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min but talked 50 min

(ILL) 10 min

P. Geltenbort (ILL) 30 min are allocated

IME Is already OVER!

Thank you,

merci beaucoup et
besten Dank

for your attention!
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t from 1991 - 94

nium Programme
ust on the way

“earthquake” refit from 2003 - 05

ates : France, Germany, United Kingdom
tific Member Countries : AU, CZ, I, RU, E, CH

ds of research In 2003

tate physics, material science, over 2000 visiting scientists

emistry, bio- and earth sciences,
engineering, a total of 750 experiments
nuclear and particle (fundamental) physics at some 40 instruments
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FEOR: SCIENCE

The Nuclear and Partlcle PhyS|cs grp (NPP)

Nuclear physics Particle physics
PN1 (LOHENGRIN) PF1B (former PF1)
Recoil mass spectrometer for fission fragments Facility for cold neutrons cryoEDM experiment
PN3 (GAMS) PF2 S18 - perfect crystal
Ultra-high resolution gamma ray spectrometer Facility for ultracold and very cold neutrons| ineutron interferometer

Guide hall 2 (ILL 22) e —
[0 Diffraction group

=1 Large-scale structura group
Reactorpall | @pr2 T Time-of fighthigh-resolution group
C Nuclear and particle physics group
[ Test and other beam positions

Guide hall 1 (ILL 7)

— ILL instruments filled in : operational © Reactor core
— jointly funded instruments < open : commissioning or ~&—Hol neutrons
— CRG instruments . under construction ——Thermal neulrons
Reactor hall Test and other beam positions =&=Cold neutrons
Lavel C
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7 Nuclear and particle physics.at ILL

MEUTROMNS
FOR SCIENCE

nuclear physics and applied nuclear physics

PN1 - Lohengrin : fission fragment spectrometer

PN3 - GAMS : high resolution gamma ray facility

P. Geltenbort (C. Vettier) Workshop " Physics with Spallation UCN" RCNP Osaka, 17-18 March 2005




7 Nuclear and particle physics at ILL

MEUTROMNS
FOR SCIENCE

S18 - CRG instrument

Interferometer for basic neutron quantum optics

neutron scattering lengths

CryoEDM - CRG instrument

P. Geltenbort (C. Vettier) Workshop " Physics with Spallation UCN" RCNP Osaka, 17-18 March 2005
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sources at ILL

ain reaction): 23%U(n,,,f) & fission neutrons
Moderator: D,0 at 300K & thermal neutrons
Hot source: 10 dm3 of graphite at 2400 K

Cold source (horizontal): 6 dm3 of liquid D, at 25 K
Cold source (vertical): 20 dm3 of liquid D, at 25 K

Ultracold Cold Reactor
Neutrons Neutrons Neutrons

| V- .
‘,b e e R It A 1 08101 _______ 1 03 _________________________

\"""H Velocity (m/s) 5 800 2200
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on with matter:
Fermi-Potential E.

-7 eV for many materials, e.g.

- beryllium 252 neV
- stainless steel 200 neV

UCN are furthermore storable by
gravity and/or magnetic fields

and observation

sible (up to several minutes)! Fermi potential ~10-7 eV
. Gravity ~ 107 eV / Meter
Jn precision measurements of
: AE=m_ g Ah
e properties of the free neutron —— -
fetime, electric dipole moment, gravitational levels, ..) | Magnetic field ~ 10" eV / Tesla
AE= 1. B
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VWeak Interaction theory Neutrino induced reactions:

Neutrino physics =—=——> N +p® m +n

osmology Neutrino detectors:

ﬂ p+n,+n® n+e’
Solar pp-process:
p+p® d+e++ne S UQ, l
TELLT Big bang: S U 1

t

n

Primordial elements’ abundances

Nt input parameter Necessary to understand Necessary to calibrate
for tests of the matter abundance in the Neutrino Detectors
Standard Model Universe and to predict

of the weak interaction event rates
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Neutron lifetime experiment with
gravitational trap and with low
temperature fomblin (LTF) coati

A.Serebrov 13, V.Varlamov 1, A.Khari
Y u.Pokotilovskii 2, P.Geltenbort 4,
| . Krasnoschekoval, M.L asako
R.Taldaev !, A.Vassljev !,

