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The neutron before Chadwick




The neutron before Chadwick

“Such an atom would posses striking properties. Its
outer field would vanish [...] and therefore it should
easily penetrate matter. The existence of such an
atom is presumably difficult to observe with a
spectrograph, and it could not be stored in a closed
vessel."

(,,Nuclear Constitution of Atoms*, Proc. Royal Soc. 1920)



How to store it nevertheless?

Mirror reflection under any angle of incidence

— UCN can be trapped in “neutron bottles”

AV,

Trapping potential #1: Be-iht <

neutron optical potential V +iW NS
_ \ f\ > X

Origin: \_/

* neutron scattering by nuclei
e interference of incident and scattered waves
 refractive index: " T
Y &

k K Imh?

Typical values for V: m
Be: 252 neV, Al: 54 neV, Ti:-49 neV

T




W is due to capture and inelastic scattering
— losses of trapped UCN ensemble

* barn capture cross section materials: f= W/V ~ 10*
* best value obtained for mbarn material: 2x10°

Loss per wall collision for trapped UCN gas:

7 7
3L on(E)=2f llEarcsin(\/IEf) %—1 Tl'
e
©
L
= 2k
3
=
=1
1
1
0.5 1.0

E/V



Trapping potential #2:
neutron gravity mgz for Az=1m: AE =100 neV

€0 — Mgz

Losses at height z - I (€0 — mgz)
0




Trapping potential #2:
neutron gravity mgz for Az=1m: AE =100 neV

€0 — Mgz

Losses at height z - I (€0 — mgz)
0

as good for trapping
(if bottle is tall enough):



Trapping potential #3:

magnetic interaction fuB N

for AB=1T: AE =160 neV N N

Adiabatic spin transport if / /V
1 |dB| _u-B sl AN

e R e - — ) /
|B| | dt h L LA

— mT fields sufficient in typical situations

Magnetic gradient fields suppress losses due to wall collisions



Neutron properties:

Property Symbol Value
Spint 2ty sF 15+
Mass (relative to >C mass standard) My 1.0086649158(6) u
Mass (absolute units) 939.565 33(4) MeV ¢ 2
Neutron - proton mass difference m, —m, 0.0013884489(6) u

1.293 331 8(5) MeV ¢ 2
Charge n (—0.4+1.1) x 107" e
Mean-square charge radius {?“E; —0.116 1(22) fm?
Electric polarisability e ( .8:,12'_2) x 107% fm?
Magnetic moment L, —1.9130427(5) pp

— —6.0307738(15) x 1078 eV T ™!
Electric dipole moment d, <29x%x107%° eem (90% c.l.)
Mean nn-oscillation time of free neutron T o > 8.6 x 10" s (90% c.l.)
.. of bound neutron >1.2x10% s (90% c.l.)
Parameters of f-decay, n—p+e~ + 7k
(Q-value Q 0.7823329(5) MeV ¢=2
Mean life time Tn 885.7(8) =
Ratio of weak coupling constants ga /gy A —1.2670(30)
Coeflicients of angular correlations:
neutron spin - electron momentum: F, - p, A —0.1162(13)
momenta of antineutrino and electron: p, - p. @ —0.102(5)
neutron spin - antineutrino momentum B 0.983 (4)
triple correlation P, - (pe X p.) D —0.6(10) x 1073
Phase angle between 17 and A weak currents oy, 4 —180.08 (10)"

precison is crucial for applications!



Search for a neutron electric dipole moment

0@ Electro-
magnetic

Symmetry violations

-0
¢~ 6

(e.cm)

ox4  clectron: o ! -
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Experimental Limit on d

«  6x1010 nucleons per photon in our Universe require - 7
CP violating forces beyond standard particle physics i 0 Sundi
B tan
« neutron EDM is a sensitive probe to such new forces . Model

L 10
M. Pospelov, A. Ritz, Annals Phys. 318 (2005) 119 = E)



How can we measure it?

compare spin precession frequencies for

E parallel to B : Vs :%(;1~B+dn -E)

E anti-paralleltoB: v, =%(u- B-d,-E)

Ramsey Method of

Separated Oscillating Fields

:

“Spin up”
neuiron...

