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ABSTRACT

In [1] (1.e., the year 2024 “Proton Therapy —
Scientific Questions and Future Direction™ edited
by T. J. FitzGerald), the Multi-Level Model (=
MLM) was outlined as a conceptual framework
proposed by Levichev. In particular, we presented
there, In our perspective chapter ([2]), the proton’s
theoretical description in an endeavor of its future
application in proton therapy for cancer patients.
This exploration potentially opens a novel era of
the intricate interplay between wave functions
(mathematically, they form an infinite-dimensional
space F,, see [3]) and proton beams produced by
different vaults. An overview of this chapter, as
well as of certain recent findings of F,—elements, is
part of the talk. Besides, due to the mere scope of
the MLM-approach, it IS now expected to be
applied in a broader context (rather than within
proton therapy, alone). The MLM becomes, so to
say, part of the holistic medicine approach.


mailto:white.mark@outlook.com

An Overview of [2], ""The proton’s theoretical description
based on Wigner-Segal approach to elementary particles"

...The potential applications of MLM iIn proton
therapy are predicated on the concept of proton
wave functions. The chapter outlines the inherent
properties of functions f belonging to F,. We
capture distinct instances (‘'snap shot photos™) of
these functions at the temporal instant t = 0.

This is figure
B4 the ND case: a typlcal 3d-section of the 4d-
graph with all three space variables involved.

T ib

This 1s B3, the WD-case.
It is a 'toy' example, since only two space variables
were involved. One can go (see below) beyond



these two cases (ND—- & WD-). As ongoing proton
therapy clinical trials amass substantial statistical
data, our research might be put to the test through
experimental validation. Intriguingly, a different
perspective could also shed light on the perplexing
"reality of the wave function™ enigma. Notably, a
substantial contingent of experts — though perhaps
not the dominant majority — align with our
standpoint: that the wave function must indeed
possess an objective and physical reality. This
perspective opens the door to exploring
correlations between our findings and distinct
designs of proton vaults (see [4]). Now, to get
closer to the point of presenting our new findings,
let us deal with the most simple 'toy-case'. Namely,
let f(x), g(x), etc., be functions of one real
variable, x.

Wave Functions (an Intro 'in pictures' to)

To get closer to understanding F,, use f and g when
we think of the two functions as of vectors (and
Interpret them as states). Let us deal with stages 1)
through 5). Namely, 3) illustrates the notion of the
sum f + g.



1) f(x)=1/(1 + x°)
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One can think of the sum f + g as the result of
(point-wise) addition of vectors on an ordinary
two-dimensional (x,y)-plane R?:

3) h(x) =1(x) + 9(x)

1.50 -

f(x), g(x), h(x)

X

4) F, is an arena for different transformations.
If a scaling in R moves each (x,y) into
(x/2,y/2), then a 'vector' f(x) goes into u(x)



u(x)=1/{2(1+ 4x)}. Recall that scaling is of
fundamental importance in theoretical physics.

1.20 -

f(x),u(x)

N —

-4 -2 0

5)Here is the graph of f-u:

0.60

f(x)-u(x)




We managed to produce an WD-element f-u. Here
u was obtained from an ND-element f by scaling.
This observation we are going to apply in Fy, itself.

On the space F, of proton’s wave function

Like In equation (6) of [2], but now we do not
provide the kernel K(h,w) explicitly, the f-value at
event h is the 2-dim complex vector L:

L(h) = K(hw)v (1)

Event h (with time coordinate X, and space
coordinates X;, Xp, X3) IS presented Iin a (well-
known In theoretical physics) 2 by 2 matrix form.
That is, each wave function (or state) of that type is
defined by choosing a matrix w and a vector v. In
[2, Theorem 4] we managed to choose w and v In
such a way, that the (real) values f(h)=LL" define
an ND-state f (compare to 1) — with a single point
of maximum - of the prior section, and to Fig. B4.
In the canonical product LL" (which is a real
number) the vector L~ is a complex conjugate of L.

