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Everything should be made 
as simple as possible, but 
not one bit simpler.  
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I study the generation of cosmic magnetic fields in the primordial plasma of the early 

universe. A strong large scale magnetic field can be created owing to the instability caused by 
the parity violating interaction between charged leptons and neutrino-antineutrino gas. For this 
purpose I calculate the most general expression for the Chern-Simons parameter in this 
background matter using the imaginary time QFT at finite temperature. Basing on this result I 
derive the modified Faraday equation which describes the magnetic field evolution. If a 
nonzero neutrino asymmetry is present, a seed magnetic field can be dynamo amplified. 
Assuming the causal scenario, i.e. the length scale of the magnetic field being less than the 

horizon, I obtain the new lower bound on the neutrino asymmetries 
T

, where  is the 

chemical potential of the  gas and T  is its temperature, which is consistent with the well-
known Big Bang nucleosynthesis upper bound on  in a hot universe plasma. I also discuss the 
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application of the developed formalism for the magnetic fields generation in other astrophysical 
media. 
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In 2012 the ATLAS and CMS Collaborations reported on the discovery of a new neutral 
boson [1, 2]. The ATLAS Collaboration presented clear evidence for the production of a neutral 
boson with a measured mass of GeVsysstat .)(4.0.)(4.0126  [1]. According to the results 
presented by the CMS Collaboration the mass of the discovered neutral boson is 

GeVsysstat .)(5.0.)(4.03.125  [2].  The  discovered  neutral  boson  is  compatible  with  the  
Standard Model [3-5] scalar Higgs boson [6-11], that is described with 0PCJ  assignment 
where P  is the parity, C  is the charge conjugation, J  is the spin of this boson.  

The Standard Model scalar Higgs boson can be produced via the four main possible 
channels at the LHC: the gluon-gluon fusion channel ( Hgg ), the vector boson fusion 
channel ( Hqqqq ), the Higgs-strahlung channel ( ZHWHqq , )  and  the  channel  of  the  
associated production with a tt  pair ( Httggqq ) [12-14]. 

The following natural questions arise. How is realistic the existence of other new massive 
neutral bosons? Are there any other production mechanisms or channels of the single neutral 
bosons (including the neutral boson at a mass around GeV125 ) in an external electromagnetic 
field besides the above indicated four main channels? Is the production of the single neutral 
bosons (including the neutral boson at a mass around GeV125 ) possible from the vacuum at 
the expense of the virtual (off-shell) WW -boson pair in an extremely strong external electric 
field?  How is  realistic  and  promising  to  expect  the  observation  of  other  new massive  neutral  
bosons  in  future  proton-proton  collisions  at  centre-of-mass  energies  of   TeV1413  after the 
Large Hadron Collider’s 2015 restart. The interest to the presented investigation is motivated 
by searching for the answers to the questions arisen above.  

In  this  work  we  propose  a  new  mechanism  of  production  of  an  arbitrary  single  neutral  
boson from the vacuum at the expense of the virtual (off-shell) WW -boson pair in a 
sufficiently extremely strong external electric field. The main purpose of our work presented 
here is to determine the conditions of production of an arbitrary single neutral boson (including 
the neutral boson with the mass around GeV125 )  from  the  vacuum  at  the  expense  of  the  
virtual (off-shell) WW -boson pair in a sufficiently strong external electric field and to 
calculate  the  masses  of  the  expected  single  neutral  bosons.   Also  we  would  like  to  draw  the  
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experimental  physicists’  attention  on  the  possible  existence,  search  and  observation  of  new  
single massive neutral bosons discussed in this work. 

An electromagnetic vacuum is unstable in an electric field of the strength [15, 16] 

e
cmEB e

ee

32

00  ,                                                             (1) 

where em  is the electron (positron) mass, e  is absolute value of the electron (positron) charge, 
 is the Planck constant and c  is the light speed in a vacuum. If we use the 

system of units 1c , the formula (1) can be written as       

e
mEB e

ee

2

00  .                                                            (2) 

Since W -bosons are charged particles we can consider an electroweak vacuum as "a sea" 
filled with virtual (off-shell) WW -pairs. Of course, the vacuum is also filled with quark and 
antiquark pairs, charged lepton and antilepton pairs. Here we only consider the vacuum 
consisting of virtual WW -pairs. When virtual W -bosons existing in the vacuum gain the 
energy 22 cmW  in an electric field of the strength WW BE 00  in the distance equal to the 
Compton wave length of a W -boson cmW , W -boson pairs are produced from the vacuum, 
i. e.  
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And now let us consider the production of an arbitrary single neutral particle (boson) Y  
from the vacuum at the expense of a W -pair in an external electric field. When off-shell W -
bosons existing in the vacuum gain the energy 2cmY  in  an  electric  field  of  the  strength  

WYWY BE 00  in the distance equal to the Compton wave length of a W -boson, a single neutral 
particle Y  is produced from the vacuum, i.e. 
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Now let us apply the Gauss theorem to the case when the strength of an electric field is 

e
mE W

W

2

0  and the charge contained within the sphere of the radius Wr  is e  

er
e

m
W

W 2
2

4 .                                                          (7) 

It should be noted that the radiative corrections to the electric charge at extremely small 
distances are not taken into account here. We find from the last expression the radius  Wr  

W
W m

r                                                                  (8) 

where 42e  is the fine structure constant at 02q . 
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Now we apply the Gauss theorem to the case when the strength of an electric field is 
emmE WYWY 20  and the charge Yq  contained within the sphere of a radius 
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If we take into account the expressions (6), (9) and (10) in the Gauss theorem 
                                                                YYWY qrE 2

0 4 ,                                           (11) 
we obtain  the following result 
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where k  is an arbitrary real number. If we use the PDG data for the masses of a W -boson 
and Z -boson ( GeVmGeVm ZW 1876.91;385.80 ) [17], we can present some of the masses 
corresponding to the numbers 3,2,1,0k . 
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It is visible from the expression (14) that in principle, the single neutral boson at a mass 
around GeV125  observed in the ATLAS and CMS experiments can be produced from the 
vacuum at the expense of the virtual W -boson pair fusion in a sufficiently strong electric field. 

The formulae (11)-(18) also show that in principle, single neutral bosons with various 
masses can be produced from the vacuum at the expense of W -boson pair fusion in a 
sufficiently strong external electric field.  

Using the relations (6) and (14) we can estimate the strength of an external electric field 
that  is  sufficient  for  production  of  a  single  neutral  boson  at  a  mass   around  

GeVmmm ZWY 1252 23  

e
m

m
m

e
m

em
mE W
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222

2

4
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We discussed the conditions of production of an arbitrary single neutral boson from the 
vacuum at the expense of the virtual (off-shell) W-boson pair in a sufficiently strong external 
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electric field and find the formula for the calculation of the mass of an arbitrary single neutral 
boson. The calculations show that the production of the single neutral boson at a mass around 

GeV125  from  the  vacuum  at  the  expense  of  the  virtual  (off-shell)  W -boson pair in a 
sufficiently strong external electric field is, in principle, possible. Our preliminary analyses and 
comparison with the existing experimental data [18-20] show that the possible existence and 
experimental observation of the neutral boson at a mass around GeV140  is more realistic and 
promising. 
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The Josephson effect was discovered by Brian Josephson [1]. The stationary Josephson 

effect was first observed experimentally by Rowell [2], and the nonstationary Josephson effect 
was observed by Yanson et al. [3]. Since that time, there has been a continuously growing 
interest in the fundamental physics and applications of this effect. The achievements in 
Josephson-junction technology have made it possible to develop a variety of sensors for 
detecting ultralow magnetic fields and weak electromagnetic radiation; they have also enabled 
the  fabrication,  testing,  and  application  of  ultrafast  digital  rapid  single  flux  quantum  (RSFQ)  
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circuits as well as the design of large-scale integrated circuits for signal processing and general 
purpose computing [4], [5]. 

It is clear that, the Josephson effect, the 50th anniversary of which celebrated in 2012, 
remains one of the most spectacular manifestations of quantum mechanics in all of 
experimental science. At its most fundamental level the Josephson effect is nothing more than 
the electronic analogue of interference phenomena in optical physics. But from this humble 
premise springs a huge range of physical phenomena and electronics applications which placed 
Josephson devices at the heart of physics research during the second half of the century of 
superconductivity and beyond. 

The Josephson effect may be observed in a variety of structures. To realize such structures 
it is enough to fabricate a "weak" place interrupting the supercurrent flow in a superconductor 
or suppress the ability of a superconductor to carry a current, e.g., by deposition of a normal 
metal  on its  top,  by implantation of impurities within a restricted volume, or by changing the 
geometry of a sample. One main characteristic of a JJ is the current-phase relation (CPR). Only 
in few cases CPR reduce to classical sinusoidal form with critical current Ic [6], [7]  

I =Icsin                                                                   (1) 
 

A modern aspects for the dependence of the supercurrent Is on the phase difference  and 
the discussion the forms this dependence takes in Josephson junctions of different types: 
superconductor -normal- superconductor, superconductor-insulator-superconductor, double-
barrier, superconductor- ferromagnet -superconductor, and superconductor-two-dimensional 
electron gas superconductor junctions, and superconductor-constriction -superconductor point 
contacts [8], [9]. In during last years unconventional symmetry in the order parameter of a 
high- Tc superconductors, as manifested in the CPR also widely investigated [9], [10], [11], 
[12]. As followed from these reviews supercurrent Is on the phase difference  can be presented 
in general case as 

I = (Icsin n +Jncosn ).                                                   (2) 
 

The shape of supercurrent Is ) not only depends on temperature and the distance between 
electrodes, but also on the critical temperature and transport parameters of both 
superconductors and the interface layer in JJ structures. Detail analysis of CPR in different JJ 
structures was carried out in [9]. On the other hand, the pairing symmetry in superconducting 
state has strongly influence on CPR [11]. 

Simple sinusoidal type of CPR (1) was widely used for study the dynamics and ultimate 
perfomance of analogous and dijital devices based on JJ up to last [4], [13], [14]. Above 
mentioned reviews have been devoted to theoretical basis for the study CPR in different 
Josephson structures. Results of these studies reveals fundamental physical mechanisms for 
controlling and experimental investigation of CPR. It is clear that, modification of CPR in 
different JJ strucutes lead to changing dynamical properties of Josephson schemes. Several few 
recent research papers (see below) have been devoted to study of dynamical effects in JJ with 
unharmonic CPR. Recent progress in study and experimental investigation of dynamical 
properties of such junctions justifies an overview of the fundamentals of JJ dynamics with 
unharmonic CPR. The main emphasis of this presentation is the investigation of influence of 
CPR on dynamical properties of Josephson junctions. Firstly we will discuss briefly anisotropy 
and multiband effects of the order parameter in superconducting electrodes on the shape of 
CPR of JJ. Review of results of experimental investigations of unharmonic CPR of Josephson 
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structures also presented. In second part we present detail results of study influence of 
unharmonicity on IV curve of JJ. 
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RELYAST ST K KVANT Z RR  ZAMANDAN 

ASILI QEYR -LOKAL B RC NS SAH  
 

.M. Na yev, K. . C rova 
AMEA Fizika nstitutu 

 
1. Biz burada relyativistik sonlu-f rq kvant mexanikas  ç rçiv sind  [1, 2] d qiq h ll 

olunan bir m  -relyativistik kvant z rr ciyinin zamandan as  qeyri-lokal bircins sah  
tin  baxaca q. Sah  zamandan as  olmayan halda bu m  [3] i ind  ara lm r.  

Birölçülü halda zamandan as  qar ql  t sir potensial  );,( txxV  qeyri-lokal olduqda 
relyativistik konfiqurasiya x -f zas nda  dal a funksiyas  qeyri-stasionar h t 

nliyini öd yir: 

xdtxtxxVtxxH
t

txi );();,(,)(,
0 ,                 (1) 

Burada 0H  s rb st Hamilton operatorudur: 
)()( 2

0 xichmcxH  .                                                (2) 
Onun m xsusi funksiyalar  ),( xp   relyativistik müst vi dal alard r 

ix
ix

e
mc

ppxp 0),(  ,                                     (3) 

(3) müst vi dal alar  2222
0 cmpp  00p  kütl  hiperbolas nda (Lobaçeviski p- f zas nda) 

tam sistem  g tirir: 

)(),(),(
2

1 * dxxpxp , 
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).(),(),(
2

1 * xxdxxpxp                                               (4) 

Hiperpolyar koordinatlarda enerji v  impuls chmccpE 2
0    v   mcshp   klind dir. 

2. Biz burada zamandan as  qeyri-lokal bircins qar ql  t sir potensial  bel  
seç yik: 

)(
)();,(

xxch
xtFtxxV  ,                                       (5) 

burada mc  -Kompton dal a uzunlu u,  F(t)- z rr ciy  t sir ed n v  zamandan as  olan 
qüvv dir. 

Qeyd ed k ki, qeyri-relyativistik limitd  
2

2
2

0 2
)(lim xc m

mcxH  

 
)()();,(lim xxxtFtxxV

c
                                           (6) 

oldu undan, (1)  t nliyi uy un rendinger t nliyil  üst-üst  dü ür: 

),()(
2

, 2
2

txxtF
mt

tx
i x

N .                               (7) 

(6)-dan görünür ki, c  limitind  qeyri-lokall q itir, y ni relyativistik xarakter da r.  
(5) Potensial  enerjisi üçün (1) t nliyi impuls p -f zas nda sad kl  malik olur: 

),()(
2

, 2
2

tp
dk
dtFimc

m
k

t
tpi ,                  (8) 

Bu t nlikd ki k  d yi ni impulsla a dak  kimi ifad  olunur 

2
2)(2 0 mcshmcpmck  ,     22

2

4
1

cm
kkp  

 qeyri-relyativistik limitd  pk
c
lim  al q. 

