ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/267077908

Microcosm to Macrocosm Via the Notion of a Sheaf (Observers in Terms of t-
Topos)

Article - June 2008

DOI: 10.1142/9789812779953_0008

CITATIONS READS
0 40
1 author:

& Goro Kato
3
@ California Polytechnic State University, San Luis Obispo

33 PUBLICATIONS 139 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

roject 1. Temporal topos approach to quantum gravity formulation. View project

et Descent theoretic methods for emergence and organization View project

All content following this page was uploaded by Goro Kato on 21 September 2016.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/267077908_Microcosm_to_Macrocosm_Via_the_Notion_of_a_Sheaf_Observers_in_Terms_of_t-Topos?enrichId=rgreq-160b603d67fd10c62a8d0d19c984ebe7-XXX&enrichSource=Y292ZXJQYWdlOzI2NzA3NzkwODtBUzo0MDg3OTExNTg5MzU1NTVAMTQ3NDQ3NDgxNjIwOA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/267077908_Microcosm_to_Macrocosm_Via_the_Notion_of_a_Sheaf_Observers_in_Terms_of_t-Topos?enrichId=rgreq-160b603d67fd10c62a8d0d19c984ebe7-XXX&enrichSource=Y292ZXJQYWdlOzI2NzA3NzkwODtBUzo0MDg3OTExNTg5MzU1NTVAMTQ3NDQ3NDgxNjIwOA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/1-Temporal-topos-approach-to-quantum-gravity-formulation?enrichId=rgreq-160b603d67fd10c62a8d0d19c984ebe7-XXX&enrichSource=Y292ZXJQYWdlOzI2NzA3NzkwODtBUzo0MDg3OTExNTg5MzU1NTVAMTQ3NDQ3NDgxNjIwOA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Descent-theoretic-methods-for-emergence-and-organization?enrichId=rgreq-160b603d67fd10c62a8d0d19c984ebe7-XXX&enrichSource=Y292ZXJQYWdlOzI2NzA3NzkwODtBUzo0MDg3OTExNTg5MzU1NTVAMTQ3NDQ3NDgxNjIwOA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-160b603d67fd10c62a8d0d19c984ebe7-XXX&enrichSource=Y292ZXJQYWdlOzI2NzA3NzkwODtBUzo0MDg3OTExNTg5MzU1NTVAMTQ3NDQ3NDgxNjIwOA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Goro-Kato-2?enrichId=rgreq-160b603d67fd10c62a8d0d19c984ebe7-XXX&enrichSource=Y292ZXJQYWdlOzI2NzA3NzkwODtBUzo0MDg3OTExNTg5MzU1NTVAMTQ3NDQ3NDgxNjIwOA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Goro-Kato-2?enrichId=rgreq-160b603d67fd10c62a8d0d19c984ebe7-XXX&enrichSource=Y292ZXJQYWdlOzI2NzA3NzkwODtBUzo0MDg3OTExNTg5MzU1NTVAMTQ3NDQ3NDgxNjIwOA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/California-Polytechnic-State-University-San-Luis-Obispo?enrichId=rgreq-160b603d67fd10c62a8d0d19c984ebe7-XXX&enrichSource=Y292ZXJQYWdlOzI2NzA3NzkwODtBUzo0MDg3OTExNTg5MzU1NTVAMTQ3NDQ3NDgxNjIwOA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Goro-Kato-2?enrichId=rgreq-160b603d67fd10c62a8d0d19c984ebe7-XXX&enrichSource=Y292ZXJQYWdlOzI2NzA3NzkwODtBUzo0MDg3OTExNTg5MzU1NTVAMTQ3NDQ3NDgxNjIwOA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Goro-Kato-2?enrichId=rgreq-160b603d67fd10c62a8d0d19c984ebe7-XXX&enrichSource=Y292ZXJQYWdlOzI2NzA3NzkwODtBUzo0MDg3OTExNTg5MzU1NTVAMTQ3NDQ3NDgxNjIwOA%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Microcosm to Macrocosm via the Notion of a Sheaf
(Observers in Terms of t-topos)

