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     PLANCK SCALE PHYSICS

• Lp=10^(-33) cm->Tp=10^(-44)
•  Mp=10^19 Gev/c

• Where ?
• BING BANG ->ORIGIN OF TIME
• BH  CENTER->SINGULARITY,INFINITE 

DENSITIES
• RED SHIFT FOR BH OBSERVER AT INFINITY
    PROBE OF PLANCK SCALE DISTANCES FROM 

BH HORIZONS



• PERTURBATIVE QUANTUM GRAVITY BREAKS 
DOWN

• PERTURBATIVE STRING THEORY BREAKS DOWN
• STRING DUALITIES CONNECT WEAK AND 

STRONG COUPLING PHASES BH SPECTRA OF 
PLANCK SCALE MASSES->D-BRANES->M-
THEORY UNIFICATION

•  STRINGS PRODUCE EXOTIC GEOMETRIES –
NON GEOMETRIC BACKGROUNDS

• STRING COSMOLOGY->BOUNCE
• GRAVITY AND SPACE TIME IS EMERGENT!
• NO ANSWER YET FOR PLANCK  SCALE 

PHYSICS



• AdS/CFT PLANCK SCALE 
CURVATURES=

• STRONGLY COUPLED STRING THEORY
• ON CFT SIDE FREE FIELD THEORIES 

BUT THE 
• BULK PHENOMENA EXTREMELY 

COMPLICATED SECTORS OF 
OPERATORS

• ALSO LOCAL DIFFEOMORPHISM 
INVARIANCE YET TO BE 
UNDERSTOOD

• PROGRESS FOR BH INTERIORS CLOSE 
TO THE HORIZON



CONTINUUM vs DISCRETUM
OR NON-COMPUTABLE vs COMPUTABLE

• CONTINUUM LOCAL FIELD THEORIES 
INFINITE AMOUNT OF INFORMATION PER 
PLANCK VOLUME

• CONTINUUM STRING THEORY THE SAME!
• BH REMNANT PROBLEM
• EXPERIMENT AT PLANCK SCALE ENERGIES
    PRODUCE MASS  Mp BH ‘S ->THEY DO 

NOT PROBE SPACETIME STRUCTURE AT 
THE PLANCK SCALE DISTANCE!













 ARITHMETIC  UV CUTOFF OF AdS2 
BH HORIZONS

•EMBEDDING 2 TIME -1 SPACE MINKOWSKI
•x0^2+x1^2-x2^2=Rads^2=1
•Ruling surface →Light cone rotation around the
•AdS2 throat
•UV CUTOFF
•MINKOWSKI LATTICE    spacing  a=Rads/M,
•M integer 1,2,3,4,..
•x0=k a,x1=l a,x2=m a ,  INTEGRAL AdS2 LATTICE
•k^2+l^2-m^2=M^2
•BREAKING OF SO[2,1,R]→SO[2,1,Z]















 IR /UV CUTOFF AND SPACE-TIME ORIGIN OF  
          FINITE BH ENTROPY FOR AdS2

•IR CUTOFF= PERIODIC BOX OF SIZE   L
•L=N a,    N>M,  1,2,3,4,…
•INTEGRAL AdS2 LATTICE → FOLDED INFINITE MANY 
TIMES  INSIDE THE BOX→  (k,l,m)→(k,l,m)modN
•k^2+l^2-m^2=M^2 modN,    k,l,m=0,1,2,...N-1
•FINITE ARITHMETIC GEOMETRY  AdS2[Z]->AdS2[Z/NZ]
•SO[2,1,Z]→ SO[2,1,Z/NZ]
•FINITE DIM HILBERT SPACE  FOR 1 DOF PER SPATIAL 
POINT          
•dimH=N        →FINITE ENTROPY   S=N















CONTINUUM  LIMIT OF THE  AdS2
           IR/UV ARITHMETIC GEOMETRY

•Rads=M a     L=N a
•AdS2[Z/NZ]     
• ->k^2+l^2-m^2=M^2 mod N,  k,l,m=0,1,2,...N-1
•CONTINUUM LIMIT   a→0   COMPLICATED IF IT 
EXISTS!
•BUT  !        CHOOSE,SEQUENCE OF PAIRS  OF 
INTEGERS                          M, N  SUCH THAT  
•1) N>M
•2)M^2=1modN
•3)  N/M→ THE WELL DEFINED FINITE RATIO   
L/Rads=r
•AS   a→0
•INDEED  WE FOUND SEVERAL SOLUTIONS 
( FIBONACCI SEQUENCE + THEIR 
COUSINS,r=GOLDEN AND SILVER RATIOS









Conclusions – Open Issues

• We presented an information-theoretic 
finite-discretization of the AdS2 
geometry introducing a natural UV and 
IR cutoff. 

