What if?

On the interplay between Serendipity;
Intuition and Conjecture.

- i

Benjamin Grinstein
FPCP 2010
May 29

Torino, Italy



Wilczek’s Litany

arXiv:1003.4672v1 [hep-phl

Particle Physics Today:

* The SM is in great shape
* FP & CP is well described by CKM

Shortcomings of the SM

* Why these groups and representations (specially hypercharge?)
* Existence of small non-zero neutrino masses, appears gratuitous
* Gravity

® Dark matter? Dark Energy?

®* Why is 0 so small?

e Flavor ...


http://arxiv.org/abs/1003.4672v1
http://arxiv.org/abs/1003.4672v1




The Discovery of CP Violation: a Surprise - Prof. Jim Cronin
From the Proton Synchroton to the Large Hadron Collider - 50 Years of Nobel
Memories in High-Energy Physics, CERN 2009
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- 1.1. Rabi

| 518 (Yukawa Hideki)
4



This is the partly the theme of this talk:

A theoretical idea (right or wrong) can motivate a good experiment.
Intuition needed to follow the right path.

Luck cannot hurt.
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So I propose to you to take a sampling of non-mainstream (aka “crazy”) ideas
Some have well motivated theory
Some don’t

The only criterion is that confirmation of any would result in a
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Paradigm Shift

Paradigm shift (or revolutionary science) is the term first coined by Thomas Kuhn in his influential book The Structure of
Scientific Revolutions (1962) to describe a change in basic assumptions within the ruling theory of science. It is in contrast to his
idea of normal science.

The term paradigm shift, as a change in a fundamental model of events, has since become widely applied to many other realms
of human experience as well, even though Kuhn himself restricted the use of the term to the hard sciences.



http://en.wikipedia.org/wiki/Thomas_Samuel_Kuhn
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Non-paradigm shifts

* Supersymmetry, flavons, technicolor, unphysics, Little Higgs, ...
* Basic principles remain intact
* Sure, they require additional fields and interactions

® Sure, would be exciting and interesting

¢ Extra-dimensions

* If generalized duality is general, cannot distinguish form above



Violation of CPT and/or QM

L. Maiani, in the DA®NE Physics Handbook, Vol. I
S. Ellis et al, PLB293(1992)142 (“EHNS”)
P. Huet & M.E. Peskin, NPB434(1995)3

® Local, hermitian QFT implies CPT

* Theories of Quantum Gravity (strings, loop QG) are non-local
* Black Holes cannot carry discrete “charge”

* QM implies pure states do not evolve into mixed states
* Because of Black Holes information loss Hawking proposed
a generalization of QM which allows pure to mix evolution
* Page showed this leads to CPT violation
* Weinberg’s “testing QM:” non-associative matrix QM

S.W. Hawking, PRD 14 (1975) 2460
D.N. Page, Gen. Rel. Grav. 14 (1982)
_ . . S.Weinberg, PRL62 (1989) 485;

* Eberhard: test existence of unitary S-matrix Annals Phys.194:336,1989.
* Phenomenological analysis of QM violation

® Tests in neutral K’s by Carither’s ez «/

P. H. Eberhard, CERN 72-1, unpub
W.C. Carithers et al, PRD14(1976)290
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expected size of M 19
—= ~ 10 GeV
parameters: M p;
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KLOE reach, with and without the

insertion of an inner tracker with vertex

resolution of 0.25 Ts (to be compared
with the present KLOE vertex
resolution, 0.9 Ts).

Venanzoni, arXiv:1001.3591v1 [hep-ex}
CPLEAR,Phys. Reports 374 (2003) 165


http://arxiv.org/abs/1001.3591v1
http://arxiv.org/abs/1001.3591v1

Violations to Lorentz Invariance

D. Mattingly, Living Rev.Rel.8(2005)5

SME (QED part): L= —3F"FE,, — 2(kp) e F* FA?

same as anisotropic medium: V. A. Kostelecky & M. Mewes, PRD66(2002)056005
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Define
(ko4 )= E(KDB_'_ kpe)'*

S. Herrmann et al, arXiv: 1002.1284 [physics.class-phl
PL. Stanwix etal, PRD 74(2006) o81101(R)

- Ch. Eisele et al, PRL103(2009)090401
laser 1 ]
this work Stanwix et al. [1]
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Scale of Lorentz violation? (Origin of Lorentz Violation?)

* Doubly Special Relativity (DSP): In addition to speed of light being boost invariant

there is an invariant length scale, the Planck Length, or an invariant energy, the Planck
Mass-Scale

* Non-commutative spacetime: A quantum mechanical theory, it assumes [x#, x"]= 6“".

The parameter 6" is dimensionfull and sets the scale of Lorentz violation. Again it is
taken to be (the appropriate power of) the Planck Length.

