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Tabletop Experiment for beyond Standard Model Physics: Electron EDM in a Cryogenic Matrix

Sakharov conditions 1967:

®* Baryon number B violation

« C and CP-symmetry violation «

* Interactions out of thermal equilibrium

Parity P: X — -X
| = Timereversal T: t - -t
Andrel Sakharov Charge conjugation C: q - -Q

Sebastian Lahs RJP 2022 3



Tabletop Experiment for beyond Standard Model Physics: Electron EDM in a Cryogenic Matrix

CP-violation in the Standard Model
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1964: CP-violation in Kaon decay

CP-symmetry is violated in the weak interaction between quarks
Not strong enough to satisfy 2nd Sakharov condition
=) Beyond standard model physics needed
Sebastian Lahs RJP 2022 4



Tabletop Experiment for beyond Standard Model Physics: Electron EDM in a Cryogenic Matrix

How to find new elementary particles in tabletop (atomic physics) experiments?

Electron-photon interaction:

Y Y
Y
. . . > . oo o eeo o0 e e
: : vacuum electron
Dirac Schwinger polarization CP-violation

l

anomalous magnetic moment g-2 Lamb shift 7
d. ~ 1073 ecm

Sebastian Lahs RJP 2022 5



Tabletop Experiment for beyond Standard Model Physics: Electron EDM in a Cryogenic Matrix

How to find new elementary particles in tabletop (atomic physics) experiments?

Electron-photon interaction:

i ¥
+ + + + 4+ wi iw
e X eoo v
c € ¢ Y e et N C e
' i lect
Dirac Schwinger poxllgfiggtinz)n CP-eV?glg?ircl)n
Beyond standard model physics J ElDI\/I

(Supersymmetry, Multi-Higgs, Seesaw-mechanism, ...)
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Tabletop Experiment for beyond Standard Model Physics: Electron EDM in a Cryogenic Matrix

Energy shift: AE = 7 - (deﬁ — /,Lg)

1
Statistical uncertainty: Ad, X
/E T \/.Z_V\

electric field particle number

Sebastian Lahs RJP 2022 I



Tabletop Experiment for beyond Standard Model Physics: Electron EDM in a Cryogenic Matrix

1
X
ET+/N

ACME II: d, = (4.3+3.1,u2.64,5)%10 % cm sM: d. ~ 1073% ecm

Ad,

__—w very large E inside the molecule
Ramsey spectroscopy on beam of ThO

T N~10

- go to solid

N up to Avogadro’s number 10%

Sebastian Lahs RJP 2022 8



Tabletop Experiment for beyond Standard Model Physics: Electron EDM in a Cryogenic Matrix

Proposal:

dope noble gas matrix with atoms
R

“Ar: spin=0 Alkali atoms are
best understood

/

Cs is most
sensitive to eEDM

Sebastian Lahs

RJP 2022
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Cs absorption

camera 1

light source
iris G
L1
spectrometer
laser
fluorescence
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Cs spectrum expectations
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Tabletop Experiment for beyond Standard Model Physics: Electron EDM in a Cryogenic Matrix
Csin Ar- 10K
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Sebastian Lahs

10000

Interpretation of
the Cs spectrum

CsinAr

Im
62Ps2 .. 3/2
o _A—l/Z
62Pw .. T——l/z
62Sw L. 172

ground state

R

crystal interaction

RJP 2022

Need to understand trapping

sites to know systematics!
(e.g. magnetoelectric mixing)

13



Tabletop Experiment for beyond Standard Model Physics: Electron EDM in a Cryogenic Matrix

Next steps

-demonstrate control of hyperfine states

-excite radio frequency transitions and measure decoherence time

A
_”
i
i
JZLLLLNY

625 // F=4
Cs: == ‘. - ‘ me=3
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hyperfine E and B
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Tabletop Experiment for beyond Standard Model Physics: Electron EDM in a Cryogenic Matrix

Summary:

* Electron EDM is sensitive prope to new physics
* The use of cryogenic matrices promises a large jump in precision

* Further studies of systematics of the system are needed

==

Electric electron charge
charge distribution?

Sebastian Lahs RJP 2022 15
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Bonus slides

Sebastian Lahs RJP 2022 16
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Csin Ar- 10K
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temperature
dependence in an
* On trapping site
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Axion & ALPs

Popular candidate for dark matter

Lots of experiments

by Ciaran O'Hare
EDM experiments can contribute as well

= d, x Fa,sin(m,t - :
Axion as 5th force | (Mgt) pxion mass- Exotic models (domain walls,
Axion as dark matter boson stars, quark nuggets, cosmic bursts)

— static eEDM . 0sc. eEDM — time varying signal

Sebastian Lahs RJP 2022 19
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thickness in um
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Transmission -o
b Specroscopy

normalized transmission intensity

light source

Csin Ar- 14K
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spectrometer

oo
thickness in um
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Experimental setup

: B heater l

sapphire window

thermometer

Sebastian Lahs RJP 2022 o 2
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o0 o

Sebastian Lahs RJP 2022 22

Parity P . X — -X
Timereversal T : 1 - -1
Charge conjugation C d - -Q

CPT

Yy

T-symmetry CP-symmetry
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