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Motivation: ¥ N — v + anything Cr 0SS Sections

-

Spacetime NC and UHECR-v experiments
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Neutrino-photon NC interactions

f[P. Schupp, J.Trampetic, J. Wess and G. Raffelt, The photon neutrino interaction in non-commutative —‘
gauge field theory and astrophysical bounds, Eur. Phys. J. C 36 (2004) 405]
Neutrino-photon interaction introduced via:
*—commutator with covariant derivative

DV =0,V —ire|A, ¥V —UxA,|

The action for a neutral fermion that couples to an Abelian
gauge boson in the adjoint of NC U(1),

S = /d4x(\If*i”y”DM\If—m\If*\D)
U = 9+ eba,0,1 + O6?)

1
A, = a,+eba, lapau — 5@%] + O(0%)

|
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v N — v + anything
fThe gauge invariant action of order 6* and x = 1 T
S = d*x [E OHPo, — O
— T 1) sz,(z p m) | .

Feynman rule F‘(L)(um) = ies(1 Fv5)0" " kygr, m =0
R
[R. Horvat, D. Kekez and J. TrampetiC, Spacetime noncommutativity and ultrahigh energy cosmic ray

experiments Phys. Rev. D 83, 065013 (2011)] F|g 3. giveS:

d*one 2ma?

Tdy ~ L EiyGyp LTV YRy g/
1 [ kck!

T = - d 2 with ¢ = "\
21 J, S0(2/\21\10) , Wit c NC
E3M
~ ((COl — C13)2 + (COQ — 623)2> AN ol Ty (1 — y) .
L NC J
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v N — v + anything

-

fProces.s reveal stronger energy dependence than expected
EYV2sV4 Ane <1, s =2E, My

Results are given for (co1 — c13)? + (co2 — c23)* = 1.
Employing o.., = 4 x 10~ mb [for neutrino flux (FKRT-Fodor
et al J.Cosm.Astropart.Phys. 11 (2003) 015] from RICE
Collaboration search results at £¥ = 10'! GeV,

0(0)/0eap = Anc < 455 TeV

~ 10*  Unacceptable!

L co(0) ] Anc=455 TeV J
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v N — v + anything

[R. Horvat, D. Kekez and J. TrampetiC, Spacetime noncommutativity and ultrahigh energy cosmic ray
experiments Phys. Rev. D 83, 065013 (2011)]
The simplest possible modeling: Vv — ¢, A, —a, —

— Snc(0) = —z'efd4x ?ny“(aﬂ *x — P xa,) —
expansion/resummation of x-product gives Feynman rule,
F?L)(ﬂm) ie(1+ ~5)7" sin(22%) and the following integral

1 27 /
I = — dip 4 sin?( kczk )
2T 0 2ANC
= 2(1 —cos(A)Jy(B)) ,
E E!
A = —5—cp3(cost —1),
ANC
E,E!

B = Sln”& 5|gn(c()1 — 603) (001 — 613)2 -+ (602 — 623)2.
B> Vv .
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v N — v + anything

[R. Horvat, D. Kekez and J. TrampetiC, Spacetime NC and UHECR experiments PRD 83, 065013

(2011)]

10_32 IR T BRRRR SR BRI N R BT BRI R
0 200 400 600 800 1000
Anc[TeV]
o[em?] versus Anc for E, = 1019 GeV (thick lines) and E,, = 10'! GeV (thin lines).
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v N — v + anything

[R. Horvat, D. Kekez and J. TrampetiC, Spacetime NC and UHECR experiments PRD 83, 065013

(2011)] Fl . _‘_ .‘ ‘ f ' ' ' 1 T T T T T T T T . : , -
goor PJ oo ]
— 600~ ]
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04

The intersections of our curves with the RICE results (cf. Fig.1) as a function of the fraction

of Fe nuclei in the UHE cosmic rays. The terminal point on each curve represents the

highest fraction of Fe nuclei above which no useful information on Axc can be inferred with
Lour method. J
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f-exact model properties/ What do wewant? / Wishing list?