! Peter sburg Nucl
2 Joint Institute
3 Paul Scher

P. Gelten



Method of n-lifetime measurement

Total probability of UCN losses:
Itot :| n-l-I wall +I
| e © O (discussed later)

probability of losses in trap

walls: |, =hg

other

__Im(v,)

Re(VF)
g - loss weighted
frequenc

- wall loss ¢



Scheme of “Gravitrap”,
the gravitational UCN storage syst

1 — neutron gui




Setup for the measurement
of n-lifetime at ILL Wl T
(Grenoble, France)

i S E—
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Time diagram of measuring cycle
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Final result and list of systematic
corrections and uncertainties

Size extrapolation Value,s | Uncertainty, s
n-lifetime 878,07 0,73

Systematic effect Value,s | Uncertainty, s
Method of g values calculation 0 0,236
Influence of mu-function shape 0 0,144
Spectrum uncertainties 0 0,104
Uncertainties of traps sizes(1mm) 0 0,058
Influence of the residual gas 0,40 0,024
Uncertainty of LTF critical energy (20 neV) 0 0,004
Total systematic effect 0,30

t [s] =878.5+0.7,,. +0.3

stat syst

P. Geltenbort (V. Varlamov)  Workshop " Physics wi



Test of Standard Model

0.980

0.979

Neutron lifetime,
"Gravitrap" result

0.978

Neutron beta-decay
("Gravitrap" result
of n-lifetime)

0.977 &

Standard Model &
higher quark generation decays
Nuclear beta-decay

0.972 Neutron beta-decay
{world average n-lifetime)

0.976
0.975

0.974
Vud

0.973

0.971
0.970

Neutron Neutron
beta-asymmetry, lifetime,
Perkeo result world average

T I N 1, L
1.266 1.268 1.27/0 1.272 1.274 1.2/6 1.278 1.280 1.282

0.969

0.968




NEUTRON LIFETIME EXPERIMENT BASED ON AN “ACCORDION-LIKE" UCN
STORAGE VOLUME COATED WITH ‘LOW TEMPERATURE FOMBLIN"

B. YEI‘DZDHIHSR}TI. A. Steyerl’, 0. Kwon®, V. Luschikov’, E. chhaﬁgins__ A. Muzychka®, A.
3 . 4 5 . B . . -
Strelkov’, P. Geltenbort®, N. Achiwa’. A. Pichlmaier®, P. Fierlinger

f Harvard Umiversity, Cambridge, MA, USA; 2Univre‘r::.itj.-' of Rhode Island, Kingston, RI, USA;
“ Joint Institute for Nuclear Research, Dubna, Russia; = Institut Laue Langevin, Grenoble,
France: ~ Osaka University, Japan; ® Paul Scherrer Institut. Villigen, Switzerland

LN Imi"H:;lEE |:::-f[l-r-l [ [m] P} ] [ [
g E—I'-
9 e (1-2 mhar) [
i o -
10 I 506 mm
—f 9D 364mm o
L Dia 436 mm |
Length 230 mm -
UCN .
g .
— ] /: Dia 100 mm »
Inm=125cm P
& & LNy 9 e = >
- ,|: j ) . L= p L= L= L4 ) L Lt

Fig. 1: Schematic view of the “accordion™ system. It contains a UCN trap whose surface area
remains constant while the volume 1s changeable by a factor 27. The inner surface will be
coated with ‘Low Temperature Fomblin® at temperatures in the range from 100-220 K to pro-
vide a low-loss UCN storage system for a neutron lifetime measurement.
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UCN storage in the magnetic
trap from per manent magnets

V.F.Ezhov,! B.A.Bazarov,? P.Geltenbort,? F.J.Hartman,*
N.A.Kovrizhnykh,> |.S Altarev,* A.Z.Andreev, 1
A.A.Glushkov, * A.G.Glushkov, ' M.G.Groshev, !
V.A.Knyazkov, ! G.D.Krygin,* S.Paul, 4 R.Picker, 4
V.L.Ryabov, ' A.P.Serebrov, ! O.Zimmer?

e 1 Petersburg Nuclear Physics Institute, Gatchina,
Russia.

