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“All nNEDM experiments are equal,
but some nEDM experiments are less equal than
others.”

George-Orwel 1945

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 1/32



Introduction BeamEDM Idea Experiment Concept Challenges Results
0@®00 [e]e]e] 0000 00000000 ub

History B

wanes GUTENBERG
UNIVERSITAT iz

10 ° .
100
'E‘ eo
o 1022 o
= o
E 1024 ¢ o ©
= ° oo o
w 1026 -
5 N
S
3 105 Neutron Slttorabllz \Beyond
=z Beams raco SM
10% | Neutrons \
SM
pel—0w ..
1950 1970 1990 2010
Year of experiment

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 2/32



. Introduction
000
sonannes GUTENBERG
UNIVERSITAT Mainz

BeamEDM Idea Experiment Concept Challenges Results
[e]e]e] 0000 00000000 ub

1977 .

POLISHED
RON

I P
MIRRORS —

RF COIL—

\ MIRROR

/
INSULATOR

NEUTRON GUIDE TUSE « E =80-130kV/icm (1.8 m,gap=1cm)
* B . ermanent m:
Neaon SPIN POLARIZER- DOUBLE MAGNETIC o (P
IRON MAGNETIC - ;*givtgngEM:;chLozvs-mm * Swil HV polarity every 200 s

* Invert flight direction every other day

- ELECTRIC—
FIELD SOURCE

r _~ ELECTROSTATIC
7" PLATES

SPIN ANALYZER-
/ IRON MAGNE TIC
MIRROR

o
CETE)

0 80
VeLociTY (m/s)

RF COIL
*DETECTOR

(2 EACH strx

ROTATING TURNTABLE

Dress et al., PRD 15, 9 (1977)

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 3/32



Introduction BeamEDM Idea Experiment Concept Challenges Results
oooe [e]e]e] 0000 00000000 u

Why switch to UCN? —

JGlu b

wes GUTENBERG
UNIVERSITAT MR

<!
X
my

C2
J
daise & 1072%ecm - sina

forv=100ms—1

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 4732



Introduction BeamEDM Idea Experiment Concept Challenges Results
0000 000 0000 00000000 u

Time Dependence e

JGlu

wes GUTENBERG
UNIVERSITAT MAX

v
Aw o< dnE + nE— sin(a)
= ¢ L
AQ = AWT < dnET + lJnE—2 sin(a)
c

with T the interaction time and L the length of the experiment.
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Time Dependence e
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European Spallation Source ESS e

154 x10™®

ESS 5 MW
2015 design

Brightness (n/fcm?/s/sr/A)

Possibilities of pulse shaping

ESS 5 MW
2013 design (TDR)

ESS 2 MW
2015 design

4 time (ms)

https://europeanspallationsource.se
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nEDM at ESS? B

distance ~ 140 ms avoid frame
overlap !
(©) Lio=75 m 1
(b)
(@)
0m
= .
(a) Beam extraction & preparation (14Hz)"=70 ms ;nkc:P E\IIery
(b) Ramsey precession region (L ~ 50 m) pulse

(c) Spin analysis & detector
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Experimental Concept e
e Use neutron source’s intrinsic pulses
e Fixed installation
e Lenght: 50 m
e &> 100MHz
.
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More Realistic Concept e

Phase | Phase Il

e Existing DC sources e Use neutron source’s

+ chopper intrinsic pulses

e Mobile + Beamtimes e Fixed installation

e Lenght: 5m e Lenght: 50m

o &> 1MHz o &> 100MHz

° ... ° ...

e Proof of Concept e Pushing the Limit
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* Realistic proof-of-principle experiment
at PF1b/ILL with a velocity selector

** Baker et al., PRL 97 (2006) 131801
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B, =200 uT

L =5m (proof-of-prin.)
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e 5milong ...

Support Structure

Flight Tubes

Electrodes

Bo-Coil

Field Trim Coils

Active Field Stabilization

e Mobility
e Weight
e Lab Doors
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Reality
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Spin Analysis

e Spinfilter + Monitor Detector
¢ Intensity Reduction (Monitor Statistics)
e Polarizing Mirror:
e 2 beams x 2 polarizations = 4 beam spots

Results
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Detector View —
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Cascade view:

0 5000 10000 15000 20000

Beams nicely separated by one row of pixels (6.25 mm).
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Neutron Detector e
Requirements:
e High Rate ( > 1 MHz ) Capability
e Large Area ( 100x100 mm? )
¢ Pixelated
e High Efficiency
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Neutron Detector

Requirements:
e High Rate ( > 1 MHz ) Capability
e Large Area ( 100x100 mm?)
e Pixelated
e High Efficiency
e Availability: Yesterday
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Neutron Detector

Requirements:

e High Rate ( > 1 MHz ) Capability
Large Area ( 100x100 mm?)
Pixelated
High Efficiency
Availability: Yesterday

Commercially Available: CDT Cascade Detector
e Up to 10 MHz (GEM Technology)
e 100x100 mm?
e 16x16 Pixels (Can be Arbitrarily Distributed)
e ~ 359% Efficiency at 5A (5 1°B layers)
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High Voltage

e Electrodes

Material

Coating

Contacts

Under Investigation

" Electrode distance: 10 mm
Electrode length: 400 mm
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Beamtime at PSI Aug/Sep 2017 —
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Neutron Rate m—

Conditions:
e Proton Beam on SINQ Target: 1 mA
e No Electrodes (No Guiding of Neutrons)
e Suboptimal Chopper
e 3mm wide Beam for Spin Analysis )

