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The soft pomeron model

For pp elastic scattering we get (T-matrix element):

effective vector pomeron exchange
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The Donnachie - Landschoff pomeron
is frequently called a 'C = +1 photon'
- problems from the point of view of QFT
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Effective /P, pp vertex and IP; propagator
respect the standard C parity and crossing rules of QFT

In QFT a second rank tensor - like for gravity - gives
the same sign for the coupling of particles and of antiparticles
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Total and elastic scattering
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In the Regge theory the t-channel Regge exchanges (/R) form so-called linear Regge trajectories
and correspond to a sum of ordinary mesons with the same quantum numbers (see the Chew-Frautschi plot);
C=+1(f, a,) and C = -1 (w, p) secondary trajectories are all degenerate with intercept ~0.5.

There is belief that the pomeron rather is associated with the exchange of family of glueballs.
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IP,, IP,, fusion vs [P.[P_fusion
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The values, for orbital angular momentum (1),
total spin (5) of the two “pomeron particles”,
total angular momentum (J) and parity (P) of the state, respectively,
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possible in the annihilation reaction of two “pomeron particles” into a meson.

-S| <J<I+S,  P=(-1)
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Exclusive production of resonances via /P, IP, fusion
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The “bare” vertices were obtained from a covariant Lagrangians corresponding to the I and S values.
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The dimensionless coupling constants g,, ,,, can be fixed from the meson production data.
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Exclusive production of resonances via /P, [P fusion
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IP,, IP,, fusion vs [P.[P_fusion

We shall now consider the high-energy small-angle limit for both the tensorial
and vectorial pomeron fusion reactions giving the mesons M and M.
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For the vectorial pomeron we get in this limit the expressions (1) and (2),
respectively, but with the replacements:
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We see that for the vectorial pomeron the term o cos ¢, sin ¢, in (2) is absent.
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Cross section

Experimental results (WA102) for total cross sections of scalar mesons in pp collisions (29.1 GeV)
A. Kirk, Phys. Lett. B489 (2000) 29
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it - fusion mechanism - A. Szczurek and P. L., Nucl. Phys. A826 (2009) 101, arXiv:0906.0286
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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 f,(1370) the tensorial pomeron with the (I, S) = (0, 0) coupling alone already describes data.
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The vectorial pomeron term is disfavoured here.
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The “glueball fillter” variable dP, = |dP,|=|qiL — Gor| = |Por — P11
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t distribution
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, Y and n,, distributions
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The dip in the n,, distribution for |n,| = 0 is a kinematic effect.
P. Lebiedowicz, IFJ PAN MESON 2014 13




Cross section

Exp. results (WA102) for total cross sections of pseudoscalar mesons in pp collisions (29.1 GeV)
A. Kirk, Phys. Lett. B489 (2000) 29
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For n production we included subleading exchanges
(reggeon-pomeron, pomeron-reggeon, and reggeon-reggeon)
which improve the agreement with experimental data.

Production of n' seems to be less affected by contributions from subleading exchanges.

P. Lebiedowicz, IFJ PAN MESON 2014 14




X v Y @nd ny, 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 n meson the enhancement of distributions at larger values of x; , or y, can be explained by the pomeron-reggeon exchanges
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t distribution
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JFC = 0** and

0+

(dP:, ¢,,) distributions
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The ratio of mesons production at small dP to large dP |
for two models has been compared with the exp. results from

A. Kirk, Phys. Lett. B489 (2000) 29.

It was observed that all undisputed qq states (n, ', f,(1285) etc.)

are suppressed as dP, - 0,

whereas the glueball candidates (e.q. f,(1500), f,(1950)) are prominent.

The dP, and ¢, effects

dn:)‘/d(dPT)d(ppp (nb/GeV)

do/d(dP,)do  (nb/GeV)

- in general more than one coupling structure IP IP M is possible.

P. Lebiedowicz, IFJ PAN
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pp — ppN'(958)

Vs=29.1 Ge

pp — pp f (1500)
Vs=29.1 Ge Yo

10° 4 i

Ti
AT
A A

A
A7 A B L
O e

= IP{IP; - fusion

(LLS) sum
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The p° contribution to CEP of m*m~ pairs in pp collisions

i) pim)

T ips)

M(P—Wave) :M’YP—I—MP’Y-FM’”CMR _|_Mf2JR’Y

in the Born approximation

M naamtae = @01 AT PP (pr, pa)u(pas Aa) 1A 4 (q1) iT 07 (q1) iAW 721 (q1) iAW) P25 (pgy ) iT ™™ (g, pa)
Xlri)ipgﬁgﬂ(_QM _p34) ZA(P) a5577(827 t2) a(p27 )\Q)ZFgfpp) (pQ,pb)U/(pb, )\b)
Aadp— A domtn— — e(p1 + pa)" Fi(t1)0a A,
m 1 T
Xe,y—pa Affp)l (ql) A/(o/;)/{(p34) ng(p?) — p4)& Fp7TTF<S34)Fp7T7T (534)
P

