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Part 1: Table-top particle physics
|ssues in particle physics
 Table-top precision experiments
*Using molecules?

* [he electron’s electric dipole moement
-Opportunltles and Challenges

Part 2: Slow and trapped molecules
» Goals

* Techniques

e Sources

* Deceleration and trapping
* Precision measurements
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Table-top particle physics with slow and trapped molecules
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Table-top particle physics with slow and trapped molecules

Probe physics beyond the

Pulseo Standard Model of particle physics

Molecular

unlver31ty of N h _F VRIJE
gronmgen l e UNIVERSITEIT
n swinderen institute for mb AMSTERDAM

particle physics and gravity

Dutch National Institute for (astro)Particle Physic



Beyond the Standard Model of particle physics

The Standard Model:

12 fundamental particles
and their interactions



Beyond the Standard Model of particle physics

The Standard Model:

Why these particles?
What is Dark Matter?

How can we understand the | | |
matter-antimatter asymmetry? Since Higgs discovery (2012),
some hints for new physics,

but no breakthrough

12 fundamental particles
and their interactions
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have to be tested in experiments.

12 fundamental particles
and their interactions



Beyond the Standard Model of particle physics

The Standard Model:

Why these particles?
What is Dark Matter?

| How can we understand the | | |
oon matter-antimatter asymmetry? Since Higgs discovery (2012),
some hints for new physics,

but no breakthrough

neutrino

So new theories are proposed, that
have to be tested in experiments.

12 fundamental particles

\ and their interactions )

Search for new physics in future experiments at even larger colliders, at even higher energies...



Beyond the Standard Model of particle physics

The Standard Model:

Why these particles?
What is Dark Matter?

How can we understand the | | |
matter-antimatter asymmetry? Since Higgs discovery (2012),
some hints for new physics,

but no breakthrough

So new theories are proposed, that
have to be tested in experiments.

12 fundamental particles

\ and their interactions )

Search for new physics in future experiments at even larger colliders, at even higher energies...

... but also at low energy and small scale through a precision measurement of the electron!



The electron’s electric dipole moment (eEDM)

Besides the magnetic dipole moment
(spin), the electron could have an
electric dipole moment (eEDM).

This violates time-reversal violation.

’
‘ @

o : _-"?;42.-; — A *— Virtual particles

R RO NSRS charge cloud

fig: Nature 553, 144 (2018)



The electron’s electric dipole moment (eEDM)

Besides the magnetic dipole moment
(spin), the electron could have an
electric dipole moment (eEDM).

This violates time-reversal violation.

® o
The Standard Model: New theories:
the eEDM is tiny, not measurable the eEDM is small but measurable!
e . (~10-40 e.cm) (~10-30 e.cm)

*— Virtual particles

°

Electron
charge cloud

fig: Nature 553, 144 (2018)
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The electron’s electric dipole moment (eEDM)

Besides the magnetic dipole moment
(spin), the electron could have an

electric dipole moment (eEDM).

This violates time-reversal violation.

Y
o

*— Virtual particles

Electron
charge cloud

fig: Nature 553, 144 (2018)

The Standard Model: New theories:
the eEDM is tiny, not measurable the eEDM is small but measurable!
(~10-40 e.cm) (~10-30 e.cm)

V\/

10 orders of magnitude difference!

We test time-reversal violation and probe
physics beyond the Standard Model
through a precision measurement of the
electron’s EDM.



The electron’s electric dipole moment (eEDM)

Besides the magnetic dipole moment
(spin), the electron could have an
electric dipole moment (eEDM).

This violates time-reversal violation.

® [
The Standard Model: New theories:
the eEDM is tiny, not measurable the eEDM is small but measurable!
° (~10-40 e.cm) (~10-30 e.cm)

®

*— Virtual particles \_/

10 orders of magnitude difference!

s _' f Electron

We test time-reversal violation and probe
charge cloud

| | physics beyond the Standard Model
o e through a precision measurement of the
electron’s EDM.

Observation of eEDM hugely
enhanced in a molecule:
Barium monofluoride (BaF)

fig: Nature 553, 144 (2018)

Think different!



