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Motivation in one minute

Baryon number violation essential condition for baryogenesis

Baryon number an accidental SM symmetry and is broken in
extensions

Neutron oscillations to antineutrons or sterile neutrons unique
probe of BNV processes in which only BN is violated.

Neutron oscillations in SUSY, dark matter (hidden sector),
baryogenesis, extra dimensions

An opportunity to test a global symmetry with three orders of
magnitude better precision than previously done is rare. Even
rarer to do it in Sweden.

AVZAVIV,

NNBAR
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Free NNBAR search in 1 minute

Goal: observe neutron — antineutron
Sensitivity 3 orders of magnitude greater than previous experiment
Strategy: let as many cold neutrons “fly” for as long as possible

Probability of free neutron transformation into an antineutron:
P(n,t)=(t/t) FOM= Nt?
t — neutron flight time; T — “oscillation time” (BSM predicted, model dependent)

T >8.7107s
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European Spallation Source (ESS)

* Most powerful neutron source

EUROPEAN
 Place: Lund, Sweden &) SPALLATION
URCE
 Under construction (user program starts 2023)
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HIBEAM and NNBAR

Staged experiment

1. HIBEAM (high intensity baryon extraction and measurement)

- mid to late 2020’s

- world leading searches n — n’

- search for n — nbar (with lower sensitivity)

- also search for n — nbar via sterile neutrons. First such search.
- R&D for full experiment.

2. NNBAR

- extremely high precision searches n — nbar, n— n’
- improve sensitivity to oscillation probability by ~ 10°
- Late 2020’s

Test beam prototype/bg tests
Stay tuned for Katie Dunne’s talk about the prototype!
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HIBEAM@ANNI

* ANNI: possible fundamental physics beamline (FPB) at ESS

* Uses curved guide: only cold (slow/meV) neutrons get trough

Moderator Guide Beam Experimental Upgrade
preparation area area

Available envelope

51 m

76 m
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Software Framework
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Moderator source
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Courtesy of Marcos Dracos
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Moderator design (courtesy of L. Zanini (ESS)

* We chose a box shape geometry
rather than a cylindrical shape.
« Better fit with 2-opening extraction
* better neutronic performance

PERFORMANCE
- Integrated intensity for A > 4 A: 6.9 x 10'® n/s/sr

+ Typical values from cylindrical geometry: 3.5 x 10'°
N/s/sr (24X24 cm? opening)

+ Original value from 2014 paper arXiv:1401.6003 :
2.85 x 10'> n/s/sr (25X21 cm2 opening)

« Theincrease is due to:
« Larger extraction opening: 24X40 cm2
« Use of box geometry instead of cylindrical
« Use of Be filter.

» NB all these values are for physics models, the _
performance will decrease adding engineering details

- HighNESS is funded by the European Union Framework Programme for
Research and Innovation Horizon 2020, under grant agreement 951782
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Moderator design (courtesy of L. Zanini (ESS))

A viewed surface of 40 X 24 cm2 provides high intensity neutrons to the
NNBAR large beamport
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HIBEAM (top) and NNBAR (bottom) detectors

Aluminum tube
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2 cm thick
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Scintillator Modules

10 layers of plastic scintillator
3 cm thick for each layer
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Lead Glass Blocks

Base: 8 cm x 8 cm
Height: 25 cm i
Pointing towards the center of
the detector =

Time Projection Chamber
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« 085mx187/m
« 204mx0.85m
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Scintillator Modules

10 layers of plastic scintillator
3 cm thick for each layer

Lead Glass Blocks

\ Base: 8 cm x 8 cm
Height: 25 cm
Pointing towards the center of
the detector
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Stay tuned for Billy Yiu’s talk with all details on detector results!
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Event displays in Geant4
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Figure 4. Event displays with the NNBAR detector showing (a) a signal event with five pions (b)
a COSmic muon.

Stay tuned for Billy Yiu’s talk with all details on detector resuits!
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Sensitivity
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N N BAR Optics (courtesy of R. Wagner (ILL))

(not in scale)

NNBAR optics

Target and Moderator Detector

Large Beam Port Y )
LBP Y

ballistic motion of neutrons that is free from perturbing

) - magnetic stray fields, interaction with walls
Figure of Merit (FOM) and ambient gas particles

Different optics are compared using this quantity
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NNBAR Optics results (courtesy of R. Wagner (ILL))
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Recent Papers
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A Computing and Detector Simulation
Framework for the HIBEAM/NNBAR
Experimental Program at the ESS,
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New high-sensitivity searches for neutrons
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arXiv:2006.04907
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Summary and outlook

HIBEAM-NNBAR two stage program at ESS
HIBEAM — world leading sterile neutron searches + pilot free nnbar search
NNBAR — world leading neutron-antineutron oscillation searches

Progress in all main areas of the program:
moderator, detector, optics

HIBEAM HIBEAM pre-studies - research needed ahead of a formal beamline proposal:
- (1) TPC design and prototype construction (LU)

- (2) Integrated read-out (CTU, UU)

- (3) Study of WASA detector exploitation (UU) _

- (4) Beamline design (ESS) 4% /\/ v

- (5) Prototype tests - see K. Dunne's talk. NNBAR
NNBAR CDR planned to be completed in 2023
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