Apply m/2 spin
flip pulse...

Free
precession...

Second w2 spin
flip pulse.




neutron spin up count

Ramsey Resonance Curve
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Neutron Counts

199Hg co-magnetometer for correction of magnetic field drifts
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Best result so far (RAL / Sussex / ILL)

d,| < 2.9 x10%°ecm (90% CL)

C.A. Baker et al., PRL 63 (2006) 131801

« 10-%? eV spin-dependent interaction
 0ne spin precession per half year




The Big Bang

neutron ™™=
lifetime =
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L He
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Big bang nucleosynthesis and the neutron lifetime

N =Twmap

10°%s (100 MeV) quarks & gluons form nucleons

n+etop+v, n+vep+e, n—oHpt+e+v

fraction

m

[ ] ( A’ITZC2 ) 2 10" ;_
] P s f
[p] kT P

02l

1s (1 MeV) neutrinos decouple = neutrons decay

1073

n—>p+e+v, p+ned+y

3 min (0.1 MeV) deuterons become stable

p(n,y)d, d(d,n)*He, d(d,p)*H, 3He(n,y)*He ...

after 30 min primordial abundances of light elements:

A. Coc, NIM A 611 (2009) 224
R.E. Lopez, M.S. Turner, PR D 59 (1999) 103502

Steven Weinberg: The first three minutes

1 0|O
Temperature (K)

]0||

L1111
10|2

H 7%
“He 25%
H 30ppm
3He 13ppm
Li  4x1010




How can we measure the neutron lifetime?

+ In-beam experiments: E =~ afew meV

— measure radioactivity of a neutron beam:

dN N pV *.
dt T T

n n |

e requires absolute determinations of C;—I:I, o andV

UCN trapping experiments: E, <250 neV

— measure decrease of neutron number directly:

N(t)=N(0)exp (—tj

T

o -1 -1 -1
e No absolute determinations, but: 7 =~ = Th T T0ss



-1

Neutron lifetime experiment N :I:
with low-T ,,fomblin“ oil coated walls | U |

A. Serebrov et al., Phys. Lett. B 605 (2005) 72 %&
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Time, s Frequency of wall collisions (/s)



The liquid-wall trap of Walter Mampe

— Liquid surfaces (fomblin oil)

— Modulation of losses via well-
defined variation of the ratio
surface/volume

— Extrapolation: volume —

— Result:

7. =887.6%3s
— Result of MAMBO lI:

880.7+1.8s a

length
adjust

Vacuum vessel /
] Bottle
1 ':::’,

Neutron __]
valves

Fomblin
[~ pump

Al foil 1 Vacuum pump
UCN —f- \ @ ’
detector

W. Mampe et al., Phys. Rev. Lett 63 (1989) 593

Pichlmaier et al. Phys. Lett. B 693 (2010) 221



Experiment with detection of upscattered neutrons

— Liquid surfaces (fomblin oil)
— Result:

7 =885.4+09,, +0.4
881.6+ 0.8, + 1.9

syst S Arzumanov et al., Phys. Lett. B 483 (2000) 15

syst S Arzumanov et al. JETP Lett. 95 (2012) 224



magnetically trapped VCN (20 m/s)

NESTOR

(a)

W. Paul et al., Z. Phys. C 45 (1989) 25

r =877.0+10s



Present magnetic trap projects

UCN 7 (electron detection)

Penelope
(proton detection)
TU Munich

perm. mag. trap
(“fill and empty”)

A
Vae)

Walstrom et al.,
NIM A 599 (2009) 82

PNPI/LPC/ILL

*’

