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Intermezzo: corrections to the isospin limit

Comm. relation of charges (= integrated ch. currents) in the isospin limit

[, 1]=2 = 2Q-Y
——— N——
generators in iso limit, exactly conserved
obey SU(2) comm. rel. also away from iso limit,
unchanged

2q — y = 2(hi 5| Bl hi i) = (hiig| [, 1-]1hiis)
= > _n(hi il Le[m(nll1=1hi i) — Chi i I=n) (|14 |hi i)
= |(hiig—1 1= hii) P = [{hi g1 L[ i i) |? + O(82)

For iz =i (e.g., 7™ — n°)

\<h,~7,-_1|l_|h,-,,-)\2 =2q—y+0(0?) = \(h,-,,-_1|/_|h,-,,->|iso}2 + O(6%)

Vector form factor from infinite-momentum limit of charge matrix element
o . 1
r)36(@F(0) = lim (i a|l-|hi)]g=o
|pi|=|p2|—o0 PLTP2
[Fubini & Furlan (1965)]
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Neutron beta decay

Basic process behind all nuclear beta decays
n—p+e +Ue
Fundamental process at quark level: n(udd) — p(uud) = d — u
d— u+e + e
Relevant term in the Lagrangian
—% cos Oc (0O} d) (O ave)
Decay amplitude
Mg = —% cos 0c H tie(p(e))Va(l — ’YS)Ve(P(V))

Hadronic matrix element receives both V and A contributions
H* = (pl(0Fd)(0)[n) = V' + AT

Ve = (pl(@y*d)(0)ln) A% = (p|(ay*¥>d)(0)|n)
R



Neutron beta decay (contd.)

Use symmetries to constrain matrix elements — from Lorentz invariance:

(PIVLIn) = Tp(pp5p) (A4 +Fa(a)ic™ 55+ (%) &5 ) P 5n)

(Pps 5p)M* () tn(pn, $n)

(p|AL] >:up(pp75p)( 1(@*) +82(q%)io" 55 +83(a%) 3 )7 tn(Pn, $n)
(Pps Sp) M

( )un(Pn, Sn)

Most general linearly independent structures one can build out of
= (2,0) @ (0, 2) and its conjugate D transforming like a vector/axial vector

= Up\Pp; Sp

q=pPn—pp, M= ’"P;m"; f;, gi: real dimensionless functions (form factors)

Can be determined experimentally via ve/De — n/p scattering — same matrix el.

(PIVEwlp) = (P sp) (Foa (@) + Foa(@)ic™ 5+ Fo3(a) sl ) ol )

(n|VE,In) = Tn(pps sp) (fn (q ) M+fn2(q2)’UW +fn3( )2m > Un(Pn; Sn)

foi. fni: electromagnetic form factors of proton and neutron
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Neutron beta decay: vector matrix element

Further constraint from conserved em current = CVC in the iso limit:
transverse matrix elements g, Vi =0, g, V¥ [iso = 0

fi term: u(p’s")qu(p,s)=u(p’s")(p'—p)u(p,s)=1u(p’s’)(m—m)u(p,s)=0
> term: o antisymmetric — q,q,0"" =0
2y _ 2y _ N
- fp3(q ) - fn3(q ) =0 f:’;(q )|iso =0

Alternatively use behaviour of vector current under G-parity, G = Ce'™"2, to drop f3 in the iso
limit

Use (I b+1|VE|1 BYy=+/T(I+1)—k(h+1) [<//3+1\Vé‘m|//3+1>—<//3|vé‘m|//3)] for the
nucleon isodoublet (/ = 1) in the isospin limit

(p| Vi |n) = (p|VE,|p) — (n|VE,[n)
fi(qz)‘iso = fpi(q2)’iso - fni(q2)|iso i = 17273
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Neutron beta decay: vector matrix element (contd.)

‘ f1(0): weak charge‘

In the limit g — 0
<p‘ Veom(o)‘p>|z_i=0 = fpl(O)L_lp(p, SL)VOUp(P; Sp) = p1(0)2P05s;,sp
= 2P0 des",,sp = 2P055",,5p
<n| ng(0)|n>|a=0 = fnl(O)L_ln(p7 5,,1)’70Un(P, Sn) = n1(0)2p055,’1,sn
= 2P0 Qnés,’”s,, =0

f1(0) = £1(0) — f1(0) = Qp — Qn =1

Alternatively: n — pis Al =0, AS = 0 transition, governed by weak
charge Qw(3,-3)=1atG=0

(P VY (0)[n)|g=0 = £ (0)ap(p. $p)1 un(p, sn) = £1(0)2p"0s, s,

= 2p05sp,s,, \/ % + % = 2P055p,sn = fl(o) =1
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Neutron beta decay: vector matrix element (contd.)