f[P. Schupp and J. You, UV/IR mixing in NC QED defined by Seiberg-Witten map, JHEP 08 (2008) 107 T
* Direct neutrino-photon coupling in #-exact NCFT
* Model based on the Seiberg-Witten mapping
* No charge quantization problem
* Any gauge group and arbitrary matter repres.
* Covariant NCSM Yukawa couplings OK
* Unitarity is OK for: 0¥ #, 9" = 0 ;
* Covariant generalization of 8" = 0 to:
2 32
T (B@ EQ) > 0

* UV/IR mixing and/or Renormalisability <— Quantum Gravity
L* Holography distinct UV/IR connection — AIR/ANC/AUV/MPZJ

0,00 = —0° =
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Photon-neutrino interaction in 8-exact covariant NCFT

[P. Schupp and J. You, UV/IR mixing in NC QED defined by Seiberg-Witten map, JHEP 08 (2008) 107 —‘
S=[(—3F"F,+iV (D —m,)T) da
Fo = 0,A, — 0,A, —i[A, * A]; DU = 9,¥ —i[A, * U]

At least three known methods for 6-exact computations:
- The closed formula derived using deformation quantization
based on Kontsevich formality maps,
- the relationship between open Wilson lines in the
commutative and noncommutative picture and
- direct recursive computations using consistency conditions
direct deduction from the recursion and consistency relations:
OaAu = i[A T A = Aylay + 0xay] — Aulau] + O(N?),
AV = i[A* U] = TUla, + dray, ¥ + ] — Pla,, ] + O(N?),
Al el 0] =

A @A D, @] i, ADe, @] — @03, A\, ] o
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v — Vv 1N f-exact covariant NCGFT

[P. Schupp and J. You, UV/IR mixing in NC QED defined by Seiberg-Witten map, JHEP 08 (2008) 107
With the ansatz

A = Ala A = (14 A'a,] + A%[a,] + O(a®)A,
U = Ula,|v = (14 U'a,] + U?[a,] + O(a®))y, starting with the
fermion field W, at lowest order we have i[\ * 1] = W[ON])

. 0200y
from [/ g] = i6” (%ﬁ?) L (835?)
2

AN

we observe that

r=y
. OprNO
sin =Y

Ula,] = —0Ya; %y 0; where f ¥y g = f(r)—3-9(y)

2

=Y
Gauge transformation A similar A' = —107a; x, 9; .

Lowest order consistency relation:
—0u(507a; x2 O;A) — i[A ¥ a,] = Alla, + 9N — Afla,]

o |
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v — Vv 1N f-exact covariant NCGFT

[P. Schupp and J. You, UV/IR mixing in NC QED defined by Seiberg-Witten map, JHEP 08 (2008) 107
We obtain

Ay = ay, — 3070, % (05a, + fju) + O(a’),
U =) — 0Ya; x 0;00 + Oa*),
A=X—20a; % 0;) + O(a*) A,
fuw = Oua, — Oya,,
L= &7“ [CLM ; w]
— (090 O0) (i) — 10, ) — (i) — m,) (09 ;%2 005) + DO ()
To extract Feynman rules in an appropriate form, we use the
arithmetic property
1070;f %2 0;9 = [f 5 g]
Lto obtain the effective neutrino-photon Lagrangian density J
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v — Vv 1N f-exact covariant NCGFT

[R. Horvat, D. Kekez, P. Schupp, J. Trampeti€ and J. You, Photon-neutrino interaction in 6-exact

covariant noncommutative field theory, arXiv:1103.3383v1]

L =—(07a; % 0;10) (i@ — my)th — (i@ — m, ) (07 a; 2 ;1)) +
1y (07 0a,, %2 0;00) + O(a?)) .