The validity of the following statement (t there is
a real parameter, while e'is the coefficient of the
scaling involved) is based on [3]:



Lemma 1. The image of f under scaling (with

coefficient e") is u of type (1) but with w~ = e'w,

v~ =gy,

Now, as in 5), above, consider f — u. After
calculations (they are pretty involved, see below),
we put time Xq to 0, for a "snap shot photo". We
expect to end up with such a state F = f — u, from
Fo, which has MORE THAN one points of (local or
global) extrema. Here is the graphics obtained:

0.0020-0.0025
0.0025 -~
0.0015-0.0020

0.0020 - #0.0010-0.0015

0.0015 - m 0.0005-0.0010

Il 0.0000-0.0005
0.0010 -
¥ -0.0005-0.0000
0.0005 -
m -0.0010--0.0005

0.0000 -~ N -0.0015--0.0010

-0.0005 ¥ w

-0.0010 -~

-0.0015

Here the scaling coefficient e'was chosen as 2/3.



In the following statement (where X, Is already set
to 0), we allow an arbitrary coefficient e':

Lemma 2. The canonical product LL" equals to the
following sum of (2) & (3), below - where by L4,
L,, we mean the corresponding components of 2-
dim vector L in (1)):

|—1|—*1295t[(x"'e_t)2 + yz]/ (I—tl—t*)B +
2e%2(aA + bB) + [(x+1) + yJ/(LL*)®, (2)

L,L =’ [(z-e™)* + e]/(LL*)* +
2e°"2(UA + vB) + [(z-1)* + 1]/(LL*)*. (3)

In the above, the space variables are as usual (that
IS: X, Y, z), while other symbols are as follows:

L =[(x+ eV +z°+y*+2ie™], L =[(x+1)*+z°+y*+2i],

a, b, u, v are (pretty simple) functions of x, y, z
(we do not provide explicit expressions for these
functions here); expressions for (real) functions A,
B are quite complicated, we only indicate that they
are determined by this (4):

(LLL)?=A+iB. (4)



On the basis of Lemma 2, we started to look for
points of extrema for the (real) function

LL =LL "+ LL 5 (5)

We have concluded that in the y=0 section of the
graph of (5), there should be critical points (at this
moment we do not provide them explicitly but the
existence of at least one global maximum and of
one local minimum follows from our graphics -
above — for this very section).YCTHO: o 33ii crerr.

The Multi-Level Model as the Unification of
SM with Segal’s Chronometry

https://doi.org/10.20944/preprints202202.0280.v2

Preprint: 785 npocmoTpoB, 423 3arpy3ok

Segal’s Compact Cosmos D: U(2), def.by a form on u(2).
Embeddings: U(2) into U(3), U(2) into U(4), etc. 'Levels'"
U(2) - the Oth , U(3) - the 1st, U(4) - the 2nd, etc. Matches
SM-quarks' generations list. SM-quark is a sunken proton.

U(2) = mathitD: [I I]

D1y, quark u; D13, d; D3, u — U(2)-subgroups in U(3).


https://doi.org/10.20944/preprints202202.0280.v2

a
d
g

Z VA Z VA
PZ:[1 2]—>[4 2];P3:
Z3  Zy Z3 Zq

s 0T

A23=P3A1,P2; P3(D12)=Dss; P3(D13)=D13

The Chr-(=MLM-)proton is elementary, indestructible; F,
consists of proton wave functions (= of certain spannors)
— cm.(1), Bemme. For MLM-quarks, in terms of ruling
groups, flavor and color are mathematically defined. The
number of colors (and of flavors) is level-dependent. For
U(3) through U(6), the correspondence with the SM-
quarks Is established.

U(2) = mathitD: [: :]

* x 0 0 * 0 * 0 * 0 0 = 1 0 0 O
[* * 0 0‘ [0 1 0 0] [0 1 0 0] [0 1 0 0‘
0 01 0 * 0 = 0 O 01 0of ™ [0 0 =* =
0 0 0 1 0 0 0 1 * 0 0 = 0 0 * =*
Dy, D3 D14 D3y

Azg = PyoA1z30Py, Azg =PaoAqp0Py Py(D13) = D34, Pa(D2s) = Dy3,

P4(D14) = D14 - quarks; P4(D23) = D23 - quarkc.

