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Introduction: Why Lorentz Violation?
)

There are many known examples in the history of physics when a symmetry of nature. which was
assumed to be exact. has fallen under experimental scrutiny.
Lorentz symmetry 1s used as a crucial ingredient mn the construction of fundamental theories of nature.
There 1s a number of seemingly unrelated motives to study Lorentz violating theories:

& Time evolution of dark energy (quintessence ) creates a preferred frame which could be detected

as a LV background. provided that it couples to the Standard Model.
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Introduction: Why Lorentz Violation?
fi“?'

There are many known examples in the history of physics when a symmetry of nature, which was
assumed to be exact. has fallen under experimental scrutiny.
Lorentz symmetry 1s used as a crucial ingredient mn the construction of fundamental theornes of nature.
There 1s a number of seemingly unrelated motives to study Lorentz violating theories:
®  Time evolution of dark energy (quintessence ) creates a preferred frame whach could be detected
as a LV background. provided that it couples to the Standard Model.
» Low-energy limits of string theory contain a number of gauge fields with condensed

fieldstrengths (fluxes) which carry open Lorentz indices.

B There are some conjectures that a theory of Quantum Gravity can manifest itself at low

energies through LV modifications of particle dispersion relations.
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Lorentz Violating EFT

ﬂ-,
§'!1‘|c= of the most stramghtforward ways to study the etfects of new physics 1s to parametnize all our

1gnorance into a small number of new parameters

[dun a nur

n Lorentz
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Lorentz Violating EFT

One of the most straaghtforward ways to study the effects of new physics 1s to parametrize all our
1gnorance mnto a small number of new parameters.

[n QED. the generic expansion in terms of the gauge nvariant operators starts at dimension three:

1

.(3) = ; e S i SR P 2 L1 A 3 A
CoED — T A y, W — b, yFys¥ — —H, Yo" ¥ — k, € Ay, O, .
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Lorentz Violating EFT

Omne of the most str aightforward ways to urmh the effects of new |1].,-1u~ 1S O ]""]'[JHL.”HEL all our

1gnorance mnto a small number of new parameters.

In QED. the cener rms of ti

expansion m terms of the gauge mvanant operators starts at dimension three:

B s O

£8) = — 4, Ty, ¥ — b, Gyhys¥ —

(B
|

Dimension three operators create a problem: from dimensional counting one expects ay ~ Mny,

where n,, is a unit vector, and Af is the scale of New Physics. That creates disastrous effects.
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Lorentz Violating EFT

One of the most straaghtforward ways to study the effects of new physics 1s to parametnize all our
1gnorance mnto a small number of new parameters.
[n QED. the generic expansion in terms of the gauge mmvariant operators starts at dimension three:

|..‘l
.

| B LI I
Lopn = — @ U1, ¥ — b, Uyky® — —H, B! ¥ — k, /""" A, 8, A,

Dimension three operators create a problem: from dimensional counting one expects ay ~ Mny,,
where n, is a unit vector. and A is the scale of New Physics. That creates disastrous effects.
Even if the LV coefficients are tuned small. they will be exploded by quantum corrections coming

from quadratic divergencies of the higher-dimensional operators:
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Lorentz Violating EFT

One of the most strasghtforward ways to study the effects of new physics 1s to parametnze all our
ignorance mto a small number of new parameters.

[n QED. the generic expansion in terms of the gauge mvariant operators starts at dimension three:

(3) L 1 e S
-L.I._-EED, = — a, }D__“ = P~y ._—}11-' - TH;;.- ot — ko M .-."L_ | L&

IT

i

|'|'I—
ot

Dimension three operators create a problem: from dimensional counting one expects ay ~ AMny,
where n,, 1s a unit vector, and A is the scale of New Physics. That creates disastrous effects.
Even if the LV coefficients are tuned small. they will be exploded by quantum corrections coming
from quadratic divergencies of the higher-dimensional operators:

JE i -:*'lltl'; 3 <o | L'IH._'I[} factor) _1}3-1- » :LE -:d'_iu =

Dimension five operators have to be tuned too —=  no room for LV interactions.
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Lorentz Violating EFT

One of the most straightforward ways to study the effects of new physics 1s to parametrize all our
ignorance into a small number of new parameters.

[n QED, the generic expansion in terms of the gauge mvariant operators starts at dimension three:

P 1 e P
Cotp = — o By, T — by Byl — _H, W™ B — K, *"NA 8.4,

Ft i

Dimension three operators create a problem: from dimensional counting one expects ay ~ Mny,,
where n, is a unit vector. and M is the scale of New Physics. That creates disastrous effects.
Even if the LV coefficients are tuned small. they will be exploded by quantum corrections coming
from quadratic divergencies of the higher-dimensional operators:

r - 2 o~ Y 0 o -

h.l[Tl _‘-I.ltl-z :'. s I ].':H-:Jp EEI!T:‘T‘.:'].‘: _E';F-I- . _JII_.-E _':iLf.l-L '_'. -
Dimension five operators have to be tuned too —=  no room for LV mteractions.

One of the solutions 1s if such quadratic divergencies are suppressed by a symmetry.
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Supersymmetry

Recently it has been proposed that SUSY could provide a powertul selection rule on admissible forms

of LV interactions.
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Supersymmetry

Recently it has been proposed that SUSY could provide a powertful selection rule on admissible forms
of LV interactions.

[n particular in the Minimal Supersymmetric Standard Model. LV operators of dimensions three and
four are prohibited by the requirements of supersymmetry and gauge mvariance.

Lorentz-violating interactions start only at dimension five.
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Supersymmetry

Recently it has been proposed that SUSY could provide a powerful selection rule on admissible forms
of LV interactions.

[n particular in the Minimal Supersymmetric Standard Model. LV operators of dimensions three and
four are prohibited by the requirements of supersymmetry and gauge mvariance.

LL_1]‘e[]1',i-‘-,i:|[;t[_]]]:_f mteractions start only at dimension five.

Once Supersymmetry is softly broken. dimension three LV operators can be induced. with coetficients

controlled by the soft-breaking mass scale, m. ~ 1 TeV.
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Supersymmetry

ecently it has been proposed that SUSY could provide a powertul selection rule on admissible forms
of LV interactions.
[n particular in the Minimal Supersymmetric Standard Model. LV operators of dimensions three and
four are prohibited by the requirements of supersymmetry and gauge mvariance.
Lorentz-violating interactions start only at dimension five.
Once Supersymmetry is softly broken. dimension three LV operators can be induced, with coetficients
controlled by the soft-breaking mass scale, m. ~ 1 TeV.

