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Pomeron Exchange

e An outstanding feature of diffractive photoproduction of mesons at the
high energy regime is the possibility to investigate the Pomeron exchange

Pomeron — two gluons (vacuum quantum numbers)
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Amplitude calculation

e Large mass of quarkonium states

— perturbative scale
e Amplitude perturbative calculable

e Even at photoproduction region Q> — 0
— Vector meson photoproduction investigation
— Process sensitive to the effect produced by the strong field of the nuclei

— Measurements at LHC energies can provide useful insights to assess
these effects
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Node Effect

e The diffractive production of the 2S radially excited vector mesons, like
V(2S), is specially interesting due to the node effect;

Node Effect: Strong cancellation of dipole size contributions to the

production amplitude from the region above and below the node position in
the 2S5 radial wavefunction.

Ap(r)

T T r [fm]

T wes)

— This is the origin of the large suppression of the photoproduction of radially excited vector

mesons 2S versus 1S
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Difractive production of meson at t =0

An important class of diffractive reactions we can use a perturbative treatment is the
vector meson production in DDIS: v*p — Vp. Two gluons exchange diagrams that contribute to

the amplitude of the vector meson leptoproduction are shown in the figure below:

(a)

In the color dipole formalism, the amplitude can be written as:

Ax V' @9 auV (1)
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Difractive production of meson at t =0

dk? 1 1
2, _ a2 2 _
Ar(W=t=0) = —4r%iasW / w\ =
c c
2
xf(x, k*)ecgu My (2)
I(I") — quark (antiquark) momentum
k — gluons transverse momentum
f(x, k?) — unintegrated gluons distribution.
The cross section is given by:
do 1 P=vp 1
T = —alAr P 3)
dt 167 W
. v, My
The constant gy can be determined from the decay 'Y, _: e2gl = B
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Difractive production of meson at t =0

In the In @2 dominant approach, the amplitude is written as:

#2
At ~ 27r2iecg\|, M\Uas(@2) Wz% )

and the transverse cross section is:

(*) p—s
doy P7VPI 16T M (@ gix. )] -
dt o 3aem(Q2 + M‘%)“ s ) .

In Q2 approach — the amplitude is driven by two gluons exchange diagrams

xg(x, Q%) — gluons distribution
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The complete differential cross section (T+L) in the In @2 dominant is:

dg«,(*)p-) Vp 16r::4/+e* M\:?,Tr?’ - - 2 Q2 >
- = as(Q)xg(x, @ 14+ —

xg(x, Q%) — grows in small- x — undetermined

Dipole formalism — can restrict xg(x, Q%) — includes gluon saturation
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Dipole Formalism

e In the LHC energy domain hadrons and photons can be considered as
color dipoles in the light cone representation.

e The scattering process is characterized by the color dipole cross section
representing the interaction of those color dipoles with the target.

r— dipole separation.

z(1 — z)— quark(antiquark) momentum fraction.

b— impact parameter.
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J/V and V' production

Coherent process:
AA — AA + JJU(W).

= nuclei remain intact.

Incoherent process:
AA = X + J/W(V).

= nuclei are fragmented.
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J/V and V' production

Coherent cross section:

oM (yA = J/WA) = /dzb{|/d2r/dz\lf’{‘/(r,z)
<1 ~ exp [—%Jd,-p(x, " TA(b)D Vo (r, 2, @)}

odip— dipole cross section.

Wy, — vector meson wave function.

V., — photon wave function.

Ta(b) = [dzpa(b,z), pa(b,z) — nuclear thickness function.

b— impact parameter.
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Incoherent cross section

Incoherent case:

lImA(s, t = 0)|?
167w By

oM (yA = JJUX) =

where

ImA(s, t = 0)| d2bTA b d’r dzWy,(r, z)og;
p

1
<ex [—Ead,-,, Ta(B)| ¥ (r.2, Q)]

By = 0.6 x 72 + 1) — diffractive slope parameter, v*p — Wp
(Q2+M )0 26
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Rapidity distribution of mesons production

do dN., (w)
—(AA — AAV) = it S
a (AA = AAV) = 010 @ — = (6)
Photon Flux:
dN;UEUJ) _ 227:33”1 |:§AA Ko (féA) K (géA) (fR ) K12 (EéA) _ Kg (ééA) ) (7)

w— photon energy
Ko(€).K1(§)— modified Bessel functions.

