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1.Introduction
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2. Compactification
(A.V.Koshelkin, C.YWong, Phys.Rev. D86 (2012) 125026)

2.1. The main task

A(4D)[¥(4D, z), F};, (4D, z), gap] = A(2D)[¥(2D, 2", 2%), F], (2D, 2%, 2%), gop] (1)

A(4D) = [.:f‘s;{:r-r E [U(4D, z)v* (4D)I1,(4D) ¥(4D, z) — (4D, z) m(z) ¥(4D,z)]

_% [11:(45., )y (4D) T, (4D) ¥(4D, z) + $(4D,x) m(z) "I"[ilD,.r]l] - iFEH(iD,r] Ff”{dD,x}}. 2
I,(4D) = id, + gup ToA(4D,z) = p,, + gap T, A%(4D, z);
ﬁptdﬂ} = iﬁp — gap T AL (4D, 2) = P, — qup T, A; (4D, x);
F (4D,x) = 8,A%(4D,x) — 8,A%(4D,x) + qup fo AL(4D,x) AL(4D, ) (3)

8, AL(AD, x) — 8, A%(AD, x) — igap[AL (4D, x), AZ(4D,z)]".
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2.2. The key approximation

The longitudinal dominance and transverse confinement

i
.:q D

max {|A1]; [Az|} < min{|Api|A3]} & [A7]]Az[ =0

o = Ap(a",x), Af = A3(2",x)

The Lorentz Gauge
Y7 0 o\ _ m
0,A"(x",X)=0 g
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2.3.Compactification 4D -> 2D

(i) a fermion field

(2 ) Gi(r) (f+(2"%2%) + f-(a%2°))

V4D, z) = (W(In;m}) _ | eelat) | _ 1 _GQ{TJ_} f+fa"3':'I ) — f-(z"2%))
'\ x(z% z) xi(z% x) V2 | Gilro) (fy % 2% — f_(2%;2%))
xa(z"; ) e n}{f+(xﬂ ) + f(a%2?))

[ astds (161 )P + [Galri)) =1

(ii) a gauge field

AL(4D, 2% 2% v 1) = V[Gi(r1) 2 + |Ga(r ) PAG (2D, 2°, 2°%)
The coupling constant and gauge transformation become
gap = [dﬁ]d12§4ﬂ[|91{TL}|2 +|Ga(r )]
8A%(2D, 2", 2%) = f4,.2%(2", 2%) AL (2D, 2%, 27)
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2.4. 2D - action functional

A(:?Dj:fdﬂx { Tr [% [I(2D, X )7*(2D)1(2D)¥(2D, X ) — ¥(2D, X )mgr¥(2D, X)]

(11)
1~ : _
= [qr(zﬂ.,x}#(zﬂj‘ﬁk{zm U(2D,X) + ‘II{ED,X]qu*II{ED,XJ]]
1 ol i 1 2 I a g
_EFFU{Z‘DJ Fm {ZD} + imgT[‘qa{ED)‘qp[‘z‘D” 3
where {p,}-0.3, and
— —
M,(2D) = 8, — gop TuA%(2D,2) = F,, — gon TuA%(2D, 7).
(12)

U(X)="0(2D,X) = (ﬁﬁ) X = (z"%a"),

1 0 0 1 1 0
"."D{ED} = ( ) 1 "I'SEEDJ = ( ) : uw(2D) = ( )
0 -1 -1 0 0 -1

MyT = [drldrﬂ {m(r1) (|Gi(rL)* = |Ga(r 1)) + (Gi(ro)(p1 — ip2)Ga(ry)) — (Gi(ri)(py +ip2)G3(re))}  (13)
miy =5 [ dstds? [(OuGs(r ) + [Ga(r DI 2P + (0ul|Ga(r )P +Galr ) P12V (14)
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2.5. The Dirac fields in (1+1) space-time

{i*}r‘” [Bp — igap - Aﬂ[:ﬂ:]Tg] — mqr} (2D, X)=0, pu=0.23, (15)

AL(2D,X) = (A(X),-45(X)), X =(a"2").

(i) Formal solution

+ oo
qu

wip 4
ven.x) - [ ;fjfz Jﬁ exp(—iP,a*) a(p.w) [5(w — £(p)) + 6(w + £(p)) (ﬂ_l) (16)

qu
x {Ti(resnr) exp} {t’gwl”ufdr“ﬂﬂ}._

—00

where a(p,w) is an operator of creation of any particle (a particle or antiparticle).
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(ii) Fermion current

JE =gop Tr {‘F{J:}TFTE‘I’(J:';I} . I — (17)

ﬂgﬂ 1 (18)

H — H__F - b 18
JH(x) = o Ny | A Gpﬂlﬂ;., A,

Gauge transformation

8JH = gy fle H (19)
SAY = =y f, P AL

o
Mg = 0 w

dL
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2.6. Equation of motion for the 2D Gauge Fields

(In the Lorentz gauge)

(2D, X )v*(2D)ay(2D)¥(2D, X) — (2D, X )mgr¥(X)]

b .

A(2D) = f d? X {

—% [E'(?D,X J7*(2D) @ (2D) ¥(2D, X) + xir(zﬂ._x}mqrm(m] (20)

1 i B 1 il i B
—7F(2D) Fi*(2D) + EMETAH[ED]IAE{ZD}}.

