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o CPT violation has been found.

However, neutrinos have been suggested as
a source of CPT violation.
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CPT Violation with Neutrinos (beyond the SM)

S.R. Coleman and S.L. Glashow:
Lorentz violation — CPT violation

Allow the most general CPT-violating interaction: u‘Lbu,
where b is a Hermitian matrix =  The energies of the

ultra-relativistic neutrinos with definite momentum p are
2

the eigenvalues of the matrix: cp A g”p - b, where c is
also a Hermitian matrix (velocity-mixing)
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CPT Violation with Neutrinos (beyond the SM)

V.D. Barger et al.:

The effective Lorentz-violating and CPT-violating
interaction for neutrinos is: nggﬁ”)/qu

= AP = Pag — Pag = —2sin* 20sin (252 ) sin(dbL)
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CPT Violation with Neutrinos (beyond the SM)

G. Barenboim et al.:

CPT violation (but Lorentz invariance) so strong that the
mass spectra of neutrinos and antineutrinos are
completely different =  Possible to describe solar,
atmospheric, and LSND neutrino data

H():/ d3p (p2+m2)2[aSTaS _|_bsTbs]
(271')3 . P P P P

d3p i
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CPT-Violating Effects

S.M. Bilenky, M. Freund, M. Lindner, T. Ohlsson, and
W. Winter, Phys. Rev. D 65, 073024 (2002).

CPT violation

Y
Physics beyond local QFT

e

“Planck Scale Physics”, “extra dimensions”, “strings”, ...

CPT violation was used to accommodate the LSND result

Here: Precision measurements =
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Sengitivity to small CPT-Violating Effects at NuFact

CPT Invariance =
P(vy = vy) = P(Vy — U4)

CPT violation (but Lorentz invariance) =
Masses and mixings differ for neutrinos and
antineutrinos.
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CPT Invariance =
P(vy = vy) = P(Vy — U4)

CPT violation (but Lorentz invariance) =
Masses and mixings differ for neutrinos and
antineutrinos.

ma, U ma, U
Consequence:

P(vy, = vo) # P(Uy — U4)
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Sengitivity to small CPT-Violating Effects at NuFact

CPT Invariance test at NuFact:
NuFact: Neutrinos produced in muon decays
ut — e, (Or u= — e T1y).
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Sengitivity to small CPT-Violating Effects at NuFact

CPT Invariance test at NuFact:

NuFact: Neutrinos produced in muon decays
ut — e, (Or u= — e T1y).
Straightforward test: Check the appearance
relation P(v, — v,) = P(v, — 7¢)

or P(v. — v,) = P(v, — ve)]

INSTEAD: Check the equality
Py, — v,) =P(0, — 1)

Tommy Ohlsson - ICHEP 2002 — p.7/12



Sengitivity to small CPT-Violating Effects at NuFact

Limit CPT violation in the disappearance
channels at NuFact:

high event rates
no beam contamination
small matter effects
large oscillation effects
— Exclusion limits for tiny CPT-violating effects
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Asymmetries

Consider v and v channels as independent
experiments:

0 = |[Am3, — AT3,|, € = |sin? 2093 — sin® 2043
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Asymmetries

Consider v and  channels as independent
experiments:

0 = |[Am3, — AT3,|, € = |sin? 2093 — sin® 2043

"y 2 ' __ |msz—ma3)|
5 i 2 CZCPT Am32 Wlth CLCPT — (m3)average
€ ~ 2bcpr \/Sim2 2053 \/1 — sin? 26,5 arcsin \/Sin2 2053

|623—023

923)average

with bCPT =1
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Sengitivities of Asymmetries

Sensitivity to possible CPT violation <«
Accuracy of acpt and/or bcpr

Compare ¢ and e with corresponding relative
statistical error s Am3, or 50,3

Sensitivities dacpt and dbcpt for acpt and
bopT are given by:

dAm3,

2
0bcpr ~ 0823

0 acer -



The Sengitivities of an Estimate of the Asymmetries

23

107 10
Luminosity [2 Nu m]

E, = 50GeV, L = 3000km (Am2,) / L = 7000 km (63),
10" muons/year, 5 years, 10kt
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Obtained Upper Bounds

acpr < 3.8 - 1079 A (m?))average = \/Amgtm <
5-107% eV

= |m3—m3| <1.9-107% eV

bC’PT S 4.3 - 10_2 A (‘923)average = eatm = 45°

= ‘(923 — 623‘ SJ 2°
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Summary & Conclusions

CPT violation:
] In local QFT not allowed

[] Fundamental CPT violation <« Planck
scale physics

L] ‘m3 = mg‘ % 1.9-10~%* eV and ‘(923 = 9_23‘ % 2°
Reference:

[1 S.M. Bilenky, M. Freund, M. Lindner, T. Ohlsson, and
W. Winter, Phys. Rev. D 65, 073024 (2002),
hep- ph/ 0112226.
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