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Introduction

@ Exclusive production of /¥ meson inphoton-protorcollisions
has been studied in the energy range- 20 — 300 GeV
(recently at HERA, LHCDb)

@ Thisenergy range is relevafar the exclusive photoproduction
in proton-antiproton collisions at Tevatron energiesrfot too
large rapiditiesof the meson

© For Tevatronwe have onlyone experimental poirfor J/¥ and
¥’ mesons ay = 0

@ ForLHCb experimental data in proton-proton collisions for
and¥’ mesons in the rapidity range~ 2.0 — 4.5

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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The possible mechanism to exclusive production of

vector meson in hadronic collisions

Photoproduction Oderon-Pomeron fusion  Radiative Decay 0fc

n b~ I

Khoze-Martin-Ryskin 2002 Schéfer, Mankiewicz, Nachtmann 1991  Pasechnik, Szczurek, Teryaev 2008
Klein-Nystrand 2004 Bzdak, Motyka, Szymanowski, Cudell 2007

@ In our analysis we restrict only to photon-Pomeron fusiomchagism

Photoproduction of /¢ in exclusive and semiexclusive p-p collisi
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Diagram for exclusive photoproductionyp — J/¥p

Fl(z, k) = 0G(z, k) /0 log k2

@ 1(z k%) — wave function of the vector meson
@ F(x,x%) — unintegrated gluon distribution function
o X~ (Q+ M3, /W2

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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The production amplitude for yp — J/¥p

The full amplitude:

M1(W, A?) = (i + p7) SMMT(W, A% = 0, Q* = 0) exp(—

B(W)A?
— )

The imaginary part of the amplitude can be written as:

& 2 a2 g2oVATaen [f dz e
SMM(W,A*=0,Q°=0) = W /0 z(l—z)/o mdkiehy (z, K)

4r2

* rdr? 5 2 2 2
/0 as(QD)F (X , & )(Ao(z, K2) Wo (K, K2) -+ Ad(z, K2) Wi (K, K ))

Slope parameter

2

B(W) = Bo + 20/ log (%)

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Total cross section foryp — J/W (V') p

Total cross section can be written as:

1+,)T SIMM+(W, A% = 0,Q° = 0)
—J/¥ ’
or(yp = J/¥p) = 7¢ BW T
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HERA data ancxtracted LHCb data
@ H1 Collaboration, Phys. Lett. B541 (2002) 251
@ H1 Collaboration, Eur. Phys. J. C46 (2006) 585
@ H1 Collaboration, Eur. Phys. J. C73 (2013) 2466

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Radial excitations

Gauss wave function 0.7 . .
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@ strong dependence on the wave function
@ H1 Collaboration, Phys. Lett. B541 (2002) 251
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Diagram for exclusive production of J/W¥(¥’) meson in

proton-proton collisions

t pom 7 t pom 7
L\ g Dt N\ yan
7 ; z

Set

photon-Pomeron Pomeron-photon

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Amplitude for processpp — pJ/¥ (V') p

Full apmlitude forpp — pVp
M ik KyM®© k k
(p17 p2) - (271')2 S‘j( ) (pl — K P + )
=M (p;, p,) — SM(py, p,)

Amplitude without absorption

A\

2
M & <p17 p2) = elZ_]_ %f/\ikl (p17 tl)M”r'hz*’th (827 t27 Qi)
2
+e2£ ‘:_22-7_—/\é/\2(p27 tZ)M",”hJ_HVhl (517 tla Qg)
Absorptive corrections for the amplitude
LLIPVRIVID k K
M(py, p,) = WT( )M (py — k, p, + k)

Photoproduction o8 /+) in exclusive and semiexclusive p-p collision:
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Helicity conserving and helicity flip amplitudes

The full amplitude for thgop — pVp process can be written as

A A2 — A1 A% Ay
Mhlhzﬁhlhzv (S’ S1, &2, b, tz) = M“/P + MP“/

Y o Vara A% Az—r AvA
= <p17)‘1|‘]u|p17)‘1>6,u(q17 AV)TemMW'*’hzj;}hzv 2(5'27t27Qi)

VAT OEem |, A« A1 AvAs

2
t M’y*hlﬂvhl (SlatlaQZ)

(P2, A2[du P2, A2) €, (T2, Av)

Simple structure:
(eMqy) 2
VvV 1-zn 2

(o1 [a )

(P1, ALl lpr, Ares (a, Av) =

i"ipFZ(Qi)

X;/{Fl(Qi) - 2rnp

@ The coupling withF; - proton helicity conservings - proton helicity flip

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Dirac vs Pauli form factors (Born)
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@ R. Aaijj et al. (LHCb collaboration), J. Phy&40 (2013) 045001

@ R. Aaijj et al. (LHCb collaboration), arXiv:1401.3288 [heg}

@ Atlargep: we get an enhancement factor of the cross section of orde¥ of 1
@ Absorption must be included

n exclusive and semiexclusive p-p collision:
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Absorption effect
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@ R. Aaijj etal. (LHCb collaboration), arXiv:1401.3288 [hep}
@ Absorption may be bigger
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Absorption effect for J/ U at the Tevatron
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@ CDF Collaboration, T.Aaltonen et al., Phys. Rev. Lett. 12200)
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Introduction

@ We often have to deal with diffractive reactions which irggu
excitation of incoming protondnstead of fully inclusive final
states: gap cross sections, or even only vetos on additional
tracks(!) from a production vertex.

