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Central exclusive production
vp — Vp at high energies

Predictions for LHC: proton-proton and nucleus-nucleus collisions
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Central Exclusive Production
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@ central exclusive production = very clean events.

o large rapidity gaps — strong constraints on t—channel exchanges:
charge=0, color singlet

(running) spin J(t) > 1

o even C-parity: Pomeron

odd C-parity: photon, Odderon(?)

G-G=Cx

o First results from CDF/Tevatron for X = J/v, 9/, . ...
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Exclusive Production of J/¢,T in Hadronic Collisions

Born Level Amplitudes

Photoproduction Odderon—Pomeron fusion
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Exclusive Production

Born Level Amplitudes

Photoproduction
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Color dipole/ k, -factorization approach
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Color dipole representation of forward amplitude:

1
AV (Q@)p = Vp; W, t =0) = / dz /erq,/;V(z7 r) s (z,r, Q@) o(x,r)
0

47 d’k 0G(x, Kk?) ;
obar) = ges /?W[l‘e”} X = My/w?

@ impact parameters and helicities of high-energy q and g are conserved during the interaction.

@ scattering matrix is “diagonal” in the color dipole representation.



When do small dipoles dominate ?
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the photon shrinks with @2 - photon wavefunction at large r:

Yy (2,1, Q) o exp[—er], e = y/m2 + z(1 — 2) Q2
@ the integrand receives its main contribution from
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r~rs =
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a large quark mass (bottom, charm) can be a hard scale even at Q? = 0.
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for small dipoles we can approximate
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for £ > 1 we then obtain the asymptotics

1 1
X
2 2
QP+ M, @+ M

A(r"p — Vp) o< r2o(x, rs) o xg(x, @ + M)
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probes the gluon distribution, which drives the energy dependence.

From DGLAP fits: xg(x, 12) = (1/x)*(#) with A(42) ~ 0.1+ 0.4 for yi2 = 1+ 102GeV2.
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Diffractive Photoproduction vp — Vp
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@ J/1 = cg, T = bb: (almost) nonrelativistic bound states of heavy quarks. Wavefunctions
constrained by their leptonic decay widths.

@ Large quark mass — hard scale necessary for (perturbative) QCD.
@ F(x,k) = unintegrated gluon density, x ~ M2, /W2,

constrained by HERA inclusive data.
@ for an extensive phenomenology, see Ivanov, Nikolaev, Savin (2006)

@ topical subject: glue at small-x: nonlinear evolution, gluon fusion, saturation...



vp — J/vp, Tp and ¢(2S)/J /¢ vs ZEUS data
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@ dependence on wave function: red: Gaussian WF, black: Coulomb-type WF.
@ dependence on LO/NLO treatment of decay width: dashed - LO width; solid - NLO width.

@ suppression of the 1(25)/J/4 is a meson structure effect — the “node effect”

@ calculation: A.Cisek, PhD thesis (2012).



Total cross section for vyp —> Tp
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@ various pQCD based approaches to T-production. They tend to agree better with the new
data-points.

@ also here, the Gaussian WF is preferred.
@ A. Rybarska, WS, A. Szczurek Phys. Lett. B668(2008)



Light vector mesons: vp — pp,wp, pp
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@ with few free parameters— valence quark masses m, 4, ms an extension into the soft regime is

possible.

@ A. Cisek, P. Lebiedowicz, WS, A. Szczurek Phys. Rev. D83 (2011);
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Exclusive Photoproduction in Hadronic Collisions

Born Level Amplitude
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9 p;,p, = transverse momenta of outgoing (anti—) protons.

@ Interference induces azimuthal correlation ejex(p; - ps).



Absorptive Corrections

d’k
M(py,py) = /Wsel(k) M(O)(Pl —k,py + k)

@ Absorptive corrections depend on elastic h; hp Amplitude
— taken from data.

@ photon pole — peripheral interactions — Absorption at 20%-—level.



Energy range in the yp subprocess:
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Energy range in the yp subprocess:

~ 20 .
-g W = 7000 GeV
< 18r pp —>pJ/¥p
S 16f
°
5 14f

12F gP+Pg

101

Pg gP

8,

6,

4,

2,

0 . .

