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Abstract: Hints for the possibility of two times emerged in M-theory in 1995. If taken serioudly this required new concepts that could solve unitarity
(ghost) and causality problems so that physics could be described sensibly in a spacetime with two times. The necessary concept turned out to be a
gauge symmetry in phase space. This is an unfamiliar concept, but is one that extends Einstein's approach to the formulation of fundamental
equations of physics, by removing the perspective of the observer, not only in position space but more generally in phase space.

This approach led in 1998 to what is now called 2T-physics, which has been formulated so far in classical and quantum mechanics, field theory and
partially in string theory. In this lecture | will explain the fundamental aspects of 2T-physics, and will outline the progress from classical mechanics,
through the standard model and gravity, al the way to supergravity in d-space plus 2-time dimensions. | will describe how 2T-physics is consistent
with 1T-physicsin (d-1)-space plus 1-time dimensions, but also how it goes beyond 1T-physics, by making in principle a vast number of verifiable
predictions that are systematically missed in 1T-physics, as well as providing new computational tools for physics.
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Why Phase Space Gauge Symmetry?

* Phase space gauge symmetry is an unfamiliar concept. What
motivates it?
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Why Phase Space Gauge Symmetry?

* Phase space gauge symmetry is an unfamiliar concept. What
motivates it?

* | noted in 1995 that M-theory provides hints for two times. Taking
it seriously necessites a gauge symmetry to insure causality,
unitarity and absence of ghosts in a 2T formulation of all physics.

» After 15 years of research this path has led to a general principle
of physics: phase space gauge symmetry.

* [tworks for all classical & quantum mechanics, field theory the
Standard Model, gravity, all the way to supergravity. String theory
s still underdeveloped in this framework.

* Makes in principle a vast number of verifiable predictions that are
missed systematically in the 1T formulation of physics at all scales
“*08f distance or energy. e
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Strong hints for 2T-physics came from M-theory (IB -1995):
Extended SUSY of 11D M-theory is really a SUSY in 12 dimensions

{Q3,,Q3,1=(P+Z151+Z;51 )110= (T(21+ T (6 120

Qs,spinorin 11D = Weyl spinor 12D, real —>(10+2) signature!
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Strong hints for 2T-physics came from M-theory (IB -1995):
Extended SUSY of 11D M-theory is really a SUSY in 12 dimensions

{Q3,,Q3,1=(P+Z;51+Z;5) )110= (T(21+ T (6 )120
Qs,spinorin 11D = Weyl spinor 12D, real —>(10+2) signature!

All consequences of M-theory that are explained by only this
extended SUSY automatically have a 10+2 interpretation.

Soon after, more clues for 2T developed in F-theory , S-theory, ...

Is it just a mathematical accident? Or ....?
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Strong hints for 2T-physics came from M-theory (IB -1995):
Extended SUSY of 11D M-theory is really a SUSY in 12 dimensions

{Q3,,Q3,1=(P+Z151+Z;51 )110= (T(21+ T (6 )120
Qs,spinorin 11D = Weyl spinor 12D, real —>(10+2) signature!

All consequences of M-theory that are explained by only this
extended SUSY automatically have a 10+2 interpretation.

Soon after, more clues for 2T developed in F-theory , S-theory, ...

Is it just a3 mathematical accident? Or ....?

If 2 times are taken seriously there are huge problems,
muon how does one remove the ghosts and causality problermss?:



Kaluza-Klein is the wrong idea for
extra time dimensions:

e.g. Ay(XM) has wrong sign kinetic terms,

also causality problems with closed timelike curves
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Kaluza-Klein is the wrong idea for
extra time dimensions:

e.g. Ay(XM) has wrong sign kinetic terms,

also causality problems with closed timelike curves

Need enough gauge symm. to remove exira field
components from vectors, tensors & spinors,

and the extra time dimensions from XM,
e.g. Ay(XM) > A (x¥), etc

1 T ShadOWS ! with many kinds of 1T spaces




2T-physics developed by finding the
fundamental solution to the

ghost problem & related causality problem.

The answer (1998) is a
gauge symmetry in phase space XM.PM

This is independent of M-theory, but | think will eventually
explain (M-)S-theory, with OSp(1|64) SUSY

Like all gauge symmetries, also introduces a
new universal principle for constructing the
dynamics.

It is compatible with 1 T-physics for all known phenomena, furthermore
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goes beyond 1T-physics in revealing additional hidden information.



The Fundamental Principle (1998)

Phase space ( X.P) gauge symmetry in the farmulation of fundamental physics
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Phase space ( X.P) gauge symmetry in the formulation of fundamental physics

e General coordinate invariance removes bias
of observers in X-space (Einstein).

* Next level: remove bias in phase space

(XM P,,), not just in X-space. Hints: Poisson brackets,
guantum commutators, dualities in M-theory (electric-magnetic)
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The Fundamental Principle (1998)

Phase space( X.P) gauge symmetry in the formulation of fundamental physics

e General coordinate invariance removes bias
of observers in X-space (Einstein).

* Next level: remove bias in phase space

(XI\HJ:)M)’Jr not jUSt N X-Space. Hints: Poisson brackets,
quantum commutators, dualities in M-theory (electric-magnetic)

e Canonical transformations turned into
gauge Symmet ry. Start with worldline, then field theory, then ...

(nota completed project, but expect ultimately field theory in phase space)
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The Fundamental Principle (1998)

Phase space ( X.P) gauge symmetry in the formulation of fundamental physics

e General coordinate invariance removes bias
of observers in X-space (Einstein).