Cioro Watu

AMuathemuties Departiment, Californ Polglechne St {hanersily
Sun Luix Obispo, CA 93407, 1,54,
ahatotiealpolyedn

Pl nedamental approaeh toward mntter, space and thne s that pavtiel
(it e objects of wnerocosm or picrocosnn), spice ad time are all preshea
fedd, Noelys the coneept of nopreshent is st fundinmental for matter. spaee
aned tuoes An observation of o particle ds o represented by oomorphisin fron

the observed prrticle (s nssociated presheal) to the observer (its associated

presheal | over o specified object (e il a generadized the period) of o t=site
G, entegory with o Grothendieck topology ). This formulation provides o
senle inedeprenddent s bawkgronnd spacestime free theory (sinee, for the t-1opos
theoretie formmlation. space and time are diseretely defined by the assor il
particle, whose particle-dependency i o consequence ol guantutn entangle-
went ) 1 i onr asie selieme Pt the et hodd of 1=topos g provide o deviee
for understanding and conerete formulntion of macro-object and mie ro-objoct

interconmection as morphisins i the sense of 1=topaos,

1. Introduction

The coneept of o sheal appeared in 1910 Dy Leray in algehraic topology
aned by K. Okain the theory of mnalytic fincetions in several complex vari-
ables. T 1960, theory of sheaves (coliomology of sheaves) made tremen-
dons development in algebraie geometry. especially by Grothendieck and
i algebrenic auadvsis by M. Sato and M Sashiwarn, The notion of o shenl
hins heen used 1o obtain global information from loeal data, The definition
of wshenf is o contravariant funetor fron o category with a Grothendieek
topology, ealled a site, to a eategory satisfying the sheal axiom as indicated
in (1), [2] [3]. The notion of a topos. e o eategory of (pre-) shenves over
a entegory with o Grothendicek topology his been nsed to stady quantim
gravity by Isham as in [ Mallios Rapitis as in 5], Guts Grinkeviselr as in




6], Katoras in [7] and [8] and others, One of the challenges for sneh a theory
i to explain the physieal reality by building o wicro-maero theory, which
is seale independent, (e.p. assigning real munmbers or complex munbers for
micasuring quantities). and backgronnd spacetime free, In quantinn gravity,
sieh o theory needs to beoa bhackgronnd spacetimeless theory, Inonr theory
ol t=topos, we have abtained certain levels of snecess as shown in [7]. [8].
OF 105 [ For o general survey on the fonndations of phyvsies hased on
hidden variable theorvies, see [12], where the reports on various theories and
idens with diveet experimental applications are thoronghly given,

2. The Very Small to not so Small and the Large

We often divide the physieal world into the microcost where quantim
phiyvsies is applicd aud the mnerocosin where elassical (or/and relativistic)
meclimies is applicd. One of the fundamental approaches to obtain a nnificd
theory is to build the global (maero) object information from studying local
(miero) objects: The madegraey of the traditional |'lmlim!ulll—laztsml models
(g elassionl differentinl geometry based on either real mununbers or complex
nutnbers) as inal physical theories s heen pointed ont by varions anthors,
Our approach is to apply the concept of o (pre)sheaf as a eandidate for sueh
i nnilving theory, Heneeo the fundinnentad veality is deseribed by a diserete
coneept. Via the notions of eategories and sheaves, we need to deseribe the
concepts ol wave-particle duality, measarement sod gquantum entanglement
i microcosm and the coneepts of a light-cone suul the gravitational effect
ot spacetime inomacrocosie (See the above references,) Here is onr initial
step towaed snch oo anilication theory of the very siall, not so small and
the large, Some of the resalts lave been obtained toward this goal in 7).
[, [9]. [10].