U):Diz D%s D% D% D% Dy
2/3 -1/3 2/3 -1/3 2/3 -1/3



Three new SM-quarks in U(6):

(U d S t q(4;1,6)
DlZ D13 D14 D15 D16

2/3

c b q(4;2,5) t q(4;3,4)
<D23 D24 D 25 D26 D34
-1/3 2/3

b S c d u
\D35 D36 D45 D46 D56

At different levels, the so-called quark matter is suggested
to be modeled on the basis of the captured proton notion.

On quark matter & on two new SM-leptons (in U(5)):

———————————————————————————————————————————————————————————————————————————————————————————

: §p12 (or pss), mathbfvy i 1t
§p13 ) (or  p2a), mathbfvmathitu,é

mathity;

P23, mathbfvmathitr’ T,

______________________________________________________________________________________

; P12 (OF Pus), mathbfv, i 45 |
§p13 (or  pa), mathbfvmathitwé

mathitu;

P23 (OF P3s), mathbfv, i T |
Pua (OF  Pgs), mathbfvy,aemier, |



mathitr; e
P, 4™ generation neutrino, 4™
~ generation positron;
pis, 4™ generation antineutrino,
4™ generation electron. '

___________________________________________________________________________________________

Sol-n to SM-puzzle of quarks’ & leptons’ generations:

Heiitpon, nea U(3)-HeiTpoHa, oauH U(3)-aHTUHENTPOH

Han-Nambu scheme: each quark’s (fractional) electric
charge is expressed in terms of (integer) color charges.
The total number of colors at the U(n)-level is n(n-1)/2.

flc 12 23 13
u: 12, 23 1 1 0
d: 13 0 0 -1

f\c 12 13 14 23 24 34

u:l2, 1 1 0 1
3q 1 0
d:13, 0 1 0 0 -1 0

24




s:14 O -1 0 0 -1

c:23 1 0 1 1 0

At U(5), SM- and MLM-data numerically contradict, for
SM-quarks’ electric charges: there are 10 colors which
Implies charges of 7/10 for each of u, ¢, t and negative
3/10 charges for each of d, s, b.

On ruling groups Gi, and Glg In SU(3,3):
0 A, B 0 By]

A 0B O 010000
=|[0100]|g _|43 0 44, B3 0 By
C 0D 0937 |c, 0 C, D 0 Dyl
o oo 1l 000 0 1 0

C; 0 C, D; 0 D,

where in case of gq, the 4 by 4 matrix g, from SU(2,2) was
denoted as[é g] while in case of gi3 the 4 by 4 matrix

g,was also denoted as [A B] but with further

specification of its 2 by 2 blocks: A = [A ]
3 4

=l> elc=le clo=lo bl

Check the bosonic sector chronometric findings first. W
and Z and y have been math.detected [5], where
chronometric interactions classified but we’ve corrected
the neutrino case: conformal weight. Higgs boson (Segal:
no one!) existence is an open MLM-question. Also, from
[5]: “Chronometric interaction is between f- and b-clans
as entities, while the total interaction Lagrangian can be



represented as a sum of interactions between elementary
particles only in the relativistic limit”.

The Multi-Level Model as the Unification of Standard Model
with Segal’s Chronometry, Jleeuues, Knesnosa — B DUA A

OT1BeT Ha (OTKJIOHAIYI0) PeneH3uro

>1)While the approach is conceptually ambitious, the
model suffers from several fundamental issues that
significantly weaken its scientific validity and relevance
to particle physics.