* Next level: remove bias in phase space

(XM,PM), not jUSt N X-Space. Hints: Poisson brackets,
guantum commutators, dualities in M-theory (electric-magnetic)

* Canonical transformations turned into
gauge symmetry. start with worldline, then field theory, then .
(not a completed project, but expect ultimately field theory in phase space)

* 2T is not an input, it is a consequence of gauge symmetry.
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Shadows and 1T surprises
Background fields

Spin

SUSY

* Twistors

Strings & Branes (partially)

=BRST field theory spprosch

*JT Sitandard Model in 4+2

2T Gravity ind+2

*JTSUGRAInd+2

oh=1.2 ASLSY field theory in 4+2

oSYM in 1042 (=Matrix theory)

*M-theory limit as 11+2 sugra {project

*Cosmoicgy — Big Bang + Infiation

sPhenomenoiogy: LHC, other

*MNew computational methods in d+2
using the shadows (Weinberg)

Non-commutative field theory
Derived phase space Sp(2,R)
eqgs from variation principle in
NC field theory

Expect it to be most
fundamental form of 2T
physics
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* Shadows and 1T surprises
® Background fields

* Spin

* SUSY

® Twistors

* Strings & Branes (partially)

=BRST field theory zporoach

#JT Standard Meodel in 4+2

T Gravity in d+2

*JTSUGRAIn4+2

oN=1 7 A SLISY fieid theory in 4+2

*SYM in 10+2 (=2*Matrix theory)

sM-theory limit as 11+2 sugra {project

*Cosmology — Big Bang + Infiation

*Phenomenaoiogy: LHC, other

*New computational methods ind+2
using the shadows {\Weinberg)

Non-commutative field theary
Derived phase space Sp(2,R)
egs from vanation principle in
NC field theory

Expect it to be most
fundamental form of 2T
ohysics

The same principle for all physics: Sp(2Z.R) gauge symmetryin  reae2u2

nhace snace and annronriate avten<sions with <snin and Sl ISY



r axMp ... A huge symmetry of the first term in L under
- 5 GLOBAL canonical transformations.
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F — XM p, A huge symmetry of the first term in L under
- o S GLOBAL canonical transformations.

These =(X.P) contain all gauge transformations L = 3:-XYP,—-H(X.P)
Maxwell, Ein

instein, Yang-Mills. & MUCH MORE ...

......
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These =(X.P) contain all gauge transformations
Maxwell, Einstein, Yang-Mills. & MUCH MORE . ..

X

1 4 - \ _ _
(X P} =X ) s _H-r-‘-_- X) Py rPy —
::." ._1:"':. D — ‘& :_ I __j-_ \L : :"_: | _JL IR 0

. — a.xMp,, _ ... A huge symmetry of the first term in L under
- o GLOBAL canonical transformations.

Zeneralizes wath

soin & SUSY, afc.

For non-4Abelian ¥M
Use Ther bundies.
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I — 8xMpy —... A huge symmetry of the first term in L under
- GLOBAL canonical transformations.

;.1;'::-. o T I —
These =(X.P) contain all gauge transformations L = 3:-XYP,—H(X.P
Maxwell, Einstein, Yang-Mills. & MUCH MORE . ..

f_"_;H - ‘{H :'}

Zeneralizes with

1T T rar =il <h
2 | [ % \ O UNIvY'A\D D spirt & SLUSY, efc.
:(X.P) = A(X) =Y (X) Py + MYV (X) Py Py~ -
= a2 AN : oz - o For non-Abelian vYM
T | ‘:: D —  TVELY '.::}1 2 i | sl \ __}\_ i e 1L - - +
al.l.r)=0 (X B ¥ J -“L_, l-‘K ) )L £y A vV X /) use fher oundles.

Proposal (1298): To be able to remaove ghost degrees ¢ Q
from X.P, promate canonical transformations to a gauge s';f-'mmetr'-,
by localizing on the warldline (every instant of moti
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Gauge Symmetry in Phase Space

(X (1).P(7).7) = ) 2%(N)Qa(X.P) 1Qs. D} = T “O
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Gauge Symmetry in Phase Space

= X(7)- Plr) v) = ) 2 FQ«(X.P) {Qa. Qo) = fpp “Qc

L = 8XMp,, — A%(+)Q.: (X.P)— H(X.P)
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Gauge Symmetry in Phase Space

(X(7).P(r).7) = Y %(1)Qa(X.P)  {QaQs} = fp “Q
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Gauge Symmetry in Phase Space

X Te), Blr) vv) = ) lFl@a P (Qa.Qp} = fop Qo

—

L = 8:XMpy,— A%(7)Q,

(X, P)— H{X;P) Equation of

matian
Q. X.P)=0
[ v M . means only
0Py i = gauge invariant
subspace of
6-Pyy = —=%(7 —~ — {Py.=) phase spaceis
= e physical.
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Gauge Symmetry in Phase Space

=4X (7). P(r),7) = Yy = (7) Qa (X. P) Q6. Qpt = .-':.-35; “Qc

—

I. = 0-X M p," = _—}.a ( ') Q“ [—\F- P} o H(ﬁ: P) Equaticﬂ of

mation
i ) Q. X.P)=0
- ﬂ Qe X:P) .o.ar ) means only

5.XM = %(7) : Lol X bl
":—_'}p". r L daugein variant

i subspace of

By o O (7) 9Qa (X. P) — {Pys.2) ohase spaceis
e ' axy VA physical
U. e L) .

F-; = ~"ll-: — . § :_;'E [ '.'-) — e“fii“ fi ( _] N JJr-}r : fluj = : { _) Analagousta Virasaro

] ) ’ g (X B |
(H.Qa} =0 6L = 8- |Py- (q - = (X.P.7)
| ALE ] Ml P |

2

More general. any Q(X.P):
1-parameter non-compact Abelian
gauge symmeiry. Requires 1 #id
removes ghosts from 1T phase space

Faml|ijiar &x amplie:  ; py7 — (_) r
refativistic particle = Pu ") 5

Pirsa: 11010091




Sp(2.R) Three generators Q;(X,P): {Q;4, Q,5, O45=054}

gauge form Sp(2.R) under Poisson brackets.
SYMmIm ETT}’

LN

. =
R vmran i 1 e label fao W72 Rldouble
\_ oI, | . et Bt | s

o S . - L b L

Lor = - XYMP,, — i}{ 0, (X.p) ~HX.F)

Example. flat spacetime:

Q11:X-x; Q22:P‘ P, QH:X.P, any signature metric > doublet (X, P)

General Q (X P) — expand in powers of P,,, coefficients= fields

C.1. generate "’EF‘IE"EI coordinate s ymmeiry. gauge symmeiry, and much more s ymmetry (hep-th/0103042
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Gauge Symmetry in Phase Space

((X(7).P(7).7) = Y (r)Qa(X.P)  {QaQs} = fu “Q

—_—
(1

L = 8:XYPy — A%(7)0Q: (X, P)- H(X, P) Equation of

mation
- i ’:é.}[ X.P=0
\r = C}Q,_; (-\. P} V' «= MM 1] means only

§5: X" = =%(7) __ ~=dt X¥ o bl
OPhr { . dgauge invariant

I . subspace of
A0, t .
5. _ _-aq_ )Qa (X. P) B - phase spaceis
e .1-! S 2 ( ) Ax- T == | f = | s
A physical.
F'; = *“l.l-: = D r ':G (_) = rf:i'—- :-‘-'i [: "'—J L] f t T ‘-llj :-'-' { _) Ansiagous ta Yirasan

N :
-ANSIranNis 1IN Sna 'ihl':":"_"

_ ] ) ’ e\ X, P71
{H Q}’ — 0 ol, = o Pﬁ; {\.~ ) = f‘\_, P. .—)
o ' r_i’p_x__.r .

Familiar example: i o Maore general, any Q(X.P): .
_ relativistic particle L = zfp, —e(7)— 1-parameter non-compact Abelian
Pirsa: 11010091 ' 2 gauge symmeiry. Requires 19 #i#
removes ghosts from 1T phase space




Sp(2.R) Three generators Q;(X,P): {Q;1, Qz5, Q;,=Q,4}

gauge form Sp(2.R) under Poisson brackets.
symmetry

3 D

Lo = 1. X Py — %4 Q. (X, P) 'H(X P)

Example. flat spacetime:

Q,,=X.X, Q,,=P.P, Q;,=X.P, any signature metric > doublet (x,p)

General Q (X P) — expand in powers of P,,, coefficients= flelds

C.l. generate ”EI"‘IE""E| coordinate s ymmetry. gauge symmetry, and much more s ymmeiry (hep-thv0103042
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Gauge Symmetry in Phase Space

S(X(7).P(7).7) = T (1)Qu(X.P)  {QaQs} = fu “Q

—

L = :X M p_‘-__,r — A¢ ( 7') Qr.‘: [—Y- P) — H(-\:* P) Equation of

mation
2y - Q(X.P)=0
= \—_1._"' .  -a (_) f.»'(_?,_; (-\- P) o If \__".,_,-" ] means C'ﬂi"}’
= B=kT Y= — 1 " gauge invariant
. subspace of
5-P - - - P 9Qq (X. P) — b = ohase spaceis
1= _1_i_r = - [ ) S = { lﬁ'ir__} !
A G physical.
§:A* = Dre?{r)=8:="(1) + f;. “A4%=5(7) P

9= (X.P.7)
f_?)p_x__,.r

~

{ H. Q_ } — O riL = {f)_ P_", !

s Py

Familiar sxample: 5 il - Mure general. any Q(X.P): .
relativistic. particle L = zFp, —e (7)— I-parameter non-compact Abelian
Pirsa: 11010091 2 gauge symmetry. Requires 1 &4
removes ghosts from 1T phase space




Sp(2.R) Three generators Q;(X,P): {Qy1, Q,5, Q15=Q,1}

gauge form Sp(2.R) under Poisson brackets.
symmetry

Y £ i |
Tiic tha Snil 7 O ITE | " = vl Frr
ALY IS ERe 20 L, R EgUEe DOLENLIA!, =1, £ 15 id0eE! TO

— - 4

L

| 3 . - -
L, N UL,

Lor = 0.XYM Py, — =49Q,, (X. P) "HEF)

i
ot

P———|

Example. flat spacetime:

Q,,=X.X, Q,,=P.P, Q;,=X.P, any signature metric > doublet (x,p)

General Q (X P) — expand in powers of P,,, coefficients= flelds

C.1. generaie GEF‘IE"E| coordinate s ymmeiry, gauge symmeiry, and much more symmetry (hep-th A2

L. g -
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Sp(2.R) Three generators Q(X,P): {Qy;, Qpy, Q;5,=Qy4}
gauge form Sp(2.R) under Poisson brackets.

symmetry

irsa:

-

& . iy 1 =y
L, LU RN,

Lor = 0. XM Py — i}a 0, (X.P) ~HX.F)

Example. flat spacetime:

Q,,=X.X, Q,,=P.P, Q;,=X.P, any signature metric > doubiet (x, P

General Q (X P) — expand in powers of Py, coefficients= fields

. generate ”EHE"El coordinate symmeitry, gauge symmeiry, and much more symmeiry (hep-thv0103042

Gauge invariant sector Q;=0.
It exists non-trivially only if
spacetime has two times.

no less and no more
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Sp(2.R) Three generators Q;(X,P): {Qy1, Q5. Q;,=Q,4}

gauge form Sp(2.R) under Poisson brackets.
symmetry

L

7 R)doublet
L, UUURNEL

Lop = X P__.iq 0, (X.P) 'H(XP)

Example. flat spacetime:

Q,,=X.X, Q,,=P.P, Q;,=X.P, any signature metric > doublet (x,?)

