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What is it good for..

e They want to study the spin of the meson wrt. photon in vector meson
production

e They do it by studying po transverse momentum and, subsequently, the decay product
transverse momentum in diffractive meson production

e Let's assume ¢ is the angle between the transverse momentum of ¢ and one of the
produced pions from p¥ — tt ™

e Angular distribution of decayed pions contains information about polarization of p°, so
observing angular correlation between T and p transverse momentum converts into
correlation between transverse momentum and spin of p
The incident photon is linearly polarized along the transverse momentum
The correlation between polarization of photon and its transverse momentum in
preserved through the rescattering to that of a vector meson. So, analyzing the vector
meson polarization we get an information about original photon spin structure
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Description of the scattering

e An almost real photon develops into a quark-antiquark pair, that after scattering off the
hadron forms a vector meson

e \We presume that at high energies the transverse positions of quark and antiquark is
not altered during the scattering

e Scattering amplitude is
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A = \/—t = pY is the nucleus recoil transverse momentum, €¥ and €' are polarization
vectors of a photon and a vector meson
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Color dipole parametrizations

e Dipole cross section on nucleus is

NA(r,b) — 1 . e—ZRBpATA (b)N(r)
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e Incoherent (diffractive) vector meson production is
2 2
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e Expanding Glauber to binomial series and integrating out IPSat impact parameter

component one gets
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The polarized wave function

e The photon wave function is
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where € = k7 /|kr| - polarization of a photon is in transverse momentum, G are ¢ and
q helicities, a,a’ are color indices
e Transversely polarized vector meson wave function (Gauss-LC) is
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The unpolarized wave function

e After the convolution we get
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e and doing some algebra we finally get
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e This is what we know from regular unpolarized VM case except for factor
. ¥ = cos( - this says that the polarization state survives after eikonal rescattering
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The cross section

e Now we embed the amplitude into the cross section formula. Note that the delta
function means the conservation of transverse momentum in VM vertex

do 1
d2q, dY  4n?

/ PA L Pk xf (k)02 + AL — g ) AP N,

e k7 is the momentum of a photon, A is the recoil of the hadron and g7 is the
momentum of the meson
f(x,kr) is the TMD of a photon within equivalent photon approximation
Variation if over positions of nucleons inside nucleus (no idea how they do it)
We substitute for the variation (somehow) and we get
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The cross section
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The cross section

e Now we have the total cross section for YA collision. We have to convolute it with the
flux of photons F from the other nucleus

A [ A o)
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MY, by, b)) o [FA(Y, by —b )Np(Y,b1)+ Na(=Y,b, —b,)Fp(-Y, bJ_)} ,

e The problem is that this formula for the probability amplitude for producing a meson at
the position by inside two nuclei is in position space and our cross section is in
momentum space

e We transform it first to the momentum space

koJ_ dzAJ_
(22 (22 2T
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e This we insert into the master formula to get
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Nuclear dipole cross section

1

— 1 /dZAJ_koJ_kol(SQ(kJ_ + AJ_ - QJ_)(EK* . ]ACJ_)(EK . !:Cj_){ ‘/\dzbj_

x e LR [T (bL) A (Y, A L)AL (Y, AF(Y kL) F(Y L) + (A © B)]
[P 0Lk 4, (¥, A )AL (Y, A F(Y B F(Y K

+ —GiBJ‘.(Al_AJ‘)ACU(_Ya AL)AEO(_Y’ A,J-)‘F(_Y’ kJ‘)I(_Yv’ kl)i|

[P BN A (Y, A L) AL (Y, ADF(Y k) F (=Y, K

+ —Bigl.(klAl)Aco(_Ya AJ_)AEU(Y? A,J_)‘F(—Yﬂ kL)‘F(Y’ kl)- }’ (214)

[F (Y, kr)|* = xf(x,kr)
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