Dimension three operators are now pure quantum effects, and effectively, the divergencies are

stabilized at the supersymmetric threshold: o
LV0dima ~ (loop factor) mg LY idim
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Supersymmetry

ecently it has been proposed that SUSY could provide a powertul selection rule on admissible forms
of LV interactions.
[n particular in the Mimimal Supersymmetric Standard Model. LV operators of dimensions three and
four are prohibited by the requirements of supersymmetry and gauge mvarnance.
Lorentz-violating interactions start only at dimension five.
Once Supersymmetry is softly broken. dimension three LV operators can be induced, with coetficients
controlled by the soft-breaking mass scale, m. ~ 1 TeV.
Dimension three operators are now pure quantum effects, and effectively, the divergencies are

stabihized at the supersymmetric threshold:

lgima ~ (loopfactor) m; X [LV]gims
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Supersymmetry rules!

Recently it has been proposed that SUSY could provide a powerful selection rule on admissible forms
of LV interactions.

[n particular in the Minimal Supersymmetric Standard Model. LV operators of dimensions three and
four are prohibited by the requirements of supersymmetry and gauge mvariance.

Lorentz-violating interactions start only at dimension five.

Once Supersymmetry is softly broken. dimension three LV operators can be induced. with coetficients
controlled by the soft-breaking mass scale, m. ~ 1 TeV.

Dimension three operators are now pure quantum effects, and effectively, the divergencies are

stabilized at the supersymmetric threshold:
:LE -:t‘;;‘“.,_ 9 o [ll]ij[} f;_"-.(:'tl]}_' ) ."_I'-':I y :LI -:=|1L1'_ =

= This mught lead to a solution of the naturalness problem: why the lower dimensional LV operators

are so much suppressed as compared to their natural scale.

T
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Questions we ask

[n our work we have set up the following objectives, confining ourselves to SQED. but being on a path

to the full Lorentz-violating MSSM:
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Questions we ask

[n our work we have set up the following objectives, confining ourselves to SQED. but bemng on a path

to the full Lorentz-violating MSSM:

» prove the absence of the naturalness problem in the LV sector
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Questions we ask

[n our work we have set up the following objectives, confining ourselves to SQED, but being on a path
to the full Lorentz-violating MSSM:
B prove the absence of the naturalness problem in the LV sector

® derive phenomenological constraints on the LV parameters of SQED
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Questions we ask

[n our work we have set up the following objectives, confining ourselves to SQED. but bemng on a path

to the full Lorentz-violating MSSM:

> prove the absence of the naturalness problem in the LV sector

P derve phenomenological constraints on the LV parameters of SQED
[n detail. the mvestigation includes:

B find out whether D-term anomaly (cancellation) is disturbed by the presence of LV interactions
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Questions we ask

[n our work we have set up the following objectives, confining ourselves to SQED. but being on a path
to the full Lorentz-violating MSSM:

B prove the absence of the naturalness problem in the LV sector

& derive phenomenological constraints on the LV parameters of SQED
[n detail. the mvestigation includes:

B find out whether D-term anomaly (cancellation) is disturbed by the presence of LV interactions
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Questions we ask

[n our work we have set up the following objectives, confining ourselves to SQED., but being on a path
to the full Lorentz-violating MSSM:
» prove the absence of the naturalness problem in the LV sector

®» derive phenomenological constraints on the LV parameters of SQED

[n detail. the investigation includes:
B find out whether D-term anomaly (cancellation) is disturbed by the presence of LV interactions
» prove that gauge anomaly does not arise due to the LV interactions

& derive the Renormalization Group (RG) evolution for the LV operators, and show that quadratic

LA

livergencies do not arise 1n the limit of exact supersymmetry

(11
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Questions we ask

[n our work we have set up the following objectives, confining ourselves to SQED. but being on a path

to the full Lorentz-violating MSSM:
& prove the absence of the naturalness problem in the LV sector
& derive phenomenological constraints on the LV parameters of SQED
[n detail. the investigation includes:
B find out whether D-term anomaly (cancellation) is disturbed by the presence of LV interactions
> prove that gauge anomaly does not arise due to the LV interactions
B derive the Renormalization Group (RG) evolution for the LV operators, and show that quadratic
divergencies do not anse 1n the hhmit of exact supersymmetry
& investigate the consequences of SUSY breaking by introducing soft-breaking masses for
super-partners of electrons

T
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Questions we ask

[n our work we have set up the following objectives. confining ourselves to SQED. but being on a path
to the full Lorentz-violating MSSM:
B prove the absence of the naturalness problem in the LV sector
B derive phenomenological constraints on the LV parameters of SQED
[n detail. the investigation includes:
B find out whether D-term anomaly (cancellation) is disturbed by the presence of LV interactions
& prove that gauge anomaly does not arise due to the LV interactions
®» derive the Renormalization Group (RG) evolution for the LV operators, and show that quadratic

divergencies do not anse 1n the limit of exact supersymmetry

P investigate the consequences of SUSY breaking by introducing soft-breaking masses for
super-partners of electrons

B one of the most curious questions about dimension three operators and a subject of long

disputes is the Chern-Simons operator: we show that it 1s not induced by SUSY breaking

T
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Questions we ask

[n our work we have set up the following objectives, confining ourselves to SQED. but being on a path

to the full Lorentz-violating MSSM:
& prove the absence of the naturalness problem in the LV sector
® derive phenomenological constraints on the LV parameters of SQED
[n detail. the investigation includes:
B find out whether D-term anomaly (cancellation) is disturbed by the presence of LV interactions
® prove that gauge anomaly does not arise due to the LV interactions
& derive the Renormalization Group (RG) evolution for the LV operators, and show that quadratic
divergencies do not arse in the limit of exact supersymmetry
& investigate the consequences of SUSY breaking by introducing soft-breaking masses for
super-partners of electrons
B one of the most curious questions about dimension three operators and a subject of long

disputes is the Chern-Simons operator: we show that it 1s not induced by SUSY breaking

® stwudy the phenomenological consequences of the soft SUSY breaking: put constraints on the

LV parameters
T
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Lorentz Violation and SQED

Supersymmetric Quantum Electrodynamics is described by two chiral superfields @ and @ _. that

are oppositely charged under a U(1) gauge superfield V':
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Lorentz Violation and SQED

Supersymmetric Quantum Electrodynamics 1s described by two chiral superfields @ and @ _. that

are oppositely charged under a U(1) gauge superfield V':

LSQED = / d*6 { e O T W

N
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Lorentz Violation and SQED

Supersymmetric Quantum Electrodynamics 1s described by two chiral superfields @ and @ _. that

bk [
[

are oppositely charged under a U(1) gauge superfield V':

pi? o — . ¥ I: 26| &b 3 —2eV § l 1=
Csomsy = /4 [TV, +T_e Vo |
ik / [iin W + m *Ir_fi-_} + /-T [%TT + ™ E_E_}

[n analogy to the ordinary LV operators, supersymmetric LV operators can be constructed of the
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Lorentz Violation and SQED

Supersymmetric Quantum Electrodynamics 1s described by two chiral superfields @ and @ _. that

are oppositely charged under a U(1) gauge superfield V':
. P a4 5 o eK '
LSOED == / a o l P e~ 1L D, + P_e -° II D_ If g

+ /~ [EH'H' + m ‘Im_@-*} + /-T [%WT + T,c_@_@_]

[n analogy to the ordinary LV operators, supersymmetric LV operators can be constructed of the

fundamental superfields @+ and ®_. and supergauge covarnant derivatives Va, Vg
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Lorentz Violation and SQED

Supersymmeiric Quantum Electrodynamics 1s described by two chiral superfields ® and @ _. that

are oppositely charged under a U(1) gauge superfield V':

,-'_:3_:.;,_215[, = / .r;'"i-'-—-'. :i}_‘__-l"]'-(Iy_ = = fI}_,-:-_:'i"i'-qI:-_ ][ 1=

i /~ [EH'H' + m, *Ir_*IuJ + /-T [iTT 4 —?_E_]

[n analogy to the ordinary LV operators, supersymmetric LV operators can be constructed of the
fundamental superfields @4 and ®_, and supergauge covanant derivatives Vo, Vs and THYPT
— arbitrary constant tensor coefficients with Lorentz indices that specify the breakdown of the

Lorence mvanance.

