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-“Is there any other point to which you would wish
to draw my attention?”

-““To the curious incident of the dog in the night-
time.”

[44a B

I'he dog did nothing in the night-time.”

(14

T'hat was the curious incident.”

The adventure of Silver Blaze

Arthur Conan Doyle
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How do I get mass(?
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The group of all transformations that left invariant the light cone
(without translations) 1s the Lorentz Group. It is a 6 parameter group.

J1, Jo, J3, K1, K2, K3

In a different basis

T = K1+ J,
1=Ky —Jy
Yi=—K1+J2
Yo=—Ko—J
Js

K3



We see the effect of parity or time reversion in the boosts and rotations

PJLP~ ' = J;
PK;P~' = —K;
TIT ' =J,
TK,T ' = —K,
Therefore
PP 1=Y]
PLP~' =Y,

We need only a four parameter group.

Tlv E) J3$ K3 — SIM(z)



An important feature of SIM(2) 1is the following null vector

n— (1,0,0,1)

It transforms as

n — e“n

This allows us introduce new terms as

n-p

n-ps

It 1s not Lorentz invariant but VSR

A privileged direction is part of the theory



| | m*
. VSR Equation for Neutrino: pP— v=>0

Dispersion relation:  p”™ = m

i o
o

VSR Equation for electron: (}1 M — ——)’lp 0

Dispersion relation:  p? = M? M?=M?+m?



The QED lagrangian is

L = Leermion + Egauge + LaF

with
Ltermion = Y[i( D+ 3m*-5) — My
Longe= —3FuF™ — (1" F o) o
Lor= —%(3“1“1#)2
and

D, =9, +1ieA,

)



The QED lagrangian is

L= Efermion == Egauge + [IGF

with
Lermion = P[i( D+ 53m?*-L5) = M ]9
Longe= —FuF" — 5 (n°F i) 3 (ngF )
Lerp= —%(5“1‘1“)2
and

D, =09, +ieA
g g g Here, a photon mass 1s allowed!

It doesn’t break gauge invariance!



In VSR we cannot include P or T, or composed transformations as CP
or CT.
But including C in the free fermion part

.m?
free fermion — 10 ( ﬁ + Tﬁ)wc

¢ = 0,097 and §° = —'yTC CTC = —(3*)

v (n18 c) B (nlc? ) 7Y

i (agv) = - [ Eo(zg0)re = [0 ir (50)

Is C invariant



Feynman Rules
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QED 1n 1+1 dimensions

Contents lists available at ScienceDirect

PHYSICS LETTERS B

Physics Letters B

www.elsevier.com/locate/physletb

Schwinger model a la Very Special Relativity )

Jorge Alfaro, Alex Soto "

Instituto de Fisica, Pontificia Universidad de Catélica de Chile, Av. Vicuiia Mackenna 4860, Santiago, Chile

Phys.Lett. B797 (2019) 134923



The Lorentz Group 1s only one-parameter group.
The most general transformation is

A— coshf sinh6
~ \sinh@# cosh?

However, for the null vector n = (1) transforms as An = en

1

Lorentz Group admits VSR terms



The free VSR fermion lagrangian

The axial current is

J#5 =y + gm? (59 )iy nt (59

They are conserved classically and  gH d= —eh¥ v



Now, we couple the fermion with an external electromagnetic field

With ' =9, +ieA,

1
n-D

We expand at first order

Now, the vector current 1s

* =Py + om0 )nt (1)
-I-lz'emz(%n-AT )ﬂn“(nlaz/)) — liemz(izﬁ)ﬂn“(%n-fl

2 2 n-0



The axial current is
15 = gyt + smP (259 Junty (- 59)
hiem? (L Akl insind (L) — Siem?(y sy (pm-A-Lyw)
There 1s a modification

Despite the modification

8,j" =0
They are conserved
6“ ju5 —0 classically

j#5 = —cH"y,



In the quantum level, we will use

(J#°) = —€* (ju)

We move on to the path integrals to compute the expectation value

(jH(z fD’d)D?,[)]“eXp[’l,fdQZIZ[,o (1—zefd2:vzb(A—T2—nA )w)

We arrive to (7*(q)) Z%H“VAv(Q)



To compute the integrals with "

Which are of this form:
f d*“p 1 1
(27)2w p2 4 2p-g — A2 n-p

We compute using the Mandelstam-Leibbrandt prescription.
See Alfaro, Phys. Rev D93 (2016), 065033 and Alfaro, Phys. Lett.
B772 (2017)



We get

. Nuqy+ Ny n,ny

T = () {29 — a0} + BleA{ (e2trete ) — g, — peme g2}
{ z(l—=

a(qz) - ;ezfdx (mz—a:((l—x))qz—is)

i m z g*
5(‘12) __ez_fdxfo dt 2—wq2+m2312(1 —t) —ig]?

q JI1*" =0



Since
(5"(q)) = <I1""A,(q)
In the quantum level vector current stills conserved
qu <J “) =0
But, as

<j“5> = —e" (ju)

For the axial current

—4m +1i£
- e em? 1+ \/q ,
@ui™) = |5+ ( e" Fl(q)

7rq2\/1 _ 4m‘;~)~—z€ 14+ \/q —4m +ie




QED 1n 2+1 dimensions

Induced Maxwell-Chern-Simons Effective Action
in Very Special Relativity
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Chern-Simons terms can be induced by radiative Zehvp A 0LA,

. 2
quantum corrections.

