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The Standard Model

200000=
175000=
150000=
125000=
100000+

75000=

Mass [MeV/c?]

50000=
25000=

electron
O= [ )

muon

ositron
proton p<au1 ‘ron

antiproton

lambda
kaon )
pion Xi

;
1897

Standard Model of Elementary Particles

three generations of matter
(fermions)

mass  =2.2 MeV/c2? =1.28 GeV/c2? =173.1 GeV/c?
@ |- @ |- @
up charm top
=4.7 MeV/c? =96 MeV/c2 =4.18 GeV/c?
]—/21/3 d ;21/3 S ;:/3 b
down strange bottom

=0.511 MeV/c? =105.66 MeV/c? =1.7768 GeV/c?

-1 AL <,

electron muon tau
<1.0 eV/c2? <0.17 MeV/c2 <18.2 MeV/c2?
0] 0] 0
Ve . Vi . VI
electron muon tau
neutrino neutrino neutrino

1919 1932
1937

interactions / force carriers
(bosons)

0 =124.97 GeV/c?

0 0

- o H
gluon I higgs

0

0]

1

Yo

photon I

=91.19 GeV/c?
0

I

"4

Z boson I

=80.39 GeV/c?
+1
W

_4

W boson I

https://en.wikipedia.org/wiki/File:Standard_Model_of_Elementary_Particles.svg

top quark
o

Tau
J PS ip upsilon

1947 1955 1964
1950

Date

higgs
[

1974 1983 1995
1975

1977

J
2012

‘Le ptons

Fermions .

Quarks
Leptons

V V - ""',',‘_'_f.'.'.’ffﬁfiffff_lrﬁ’:’:’..’

Bosons |

Gluons
o @ O O
o.\ br a'.: Oy 8
o o o <
o &, B O




B~Decag “Particle Phgsics”
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B~Decag “Particle Phgsics”
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B~Decag “Particle Phgsics”
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B~Decag “Particle Phgsics”
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B~Decag “Particle Phgsics”
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B-Decay “Particle Phgsics”
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B-Decay “Particle Phgsics”

SM -decay parameters
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B-Decay “Particle Phgsics”

SM S-decay parameters
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Testing the Standard Model: CKM Unitarity
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Testing the Standard Model: CKM Unitaritg
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Testing the Standard Model: CKM Unitaritg
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Testing the Standard Model: CKM Unitarit9

SM -decay parameters
CKM Matrix Element V4

Ve

Mean Lifetime ~880 s

GrVid Endpoint Energy 782 keV gA

gv

Ratio of axial-vector to vector form factors A\ = e'?

O . N

Recently “in the news”

m3ct  2V2G4L(1+ AR)
experimental

observable
0.3% — 1.5%

universal transition independent or “inner”

2.4% Ve - e Ve > e Ve > e
w Y w z z w
n p n p n p

A. Czarnecki, et al. Phys. Rev. D 100, 073008 (2019)




Testing the Standard Model: CKM Unitaritg
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Testing the Standard Model (before 2010)
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Testing the Standard Model (circa car|9 2017)

A, Vud, Tn, and Unitarity

0.9755

0.9750 A

Unitarity (

0.9745 A

Superallowe

0.9740

|Vud|

0.9735 A

0.9730 A

0.9725

PDG

-1.272 -1.270

-1.276 -1.274

A =3galgv

0.9720 T
—1.280 -1.278




Testing the Standard Model (circa car|9 2018)
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Testing the Standard Model (circa late 2018)
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Testing the Standard Model
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Tcsting the Standard Model

Historical Plot of Free Neutron Lifetime Values
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Also Part of the Neutron Lifetime Storg
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Neutron Interactions with Matter: Scattering from a Nucleus
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Neutron Interactions with Matter: Fermi Pseudo Potential
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Overall the wave function changes... so perturbation theory with V won’t work well.
But the wave function outside the potential only changes a little...
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Neutron Interaction Scale
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Neutron Moderation
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“Ultracold” Neutron Production
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“Ultracold” Neutron Production in Solid Deuterium
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Ultracold Neutron Sources
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Ultracold Neutrons (UCN) are neutrons with energies on the order of 100 neV *:

e “Optical” reflection for any angle of incidence for many substances
e Classical motion is that of a spinning magnetic bouncy ball a |
e Can be pushed around by a refrigerator magnet S I S

e Can be 100% polarized via Stern Gerlach by a 6 Tfi ¢

87/ = 340neV

¢ They behave much like a non-interactir . “Low-Field

Seekers”

¥ “High-Field

*Max UCN energy often quoted based on me ] of 58Ni (342 neV) Seekers”

“Horiz. Guide”

“Input Guide”

[
o

“Horiz. Guide”

“Input Guide”




UCN Detection in the old clags
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UCN Detection Now

10B-coated
/nS Screens
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