Qeyd ed k ki, constFtF 0)(  olduqda  (8) t nliyinin h lli  

m
kek

F
i

E e
F

p 6

0

)0(

3

0

2
1)(                                           (9) 

klind dir, burada 2mcEe . 
(8) t nliyinin formal h llini yazaq 

)0,(),(),( ptpUtp ,                                                (10a) 
burada ),( tpU  p - t svirind  evolusiya operatorudur 

t
td

dk
dtFimc

m
ki

TetkU 0
2

2
)(

2),( ,                          (10b) 
T  is  zamana gör  nizamlama operatoru  xronoloji operatordur. (8)-d ki Hamilton 
operatorunun zaman n müxt lif anlar na  uy un qiym tl ri bir-biriyl  kommutasiya etmir: 

0)()(),(),,( tFtF
m
kitkHtkH , 

),( op  is  ba lan c dal a funksiyas r. Onu )(),( )0( pop E  kimi seç  bil rik. 
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[4,5] i rind  göst rilmi dir ki, (10b)-d  T -hasilin aç  bel dir: 

dk
d

t
tdmcttk

m
i

eetkU
t

)(
))()((

2
1

0
22

),(              (11a) 
 ya inteqral  hesablad qdan sonra 

dk
d

tetkSitimctkU )(
2

),(exp),(  .                          (11b) 

Burada 

)()())((2)(
2
1

21
2 tttkttk

m
S  , 

tdtFt
t

)()(
0

 - qüvv  impulsu, 

tdtt
t

)()(
0

1 ,  tdtt
t

)()(
0

2
2 .                              (12) 

Evolyusiya operatorunun t sirini (10a)-da hesablasaq, impuls t svirind  dal a funksiyas n 
kar klini t yin etmi  olar q: 

)()()((2))((
2

exp
2

1),( 21
2

0

tttkttk
m
i

F
tp  

m
tktke

F
i

6
)())((exp

3

0

.                                                  (13) 

3. ndi relyativistik konfiqurasiya x -f zas nda z rr ciyin dal a funksiyas  tapaq. Bunun 
üçün (9a) relyativistik Furye çevirm sind n istifad  ed k: 

J
F

tx
02

1),( ,  deeJ ixiQ
  .                               (14) 

Burada Q -nün ifad si bel dir: 
01

2
2

3
3 kkdkQ ,                                                (15) 

0
3 6

1
Fm

,   t
Fm 0

2 2
1 , 

m
e

Fm
t

2
1 2

0

1
1 , 2

2
10 2

2
1 t
m

. 

Q -nün ifad sind    
2

2mcshk ,   )1(2 222 chcmk ,
2

3
2

32 333 shshcmk  
oldu unu  n  alaq. Onda  

0123 22
3 shchshQ ,                          (16) 

z
F

mccm
0

2

3
33

3 3
2 , 

t
F

ccm
0

2
22

2 2 ,    
0

2

0

2

13
33

11
2

2
262

F
mcE

F
tccmmc , 

0
2

2
12

22
00 2

2
12

F
tct

m
cm . 
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0)0(2 ,  a
F
mcE

0

2

1
2)0( ,  0)0(0 , 

J  inteqral  a dak  kimi göst k: 

1

)(
2

3
023

JeJ
iichiishi xx

                                (17a) 
 ya  

2
22

3
013

JeJ
iichiishi xx

 .                               (17b) 
Burada 1J  v  2J  inteqrallar   

                     )(4 12
2

1
1

ix

xixshi
kedeJ                          (18a) 

  

                    )( 2
2

2
2

ix

x
ixchi HeideJ                          (18b) 

ifad riyl  t yin olunur, )(zK  Makdonald funksiyas  )()1( zH  is  birinci növ Hankel 
funksiyas r. 

4. ndi bax lan m  z rr ciyin propaqatorunu hesablayaq. Propaqator impuls 
svirind   

)()();,()(
2 1212

2
2
2

2
pptitppKtFimc

m
k

t
i k      (19) 

nliyini v  0t  olduqda 
0);,( 12 tppK                                                    (20) 

ba lan c rtini öd yir. Propaqatoru evolyusiya operatorunun matrisa elementi kimi d  
göst rm k olar: 

)(),(ˆ)(ˆ);,( 1221212 pptpUptUptppK .          (21) 
(21)-d  (11b)-ni yerin  yazaq. Onda 

),(
2

tkSitimc
 

),(

12

2

);,(
tkSitmci

etppK 122

2
2

2 4
)(

1)( p
cm
tktk ,     (22) 

burada  22

2
2

22 4
1

cm
kkp  . 
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TH VUD-SAKSON POTENS ALI SAH ND  0l  HALI ÜÇÜN D - 
ÖLÇÜLÜ RED NGER T NL N SUPERS MMETR K H LL  

 
V.H. B lov 

Fizika Probleml ri nstitutu, Bak  Dövl t Universiteti 
 

 Supersimmetrik kvant mexanikas  metodundan (SYM) istifad  etm kl  ixtiyari l  - 
hal nda s th Vud-Sakson potensial  sah sind  radial redinger t nliyinin supersimmetrik 

ll ri ara lm r. H mçinin potensial n 0V  d rinliyind n, radial n kvant dind n v  a  
parametrind n as  m hdud sayda enerji spektri mü yy n edilmi dir. 

Sferik simmetrik )(rV  potensial sah sind  D -ölçülü radial redinger t nliyi a dak  
kimidir [1]: 

)0(,0)(
2

)2()(2)(2)(
2

2

22

2

rrR
r
DllrVE

dr
rdR

rdr
rRd

nlnl
nlnl    (1) 

burada l  -orbital kvant di,  -sistemin g tirilmi  kütl sidir. 

Yeni )()( 2
1

rRrru nl

D

nl  funksiyas  üçün (1) t nliyi 

0)(
2

2
3

2
1

)(2)(
2

2

22

2

ru
r

DlDl
rVE

dr
rud

nlnl
nl              (2) 

olur. 
2

3~ Dll  parametri daxil ets k, (2) t nliyi a dak kl  dü r: 

0)()(2)(
22

2

rurVE
dr

rud
nleffnl

nl ,                                        (3) 

burada 2

2

2
)1~(~

)()(
r

llrVrVeff  - effektiv potensiald r. 

Sferik simmetrik s th Vud - Sakson potensial  a dak kild dir [2]: 

)(,

1

4)( 02
0

0

0

Ra

e

eVrV
a
Rr

a
Rr

                                     (4) 

burada 0V  -potensial n d rinliyi, 0R  -potensial n eni v  ya nüv nin radiusu, a  -parametri is  
th t sinin qal nl r v  o, ionla ma enerjisinin t crübi qiym ti il  mü yy n olunur. 

Vud-Sakson potensial  sah sind  0~l  qiym tind  (3) t nliyini analitik h ll etm k 
mümkün deyil, buna s b olan effektiv )(rVeff  potensial n orbital m rk qaçma 

2

2

2
)1~(~

)(
r

llrVl  potensial r. Ona gör  d  yeni 
0

0

R
Rrx  d yi nini daxil edib, )1(0 xRr  

 orbital m rk qaçma )(rVl  potensial  0x  ( 0Rr ) nöqt si traf nda Teylor s ras na 
ay raq: 

)4321(~
)1(

1
2

)1~(~

2
)1~(~

)( 32
22

0

2

2

2

xxx
xR

ll
r

llrVl ,         (5) 
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burada 2
0

2

2
)1~(~~

R
ll  -dir. Pekeris approksimasiyas na gör  )(rVl  potensial  [3-5] 

2
21

0 )1(1
~)(~

xxl e
C

e
CCrV ,                                       (6) 

kimidir, burada aR0  -dir. )(~ rVl  potensial n 0x  ( 0Rr ) nöqt si traf nda Teylor 
ras , (5) münasib tind  x  -in uy un d rinin müqayis sind n 210 ,, CCC  sabitl ri üçün 

tapar q: 

222120
48;488;1241 CCC .                                          (7) 

Bel likl , yeni effektiv potensial 

2
2010

0
00

1

~4

1

~4~)(~)()(~

a
Rr

a
RrlWSeff

e

CV

e

CVCrVrVrV                                        (8) 

olur. Pekeris approksimasiyas na sas n (3) t nliyind  )(rVeff  yerin  )(~ rVeff  yazsaq, alar q: 

0)(

1

~4

1

~4~2)(
2

2010
022

2

00
ru

e

CV

e

CVCE
dr

rud
nl

a
Rr

a
Rrnl

nl                          (9) 

SYM –a gör sas hal n )(0 ru  m xsusi funksiyas  a dak  kimi olar [6]: 

drrWNru )(
2

exp)(0 ,                                                (10) 

Burada N  normalla ma sabitidir v  )(rW  is  superpotensiald r. Supercüt )(1 rV  v  )(2 rV  
potensiallar  il  )(rW  superpotensial aras nda laq  a dak  kimidir [6]: 

ErWrWrV )(
2

)()( 2
1   v   ErWrWrV )(

2
)()( 2

2                        (11) 

(11) Rikkati t nliyinin xüsusi h llini a dak kild  axtaraq: 

a
Rr

e

BArW
0

1
2

)( ,                                                  (12) 

burada A  v  B  nam lum sabitl rdir. )(~)(1 rVrV eff  götürüb (8) v  (12) ifad rini (11) 
münasib tind  yerin  yaz b, b rab rliyin sa  v  sol t fl rind  uy un h dl rin müqayis sind n 
tapar q: 

)~4(2,)~4(22,)~(2
202

2
102002

2 CV
a
BBCV

a
BABCEA               (13) 

laq li hallar n olmas  üçün 0E  b rab rsizliyi öd nm lidir. Ölçüsüz  

0)~4(2,0)~4(2,0)~(2
202

2
2

102

2
2

002

2
2 CVaCVaCEa         (14) 

parametrl rini daxil ets k, onda nam lum A  v  B  parametrl ri üçun (13) t nlikl ri a dak  
kl  dü r: 
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2

2
2

2

2

2

2
2 ,2,

aa
BB

aa
BAB

a
A                                      (15) 

(12) ifad sini (10) münasib tind  yerin  yaz b, inteqral  hesablasaq 
aB

a
Rr

Ar eeNru
0

1)(0                                                (16) 

olur. Radial )(0 ru  dal a funksiyas  üçün 0)0(0u  v  0)(0u  s rh d rtl rinin öd nm si 
üçün 0,0 BA  olmal r. 0,0 BA rtl rind  (15)  c bri  t nlikl rin  h lli  a dak  kimi  
olar: 

2

2

22

00

2

2

2

1412
1

2
~,

2
141

,
1412

1

aa
CE

a
B

aa
A        (17) 

Seçilmi  )( rW superpotensial r  olduqda 
2

)( ArW  olur. (12) ifad sini (11) 

münasib -tind  yerin  yaz b, supercüt potensiallar  üçün alar q: 

a
Rr

a
Rr

e

a
BAB

e

a
BB

ArV
00

1

2

1
2

)( 2

2

2
2

1  v  
a
Rr

a
Rr

e

a
BAB

e

a
BB

ArV
00

1

2

1
2

)( 2

2

2
2

2        (18) 

(15) c bri t nlikl rd n ikincisi il  üçüncüsünü t f-t  toplasaq, alar q: 

2

22
22

a
BAB                                                             (19) 

Buradan 

22 2

22 B
Ba

A                                                          (20) 

Bel likl , (18) ifad ri il  verilmi  ortaq )r(V1  v  )r(V2  potensiallar üçün invariant forma [7] 

2

2

22

2

2

222

1121 222

1

122
),(),()( B

Ba
a

B

a
Ba

rBVrBVBR                    (21) 

2

2

22

2

2

222

12 2

1

12222
,,1)( a

iB

a
iBa

a
iB

a
iBa

r
a
iBVr

a
iBVBR i .         (22) 

olar. H r add mda 
a
nB

a
BB nn

1
1 zl sini  o vaxta q r davam etm k laz md r ki,  

0nB  olsun. N tic  )(1 BH  hamiltonian n tam diskret spektrini al q: 
2

2

22

2

2

22

2

2

222

0 2

1

122

1

12222
~ a

nB

a
nBa

a
nB

a
nBa

a
nB

a
nBa

CEnl
 



Fizikan n müasir probleml ri VIII Respublika konfrans  
 
 

 247 

2
2

2

22

2

2

0

2

2

222

0

2

2

22

2

22

2

2

22

2

2

22

4
1241

12412
~

222
~

1412
1

222

1

122

2

22

n

na
Ca

nB

a
nBa

C

aa
B

Ba
a

B

a
Ba

a
nB

a
nBa    (23) 

 
Bel likl , ,  parametrl rini v  (7) ifad rini (23) –d  n  alsaq, l  - hal nda enerjinin 

xsusi qiym ti üçün a dak  münasib t mü yy n edilir: 

2

4
0

4

2
0

22

3
0

3

2

4
0

4

2
0

2

2

2

2
0

2

2
0

2
)(

12)1~(~192321)1~(~8

12)1~(~192321
16
1

2
121

2
)1~(~

n
R

allVa
R

all

n
R

allVa
aR

a
R

llE D
nl

            (24) 

1D  oldüqda, 0l  hal nda sistemin laq li hallar  vard r. Çünki, bu halda 0,0 BA  
rab rsizlikl ri öd nir. (24) ifad sind n görünür ki, enerjinin m xsusi qiym ti potensial n 0V  
rinliyind n, potensial n 0R  enind n, s thin a  qal nl ndan v  D parametrind n as r. 

Bel likl , n v  0V  üçün mü yy n olunmu rtl r, y ni 0,0 BA  b rab rsizlikl ri öd rs , 
onda laq li hallar mövcuddur v  bu hallar n enerji spektri m hdud saydad r. 
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QQS BOZONUN KAL BRL  BOZONLARA ÇEVR LM : 

*, VVHVVH  
 

S.Q. Abdullayev, M. . Qocayev, F.A. Saddih 
Bak  Dövl t Universiteti, 

s_abdullayev@mail.ru, m_qocayev@mail.ru, f_seddig@yahoo.com 
 

Son ill rd  Böyük Hadron Kollayderind  apar lan eksperimentl rd  skalyar Hiqqs 
bozonun varl  a karlanm r. Bununla laq dar olaraq Hiqqs bozonun müxt lif çevrilm  
kanallar n n ri öyr nilm si böyük maraq k sb edir. T qdim olunan i  Hiqqs bozonun 
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kalibrl  bozonlara çevrilm  kanallar na bax lm r: 
VVH ,                                          (1) 

ffVVVH * ,                              (2) 
burada WV  v  ya Z , ff  is  fermion-antifermion cütüdür. 

