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AXion — spin couplings

- . —
> gannVa-on

%}Iz\

Biip = gann+/ 2Ppm €OS(Mgt)Varp
+
CASPETr - Electric: é )

CASPEr - Wind:

* ALP-nuclear spin couplings

—> same as magnetic field coupling to spins
-> Induces precession

« ALP induce oscillating nuclear electric dipole moment WaLp h,

d(t)-E o u-B(t)

ﬁ HIM
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CASPEr - Wind:

* ALP-nuclear spin couplings

—> same as magnetic field coupling to spins
-> Induces precession

« ALP induce oscillating nuclear electric dipole moment WaLp h,

d(t)-E o u-B(t)

CASPEr looks for any kind of “wavy” dark
matter that couples to nuclear spins

ﬁ HIM

Helmholtz-Institut Mainz
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Nuclear Magnetic Resonance

Nucleiwith 1 # 0
In a magnetic field - Spins precess | Wy, = YBo

General magnetization M (polarization) h “\.

Apply B, oscillating transverse field ‘
When w; = w2 spins are tilted

o gk w e

We get transverse magnetization
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Nuclear Magnetic Resonance

NucleiwithI # 0

In a magnetic field - Spins precess | Wy, = YBo

General magnetization M (polarization)
Apply B, oscillating transverse field
When w; = w2 spins are tilted

o gk w e

We get transverse magnetization
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Nuclear Magnetic Resonance

B
Nuclei with T # 0 /\ 0

In a magnetic field - Spins precess | Wy, = YBo

General magnetization M (polarization)

Apply B, oscillating transverse field  YYYYVVVVVWWWWWY,

B,
When w; = w2 spins are tilted

o gk w e

We get transverse magnetization

29.01.2018 Helmholtz-Institut Mainz




Nuclear Magnetic Resonance

Nucleiwith 1 # 0
In a magnetic field - Spins precess | Wy, = YBo

General magnetization M (polarization)

B,
When w; = w2 spins are tilted

o gk w e

We get transverse magnetization

CASPEr - B, is the ALP field

29.01.2018

Apply B, oscillating transverse field ~YYYVVVVVWWW v

VWWWWWWWWWWWA
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CASPEr detection scheme

When ALP frequency Hyper—
= Larmor Frequency polarized

Nuclea l‘\’\ ’
Amplitude depends on ' ’
nuclear spin polarization

Detection sensitivity determined
by magnetometer noise limits

. Acquisiton 1. CASPEr ZULF 2 B, < 107#T

2. CASPEr -Wind Low Field & 107%T <B, <1071 T
3. CASPEr —Wind High Field> 0.1 T<B, < 14T

ﬁ HIM JG‘U
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CASPEr - Wind

M(t) ~ npp (gaxn v200mY)

nal\

sin [(2uBy — my) t]
2uBy — my

sin (2uByt)

X S
si g“a\ S REAV
We need to maximize:
* Number density (n)
 Polarization (p)
* Nuclear magnetic moment (u)
* Sensitivity

21/06/2018 PATRAS 2018, Hamburg
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CASPEr - Wind

R sin [(QuBy — mg) 1] .
M(t) ~ npp (gaxn v200mY) 0B, S Sin (2uBod)
al\!
\ REN—\'\( st
signd

We need to maximize:
* Number density (n)
 Polarization (p)

* Nuclear magnetic moment (u)

* Sensitivity Cryogenic probe, SQUIDs, etc

Hyperpolarized liquid 1%° Xe

21/06/2018 PATRAS 2018, Hamburg
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HIM Status of the Cosmic Axion Spin Precession Experiment (CASPET)

Marina Gil Sendra, for the CASPEr Collaboration
THE COSMIC AXION SPIN PRECESSION EXPERIME

Lots of evidence for non-baryonic dark matter Dark Matter Candidates:
(CMB, gravitational lensing, structure formation, etc.)

QCD Axion
“ Axion-Like Particles (ALPs)
ykindotovany dak { oot ind 4
CAsPErlooks for & les to nuclear sPinS Dark Photons 4
matter that coup WIMPs/Micro Black Holes/etc. : .. = i
Hy 3 gaVa 73
Y r 2 n

e 1 b o ==
3 [OXNER OR — v B = 8 2P OS(, 1)
. 4 Nuclear spins convert

= i v S AL i oo e ol By toreal B

X Spin polarization characterization
o PR \ via CW NMR at 93 kHz

Rb Spectoscopy

Cross

Rb Presaturator

QCD Axion

ALP nucleon coupling gann (Gev™T)

SEOP Xe Polarizer has achieved

o T ~5% polarization
ALP mass (eV) Goal = 50%

Zero- to Ultralow-Field NMR = CASPEr-ZULF SQUIDs
Propotacang mognet

Quantum Intef

Commissioning

k’ . Magetic shisid = a
! Sbtmpnone ayr End of 2018!
S VA 10 30 Holmhowz coll We can search for First Runs: 2019!
:‘“":"- Atomic vapor owl ultralight ALPs by
[ looking for sidebands
in ZULF NMR spectra
o ) D i ]

v 0
w W W W
Vn/VHg
SN1987A
Parahydrogen
- efforts underway!
T Facuum
HIM ‘This work is supported by the Hessing-Simons Foundation, the Deutsche Projext
G5 TN s vers “NMR Search for the Dark Matter Wind"), and the European Ressarch Council {DarkOST). HELMHOLTZ
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LATER! = Gary Centers & Nataniel Figueroa

RuU1 Experimental Status of the Cosmic Axion Spin Precession Experiment
MAM (CASPER-Wind)
N. L. Figueroa*?, J. W., Blanchard'?, G. Centers'?, M. Engler'?, A. Gargon'?, M. G. Sendra'?,

A. Wickenbrock'?, T. Wu*? & D. Budker**? for the CASPEr Collaboration

1: Johannes Gutenberg Universitit Mainz, Staudinger Weg 7, 55128 Mainz

2: Heimholtz Institut Mai

4 9 Mainz 3: Department of Physics, University of California, Berkeley, USA
What is dark matter made of? The axion wind coupling

« Composition of Dark Matter?

« Interaction analogous to oscillating magnetic field:
— Big open question

Hy=B,, 0,
 Many possibilities: MACHOS,
WIMPs, sterile neutrinos, axions,
H etc...

By = 8\ 2Py €OS(m )V, . we can look
for this with
NMR!

* Axions also explain the strong
CP problem.

« Earth moving
through the axion field:
—» axion-fermion interaction:

Hy > ganVa- oy

CASPETr Experiments in Mainz: CASPEr-Wind
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