Two-Time Physics
The Unified View From
Higher Dimensi Space and Time

e of the most impo

+ Gravity requires
: small, curled up,... ).

g theory: consisten
space dimensions (

about extra time dimensio asy to ask, not so easy to realize



Not much discussion of more time-like dimensions — why?

Because the road to 2T is dangerous and scary:

1) Ghosts! (3/5) ’
negative probability X7 /
2) Murderers! o 7

Causality violation (cause and effect disconnect)
—> time machines:

You can kill your grandmother before

your mother is born, thus preventing your birth!

But in search of the mysterious theory there has been some attraction to more T’s
Extended SUSY of M-theory is (10+2) SUSY (Bars -1995),

F-theory (10+2 or 11+1), S-theory (11+2), U-theory (other signatures), etc.

A solution to the inconsistencies is a new gauge symmetry (1998) > 2T-physics .




The new fundamental principle (1998)

_—  XM=(Position & Time) indistinguishable

- P,=(Momentum & Energy),

A new gauge symmetry of the Laws of Mechanics
Applied t

!Urprlsmg qna |CII’ reqc”mg pre‘lmlnqry COHCIUSIOH:

The ordinary formulation of Physics in 3+1 LARGE dimensions is incomplete.

One extra timelike plus one extra spacelike LARGE dimensions are needed
to provide a more complete view of Nature at ALL SCALES of physics.
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Clues for the fundamental principle

Position € =2 Momentum GLOBAL symmetr
1

position/momentum are at same level of importance
before a specific Hamiltonian is chosen in classical or
guantum mechanics

Boundary conditions, or any measurement.

Poisson brackets or quantum commutators ¢ ..

Any Lagrangian: 7=t.r,-H- or L1(X-P-P-X)— ... XZRP2X
More general: continuous GLOBAL symmetry: Sp(2,R)

M\ M XM= () i=1.2
(2) = (20)(2), ad=be =1 2o

J.M C -\ J,'-"I,'.T
P g Invariant %EUX :’ IAX} 1 MN

Even more general is GLOBAL canonical transformations

PR 2 6t Puj 2 ()= L2y -LD)

X M P i




New Gauge Principles

Require local Sp(2,R) symmetry

X< 2P indistinguishable continuously
at EVERY INSTANT for ALL MOTION

M
Sp(2.R) doublet: (X (r) ) _ YMi=12

PM [ ; Generalizes T
( ) D TXJ:M :aTX::H_AEI ‘1-’}#{ reparametrization
1| MN ia YMYN _ 4 yMyN p 1 o
S = > Idr(s 07T —AY X7°X7) Orxl'p, — 5EPub]

Sp(2,R) generators : XX, X-P, P-P, — X;-X;=0

Generalized Sp(2,R) generators Q,(X,P) instead of the simpler Q;(X,P)=X;-X.=(X2,P2 X.P).

» ] 1 27
Lor =0, XYM Py — 54‘13@@' (X, P)

With these we can include
ALL possible background fields.

More generalizations: Particles with SPIN or SUSY; strings/branes (partial)

and finally Field Theory.




2)

3)

4)

New symmetry allows only highly
symmetric motions.

2 little room to maneuver.

With only 1 time the highly
symmetric motions impossible.

— Collapse to nothing.

Extra 1+1 dimensions necessary
2 4+2 1l and than 2T.
Straightjacket in 4+2 makes
allowed motions effectively 3+1
motions (like shadows on walls).

How does it work?
| (Momentum & Energy) |lfS=g

M(1) o
Sp(2,R) doublet: (PM(r ) = Yi=12

DXy'=0. X -4l x!

IJ.*/IN ST T Ea EaLTR
§ = I (1r(eip, XY - 47 YUY

Each shadow contains only one timeline (a mixture of all 4+2)

Wy
. Gduge fiX 4+2 1'0 3+] (have 3 gauge parameters)

many 3+1 shadows emerge for same 4+2 spacetime history.