(1) prosesinin Feynman diaqram  1-ci kild  t svir edilmi dir, 
möt riz rd  z rr cikl rin impulslar  göst rilmi dir. Diaqrama 
uy un matris elementi  

)()(2)( 21

2

pUpUMVVHM V                     (3) 

klind  yaz r; burada )( 1pU  v  )( 2pU  – vektor bozonlar n polyarizasiya vektorlar , 

246)2( 21
FG  GeV – Hiqqs bozon sah sinin vakuum qiym ti, FG  z if qar ql  t sirin 

Fermi sabitidir. 
Hiqqs bozonun real iki vektior bozona çevrilm si prosesinin eni a dak  ifad  il  verilir: 

),1241(41
216

)( 2
3

xxxMGVVH V
HF                                (4) 

burada WV  bozon olduqda ZVW ,2  bozon olduqda is  1Z  v  22
HV MMx -dir. 

Standart Model  gör , Hiqqs bozonun spini O, P v  C cütlükl ri müsb tdir: OJ PC . 
Bununla yana  olaraq elmi biyyatlarda t k CP cütlüy  malik olan A bozonu müzakir  edilir 
[1]. A bozonun vektor bozonlarla qar ql  t siri  

212 ppVVg
M
ig HVV

V
AVV                                                  (5) 

klind  götürülür, burada vahidsiz sabit msald r. 
A bozonun iki vektor bozona çevrilm sinin eni b rab rdir: 

23
23

)41(
216

)( xMGVVA V
AF .                                               (6) 

2-ci v  3-cü kill rd  Hiqqs (A)-bozonun iki Z -bozona v  iki W -bozona çevrilm  
ehtimallar n Hiqqs (A)-bozonun kütl sind n as q qrafikl ri verilmi dir. Qrafikl rd n 
göründüyü kimi, Hiqqs (A)-bozonun kütl sinin artmas  il  çevrilm  ehtimal  da art r. 

4-cü kild  ffZZZH *  çevrilm sinin Feynman diaqram  verilmi dir. 
Ümumi qaydalara saslanaraq [2], ffZH  çevrilm sinin matris elementini a dak  

kild  yazmaq olar: 

)()]1()1([)(
)(

)1(
)( 255122

2

pggpu
iMMq

kU
xx

eMfZfHM RL
ZZZWW

Z ,       (7) 

burada 2sinWx  Vaynberq parametri, Lg  v  Rg  fermionun Z -bozonla sol v  sa  rabit  
sabitl ridir: 

WfRWf
f

L xQgxQIg ,3 .                                                 (8) 
(7) matris elementinin kvadrat  b rab rdir: 

.))((2)(
)(

)(
)1(

8)( 2122122222

22222
pkpk

M
pp

MMq
ggN

xx
eMfZfHM

ZZZZ

RLC

WW

Z ,           (9) 

 

 
k. 1. VVH  prosesinin

Feynman diaqram . 



Fizikan n müasir probleml ri VIII Respublika konfrans  
 
 

 249 

Burada CN ng vuru udur (lepton cütü yarananda 1CN , kvark cütü yarananda is  
3CN ), bcsduef e ,,,,,,,,,,  ola bil r. 

 

 
k. 2. )( ZZH  (1) v  )( ZZA  (2) 

çevrilm rinin )(AH  bozonun kütl sind n as . 
k. 3. )( WWH  (1) v  )( WWA  (2) 

çevrilm rinin )(AH  bozonun kütl sind n as . 
 
Fermionlar n rabit  sabitl ri üzr  c m apard qda  

222

9
40

3
10

4
73)( WW

f
RLC xxggN  

 
ifad si al r. N tic  ffZH  prosesinin ehtimal n ff  

cütünün invariant kütl sin  gör  paylanmas  üçün a dak  
ifad ni al q: 

22222

2224

3

42

2 )(
)12(

16
3)(

ZZZ

ZZHZ
Z

H

ZF

MmM
mMM

M
MG

dm
fZfHd ,        (10) 

burada  

2

2

2

2
22 )(1)(1,

27
40

9
10

12
7

H

Z

H

Z
ZWWZ M

mM
M

mMxx . 

Hiqqs bozonun du ffWWWH *   

ud ffWWWH *  kanallar  üzr  çevrilm  ehtimallar  da hesablanm r, burada 
cuf eu ,,,,  v  sdefd ,,,,  ola bil r. *WWH  çevrilm sinin ehtimal  (10) 

düsturundan al na bil r. Bunun üçün ,1WZ  WZWZ MM,   WZ  
zl ri apar lmal r. 
CP-t k  ( OJ PC ) A bozon hal nda invariant kütl  gör  paylanma spektri a dak  

kimidir: 

22222

222

3

42

2 )(8
3*)(

VVV

VV
V

A

VF

MmM
Mm

M
MG

dm
VVAd ,                           (11) 

 

 
k. 4. fZfZZH *   

prosesinin Feynman diaqram . 
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k. 5. fZfH  (1) v  fWfH  (2) prosesl rinin ehtimallar n invariant kütl n as . 

 
5-ci kild  ffZH  v  'ffWH  prosesl rinin ehtimallar n invariant m  

kütl sind n as q qrafikl ri t svir edilmi dir. Göründüyü kimi, 'ffWH  çevrilm sinin 
ehtimal  ffZH  çevrilm sinin ehtimal ndan böyükdür. Bu onunla laq dard r ki, 

*WWH  keçidi il  '* ffW  keçidinin sabitl ri *ZZH  v  ffZ*  
keçidl rinin sabitl rind n böyükdür. 

Fermion-antifermion cütünün invariant kütl sinin artmas  il  çevrilm  ehtimallar  t dric n 
art r v  maksimuma çat r, invariant kütl nin sonrak  artmas  çevrilm  ehtimallar n s ra q r 
azalmas  il  n tic nir. 
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TRANSVERSE MOMENTUM PHYSICS IN 4He +12C  
INTERACTIONS AT 4.2GeV/c 

 
1Y.H. Huseynaliyev, 1L.Y. Huseynaliyeva, 2G.G. Mammadova,  

1U.S. Alieva, 1N.E. Amirova 
1Azerbaijan State Pedagogical University, 2Baku Business and Cooperation College  

yashartur@yahoo.com 
 

Production of - -meson and proton is studied in 4He+12C interactions, using pp reference 
data at 4.2GeV/c in order to explore the collective phenomena in the nucleus. The Nuclear 
modification factor, R(pt) as a function of transverse momentum is used for investigation. The 
data obtained are from the 2m-propane bubble chamber of JINR (Dubna, Russia). 

 
1. Introduction 
The transverse momentum (pt) physics is of great interest. J. D. Bjorken has shown that, 

pt is a constant variable [1]. pt is an invariant parameter [2], which is same in all frames of 
references. pt physics has been studied at SPS, RHIC and LHC energies. Below some new 
results are shown.  
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2. The Experimental method of 4HeC -interaction 
The experimental data were obtained using the 2m propane bubble chamber of the LHE 

of JINR (Dubna, Russia) exposed to a beam of helium nuclei at the momentum 4.2AGeV/c at 
Dubna Synchrophasotron. The average density of  electrons on tracks of nuclei of helium with 
length of a trace is more 5 mm made:.085±.002cm-1. The impurity of the charged strange 
particles  did  not  exceed  1%.  Therefore,  all  negative  particles,  except  for  identified  electrons,  
were considered as negative pions. Positive particles include in themselves positive pions, 
protons and heavier single charged fragments of nuclei (deuteron, tritium). A fraction of a 
positive pions in the general number of positive particles in momentum interval p +=(0.5-
2.0)GeV/c did not exceed 13.5%. Protons, deuterons and heavier fragments in propane bubble 
chamber one can possible divide on density of ionization on traces only in a momentum 
interval (1.0-2.0)GeV/c. Protons used for the figures were taken with p>150MeV/c and 
negative pions with p>80MeV/c, since these values are average lower momentum thresholds of 
registration of protons and pions respectively in propane chamber. Stripping protons (spectator 
protons from projectile-nucleus) having p>3GeV/c and  (emission angle) <4 degrees (in lab. 
frame) for interactions at initial momentum of 4.2AGeV/c were excluded. We have analyzed 
11699 inelastic HeC-interactions at energy 4.2GeV/c.  

3.Experimental results for protons and - mesons in 4He+12C  -interactions at 
4.2AGeV/c  

In Fig.1 the values of 
pp

tprot
tot
events

HeCpC
tprot

tot
events

dpdNN
dpdNN

R
)](1[

)](1[
4,

 for protons are given. It is seen that: 

1) In low-pt region, the enhancement of the R becomes weak. It should be noted that 
enhancement  of  R  were  observed  in  pC  -interactions  at  4.2AGeV/c. Relatively higher 
enhancement of R in region pt<0.3GeV/c in pC -interactions compared to 4HeC interactions at 
4.2AGeV/c is simply due to the higher number of spectator (evaporated)  protons with 
p<.3GeV/c (slow proton). This is because in pC interactions as compared to 4HeC interactions 
we  have  lower  number  of  nucleon-nucleon  collisions  per  event  (and  lower  number  of  
participant nucleons) and lower degree of carbon disintegration, whereas in case of 4HeC you 
have higher number of nucleon-nucleon collisions per event (and higher number of participant 
nucleons and thus lower number of spectator nucleons) and higher degree of carbon 
disintegration.  

2) There is a clear enhancement in high-pt region.  The  reason  of  this  enhancement  is  
probably hard nucleon-flucton scatterings in central nucleus-nucleus collisions. Flucton is the 
hadronic drop where two or more nucleons are grouped together at the distances lower than the 
mean intra-nucleon distance in nucleus. High-pt particles can only be produced in the processes 
of hard scattering in central collisions. It was shown in early works that these particles are 
produced in central  region, not in the region of target or projectile fragmentation. It  is  proved 
that these particles are produced in the processes of hard scattering in central nucleus-nucleus 
collisions.      

In the Fig.2 the values of
pp

t
tot
events

HeCpC
t

tot
events

dpdNN
dpdNN

R
)](1[

)](1[
4,

 for negative pions are given. It is 

seen that: 1). 
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Figure 1. The ratio R (protons) for pC (left) and 4HeC -interactions at 4.2AGeV/c. 

 
There are two different regions for emission of - mesons: pt <45GeV/c and pt>45GeV/c, 

which was seen for pC-interactions at 4.2GeV/c. The values of R in both regions increases; 2) 
At  pt .45GeV/c we see minimum, that was found for pC-interactions at the same point; 3) 
There is a tendency in increase of the mean multiplicity of negative pions in low pt region 
(pt<.45GeV/c) in 4HeC-interactions compared to pp-interactions at the incident energy of 
4.2GeV/c per nucleon. An average number of interacting nucleons in HeC-collision is 5.80±.08 
[3]. The mean multiplicity of - -mesons increases in high-pt region (pt>.45GeV/c) with the 
mass of the colliding system too. These high-pt pions, most probably, are direct pions. The slow 
protons i.e., spectators, produced in low-pt region,  are  direct  protons  too,  because  they  don't  
participate in the interactions. But the low-pt pions and high-pt protons are correlated. Analysis 
of pt of 0 resonances in 4.2AGeV C+Ta collisions [4] shows that they are produced with high- 
pt in comparison to the proton distribution and that 0 decay kinematics is responsible for the 
low pt enhancement (pt<.5GeV) of the negative pions.  
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Figure 2. The ratio R (negative pions) for for pC (left) and 4HeC -interactions at 4.2AGeV/c. 

Conclusion 
In R(pt) dependence, in low-pt region(pt<.3GeV/c) for protons, with increasing mass 

number  of  projectile  the  enhancement  of  the  R  smears  out  due  to  spectator  protons. A clear 
enhancement at high-pt (pt>1.2GeV/c)  is  observed,  which  is  the  highest  in  case  of  HeC-
collisions at 4.2AGeV/c. This enhancement is due to the contribution from central-central 
collisions, where the pt enhancement can be explained as due to the high number of nucleon-
nucleon re-scatterings in central collisions. Obviously, we have the highest contribution from 
central collisions in case of HeC -collisions. The R values of - mesons in dependence on their 
pt, given for HeC interactions at the same energy of the incident particles (He nuclei) coincide 
within error bars in high-pt region (pt>0.45GeV/c), i.e. the R values do not depend on the type 
and the mass number of particles at the same energy. It means that the mechanism of the pion 
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emission in HeC interactions is the same and this mechanism is the 0 -resonance decay. The 
mean multiplicity of - mesons increases in high-pt region (pt>.45GeV/c) with the mass of the 
colliding system too. These high-pt pions and slow protons are direct particles. Another 
dominant mechanism for the emission of the low-pt negative pions and high-pt protons is the 0 
-resonance decay. 
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ADS/KXD -NIN YUM AQ D VAR MODEL ND  RO-MEZON- DELTA  
BAR ON  QAR ILIQLI T SIR SAB  

 
. Ataye , N.C. Hüseynova2,3, . M mm dov3,  

(1) AMEA-n n Fizika nstitutu 
(2) BDU-nun N ri Fizika kafedras  
(3) BDU-nun Fizika Probleml ri ET  

    
Ro mezon il  delta barionlar n qar ql  t sir m sin  AdS/KXD-nin yum aq divar 

modelind  bax lm r. AdS f zas n daxilind  sol v  sa  kolibrl  sah ri v   
psevdoskalyar sah  daxil edilmi dir. Bu sah r üçün AdS f zas n içind  Laqranjian yaz lm , 

t t nlikl ri al nm  v  bu t nlikl rin h lli olan profil funksiyalar  tap lm r. AdS/KSN 
uy unlu una saslanaraq iç f zada  yaz lm  qar lql  t sir Lagranjianindan istifad  ed k, 
qar ql  t sir sabiti üçün integral ifad  al nm r. 

 
AdS/KXD n riyy sinin 2 sas modeli var: s rt divar modeli v  yum aq divar modeli. 

Yum aq divar modeli a dak  prinsipl r üz rind  qurulur. Bu modeld   t sir (1) dusturu il  
yin olunur:            

,                                                       (1) 
burada   (M,N=0,1,2,3,4,5) v  AdS f zas n metrikas  dak kild  t yin 
olunur. 

 

  ,                             
Burada   Dilaton sah si  v     is  Minkovski metrikas r.  