V. Ezhov et al. J. Res. NIST 110 (2005) 345 J. Res. NIST 110 (2005) 357




Benefit/challenge comparison of two
magnetic trapping strategies

N(t)=N (to)exp[—tj

Z-n
“fill and empty” “counting the deads”
detection of UCN detection of decay 3’s or p’s
— need to determine N(t,) @ get decay curve in one shot
— fast coil ramping required @ needs only slow coil ramping
@ high SNR — SNR for [3-detection
@ Low sensitivity to time- — stability issue for p-detection
dependent backgrounds — susceptible to time-
@ Monitoring of depolarisation dependent backgrounds and
and leakage of marginally variations of neutron density

trapped neutrons distributions



HOPE - Halbach OctuPole neutron lifetime Experiment

UCN absorber
upper end coil

Halbach octupole
array

hias field coil

mner stainless
steel tube

lower end coil

side gatevalve R
from UCN sourc?/ll |
diffuse UCN /

reflecting piston ]

bottom gate
valve

axial field strength |B.| [T]

Ph.D. theses:

K. Leung, F. Rosenau, F. Lafont
magneto-gravitational trap
V= 2|
trap depth 40 — 45 neV
high-density UCN source
counting the dead & survivors

z position [mm]




Halbach octupole

* B(r) = Bg(r/R)

* 32 magnet slices

* NdFeB magnets: B,=1.35T

magnetic flux density |B| [T]

|

|
=90 =75 -60 -45 =30 -15 0
angular position ¢ [degrees]



12 octupoles +  hands & forces

magnetic trap



300

- | Fitting function::

First UCN trapping at PF2

| o ) s g

. : : : : ‘| Fitted parameters; :

Ph.D. thesis Kent Leung 2000 Ao denennn b
: : : : : ‘E1=78_0i2985 :

: : : : A =194114 :
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100f+ooee e N

sobo...... b b - g SR S S

0
0 200 400 600 800 1000 1200 1400 1600 1800
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absorber AN

Richardson bottle /

Storage time achieved: 780 s = —==

(trap closed by teflon plug)

Beam valve

!

Detector

valve
Copper end plate

PF2-EDM beam

v
Teflon plug

3He UCN
Detector




Neutron B decay in a broader context V

r
.
o
o
1

In Standard model: n—sp+e +v, (+782keV) -
» V-A* structure with

known Fermi- and Gamow-Teller matrix elements

n

precise determination of g, and g,, from two independent n-decay observables

rtoc gl (1—|— 3/12) A=0,/0y from pasymmetry
(PERKEO and other expts.)

= semileptonic weak cross sections

n+tetep+v, n+v,eop+e p+p o>d+et+v, ..

=> precision test of CKM unitarity:

gV — C;Fvud ‘Vud‘2 +‘Vus i +‘Vub‘2 =1

+ various other tests of the standard model of particle physics



Example: Neutron decay spectrometer PERKEO II

measured decay asymmetries of polarised neutrons:

F)n ' Pelectron I:)n * Preutrino I:)n ) pproton

photomultiplier

scintillation detector
tubes l for electrons magnetic field (1.1 T):
Magnetic Field Line 4%, * perpendiCUIar to n—beam
\L\ A 4
_ - —l 1 - - « parallel alignment of n—spin
n-Spin \
« separation into hemispheres
- S oo = integration over hemispheres
neutron o 1 = 2 X 2 «t detector
beam :
F e guide e-, p onto detectors
\ = detect electron backscatter
decay
volume coils in split pair events

0.10 m configuration _ |
' Slide courtesy B. Maerkisch



Its successor instrument: PERKEO lli

Detector

Detector ’ : i 90 mT

Active Volume ~2m

Figure by B. Maerkisch



Typical polarised-n-decay in-beam experiment setup
need polarisation of white beam with high precision

Intensity (arb. units)

TOF spectrum of
PF1l at ILL

1000

100§

[E
o

]