We require that all LV operators be
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Lorentz Violation and SQED

Supersymmetric Quantum Electrodynamics 1s described by two chiral superfields ® and @ _, that

are oppositely charged under a U(1) gauge superfield |

LSQED — /::f'*-—r { .2V, + ‘_Ir_r-;_:"'i@_-}- -
e 1 C il e e
= /f.'r'“'--‘ [—rli'ﬂ' + 171, *Iﬁ_*IL-_] - /e._'f“ﬁ' [—|H’ ¥V 4+ m. tI*_-P_]

[n analogy to the ordinary LV operators, supersymmetric LV operators can be constructed of the
fundamental superfields ®4+ and ®_, and supergauge covariant derivatives Vo, Vg and THYP7
— arbitrary constant tensor coefficients with Lorentz indices that specify the breakdown of the
Lorence invarance.
We require that all LV operators be

B  supersymmetric

& ocal super gauge invariant with chiral gauge parameters
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Lorentz Violation and SQED

Supersymmeiric Quantum Electrodynamics 1s described by two chiral superfields & and @ _. that

are oppeositely charged under a U(1) gauge superfield V':

LSQED = /a_f'*-—r -{Tﬁ_fj"k-@_ - f_Ir_e'_:""'""FP_-}- +
- . N o o
+ /:~ [ilu'n' + me @_‘L} + / 420 [TIE' V + . cIv_~I>_]

[n analogy to the ordinary LV operators, supersymmetric LV operators can be constructed of the
fundamental superfields @ and ®_. and supergauge covariant derivatives Vo, Vg and THYPT -
— arbitrary constant tensor coefficients with Lorentz indices that specify the breakdown of the
Lorence invariance.
We require that all LV operators be

P supersymmetric

B local super gauge invariant with chiral gauge parameters

» have local component ex pressions. ™
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Lorentz Violation and SQED

Supersymmetric Quantum Electrodynamics 1s described by two chiral superfields @ and @ _ . that

are oppositely charged under a U(1) gauge superfield V':

CSQED = /f { .2V, + T 2V L +

[n analogy to the ordinary LV operators, supersymmetric LV operators can be constructed of the
fundamental superfields &+ and ®_. and supergauge covariant derivatives V. Vg and THYPT-
— arbitrary constant tensor coefficients with Lorentz indices that specify the breakdown of the
Lorence invariance.

We require that all LV operators be
$ supersymmetric
»  ocal super gauge invariant with chiral gauge parameters

» have local component ex pressions.

N

This is enough to rule out the dimension three and four interactions. in particular the Chern-Simons

Y §Y !-1‘|-'I|_I'.-_|.n | .;._1,!."-‘{;\. I-_ .
Pirsa: 05076121 "+t A (T = _‘l. L _J'h_ _—l A - -
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CPT-violating dimension fisty LV operators

[t turns out that the requin lhentyod SUSY and gaugesed briance greatlv reduce the number of LV
ui[“t’]':l['.‘-['\_ .]I
At dimer__on five level, 5SQED 1s compatible with only 3 operators:

) [TRR} LiLl ] | SN
q -__L: .lli"u £ P
j ' : e
S 11 &
L&
LLL® Lk | n Ic 1L X HEC! . LI 1 LK e
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CPT-violating dimension five LV operators

[t turns out that the requirements of SUSY and gauge invariance greatly reduce the number of LV
operators.

At dimension five level, SQED 1s compatible with only 3 operators:
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CPT-violating dimension five LV operators

[t turns out that the requirements of SUSY and gauge invariance greatly reduce the number of LV
operators.

At dimenston five level, SQED 1s compatble with only 3 operators:

A matter operator, parameterized by a vector LV background N_:

= 2el

L*'E_l__..:rr.—:q' =T . / }1.-' | _1".,_“ E__._.r ".-J_-\'—“ (Ij_ e _\\-.-.-. ':Ij_” — e
| R 1-_ Ir f —

i’g
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CPT-violating dimension five LV operators

[t turns out that the requirements of SUSY and gauge invariance greatly reduce the number of LV
operators.
At dimension five level, SQED 1s compatible with only 3 operators:

A matter operator, parameterized by a vector LV background N’_:

.'.", E-_f\;_Jrr._.;:i' = 1;{ / rj]_;."-_." { _\"-.-ﬁ_! E__ o8 ,=.\_I,__ ‘I’_ o _\-,-__-_ '!_Ij_ e —Fa ¥ T .I;. il ] 1'

an operator in the gauge sector. parameterized by a(nother) vector LV background N#:

Ili:I__'l-.l_l.-l _'f 1__ == i / ,r_'lfl_."L_J -1."",:' T:r T'[' I
LV dim 5 Vi
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CPT-violating dimension five LV operators

[[ tarns out Th.lT []'1':‘ el UiI’C‘[l]E"I]Ib l.."lf “SLSY .iIl{l aaLoe jTl'n :l:I"I:lJ'sx.'E‘ El".‘fl.ll]"» ]‘L:‘i.llll..'.".:‘ [i]L:' J'lUi'llthT i ?Ix I_.“'ﬁ"r
| R & e -
operators.

At dimension five level, SQED 1s compatible with only 3 operators:

A matter operator, parameterized by a vector LV background N’_:

1 e L — o 72 —— BT o i Y
Lﬁilrrr'l — -.I_Ir / ,;f]_“g'f_f{ _1"_ tI":I____"-'r f\_,'_l :I)_ | _1'". "_ ‘I"_I:- Za :\_;—quy 1|

an operator in the gauge sector. parameterized by a(nother) vector LV background N*

wzaure (V) 1 i 4 I
CEEnS = 57 [ 0N Wa W

and another operator of the gauge sector, writien as a superpotential. and parameterized by a real

:l'||1|- '-iln.i' ¥ 3

g F §= vl= i e -y LELS 0 .
IFTEAUCIDE S>-THIK [eTis0] i'r'] iy

~Fanre (T - i D BT T = | N — . =
L_TL‘.:}AE__[I'I. S T / ._,r_‘_‘?.“-_." ] \ I Tur O, W 4 7 / d=8 1 W T O\ T:i‘lrp
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CPT-conserving dimension 6 operators

At the dimension 6 level. the set 1.1[‘”[‘1‘1':lla.'r~ 1S more diverse.