                                          
Dilaton sah si el  seçilir ki, infraq rm  s rh dd  5-ölçülü inteqral sonlu ( ) olsun. Bel  
sah nin n sad  hal  a dak kild dir. 
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1. Yum aq divar modelind -mezon  
AdS f zas n daxilind  2 d  v   kalibrl  sah ri vard r ki, bunlar da 

 qrupuna tabe olaraq sol v  sa  kiral sah r kimi çevrilir. ç zada kalibr-
 sah rind n ba qa bir skalyar X sah si d  var ki, bu sah  d   

qrupunun bifundamental t sviri kimi çevrilir. Bütün bu sah r üçün yekun t sir bel  olur: 
,                

Burada 5-ölçülü qar ql  t sir sabiti r ng yükünd n as r: . Bu iki kalibr-

 sah rini toplayaraq yekun vektori sah  ala bil rik: . Sad lik üçün biz  
 kalibrovkas nda i yik. T sirin (5) ifad sind n t yin olunan vektori sah  üçün 
t t nliyi a dak kild dir:  

,                                              
burada =  . A dak zl nm ni apard qdan sonra  

                                                           
(6) t nliyi redinger t nliyin  b nz r (7``) t nliyin  g lir v  

                           

 h lli a dak  (8) klind  olur:  

                          

-mezon üçün   v    (8) h lli (9) klind  olur.  

                                      

canla  hallar üçün kütl  spektri n-d n x tti a kar as  olur:  . ndi AdS 
zas n içind  delta barion sah rini daxil ed k. 

2. Yum aq divar modelind  delta barionlar  
Burada delta barion sah sinin vektori sah  il  qar ql  t sirin  bax lm r. Spin 3/2 

barionlar n KXD-nin s rh ddind ki t sviri iç f zada  Rarita- vinger sah si il  verilir. AdS 
zas nda Rarita - vinger sah si üçün t sir a dak  ifad  il  t yin olunur:        

 
burada ,  veylbeyn v   is  kovariant 

tör dir.Spin laq nin s rdan f rqli komponentl ri bunlard r: .        

5-ölçülü qamma matrisl r  antikomutasiya münasib tini öd yir v  
klind  t yin olunur. ,  

sirin (10) ifad sind n h t t nliyi a dak kild  t yin olunur:  
                  

burada  
lum oldu u kimi Rarita– vinger sah sinin spini 3/2 komponentl ri spini ½ olan 

sah nin d  xass rini özünd  saxlay r. 4 ölçülü f zada bu sah nin üz rin  Lorens rti 
qoymaqla spini ½ olan komponentl r aradan qald r.  

 



Fizikan n müasir probleml ri VIII Respublika konfrans  
 
 

 255 

5-ölçülü f zada da anoloji olaraq sah nin üz rin  Lorens rti qoymaqla spini ½ olan 
komponentl r Rarita- vinger sah sind  aradan qald r.  

                                                          (12) 
bu da s rb st z rr cik üçün a dak  t nliy  g tirir. 

                                                           (13) 
Bel likl  Rarita- vinger sah si üçün Dirak t nliyin  b nz r a dak  t nlik al r:                     

                      (14) 
(14) t nliyind n  istifad  etm kl  profil funksiyalar üçün ikinci t rtib t nlikl r al nm r:  

;  

Bu t nlikl r sisteminin h lli Lager polinomu il  a dak kild  tap lm r:  
,                   ( 15) 

Normalla ma sabitl ri 

,  

 yekun profil funksiyalar
                         

0
22,

n n

n
Lnn

L mp
zmfzpf ,    

0
22,

n n

n
Rn

R mp
zpfzpf                    (16) 

klind  t yin olunur. 
3. Ro-mezon - delta barion üçün qar ql  t sir Laqranjian   

ç f zada delta barionlar n vektori sah  il  qar ql  t siri I t sirl  ifad  olunur:  
                                            

Qar ql  t sir Lagranjian  iki h dd n ibar tdir. 

 
lk olaraq Lagranjian vektori sah nin barion  c yan  il  qar ql  t siri h ddind n ibar tdir.  

 ,                                
(18) Lagranjian  bu qar ql  t sir üçün a dak  inteqral ifad ni verir:  

      

Burada  v   indeksl ri barionlar n h canla ma hal  göst rir. 
+ 

.              

Nam lum  v   sabitl ri s rt divar modeli üçün barionlar n sas hal  üçün       qar ql  
sir sabitinin qiym tind n t yin olunur. 

(20) Lagranjian  bu qar ql  t sir üçün a dak  inteqral ifad ni verir:  

 
 .                            (21) 
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THE HIGGS FIELD AND ELECTRIC CHARGE  
 

S.S. Rzaeva 
Institute of Physics of Azerbaijan National Academy of Sciences, 

Sumqayit State University 
 

In the framework of Standard Model for the arbitrary values of Higgs and fermions fields 
hypercharges, taking into account parity invariance of electromagnetic interaction, expressions 
for the fermions charges, testifying the electric charge quantization are obtained.  
 

Standard Model (SM) of strong and electroweak interaction well describing existing 
experimental data involves several unanswered questions. Within SM have not been solved 
such problems as existence of three families [1, 2], mass hierarchy problem [1, 2], electric 
charge quantization etc. Solution of mentioned theoretical problems can be achieved either by 
introduction of additional particles or by enlargement of symmetry group. For instance, the 
SU(5) grand unification model [3] can unify the interactions and predicts the electric charge 
quantization, while the models based on E6 group can also unify the interactions and might 
explain the masses of the neutrinos. 

In the context of Standard Model (SM) and its extensions electric charge quantization has 
been considered by a number of authors [4–9]. Note that in all these works electric charge 
quantization is obtained by using relations coming from anomaly cancellation with fixed value 
of hypercharge of the Higgs doublet. 

The possibility of obtaining the electric charge quantization for an arbitrary value of 
hypercharge of the Higgs field, using the relations coming from the anomaly cancellation 
condition is considered in [13, 14]. Proportionality of hypercharges of fermion fields to the 
hypercharge of the Higgs field obtained from anomaly cancellation condition is interpreted as 
independence of electric charge quantization from the hypercharge of Higgs field.  

In this work we will consider rather simple possibility of obtaining the electric charge 
quantization in SM without using relations following from anomaly cancellation condition and 
without fixing hypercharges of any fields. 

Let us consider SM for the first generation of fermions without mixing. We will not use 
the known charge formula. To complete the analysis we will assume that neutrino has got the 
right-handed component. 

Interaction lagrangian of fermions and Higgs fields with gauge bosons in SM looks like    

,* DDDiDiL RfRLfL                                  (1) 
where fL  and fR  left and right-handed fermion fields respectively, and  

2
BYgiATigD .                                                       (2) 

It is customary to use the following notations for parameters Y (further hypercharge as in 
SM).  

.,,

,)(,,

dRdRuRuRQLQL

RReReRLL

yYyYyY

yYyYyYyY
                     (3) 

Let us consider the third term in (1) and suppose that the hypercharges (3) are real.  
Transformation of fields 3A and B  to the physical ones A  and Z  looks like 

.sincos

,cossin3

ZAB

ZAA
                                                (4) 
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Taking into account (3) we have 
.,cos,sin 222 gyggggggy                 (5) 

For the interaction of leptons with the electromagnetic field we obtain from (1), (3) and 
(5) 

5005
' eAQQeAQQL eel .                    (6) 

where  

.sin1
4

,sin1
4

,sin1
4

,sin1
4

'
00

'

y
yygQ

y
yygQ

y
yygQ

y
yygQ

eRL
e

eRL
e

RLRL

                (7) 

From the expression (6) one can see that the interaction of neutrino with a photon differs 
from zero and there are terms proportional 5 in neutrino – photon and electron – photon 
interactions.  

The parity invariance of the electromagnetic interactions (i.e. the requirements ,0'Q and 
0'

0eQ  in (7)), leads to 
., yyyyyy RLeRL                                             (8) 

It is necessary note that expression (10) testifies the hypercharge conservation in leptons mass 
lagrangian  

.,.chffL c
RLeRLe

l
mass                                     (9) 

where 2ic . 
Similar expression to (8) at 1y  and  0Ry  is obtained in [3]. The relations (9) also 

follow from the equality of charges of the left-handed and right-handed lepton fields. Hence, 
the third condition (the masses of fermions are generated by the Higgs mechanism in the usual 
way) imposing for the electric charge quantization considered in [3], are equivalent to the 
condition of parity invariance of electromagnetic interaction or to the condition eReL QQ . 

Note,  that  in  the  SM  with  massless  neutrino,  the  requirement  parity  invariance  of  
electromagnetic interaction and the condition of electric neutrality of the neutrino are 
equivalent (see also [5]).  

Taking into account (8) in (7), i.e. excluding the hypercharges of the right-handed lepton 
fields we have  

,1
2

,1
2 0 y

yQ
Q

y
yQ

Q Le
e

Le (10) 

where .sin gggygQe  
For the interaction of quarks with electromagnetic field we have  

.522511 dAQQduAQQuL dduuq                         (11) 
where 

.sin1
4

,sin1
4

,sin1
4

,sin1
4

22

11

y
yygQ

y
yygQ

y
yygQ

y
yygQ

dRQL
d

dRQL
d

uRQL
u

uRQL
u

                (12) 
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Similarly to the case of the interaction of leptons with the electromagnetic field, using condition 
of parity invariance of electromagnetic interaction. 

yyy dRQL , yyy uRQL .                                             (13) 
The expressions (13) testifies the hypercharge conservation in quarks mass lagrangian  

..chffL c
uRQLudRQLd

q
mass                                     (14) 

Taking into account (14) in (12), i.e. excluding the hypercharges of the right-handed 
quark fields we have  

.1
2

,1
2 y

yQ
Q

y
yQ

Q QLe
d

QLe
u                                    (15) 

The expressions obtained in (10) and (15) that depend on the Higgs field hypercharge, can 
be considered as the evidence of electric charge quantization of leptons and quarks. However 
the expressions (15) do not define the numerical values of leptons and quarks charges (in units 
of electron charge). 

Let us consider the first term in (1). Note that relations between fields 3A  and B  and the 

physical ones in (6) can be obtained also from LL Di  and QLQL Di . In this case 
asymmetric introduction of leptons and quarks fields in Standard Model is needed. This 
asymmetry is connected with the color quantum number of quark fields. It follows from 

LL Di  that the mixing angle of neutral fields is given by 

2'22

'
sin

gyg

gy

L

L
L .                                                           (16) 

Let us consider the QLQL Di  term. Note that since the quarks have the color and the weak 

currents of quarks are color blind, the expression QLQL Di  represents actually the sum over 

the colors of quark fields, i.e. c

c

c
QL

c
QLQLQL DiDi . It is easy to see, that in this case the 

hypercharge Y entering into the expression of covariant derivation (4) is equal 
to QLQL yyY

c

c 3 . Hence, for the mixing angle of neutral fields we have  

2'22

'

9

3
sin
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gy

QL

QL
QL  .                                             (17) 

The requirement of equality of angles (5), (16) and (16) leads to the relations 
yyL , yyQL3 .                                                      (18) 

Taking into account (18) for charges of leptons and quarks, it follows from (12) and (15), 
that 

edeuee QQQQQQQ
3
1,

3
2,,0 0 .                            (19) 

Thus we can conclude that the relations (18) leading to the electric charge quantization of 
leptons and quarks, testify the influence of the Higgs field on electric charge quantization.  

Note that for the hypercharge of right-handed neutrino we have 0Ry  and, hence, the 
anomaly  cancellation  conditions  do  not  contain  the  additional  parameter  and  all  anomaly  
cancellation conditions are satisfied [3–9, 13, 14].  

Similar to (19) expressions can be obtained for other families of leptons and quarks. 
These results define quantization and numerical values of lepton and quark electric charge. 
Thus for the electric charge quantization in SM there is no necessity in using relations 
following from anomaly cancellation conditions and fix hypercharges of any fields. The SM 
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leads to fixing of the hypercharges of the fermion fields and0consequently provides the absence 
of anomaly. 

In this case, between the charges of fermion fields there is the following relation (see eqs. 
(10) and (15)) 

y
Y

T
Q
Q fLf

L
e

f

23 ,                                                               (20) 

where f
LT3 -is the third component of isospin, and, fLY -is the hypercharge of  left-handed   

fields.  
In the Standard Model and various extended models of electroweak interaction, photon 

eigenstate does not contain vacuum averages of Higgs fields, but depends on the hypercharges 
of Higgs fields. This leads to the dependence of the charges of particles from the hypercharges 
of  the  Higgs  fields  (see  eqs.  (4)  and  (5)).  Dependence  of  the  particles  charges  from  the  
hypercharge of the Higgs fields leads to the conclusion that the Higgs fields influence the 
"formation" of the charges of the particles (expressions (10) and (15)). The fact of fixing the 
hypercharges of the fermion fields by the hypercharge of the Higgs field (i.e. the 
relations yyy QLL 3 , leading to the electric charge quantization in SM) and dependence 
of the charges of the particles from the hypercharge of the Higgs field can be interpreted as an 
influence of the Higgs field on electric charge quantization. Thus, it seems that the Higgs fields 
are responsible not only for occurrence of particles mass, but also for the "formation" of their 
charges, and consequently for electric charge quantization. Here we would like to make 
following remark. If in theory there is no Higgs field, then the third term in lagrangian (1) is 
absent, but the charges of the particles are exist. Such a theory has been considered in [15]. 
These type theories are non- renormalized, and the masses of the particles are introduced by 
“hand”, in which there is no explanation of electric charge quantization. The SM, perfectly 
describing all existing experimental results, is renormalized theory and as it is shown in the 
present analysis, explains the electric charge quantization. Besides, it possibly can throw light 
upon the nature of the particles electric charge.  
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traf mühitd  v  müxt lif istehsalat sah rind halinin sa laml na t sir göst n 

ionla üalanmalarn n doza gücü v  radionüklidl rin aktivliyi öyr nilmi dir. Bu m qs dl  
respublikam zda t bii ehtiyatlar  olan bentonit yataqlar nda üalanman n doza gücü öyr nilmi  

 neftin emal  prosesind , d rman istehsal  v  tikinti i rind  geni  istifad  olunan bentonit 
gilind n nümun r götürülmü , müasir metod v  cihazlardan istifad  ed k, radionüklid 

rkibi t dqiq olunmu dur. Mü yy n olunmu dur ki, bu yataqlar n üz rind  ekspozisiya 
dozas n gücü saatR,, 53225  interval nda d yi ir, bütün yataqlar n bentonit gili 
nümun rinin t rkibind  yaln z t bii radionüklidl r (40K, 210Pb, 226Ra, 228Ra, 232Th, 235U, 238U) rast 

linmi dir. Göst rilmi dir ki, müxt lif bentonit yataqlar nda radionüklidl rin aktivliyi 
mineral n yerl  d rinliyind n as  olmay b süxurun kimy vi t rkibind n as r. 
Respublikam zda ehtiyyatlar  olan bentonit gill rind n müxt lif tullant  sular ndan radioaktiv 
elementl rin (radium v  uran) ayr lmas nda sorbent kimi istifad  olunmas  imkanlar  
ara lm r. 
 

