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How is the nature of soft pomeron?

o (mb)

T T
—— () =0.5475 + 0.931
F—— ap)=05475+09t

Red}

spin J

\ interference terms
. T P Vi Y R

i 6 10 17 T T S T
mass = t (GeV) (s (GeV)

The Chew-Frautschi plots (the exchanges particles spin J vs its squared mass m_2,) shows that all possible exchanges form so called Regge trajectories
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D Inthe Regge theory the f-channel Regge exchanges (IR) correspond to a sum of ordinary mesons with the same quantum numbers.

C = +1(f, o) trajectories and C = — 1( @, p) trajectories are all degenerate with intercept a(0) & 0.5 (they contribute ferms ~ 1/1/5).
The contributions from the isospin | = 1 exchanges pjr and agjr are very much less than that those from | = 0 exchanges fojr and wjR.

P 1o generate a non-falling total cross section (\ﬁ — o0, \/m 5 1 GeV) a new trajectory (Pomeranchuk trajectory) with the leading pole
called the pomeron (IP) was postulated. It has a(0) slightly above 1 and the quantum numbers of the vacuum, that is | = 0and C = +1.
There is belief that the pomeron rather is associated with the exchange of family of glueballs.

@ itis possible that there exists also an odderon, a C = —1 partner of the pomeron.

Collins, An infroduction to Regge theory and high energy physics, CUP, 1977,

Donnachie, Dosch, Nachtmann and Landshoff, Pomeron physics and QCD, CUP, 2002,

Close, Donnachie, Shaw, Electromagnetic interactions and hadronic structure, CUP, 2007
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Vector pomeron vs Tensor pomeron
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Effective IPrpp vertex and IPr propagator compatible with QFT rules !
see C. Ewerz, M. Maniatis and O. Nachtmann, Ann. Phys. 342 (2014) 31,

O. Nachtmann, a talk High-energy soft reactions: A model with tensor pomeron and vector odderon,
WE-Heraeus-Summerschool, Heidelberg, 2013
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Exclusive production of reso
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The dimensionless coupling constants for scalar mesons gip, jp,, m- Jipy, 1p,, m 9Nd for pseudoscalar mesons 9oy iy i C" be fixed from the meson
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Exclusive production of resonances via IPrIPr fusion
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Scalar mesons (J°© = 0t

Experimental results for total cross sections of scalar mesons in pp collisions at \/5 = 29.1 GeV (WA102)
A. Kirk, Phys. Lett. B489 (2000) 29
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0", @pp and dP, distributions

Our results and the WA102 exp. distributions have been normalized to the value of total cross sections given by Kirk.
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For f5(1370) the tensorial pomeron with the (1, ) = (0, 0) coupling alone already describes data. The vectorial pomeron term is disfavoured here.
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dPy, =|dP | = |G 1L — G| = |Poy — Py | see F.E. Close and A. Kirk, Phys. Lett. B397 (1997) 333
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0+, t distribution
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0", Xe.m. Ym. and ny distributions

@ The meson distribution peaks at xr m
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0 and the protons at xep — 1, xr = 2p;/+/s
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Pseudoscalar mesons (J” C — 0"

For n production we included subleading exchanges (reggeon-pomeron, pomeron-reggeon, and
reggeon-reggeon) which improve the agreement with experimental data.
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o(n) = 3.86 +0.37 ub, o(n') = 1.72 £ 0.18 ub from A. Kirk, Phys. Lett. B489 (2000) 29
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0", @pp and AP, distributions

Our results and the WA102 exp. distributions have been normalized to the value of total cross sections given by Kirk.
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0~ T, t distribution

