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Introduction

ON MASS SHELL » 2 form factors per nucleon
Electromagnetic current of nucleons:

J :U(p',s')(y @ F.+ 23 Flvj+|a‘”q @ F,. + 23 FZVDu(p,s)
Isospin rotation of the isovector component gives
J= :%U(p',s')(y”ﬁ+ia”VqVF2V)riu(p,s)
F, —universality of G,
F,, —weak magnetism - contributes to S-decays
Gerstein and Zeldovich (1955)
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OFF MASS SHELL » 12 form factors



Introduction

OFF MASS SHELL » 12 form factors per nucleon
,u p p Z Ay ( Ip: "4 'ig;wgﬁff; v+ Q',u,(pfg — pg)}—éﬁ; h)An(p)

K,xk' =11

e Why don’t rotate 10 other form factors?

Answer: ON THE MASS SHELL AT TREE LEVEL

Exact isotopic symmetry — only 2 ones
contribute

Broken isotopic symmetry — 3 ones
contribute

ISOSPIN ROTATION OF F; IS NOT SUFFICIENT



Introduction

The most general expansion of the off-shell vector vertex:

0. 0) = 3 M (0 FE™ + 10000 F5 ™ + 4u (0 — 02 F5 ) A (p)

Where/crc'—+1 aq=p—-p 5K'K='7C(;5K'K(p'2,p2,q2)
+ M 5 functions of 3 variables
(1) (1
PA,.(P) =xM AK( p) i ins
Negative C-parity implies: L j: O = ,}_,;
- Y57 57
C'(T,(p.p)) C=-T,(p"p), s s
(p'p) =(=p,—p). \i750u ) \"5 %

S| EF(p, p*.a’) =F (P, pe.g°)




Introduction

e In this context, we start from the form factor
f. = F, of pion f3-decay:

L, (0 p) = (p'+p), F1+a,(p" - p*) F>

Conclusions are based on

1. Generalized Ward identity for broken isospin SU(2)
symmetry (7. = F, on and off mass shell).

2. Similar to the standard analysis of K,; decays
(7. on mass shell).

3. Numerical estimates use dispersion techniques



m,, Form Factor f_ Near the Mass Shell

CVC hypothesis: Fypa < %m PY isospin rotation

1. On the mass shell + exact SU(2): «— CVC

0,0 =060, 3% ., =0



m,, Form Factor f_ Near the Mass Shell

CVC hypothesis: Fyak < %m by isospin rotation
1. On the mass shell + exact SU(2): — CVC
0,d"em =O<—>8ﬂJa”WEAK =0
2. Off the mass shell + exact SU(2):
(p=p) I (p" p)=A"(p)T* -T*A(p) — WTI



m,, Form Factor f_ Near the Mass Shell

CVC hypothesis: Fypa < %m PY isospin rotation
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7, Form Factor f_ Near the Mass Shell

CVC hypothesis: Fypa < %m PY isospin rotation

1. On the mass shell + exact SU(2): — CVC
8ﬂJ“EM =O<—>8ﬂJa“WEAK =0

2. Off the mass shell + exact SU(2):
(p=p), I*(p',p)=A"(p)T*=T*A™(p) < WTI

3. On the mass shell + broken SU(2): «— partial CVC
auJ”EM =0<—>8ﬂJ3”WEAK =0, 8uJi“WEAK 0

4. Off the mass shell + broken SU(2):
(p=p) I*(p' p)= 7 — gWTI



U(1) Vector Vertex e.g. pion electromagnetic current

The most general vertex (J = 0):
L (¢ p) = (P +p), F1+4, ("~ ") 7,

WTI: A (p) -2 (p) = q,L, (P p),
where A7 (p)=p*—m°—Z(p*,m)
> (mz,m) =0,
: ,- A7 (p') -7 (p)
], 1 i £




U(1) Vector Vertex e.g. pion electromagnetic current

The most general vertex (J = 0):

L(php)= (0" +p) F1+4,(p"-p") 7,

In the limit p* = p* = m?, we obtain

1 - %, (mz,mz,qz)
7

In the vicinity of g* = 0, the form factor %, can be expanded

to give

— WTI

F 5 (mz,mz,qz) =

?z(m ,m>, ):——< > (6)

where (rz)v is the vector charge radius.