Chopper + Spin Analysis: > 100Hz
Spin Analysis: 40 kHz
Open Beam 2.8 MHz

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 21/32



Introduction BeamEDM Idea Experiment Concept Challenges Results
0000 [e]e]e] 0000 00000000 u

Phase Ramsey ——

JGlu b

onannes GUTENBERG
UNIVERSITAT Mz

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 22 /32



Introduction BeamEDM Idea Experiment Concept Challenges Results

JG‘U 0000 [e]e]e] 0000 00000000 b
o VE RN AT o u
Phase Ramsey —
75uT
50000 ‘ ‘ | |
Spot 1
45000 |- Spot 2 —— |
Spot 3
40000 - Spot 4 -
9
S 35000 | /////////\\\\\\\\\\\ |
(o]
]
- 30000
o
S 25000 -
=2
20000 -
15000 -
10000 ! ! w . ‘ ‘
0 50 100 150 200 250 300 350

Relative Phase (deg)

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 22 /32



Introduction

JG‘U 0000

onannes GUTENBERG
UNIVERSITAT MR

50000

BeamEDM Idea Experiment Concept Challenges Results

45000 -

40000 -

35000 -

30000 -

25000 -

Neutron Counts

20000 -

15000 ~

10000

000 0000 00000000 b
u
Phase Ramsey —
76uT
T T T T
Spot 1
Spot 2 ——
Spot 3
Spot 4 -

50 100 150 200 250 300 350
Relative Phase (deg)

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 23/32



Introduction

JG‘U 0000

onannes GUTENBERG
UNIVERSITAT MR

50000

BeamEDM Idea Experiment Concept Challenges Results
[e]e]e] 0000 00000000 u

Phase Ramsey ——
77uT

45000 -
40000 -
35000 -
30000 -
25000 -
20000 -

Neutron Counts

15000 ~
10000 ~
5000

I
Spot 1

50 100 150 200 250 300 350
Relative Phase (deg)

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 24 /32



JGlu

wes GUTENBERG
UNIVERSITAT MR

Neutron Counts

Dieter Ries

Introduction BeamEDM Idea Experiment Concept Challenges Results

0000 [e]e]e] 0000 00000000 b
u
Phase Ramsey e
78uT
55000 T \ \ \
Spot 1
50000 |- Spot 2 .
45000 |- Spot 3 8
Spot 4
40000 - T
35000 - X
30000 -
25000 -
20000 -
15000 +
10000 +~
5000 | | | | | |
0 50 100 150 200 250 300 350

Relative Phase (deg)

(JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 25/32



Introduction BeamEDM Idea Experiment Concept Challenges Results
0000 [e]e]e] 0000 00000000 u

Phase Ramsey ——
79uT

JGlu

onannes GUTENBERG
UNIVERSITAT MR

50000
45000 -

40000 |-
35000 f\\\\ e
30000 |

25000 -
20000 -

Neutron Counts

15000 ~

10000 ~

5000 \ \ \ \ \ \
0 50 100 150 200 250 300 350

Relative Phase (deg)

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 26/32



Introduction

JG‘U 0000

onannes GUTENBERG
UNIVERSITAT MR

50000

BeamEDM Idea Experiment Concept Challenges Results
[e]e]e] 0000 00000000 u

Phase Ramsey ——
80uT

45000 -
40000
35000
30000
25000
20000
15000
10000
5000

Neutron Counts

I
Spot 1
Spot 2

50 100 150 200 250 300 350
Relative Phase (deg)

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 27 /32



15lu Introduction BeamEDM Idea Experiment Concept Challenges Results
0000 [e]e]e] 0000 00000000 ub

wes GUTENBERG
UNIVERSITAT

Summary —

v x E Killed Beam nEDM Experiments
TOF nEDM Experiment Immune to v x E

Intense Pulsed Neutron Sources Upcoming
Proof of Concept effort @unibe since 1 year:

Mechanical Concept: v

Neutron Detector: v

Magnetic Field Stabilization: (v)
Time of Flight: (v)

High Voltage & Eletrodes: TBD

First Beamtime at PSl in September 2017: v
Upcoming Beamtimes at PSI and ILL (PF1b)

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 28/32



JGlu
0000 [e]e]e] 0000
onannes GUTENBERG

UNIVERSITAT Mainz

Introduction BeamEDM Idea Experiment Concept Challenges Results

00000000

Acknowledgements

b

u

b
UNIVERSITAT
BERN

ENSNF

FONDS NATIONAL SUISSE
SCHWEIZERISCHER NATIONALFONDS
FONDO NAZIONALE SVIZZERO

Swiss NATIONAL SCIENCE FOUNDATION

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017

LABORATORIM FUR HOCHENERGIEPHYSIK

LHEP

UNIVERSITAT BERN

European Research Council

October 17, 2017

b
u

UNIVERSITAT

29/32



Introduction BeamEDM Idea Experiment Concept Challenges Results b

0000 [e]e]e] 0000 00000000 u

The Team | B

wnes GUTENBERG
UNIVERSITAT vtz

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 30/32



Introduction BeamEDM Idea Experiment Concept Challenges Results b

0000 [e]e]e] 0000 00000000 u

The Team | B

wnes GUTENBERG
UNIVERSITAT vtz

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 31/32



Introduction BeamEDM Idea Experiment Concept Challenges Results

G|U
J! ‘ 0000 [e]e]e] 0000 00000000 u

b

nannes GUTENBERG
UNIVERSITAT MAX

UNIVERSITAT

Thank you for your attention!
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2h

UBeam(dn) x fTTE—1/N

n: Visibility of Ramsey Patterrn
T: Interation Time

E: Electric Field

N: Neutron Counts
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Neutron Wavelength Spectrum @ BOA &
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