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!'_ A boost for a whole life

Dedicated to the memory of my teacher Prof. Mateev

M.V. Chizhov
(Sofia University and JINR)
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ON THE MUON-ELECTRON MASS DIFFERENCE

V.G. Kadyshevskii, M.D., Mateev,
and M.V. Chizhov

¢! (“f 0¥ o )( Heisenberg
Schwinger
Bogolyubov

Frohlich

Thirring

Nambu — Jona-Lasinio
Vaks — Larkin
Arbuzov — Tavkhelidze
— Faustov

Kirzhnits

Gross — Neveu

Joint Institute for Nuclear Research, Dubna. Translated from Teoreticheskaya i Matematicheskaya
Fizika, Vol.45, No.3, pp.358-364, December, 1980. Original article submitted January 28, 1980,
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Fundamental interaction

Heisenberg’s four-fermion
) : : ' >’
universal interaction

etl®

Z1(5)= [T (@)0. ® P () ] [T ()00 ® 1 (). 3.3)

{oabi; aaby)

" — 1 1 — 1
faz®@o o ¥ @) T@eo® ¥ ()= - [da dnl ) @) P2 @RS D @)

I _ | _ _
[T:: (Iz) Ipﬂz (xﬂ) ]= - '15' wﬂ:iFA:KA151AxB:]¥3!wA: = — '_'2""_(‘{’ 'lP" K‘-FIP' ) . (4. 3)
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http://en.wikipedia.org/wiki/File:Bundesarchiv_Bild183-R57262,_Werner_Heisenberg.jpg

* Mean-field approximation method

Hartree Fock Bogolyubov

POC XX XX
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http://en.wikipedia.org/wiki/File:FockVA20469.jpg
http://en.wikipedia.org/wiki/File:Nikolai_Bogoliubov.jpeg

ANOMALOUS EXPECTATION VALUES OF MULTICOMPONENT FIELDS

M.V. Chizhov W

— — o 1 — — A 1 1
Asym (b, VOQW WqRY) = ;j Kam® (8Q,mR) Y (¥ T I, T} + 4—; Knn® (80, nit) Y [¥, T ] 5 [, T,I™¥],

H=|—1 0 6 0 —1}], 3. 5a)

1 —4 --.6 —4 1
E:(—-—i 2 0 —2 1). New Fierz identities .50
t 2% 4% for WYand WY

Diquark excitations, color superconductivity...

Joint Institute for Nuclear Research, Dubna., Translated from Teoreticheskaya i Matematichegkaya
Fizika, Vol.51, No.2, pp.218-223, May, 1982, Original article submitted February 5, 1981.
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Dynamical generation of composite particles

Higgs mechanism through WYY¥ and ¥W¥ condensates

Volume 104B, number 6 PHYSICS LETTERS 17 September 1981

BOGOLUBOV’S SPONTANEOUS SYMMETRY-BREAKING MECHANISM
AND THE HIGGS PHENOMENON

M.V. CHIZHOV
Joint Institute for Nuclear Research, Dubna, USSR

Received 18 June 1981

In the mean-field approximation the four-fermion (V—A)-theory is shown to have all the features of the abelian model
with spontaneous symmetry breaking. In this model the coupling constants turn out to be the known functions of two param-
eters: the Yukawa coupling constant and the vacuum expectation value of the Higgs field.

11/04/2011 7



Volume 113B, number 2 PHYSICS LETTERS 10 June 1982

A GRAND UNIFIED MODEL WITH BOGOLUBOV’S SYMMETRY BREAKING MECHANISM

M.V. CHIZHOV
Joint Institute for Nuclear Research, Dubna, USSR

Received 22 December 1981
Revised manuscript received 15 March 1982

It is shown that Eg is the minimal group in the E-chain of the Dynkin diagrams which aliows the construction of a uni-
fied model of elementary particles in the framework of the Bogolubov method for dynamic symmetry breaking. The idea is
based on the introduction of a fundamental self-<coupled spinor field, the collective modes of which have the properties of
gauge and Higgs particles. The hierarchy of fermion masses is discussed.

11/04/2011 8



... continuation in Sofia
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http://en.wikipedia.org/wiki/File:Giovanni_Jona-Lasinio-Nobel_Lecture-1.jpg
http://en.wikipedia.org/wiki/File:YoichiroNambu.jpg

* Lorentz group representation

Parity transformation =~ «~——— Charge conjugation
S5=1/2 (@F)L =Vr | VL (I’F)R EW_L /N
V,—4, V,+ 4,
w* w o w “wr

11/04/2011 11



Mendeleev’s table

TABELLE 1II

z | GRUPPE 1| GRUPPE IL| GRUPPE (Il [GRUFPE IV.| GRUPFE V. | GRUPPE VL|GRUPPE VIL|  GRUPPE VIII.

