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Instrument to measure the Electric Dipole Moment of
the neutron using a superthermal UCN source
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Hanami in ueno Park, Tokyo, Sunday 4 April 2010

Saakuuuura Saakuuuura! "

140 000 flowering cherry trees in Tokyo

L 34 000 000 Tokyonians
1 flowering cherry tree per 245 Tokyonians :
‘o 350 000 blossoms per tree (average) !
49 000 000 000 blossoms in total
| 1 441 blossoms per Tokyonian
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NEDM: why

neutron electric dipole moment: d,

d,* 0P PandT violation

P. Geltenbort (M. van der Grinten)
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NEDM: why

P. Geltenbort (M. van der Grinten)

Baryon asymmetry:

Big Bang should have produced equal
guantities of matter and anti-matter.

Thisis not what we observe in our
Universe

CP violation required for this asymmetry...

CP violation present in Standard Model but:

The CP violation in the Standard Model is too small by many
orders of magnitude to explain the observed matter-anti-matter
asymmetry of the Universe

There must be CP violations in laws of physics we don’t know
yet!

We have to keep looking...

UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010




NEDM: experiment vstheory

Experiment Theory
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NEDM : measurement principle

Experiments:

Measurement of Larmor precession
frequency of polarised neutronsin a R
magnetic & electric field

Compare the precession frequency for paralld fields:

Ramsey Resonance Curve
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a: polarisation product
E: electric field

T: observation time

N: number of neutrons
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s (d,) =

n.. = DE._/h=[-2B,m, - 2Ed ]/h

to the precession frequency for anti-parallel fields

n.- = DE.-/h = [-2B,m, + 2Ed.]/h

The differenceis proportional to d_ and E:

h(n.. -n.-) = 4Ed,
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Ultra-cold neutronsfor nEDM: ILL

(user facility)

P. Geltenbort (M. van der Grinten)

e PF2 UCN source

» superthermal UCN source

—
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NEDM past room temperatur e experiment

ran on PF2 UCN sourceat ILL
Hg co-magnetometer
4-layer mu-metal shields

P. Geltenbort (M. van der Grinten)
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NEDM past room temperatur e experiment

neutron EDM[L0™* e cm

ran on PF2 UCN sourceat ILL
Hg co-magnetometer
4-layer mu-metal shields
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CryoEDM : optimising sensitivity further

h

2ETP* VN
Q superthermal UCN source
higher electric fieldsin IHe

S (dn) -

whole experiment in superfluid Heat 0.5 K
 production of UCN
—e storage & Larmor precession of UCN
* magnetometry
o detection of UCN
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CryoEDM
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Shields & Ramsey cells:
coupled to UCN source wavelength [A]
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CryoEDM: primary beam polarisation

nY-A T
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“Monochromating” polariser on primary cold beam (Ken Andersen)
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CryoEDM: in situ UCN detection

H
surface barrier detector : a
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CryoEDM: storage chambers Be/BeCu underway
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CryoEDM: cool-downs

|

o 2501 of pure superfluid at 0.65 K

: —— Nov08 ]
) : —— March08 )
e cool-down times ~25 days, then < 200- ]
superleak filling o ;
> -
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CryoEDM: how are we doing, essential parameters

Experiment constructed and
commissioning:
cryogenic performance:

« 250 | isotopically pure “He produced and kept
at 0.65K

* entire apparatus (~800 | liquid helium) being
run cold for sustained periods

neutron parameters:

e UCN produced in high densities

» UCN transportation parameters between
source and storage cells and storage cells and
detectors good

» UCN polarisation good and polarisation
holding times high

electric fields:

* high electric fields demonstrated
In IHe - separate test

* non-magnetic superfluid HT
feed-through operational though
tested to ~30kV so far.

magnetic field:

* homogeneity in storage region
sufficient for EDM measurement
 rebuilding storage chambers:
Be/BeO/BeCu structure
 shielding operational, further
Improvements on the way

take data with new storage chambers Autumn10,
increase sensitivity to ~10%7 exxm at H53 in first instance (2010 — 2012)

P. Geltenbort (M. van der Grinten)
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H17-2 beamline:

A factor of 20 higher cold flux incident on
monochromator

Magnetic environment of acceptable level

Configuration of set-up ongoing

am year of move in 2013/14 (during reactor closure)

exploit apparatus to design sensitivity of 1028 exxm

P. Geltenbort (M. van der Grinten) UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010
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P. Geltenbort (M. van der Grinten)

CryoEDM

* been constructed and now commissioning/
start of exploitation

me still requirestuning to deliver

a competitive EDM measurement

§ On H53 beam: sensitivity ~ 1027 e cm
= 2010 - 2012
#/—-0n new beam: sengitivity ~ 1028 ecm
2013 — 2015

an EDM discovery in thisregion ?

UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010
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NEDM projectsworked on elsewhere

| Russan EDM \
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PNPI — St Petersburg ILL-level D
liquid D, UCN sour ce PF2 UCN source
e double storage cell e double storage cell
e 3 cesium magnetometers e 8cesum magnetometers
* 4-layer mu-metal magnetic screen * 4-layer mu-metal magnetic screen
ultimate sensitivity of 10> e cm 1996 \ possibleto aim for 102 ecm
In a couple of yearsrunning
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2 ExXperiments

e—LangeVin in Grenoble, France

Peter Geltenbort

thanks to

L. Bondarenko, A. Harrison, K. Leung, (M. van der Grinten), A. Serebrov, A. Steyerl, and O. Zimmer
for using some of their beautiful slides
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,ﬁmﬂ The changing: faciliti gsirar_jjgscape

FOR SCIENCE

But we're not doing this in isolation...
Although ILL is THE leader in its field for almost 40 years now
and tries to keep its lead further

P. Geltenbort (A. Harrison) UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010 21
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17/ The changing: facilities: landscape
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NCNR Gaithersburg, MD

.. and UCN at
Mainz, psi, (Tum), (PNPI)

RCNP, (3-pARC)
# L_LANL, NIST, (ncsu, SNS), (TRIUMF)
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s UCN productlon In He- II at a cold neutron beam

NEUTRONS T ST <t "Naaay
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R. Golub, J.M. Pendlebury, PL 53A (1975) 133
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A | mplementation of 2 He-11 UCN sources at H172
S S A L .

Two secondary 0.89 nm beams at H172:

* Bragg reflection from stage-1 /-11 intercalated graphite
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#ll  Prototype converter to be |
FOR SOINCE BT A R "=

accumulated in superfluid helium

COOLING HEAD
(1.5W @ 4K)

REFRIGERATOR
VESSEL

First successfull extraction of UCN

O. Zimmer et al., Phys. Rev. Lett. 99 (2007) 104801

mplemented at H172a

=

I L I
He-4 e CONTROL of UCN . 800 ] T - 082 K
JOULE-THOMSON [ B lr—" VALVE ; .I_-C‘_E
STAGE EXTRACTION i
TUBE
He-3
JOULE-THOMSUN
STAGE 4
al —~
' 7, 600+
COLD NEUTRON : N—’
ENTRANCE ® i
'}
(]
—
o
c
>
o
(&)
5
)

HEAT
EXCHANGER

P. Geltenbort (O. Zimmer) UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010

300
time (s)

400

500

600

25



Neutron lifetime: world average and new result

Lifetime 1[s]

Method

Ref./Year

878.5+0.8

stat—

878.5 + 0.7,,,£0.3 ¢

Storage of ultra-cold neutrons

Serebrov et al. 2005
PLB 605(2005)72

886.8 + 3.42

Neutron beam experiment

M.S. Dewey et al. 2003

885.4 £ 0.95

stat—

885.4 + 0.9,,,+0.4

Storage of ultra-cold neutrons

S. Arzumanov et al. 2000
PLB 483(2000)15

889.2+4.8

Neutron beam experiment

J. Byrne et al. 1995

882.6 £ 2.7

Storage of ultra-cold neutrons

W. Mampe et al. 1993

888.4+31+11

Storage of ultra-cold neutrons

V. Nesvizhevski et al. 1992

878+ 27+ 14 Neutron beam experiment R. Kosakowski 1989

887.6 + 3.0 Storage of ultra-cold neutrons |[W. Mampe et al. 1989
877+ 10 Storage of ultra-cold neutrons |W. Paul et al. 1989

876+ 10+ 19 Neutron beam experiment J. Last et al. 1988

891+9 Neutron beam experiment P. Spivac et al. 1988
872+8 Storage of ultra-cold neutrons [A. Serebrov et al. 1987
87017 Neutron beam experiment M. Arnold et al. 1987

903 + 13 Storage of ultra-cold neutrons |Y.Y. Kosvintsev et al. 1986
875+ 95 Storage of ultra-cold neutrons |Y.Y. Kosvintsev et al. 1980
937 + 18 Neutron beam experiment J. Byrne et al. 1980
881+8 Neutron beam experiment L. Bondarenko et al. 1978
918+ 14 Neutron beam experiment C.J. Christensen et al. 1972
885.7+0.8 world average 2004 PDG 2004

P. Geltenbort (A. Serebrov)
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Proton counting experiments at KI in Moscow

— e — —

First version in 1958: T, = 1013 (26) s

= 1978 result: T, = 877 (11) s

In 1980 Byrne et al. found
T, = 937 (18) s [withdrawn in the

T n
— 7o
| = = 5 a,
gl ni | ! In 1988 slightly revised: T, = 891 (9) s
+25 kv ; %J;? )
—

e

+ 25 Wve1¥ - Mﬂ?&
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Figure 8. The IAE ncutron lifetime experiment counting decay protons 13, 20, 1,
neutron Beam;, 2, vacuum chamber; 3, monitor chamber (g, and g, are 23y layers); 4,
channel for passage of cxiracted neatron beam o a rap and o 4 vacuam post: 5,
clecirodes; 6, ceramic inswlators; [y, [y, diasphrogms; 7, aluminium-foil rings; &,
clectrostatic filter grids: 9. hermsphencal grid; 10, detector wacuam chamber; 11,
detector gas-hlled wolume; 12, detector comprising o proportional counter with a drift
grd; 13, film-covered detector port; 14, valve separating the volumes of chambers 2 and
10

meantime]. They concluded in a
Letter to Nature 310, 212
(1984)

