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DHYSICS RS PROCESSES.

MONOIDR(L CATECORIES :

OBJECTS == pPuysual SYSTEMS
ARROWS = opuysical PROCESSES

OMPCBITION = SEQUENTIAL (OMPOSITION
TENSOR == PORAUEL COMPOSI(TION



DHYSICS RS PROCESSES.

TPy
RILBERT J CATEGORICAL QUANTUM MECHANICS: QM

SPACES

OffOWS - BOUNDED LINEAR MAPS

'
3 CON[ objed;s: oen.

. | HlLB{ objects: HIBERT SPACES
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POSING THE QUESTION.

w@:;a\*c’ J HOW CAN WE TEW
o OUR PROCESSES ARE
.| QUANTUM ?

/ g WHAT ARE PROPERTIES Of S SUCH TwaT:
ﬂ ¢~ am ?

(AS DRGGER MONOIDRL CHTS. )




ANSWERS ?

® HILB: HEUNEN + KORNEW, PNAS 2022 Vol.ll9 No. 9,
ocXiv: 2109.0741\ 8,
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® (CON:HEUNEN + KORMEW + 45, ar)iv:2211.02688.
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RECAP OF THE D RESUCT.

THE ﬂllw

(A) € 15  DAGGER MONDIDAL

T c . € , d.-on-obj., idempotent,
\d =1dy.

Honoudol ste. wWhose coherene ~norphisms
ore T-iso., S$' =T

() T 15 a SINME SEPARARR
SIMPLE: T was +wo subobjects.

MON. SEPARATOR : it VI PHVI S K:
Qo(k@k\:jo(hQK\, Yhen -@::3

() € was 1 - BiprRoDUCTS

€ wos o 2e cbj 0. Coproducts:
H K - T-monomorphiims

HEUNEN + KORNEW
PNAS 2022 Vol.19 No. 9
ocXiv: 2109.07141\ 8,

(0) € was T - covAusers

Al equalisers exist, and they are
T - wonomorphisms

te) T-MonNoS AR T- KERNELS
F\N.| T-roro § 8 & T-kesel,
i.e. an equaliser:

3
N——K —H

0

(¢) C HAS DIRECTED (UMD
Of {-rowos

'l.\ j.'i - - 0O ?.\-o‘::.id
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HEUNEN + KORNEW

RECAP OF THE QD RESULT. PNAS 2022 Vol.1l9 No. 9

ocXiv: 2109.0741\ 8.

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

C = Hue

(AS DRGGER MONOIORAL CHTS. )



THE STRATEQY. cuwy: B

2 O WE VEED TO RGURE OUT:
Ax\oms AX\OMS HOw ARE
ne | Con | e ap N
(kNOWN) nmﬁo?
THE \DEA: THE PROBIEM:

HILB (H, k) \(o) > CON(H, k )\{o} | foR THE “e—" DrRECTION,

'/\\G\\ 00ESNT exiST 1N CON .
£ — ¥

SO How 00 Wk %o THIS
’?/";rua-——l ¥ mn:nwﬂv«xeam{'g?
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THE STRATEQY. wuwy: B

0O WE \EED TO FIGURE OUT:
2
How ARE -
AX\OMS HILB ﬂug coN
s RELATED ¢
Ax\oms <
H\\8 .
(KNOWN)

THE PROBEM:
/ P — mmg;_
Twe =4 . |
& = ) ‘/F.\\n?\\ DOESNT  exIST |
cousTrRucrion (B ) +—

w
.N
m q ”1 C

10




SCALARS.

:T—>1

They oA
foRN
UNDER ca\v%t T\Oﬂm
: \VE MONOID

SCAARS
e . ANDO MORPH
8t MUTIPLIED: et &

. 2ef
—_—

N |

IQH ———
5 10k

FROM FUNCT
ORAUTY of @ we
-(3041) N

(1-9 N
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g0 (%- f)
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SCRLARS IN HU8 8 COW

We ¢\ND:
<;& HuB (C,c) =2 € awo CON(C,C) = D.
oobars

THE 1DEA: consTRUCTION(—) aoDs
TORMAL INVERSES FOR AlL SCALARS.

/
/
4

THEN : cmmmm(@ﬂ) = HNs.

ROUGHLY : id.-on—obj., ond send formal inverses
fo ACTUAL inwerse in W8
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THE NEw Axioms.

(1) D s a t+-caT
(2) D i1sa t-RIG CAT.

Two t-woroidol structures: Eé{(‘) I IS 1." ﬂﬂﬂ.ﬁ
,L) ond ,0) suckh that %
e lsagt Fog 21 (3) T 15 & ©®-sepatsmcR

ALMOST

/ 3) ?é@);)mm e g (8) D was Aw 1-eounlisers

( O is 'i!\i¥ial,‘:nd?\renrc:~ae‘%em cbi. f‘_ (9) t-monos ARe t-KkerweLs

g B e o (10) SUBDBJECTS ARE DETERMIND
e ey s K ———— HO K By POSITIVE MAPS

§_< (4) inL, inc aRre |OWTLly EPIC S=t os subobj. i#f SeST=t et!
. E::::’f_g::t} > =34 (1) D we AL OWRECTED CourTS

\(S) THERE 1S HixTURE

3s:1—ISI w*w.\
inlfos = 0 - inr'eS ;



TOWARDS
TouaR T™E CONSTRUCTION.