1

1

0,0 0,5 1,0 15 2,0

Neutron wavelength [nm]

~10%° cm2s!
(at ILL) SM-polariser

Spin flipper

2,5

— white neutron beam (meV)

— Neutron beam polarisation:
95% < P,<99.7%

— Required accuracy for A and f :

<0.1%

n-decay experiment
(0.3-300s%)

Analyzer



Standard method of neutron beam polarisation:

Supermirrors
Irefl.
- ey
S s — DT
|
0  ——
7 W
P.(x,y,0Q, 1)
1(x,y,Q, 1)

O. Scharpf, Physica B 156&157 (1989) 639



Spin filter T o

Cross section: o, =0,1Po,
Transmission : T, =exp(-o.Nd)
Analys. power: A =tanh(c,PNd)
Opacity : x =0,PNd

No dependence of T and A on geometrical parameters!



Opaque spin filter S 10
P\ tp EN
t < 00

0 1 2 3

1 T Opacity
"Ideal analyser" (A —>1):
17 1 } e.g.: A=0999 = «x=38
OK oA

—2003 — —:2.3X10_4
K A

— no precise knowledge of filter parameters required!

Polarised proton target: Polarised 3He filter:
e spin-dep. n-scattering e spin-dep. n-absorption




Polarised proton spin filter

£
= 5,5x107
c
S
3]
@ e P=57% (DNP)
(7p]
-23
S S0 e d=19.5mm
c
S
o
D I
& 4,5x107°
o L
o

0,2 0,4 0,6 0,8 1,0 1,2
Neutron wavelength [nm]

1,2-propanediole, N =6.7x10%? cm-3



Polarised 3He spin filter

Analysing power

« 3He(n,p)T (0% res.), G, = 0y = 5327(9) barn at 0.18 nm (2200 m/s)

« strongly wavelength-dependent cross section (~A )

1,000

0,999 -

0,998 -

0,997 4

0,996

—— 25 barcm
—— 40 barcm

N

1

)

0,2

0,4 0,6

1,0
Neutron wavelength [nm]

0,8

1

0,1
0,01
1E-3
1E-4
1E-5
1E-6
1E-7

11E-8
1 1E-9

1,2

Transmission (spin up)

(Pre=50%)

® need several filter cells to analyse a white beam

© homogeneous analysis over large area



Experimental comparison of
three different analysers

TOF chopper

SM-polariser
flipper

A>0999 | ¥ Al Tl A
Polarised
Polarised f I I f Helium-3
protons

prior standard SM method of neutron polarimetry
A. Serebrov et al., NIM A 357 (1995) 503



TOF-spectra with 3He analyser

10 r “ 30.1 bar cm

aasand i

b :
ol B “ 10.7 barcm 1

Intensity (arbitrary units)

A<0999 F —- <] A>0.999

0,0 0,4 0,8 1,2 1,6

Neutron wavelength [nm]



Results (protons — 3He)

1,00 -: -' : v 1 v v v 1 v v v 1 v v v 1 v - v v I-
i o beam polarised
— CF . with supermirror
O polarisation S
T analysis with: 21 .
7] ) 3 7
= polarised "He I g :
© : i
S 0,95 . polarised protons ] T
S 7 ST
-
= |
| -
5
%J P (protons)—P (°He) =0.26(55)x10"° ] ]
0,90 | (0.45 nm <A<1.2nm) .

0,2 0,4 0,6 0,8 1,0 1,2
Neutron wavelength [nm]

O. Zimmer, T.M. Miiller, P. Hautle, W. Heil, H. Humblot, Phys. Lett. B 455 (1999) 62
O. Zimmer, Phys. Lett. B 461 (1999) 307

Neutron polarimetry with opaque spin filter more precise than 0.1%.