Generalized Ward-Takahashi Identity for
Broken Isotopic Symmetry

THE IDEA BEHIND:

For the bare vertices and propagators

1 ; 1 1 i 1 i 1 ‘)m[ﬂ] 1
—( — = — = (
P+ q— "I‘T?.B(c)] D — -'my'}] D+ q— -'mgic'}] D — -'m._Em p+q— mE? k D — -'m.i[-_D]
0] 0] 0]

om fio— My —m,
Generalized WTI (gWTI):

w0 p) = S7MW) = 57 () + om0, (0. p)

5N LB

Vector vertex Scalar vertex




Generalized Ward-Takahashi Identity for
Broken Isotopic Symmetry

Variation of the propagator: @ ¢’ :@

A o o Zﬂ XﬂTﬂ
ia® (', x) = (0 |To" (x') ¢ ()] 0) (1T’ = 26
Y =0

i0A (x",x) =X (xf) A (x", x) - A (xf, x) x (x)
In matrix notation, A" iSAA™! = —iSA™! = [A7Y, x|

. Isospin symmetry is violated by the
; + mass term & EM interactions
fxeff :ffeﬂ'(([’)yq)) :JDHQO:‘;C' !-(f))

o p'm’e
iD, = Iay with [m* T% # 0

'e =T°& B, = BT
CVC for elementary
vertices



Generalized Ward-Takahashi Identity for

Broken Isotopic Symmetry
Variation of the propagator: @ o :@
i AP (x’,x) _ <0 |Tcpa (xf) ‘Pﬁ (x)‘ 0> X=2a.XT°

Te(TT?) = 26%.
x —0

i0A (x",x) =X (xf) A (x", x) - A (xf, x) x (x)

I iy
Compensating transformation generates P9 —@
the field transformation in the Lagrangian:

2

2
m —m

= m* + [mz, fx] :
eA, — eA; =eA, +[eix] A,

B, — B, =B, +0,x+|B,ix].



Generalized Ward-Takahashi Identity for

Broken Isotopic Symmetry
Variation of the propagator: @ ¢’ :@
— ﬂTﬂ

in («',x) = {0|Te* (x") o (x)|0 X=2aX
(<) = ol () wloy ST

X —0

s o =X
Variation of the Lagrangian: ¢ @

0L e = =T (F,, (0 x + [esix] A* + [B",ix]))

—Tr (f [mz, ix]) ,

i0A (x’, :x:) = <0 ‘T-;o (x’) @ (x)i j d* V8L (y)‘ 0>



Generalized Ward-Takahashi Identity for
Broken Isotopic Symmetry

~iTr(7,0"y) Tr(S uleAf y T B x])

DD 4

4. Off the mass shell + broken SU(2):
(p'=p) (P p)= P, — gWTI

(p—p) T*(p'p)=A"(P)T*-T*A(p)
+@(p', P+ (P, p).

For pions: (Ta )ij = ~&i [TaTb] = Eape |



SU(2) Vector Vertex

Results
Vertex (off mass shell):
(0 p)= (0" +0), (FL+ (2 -p7) F1,) 4 (0% - p7) F5 + 73,
— -
f+ f-
In the standard notations (on mass shell):

(7 (¢) [dva (1 =ys)u| m* (p)) = V2((#'+p), fi+4,f-)
tisospin factor



SU(2) Vector Vertex

In the standard notations:
(7 (¢") [y, (L= ys) | 7" (p)) = V2((p'+P), fr+auf-)
1. On the mass shell + exact SU(2):

0,0 e =068, 3% pp =0

f =o.



SU(2) Vector Vertex

In the standard notations:
(2 (p") [dy, (1= ys)u| " (p)) = V2((p'+P), fi+aut-)
2. Off the mass shell + exact SU(2):

(p'=p) *(p' p)=A"(p)T*-T*A™(p)




SU(2) Vector Vertex

In the standard notations:
(7 (p") [dy, (L =ys)u| ¥ (p)) = V2((¢'+p), fr+4,f-)
3. On the mass shell + broken SU(2):

0,d"em :O<—>8ﬂJ3”WEAK =0, aﬂJiﬂW&K #= 0

iﬂ —H’ii+) (-f‘:_i"“hz— (ﬂznP‘z’ 0) +F o (H’z"uz’ 0))