Table-top particle physics

Complementary approach: precision measurements on atoms
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Precision measurements with atoms
Quantum systems with an advantage
Example 1: Parity non-conservation PRL 102, 181601 (2009) PHYSICAL RE

094 =

0.93 —

Optical
pumping

Neovosibirsk’89
092 _
— Notreg Dame 0

091 ]
® . World average™)5

0.90 - - - E Thiswork ]

% 101

Qll’

Interaction
region

Eenes ¥ |c| ay

0.89 Staccard Model with experiment I _

0.88 - |

FIG. 1 (color online). Progress in evaluating the PNC ampli-
tude. Points marked Paris 86, Novosibirsk 89, Notre Dame 90
correspond to Refs. [10,11,31]. Point marked World average 05
1s due to efforts of several groups |12-16] on sub-1% Breit,
QED, and neutron-skin corrections reviewed in Ref. [17]. The
strip corresponds to a combination of the standard model Qy

Dye / Diode 4 ' with measurements [3,4]. The edges of the strip correspond to

laser laser3 * o of the measurement. Here we express Epye In conventional

units of ilelag(—Qw/N) X 107!, where e is the elementary

Measurement of Parity Nonconservation and an Anapole Moment in Cesium charge and ap is the Bohr radius. These units factor out a ratio of
C Wood, S Bennett, D Cho, B Masterson, J Roberts, C Tanner, and C Wieman. QW to its approximate value, —N.

Science, 275, 1759 (1997)

Experiment: beam of Cs atoms Theory



Precision measurements with molecules
Complex guantum systems with an advantage
Example 2: Variation of constants -

| - 1 .
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inversion uadrupole ?
splitting
u
- . ion detector
S etric ,

umbrella angle

Very sensitive to proton / electron mass ratio proposed experiment Theory



Precision measurements with molecules
Complex guantum systems with an advantage
Example 2: Variation of constants -

inversion
splitting

Axions!

umbrella angle

Very sensitive to proton / electron mass ratio proposed experiment Theory



Dark matter coupling to molecules

SrOH as a recent example

Unknown

Ultralight Dark Dpm —_—

Matter Field

@—"t) E (bending) /V\NV\
H
C—p |

Credit: website John Doyle @ Harvard, more details: Phys. Rev. A 103, 043313 (2021) earlier work on nEDM to set axion limits: Abel et al., Phys. Rev. X 7, 041034 (2017)



Dark matter coupling to molecules

SrOH as a recent example

Unknown
Ultralight Dark ~ ¢py =~ —————eooommeo— — It turns out that the

Watter Field molecules and techniques
% ) E (bending) needed to do a precise
" electron-EDM experiment
are also those for a
el .

sensitive axion-detection
experiment!

Credit: website John Doyle @ Harvard, more details: Phys. Rev. A 103, 043313 (2021) earlier work on nEDM to set axion limits: Abel et al., Phys. Rev. X 7, 041034 (2017)



Precision measurements with molecules

Complex guantum systems with an advantage
Example 3: The electric dipole moment of the electron

eEDM magnitude

(e cm)
An EDM would arise : 1022
along the same axis as
the electron’s spin. - ‘ T e 10-24
. @
e e — Virtual particles
SRRt SR ORTN 10-26
e 10-28
EDM| o Electron
no S charge cloud 10-30
The charge cloud would . -1 | ! 10-32
be distorted, making ; g
one side slightly more 1034
negative than the other.
10-36

vt AN A



Precision measurements with molecules

Complex guantum systems with an advantage
Example 3: The electric dipole moment of the electron

eEDM magnitude

(e cm)
An EDM would arise : 10-22
along the same axis as
the electron’s spin. - . e 10+
P R — Virtual particles
ERLSOE T 10-26
/,
-y || IR 10-28
EDM| Electron
L o M charge cloud 10-30 | Standard model
V // extensions
The charge cloud would | _ = | 10-32
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one _side slightly more 10-34
negative than the other.
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Precision measurements with molecules

Complex guantum systems with an advantage
Example 3: The electric dipole moment of the electron

eEDM magnitude

(e cm)
An EDM would arise : 10-22
along the same axis as
the electron’s spin. - T e 10-24
"\w-«/ N *— Virtual particles (026
-, EDM — Clectron experiments

S — charge cloud 10-30 V 7 Staer:::srzcsli:)nnzdel

The charge cloud would | _ o | 10-32

be distorted, making
one side slightly more
negative than the other.

