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Monte Carlo

A solution perhaps...!

Calculating expectation value integrals,
/ DpO|p *S[¢]

/ Depe= 59l

by sampling the x configuration space via markovian chains.

Markovian chains

Driven by a selection probability best defined on the Boltzmann
factor e~“containing the action S : (X — R) — R
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The problem...
A solution...?

A solution perhaps...!

2:,L'I0

Studying Theories with Lorentzian signature require analytical
continuation to Euclidean signature x

Regular Monte Carlo techniques relying on the action S fail.
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Re-weighting

A solution perhaps...!

Using the phase-quenched action Sy (S = Sy — ")

A partial solution comes with re-weighting,
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Stochastic Quantization
[DOL:

The problem...
A solution...?

A solution perhaps...!

0

| PouL. DAMGAARD, HELMUTH HUFFEL

Stochastic evolution of QFT

5, 9(7) = v(g(7)) +n(7),

¢(To):¢otX—>R
Drift v: (X — R) — R

o(@) = —(;Zm

Noise 7 : X — R obeying gaussian distribution

1
<77(7-)77(7J)>noise = 20(1 — 7-,) Onoise (1) = exp < B 772)
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Stochastic behaviour

The problem...
A solution...?

[DOLI:

A solution perhaps...!

| PouL. DAMGAARD, HELMUTH HUFFEL
Properties:

e The solution ¢ is random and depends on noise 7,
e Lven the initial condition can be random as in ¢g = 1,
e ¢ obeys a probability distribution ¢: (X — R) x RT — R
Fokker-Planck equation for solution probability
9 .
5,06 7) = L7(¢)e(¢;7) o(d;70) = 6(¢ — o)
EV equation
0

ar

<O(T)>n0156 = <EO(T)>noise
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Criterion of convergence
[

| KEITARO NAGATA, JUN NISHIMURA and SHINJI SHIMASAKI.

EV leading contributions
<O(7_)>noise N/ e(T_TO)u d
0

Drift norm probability

Stochastic quantization assertion

linolo<0(7')>noise = <O>w

T—
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Complexification
[

| KEITARO NAGATA, JUN NISHIMURA and SHINJI SHIMASAKI.

Drift term becomes complex

¢ is extended to complex for consistency
do(7)

o7 (o(7)) + 1/(7), now ¢ has to be complex
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A solution perhaps...!
Discretized Langevin equation

[ | KEITARO NAGATA, JUN NISHIMURA and SHINJI SHIMASAKI.
Discretized time t with n time-steps fixed or variable

T = NE
Langevin process

Ontl = Pp + EU(¢n) + \ﬁnn ¢o:N— C
Drift v : (C) —» C

U(an) = _(;Z(¢n)

Noise 7 : R with gaussian distribution noise : R — R

<77n77n/>n0ise — 0z
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The Type IIB string theory

Type IIB Green-Schwarz action in the Schild gauge

SSchild = /d20 <\/E9_2 <i{X“7XV}2 - ;Z@ZF”{X“,UJ}))

Matrix IKKT (Eucleidean) model with fixed N

1 1 -
S = Sbozon + Sfermion =\ tr<4[Aua Al/]2 + i(wa([‘ )aB[A,ua ¢BD>
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The IKKT model

Complex action

Phase produced from integrating fermions in partition function

Z = /DA = /DA exp(—5)

responsible for spontaneous symmetry breaking.

Possible manifestations of the IKKT

D= 4,5:R and no SSB

D= 6,5 :C with SSB (1 = determinant)
D =10, S : C with SSB (p = pfaffian)
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Gaussian Expansion Method

[ | T. Aovyama, J. NIsHIMURA AND T. OKUBO.
[ | J. NisHiIMURA, T. OKUBO AND F. SucGINoO.

Dynamical compactification of extra dimensions

Indication of SSB of original SO(10) to SO(4) by distinction of 4
dimensional extends from the other 6.

D=6
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IKKT Langevin dynamics

[ | KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,
YuTta ITO, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.