2 Research Center “Domen”, S-Petersburg, Russia.
e 3 Institut Laue-Langevin, Grenoble, France.
e 4 Technical University, Munich, Germany.
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The first “real” magnetic trap for neutrons was tested in the
eighties at the ILL by W. Paul, F. Anton, L. Paul, S. Paul and W.
Mampe, Z. Phys. C45, 25, 1989

This trap used a superconducting ring from sixpoles magnets

It was not possible at that time and even nowadays is not easy to
change the current in the magnetic entrance shutter of such
superconducting systems with a speed needed for the lifetime
measurements

Hence a complicated experimental setup was used to produce
UCN inside the trap (P.R. Huffman et al., Nature 403, 62, 2000),
using inelastic scattering of neutrons in superfluid He (loffe-
Pritchard trap)

/ Two solenoids o

Magnetic
qguadruple

P. Geltenbort (V. Ezhov)  Workshop " Physics with Spallation UCN" RCNP Osaka, 17-18 March 2005
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Magnetic wall

P. Geltenbort (V. Ezhov)  Workshop " Physics with Spallation UCN"

1 — permanent magnet
2 —magnetic field guide

RCNP Osaka, 17-18 March 2005
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additional coil
] vacuum
pumping
neutron
[ absorber
magnets &
poles ™~ | solenoid

neutron
switcher

detector neutron shuiter

MAGNETIC TRAP FROM PERMANENT MAGNETS

RCNP Osaka, 17-18 March 2005
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The trap walls consist of a periodic structure with a characteristic period
of ~1cm. The magnetic field decreases quite fast (gradient ~ 2 T/cm).

The UCN are transferred to the trap through a neutron guide inside the
solenoid at the bottom. After loading the trap this entrance is closed by
switching on the current in the solenoid. To facilitate fast operation we
use a normal-conducting solenoid with iron core and permanent magnets.

UCN with energies exceeding the solenoid magnetic barrier will penetrate
the barrier and disappear. Thus changing the current in the solenoid
easily modifies the spectrum of trapped UCN.

By applying a magnetic barrier at the entrance during trap loading, the
spectrum may be cut from the low-energy side. This flexibility in the
choice of the UCN spectrum is very useful for eliminating systematic
errors in the neutron lifetime measurement.

To avoid UCN depolarization at the points of zero magnetic fields we use
the field generated by the lower solenoid, which is orthogonal to the
magnetic field from the permanent magnets. For this purpose an iron yoke
guides the magnetic field from the solenoid to the top of the trap.

To control the depolarization of UCN we can cover the inner trap walls
with thin nickel foil that reflects depolarized UCN. In this case the
depolarized UCN penetrate the magnetic barrier inside the solenoid and
are measured by the UCN detector installed below the solenoid. Hence
this detector may be used as monitor for depolarization losses during
neutron storage.

P. Geltenbort (V. Ezhov)  Workshop " Physics with Spallation UCN" RCNP Osaka, 17-18 March 2005
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Storage time for lower part (height: 15cm): 882 + 16 s
Storage time for medium part (height: ?? cm): 8/8 £6 s

Existing lower
part of trap

Volume (I)

Neutrons after
50 sec of
cleaning time

Neutron
density after 50
sec of cleaning

time

Accuracy of
lifetime
measuring

P. Geltenbort (V. Ezhov)  Workshop " Physics with Spallation UCN"

Upper part of

Trap of larger

trap diameter
15.6 62.4
(7)
1770+11 7000
0.11 n/cm3 0.11 n/cm3
3.1secin6 1.6 secin6
days days

(10 s in 4 days)

RCNP Osaka, 17-18 March 2005
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Modified

Experimental set-up
for the next run in April 2005

So in order to cut the spectrum of stored
neutrons an additonal titanium absorber was
installed inside the trap. After 400 s of
cleaning the absorber was lifted up. This
absorber works well (i.e. there are many
collisions of neutrons with its surface) if its
diameter is larger than the distance between
absorber and trap bottom. Otherwise the
number of neutron collisions with the absorber
are decreased drastically. In our case the
ratio of trap height to diameter is 2.8. As a
result only half of trap height can be used
effectively. The absorber was placed only at
the height of 25 cm above trap bottom This
resulted in an effective volume of the trap of
only 7 dmi instead of possible 16 dmi. In this
case the statistical error was decreased to 10
s in a four-day run. The measured storage
time in such trap was 878+6 s. By searching
for an increase of the background counts in
the detector during storage we were able to
detect leaked neutrons. Our measured leakage
time is 24100+1400 s. These statistical
errors were obtained during 10 days in 243
runs. We did not see any losses in our trap at
the given level of accuracy. Nevertheless we
treat our result as the low Ilimit to the
neutron lifetime. In order to estimate the
upper limit we have to perform analogous
measurement with different energy spectra of
the trapped neutrons.