LEM
MA. MORPHISMS FACTOR @S

(1-PXI10MS ) '
H <ty Ey—itdy

(UNIT Axi
omS) 0 (6) e g o
b) we get m iso ,

\_,\.

LEMMA IF 2 # 0, THEN
2eF =329
impues £=9
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THE CONSTRUCTION.

THERE IS Q CAT.

comsucrion(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 :
(v ¢/
/) ~ (Y%)
Veb = 2o}
(aMmIVE By Lenna. )

IOENTITY : [““/ 1]
OMPARITION :
[¢/:)o[5/]) == [toS/aaus)

(WEWL DEFINED BY SHUFFLING
I MoNIC SCALARS. ) )



THE CONSTRUCTION.

THE C(ONSTRUCTION 1S A  LOCASISATION :
WE HVE A FAITHEWL INCUSIOV  PUNCIOR :
D &—— p(D")
( » [¢/1]

PROPOSMION. ¢ F 1S STRONG © - MONOIOA! AND
Ve D\{o): F(2) InverRTI&LE

D &—— (D)

. MoNOI1DPL

NG
<

3' STRONG ®-
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THE CONSTRUCTION

AFTER A OT OF CeTAlS... :

THEOREM
IF DO SATISFIES AXIOMS

(sl;— (1) THew o( D)
ISRiES axioMS (A) - (F), so

Dc—— D(D™)

12
Hile

K,



HENCE © S HUB
TOWARDS THE THEOREM. .. cw ST LEFT TO SHOW:

O = CoN .

+ e

D(D™') was onceer [‘/2]T== [€/21)

[EMMA. SypposE LYot = ztz. id, PROROSTION. THERE \S AN 130. : - wenics
FOR 2 € [D. THEN: D <=LD(p™") Tm/
3t-Movo m: £ = 2em. o ¥

: m Proof.  WE ST NEED TO SHOW THE

g bro——re: t' INCWSION FUNCTOR 1S FULL. SO
THEN efoes-. (Qoid)o(:zou) LeT [t/%'} 8t T-mMoNO.

S0 (10) Gives THIS MEANS : :
POSITIVE MAPS 31.";”'“’ e€=Reu ttot = ZeZeid,
somagicrs WO MENCE : TS Heme b = 2™ ano
o =%O(Mou). J " [E ]
t—onoro. m.-__’[ /1]= /%.'
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TOWARDS THE THEOREM.

becs

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

foR 2€ D, cONSTRUCT NATURAL

PROROSMTION. D= {.2.5_( |2|<1}/ SO WE GET ColT v 2 Ja I>_..|.|

Proof  for fumte R SN oepwe:
R

=1I®--PIL .
\———'\_)
IR| - times
WE GET COUMIT IN pm

las
1-monoS ARE fae SAME IN
HI8 % D.

I :hr\‘: H 2", Vn. SO:

tmI lt el 2 l%,

SINCE ¢t 1S BOUNVDED :
I—H
J{n’, |2|$1.
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HENCE © < HIB,
TOWARDS THE THEOREM. . .- ST LEFT TO SHOW:

O = CoN

[Enna. we wave: 2(H. k) = { be HUB(H.k): llell € l},
proof \er ke R(k k). seTsoc NlEN>L
eV 3 UNIT VecR 22 T —H, lltox] >1.

2 s T-rnono, so z€ O(L,H). BUT THEN;
2
D> ‘KTOI:TO Lox =|ltez|| 71%

(ovclusiov : ©c——_D(P™') =2 HIB aups v CON.



HENCE © € HIIB.
TOWARDS THE THEOREM. .« c- WAT (EFT TO SHOW:

O = CoNn

(EMAR. we WAVE: Q(H,k) > {ke HRB(H,k): lle]] € 1},
prof FIRST: ki H—sh, || )] < 1. By RUSSO-DYE-GARONER:

! T-isomorphisms
t = -'—\-( U, 4+ - 4-!1{}(2/ ins"w "

THE NORMAlISED OwGonal: W:H — H®--- @ H

1s T-Mon0 w HRB, ano: X —p (%, - 2) AR
t
S Gl L g
IN HU8 :
w D —_— F

= Wo Veog§
¢ o

T" moNoS previons
Case
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HBCE © € HIlB.
TOWARDS THE THEOREM. \x ok ywor e s0w:

O = CoN

(EMARA. we HAVE: Q(H,k) = {l:e Hue(H,k): el € 1},

Pm?’-/ wstty: [ € ll=1 Taxe HENCE WE GET IN PARTICULAR:
0<2, <2, <--<1, Supin=1 e S
THEN || 2oL ]| <L, so 2.0t e!?.(n,k), I Cshupelng)
v D: So(i.o'td)
) ( AGRAM)
E X -

ANDSINCE % # 0
E=38e _D-(Hok).




THE THEORENM.

THEOREM. IF D SATISFIES AXIOMS
(1Y =1(11), THEN:

D ~2 (ON .

(AS DRGGER G CATS.)



THE THEORENM.

THEOREM. IF D SATISFIES AXIOMS
(1Y =(11), THEN:

D =2 N

fa—

(0 DRGGER RIG CATS.) «\\}L\\ I

Qe 1 aLion -
NS ¢ olteh
or &



