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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
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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

C. Ewerz, M. Maniatis, O. Nachtmann, Annals Phys. 342 (2014) 31

The propagator of the tensor-pomeron exchange is written as

1 1

A (P ' . -
ZAI(M/,?%A(Sv t) - E <gungu>\ + GurGvk — §g,uugr<c>\) (—ZSOA/IP) P (t)—1 ,

with the standard linear trajectory ap(t) = ap(0) + a/pt .
The coupling of tensor pomeron to protons (antiprotons) and pions are

1

T TP (pf, p) = —i3BpnnF1 ((0' — p)?) {5[%(10’ +p)y + 7@ +p)u] — iguu(ﬁ' +15)} :
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where Bpyn = 1.87 GeV™!, Bprr = 1.76 GeV~! and the form-factors taking
into account that the hadrons are extended objects
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where m,, is the proton mass and m2, = 0.71 GeV? is the dipole mass squared
and A3 = 0.5 GeV?.



Absorption effects and off-shell pion form factor

3 ISR data: R.Waldi et al., Z.Phys. C18 (1983) 301
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off-shellne effects of the intermediate
pions can be described by the form factors

further enhancement at large |[t| P2

see P. L., A. Szczurek, Phys. Rev. D92 (2015) 054001 Fr(t) =exp A2—”
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Cross sections (in ub) for diffractive m™m- continuum

STAR cuts: |17x| < 1.0, [nrr| < 2.0, p1 > 0.15 GeV, 0.005 < —t1, —t5 < 0.03 GeV?

CDF cuts:

x| < 1.3, |yrn| <1, prr > 0.4 GeV

ALICE cuts: |7x] < 0.9, p1 » > 0.1 GeV

CMS cuts: |7x| < 2.0, pi - > 0.1 GeV
/s (TeV): 0.2 (STAR) | 1.96 (CDF) | 7 (ALICE) | 8 (CMS) 13 (CMS)
Aoff,E =1.6 GeV 0.23 3.69 6.57 23.92 28.64
Ao = 1.0 GeV 0.09 0.63 2.16 7.88 8.98
Aosrar = 1.6 GeV 0.26 6.45 9.12 33.60 40.92
Aosrar =1.2GeV | 0.17 (0.13) 1 | 2.48 (0.90) | 4.65 (3.00) | 17.14 (10.83) | 20.65 (12.71)
Aosrr = 0.8 GeV 0.07 0.58 1.74 6.48 7.45

The integrated cross sections in ub (including the NN and 7N absorption
corrections) for the central exclusive 77~ production via the (non-resonant)
double-pomeron/ fop exchange mechanism. The results with cuts for different
experiments and for the different values of the off-shell-pion form-factor param-

eters are shown.

1 The numbers in the parentheses show the resulting cross sections multi-
plying the amplitude by the suppressed factor applied for M, > 0.9 GeV.

P. L., A. Szczurek, Revised model of absorption corrections for the pp - pp n*n- process,

arXiv:1504.07560, Phys. Rev. D92 (2015) 054001



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

2
™m
Mi (s t) = et AP (0) (e 1y DV, (5.t q.p,)
p
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: : (P/R) B{P/ R
alternatively, Fy(t)F(t) — factorised form Fj, " (t) = exp | —2%5—
(see the blue dotted lines)
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tensorial functions: C. Ewerz, M. Maniatis and O. Nachtmann, Ann. Phys. 342 (2014) 31
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p° and m*m- continuum
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The non-resonant (Drell-Soding) contribution
interfere with resonant p(770) contribution
- skewing of p?line shape.
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We expect the photon induced processes to be most

important when at least one of the protons is undergoing
‘ only a very small momentum transfer.
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Pomeron-pomeron-meson coupling

The values, for orbital angular momentum [, of total spin S, total angular
P (pa) p(p1) momentum 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.

