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Typical sizes

r,=1,46-10"",r 02,3-10™,r -1 107°,4/S =7TeV
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The ATLAS Collaboration. Two-particle Bose—Einstein correlations in pp collisions at /S
0.9 and 7 TeV measured with the ATLAS detector. CERN-PH-EP-2014-264. Submitted to:
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Kinematics of the collisions of hadrons

P > < P

P, = (1P, P1) P, = (ip021 ﬁz)

p12 = F)lz B pm2 = pzz B poz2 — _mp2 (1)

m Herem, - proton mass, we use the system of the physical
units with z=c =1, s - system mass energy of protons.



Kinematics of the collisions of hadrons

S=—( Pt pz)2 =—P*= ~( Pat px2)2 _(pyl t pyz)2 _(pzl T pzz)2 t (p01 T poz)z’(z)

P — (IS’ iPO) — [pxl + px2’ pyl + pyZ’ pzl + p22’+i(p01 + pOZ)] (3)
In the laboratory systems, where second proton is In

the rest B (4)
P = (P1iP0) — [px’ py’ pz’i(pO +mp)]

and four dimensional momentum of the falling proton
denoteas P = (Px, Py, P.,1Po) = (P, 1Po)
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Main hypothesis

As you know, in the laboratory frame the incident particle (hadron) is
attened in the direction of the movement due to the Lorentz
contraction. In this case, transverse degrees of freedom (x and y) are
Important since at high energies the kinetic energy of the hadron
constituents (partons) is much larger than the energy of their
Interaction. Therefore hadron moving at a speed close to the speed of
light can be seen as a set of almost free partons. Since components
of hadron move in unison before collision therefore this state of a
hadron can be considered as a coherent state of its transverse
excitations i.e. partons.

The main hypothesis is that the incident particle is a coherent state of
partons i.e. transverse excitations on horosphere of the relativistic
Lobachevsky momentum space.

Yu.A. Kurochkin, Yu.A. Kulchitsky, S.N. Harkusha, N.A. Russakovich
Hadron as coherent state jn horosphere of the Lobachevsky
momentum space. [lucema 8 SYAA 2016 T.13, Ne3 (201)6 454-460. //
Phys. Part. Nuclei Lett., 2016, V. 13, Ne 3, P. 285-288.
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Quasi Cartesian coordinates on the horosphere of
Lobachevsky momentum space

2 2
Pz=§[ew+(q* gqy L A A

2 2

+
Py _ qye—qz/\/§ , PO — g[eqz/\/§ _l_(qx S qy _1)e—Qz/\/§] (6)

Inverse formulas

(7)
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Quasi Cartesian coordinates on the horosphere of
Lobachevsky momentum space

Metric element in these coordinates expressed as follows

dl_% =e 2%V (dq 2 + dg,”)+dg,’ @)

The element of the volume in the momentum space in the
horospherical (quasi Cortesian) coordinates

_20,
dV,, =/gda,da,dg, = e s dg,dgq,dg, @

Separation coordinates

(. 9)Y,(2) © Fle.(a,,9,)9,(0,) o
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Quantum mechanical variables (momenta, coordinates) on
horosphere 5

., O :
qx1qy1 X__Iha_qx’ y__lha_qy' (11)

Heisenberg-Weyl algebra is the base for definition of the
coherent states

[x.a]=[v.a,]=-inl, [xy]=|q,q,]=0.
[x1]=[1.y]=[a.1]=[a,1.|=0 (12)

Creation and annihilation operators connected with our
problem
. X . X : :
Rq, +1— Rq, —1— qu+|l qu—ll
a, = Raj=——R a-= R a, = R g

V2 V2 V2 V2
Yu. A. Kurochkin, I. Rybak, Dz. V. Shoukovy Coherent states on the horosphere of the three
dimensional Lobachevsky space. Doklady NAS Belarus 2014
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Heisenberg-Weyl algebra in terms of the creation and
annihilation operators (14)

a.a |=6,0 |88 |=[a.a]=[a.1]=|a,1|=0.

m where k,1=1,2 correspondsto X andY
m Definition of the coherent states and some
m properties

a,2,)=2,|2,),8,(2,) = 2,[2,) (15)

11€1/ = 12’ 2|62/ = 22
(z]z)=explz,[",  (z,]|z,)=exp|z,]

[MepenomoB A.M. OB600LLEHHbIE KOTEPEHTHbIE COCTOAHUSA N UX MPUMEHEHUA.
M.: Hayka. 1987.
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Definition of the coherent states and some

properties
2,,2,) =exp(z,a; Jexp(z,a; )|0,0) (16)
m[0.0) -vacuum state, 80,0)=a,0,0)=0 a7)

“21’22><21’22 ‘dﬂ(zlizz) = ”21><21‘dﬂ(21)ﬂzz><22 ‘dﬂ(zz) =1 (8

h h
AXAqx — E! AyAqy — E (19)