ODCTELOTS.

ELELEDTE JTFHrtn. seEri>uUy L =
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CPT-conserving dimension 6 operators

At the dimension 6 level. the set of operators is more diverse. In the gauge sector. there 1s only one

L '["':’T'll['.‘-i'. b .’."ﬁ-’r_' FRoLenLial « peralor:
+VSUPEer £ ; r2 o vl T - P -
L sl ) — e—— " F S R L 1,|| &r.. (7, I[ﬁ = = i by £ ——
LV dim 6 172 / - T 0, h.c _ :
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CPT-conserving dimension 6 operators

At the dimension 6 level. the set of operators 1s more diverse. In the gauge sector. there 1s only one

operator. siperpotential operator:

per E [ 5
»EUDEY = A= g QUE TYT A == : Uy g
LIV dim6 = g2 / 6 ™" W o,0, W h.c. . : ="

However. in the matter sector, there are 3 types LV interactions:

Famiten, o _HX 40 | B eV P [JL: Do, W + AL Dg, W]

_|_
3
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CPT-conserving dimension 6 operators

At the dimension 6 level. the set of operators 1s more diverse. In the gauge sector. there 1s only one

operator, superpotential operator:

o

o O
»SUDET o 2 5 SR = = r : JpLr QW
LIV dim6 ﬁ / a ¢ SN Ju 0 W 4+ hec S — )
However. in the matier sector. there are 3 types LV interactions:
‘matter b F s P 2%V R
LLV dim6 — V72 a6 | Pre— D -']1': Doy W + -Jl: D&,

—

L e _..:El"_-lll- LD : —= —
+ 8§ Py e iV, Ve + 2@ IV, V.19 + 27 & _{V,. V. ]9,
The terms F,, F .o FP7 and F .6 F 77 F,,,, have not appeared. although they do appear in
non-commutative SQED. However, they are incompatible with conventional “commuting™

supersymmeiry.
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Absence of the D-term anomaly

Generically. supersymmetry 1s free of dangerous quadratic divergencies.
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Absence of the [-term anomaly

Generically. supersymmetry 1s free of dangerous quadratic divergencies. However. there is one

exception. the D-term anomaly:
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Absence of the D-term anomaly

Generically. supersymmetry 1s free of dangerous quadratic divergencies. However. there is one

exception. the D-term anomaly:

Where

V = — _a,._r;-':__l” 1 .-'F'ﬂ"‘.‘. :T _ ip2 ax L2732

[f we introduce an “exact” LV propagator

i
_®_ [ 5 H".- L
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Absence of the [)-term anomaly

Generically. supersymmetry 1s free of dangerous quadratic divergencies. However. there is one

exception. the D-term anomaly:

where

V — — BagMB A, + iB28N — iB2H)\ L :;4"';'-1-" D
[f we introduce an “exact” LV propagator im“
1 1
—— = =
then we come to a cancellation:
— §

which vanishes for non-anomalous theories. where the sum of charges is zero.
Page 46/125
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[D-term at higher loops

Pirsa: 05070121 Page 47/125

Loz Viclating S0ED — o 102



[D-term at higher loops

At two loops. one should consider more complicated situations,
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D-term at higher loops

At two loops. one should consider more complicated situations,

~{D - D

which by some standard superFeynman technique can be transformed mnto
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D-term at higher loops
At two loops. one should consider more complicated situations,

~{D - D

which by some standard superFeynman technique can be transformed mto

. P, e I arrror s ol A vt alicis - y S N i - he - rdentic:
[n general, if one uses the background superfield formalism, any tadpole diagram will be an 1dentical

f&“?

ZET0:

0.
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[D-term at higher loops

At two loops. one should consider more complicated situations,

~{D - D

which by some standard superFeynman technique can be transformed mto

- Py e e e - S e ek | S e, | et
In general, if one uses the background superfield formalism, any tadpole diagram will be an identical

7

ZETO:

0.
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Absence of Gauge Anomaly
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Absence of Gauge Anomaly

Omne can use the technique developed by Fujikawa and Konishi.

Owr classical LV action 1s

S = X d®z Pe" | I + iNFV, ).
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Absence of Gauge Anomaly

One can use the technique developed by Fujikawa and Konishi.

Owr classical LV action 1s
T — / d®z®e" (1 + iN*V,)®.

One considers the varation of the effective action obtained by integrating out the chiral superfield
®__. under a chiral gauge transformation dA\:

M

IAL(V) = (dpx8) =¢ / d®zPe" [_1 + iINHV :] IAD) ).

Plugging in an effective propagator for @ in the presence of the background field V" one then notes

that the LV part completely cancels out leaving the gauge vanation the same as in the Lorentz

invariant theory.
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RG Evolution of LV Parameters

For renormalization of the LV parameters of the dimension 5 operators. one computes the following

Al grams:
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RG Evolution of LV Parameters

For renormalization of the LV parameters of the dimension 3 operators. one computes the following

diagrams:

i, DK W S

Z- L S &

in the chiral sector and
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RG Evolution of LV Parameters

For renormalization of the LV parameters of the dimension 5 operators. one computes the following

diagrams:

N SEE Ll L

Z- Lo <
in the chiral sector and
nhe caugee sector ;
in the gange sectol ey
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RG Evolution of LV Parameters

For renormalization of the LV parameters of the dimension 5 operators. one computes the following

diagrams:

P S 0 B o S s

rs Lo S @

in the chiral sector and

in the gauge sector.

One then obtains and solves the following RG equation:

( 1 \ ‘ 2 —1 =t ON [ N+
il A\ ik —D L L) "'1_
;,II" N TS ET — b i ‘J. il 4
N FEep ) \ 0 0 a 2/ \1 /
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RG Evolution of LV Parameters

For renormalization of the LV parameters of the dimension 5 operators. one computes the following

5l B | el 1o

in the chiral sector and

One then obtains and solves the following RG equation:

diagrams:

G
(¥

in the gauge sector.