IKKT Langevin equation

d(fl:)” = 5(1‘1)3'1‘5 + (nu)ij Ay hermitian and traceless
IKKT drift term
)
7Sbozon = NJ[A AI/ AI/ i
ST 4,404,

1) )
——— 6 ermion — —tr M)M_1>
0(AL) ;i f <<5(Au)ji
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IKKT Langevin dynamics
IKKT complexification

The r(\\ul\,s:..

| KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,

Yuta ITO, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.
Complexification of A4,:

e A, no longer hermitian, just traceless!

o Still, the closer it is to hermitian the better.

e SU(N) (internal) matrix gauge symmetry becomes SL(N)
counter-part.

¢ Noise 7, remains hermitian (and traceless!).

e Observables O must be holomorphic extensions of their real
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IKKT Langevin issues

[ | KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,
Yuta ITo, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.
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The theory

The study...
IKKT Langevin dynamics T'he results.
IKKT fermion matrix M
[ ] KoNsTaNTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUI\dA,

Yuta ITo, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.

IKKT fermion matrix eigenvalue scatter-plot

(e,m)=(0.10,0.65) (e,my)=(0.25,0.65)

A‘S’fcrmion — anfcnnionm(&oe(F(j)m’ﬂr/}ﬂ) Z1() — 12 ® 12 = 14
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| KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,
YuTta ITO, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.

SSB order parameter and action term

A= N"1tr(A,A,)

1
ASboson = §N2€ Z mlt)‘,u
n
SO(6) to SO(2) granted
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IKKT order parameters

[ | KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,
YuTta ITO, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.

Order parameter expectation values

Pu(N7 €, Mfermion) = R_1<)‘H> R= Z<)‘V>

Large N limit

liInN%oo PM(N7 £, mfermion) = pu(& mfermion)
SSB limit

hmsﬁo Pu (5a mfermion) = pu(mfermion)
Original model limit

hmmfermion_>0 pu(mfennion) = pM
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[IKKT drift norm w

[ | KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,
Yuta ITo, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.

IKKT drift histogram
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IKKT order parameters N — oo

[ | KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,
Yuta ITo, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.

Eliminating finite-size effects at the large-N limit N — oo

(e,my)=(0.25,0.65)

(Ay+<hp>)/2 o
g e

0.04 0.05 0.06 0.07

<)‘u> (N g, Tnfermion) ~ <)\u> (57 mffermi()n) + (YNil
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IKKT order parameters ¢ — 0

[ | KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,
Yuta ITo, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.

Quadratic extrapolation to SSB at ¢ — 0

(py +pp)/2 —8—
Pg e

Py v
p5 —o—

pu<€7 /rnfermi()n) ~ p,u(nlfermion) + ae + /))52

StrATOS KovaLKOV PAPADOUDIS


https://arxiv.org/abs/1712.07562

The theory
T'he stud,
IKKT Langevin dynamics The results...
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[ | KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,
Yuta ITo, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.

Quadratic extrapolation to SSB at ¢ — 0

(p1+p2)/2 ’ Py +p2)2 —8—
P3 P3

Py -

pu<€7 /rnfermi()n) ~ p,u(nlfermion) + ae + /))52
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IKKT order parameters mgermion — 0

[ | KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,
Yuta ITo, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.

Quadratic extrapolation to original model at Mmfermion — 0

(py +p2)l2 ’ (p1+p2+ pg)f3 —a—
(Pg + P5 + pg)/3 —e—

01 02 03 04 05 06 07 08 09
m,2

. 2 4
pu(nlfornuon) ~ Pu + QMo mion + 87“fermion
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Summary

[ | KONSTANTINOS N. ANAGNOSTOPOULOS, TAKEHIRO AZUMA,
Yuta ITO, JUN NISHIMURA and STRATOS KOVALKOV PAPADOUDIS.

Conclusions:

e Spontaneous Symmetry Breaking of the rotational
symmetry of the D = 6 IKKT model was observed,

o At N — o0, € — 0, a8 Mfermion decreases, symmetry starts
to breakdown to SO(3) as expected by the GEM result.
(01114 (0] &

e Study of the D = 10 IKKT model (true reduced Type IIB
superstring model)

e Looking for SO(10) — SO(4) for meaningful interpretation
of dynamical compactification to 4-dimensional space-time

[m] = =
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The results

~ THE END ~
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