Average number of the excited quanta

m =exp(-|z,[)(z]a"a,|z) =[4]" m, :exp(—|zz|2)<zz|a+yay|zz>=|zz|2 (20)
o 2 2
n=n+0n, :‘21‘ +‘Zz‘ (21)
O
Multiplicity distribution
=\ 5 N
P(n) — exp(—n)n 22)

NI
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Coordinate representation of coherent states

i%ﬂlx%y) —ﬁ[(x—ﬁRal)%(y—ﬁRaz)Z] (23)

(x,y|z,,2,)0 e X

KX, Y\ L, Zz>‘2 ] e_#[(x_mal)%(y_m%)z] (24)

L= +if0 :|21|COS'91’181 :|21|Sin‘91' Z,=a,+1p) 0, :|Zz|COSl92uBz = |22|Sin 3,
(25)
\/ERal = \/ER‘Zl‘COS‘gl =J2nR cos$ =r,R=0,84x10"



Momentum representation of coherent states

I 2
<qX’ dy ‘ Ly, 22> ] gl e_% (024, o)) (26)

7 >‘2 (] e_R%[(qx_ﬁAﬂl)%(qy_ﬁAﬂz)2]
2

(a..9, |, -

2= o, +if,0,=|z|c0s 8, B =[z[sinG,, 7, = a, +if,, @, =|2,|c0s &, B, = 1,]sin 4,

J2Ra, = V2R |z|cos § = V2nRcos 9, = 1,,R = 0,84 x10*°
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Fitting of the experimental data
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Denotations to previous pictures

mp0=1.26-0.15 pl=0.21+0.03, ©
02 =0.40 ~0.03.
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Conclusion to part |

m Thus, In our approach, we distinguish
two stages of the process.

ml At each stage, the spatial
distribution of hadronic matter IS
different.
2.In the first stage it Is two-
dimensional, on the second it Is three-

dimensional.
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Il Coherent states of particles moving in constant homogeneous non-Abelian
gauge fields and dynamical nature of characteristic size hadrons.

Quark in external gluon field of magnetic type

1 a a
1y, (p,+g9T A" )y =my 29)
010 0 -i 0 1 0 0
T=31 0 0 221 0 o oY 10
lo 0 0 2lo 0 o 210 0 o0
001 00 -i 000 30
=10 0 0 -0 0 o0 T6=%{0 0 1} (30)
2 2
100 i 0 0 010
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Kurochkin Yu.A. , Harkusha S.N. , Kulchitsky Yu.A. , Russakovich N.A. /On

describing quark in external gluon field of magnetic type // Proceeding of the
National Academy of Sciences of Belarus. Physics and Mathematics series -

2017, n.4, P. 39-43.

Non —Abelian color field
A", =(0,0,H"x,,0) (31)

v Faﬂv - 8ﬂFaﬂv +qf abCFbﬂvACv =0 .(32)

Y7

a a a abc pD C
F W:(?ﬂAV—évAﬂ+gf AﬂAV (33)



Quark in external gluon field of magnetic

. a a
Iy, (P, +gT "H™ X )y =my (34)
H4+—LH®  H'-iH?  H*-iH®
J3
T*H* =1 HU4iH?  —H®+ L H® H°-iH’ (36)
2 V3
H*+iH° H® +iH’ —%HB

T*H® - A|=0

(37)
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Quark in external gluon field of magnetic type

(oPp+9A IX)p=(c+m)y (38)
(6P+gA IX)x =(e—m)p

| {D’Z_I_ ngkzx2 T gAk(GC% T ZXPZ)}¢ = (‘92 B mz)gﬂ (39)
O30 = UP L = +1 ¢—>D,,

(DAklu(Xl) _ ei(p2X2+p3X3)YAklu(X1) (40)



Quark in external gluon field of magnetic type

2 g2 —m? - pl +gA i (41)
(_d—52+52)Y/\kﬂ(f): gA3k ‘ YAkﬂ(f)

G = \/gAk (Xl_

P, )
(42)
gA,



Quark in external gluon field of magnetic type

‘=m’+p°+gA (2n+1-p) @

o (44)
2 g/,
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Conclusion to part |

m Thus, we showed the principal possibility of
Introducing coherent states of particles moving in
constant homogeneous non-Abelian gauge fields
and interacting with these fields.

m An important feature of the considered model is
that here each "color" degree of freedom
corresponds to its characteristic size
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Part Ill The model of scalar hadron on the base of classical
field theory

m The task of this part of the talk the further
development of field-theoretical models for describing
hadrons as coherent states as transverse excitations,
considered as partons, determining the limitations
Imposed by the field-theoretical model on the initial
phenomenological model.

m In this part, we consider the case of the Klein-Fock
equation describing a scalar relativistic particle, for
example, 7C- meson.



