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What is the challenge? 

Are there more quarks than we know? Is there an 
unseen world of Supersymmetric partners to the 
known particles? There are two ways to think 
about quarks: by their mass and by the way they 
interact via the weak nuclear force. The CKM 
matrix describes the relation between these 
quark eigenstates. The mathematical properties 
of the CKM matrix test the existence of further 
quark generations and the possibility of 
Supersymmetry. These properties can be tested 
using neutron beta decay, either using 
correlations between decay particles or by 
using the lifetime of the neutron . But both 
methods have been plagued by substantial 
discrepancies between experiments. 
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Discrepancy in measurements of the correlation between the 
pro Ion and electron that emerge from neutron decay 

Neutron Decay Dna CKM UnltBnty 
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Physicists keep doing better, out still disagree on the exact value of the 

neutron lifetime 
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What is our innovation? 

What have we learned so far? 
The UCNA experiment has begun to resolve the discrepancy in the correlation of neutron decay particles 
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TOp vu~w of the VeNA experiment. L'CNs from source enter from bollOm of 
page. are polarized by the SC magnet. tMen decay In a magnellc trap Decay 

betas spiral aiong field lines and are counted at ~ach end 

Beta particle 
detectors 
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Intenm results of Ihe UCNA experiment. compa~ \ h previous measurements of the neutron 
bet3 decay asymmetry, The two-peor.l(C':d probatHllry dlstrfbuMn i sa! unreV'ealed ~yste'll.aUc 

uncertainties In the preV'lous expenn;ef"'t!l The solid ~ is the probabli ity dlSlrl c-vtJon CClmadeoring 
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all exp"!'riments, i t1c'udl~ the 'at~! UCNA resuit. 

Our experiment under construction 
is expected to resolve the 
discrepancy in the neutron lifetime. 
It uses polarized neutrons in a 
magnetic trap to reach smaller 
uncertainties than existing 
experiments. First data are 
expected in 2010. 

UCNs settle at the bottom of the 
trap like water in a bathtub 

UCNs enter from 
the bottom. 

Why is this important for our nation? 
Ultra~ola neutrons (UeN) are a unique tool for Improved searches for physics Beyond the Standard Model 

ueN anll neutrons at a human scale 

" lan IS the Measur of All Things" Protagoras, -IlIfI-..lIl Be 

tJltracold neutrons: 
Molle as fast as a runnning tl\lmen 
Are handled by hum n scale equfpment 

A1t1)~ Have tile same wa~length as ultraviolet Ugllt 
can be 100% polarized 
Near abSoll.ife zero ----

UCN can be 100 percent polarized, so they all spin in the 
same direction, by passing them through a magnetic field, 
eliminating the leading systematic in previous experiments A special source, 

developed at LANL using 
LORD funds. is needed to 
supply the UCNs 
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UCN K.E.- - - -- - -
spill parallel 10 I3 
C,ClIl not p<:ndmtc 
m~lgnetic barrier 

spill antip .. rJ. !lcI to B 
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Protons from the LANSe !: accelerator slri l<..e tM I ngsae:n target and pc-oduce 
spallatron neutrons. wn.ch are refle.c.ed by Be and moderated by CH,. 5K 
solld deutenumccnVtof1s ' '''Ie oo..l.:j newOn; 10 UCNs. The UCN$ ;)"e g uided 
away f~ ofTl VlO source to oetec:O!$ or e.xpefl ents by 51 nleSi Sleel gums. 

Precision physics measurements 
using UCN allow us to probe the 
same physics as the Large Hadron 
Collider, 15 years and $1 OB in the 
making. Our measurements are 
directly complementary to the LHC. 
The LHC will directly detect new 
particles, but precision measurements 
using UCNs will probe their masses 
and symmetries. 

The big picture: energy vs precision frontier 
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Both direct ("nergy) and Indirect (preCiSIOn) probes Will be 
neMed to undefSland partide dynamics at the TeV scaJe 

Predsion E1ectroweak Measurements and Collider Searches are 
Compleme~tary They access the same energy regimes 

It worked before 
precision law energy 
measUfements 
detennlned the mass 
of the W boscn and 
the top quark before 
they waR! actu~lIy 
detected 