Generalized star product x; turns into a function,

Flg k) = T2
Flg, k)= F(k,q) = Fk, k') = F(K k), q=k—K

D% = iF (g, k) | (F = m,)@" + (a0k)y" — dk+| B = 0mk;

o |
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v — Vv 1N f-exact covariant NCGFT

fNext we start with the action for a neutral massless free T
fermion field

S = [YyPoh die = [ x PO, die
and we lift the factors in the action via generalized SW
maps \if[au] and i)[au} to NC status as follows; (if the SW
maps ¥, ® and A satisfy)

*ASY - f ‘if(@v”@@m_) d'z = [qj(&) *”W@A(@m) €l4$~
AW (1)) = t[AA) TV ()], oA(P(Ouv)) = ¢[A(N) T P(Iu¥)]
U (1)) =1 — 09 a; % 0;1p, and neutral fields 6y = §(9,1) = 0,
we notice that we can in principle use the same map also
for @:
(i)alt(auw) = \if((%w) = Out — 0% a; %2 (0j0u1) + O(a)y .

|
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v — Vv 1N f-exact covariant NCGFT

- N

This action construction is quite unusual from the point of
gauge theory, as it yields a covariant derivative term without
Introducing a covariant derivative:

§ = J (1070,0 = (090,520 v, +
1y (67 a; o (%@w)) d'z +O0(a®) — TV =iF(q,k)§"}k
Second choice for ®:
O (9u1) = D (v) = 9, ¥(v) —i[A, ¥ ¥ (y)] =
Outh — 0" a; %2 00, + Hijfiu o 01 + O(a®)y,
based on the well-known NC QED-type covariant derivative
gives

TH = iF(q, k) | kq" + (qOk)v* — gk*| .
| (¢, k) | K" + (qOk)v" — ¢ »
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v — Vv 1N f-exact covariant NCGFT

[R. Horvat, D. Kekez, P. Schupp, J. Trampeti¢ and J. You, Photon-neutrino interaction in §-exact
covariant noncommutative field theory, arXiv:1103.3383v1]

Photon dispersion relation in a stellar plasma

2T2
9
| Myc(vp. — ov)|* = 4€*(F(q, k))*(q0k) (612 +2my) |

def. calc.
= E?y - q% = ;l Rellr(qo,|q] = 0) =

FNC(fypl. — E(R) — Oéwpl /Slnﬁdﬁ/d¢81ﬂ —

1

_ iawpl/dx [1 - (cosAx)Jo(B\/l——x?)] ,

—1
2 2
_ P S p
A: B:— C(Q)1—|—C%2.

2A%.° 2A%
NC NC " |RB-Zagreb, 20.05.2011 — p.17




Ratefor v, — vv

[R. Horvat, D. Kekez, P. Schupp, J. Trampeti¢ and J. You, Photon-neutrino interaction in §-exact

covariant noncommutative field theory, arXiv:1103.3383v1]

Partial width:

. 2
et = 7y) = gou(1- %) €= gt

Zflavors FNC (/Ypl. — VLVL DRVR)

Zflcwors FSM (Vpl. — DLVL)
B 3 - 48720’ (1 B Siﬂf)
(c;, +c2, +ci) G% w, ¢ ’

For v, we have ¢y = 5 + 2sin” Oy, while for v, and v, we
have ¢, = —1 + 23m2 Ow. For 1 — ﬂ =12 — Lt the

prl dependence vanishes. J
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R/ANC/wpl

[R. Horvat, D. Kekez, P. Schupp, J. Trampeti¢ and J. You, Photon-neutrino interaction in -exact

covariant noncommutative field theory, arXiv:1103.3383v1]
80

l R<1
70
60 | R=
— 50 |
D
O, 40| R>1
O
=
<< 30|
20 |
10}
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The plot of scale Axc versus the plasmon frequency w,; with R = 1
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Neutrino chargeradius