Free or
. . 2
interacting %, .
. P ,‘?/ \S\f
systems, with LR
R O 7~ r':;;
or without %0, %
f
mass, in flat or "5@&0’
e
curved 3+1
spacetimes. Usirieite
Analogy: multiple oscillator
shadows on walls.  |jis) space dims
mass = 3" dim
SO(2,2)xS0(2)
2T-physics predicts %
. L ,‘//-
hidden symmetries 5 e %
LRl L3 J\. O O /f)
and dualities (with ”{90/’%’020/"
7
parameters) among /00;%0,0%@ 2
()
the “shadows”. % 4
— 8
1T-physics misses
these phenomena.

Massless
relativistic
particle

2
(pﬂ _O

conformal sy

Dirac

2T-physics
Sp(2,R)
simplest example
X2=p2=X-P=0 .
Background
flat 6=4+2 dims
SO(4,2)

symmetry

H-atom
3 space dims
H=p2/2m -a/r
SO(4)xSO(2)
SO(3)xSO(1,2)

t spacetimes and dynamics, hidden symmetries
ge fixing the 2T theory

Hidden Symm.
2% SO(d,2), d=4
o L,fo,"% C,=1-d?/4= -3
e % .
Yo, % %, singleton
G0, T, %
2 .,
k. O
S,
DS (o4
Emergent
. parameters
Massive
mass,
relativistic .
(p,)+m?=0 couplings,
Non-relativistic curvature,
H=p?/2m etc.
o)
% Hol h
“ °
Holograpny:
4 ‘5}47°+,%o, ologra
1 %0 7, oy %, These emergent
Oae .5 .
AR B holographic
2 o )
S images are only

These emerge in 2T-field theory as well J

some examples of
much broader
phenomena.




H-atom orbitals

(n)

Seeingl space (the 4™), and 2 times :
SO(4,2) > SO(3) x SO(1,2)

At fixed angular momentum (3-space)
the energy towers are patterns of

space-time symmetry group SO(1,2)

VARIANT under SO(4,2).
sions through the H-atom

Ener Angular
9 ‘ 0] 1 2 3  momentum (L)

Demo : the 4™ dimension - shadow of
rotating system. SO(4,2) > SO(4)xSO(2)
y/


H_orbitals.html.lnk
H_orbitals.html.lnk
H_orbitals.html.lnk
H_orbitals.html.lnk

Deeper into matter: 2T-physics and Field Theory

The Standard Model of Particles and Forces

plus S
[~ # ggs | G 00
Higgs 5/ : (& |
oW | C . b i o
= " charm  Miop unconfirmed : o 7
73 /
= d ol / FrCEA ’;} 7/
| v | \\ // Z A\

O down strange bottom =3 )I ‘\‘ ‘I?/ /_/ SRS
%) Vol V - e y \
= 0 qn Gravity Weak Electromagnetic| Strong
% - Neutrino § u~ Neutrino § t- Neutring (Electroweak)
D 8 A Carried
— { electron muon lay By

The Generations of Matter Acts on

Four interactions or forces + Higgs (?) govern all known phenomena in the Universe.

Exquisite agreement with experiment. Describes Nature down to 1018 m.
Computational framework : Quantum Field Theory.

This St.Mod. emerges as a shadow of a
4+2 field theory, with




Relativistic
massless particle

P> =0

Rifli:L-t-i-‘r"j.“*tj{:T 1";".1" _l14a z2a H
Imassive pi.:l.-]'.'t].f'.]ﬂ' - 2a 1+4a - a=. |1+ mexrd

PP +m?=0

Non-relativistie

- . - - :
. . s— ﬂ 0 — | S | L —
massive particle A t ™ X = |1 p|, A 1
H—-E =0 PM =|m H P’=0, P =p
Maximally - | — 2 jo K ,
— ‘ - L - e — / — N e H G N + Ly
Symmetric Spaces A LV 1 — Ko™ | : n o R
2 K (-4"'?;’:': — M _ v 1—Kax . [T Kzp z¥
_ . _ - _ :
P T 0 (P [ m L-r P m

" - i / i —_— ; ,
AdSg_,, xS" XM == L (22 + ) |Eagpe, Hogp
£y 2 _:‘2‘ _ A '!_"| |il_-'1 L |"_r| ].t
i(p+k)=0 |PY=|0 7zl p+ o A
et A1 R — "M __].,.2 — /2 i S = Nuv — ——4”('\.] XXy
Free function a ()| X =[xz 4+ a (1) rais) 1 g = T gty

EJ"'EJ M
xd—a(x)”

P -




Gauge choice M 0’ 0 I=(1.)