.
2
N\ \ 9 = = / N
|III b - I_ J_ U lI|| | ¥ \
d NY 0 —6 ) 0 0 N
B _;II 3 = -j"l_ . 3 .\_
.lll.l. \ i —l:} |_i 1 Ib 1Y
\ ‘TP~P \ 0 0 a 2 \ T )
FOr KU CVOIVILNE LOC PUrdmcIcTs UM W = MPp] = 1IU™T eV 0 U = Mg == 1 ICY ONC oDLaIns a
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Soft Supersymmetry Breaking

We give a mass splitting to the scalar electron (and positron). and ignore gaugino masses.
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RG Evolution of LV Parameters

For renormalization of the LV parameters of the dimension 5 operators. one computes the following

diagrams:

;”WL% > E S Jﬂ%ﬁ

L= Lo S

i g 0L

i the gauge sector. 0

(x)

in the charal sector and

One then obtains and solves the following RG equation:

/ i . 2 -1 -1 U N \
o _1'1 '_ ' —6 : U U 1'\'__
)L I\ 27 6 U 3 U , oo
\ J![ 1 \ ] i) i) 3 f] Il\ _III -'Jl
For RG evolving the parameters from M = AMp; = 10 'Y GeV to ot = ms &~ 1 TeV one obtains a

Pirsa: 05079121
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Soft Supersymmetry Breaking

We give a mass splitting to the scalar electron (and positron). and ignore gaugino masses.
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Soft Supersymmetry Breaking

-.,.(.l
[ 5]
-

We give a mass splitting to the scalar electron (and positron). and ignore gaugino masses

breaking masses ftor the electron and positron can be written as

Lsp = — / 206% (m2)° ®.®_ + he. — /'-.:_.r'J‘H Gl [_ 2D B + (m ) PP ]
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Soft Supersymmetry Breaking

We give a mass sphitting to the scalar electron (and positron). and ignore gaugmo masses. SUSY

breaking masses for the electron and positron can be written as

2 ' ="

Lsp = — / d208% (mY)> ®.®_ + he. —/ d*6 6°9* [ mI )2 LB + (my)* ﬂ;:-_fzv_]

Once SUSY is broken. dimension 3 operators are allowed. Generically. in the SQED field content,

written a la Kostelecky. there are the following dimension 3 interactions:

‘-"‘[:[J'.lr_'-'_L' - N ) 1= ™ - Y - P ™ ) S —¢ ﬁ .
LSBIN dim3 — 2tALZ4Duzy +21A7 Z Dyz =z Phuzy
i 5_ : _.-_"_ e 5_ _|,_T_ gy - f} = -_--rIIl iy
in the matter sector and
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Soft Supersymmetry Breaking

We give a mass sphitting to the scalar electron (and positron). and ignore gaugino masses. SUSY

breaking masses for the electron and positron can be written as

i) —

=)

= —/ 2062 (m2)2 ®,.®_ + he. — / d*6 6292 [:-.'.'__:F@*_fIw_ + (m2 :=-‘1>_f11_]

1

Oy
S

Once SUSY i1s broken. dimension 3 operators are allowed. Generically. in the SQED field content,

written a la Kostelecky. there are the following dimension 3 inwruclix'lyﬁz

~mattes - 0 AH = Ty gD i — oy e .
~5B LV dir 3 — st A, <44 | ey —"-JL— — Pl —-— - — Ly
+ B* O, Fuvr + B* T _Tuv— + DM Y o,y

— [ —_— ~— - r

in the matter sector and
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Soft Supersymmetry Breaking

SUSY

TAUSINO mMasses.

We give a mass splitting to the scalar electron (and positron), and ignore

breaking masses for the electron and positron can be written

B )2 B8 +he. — [ a0 6%

- [ 2 i
csn — — [ 062 (m

o

Generically, in the SQED field content,

Once SUSY 1s broken. dimension 3 operators are allowed
ollowing dimension 3 interactions:

written a la Kostelecky, there are the g
~Oatter — o) AH = T - &) ‘i = Ty . 1Y - ,I.-'-*.'! . .
LSBLV dim3 = 28A T Duzy + 2347 7 Dyz + i7" z_Dyzt
+ By, T, 0 + BY O _T, 0 + DM Y_ou, vy
1n the matter sector and
[ Eauge F L : i U e
— pvpe g 4+ B Xgtey
~SB L\ dim 3 Cip € '_l"-"'".-‘—'"_‘l"-* P AC ;
including the Chern-Simons term 0
Page 66/125
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Soft Supersymmetry Breaking

We give a mass sphitting to the scalar electron (and positron). and ignore gaugino masses. SUSY
breaking masses for the electron and positron can be wrtten :

Lsp = —/ d266% (mY)2 ®,.9_ + he. —/ d*6 626> ( mT2P. b, +(m )2 D ]

Once SUSY 1s broken. dimension 3 operators are allowed. Generically. mn the SQED field content,
written a la Kostelecky. there are the following dimension 3 inferactions:

£ENe . v = AT Doy WA Dz i€z Doy
4 B, outy + B* O _Tuv— + DP” v oy
in the matter sector and
Lo o = B, ¥ A8 A, + F, )"

/ v

in the gauge sector. including the Chern-Simons term.
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Dimension 3 Operators in the Matter Sector

dimension 3:

There are two types of reduction of operators dimension 3
EOM > 2\ [E 171

[EV]4im 5 ey m=+m2)[LV]gim 3. forselectrons.

LV ]dim 5 — mg [LV |dim 3 . for fermions and vector bosons .
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Dimension 3 Operators in the Matter Sector

There are two types of reduction of operators dimension 3 — dimension 3:

EN EON y - =
I 1 : I'F:": T l'.nr.ll_.- LTL

for selectrons .

ldim 3 -

ILV |qim 5 — m= [LV]g for fermions and vector bosons .

i 3

Phenomenologically interesting are seemingly only the operators

T m atter

lim 3 phen
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Dimension 3 Operators in the Matter Sector

There are two types of reduction of operators dimension 3 — dimension 5:

- TN -, = )
ill' _"-ii.].;; _ ]1L- =5 ,-;rj-': ¥ II.Hl-. _}[‘Il

" e 1 loop e i
|L1 |dim 5 =4 Mg _E-E

for selectrons .

_"|.|[J.J. k3

for fermions and vector bosons .

_-l:LL'u
Phenomenologically interesting are seemingly only the operators

~matter
—dim 3 phen

= Tr_" L O, + Ef_"__'la — + 2 {_T_rﬁ_ .+ 2 L_-_hﬁ'l.J =
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Dimension 3 Operators in the Matter Sector

There are two types of reduction of operators dimension 3 — dimension 5:

. ” EONM

[LV ]dim 5 — m=2 +m2) [LV]gim3 . forselectrons .
i -5 I I.-" D 3 s i s " .
ILV ] qim 5 — s [EV [ g5m 3 for fermions and vector bosons .