I 1S J P
0070 +
2 |2
p () p(p2) 4|4
M must have isospin and G parity I¢ = 0* 1111]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 493456
can be produced i£1 our ﬁctitio_’us reaction: T 2:3: 4’ ’ —
L M <—k I g Za17273747576 —
NVV VNV
P(2,my) P(2,m5) 2 | 23456
4 10,1,2,3,4,5,6,7,8
511|456 —
For each value of I, S, J, and P we can construct a 31 2,34,5,6,7.8
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. Lebiedowicz, O. Nachtmann, A. Szczurek, Annals Phys. 344 (2014) 301 11 ‘



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)
/(P IP— M : 1 T pe e
ZF[EV,R)\ ) = ZgQPPM My (g,u/iguk + 9urGvr — §9ng>\> QQ/' J =0
. PK)\
4~/ (IPIP— M L9pPryMm
FW(/,“A )(QI, Q2) - W I:q1l’iq2/,l,gl/>\ + Q14920 Gu + Qi q2u9vk + Qi q2v9urx — 2(611 : Q2)(gwgy>\ + gy,.@g,m)]
where the coupling constants g' and g' are not known and have been fitted to existing experimental data.
g g
AO.S""\‘IIIIIII||I 2‘\‘I|r| I I ITT‘I — T
£l - pp — pp f (1370) ] I pp — pp £ (980) 1 i pp — pp £, (1500) -
. [ viaIPIP- fusion ] I \s=29.1GeV | [ \s=29.1GeV |
o 04 \s=29.1 GeV L5l total WALOZdata | 0.8 total WAI02data
2 - WA102 data =
S | as=00ony

0.3

— ] 0.6F

0.2} _+_ N [ 19)=00) TN g
%— _ IPTIPT : :— o .,.....-_
: —— 1 0.5+ ——— :
O. 1 I~ IP\/IPV ] | — 02
| A L (1LS)=(22) y ]
0 — S0 0 50 | O I — - ' | W S , [T R ] 0 i L |‘ T P T
0 50 100 150 0 50 100 150 0 0 L .
de (des)
¢, (deg) ¢ (deg) o (deg

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.

There is an important qualitative difference in the ¢ppdistribution.
The f,(1370) peaks as ¢pp—> m whereas the f (980), f (1500), (and also f,(1710) ) peak at (,bpp—) 0.

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

12



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,
.~ (IPIP . o.Q . T
X ZF&lBlﬁiﬁ%PU(Qla C]z) iAJ2)pos B(p34) ngg )(P3,p4) Zl e - prO,
. « v — . 2
X AU 2920202 (53, ) Ti(pa, A2 )T (2D (2. po)ulpos M) Ay
K

7
(PP (PP 1 .~ (PP ] r-
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
p~ K (f)
where §,, = — g +P34,P340/ P§4 and Az(/{i)m\(p:%zl) = AL%’))\,{(]?:M) = A,&]},)W(p:szl), g /\Awf,m (p3a) = 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

‘ 13a ‘



[P-IP-f, couplings

In order to write the corresponding formulae of vertices in a compact and
nvenient form we find it useful to define the tensor

\ P/“/ 1 1 1
q1 R[,LUFL)\ = Z9ux9vx + 59u29vx — T9uv 9k -
2 2 4
W S
(PP f2)(1 e o
PK)\ ZFLV,nAij); : =2 gEP)PfQ MO RMVulVl Rli)\ou)\l RPUPUH gylal g>\1p1 g L
(PP f2)(2 21 (9
ZF/(,W,R)\,Q;)); )((h’ QQ) - _ﬁo ggP)ﬂDh (((h ) Q2) RMV,Oloé Rm)\ala — q1p, QQLl R,uu,ula R,.g)\gla

M1 « o
— 41 420, Ruupla R,g,\ul + d1p1 920, Ruu/{)\>Rpg pran

(PP f3)(3 21 (3
ZFLV,HA,Qp)a( )((,ha QQ) = _ﬁo ggp)y>f2 ((QI : Q2) Rp,l/pla R,.;)\O-la + q1p1 qgl R,U,V,ula R,g)\gla