. d? , R
i[[A] =/(2ﬂ1;3/d3:r1d3x26""(“ “)A,,(xl)A,,(:z:z)H""(p)

p'2<§m5

M v 7 .

Tr (v74%) = 2177, Tr(7*79*) = =2ie*?, Tr (*,"7"7)‘7") =2 (l]""l)"" — %P 4 1)”"1]*")



In the limit p* < M?

e

_ZHMV(p) |p2<<M2: 127 M

+ e? m?2 ntp” 4+ n"pH
16w M\ M? n-p

PV 2 I

ie’ [(m n nhn
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Comparing with the classical VSR 2+1. We can start from:

| O m -
L1 = _ZFMVFMV + T"E“MFNVA/I

3 < n

Fuy = uly = DAy = Fuy + 51 (553 Fua — 43 Fva)

r IF“”F m? () 1 (n )
. = —— K, — — (N, F TR LI T
2+1 4 pv 9 v (‘n.a)z I
2 a A
m, mm, n,n m*m, n,n
+ == AF, Ay + —t = Fa Ay + ——e" ——F, A,
4 4 (n.9)* 8 (n.0)

Lo = 14,074,
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Higher derivative terms
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Here the Furry Theorem is satisfied.



QED 1n 3+1 dimensions
(with Photon mass)

Photon mass in very special relativity
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The QED lagrangian is

L = Leermion + Egauge + LaF

with
Ltermion = Y[i( D+ 3m*-5) — My
Longe=—1FuF"™ — (1 Fa) s (naF ™)
Lor= —%(3“1“1#)2
and

D,=0,+ieA,



"\,95 Self energy of electron

In VSR we have two diagrams

q—Dp
R
q P q

P
—
=> =
q q
ot Dj+ E
n-q



C = (—ie)’m?® [— o /1 dxllog 1+ g
167° Jo X (1 = x)M? - xg? -I—xmf —le

2i 1 I'2-w) i [1 m2(1 — x)
+—— [ dx dx1 A
(47:)“’[, (1 =x)M; — x(1 = x)g* + xm; — ig]*™ u 87:2/0 X108 (1 +xM§ —x(1- x)q2>]

‘ ’ 1 (2 -w) i [1 m?(1 —x)
D = —2(—ie)*(w—1) — /d /dxl 1 r
(=ie)( ) (47)” Jo * (1 =x)M?% = x(1 — x)g* + xm? — ie]* M 872 Jo gt xM? — x(1 - x)q*

| [ rQ2-o)
E = (—ie)2oM — / dx
(—ie) (47)* Jo  [(1 = x)M? —x(1 —x)q* + xm; — ie]*™®
i 1 m2(1 — x)
M— [ dx] 1 r :
Mg [ aog A7)




2+ Coulomb Scattering

Mott Formula in VSR:
do Za? o . o (0 m? m? 1 — Bsinnsin ¢ 1 — Bsinnsin(¢ — 9))
) [1 —Fsin (5) - 2M? N AM? (1 — Bsinnsin(¢ — ) o B sinnsin ¢

2 4pPp?sin’ (3
- 2

m? 42 gin 6 1
- 2M2 ! (1 — Bsinnsing)(1 — Bsinnsin(¢ —6)) |




We compute radiative corrections.
Bremsstrahlung part:

M rem 2 = 62/ [ ( . '+m2—> . (Af[g +m2
e 2l +ma R BT T TR T Ry V(- F)?

1 (n-p)? k
- M? +m? )] IM|%. '
k)2 (
(p-k) T(n-k)? ” /
P — . — p—» i —
!)
g q=p+k=p §q=p'+k-p

(a) (h)

Vertex correction to first order:

d3k 1 , -
(Mimiz|* = —262f — (p p+m2 ) IM|%.
(2m)22y/ k2 +m2 P FP n

2

)



Summary

« Very Special Relativity can solve the neutrino mas problem
without introduce any new particle. The main feature 1s a
privileged direction and a small Lorentz violation. There 1s a
window to explore signals of that direction.

o We have shown some VSR-QED results in 1+1, 2+1 and 3+1

dimensions. There 1s a lot of new possible things to do.