• The SL(2,R) isometry is deformed to 
the finite arithmetic group SL(2,ZN).

• This group is the isometry group of the 
AdS2[ZN] observers.

• The UV-cutoff is at the sub-Planckian 
level, while the IR-cutoff is the Planck 
scale.

CONCLUSIONS – OPEN ISSUES



• The continuum limit exists for sequences of pairs of 
UV and IR-cutoffs from the K-Fibonacci integers 
which are related through the UV/IR 
correspondence.

• The IR-cutoff can be removed when K.
• The QM Hilbert space for single particles has a finite 

dimension equal to the BH entropy and the AdS/CFT 
correspondence is exact.

• For geodesic observers there is a strong chaotic 
scrambling of Gaussian wavepackets along the 
spatial direction of AdS2.

• The scrambling time bound is saturated for UV/IR 
cutoffs from generalized K-Fibonacci sequences with 
ratios (golden/silver).



NEW DIRECTIONS (work in progress)
• The arithmetic modular discretization 

works with UV/IR cutoffs for AdS3,4,5 
the BTZ black hole, wormholes and in 
general for geometries with global 
algebraic minimal embeddings in flat 
Minkowski spacetimes.

THANK YOU!



• MOTIVATION ON TOP OF THE 
ASSUMPTIONS

   1)THE EIGENSTATE THERMALIZATION 
HYPOTHESIS

       GAUSSIAN PDF OF EIGENSTATE’ S PROB 
VALUES

       FLAT PDF OF EIGENSTATE’S  PHASES
        
    2)  SATURATION OF THE SCRAMBLING 

TIME BOUND

    3) RELATION OF QUANTUM COMPLEXITY 
WITH   

         BH ENTROPY



SIMPLEST EXAMPLE
DIFUSION OF SINGLE PARTICLE WAVE PACKETS ON ADS2

TIME-RADIAL GEOMETRY OF EXTREMAL BH’S

•  OLD  AND LARGE NEAR EXTREMAL BH’S 

• GEOMETRY      =AdS2 XΣ ,  Σ=COMPACT ANGULAR DIRECTIONS

•  ADS2 RADIAL MOTION
• AdS2[R]=SL[2,R]/SO[1,1,R] 

•   DISCRETIZE
    
• AdS2[N]=SL[2,ZN]/SO[1,1,ZN]
   
•   CONSTRUCT  THE AdS2  UNITARY EVOLUTION MATRIX  
        OF PROBE STRING BITS 
        -> USE SUPERDCONFORMAL QM
       OF SL[2,ZN]  ISOMETRY QUANTUM MAPS 
      (TOWNSEND-STROMINGER-KALOSH 1998)



 EIGENSTATE THERMALIZATION SENARIO
PAGE,DEUTSCH,BERRY,SREDNICKI

IF THE EIGENSTATES OF A CLOSED QM SYSTEM 
ARE RANDOM

(RANDOM PHASES AND GAUSSIAN 
DISTRIBUTED AMPLITUDES)

THEN ANY INITIAL PURE STATE OF A 
SUBSYSTEM THERMALIZES

TO
THE THERMAL DENSITY MATRIX OF THE 

SUBSYSTEM

RELATION TO THE INFORMATION PARADOX

2013 SREDNICKI TALK TO KITP



ARNOLD QUANTUM CAT MAP A={{1,1},{2,1}}

EXACT CONSTRUCTION OF THE SPECTRUM AND EIGENSTATES FOR 
N=p,prime,

LINEAR  SPECTRUM

RANDOM EIGENSTATES ->LINEAR COMBINATIONS OF MULTIPLICATIVE 
CHARACTERS OF

GF[P]

1)RANDOM PHASES
2)GAUSSIAN RANDOM AMPLITUDES

    BUT SCARS(VOROS.,NONEMACHER)F
    FOR  SEQUENCES OF N’s  WITH  SHORT PERIODS

   QUANTUM CHAOS,  STRONG MIXING

•FACTORIZATION FOR  ARNOLD CAT MAPS IMPLIES LOGARITHMIC 
IMPROVEMENT  FROM  N^2->N LOGN

• USING QUANTUM CIRCUITS FOR THE IMPLEMENTATION OF THE 
QUANTUM MAP AND
      COUNTING THE NUMBER OF GATES  NLOGN->(LOGN)^2

•EXACTLY AS FOR THE QUANTUM FOURIER FACTORIZATION ALGORITHM 
OF SHOR.



• N=461,T[461]=23 ,GROUND 
STATE,PHI=0



• GROUND STATE AMPLSQUARE  DF



• GROUND STATE PHASE DF



• SCATTERING EXPERIMENT, N=p=461
• GAUSSIAN WF AT T=0



• TIME=1



• T=3



• T=3



• T=4



• T=6



• T=7
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