Robertson-Walker r<Ry | 4-) -, .t de X'=r'a(t),Ro
(el | H .-1 : <o X M _ a ”L] CU"=|‘ f . a (t) sin| f c{f.” .' i . -
(closed universe) fuf / () XV=dal(t), [1— L7

% 'II REI
2, B3 3‘2 ¢ ¢ Pi=—(p'— 55 rY)
— _ ] — T 3 , ;o —alt) f]
H+ 25 (v )=0 PM = —thllf It,)] H cos( {;E::]J c 5
1/ y_r
P _:FF.EI-' 1 Eg

Robertson-Walker r=0 M v e 1t de F vy T 2 Xizy? c.:(f}.;Rc.

[nl‘n-n universe) XY =la () 'Hlllh[f alt’) / (=) 'alt) \.-“ 1+ ﬁ-’; _Ylf_j:a."f‘.coshr It T’,-Iu

2 T t “ P " . f. 2 P (3] I-" +_g.'

H +_"r"‘L"‘p +_EF) PM = +H cosh( r’ ) [:|:j“—5 1+ aty
:I a( ,"\, 0 PY=H sinh({ [ * ?‘f"ﬁl-j
1 - . Mo_ ./ D2 2 £ Y:._
Cosmological constant  [X™ =|\/R§ — r?sinh 7 R, XV b SR cosh <t
A= 2 =0 WG §:7y
A= g -
( Pi=pi 4 — r®
—H%1— r — ] = ar- R
H( +p” +_5-L1:’ =0 pM |4 & vV R2 — r2cosh + —PLR.?I - A5
Ro 0 Ro| Hg—r* PU=H /R ZTanh 4
=mg Vo Ry
1 Genl o ; Mo_|. /P2 2o Tz = t | Xi=7"
C-i.hhlm.rl_oglc.;tl r....onhtant. XY =/ R+ r?sin v F+v/ R+ r?cos = | xv_r,
sh— —RD . 0
e 2 (rp)? — . Pi'=p'—gr—r*,
O gt 0 =0 [ PM = | L /RT + 2 cos 4= |45/ B2+ r2sin 4 Ry
0 0 Ha W 0 Ra Hn v 0 Ha Flr__ Rprp
= _..E_,.,Rﬁ+1_

¢ Y - - . M _ . _t st ~T 1{ _.

(d-1)-sphere x time XM =[Ro cos ¢ Ry sin - Ron' = 0 -

~H 4+ (p? ) =0 M _ | ot ot Pi—p

i P =|—Hsin - H cos = pil_e o rp
\/ R —r?
- "M - Xizpi—Zrp p

H-atom, H < 0 XM = 7 COS U rsin u i

ilI:f:IE:—"TI:I'-l‘r—Z???.Hf:I T maV rp

_]'r_ M _|_ moe - Mo e :pi=l7£
H=I_-= P —A—g sinu — oy COS U PV oo (52—
, -] Ximpi_ L.
H-atom, H = 0 XM — r cosh u —2mHr - ", ma'P P’
Y. & mo XV =rsinhu
u(t)=¥n= (r-p—2mHt)
M _ | _ma ; 1 ma 2 P'—P'
P = r 2mH sinh u v 2mH ( r p j PY— %coshu

Table2 : Parametrization of XM, PM for M = (0/,0, 1)