T — = - RH4 RH? RH2 RH -

z | R20 RO R20? RO2 R20% RO3 R207 RO#

I H=

2 |Li=7 Be=9,.4 |@B=11 c=12 Nzi4 018 Fzi9

3 Ma=2z3 Mg =2a mI=2T.2 Si=28 P=1 5232 Ci=33.5

4 [K=39 Ca=49 |—=a4 Ti=48 V=% Cr=52 |Mn=5% |F@=58,Co= 59,

Hi=59, Cu=683.
5 Cu=63) In=g85 —=&8 ==7T2 AR =T75| Se =278 Br =80
& |[Rb=8% ar=aT TrEzE8 |Irz30 Hb =34 L1 — =100 Ru= 04, Rh= 104,
Pal =106, A9 =108,

T | (ag=108! Ld=12 In=113 sn=ilg| Sk=122| Te=12% J=127

B (C5=133 Ba=137 |Fhi=i38 |pCe=14d |- = -— —_——— =

10 |— — ?Erz (78 |7L@zIB0 |[Tas=182 |w=ig4 |=— 0§ = 195, TF = 197,

) Pt =198, AU=199.

1 | lau=199)] Hg=200 TI=204| PbLE20T| Bi=208 - -

iz |- - - Th=23 |- U=240 |- —_————
Figure 2.5 Dmiri Mendeleev's 1872 periodic table, The spaces marked with blank
lines represent elements that Mendeleev deduced existed but were unknown at the
time, so he left places for them in the table. The symbols at the wp of the columns
(e.g.. R%0O and RHY) are molecular formulas writlen in the svle of the 19th century,

11/04/2011
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* Lorentz group representations

SZ 2 -3/2 -1 -1/2 0+1/2 +1 +3/2 +2
0 _(0,0)
1/2 (1/2,0) || (0,1/2) |

1 o) a2 ©1
3/2| S R N N
2 -----
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JETP Letters, Vol 30, No. 2, 2004, pp. 73-77. From Piz 'ma v Zhurnal Er'.':per'a':'rwrsz'uaﬁ Teoreticheskot Fiziki, Fol 80, No. 2, 2004, pp. 81-83.
Original Englizh Text Copyright © 2004 by Chizhen

Vector Meson Couplings to Vector and Tensor Currents
in Extended NJL Quark Model'

M. Chizhov
Institut de Physigue Nucléaive de Lvon and Université Claude Bernard Lyon-1, 09022 Villeurbanne, France
Center for Space Research and Technologies, Faculty of Physics, University of Safia, 1164 Sofia, Bulgaria
Recerved May 14, 2004

A simple explanation of the dynamic properties of vector mesons 1s given in the framework of extended
Nambu—Jona-Lasinio quark model. Wew mass relations among the hadron vector resonances are derived. The

results of this approach are in good accordance with the QCD sum mules, the lattice calculations. and the exper-
imental data. © 2004 MAIK “Nauka/Interperiodica”.

PACS numbers: 1239 K1; 1239 Fe; 14 40 .Cs

11/04/2011
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Chiral representation

L Lt A .
) 7,-UV+ Tuv ) I " Tuv_ Tuv
I/u_Au

Polar-Axial representation
V,(177) (177) I/ﬂ*~8‘”7'w

)
A, (1) (DA~ 0T,
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* Spin-1 meson table

7pC I 1 0 1/2
= | pp wedd’ K5KF
1 d; f Kar
1 b, h; Kb
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: G PCy _ —_ —
p(770)[”| 16JFC) =1ta =) q}/uq.V#

Mass m = 775.5 £+ 0.4 MeV
Full width T = 149.4 + 1.0 MeV

p(1450) 1] 1G(PCY =1+(1— )

uv * *
Mass m = 1450 + 11 MeV ["l (S = 3.4) q0 Q'(aﬂVv _avV,,)
Full width T = 171 = 50 MeV ["l (S = 4.9)

a1(1260) [ (6P =11+

[— ﬂ 5 ) A
Mass m = 1230 + 40 MeV 1] qr7 Vv 494,
Full width T = 250 to 600 MeV

Mass m = 12295 +£ 3.2 MeV (S = 1.6)
Full width ' = 142 £ 9 MeV (S =1.2)

g0 7’q-(0,4,-0,4,)

