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Dipion continuum production

Ewerz-Maniatis-Nachtmann model: Regge-type model respecting
the rules of QFT to describe high-energy soft reactions

C = +1 exchanges (IP, f,;z, a,;z) are represented as rank-two-tensor
C = -1 exchanges (odderon (?), w;, p;r) represented as vector
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for the cases involving the photon exchange one also has to take into account
the diagrams invoIving the contact terms

Y e

P, for P, for

p(p1) P (Pa) p(p1)

P () pp2 p () pp2

The inclusion of these diagrams is a gauge invariant version of the Drell-S6ding mechanism.



Diffractive dipion continuum production

The full amplitude of dipion production is a sum of continuum and resonances amplitudes:
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IP propagator and vertex functions

The propagator of the tensor-pomeron exchange is written as o
propag P & C. Ewerz, M. Maniatis, O. Nachtmann,

1 Annals Phys. 342 (2014) 31

A (PP 1 . -
ZAEW,)K)\(S?t) - 4s (g,u/-:guA + 9urguk — §g;wgn)\> (_ZSO/]P)ap(t) 1 ,

with the standard linear trajectory ap(t) = ap(0) + a/pt .
The coupling of tensor pomeron to protons (antiprotons) and pions are
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1
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where Bpnn = 1.87 GeV™L, Bpar = 1.76 GeV 1 Fu(t) = ———
(4m2 —t)(1 — t/m%)2’ MY T /A2

Fi(t) =

where m,, is the proton mass and m2 = 0.71 GeV? is the dipole mass squared
and AZ = 0.5 GeV?2,
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Absorption effects, off-shell pion form factor
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by a factor of about 2 and give
further enhancement at large |[t|
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off-shellne effects of the intermediate
pions can be described by the form factors
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Dipion resonant production
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In general, many exchanges are possible in the dipion resonance production process.

I JP% resonances (Ct, C3) production modes
0707 ™, fo(500) , f(980), fo(1500), fo(1370) , fo(1710) (P + for, IP + fomr), (a2R, a2mR),
0727, f2(1270), f5(1525), f2(1950) (04 wr+7.04+wr+7), (PR PR), -
0T4++, £4(2050) . (v Pm)s (PRs7) )
17177, p(770), p(1450), p(1700) (Y+or: P+ fom), P+ fom, Y+ PR)s
17377, p3(1690) \ (0O +wr,a2r), (a2r, O+ wR) \

At high energies, we shall concentrate on the dominant contributions (C,, C)):
(IP + fog, IP + for) for purely diffractive mechanism;
(v, IP + for), (IP + famr,"y) for the dipion photoproduction mechanism.



Photoproduction of p’ meson
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tensorial functions: C. Ewerz, M. Maniatis and O. Nachtmann, Ann. Phys. 342 (2014) 31
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The coupling constants IP/IR-p-p have been estimated from parametrization
of total cross sections for nmp scattering assuming o, (p°(\, = +1),p) =

% [Utot(ﬂ-—l_’p) + O-tot(ﬂ-_7p)]



p° and m*m- continuum

— skewing of p° line shape.

The non-resonant (Drell-Soding) contribution interfere with resonant p(770) contribution
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Here we take a relatively hard form factor 0

for the resonant contribution:
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We expect the photon induced processes to be most important -3 _

when at least one of the protons is undergoing only a very small
momentum transfer |t|.

&1 = —1 means p1; = 0.1 GeV
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Pomeron-pomeron-meson coupling

The values, for orbital angular momentum [, total spin S, total angular mo-
P (pa) p(p1) mentum J, and parity P, possible in the annihilation of two “spin 2 pomeron
particles”. We have S € {0,1,2,3,4},P= (=1)! , |l = S| < J <1+ S, and Bose
symmetry requires [ — .S to be even.

11 S| J P
0010 +
2 |2
p () p(p2) 4 |4
M must have isospin and G parity I¢ = 0* 111]0,1,2 —
and charge conjugation C = +1 31234
210 |2 +
, _ 2 10,1,2,3,4
In table we list the values of | and P of mesons which 4193456
can be produced i£1 our ﬁctitio_’us reaction: T 2:3: 4’ ’ —
L M <—k I (3) Za172’3747576 -
NVV VNV
P(2,my) P(2,m5) 2 | 23456
4 10,1,2,3,4,5,6,7,8
5111456 —
For each value of I, S, J, and P we can construct a 3| 2,3,4,5,6,7,8
covariant Lagrangian density £’ coupling (the field 61016 +
operator for the meson M to the pomeron fields) 2 | 4,5,6,7,8
and the vertex corresponding to the [ and S. 4 | 2,3,4,5,6,7,8,9,10

