heart,...)

\ i

First Brain-Computer Interaction
in Unshielded Environment

First MEG in
Unshielded Environment

First Exercise MCG in
Unshielded Environment

Sensor Size: 12x®5 cm? g
Sensitivity: 300 fT/Hz"* @ 20000 nT

50 100 150 200 250 300 P p—— AISERINT N X VOGN b .
Time (s)

Sensor Size: 20x25x%5 em?
Sensitivity: 20 fT/Hz'> @ 20000 nT

-1.0E —
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Atomic Magnetometry for Biomagnetism (Brain, Heart,...)

Heart - Brain Axis - Fundamental Research

nature

Explore content ¥ About the journal ¥ Publish with us v

nature > articles > article

Article | Open access \ Published: 01 March 2023

Cardiogenic control of affective behavioural state

Brian Hsueh, Ritchie Chen, YoungJu Jo, Daniel Tang, Misha Raffiee, Yoon Seok Kim, Masatoshi Inoue,

Sawyer Randles, Charu Ramakrishnan, Sneha Patel, Doo Kyung Kim, Tony X. Liu, Soo Hyun Kim, Longzhi

Tan, Leili Mortazavi, Arjay Cordero, Jenny Shi, Mingming Zhao, Theodare T. Ho, Ailey Crow, Ai-Chi Wang

Yoo, Cephra Raja, Kathryn Evans, Daniel Bernstein, ... Karl Deisseroth ™ + show authors

Current Issue First release papers Archive

Science —

HOME > SCIENCE > VOL.383,NO.6682 > BLOOD PRESSURE PULSATIONS MODULATE CENTRAL NEURONAL ACTIVITY VIA MECHANOSENSITIVE ION CHAM

a RESEARCH ARTICLE NEUROSCIENCE

f X in o % O

Blood pressure pulsations modulate central neuronal
activity via mechanosensitive ion channels

LUNA JAMMAL SALAMEH SEBASTIAN H. BITZENHOFER ILEANA L. HANGANU-OPATZ + MATHIAS DUTSCHMANN, AND VERONICA EGGER Authors Ir|

Heart - Brain Axis - Clinical Applications

nature

Explore content ¥  About the journal ¥  Publish with us v~ Subscribe

THE LANCET
Neurology

nature > articles > article

Article | Published: 14 December 2022

Autonomous rhythmic activity in glioma networks
drives brain tumour growth

nature

Explore content ¥ About the journal ¥ Publish with us v

This journal Journals Publish Clinical Global health Multimedia Events About

REVIEW | VOLUME 17

SUE 12, P1109-1120, DECEMBER 2018 ¥, Download Full Issue

Stroke-heart syndrome: clinical presentation and
underlying mechanisms

THE LANCET
Child & Adolescent Health

nature > articles > article

Article | Open access | Published: 06 December 2023

Organ aging signatures in the plasma proteome track
health and disease

This journal Journals Publish Clinical Global health Multimedia Events About

REVIEW | VOLUME 7

UE 1, P59-68, JANUARY 2023 | % Download Full Issue

Fetal MRI of the heart and brain in congenital heart disease




Atomic Magnetometry for Magnetic Field Metrology

Q: To what degree can we say that the magnetometer measurement result is accurate?

1 Standard Magnetic-Field Coil 2 Standard Coil Distribution
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Atomic Magnetometry for Magnetic Field Metrology

A Prototype Magnetic Field Stabilization System @ PKU
+10° nT Generated Magnetic Field | 1 Pl Peak-To-Peak Noise Level | Passive + Active Magnetic Shielding | SHe Magnetometer for Calibration

Magnetic Field Generation and Stabilization
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Atomic Magnetometry for Magnetic Field Metrology

A Prototype Magnetic Field Stabilization System @ PKU
+10° nT Generated Magnetic Field | 1 Pl Peak-To-Peak Noise Level | Passive + Active Magnetic Shielding | SHe Magnetometer for Calibration

3He High Accuracy Magnetometer
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