11/04/2011 17



New mass relation

2 2 2 2
m + m =m _ + m
a b p p

1 1

Weinberg's mass relation mjl = 2m/2)
2 2 2 2
m o =m_ +m, = (1453.8i 3.0 MeV)
m, " =(1465+25) MeV

11/04/2011 18



+

2(m,—-m, )P + 3m,.m,

1+: = 0.96 +£0.03
3(m, P
2(m,.—m,) + 3m,.m,
0~: o) = 1.01 £0.07
3(m, )

0~ hy(sS)? m,(m,.m, = (1415 13) MeV

11/04/2011 19



fo(1370) 14

;G(JPC) — O+(O++)

Mass m = 1200 to 1500 MeV
Full width T = 200 to 500 MeV

£,(1420) [

;G(JPC) — O+(1 ++)

Full

Mass m = 1426.3 + 1.1 MeV (S = 1.3)

width I = 55.5 + 2.9 MeV

w(1420) [

16PC —0—1—)

Full

,;.(1440) (]

ap(1450)

Full

p(1450) 19

Mass m = 1419 + 31 MeV

width [ = 174 + 60 MeV
;GUPC) —o0t( 1)

Mass m = 1400 - 1470 MeV [m]
Full width T = 50 - 80 MeV []

;G(JPC) _ 1_(O++)

Mass m = 1474 + 19 MeV

width T = 265 + 13 MeV
16(JPCy = 1ta1— )

Mass m = 1465 + 25 MeV [

Full

width I = 310 - 60 MeV [

f5(1500) [

;G(JPC) :O+(O++)

Mass m = 1507 + 5 MeV

Full

11/04/2011

(S=12)
width I = 109 + 7 MeV

0~ (177)

m = 1415+ 13 MeV ?

h;(1380)

OMITTED

FROM SUMMARY TABLE

;G(JPC) — (1t )

Seen in partial-wave analysis of the K K 7 system. Needs confirma-

tion.

VALUE (MeV)

hy(1380) MASS

DOCUMENT 1D

TECN  COMMENT

1386+ 19 OUR AVERAGE

1440460
1380420

ABELE
ASTON

o7H CBAR pp — KJ KZ7Y7°
88C LASS 11K p—
KLKE7FA

20



“The making of the Standard model”

S. Weinberg, Eur. Phys. J. C 34 (2004) 5

"I supposed that the vector gauge boson of this theory

would be the p-meson, while
the axial-vector gauge boson would be the a, meson.”
... but I was applying it to the wrong kind of interactions.
The right place to apply these ideas was not the strong
Interactions, but to the weak and electromagnetic
Interactions.”

Nature provides us with one more type of
axial-vector bosons b, and h,.
What is their role for the high energy physics?

11/04/2011 21


http://en.wikipedia.org/wiki/File:Steven_weinberg_2010.jpg

0 6P =1700—7)
Mass m = 134.9766 + 0.0006 MeV (S = 1.1)
m_. —m_y= 4.5936 £ 0.0005 MeV
Mean life 7 = (8.4 + 0.6) x 10717 s (S =3.0)
cr = 25.1 nm
— u V
q7 q-V,
p(770) U] 1ICUPG =1+ —)
Mass m = 775.49 £+ 0.34 MeV
Full width T = 149.1 + 0.8 MeV
Moo = 7.04 % 0.06 keV
w(782) 1GPCY = 0= (1)

Mass m = 782.65 + 0.12 MeV (S = 1.9)
Full width I = 8.49 + 0.08 MeV
Moo = 0.60 + 0.02 keV

11/04/2011

techni-pion, techni-p, techni-w ...

What's esle?

ar“rq-A,

21(1260) ™!

Mass m = 1230 + 40 MeV [
Full width I = 250 to 600 MeV

£,(1285)

Mass m = 1281.8 + 0.6 MeV (5 =1.6)
Full width T = 24.3 £ 1.1 MeV (S = 1.4)

go''y q-(0,4,-0,4,)

Ny
-
|

Ny o
- -
| |
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|

Dark Inflation  Gravitation Baryon Hierarchy
matter asymmetry problem

Ll ——
i
307

SM slave
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* Motivation for SM extension

The main theoretical motivation for beyond the Standard Model physics
around TeV energies (LHC) is provided by the Hierarchy Problem, an
inexplicable the UltraViolet stability of the weak interaction scale

(M, = 10° GeV) versus the Planck mass (M, = 10" GeV),
2 2 _ -34
WHY IS M?,,/M?, = 103 ?