General Q (X P) — expand in powers of P,,, coefficients= flelds

C.l. generate ”EF‘IE"’E| coordinate s ymmeiry. gaude symmetry, and much more symmeiry (hep-th/0103042

'n flat case
Global symmetry SG'd.Ef‘:-
| MN=XMPN_XNPM Q. [ MN1=(,
So LMY is gauge m‘ ariant.
Could add H(L"™), cotfertiteak

TOYMA N e Oy <t nsnina iny

Gauge invariant sector Q;=0.
It exists non-trivially only if
spacetime has two times.

no less and no more
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Make ? gauge

choices. Soive 2
constroints.
Rernains 1
gauge choice
and 1 constroin
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Make 2 gauge
chaices. Salve 7

constroints.
Rernains 1
gauge choice
and 1 constroin
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Make 2 gauge
choices. Soive 2
constroints.
Rermains 1

gauge choice
and 1 consiroin
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Make 2 gauge
choices. Salve 2
constroints.
Rernains 1
gauge choice
and 1 constrain
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Make 2 gauge
choices. Salve 2
constraints.
Rernains 1
gauge choice
and 1 constraoin

Mass : modulus in the embedding of d-dimensional phase space into d+2.
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Make 2 gauge
chaoices. Salve 2
constroints.
Rermains 1
gauge choice
and 1 constrain

Pirsa: 11010091 Page 48/121



choices. Saive 2
constraints.

Remains 1
gauge choice
and 1 constroin
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Make 2 gauge
choices. Soive 2
constroints.
Rernains 1
gauge choice
and 1 constroin
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An example: Massive relativistic particle gauge

- i | E Make 2 gauge choices solve 2
| Ni:ﬂf{; constraints X2=X.P=0
= [ ——. (2 F) PP=p +m- =0, t reparametrization and one
=\ | constraint remains.
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An example: Massive relativistic particle gauge

=3 L i — — F= L dYVEAY
W ! embed phase spacein 3+1 into
| - g | == phase space in 4+2
- L+ = Make 2 gauge choices solve 2
| = constraints X=X.P=0
= N - == = Treparametrization and one

constraint remains.

Pirsa: 11010091
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Make ? gauge
choices. Solve 2
constraints.
Rernains 1
gauge choice
and 1 constrain
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An example: Massive relativistic particle gauge

- — [} S T = Y \ — _-_ i b \ i
Pt 2 | embed phase spacein 3+1 into
ra | - - phase space in 4+2
AT = _ - o =l - —
id L \ r i Make 2 gauge choices solve 2
' Motea=1
- constraints X2=X.P=0
_ wren m=U
pM [ ———  (p ) O Pr=p ~m =1 Treparametrization and one
L E . constraint remains.
Jauge Y = } 3 \ S — \ = ; ¥ : SIIN il & e W ol R
1Wariant = =
LW =gV XX = XMPY —XPM @1 — oy _ oy [ =
g — fp RN Lt | MM L] | -L -
OXF=mpn{L™, X}, OpF=opu{L™", pH] r+

S0(d,2)is hidden symmetry of the massive
action. Looks like conformal tranformationsdeformed - . _ | _
risa D1GR@SS. The symmetry in 1T theory is a clue of extra | —a Page 56/121

1+1 dimensions, including 2T.



Shadows from 2T-physics = hidden info in 1T-physics
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Shadows from 2T-physics = hidden info in 1T-physics

- Z1-physIies X

So(2 R) gauge symm
- 3 = 3

=M= e ! =

— = e )

simplest example
X=P2=X-P=0 = gaugeinv.
space: flat 4+2 dims
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Shadows from 2T-physic

L = = =
Yidaaltts

Harmonic
oscillator

Pirsa: 11010091

=L -t

Sp(2,R) gauge symm.

= - :
anerators Y.l X 1
= = 3 I U s O S 41 |

simplest example

=

X=P&=X-P=0 = gaugeinv.

space: flat 4+2 dims

. v
r

H-atom
3 space dims

H=p-/2Zm-a/r
SO£x501( 2]

= ""| 4

T MO L L)

S = hidden

info in 1T-physics

Massive

relativistic

| L | Pyl —

.
Man-relativictic
(O M-l dEIVISETC

H=p’/2Zm
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Shadows from 2T-physics = hidden info in 1T-physics

i

e S S e S, ., T5e 4
P S Dirac 5. 0. 2 S
MR s . I8 D
s % 0

fé&: % e %

Massive

| 2T-physics™_

Harmonic Sp(2,R) gauge symm.

oscillator [ generators Q;(X,P) vanish relativistic
e o . - | 5 ._?_:_r'r-la?_:r:
Z space aims |-. simplest exam __DlE e =
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Shadows from 2T-physics = hidd

en info in 1T-physics
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Shadows from 2T- physncs = h;dden info in 1T-physics
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Shadows from 2T-physics = hidden info in 1T-physics
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Shadows from 2T- ph\/SI = hidden info in 1T-physics
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Shadows from 2T-physics = hidden info in 1T-physics
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Shadows from 2T- physn

Hidden Symm.

SO(d,2), (d=4)
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2T-physics predicts
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= htdden info in 1T-physics

Free or interacting
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mass in flat/curved
3+1 space-time
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1) no ghosts:

2T-physicsis
compatible
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info & insight
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How shadows might be used in
“AdS-CFT” type correspondence
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How shadows might be used in
“AdS-CFT” type correspondence

Shadows from
Flat 4+2. all
have SO(4.2) in

the same repr.

|

Flat 3+1

Robertson-Walker 3+1
AdS,

AdS xS’

AdS,xS?

RxS3

deSitter,

All conf. flat spacetimes 4D
H-atoms.
Massive particles;. ;.
=
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How shadows might be used in
“AdS-CFT” type correspondence

Shadows from
Flat 4+2. all
have SO(4.2) in

the same repr.

|

The usual case 5 Flat 3+1
AdS. = | Robertson-Walker 3+1

| AdS,
AdS xS’
AdS,xS-
RxS3
deSitter,
All conf. flat spacetimes 4D
H-atoms,. ;
Massive particles;. ;. .
=
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How shadows might be used in
“AdS-CFT” type correspondence

Shadows from
Flat5+2. all
have SO(5.2) in

the same repr.

|

Shadows from
Flat 4+2, all
have SO(4.2) in
the same repr.

|

Flat 4+1 | Theusual case s Flat3+1
Robertson-Walker4+1 | AdS. —— " Robertson-Walker 3+1
AdS- | ' AdS,

*&dS_}(S . AdS.xS’

AdS.xS? AdS,xS?