ER" = 2Raw /L, Ra— nuclei radius.

Maria Beatriz Gay Ducati (UFRGS) GFPAE Diffraction 2014 14 / 38



Dipole cross section

For the dipole cross section, we use the Color Glass Condensate model
(CGC) (Phys. Lett. B 590, 199 (2004)):

rQ 2{vs+[In (2/rQs)/KxAIn (1/x)]}
Odip = 2mR?Ng <TS> , Qs <2

= 27R*{1 — exp[—aln? (brQs)]} , rQs > 2

Qs = (x0/x)*/2GeV — saturation scale
vs = 0.63, Kk = 9.9 — fixed to their LO BFKL values

R, x9, A — free parameters of the fit
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Light cone wave functions

The light cone wave functions of the meson are written as:

V,L Nc 1
Vg (nz) =4/ E%,Jm X [2(1 = 2)My + 6(mf — V)]g0(r, 2)
Vi=Q1/r)or + 2

V,T(v=% Ne V2 . i,
Vi ) =y g e s — (L= D o

+mf5hij,;}¢T(ry z)
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Light cone wave functions

V(1S):

2R2 2(1 — z)r2 2 p2
ox(r,z) = Ny |4z(1 — z)V27R? exp <_82’E11f’jz)> exp (_%) xexp(mf; )]
V(2S):

$as(r,z) = 15(r, 2)[1 + aasgas(r, )]

m2R3 _4z(1—2z)r?
4z(1 —z) R2,

gos(r,z) =2~ m12‘R225 +

— Boosted Gaussian Wavefunction (BG)
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Nuclear shadowing

Nuclear shadowing renormalizing the dipole cross section — gluon density
in nuclei at small Bjorken-x is expected to be supressed compared to a free
nucleon due to interferences.

Ratio of the gluon density: Rg(x, Q%> = m} /4)

Small-x photon scatters off a large-x gluon or vice-versa.

— y = £3: x large as 0.02

— y=0: x = Myet\/Syn smaller than 1073 for the nuclear gluon
distribution.
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Differential cross section for J/W production

8.0 T T T T T

) - QI;IC:Eldata ;:S;QE;:YPMJW | * dip = Re(x, Q*)odip;

6ol Ezzmggz:; 1 e R Model 1 — higher nuclear shadowing;
Es.o t e R Model 2 — small nuclear shadowing;
Ea.o e Rg = 1: the ALICE data is overestimate by
E 3.0 a factor 2 ;

20 e In the backward/forward rapidity case, the

10 | overestimation is already expected as a proper

00 4 - . . . . threshold factor for x — 1 was not included in

y the present calculation.
e R Model 2 is preferred in this analysis.

Flgure. The rapidity distribution of coherent W(15) e ALICE data: Phys. Lett. B718 (2013) 1273

meson photoproduction at /s = 2.76 TeV in PbPb
collisions at the LHC (Phys. Rev. C88, 014910 (2013)).
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| Rapidity | Rg =1 | Rg Model1 | Rg Model2 |
H y=0 ‘ do/dy = 4.95mb ‘ do/dy = 1.68mb ‘ do/dy = 2.2Tmb H

Table: Results.

— The prediction using Model 2 for R describes the ALICE data
— Rg =1 - no shadowing

— Rg Model 1 - decreases 66% and Rg Model 2 - decreases 54% the
rapidity distribution compared with Rg =1 (for y = 0)

— Rg is considered independent of the impact parameter
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Differential cross section for W’ production

1.0 T T T T T
—_ RG: 1 LHC 2.76 TeV
——— R, =Model 1 Pb+Pb->Pb+Pb+ ¥(2S)
08 —— R, =Model 2 1
-~
= s
L \ 4
[S 0.6 / .
£ / y
g / : R Model 1 — higher nuclear shadowing;
T oal / \ | e Rg Model 1 — higher nuclear shadowing;
T \ i
/ e R Model 2 — small nuclear shadowing;
02 ¢ 1 e The theoretical curves follow the same
notation as in the W(1S) case;
R

Figure: The rapidity distribution of coherent V(25)
meson photoproduction at /s = 2.76 TeV in PbPb
collisions at the LHC (Phys. Rev. C88, 014910 (2013)).
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H Rapidity ‘ Re=1 ‘ R¢ Model 1 ‘ R¢ Model 2 H
H y=0 ‘ do/dy = 0.71mb ‘ do/dy = 0.24mb ‘ do/dy = 0.33mb H

Table: Results.

