
EQS OF MOTION W. TERNING & VERHAAREN’S EQS. 2.4, 4.1, 4.2

Hello,

I calculated the equations of motion with the Lagrangians in Eqs. 2.4, 4.1, 4.2 of Terning-
Verhaaren’s, where I set θ = 0 but I included the dark sector with kinetic mixing. I used
g = 4π

e2
and gD = 4π

e2D
.

The equations are given on p. 2 for Aµ, p. 4 for Bµ, p. 6 for ADµ and p. 7 for BD
µ . They

can be further simplified.

One purpose is to check the normalization. I am a little puzzled with Eq. 4.2, which
does not contain g, gD.

In order to compare with Terning-Verhaaren’s equations of motion, Eqs. 2.5-2.7 without
dark photons, I obtained the equations of motion for Aµ and Bµ on p. 3. I need to fiddle
a little more with the ε tensors to see if the last terms are equal. If I have any luck, I will
let you know.

Cheers,
Marc
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ôi

+
t

{.<.
%

-d.,/3/Q^
-,\
I

1,

1fn

1"ti .tt4-

_q{,

{
64
yt

$o
t

{
h\

I

cakr

.e
*lq

{*
f
I

oaq to,.FtL

t"=

\ {.

[L=

,G\
t
.S

bt\\
c^1
h
+

?
N?
.*N
,s+
tR
\\
\'srl

$r

=\l\l
qf
a,
Ury

e
qJ

c{

t-

A!
il
N

s
\{J

\D
?
I

,N
NJ\\

<"
\

t\

*\*l $xle
+

$r
"i 

\$
-S'\.-i,

E
SFNi

:-<{
${b j*
rug
{ *s,

.,_J

a
?sus !,e-

,tl 5

$tt,:l*
'Jl" -l

t(\-k3
[Lx

A
\

!6<.

{,+
-Gob sb{(/O
^,-S\ r.^ q.y. : \-t

T**.{ \<

F' qoR

t-^'*

[ox A{
1 t^

-.Q i
,o= .st
t+ h.
%d qq
+l
a\k

71,4

\*
\r^ -C

e<5

>\DqA
\'i{7.r{t
!16

t

.S
d

s
aq.

rra
*=t'{

Yle

*ffi
It

#r,r$

sqa
k\
tr
t*
i3
ff
=h\

\h
q)
AU'

\Uw
+

^*$
*-os

s[n\
+

tJa
-<
c,l aet\
-t\
+

[l-
I

<E
{t-

i.:

-ti.
ra

t
a.<

a{.
,t.<

Aa
{

\o

/\=

+.\
.-S'

\=
c\q
+

+
cs\

I

:t_

q\a
I
a*st

.tq
61x

1{

+

\^

\\
;.tlvl{1

NI
\rf

rr\f

$
l-a
t
s
(\
B
l

\

\
v\3l
.T

\\)
S

a

Gr
I

x
-\\
aE\

!ox
5

.sD
t>-Y\a

d\J

lcra{ =,lr
[l +

ttE
\LO

t*
+

ll

s
rtr
-.,{.\

Nt

+
1{
tr-<

\{.
Sa'

nl

"s!o

\+aa.\t
{,8+lt

\
\(

.{"
foq.

Te
rt

\
1

Ft

^'-tE
'il*

R
q)

t\A (
LL
AvI \A-
Ls

+
€e
q_

€*
\+.

."*
>
\

*\

\t *
I

A\4



2 EQS OF MOTION W. TERNING & VERHAAREN’S EQS. 2.4, 4.1, 4.2

C\Y "a.
\Lst.'

\
{
1-

tl
\
$A

[r-<
S.rq

3,
Aq,\

€*
\\

tJq*
h

I
trat"$
S/\ <
U\'\

1
\

$D
x.

)\
\

x/

eAq
t-r-

6\a
:\}r
\r1

\
L'{J

\
,I.\It
\
\

s

t\
qr-lr1
{"

\tJ

bt
"b
\
\

!sxc4\

1
v
A

\)
\)

It

u

*

?
aA

iL

v
\\)a
a

\
{,.

il
\)

'6

,A
s/
\,

?
,a9I :-:4l .rc

ftn^

I
,+-b

+
C\

(-
fYt

G
c\q/r

\

\

{.(
)"t

\J

"t
+

t\
tL

L\
\
\
\ \,
\^
t
I

\"+..

t1
{
\U

\
\
I

T,ik
\
,Y
1.