10-34

10-36
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Precision measurements with molecules

Complex guantum systems with an advantage
Example 3: The electric dipole moment of the electron

precision molecular spectroscopy

%
a9,
@
\T’
e

source of atoms,
molecules

ramsey interferometry

a few meters




Precision measurements with molecules
Complex guantum systems with an advantage
Example 3: The electric dipole moment of the electron

precision molecular spectroscopy
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Precision measurements with molecules
Complex guantum systems with an advantage
Example 3: The electric dipole moment of the electron

precision molecular spectroscopy
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Precision measurements with molecules
Complex guantum systems with an advantage
Example 3: The electric dipole moment of the electron

precision molecular spectroscopy

©Ra

9 Cs fountain

source of atoms,

molecules © GdFeG

ramsey interferometry

«— gfewmeters ——

huge enhancement of E-field in molecule

Effective electric field

8 ) -
: © electron HIE*|  last decade
@ atomic - with molecules
!
e neutron ThO even steeper!
polar | |

molecule
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=
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Applled electric field (kV/cm)




How to measure a dipole moment?

However, electron also has
precession! magnetic dipole moment
(and charge!)




How to measure a dipole moment?

—ffective electric field

£
S
6 (>D 4 |
LIJCD 2
O | |
polar 0 10 20 30
molecule
Applied electric field (kV/cm)
Solution:
However, electron also has use electron embedded
precession! magnetic dipole moment in a polar molecule!
(and charge!) B B
—NNances

Shields B



Statistical sensitivity for eEDM

h
/O’ = Wa In addition to this,

control of systematic
effects is crucial!

statistical error

Choice of molecule Experimental approach |



Coherent interaction time

Key technique: Ramsey spin interferometer

Ramsey it/2 pulses

laser pulse 1: laser pulse 2:
Creates a quantum superposition, Measures state of the molecules
creating coherent excitation of all through interference
molecules

Resonance in
molecules

n/2 pulse n/2 pulse

Interference fringes

Time T
—_—)) Increasing T

Frequency set by external reference,
tuned to molecular resonance




Towards longer coherent interaction times

fast beam

T ~ 1-2ms
L ~0.5m

v ~ 250-500 m/s




Towards longer coherent interaction times

fast beam slow beam
T~ 1-2 mS T~ 15 ms
L ~0.5m L ~0.5m
vV ~ 250-500 m/s vV ~ 30 m/s
— " . — .
— —— "




Towards longer coherent interaction times

fast beam
T~ 1-2ms
L ~05m

v ~ 250-500 m/s

slow beam
T~ 15 ms
L ~05m
v ~ 30 m/s
/6.4”//'/.
\.\.*
« L

fountain

T ~ 100 ms

L ~05m

slow vertica

beam

trap

T~ 1-10 s
L ~0.5mm

e

e

molecules trapped In
laser focus



Towards longer coherent interaction times

fast beam

T ~ 1-2ms
L ~0.5m

v ~ 250-500 m/s

Mair

challe

how to maintal

nge:

slow beam

T ~ 15 ms
L ~05m

v ~ 30 m/s

N N while increasing t

Strongly connected to choice of molecule!

fountain

T ~ 100 ms

L ~05m

slow vertica

beam

trap

T~ 1-10 s
L ~0.5mm

e

e

molecules trapped In
laser focus



eEDM experiments using molecules
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Statistical sensitivity for eEDM

B L e —
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Choice of molecule Experimental approach



eEDM experiments using molecules
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ACME - beam of ThO molecules
John Doyle, David DeMille,
Gerald Gabrielse

Imperial College London - beam of
YbF molecules
Mike Tarbutt, Ben Sauer, Ed Hinds

JILA - trapped HfF* ions
Eric Cornell, Jun Ye

Others are being set up:

Decelerated BaF beam

PN\ experiment in Groningen,

The Netherlands
since 2018 (NL-eEDM)

Search for eEDM in cryogenic crystals

PHYDES:
Para-Hydrogen and Diatomic for eEDM Study

INFN

I3titute Nazionn ¢ di Fakce bucleare

ke = Universita
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\ /' di Ferrara

Electric Dipole Measurements using Molecules within a Matrix

* York University
 Michigan State University
» University of Toronto

L
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eEDM experiments using molecules