An example: Massive relativistic particle gauge

Y= LY LX) = XM gy = 200X 4 XX,

L _! embed phase space in 3+1
v M l+a r?a Tﬂ“ .= m2a? into phase space in 4+2
< — ; y y b y U= . N
2a l+a (x-p) Make 2 gauge choices solve 2

constraints X2=X.P=0

2
A _T?? i i
PM = (r)[—q [T . p) a. p”) ‘ P2 — p2 + _m; — (). T reparametrization and one
:- alr a

constraint remains.

covge 57 / dr (xi‘fpf‘f 24’*3&*”& ) NN = / dr (mﬁ—aAﬂ (p2+-r?1.2))

invariants

L_ﬁﬂ\r — EUAX'}UAX}V — X-HPN _ )(NP;M E> [V — pht py _ Y pu‘ L-I—f—f — ('I— ) pJ a,
/ 14+a m>
= MN o = MN LTH = pH 4 ——
Ox COMN{L , X'} Op (DMN{L » P, 2a P 2(x-p)a Note a=1
conformal transformations deformed by ) 2a when m=0
mass is symmetry of the massive action. L™= 1+a P = (z - p)az ‘

12
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Derived from Sp(2,R) in hep-th/0003100; also Dirac 1936 other approach

X2|<I>> —0 P2|<I’) —0, (X-P+P-X)|®)=0. Constraints = O on physical states

R Probability
P (X) = <X‘(I)> amplitude is
the field

X236 (X) = 0, 0™ (X) = 0, XMy (X) + 0y (X% (X))

Linemoﬁc #1

(

i.e. Sp(2,R) gauge invariant

0.

ﬁ(inemoﬁc H#2

X 0P + ﬂ@) — 0
2 X2=0

Kinematic eom’s say how to embed d dims in d+2 dims.

dynamical eq. extended with interaction

P —V(@)] ., 0

X2=0
3 equations in d+2 = KG in d

a0 = X2A(X)  oymetry
P (X) = Do (X) + XD (X)

Physical pqr#/v l remainder
of field Do = [ (X)]x2g




Obtain 3 equations not just one : 2 kinematic and 1 dynamic.

BRST approach for Sp(2,R). Like string field theory
I.B.+Kuo hep-th/0605267

After gauge fixing, eliminating redundant fields, and simplifications,
boils down to a simplified partially gauge fixed form

Gauge fixed

version is more S ((I)) =9 | [1@)82@ _ Ag@%]
familiar looking 2 2d

CGavge . orP = XZA (X) Works only for unique V(D)

symmetries

Minimizing the action gives dynamical eq.

two equations, so get all 3 - A4 ) (Xg) [82@ —V’ ((I))}
:E,r(ii’f) constraints from the 05 ((I)) - 2’7 / d=X 0D { 19§ (Xz) [X 0D %‘I)]

kinematic #1,2

C b to @ which Homogeneous @,
an gauge fix to @, which is 9%
independent of X2 ) (}() = @[} (:’() + X @% hence one less X, so

14 alltogether two

fewer dimensions



S (AW H @) = L (A V" H ©)
L(A VY H®)=L(A)FL(A v+ L(V"" H)+ L(A ® H)
1 Su(3) 1 Su(2) 1 um
Gauge L(A) = —ZT?“;g (GrnGMY) — ZlTrz (Wan WYY — 4BMNBMN.
fields
L (A" = ;(QL‘ X Do +QL‘,D,45(QL) (LL X DI 4[5 ,DELL-) x4=adjoint
quarks & 1(—31;{ i + 7D {Kdﬂj) 1 (E X {DER,_l_ERJﬁ FXEH’)
leptons 2 2
3 families +% (ER’E D +ﬁﬂj§ ;(uﬂg) +% (-F:E Dt +;;Rs§ ;@Rs)
Yokawa (9u)5; @ MufoHe — (gl)  Heals XQY
, L(UR ) = +(ga),, @ XdRH — (af)  Hd% XQM
coup.llngs HP=—r (0,) L2 KvRiHe — (gf)  Heo® KLb
to Higgs + (), L' XefsH — (gf)  He® X LM 4%x4*=6 vector