X VP20 (5 19) 2(pa + po)a (P2 + o) s Far (t2) Fi (t2) 0.,

where the decay vertex for p = n"n™ is well known and the coupling constant is 9o = 11.51

P. Lebiedowicz, IFJ PAN MESON 2014 20




Photoproduction of p’ meson

P. Lebiedowicz, IFJ PAN

MKPZ,”JK \ (5.8) 22 P (AL et () 1, (. 0) (D2 + ) (D2 + Do) 200, Fi (8) Far (£)

where (7P = —zemp/'yp, 47r/'yp = 0.496, A(p) —m +im,l, 1ot g5 — 11.04
2IRPP —

1 , (b — A& . ap(t)—
Viwra(s, t) = 48{21—‘/(1,03&)\( —D~+Pp) {BB]PNN appp(—isalp) PO 4 M gp o ag,op(—isaly) mY 1}

_Ffv)f’d( ~Py:Pp) [3&PNN bippp(—isalp)* O+ M gf, o bfmpp(—isagl%)aﬂ(t)_l} }

where two rank-four tensor functions: C. Ewerz, M. Maniatis and O. Nachtmann, Ann. Phys. 342 (2014) 31

25 T T T T T T T T T TTTT

= [ ] R BEUYEE —=I
= - © low energy data 1 > 10 ; YP=>P P 3
=~ I *H1 93 IS i \s=80GeV -
o0+ v ZEUS 92 =
o | AZEUS '93 S 10f ZEUS data
T | S E
. 1 = |
o 15 B ] § 1E —
< | 1 8 :
b | 1 P
10 F_‘ael B _— 10-] - =
50 — total 102 _
i —— 1P ] E
- .. T fr1r i -
0 | L 10-3 SN
1 10 102 10° - L5
W, (GeV) Itl (GeV?)

set A - ap,, = 0.45 GeV ™3, “smpp = 2.91 GeV ™2, bp,, = 6.50 GeV ™', b,y pp = 5.80 GeV ™! (default values)
set B:appy = Gfyppp = 0GeV 2 bp,, =6.70 GeV ™!, by, 0y = 14.50 GeV !
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& distribution

—
o

dc/dél (ub)

pp = pp (p° = )
Vs = 200 GeV

|

do/d d&_(ub)

P. Lebiedowicz, IFJ PAN

B T U T I T [ T U '| 1T
3,
- 10p E
Wp - pp = pp (P — ) i
o) L Vs=7TeV |
o |
! i
p
r/
%
10-1 Ll | | | | b1
E-
ugt
ﬁ—1
o
G
=)
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¢ is auxiliary variable:

&1 = logg(p1./1GeV)
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yn and Nz distributions

s B 0.6— AL R B L T T LI B B 1 :‘D'\ 0'6,_ LA B L T T LA B B ]
pp —pp (" P2t S | Sop ) | = | e Spp @ > T |
Vs =200 GE"____ x_/ﬁ 05k Vs =200 GeV ©(B B :ﬁ 05l Vs =200 GeV set B ]
- : SR 051 1 i 1
= h kS, i 1 = i i
= ) - 1 8 - total/ 4
¥ S o4f 1 8 o4f set A .
- - ] - ]
%\m 10" - vy ] i yIP+IP ¥ _ ]
E‘ 0'3 __ _— 0‘ 3 "_ ; ’ ‘7\\/ - _\\ : _"
= i 1 i AN SN |
: : - ! / ® N \ ) n
2 0.2 — ] 0.2 — / " \ ]
105 i ] B / N \ i
i ] i / \ ]
5 0.1 — 0.1+ / \ 5
i ] - /. \\ ]
] e ¥ 0_ ] 0 Vi | | L TN
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
Y. ™
~ T
e
=.
p—
B
=
=)
""h..,_.
©
o]

pp — pp (p° > TT) 0.2¢8/ ~ pp—pp (P’ =) o\
\s=7TeV . / vs=7TeV R

PR N VRPN VRPN PRI ENUVETEN BT ) S A E BN B I I

4 -2 0 2 4 6 8 8 6 4 -2 0 2 4 6 8

y. ™

The rapidities of the two pions are strongly correlatedand y_, =y, _.