N ‘,. ,._..p_ ‘_
l- 1 ‘ i

: i S
J’ “ : - - e
lkl!u\'.l‘»i:lw* s

. '-'-'
- . eet o )
t“-p f ™.
v

£| T

( J VI ﬂﬁgh, 'él'
| _ “\‘

LS F : l
T
. s"" L e : v
2 » & : "«"\‘ A
’ - = - - '_Jn‘ ‘~

S 1-__' ’ ‘ .1' l _;:ﬁ
- \‘ ','
el

>

ACME - beam of ThO molecules
John Doyle, David DeMille,
Gerald Gabrielse

Imperial College London - beam of

YbF molecules

Mike Tarbutt, Ben Sauer, Ed Hinds

N

JILA - trapped HfF* ions
Eric Cornell, Jun Ye

3 o e o o S -.'..»- Y~ .’-.,-_ RL R VE T VL T B LI '.’7,, -z o/ R Y X s S 2o e o s e e e s
v,
R |
l. "
r ] r ] | ] 8
4
3 Ot erS are bel Set u 3
b | |
(), /
.

Decelerated BaF beam

PN\ experiment in Groningen,

The Netherlands
since 2018 (NL-eEDM)

Search for eEDM in cryogenic crystals

PHYDES:
Para-Hydrogen and Diatomic for eEDM Study

".;‘}l i”\"_mL Uni it
[.£.); g INFN
:(.‘}: OLJ di Ferrara ‘

Ong * v
I3titute Nazionn ¢ di Fakce bucleare

Electric Dipole Measurements using Molecules within a Matrix

* York University
 Michigan State University
» University of Toronto

L

YORK

L MICHIGAN STATE

UN VERSITE LNIVERSITY UNINTRETY Or

TORONTO

UNIVERSITY

EDM? Collaboration



Teamwork at the
intersection of particle o L. ,
physics, precision laser ~ a vl / QI Particle

physics
spectroscopy gnd theory
quantum chemistry!
Quantum
f. : chemistry
%
; Precision
;,. experiments

van swinderen institute for

Think diﬁ-erent! particle physics and gravity

univgrsity of . VRIJE
groningen N 1 k h ef " universmrEr

AMSTERDAM
Dutch National Institute for (astro)Particle Physics

Current team:

Jordy de Vries
Rob Timmermans
Heleen Mulder

Anastasia Borschevsky
L ukas Pastecka

Agustin Aucar

Yuly Chamorro

Eiffion Prinsen

Steven Hoekstra (Pl)
Lorenz Willmann
Rick Bethlem
Steve Jones
Wim Ubachs
Lucas van Sloten
Jelmer Levenga
Bastiaan Nijman
Joost van Hofslot
Bart Schellenberg
Ties Fikkers

Nithesh Balasubramanian

|zabella Thompson
Marianne Westerhof

X

] UvA

X




arX1v:2505.22281v1 [hep-ex] 28 May 2025

Community input to the European Strategy on particle physics:
Searches for Permanent Electric Dipole Moments

edited by:
M. Athanasakis-Kaklamanakis (Imperial College London, United Kingdom), M. Au
(CERN, Geneva, Switzerland), R. Berger ( University of Marburg, Germany),

S. Degenkolb (Heidelberg University, Germany), J. De Vries ( University of Amsterdam,
The Netherlands) S. Hoekstra ( University of Groningen, The Netherlands), A. Keshavarzi
( Unaversity of Manchester, United Kingdom), N. Neri ( Uniwersity of Milan and INFN
Milan, Italy), D. Ries (Paul Scherrer Institute, Villigen, Switzerland),

P. Schmidt-Wellenburg (Paul Scherrer Institute, Villigen, Switzerland), and M. Tarbutt
(Imperial College London, United Kingdom)
endorsed by the
European EDM projects and collaborations:

DOCET EDM experiment — G. Carugno (INFN Padua, Italy)
PanEDM collaboration — S. Degenkolb (U. Heidelberg, Germany) and P. Fierlinger
( Technical University of Munich, Germany)
nEDMSF collaboration - W.C. Griffith (U. Sussex, UK) and
M. Jentschel (ILL, France)

NL-eEDM collabaration  S. Hoekstra (U. G'roningen, The Netherlands)
nEDM at PSI collaboration — B. Lauss (Poul Scherrer Institute, Villigen, Switzerland)
ALADDIN collaboration — N. Neri (University of Milan and INFN Milan, Italy) and
F. Martinez-Vidal (U. Valencia and IFIC, Spain)

Beam EDM collaboration — F. Piegsa (U. Bern, Switzerland)