[P. Minkowski, P. Schupp, and J. Trampetic, Neutrino dipole moments and charge radii in NC spacetime,
EPJC 37 (2004) 123]; [R. Horvat, D. Kekez, P. Schupp, J. TrampetiC and J. You, Photon-neutrino

interaction in 6-exact covariant NCFT, arXiv:1103.3383v1]

r ) = <= L |2y 2 2 =
(Wpl.—>VLVL)—144E <7“V>’ —>’<7‘>’— im
f}/

The limit w,; — 0 picks up only the first term that corresponds
to the 6* result This implies that there are no #-exact

corrections to the 0! charge radius which was obtained earlier

) = 2
T M
Very strlngent bound on (r; ) based on _SN1987A. With
L<T3R> < 2 % 10~ %cm?, one obtains Axc ~ 0.6 TeV. J
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BBN from f* vp — f* vp

[R. Horvat and J. Trampetic, Constraining spacetime noncommutativity with primordial nucleosynthesis,
Phys. Rev. D 79 (2009) 087701]

Energy density of 3 light v at nucleosynthesis time
(7" ~ 1MeV) is equivalent to the effective additional number of
doublet neutrino specis AN, (< 1):

4 1/3
3 (T’/R> < AN 1y, _ [g*S(TVL)] /
T ~ v,max T g*S(Tdec) )

VL VL
here g, s are degrees of freedom specifying the entropy of the still interacting species

Oseatt (f= VR — [T vg) ~ 36 o’E*/A\Ye, FE~9T.

vr decouple at 7 when thermally averaged scatt. rate ',
and H -expansion rate of the Univ. in radiation-dominated

Lepoch are about equal Ty (Tyee) ~ H(Tsee). J

IRB-Zagreb, 20.05.2011 — p.21



BBN from f* vp — f* vp

[R. Horvat and J. Trampetic, Constraining spacetime noncommutativity with primordial nucleosynthesis,
Phys. Rev. D 79 (2009) 087701]

3
Fscatt(Tdec) = < Ngscatt Oscatt UV >,  Nseatt = 0.187

1/2
H(Tpo) =~ 1.66g2°T2/Mp;,  ge = gug .

This and os..+ gives

Tiee >~ 0.5 &_2/3M;l1/3A4N/C3 .

Imposing conservative bound AN, 0 = 1, (e, 1, S)
enforces constraint 7,;.. > 1 (- critical temperature for
deconfinment restoration phase transition);

Thee ~ 200MeV = Anc ~ 3TeV.
For AN, ..« < 0.2, (all charged lepton and quarks) we have

o Thoe < 300GeV = Ane < 103TeV. o
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BBN from I['(v,; — vv)

f[R. Horvat, D. Kekez, P. Schupp, J. Trampeti€ and J. You, Photon-neutrino interaction in 6-exact —‘
covariant NCFT, arXiv:1103.3383v1]
The RH neutrino is commonly considered to decouple at the
temperature 7. satisfying the condition with the Hubble
expansion rate
U'(Ypi. — vrvr) >~ H(Tyhee) > 1.66 g, 7= d“ Wpl = erec g,
Computing the decoupling temperature Tiee based on the
assumption that the decay rate is solely due to the NC effects
and comparing with lower bounds on 7. that can be inferred
from observational data, we can determine lower bounds on
the NC scale Ay from

M, e3gch sin & e*(gsM)*T7 ec
Lec > 39. %47Tg* (1 ¢ ) , §= 18AZ :
| Tae 222 % 107 Mpy (1 528) E2 Avo > 3.68(88T)TeV.
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BBN from I'(v,; — vv)

[R. Horvat, D. Kekez, P. Schupp, J. Trampeti¢ and J. You, Photon-neutrino interaction in -exact

covariant noncommutative field theory, arXiv:1103.3383v1]

12

10 -

Ancl10™*Mp]
(0)]

(@) 0.5 1 1.5 2 2.5
Taec[10 Mg ]

LThe plot of the scale An¢ versus Ty, for perturbative/exact solution (dashed/full curve). J
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NCFT and Holography

f[R. Horvat and J. TrampetiC, Constraining NCFT with holography, JHEP 01 (2011) 112] —‘
UV/IR mixing in NCFT - understood via nonplanar loops. In a
theory without UV completion (Ayy — oc) phases, becomes
iInefficient to control the vanishing momenta, i.e., the original
UV divergences reappear as IR div. Theory thus becomes an
effective QFT with the UV and the IR cutoffs obeying