Bentonit (Bentonit AB -da Benton yata n ad  il  ba  minerald r) -n ml ndirm  
14-16 d  xass sin  malik olan t bii mineral gildir. Bentonitin r ngi aç q sar , s xl  

3smq879760 -a v  qurulu  düsturu OnH)OH](OSi[Al 221042  olan minerald r [1]. hdud 
sah  suyun i tirak  il  s rb st  n tic sind  s x gel  g lir ki, bu da sonradan n min 
nufuz etm sinin qar  al r. Bu xüsusiyy t, el  d  qeyri-toksikliyi v  kimy vi davam  
onu istehsalat, tikinti v  bir çox dig r sah rd  t tbiqin  imkan yaran r. 

Bentonitin iki növü vard r: 1) a  d li kalsium t rkibli; 2) yüks k  
li natrium t rkibli (  sür ti n az qml7  v  ya n çox qml12 -d r). B zi t bii 

bentonitl rd  bu parametrl r f rqli qiym tl r ala bil r ki, bu halda bentonitin h min yerd  
aktivl diyi güman edilir. Bentonit gilin sas mineral t rkibinin 60-70 % -ni montmorillonit 
(nanogil) t kil edir. Gil suyu udark n az v  ya çox d  plastik xüsusiyy t al r, quruduqda 

dric n, q zd ld qda is  tamamil  h min suyu itirir. M hz buna gör  d  n mli plastik gil 
kutl si quruduqdan sonra da öz ilkin v ziyy tini saxlay r, yand ld qdan sonra is  
polimerl  n tic sind  tikilm  ba  verir v  b rk da la  hala keçir [2]. 

Bentonitin yem  v  torpa a gübr  il  birlikd lav  olunmas  heyvandarl q v  k nd 
rrüfat n m hsuldarl  art r. H mçinin tikinti obyektl rind  n mlik v  istilik 

prosesl rinin trafdan t crid olunmas nda da t rkibind  betonit gili olan minerallar t tbiq 
olunmaqdad r. Ba qa sözl , betonit gill r müasir tikinti sah sinin sas  t kil edir. Bentonitin 
sas komponenti neft v  qaz, qida, kosmetika, czaç q v  tikinti s nayesind  istifad  olunan 

montmorillonitdir. Bütünlükl , bentonit gil tozunun 200–d n çox t tbiq sah si vard r. 
Az rbaycan Respublikas n razisind  bentonit gill ri geni  yay lm r. Dövl t balan-

nda ehtiyatlar  qeyd  al nm  2 bentonit gili yata  vard r. Bunlar Da  Salahl  v  Xanlar 
yataqlar r. Da  Salahl  bentonit gil yata  A stafaçay n sol sahilind , Qazax çök kliyinin 

nub q rb qanad nda, Q lqaya da n c nub- rq k nar nda yerl ir. Yataq daxilind  
bentonit gili sas n Üst Santonun tur  t rkibli vulkanitl rinin yay ld  sah rd  toplanm r. 
Bu yataqdan ba qa Qazax çök kliyind  bir s ra bentonit gili sah ri vard r. Onlardan Alpout, 
Ac , K kil, Üçgöl, libayraml , Danaq rançay, Co azçay v  s. sah ri göst rm k olar. Son 
ill rd  apar lm  geoloji-k fiyyat i ri n tic sind amax -Qobustan zonas nda da bentonit 
gill rinin böyük ehtiyatlar  a kar edilmi  v  B yl r yata n s naye miyy tli ehtiyatlar  
hesablanm r. Bentonit yataqlar ndan Da  Salahl  yata  istismar olunur [2-3]. 

halinin sa laml na ciddi t sir göst n amill r s ras nda havan n, suyun, torpa n v  
istifad  etdiyi rza n, suyun keyfiyy tl ri xüsusi yer tutur. Bu bax mdan Yer kür sinin h r bir 
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regionu üçün torpaq v  litosfera qat n radioekologiyas n t dqiq olunmas sas 
probleml rd n biri hesab olunur. traf mühitd  normadan yüks k radiasiya fonu n tic  
ekosferada canl  orqanizml rd  genetik d iklikl r v  onkoloji x st likl rin yaranmas  üçün 

rait yarad r. Bel  ki, yüks k radiasiya fonu canl  orqanizml rd  ged n normal molekulyar 
bio-kimy vi prosesl ri pozur v  genl rin bölünm si zaman  rabit  q lmalar  ba  verir. 

Neft-qaz hasilat  zaman  yer s thin  uran, torium v  radiumun radioaktiv izotoplar n 
akkumuliayasiyas  il  yana , havada radon qaz n konsentrasiyas  da art r. Radon qaz  
havadan 7,5 d  a rd r v  buna gör  d  bu qaz atmosferin a  qatlar nda, m nzill rin birinci 

rt sind  v  zirz mil rd  toplan r [4]. T dqiqatlar göst rir ki, respublikam n neft v  qaz 
istehsal  idar ri razil rind  doza gücü saatR2000 -a çatan lokal çirkl nmi  sah r vard r 
[5,6]. Neftin ç xar lmas  prosesl rind  neftl  birlikd  ç xan lay sular n t rkibind  t bii 
radionuklidl rin akkumuliyasiyas  n tic sind  yüks k ionla  radiasiya fonu yaran r [6]. 

Neft ç xarma s nayesind  istifad  olunan qazma m hlulunun haz rlanmas nda bentonit gil 
tozu geni  istfad  olunur. C mi 5% lav  edilm si il  özünün n m v  quru halda formas , 
yüks k yap qanl q xass sini saxlamas  say sind  bu gil geni  t tbiq sah ri tapm r.  

Yuxar da deyil nl ri n  alsaq bentonitl rin praktiki v  n ri bax mdan 
öyr nilm sinin miyy ti ayd n olur. Onu da qeyd ed k ki, qabaqc l ölk rd  tikinti 

nayesind  (o cüml n m nzill rin tikinti ind ) istifad  olunan h r bir material n keyfiyy ti 
radioekoloji bax mdan qabaqcadan yoxlan r. 

 Qobustan v  Qazax rayonu razil rind  yerl n B yl r, Q l D  v  Da salahl  
yataqlar ndan götürülmü  müxt lif bentonit nümun rinin kimy vi t rkibi rentgen-spektral 
analizi D2 Phaser/D8Advance «Bruker», radionuklid t rkibi is  HPGe detektorlu qamma spek-
trometri «Canberra» avadanl qlar  vasit si il  analiz edilmi dir. Da salahl  yata ndan 
götürülmü  bentonit gilin kimy vi t rkibi c dv l 1-d  verilmi dir. 

dv l . 
Birl  Na2O MgO Al2O3 SiO2 P2O5 Cl  K2O CaO TiO2 MnO SO2 FeO Fe2O3 ND 
Pay , % 3,41 1,25 15,58 59,65 0,35 0,22 0,84 3,11 0.94 0,07 0,25 0,54 3,35 10.44 

 
Qeyd ed k ki, bentonitl rin sas kütl rini t kil ed n montmorillonitin miqdar  hans  

rinlikd  yerl sind n as  olaraq k skin d yi ir. H mçinin, Da salahl razisind n 
götürülmü  t rkibind  müxt lif miqdarda montmorillonit olan nümun rd  montmorillitin 
konsentrasiyas n bentonit minerallar n radioaktivliyin  t siri öyr nilmi dir. Ekspozisiya 
dozas n gücünün müxt lif oldu u yerl rd  qamma üalanmas n xarakterini mü yy nl -
dirm k üçün mobil qamma spektrometrl  ( nSpector 1000) spektrl r ç kilmi dir. razid  

kilmi  bütün qamma spektrl rd  yaln z t bii radioaktiv elementl rin (40K, 226Ra, 228Ra, 235U, 
238U) v  onlar n parçalanma m hsullar n olmas  mü yy nl dirilmi dir. 

Bentonit nümun rind  uran izotoplar n aktivliyi is  “Alpha Analyst” spektrometri 
«Canberra» il  t yin edilmi dir. Qobustan v  Qazax rayonu razil rind  yerl n B yl r, Q l 

 v  Da salahl  bentonit nümun rinin radionuklid analizinin n tic ri c dv l 2-d  
verilmi dir. 

dv l 2. 
Numun  1 Numun  2 Numun  3 Numun  4 Numun  5 

Radionuklidl r Numun rd  radionuklidl rin aktivliyi, Bk/kq 
Pb-210 17.1 ± 6.5 37.6 ± 6.6 74.6 ± 9.1 41.8 ± 10.9 64.6 ± 9.5 
Cs-137 MDA=1.25 MDA=1.32 MDA = 2.2 MDA = 2.8 MDA = 3.9 
Th-232 42.1 ± 6.5 60 ± 11 77 ± 12 58 ± 7 69 ± 12 
U-235 1.2 ± 0.3 1.6 ± 0.3 2.1 ± 0.5 1.9 ± 0.4 1.6 ± 0.5 
U-238 29.4 ± 4.5 42 ± 6 50.3 ± 10.6 41.4 ± 9.6 34.5 ± 6.5 
Ra-226  20.3 ± 1.5 33.6 ± 2.1 57.9 ± 1.4  33.7 ± 1.8 44.5 ± 2.2 
Ra-228  37.0 ± 1.8 41.5 ± 2.8 50.4 ± 1.9 47.5 ± 2.8 54.9 ± 3.8 
K-40 155 ± 14 325 ± 21 139 ± 15 198 ± 19 186 ± 21 
Aeff 88.6 ± 11.2 139.8 ± 18.3 170.6 ± 18.4 126.5 ± 12.6 150.7 ± 19.7 
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Yataqlarda qaz lan quyular n d rinliyind n v  gil lay n t rkibind n as  olaraq 238U izo-
topunun xüsusi aktivliyi kqBk3,741,24 , 235U izotopunun xüsusi aktivliyi kqBk2,50,1 , 226Ra 

izotopunun xüsusi aktivliyi kqBk8815 , 228Ra izotopunun xüsusi aktivliyi kqBk6,640,20  in-
terval nda yi diyi mü yy n edilmi dir. Bel  ki, bentonit gill rinin radioaktivliyi mineral n yer-

 rinliyind n asili olmay b, montmorillont n miqdar ndan v  gilin kimy vi t rkibind n 
as r. 

dqiqat i ind  mü yy n olunmu dur ki, respublikam zda ehtiyyatlar  olan bentonit 
gill rind  heç bir süni radionuklid a kar olunmur, yaln z t bii radionüklidl r (40K, 210Pb, 226Ra, 
228Ra, 232Th, 235U, 238U) rast g linir v  bel  bentonit gilin nümun ri tikinti material  kimi 
radiasiya t hlük sizliyi bax mdan yararl r. 

 

 
kil 1. Da salahl  bentonit gilinin HPGe detektorlu qamma spektrometri  

«Canberra»-da ç kilmi  qamma spektri 
 

Qobustan v  Qazax rayonu razil rind  yerl n B yl r, Q l D  v  Da salahl  bentonit 
nümun rind n istifad  ed k neftl  birlikd  ç xan lay suyundan t bii radioaktiv izotoplar n 
(226Ra, 228Ra, 232Th, 235U, 238U) ayr lmas  t dqiq edilmi dir [7, 8]. Radium izotoplar  selektiv 
sorbsiyas  üçün Da salahl  bentonit gili MnO2 mitsellalar  il  piqmentl dirilmi  v  radiumun 
sorbsiya prosesinin optimal raiti öyr nilmi dir. Sonda sorbent kimi istifad  olunmas  
imkanlar  ara lm r. Da salahl  v  B yl r bentonit gili müxt lif yolla aktivl dirilmi , 
sonra m hluldan uran n sorbsiyas n pH-dan, uran n ilkin qat ndan, gilin m hlulda 
qat ndan, kontakt müdd tind n, m hlulun tempetarurundan as  v  el  d , gild n 
uran n v  radiumun desorbsiyas  öyr nilmi dir. 
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MOSS BIOMONITORING IN RUSSIA: PAST, PRESENT AND FUTURE 
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The use of mosses as biomonitors of atmosphertic deposition of heavy metals and 
radionuclides in Russia started more than 30 years ago in connection with the development and 
problems of the nuclear and military-industrial complexes in Siberia and the Urals. In the 
1990s, within the framework of UNECE ICP Vegetation programme, systematic studies using 
moss were carried on in north-western Russia (Karelia, Kola Peninsula, Kaliningrad, Pskov and 
Leningrad regions), and the results were presented in the European Atlas Atmospheric Heavy 
Metal Deposition in Europe–Estimations Based on Moss Analysis. In 1998–2002, JINR 
participated in the IAEA-coordinated research project “Biomonitoring of air pollution in the 
Chelyabinsk region (South Ural Mountains, Russia) through trace elements” in one of the most 
contaminated areas of the world experiencing strong ecological stress from heavy metals and 
radionuclides.  