+ qllil 420, RMVploé Rﬁ:)\,ula + d1p, 920, RHVK)\>RPJ pron

(PIPf2)(4 T (4

ZF/(iVaHAfiiT( a1,00) = A 9§p}pf2 (fﬁ“ @ Ruvpnm Rixainn + 85" @1 Ruvain, Rmmm)Rl’l’\l s
.~(IPIP 5 21 5

ZFl(LVaKAfj))O(' )(Q1’ q2) - _Mg) QEP}Pfg (qllhl/1 qgl R,Ullll/la RKJ)\/,Lla + qﬁl qgl Rludy,u1o¢ R,‘i}\l/la

—2(q1 - q2) Ruym\>Q1a1 gox, RN,

(PP f3)(6 G by
ZFLV:HA{QP)U( )((h’ QQ) - ﬁg ggP)ﬂDh (q?l q’ ql;l 42, RMVIHVl Ricxain

arp A1 H1 v
+ a3 ' q21 a1 491ip RMVOél)q Rfi)\/,l,lyl)R 1A po

(PP f2)(T 20 (7 Ao v
ZF,(W,HA,Z)U( g1, q2) = Vi ggpiph "t a0t 45t 45" 45 Ruvunn Rexaan, Rpopros
0

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



ch IP-IP-f, coupling?
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Comparison with CDF data

do/dM__ (ub/GeV)
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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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Comparison with CMS preliminary data
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» |eft panel (with parameters adjusted to CDF data), right panel (new set of parameters)

* 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 (small absorption effects)

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

see M. Khakzad talk
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Predictions for ALICE
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In this experiment it is important to get the lowest o

value of pion p, to probe the f (500) region.

see also R. Schicker talk

d’o/dp,  dM (Ub/GeV?)

P e e e T P e
s=7TeV, p_>0.1GeV, Inl<0.9 -

1 | IIIllII

10

10"

102



Predictions for ALICE, CMS, ATLAS
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One could separate the
space in azimuthal angle
into two regions: ¢ < n/2

and ¢ > /2.

The £,(1270) and p°

photoproduction
contributions in the latter
region should be strongly
enhanced.

The cuts on transverse
momentum of the pion pair
or on pion transverse
momenta may play the role
of a m*m- resonance filter.
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Predictions for ATLAS+ALFA, CMS+TOTEM

do/d d b/GeV
~ O OB i p.‘”,’pp. i
> ppoppwm . PP PP T
) \s_8TeV |n|<2o Py ,>0.1GeV \s=8TeV, 1<20, p, >01GeV %
e | (Born) 150 | (Born & pp & Tp- absorptlon) ' 30
. ]
o | i ' ' 25
oo | - - "
[ 15
50 | —10
L 1 5
O | | | | I 1 1 Il | | | | | | | | | — 0 | 1 | | | | | | | | | 1 ] I | | ] 0
0 50 100 15(21 0 50 100 15(21
e e
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Here is shown only purely diffractive dipion-continuum contribution (A___ = 1.6 GeV).

The absorption effects lead to extra decorrelation in azimuth compared to the Born-level results and
strongly modify the proton p, distribution.

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

For the predictions for ATLAS+ALFA, see R. Staszewski, P. L., M. Trzebinski, J]. Chwastowski, A. Szczurek,
Acta Phys. Polon. B42 (2011) 1861).
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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 = pprtm- process is an attractive for different experimental groups (COMPASS, STAR, CDF, ALICE,
CMS, ATLAS, LHCDb).

» 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-f, 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 7 (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 nrr resonance filter
(e.g., cuts on azimuthal angle between outgoing pions, transverse momenta of pions).

« We have estimated the necleon-nucleon and pion-nucleon absorption corrections to diffractive double
pomeron/reggeon contribution (N FSI effects further damping of the cross section by a factor of about 2).
For photon induced contributions the absorption lead to about 10% reduction of the cross section.

* In progress = MC generator for the reactions pp = pprtm-and pp = ppK*K- within tensor pomeron approach
- analysis for other channels, e.g. m*mm*n- (0°0° f f)), resonant and non-resonant contributions

- search for glueball signature in pomeron-pomeron fusion
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