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Quarkonium photo- and electroproduction
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Quarkonium photo- and electroproduction has received lots of
attention in recent years, since it was proposed as a way to access
gluonic proton matrix elements.

While the attention is mostly focused on differential and total cross
sections, little is known about the SDMEs, which could allow to
validate the model assumed for matrix element extractions.
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Rho vs. 9 electroproduction
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Rho vs. 9 electroproduction

The full information on the v*p — pp process is contained in the
helicity amplitude T:f\’(xB, t; Q2). Including the decay p — nt7n~
one gets

Z XB7t Q )Yl(@aﬁ)
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Rho vs. 9 electroproduction
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The full information on the v*p — pp process is contained in the
helicity amplitude T%(xs, t; Q?). Including the decay p — nt7 ™,
one gets

Z ,u)\ XB?t Q2)YI}(¢,19)

We consider here the decay angle defined in the helicity frame,
suitable for, say, extract the baryon parent of the p. Other
definitions (e.g. GJ) are possible.
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Rho vs. 9 electroproduction

Quarkonium cleanest decay channel is into lepton pair. The
amplitude is described by

Z S (e, t; Q) =Dy a (9, 0,0)Ha, o
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Rho vs. 9 electroproduction

Quarkonium cleanest decay channel is into lepton pair. The
amplitude is described by

Z 1S (x8: 1 Q2)\/ 2Dy, a (9, 0,0)Hy, n

However, parity and the fact that the leptonic decay is driven by
the known QED vertex, one gets
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Therefore the amplitude reduces to
Z " (x6. t; Q%)\/ 2= Dy (. 1. 0)

with A = +1.

A. Pilloni

Helicity Amplitudes for VM Leptonic Decays



——
The ¢ SDMEs

Following Diehl, we define the SDMEs as

vv! _ -1 vo v o
p“M/7)\)\/ = (NT + €NL) Z px T
o
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with Nr =57, ’Tf’)\’ CNE=D 00 ’Té")’\’ proportional to the
transverse and longitudinal cross sections. The decay can thus be
. / .
included as Pup! AN = Ew// pZZ/)\)\/ Yl/]j’y with

Yyl for p
Yo (p,9) = Z DIADL A for e
A
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The ¢p SDMEs
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The ¢ SDMEs
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Cross section decomposition

The cross section can be written as
do B 1 do
di dp dp d(cos?) dxg dQ2 dt  (27)2 dxp dQ2 dt
X (WUU + P Wiy + StWyr + Pe S Wi + StWyt + Pe St WLT)

with

- gt ¢ a

do Qem Y° 1—xg i dot do;
dxgd@Q2dt 27 1—¢ xg Q2 ’

where dot/dt and doy /dt are the usual v*p cross sections for a
transverse and longitudinal photon and an unpolarized proton, with

Hand's convention for virtual photon flux.
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Example for unpolarized beam and target: p
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For unpolarized target and beam we have

WUU(¢7 2 19) =

% cos? Wk (¢) + V2 cosd sind Wi (6, @) + sin?9 W[ (o, gp)]

. . v/ 1 v/ vv!
in terms of unpolarized SDMEs, U = 3 (pwlﬂﬁ + pW/’__)
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Example for unpolarized beam and target: p

For unpolarized target and beam we have

Wt (¢) = (qu+—|—<€u00)—2cos¢\/li—i-EReuoJr — cos(2¢) eul?
Wl (8, ¢) = cos(¢ + ) Ve(l +¢) Re(udf — ug?)
—cosp Re(ult —up? +2eudd) + cos(2¢ + ) e Re u®f
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Example for unpolarized beam and target: ¥

For unpolarized target and beam we have

Wuu(o, ¢, V) =
41 sin ) WL (¢)—V2cos 9 sind WSl (¢, ¢)
7r

~sin? 0 WT (6,0) + W&U(@]

. : v 1 v! v!
in terms of unpolarized SDMEs, Uy =5 (pwl7++ + pwlv__)
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Example for unpolarized beam and target: ¥

For unpolarized target and beam we have

Wi (¢) = (uff + ull +2Reu; | +2cufd +2eReuyy)
+ cos(2¢) e(uZf + uXy +2Reu’y)
—2cosp/e(1+¢) Re(udT + ugy +ug! + ugy)
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Conclusions

» Lepton spin reshuffles the terms in the SDMEs

» In the unpolarized case, some terms have similar 1
dependence, might be hard to disentangle

» Calculation of polarized terms come straightforwardly from
the same formalism

Thank you!
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