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Neutron Decay

* Neutron is a baryon, consisting of one up quark and two down quarks;
e Quarks carry color charge and interact via the Strong force, exchanging the gluons;
* Free neutron is unstable: B -decay in about 15 minutes, but in some nuclei it can be stable.

ud u ve " n—pt+e +1, or in terms of the quarks d— u

Process conserves Baryon number, Lepton number and electric charge;
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.... W Current has (V — A) type, so at vertex: _Q—%VH(QV — gAVS)




Neutron Decay

Neutron is a baryon, consisting of one up quark and two down quarks;
Quarks carry color charge and interact via the Strong force, exchanging the gluons;
Free neutron is unstable: B -decay in about 15 minutes, but in some nuclei it can be stable.

ud u Ve " n—pte +1, or in terms of the quarks d—u+e +1,
Process conserves Baryon number, Lepton number and electric charge;
Pt Z
---- e Current has (V — A) type, so at vertex: ——gfy“(gv —gay’)
2v/2
Conservation of Vector Current (CVC) = gy =1 gy  effectof Strong
M A = == interaction (non-
| Partial Conservation of Axial Current (PCAC) => g4 ~ 1.27 9V perturbative)
. Viua from CKM matrix
L fam

I = - (27T)§G%|Vud‘29‘2/(1 + 3931)(1 + RC) fu(My, Mp, m.) — phase space term
RC' — Radiative Corrections

Vg = 0.97420(22)
49086 £ 1.9 > Tu(1+3¢%) = (5172.0 £ 1.1) s

| Vaa|? (1 + 39124) From superallowed
transitions
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Neutron Lifetime Problem
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AT = Tpeam — Ttrap = (8.6

Beam experiments count
produced protons and

measure B-decay rate

—1 —1
F)B — Tﬁ — Theam

Trap experiments
measure neutron
disappearance rate;

-1 _ _—1
Fn - Tn o Ttrap

If neutron has new (BSM)
decay channel
I',, = F@ + I'ew > Fﬁ

or Theam -~ Ttrap



Axial Coupling

Axial coupling g4 is extracted from r ]: I5D(I3‘2‘0118ﬁ
measurements of asymmetry el | Brown -
parameters of decay. k ~Mund |
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From relation: 5
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T5(1 + 3931) = (5172.0+1.1) s : [
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Terap = 879.4(0.6) — g4 = 1.2756(5) k
Theam = 888.0(2.0) — g4 = 1.2681(18) "L L L | .
1.260 1.265 1.270 1.275 1.280

gy =1.2755(11) — 5™ =879.5(1.3) 7
Tn = Ttrap — TgM < Theam against dark decay prediction Tn = Ttrap < T8 = Theam

Only possibility is T3 # TgM due to BSM contributions in B-decay



BSM: adding possible non-standard four-fermion operators

Involving all possible current structures

KA scalar
_ . Yy°Y  pseudoscalar
Ji = Z Civ Oy where ¢ is running through all bR vector
! possible bilinear covariants, that wyt~S axial vector
i=S PV AT satisfy Lorentz invariance Dot tensor
—_— - - , Y
Hsder = G%M[ (1+e€r) evu(l = s)ve - uy*(1 — v5)d o= pn (Csere = Cgensre)
.~ — + 25’}/#“ (C\/éﬂ)/uye _ C{/67u75ye)
+ér ey, (1 +v5)ve - uy"(1 — v5)d |
+€R é’)/,u(l - 75)Ve ' fawpl(l + 75)d —+ §ﬁ0uvn (OTEO'W/VQ — O’Té@w%%)
t+ér ey, (1 4+ v5)ve - uy* (1 + 75)d gy B ,
+er €0y (1 —75)ve - uo™ (1 = ;)d - P (Caeysve = Caerure)
+ €p ey, (14 v5)ve - uo™™ (1 4 v5)d + pysn (C’pé%ue — C},éve) + h.c.

+ese(l —y5)ve -ud + €se(l+ v5)ve - ud /
—epe(l =) - tiysd — épe(l + Ys)ve - ysd) InSM Cspr =Cgpr =0
~+h.c. Ov, OV = GFVud/\/ﬁg CA, OA = \Cy



Decay Rate Distribution Function and Asymmetry Parameters

The distribution in the electron and neutrino directions and in the electron energy from oriented nuclei is given by

w(<']> ‘Ee’ e, QV)dE@dQ@dQV - J polarization of nuclei, J = J/’J‘

F(+Z, F,) 5

(271-)5 peEe(EO B Ee) dEedQedQv >< E@? pea Qﬁ? EV7 pU? QV
1 Energy, momentum and angular coordinates of
_5 {1 + ape Py + bﬁ electron and neutrino
2 E.E, E,
e [pe b, (p.-J)p, -j)} [Ju +1) —3(J -j>2] F(£Z,B.) Fermifunctor

3E.E, E.E, J(2J —1)

J . a, b, c, A, B, D

—|—j y [A% + B% -+ DpeE EpV] } Asymmetry parameters, are functions of C}, CZ(

Fierz term b¢ = £2yRe||Mp|*(CsCy + C4CY) + |Mar(CrC + CLCY))]

Mg 0t — 0" Superallowed Fermi transition AJ =0

Mer Gamow-Teller transition AJ =0,=+1



A - correlation between electron momentum and nuclei polarization

A
In general AE = yMGTFAJ,J[iQRe (CrCF — C4C%) + QmeIm (CrCy + O}Cj})}
J
+05MpMery| 5 X 2Re (CsCy + C4C — CyCf — C1,.C3)
7

i2apmlm (CsC + C5C% —COy O — CLC)]

In SM A=-2 X+ A For any asymmetry parameter X =
T4 3) vy Y 1+ (%)
: . : : K 1

Integrating distribution function gives so called ft values ft;

~ g L+b(m/E.)
& = |[MpP(ICsP+|Cv *+ICEP+ICy?) + [Mar*(ICrP+|CaP+ICpP+|C %)

+ + n me
Taking the ratio of superallowed Ft? =0 § (1 T b”<E_e )

transition and neutron decay famaln2(1+0g)  gotoot (1 + bF<TE>)

e
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Results of Fits: Adding Scalar coupling

data:

Toeam, A, [t values

free parameters:
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Ca

A= —1.2742 £+ 0.0008

Cs

— = —0.0105 £ 0.0026
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Cr/Ca
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Results of Fits: Adding Tensor Coupling

A= —1.2736 £ 0.0006

C
T —0.0103 £ 0.0015
Ca
2 24
X _ ATy
dof 13
beam

[Al=|CalCy|

Summary:

Inclusion of scalar and tensor currents in

the theory was unable to modify A
parameter in the way, to make it
compatible with beam lifetime and Vud . |,
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