RCNP Osaka, 17-18 March 2005
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ATTENTION!

P. Geltenbort (V. Ezhov)  Workshop " Physics with Spallation UCN"

(’ - |
L,J

your fingers ..
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P. Geltenbort (V. Ezhov)
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‘L What's an EDM?

n EDMSs are dn - dn S
n P odd
n T odd

and therefore CP violating.

n New Insight to CP violation and to physics .
yond the standard model University of Sussex

bort  Worksho h Spallat RCNP Osaka, 17-18 March 2005



Experimental Limit ond (ecm)

P. Gelten

1020 - neutron:  * - 102
-+ * electron;:
_ - 10 22
- 102
N i\
— Multi
| ng%
1030 | . . 10730
1960 1970 1980 90 2000-
- 1032
Factor —10 pef 8 u
_ years - 10
Cited —200 times already! [
Barr: Int. J. Mod Phys. A8 B
~10%

208 (1993)

bort  Workshop " Physics with Spallation UCN"

i EDM limits: the first 50 years

Electro-
magnetic

),

% SUSY Z

%Rght f ~alp

T

/ Standard M odel

P. Harris
University of Sussex

RCNP Osaka, 17-18 March 2005
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Reality check

If neutron were the size of the Earth...

... current EDM limit would

correspond to charge separation Qf..
DX » 10m University of Sussex

P. Geltenbort  Workshop " Physics with Spallation UCN" RCNP Osaka, 17-18 March 2005 33



Quartz insulating
cylinder

Hg u.v.
lamp

Vacuum
wall

RF cail to flip spins

Magnet

UCN polarising foil

DIV

SO

NEDM apparatus

Four-layer mu-metal shield

High voltage lead
Coil for 10 mG
magnetic field

Upper
electrode

PMT to
detect Hg
u.v. light

Mercury
prepolarising

\ cell

Hg u.v. lamp

UCN guide

—

changeover

Ultracold
neutrons
(UCN)

UCN
P. Geltenbort  Workshop " Physicsqugg!\paqion UCN"

P. Harris
University of Sussex
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i Neutron EDM sensitivity

edm arror J_lﬂﬂ.ﬂ + Mo, Entries 29 Fean 056R0
oy &

oo 172 vy . Cursor 19987010 WEERigma p3520
e ' Current stat. sensitivity
o50- / : s(d,) =15 10%ecm
L ast published limit ",
d =(1.9+£54) 10% ecm el
0.05- . . . . . | |
1996 1997 1998 1999 2000 2001 2002 2003 200+
Date
J]@Iéedm results are in units of 10°-25 e-cm. |rris

University of Sussex
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‘L Neutron EDM results (binned)

Nice small error bars now!

500 700 9

EDM (10%° e.cm)
o N
—e—
B——o—

A T T T -
T T \i I i
11’00L } Too { 15ooI t 1700 1 1900 2100
L J

o

8] " d, = (secret) £ 1.5 x 10 e.cm

-10

P. Harris
University of Sussex
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cryoEDM apparatus as planned for the ILL

A CAD overview of the
appar atus as now planned
for thelLL.

On theright is Cooling
Tower II, which supplies
superfluid LHe to the entire
neutron volume, over Phase
| of the new cryostat
construction. On the left
are the large magnetic
shields surround the
Ramsey cell, behind which
is Cooling Tower | which
supplies the cooling power
to the shields. Next to
Tower | isPhase Il of the
cryostat, which contains the
UCN transfer section and
the vertical detector section.
Between the shields and
Phase |1 isthe 6-way
cryogenic section needed
for access and construction
and in which we will mount
the SQUIDs

P. Geltenbort  Workshop " Physics with Spallation UCN" RCNP Osaka, 17-18 March 2005 37




Quantum states of neutronsin the gravitational field

Nature 415, 297-299
(17 January 2002)

Valery V. Nesvizhevsky”, Hans G. Borner”,

Alexander K .Petoukhov* ¥, Hartmut Abelef,

Stefan BaeRler t, Frank J.RueRf, Thilo Stoferlef, O_F G RAVITATION

Alexander Westphal', Alexei M. Gagar ski¥,
Guennady A. Petrov¥ & Alexander V. Strelkov$

* Institute Laue-Langevin, Grenoble, France;

T University of Heidelberg, Germany;

* Petersburg Nuclear Physics | ngtitute, Gatchina,
Russia;

8 Joint I nstitute for Nuclear Research, Dubna,
Russia.

V.V.Nesvizhevsky
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Quantum states of matter in a potential well

SAE-

.

