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Introduction

Most of the high energy processes concentrated on single particle

distributions (in transverse momentum or (pseudo)rapidity)

Exclusive a few body final states studied very rarely

QCD type processes -- KMR mechanism

pp → ppH (Higgs boson properties)

pp → ppχc

pp → ppbb̄ (Higgs background)

pp → ppgg

pp → ppγγ

pp → ppMM (large invariant masses of mesons)

QED processes

pp → ppµ+µ− (e.m. form factors)

pp → ppW+W− (gauge boson coupling)

pp → ppmm̄ (Dirac monopoles)
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Introduction, continued

QCD photoproduction of vector mesons

pp → ppJ/ψ (search for odderon)

pp → ppΥ
pp → ppρ(ω, φ)
pp → ppZ0

Production of meson pairs

pp → ppπ+π− (search for glueballs)

pp → ppK+K−

pp → nnπ+π+

mechanism of the reaction

diffractive excitation of resonances

glueballs (?)

large contribution to central diffraction cross section

low energy theorems (gg → ππ)
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Introduction, continued

Production of single pion

pp → ppπ0

pp → pnπ+

Large cross section

Large contribution to single diffraction cross section

Contribution to large rapidity production (cosmic ray interactions)

Diffractive excitation of single resonances

pp → ppγ
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Central exclusive production
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Exclusive Production of J/ψ,Υ in Hadronic Collision
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In QCD
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Exclusive Photoproduction in Hadronic Collisions
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Absorption corrections

γ

γ

V M
V M

IP

IP

h1

h2

h1 h1
h1

h2
h2 h2

Sel
Sel

M(p1,p2) =

∫
d2k

(2π)2
Sel(k)M

(0)(p1 − k,p2 + k)

Absorptive corrections depend on elastic h1h2 amplitude

→ taken from data.

photon pole→ peripheral interactions→ Absorption at

20%--level.
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Rapidity spectra at Tevatron

CDF collaboration, T. Aaltonen et al. Phys. Rev. Lett. 102 (2009)

W. Schäfer & A. Szczurek Phys. Rev. D76 (2007).

calculations by A. Cisek, PhD thesis (2012),
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Rapidity spectra at Tevatron/LHC energies

12 / 42



pp → ppγγ
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pp → ppγγ
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pp → ppγγ
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Classical bremsstrahlung
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Vector meson rescattering (new)
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Vector meson is off-mass shell.

Similar diagrams for ρ0 meson.

The diagrams for ω and ρ0 interfere.
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Pion cloud contribution (new)
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Photon rescattering (new)
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Differential distributions, page 1

γ
η

0 2 4 6 8 10 12 14

b)µ
 ( γη

/dσd

-410

-310

-210

-110

1

10

210
γ pp →pp 

 = 14 TeVs
ZDC

→

bremsstrahlung
 > 100 GeV)

γ
(E

 IPω
γ 0π rescatteringγ

 (deg)
12

φ
0 50 100 150

b)µ
 (

12φ
/dσd

-410

-310

-210

-110

1

10
γ pp →pp 

 = 14 TeVs
 > 0γη

bremsstrahlung
 > 100 GeV)

γ
(E

 IPω

γ 0π

 rescatteringγ

Most of the mechanisms at large (pseudo)rapidities

Only photon elastic rescattering at midrapidities
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Differential distributions, page 2
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pp → ppπ0, mechanisms
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pp → ppπ0, new mechanisms
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γ∗γ∗π0 anomalous coupling

The strenght fixed from π0 → γγ.
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pp → ppπ0, contributions
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Large contribution to low-mass single diffraction

Pion bremsstrahlung at large rapidities
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pp → ppπ0, contributions
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pp → ppπ0, absorption effects

p (pa) p (p1)

p (p2)p (pb)

π0(p3)π0∗(q̃1)

IP (q̃2)

p∗(p̃1)

p∗(p̃2)

p (pa) p (p1)

p (p2)p (pb)

π0(p3)π0∗(q̃1)

IP (q̃2)

p∗(p̃a)

p∗(p̃b)

p (pa)

p (p1)

p (p2)p (pb)

π0(p3)

p∗(p̃1i)

IP (q̃2)

π0∗(p̃3)

p∗(p̃2)

p (pa)

p (p1)

p (p2)p (pb)

π0(p3)

p∗(p̃1i)

IP (q̃2)

p∗(p̃a)

p∗(p̃b)

calculation in progress

26 / 42



pp → ppπ0, first results with absorption
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pp → ppπ+π−
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pp → π+π− at ISR
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Resonance contributions

 (GeV)ππM
0.5 1 1.5 2

b/
G

eV
)

µ
 ( ππ

/d
M

σd

0

20

40

60

80

100
-π+π pp →pp 

 = 62 GeV (ISR)s
| > 0.9

p
|x

 1.5≤| π|y

σ

(770)ρ

(980)0f

(1270)2f

(1500)0f

Waiting for consistent inclusion of continuum and resonances
30 / 42



y(π+) × y(π−) correlations
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A measurement with ALFA@ATLAS
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Reggeons at high energies
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χc(0)→ π+π−
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gg → ππ nonperturbative coupling

competitive mechanism:
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Conclusions

Extremely large span of rapidities at the LHC

Different processes could be measured in unexplored region of

energies.

Testing photoproduction at much larger energies than at HERA.

Searches for odderon possible in exclusive vector meson

production.

Searches for glueballs possible in exclusive production of π+π− or

K+K− pairs.

Many exclusive channels contribute to single diffration

(pp → ppπ0) or central diffraction (pp → ppππ) cross section.

Many interesting nonperturbative effects:

low energy phenomena at high energies.

testing the nature of the pomeron (e.g. its spin structure)
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