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NEDM@SNS (ESS?)

* A large-scale cryogenic experiment to measure the
neutron EDM at a sensitivity below 3 x1028 ecm.

* Mostly developed by US Department of Energy and
National Science Foundation, but funding terminated
in 2023 with construction underway.

« Remaining R&D could be technically completed at ILL
and universifies.

* Experiment could be installed at ESS for improved
precision: beyond the goals at Oak Ridge’s Spallation
Neutron Source.

e Uses cryogenic techniques to improve many aspects
of the experiment

e Production of ultracold neutrons in-situ in superfluid
4He provides a high density in measurement cells

« The same “He serves as insulator for h19h voltage,
Perml’rhn higher electric field than atroom I
emperatfure |

« The Same “4He serves as a scintillator to detect light
from absorption of neutrons on a 3He spin analyzer

* Cryogenic experiment allows precise conftrol of
magnetic field conditions

Andy Saunders, ORNL



Relocating the nEDM Experiment to ESS is
under discussion

* The nEDM experiment could
be installed, e.g., on the E6
beamline at the ESS

* |nitial investigations show that
the experiment is technically
compatible with ESS site (with
minor modifications)

» Seeking to collaborate with
Europe-based scientists to
complete R&D at ILL and
obtain future funding

Andy Saunders, ORNL



Ultracold neutron source In the HIQghNESS
project
Valentina Santoro ESS
on behalf of the HIghNESS Consortium

S HighNESS is funded by the European Union Framework Programme for
5 Research and Innovation Horizon 2020, under grant agreement 951782




HighNess About me

PhD in Particle Physics in 2009 University

A of Ferrara, Italy
<)

From 2006 to 2014 Particle Physics
Research in the BaBar experiment at
SLAC

In 2014 | moved to the ESS-European
Spallation Source ERIC in Sweden

NNBAR/HIBEAM (Neutron antineutron
oscillation experiment at ESS) Technical
Coordinator

From 2023 Associate Professor at Lund
University

HighNESS is funded by the European Union Framework Programme for
Research and Innovation Horizon 2020, under grant agreement 951782




HighNess The HIghNESS Project @

~_ "
Development of High Intensity Neutron Source at the European Spallation Source

* The HIghNESS project (3 MEURO funded by the European
Commission) has as purpose the development of the new
source that will be installed at ESS >2030 r / \

« The new source will be composed by Liquid deuterium
moderator D2

 The liquid deteurium will serve a UCN moderator and a
VCN source

(
« The associated condensed matter instruments and the
neutron antineutron oscillation experiment NNBAR will also
developed in the project

« Conceptual Design Report of the ESS upgrade is
expected delivered in September 2023

Complementarity with what is currently available at ESS

HighNESS is funded by the European Union Framework Programme for
Research and Innovation Horizon 2020, under grant agreement 951782




Highﬁess @
HIQhNESS aims at complementing the ESS
current moderator in two different aspects

: : B3 HighNESS is funded by the European Union Framework Programme for
WS Research and Innovation Horizon 2020, under grant agreement 951782



HighNess HighNESS Moderators design

Goal of the project is to design three sources cold

very cold

ultracold

Ll

COLD - CN
H ‘ VCN extraction from main :
Dedicated VCN
WS QOOERRNON  Soyrce using advanced converter
reflectors
ULTRA COLD - UCN In beam UCN In pile UCN

HighNESS is funded by the European Union Framework Programme for
Research and Innovation Horizon 2020, under grant agreement 951782




Highﬁess UCN sources design at the ESS as a part @
of the HIghNESS project : possible &
locations currently under study at ESS

Proton Beam

Bunker wall Instrumentation Plug_ Moderator Twister

Target Wheel

Proton Beam Pipe

Large Beam Port |

standard beamport

HighNESS is funded by the European Union Framework Programme for

Research and Innovation Horizon 2020, und&tigraht agreemehtrgs 078z R v R
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The Large Beam port could offers 2 extremely

promising UCN design: design 2
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In-beam solution with superfluid He converter and advanced
optics system outside the large beamport (concept O. Zimmer)

Neutronic study in progress

* Need a neutron delivery system with high brilliance

solution

PRESENE@E'QWEB%&GWE&E ROYAL SWEDISH ACADEMY OF SCIENCES' PHYSICS CLASS

transfer from moderator to UCN source, with largest
technically possible solid angle

« Neutron imaging from the moderator to the UCN source via
nested mirrors has been identified as a particularly efficient

13



HighNess Questions?

HighNESS is funded by the European Union Framework Programme for
Research and Innovation Horizon 2020, under grant agreement 951782
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Deformation energy (MeV)

Al

21

3L

pl(c1)

@ |

() ]

6 -3 0 3 6 9

9 6 -3 0 3 6

Mass quadrupole moment Q20 (b)

0.175

0.150

0.125

0.100

0.075

0.050

0.025

0.000

2D panel:
e Toys
¢ MCMC

1D panels:
s Toys
s MCMC
— Marg.
=== Prof

-2

T T
0.00 0.05 0.10 0.15

pl(c2)

(a) =1 @&
ODT

1035.8 nm

Probe: 556 nm
Polarization: 399 nm
Control: 423 nm

(b) -
658538, lc) — |c;3/2,mp)
. g I./2r = Q. } I
656p P S| 1.7MHz
¥ — = le:3/2,mp)
6s6p P — le) o r
E relfzﬂ' = Qp ‘
[399/2m = 2| 182kHz _» ¥ .
28 MHz n ; 1 1 ; lg:1/2,mp)
65 'Sy — g 3 T3 T3 *3
x10-26

dy,1=(-0.09 +1.03) x 10~ z5ecm
Rx 1 =3.8424546(34)
(z) = —0.39(3) cm (fixed)
X2/Ndof=106.1/ 97

