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ONCE UPON A TIME ...

M. VARADARAJAN, [PRD ‘00, ‘01, ‘02] — U(I)N GAUGE THEORY

o WHY:
* UNDERSTANDING THE RELATION BETWEEN QU. STATES OF LINEARIZED GRAVITY AND STATES IN LQG.
+ BRIDGING THE GAP BETWEEN THE FOCK QUANTIZATION AND THE LOOP QUANTIZATION.

e \WWHAT IS IT:
RouGHLY: R—FOCK REPS. ARE REPS. FOR MATTER FIELDS PROPAGATING ON MINKOWSKI SPACETIME,
WHICH CONNECT THE STANDARD FOCK REPS. TO THE BACKGROUND IND. LOOP REPS.

* ROLE:
© MEASUREMENTS AT A GIVEN “SCALE™ 3 R—FOCK REP. = FOCK REP.
* PROVIDE NEW MEASURES FOR THE LOOP STATES
* PROVIDE MAPPINGS OF FOCK STATES TO THE LOOP REP. SPACE
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ABELIAN GAUGE THEORY
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“SMEARED HOLONOMY”

THE FOCK REP. OF HAr INDUCES THE R—F0OCKk REP. OF HA
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ABELIAN GAUGE THEORY

NON—ABELIAN
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THE R—FOCK REPRESENTATION OF /-14[U(1)]

* FOCK VACUUM EXPECTATION VALUES:

d3k

/R—FOCK VACUUM
7 - a 20 . 7 P
(07 [0) = exp [—f i ) ] e (041 [0,)

R—FOCK REP. = CYCLIC REP. GENERATED FROM THE R—FOCK VACUUM

* R—FOCK MEASURE & AL—MEASURE: = [ ka’f Xo (k) Xa (k)
Ay = | 2P | =33 Z ningGrr | Nea | dug)
I, 1,7

Fock sTAaTES MAPPED TO CYL*, IN PARTICULAR THE VACUUM ST. & CANONICAL COHERENT STATES:

1
Z;,:Zexp anfd?’]g ng?“ VZ4 (k)| exp —?ZHIRJGIJ <Nr’ﬁ
I'n

* SHADOW STATES = PROJECTIONS OF FOCK STATES ON SEPARABLE SUB—HILBERT SPACES:
EXP. : FIXED GRAPH, DYNAMICAL SUPER—SELECTED SECTOR, ...

3/8



Beyonp U(IN ? ...

* R-FOCK REPRESENTATION FOR SCALAR FIELD:
[A. ASHTEKAR, J. LEwWANDOWSKI, H. SAHLMANN, CQG ‘O3]

e SHADOW STATES — OPERATOR GENERALIZATION:
[A. AsHTEKAR, J. LEwaNDOWSKI, CQG ‘011

1 r __1 G _ 1 3 r o _ L ErExG
|Z{\>ZZ€ 72 ZI:m*ZIe 72 I%TLITLK IK|NF77:Z>:Z€ 22 ZI:EIZIG q2 ;;,{ kG F’ﬁ>
7 7
— L Jjizr, =% Y JjJkGik
—  SU@): (2R =de TT e TAR T N )

7
e SHADOW STATES V.S. COMPLEXIFIER COHERENT STATES:
[T. THIEMANN CQG ‘06]

“IN THE ABELIAN CASE: SHADOW STATES ARE COMPLEXIFIER COHERENT STATES!”

e SU(N) R—FOCK MEASURE:
[M.A., J. LEwaNDpowski, PRD 221

DETAILS IN THE FOLLOWING...
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R—Fock MEASURES FOR SU(N) GAUGE THEORIES

e DEFINING THE MEASURE IN THE cASE oF U(1):

J gy iy = olizioy = [ dug, w0 = 0w, )

CONSEQUENCE OF MANDELSTAM IDENTITIES FOR U(1): EVERY U(1) CYLINDRICAL FUNCTION CAN BE
EXPRESSED AS A LINEAR COMBINATION OF W/ILSON LOOPS.
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R—Fock MEASURES FOR SU(N) GAUGE THEORIES

DEFINING THE MEASURE IN THE CASE OF U(1):

J gy iy = olizioy = [ dug, w0 = 0w, )

CONSEQUENCE OF MANDELSTAM IDENTITIES FOR U(1): EVERY U(1) CYLINDRICAL FUNCTION CAN BE
EXPRESSED AS A LINEAR COMBINATION OF W/ILSON LOOPS.