This is similar characteristic as for the double pomeron/reggeon exchanges in the fully diffractive mechanism
P. L. and A. Szczurek, Phys. Rev. D81 (2010) 036003.
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do/dg (b)

d,, and ¢, distributions

2
T

T T T

- total (set B)

—
Ln

| total (set A)

i 'yIP+7f”R(or[P7+f Y)

21R

T T

—
pp = pp (P’ = ) |
vs =200 GeV

P. Lebiedowicz, IFJ PAN

do/do_ (ub)

dc/dqu (Ub)

|lIlJ|lIIJ|lJIJ

[
f

L1l

[

pp — pp (p° = ')
Is =7 TeV

JIlIlJI

50 100 150

¢, (deg)

T T T T '| T T T T
- pp— pp (p° - )
- Vs =200 GeV

T T T T
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The effect of cl)pp deviation from

a constant is due to interference
of y-IP and IP-y amplitudes.
Similar effect was discussed in
W. Schafer and A. Szczurek,
Phys. Rev. D76 (2007) 094014
for the exclusive production of
J/w meson.

— LA I B N B
o I 0 i
3. L pp—pp (P - )
5 15 Vs=7TeV
o -
E -
b -
) L
10}
5_
Oh ‘-——w—‘r"l_'\‘)dl | ! 1 ! 1 | 1 !
0 50 100 150



M__and p, . distributions

;l()(}n T 9100 fffff L B B 9 IS 77 S\ 50— T T T T ]
o | ppopp’ o) ] | pp = pp (p” = ') v [ o s 12| pp = pp (p = TT)
% ool s = 200 GeV b % col ls=7TeV | % womes ) _% ol \s=7TeV ]
2 12 Ean 1=
g | 1 58 | & 10 &
% 605 g % 60? - :!% : :3% 301 -
S | 16 | ° 18 |
= a0 1 aof . . 17 20F .
I 5 _ \
201 . 20[- . : o ) .
05" %6 07 035 09 1 1_,1 855 06 07 08 09 1 11 T L R (7 R
M, (GeV) M, (GeV) P . (GeV)
Tpp—spp(p0—mta—) 0 H0
Vs, TeV cuts IP and for P
set A (set B) set A
0.2 — 2.88 (3.73) 2.03
0.5 — 4.67 (5.79) 3.52
1.96 — 8.48 (9.97) 6.88
7 - 13.28 (14.85) | 11.45
0.2 (STARI) | [n.=| <1, p) r+ >0.15 GeV, 0.003 < —t1 2 < 0.035 GeV* 0.032 (0.038) 0.026
0.5 (STARTI) | [nss| <1, pypt > 0.15 GeV, 0.1 < —t; 5 < 1.5 GeV? 0.004 (0.004) |  0.004
7 (CMS) Yt | < 25, p1 e > 0.1 GeV 414 (4.11) 4.02
7 (ALICE) Mzx| <0.9,p) + > 0.1 GeV 0.91 (0.89) 0.89
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Conclusions

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

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 ¢,, may contain, for the /P, a term which is not possible for the IP,,.

In most cases () = 0**, 0*) one has to add coherently amplitudes for two lowest (/, S) couplings.
The corresponding coupling constants are not known and have been fitted to existing experimental data.

We have made first estimates of central exclusive p° meson production in the pp —» pprn*n- reaction.
The p° contribution cnstitutes 10-20 % of the double pomeron/regggeon contribution
calculated in a simple Regge model. Similar characteristic of rapidity and p, , distributions,

but different dependence on p, ,and ¢,

Future experimental data (COMPASS, STAR RHIC, CDF Tevatron, ALICE, CMS, ATLAS, etc.)
on exclusive meson production should thus provide good information on the spin structure
of the soft pomeron and on its couplings to the nucleon and the mesons.

see R. Schicker and M. Zurek talks

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.
The deviation from ““bare’” distributions is more significant at high energies, where the absorptive
corrections should be more important.

« A consistent model of the resonances decaying into the /KK channels (other mesons like £,(1270))

and the non-resonant background. The interference of the resonance signals with the /KK continuum.
¢ Other mechanisms - see backup slide.
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Other mechanisms to pp - ppmn~ reaction

The measurement of forward/backward protons is crucial in better understanding of the mechanism reaction
R. Staszewski, P.L., M. Trzebinski, J]. Chwastowski, A. Szczurek, Acta Phys. Polon. B42 (2011) 1861) (ATLAS + ALFA)

* (background for scalar and tensor resonances)

P. L. and A. Szczurek, Phys. Rev. D81 (2010) 036003 (pp - ppr‘n~)
P. L., R. Pasechnik and A. Szczurek, Phys. Lett. B701 (2011) 434 (pp = pp(Xo = T'1T))

P. L. and A. Szczurek, Phys. Rev. D85 (2012) 014026 (pp = ppK*K~)

plpy) pim) Pl i)

« (background for p° resonance)

PP plim) PP
e

a) a\
I I| ?1 7t (ps) I I|
S, ,-,'.|- Ty

S Seik|

T ()
I| |I .!F’ . .H? I| |I

—— —
—_— —

)

P im) plpz)

A similar bremsstrahlung processes were 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 - ppn°),
P. L. and A. Szczurek, Phys. Rev. D87 (2013) 074037 (pp — ppw), Phys. Rev. D87 (2013) 114004 (pp - ppy)
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