JINR took part in the 2000/2001 European moss survey reporting data on some areas of 
Central Russia (Tula, Yaroslavl and Tver regions) and in the 2005/2006 moss survey in the 
north-east of the Moscow region and the Republic of Udmurtia. The 2010/2011 moss survey 
extended study areas in Russia as PhD students, teachers and pupils of secondary schools in 
Tikhvin (Leningradskaya Region), Smolensk, Ivanovo, Kostroma, Yekaterinburg regions, and 
one district of Moscow near thermal power station were involved in terrestrial moss sampling. 
Participation in the moss surbey 2015-2016 will cover more regions in the Central and Northern 
Russian, the Uarlas, Western Siberia, and Far East (Sakhalin and Kamchatka).  
The active moss biomonitoring (moss bags technique) was used to study air pollution in street 
canyons of the intensely growing megalopolis of Moscow and Belgrade (Serbia).  
A  combination  of  instrumental  ENAA  at  the  IBR-2  reactor  at  JINR,  Dubna,  and  AAS  at  
counterpart laboratories provides data on concentrations of about 40 chemical elements (Al, As, 
Au, Ba, Br, Ca, Cd, Ce, Cl, Co, Cr, Cs, Cu, Dy, Eu, Fe, Hf, Hg, I, In, La, Lu, Mg, Mn, Na, Nd, 
Ni, Pb, Rb, Sb, S, Sc, Se, Sm, Ta, Tb, Ti, Th, V, W, Yb, Zn), which substantially exceeds the 
requested by the European Atlas number of elements (given in bold). Distribution of the 
determined elements over the sampled areas is illustrated by the contour maps produced by the 
Russian software package GIS-INTEGRO with raster and vector graphics. 
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The moss technique is supposed to be used for assessing sequences of the Fukushima 
disaster in the Far East of Russia. It is also planned to use moss as natural planchette for tracing 
deposition of cosmic dust in peat bog cores in Western Siberia and some mountainous areas of 
Russia. 
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PROBING THE STRONGLY INTERACTING MATTER WITH  
EVENT-BY-EVENT FLUCTUATIONS SIGNALS 

 
A. JanMammad oglu Rustamov 1,2 

1Goethe-University Frankfurt, Frankfurt am Main, Germany 
2Institue of Radiation Problems, Baku, Azerbaijan 

a.rustamov@cern.ch 
 

The study of the phase diagram of strongly interacting matter is probably themost 
challenging problem in the filed of heavy-ion collisions. Fundamental problems of 
contemporary nuclear research, such as, mass generation and confinement are intimately 
connected with the phase structure of the strongly interacting matter. Its most prominent feature 
is the existence of the deconfinement /chiral transition lines between hadronic and partonic 
phases. Modern Lattice QCD calculations advocate rapid crossover transition towards low 
net-barion densities with the coincidence of deconfinement  and chiral phase transition regions. 
At higher densities, however, the deconfinement phase transition is expected to be of first 
order. The logical consequence is the existence of a second order critical point at some 
intermediate values of net-baryon densities. Experimentally, by changing the energy and the 
size of colliding nuclei one can control the net baryon density and the temperature of the 
created matter. Indeed, according to the recent NA49 results, starting from about 30 
GeV/nucleon on, the system created in Pb+Pb collisions realizes itself in a coexistence of 
hadronic and partonic phases. The transition to pure partonic phase takes place at around 
160GeV/nucleon. However, the nature of the phase transition must further be supported and 
confirmed by alternative measurements. In this context the study of several event-by-event 
fluctuation signals is mandatory. In fact, any kind of phase transition will ultimately lead to 
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anomalies in fluctuations. In order to distinguish between second order phase transition (critical 
point) the system size dependence of fluctuation signals must be performed. This activity 
should be made together with changing the energy of colliding systems. The latter is needed 
because the “fingerprints” of the critical point can only be realized if the system freezes near 
the unknown location (temperature and net-baryon density) of the critical point. This requires 
two-dimensional excitation functions of fluctuation signals; in collision energy and the size of 
colliding nuclei. The NA61/SHINE Collaboration came with a dedicated program to explore 
the phase diagram of strongly interacting matter in two dimensions. Moreover, similar studies, 
in particular, on the energy dependence of higher cumulants of the multiplicity distributions are 
being conducted by the STAR collaboration. 
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SOLAR ACTIVITY III: SOLAR SYSTEM CATASTROPHE MACHINE 
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In earlier notes (Aliyev 2012, 2013), we reported on the program –package SolAct 
(module Solar Activity), which is created to generate a motion of the Sun and the planets 
around the solar system barycenter, to calculate the angular momenta and orbital parameters. 
Moreover, SolAct solves a system of equations that govern the spin-orbit interaction and allows 
us to follow the solar angular momentum changes in time.  

The case when all the planets except Jupiter immersed in a rotating system Sun-Jupiter 
we call Solar System Catastrophe Machine. To calculate the solar spin in this system, a new 
version of the module SolAct was created. With this module, we show the truth of the idea that 
the main role in planetary impacts related to Jupiter and Saturn. We take into account only 
Jupiter and Saturn tug on the Sun and using the time-dependent coefficient for spin-orbit 
coupling, we calculate the evolution of the solar angular velocity over time and compare it with 
the Wolf numbers, which show remarkable resemblance to each other.  
 

Observational evidences for planetary hypothesis  
Historically,  numerous  attempts  were  made  to  show  the  influence  of  the  planets  on  the  

solar activity. Behind Jose (1965), Blizard (1983) and Javaraiah (1996, 2003) paid attention to 
the inclinations of the planetary orbits and the solar equator to the ecliptic, Aliyev (1998, 2001, 
2012) and Juckett (2000) taken into the spin-orbit interaction.  

Aliyev (1998, 2001a, 2001b) has shown that there is a correlation between the syzygies of 
Jupiter and Saturn, and the start of the solar activity.  For an epoch of 1950-2001, it has been 
shown that in the odd cycles Jupiter and Saturn are on the same side of the Sun ( =0) and in 
the  even  cycles  they  are  on  opposite  sides  ( ),  where   is  the  heliocentric  longitude.  
Further, concerning on physics of the problem, he assumes that the sun is composed of rigidly 
rotating core and differentially rotating outer layers. Variability of the solar angular momentum 
first affects the rotation of the core, and then, thanks to the forces of friction and convection, the 
outer layers become affected. If a velocity gradient greater than some critical value, at a certain 
depth of the Sun the instability arises.  

Juckett (2000) noted that the Hale cycle, sunspot cycle, 17-yr neutral-line cycle, 
hemispheric asymmetry cycles, and solar differential rotation may all be driven or modulated 
by the spin-orbit interaction. Juckett (2003) by analyzing the spatial and temporal patterns of 
sunspot groups spanning 125 years comes to the conclusion that solar activity is modulated by 
the Sun’s motion around the solar system barycenter.  

The  Gnevyshev  -Ohl  rule  is  usually  used  to  predict  the  sunspot  numbers  of  odd  cycle  
using that of preceding even cycle. But this rule is violated for some cycles. Javaraiah (2005) 
argues that a violation occurs when the sun makes retrograde orbital motion around the mass 
center of the solar system. Moreover, he shows that the solar equatorial rotation rate during the 
period 1879-2004 correlates with the solar orbital torque, positively before 1945 and negatively 
after that time.  

Wilson et al. (2008) using data of Jose (1965) and Javaraiah (2003) try to show that the 
solar equatorial rotation rate and orbital motion around the barycenter are correlated. On the 
view of this they point out that it indicate to the possible spin-orbit coupling between the Sun 
and Jupiter.  

Some observational results which wait its explanation  
Livingston & Duvall (1979) were the first to find that over the 1966–1978 years the solar 

photospheric rotation rate has increased by 3.7% near the equator. Howard & LaBonte (1980) 
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and LaBonte & Howard (1982) discovered the “torsional oscillation”, i.e. a series of zones 
which  drift  from  the  pole  to  the  equator  in  22  years.  The  torsional  oscillations  change  its  
direction of torsion from east to west and vice versa during 11years.  

Javaraiah & Gokhale (1997), Javaraiah (1998, 2000) suggested that the 22 year and 11 
year cycles in the differential rotation coefficient  might be dominant in the rotation 
perturbations and the variation in the equatorial rotation rate A is  significant  only  in  the  odd  
numbered cycles.  

Using the mean shift in f-mode frequencies and assuming that this frequency shift is due 
to change in solar radius, it was established that the solar radius during the solar cycle changes 
(Delache et al. (1985), Wittmann et al. (1993), Fiala et al. (1994), Laclare et al. (1996), Noeel 
(1997), Antia et al. (2000)).  

Antia et al. (2008) used the helioseismic data from GONG and MDI to study temporal 
variations in the solar rotational kinetic-energy and they found that at high latitudes (> 45 ) 
variation in the kinetic energy within the convection zone correlates with the solar activity, but 
in the equatorial latitudes (< 45 ) it anticorrelates except for the upper 10% of the solar radius 
where both are in phase.  

Solar System Catastrophe Machine  
We call a rotating system of the Sun and Jupiter, with embedded all other planets, as solar 

system catastrophe machine because of the similarity with the Zeeman catastrophe machine. 
However, the solar system catastrophe machine is very complex than that. We have created a 
new version of the program - package SolAct which describes the spin-orbit interaction in such 
a system.  

The module SolAct (Solar Activity) imagines the movement of the sun and planets around 
the center of mass, calculates the physical parameters such as velocity, acceleration, angular 
moments and others, and solves a system of equations of the spin-orbit coupling.   

In this note we take into account only Jupiter and Saturn tug on the sun. For this case, the 
calculation gives us the following:  

 
 

 



Fizikan n müasir probleml ri VIII Respublika konfrans  
 
 

 281 

As seen from Fig. 1, after 1965 the extremes of the two curves are in a good match. But, 
from 1900 until 1965 phase shifting between them is apparent. To fix this we take a time-
dependent coefficient for the spin-orbit interaction with time-dependent phase. The result is 
shown below:  

From  Fig.  2  it  is  seen  that  the  solar  angular  velocity  and  Wolf  numbers  show  amazing  
resemblance to each other.  
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2D+3He 4He+p+18,3 , 4He+2D 6Li+1,5M , 6Li+6Li 12 +28,2    
12 +4He 16 +7,1 . 

 3 108K  
 16 +12 28Si+16,7MeV. , 
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 . 
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 –  CN1=1,5  N2=1.7, 
 50- ,  0.4 .  
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Zn1-x MgxSe  QARI IQ  KR STALINDA  HG EFFEKT VL N  
NTENS VL KD N ASILILI I 

 
N.N. Heyd rov, G. . S rova, L.S. Hac yeva 

Bak  Dövl t Universiteti  
namiq_1991@inbox.ru 

 
Bu m qal  Zn1-xMgxSe qar q kristalda çevrilm  effektivliyin  müxt lif parametrl rin 

siri alt nda mövcud olan t dqiqatlar n n tic ri t qdim edilir. 
 

Anizotrop mühitl rd üalanman n tezlik çevrilm si prosesinin t dqiqin  v  onun 
parametrl rinin madd nin xüsusiyy tl ri il laq sin  olan maraq ona saslan r ki, çevrilmi  
üalanma verilmi  madd nin xass ri haqq nda m lumat  özünd  da r. Biz d  bundan 

istifad  ed k n ri hesablamalarla kristal n müxt lif tezlik diapazonunda sinxronizm 
buca , adi v  qeyri-adi üalar üçün s nd rma msallar , effektivliyi v  effektivliyin 
müxt lif parametl rd n: -koherent uzunluqdan, sinxronizm buca ndan, dü n dal an n 
intensivliyind n v  dal a vektorunun d yi sind n as  t dqiq ed yik. Bu ölçm r 
xarici temperaturun seçilm sind n, dü n dal an n intensivlik v  tezliyind n, qar n 
nisb tind n, y ni x-indeksinin seçilm sind n k skin as r. 

Haz rk  i  t crübi müsb t heqsaqonal strukturlu olan Zn1-xMgxSe kristal nda 
effektivliyin koherent uzunluqdan as  öyr nilir. T dqiq etdiyimiz biroxlu kristal  
sinifin  aiddir [1]. Bu kristallar geni ffafl q oblast na malikdir. Material n müvafiq 
parametirl rini üst n a  udma v  qeyri-x tti optik effekl ri özünd  birl dirir. Bizim i  
qar ql  t sirin birinci tipi ee o gotürülmü dür [2]. 

Zn1-xMgxSe kristal  Brigman n kristal yeti tirm  üsulu il  yeti dirilir. ZnSe v  Mg(99.8) 
metal  x-parametrinin mü yy n qiymetin  uy un nisb td  qar laraq 1850K temperaturda bir 
neç  saat saxlan r v  sonra ridilmi  kristal 2.4mm/saat sur tl  q zd  sobadan ç xar r. 
Al nm  kristal k silir v  mexaniki cilalan r. Ara lan nümun nin qal nl  1mm civar nda 
olur [3]. Bu kristal otaq temperaturunda, x=0,33 qiym tind , Nd:YA  lazeri vasit sil  
üalanman n Q diapazonunun =10,6mkm dal a uzunlu u üçün t dqiq edilib. Burada qeyri 

tti effektl ri ölçm k üçün üalar linza vasit sil  k si k nümun nin üz rin  c ml dirilir. 
Sonra kristal f rlad laraq bucaq as  t yin olunur. kinci harmonikan n dal alar  filtirl nir v  
FEG vasit si il  qeyd olunur. x-parametrini deyi kl  v  Mg- rkibini seçm kl  yax n v  orta 
Q diapazonda HG-da 90°-lik qeyri-kritik faza sinxronizm rtini h yata keçirm k olar. 

crübi üsulla mü yy n parametrl r:- Selmeyer msallar n, 2  -kvadratik qeyri x tti qavray -
 t yin olunur. Bu qiym tl r yar mkeçirici kristal n gE  -qada an olunmu  zonas n qiym tin 

n as r. T dqiq etdiyimiz kristal üçün bu qiym tl r eVEg 6.3  v  esu8)2( 1086.0 -dir 
[3]. M lum n tic rd n istifad  ed k, n ri hesablamalarla kristal n effektivliyini v  
effektivliyin bir neç  parametrd n as  hesablamaq olar.  

Birinci tipli skalyar  sinxronizm hal  üçün biroxlu kristalda Z oxu istiqam tind sas 
 ikinci harmonika dal alar n müst vi dal alar klind  yay lmas na baxaq. Mühitd  x tti 

itkini n  almaqla sas dal an n tezliyinin ( 1 ) ikiqat artmas  prosesi q sald lm  t nlikl r 
sistemi il  t svir olunur [4]. 

).exp(

),exp(

2
1222

2

12111
1

ziAiA
dz
dA

ziAAiA
dz
dA

                                    (1) 
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Burada 1 2,A A  -dü n dal an n v  ikinci harmonika dal as n kompleks amplitudlar r, 1, 2  -

udulma msal r, 2 12k k  -fazalar f rqi, 1,2  -dü n v  ikinci harmonika da alar n 
uzunluqlar r. T nlikl r sistemini a dak  s rh d rtl ri il  h ll ed yik: 

)exp()0( 10101 iAzA , 0)0(2 zA    (2) 
harada 0z  kristal n giri in  uy undur, 10  –mühitin giri ind  dü n dal an n ba lan c 
fazas r. Sabit intensivlik yax nla mas nda (2) s rh d rtini n  almaqla kristal n ç nda 
(z=l ) (1) t nliyinin ikinci harmonikanin amplituduna gör  h lli a ag dak kild  olar [5, 6]  

2/)2(2expsin)( 11210
2

1022 liilclAilA                       (3) 
burada  

4
)2(2

2
1222 i , 1021

2 I ,   xxxc /sinsin ,                

21,  dal alar n qeyri-x tti laq msallar  is  a dak  kimi ifad  olunur  

)(
8

,
)(

8

22

2
2

2
11

1
2

1 n
d

n
d effeff . 