DEFINING THE MEASURE IN THE CASE OF SU(N):

+ WE “CANNOT” USE SMEARED HOLONOMIES: GAUGE TRANSFORMATIONS ARE PECULIAR.
+ MANDELSTAM IDENTITIES FOR SU(N) IMPLY THAT THE NATURAL GENERALIZATION 1S IN TERMS OF
WiLSON LoOOPS:

fdugU(N) WY (A).. . W (A) =W/ ... W) |0)

YN —1 TN -1

TO CALCULATE

S - NoT EAsYy!
Wrs .= "Tr [h’“’ ] “R—W/ILSON LOOP OPERATOR”
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R—Fock MEASURES FOR SU(N) GAUGE THEORIES

e LINEAR FUNCTIONAL:

¢n:HA— C

M M R ) N .

S aW W =3 a0 W o)
TN—1 V1 TN-1

i=1 i=1 N-—

— DEFINITENESS : BOUNDEDNESS OF THE COEFFICIENTS IMPLIES THE CONVERGENCE OF THE EXPANSION
OF THE EXPECTATION VALUE
— Posimivity : MANDELSTAM IDENTITIES FOR THE SMEARED WILSON LOOP OPERATORS;

e EXISTENCE OF A MEASURE ON A/G : CONTINUITY W.R.T. THE C*—NORM ON A/G

O p {Z WH/”_ sup
i=1 AeA/G li

> i)

THE SMEARING: AcS* — A"cS*NA
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R—Fock MEASURES FOR SU(N) GAUGE THEORIES

* MAPPING BETWEEN MEASURES:

d'U’g’U(N): > > % > aiWig Wizov ) Wr 5. d:“%U(N)
I {Jedr ({vi},ai)€Zr (Pr (5,.y)

LIFT TO A GAUGE INVARIANT MEASURE ON A VIA GROUP AVERAGING.

SUQ) case: X4 (s,k) = 3%(s)e" T f (k)
T r V22 B P o
I {]aL}P ({’yi},ai)EIr(\I/F,{j’L})
v Tor1/2] . Jora/2\ e 1 (1/2) a _
(I) |:VV,y :| = <W,.y'z, > = 7;) 2”71'73 dsy ... dsay ;TG(21@) (H / 2q2|/<:| U(Qm 1)7k) fy,’r(SO'(Qm)7 k))
B el R
1
PATH ORDERED \PERMUTA’HONS
INTEGRAL
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COMMENTS & OUTLOOK

RESuULTS:

v CoNsSTRUCTION OF SU(N) R—FOCK MEASURES:
* USE OF WILSON LOOPS AND THEIR PROPERTIES PROVIDES A SYSTEMATIC PROCEDURE;

IMPLICATIONS:

v/ FOCK STATES AS SHADOW STATES FOR SU(N) GAUGE FIELDS (DETAILS TO APPEAR SOON) :
* MATTER STATES ENCODING MINKOWSKI GEOMETRY;
* NON—LOCAL COEFFICIENTS;
* GRAPHS SUPERPOSITION COULD BE RESTRICTED BY THE DYNAMICS;

TO EXPLORE:

|, EXTENSION OF THE CONSTRUCTION TO FERMIONS; (IN PROGRESS)

. NON—LOCALITY (ENTANGLEMENT) & SEMI—CLASSICAL PROP. OF SHADOW STATES; (IN PROGRESS)
\ EFFECTIVE DYNAMICS FOR THE SHADOW STATES AS APPROXIMATE PHYSICAL STATES;
RENORMALIZATION PROCEDURES WHICH GENERATE SUCH SUPERPOSITIONS;
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