— Rg =1 - no shadowing
— The theoretical predictions follow the general trend as for the 1S state
— This is the first estimate in the literature for the photoproduction of 25

state in nucleus-nucleus collisions
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Analyzing the ratio V(25)/V¥(1S)

At central rapidities, the presented predictions give the ratio

pr=0 _ 49v@2s) ,doyqs)

=0)=0.14

— in the case Rg = 1 with is consistent with the ratio measured in CDF
(Phys. Rev. Lett. 102, 242001 (2009)): 0.14 4 0.05 (exclusive charmonium
production at 1.96 TeV in pp collisions)

— a similar ratio is obtained using Model 1 and Model 2 at central rapidity
as well

— the ratio is not sensitive to shadowing
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Predictions for LHC run

Prediction for the LHC run in PbPb mode at 5.5 TeV:
— W(2S) cross section (Rg = 1):

Coherent:

df,—;""(y =0)=1.27 mb

Incoherent:

d‘z,—;'“(y =0)=0.27 mb
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Differential cross section for incoherent J/W and V' production.

10 ; ; ;
— y(1s) LHC 2.76 TeV
== ¥(@2s) Pb+Pb->Pb+Pb “+(nS)
® ALICE data
o | | .
g 10 m e Data from ALICE collaboration ;
_'; e The result fairly describes the recent ALICE
bgmq - -~ data for the incoherent cross section at
° 3 - ~o ]
el Y mid-rapidity;
// \\
- AN e In both cases we only computed the case for
2 L L L =1
s -2 0 2 4 Re=1;
y

e ALICE data: Eur. Phys. J.C (2013) 73:

) 2617.
Flgure: The rapidity distribution of incoherent W(1S)

(solid line) and W(2S) (dashed line) meson
photoproduction at /s = 2.76 TeV in PbPb collisions at

the LHC (Phys. Rev. C88, 014910 (2013)).
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V(1S):
s (y = 0) = 1.1 mb

doALICE

Line—(—~0.9 <y < 0.9) = 0.98 £ 0.25 mb

— the prediction good describes the recent ALICE data
V(2S):
doine _

oy =0.16 mb

—> For the incoherent case, the gluon shadowing is weaker than the coherent case - 20%

reduction compared to Rg =1
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Differential cross section for T production.

“r— cec LHC 2.76 TeV PbPb
wf O e ravetncon o Predictions to LHC 2.76 TEV, PbPb ;
_ 10t 1 e The models CGC and GBW were considered
% 8l 2 i to the dipole cross section;
% 6l l e BG wavefunction was used;
s al // \\\ ] e y=0: do/dy ~ 9ub — the two models
NI ] have approximately equal results in the central
= ‘ ‘ ‘ R rapidity;
° -2 ; 2 4 e In the forward/backward region, the models

presented slightly different results.

Figure: The rapidity distribution of T
photoproduction at /s = 2.76 TeV.
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Quarkonium production in pp collisions

The rapidity distribution for quarkonium photoproduction is given by

do dN.
d—y(PP —pRYRP) = Sk [wd—uja(w — ¢(nS) + p)
+ (= -y (8)
where
dN (w Qem 2w\ ? 11 3 3 1
T - [”(l‘ﬁ) } (re-+t-zmtsm) O

Sgap = 0.8 — represents the absorptive corrections due to spectator interactions between the
two hadrons
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vp cross section

1 2
2 2
* = — A=0 10
O~ p—)Vp(Sa Q ) 167TBV ‘A(X7 Q ) )‘ ) ( )
where the amplitude is
A(x,Q208) =Y :/dzdz VY Aga(xr, A)WY5 (11)
bk ' ’

By — diffractive slope parameter
Wai\ 2
By (Wyp) = b + 20/ log ( V|7°P)
o’ =0.25 GeV—2 and Wy = 95 GeV
W,p = 90 GeV
b9 — 4.99 +0.41 GeV—2 and b%(*¥) — 4.31 + 0.73 Gev—2
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V(1S) rapidity distribution

90 b ® LHCb data LHC 7 TeV J
GGM p+p—>p+p+ Y(1S)

70+ 1
5y
£
>
Ssor ,
©

30 - J

1.0 : : : :

1.0 2.0 3.0 4.0 5.0
y

Figure: The rapidity distribution of W(1S)
photoproduction at /s = 7TeV (Phys. Rev. D 88,

017504, 2013).

