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Search for nn’ with possible B’
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Disappearance Experiment: Look for B-field dependence
of number of neutrons stored for time t,
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Mirror neutron experiments
B’=0 B’#0
UCN disappearance experiments

l. Altarev et al., PRD 80, 032003 (2009):

- G.Banetal., PRL 99, 161603 (2007):

o i ] T,n> 125 (95% C.L)@B'<13uT [PSI-ILL]
T >1035 (95 % C.L), B=0 [PSHILL « A.P. Serebrov et al., NIMA 611 ,137(2009):
 A.P. Serebrov et al., PLB 663, 181 (2008): T >200s (90 % C.L.), B'<1.2uT [PNPI-ILL]
T >414s (90 % C.L), B'=0 [PNPI-ILL] « Z.Berezhiani et al., EPJC78(2018)717:
Ty>175 (95 % C.L), 8<B'<1/uT
 A.P. Serebrov et al., NIMA 611 ,137(2009): T,/ COSP>27s (95 % C.L), 6<B'<25uT

T, >403s (90 % C.L.), B'=0 [PNPI-ILL]

« U. Schmidt, Proceedings of 2007 BLNV « L. Broussard et al.,
Workshop: t,,,>2.75 (90 % C.L.), B'=0 see also Berezhiani et al., PRD96(2017)035039
[FRM-11] B'#0 [ORNL(HFIR)]
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Our previous B’ result (proso, 2009)
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FIG. 2 (color online). Contour plot of the minimal y? at the
point (B', 7,,,). The solid line denotes the 95% C.L. contour line
for an exclusion of 7,,,. We evaluated a lower limit on 7,,, at the
minimum of this contour for B’ between 0 and 12.5 uT.
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Magnetic anomaly in UCN trapping:

signal for neutron oscillations to parallel world?

Zurab Berezhiani' -2, Fabrizio Nesti'

IDiparlimemo di Fisica, Universita dell’ Aquila, Via Vetoio, 67100 Coppito, L' Aquila, Italy
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Fig. 2 Global fit in the B’-t, 15 plane. The positive result (anomaly)
corresponds to the gray-shaded areas, which show the parameter space
allowed at 90 % CL (darker) and 99 % CL (lighter) by the global fit
of non-zero D, (6), with magnetic field marginalized over the un-
certain range B = 0.15-0.25 G (the zoomed inset displays the best fit
points assuming a constant field B = 0.15, 0.20, 0.25, left to right).
For comparison, available constraints from earlier measurements are
also shown: the yellow-shaded area in the background is excluded at

B' [G]

99 % CL by the measurements of Ep from Refs. [48, 51]; the region
of T (15) below the wavy solid (dotted) curves are disfavored by the
measurements of Refs. [47, 49, 50] (not included in the fit). Interest-
ingly, the data of Ref. [49] for Ep and Ap also imply a best fit value
B’ =0.11 G, with T = 14 s and 18 = 20 s, respectively. The blue-
shaded area peaked at B’ = 0.5 G is excluded by measurements in the
Earth magnetic field, illustrated for B’ and B, parallel (lighter blue)
and antiparallel (darker blue) (Color figure online)



Our previous result (proso, 2009)
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FIG. 2 (color online). Contour plot of the minimal y? at the
point (B', 7,,,). The solid line denotes the 95% C.L. contour line
for an exclusion of 7,,,. We evaluated a lower limit on 7,,, at the
minimum of this contour for B’ between 0 and 12.5 uT.
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Our previous result (proso, 2009)
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Eur. Phys. J. C (2018) 78:717 THE EUROPEAN
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Regular Article - Experimental Physics

New experimental limits on neutron — mirror neutron oscillations
in the presence of mirror magnetic field

Ban 2007

Z. Berezhiani'>%, R. Biondi'?, P. Geltenbort’, I. A. Krasnoshchekova*, V. E. Varlamov*, A. V. Vassiljev*, E
0. M. Zherebtsov* SerEerV 2008 :
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Ultracold Neutron Source & Facility

F'roduc:tlon pulse measured atWest 1 beamport
1
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- UCN-Source
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The PSI UCN source B