B3y definition. a category consists ol ohjects and morphisms satisfyving
coertadn axioms as o the above references. Let ns vecall that o presheal
i i contravariant funetor from a site S (a0 category with a Grothendicck
topologys See [1L[2)0or [3L) toacategory. The basic notion is the triple of
presheaves (v ) associated with a particle, space and time. respeetively.
Note that presheaves (g0 .7 ) are depending npon the pacticle me Nauely,
the space and time depend npon locally me Reeall that this dependeney is
i consequence of gt entanglement. (See (7] and (8] Tor the assertion.)
Let e beoac presheal over o site S, e m €OW(S). e mois an ohjeet of
the category Sol presheaves over 8. (For definitions of presheaves, sites and
toposes and the notations. see [1]. 2], or [3].) Note also that in [T] and [8],

the tern o “t=site” s nsed when it is referved to in the theory of t-topos.

An object of t=site S is said to e a penernlized time (period). There are
two types of ne-wave states in the theory of 1=topos « first, when the particle
presheal mis not observed, and secondly. when there are more than one
chioice in objects in the t-site S (as inthe case of well-known double-slit
experiment Lo then i is said to be the nr-wave state, Next, we will consider
the case when s in the we-partiele state. (For the double-slit application
of t=topos and the duality. see the earlier mentioned papers (9] and [12])
That is. when m is observed by P G()h{“'a']. by definition, there exists a
generalized time period Voin tsite S so that there exists o morphisim s(V)
from m (V) 1o P(V). (see [7]). However, note that a particle can be in the
pr-particle state s long ns an object in the t-site is specifiod, regardless
whether the particle is observed or not, The notions of microlocalizations
of i and Vi t=topos theory are decompositions of i and Voas deseribed
i (8], That is. write moas a direct produet of finitely many sub-presheaves
e wamely, we= [P cand for Vit is to consider o covering {V, } of V.
that is. { Ve V5 (see [8]). When mis observed by T over V. one abtains
no informntion of . However, when o microcosm-object g is observed
by 12 over o genernlized time period V. there exists nomorphisi s(ij) from
(V) 10 POV ) Note that i may not e defined over V. Namely. obtaining
an infortmtion loeadly during the generalized time period does not imply
that the wnero-objeet e ean be observed by I oover Uyl In gencral. one
camnot compose the morphisims s(ij) with the canonical projection 7(17):
m(V,) = (V) to obtain the morphism from m(l;) to P(15). This is
one of the toots of the loenl-global phenomenn: why stadying an individual
particle m; does not provide the global information of m = [Tm;.

When s observed by P oover generalizod time periods Vofirst and
later U in S. Then there exists o morphism p from V to U in 8. (See
[7]) Then there exist morphisis: from m\V) n’: PV aned (L) 1o PUT).
respeetively For eacli factorization L0 L7 of the morphism V-
U in the t-site S, there corresponds o ar-particle state m(W) of m. For all
the possible factorizations of the morphisue of po the presheal m indnees

. y " RO omip™y
funtorially the corvesponding factorizations m(V) e m(W7) ~— mil)

of (V) S () Phose possible “pathis”™ vin {in(W)} between (V) and
m(U) vepresent the Feymmmmn paths i the classical sense (See Seetion 3.1 in
[0]). Notice also that the diveetions ol arrows are reversed when evidwatod
at the presheal ne This is becanse the presheal e is o contravariant functor
by definition. One enn generalize the nbove by fornmlating its relativistic
version by the notion given in [N].




3. Conclusion

The language of category theory. sheaf theory. oo a topos theory can give
(alitative analysis in physics. especially in quantun gravity as in [, [5).
[8]. T order to obtain quantitative results, the notion of scaling needs to
be introduced. Traditionally. the ficlds of real mumbers and complex -
hers have been nsed for scaling. Some have attempted to nse the ring of
p-adic integers instead of real or cotplex wnnbers. Henees the categorieal
approach alone is not sufficient for applications to physies. However. one
should have at least one theory formmlating bhoth mierocosm and maero-
costin e o theory on guantum gravity, with one mathematieal model. Onr
choice is n eategory of presheaves from a (=) site tooa product category,
which is seale independent and bhackgronnd spacetime free.
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