[TocMoTpuM, 4TO 3TO 32 ‘PyHAAMEHTAJIbHbIEC
HepocTaTKu ... Cpasy K€ X04y OTMETHUTH, 4TO O
riawoHax pedyu B cratbe, DAKTUYECKU, He uaér...
(m03TOMY ‘3aMeuYaHus MO TIIF0OHaM 51 Oy1y Kak Obl
UTHOPUPOBATH — BBIACISAS UX KPACHBIM)

>2)The MLM claims to provide a mathematical
description of quarks and gluons, yet it offers no
substantial experimental evidence to validate its
predictions.

ITo noBoay ‘kBapk-ymnpéka’ PerieH3eHTa: ganaee (Kak
tobko yBky KOHKPETHOE 3ameuanue) monpo0Oyro
‘orctauBath MLM-tionxon‘. CPA3Y XKE o0o3Hauaro
BA’KHbIA MOMEHT: B CTaThE JIAHO MATEMATUYECKOE
onmucanrne MLM-kBapKkoB, UCXOAS U3 ONUCAHUSA
XPOHOMETPUYECKOTO NMPOTOHA. MareMaTudecKue



TEPMHUHBI ‘XPOHOMETPUYECKHUM MPOTOH” U ‘MLM-
nporon’ — 310 CUHOHUMBI. Cuuraro, uro Onucanue

(=description) XpOHOMETPUYECKOI'0 IIPOTOHA
MATEeMATHYEeCKHU 0e3yNpevHo.

>3)...the MLM relies heavily on abstract group-
theoretical constructs (e.g., embeddings of U(n)
groups) without clear physical justification.

CorJiaceH ¢ nepBoi NOJOBUHOM 3TOM MOIy-(hpasbl
(3TO 5 €€ ‘BBIAEPHYJI’ M3 IOJHOM (Ppa3zbl

Penensenta). A Bor eé nauano: . Unlike the SM—
which is extensively tested and empirically

verified. IMocaymaiite, Ho Beawr aBTopsl HE
[TPOTUBOIIOCTABJIAKOT SM u MLM npyr
apyry. Kak 061 HAOBOPOT: ¢ Touku 3peHus
physical justification, MLM ‘crapaetcst oneperbcs’
Ha SM. UyThk noamnpasiito/nonoiHio Pernen3enra:
BakHbI Bi1okeHua U(2) B U(n) u SU(2,2) B SU(n,n).

>4)... raises concerns about the model’s current
standing in the scientific literature.

J1a o kakoM-TakoM CTATYCE (= standing) BsI
rosopute?! Jlay MLM ner HUKAKOI'O
CTATYCA! DOra Penensus — nepsas, 4To s



noy4ui (3a BoT rmoutu yxke 10 Jsiet). beuia nmomgana
ctaths B Particles, B 2023r ‘mio perieH3usiM’ TaMm ObLI
CYET 2-1 B HaIy 1ojb3y (HO BCE TPU PELECH3UU
OBLIM HE CIIUIIKOM-TO COJIeP>KaTEIbHBIMU).
JIx.IlorocsH (rnaBpes Tam) 3alpoCui €€ Koro-To.

ToT man coBeT, IoOCiie KOTOPOI'0 CTaThIO OTKJIOHMIIN
n3-3a «OTCYTCTBUS JIATPAHXXIMTAHA»

(cm. Hawe Remark 2 B cTaTbe), 6€3 npaBa Bo3pa3nTb. XopoLlo, s Joragarnca
(BAPAHEE, 6bina Takag option B Particles) 3actonbutb npnoputeT NpenpuHTOM.
[x.INorocsH (He3agonro 4O KOHYMHLI) Npurnacun MeHsa B EpeaH. B ceHTabpe 2024r s
TaM ycneLuHo BbICTynuI (Mony4ms, KctaTtu, 13 3ana sornpoc 06 OTCYTCTBUA
JIATPAHXWMAHA ). MoxHo un ewé pacckasaTb npo MLM-npoTuBogencreme/HenpuaTne
(BNNOTb 4O HAMepPEHHO NCNopYeHHbIX hopmyn nNpu online nepeneyaTke [3]),

In ScienceDirect yp-Oiitn OTO - BMecTO HaIIKX. ..

