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CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN Access shaft
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Results of OPERA

L ~730Km with a precision of 20cm

The firstly released results:

Sv=(v—rc)/c =248+ 0.28(stat.) + 0.30(sys.)) x 10> < E >=17GeV
ov=(v—c)/c =2.16%0.76(stat.) + 0.30(sys.)) x 10~° < E >=13.9GeV
§v=(v—c)/c=2.74+0.74(stat.) + 0.30(sys.)) x 107> < E >=42.9GeV

The new results with short-pulse proton beam used:

ov=(v=c)fc=237T0B2(Ear)o;A5Vs. )10 < E >=17GeV
v = (v—c)/c = 2.24 + 075(Statr )5 ;(SYs:) X102 < E >=13.8GeV
v = (v —c)/c = 2.94 + 0.78(stat. )1 233(sys.)) x 107> < E >=40.7GeV

T. Adam et al., [OPERA Collaboration], arXiv:1109.4897
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It’s natural to doubt about the GPS time
from the very beginning:

0 Gravitational effects
O Special relativity effects
OO Doppler’s effect

Up to now , there is no confirmative answer to the GPS problem !
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So if we assume OPERA is true

® Lorentz violation
® Tachyon neutrinos
® Extra dimension
® Sterile neutrinos

WHAT ARE YOU
THINKING?
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Cherenkov analogous process

For dispersion relation like: E? = m? + p? + ep?

A.G. Cohen, S. L. Glashow, PRL 107 (2011)
181803 ; arXiv:1109.6562.

The superluminal neutrinos that reach Gran Sasso will not have
energy in excess of 12.5GeV due to the rapidly energy loss.
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The main channel for muon neutrino production in OPERA : T u"‘ + vy
E? = m? + p? + ep?

threshold:  m, >m, + mﬁff

E, < Gmeesm, )il /e

For v = 2.37 x 10™°, neutrinos
W mufﬁ,[n produced from pion decay can’t
have energies exceeding 5GeV.

X.-J. Bi, P.-F. Yin, Z.-H. Yu, Q.
Yuan. Phys. Rev. Lett. 107,
241802(2011).
[arXiv:1109.6667v3[hep-ph]]
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L. Gonzalez-Mestres.

arXiv:1109.6630§1j€fllﬁ_,P



Ways out of it

______ deformed Lorentz symmetry

Basic idea of DLS:
& Violate ordinary Lorentz symmetry
to induce superluminality.

€ Maintain a deformed(modified)
Lorentz symmetry to keep the
relativity of inertial frames.

& Evade the constraints from Cohen
and Bi .

G. Amelino-Camelia, L. Freidel, J. Kowalski-Glikman, L. Smolin, arXiv:1110.0521[hep-ph]
G. Amelino-Camelia et al., arXiv:1111.0993[hep-ph]
Yi Ling, arXiv:1111.3716[hep-ph]

Yunjie Hou et al., arXiv:1111.4994[hep-ph] SKL TP



A general formulism of DLS

A general dispersion relation can be written as: E°f*(E,p) — p°¢*(E,p) = m?,
which can be rewritten without loss of generality as:

F?(E,p)E* — p* = m’
Where, FQ(Eap) — fQ(Eap) o (92(E7p) o 1)p2/E2

We will write F as F( p, m) since E can be solved as a function of p and m ,and have :
Fp=0m)=1
The generator of Lorentz boost N; is modified in such a way that:

[NivFQ(pa m)E2 _pQ] — 07

The above commutation relation can be achieved by

1 28F(pam)
Foom) L o)

The conserved quantities within deformed Lorentz are modified to :

Fp,m)E, p

[NVi, pj] = F(p,m)Ed;, [Ni, E] = pi



Superluminality without price
For e & M+Vu

Energy-momentum conservation laws :

—u

Pn=m+% Eanu'l'F(prm)Ev

From deformed Lorentz symmetry, F(p,m)E, = fﬁ{% +m? ,we get:

Pr = Du +Dv \/ﬁ,zr+mn=\/ﬁ§+mﬁ+\/ﬁﬁ+m5

Tt > ,u+‘|/“ is not forbidden in any inertial frame in DLS .
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Dispersion relation Vs Superluminality

For a general dispersion relation FQ(p? m)E2 — p2 = m? , we can get the group velocity:
_dE p 1 5 E?*  dF(p,m)
F2(

v

T dp E p,m) F(p,m) dp?
P 1 ‘ — 1
= + VPP +mP—— :
/p2 +m?2 F(p,m) pro dp F(p,m)’
For neutrinos with a neglected mass, we have :
1 d 1
v = +p———1.

F(p,0) dp F

For example, for the dispersion relation EZ — p% = m? 4+ 2E%?p?2/M? ,(F?> =1 —2p*/M?)

1

ov=0v—1= (1= 252 /M)~ 1 G. Amelino-Camelia et al., arXiv:1110.0521

Conversely, once dv(p) is known , we can obtain the corresponding F(p) via:

LY 04 su))ap +
F—p/ v(p))dp +c)

with a boundary condition F(0) =1



Fitting the superluminal data

pn
am + pn

( fG”ed) (a = 10GeVa&lh =287 x 10~°)

—_— ov(ip)=>b

* data
—— (1-2p M) **1
anti-electron neutrinos from SN1987a 64 -——bp’/(p+a’)
e bp*f(p*+a’)

We assume no energy dependence of
superluminality due to observed neutrino
oscillations.




Since % =$ (fp(l + du(p'))dp’ + c) : F(0)=1

p"
For 6v(p) =b——
() =b o m
1
— = 1+b
Fu(p
b { = :f:]_l[Qk s;in(-(—L'Zk::l %) — B c-os(uk:l )], n = even
Pl iim((1 +2) + 250 (Qp sin(ZE1) _ P cos(ZEEDT)) _ ¢ 1 = odd .
where
B = ln[— - 2 (@_) +1],
Qi = arctan e :Ur)
(n—3)/2
B 2k+1)r 7, . (2k+1)m
= Z ( - —5)(8111 - ).
k=0
For n = 2 and n = 3, we have
(r) = b
(1+b)p/a — darctan(p/a) ’
6v3p/a

F(p) = 6\/5(1 + b)p/a — b(m + 6 arctan|(2p — a)/\/ga] + \/5111[(‘1 +p)*/(a* —ap+ 17)])



Modified conservation Law

To remind you , F(p,m)E is conserved

Up to now, it’s still hard
for us to test these
modified energy
conservation laws.

Of order 10>

neutrino momentum in GeV
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Summary

» Deformed Lorentz symmetry can explain the OPERA data without suffering
the theoretical constraints.

» Energy conservation law should be modified within Deformed Lorentz
Symmetry and that can be tested in future neutrino experiment with high
precision energy measurement.

» Some underlying theories are required to explain the deformed Lorentz
symmetry.
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