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s the electron round”
The Electric Dipole Moment of the electron (eEDM)
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Probing new physics with the eEDM
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cryogenic source  guide decelerator laser cooling

state preparation

interaction optical detection
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Overview

Phase 1
construction

Phase 2b
slow and intense beam

Phase 2a
_fastbeam eEDM
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Phase 1: construction Phase 2: testing and combining

Cryogenic sources (RUG and VU) LM

RUG source VU source ! cryogenic source
Goal: get quickly operational Goal: best BaF source possible ' and guide deceleration
. l of cryogenic
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Phase 1: construction Phase 2: testing and combining
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Phase 1: construction Phase 2: testing and combining

Decelerator upgrade
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High-voltage upgrade 5 -> 10 kV Re-alignment of the decelerator cryogenic source
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Phase 1: construction Phase 2: testing and combining

Calculation of molecular properties

Method development for highest accurac cryogenic source

' deceleration
. e BaF molecular structure and guide .
Effective electric field in BaF . O] oo R
. . Goal: laser cooling, state transfer of BaF | . o5 bak .
Goal: interpretation of measurement . . . intensity upgrade lasercooling
. . Status: identified best cooling of
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Phase 1: construction Phase 2: testing and combining

Laser systems

Goal: flexible laser system: state preparation, cooling and molecule detection cryogenic source
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Supersonic beam

Goal: create a BaF beam for spectroscopy and fast-beam eEDM O i source
Status: supersonic beam operational . andguide gfzf'ifa;‘;fc‘
- very cold beam ~ 1K Spec;rgs‘;"py. decelerator BaF .
- combined with IR excitation and fluorescence detection zone BRI (- porade CESEBIIE
- spectroscopy of BaF: lifetime measurement of electronic excited state in BaF calculation of slow BaF
- paper submitted. §  Mmolecular properties
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Interaction zone

Goal: create controlled electric (strong) and magnetic (weak) field region
Status:
- design of magnetic shield, magnetic field coils and electric field plates finished
- delivery of shield, coils and plates expected. Prototype field coil manufactured @ nikhef.

SECTION A-A

e

Magnetic field shielding

Prototype field coll
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Summary of status: phase 1 completed

~ Spectroscopy decelerator

status
crhyogenic source| operational
decelerator upgrade ongoing
molecular properties done
laser systems| operational
supersonic beam| operational
spectroscopy of Bak done
iNnteraction zone design done
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Phase 2: fast beam eEDM and cold slow beam
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Meeting and management structure

Meetings. Managing the program:

e weekly paper discussion by students ® decision on major investments: SH, LW, RB
® pbi-weekly friday eEDM meetings with all involved ® clectronic logbook and document sharing

® scparate staff meetings

® yvearly meeting in september: look back, plan ahead
@ 2017 & 2019: International summerschool ‘Search for
new physics with low-energy precision tests’




Key numbers

Table 1. The estimate of the number of molecules that can be detected per repetition of the experiment. We aim to run the
experiment at 10 Hz.

[tem Number  Units Resulting # mol./shot
Source 10" Molecules /shot
0.005 Extraction efliciency trom buffer gas cell
. 10 9 . :
N C J — U, — ) 11 S " S Slc ]
0.24 Fraction in v =0, N = 2 Hh x 107" from source; 4 x 107 in desired state,
0.3 Fraction in low-field seeking states Vieng=(180 £ 50) m/s, Virans==130 m/s.
Decelerator 0.002 Fraction in velocity acceptance
0.3 Fraction in spatial acceptance
0.7 Efficiency of deceleration relative to guiding 2 x 10°, Vieng=(30 £ 6) m/s, Virans==%5 m/s.
Laser cooling 0.8 Laser cooling efficiency
0.7 State transfer efficiency 9x10°, Vieng=(30£6) m/s, Virans==+0.2 m/s.
Interaction zone 0.8 Transmission and state transfer efficiency
. o -
1.0 Detection efficiency 7 x 10°

EPJD 72:197 (2018)



Key numbers

N= 1x1013 5x1010 4x10° 2x10° 1,6x10° 9x10° 7x10°
10 ns 100 us 25 ms 3-5ms 15 ms
( \ ( A ( ) - ) 4 A ([ ) - ™ ( A
- i State
Ablation |_gpl Cryogenic | g} Guide =t  Stark deceleration |- laser S < Coherent Spin precession || > ||
cooling cooling Prep. Pin p readout
\ J|l J \ y \— _ - Y, \ J \— B, \ y,
| Apply external fields

T=1000 K 20 K 5K 50 mK 150 pK
<v>=375 m/s 180 m/s 30 m/s
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Cryogenic source data June 2019

. After 5 mm: . After 30 cm: - Net counts per shot:
absorption detection LIF detection ~3000

Time-Of-Flight Time-Of-Flight counts vs shot

Il

signal (arh.)
signal (arb,)

photon counts

0.6

time (ms)

. Cell temperature and Neon flow effects