Separation of transverse and longitudinal variables in
the Klein-Fock equation and the Levy-Civita
transformation

2.2

mhf p(x,%) (45)

1p(%, %) =0,"0(%, %) =

1=0,° = o + o +i—i
“ T2 oyr o2 o2 (46)
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Separation of transverse and longitudinal variables in

the Klein-Fock equation and the Levy-Civita
transformation

We will seek the solution of equation (45) by dividing the
variables into "transverse" and "longitudinal” variables.
Obviously, before the introduction of the interaction that
separates the direction in space, the separation of
variables into "transverse" and "longitudinal” parts is
conventional. Then the solution of equation (45) can be
represented in the form

CD(X; Xo) = qal(x, Y)CDZ(Z,t) (47)



Separation of transverse and longitudinal variables in
the Klein-Fock equation and the Levy-Civita
transformation

o“p,(X, Y) 82¢ (X, Y)
éxz 5y =—kip(x,y)  (48)

82%(2,’[) 0 @2(2 t)
07" ot°

=0, (z,t) =(M* +k)p,(z,t) (49)



Levy-Civita transformation (complex functions).

we made next substitution in (48) :

P (X, y) > D, (77,5) (50)
and introduce new variables
X+iy=(n+if)* =n° - &£+ 2iné (51)

than this equation presents as follow

52@1(727’ <), 52@1(’27’ o) _ 42 (o + 20, (7, ) (52)
on 0g




Levy-Civita transformation (functions of the double
variable).

m In equation (49) we made transformation of variables
(z+)=(x+jcy =+ +2%C (53)
@ lz.t) = Dy 7.0)

m and
m Here analytical functions over the double variable
are used | (54)

m Then instead”(49) we have:

82(1)2()2(’4) _ 82(1)2(;2{’ é/) = 4(m2 + kJ_z)()(z — 4’2)@2()(, Cj) (55)
Oy o¢




Introduction of the coherent states

qu) (77 é)— 0D (77 5) 0 q)ag? 5) (77'2+§I2)(D1(77',§|) =0 (56)

' =24k =2k ¢ (57)
1,0 1 0

a = ﬁ(é +5_é:') a, \/5(77 + @77') (58)

L=-2(a'a +a,'a, +2) (59)



Introduction of the coherent states

L ED(Y ER(rLY . L
Loy (.0 =20 ) TOBULE) (g a0 )

¢y ¢l
¥ =20m +kly =24 vk (61)
bf=ii;f'¢ ° ) 1 &
'\E - '5:.-:'{’I - bl_ =E[: I:F E_;,j (62)

L =—2(87by —by5y). (63)
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Heisenberg-Weyl algebra

(64)

la,.a |=8,1.|a.a |=|a .a  |=|a I|=|a;.I|=0
(b6 =80 blbT | =[b b7 =[BT |=[8].1|=0.
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Coherent states

‘-'1’_1|'1"1>='1"1|'1"1>= a; '5'-'2}='5'-'2 '5'-'21)"- (65)
i A= AlA) 0| A=A |4) (66)
—2(m +n, +2)=0 (67)
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Reciprocaly invariant equation

O’d D OPDd OCD
12 + 12 + 12 T 12
on o& oy o<

(L + L)D = (2 + E%+ - D=0, (69)

a‘a +a,a, +b'b —-bb, +2=n4+n,+n,—-n,+2=0 (70)



Solutions. Coordinate represantation

! ! ! ! ! ' ' ' 1 i(ad'ya"+a'sa",+ B B =L 8"
<77 TRV A1 ||0{1,052,,81,,82>=d5(77 S X ,§)=;e( r@hita2 @ PP

1. . N VN2 N ' \2
Xeix/?(a"ln'+a"2 E+p" ' -p" <N 5 e_E[(n 20 P +(E 20y (7' 2 B') (S —2'5)

a=a+a",a,=a,+ia",, B =p"+1p", 5, =8,+18",



Solutions. Momentum represantation

1 -i(la oy +a'sa"+8Y B =B B"
(3PP 0 B ) = Oy i ) =—e s I
1

" Al py—N20"y )P +(pz 20" +(p, 28" ' ~(p, 28"

Xe—i\ﬁ(all pyta’y PetBip, =B Py)

o, =a " o, =a' ,+la",,p =4 +18", 5, =0 ,+15",
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Conclusions

m |n this part it is shown that by performing Lévi-Civita
transformations in the Klein-Fock equation and
seperating the variables into "transverse" and
"longitudinal® it Is possible to define coherent states
In a standard way. Solutions of the Klein-Fock
equation Iin the form of coordinate and impulse
representations of the data of coherent states are
found. The "transverse" variables are interpreted as
the parton degrees of freedom of the hadron (-
meson) described by the scalar Klein-Fock equation.
It Is established that in this approach the number of
partons depends on the energy and longitudinal
degrees of freedom.
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