DLC coated
UCN storage vessel
height 2.5 m, ~ 2 m3

\

£
N~
heavy water moderator
— thermal neutrons
3.6m3 D,O
2 SV-shutter

pulsed

1.3 MW p-beam
600 MeV, 2.2 mA, |
1% duty cycle
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Ultra Cold Neutron Source

UCN guides towards
experimental areas
8.6m(S) / 6.9m(W)

cold UCN-converter
~30 dm3 solid D, at 5 K

spallation target (Pb/Zr)
(~ 8 neutrons/proton)
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The nEDM spectrometer

Four-layer Mu-metal shield
to shield the experiment from
external magnetic fields

Vacuum chamber

High voltage lead

with a TMX2 resistance

' Cesium magnetometer

Precession chamber
where neutron precession
is induced and measured

Electrode (upper)
charged up to 150 kV
electric field = 10° V/m

Mercury lamp
Photomultiplier tube to read out the
to detect the intensity modulation mercury polarization

of the mercury light

[

Mercury polarizing cell Magnetic field coils

Whers if1e REIculy 1S polareod are wound around the vacuum
chamber to generate the holding
o mﬁemgctggyﬁgg and compensating fields, as well
ultraviolet (253.7 nm) as the spin flipping fields
|\ — .
— o—— Switch
— to distribute the UCNSs to
different parts of the apparatus

| 5 tesla magnet I " .
to spin polarize the UCN: Spin analyzer

Neutron detector
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nEﬁ"l # |he nEDM spectrometer

TR

y _,:,_:n. Four-layer Mu-metal shield
to shield the experiment from High voltage lead
external magnetic fields with a 1TMQ resistance
Vacuum chamber /

' Cesium magnetometer

‘ Electrode (upper)
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electric field = 10° V/m
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where neutron precession
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Photomultiplier tube to read out the
to detect the intensity modulation mercury polarization

of the mercury light

~Magnetic field coils

are wound around the vacuum
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as the spin flipping fields

~
[ Mercury polarizing cell
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Mercury lamp
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nn’ cycles

t.=180s to replicate old experiment, t;.=380s for maximum sensitivity

o 100 200(400) 300(500)
I | | |

—1Open

SC-VAT

—Closed

Open

Shutter

—Closed
Filling

—Monitor

—Empty

| , —Pump
(0] 100 200(400) 300(500)
Cycle Time (s)

Switch
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UCN counting

Cuts for monitoring and emptying
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Determining nn’ from A
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Support measurements * e
fD:ZD- ....... 520

g 18 18

B Optimize filling and counting time ~~ § * jre
14 114

¥ found 29s filling and used 75s counting 13 o

E Optimize storage time R

F Worked at 180s and 380s with cycle lengths

between proton pulses

to UCN source of 300s and 500s, respectively

E Determine effective storage time (longer by roughly 2x11s due to
possible nn’ oscillations during filling and emptying)
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MC parameters for extraction of "
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Emptying time constants

E no dependence on storage time found
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Optimize storage time
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Magnetic field in nn’ search
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Figure 5. Plot showing the B, magnetic field measured by '“Hg
(indicated by blue dots) and '**Cs (indicated by green squares)
magnetometers as a function of By coil current.

Figure 6. Decay in the magnitude of By magnetic field when
the current through the By coil is turned off, as measured by the
199Hg magnetometer. The line and the shaded region indicate an
exponential decay fit and its 1o uncertainty, respectively.
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nn’ data collection

We took data Aug-Oct 2017.

Cluster Pattern t*, (t,) /s By /uT # Cycles
1 010,0,010/01010/0 180 (300) 10 1243
2 010,0,010/01010/0 380 (500) 10 1136
3 010,0,010/01010/0 180 (300) 20 864
4 010/0,010/071010/0 380 (500) 20 775

 There was a break in between 10 and 20uT cycles for a different

physics measurement

 The data was collected such that the potential signal could be
confirmed (or rejected) with just 10uT data and on addition of 20uT
data also at 150uT ... 1.5mT could exclude t below 1.5 ... 0.15s

* |n addition to the main cluster of nn’ runs, there were data taken for
also t, scans, mainly to extract t(t)
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nn’ data taking
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Normalization to UCN monitor
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In case we wouldn’t find a signal ...