‘fz(O)Z weak magnetism‘

Form factors f, ,2(0) at g = 0: anomalous magnetic moments, related to
response of particles to external static magnetic field; from experiment

f3: “effective scalar”
Quiny (1 = ~°)ue = L_IU(??V + ﬂe)(l —7°)ue = Uu(1+ ’75)?’eue = mely (1 4 7°)ue

In summary: to leading order in g and isospin breaking

_ A
VL) = 0(ppr55) (1 + 00, 2 ) n5)

Near the isospin limit, expand in iso-breaking A = m, — mp
@ ¢?2= (P(e) +p(,,))2 > m?2and ¢ = m2 + m2 — 2mnEP < (mp—mp)?2 = A2 s0 g=0(A)
@ fi= fl.(o) + Afi(l) ; from current conservation f (q )=0so 3 =O(A)
@ fi term is O(1), fzq term is O(A), and f3q term is O(AQ)

Working to order A, drop f3 and deviations from f; 2(0)
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Neutron beta decay: axial matrix element

Term o q,~> (“weak electrism”) forbidden in the isospin limit, can be
dropped when working at order A together with g dependence of gi 3
Forbidden by G-parity: G-even while A, is G-odd

(pIALIn) = Tp(pps 55) (71(0) + " B2 ) 1 un(py, 50)
PCAC hyp. —ig,{(p|A’ (0)|n) = f-m2(p|¢(0)|n), pole structure implies
(Pl (0)] ) = 20585y, 55) un(Pns 5n)
g,rNN(qz): pion-nucleon-nucleon vertex function, regular at q2 = m72T
Off-shell pole corresponding to (unphysical) nr* — p
(27)*5 (pp— P —pa)iMiy et = ot (plnT )in = ;/d4xe*’f’w’*(mx+m3,)out<pld’*7j§)|n>in

— —i(p? — mz)/d4xe—i(pw+p,.fpp)~><0ut<p|‘¢’+7\/(29)|n>in

2 2
Pr — My
i

¢>+(0

iMnTr*—>p :out<p| |">1n
———

XEmrNN
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Neutron beta decay: axial matrix element (contd.)

Combining structure of A“ matrix element with pole structure

Up(Pp, Sp) (ﬂgl(q )+q2Ele) ))7 Un(Pn, Sn)
2
:2fwmi%ap(l’p’5p)’75un(Pn75n)

2 2
(mp-t mn)g1 (%) — G E4L) =21 m? ExalT)

At g =0 (mp, =m,=m)

mg1(0) = fxg-nn(0)
Relation between experimentally accessible quantities:
e g1(0) ~ 1.267 obtained from measurements of neutron 3 decay
@ assuming pion-exchange dominance, g = g;yn(m?2) of pion-nucleon
coupling from nucleon-nucleon scattering experiments, g ~ 13.169

Assuming further g.yn(m?2) ~ g:nn(0) = Goldberger-Treiman relation
mg1(0) = frg

Satisfied within 2 + 3%
Matteo Giordano (ELTE) Weak Interactions September 24, 2020 8/9



Conserved axial current in the massless limit

If my — 0 = 9,4 =0 = 2mg1(¢?) — P& — 0= | £) — 2mg;2(q2)

Pole at ¢ = 0 in g3 from xSSB indicates presence of massless particles (7s)

Phenomenological origin of the pole: “blob”-like coupling of nucleons
(non-elementary) to leptonic weak current, include
@ pointlike n-p-leptons four-fermion interaction
@ pointlike n-p-m interaction followed by pion decaying into lepton pair
° ...

LM = —CB N7 (1 — gar° )N &vu(1 — 7°)v + huc.] + igNTn N,

N: nucleon doublet, g4 = g1(0)
g1 term: i%(—gA)Up’YM’YS“n

NN{vy coupling

. ; Gy 2rgqn —i
g3 term : i (igV2)upy°u, Py —\/’g(l\/iquﬂ) o f‘g; 7\’[2;
, T T

NNm coupling 7 propagator wlvy coupling
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