“.. a third direct measurement
has given the value T, = 877
(11) s, which is totally at
variance with all other evidence.
We suggest here that ... exclude
values of T, outside the range
911 (10) ..



NEUTRONS S

FOR:SCIENCE

. Pichlmaier (now at TUEV)
PhD thesis, unpublished

TUM/ILL/PNPI collaboration

numerous experimental
parameters checked!

Preliminary result

T, = (881 +3) s
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Collaboration is working on a
paper on this result!

UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010




Presented method consists of

storage of ultracold neutrons (UCN) with

concurrent monitoring of UCN looses by
registration of inelastic scattered neutrons,

has guarantee of storage of weak heated

UCN (the stored UCN spectrum is lower than E;,.: E,...,

£ 0.5E;, and main part of weakly heated neutrons has
Ewh £2 Emax)

storage under low temperature T=-40°C
that allows achieve h @4-6" 10°

ort (L.N. Bondarenko) UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010
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Experimental installation has

e detector to register amount of stored UCN
(18),

» 26 thermal neutron counters to measure
flux of up-scattered neutrons (7),

e cooling system that allows to support the
temperature of storage vessel in the range --
-50+25°C with precision of +0.5°C (10),

» two separated vacuum systems (9,16),

» device to operate with absorber (6),
 neutron guides with a set of UCN shutters
(3,15,17),

Inner surface of storage vessel and
additional surface will be coated by thin
layer of fluorine polymer YL VAC18/8.

At temperature -40°C the polymer layer remains entire, parameter h is
about 5-8 10° and weak heating is lower than 2° 10° per one collision.

P. Geltenbort (L.N. Bondarenko)
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Cg‘f?t rate, 35s sum Counts time distribution for experiment configuration no.2.
UpScat-detector
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Correction

Standard

Ty [s] | Correction values [s]| deviation [s]

Uncorrected value (at room temperature) 885.69 +2.02
UCN c/rate loss -11+ 0.2
Emptying correction -3.0+£0.3
Up-scattered neutron detector 0+ 08
efficiency (calculations)
Residual gas influence on A, -0.1+ 0.3
UCN leakage under the input valve of <003
storage vessel

Total -420+0.23

preliminary neutron lifetime
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K. Leung, K. Fraval, O. Roberts, O. Zimmer
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Figure I: Schematic of experimental setup. See text for more details. Double-ended arrows (<) indicate
mavihle plugs or valves. Fomblin grease was used on the inside of the Richardson bottle as well but is not
shiwm,
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mabmnd oormars: | Jil
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Figure 3: Changes in the storage time of the magnetic trap with different bias solenoid current.  Saturation
|

occurs ataround 3.0 =35 A, The red line, a fit with the analytic function [1 /7y + 1 /(= Ig}*}| 7", is there
for visual purposes only,
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P. Geltenbort (K. Leung)

photomultipliers \A\>

4 «—— light guide

scintillator

superconducting

superconducting bias field coil

coils

NdFeB octupole
magnet assembly

3
v He UCN detector

A5

UCN source
4

# trap access
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An ‘accordion-like’ UCN storage system

A. Steyerl, A. Desai, S.S. Malik, B. Yerozilimski, W. Furman,V. Shvetsov, A. Strelkov, N. Achiwa, P.G.

Tnin = 26 cm
M Q a [a 0 0 8] [ 0

He (1~2 mbar)

I 506 mim

Dia 486 mm
Length 250 mm

— //_e| Dia. 100 mm

‘ o Imax5125 CITl i
@ LM o - ]
——— ] fi [ : ] T3 L L L] L] L] 9]

Features. (a) Use abelowswith horizontal axis.
(b) VolumeV variable within alarge factor of ~10.
(c) Surface area and its distribution over height are constant.
(d) Timesfor loading, holding, emptying are scaled ~ V
P Spectral development isthe same for different V
(e) Provide up-down symmetry and ensure that all UCN have
enough energy to reach roof P cut spectrum from below

P. Geltenbort (A. Steyerl) UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010
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“Lifetime Conclusion” of
Boris Yerozolimsky:

“If you try to improve the t -value to the level ~10-3 or
better
you will run against a brick wall of exponentially growing
problems.”

P. Geltenbort (A. Steyerl) UCN2010 workshop, RCNP Osaka, Japan, 8 - 9 April 2010
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Thank you for your attention ...
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