The lowest (1,S) term for a scalar meson J*“ = 0** is (0,0) while for a tensor meson J*“ = 2*"is (0,2).

see P. L, O. Nachtmann, A. Szczurek, Annals Phys. 344 (2014) 301 10 ‘



Scalar mesons

For a scalar mesons the “bare” tensorial IP-IP-M vertices P,
corresponding to (I,S) = (0,0) and (2,2) terms are ql\* M(k)
I(PIP—M . 1 TTT T PC gt
Zr,fu,n,\ ) _ i gp v Mo (gmgux + 9urGuvr — §9uvgm\> 612/4 JPC =0
1(IPIP— M) Z.Q%DJPM o
Loven  (a1,q2) = oM, (911920907 + Q10020 G + Q1XG2p 90k + QrG20Gps — 2(q1 - 42)(Gungur + Gungun)]
> >
= 05 L B A U T T T T Q@ our result o
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o~ 04 \\7\SIA102 data 0.8f-_total WA102 data 3 ﬁ 1 ‘
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0. 1:— — 0.2: (1,S) = (2,2) ~ D i n - f,(1370)
% 50 100 150 % 50 100 150 0_/,
q) ( deg) q) ( deg) blue point (IP and f2 lR)
PP PP dP; = |dP;| = |qit — Got| = D2t — Pl

(proposed by F. Close)

Our results and the WA102 data have been normalized to the mean value of the total cross section
given by A. Kirk, Phys. Lett. B489 (2000) 29.

. f,(1370) peaks as ¢pp—> m whereas the f (980), f,(1500), f,(1710) peak at ¢pp—> 0
. £,(1500) and £ (1710) which could have a large 'gluonic component' have a large value for the dPt ratio

In most cases of scalar mesons one has to add coherently amplitudes for two lowest (I, S) couplings. 11 ‘




f2(1270) meson

The amplitude for the process pp — pp (f2 — ©t7~) via IPIP fusion:

MPP=L22m8m7) iy gip A D) (py | pa)u(pa, Ag) iAUP) m¥10181 () 1)

AaXp— A1 Apmtm— pve \ P,
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. « v — . 2
X AU 2920202 (53, ) Ti(pa, A2 )T (2D (2. po)ulpos M) Ay
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7
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T e (01:62) = (AT 2 Jpare + 3 00 2 (01, 2) lbare | FP2 (07,65, 34)
=2

Here p3s = q1 + g2 and the form factor FEP2) = Fy(¢2) Far(q3) FEPR) (p2).

1 1
A(fz) — : ~(9 K‘,AV g Awi — =0 VA/Q
where g;u/ — _guu+p34up34l//p§4 and Az(/{i)m)\ (p34) - A,&fi))\n (p34) = A,({J;i)w/ (p34), QKAAI(E:LA (p34) = 0.
o fomm - 1 -
iT (27 (g, pa) = —i ;270 [(pg — P4)u(P3 — Pa)v — Zg/u/(p?) —p4)2] FU2m™) (p3,),

where g¢,»r = 9.26 was obtained from the corresponding partial decay width.

(2 —m2 )2
We assume that F(27™)(p2 ) = FPPF2)(p2 ) = exp ( (p?"jvl 1) ), Ap, =1 GeV.
f2




[P-IP-f, couplings

In order to write the corresponding formulae of vertices in a compact and

convenient form we find it useful to define the tensor 1 1 1
R,u,yn)\ = §gu/€gv>\ + §gu>\gum - Zguugmk

P
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+ qllL1 420, Ruupla R,@)\Mla + q1p, 920, RMUH/\)Rpgplal
(PIPf2)(4 L (4
ZF/(“N{)\J‘:QP)Og )(ql’ QQ) - _E g§P)Pf2 (q(lll qgl RHVﬂlm Rn)\oq)q + q(2l1 Qfl Ruua1>\1 RnAulyl)RylMpa
.~(IPIP 5 21 5
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(PP f2)(6 G A
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6] A M1 14
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(PP f2)(T 20 (7 A o v
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We can associate the couplings j = 1, ..., 7 with the following (1,S) values:

(0,2), (2,0) - (2,2), (2,0) + (2,2), (2,4), (4,2), (4,4), (6,4), respectively.

see P. L., O. Nachtmann, A. Szczurek, arXiv:1601.04537, Phys. Rev. D93 (2016) 054015 13 ‘



Choice of IP-IP- (1270) coupling
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Comparison with CDF data
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CDF data: T. A. Aaltonen et al., (CDF Collaboration),

Phys.Rev. D91 (2015) 091101.