2 2
_ m._+ gmﬂﬂ (<r2>::1 B <r2>:"=2) |




SU(2) Vector Vertex

In the standard notations:
(2 (¢') [, (1= y5)ul w* (p)) = V2((' +p), fi+4uf)
4. Off the mass shell + broken SU(2):
(p=p) ™ (p', p) = ? <~ gWTI



SU(2) Vector Vertex

In the standard notations:
(2 (¢) [y, (1 =ys)u| 7 (p)) = V2((0'+P), fo+a,f-)
4. Off the mass shell + broken SU(2):
(p—p),T*(p' p)=A"(p)T*-T*A7(p) «— gWTI
+O%(p', p)+Q*(p', p)-



SU(2) Vector Vertex

In the standard notations:
3 (p) [y, (L= ys)u| 7" (p)) = V2((¢' +p), fo+4,f-)
4. Off the mass shell + broken SU(2):
(p=p),I*(p,p)=A"(p)T*-T*A7(p) «— gWTI
+0%(p', p)+Q°(p’, p).

2

. PQ;PZ <r2>:=1 , m

2
T[D - ”Iﬂ+ 2 =2
(r)
6 S




Numerical Estimates

o 87 ()

, g2

<'r2>sT = g ds'

0'72,_, experimental data

T TT1
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G (d)
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04 08 I2
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Numerical Estimates

)= = (0.672+0.008fm)> = from
nw scattering data

(r*)[7 = ~0.10+0.03 +0.03fm° = new estimate from
dispersion theory

fo=(297+0.25)x10"°

NB: two times higher than the Jaus (1999)
quark model predictions

W. Jaus, “Covariant analysis of the light-front quark model;
Physical Review D, vol. 60, Article ID 054026, 1999.



POSSIBLE APPLICATIONS (on shell)

fo=(297+0.25) %107

m 1t — nlety, (AB/B)th = —0.94 x1073f_
q? ~ Am?, Bexp = (1.036 +0.006 )x1078



POSSIBLE APPLICATIONS (on shell)

fo=(297+0.25) %107

mtt— nlety, (AB/B)th = —0.94 x1073f_
q* ~ Am?, Bexp = (1.036 +0.006 )x10-8
ET — 7t'7'covT (AB/B)t" = ... f_(?)
q° ~ 4m?, Bexp = (25.52 +0.09 )%

(enhanced f_ effect)



POSSIBLE APPLICATIONS (on shell)

fo=(297+0.25) %107

mtt— nlety, (AB/B)th = —0.94 x1073f_
q* ~ Am?, Bexp = (1.036 +0.006 )x10-8
ET — 7t'7'covT (AB/B)" = ... f_(?)
q° ~ 4m?, Bexp = (25.52 +0.09 )%

(enhanced f_ effect)

m T — KKO%, f =?2&(ABB)"=... f (?)
q* ~ 4m?y BexP = (1.49 £0.05 )x1073



POSSIBLE APPLICATIONS (off shell)

T — mov,y with soft y

vy  1(p")




POSSIBLE APPLICATIONS (off shell)

T — mov,y with soft y

vy  1(p") y 1(p")




CONCLUSIONS: f-decay of pion

(7 (p") [dy, (1 =ys) | 7" (p)) = V2(('+P), fu+a,f-)

e As distinct from the weak magnetism,

isotopic rotation of longitudinal weak vector
form factor f = F, is not sufficient.

There exists scalar contribution.
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CONCLUSIONS: f-decay of pion

(7 (p") [dy, (1 =ys) | 7" (p)) = V2(('+P), fu+a,f-)

e As distinct from the weak magnetism,

isotopic rotation of longitudinal weak vector
form factor f = F, is not sufficient.

There exists scalar contribution.
e gWTTI for broken SU(2) derived

e Extending Equivalence Theorem:
Green's functions AND SOME OF THEIR

DERIVATIVES are unique on shell.



CONCLUSIONS: f-decay of pion
(2 (0') [y (1=ys) | 7" (p)) = V2((¢'+P), fu+a,f-)

® 4 versions CVC -> 4 predictions f_:

f.2o0 CVC + on shell
12 2
BB WTT CVC + off shell
2 2
3 M gmﬂ“ (<r2>::1 _ <?"2>::2) pCVC + on shell
4 pm—pz s\ I=1 mzu —T’P’Ii+ o\ T=2 CVC ff h "
¢ (T M (77 pOVC « of she
6 v 6 s

in agreement with K. analysis [ fo=1(297+0.25) x 10‘3]




