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Heavy ion physics
NA60, PHENIX: abnormal yield of lepton pairs (e, u)
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The statement of the problem

L = %FQB(X)FaB(X) : F“V( )Fuu( )acK(X)
+ 3 m?A(X)AY(x) + A ( ) 9uB(x) + 5 # B?(x),

S. Kolevatov (SPbSU) 28.06.13 4/19



The statement of the problem

L = —LF(x)Fas(x)— % F“”(X)IN:W(X) ace(x)
+ Im? A (x)AY(x) + A¥(x) 9,B(x) + % 3 B*(x),

We consider a slowly varying classical pseudoscalar background of the kind,
ace(x) = (M O(— ¢ - x)

DAY (x) + m? A(x) = €7 (o DpAs(x) for - x < 0;
OAY(x) + m? A¥(x) =0 for (- x > 0.
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Construction of the chiral polarization vectors

Sy = 05D+ K CPHC O R =G k(G K +C k) D = (Ck)P =K
Transversal polarizations are,

LS
ol =="— Lemvab e, ngfé; z’-:i(k):ﬁi)\EE\O)
2D 2
Scalar and longitudinal polarizations,

ch(k) = \f% h(k) = (DKB) T2 (K2CH — k¢ k)
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Construction of the chiral polarization vectors

SX = 05D+K I P4V QI = Ch (G R +Ch0); D = (Ch)P=C K
Transversal polarizations are,

w _ SH i

T =7%p T2
Scalar and longitudinal polarizations,
k# 1
(k) = T ef(k) = (DK?) 72 (K*¢H — kM ¢ k)

ghveb ¢, krgD*%; eli(k) = ﬂ"f‘ eg\o)

Spatial CS vector. ¢, = (0, —(,0,0)
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Construction of the chiral polarization vectors

SX = 05 D+K kn(P+CY K=k (O K+ ky); D = (C-k) =P K2
Transversal polarizations are,

v_ S™ I wa -1
=T DG kD E el (k) = )
Scalar and longitudinal polarizations,
k# 1
(k) = T ef(k) = (DK?) 72 (K*¢H — kM ¢ k)

Spatial CS vector. ¢, = (0, —(,0,0) : dispersion laws
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k= (w, ko, k3), X = (XQ,XQ,X3) kX = —wxp + koxo + kaxs.

Proca-Stiickelberg solution

3
A’gs(x):/dkH(wz—ki—m2)Z [akrug’r(x)—i—aa’ ug*(x)]
r=1
uf (x) = [(27)% 2k |2 ¥ (k) exp{ikioxa + ik -8}  (r=1,2,3)

y

Chern-Simons solution

Agslo) = [dk Y 0(Ka(w, k) [cgaviab) + ], viato)]
A—=+.L

vl () = [(2m)2kia] 2 e4(k) exp{ikiaxy +ik-%} (A=L =)

[Ags(x) - Alés(x)} lcx=0 =0
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Bogolubov Transformations

{,A()A() = i [asA(lA() uE’S(?) — Bsalk) UZ*S()A()}

relations between the creation-destruction operators are,

ai, = > ek cia—Batkyel, ]

v

There are two different Fock vacua,

a;w|0>:0 CIA{’A|Q>=0
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Bogolubov Transformations

vi (%) = i [asA(/?) u¥ (%) = Bea(k) uz,*s(?)}

relations between the creation-destruction operators are,

ai, = > ek cia—Batkyel, ]

There are two different Fock vacua,

a;w|0>:0 CIA{’A|Q>=0

(0]apsc),10)=d(k—p)ans(k)

The latter quantity can be interpreted as the relative probability amplitude that
particle is transmitted from the left face to the right face.
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Vacuum as a coherent state

oo (ci )P(CI )’"(cir )
0= Y fom—t XKL qy,
=0 plmi/

To find £, we use the equality a; [0); = 0.
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Vacuum as a coherent state

< (] )etel mel )
0); = fm + k,— kL ay.
o pmzl_o . p!m!/l 20
To find £, we use the equality a; [0); = 0.
- (k * ll; * I’;
SR . DL D . T P
2ar+(k) t+ 20[,’,(/() 7 QarL(k) ,
B (k —Ba I/; * I’;
| Q) =exp Al(f)(at 2+ A2(A)(at 2+ A3(A)(at . o,
205 (k) *1 204, (k) *2 2a55(k) ko3
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Vacuum as a coherent state

In the correct normalization, (0/0) =1, (Q|Q) = 1.

~

Going to the continuum limit for k,

(k) 20012 (1 P
|0) = exp !/ ( > M(C;A) 9(k1A(k))) dk] | 2)

A=+,L

| Q) = exp {/ﬁ(wzmzki) ( > ;@*((l(k))(aj( )2) d/?] 10)
aAr ’

r=1,23
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Classical solutions

DAY + m?A” + (e'77P §(—x1)0p A, = 0
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Classical solutions

DAY + m?A” + (e'77P §(—x1)0p A, = 0

A1 may be found in the whole space,
dk

Al == W (D1_>(w, k2, k3)eik1°X1 + fl1<_(w, k2, kg)eiikmxl)eik)?
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Classical solutions

DAY + m?A” + (e'77P §(—x1)0p A, = 0

A1 may be found in the whole space,

Al - i (D1_>(w, k2, k3)eik1°X1 + fl1<_(w, k2, kg)eiikmxl)eii(;(
(2m)?