Events with two oppositely charged
particles, assumed to be pions, and no
other particles detected in [n| < 5.9.

(no proton tagging — rapidity gap method)

The visible structure attributed to f, and ,(1270) mesons
which interfere with the continuum.

We assume that the peak in the region 1.2 - 1.4 GeV
corresponds mainly to the £,(1270) resonance.

We have adjusted the j = 1,..,4 couplings to get the same
cross section in the region 1.0 - 1.4 GeV.

There may also be a contribution from f,(1370), f,(1500),
and f,(1710).

For CDF conditions, the f,-to-background ratio is about a
factor of 2.

We take the monopole form for off-shell pion form factors
with Ay = 0.7 GeV.

Absorption effects were included effectively:
dO.Born

dM

< S5?>~0.1
ratio of full (absorbed)-to-Born cross section

X < 52 >
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Comparison with STAR preliminary data
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., % .1. .l. .1 L 1. ¢ .1‘ 000y ****** x* ***** ol TRl
STAR preliminary data for small |t|: L.Adamczyk, W.Guryn, J.Turnau, % 0.5 1 15 2 2.5 3

‘ Int.J.Mod.Phys. A29 no. 28, (2014) 1446010; for larger |t|: W. Guryn, Acta Phys. Polon. B47 (2016) 53

Inv. mass m,m[GeV/ci 6 ‘



Predictions for ALICE
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Different IP-IP-f2 couplings generate
different interference pattern.
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Comparison with CMS preliminary data

~ 771
% . pp > pp T \s=7TeV |
Q - ly1<2, p _>02GeV 1
) - CMS prehmmary data il
3 30f —
5 I * Ayew = 0.7 GeV |
S . H} # Ayew = 1.2 GeV (dashed)
3 B |
i { t -
o Il f(980 *}{ .
Y (500) .
- i £(1270) ’{’LFHQ
s 1 15 >
M, (GeV)

(ub/GeV)

t, T

do/dp

40 —— T

. pp = pp T \s=7TeV _

- lyl<2, p _>02GeV ]
30:_ CMS prelrnmary data _:
: { H { :
20_— } ﬂ * H * §
-4 i \\\ 1} ?

I f \ # |
10 _—% \\ ** 7
I AN mqé :

| . Rt

OO 0.5 1 1.5
P, ax (GeV)

« our model results are much below the CMS data which could be due to a contamination of
non-exclusive processes (one or both protons undergoing dissociation)

« we observe that the p? photoproduction term could be visible

CMS preliminary data: CMS-PAS-FSQ-12-004

18



Predictions for ATLAS+ALFA

ratio of full (absorbed)-to-Born cross section

N 15| | | | I I I | | | | | | I | I 1 T T T T T I I I I I I I
S | | o S op 19 T | | ]
O -\s=8TeV total } = | \s=8TeV pp — pp T ]
Q -ml<25,p >01GeV ____ gr-continuum 2 - 1<25, p_>0.1GeV diffractive .
O -0.009 < -t < 0.38 GeV? f,(500) . 0.8}-0.009 < -t < 0.38 GeV? diff. continuum —
= i £,(980) § —— photoproduction
£,(1270)
5 10 — photoproduction ]|
% Ay = 0.7 GeV
S~
o) . i
S | |
5| K\ _
0 JI@Q\‘NJ/ ! I I | O _| ] | I ] I I | ] ] ] ] | ] I ] ] |
0.5 1 1.5 2 0.5 1 1.5 2
My, (GeV) My, (GeV)

Here the absorption effects due to pp-rescattering only were included.

Cross sections: at 8 TeV (7.09 - 14.11) yb and at 13 TeV (7.35 - 14.57) ub
for two form factor parameters A__, = (0.7 - 1.0) GeV, respectively.
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Predictions for ATLAS+ALFA

15—

p,, (GeV)

The cuts on pion transverse momenta, 50 4
on transverse momentum of pion pair,
or on ¢, may play the role of a m*m- resonance filter.