(3)-d n görünür ki, uzunluqdan as  olaraq harmonikan n amplitudu periodik funksiyad r. 
Bu s rh d rtl rind n istifad  ed k z=l  qiym ti üçün kristal n effektivliyinin düsturunu 
al nm r: 

llclI
I

lIl )2(expsin)()( 121
22

10
2
2

10

2
2 .                      (4) 

Lazer üalanman n Q-diapazonda Zn1-xMgxSe kristal nda tezliyin effektiv 
çevrilm sinin artma yollar n öyr nilm si üçün, sabit intensivlik yax nla ma üsuluyla al nan 
çevrilm nin analitik ifad sinin çoxsayl  hesablamalar  apar lm r. M nin parametrl ri bu 
kristal üçün [3, 7] mövcud olan müvafiq rtl  uy un olaraq seçilmi dir. 

ntensivliyin I=(0 1)GWt/sm2 interval ndak  qiym tl ri üçün effektivliyin koherent 
uzunluqdan as q qrafikini qurmu uq [8]. 

 

 
kil.1. Zn0.67 Mg0.33Se kristal nda HG-nin  -effektivliyinin kristal n l- uzunlu undan 

as q qrafiki. Burada 
25.0

sm
GWI  (1-qrafik); 

2
0012.0

sm
GWI  (2-qrafik): 

21
sm
GWI  (3- qrafik); 5.02/  (1,2-qrafikl r); 1.02/  (3 qrafik): 

1
2,1 05,0 sm  (1 qrafik),        (2 qrafik); (3 qrafik) 
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kil 1-d  intensivliyin, itkinin v  /2  - n n müxt lif sabit qiym tl rind  effektivliyin 
uzunluqdan as  göst rilmi dir. l=0.3sm v  l=0.4sm qiym tind  kristal n effektivliyi 
maksimum olur. Buradan görünür ki, maksimal effektivliy  nail olmaq üçün ktistal n ölçüsü 

crüb  al nan ölçüd n 3-4 d  böyük olmal r. 
kil 2-d  uzunlu u sabit götürm kl  effektivliyin intensivlikd n as q qrafikini 

alm q. kild n göründüyü  kimi  /2  - n n v  itkinin  qiym tl ri azald qca effektivlik art r. 
Dem k yüks k effektivlikli kristal almaq üçün qar n nisb ti el  seçilm lidir ki, kristal n  - 
parametri kiçik  olsun. Onu da qeyd edek ki,intensivliyin 2/2.0 smGWtI  qiym tind  kristal n 
effektivliyi maksimum olur.  
 

 
kil 2. Zn0.67 Mg0.33Se kristal nda HG-nin  -effektivliyinin kristal n I - intensivliyind n  

       as q qrafiki. Burada l=1mm (1-3 qrafikl r); 1,2=0.05 (1,3 qlafikl r); 1,2=0.1 
       (2 qrafik );  /2 =0.05 (1-qrafik) ; /2 =0.005 (2-qrafik); /2 =0.5 (3-qrafik). 

 
Al nan n tic r t crübi n tic  uy undur. Ümumi olaraq bele n tic  g lirik ki, 

tecrub  biz  laz m olan parametrli kristal ala bils k bu zaman yuks k effektivliy  nail ola 
bil rik. Bu da lazel r fizikas n inkiüafina t kan ver n ba ca amildir. 

in üstünlüyü v  yeniliyi ondan ibar tdir ki, bizim seçdiyimiz tezlik diapazonu v  
qar ql  t sird  olan dal alar n faza d yi dirilm sini n  alan sabit intensivlik 
yax nla mas nda yüks k effektivliyin al nmas r. Bu Zn1-xMgxSe qar q tipli biroxlu kristal-
larda HG-n n h yata kecirilm si imkan  t stiql yir.  
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QQS BOZONUN LEPTON (KVARK) CÜTÜN  ÇEVR LM  
 

S.Q. Abdullayev, M. . Qocayev, F.A. Saddih 
Bak  Dövl t Universiteti 

s_abdullayev@mail.ru, m_qocayev@mail.ru, f_seddig@yahoo.com 
 

Böyük Hadron Kollayderind  apar lan eksperimentl rd  kütl si 125 Gev t rtibind  olan 
Hiqqs bozon k f edildi. Hiqqs bozonun k fi il laq dar olaraq onun müxt lif çevrilm  
kanallar n n ri öyr nilm si mühüm miyy t k sb edir. Bu i  Hiqqs bozonun fermion-
antifermion cütün  çevrilm si prosesin  bax lm r: 

),(),()( 2211 spfspfpH .                                                        (1) 
Möt riz rd  z rr cikl rin 4-ölçülü impuls v  spin vektorlar  göst rilmi dir. 

Standart Model  gör , Hiqqs bozonun spini s r, P v  C cütlükl ri müsb tdir: .0PCJ  
Skalyar Hiqqs bozonun fermion-antifermion cütün  çevrilm si prosesinin amplitudu  

)()],(),([)( 2211 pHspspu
m

ffHM f                                             (2) 

klind  yaz r; burada fm fermionun kütl si, 246)2( 21
FG  GeV – Hiqqs bozon 

sah sinin vakuum qiym ti, FG if qar ql  t sirin Fermi sabiti, )( pH  Hiqqs bozonun 
vahid  normalanm  dal a funksiyas r. 

Kütl  m rk zi sistemind  (1) çevrilm sinin amplitudunun kvadrat  üçün a dak  ifad  
al nm r:  

))(()](1[2
2
1)( 122121

22

2
2

spspssmMN
m

ffHM fHC
f ,               (3) 

burada CN ng vuru u olub, leptonlar hal nda 1CN , kvarklar hal nda is  3CN  
rab rdir. 

CP-cüt skalyar Hiqqs bozonla yana  CP-t k A mezonun da çevrilm si n rd n keçirilir 
[1]. Bel  mezon 0PCJ  kvant dl ri il  xarakteriz  olunur. CP-t k bozonun fermion-
antifermion cütün  çevrilm si prosesinin amplitudu 

)()],(),([)( 22511 pAspspuN
m

ffAM C
f ,                                   (4) 

klin  malikdir. H min amplitudun kvadrat  üçün is  

))(()](1[
2
1)( 122121

2

2
2

spspssMN
m

ffAM AC
f ,                        (5) 

ifad si al nm r. 
Ümumi halda el  bir -bozonu n rd n keçir k ki, onun ff -cütü il  qar ql  t siri CP-

cüt v  CP-t k h dl rin c mind n ibar t olsun, onda 

)()],())(,([)( 22511 pspbaspu
m

ffM f ,                                 (6) 
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Buradan 0,1 ba  olduqda CP-cüt (3) amplitudu, 1,0 ba  olduqda is  (5) CP-t k amplitudu 
al r. 

 bozonun fermion-antifermion cütün  çevrilm si ehtimal  matris elementinin kvadrat  
il  müt nasibdir: 

2
21

22
1221

22

21
22222

2

2
2

221

)(
2
1))((][

)(
2
1][2

6464
),(

ff

ffF
ffCf

mssmMspspba

ssmmMbaG
M
mN

M
M

ss
d
d

 

21212112 *)Im(2)]()[(*)Re(2 ssppabspspmab f ,                               (7) 

burada 2241 Mm ff  – fermionun sür tidir. 
*)Re(ab  v  *)Im(ab  il  müt nasib olan h dl r CP-cütlüyünü pozan h dl rdir. Fermion-

antifermion cütünün spinl rin  gör  c ml  apard qda bu iki h dd s radan ç r. 
vv lc  f rz ed k ki, fermion-antifermion cütü enin  polyariz  olunmu dur: 

),,0(),,0( 2211 ss  burada 1  v  2  – fermion v  antifermionun spinl ri istiqam tind  vahid 
vektorlard r. Bu halda ff  çevrilm sinin ehtimal  üçün al q: 

)1(
2
1)1(2

2
12

64
),( 21

22
21

222

2

2

21 MbmMaG
M
mN

d
d

fF
ffC ,              (8) 

Enin  polyariz  olunmu  fermion cütü yaranark n  bozonun CP-cüt v  ya CP-t k 
rr cik hallar  bir-birind n f rql ndirm k mümkündür. Bel  ki, fermion v  antifermionun 

spinl ri paralel olduqda 121 -dir v   bozonun çevrilm si yaln z CP-cüt variant hesab na 
mümkündür: 

23222
21 ~)4(~)1( amMa

d
d

fff ,                                       (9) 

Fermionla antifermionun spinl ri antiparalel olduqda is  ff  çevrilm si CP-t k hal 
üçün mümkün olacaqd r: 

2
21 ~)1( b

d
d

f ,                                                (10) 

Maraql  c t odur ki, böyük kütl li fermion cütü yarananda CP-cüt halda ehtimal 3
f  

kimi, CP-t k ( 0a ) halda is  f  kimi s ra yax nla r. 
ndi d  fermion-antifermion cütünün uzununa polyariz  olundu u hala baxaq: 

),(),,( 2211 n
m
E

sn
m
E

s f
f

f
f

f

f , 

burada 1  v  2  –fermion v  antifermionun spirall qlar , n  fermionun impulsu istiqam tind  
vahid vektor, fE fermionun (antifermionun) enerjisidir. 

 bozonun uzununa polyariz  olunmu  fermion-antifermion cütün  çevrilm sinin tam 
ehtimal  b rab rdir: 

)1(
2
1][2

16
),( 21

22222
21 fFf

fC mMbaGm
M

N  

)(*)Re()1(][ 21
2

21
222

ff Mabmba                                        (11) 
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Bu ifad  onu göst rir ki, yaln z 121  olduqda, y ni fermionla antifermionun 
spirall qlar  eyni olduqda ( 121 ) ff  çevrilm si mümkündür. Bu ff  
çevrilm sind  tam momentin saxlanma qanunu il laq dard r. Variantlar n 

)1()1( 2121  ehtimallar  f rqi CP-cüt v  CP-t k hallar n interferensiyas  
haqq nda informasiya m nb yidir: 

*)Re(~)1()1( 2121 ab .                                       (12) 
min ehtimallar n c mi CP-cüt, h m d  CP-t k variantlarda mümkündür: 

][~)1()1( 222
2121 baff .                                   (13) 

Bel likl , CP-cüt (CP-t k) bozonun çevrilm si prosesind  yaranan fermion-antifermion 
cütü ya sol, ya da sa  spiral hallarda ola bil r [2]: ,LL ff  RR ff . 

Fermion-antifermion cütünün spin hallar na gör  c ml nmi  tam ehtimal n ifad si 
dak  kimi t yin edilir: 
a) CP-cüt variantda 

32

24
)( ffH

CF mMNGffH ;                                                         (14) 

b) CP-t k variantda 

ffA
CF mMNGffA 2

24
)( .                                                          (15) 

1 v  2 kill rind  ccH  v  bbH  çevrilm  kanallar n ehtimallar n Hiqqs 
bozonun kütl sind n as q qrafikl ri verilmi dir. c - v  b -kvarklar n kütl ri uy un olaraq 

6,1cm  GeV v  8,4bm  GeV q bul edilmi dir. Qrafikl rd n göründüyü kimi, Hiqqs bozonun 
kütl sinin artmas  il  çevrilm  ehtimal  art r. 
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k. 1. ccH  çevrilm  ehtimal n 

HM  kütl sind n as  
k. 2. bbH  çevrilm  ehtimal n 

HM  kütl sind n as  
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QQS BOZONUN ÜALANMASI PROSES  
 

S.Q. Abdullayev, M. . Qocayev, F.A. Saddih 
Bak  Dövl t Universiteti, 

s_abdullayev@mail.ru, m_qocayev@mail.ru, f_seddig@yahoo.com 
 

Böyük Hadron Kollayderind  proton-proton toqqu malar  il  ba  t crüb rd  Hiqqs 
bozonun varl  a karlanm r. Onun kütl sinin 125 Gev oldu u m lum olmu dur. Hiqqs 
bozonun k fi il laq dar olaraq onun müxt lif yaranma kanallar n n ri öyr nilm si 
mühüm miyy t k sb edir. T qdim olunan i  
elektron-pozitron toqqu mas nda Hiqqs bozonun aral q 

0Z -bozon t find n üaland lmas  prosesin  
bax lm r: 

0* ZHZee .              (1) 
Prosesin Feynman diaqram  1-ci kild  t svir 

edilmi dir, möt riz rd  z rr cikl rin 4-ölçülü impuls-
lar  göst rilmi dir. 

lumdur ki, elektronun v  Hiqqs bozonun aral q 
0Z -bozonla qar ql  t sir laqranjianlar  a dak  kimi 

yaz r [1]:  

,)]1()1([
cos.sin2 55 eZggeeL RL

ww
eeZ   ,

cos.sin2
HgZZ

eM
L

ww

Z
ZZH     (2) 

burada wLg 2sin21  v  wRg 2sin  elektronun 0Z -bozonla sol v  sa  rabit  sabitl ri, 

w  Vaynberq buca r. Feynman diaqram na uy un matris elementini yazaq:  

)()]1()1([)()(
)1(4

)( 1552

2
0 puggpqUD

xx
MeHZeeM RLZ

ww

Z ,               (3) 

Burada ,)( 12
ZZ MsD  )(qU 0Z -bozonun polyarizasiya vektoru, 2

21
2 )( ppps  kütl  

rk zi sistemind  ee -cütünün enerjil ri c minin kvadrat , wwx 2sin  – Vaynberq 
parametridir. Kütl  m rk zi sistemind  Hiqqs bozonun üaland lmas  prosesinin diferensial 
effektiv k siyi üçün 
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ww
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gg
xxd
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ifad si al nm r, burada  elektronla Hiqqs bozonun impulslar  aras ndak  bucaq, Hq  
Hiqqs bozonun üçölçülü impulsunun moduludur v  

