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Diffractive amplitude for ™ m~ confinuum

The 4-body reactions pp — prTn~ pand pp — pKTK~ p
constitutes an irreducible background to 3-body processes pp — p M p,
where e.g. M = g, 0, 15(980), ¢, £2(1270), f5(1500), £5(1525), xco. glueball
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T Cross sections
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Donnachie-Landshoff parametrization for total ©N cross section
(0 = CisO =1 i= P, IR:
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The optical theorem:  ay; ~ 1imMJP (s, t = 0) (when s s large)

My5(5.0) = Ap(s) + Ar(s) F Ao(s)
s ai(t)—1

Mup—smp(s,1) =1 s Ci (g)

the values of pomeron and reggeon couplings to mp: Cp = 13.63mb, Cr, = 31.79mb, C, = 4.23mb

nicely describes the mpgjastic data for \/E > 2.5 GeV with slope parameters
B(s) = B/" +2a/In(; ): B =55GeV 2 and B =4 GeV~?
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model includes absorption effects in an effective way



Kp and Kn cross sections
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Absorption corrections
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where pa* = pg — kt and pb* = pp + k¢ with momentum transfer k;

MEN(s. k2) = Mo(s) exp(—Bk?/2)

from optical theorem: ImMg (s, t = 0) = sojot(s)

B(s) = BYY + 2af,In( )

where sg =1 GeV?, a/,P =025GeV "2, B%N =9GeV 2
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Our model of continuum vs ISR data
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data from A. Breakstone et al. (ABCDHW Collaboration), Z. Phys. C48 (1990) 569; C42 (1989) 387
exp. cross sections: 0, o4~ = (79 £13) uband 0, - = (6.5+1.7) b
where in MKK—509M: e hove Mic—s ik = B (8)MP--9—meson exch. +ﬁR(§)MRegge

with B (3) = exp(— (8 — 4m2)/03),  Br(3) =1 — Bu(3). A% =9GeV?



Our model of continuum vs ISR data
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Decomposition of cross section in My and y;
when all (upper line) and only some components in the amplitude are included



Differential cross section in rapidity space at \f =7 TeV
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Other diffractive processes
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Measurement of x.

CDF Collaboration af Tevatron o
0 C
Xe = J/w(—= T u)+y. dX ly=0 = (76 = 14) nb
y
(T. Aaltonen et al., Phys. Rev. Lett. 102 (2009) 242001)
M(J/py) resolution does not allow a seperation of the different xy states

Channel | B(xco)

B(xe1)

B(xc2)

J/yy

(1.16 = 0.08)%

(34.4£1.5)%

(19.5+0.8)%

but a( XcO) obtained within the ki-factorization is much bigger than for xc1 and xc2

Could other decay channels be used ?

Channel B(x0) B(xe1) B(xe2)

i~ (0.56 +0.03)% — (0.16 £0.01)%
KtK— (0.610 +0.035)% - (0.109 + 0.008)%
PP (0.0228 4 0.0013)% | (0.0073 4 0.0004)% | (0.0072 = 0.0004)%
e nte | (227 £0.19)% (0.76 £ 0.26)% (111 +011)%
ntr KTK™ | (1.80+0.15)% (0.45 £ 0.10)% (0.92+0.11)%

see P. Lebiedowicz, R. Pasechnik and A. Szczurek, Phys. Lett. B701, 434 (2011) (xco — ntnT)
P. Lebiedowicz and A. Szczurek, Phys. Rev. D85, 014026 (2012) (yco — K +K™)




Diffractive QCD mechanism

P proposed by Kaidalov, Khoze, Martin, Ryskin (KKMR approach)
P to apply KKMR QCD mechanism to heavy quarkonia production (H — x¢)
R.S. Pasechnik, A. Szczurek and O.V. Teryaev: Phys. Rev. D78 (2008) 014007 (yco meson)
Phys. Lett. B680 (2009) 62 (xc1 meson)
Phys. Rev. D81 (2010) 034024 (xc2 meson)
L.A. Harland-Lang. V.A. Khoze, M.G. Ryskin and W.J. Stirling. Eur. Phys. J. C65 (2010) 433, and C71 (2011) 1545
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Differential cross sections for the pp — ppx o reaction
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M+, distribution at y/s = 0.5, 1.96, 14 TeV
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Pt and M+ - distributions at /s = 0.5, 1.96, 14 TeV