HeXe collaboration — U. Schmidt (U. Heidelberg, Cermany)
pEDM collaboration - Y. K. Semertizidis (KAIST, Daejeon, Korea)
Imperial eEDM collaboration — M. R. Tarbutt (Imperial College London, UK)
muEDM collaboration — A. Papa (INFN Pisa, Italy)
quMercury experiment — S. Stellmer (U. Bonn, Germany)

individually endorsed by:

A. Borschevsky (U. Groningen, The Netherlands), V. Cirigliano (U. Washington, USA),
J. Dobaczewski (U. Warsaw, Poland), K. Flanagan (U. Manchester, UK ), T. Fleig
(1. Toulouse, France), M. Kortelainen (U. Jyuaskyla, Finland), .. Di Luzio (INFN
Padova, Italy), G. Neyens (KU Leuven, Belgium), L. Nies (CERN), G. Onderwater
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Collaboration| Species Method Sensitivity Status Duration |Ref
(1074 ecm) (years)
PanEDM 1 n UCN 380 Commissioning 5 43
PanEDM II n UCN 79 Commissioning 8 43
Becam EDM n beam 500 proof-of-principle ? 44
n2EDM n UCN 110 Start data-taking 4 45
n2EDMagic n UCN 50 Construction 5 45
nEDMsf n UCN 20 Development 7 42
ACME III | ThO (*A;) Beam 0.1 Commissioning 93
JILAIII |ThF* (*A;1) Ion trap Commissioning 94
Imperial II | YbF (*X) pK beam 0.1 Commissioning 3 47
Imperial III | YbF (2%) Lattice 0.01 Construction 6 47
NL-cEDM I | BaF (°X%) Slow beam 0.5 Commissioning 3 48
NL-cEDM II | BaOH (%) Lattice 0.1 Construction 6 50
PolyEDM | SrOH (%) Lattice Construction 51
EDM? Bal" (°%) Matrix Construction 52,
DOCET Bal' (°X) Matrix Construction 3 53]
CeNTREX 25T Beam Commissioning 58]
HeXe 129Xe  |°He-comagnetometer 10 Construction 4 o7
quMercury 199Hg ultracold atoms 1 Construction 5, 61
ALADDIN AT, ET collider 1x 10" Development 742 |[64
muEDM I 7! frozen-spin 4 x 10% Commissioning 3 67
muEDM II 7 frozen-spin 6 x 10° Conception 10 67
pEDM I P frozen-spin 1 Development 5! 69
pEDM II P frozen-spin 0.01 Conception 5! 69

TABLE II: Sensitivity goals of planned EDM measurements. All values are reported as
transmitted in private communication or published in cited references.




Part 1: Table-top particle physics
* |ssues in particle physics
 Table-top precision experiments
e Using molecules?

* The electron’s electric dipole moment

* Opportunities and challenges
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Key Ingredients of our approach

Production Detection

_r"‘- T e - - ww ww weeew

g- .d-;. inul_-ul

an !lll.ll--ln

- | = oSl N oWl = ———-l




Fast beam

Supersonic beam (600 m/s)

Controlled field environment
Explored molecular structure

Spin interferometer measurement

Slow beam

j.!_l !‘-I_.l I_w ! .J Cryogenic beam (200 m/s)

Stark decelerator (30 m/s)
‘ . ! . II ‘ II- - .‘ Cycling and lasercooling
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Fast beam

Supersonic beam (600 m/s)

Controlled field environment
Explored molecular structure

Spin interferometer measurement

Slow beam
Cryogenic beam (200 m/s)

. ! . II . - - . Stark decelerator (30 m/s)
‘ _‘ ; Cycling and lasercooling |
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An Intense, slow and cold beam of molecules
Our approach

Combining three recent experimental breakthroughs

1) Cryogenic source
2) Stark deceleration
3) Molecular laser cooling

cryogenic source  guide decelerator laser cooling  state preparation interaction optical detection

/er : OOOOOOOOOOOOOOOOOOOOOII ‘r :g ﬁg I-
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An Intense beam of molecules

How-to: source

cryogenic source  guide decelerator
F 00000000000 00O
/ 00000000000 00O

SUPErsonic Cryogenic

Aims: Aims:

- Intense, fast beam (600 m/s) - slow beam (~180 m/s)

- Short pulse - High N: 4x109%/shot in the desired state
- Test lasers systems, state - Use for eEDM measurement

manipulation and interaction
zone




A slow beam of molecules
Molecule deceleration
A traveling-wave with a tunable velocity




