= gl - * GOBIERNO MINISTERIO
< =i DE ESPANIA DE CIENCIA, INNOVACIO!
niversidad Auténoma - - ¥ UNIVERSIDADES
de Madrid CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

13th International workshop on
Multiple Partonic Interactions at the LHC

MPI@ILHC 2022
IFT UAM/CSIC Madrid | 14-18 Nov

Double Vector Meson in

photon = induced interactions at the
LHC

Victor P, Goncalves

ITP/WWU/Munster/Germany and IFM/UFPel/Brazil and IMP/Chinese Academy of Sciences/China

barroseufpel.edu.br

— = WWU

s V| JN S TER

NV
“_

P
~=
#s.BRAS™

5o
6
it

ONIVER
Sriom



b s g gt g e |, i, it i, e el i, il

1. yh Processes: a(hyhy = X) = np(w) ® 074X (Wop)
2. vy Processes: a(hihy = X) = n1(w) @ na(w) ® g 11X (Wyy)



LHC = Photon collider

e  —— . ~h Processes: a(h ha—z-}n] (W)@ a fh*X(H vh)
2. 7y Processes: o(hihy - X) =n1(w) @ na(w) § X (W)

Center of mass energies

LHC

|
LHC PbPb
HERA ep

W, < 8390 GeV
W. 4 < 1500 (2130) GeV
V.4 < 950 Ge\.
W, < 200 GeV

W, < 4504 GeV
< 960 (480) GeV
4 = 160 GeV

Photoproduction in pp, pA and AA collisions at LHC probes
a unexplorafed regime of photon - hadron center of mass
energles,



Probing the QCD dynamics at high energies
in photon - induced interactions at the LHC

Exclusive vector meson production in photon-hadron interactions:

¥ Sensitive to the description
of the QCD dynamics:

¥ Sensifive To the description

7 —
%%Tﬂw,ww of the spatial distribution of
g the gluons in the target;

do [h1+hy = h1 @V @ hol - .
d>bdy - [wﬁ:hl (w, ) Tthe—V ®hs (w)]w_a + [wi\" hy (@, b) Ovhy—V ®@hy (L’J)]wﬂ

VPG, Bertulani, PRC65, 054905 (2002)



LHC = Photon collider

e 1. yh Processes: a(hyhy — X) = ny(w) =4 (W)

Iy 2. vy Processes: a(hihy — X) =n1(w) @ ng(w) @ a1~ (Wys)

Center of mass energies

LHC - W., < 8300 GeV {7 W, < 4504 GeV
- LHe | pPb(Ar) | W, 4 < 1500 (2130) Gef/ | W, < 260 (480) GeV
] . —
LHC | PbPb W4 < 950 GeV \i < 160 GeV
HERA = W, < 200 GeV -

LHC allow us 1o probe fhe particle production by photon -
photon interactions in a energy range unexplorated by LEP
and hiaher than that orovosed for the ILC and FCC e+e—,



Probing the QCD dynamics at high energies
in photon - induced interactions at the LHC

Double vector meson in photon - photon interactions:

A
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The QCD pomeron in ultraperipheral heavy ion collisions:
V. Double vector meson production in the BFKL approach
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Probing the QCD dynamics at high energies
in photon - induced interactions at the LHC

Double vector meson in photon - photon interactions:
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In this talk:

Double vector meson in photon - hadron interactions via the
POUBLE SCATTERING MECHANISM (DSM):
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Basic Ideas:

¥ Because the cross sections tor the vector meson photoproduction and
the photon fluxes are so large, the probability of having multiple
inferactions in a single nucleus—nucleus encounter is nonnegligible;

¥ First estimates performed by Klein/Nystrand (1999) and Kluzek—
Kawenda/Szczurek (2013) demonstrated that the associated cross sections
for the double vector meson production are large and that a
experimental analysis could be feasible;

¥ Neglecting correlations, the pair production probability can be
expressed in terms of the single production probability, with the
associated differential cross section being given by:

d200, 1y Vi Voo do [h1+ hy — hVihy] do [hy + hy — i Vaha]

=C X d°b
dy dy> b d2bdy, d?bdy,

C is equal to 1 (1/2) for Vi # Vo (V] = W)



Main tormulae:

do [PbPb — Pb®V & Pb)
d?bdyy

= Ld;r\'rp;)(u.?g EJ) T~ Pb—V@Pb (""‘1)

One has that:
0

a(yPb — VPb) = /

—00

ﬂ'].l(J' 1 0 ~Pb—V Pb ’
Tt =g [ 1AV @ M) d

— 00

In the dipole picture, the scattering amplitude is given by
A}Pb_}vpb(:z:,&) =7 /dz d*r dgb_,qﬁ_"’:[bﬂ_“_z;'ﬂ'ﬂ‘ (WV*IIJ)T 2Npy(z,7,b4)

In our analysis, one has assumed the Gaus—LC model for the overlap
function and the Glauber - Gribov formula for the dipole - nucleus
scattering amplitude:

; | :
Na(z,7,ba) =1-exp {—E Tdp(, fr“’!) Ta(ba)



Double vector meson production at hadronic colliders:
Photon - photon x Double scattering mechanism

Double p production:
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Double vector meson production at hadronic colliders:
Photon - photon x Double scattering mechanism

Table 1 Total cross sections for the double vector meson production considering the double-scattering and two-photon mechanisms and different

center-of-mass energies considering the full kinematical rw LHC
Final state Mechanism PbPb PbPb pPb pp pp
Js =2.76TeV V5 =55TeV Vs =5TeV J5 =TTeV Vs = 14TeV

J U/ DSM 402.301 nb 1054.951 nb 28.473 pb 3223 x 107 pb 7.256x 10~ pb
vy 235.565 nb 658.589 nb 310.194 pb 0.2412 pb 0.4793 pb
op DSM 21.150 mb 702.595 nb 4.354 pb 7.083 pb
Yy 1.389 mb 1.973 mb 536.432 nb 182.442 pb 237.006 pb
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Fig. 4 Double differential rapidity distribution for the J/WJ/ WV (left panel), pp (middle panel) and pJ/V (right panel) production in yh
interactions at PbPb collisions (/s = 5.5 TeV) by the double-scattering mechanism



Double vector meson production at hadronic colliders:
Photon - photon x Double scattering mechanism

Table 1 Total cross sections for the double vector meson production considering the double-scattering and two-photon mechanisms and different
center-of-mass energies considering the full kinematical range covered by the LHC

Final state Mechanism PbPb PbPb pPb pp pp
ﬁ:Z.?ﬁTeV ﬁ:S.STeV ﬁ:STeV ﬁ:?TeV ﬁ: 14 TeV
T/ W]/ DSM 402.301 nb 1054.951 nb 28.473 pb 3.223 x 10~ pb 725610~ pb
vy 235.565 nb 658.589 nb 310.194 pb 0.2412 pb 0.4793 pb
op DSM 21.150 mb 29.421 mb 702.595 nb 4.354 pb 7.083 pb
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Fig. 4 Double differential rapidity distribution for the J/WJ/ WV (left panel), pp (middle panel) and pJ/V (right panel) production in yh
interactions at PbPb collisions (/s = 5.5 TeV) by the double-scattering mechanism
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Associated @ and T/ production in PbPb
Collisions

I [LHC (5 — 502 TeV)|LHC (/5 — 5.6 TeV)|FCC (Vs — 39 TeV)]|

Full rapidity range 65.60 72.00 365.00
=25 < yp 0w < 2.5 33.60 35.50 80.30
20 < ys. v <45 2.30 2.70 18.70

TABLE I: Total cross sections in ub for the associated ¢ and J/V production in ultraperipheral PbPb collisions at the LHC
and FCC energies considering distinct rapidity ranges for the mesons in the final state.

I T I T T T T T T | T I -I' | T | T T T T T T I T |
5.02 TeV
| Yo =0 502 TeV| | i ¥, =0 ——— 55TeV | |
———=- 5.5TeV . . 39 TeV
----- 39 TeV ' : '

"; 1 o | i
=
~% =
=5 )
> a_
o, - I 7
= =
2 =
[5] [
L4']
= T ﬂ'u B 7




Associated @ and T/ production in PbPb
Collisions

TABLE I: Total cross sections in ub for the associated ¢ and J/V production in ultraperipheral PbPb collisions at the LHC

Il |[LHC (/s = 5.02 TeV)|LHC (y/s = 5.6 TeV)|FCC (y/s = 39 TeV)|]|
Full rapidity range 65.60 72.00 365.00
—25 < yg, v 2.5 33.60 35.50 80.30
2.0 S yYo,0yw <45 2.30 2.70 18.70

and FCC energies considering distinct rapidity ranges for the mesons in the final state.
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Summary

v Photon - induced interactions can be used fo
constrain the physics in a unexplorated energy
regime.,

Y In vecent years, several studies have analyzed the

single vector meson photoproduction in photon -
hadvron interactions at the RHIC, LHC and FCC,

v However, complementary studies can be performed
through the analysis of fhe double vector meson
production in photon - photon and photon - hadron
interactions,

v Our resulfs indicate that the double scattering
mechanism dominates in PbPb collisions and that a
tuture experimental analysis of This process is
feasible,



Summary

v Photon - induced inferactions can be used fo
constrain the physics in a unexplorated energy
regime.,

Y In vecent years, several studies have analyzed the

single vector meson photoproduction in photon -
hadvron interactions at the RHIC, LHC and FCC,

v However, complementary studies can be performed
through the analysis of fhe double vector meson
production in photon - photon and photon - hadron
interactions,

v Our results indicate That the double scattering
mechanism dominates in PbPb collisions and thal a

tuture experimental analysis of This process is
feasible,

Thank you tor your attention:
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