6.0

e Predictions to LHC 7TEV, pp for forward
region ;

e The model CGC was considered to the dipole
cross section;

e The relative normalization and overall
behavior on rapidity is quite well reproduced in
forward regime;

e LHCb data (J. Phys. G 40, 045001, 2013);
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V1S and V(2S) rapidity distribution

— y(s) LHC 7 TeV
- w@s) p+p->p+p+ Y(nS)

m e Predictions to LHC 7TEV, pp, including

mid-rapidity and backward regions ;

[
)

dao/dy [nb]

e The model CGC was considered to the dipole
cross section;

e V(1S)— y =0: do/dy ~ 5.8nb;

-4.5 ,3‘_0 ,i_5 O.‘O 1‘.5 3‘.0 4.5 ° \U(zs)_> y = 0: do_/dy ~ 094nb

Figure: The rapidity distribution of W(1S) and W(2S)
photoproduction at /s = 7TeV (Phys. Rev. D 88,

017504, 2013).
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Total cross section for forward region

This prediction:

O pp—1p(2S)(—pt 1t )(2 0< Nyt < 45)=17.7 pb
LHC measure (J. Phys. G 40, 045001, 2013):

O pp—1p(2S)(—pt 1t )(2 0 <n+ <4 5)=7.8+1.6 pb
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V(2S)/¥(1S) ratio

This prediction:

[4(25)/1(1S)]y=0 = 0.16

[4(25)/4(15)]2<y<a5 = 0.18

LHCb determination (J. Phys. G 40, 045001, 2013):

[v(25)/1(15)](2.0 < n,+ < 4.5) =0.19 £ 0.04
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Differential cross section for T production.

40 T T T T T T

—— CGC LHC 7 TeV pp
””” GBW p+p—>p+p+ Y(1S)

w
S
T

e Predictions for LHC 7TEV, pp ;
e The models CGC and GBW were considered

do/dy [pb]

10 -
for the dipole cross section;

-7 -5 -3 -1 1 3 5 7

Figure: The rapidity distribution of T
photoproduction at /s = 7TeV.
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PbPb:

The rapidity distributions of coherent and incoherent production of mesons W(1S) and W(2S)

were calculated in PbPb collisions using dipole formalism.
e The predictions using Rg = 1 are consistent with other predictions using the same formalism

e The option of small shadowing is preferred in data description whereas the usual Rg = 1 value

overestimates the central rapidity cross section by a factor 2, for the coherent case

e The prediction for the state W(2S) photoproduction in PbPb collisions is the first presented in

the literature
e The present theoretical approach describes ALICE data for the incoherent cross section

e The central rapidity data measured by the ALICE Collaboration for the rapidity distribution of

the W(1S) state is crucial to constrain the nuclear gluon function

e Predictions for T photoproduction were presented.
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pp:
The rapidity distributions of mesons W(1S) and W(2S) production were calculated in pp

collisions using dipole formalism.

e The predictions for W(1S) rapidity distribution and total cros section are consistent with

LHCb data
e The ratio W(2S)/W(1S) is also consistent with LHCb determination in the forward region

e Our predictions are in agreement with the use of color dipole formalism and with the
prediction from Starlight (Phys. Rev. Lett 92, 142003, 2004) and SuperChic (Eur. Phys, J C
65, 433, 2010)

e Predictions are done also for T photoproduction in pp collisions at LHC energies
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Thank Youl
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Light Cone Variables

ay =ap+ as
d_ = dg — as
ar = (a1,a2)

a-b=13(ayb_+a_by)—a-b

7512 2
m
p_ = [BEEm momentum
P+
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