“Crossed geometry” beam polariser arrangement

e Y Gn
e
= v §
©F g _£ B TB
X
ha Py
i
R
105 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1.00 E;oooooo.......
| . e o @ ° J
- n l
q b 9 0.95 F - .
| |
0.90 |
o g ;
YT 0.85 | ' E
3 S ! E %
7 080 - m Measured single Polarizer %
I ® Prediction for Crossed Geometry
- 075 1 1 1 1 1 1 1 1 1 1 1 1 1 1
e’ 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

% [A]
Neutron polarisation and polarimetry now better than 0.01%

thanks to works of T. Soldner et al. (see Ph.D. thesis Ch. Klauser)



Concepts of UCN production (1): moderation ~30/cm3

T . Neutron turbine
* thermal equilibrium of neutron gas with A. Steyerl (TUM/ILL 1985)

scattering system (moderator)

» cooled moderator (cold source) — more UCN

* in-pile — large UCN production rate
— large vessels can be filled with UCN

PF2 - the current working horse
for UCN physics at ILL

Vertical
guide

cold source
~1000 UCN cm-3

reactor core




Concepts of UCN production (1): moderation  30/cms3

oo Neutron turbine ' j

R
\
NS

A. Steyerl (TUM/ILL 1985) *\

Vertical
guide

cold source
~1000 UCN cm-3

reactor core




Concepts of UCN production (2): ,superthermal” production

* no thermal equilibrium of neutron gas with scattering system
e Conversion of cold neutrons to UCN by system with energy gap A

e up-scattering suppressed by Boltzmann factor
— “accumulation” of neutrons as UCN

E . +tA .
o = —YN = 7 Akl downscattering
up E down
UCN Eyen+A
UCN
heutron
Phonon
O-up << Odown
Eyen

* two converter materials:

Solid deuterium (sD,): o,,,#0—> 7~0.15s  — in-pile needed

Superfluid *He (He-Il): o,,,=0—> 7~800s (<7,) — beam possible




Solid-D, UCN source at PSI

UCN storage
volume, 2 m*

Shutter

n-guide

Membrane

p beamm

34 cm2inV =25 test vessel
B. Lauss, Phys. Proc. 51 (2014) 98

'

UCN guides to

i — experiments

Cold sD-
converter

= Spallation target

(t~30ms)

AR
e

D-0 moderator

~3m



counts

Solid-D, UCN source at TRIGA Mainz

10

40 50 60
time of flight (s)

Third wall
pre-moderator volume _

pre-moderator inlet

cold shield support
cooled by helium back flow

Thermal bridge

valve control rod
valve conirol rod

18 cm2inV = 1.7 | test vessel
T. Lauer & T. Zechlau, Eur. Phys. J. A 49 (2013) 104

graphite
reflector

i i Rt
i

i

reactor core v/
/

o ) oramn
74 -
x}

reactor-tank (\

3.5m

converter volume

liquid helium line Joule-Thompson valve




Solid-D, UCN source project at TU Munich

A. Frei, S. Paul et al.

Cryogenic supply lines " UCN converter in SR6 || D,0 moderator vessel | | SR6 beam port exit




Japanese He-ll UCN sources

Proposal for TRIUMF:
18000/cm? at exp. port

3He gas
0

pure 4He
8]

g

3He cryostat

SRD220

RCNP: 15/cm3in V = 36 liters

Shield
UCN 1K pot ]
e Spallation (400 MeV/ 1 pA p-beam)
o
3 Y. Masuda et al., PRL 108 (2012) 134801
\___UCN guide =
[—3
on
Heate

<« 0.4 m—+<+— 0.5




He-1l UCN source proposed for PNPI WWR reactor

He T=12K
A
C T=20K

Bi T=300K

=i

10%/cm3 in experiment
A. Serebrov et al., arXiv 0808.3978
®=3.2-10'2 n/(cm?2s)
d/d(=9 A)=3.2-1010 n/(cm2sA)
Que=6 W
19W
Al, Q=13 W