Pions from xco decay are placed af slighty larger p |,
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M+~ distribution at y/s = 0.5, 1.96, 7 TeV
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Exclusive production of resonances
pp — (tensor IP) (tensor IP) — pMp

see O. Nachtmann talk "A model for high-energy soft reactions", ECT* Trento , February 2012
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The coupling constants can be fixed from the meson production data
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preliminary results

= Q"

pp — (tensor IP) (tensor IP) — pMp

COMPASS could help in understanding this situation !
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pp — (tensor IP) (tensor IP) =+ pMp

preliminary results
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At lower energies we expect large ww-exchange contribution due to large gnne.
We use here F(t) = exp (f — mfﬂ//\z) from A = 1.0 GeV (bottom line) to 1.4 GeV (upper line)
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JF=0"

tensor IP (black solid line), tensor IP + f> (blue solid line), vector IP (dashed line)
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JF=0"

tensor IP (black solid line), tensor IP + f> (blue solid line), vector IP (dashed line)
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f,(1270) production

pp — (tensor IP) (fensor IP) — p nt ™ p

preliminary resulfs
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f,(1270) production: tensor IP vs vector IP

preliminary resulfs
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The predictions differ considerably which could be checked experimentally.



Resonance and continuum contributions

preliminary results

pp — (tensor IP) (tfensor IP) — p tt ™ p
The resonance and continuum contributions should be added coherently fogether.
The observed signals appears to be shifted towards o a lower mass.
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Exclusive ™ Production at the LHC with Forward Proton Tagging

R. Staszewski, P. Lebiedowicz, M. Trzebirnski, J. Chwastowski, A. Szczurek, Acta Phys. Polon. B 42 (2011) 1861

Huge total cross-section for pp — ppm™ ™~ : more than 200 ub for \/3 =7TeV
(see P. Lebiedowicz, A. Szczurek, Phys. Rev. D81 (2010) 036003)

central detector

forward forward
detector beam line s beam line detector
[ I R S S i -
I I b .. -
T
large distance — large distance

Pions detected in the ATLAS detector (fracker or calorimeter).
Protons tagged in the ALFA stations (~ 240 m far from IP).
Calculations done for 8* = 90 m LHC optics, \/E =7TeV.

see M. Trzebinski talk "Present and Future ATLAS Forward Detectors: ALFA and AFP*, this workshop
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Left: Cross section visible in the ALFA detectors (both protons tagged) as a function of the distance between the detectors and the beam centre.

Right: The proton p distribution; the dotted line marks the distribution for the events with both protons tagged by ALFA detectors positioned at 4 mm.
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Most of outgoing protons are in ALFA acceptance region!
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Left: Total cross section as a function of 7. Right: Large correlation between pions pseudorapidity.

Measurements possible in: tracker (1, < 2.5) and FCAL (2.5 < ng <4.9).
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The grey area and the vertical dash-dotted line marks the lower boundary of the region accessible by ATLAS.
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Measurements of exclusive T ™ is possible!

oyis = 21ub (with detector-beam distance 4 mm and pt; = 0.1 GeV, E; = 4 GeV)



Conclusions

> Several differential distrioutions for pp — ppr ™, ppK K™, PPXco processes including
absorptive corrections are calculated
— influence of kinematical cuts on the S/B ratio has been investigated

> Difficulty to seperate xc(07). x(17). xc(2") in the J/wy channel
— possible in the ©t 7™, K™K~ channels (at RHIC, Tevatron and LHC)
— PPX<o grows much faster with \/5 than ppn*lf, ppK*Ki

P> With enough statistic it should be possible to see resonance states in My,
e.g. »(1270), glueball candidates (f(1500)), charmonia ( x.(07))

» We have found that tensorial pomeron (O. Nachtmann) may equally well describe
experimental data on exclusive meson production as the vectorial pomeron used in the
literature. The present experimental data do not allow to clearly distinguish between the two
models. Future experimental data on exclusive meson production at higher energies may give
a better answer on the nature of the pomeron and its coupling to the nucleon and mesons