AyvAr ~ A12\IC :

From absolute Bekenstein-Hawking bound Sz ~ L?M3,, and
properties of effective QFT in a box of size L, (IR, UV cutoffs),
with respect to black hole physics stringent constraint is
obeyed - 3/2 A —3/2 3/4
A%VAIPS) N MP? AIR/ ~ SB/H :

Y

|
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NCFT and Holography

[R. Horvat and J. TrampetiC, Constraining NCFT with holography, JHEP 01 (2011) 112]
1/3 1/3
A C Mp;
Ak ~ Axc ( Msz) , Auv S Anc ( ANPC)

Considering the muon A(g,, —2) ~ & [( e )2 + (M)QI

>

2
Anc ~myu— A(gy —2)ir ~ 2 (%}) , , this together with
%22 (Exp — SM) = (22 — 26) x 1071, gives
m, S Ane S 0.1 TeV
AIR = 10! MeV and 10° MeV < AUV 10° TeV

2
ANCfimM—>A( Q)RN%(E;;) : giveS

10_ MeV S ANC S m,,
L Auy < 102 GeV and 107 MeV < Ag ~ 10713 MeV J
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SUMMARY

. The 6-exact covariant NCFT, motivated by UHECR-v.
. Action, SW map based, is covariant and gauge invariant.
. It posses UV/IR mixing in photon self-energy.

. Neutrino 2-point function indicate interesting new
behavior regarding UV/IR and Renormalizability :) !

. Physical quantities as a functions of energy behaves
correctly for full energy scale.

|
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SUMMARY

. In plasmon physics: Decay rate becomes finite - good
defined function of Axc and w,,; (see Fig.).

. Neutrino charge radius: there are no #-exact corrections
to 4'-results.

. In BBN from plasmon decay, the Axc becomes finite -
good defined function of 7,.. (see Fig.).

. Connection of effective NCFT with Holography via
Air/Anc/Auv/Mp; — window to Quantum Gravity?

|
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Limitson Ayc from theory and experiments

-

DECAYS: 1— 2

*Z — vy = Anc > 1000 GeV, [Buric,Latas,Radovanovic, JT]
*JIp — vy = Aye > 250 GeV, [C. Tamarit, J.T]
*T — vy = Ane > 250 GeV, [C. Tamarit, J.T]

*K — Ty — ANC > 43 GeV, [Melic, Passek, J.T]
SCATTERINGS: 2— 2

*etem — vy = Ane > 141 GeV,  [oPAL Coll.-2003]

* vy — ff = Ano > 200 GeV,  [T.ohletal]

* ff— Zy = Anc > 1000 GeV, [T ohletal]
*eter = WTIW ™ = Ane € [.1, 1} TeV, [conley, Hewett]
*WW — WIW = Axc € [.5, 5] TeV, [conley, Hewett]

L N
* ,u+ — U = ANC > 1000 GeV, [A. Joseph]
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Limitson Ayc from theory and experiments

-

ASTROPHYSICS
DECAYS: 1— 2
*Vpl — Vv = Anc > 81 GeV, [schupp, JT, Wess, Raffelt]

NEUTRINO DIPOLE MOMENTS:
* (dmag)DlraC = Anc > 1.8 TeV, [Minkowski et al ]

*(del yMajorana — Ao > 150 TeV, [Minkowski et al]

mag

dipole ' '
* anappOZéVSCj\/I — ANC > 10 TeV, [Ettefaghi, Haghighat]

SCATTERINGS - Supernova SN1987A:

* ff — VRVR = Anc > 3.7 TeV, [Ettefaghi, Haghighat]
* fVR —> fVR — ANC < 1.1 TeV, [Ettefaghi, Haghighat]
COSMOLOGY

* BBN(e,/L,S) — ANC > 3 TeV, [R. Horvat, J.T]

* BBN(all fermions) — ANC > 103 TeV, [R. Horvat, J.T]

|
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