AdS xS’ RxS?

Rx S_ deSitte Fa

deSitters All conf. flat spacetimes 4D
All conf. flat in 5D H-atoma. .

H-atom,.

Massive particles,.

| .

Massive particles..
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How shadows might be used in
“AdS-CFT” type correspondence

Shadows from
Flat5+2, all
have SO(5.2) in

the same repr.
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H-atom,.
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MNote hidden
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Shadows from
Flat 4+2. all
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the same repr.
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' Robertson-Walker 3+1
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AdS:xS'
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RxS3
deSitter,
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Etc.
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How shadows might be used in
“AdS-CFT” type correspondence

Shadows from
Flat 5+2, all
have SO(5.2) in
the same repr.

|

Flat 4+1
Robertson-\Walker 4+1
AdS-

AdS xS’

AdS xS~

AdS xS’

RxS*

deSitter-

All conf. fiat in 3D
H-atom.

Massive particles..

| e AN

The usual case
»"_'-d\._.-"

MNote hidden
SQO(5,2) in AdS:

Shadows from
Flat4+2, all
have SO(4.2) in
the same repr.

Flat 3+1

Robertson-Walker 3+1
AdSs,

AdS:xS'

AdS,xS?

RxS3

deSitter,

All conf. flat spacetimes 4D
H-atom,.
Massive particles;. ;. .
Etc.
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How shadows might be used in
“AdS-CFT” type correspondence

Shadows from
Flat 5+2, all
have SO(5.2) in
the same repr.

|

Flat 4+1
Robertson-Walker 4+1
AdS-
AdS xS’
AdS:xS-
AdS xS’
RxS*
deSitter-
All conf. flat in 3D
- H-atom,..,
Massive particles..

| e -

The usual cas=e
AdS-

MNote hidden
SQ(5,2) in AdS:

Shadows from
Flat4+2, all
have SO(4.2) in
the same repr.

deSitter,
All conf. flat spacetimes 4D
H-atoms.

Massive particles;
Etc.
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2T Field Theory, including interactions.

* Physical states Q;(X,0)®(X)=0 -- field eoms.
Similarto Virasoro constraints in string theory.

What is the action that generates these as eoms
through the variational principle?
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Gravity as background in 2T-physics

0804.1585 [hep-th]

Compare to HF=Xx-X QF=x-P QL=P.P
flat case -3 N (Y
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Compare to
flat case

Pirsa: 11010091

Gravity as background in 2T-physics

0804.1585 [hep-th]

[Q11. Q)

)

-— |

X)=X¥. G

| ;

— —'r_-r IFJ:J‘\'I[ .
) i

) = 't
:_-1_.."_2-3 = Sv Lo

Sp(2,R) algebra puts
kinematic constraints on
background geometry
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Gravity as background in 2T-physics

0804.1585 [hep-th]

Compare to gF=X-X @F=x-P 9L <P-P
flat case - |

L v ] [ 4. B!

(O O} =201 — VVioull =21 Sp(2,R) algebra puts

| =5 - e i . R
3 s kinematic constraints on
102 Qo) = 2005 — £i-G7 = =2G""
- B L | background geometry
26 = VRGN @ VIEN —3 V" GV

r~-7r_‘._.'_‘.' = \- I - ;Tr'x‘:t;

Solve kinematics, and

_impose Clys=00=0) o oo cames e i%_.: -
Pirsa; 1101009 o= (i U= e Ui - - ! o Pu Page 78/121
Get all shadows, e.g. . 2



Pirsa: 11010091 Page 79/121



Use BRST approach for Sp(2,R). Like string field theory: 2o reeth/oseszs

|.B. hep-th/060645
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I.B. hep-th/060645

Use BRST approach for Sp(2,R). Like string field theory: 2%~ heesth/oseszs

— o -

Flat . 1 LODD ~ ZYXDY ~ h.c. ik
Kin = ' ifﬂ_-‘kr J(‘T[r_ ) . : Jad i, B e ..--

== ’ -%F wwEEY Q= dilaton
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Use BRST approach for Sp(2,R). Like string field theory: %% hesth/ososzs

I.B. hep-th/060645

Qs
dilaton

There is explicit XM, no translation invariance, only SO(d,2) spacetime invariance. This SO(d,2) becomes
conformal symmetry in the “conformal shadow”, but a hidden SO(d,2) symmetry in other shadows.

5 o ‘P 2 SPINOIS  poublethesize
Svukawa = d [ D +h.c. ] 7 A spinorasS0(d-1,1;
L of SO(d.2) e
-Fermionic Zauge sym
Sseaiars = QD). V(L H) = ;__ = ,( : %) Homogeneous Vi@
g de Only dimensionless
- P s s T __ couplings among scalars
‘S.ITJ'f_:'."?.’[J'.".fE:_f B "-?UT-+T£- L}(‘Ti- J EJI:J;_-“: e {‘4 Mz Mg 2 J
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IB: 0204.1383
IB+5.H.Chen

= Gravity & SM in 2T-physics Field Theory

Gauge symmetry and consistency with Sp(2,R) lead to a
unique gravity action in d+2 dims, with no parameters at all.
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|B: 0208, 13353
IB+5.H.Chen

= Gravity & SM in 2T-physics Field Theory

Gauge symmetry and consistency with Sp(2,R) lead to a
unique gravity action in d+2 dims, with no parameters at all.

Pure gravity has three fields:
G n(X), metric
2(X), dilaton
W(X), appears in 6(W) , and ...

} F o e .""--H_i_Q:HW;I——%#I_}Ef'f,‘i“—“J-EEI_ No sczle,
\‘I C= “III. ) ‘\ \I" {r'r. -~ _- r ) - .. e . i -_ f _." s 2
. S (T JO2 (4 — W201) + 91 - 902 e
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|B: Q208,1333
|IB+5.H.Chen

= Gravity & SM in 2T-physics Field Theory

Gauge symmetry and consistency with Sp(2,R) lead to a
unique gravity action in d+2 dims, with no parameters at all.

