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Conformal Transformation of Spacetime
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Conformal Generators

P, =i0, (translation)
M,, =i(z,0, -z,0,) (rotation)
D =iz, 0" (dilation)

R, =i(2z,z,0" - °8,) (SCT)



In O-space and 1-time (0 + 1) dimension,

— . axy +7

Mobius transformation |x, = x}, = | Det (a ﬁ)
0 0 7X0 +5 Y 4

P (()OH) =i0_ = ( ; 0)’ V. de Alfaro, S. Fubini, and G. Furlan, Conformal invariance
in quantum mechanics, I1 Nuovo Cimento A (1965-1970)

34, 569 (1976). .

(1976) P(0+1) = id,

po+) _ ; 0 0
0 2 o 0 -—-1i ’
2
041 .
Dg ) — IXOa(),
R(O+l — —jg :( )
0 ! QOHD _ o v 5
iw 0 = I XpXp0p-
where o + = T 13 S.J. Brodsky, G.F. de Téramond, H.G. Dosch, and J.

Erlich, Light-front holographic QCD and emerging confine-
Anti de-Sitter space (AdS;) | o b Rep. 584, 1 (2015).



In 1-space and 0-time (1+0) dimension,
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1 4+ 0 conformal algebra
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CONFORMAL ALGEBRA IN (1+1) DIMENSIONS
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1 +1 conformal algebra.
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Dirac’s Proposition for Relativistic Dynamics

IFD LFD

Instant Form Dynamics Light-Front Dynamics
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V2 V2 V2

[ P. D. [ P D_
K 0 -2y2iD. -\2i8, O 0 0
P_2y2ip, O Vv2iP, 0 0 0
D. V2iR, -V2iP, O 0 0 0
K 0 0 0 0 2V2iD_ —-2i8_
P_ 0 0 0 22iD_ 0 \V2iP_
D. 0 0 0  V2if_ —2iP_ 0




P, =i0, (translation)

My, =i (2,0, — ,0,) (rotation) ~ i @ H. Ravikumar,
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1 + 1 conformal algebra in IFD 1 + 1 conformal algebra in LFD
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Can IFD and LFD be linked?
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Yes, they can!

The instant form The front form

Traditional approach Innovative approach
evolved from NR dynamics for relativistic dynamics
Close contact with

Euclidean space
T-dept QFT, LQCD, IMF, etc. DIS, PDFs, DVCS, GPDs, etc.

Strictly in Minkowski space



Interpolatlon between IFD and LFD
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1 4+ 1 conformal algebra in the interpolation form
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Poincare Algebra
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Kinematic Operators
(Members of Stability Group)
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Orientation Entanglement of Quantum Mechanical Systems

[ The angle should be rotated to get

the same initial configuration.
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INTERPOLATING HELICITY
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Jacob-Wick Helicity +1

IFD: Transverse Rotation by 180°
‘ ............

LFD: Longitudinal Boost to flip
Light-Front Helicity +1
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IFD and LFD are the two different
formulations with two different
degrees of freedom quantized at the
equal time ¢ = x’ vs. at the equal
light-front time 7= (x° + x*)/v/2 = x*,
respectively. They correspond to
each other W|th the mterpolatlng time
x" =cosdx’ +sind x”.



Large N. QCD in 1+1 dim. (‘tHooft Model)
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Interpolating Axial Gauge
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Fermion Propagator

Free Propagator Interacting Propagator
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Energy-Momentum Dispersion Relation
Free particle Interacting particle
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Mass Gap Solutions
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BOUND-STATE EQUATION
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Meson Spectroscopy
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Meson
Ground-state
Wave-function
for m=0 case
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Parton Distribution Functions (PDFs)
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Y. Jia, et al., PRD98, 054011(‘18)
- IFD (quasi-PDFs)
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Conclusions and Outlook

 Conformal symmetry nature of the spacetime
physics provides distinctively different features
between the IFD and the LFD.

* Universal orientation entanglement nature
distinguishes the relativistic helicities between the
IFD and the LFD, i.e.
Jacob-Wick helicity szLight-front helicity.

 Interpolation between IFD and LFD identifies the
critical point that bifurcates the two branches of
helicities.

e Link between QCD and LFQM may be feasible as
exemplified by the mass gap solution in the
‘t Hooft model interpolation between IFD and LFD.



Conclusions and Outlook

e BT construction provides the self-consistency of
LFQM which assures the component and frame
independence of the physical observables.

Ref: H.M.Choi’s talk today’s afternoon

* Universal entanglement nature in color dynamics
can be investigated in the deuteron structure

studies.

Ref: S.Kaur’s talk Friday afternoon