Iraveling-wave decelerator
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Traveling-wave decelerator
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Iraveling-wave decelerator
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Main aims:

.. = Capture as many molecules as possible from molecular beam
- "= Bring average beam velocity from ~190 to ~30 m/s
- Maintain N during deceleration
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Traveling-wave decelerator

Fluorescence detection

Molecular beam source Decelerator

Challenges for heavy diatomic molecules:

- Heavy -> long decelerator
- Rotational structure -> limited Stark shift

Deceleration, trapping, collision studies, lifetime measurements

Demonstrated for light molecules: OH, CO, NH3, NH
PRL 98, 133001 (2007), Science 313 5793 (2006), PRL 110, 133003 (2013)



Modular traveling-wave
decelerator
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A slow beam of molecules

SrF: First combination of deceleration and cryogenic source

Cryogenic cell Traveling-wave Stark decelerator LIF detection 23\%: 0.00 -
Longitudinal position (mm) - (b)
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Fluorescence signal (arb. units)
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A slow beam of molecules

Deceleration to standstill

Deceleration to standstill in 4.2 m,
hold there for some time,
accelerate out again to 50 m/s to
detect

Deceleration and trapping of SrF molecules
Parul Aggarwal, Yanning Yin et al (NL-eEDM)),
PRL 127 173201 (2021)
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Great! Let’s do a supersensitive eEDM measurement!
Challenge 1: the electric fields needed to hold the molecules In
the trap interfere with the eEDM measurement....

OK, let’s make a slow beam for now.

Challenge 2: if you decelerate molecules without cooling them,
they spread out on their way to the eEDM measurement

and you have not gained anything!



Hexapole focusing

In combination with laser cooling

2D transverse laser cooling of a hexapole focused beam of cold BaF molecules, arXiv:2506.19069 (june 2025)

Absorption detection Cycling on PMT @y
X(0) - A(O
Cryogenic 0) > A0)
source
LIF

Ne Hexapole lens
Ablation laser 3 field
X EMCCD (xy)

mm
b 5 197 390 80 10 40



Vertical (mm)

A hexapole electrostatic lens

CCD camera images the molecular beam
(a) (b)
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Fast beam

Supersonic beam (600 m/s)

Controlled field environment
Explored molecular structure

Spin interferometer measurement

Slow beam

j.!_l !‘-I_.l I_w ! .J Cryogenic beam (200 m/s)

Stark decelerator (30 m/s)
‘ . ! . II ‘ II- - .‘ Cycling and lasercooling
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Fast beam

Supersonic beam (600 m/s)

Controlled field environment

Slow beam

Cryogenic beam (200 m/s)

‘ ‘ Stark decelerator (30 m/s)
‘ . ! . II . - ! !‘ Cycling and lasercooling
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Interference data using fast molecular beam

to demonstrate control over systematic effects

Create molecular beam

Quantum interference Readout by fluorescence

47 5
o

Compare to theory that includes the
full interaction of the molecule with
light, electric and magnetic fields
(optical Bloch equations)

Experiment

Contrast

-

June 26 2022

| |
65.84 65.85 65.86 65.87 65.88

NL-eEDM

Beautiful quantum interference!  Af,p 000

Contains all relevant experimental parameters
Crucial for reduction of systematic effects
(A.Boeschoten et al, NL-eEDM collaboration,
arXiv:2303.06402v1)



Measured interference pattern

Experiment
2 1 | .
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‘E June 26 2022
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Measured interference pattern

Experiment
"‘z l | |
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z June 26 2022
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Contains all relevant experimental parameters
Crucial for reduction of systematic effects

When flipping
E-field direction,
this pattern will
change.

Slow beam,
more molecules
->

higher eEDM
sensitivity
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Experiment and theory

Optical Bloch equations
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FUture: an eEDM Sciepce
measurement IN an Lattice
optical lattice e

Phys. Rev. A 111, 062815 (2025) Electrodes

Thijs
Coulq gg Proacy, Helmholtz
us Coils
Propg .. .>%d to
. ons! Transport
Lattice

Source Hexapole Travelling-wave Stark decelerator
Optical

pumping ~5m
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Testing the Standard Model in a table-top experiment
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Teamwork at the
intersection of particle o L. ,
physics, precision laser ~ a vl / QI Particle

physics
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quantum chemistry!
Quantum
f. : chemistry
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; Precision
;,. experiments
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