Pure gravity has three fields:
G,ny(X), metric
(2(X), dilaton
W(X), appears in 8(W) , and ...

- | " — I\-II{-I _Ez_rfr_?llrr'l —'—;f;“i! rjil'_ “J.EEI_ NCSCEiEr
5"” —i 7 kst § T & o '.:'_r ' | - i
. () [O2 (4 = T201) = 91 - 902 -

The equations of motion reproduce the Sp(2.R) constraints.
called kinematic equations. (proportional to & (W), 8 (W)).



Progress in 2T-physics



Progress in 2T-physics

* Local Sp(2.R): A general principle in Class. & Quant. Mech.
A principle for a higher unification and deeper insightinto phvsics & space-time
Reveals more physics phenomena that are svstematically missed in 1T-physics.
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Progress in 2T-physics

* LocalSp(2.R): A general principle in Class. & Quant. Mech.
A principle for a higher unification and deeper insightinto phvsics & space-time
Reveals more physics phenomena that are svstematically missed in 1T-physics.

* Principles of 2T field theory in d+2 dimensions
The Standard Model. General Relatvity. and GUTS in 2T-physics.
IB+Y.C.Kuo 0605267. IB 0606045, 061018, 0804.1585: IB+S.H.Chen 0811.2510

:> Phenomenological applications: Cosmology 1004.0752. LHC 0606045. 0610137, and in progress
Pathintegral quantization in d+2 field theorv—in progress
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Progress in 2T-physics

* LocalSp(2.R): A general principle in Class. & Quant. Mech.
A principle for a higher unification and deeper insightinto phyvsics & space-time
Reveals more physics phenomena that are svstematically missed in 1'T-physics.

* Principles of 2T field theory in d+2 dimensions
The Standard Model. General Relatvity, and GUTS in 2ZT-phyvsics.
IB+Y.C.Kuo 0605267. IB 0606045, 061013~ 0804.1535: IB+S.H.Chen 0811.2510

:>Phem}mem)lﬂgiml applications: Cosmologyv 1004.0752. LHC 0606045, 0610137, and in progress
Pathintegral quantization in d+2 field theorv—in progress

* SUSY in 4+2 and in Higher dimensions
IB+-Y.C.huo. 0702089, 0703002, 083080537 (N=1.2.4 in 41 dims) Klein-Gordon. Dirac. Yang-Mills fields.
IB+-Y.C.huo . N=1 SYM in 102 —(parent of N=4 SYM in 3+1: parent of M(atrix) theory).
IB: SUGRA 4+21. 1121 and 112 (toward M-theory in 2IT framework): path 12 clear. detals m progaress
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Progress in 2T-physics

* Local Sp(2.R): A general principle in Class. & Quant. Mech.
A principle for a higher unification and deeper insightinto phvsics & space-time
Reveals more physics phenomena that are svstematically missed in 1T-physics.
2T SUGRA
SU(2.2]1) local
no scale models

* Principles of 2T field theory in d+2 dimensions
The Standard Model. General Relatvity. and GUTS in ZT-physics.
IB+5%.C. kuo 0605267. IB 0006045, 0010137, 0504.1555: IB+S.H.Chen 0311.2510

) Phenomenological applications: Cosmology 1004.0752. LHC 0606045, 061013~ in 3+1 dims
Pathintegral quantization in d-+2 field theorv—in progress Jcosm. const.
New caoncepts. ..

* SUSY in 4+2 and in Hicher dimensions
IB-Y.C.huo. 0702059 0703002, 83080537 (N=1.2.41in 421 dims) Klein-Gordon. Dirac. Yang-Mills fields.
IB-Y.C.huo . N=1 SYM in 102 —(parent of N=4 SYM in 3+1: parent of M(atrix) theory).

:_‘>IB: SUGRA 4+1. 10+-2and 11+2 (toward M-theory in 2T framework): path 12 clear. detals m proaress

Pirsa: 11010091 Page 90/121



Progress in 2T-physics

* LocalSp(2.R): A general principle in Class. & Quant. Mech.
A principle for a higher unification and deeper insightinto phyvsics & space-time
Reveals more physics phenomena that are svstematically missed in 1T-physics.

* Principles of 2T field theory in d+2 dimensions . 2-,'_ S_U(T:'RA
The Standard Model. General Relatavity. and GUTS in ZT-phyvsics. -::U(Z.ZH ) local
IB-Y.C.Kuo 0605267. IB 0606045, 061018, 0804.1585; IB+S.H.Chen 0811.2510 no scale models

) Phenomenological applications: C osmology 1004.0752. LHC 0606045, 061015, in 3+1 dims
Pathintegral quantization in d+2 field theorv—in progress Jcosm. const.

- _ ) _ _ .
» SUSY in 4+2 and in Higher dimensions New concepts...
IB+-Y.C.huo. 0702089, 0703042, #305.0537 (N=1.21.4 in 42 dims) Klein-Gordon. Dirac. Yong-Mills fields.
IB-Y.C.huo . IN=1 SYM in 102 — (parent of N=4 SYM in 3+1: parent of M(atrix) theory).
:>IB: SUGRA 4+1. 10+1 and 11-I (toward M-theory in 2T framework): path 13 clear. details m progress

* Strings, Branes, M-theorvin 2T-physics (partial progress)
IB+Delidum an+Minic. 9906223, 2904063 (tensionless string): IB 0407239 (twistor siring)
M-theory; expect 11-2 dims = OSp(1/64) global SUSY. related to S-theory (IB 2607112)
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Progress in 2T-physics

* LocalSp(2,R): A general principle in Class. & Quant. Mech.
A principle for a higher unification and deeper insightinto phyvsics & space-time
Reveals more physics phenomena that are svstematically missed in 1 T-physics.
-~y
* Principles of 27T field theory in d+2 dimensions s GTZS’?U;G[IQA I
The Standard Model. General Relativity, and GUTS in 2T-physics. (2.2]1) loca
IB+Y.C.Kuo 0605267. IB 0606045, 061013~ 0804.1585: IB+S.H.Chen 0811.2510 - scale m.ndels
) Phenomenological applications: C osmology 1004.0752. LHC 0606045, 061018~ in 3+1 dims
Pathinrtegral quantization in d+2 field theorv—in progress J cosm. const.
e _ . & 4 1
* SUSY in 4+2 and in Higher dimensions New concepts...