Phenomenologically interesting are seemingly only the operators

~matter
—dim 3 phen

A
.I_
[ |
i
|
e |
J
|
i
ol
|
J

L
ikl 7 2 ]
7 = =2 — 11 -+ )
35 M
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I-loop Corrections to Matter Dimension 3 Operators

Including 1-loop corrections induced by dimension 5 operators

I ST s T
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I-loop Corrections to Matter Dimension 3 Operators

[ncluding 1-loop corrections induced by dimension 5 operators

i T an F e

one arrives at the RG equations

#4 i = { -1- ) ]
LI : —=— - doke g T WA
§53) [ §
rE.’_ a - . 4 = T
JI e = N [ __ L - _I| i3 o : i -\lllll . = 1 1 1“"' Ll ]
¥ _-:' v | ir |
Pirsa: 05070121 Page 73/125

Loz Vielaing S0ED — o152



I-loop Corrections to Matter Dimension 3 Operators

[ncluding 1-loop corrections induced by dimension 5 operators

one arrives at the RG equations

a5 - o [ .1- I ]
L 1 —_ i LRy T Bk
’-"Il,l'_lf T
!IE:_ A .I'I_‘_ __-_: |I|_ ----'L
S B g aEiP e el
Ll 21 M V.l

with a leading a log solution
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1-loop Induced Gauge Dimension 3 Operators

The answer for gauge operators 1s given by

g Va1 L 193
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1-loop Induced Gauge Dimension 3 Operators

The answer for gauge operators 1s given by

A KL
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1-loop Induced Gauge Dimension 3 Operators

The answer for gauge operators is given by

g Eoaa B U FL03

[f one 1s interested only in the observable sector, i.¢. photons, the result is

T

The Chern-5imons term is not generated whether in a SUSY or in a SUSY-breaking theory.

This is also confirmed by the Coleman-Glashow theorem.
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Phenomenology: Component Form of the Chiral Operators

[n order to put limits on the dimension 5 LV operators. one obtains a component form of them.

Pirsa: 05070121 Page 78/125

Lomnz Vielsting S0ED — o 1702



Phenomenology: Component Form of the Chiral Operators

[n order to put limits on the dimension 5 LV operators. one obtains a component form of them. The

m T

chiral operator N, ® +e=°" iV , ®+ (and similarly the one with N ) can be expanded into
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Phenomenology: Component Form of the Chiral Operators

[n order to put limits on the dimension 5 LV operators. one obtains a component form of them. The
- T _ ‘-_'- ll-- .- 1 c= T 1 < : = 5
chiral operator N'| ® ¢ iV @+ (and similarly the one with N ) can be expanded into
8 NE o _ 4
~matter I - = _ _ W, _ -
3 E — — - = 2 oy _i'.lr“' S .r“l f ! . | i ¥ r‘l ™ s
HL"-. ':,:_I_'LLT: 15{ ’V'li__p F_ ! 'f{_-'-'_-E- Lh == L £ | —|D-.— == _} —_ ik ,;_Jl'! L e
V2 — _ | — —_ 3. - = L — _
—_— — el T 1\}_"—__ S ‘-_r_ ll'l."-- ; s = s s o :_ l"..l"ﬂrl \ . T : l,\ e i ————" __ — E} b
— s = =
B D@ ey + 23Dt} — e{T, 570, 3D, 2 + Dy (Z4)A0, 5" G4
- it— by PR a4 i DD, D,z i D, (z4)e, 5
i - = 4 0 = F

Page 80/125
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Phenomenology: Component Form of the Chiral Operators

[n order to put limits on the diIl‘nCTl*iU[‘J 5 LV operators. one obtains a component form of them. The
chiral operator N &2 Viv,®. (and similarly the one with N ) can be expanded into

-.I\-,'_.'.
= [1IALCTET ! & == ::
o L"._ T = ‘_J!r ’V [ A= P F_ —|— o _[J‘ ) - £ L o
.f? - l
lI".-' = | 2 s ; — .
—— ] E — _.'T | II'RF_ = iL__ '\f.._ { i = —_— &7 T ll\\,r‘T|I - : \ ] g I —= D!
2 ! = | _)
— e M, Yours )
e '-.L _!;— i'_‘\rl\__r | U g \-\.,-— =l __ | | J._r-‘ A 2 o j ""-\. _....T—' .,"'“. \-_r“lll __ g P | __ "'IL T ! II;_l kg
e - . 1 i _
— —eU €, P FpeBy Uy + 123 D" DuDyzy + ieDy(Z4 )€, P Fpozy
O

On the equations of motion, in the observable sector this produces

N NE 1 . NE 1 _ NE
gontees A ol — i, 4+ —mI Uy, T
".Il' 2 e - 1 0y N F :
i\ ; _'-f 4 I |
where the definite parity operators are
N® — N* N* 4 N*
N — E N _
1 o 1 3 : Page 81/125
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Phenomenology: Component Form of the Gauge Operators

The D-term operator - | d°68 N"™ W&, IV written in components looks as
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Phenomenology: Component Form of the Gauge Operators

b e (_T O\ + 20 3,0X\ — 2DO”F,,, + O\F™ F]
Y 117N -3 J J /
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Phenomenology: Component Form of the Gauge Operators

The D-term operator 5 | d™6 N™ W&, W written in components looks as

-gauge (K) = (_T ON + 2X8,0X — 2DO”F,, + HF™ F]

L'L‘x' dim 5 \/

which on the equations of motion turns nty

r = :
The tensor operator —— |

Page 84/125
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Phenomenology: Component Form of the Gauge Operators

The D-term operator +r | d“G N* Wa.)

V" written in components looks as

sgauge (K) 5] L &5 % o 4 . g E Ay T
iD= = (2X7. 0A + 2X0,9% — 2D0"F,, + HFF,,.}

which on the equations of motion turns into

F,E[_I:"-,Z B - ,:'T_\\--I‘.!-I‘.LL:“." "-II .

~gauge (K

: i 77 % = g e : :
The tensor operator —— | <8 T #* Wa,,, d\ W + h.c. in components is

~gauge (T) 2T v p =, A _ o3 _— L A g

At tree level this induces

in the observable sector.
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Effective Lorentz Violating Lagrangian

We can now bring all terms together and write out the effective lagrangian
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Effective Lorentz Violating Lagrangian

We can now bring all terms together and write out the effective lagrangian
_|._:‘__!_ i = 11) Sy - ['-:_.. o ~F 1 G F,- B ..':_ 1'.L_: B2 g 0 _I'__.‘,"- ] 'LIJ' !

where the LV parameters. normalized at m 5 are

T3
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Effective Lorentz Violating Lagrangian

We can now bring all terms together and write out the effective lagrangian

po
— baff

q { ) A 5 _ b e,
- l_ P , i _:r?| fr fta | | e , _\Irii X 3 A:. \III ':l
= —_ = F W —$= == 'l Mt 1'Wy = = 1Y ]| — — |
\ T iv 2 2 2

i T\ = 2 : J
ATH ,
BE VO _ 1N Ty
nMLe 4 _ Ve 2 A
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Effective Lorentz Violating Lagrangian

We can now bring all terms together and write out the effective lagrangian

where the LV parameters. normalized at m ; are

j— { _“_',| -1= 1.'r ! b lr = -:I, Au".":: i
= — —m_ Ny + 2 : : rl"'_'_\'si' + \ — - 1’11
\[ M | - 2 : %> 2 )

: 3 oy
{ == — I i _1"'\_': I — _-\l,-.’l 4 - ._;'I.l' . — i |: b= = ; lil [ 2
\ | -) A . 1l -_'I- _] _-‘a _fr

In QED, the operator a* can be totally excluded via a phase redefinition ¥(x) — e'* Tr ¥ (x).
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Effective Hamiltonian

[n order to infer phenomenological consequences one needs to derive a non-relativistic effective