@ In proton-proton collision$wo different types of excitatioare
possible:diffractive as foryp — VX and electromagnetin
p — X transitions in the vertex with photon exchange.

@ A model for the diffractive excitation of low mass states was
considered by Jenkovszky et al. Phys. R283(2011) 056014.
In this approach the resonant contributions dominate.

o Inelastic state of maddx populates a rapidity interval
Ay ~ log(Mg/mgp?).

@ A background for exclusive production — or a possible signal
when looking for larggpr vector mesons with a gap.

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Diagrams representation of the electromagnetic
excitation

@ The schematic diagrams representation of the electroniagne
excitation of one (left panel) or second (right panel) pnoto

® Anna Cisek, Wolfgang Schéfer, Antoni Szczurek
Phys. LetB769(2017) 176

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Diffractive production with electromagnetic dissociation

The cross section for such proces can be written as:

do(pp — XVp;s d? 1 do? PVP
L [ ) st =—@-p?)

+(2zy < 2)

ze =\ /P2 + /5

Structure function of proton

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Difractive resonance with strong disociation

P

@ low pr — Dissociation into nucleon resonances/low mass continuum
states. Dominated by* (1680, J° = §+, N*(2220), J° = 5—2’+,
N*(2700, P = L.

A model by L.L. Jenkovszky, O.E. Kuprash, J.W. Ldmsa, V.K gds:
and R. Orava (2011).

@ largepr — Incoherent diffractive photoproduction df v off partons.

Large diffractive masses are possible here.

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Difractive resonance with strong disociation

The large gap is proided by te Pomeron exchange, and we Weiterbss
secion in such way:

do(yp — VX) (ﬂ)hﬁﬁ(t)—Z
dtdM3 M2

The functionf., v (t) = expB,_vt/2] is a formfactor of they — V

transition, whileF (M2, t) contains the information on the dynamics of the

diffractive dissociation.

X(1 — x)?

"D = g mpd )

772 (SMAMMZ, 1) + Aropel M, 1)) J

= , T =
M + It |

o Ampe J

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Difractive resonance with strong disociation

Explicitly, they contribute to theP — X amplitude as:

Sma(M3)
(Jn — Rea(M§))? + (Sma(Mg))?

SMAME, 1) = S [f(B)2mHD .
n=1,3

We can now compute the contribution from diffractive exiita of small

masses from the formula
tolgy = ) / &g (e

1do(yp — VX)

—_— 2 _—

>

dyd2pdMZ

2 4mpGE(QP) + Q°GH(Q)
4nmg + Q?

(e, 2 _ Qem . q
T = -2 [

_ 2y
T 1-z

Q2

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Difractive partonic with strong disociation

@ dissociative production of vector mesons at lgpgg@robes the
perturbative QCD PomeroiiRyskin, Forshaw et al.). An alternative to
the “jet - gap - jet” type of processes.

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:




Semiexclusive producti ANNA CISEK

Difractive partonic with strong disociation

Cross section

dadiff,pa_rtonic 1 do ~g = Vq
W ;XlQeff(Xla 118 )Xz Vel (Xz)% + (X1 ¢ X2)

81
Gert(X, (18) = 75006 1E) + > [ar (%, ud) + g (%, )]
f

Factorization scaleuZ = % + [f|

Simple formula for Pomeron-exchange

doq_s _ MV = 1)
920 o o3 o ) G

QF =mg + [i]

Photoproduction o8 /+) in exclusive and semiexclusive p-p collision:
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Rapidity distribution

do/dy (nb)

do/dy (nb)

o Rapidity distribution of] /¢» mesons produced when one of the
protons is excited due to photon or Pomeron exchange. We also
show a reference distribution for tipp — ppJ/« exclusive
process with parameters taken from A. Cisek, W. Schéafer and
A. Szczurek (2015).

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Transverse momentum distribution
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@ Anna Cisek, Wolfgang Schéafer, Antoni Szczurek
Phys. Let.B769(2017) 176
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Ratio of dissociative to exclusive cross section

=5GeV| (s=7TeV

s =13 TeV

dopp—spa/wp/dy
R(y) as a function ol /4 rapidity for different ranges dfix.

@ Anna Cisek, Wolfgang Schéafer, Antoni Szczurek
Phys. Let.B769(2017) 176

dopp—sp3/ux (Mx < Mxmax) /dy

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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Conclusions

@ \We have compared our results with receltRA (vp — J/W(¥') p)
andLHCb (pp — p J/ ¥ (¥') p) data.

@ do/dp is interesting ¢pin flip, Pomeron-Odderofusion) but difficult
to measure.

@ Absorptive correctionbave been included. Thedffect depends op
andy.

@ In v-Pomeron fusion reactions in proton-proton scattering,
electromagnetic dissociation is of the same size as stabffigactive
dissociation It even dominates in some regions of the phase space.

@ Electromagnetic dissociation is calculable frémdata.Resonance
excitation is important at low excited masses

@ Diffractive dissociation requires modelling, there isylittle data to
constrain it.The resonance contribution is concentrated at very small
similar to the coherent elastic contribution

Photoproduction of /¢ in exclusive and semiexclusive p-p collision:
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