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production of resonances and pairs during the past years;
1. Exclusive dilepton production

[CMS-FWD-10-005, CMS-FWD-11-004, CMS-FSQ-12-010, ATLAS-2015, ATLAS-2017, ATLAS-2019]

2. Vector meson photoproduction

ICMS-FSQ-13-009, CMS-FSQ-16-007, ALICE-2014, ALICE-2019, LHCb-2012-044, LHCb-2015-011, LHCb-2018-011]

3. Exclusive diboson production [CMS-FSQ-12-010, CMS-FSQ-13-008, ATLAS-2016, ATLAS-2020]

2 This opens the possibility to investigate the photon content of the proton at higher energies;
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Lead nuclei can be taken as photon sources for particle scattering; 448 —’
4 NN W
- The total cross section for the 2-photon fusion mechanism is I e
factorized using the Weizsacker-Williams or Equivalent
Photon Approximation (EPA): Budnev et al, «—|] Ze
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Bertulani, Klein, Nystrand, Ann. Rev. Nucl. Part. Sci. 55 (2005) 271
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> First results by CMS for the production of dielectrons and dimuons show good CMS-FWD-10-005
agreement with event generators for elastic and non-elastic contributions. CMS-FWD-11-004

» Latest results covering a larger invariant mass window have shown that the GGS et al,
predictions are overshooting the data (possibly for re-scattering effects as a survival JHEP 02 (2015) 159
factor).

> ATLAS results have shown good agreement with other event generators. ATLAS-2015 ATLAS-2020
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- Events with proton dissociation have very distinct
kinematical distribution compared to elastic events;

» CMS has been studying this aspect at higher
invariant masses given the lack of MC generators
with non-elastic contribution:
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2 The ratio of non-elastic to elastic contributions Is re

M(ptp=)>160 GeV

constraint photon PDFs at all ranges in Bjorken x ar
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starts to dominate above invariant masses of ~200 GeV;
Goncalves et al, PRD 102 (2020) 074014 D’Enterria, GGS,

, PRL 111 (2013) 080405 v & = 4
Fichet et al, JHEP 02 (2015) 165 PRL 116 (2016) 129901 | -
Pb-Pb collisions favours the search for SM light by light scattering; Db b.Ph

» p-p collisions reach higher yy c.m. energies to produce high-mass pairs.

Fichet et al, JHEP 02 (2015) 165

» The high-mass region s the main focus for g 10°E™ pp collisions QCD contribution (KMF)
SearCheS Of New PhYS|CS, g 10 == Total QED cross-section
§ ; Quark and Lepton loops contribution
g : ;_ """" W loop contribution
: : o = ) -
Goncalves, Moreira CMS Collaboration s F T ==
2101.03798 CMS-EXO-18-014 £ 107 =
o : ....................
Goncalves, Moreira Baldenegro et al g 1072 =i e T
PLB 808 (2020) 135635 2010.07855 - FPMIC (QED) and ExHuME (KMR) generator
‘ ' 1073 & Exclusive yy production
; p*m>10 GeV, pYT,2>1O GeV
1074 = : ' : . :
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Cut on the di-photon mass [GeV]
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- Parton distribution function with QED contributions should be addressed in order to test the relation
between elastic and non-elastic predictions.

> Quantify the contributions to be tested at the LHC kinematic regime, especially with the current

forward detectors of CMS and ATLAS experiments; GGS, VP Goncalves,
PRD 91 (2015) 054013
> Extract a global F factor to provide the non-elastic ¢l L gsemi y yinel ol | gsemi
contribution in the production of high-mass pairs; K= o€l = el

> Signal processes are exclusive ptu- and W+W- productions given their well-known production cross
sections;

1 p1
o(pp = (yy) » x*x7) = Sfj J fra (1, Q2N 0(x0; 0H8(ry — x*x7)dx dx,

4dm
0 xS

CE/RW
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magnetic modes of the proton electromagnetic form factors:

- Drees-Zeppenfeld (electric mode only):  fl(z) = (a1$+0°5x2) (““4 - itiEt L )

| 2 3 =
PRD 39 (1989) 2536 7T b 6 A4 24° 34 -
2 al—z+0522) [A+3 17 4 1 s
Approximate DZ: @~ — L el( ) = nA——_ 2 . :
pp @4 o F@=\i" A-1mA T T3 T
' : . 102 é
> Kniehl (electric and magnetic modes): .,. .
PLB 254 (1991) 267 10! £
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el a [ dQ° 1 /1 My 9 2 1L
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B —2 %
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» Comparison with jon source case: .
l Z o 2 2 2 % NN
¥ 26 Ko (&) K ~ {K — K } 106 S Y L M
i) = 22 aeka(©1K1(9) - € [KHE) - K3© E o s
Cahn, Jackson, PRD 42 (1990) 3690 Muller, Schramm, PRD 42 (1990) 3699 .
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- Intact protons emerge from the IP after an electromagnetic interaction in a trajectory very close to

the beam pipe (a deviation of a few milliradians from the beam);

» Newly installed forward detectors (ATLAS-AFP and CMS-PPS) are able to measure these intact

protons, suitable for the high-luminosity regime of the HL-LHGC;

A
» Sensitivity lies from ~400 GeV to 2 TeV based on the proton loss of momentum: & = op

AFP/PPS central system

central system AFP/PPS
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- A total of 20 observed events within the expectation for a single arm measurement considering the
LHC optics and the Roman Pots positions;

B DY "DD mSD MEL
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> A large portion of the kinematic region sensitive to
the exclusive production of dileptons include non-
elastic events (oranoe + green points);

http://silveira.web.cern.ch/

-IAG(up)l/r

TR
W

& \.E': St e
. wpe e .
¥t 2

I\ %
L

1—10-1

R 703
Y

[t.":.:
-‘ . M "..co'::;": :-..

Acoplanarity

..............
s :,‘5'. ............

R

» Such events are well modelled with a few event
generators, but the search for W boson or high-
mass New Physics lacks the contribution of the
proton dissociation.

T 1 TTIT

1073

I IIIIIII.

1074

GMS-PPS-17-001

107°

et

"exclusive

107° 1072

107" 1
Closest track to dimuon vertex [cm]

w

Gustavo Silveira (CMS | UFRGS | UERJ)

Non-elastic contributions for the production of high-mass pairs

JLAB, 20Jan2021 1 4


http://silveira.web.cern.ch/
http://silveira.web.cern.ch/
https://doi.org/10.1007/JHEP07(2018)153
https://doi.org/10.1007/JHEP07(2018)153

hig

O

=

O.el 14 O.semi 4 O.inel —|;

F = =
o¢l D

g P,

iy

=

» The uncertainty around the average is not negligible over the entire invariant mass window;

> Although the particular PDF uncertainties have been reduced from older ones, the fudge factor still
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shows an overall ~15% uncertainty at 300 GeV and ~40% at 2 TeV.
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» The fudge factor is nearly the same for both dimuon and WW final states;
2 This result confirms that the partonic cross sections are indeed cancelled out.

2 The overall luminosities ratio provides a global view of the non-elastic contributions.
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» Uncertainties of non-elastic contributions are not negligible, especially at the high-mass region; >~
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» Searches for New Physics in an electromagnetic production mechanism may be improved by
including the non-elastic contributions together with proper event selection.

» An overall fudge factor is possible to be addressed over a large mass window in order to predict the
size of the non-elastic contributions based on the photon luminosities

> Important constraint for QED PDF parametrizations.

» Final MC plots being finished to submit this work to PRD.
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