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consider non-commuting coordinates

BaCkgr ound: o [zt "] =i = implies uncertainty relation:

ATt AT > 11| ~ ()2,

e H. Snyder (1946/47): “minimal length” to smear out point- where A, ~ 10~%3cm is the Planck length

like interactions as UV regularization in QFT

cp. Heisenberg uncertainty:
early 1990s: J. Madore, A. Connes, T. Filk and others

(fuzzy sphere, extensive study of non-commutative geometry, [z, p] =i < AxAp > %h
e incompatibility between GR and QFT: new IR divergences — UV/IR mixing)

IVIOTIVATION

definition of the Groenewold-Moyal x-product:

1 _ N. Seiberg & E. Witten (1999): connection to string theory
B = 3R = (L) ffective 1 j D-b ith B-field 560,07
(effective low-energy actlon‘o.n -branes with strong B-fie f(z)*g(x) =e2” %% f(x)g(y) - # g(x) * f(x)
|.h.s is the classical Einstein tensor, whereas r.h.s. is the expec- background, non-commutativity parameter related to B-field -
tation value of a quantum mechanical operator: the energy- as § ~ B™1) = can use regular coordinates x instead of operators , since:

momentum tensor T .
- [zt x V] = 0"

natural limit in experimental length resolution:
better length resolution requires higher energy, energy re- QFT: interaction vertices gain phases, whereas propagators
quired for resolution of the Planck length has a Schwarzschild remain unchanged

a O

radius of the Planck ]ength Newton's @ « At high energies, a unification of all . » : .
gravitation forces is expected, leading to a some Feynman integrals (“non-planar diagrams”) have phases, e.g.
TOE

Gen.er.al * The natural framework for the eikﬁ 1
@ relativity unified theory should be a QFT d*k x — with p" = 6"p,
(GR) gravity including a quantized version of GR k2 +ie  p?

. . . and therefore its underlying
— hint towards quantized space-time manifold, which is space-time

* Apossible way is the quantization phases act as Uv'regU1atorS>

Classical ) @ Quantum- of s : :

. _ pace-time by extension of non- . o
mechanics mechanics commutativity from phase-space to = 0rigin of the UV/]R mixing problem
ordinary space:

@) @) [)ei:ﬁj]:ihéij — [ s
o

Special relativity/
electrodynamics

A possible way of quantizing space-time is the introduction of non-

commutative space-time coordinates e
nalve’ models such as

X0= (X)), p=1,....2n,i=1,...,D — 2n, |
so that /(X)) ~ ¢'(z) define embedding M?* — R / d'z [5 (0" % 0up + m*p §) +

gW(a?) = [E ,,a:bnab (in semi-classical limit) |

*4
E¢ )

/ —1 S | - | |
G'" = e 79Me"° —0 et O LOVARIANT COORDINATES

. N en with F, = 8,4, — 8,A, —ig[A, * A)]

star gauge transformation of a scalar field: ¢(x) — u(x) * d(z) x u(z)’ lead to (gauge independent) IR singular self-energy graphs
Slg] = =Tr [ X*, ¢] [ X, @] 1ac In contrast to the commutative case, x* x ¢(x) does not transform 1 e
pp

iantly. [T — ) ith pt = g™
~ [ d*zy/det 671 {27, i covartail ¢4,IR(p) X = YM,IR(p) X T—ong With p Pv
/ e 1, @Jrat@, Pesthuc —— > define "covariant” coordinates: 12 (p°)

4. | g 9 a o c = Graphs with these insertions are IR divergent!
= /d z4/det 0, 0"0,x%0,¢ 0" 0,2 0y P Nac : gl

1%
_ / d'z\/det Gy G0, 30,0

e the Grosse-Wulkenhaar model (2003), where the ¢* theory was
supplemented by a (translation-invariance breaking) oscillator
term (= T%¢?),

1 L L
NC Yang-Mills action: /d%FW * FY— —— /d4x [Xu % X,/] * [X“ % X”]
9

e and a translation-invariant model by Gurau, Magnen, Ri-
2
vasseau and Tanasa (2008), where a gb(—p)%(b(p) term was

Yang-Mills matrix model: Sy = —Tr[X*, X )[X¢, X 0actpa added.

Dimensions of the Universe:

accessible by LHC

radius of the visible universe
~10-2m (or 10TeV)

~ 10'°LY (or 10%1,)

"Terra incognita" Physically accessible

Planck length 1,~ 10-3°m radius of an atom earth's diameter
~101%m ~10’m

T he IKK T mOdel: | THE FERMIC

FERMIONIC ACTION

Example of curvature terms appearing semiclassically in the model:

Sy = TrU PU = Triy, [ X U]
1
e T = /d\I’d\IJTe_S‘I’ = (const.) exp (§Tr log(lf))

DU =y X (X0, 0] = (g + V)

d* ~
/(271_'2);2\/,5‘/\(33)2(}% -+ (A%Ce_aeﬂpenaRlupn& . 4R) 4 C/@uo_aluo_)

e Consider fermions coupled to NC background

e Matrices X% perturbations around Moyal quantum plane

. _ _ =>> introduce NC scale Ay = €77
[KKT matrix model is supersymmetric and expected to be renormal-

izable — cf. Nucl. Phys. B498 (1997) 467. | |
Majorana-Weyl spinor ¥ = CU!, s invariant under SUSY: _ B 5 g . % 7/ X", X" = 0" = iAge
S = %[X“, X" Va, wle, 01X = iey W e \ 7B ) |

52\1125 52Xa:O XM:(XM—'_AM)gbZ):

Further symmetries:

XU XU, V-UWU, UecU(H), gaugeinv.
X5 Agext, v, — ﬁ(g)g\lfg, g € SO(D), rotations, ' SMAILT PARAMI 'S OF EXPANSION
X" — X4 "1, c" €R, translations | '/

- In contrast to previous work, we consider a ”semi-classical”
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