IB-Y.C.huo. 0702089 0703002, 503,053~ (N=1.2.4in 42 dims) Klein-Gordon. Dirac. Yang-Mills fields.
IB-Y.C.huo . N=1 SYM in 102 —(parent of N=4 SYM in 3+1: parent of M(atrix) theory).

|___"':>IB: SUGRA 4+21. 10+-21 and 112 (toward M-theory in 2T framework): path 12 clear. details m progress

-

Pirsa: 11010091

Strings, Branes, M-theorvin 2 T-phvsics ( partial progress)
IB+Delidum an+Minic. 9996223, 2904063 (tensionless string): IB 0407239 (twistor siring)
M-theorv; expect 112 dims = OSp(1/64) global SUSY. related to S-theory (IB 2607112)

Non-perturbative technical tools in 1 T-field theory
Spi 2 R)yinduced dualities among 1T field theories imany shadows of 2T-field theorv). ~AdS-CFT™.
IB+—Chen+uelin " 05.28534: IB+Quelin 0502.194™ + in progress. Note: S. W einberg 1006.3430.
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Progress in 2T-physics

* Local Sp(2,R): A general principle in Class. & Quant. Mech.
A principle for a higher unification and deeper insightinto phyvsics & space-time
Reveals more physics phenomena that are svstematically missed in 1 T-physics.

* Principles of 2T field theory in d+2 dimensions SST2S’?UE$A |
The Standard Model. General Relaavity, and GUTS in 2ZT-physics. (2.2]1) loca
IB+V.C.Kue 0605267. IB 0606045, 061018, 0804.1585: IB+S.H.Chen 0811.2519 - scale m_ﬂdEIS

) Phenomenological applications: C osmology 1004.0752. LHC 0606045, 061015, in 3+1 dims

+2 A
Pathintegral quantization in d+2 field theory —in progress J cosm. const..
e . : i " A

» SUSY in 4+2 and in Higher dimensions New concepts...
IB-Y.C.huo. lJ'iJ"ll‘}‘l 0703002, 03080537 (N=1.2.4 In 42 dims) Klein-Gordon. Dirac. Yang-Mills fields.
IB+-Y.C.huo . N=1 SYM in 102 —(parent of N=4 SYM in 3+1: parent of M(atrix) theory).

:}IB SUGRA 421, 102 and 112 (toward M-theory in 2T framework): path 13 clear. details n proaess

* Strings, Branes, M-theorvin 2 T-phyvsics (partial progress)
IB+Delidum an+Minic. 9906223, 2904863 (tensionless string): IB 0407239 (twister siring)
M-theorv; expect 112 dims — OSp(1/64) global SUSY. related to S-theory (IB 2647112)

* Non-perturbative technical tools in 1T-field theory
Spi 2 R)yinduced dualities among 1T field theories (many shadows of 2T-field theorv). ~AdS-CFT™.
IB—Chen+Quelin 0795.2334: IB+Quelin #502.194" + in progress. Note: S. \\ einberg 1006.3430.
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Progress in 2T-physics

Local Sp(2.R): A general principle in Class. & Quant. Mech.
A principle for a higher unification and deeper insightinto phvsics & space-time
Reveals more physics phenomena that are svstematically missed in 1 T-physics.

Principles of 2T field theory in d+2 dimensions 85T289U;(3l|?f4 |
The Standard Model. General Relatvity. and GUTS in 2T-phyvsics. { '—I j oc4
IB+Y.C.Kuo 0605267. IB 0606045, 0610157, 0304.1555: IB+S.H.Chen 0S11.2510 no scale models
Phenomenological applications: Cosmology 1004.0752. LHC 0606045 0610187, in 3+1 dims
_"'r .
Pathintegral quantization in d+2 field theorv —in progress 0 cosm. const..
SUSY in 4+2 and in Higher dimensions New concepts...
IB+Y.C.Kuo. 1}'1}?&‘3*} 003002, #308.0337 (N=1.2.4 in 42 dims) Klein-Gordon. Dirac. Yang-Mills fields.
IB+-Y.C.huo . N=1 SYM in 102 — (parent of N=4 SYM in 3+1: parent of M(atrix) theory).

::)IB SUGRA 4+2. 102 and 112 (toward M-theory in 2T framework): path 13 clear. details n progaess

-

L
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Strings, Branes, M-theorvin 2 T-phvsics (partial progress)
IB+Delidum an+Minic. 9906223, 2904063 (tensionless string): IB 0407239 (twister string)
M-theorv: expect 112 dims = OSp(1/64) global SUSY. related to S-theory (IB 2607112)

Non-perturbative technical tools in 1 T-field theory
Spi 2. R)yinduced dualities among 1T field theories (imany shadows of 2T-field theorv). ~AdS-CFT™.
IB+Chen+uelin 07 05.2834: IB+OQuelin 0502.194™ + in progress. Note: S. W einberg 1006.3430.

A more fundamentalapproach— field theorv in phase space (full Q,P symm)
IB +~ Deliduman #103042. IB — S.J. Rev 104135 1B 0106015, — under development.
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10+2 SYM as parent of N=4 SYM in 3+1, and a web of dualities

N=15YMin 10+2

SUSY condition
on 32-spinor

Conformal shadow: Compactify 6D :
N=1SYMin 9+1 N=4SYMin 4+2

16 SUSYs 325USYs

Conformal shadow:
N=4SYMin 3+1

325USYs
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10+2 SYM as parent of N=4 SYM in 3+1, and a web of dualities

_ Compactify6D :
More 9+1 shadows, N=4 SYM in 4+2

and other
compactifications to
d+2, with 1<d<10

32 SUSYs
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10+2 SYM as parent of N=4 SYM in 3+1, and a web of dualities

Fully
> compactified
theory=
M(atrix) theory.

