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Overview. oi: the Science

- Hadronic Weak Interaction
- Should be interpretable via QCD

- May play role in nucleon structure and neutrinoless
Bp-decay

* Decay Correlations and Neutron Lifetime
- Decay parameters sensitive to non-SM phys.

- T, important for Big-Bang Nucleosynthesis
* Neutron EDM

- New sources of CP violation (complements LHC)

- May contribute to Baryon-Antibaryon asymmetry of
Universe



N-N Weak Interaction

* Purely hadronic weak interaction
influenced by QCD

* Plays role in Atomic and Nuclear
Parity Violation

* Desplanques, Donahue and Holstein
estimated NN weak interaction via a
quark model

f. h% ht!, h2 hpo htl
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NSV / 1ol NINFWeak-Meson Couplings
rew-nucleon observanies

np A np ¢ nD A no ¢ |ppA, |paA,

f, -0.11 |-3.12 [0.92 |-0.97 -0.34

h0 -0.23 |-0.50 |-0.32 |0.08 [0.14

h! |-0.001 0.10 [0.11 (0.08 |0.05
h.2 -0.25 |0.05 0.03

h,° -0.23 |-0.16 |-0.22 [0.07 [0.06

h,! -0.003 -0.002 (0.22 |0.07 0.06

Table from J. D. Bowman

Role o Neutrons

n+p->d +y (NPDy) spin asymmetry can isolate f_
N + a Spin rotation provides unique constraints
ealson+pspinrotationandn+d > t+y
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Wenl sivenstntes Ilass elyengtates
nlc elyenstate
(q ) ( \ a)
dw Vud Vus Vub d
SW - Vcd Vcs Vcb S

\b, / Kth Vi VoAb

(d, ) (0975 0.22 0.005)d"

s, =] 0.22 097 0.04 || s
b, ) 10.005 0.04 099 \b,
Unitarity, , (or lack thereof) of

CKM matrix tests existence of possible new physics
(eg. Supersymmetry)



VagzomebEaecay.

* Gy is related to Fermi coupling  via V4

“_\(v/vu d\/“
W€ Wi _ €
<

* 6, measured in 3-decay (u—~>d)

* 0"-0" nuclear decay (must include nuclear
corrections)

* heutron decay (must extract G, and G,)



PolarizeasiNelironrdecay:

dF:l_;l + ﬂe_|_ M 4+ _an'ﬁe + ﬁn.ﬁv+ (_fn.pexr)v
E. EE E E E

€ € v €

» ', =1/1,total decay rate (depends on 6, and 6,)
» Correlations a, A and B depend on 6, and 6,

» Coefficient b requires S and T interaction

» Correlation D violates Time Reversal Invariance

Must measure two observables to extract G,
and G, (eg. t,and A)
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Serebrov et al., PDG 2004: 1, = 885.7 + 0.8 second

Phys. Lett. B 605, 72 (2005) _
(878.5 + 0.7 =+ 0.3) seconds 1995 2000

Year of Publication
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* New physics (e.g. SUSY) should have

additional CP violating phases in
couplings

» Contributions to EDMs depends on

: sinf
masses of new particles d oc—CF

2
M SUSY

experiment: d_ <6 x 102¢ e-cm
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Theoretical
Prediction:

—Electro-
magnetic

—Milliweak

_{~Weinberg

Multi-Higgs
Supersymmetry

—Cosmology
—Superweak

—Standard
Model




Cold Neutron Advantages

* High Flux
* Improved polarization with pulsed source

UCN Advantages

» Can be trapped in certain materials
» Can be easily polarized (B = 6T)




Facility

Status

Cold source
Brightness
at ~44A

{ 10" n/em®/s/sr/A)

Relative
Brightness
*Area*Year

Woke 3

Relative
Yearly
Fluence

Note 3

Pulsed Sources

9

25

Continuous Sources

14

150




JS Facilities for Fundamental
with Neutrons

, U‘

* NIST

- NG6 - Cold Neutron Lines

- LANSCE

- Flight Path 12 (FP12) - Pulsed Cold Neutrons
- Area B - UCN

- SNS

- Fundamental Neutron Physics Beamline
(FNPB)

- Other Initiatives
- PULSTAR Reactor @ NCSU
- LENS Cold neutrons @ IUCF



INon=USHEaciliiiessior
FindamenidifNeuironiERYSICS
» ILL - Cold & Ultra-Cold lines

* PSI - Spallation SD, UCN source

+ Germany - FRM-II 20MW research
reactor

- Japan



hihe Eundamental Neuiron' Physics
Program at NIST
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<10 K CH,
moderator

13 MeV Proton
beam

Poly/Pb
Shielding

Be target and H20
reflector
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1.4 MW Spallation Seurce

Front-End Systems
w. . (Lawrence Berkeley) ’
T =~ \\‘

Accumulator Ring
(Brookhaven)

':'-:
l.iﬂﬂl: .Ih"'t'.*.‘.. % II..I_.-_;. '...‘- \
(Los Alamos and " = 2 AT i'

Jefferson)

Instrument Systems
(Argonne and Oak Ridge)



SINSHiargeinHall

FNPB-Fundamental
Neutron Physics Beamline




EINPBr Beamline

Fundamental Neutron Physics Facility
at the SNS. Beamline 13

Cold Polarized nentron experimental area
on main beamline

UCN experimental area in external
building. 8.9 A beamline extracted
via double-crystal monochromator



SINSREDMEEXPERImEN;
Based on Golub & Lamoreaux (94) concept:
- Produce UCN in superfluid 4He
- Use higher |E| field in 4He
- Use polarized 3He as comagnetometer

- Measure precession frequency via n-
capture on 3He

- Can also "dress” the 3He and neutron
spin
* Extra RF field gives W, = ®

n
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Paramter EDM @ ILL EDM (@ SNS
(1999)
Nuen 1.3 x 104 2 x 107
IE 4.5 kV/cm 50 kV/cm
T, 140 s 500 s
m (cycles/day) 270 50
o (e_cm)/day 6 x 10-2° 1.5 x 10-%7

h
4| E | Tm\/mNUCN

|12
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Siatus o SINSHneliron EDM

* Feasibility of <1x10-28 e-cm
demonstrated (2003-2005 R&D)

- Internal Review 2/05

» Collaboration prepared to begin
construction in FYO7



Theoretical
Prediction:

—Electro-
magnetic

—Milliweak

—Weinberg
| } Multi-Higgs

Supersymmetry

—Cosmo
—Superweak
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Facility Limit Technique Status
e-cm

ILL (ILL-99) 7.5 % 107 08 Latest
publication

2003 (ILL-99)
magnetometer Now 1'111U1iﬂg
20-1 cells (ILL-99)
2004-6 Hg Possible
magnetometer continuation
Eight 3-f cells
neutron/Cs
magnetometer
Superfluid He
trap. neutron
magnetometer

Superfluid He
2010-12 trap, “He Proposal under

Proposal
funded

Phase 1
underway

magnetometer review




Outlook

* Program to Test Fundamental Symmetries
with neutrons is developing in the US

* There exists an active program worldwide

+ Compelling science is anticipated within
the next 5-10 years
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