C, Q=750 W

Bi, Qp,=16 KW

\“_.%
®=10% n/(cm>s) pumping of He (P=0.6 mbar) T l L He supply
Q=16 MW

reflector of UCN superfluid filter
\ /membrane heat exchanger —

membrane



International source projects - not updated

Source type | UCN density comment when?
[cm]

ILL Grenoble, PF2 LD, + turbine ~30 still THE source > 1985
Los Alamos, 2.4 kW, SD, 120 in source now
proton
Mainz TRIGA SD, 20 invV=10I now
upgraded ~200 2010
PSI, 12 kW, proton SD, > 1000 in vV =2000 | 2010
North Carolina, 1 MW SD, 1300 in source 2011
reactor
Munich, 20 MW reactor SD, ~ 10000 in source 2011
PNPI, 16 MW reactor He-1l (1.2 K) 13000 in 35 | exp. bottle 2012
7700 in 350 | exp.
bottle
TRIUMF, 5kW,, proton  He-1l (0.8 K) 18000 at exp. port proposed

+ insitu He-I11 UCN sources at ILL (Cryo-EDM), NIST (n-lifetime), and SNS (EDM)



UCN production in He-ll

Ocapture (‘He) = 0
h ~ . v .
cold neutron VW .
> ! >
beam — N [
converter
Pucn = PT

1l = -1 -1 -1 -1
T°=T7 decay+T upscattering+T capture+T wall losses

@D 4 free neutron dispersion
1 meV
(12 K)
»phonon-roton“ dispersion
of superfluid “He

7 nm1 " 4q

R. Golub, J.M. Pendlebury, PL 53A (1975) 133

cold neutron phonon

ultra cold neutron

TIKl | Zax [S]
1 100
0.8 310
0.7 510
0.5 820
0 880

—> need T<0.5-0.6K
and low-loss walls



UCN accumulation and extraction?

e Factor 50 missing in late 1980‘ experiment at H17 at ILL

— extraction of accumulated UCN to experiment at 300K not viable
— ,,in-situ” experiment development (cryo-EDM, NIST n-lifetime)

o o a
~ /

A ﬁﬁf ;& T ﬁF{L A \1

’f([ e '1"" — b
Sl T T T TR neuirons <—
e cold beam
/[ —r m
CN 71— 2l
A e 3000 Mmoo Ao e =

A.l. Kilvington et al., PL A 125 (1987) 416



Dogma (before 2006):

“One cannot efficiently extract UCN accumulated in the
superfluid to an experiment at room temperature”

however: huge potential for better
UCN source if dogma is not valid



Layout of source prototype SUN-1

3He pumps <:|

. cryocooler

3He
" 3He (2x)
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Cold UCN valve (18)

Main point: windowless, vertical UCN extraction
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Spiral heat exchanger (3)

Cryogenics 46 (2006) 799
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He3-He4 heat exchanger (13)
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Superleak (11)
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Superfluid He
container vessel
(15)
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UCN converter vessel (16)
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...installed at the research reactor FRM Il in Munich (2006)

successful extraction of UCN
accumulated in superfluid helium

Phys. Rev. Lett. 99 (2007) 104801
Eur. Phys. J. C 67 (2010) 589




Extraction of UCN accumulated in He-ll (@ FRM Il)

Phys. Rev. Lett. 99 (2007) 104801
Eur. Phys. J. C 67 (2010) 589
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UCN production in pressurized He-Il (@ PF1b, ILL)
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Encouraging result:

UCN count rate (s

10,000
1,000 4
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PRL 107 (2011) 134801 (PRL highlight)

274,000 counts
from 5 liters:

55 per ccm

Remot.e

B 6864 «
8.5891 «

toop 2 Channel A
sete 270,808 K
Hutput Disabled




Layout of source prototype SUN-2

Development goals

a = 2-stage GM coldhead

b = "1st stage” heat screen

¢ = "2nd stage” heat screen

d = internal cold traps

e = heat exchanger with cold head
f = *He evaporation stage (1K pot)
g = superleak

h = 3He input Joule-Thompson stage
1 = JHe evaporation stage (SHe pot)
] = Copper heat exchanger

k = UCN production volume

| = UCN mechanical flap valve

m = UCN extraction guide

* modularity: converter r&d
* shorter turnaround time
* more cooling power

extracted

—> [UCN

Cold
neutron
beam




Schematics of SUN-2 converter vessel

0.2mm Al foil 2x 0.2mm Al foil + 2x 0.2mm Al foil + 80x80

(isolation vacuum)  90x90 boral aperture borated stycast aperture
(2nd stage screen) (2nd stage screen)

Imm Be back window
(production volume)

80x80 horal aperture
+ 0.2mm Al foil

Imm Be front window (1solation vacuum)

(production volume)

0.5mm Al back window

9% 0.2mm Al foil + (containment vessel)

00x90 horal aperture 0.5mm Al front window '
(1st stage screen) (containment vessel)

9% 0.2mm Al foil

(1st stage screen)
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World-record UCN density
(summer 2013)

supermirror converter vessel with Be-coating

0.64 K, 7i1qup = 1 Min

2013-07-28/011755
10° . 8/ 600
file 011755
— Taul= 12.26 s, Tau2= 27.98 s, chi2r=1.23
500! .
%ﬁ‘\;
400} .

Countrate (c/0.5s)

Counts/8h
w
o
(o]
‘h‘ e

200} Y
L
100 \V
.*‘.
10710 5'0 160 15'.0 200 02 5 6 7 8
Time (s)

Velocity (m/s)

493000 accumulated UCN from 4 liters He-ll ~ 120/cm3



Recent achievement (16 July 2015)

(fomblin grease on Be on Al converter vessel)

with Ge/DLC photon windows
and plug in extraction guide

10000 -

) = 882,000

extraction

1000

Thuildup = 200 s

V~70neV

100 -

UCN count rate (s™)

10 -

T T T T T T T T T T T T T T T T T '
0 400 800 1200 1600
Time (s)

0.61 K: 882000 accumulated UCN from 4 litres He-Il ~ 220/cm3



Time-of-flight spectra

(fomblin grease on Be on Al converter vessel)

Open converter

v(max) =5.1 m/s
EH = 144 neV

V. = 6.7 m/s
V... =3.5m/s

ﬁ ) 200 s accumulation
I r . v(max) =3.9m/s

ﬁ& E,=81neV
- - Vi = 6.1 m/s

Voin = 3.5 m/s




lllustration of effect of He temperature:

UCN count rate (s™)
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Delayed-extraction measurements at 0.68 K:
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UCN count rate (s™)

UCN buildup measurements at 0.67 K:
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Measurements at 0.68 K with beam on all time:
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Measurements at 0.68 K with beam on all time:

UCN valve open for 30 s and closed for

—— 10s 30s 50s
12000 - — 70s 90 s —120s
— 160 s — 210 s — 480 s
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ILL project SuperSUN (3 m magnetic 12-pole UCN reflector)

For calculations of UCN storage see:

UCN extraction guide )
Zimmer & Golub, Phys. Rev. C 92 (2015) 015501

L #

Superfluid “He converter @autron beam
Q%C‘ w #
Current bars of

UCN valve
multipole magnet Beam window

* In-situ UCN polarizer P (( .‘

* Weak dependence of p,, on wall quality:

i for Virap = 210 neV (2.5 T surface field) 1880 1430 1210 1050
for V..., = 210 neV (without magnet) 820 390 230 130

up sat trap

Numbers for differential 0.89 nm flux 1 x 10° cm2s1nm1?



SUN-2 & HOPE

team
(left to right):

Martin Simson

Florian Martin

a technician

Felix Rosenau

Sergey lvanov
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