-5 0

gy:—4—} W7p~20GeV
o y=0— W,, ~ 140 GeV
o y=+44—> W,p ~1TeV




L _ " 4
Wit b R e S T
“ U N
© 2 92 < ' 'o o o o
(qu)Ap/op
e -
\llllsn\\\... |||||||||||||||||||
L .x R \\.-. ]
! I ;. T S
[ , )
! " ' ) >
P ”
: H _ Qo
L : _ i
Q@ 3E e & %9
oo a7 ' -
' L} 1
Lo , o |
[N ] \
' 1} N
' ' \ N Oz
' _._ *. Se-el L
L ) .
;::n SeelTTemeeeee ...

E et I P
TSN YT YT TR et v o - T RSl YTV TTT TR TRTHN

Rapidity spectra at Tevatron/LHC energies:




Rapidity spectra at Tevatron/LHC energies:




Rapidity spectra - comparison to Tevatron data:
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@ CDF collaboration, T. Aaltonen et al. Phys. Rev. Lett. 102 (2009)

in agreement with predictions from WS & A. Szczurek Phys. Rev. D76 (2007).

@ calculations by A. Cisek, PhD thesis (2012), for two types of gluon distributions:
lvanov-Nikolaev, without explicit saturation effects, and Kutak- Stasto, with nonlinear
evolution.

@ dashed: no absorption, solid: with absorption.
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Nonlinear vs linear glue: predictions for rapidity spectra
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@ pp — pTp at LHC energy.

@ calculations by A. Cisek, PhD thesis (2012), for two types of gluon distributions:
lvanov-Nikolaev, without explicit saturation effects, and Kutak- Stasto, with nonlinear
evolution.

@ dashed: no absorption, solid: with absorption.



A soft process: pp — ppw

@ "Bremsstrahlung”-type mechanism contributes in proton fragmentation regions
@ t-channel exchange becomes reggeized

@ subleading Regge pole, but large wNN coupling, say giNN/47r ~ 10.



A soft process: pp — ppw
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@ dashed: without absorption, solid: with absorption

@ need to go to very large energies to "dig out” photoproduction.
@ A. Cisek, P. Lebiedowicz, WS, A. Szczurek Phys. Rev. D83 (2011)




VM photoproduction from nucleon to nucleus:

@ large quark mass provides a hard scale for production of J/W, T

@ for heavy nuclei rescattering/absorption effects are enhanced by the large nuclear size

@ evaluate rescattering of QQ and QQg-Fock states by Glauber-Gribov theory in terms of free
nucleon glue.

@ the final state might as well be a (virtual) photon (total photoabsorption cross section) or a
qg-pair (inclusive low-mass diffraction).

@ a probe of the saturated gluon distribution.



Coherent diffractive production of J/W, T on 2% Pp
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@ A. Cisek, WS, A. Szczurek arXiv:1204.5381 [hep-ph].

@ Ratio of coherent production cross section to impulse approximation

o(vyA — VA; W) do(yN — VN)
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Absorption corrected flux of photons

Nf‘ff (w

o(A1Ay = A1Axf;s) = /dw o(yA2 — fA2;2wv/s) + (1 < 2)

dneT = / d?b S2(b)dN(w, b)

@ dN(w)= Weizsacker-Williams flux

@ survival probability:

S3(6) = 9 ( — o Tan (b)) ~ 6(16] = (R + )



do/dy (mb)

Coherent exclusive production in AA: rapidity distributions
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@ A. Cisek, WS, A. Szczurek arXiv:1204.5381 [hep-ph].
@ left column: J/WV, right column:T

@ The large nuclear size cuts off the flux of hard photons severly — different rapidity shape tha
in pp.



Summary

@ In photoproduction of heavy quarkonia, the large quark mass ensures dominance of small
dipoles.
@ a sensitive probe of the (unintegrated) gluon distribution of the target.

@ Cross sections for exclusive photoproduction of Quarkonia at colliders are of measurable size.
Theory works at Tevatron energies.

@ Exclusive VM's didn't help to discover the Odderon yet. Perhaps transverse-momentum
distributions?

@ At the LHC, a reach in energy beyond the HERA-domain possible.
— Study the very small-x gluon distribution.

@ heavy nuclei are of special interest in view of the scarcity of probes of the nuclear glue. Here
saturation effects are enhanced by the nuclear size.
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