Higgs and L (A4, %, H) = -@0*0 + o (HID*H + (D*H)' H) -V (2, H)
dilaton /\

V(®, H) = . (H—fH . ,f@ﬂ) +V (D) quadratic mass -
terms not allowed |

15
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Emergent scalars in 3+1 dimensions

lightcone type basis in 4 4 2 dimensions Y (Xof L le)
ds® = dXMdX Ny = =2dXTdXT +dXPAX "y,

S U ST Embedding of 3+1 in 4+2 defines
“X = R, “X T h')\*- ‘X = Ra™ * emergent spacetime x". This is analog of

X — ' Sp(2,R) gauge fixing
K = )f—l_: A = e = Jr_|_f, x* and A are homogeneous coordinates
| X X =g
(de) 0 (XQ) = k’dk d*z d)\ & (H.2 (2/\ — :1:2))
roor _ =9 -
S.olve . (,X ., + d_Z) G = (hi + 1) O = () (1)0 —|—)§ 0]
kinematic v v a
caustons () _ (5, 1) = 51 (2, \)= (o )+ ()
In extra
dimensions Remainder is gauge freedom, remove it by

Result of gauge fixing the 2Tgauge-symmetry at any A,k,X
fixing and solving Dynamics

s 2 |
: : : g e M L 0% (z)
kinematic eoms is (I) ‘X =Kk O\ . "o d (X
fields only in 3+1 ( ) 1 ' ( ) only in 3+1 ( ) 3 ()I“()IN




start with /kmemohc equation simplifies 2 homogeneous
axal A A =0 XV Py = (X-0+1) Ay = (k0 + )AM 0
gauge
There is homogeneous
leftover YM X 5AA 0 - X-0A=0 A enough to A= —I|- r+u4 =
gauge symm. ga,uge fix

1 A*=0 1
Solution of Only | .
X.A=0 A - _A‘}J — _x'uA independent A” (X) — EAH (x.uﬂ A)

Use 2Tgauge symmetry to 1
eliminate V,, gauge
freedom proportional to X2

F.,(X)= ,«,;—EFM,( ), with F,, (z) = 0,4, — 0,4, —i[A,,A)]  Funis YM
gauge invariant

F_|_# (X) UF ( ) F_r” (X) = U, F_|_r_f (X) =0, «— but 2Tgauge

4 (z)

.
s
||
x|
t:m
B
_|_
o
et
I
m|HM
T
<
>
||

b s sramslere L ! v
7 ;e:l; ’rYljv\s’ran ar I (A (X)) _ _ETT (FMNFMN) (X) — _@T’r (FM,F“ ) (3:)

Lagrangian
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) = AW £ ) (1040 e

o l 4 component
choose X2¢, Impose kinematical lI!L’R Y ~2 LR\ SU(2,2) chiral
2Tgauge symm. eom in extra dimension ( ) —h X (iC ) ermions

,';',L~R . 2 component
choose &, rt'ykh_qg ybLk (X) = ! ( v ) j_' SL(2,CF))chiraI

2Tgauge symm. o 21/41{2 0 fermions

=l _ L[ 7D, —iV2(kDy = Ay —atD,) \ [ HeF (@) 1 (Dt ()

Y= 245\ —iv/20, —o*D, 0 2 U
j:sieL:dgsrfongTT IT}L ,KE\IJL — id;La-“D ¢L —1 ng}L KII}RH = EQLLTJ)R}L
standard Lagrangian. No B H4 l H ’ KA l

explicit X.
P standard 3+1 kinetic term standard 3+1 Yukawa term

Translation invariance in 3+1 comes
from rotation invariance in 4+2



Every term in the 4+2 action is :T:;:‘:::I DY) =y (X) + X\
- proportional to K after solving kinematic eoms  }o x2 Ay (X) = A%, (X) + XAy (X)
_ . st liminated by - _— -
and is independent of A after 2Tgauge fixing, . \pl_f;m _ %R(‘.\H SN