3 P - ppN 3 PP~ PPN
8 10 & 10 (5=29.1 GeV 3
3 3 WA102 data
3 =1 1P; and f,, exch
= 15
S 5}
© k=l
tensorial exchanges
L 2 0m il
o IPIP 107 (1,S) terms:
rrrrr 1P, o, P = sum -
forbr(i0) G b gg s
, ,
10 05 1 10 05 1
It] (GeV?) Itl (GeV?)
% pp —~ pp'(958) % pp — PPN (958
O] Vs=29.1 GeV o V$=29.1 GeV
] WA102 data e WA102 data
= =
= 4 = 4 q
T = Ep}nonopolel
st N, ] — exp.ff
2 2 —* monopole i
—— exp. ff
% 05 1 % 05 1
It| (GeV?) It| (Ge?)
M 2 2
Frem (o 12) = Fm(h)Fm(R2) . Fu(f) = Fa(t) = ——— . Ag = 0.5 GeV
1 AVf/AO
h + 1k
E 1 2 2
(1. 2) = exp ( 2 ) . A2 =0.64 GeV?
£

13/26



0~ ", x distribution
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@ The enhancement of the 1 distribution at larger values of xg v can be explained by the fiRrIP and IPfr

exchanges

@ Production of n’ seems to be less affected by contributions from subleading exchanges

14/26



0~ ., yym and ny, distributions
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0~ ", p..mand p, , distributions
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0~ and 07, (dP,., ¢,p) distribution
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The ratio of mesons production at small dP | to large dP for two models has been compared with the
experimental results from A. Kirk, Phys. Lett. B489 (2000) 29.

It was observed that all undisputed qg states (n, 17, f1(1285) etc.) are suppressed as dP; — 0,
whereas the glueball candidates (e.g. fo(1500), f2(1950)) are prominent.

The dP| and ¢pp effects — in general more than one coupling structure IPIPM is possible.

Challenge for theory to predict these coupling structure from calculations in the framework of QCD.
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po contribution to central exclusive production of T+t~ pa
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Photoproduction of ,o0 meson
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two rank-four tensor functions — C. Ewerz, M. Maniatis and O. Nachtmann, Ann. Phys. 342 (2014) 31
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& = logyo(prL /1 GeV) distribution

= —_——— T &
3 =
= 10 ENT E
Y F opp-pp@ -~ M) 1% F opp-pp@ - m)
B [ Vs=200GeV 1B [ {s=7TeV
©° L |l © L
1k E 1
1 1 L L L L L
107 3 2 1 0 WETTsTTa I T2 T
g &

dofdE, e, (ub)

20/26



do/dysdy4 (ub)

dcldyzdy4 (ub)
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@ The rapidities of the two pions are strongly correlated and y,+ ~ vy, —.
This is similar characteristic as for the double pomeron/reggeon exchanges in the fully diffractive
mechanism see P. L. and A. Szczurek, Phys. Rev. D81 (2010) 036003.
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Ppp ANd @, distributions

@ The effect of ¢pp deviation from a constant is due fo interference of y-IP and IP-y amplitudes.
Similar effect was discussed first in W. Schafer and A. Szczurek, Phys. Rev. D76 (2007) 094014
for the exclusive production of J/y meson; see A. Cisek talk
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M, and p , distributions
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7 (CMS) ‘yni| <25p) ,+ >0.1GeV 414 411 4.02
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Conclusions

The tensorial pomeron IPr can equally well describe existing experimental data on the exclusive meson
production as the less theoretically justified vectorial pomeron IPy frequently used in the literature.

In most cases (JF© = 01+, 0~ T) one has to add coherently amplitudes for two lowest (1, S) couplings.

The corresponding coupling constants are not known and have been fitted to existing experimental data.

Our study certainly shows the potential of pp — pMp reactions for testing the nature of the soft pomeron.
Pseudoscalar meson production could be of particular interest in this respect since there the distribution in
®pp may contain, for the IPr, a term which is not possible for the IPy.

We have made estimates of the central exclusive p0 meson production to the pp — pprt ™ reaction.
The po contribution constitutes 10-20% of the double pomeron/reggeon exchange contribution
calculated in a simple Regge-like model.