1
J'IJE‘?T = Efd:c dz?

]'T!-g'r + nlng E 0.

{B1|G1(r 1)]* + 1G2(r L)PI'2Y + {Ba[|G1(r L) + |Ga(r )]V} ] gm%‘f

(21)
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(i) The motion equation

0 A%(2D,X) = MZ. A%(2D,X) (22)

(ii) Its solution

ayen,x) = Y el a{exp{—ka; bulk,v) + exp(4ikX) Ez,.{k,v}} 123)
k \/ (#* + M2
o= (k" k), E(k) =k =+ /K + M2
(iii) Colorless particles
col i 11-,=LZ=4”|3-&}
COlOr—single v@ - i ¥ (24)

O A, EE‘D" I] — 11{3'1" Aum]c-r—sing]et{z‘ﬂ‘- I}

color—simglet
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2.7. Transverse motion in a tube

F=A[4D]+%fdr da? (|Gy(7L)]* + |Ga(Fy /dx“df v(2D.X) ¥(2D,X)) (25)

(p1 +ip2)G1(7L) = (m(7L) + A)Ga(7L),
(p1 —ip2)Ga(7L) = (A — m(7L))Gy(7),
i A)
E

i
p1 +ip2)G3(7L) = (m(7L) — A)GT{FL), (26)
p1 —ip2)Gi(FL) = —(m(FL) + A)G5(7).

..-:!'I. — ..}l.* — qu (|) (27)
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3.The confinement potential

m(r,)=xr,, x>0

Hy | —iKke ¥ G_|.'|:?'J_} _ )2 G+{Tl}
+iket¥ Hy G_(r) G_(ry)
HG = }LEG,
Gl EG+ :>T, GZ =G =

Jd, o==+1/2
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3.1. J=0, the ground state

£ =rri

Mip=4k (n+1/2); n=012

! (—iw/2) :
G_:l\/ 2t s'ﬁe—ffz(Llfﬂtm—“’”ﬁl"{i;“?m)

I'in+3/2) I " £1/2

1 2kn! gl+iw/2) | n+1/2
= — l.'r‘i —£/2 |l,-"2 . —1/2¢
Gr=5 \/r{n ey Y~ (Ln &) - —ap L {{“})

M =4k (n+1); n=0,1,2,...

1 2kn,! el=iw/2) | , : —1/2
_t r g2 (12
c -1 \/r{mam) — ¢ (L) ~ Y L))

_ 1 2kny! e &2 (12 F ~1/2
G+__E \/T‘{nr+3,ﬁ2) 5= £ %™ (L (&) + {1—.'2 ntl {{L})
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3.2.Spectra ( Aunix )

(J=0)

n,=7/2

n=3
n,=5/2

n =2
n,=3/2

n=1
n,=1/2

1.92gk/?

— 0.46gk'%,  mi;p ~ 34107 2¢%kNy.

g2p

— T
Myr = \/m2p +m2, 1~ 085,14 5-10-2¢2N;.
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(] J |7 0—numerical calculations)

N=3+|A|/2

N=2+|A|/2

N =1+|A|/2

gap0.45 = 0,286/
T”ﬁ‘f.]“ ~ 1.3 10 %9k N;

M2 = {J.Sr;lf"zv":l +1.7-10-2¢2N;
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4. pr -distribution

. @p  &p &
dP[ﬁ]l _ {2?1_]4 < |11|-f[}31..j‘32aP]|2 = ﬁl‘i-l[p — M - PE]EE{p] ?277)3 {25}13 EE::TE-.

where

—M(p1.pap) =

2E(p)dP(F1.pz) d*p1 dpo Nz =+ =

> (@) [ (P2) e (51)i(B2) + [ (B0 [0 (52) 1 (1) (52))

INT
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E(p)dP(pL.p:) ., faar
&Bp T 222 ()R

|
Vapipi, — (01 +ri —p3.)? al=

u+s e —(p3, /x)tanh(t;/4)

Pl plL4paL +oo pal+pL

[PEJ_dPEJ. [ PlJ.dle.+fP2J.ffP2J. / Pu.ffpu_

0 PlL—paL Pl PaL—pL

1+: i —(P?J_;""f]tﬂ'"h{t?-"r'i} 2
e i : r e —2z1 T\ 22
} /’ e 8 ThET) (1 i = e + erf( 1})

2.9

Pztyt
E‘::{:?HE}E

e

i 1}32/dm q7

}

P HElnh{ Zf?}

[
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5.Comparison with experiments

The ALICE experiment on p-p collisions — PLB.693, p53 (2010).

\E =0.9 TeV
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dN/d’p

0.1 x=0.11 GeV*, T=0.3 GeV
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6.Conclusion

The 4D -> 2DS compactification is realized in terms of the action principle
in the SU(N) gauge field theory.

The exact gauge invariant 2D-Lagrangian is derived. On a basis of the
obtained Lagrangian, the gauge invariant fermion current and the
transverse mass of a fermion are calculated.

The derived current is found to be proportional to the amplitude of the
gauge field,similar to the case of 2D QED (J.Schwinger,1962).

The obtained mass for SU(N) field theory depends strongly on the 2D
coupling constant, number of flavors, as well as on the transverse mass of
the fermion.

The results allow us to calculate p; - distribution of hadrons produced in
collisions of heavy ions of high energies.
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