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Non-commuting Coordinates

Molivation

~Uncover the fabric of space-time
UV completion of the standard model
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Simplest and lraclable example is the Groenewold-Moyal plane R with

@k, 2] = $0m

A radical step — the algebra of funclions (fields) on & is modified
— the product is deformed to a star (Moyal) product:
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(@1 % @2)(x) = €2

Interesting mathematics. Appears in open string theory in the presence of
a constant B-field B=0 {Seiberg-Willen, '99) But is it physically sensible?



Non-commutative Field Theory
Is it physically sensible?

Non-commudalive Lagrangians involve non-local inferactions with
star products
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= [d*z[5(8.8)% + 3m%¢° + FASx ¢ x % @]

Free Feynman propagalors are not affecled, but the perturbalive
interaclion vertices are modified by the faclors
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They affect UV and IR behavior of Feyninan diagrams
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Non-commutative Field Theory
Is it physically sensible?
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from Rivasseal, 07
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UV-IR mixing: A — =, p — 0 limils’ order mallers

Renormalizable @4, withoul UV/IR mixing, can be
constructed by modifying quadralic lerms (Grosse, Wulkenhaar '04)

In general no significant improvement in UV — Feynman diagrams
stiff have the same degree of divergences as commudative QFT

Moyal Plane non commuialivily Bn i too-usefid;. .



from Panrosae, 2005 Oxford LMS Workshop Twistor Theory (Penrose '67)
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A geodesics (light rays, world lines) in M
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Twistor Theory

Twistors AT (E:JA , TA’) a=1,2,3,4
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from Penrose, 2005 Oxford LMS Waorkshop Twistor Quantization

Lyvs Bpl = 1up Py — mup By
AT L TN canonical guantization
P Nea P l of Poincare algebra
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w?, 75 = Ké4 [wa, @B = KoL,
n.b. units: w = :!:\/j_'.l, T = ﬁ
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Fuggy spoce~time needsy no- guaniivm
grovily ? What ave the congequencey
of ych non-commntativity ?




Quantum Field Theory in Twistor Space
Who can resist the power of holomorphy?
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s, holomorphic fields [(Z?) = flw,T) are justified
Penrose transform: [ (Z%) — ¢(x), [l =0

Beautiful but __.
= Mo connection with second quantization (Lagrangian formalism)
= Fuzzy space-time not visible: it’s hidden by holomoiphy



Direct map to M*

Need 2 lwistors:

Z:: o (wf 2 ﬂ-ﬂA’)
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Penroge Transform

a.= 1.2

c.f. ambitwistors, two-twistors...
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QUANTIZATION OF
TWISTOR COORDIMNATES

FIELDS WITH

FIX 7 —

oy
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[Zc?: Zbﬁ} T ﬁ(ig 5:1!:
w,w| =0
TWISTOR COORDINATES @ — qf:(w(:[:),ta(:c))
laa’ = W aTra + ToaToal 12 = ﬂz > ()

LOREMTZ SYMMETREY BROKEN BY TIME-LIKE E
/‘q SO(1,3) — SO(3)
Mﬂl
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Non-commuting Twistor Coordinates

wi (1), 0f (w2)] = h(@f A — 24 )b

LOCALLY COMMUTING BUT

NON-LOCALLY NON-COMMUTING
UNCERTAINTY GROWS WITH SEPARATION (LIKE IN A FOG.. )

BROKEN LORENTZ SYMMETRY [ = (u,0)

S0(1,3) — SO(3) o 17
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—+ A o~ = _AI
H(w, @) = [—LF ( pew&wjjh_l_a;gewj;w&fh)
vV (27)32|P]
SECOND QUANTIZATION:
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FEYMNMAN PROPAGATOR:

1D(z' —z) = (0T(¢(w', w')$(w,w))|0)

1 MOMN-COMMUTATIVE (BEBAKER-HALUSDORFF)
1
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iD(x' — x) = f(%)gzm |[ e~ (mf—fﬂ](P+2E)2f(4F2ﬁ]9(t' —t)
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ABOVE ﬂ MNON-COMMUTATIVITY SCALE STAMDARD PROPAGATOR
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Coordinates are locally commuting — local interactions unchanged

UV behavior of Feynman diagrams delermined by propagalors

k
dk Linear (instead of quadralic)
; | | F LV divergence

No VAR mixing

gauge theories in _®&OE QLT HEX - perturbalively finite ?
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Conclusions

Non-local (foggy) non-commutativity in twistor
space

Determined by 2 constants: A, u

Lorentz symmetry broken: preferred time
direction, fundamental time unit = = &/(uc?)
and rotational invariance in the Ather frame

Assuming /AEther=CMB — u>107TeV

Foggy spacetime tames UV divergences of QFT,
no UV/IR mixing

Many open questions: interacting QFT
formalism, divergences, gravity,...

@ Rasaarch supnoted Dy the Natiohal Science Foundation graht PR Y-0E0030,
Cplnions expiessed e those of the author and co not hecessarile refiect the wiews of NSF.

17



