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DHYSICS RS PROCESSES.

CATEGORIES CONSIST OF -
J OBECIS : H, K...

ARROWS : f: H —2K
WITH 10enTimes ;@ idy,
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DHYSICS RS PROCESSES.
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DHYSICS RS PROCESSES.
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POSING THE QUESTION.

«\\\%\:}t\*c’ J HOW CAN WE TEUW
o OUR PROCESSES ARE
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i ¢~ am ?

(AS DRGGER MONOIDRL CHTS. )




ANSWERS ?

® HILB: HEUNEN + KORNEW, PNAS 2022 Vol.ll9 No. 9,
ocXiv: 2109.0141\ 8,

A~ THIS TALK

® CQ_“."HEONEN + KORMNEW + » 0t)iv:2211.02688,

® ONGOING: HUB FHIB , UNITARY | ...
o(narwme!!) b o o §

HEUNEN +DiMEGLIO




RECAP OF THE a1D RESWLT.

THE ﬂ!lﬂ

(A) € 18 DAGGER MONDIDAL

T C —3 C , id.-on-0bj., idempotent,
\d =dy.
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oxe '\'-iso., X121

(8) T 15 a SINAE SEPARARR

SIMPLE: T hos +wo subobjects.
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RECAP OF THE a1D RESWLT.

THE _AXIOMS :

(A) € 15  DpacGER MONDIDAL
adjoints B tensors

() T 15 a SINME SEPARARR

Bose fidd € hos no nontrvial Subspaces
Pure tensors dekerming Morphisms :

f(poy)=g(doy) = +=3.
() € was T - eiprooveTs
Dired sums of Hilbedt Spacs
T-monos = 'lsome.{-.r'\QS/C.\OSQd Subpspaas
H — HOKe— K.
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HEUNEN + KORNEW

m “ Tllf aD RESN.T PNAS 2022 Vol.Il9 No. 9

ocXiv: 2109.0741\ 8.

THEOREM. I € SATISFIES AXIOMS
(d) = (F), THEN:

C =~ Hue

(AS DRGGER HoNOUDAL CHTS. )



RECAP OF THE QD RESWLT.

THE foEd:  CONSTRUCT
C —— HWE

WHY? IF H 1S @ HWUWBERT SPACE :
C —=H s QST A VECTOR YeH

W:
HZ Hus(cC,H)
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ocXiv: 2109.0741\ 8.
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THE STRATEGY. Gl ©

! SO WE WEED TO RIGURE OUT:
Ax10MS AXIOMS HOw ARE
ue (< con | e ap N
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SCALARS.

INAQ MONCAT, € THERE ARE
SCALARS::

2:[—

THEN (ORM Q@ OMAUTRTIVE MONOID
UNDER COMPOSITION

SCMARS 2 aND MORPHISMS §
CAN St MUMPLIED:

2ef
L —
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FROM FUNCTORAUTY oF @ we ceT:
%-(soF)

(%-9) ot “SHUFFLING”
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SCRLARS IN HU8 8 COW

WE ¢t\ND:
@a HUB(C,C) =2 € avo CON(C,C) == D.
o ers
o THE 1D€A : consTRUCTION(—) Aoos
ONI'T | DiIse p m 'wem mul mRS.

ROUGHLY : id.-on—-obj., and send formol inverses
to ACTUAL \werse in WW8




THE NEw Axioms.

ALMOST
BIPRODUCTS

(1) D s a +-c¢AT
(2) D i1sa t-RIG CAT.

Twe t-woroidol steuctures :
(®. ]’_\| ond (@, O) such that
(so9) = ttegt, (FoyY- flo9’
ond @ distributes over P,

[(3) (.0) 1s arrine

D is imtial, and hence a e cbj.
This gives natural :

inlyy : H————r HBK

A

R | — H® K

(4) inl, ine aRE JOINTLY EPIC
(:o il =ge inl 3
€oinr _—_-goit\f} > § J

\(5) THERE 1S HMixTURE

3s: I —IBT with
inlfos = 0 7= inrTes

(6) T 15 T-simpe
(2) I 1S & @-SEPARRTCR
(8) D was au t-eovalisens

o L(9) t-monos are t-KkeRneLs

(10) SUBORJECTS ARE DETERMINED
8y POSITIVE MAPS
S=t os subobj. i$f SoS'=tet!

(1) D we AL OWecTED ColruTs

AXIOMS

T

UNIT
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TOWARDS T™HE C(ONSTRUCTION.

SOME (EMMAS :

(T-AX1OMS )

= LEMMA, MORPHISMS FACTOR RS
H epi 'E} T-ml k

(ONIT AXIOMS)

LL\:LENH_G. IF 2 # 0, THEN
Zef =29
impues £=9

IN Hu8:
H ¥ K
| |
H-‘—""‘(?)‘——"K

SCALAR Mumipucatior 8y 2 € C,
20 1S CANEUATIVE



THE CONSTRUCTION.