\J
\

iS
kr.+s
h.o.t^

+

sb-\n
5x./s

It
b)-ct
q^ LsrA

t

\?
u-

>-t
qb

t{_

\(\
\6
I

\\

s
I

1\x
TL

)q

=
,d,o

I
LO

\
)sA

<,
h
:
1
\,\

={rs' Irl

G

1
\q

1x"-U

I

n

Atto
t/Q

I
ql

+t,a

Sa
)sa

i(,
\)

!t)\
\\C\

-f
=S
\e.

v
tb
*J
\rl

u,
T(
H

$
\)

"R

qD

\l
1

*)\t-,

I

Y

{_

(+4

€

T

s
\

\tt
q5\:

*l
rl

x

c{
,ti
k
\3

G
.a\'
A ^,.t

Q).

.fl\
\rJ I

I

Atr:s
s*

\

^[

^\^
ii

ss
.A

Il

\r(\

\
tr,

I

c\

1

q $
t{
E
i\

$
*
ts\s

q,t
AI$t

\JI
+

bxA
q-{'
G\
\

\
l

-}a
\L
<1\A

bv,a
{\/

t\^
1>a
{.
\J

\
{

.<
.A
\Ltt

5\
\

t
.(

\

t-
[-<
(\\
\

L+
a
\q<
zsb
q+

s_
={\

r-
\:\

lXLl-
*\

il
:(

\)
\

{

st
:(
\\)

-)
+

\\
\
+

IL
T.+

_\

L€

{

-L
FA

{

'b

t"
Ur

"fl$l

G'
\^

G\

r\*r#

a



EQS OF MOTION W. TERNING & VERHAAREN’S EQS. 2.4, 4.1, 4.2 3

*/

te
{.
b)

+Tt
d

s'

t
\

Il
-<.

+tl-
aG

&
ll

\

t-

N

o
ut

s
ll

\

x
3

r. {R

$s

{
\
->
I{
\

ll
>\-{
f\L
*at
,+

N

o(

,g
U.)

$ss\s\./ t
\
I

$\
I

!
\{

I

Lt
\
I

a
v\

\?

c!
c\
\a$
,+

6'
5r.9

\SF

--
I

e

,1
\L\

fs
ct

t
\,/,

c(

dq
\J

€
.3
?.{\\)tr

[(
{.

$.s-
\t..

6

ri

$

ll

t\F

\.u*
\

{

{\{
,\,

+
$
fgu
*at

I

Y
[-ao

:
1.&

it

tv

t\

\..l .s

{.
\)

I

*
t\\
.+
a

\
Ia

x
[t

t

\
\

b)

\r

^t\
a

,.tQ)-
LL.as

.+

rl\
$\

\\
\
{_



4 EQS OF MOTION W. TERNING & VERHAAREN’S EQS. 2.4, 4.1, 4.2

+r Q-\r
-\.rb
^)t

sd

-l\
+

t:.
.C
\^
-\

<\
{
t
Qo

\,Lh

$-

\
\J

{\

A

$t

Y

t\.
d
\
t\

I

Y

c1r.\\\
vlt
!u
E
fr

U

r-l
<.>
[-:r
b>.
L-ra

la t6
L-ic

+

>r
1Y

l.r
sd.
fiF

t
.("
,\F

\E
l{
3
^bI,vl

-{*

xtt

{

\n

\L
(t

5:
\-,15

t

\b
,i
il

S9:

s
t
s

s
q/\

G.
(s

"${

6q

*[

\-t
\-

9b%
Oa. ;t1

)o

So
d, nt

k*o
A\N

\
I

\

us
cq\
b.
-{

"3s\l-

"st63
t

,-t{"

n\a
\{

x!

flt
I

t \at
sl cCn,G

^q"
rl

\.qx

\

l_

$

\
I

xl^

\1.
-t

to
E

L<

t.<

'\
a
{.$

rt
ia

\
c\h

at\-
)o
1
{

t
\d-r\

t'
c.r I<,

t,\f
fLI
{lrl
Url\/
s(\-.
{E

\o

\g

^(\)
...t
\

\)b
N

".it
\
,\
l
N
\
At\
s\,\\
."N

N
\
\

t
c\c\

c\

II

el

{

x
x
V,

"fl1UI

ilt-

\,^

l\.

bt\t

,{

$e

llu

HrG
x)gr\

{h
\.\_

(\"

s
l*
1Y
h.,*

{"
\J

1*tr+

\â
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