Compactify 6D :
More 9+1 shadows, N=4 SYM in 4+2

and ather ‘ e
compactifications to
d+2, with 1<d<10

More 3+1
shadows

various shadows. S

Duzlitiesrelate the

32SUSYs

This insight only

Pirsa; 11010091

rom 2T-physics !
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2T-Physics as a completion and unifying framework for 1T-physics
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2T-Physics as a completion and unifying framework for 1T-physics

Therelation between 2T-physics and
1T-physics described by an analogy :
Consider objectin the room =

(phase space, X,P,,in 4+2 dims.)

W
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2T-Physics as a completion and unifying framework for 1T-physics

Therelation between 2T-physics and
1T-physics described by an analogy :
Consider objectin the room =

(phase space, X™,Py,in 4+2 dims.)

and its MANY shadows on walls =
(MANY phase spaces, x™,p.in 3+1)
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2T-Physics as a completion and unifying framework for 1T-physics

Pirsa: 11010091
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The relation between 2T-physics and
1T-physics described by an analogy :
Consider objectin the room =

(phase space, X,P,, in 4+2 dims.)

W

and its MANY shadows on walls =
(MANY phase spaces, x™.pin 3+1 )
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2T-Physics as a completion and unifying framework for 1T-physics

Pirsa: 11010091
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The relation between 2T-physics and
1T-physics described by an analogy :
Consider objectin the room =

(phase space, X™,P,,in 4+2 dims.)

and its MANY shadows on walls =

(MANY phase spaces. x™.p.in 3+1 )
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2T-Physics as a completion and unifying framework for 1T-physics

Therelation between 2T-physics and
1T-physics described by an analogy :
Consider objectin the room =

(phase space, X™,Py,in 4+2 dims.)

u'.iiuu

and its MANY shadows on walls =
(MANY phase spaces. x™.p..in 3+1 |

Pirsa: 11010091 Page 103/121



2T-Physics as a completion and unifying framework for 1T-physics

Observers like us
are stuck on the

“walls” (3+1 dims.),

no privilege to be

in the room (4+2).

Pirsa: 11010091
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Therelation between 2T-physics and
1T-physics described by an analogy :
Consider objectin the room =

(phase space, X™,Py,in 4+2 dims.)

and its MANY shadows on walls =
(MANY phase spaces, x™.p_.in 3+1 )
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2T-Physics as a completion and unifying framework for 1T-physics

Observers like us The relation between 2T-physics and
are stuck on the 1T-physics described by an analogy :
“walls” (3+1 dims.), Consider object in the room =
no privilege to be » \,L‘ p (phase space, X¥,P,, in 4+2 dims.)
in the room (4+2).

and its MANY shadows on walls =
(MANY phase spaces, x™.p_in 3+1 )

holographic
ONE 2T system = MANY IT systems

Predict manyrelations among the
shadows (dualities, symmetries d+2).
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2T-Physics as a completion and unifying framework for 1T-physics

Observers like us
are stuck on the
“walls” (3+1 dims.),
no privilege to be
in the room (4+2).

wu*'ﬁi

Pirsa: 11010091

The relation between 2T-physics and
1T-physics described by an analogy :
Consider objectin the room =

(phase space, X™,P,,in 4+2 dims.)

and its MANY shadows on walls =
(MANY phase spaces, x™,p_in3+1 )

holographic
ONE 2T system = MANY IT systems

Predict manyrelations amongthe
shadows (dualities, symmetries d+2).

Contains systematically missed
information in 1T-physics approach.

This info related to higher spacetime:

Instead of interpreting the shadows
as different dynamical systems (1T),
must recognize they are perspectives
in higher spacetime. Then, we can
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indirectly “see” the extra 1+1 dims.




2T-Physics as a completion and unifying framework for 1T-physics

Observers like us
are stuck on the
“walls” (3+1 dims.),
no privilege to be Hivv
in the room (4+2).

,i—
,i—

1) 1T-physics is incomplete !'!!
2) 2T-physics makes new testable
Pisa: 101000 redjctions, and provides new

rarmmiiFatrianal fanlc

The relation between 2T-physics and
1T-physics described by an analogy :
Consider objectin the room =

(phase space, X",P,,in 4+2 dims.)

and its MANY shadows on walls =
(MANY phase spaces, x™.p_in 3+1 )

holographic
ONE 2T system = MANY IT systems

Predict manyrelations among the
shadows (dualities, symmetries d+2).

Contains systematically missed
information in 1T-physics approach.

This info related to higher spacetime:

Instead of interpreting the shadows
as different dynamical systems (1T),
must recognize they are perspectives
in higher spacetime. Then, we can
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indirectly “see” the extra 1+1 dims.




Do you need 2T? YES!



Do you need 2T? YES!
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Examples and
principle make it
amply evident
that 1T physics is
incomplete
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Do you need 2T? YES!
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Do you need 2T? YES!

..-"".-dr # _..-'--_-‘-“\-‘-'""--..,

Examples and
principle make it
amply evident
that 1T physics is
incomplete

T el e T =
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2T-physics is a
new direction in
ner dimensional
fication.
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Examples and
principle make it
amply evident
that 1T physics is
incomplete
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Do you need 2T? YES!

2T-physics is a
new direction in
nigher dimensiona
unification.

Expect more predictions at every scale of distance or energy,

and more powerful computational tools in future research ...



A quotation from Gell-Mann
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A quotation from Gell-Mann

Anything which is
not forbidden is
compulsory!
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Where to find more information
on 2T-physics

For concepts and technical guidance on over 50 papers
My recent talk: arXiv:1004.0688

A book at an elementary level for science enthusiasts (Springer 2009):

By
ltzhak Bars
and
John Terning

It can be downloaded at your
university if your library has a
contract with Springer

(e.g. here at PI)
DOI: 10.1007/978-0-387-77638-5
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