/

| | |
>
| | I

10° GeV 10° GeV 10%° GeV

Introduction of new spin-1 bosons with the internal quantum numbers
identical to the Standard Model Higgs doublet can help to solve by the
Hierarchy Problem.

M. Chizhov and G. Dvali “Origin and o) w
|

( (
Phenomenology of Weak-Doublet Spin-1 e L : J
\H ) Z,

Bosons”, arXiv:0908.0924
11/04/2011 24




+

We predict an existence of new excited
chiral particles W* and Z* with new
unique properties.

11/04/2011 25



Z', graviton and Z* angular distributions

CMS Collaboration

1102

Table 3.10. Angular distributions for the decay products of spin-1 and spin-2 resonances,

considering only even terms in cos#*.

Channel d-functions Normalised density for cos 8%
qd — G* = ff 2 P+ 1d>_, 1 P, = 1(1—3cos?6* +4cos* 6*)
gg — G* — ff |a'§11|2+|a’2:'1_1|2 PEZ%{I—COS49*}
g3 — v*/2°/Z — fF 2 [P+ dl T Py = 3(1+cos? 6%)

- * N 1 2 * 3 2 *
dd > 7Z*—> ff dy, Pl:;cosé?

3.3.6. Discriminating between different spin hypotheses

The fractions of generated events arising from these processes are denoted by €,. €. and
€1. respectively, with €, + €, +¢; = 1. Then the form of the probability density P(cosf¥) is

P(cost®) =€, Py+ e Pate1 Py g P (3.24)

ATLAS 1s already looking for them!

11/04/2011
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Theoretical comparision between /" and Z*

M. Chizhov, Disentangling between Z" and Z* with first LHC data, arXiv:0807.5087

invariant mass transverse momentum
35 . T 35 T T T 15 . T . T T 15 T
‘T:a 304 b 304 T—S_
3 3 b o
g 25 25 g 10] 1 104
> 207 20 3
O [0
S " S =
3 Ny
£ 101 10 2 >® 5
2 0 ~N
TE 5 i N\
o 900 1000 1100 200 800 900 1000 1100 1200 : .

M., [GeV] M., [GeV]

pseudorapidity difference angular distribution
o 15 C ] ] 151 /\ /\ ] F‘g 15 1 15 [\
mo/./. . .\\ L \/ HEN : \/

n(lepton)-n(antilepton) n(lepton)-n(antilepton)




The ATLAS project is an
international collaboration involving
38 countries, more than 3000
physicists and 1000 students from
more than 174 universities and
laboratories.

R S L
AR
\\. e,
Argentina Marocco y: i

Armenia Netherlands st
Australia Norway

Austria Poland
Azerbaijan Portugal
Belarus . Romania
Brazil Russia
Canada Serbia

Chile Slovakia
China Slovenia
Colombia South Africa

Czech Republic  Spain

11/04/2011



CATLAS €

2 EXPERIMENT

Event display of Run 167607, Event 9435121.

This shows the highest-mass dijet event collected during 2010, where the two leading
jets in a forward-backward dijet system produce an invariant mass of 4.0 TeV. The two
leading jets have (p+, y) of (510 GeV, -1.9) and (510 GeV, 2.2), respectively. The missing
E; in the event is 31 GeV.

4 TeV ~ 50 zm (zeptometer = 1021 m) !
11/042011 17,000 times smaller than the proton size!
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Events
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Events
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10
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ATLAS
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W* — ev
Ns=7TeV, [Ldt=36pb™
| 1 1 1 1 | 1 1 1 1 | 1
500 1000 1500
m,,. [GeV]
T | T T |
--+- LO theory

—e— Observed limit
Expected limit

ATLAS
W* = Iv
\Ns=7TeV, [Ldt=36pb

| 1 1 1 1

Expected + 1o
Expected + 26

1 1 I 1
500 1000

| | |
1500
m,,- [GeV]

a T T T ]
2 4ok --+- LO theory =
Q - —e— Observed limit ~ J
- N e Expected limit -
i [ Expected £ 16 I
_ Expected+ 25 |
e E
107" E
- ATLAS ]
L W* > uv i
- \s=7TeV, [Ldt=36pb”’ .
10‘2 | | | | | | | | | | |
500 1000 1500
m,,- [GeV]
Mass limit [Ge
W’ W
decay | Exp. Obs. YExp. Obs.
er 1370 1370(] 1260 1260
JLV 1210 1290\| 1020 1120
both | 1450 1490 \ 1320 1350
h > 4