S = Zf|f;|5 di d*z dX § (K (2) = 2%)) x iL (Au (2),0(z),h(z), 0" ()

) {Z j d“df‘S(Q\ﬂ\”)J / d'zL (A, (z),6(x) b (2), ¢ (x))

Emergent Standard Model in 3+1 has
dilaton in addition to usual matter

Normalize to 1

Emergent SM is Poincare invariant. More, it has hidden SO(4,2) symmetry

1. Resolution of the strong CP violation problem of QCD

2. Mass generation: a) new mechanisms, b) dilaton (perhaps observable

phenomenology)
19



Resolution of the strong CP problem

St O1g CP l)thlE‘-Hl 111 Q(D Take into account chiral rotations, instantons

f[ date S el T (G““( ‘}‘“) can be added to the QCD action in 3 +1

There is no observed CP violation 0 can be made zero if there is an extra
in the strong interactions, so why U(T)pq suggested by Peccei & Quinn,
is TOTAL 0 so small, § <1010 2 but electroweak spontaneous breaking

generates a Goldstone boson = the axion.
It does not seem to exist Il So there is an
outstanding fundamental problem.

The 4+2 Standard Model solves the strong CP violation problem of QCD

There is no term in 4+2 that can descend to the troublesome F*F terms in 3+1
No need for the Peccei-Quinn symmetry, and no elusive axion.

<‘JM‘M2 homogeneous of degree 0, cannot give renormalizable 0 term.
Noz—rinormqliqul.e Jun / ((l}-bjf) (S ()(;) }{_-“lﬁ é:);?\f; TT (FUS U_LF"l[r ML-.) ”1 T'sz Ug 7'lf_1 T'lfr T'Lfb O
made from composite
fields OK. Good for My Mo Ma Mg Mg Mg
pion-decay, U(1) problem, / (’/ X ) Bul U"TT ((T M3 My (T Mz Mg ) 12 aa 6 0

etc.

topological term vanishes: F—I—’—’ (}{) = () P_flﬂ {1&} =)



“Dilaton” driven Electroweak phase transition

The 4+2 Standard Model has 2Tgauge symmetry which forbids quadratic mass terms in
the scalar potential. Only quartic interactions are permitted = Scale invariance in 3+1 |
Quantum effects break scale inv. But give insufficient mass to the Higgs (10 GeV).

0°H = \H (H'H — o*®?)
0P = ~20%0 Hiy— 00%) + V7 (0)
v (0 ) v
<H(}{.? A, :E,U-)> — v <(1) (JX )> -+

kA ha

All space filled with vev. Makes sense to

N,
V(@.H)=7 (H'H- o0%) 4V (D)

Electroweak vev is probe of extra dimension . . . .
P have dilaton & gravity & strings involved

# A ¥
) g ¥ ] ¥ ) l,-r I ]. _,"r .I,i - , _:i 2 , _:'_I ] P 2
small fluctuations. | (0, H) = F" (h, )= _lh("l h—a¢)” (h+ao+ 2v)
Goldstone boson due to spontaneous breaking of scale invariance

o SN A . )
y—=0ht 0 v (ig) = S0 ((1- ) b+ 200 + VT4 %20

Goldstone boson couples to everything the Higgs couples to, but with reduced am;/v

strength factor a.. It is not expected to remain massless because of quantum
anomalies that break scale symmetry. Can we see it ¢ LHC2 Dark Matter? Inflaton?
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Duals of the Standard Model

0705.2834, IB + S.H. Chen + G. Quelin

*Instead of choosing the flat 3+1 spacetime gauge, choose any
conformqlly flat spacetime gauge. These include  More comp"cqfed gauge choices with

Robertson — Walker universe XM(x#,p,,) mixed parametrization
Cosmological constant (dS, or AdS,) e.g. massive particle, etc.

Any maximally flat spacetime These have non-local field interactions,
AdS(4), AdS(3)xS(1), AdS(2)xS(2) but approach local for small mass.

A spacetime with singularities (free function a(x)), etc.