22222 4)(
2

1
ZHZHH MMMMs

s
q                                            (5) 

ifad si il  verilir. 
Elektron-pozitron toqqu mas nda Hiqqs bozonun yaranmas  prosesinin tam effektiv k siyi 

rab rdir:  
22
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22

22

2
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3
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)()1(
)( HZ

H

Z

RL

ww

qM
s

q
Ms

gg
xx

HZee .                            (6) 

Elektron-pozitron cütünün enerjil ri c mi s =500 GeV v  Hiqqs bozonun kütl si 

HM =125 GeV olduqda 0HZee  prosesinin effektiv k siyinin 

22

222

3
sin2

4
3

cos
1

HZ

HZ

qM
qMd            (7) 

 
k. 1. 0HZee  prosesinin 

Feynman diaqram . 
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bucaqlara gör  paylanmas  2-ci kild  
svir edilmi dir (1 yrisi). Hiqqs bozonun 
 ç  buca n artmas  il  effektiv k sik 

vv lc  art r v  90  olduqda maksi-
muma çat r. Buca n sonrak  artmas  il  

0HZee  prosesinin diferensial effektiv 
siyi azalma a ba lay r. 
Qeyd ed k ki, üalanma prosesind  

Hiqqs bozonun bucaqlara gör  paylanmas  
onun CP-cütlüyün  çox h ssasd r. (4) düs-
turundan göründüyü kimi, skalyar Hiqqs 
bozonun ( 0PCJ ) bucaqlara gör  pay-
lanmas   

222
0

sin~
cos

)(
ZH Mq

d
HZeed  

2
2

sinZMs                        (8) 
xarakterlidir. Skalyar Hiqqs bozonla yana  
psevdoskalyar bozonun da üaland lmas  n rd n keçirirl r [2]: AZee . Bel  
bozonun üaland lmas  prosesinin effektiv k siyi a dak  düsturla verilir:  

2
2

3

22

22

22

20

cos1
)()1(

2
cos

)(

Z

H

Z

RL

ww M
qs

Ms
gg

xxd
AZeed ,                       (9) 

ni bucaqlara gör  paylanma 2cos1  xarakterlidir. 
2-ci kild  verilmi  2 yrisi 0AZee  prosesind  A  bozonun bucaqlara gör  

paylanmas  t svir edir: 

)cos1(
8
3

cos
1 2d .                                                    (10) 

Skalyar v  psevdoskalyar bozonlar n qar ndan ibar t -bozonun virtual v  real 0Z -
bozonlarla qar ql  t siri 

qP
M
iggg

Z
ZZHZZ 2                                                (11) 

ifad si il  verilir, burada  vahidsiz parametrdir. 
0Zee  prosesind  -bozonun bucaqlara gör  paylanmas  ümumi kild  

dak  ifad  il  verilir: 
2
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Burada  il  müt nasib olan interferensiya h ddi -bozonun yaranmas  prosesind  CP-cütlü-
yünün pozulmas  il laq dard r. CP-cütlüyünün pozulmas  n tic sind  0Zee  
prosesind  ir li-geri asimmetriya yaran r: 

,4~ 22

22

RL

RL

BF

BF
FB gg

ggA                                                   (13) 

burada F  v  B -bozonun ir li v  geri istiqam tl rd üaland lmas n effektiv k sik-
ridir. 

0Zee  prosesi üçün bucaqlara gör  inteqrallanm  tam effektiv k sik b rab rdir:  
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k. 2. 0HZee  prosesind  Hiqqs bozonun  

(1 yrisi) v  0AZee  prosesind  psevdoskalyar  
bozonun (2 yrisi) bucaqlara gör  paylanmas . 
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k. 3. 0Zee  prosesind  enerjiy  
gör  paylanma: 1 – H  olduqda; 

     2 – A  olduqda ( =1 v  M =120 GeV). 

k. 4. 0HZee  prosesinin effektiv 
siyinin Hiqqs bozonun kütl sind n as . 

 
Astana enerjisi yax nl nda skalyar Hiqqs bozonun v  psevdoskalyar A -bozonun yaranmas  

prosesl rinin tam effektiv k sikl ri bir-birind n k skin kild  f rql nir: 

.~)(,~)( 4

3
00

Z

HH

M
sqAZee

s
qHZee                                 (15) 

Bozonun kütl si M 120 GeV olduqda 0Zee  prosesinin tam effektiv k siyinin 
astana enerjisi yax nl nda ( 0Hq ) enerjid n as  3-cü kild  t svir edilmi dir. kild ki 
1 yrisi Hiqqs bozonun yaranmas  ( H ), 2 yrisi is  psevdoskalyar A -bozonun ( A ) 
yaranmas  hal na uy undur. Göründüyü kimi, s =220 GeV olduqda 0HZee  prosesinin 
effektiv k siyi 0AZee  prosesinin effektiv k siyind n t qrib n bir t rtib böyükdür. 

Elektron-pozitron d st rinin enerjisinin s =500 GeV qiym tind  0HZee  
prosesinin tam effektiv k siyinin Hiqqs bozonun kütl sind n as q qrafiki 4-cü kild  
göst rilmi dir. Qrafikd n görünür ki, Hiqqs bozonun kütl sinin artmas  il  effektiv k sik azal r. 
Bel  ki, HM 120 GeV olduqda effektiv k sik 58 fbarn, HM 180 GeV olduqda is  47 fbarn-

r.        
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4.2QeV/c impulslu p + 12C qar ql  t sirind  mezon rezonans n lm si 
 

1Y.H. Hüseyn liyev, 1L.Y. Hüseyn liyeva, 2G.Q. M mm dova,  
1Ü.S. liyeva, 1N.E. mirova 

1Az rbaycan Dövl t Pedaqoji Universiteti, 2Bak  Biznes v  Kooperasiya Kolleci   
yashartur@yahoo.com 

 
Kollektiv hadis r, m n rezonans n  lm si haqq nda  m lumat almaq üçün 

4,2GeV/c impulslu pC qar ql  t sirind  yaranan müsb t v  m nfi yüklü  -mezonun xass ri 
öyr nilmi dir. Z rr cikl r say n, onalar n impuls, impulsun enin  toplanan , polyar v  
azimutal bucaqlar ndan as qlar na bax lm r. Veril nl r Birl mi  Nüv  T dqiqatlar  
nstitutunda, propanla doldurulmu  2 metrlik qabarc ql  kameradan (Dubna, Rusiya) 

al nm r. 
Giri . Hadron-nüv  qar ql  t siri kollektiv hadis rin (rezonans, kvark-qlüon plazmas , 

mezon kondensat  v  s.) öyr nilm si bax ndan çox aktuald r. Bu nöqteyi n rd n konkret 
olaraq 4.2QeV/c impulslu p+12C qar ql  t sirind  mezon rezonans n lm si 

sin  bax r. 
pC qar ql  t siri üçün eksperimental metod v  eksperimental n tic r. 

Eksperimental veril nl r Dubna sinxrofazotronundan [1] al nan protonlar n (1nuklona dü n 
proton impulsu 4.2QeV/c-dir) Birl mi  Nüv  T dqiqatlar   nstitutunun (Dubna ri, Rusiya) 
yüks k enerjil r laboratoriyas nda yerl n 2m hündürlüyünd  qabarc ql  propan (C3H8) 
kameras  il  qar ql  t sirind n al nm r. 

Bu m qal  hadron-nüv  qar ql  t siri olaraq 4.2QeV/c impulslu protonlar n proton v  
karbon nüv si il  toqqu mas na, y ni konkret olaraq 

p + 12 n1
+ +  n2

- +  X 
hadron-nüv  reaksiyas na bax r: (n1  n2, uy un olaraq + v - say , X is  reaksiyada yaranan 
dig r z rr cik v  ya nüv rdir) v  bu zaman yaranan ikinci + v --mezonlar n 
xarakteristikalar na sas n mezon rezonans n lm si t dqiq olunur. Z rr cikl rin 
xarakteristikalar  olaraq impuls (p), impulsun enin  toplanan  (pt), uçma buca  v  ya polyar 
bucaq ( ), azimutal bucaq ( ) kimi d yi nl rd n istifad  olunmu dur.  

Eksperimentd  yüklü q rib  z rr cikl rin qar  1%-i a r. Buna gör  d  identifikasiya 
olunmu  elektronlardan ba qa bütün m nfi yüklü z rr cikl r m nfi yüklü pionlar hesab 
olunmu dur. T dqiq olunan toqqu malarda identifikasiya olmayan elektronlar n qar  
praktiki olaraq yoxdur. zinin uzunlu u 5mm-d n çox olan protonlar d st sind  elektronlar n 
orta s xl  021 .001 sm-1. Müsb t z rr cikl  müsb t pionlar, protonlar v  nüv nin 
(deyterium,tritium) birqat yükl nmi  a r fraqmentl ri daxildir. Al nm r ki, P +=(0.5-
2.0)QeV/c impuls interval nda müsb t yüklü z rr cikl rin ümumi say nda müsb t pionlar n 
pay  13.5%-i a r. M nfi yüklü pionlar üçün 0.08QeV/c impulsu propan kameras nda, m nfi 
yüklü pionlar n qeyd olunmas  üçün impulsun astana qiym tidir. Bu astana impulsundan kiçik 
qiym tl rd  z rr cikl rin qeyd olunmas  çox z ifdir. Biz 4.2QeV/c impulsda 4753 qeyri-elastiki 
pp v  4.2QeV/c impulsda 6736 qeyri-elastiki pC qar ql  t sirl rini analiz etmi ik. H r 2 
qar ql  t sird  kollektiv hadis r (m n, nüv  rezonans n  g lm si) haqq nda 

lumat ld  etm k üçün m nfi v  müsb t yüklü  pionlar n xass ri t dqiq olunmu dur.  
kil 1 -d  pC qar ql  t sird  müqayis li kild  yaranan müsb t v  m nfi yüklü pionlar 

say n onlar n impulsundan as qlar  verilmi dir. kild n görünür ki, p<0.25QeV/c v  
p>0.25QeV/c aral qlar nda müsb t v  m nfi yüklü pionlar say  azal r. p~0.25QeV/c impulslu 
müsb t yüklü pionlar say  daha çoxdur. Bu, reaksiyadan vv l müsb t yükl rin say n art ql  
il  ba r.  
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kil 1. 4.2QeV/c impulslu pC qar ql  t sirind  yaranan müsb t (sol kil) v   

nfi yüklü pionlar say n onlar n impulsundan as  
 
kil 2-d  pC qar ql  t sird  yaranan müsb t yüklü pionlar say n onlar n impulsunun 

enin  toplanan ndan as qlar  verilmi dir. kild n görünür ki, pt<0.15QeV/c v  
pt>0.15QeV/c impuls intervallar nda pionlar n say  azal r. pt~0.15QeV/c impulslu müsb t 
pionlar say  m nfi yüklü pionlar nklndan daha çoxdur. Bu, reaksiyadan vv l müsb t yükl rin 
say n art ql  il  ba r.  
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kil 2.  4.2QeV/c impulslu pC qar ql  t sirind  yaranan müsb t (sol kil) v  

                       m nfi yüklü pionlar say n onlar n impulsunun enin  toplanan ndan as  
  

kil 3-d  pC qar ql  t sird  yaranan müsb t v  m nfi yüklü yüklü pionlar say n onla 
n meyl buca ndan ( ) as qlar  verilmi dir. kild n görünür ki, kiçik bucaqlarda ~200 

traf nda  g n pionlar say  daha çoxdur. Bu, reaksiyadan vv l müsb t yükl rin say n 
art ql  il  ba r. <200 v  >200  intervallar nda is  pionlar n say  azal r. 
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kil 3. 4.2QeV/c impulslu pC qar ql  t sirind  yaranan müsb t (sol kil) v   

nfi yüklü pionlar say n onlar n meyl buca ndan as  
 

kil 4-d  pC qar ql  t sird  yaranan müsb t (sol kil) v  m nfi yüklü pionlar say n 
onlar n azimutal buca ndan ( ) as qlar  verilmi dir. kild n görünür ki, ist nil n 
bucaqlarda pionlar say  d yi mir.  
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kil 4. 4.2QeV/c impulslu pC qar ql  t sirind  yaranan müsb t v  m nfi  

yüklü pionlar say n onlar n azimutal buca ndan as  
 

tic  
4.2QeV/c impulslu pC qar ql  t sirind : 
1. Müsb t v  m nfi yüklü pionlar say n impuls, polyar v  azimutal bucaqlar, impulsun 

enin  toplanan ndan as qlar  al nm r. Müsb t v  m nfi yüklü pionlar say  azimutal 
bucaqdan as  deyil; 

2. ~200 traf nda uçan v  pt~0.15QeV/c impulsun enin  toplanan  v  p~0.25QeV/c 
impulsa malik müsb t v  m nfi pionlar say  daha çoxdur. Bu, mezon rezonans n  

lm si, daha sonra onun + v - -mezonlara parçalanmas  il  izah oluna bil r. 
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ENHANCING PHOTORESPONSE OF TlGaSe2 SEMOCONDUCTOR FOR 

RADIATION DETECTION APPLICATIONS 
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1 Department of Physics, Gebze Institute of Technology, 41400, Gebze, Kocaeli, Turkey 
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Anomalous transformations of the conductivity, photoconductivity and photovoltaic 

response were discovered in TlGaSe2 crystals after its treatment within the external electric 
field.  To  investigate  the  effect  samples  were  cooled  from room temperature  down to  ~  80  K 
under the external electric field. After the cooling process the external electric field was 
discarded. Following this treatment it was found that a built –in internal electric field was 
induced, which strongly affects the transport properties of TlGaSe2 crystals. The most 
important outcome was observation of the rectifying type current - voltage (I -V) characteristics 
which appeared as a consequence of the built –in electric field. As a result a significant increase 
in the photoelectric response was observed. For example, the strong enhancement, by several 
orders of magnitude, of the excitonic peak in photoconductivity spectra of TlGaSe2 
semiconductor was observed. Besides, the significant increase of the photoresponce in the 
ultraviolet (UV) portion of the electromagnetic spectrum was detected. Electron -hole pairs that 
were created after the absorption of light are fallen in and then separated by the built-in electric 
field, which prevents radiative recombination process. 

The observed effects are discussed on the basis of the metal –insulator -semiconductor 
(MIS) structure having a thin native insulator layer, which reveals itself after the treatment in 
the external electric field.  
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