>5)The model introduces unconventional and ad-hoc
definitions, such as protons being "sunken" or "captured",
without sufficient theoretical or experimental motivation.

210 (huz-Marem onpeaencHus. Cuuraro, 4To
"sunken" or "captured" protons BBeaeHbI cTporo. B
4acTHOCTH, 7. 3apsaa of "sunken" proton — ApoOHBIi
(B mouTu nojHoM cornacuu ¢ SM, kcratu, Ho HE
BE3JIE — 31€ch-TO €CTh O4HO, IO KpalHEW MeEpe,
MOTEHIIMAIbHOE MECTO, UYTOOBI IKCIEPUMEHTATIbHO
onpoBepruytb MLM: At U(5), SM- and MLM-data

numerically contradict, for SM-quarks’ electric charges:
there are 10 colors which implies charges of 7/10 for each

of u, ¢, t and negative 3/10 charges for each of d, s, b. A
anekrpuaeckuii 3apsam of "captured” proton pasen 1.



>6)More critically, the assertion that the MLM-proton is
"elementary and indestructible"” directly contradicts

MLM-proton 3jieMeHTapeH U HEYHUUYTOKAEM
(3IEMEHTapEH — COTJIACHO CTPOTUM OIPEACICHUIM —
Burnepa u ot mkossl Curana, HEYyHUUYTOKAEM —
cormacio MLM-noaxoxay); Bens MLM-proton - sto
MaTeMaTUYECKUU KOHCTPYKT, CM. >2) BBIIIIE

>well-established evidence

Hwuyero nogo0Horo, 00 3ToM s1 co CKpHHCKHUM €IIE
B 90x (y Kormrtora) criopui: OH rOBOpHJI, 4TO ““BOT-
BOT paznojidaeMm npotoH!” Hy u kak?

>in high-energy physics, where protons are known to be
composite, dynamic systems subject to fragmentation.

CioBa, clioBa, cioBa... A BoT fragmentation (BsI o
CTPYAX, jets?) KaK pa3-To U JOBOJ B MOJIb3Y
MHOI'O-YPOBHEBOCTH.

>Such claims require far stronger justification than
provided.

CuwuTaro, 4To HEKoTOpas (Iaxe HeManas) justification
€CTh: BCE T€ MecTa, riae MLM naé€r te npenckazanus,
KOTOPBIE COrJacyroTcst ¢ SM.

>6) The MLM postulates three new SM quarks, yet it fails
to propose a detectable signature or experimental test that
could confirm or refute their existence.



He nocrynupyer, a BeiBoauT (13 caMmOu CBOEU CTp-phl).
Kax 3to0 fails to propose rae nckars?! Bot, uTo B cTaThe .
In level U(6), three new SM-quarks are predicted, as
Illustrated by Figure A3 of IIpenpunTa. T.e. Hamo ¢ TeM
TEKCTOM pa30uparbcesi. Tam ecTh ‘HaMEKM, TAE UCKATh
(CM. BBIIIIE - O HECTAHJ. 3J1.3apsigax KBapKoOB , 00a
3aMEYaHMs MpeAiaraoT OnpeacIEHHYI0 KOHKPETUKY
TOro, kKak MLM MoeT ObITh SKCIIEPUM. OIIPOBEPTHYTA).

>6)The reintroduction of the Han-Nambu scheme
to explain fractional charges adds unnecessary
complexity without offering clear advantages over
existing SM formulations.

DTO — JOCTOMHCTBO: HET APOOHBIX 3JI. 3apsAi0B. Bee
(T.H. IBETOBBIC) 3apsabl enuHNIHBL. Ha ypoBHe U(2)
— €JIMHCTBEHHBIM IIBETOBOM 3apsiJi MHTEPIP-CSA KaK
ANEKTP. Y CIO0KHEHUE - YIPABIAIONIAA IPyMIA. 3aTo
Ha BTOM OCHOBE TMPEACKa3aHbl (MPOTUBOpEUAIINE
SM) npoOHbIEe 3J1.3apsijbl KBapKOB (B HEKOTOPOM
JArana3oHe YHEPTruii) — CM.BBHIIIIC.