NELITRONS

Sufficiently broad and deep
potential well

V.V.Nesvizhevsky

RCNP Osaka, 17-18 March 2005

Quantum states of matter
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NELITRONS
FOR STENCE =Y
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A neutron, which is trapped
In the Earth’ s gravitational field
above a horizontal mirror

How to observe guantum statesin a gravitational field ?

PEE S T R
¢ w e i - —
S L v =

1) Electric neutrality (usually the
gravitational interaction is weaker

than the others)
h o

2) Long Iifetimg%)E »— %
e Dt g

h &
3) Small ma$a%)v>{)x> 9
Mg

4) Energy (temperature ) of UCN
Is extremely small and it is not
equal to the installation
temperature

En»i/
e

P. Geltenbort  Workshop " Physics with Spallation UCN

m o

8 g
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100
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V.V.Nesvizhevsky
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= Spatial distribution of neutron density

'/
(|
NEUTRONS . - 2 = -,
FOR SCIENCE el Vo A R .
3 2 B :g
a ol =8
o o o g
i i ¥ kil
z (um) o i i o
A A B
Sﬂ — e
40
30
20
10

Bottom mirror

Figure 1 Wavefunctions of the quantum states of neutrons in the potential well formed by
the Earth's gravitational field and the horizontal mirror, The probability of finding neutrons
at fielght 2, corresponding to the ath quantum state, is proportional to the square of the
neutron wavefunction 2(2), The vertical axis z provides the length scale for this
phenomenon. £, is the energy of the nth quantum state.

RCNP Osaka, 17-18 March 2005 V.V.Nesvizhevsky
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FOR STENCE

General scheme of the experiment
S s e - —
DE » L
Dt

\ hori zont~4_ 15
Absorber
| Neutron
Vot detector

f;_’_._,_,-—'—'_ . r 1 N,
Bottom mirrors

Collimator

~10cm

Figure 2 Layout of the experiment. The limitation of the vertical velocity component
depends on tha relative position of the absorber and mirror. To limit the horizantal velocity
pamponent we use an additional entry collimator. The relative helght and size of the entry

colllimator can be adjusted.
V.V.Nesvizhevsky

Choice of the vertical and horizontal velocity components

RCNP Osaka, 17-18 March 2005
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FOR STENCE

To increase statistics

P. Geltenbort

R%ults (first run) and further steps

0.1

0.01 -

/ /Smplrfred” guantum-

mechanical dependence

N (counts s7')

10 ED 30 40
Absorber height {um)

Figure 4 The neutron throughput versus the absorber height at low height values. The
data points are summed up in intervals of 2 wm. The dashed curve correspands to & fit
using the quantum-mechanical calculation, in which all level populations and the height
resolution are fitted from the experimental data. The sofid curve is again the full classical
freatment. The dofted line isa truncated fit In which it is assumed that only the lowest
quantum state—uwhich lsads to ihe first step—exists.
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V7 / | Spatial distribution of neutron density
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Figure 1 Wavefunctions of the quantum states of neutrons in the potential well formed by
the Earth’s gravitational field and the horizontal mirror, The probability of finding neutrons
at fieight 2, corresponding to the ath quantum state, is proportional to the square of the
neutron wavefunction 1%(2). The vertical axis z provides the length scale for this
phenomenon. £, is the energy of the nth quantum state.
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V- /i An example of such posmon sensmve detector
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Applicationsin fundamental physu:s
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- Search for extra fundamental forces at short distances of 1 nm- 10 um
-Verification of eectrical neutrality of neutrons
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s, etc. for UCN physics
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le in the experiment

Thank you,

merci beaucoup et
besten Dank

for your attention!
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