* Rainbow (energy dependent) metric, k-Minkowski, Hopf-algebras, spacetime foam, etc

How to construct a DSP: non-linear realization of the Lorentz group

F:P—P P={{p’p)}= Physical P ={(7°,7)}= Linear, unphysical

p'=F " (AF(p))

So take F(pp) = 0(co) where ppris a special momentum, eg, with p® =

Example: B E cosh& + cpg sinh & , _ prcosh{+ Esinh&/c
B2 — 2p? - A - = A ’
4 2
=Ccm r_ b2 )
(1_E/’£)2 ) pQ_A7 p3 A?
A—14 E(cosh& — 1) 4+ ¢pg sinh &

K
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High energy parametrization:
2 2

m 1E
Empt b 22

P 2 K

Energy dependent speed of light!

Limits from Gamma-Ray-Bursts
At =~ (AE/kr)L

Analysis gives:

k> 1.3 x 101°GeV ~ 0.10 Mplapex

Amelino-Camelia & L. Smolin, PRD 80, 084017 (2009)

GRB Redshift Duration counts|; at

LAT LAT
Emax 1 1

080916C  4.35 Long
081024B Short
090510 0.9 Short
090328 0.7 Long

090323 4 Long
090217 Long
080825C Long
081215A

Strong
Strong
Strong

Weak
Weak

13 GeV 45s >10°s
3GeV 02s
>1GeV <ls =60s
>1 GeV ~ 900 s
>1 GeV >10° s

~]1s =20s
0.6 GeV 3s >40s
0.2 GeV

13

Fermi LT data, from reference above



Amelino-Camelia & L. Smolin, PRD 80, 084017 (2009)

High energy parametrization:

m? 1 E2 GRB Redshift Duration counts|iar  Emax 17 1727
Emp+ D =5 080916C 435 Long  Strong 13 GeV 4.5s >10°s
081024B Short 3GeV 02s
Energy dependent speed of light! 090510 0.9 Short  Strong >1GeV <1s =60 s
gy dep p g g
Limits from Gamma-Ray-Bursts L =l =~ 900’
090323 4 Long  Strong >1 GeV >10° s
At =~ (AE/kr)L 090217 Long ~1s =205
Analvsis o; ‘ 080825C Long Weak 0.6 GeV 3s >40s
nalysis gIves: 081215A Weak 0.2 GeV

k> 1.3x 101%GeV ~ O-lOMPlancl; Fermi LT data, from reference above

M. Coraddu & S. Mignemi, arXiv: 0911.4241
No QFT yet. Instead consider generalized Klein-Gordon
Determine energies
_m? g \/ — clm?) (252 4 A2

c4m2//12

E =

do NR expansion and interpret + as that for a particle/hole (ie, antiparticle)

m* :i—m2
1 :|: C,{/m

B. Grinstein, FPCP 2010
Bound from KO:
2¢2m

K > ~ 1.1 x 10'® GeV
(Am/Mm)max, exp

(coincidentally same as above!)
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Acausality and Nonlocality

® Metaphysical causality holds
* Modern view future future
* Special Relativity
* Locality
® Drop locality: Grandfather paradox?

past past

QM: Schrodinger equation
* Get y(x,0) given P(x,0).
® Lorentz covariance = QFT
* Causality in QFT
* Confusion (commutators? analyticity? blah...)>

* Schrodinger evolution + Lorentz covariance = Causality in QFT

Ah, find examples ...

¢ J.ee-Wick quantization of higher derivative QFT
! © < Lo + (D*H)* (D*H)

&  Sutra of cause and effect

in the Past and Present

(Kako genzai inga kyo),

Japan, 8 century AD I4




T. D. Lee and G. C. Wick, NPBog, 209 (1969).
Coleman, Acausality, in Erice 1969

Weird behavior of LW resonances: acausal or non-local?
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Weird behavior of LW resonances: acausal or non-local?

particle beam

T. D. Lee and G. C. Wick, NPBog, 209 (1969).
Coleman, Acausality, in Erice 1969

decay of LW resonance

target

Better chance experimentally:

Clockwise Phase shift

—
k4
o

FIG. 5. Argand diagram of transition amplitude for
e +H,—-H-+H". The solid circles denote the electron collision
energies E; where the peaks of the total cross sections occur.
The open circles are placed at an interval of 0.01 eV. For (a)
v =0, the peak position is located at E;, =3.77 eV; for (b) v =1,
the peak position is located at E, =3.30 eV; and for (c) v =2,
the peak position is located at E, =2.77 eV. The Argand dia-
gram is plotted in an arbitrarily normalized scale.

CK Lutrus and S H Suck Salk, PRA 39 (1989) 391

I5
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decay of normal resonance

/

(3) e+Hp (V=03 =-> H+H "
3. A}
/ 3.x2ev
6.00ev )
!
»

(b) e+Hy (V=1) -> HeH ™

ReT (arb. units



Final remarks

SM is in great shape
SM is incomplete
* Explanation for: hierarchy, neutrino mass, dark stuff, baryogenesis...
* Theory of flavor? Q-gravity? Unification/SUSY?

(Great excitement ahead of us

The excitement could be greater
* In the “blood” of FPCP to test fundamental principles: what if!

I do not advocate any of the avenues I described above

Theory may be garbage, but where to look?

Still, understanding nature may require new paradigms

Conjecture, Intuition, Serendipity ... Discovery!
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