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No CPT violation from a tilted brane in neutral meson-antimeson systems
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A tilted brane in theories with large compact extra dimensions leads to spontaneous symmetry breaking of
the Lorentz and rotational invariance in four dimensions, as shown by Dvali and Shifman. In this Brief Report,
we point out that the mentioned Lorentz symmetry breaking, although leadi@d{Bviolating interaction
terms, cannot lead t&€ P T violation in the experimentally interesting-f and analogous systems.

PACS numbses): 11.25.Mj, 11.30.Er, 13.20.Gd

Recently, the authors dfl] pointed out that in theories The tiny tilting angle « causes the brane to be
with large compact extra dimensiof#] there exist solutions *“stretched” by the factor of 3 /2. On the other hand,
for the 3-brane with a constant gradient energy—a tiltede=T"*29y/dx] by Eq. (2). This implies that the induced
brane. Further, they argued that such brane solutions, via theetricg,,, and the flat(untilted) metric gﬁf’y) are related
change of the metric on the brane, lead in four dimensions to L
g\rt]i’raa.\ctlon terms which violate Lorentz and rotational invari 0= gﬁf’,}+ §T_13#X3VX- 3)

In this Brief Report, we show that such interaction terms
lead in principle to terms which violat€ PT invariance. An analogous relation for the basis 4-vectegson the tilted
Subsequently, we argue that this framework leads nonethdrane

less to noCPT violation effects in thek-K and analogous 1

neutral meson-antimeson systems. et=gOx+ ZTflaf‘X&aX (4
The tilted brane can be described by a low energy effec-

tive theory. In this theory, the graviphoto#,(x) obtains a

massm~1 mm ! by eating up the corresponding Gold-

stone mode. After integrating out the graviphoton, the effec

tive theory for the other pseudo Nambu-Goldstone bson

(pPNGB) yx describing the dynamics of the brane is repre-

sented by the four-dimensional Lagrangian density Liin= (W) ireq

follows from Eq.(3) due toe,- e,=g,,. The kinetic term for
the fermionic fields on the tilted brane involve&;eq
=eyy%d, . Therefore, when using E¢4), the kinetic energy
term in the tilted brane background can be rewritten as

Lyrane= g'uyap.Xava 1)

whereg,,, is the induced metric on the brane. There are also
fermionic terms, but they are not relevant unless we includ
supersymmetry. The tilted brane solution to the equation o
motion #?x=0 is

— 1 —
=Yy ot 2T X))y o), (5)

here all the derivatives are in the flat metric. If we now
expand around the tilted brane solutie®), i.e., y=\Tax/
+ Sy, we obtain from the last term of Ed5) interaction
X= \/Taxj’ 2) terms which break the Lorentz and rotational invariance

wherex! is the direction along which the tilting occurg,is L= %T‘”Zaﬁy( S Y(y"d +y10") ]

the brane tension, i.e., the energy per 3-space unit volume,

ande is the angle of the tilting. The following relations hold: 1

T~M# . where Mp=1 TeV (~10' mm) is the funda- @YY Y]y (6)

mental scale of gravity in the framework;~RH, whereR

is the typical size of the extra dimensigh(R<1 mm) and The first term <), in addition, violatesCPT, because

H~ ! is the Hubble size £10?® mm). d,(dx) is odd and the term ip- - - ] is even undeCPT. The
violation of the Lorentz symmetry and & PT usually go
hand in hand3]. The last term in Eq(6) is CPT even.
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were discussed in Ref4]. The current experimental bound Now, let us check whether such a shift in the quark in-
on CPT violation in theK-K system is already very strin- Verse propagators can arise from @ T-violating term in
gent[5] Eq. (6). That term still has on@NGB-field y (of the tilted
brang present there beside the quadratic quark field
My — My —2% 1018 @) structure—i.e., in contrast to E¢p) it is not purely quadratic
(1% ' quark field term. Therefore, it cannot contribute at the tree
] ) ] o ] level to energy or momentum shifts in the quark inverse
As argued in Ref{4], in string theory it is possible to ohagators. It can contribute to the quark inverse propaga-
hﬁ.\;te a_breahkmg l?CPTth?(t WOUld lead to nonzero errfergr): tors only through contraction of thg fields, which corre-
shifts in the the quark Inverse propagators. t esponds to the one-loop contribution mediated by ¢higeld.
4-dimensional effective theory arises from a string theory, . .
o 9 . However, this can only lead 6 P T-conserving phenomena
compactified at the Planck scalép~ 10" GeV, this may because th€ PT-odd term of Eq.(6) is then applied twice
lead, among other things, to 4-dimensional effective interac-. 9 . PP
: (in general: an even number of timesTherefore, the
tions of the form[4] . ) )
CPT-odd term(6) in the tilted brane scenario cannot lead to
ﬁu”TZF " (8) CPT-violating effects in the neutral meson-antimeson sys-
’ tems, i.e., it cannot induce nonzero mass differenge
where the field7 is a CPT-odd 4-dimensional Lorentz ten- —my. The terms in Eq.(6) may still lead to other
sor, andIl’ denotes a gamma-matrix structure. If ten§or CPT-violating phenomena in other systeft.
acquires a nonzero vacuum expectation valfig, the inter- In summary, we showed that the metric-induced terms
action (8) generates a quadratic purely fermionic term andwhich violate Lorentz symmetry in the tilted brane scenario
thus leads to a tree level nonzero contributidi to the by Dvali and Shifman, while bein@ PT-odd, lead to no

fermion inverse propagator. An effective “stringy” interac- CP T-violating effects in the neutral meson-antimeson sys-
tion that would lead to nonzero energy shifts in the quarkems.

inverse propagators is
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