60

404

ds°" (e cm)
N
o o

|
N
o

L

—404

—604

24
1
04

-1

—24

3.84245 3.84247 3.84249

RCOI’I’

3.84241 3.84243 3.84251

0.005
¥ My, ML model prediction
% M, Direct calculation
¥ Ms, ML model prediction
0.004 1 % M. Lischer, JHEP 04 (2013) 123
= 0.003 4 My = 699MeV
A
= .q’.
I %
y 0.002 - a-s *.,
oo, . My = 409.7MeV my = 203MeV
- 0.'
o,
0.001 - * h
. w*
. *
* *
0.000 - . ‘ - . ‘ -
0 1 2 3 4 5 6 7 8
t/a?
Correction to rotational constant
104 N
]
— 138R 19
! Ba*°F
103 Fo(ThF*)~1,98 A1 e 232THI9F +
E| 1
— P
s .
I
= i P
Q 1021 i P
| ! | Irg(BaF)~2.16 A
Q0 i i
Q I 1
: 1
101 4 i i
1
Ire(H;)~0.741 A !
1 1 1
1 1 1
i P
1004 1+ . (- . .

0.5 1.0 1.5 2.0 2.5 3.0

e (A)



Next Steps & Concluding Remarks

Skyler Degenkolb (degenkolb@physi.uni-heidelberg.de)
Low-Energy Precision Physics
Physikalisches Institut, Universitat Heidelberg

ECT* Trento, 4 March 2024


mailto:degenkolb@physi.uni-heidelberg.de

Some Remarks

Skyler Degenkolb (degenkolb@physi.uni-heidelberg.de)
Low-Energy Precision Physics
Physikalisches Institut, Universitat Heidelberg

ECT* Trento, 4 March 2024


mailto:degenkolb@physi.uni-heidelberg.de

Next Steps

* Indico survey! (Please fill out...)



Next Steps

* Indico survey! (Please fill out...)

* Mailing list: enedmr@lists.psi.ch

* Announce workshops/conferences,
training/schools...

* Job openings
* Requests and opportunities for collaboration
* Sharing latest progress and new results


mailto:enedmr@lists.psi.ch

Next Steps

* Indico survey! (Please fill out...)

* Mailing list: enedmr@lists.psi.ch

* Announce workshops/conferences,
training/schools...

* Job openings
* Requests and opportunities for collaboration
* Sharing latest progress and new results

* Webpage: soon!


mailto:enedmr@lists.psi.ch

Next Steps

* Indico survey! (Please fill out...)

* Mailing list: enedmr@lists.psi.ch

* Announce workshops/conferences,
training/schools...

* Job openings
* Requests and opportunities for collaboration
* Sharing latest progress and new results

* Webpage: soon!

* Summer and winter training schools


mailto:enedmr@lists.psi.ch

Next Steps

* Indico survey! (Please fill out...)

* Mailing list: enedmr@lists.psi.ch

* Announce workshops/conferences,
training/schools...

* Job openings
* Requests and opportunities for collaboration
* Sharing latest progress and new results

* Webpage: soon!
* Summer and winter training schools
* MSCA network application


mailto:enedmr@lists.psi.ch

Next Steps

* Indico survey! (Please fill out...)

* Mailing list: enedmr@lists.psi.ch

* Announce workshops/conferences,
training/schools...

* Job openings
* Requests and opportunities for collaboration
* Sharing latest progress and new results

* Webpage: soon!
* Summer and winter training schools
* MSCA network application



mailto:enedmr@lists.psi.ch

Thanks and Acknowledgements

* Jordy, Guillaume, Philipp, and Robert ...and Bira

Fad




Thanks and Acknowledgements

Funding:

ECT™

EUROPEAN CENTRE
FOR THEORETICAL STUDIES
IN NUCLEAR PHYSICS AND RELATED AREAS

E C FONDAZIC
BRUNO

e Eurolabs EUR®-LABS

EUROPEAN LABORATORIES
FOR ACCELERATOR
BASED SCIENCES

* EUSTIPEN

Theory

FRIB AII|once



Thanks and Acknowledgements

Most Importantly:

thanks Ines and Susan!



	Slide 1: Scientific Conclusions and Closing Remarks
	Slide 2: Scientific Conclusions and Closing Remarks
	Slide 3: Scientific Conclusions and Closing Remarks
	Slide 4: nEDM@SNS   (ESS?)
	Slide 5: Relocating the nEDM Experiment to ESS is under discussion
	Slide 6: Ultracold neutron source in the HighNESS project
	Slide 7
	Slide 8
	Slide 9: HighNESS aims at complementing the ESS current moderator in two different aspects
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 15
	Slide 16: Next Steps & Concluding Remarks
	Slide 17: Reminder
	Slide 18: Next Steps & Concluding Remarks
	Slide 19: Some Remarks
	Slide 20: Next Steps
	Slide 21: Next Steps
	Slide 22: Next Steps
	Slide 23: Next Steps
	Slide 24: Next Steps
	Slide 25: Next Steps
	Slide 26: Thanks and Acknowledgements
	Slide 27: Thanks and Acknowledgements
	Slide 28: Thanks and Acknowledgements