>7)Without falsifiable predictions, the model
remains purely conjectural.

bes falsifiable predictions? Yixe asa (cMm. i 5 u 6).

>8)Last, but not least, the paper looks pathological since
most of the citations are to just one of the Authors.



MHe HenoHsATHO, B 4éM 3j1ech pathology?

>9) For example, the Authors mention the conjecture: "at
each level, a gluon can be interpreted as a colored and
flavored photon". The very formulation of the conjecture
looks very strange to a particle physicist. From one side,
It is well known that both gluons and photons are
described by gauge fields, and of course gluons carry
color (but not the flavor in common sense). From the
other side, gluons have coupling with themselves,
contrary to the photons. So the conjecture looks
completely incomprehensible. Kak 65110 (CPA3Y XKE)
OTMEYEHO BhbIIIE (B 11.1), 0 TJIIOOHAX B JAHHOM CTaThe
peun He uAET. Be€ ke, mosicHuM, 4To (D)OTOHBI U TIFOOHBI
— 3TO PO O030HHBIN KiaH (110 TepMuHoJoruu Curana,
OyJieM rOBOPHUTH IpoIle — Ipo 0030HKI). B 3TO
conjecture MoaApa3zyMeBaIOTC ygema u NOKOJIeHUsL NI
0030HOB. OHM HAMH CTPOTO CHOPMYJIUPOBAHBI JJIS
(epMHUOHOB ClIMHA ¥2. A JJIs1 0030HOB Takas cxemMa eié
He chopmynupoBaHa. B 3ToM cMmbIciie Mbl 0J1aroiapHbI
Penensenty. Hageemcs, uto cxema (11151 0030HOB) OyIeT
*KHU3HecnocoOHa, uTo B Hel gluons will have coupling
with themselves.

C HazmexI0M HA MPOJOIDK. pa3roBopa. C yBaxeHHUEM,
A.B.JIeBuues, the corresponding author.  Segal, u3 [5]:

(i) The fermion clan is based on the half-spin repr. of G,
as locally SU (2, 2). Equivalently, it is induced to G from
the simplest faithful finite-dim. repr. of P, which in the
relativistic limit is just the usual spin repr., as extended to



P. (The corresp. reduced particles are massive & massless
spinors.)(11) The boson clan ... 1s similarly based on the
adjoint repr. of G. Equivalently, it is induced from a
certain 15-dimensional indecomp. repr. of P. (The corr.
reduced particles are scalar and vector, as reps. of Pg.)

(ii1) The interaction Lagrangian L, is the essentially
unique G-invariant bilinear coupling of the boson clan
with the local bilinear fermion clan current. (In the
relativistic limit, L, represents three distinct types of
Interactions. One is similar to the electroweak Lagrangian
without the Higgs boson. The two others are roughly
semihadronic and purely hadronic.)(iv) Charged particles
are either electrons or composites with electrons. These
assumptions determine chronometric theory practically
uniquely, apart from a possible enlargement of the boson
clan (22) and specification of the role of tachyons (if any).

MLM — 310 pa3BépHyTas MaTeM. CUCTEMA - MPOCTO 'MAENTH
o HeW u cmoTpuilb'... B [3], in ROMP-2022, O0b110 cpaBH. ¢
[6]. JInmp HemaBHO (TOTOBS MOKIAM): Y HUX 'HAIl IMPOTOH'
yxke Obu1 (¢ KOoH(D Beca 5/2), u 31aeKTpoH (Bec 3/2), OHM ero
TaK M Ha3blBaJIU. A BOT HEUTPUHO/aHTUHEUTPUHO, Y HUX HE
Obu10. M.0.MOTOMY, YTO y 'HaIIEro' HEUTPUHO HET KOH(. Beca
(u 3/2, u 5/2 ectp). Curan toxe 31ech Hemopadorai...It is a
part of my Tribute to Ivan Todorov (1933 - February 2025)
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