Hamiltonian corresponding to the lagrangian
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Effective Lorentz Violating Lagrangian

We can now bring all terms together and write out the effective lagrangian
—Leg v = YA [ + By e " - edy F " & € fupe _‘f-_”“T] ¥,

where the LV parameters. normalized at m . are

o - - _lll- -_}
{ = il i_-"\._“ —_— _\-."" I - ,_;"f' = i L . I.-'.'.'.' £ - ﬁ LELS 2 . é;ﬂ_?
L2 4 - M 2 M
[n QED. the operator a* can be totally excluded via a phase redefinition ¥(z) — e'* T ¥ (zx).
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Effective Hamiltonian

[n order to infer phenomenological consequences one needs to derive a non-relativistic effective

Hamiltonian corresponding to the lagrangian

|
""-\.
i
l 1
-
I
LS
—
|
|
*l
_|_
I'\-I_,_I
.|_
|
)
8
s
&
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Effective Hamiltonian
[n order to infer phenomenological consequences one needs to derive a non-relativistic effective
Hamiltonian corresponding to the lagrangian
p-a = e — = CEr =i
Hesr = _— = T + 4 — < F| — r_-r’ll-- —ed (B -a)
Y- T Bt -1 AN o 3 nr |
TR | - | L ey |
I

Page 93/125
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Effective Hamiltonian

[n order to infer phenomenological consequences one needs to derive a non-relativistic effective

Hamiltonian corresponding to the lagrangian
B

ompare with is the energy shaft

-

he tightest contraints come from the experiments searching for abnormal spin precession around

external directions determined by the LV vectors. The parameter to

due to Lorentz violation — Awry.
0
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Effective Hamiltonian

1l consequences one needs to derive a non-relativistic effective

[n order to infer phenomenologic:
Hamiltonian corresponding to the lagrangian
: P JEE = /) &l O =
G+ —; ¢ FE| —¢c" By — ed"\ B -7}
%) '
; : on |
I Lrrern - |

ompare with is the energy shaft

o

The tightest contraints come from the expenments searching for abnormal spin precession around

external directions determined by the LV vectors. The parameter to

due to Lorentz violation — Awry. Since the effects are mediated by dimension five operators, the
strength of the constraints greatly depends on the “intrinsic” energy scale u of the experiment:

—1

Awpy ~ u=M
There are a few energy scales pertinent to H.g
Page 95/125
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Effective Hamiltonian

[n order to infer phenomenological consequences one needs to derive a non-relativistic effective

Hamiltonian corresponding to the lagrangian

Mg o B T_?*{;_E ——_][ — ed? (B -7)
¥rl Tl
e s = eEp r
= g = el =1 I[ JE——— _-} ] E — Elm €lmn __:.l |L
| 1

The tightest contraints come from the expenments searching for abnormal spin precession around
external directions determined by the LV vectors. The parameter to compare with is the energy shaft
due to Loreniz violation — Awry. Since the effects are mediated by dimension five operators, the
strength of the constraints greatly depends on the “intrinsic” energy scale p of the experiment:
Awpy ~ u2M 1t

There are a few energy scales pertinent to H g
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Effective Hamiltonian

[n order to infer phenomenological consequences one needs to derive a non-relativistic effective

Hamiltonian corresponding to the lagrangian

ir. g I_ 7 i r : - - _'_ 3 E‘__l — ! |}-' = | l":_; ' _-'-l:'

Heg = —— +0-F+9—.[ E
g (i
B -
adiibedl -t FEEL G0 ¢ 8. €l B |
m

The tightest contraints come from the expenments searching for abnormal spin precession around
external directions determined by the LV vectors. The parameter to compare with is the energy shafi
due to Loreniz violation — Awry. Since the effects are mediated by dimension five operators, the

strength of the constraints greatly depends on the “intrinsic” energy scale u of the experiment:

Auwgay ~ =M,
here are a few energy scales pertinent to H.g:
B the sofi breaking scale m
B the hadronic scale Agcp
0
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Effective Hamiltonian

[n order to infer phenomenological consequences one needs to derive a non-relativistic effective

Hamiltonian corresponding to the lagrangian
D - @ —~ e . i - Vi
—— 457+ —.[ExE — B} —ed”(B-
¥l J
e ,l'-' ) - E T ) = :l;. i l
i i I Ll iy TTET £ |

The tightest contraints come from the expenments searching for abnormal spin precession around
external directions determined by the LV vectors. The parameter to compare with is the energy shift

due to Lorentz violation — Awry. Since the effects are mediated by dimension five operators. the
strength of the constramnts greatly depends on the “intrinsic” energy scale u of the experiment:

Page 98/125

Awpyy ~ M.
There are a few energy scales pertinent to H g

P  the soft breaking scale m s,
P ihe hadronic scale Aqcp
and the energy scale of the external electromagnetic field.
Loz Viclating S0ED — oo 2002
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VIain Constraints

Type of Experiment Estimate
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Vlain Constraints

Type of Experiment Estimate

Electron Spin Precession and Torsion Balance Nt — =N? 1) ma
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Vlain Constraints

Type of Experiment Estimate
Electron Spin Precession and Torsion Balance N — =N < 1012
- = ; 10+ OV & e
Nuclear Spin Precession — Y [N7| < 10—
: - 101% GV (nri ari ol 2
LV Precession of the angular momentum of a = |N*— N, /2| < 107

paramagnefic atom
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Main Constraints

Type of Experiment Estimate
Electron Spin Precession and Torsion Balance Ni— =N*| < 1012
- o ; 102 OV = 6
Nuclear Spin Precession —yr— IN7| < 107
] , T 19 Qe | e ) : e
LV Precession of the angular momentyms of a — = IN* N2 < 3

paramagnefic atom

= P ‘. 19 '_Ir _'.1' iy ~ 11
CPT-odd anomalous magnetic moment of elec- l—w'— Ny | < 10
tron and positron
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Main Constraints

Type of Experiment Estimate
Electron Spin Precession and Torsion Balance NL— =N°| < 10 2

r - . 114 19 [.jp-- F . e
Nuclear Spin Precession —W; N¥| =

: - : 1019 CaV | nri o A

LV Precession of the angular momentum @f a ——r— N N2 < B
paramagnefic atom
CPT-0odd anomalous magnetic moment of elec- l'—_ﬁ— No| < 100
tron and positron

Despite the Ferrara-Rimiddi theorem, there 15 anomalous magnetic moment of electron induced. The

reason 1s that one of the theorem’s assumptions — Lorentz invariance — 1s broken here.
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Main Constraints

Type of Experiment Estimate
Electron Spin Precession and Torsion Balance L =N?*| < 1012
: o ; 1022 Gel = S
Nuclear Spin Precession = N -
: . : 1012 GaV | nri e e
LV Precession of the angular momentum of a ——F—IN* N3 < 10

paramagnetic atom

~ 0" GeV 1
CPT-odd anomalous magnetic moment of elec- l—w— Ny | < 100

tron and positron

Despite the Ferrara-Rimiddi theorem. there 75 anomalous magnetic moment of electron induced. The

reason 1s that one of the theorem’s assumptions — Lorentz invariance — is broken here.