THERE IS Q CAT.

comsrucrion(2 ) = B(D™'")
WITH:

OBJECTS: SAME AS D
ARROWS :  OF THE fORM

H /2] K

WHERE L € D(H,k)
:c D\{o}

UNOER EQUIVALEMCE REATION :
(¢ ¢/,
/) ~ (%)
Veb = el
(RaMTIVE By LEnna. )

IOENTITY : [i““/ 1]
OMPORITION :

[¢/:]e[5/u]) = [tos/ial]

(weu DEFINED BY SHUFELING
N Monic SCALARS. )



THE CONSTRUCTION.

THE (ONSTRUTTION 1S A  LOCASISATION :
WE HIVE A FAITHEWL INCUSIOU  PUNCIDR :
D e—— p(D")
{ » [6/1]

PRODOSMION. 'f F 1S STRONG © - MONOIOAL AND
Ve D\{o): F(2) inveRTIBE

D ——— p(D")
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THE CONSTRUCTION

A
FTER A OT OF CETANS

THEOREM
R ———

. I D
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S AxXI0
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() = (n)
e THew o( D
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, 0
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TOWARDS THE THEOREM.

D(D™') was oncaer [‘/QJT‘-‘-'- [‘*/ztl

[EMMA. SypposE LYot = %t%- d,
FOR 2 € [D. THEN:

31-MoNOo m: k= 2em.
pmf t:c—-e—bo o

Yoy @
THEN ehe = (%-id)fo (2 o 4)

posimue wps A 1-iso. u: e=gou
TETERMINE AND HENCE :

SUBCBJECTS
b =t {meu)

HENCE © < HIB.
WE ORE JUST LEFT TO SHOW:
O = CoN

U]
-
=

PROFOSTION. THERE 1S AN 15O. :
p. = ,p(p™),

1= eeonics

Proof. WE JUST NEED TO SHOW THE
INCWSION FUNCTOR 1S FULL. SO
er /2] & t-rono.
THI ngaws:

h1°t= Teoteo id.

TN HeME k= 2. ano

S0 (10) Gives

1T —orono.

m — ["/1] =[¢/3].



HENCE © S HUB.
WE ARE JUST LEFT TO SHOW:

TOWARDS THE THEOREM.
odcua‘ _D_=c°~.

propsmaw. D = {geo: |z|<1}) SO WE GET ColiT v 2 JR:I')——-»H,

forR 2€ D, cONSTRUCT NATURAL

Proof  foR FunTE RS N oepwe:
R Q
R tir L —1;
=10 - @I
— biny: T——1
IR| - Fimes Q

WE GET COUMIT IN HuB:

-.. I I 31“" H ‘%ﬂ vn. SO:

R S Dty
k.. I EAEIN
K. ,) o It SINCE ¢ 15 BOUNDED :
1—H

1-w ARE THE SAME IV Jiny | 2I S 1
RIS & D.




HENCE © © HUB,
TOWARDS THE THEOREM. .. .- ST LEET TO SHOW:

O = CoN

Enn. we wave: 2(H. k) = { be HUB(H,k): llell € 1},
proof \er ke R(k k). sfTsoc NIEN>L
eV 3 UNIT VecR 20 I —H, lltox] >1.

2 18 T-rnono, so ze O(L,H). BUT THEN;
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HENCE © S HUB.
WE ARE JUST LEFT TO SHOW:
O = CoN

TOWARDS THE THEOREM.

e, we wave: 2(H, k) 2 | e HB(H.K): el < 1}
,Dray( FIRST: : H—H, It ]] < 1. By RUSSO-DYE-GARDNER :

N | T-isomorphisms
t-—'a'(u."'o.."'u{l}/ in{._.\_',L_g

THE NORMALISED DnGonAl: W:H ——H @ - @H

1s T-Mon0 w HRB, ano: K — (%, - X) [
t
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w D —— +

= Wo VoS
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case



TOWARDS THE THEOREM.

HENCE © © HIB.

WE ARE JUST LEFT TO SHOW:
O = CoN

(EMAR. we HAVE: Q(H,k) = {l:e Hu(H,k): el € 1},
,Dra?l wstty: [E (=1 Take

O< 2. < 11 <“'<1I

HENCE WE GET IN PARTICUIAR:
supin= 1,

T $
THen || ?..w!».ll(l, So 2,0k eg(u,k). | (shupelivg)
N D: SO(%|0.|6)
2y 22
% - J’- T A P /?.z /-23 H )
EE:

] DIAGRAM)

L e ¢t
AND SINCE 2, # O

t = Se -D-(HOK).




THE THEOREM.

THEOREM. IF D SATISFIES AXIOMS
(1Y = (1), THEN:

D ~2 (ON .

(AS ORGGER G CATS.)
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(1Y =(11), THEN:
D =2 N .
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