Solution for A, (v =10,2,3)

by (w, ko, k3)e® 10Xt + Gy, (w, ko, k3)e™ 1051 x; >0

A, =
S [loas(w, ko, ks)ef A 4+ G4, (w, ko, ks)e=kaaxt] [ x <0
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After the integration of the field equations over x; from —¢ to ¢,
_k12 ( Uo—;k—l:m— + EA VoA—;k::om—) —_ ’C(kQ ZA Vaa, —Vzae ks ZA V2A—>*V2A<—)

ikia ikia

7k]?0( boy —lipe + ZA V2A~>_V2A<—) — 7/C(k3 ZA VOA%_VOAH +w ZA V3A~>_V3A<—)

ik1o ikia ikia ikia

_kf ( O3 —l3. + ZA V3A~>_V3A<—) — IC( Z VzAﬁ_VZAH + k2 EA V0A~>_VOA<—)

ikio ikia ikia ikia
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After the integration of the field equations over x; from —¢ to ¢,

_k12 ( Uo—;k—l:m— + EA VoA—;k::om—,) — ,'C(k2 ZA ‘73A—;k;\\73A<— — ks ZA V2A—I>::2A<—)

7k]?0( boy —lipe + ZA V2A~>_V2A<—) — 7/C(k3 ZA VOA%_VOAH +w ZA V3A~>_V3A<—)

ik1o ikia ikia ikia

_kfo( O3 —l3. + ZA V3A~>_V3A<— ( ZA V2A~>_V2A<— + k2 EA V0A~>_VOA<—)

k1o ikia ikia ikia

Moreover, all contributions from different polarizations to A are
continuous,

L”Jl(fl)> + L”ll(,f‘_) = Was + Wwac (A=4,1).

Matching conditions
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Escaping from the parity-breaking medium

Using the relations obtained before, it is possible to find, which part is
reflected

i =0
ki+ — kio "
kit + ko 757

and which pass through the boundary,

Vit =

it = v,
~(+) 2kt

v—

s o
kio + ki 57
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Escaping from the parity-breaking medium

Using the relations obtained before, it is possible to find, which part is
reflected

e =0
ki+ — kio "
kit + ko 757

and which pass through the boundary,

Vit =

it =0,
2k
() — 21+ o
W T o+ ks T

The dispersion laws in terms of invariant mass are M? = Kk k*:

le = 7(,\/,222’”2)2 — m2
ke = /YR — 2
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Reflection coefficient

VL ey [ e

|\/(M222m2)2 Y 4 \/(M222m2)2 _ m2|

kref

Figure : The coefficient of reflection from the boundary for photons escaping
from the broken-parity medium. The kinematically forbidden domain of invariant
mass values is hatched.
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Figure : The coefficient of reflection from the boundary for vector mesons
escaping from the broken-parity medium. The kinematically forbidden domain of
invariant mass values is hatched. We take ¢ = 300MeV

o = = = 9aQ
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Entrance

_ 1 kio—kip | ko — ki 1 ko —kiy ko — ki

T 2%kio tkiy kot k-

1,1 ) el o2
ke —e ), k

2%k + kip kg4 ki

kref d
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Time-like CS vector

OA” + m?A” + CO(—x1)e*7P0, A, = 0.
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Time-like CS vector

OA” + m?A” + CO(—x1)e*7P0, A, = 0.

kia — kio
kia + k1o

Dispersion laws
2
kip = ko = /w? — m? — k%

kref = |

k1:\/w2—m2—ki+%+4\/w2—m2+%
k1+:\/w2—m2—kf_+%—§\/w2—m2+%

o
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In terms of invariant mass,

\/(Mz Ly \/(Mz—zmz)z + (M2 — m?) — K|
2_m2)2 2_
\/(’V’ — K2+ \/(M TE (M2 - m?) K|

k(MeV)

et
e,

Figure : The reflection coefficient for vector mesons escaping. The kinematically
forbidden domain of invariant mass values is hatched. Two views at the
three-dimensional graph are represented. For the vector meson we take
¢ = 300MeV .

S. Kolevatov (SPbSU)

28.06.13 17 / 19



Problem with the gauge invariance

/ d*x(, A, 0,As e P7

Solution of this problem

Cu = (C@(—Xl), —<t5(X1), 0, 0)
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Problem with the gauge invariance

/ d*x(, A, 0,As e P7

Solution of this problem
Cﬂ = (Ce(_xl)v _Ctd(xl)v 07 0) )

transversal polarization, longitudinal,
) o (*
(5 — 7)) = zpaeza Ce (ke ks) 0y = vt
1A — continuous 01 A; — continuous
(E) | (% Ca (ka,ks) -
U + 057 = mlecnam + Culko k) | 862 + ") = u (ko ks)
3ps + V31 = % 3 + 3 = %

v
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Conclusion

o The main results for the spatial CS vector:

* The expression that relates two different physical vacua
was found. It was shown that each of this vacua can be
presented as a coherent state in terms of another one;
The relations that can be used to calculate the passage
through or reflection of incoming and outgoing particles
of any polarization are obtained;

In particular, it was shown that transverse polarizations

undergo strong reflection up to total internal one at

certain frequencies;

* When a medium with broken parity is irradiated with
photons, an additional rotation of circular polarizations
can occur at the reflection from the interface.

o For time-like CS vector:
* Reflection coefficients;
* The gauge invariance can be restored.
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~ koks—iwy/w2—k2 .

V25 = an—:
kokz+iw /w2 — k2

V24 = W‘@JFH

~ ko

VaLs = 15 =

(2)

- wk3z—ika\/w k2
W-s = —WW—:
~ wk3+ik2\/ ki ~
V+s = —Uﬂ—%V3+:

VoLs = — 55 VaLs
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