2000 .%0. .‘fo. .6|°. .8,0. I1l|)0l |12|0| ."lm. 200
F ... we would exclude the
O relevant signal region(s) Teo
K E ... improve significantly on
g the previous B’-t-limits
~ 100 —100
5 E ... add another comparable
= | limit at B'=0 around 400s
© 50 150
38s
% 20 20 60 8 100 12 140 °

B’ (uT)
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NnEDM finished fall 2017
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NEDM finished fall 2017
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New experimental limits on neutron — mirror neutron oscillations
in the presence of mirror magnetic field
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Mirror neutron experiments

No tft: E A n. E A
Do gL
ny T } +iB, N, n n, N, n’,n
SEEEEE ELEETLERTEE < ---p
. -HB,
E Conceptually ——
very simple: B =B, B=0

E Search for neutron disappearance n—->n’ as a function of
B-field (in order to tune over degenerate states allowing
resonant transitions, maximal losses at B~B’)

E If disappearance found,

= n—>n’ signal frequency could point to the origin of B’
(not bound to Earth - sidereal modulation,
bound to Earth - static - experiments at various locations)

= Regeneration experiments would prove n - ‘dark state’ oscillations
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Mirror neutron experiments

ny —n, t n3Cosp i - ' 4 n=B'/B
— e n. n. n.

m+n trw?tZ. (1-n% | S T B I LB §E
f B + LB : -uB ¥ uB
; n, n, n,
n

B Conceptually BB B=B

very simple:

E Search for neutron disappearance n—>n’ as a function of B-
field (in order to tune over degenerate states allowing
resonant transitions, maximal losses at B~B’)

F If disappearance found,

= n—>n’ signal frequency could point to the origin of B’
(not bound to Earth - sidereal modulation,
bound to Earth - static - experiments at various locations)

= Regeneration experiments would prove n - ‘dark state’ oscillations
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Beam vs. storage experiments

Beam: 2
B Ratio: N=1- -

Tﬁn/

B N=1, t2 ~ 0.052 s2 (VCN), AN ~

B # of counts needed ~ 1013

Storage:
2
) trts tf ts
. Rat|0. N — _ 2 — ]- _ 2 i
Tan! Tﬁn’tf

t2
ST f
Limit: 7en = % — N + 1.65AN

107 >, > 100 s

tsty
1— N+ 1.66AN

Limit; 7nn :>‘V/

B N=1, tt ~0.1%150 s?, AN ~103 — 1, .>100 s

B # of counts needed ~ 10°
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Effective mass scale from nn’

1 ﬂﬁQCD
B mix I gt 4! mix -
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A. Knecht, PhD thesis, 2009, UZH
Figure A.5.: The figure shows the effective mass scale .# corresponding to a given limit
on the oscillation time 75, as given in Eq. (A.48).
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PSI rlng cyclotron

* at time of constructlon a new
concept: separated sector ring
cyclotron [H.Willax et al.]

* 8 magnets (280t, 1.6-2.1T),

4 accelerating resonators
(50MHz), 1 Flattop (150MHz), &
15m

* losses at extraction < 200W

* reducing losses by increasing
RF voltage was main upgrade
path

[losses oc (turn number)3, W.Joho]
* 590MeV protons at 80%c
« 2.4mA x 590MeV=1.4MW
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High Intensity Proton Accel.
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HIPA at PSI is a leading machine at the intensity frontier.
It produces the highest intensities of muons and pions
at low momenta and of ultracold neutrons.




The intensity frontier at PSI: &, p, UCN

Precision experiments with the Ilghtest unstable partlcles of their kind

The most powerful
proton beam to targets:
590 MeV x 2.4 mA = 14MW

— TRV / ______| Feasibility study for
i <§w— == HI muon beam with
& O10 +/s below 30 MeV/c

\
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« S e / ==}
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The new high intensity

ultracold neutron source ‘
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