Diffractive production of mrm-m*tm- in pp collisions

/>-\ 40_ 1 7] 1 1 I 1 I 1 I I 1 I_ 1 _I p p
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[ ¢ ///_\\ \é\ 5 5 | Two sets of the coupling constants:
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i \ 5 1
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1 2 3 4
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max{mx,} pmax{mx,}
0256 = / / 024(-ymxs,mx,) fu(mxs) fu(mx,) dmx, dmx,
2 2

mar mr

ith th tral functi f fu(mx,) = A <1 4m72r>n/2 2m3 T a ot
Wi e spectral Tunctions or meson mM\mx,) = AN -
P mZ,) (%, —mZ)?+ m3 T .,

The 4m ISR data contains a large p’m*m- component with an enhancement in the ] =2 term
which was interpreted as a f,(1720) state.

ISR data: A. Breakstone et al. (ABCDHW Collaboration), Z. Phys. C58 (1993) 251



4mr production (pp contribution)
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reggeization effect becomes crucial when the separation
in rapidity between the two p mesons increases

O‘p(p2)_1
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For the central exclusive production of pp pairs
see also poster by R. Kycia and ). Turnau.
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Predictions for STAR and ATLAS
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Absorption effects due to pp-rescattering were included.
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Cross sections (in ub) for pp —» pp nrm-mtmn-

“Born level” cross sections in ub

Vs, TeV | Cuts oo (set B) pp

0.2 nx] <1, pt.x > 0.15 GeV, 0.03 < —t < 0.3 GeV*= 2.94 0.88 (0.17)
7 nx] < 0.9, pr.x > 0.1 GeV 10.40 2.79 (0.53)
7 Vx| < 2, pt.x > 0.2 GeV 34.88 17.94 (2.20)
13 nx] <1, pr.x > 0.1 GeV 16.18 3.56 (0.72)
13 72| < 2.5, pr.r > 0.1 GeV 120.06 45.58 (6.21)
13 Nx] < 2.5, pr. > 0.1 GeV, —t > 0.04 GeV? 47.52 18.08 (2.44)

The oo contribution was calculated using the enhanced coupling constants (set B)
while the pp contribution without and with (in the parentheses) the inclusion of p meson reggeization.
Here the exponential off-shell meson form factor with A___ = 1.6 GeV was used.

The full cross section can be obtained by multiplying the Born cross section by the corresponding gap
survival factor: 0.3 (STAR), 0.21 (7 TeV), 0.19 (13 TeV), 0.23 (13 TeV, with cuts on |[t]).
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Summary and Conclusions

 The tensor-pomeron model (Ewerz-Maniatis-Nachtmann) was applied to many pp = pp meson(s) reactions.
The amplitudes are formulated in terms of effective vertices and propagators respecting the standard
crossing and charge conjugation relations of QFT. Central exclusive production of light mesons shows

the potential for testing the nature of the soft pomeron and on its couplings to the hadrons.

The pp = pprtn- process is an attractive for different exp.: COMPASS, STAR, CDF, ALICE, CMS, ATLAS, LHCD.

We have given a consistence treatment of the m*m- continuum and resonance production.
We include f (500), f (980), f,(1270) and p° contributions which interfere with the continuum.

By assuming dominance of one of the IP-IP-f2 couplings (j=2) we can get only a rough description of the

recent CDF and preliminary STAR data. The model parameters have been adjusted to HERA and CDF data
and then used for the predictions for STAR, ALICE, and CMS experiments.

Disagreement with the preliminary CMS data could be due to a large dissociation contribution.

Only purely exclusive data expected from CMS+TOTEM and ATLAS+ALFA will allow us to draw definite
conclusions.

The distribution in dipion invariant mass shows a rich pattern of structure that depends on the cuts used in
a particular experiment. We find that the relative contribution of the resonant 1, (1270) and dipion

continuum strongly depends on the cut on proton p, (or four-momentum transfer squared) which may

explain some controversial observation made by the ISR groups (AFS, ABCDHW) in the past.
We suggest some experimental cuts which may play the role of a nmrr resonance filter
(e.g., cuts on azimuthal angle between outgoing pions, transverse momenta of pions).

We have estimated first predictions of the cross sections for the process pp = pp ntn-mtm-
via intermediate oo and pp states. We compared our results with the ISR data.
A measurable cross section of few ub was obtained including the exp. cuts relevant for LHC experiments.

We have estimated the necleon-nucleon and pion-nucleon absorption corrections to diffractive double
pomeron/reggeon contribution. For photon induced contributions the absorption lead to about 10%
reduction of the cross section. The effect depends on the t region in which is considered.

The measurement of protons is crucial in better understanding of mechanism reaction (absorption effects).
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