The ATLAS Collaboration “Search for high-mass
states with one lepton plus missing transverse
momentum in proton-proton collisions at V's =
7 TeV with the ATLAS detector”,
arXiv:1103.1391, submitted to Physics Letter B
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The ATLAS Collaboration “Search for high mass dilepton resonances in pp collisions at
Vs=7 TeV with the ATLAS experiment”, arXiv:1103.6218, submitted to Physics Letter B



We were lucky - shortly after colliding beams
were announced, at 14:22 an interesting
event appeared on our screens

2009-11-23, 14:22 CET
Run 140541, Event 171897

Candidate
Collision Event
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Collision Event at 7 TeV with 2 P
_ m ;

/
/ :
/ .
P p
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7 4
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\ Run Number: 152166, Event Number: 467774
Date: 2010-03-30 13:31:46 CEST

P EXPERIMENT

n Number: 177531, Event Number: 183764
Date: 2011-03-13 18:20:50 CET

%ATLAS
2 EXPERIMENT

, Event Number: 448 0

Date: 2010-04-24 04:18:53 CEST

Event with 4 Pileup Vertices
in 7 TeV Collisions
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IL NUOVO CIMENTO Vor. 87 A, N. 3 1 Giugno 1985

Quantum Field Theory and a New Universal High-Energy Scale.

IT. - Gauge Vector Fields.

M. V. Crrzinov, A.D. Do~NkKov (*), R. M. IBapov (**)
V. G. KADYSHEVSKY and M.D. MATEEY ()

Joint Institute for Nuclear Research

Laboratory of Theoretical Physics, Dubna, U.S.8.R.

11/04/2011

1L NUOVO CIMENTO YoL. 8TA, N. 4 21 Giugno 1985

Quantum Field Theory and a New Universal High-Energy Scale.
ITI. - Dirac Fields.

M. V. Cuizaov, A. D. Do~Nkov, R. M. IBapov (*)
V. G. KADYSHEVSKY and M.D. MaTeev (**)

Joint Institute for Nuelear Research, Dubna, U.S.8.R.
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Excited particles (compositeness)

L —

RS S BY3

Searches for excited fermions ¥ * have been performed at LEP, HERA and the
Tevatron, and are also planned for the CMS and ATLAS experiments at the LHC.
w* why not Z* 2

L. = % vy (8,2 -0,7))

M. C., V. A. Bednyakov, and J. A. Budagov, Proposal for chiral bosons search at LHC
via their unique new signature, Phys. Atom. Nucl. 71 (2008) 2096; arXiv:0801.4235

Z* has different interactions than Z" 1
_ 5 ,
L&': ¢/7ﬂ(gV—kgA7 )W"Zﬂ

14/10/2010 39



Jacobian factor for cos @ — p

4
P, < | M=1TeV
* 0 é 3 Z,
Q- x
M 32 2
p, = —cosdt _
2
1 -
4p]2"' O I I ] I T I I I
cosf = 4|1 — ——; 0 100 200 300 400 500 600 700 800 900
M p, [GeV]
dcos 2 . do  |dcos@| do 2 do
dp. M?cosO dp> dp; | dcos M?*cos@ dcost

“The divergence at 8= ©/2 which is the upper endpoint p,~ /2 of the p,
distribution stem from the Jacobian factor and is known as a Jacobian peak ;
it is characteristic of all two-body decays ..."

wronal Barger “Collider physics”
11/04/2011 40



Hadron colliders

or search for heavy bosons beyond W* and Z

A hadron collider 1s the discovery machine. The production mechanism for new
bosons at a hadron collider is qq annihilation. A presence of partons with a broad
range of different momenta allows to flush the whole energetically accessible
region, roughly, up to

M =.xx, E. . ~XxE SECM (Ezixlj (rule of thumb)
2 3

p P colliders (Tevatron: 6.3 km)
E,=980GeV,E_ =980GeV; E.,=1960 GeV
— 1960 GeV /6 =330 GeV

(LHC: 27 km)
E, =7000(3500)GeV, E, =7000(3500)GeV; E,=14000 (7000) GeV
—> 14000 (7000) GeV /6 ~ 2330 (1165) GeV
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proton - (anti)proton cross sections
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