Dimension six operators were not subject of detailed examination. Rough estimates suggest only

N T
/ -

A ~ 10 GeV, which is lower than the Planck scale. More detailed study is desired.
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Conclusions

B We have constructed a dimension five Lorentz-violating extension of SQED

i

ular momentum of 2 —_— N —

11"\-., moment oI clec- et
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Conclusions

® We have constructed a dimension five Lorentz-y iolating extension of SQED
B obiained the list of CPT-even dimension six LV interactions

B shown that no D-term or cauge anomaly is induced due to introduction of LV terms

W
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Conclusions

We have constructed a dimension five Lorentz-violating extension of SQED
obtained the list of CPT-even dimension six LV interactions

shown that no D-term or gauge anomaly 1s induced due to introduction of LV terms

o b b

derived |-loop RG equations for the dimension five LV interactions
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Conclusions

We have constructed a dimension five Lorentz-violating extension of SQED
obtained the hist of CPT-even dimension six LV interactions

shown that no D-term or gauge anomaly 1s induced due to introduction of LV terms
derived |-loop RG equations for the dimension five LV interactions

calculated the dimension 3 operators induced by soft SUSY breaking

Pl

argued that quadratic divergencies are stabilized at the SUSY breaking scale. which alleviates

the naturalness problem

T
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Conclusions

We have constructed a dimension five Lorentz-violating extension of SQED
obtained the list of CPT-even dimension six LV interactions

shown that no D-term or gauge anomaly 1s induced due to introduction of LV terms
derived [-loop RG equations for the dimension five LV teractions

calculated the dimension 3 operators induced by soft SUSY breaking

ool

argued that quadratic divergencies are stabilized at the SUSY breaking scale. which alleviates

the naturalness problem

proved that the Chern-Simons term is not generated at the loop level

L I

demonstrated that none of the LV operators lead to high-energy modification of the dispersion

relations im
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L I

LI
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Conclusions

We have constructed a dimension five Lorentz-violating extension of SQED

obtained the hist of CPT-even dimension six LV interactions

shown that no D-term or gauge anomaly 1s induced due to introduction of LV terms

derived |-loop RG equations for the dimension five LV mnteractions

calculated the dimension 3 operators induced by soft SUSY breaking

argued that quadratc divergencies are stabilized at the SUSY breaking scale. which alleviates

the naturalness problem 7

proved that the Chern-Simons term is not generated at the loop level

demonstrated that none of the LV operators lead to high-energy modification of the dispersion

relations

computed explicit component expression for the LV interactions

limited a combination of the vector backgrounds by using results of torsion balance

: ArYN—ED
experiments, at the level O(10™ =)
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Conclusions

obtained the list of CPT-even dimension six LV interactions
shown that no D-term or gauge anomaly 1s induced due to introduction of LV terms
derived |-loop RG equations for the dimension five LV interactions

calculated the dimension 3 operators induced by soft SUSY breaking

L 0 I I I

argued that quadratic divergencies are stabilized at the SUSY breaking scale, which alleviates

the naturalness problem

proved that the Chern-Simons term is not generated at the loop level

o e

demonstrated that none of the LV operators lead to high-energy modification of the dispersion

relations

computed explicit component expression for the LV interactions

L I

limited a combination of the vector backgrounds by using results of torsion balance

: ) ~—T N
expertiments. at the level O(10—*=)

Severe constraints pose a sertous challenge for theories predicting Lorentz violation at 1 /A py level
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Conclusions

shown that no D-term or gauge anomaly is induced due to introduction of LV terms
derived [-loop RG equations for the dimension five LV interactions

calculated the dimension 3 operators induced by soft SUSY breaking

L B I

argued that quadratic divergencies are stabilized at the SUSY breaking scale, which alleviates

the naturalness problem

proved that the Chern-Simons term is not generated at the loop level

[

L I

demonstrated that none of the LV operators lead to high-energy modification of the dispersion

relations

computed explicit component expression for the LV interactions

o e

limited a combination of the vector backgrounds by using results of torsion balance

: clben o
experiments. at the level O(10™ )

Severe constraints pose a sertous challenge for theones predicting Lorentz violation at 1/A[p; level

This may be motivated by symmetry reasons. ¢.¢. CPT
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Conclusions

derived |-loop RG equations for the dimension five LV interactions

calculated the dimension 3 operators induced by soft SUSY breaking

L I

argued that quadratic divergencies are stabilized at the SUSY breaking scale, which alleviates
the naturalness problem

proved that the Chern-Simons term 1s not generated at the loop level

T

demonstrated that none of the LV operators lead to high-enerey modification of the dispersion

L I

relations

» computed explicit component expression for the LV interactions
& limited a combination of the vector backgrounds by using results of torsion balance

experiments. at the level O 11'].—':_'.7:.1

Severe constraints pose a serious challenge for theories predicting Lorentz violation at 1/A[p] level
This may be motivated by symmetry reasons, €.¢. CPT

At the next order, 1 /A ;'r]'f'_:.l, CPT-consen |I‘:_ Operators are nol excluded
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Conclusions

® calculated the dimension 3 operators induced by soft SUSY breaking
B  argued that quadratic divergencies are stabilized at the SUSY breaking scale, which alleviates

the naturalness problem

proved that the Chern-Simons term is not generated at the loop level

L I

demonsirated that none of the LV operators lead to high-energy modification of the dispersion

T

relations

» computed explicit component expression for the LV interactions
B limited a combination of the vector backgrounds by using results of torsion balance

. % iy —— 1A
experiments. at the level O(107 <)

Severe constraints pose a serious challenge for theonies predicting Lorentz violation at 1 /A p; level
This may be motivated by symmetry reasons, ¢.¢. CPT

At the next order, 1 /1 ;'_1:-_’4. CPT-conserving operators are not excluded

They do not lead to modifications of dispersion relations. hence strong astrophysical bounds are not

.l[‘hi‘:-[j._-.ll':-uh._a to them
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Conclusions

&  argued that quadratic divergencies are stabilized at the SUSY breaking scale, which alleviates

the naturalness problem

proved that the Chern-Simons term is not generated at the loop level

LI

demonstrated that none of the LV operators lead to high-energy modification of the dispersion

relations
O O R .
computed explicit component expression for the LV interactions

limited a combination of the vector backgrounds by using results of torsion balance

experiments, at the level O(10—12)

Severe constraints pose a sertous challenge for theories predicting Lorentz violation at 1 /A py level
This may be motivated by symmetry reasons. €.¢. CPT

At the next order, 1 /] f'f’.!. CPT-conserving operators are not excluded

They do not lead to modifications of dispersion relations. hence strong astrophysical bounds are not
applicable to them

Estimates come close to experimental sensitivity. and therefore deserve further study in the framework

of LV MSSM
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