Conformally flat | XM =[+e @) :I:%ef’mqr2 (i) +eol@)g™ (o)
gue =" (x)e]} (2 Mmn EE‘{I:IE:I:EH':T:'%
¢ (r)pup, =0 |PY=]0 g™ () et (z)p, | eb (z) p,

All these have hidden SO(4,2) (note this is more than usual Killing vectors).

All are dual transforms of each other as field theories.

Duality transformations: Weyl rescaling of background metric and general
coordinate reparametrizations taking one field theory with backgrounds to another.
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Current Status

Local Sp(2,R) =2 2T-physics works!
(X,P indistinguishable) is a fundamental principle that agrees with everything
we know about Nature as embodied by the Standard Model.

The Standard Model in 4+2 dimensions provides new guidance:
1) Resolution of the strong CP violation problem of QCD.

2) Dilaton driven electroweak spontaneous breakdown.

Conceptually more appealing source for vev ; could relate to choice of vacuum in string theory
Weakly coupled dilaton, possibly not very massive; LHC ¢ Dark Matter ¢ Inflaton?

Can mass hierarchy problem be solved by conformal symmetry and/or 4+2 with remainders?

Beyond the Standard Model

GUTS, SUSY, (gravity); all can be elevated to 2T-physics in d+2 dimensions.
Strings, branes; tensionless, and twistor superstring, 2T OK. Tensionful incomplete.
M-theory; expect 11+2 dimensions = OSp(1 | 64) global SUSY, S-theory.

New technical tools

Emergent spacetimes and dynamics; unification; holography; duality; hidden symms.
Non-perturbative analysis of field theory, including QCD? But wait until we develop
quantum field theory directly in 6D.

There is more to space-time than can be garnered with 1T-physics.
New physical predictions and interpretations . It is more than a math trick.




These old Greeks
eventually
discovered the
concept of the
atom.

Similarly, you
can’t ignore
2T-physics.

In conclusion ...

"OFf course the elements are earth water, fire
and air. But what about chromium? Surely you

can't ignore chromium."

Hidden information
is predicted by
2T-physics. A new
idea on unification.

1 T-physics on its own
cannot capture these
hidden symmetries
and dualities, which
actually exist. 1T is

OK only with
additional guidance.

A lot more remains to be done with 2T-physics.

New testable predictions at every scale of physics are expected

from the hidden dualities and symmetries.
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tend

its d@mgm of validity
to solve the remaining mysteries!!

The End




So far 2T-physics <& known physics, but in new light with new predictions related to 1+1 dims.
Are there predictions of disagreements with 1T-Physicse2 Yes, only in hitherto unknown realms.

Unsolved Mysteries:

*CP (time reversal) violation problem in the strong interactions (but axion not seen?)
- 2T-physics solves this (a property of 4+2 dims.) — no need for axion!

*Why these degrees of freedom? And why in these patterns? (nothing new here)

25 parameters : masses, couplings, mixings — is there a theory that determines them
from first principles? Is Higgs the answer to the origin of mass ? LHC 2008 !!
- 2T-physics modifies Higgs (adds dilaton). Also new possibilities for mass !

*Is there Supersymmetry (to resolve the mass hierarchy problem: stability) ?
—a) If SUSY exists, there are new constraints from 2T-physics ! Tests !

—>b) 2T-physics may provide an alternative (conformal symmetry, 6 dims.!!) ?
*What is dark matter 2 25% of the matter in the Universe. Hoslls (& gerelie et
for these exist
among the degrees

*What is dark energy? 70% of the energy in the Universe.
of freedom above.

*How do we solve the Quantum Gravity problem (strings 9+1 dims, M-theory 10+1
dims, curled up dimensions) ? This is a framework ! Not a theory yet !
- 2T-physics requires extra 1-space + 1-time. M-theory in 11 space + 2 times !!
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Time gains an extra

dimension E3exciusive

Will adding a second dimension to time
lead to a theory of everything'? Could
it lead to time trave!? Only time will telt