Similar characteristic of rapidity and p | distributions, but different dependence on p | , and @pp.

This could be used to separate the po contribution (should be strongly enhanced at @pp < 909,

Future experimental data on exclusive meson production at high energies should thus provide good
information on the spin structure of the soft pomeron and on its couplings to the nucleon and the mesons.

To-do list

@ To extend the studies of central meson production in diffractive processes to higher energies,
where the dominance of the IP exchange can be better justified.
A consistent model of the resonances decaying into the nt channel (other mesons like f2(1270)) and the non-resonant background.
The interference of the resonance signals with the mm continuum.

@ Absorption effects may also change the shapes of 1 /f2. Ppp. efc. distributions. The deviation from **bare’ distrioutions probably is
more significant at high energies where the absorptive corrections should be more important.
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Backup, other mechanisms to pp — pprnt ™ reaction

The measurement of forward/backward protons is crucial in better understanding of the mechanism of pp — pprt ™~ reaction:
R. Staszewski, P.L., M. Trzebinski, J. Chwastowski, A. Szczurek, Acta Phys. Polon. B42 (2011) 1861) (ATLAS + ALFA); (CMS + TOTEM)

P ) Pl plp) P
_——

Pl

(background for fy, f and yo resonances)
P. L. and A. Szczurek, Phys. Rev. D81 (2010) 036003 (pp —> ppn+n7)

P. L., R. Pasechnik and A. Szczurek, Phys. Lett. B701 (2011) 434 (pp — pp(xco — T »

P. L. and A. Szczurek, Phys. Rev. D85 (2012) 014026 (opp — DDKJr K™)

() P 2 P 2 »(p.

51 T T v T "7 (background for p° resonance)
At smaller \ﬁ are important the non-central (bremsstrahlung) mechanisms while at higher \ﬁ contribute at very forward/backward rapidities
- (s -7t ()

»(pa) ST ) pp) e Nerp) plp)

) [am) P(m) pip2
Similar processes was discussed in pp and/or pp collisions at high energies:
A. Cisek, P. L., W. Schafer and A. Szczurek, Phys. Rev. D83 (2011) 114004 (pp — pprco)
P. L. and A. Szczurek, Phys. Rev. D87 (2013) 074037 (pp — pp®)
P. L. and A. Szczurek, Phys. Rev. D87 (2013) 114004 (pp — ppy)
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What are the possible values of spin J and parity P for meson?

The values of I, S, J, and P possible in Py IPr
The values of I, S, and J, P of the annihilation of two “'spin 2 JT meson M [ S [ S
orbital angular momentum, pomeron particles” (IPrIPr — M): o—+ n 1 1 1 1
total spin of the two 3 i n’ (958) 3] 3
“'vector-pomeron particles’’, . e M Z P 15(980) 0 o] 0 o]
IP(2,1m1) VNNV P (2, mi) 4t
and total angular 0 10(1370) 2 2 2 2
momentum, parity of the fo(1500) 4 4
state, respectively, possible ! S| J P T+ 1(1285) 221272
in the annihilation reacion ofojo + ! f(1420) 4| 4
PyIPy — M. 2 | 2 ,(1270) 02 ][0]2
414 rn(1526) | 2 |0 | 2|0
[ s J P 1 1 0.1.2 — Tt 2 | 2|22
0] 0] o0 T 3 | 2.3.4 2 42|24
2 | 2 2 [0 2 + 4| 2
1 1 0.1.2 — 2 | 01234 4 | 4
2 [ o2 + 4 | 23456 72(2050) 2 |2 0] 4
2 | 01234 3 1 234 — 4 10| 2|2
3 1 234 — 3 | 0123456 Tt 41224
4 0] 4 + 4 0] 4 + 4 410
2 23456 2 23456 4 2
4 | 012345678 4| 4
P=(=D.lI—8|<J<I+$

The continuation of the table for I > 4 is straightforward.
In general, different couplings with different I and S of two **pomeron particles’” are possible.
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