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New Physics in ultraperipheral collisions at the LHC
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Abstract. We present a model-independent approach for New Physics searches
in ultraperipheral collisions at the LHC. The case of long-lived charged particles
is considered and it is shown that it is possible to find them even with the already
available LHC data.

1 Introduction

Common situation in searching for SUSY particles can be described in the following way. No
events found in the expected signal region so the limits are set on the fiducial cross section.
These limits are then reinterpreted in the framework of the particular SUSY model to get
bounds on particle masses and other model parameters. To do that one has to know the
production cross section to compare it with the experimental limit. That implies the scan over
model parameters space. Therefore most of the results are model dependent and sensitive to
additional New Physics (extra Higgses, Z’, etc). Ultraperipheral collisions (UPC)' provide
us with a model-independent method of searching for new particles in photon fusion since
photon coupling is universal being defined only by particle charge.

We suggest to look for long-lived charged particles, for instance, quasistable charginos
X1 that exist in some SUSY scenarios (see [1, §110.7]). In what follows we consider only
charginos that pass through the muon system. There are many searches for long-lived parti-
cles (LLP) in inelastic processes at the LHC [2—13]. However, they are strongly depend on
the model due to the reasons described above.

In UPC, production cross section is much smaller than in inelastic processes, though
the process is much cleaner. In addition to that it is possible to detect in forward detectors
(ATLAS Forward Proton Detector (AFP) [14] or CMS-TOTEM Precision Proton Spectrom-
eter [15]) protons from the event since they remain intact after interaction. Therefore, full
kinematics of the event can be reconstructed allowing for additional background suppression.
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It is worth noting that the production cross section in ion-ion collisions is enhanced as
~ Z* in comparison to the proton-proton case. For Z = 82 we have the factor 4.5 - 107.
However, the luminosity collected in lead-lead collisions is 6.6 - 107 times less than the pp
one. Therefore, one can expect that both ion-ion and pp data are equally promising for
searches for New Physics appearing in photon-photon fusion.

The present talk is based on the paper [16].

2 Production cross section in the framework of EPA

Due to large LHC energy we can treat the electromagnetic field of the source particle as real
photons distributed according to a well known spectrum. This approximation is known as
Equivalent Photon Approximation (EPA) and for the LHC it works really well [17]. It greatly
simplifies the derivation of analytical results. In this section we provide formulas for the total
and fiducial (with the account of kinematic cuts) cross sections.

The EPA provides the momentum distribution of photons:

F(cjz+ w_z)
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where w is the photon energy in the laboratory frame, ¢, is the transverse component of the
photon momentum, vy is the Lorentz factor of the source particle, F is the form factor origi-
nating from the vertex involving the particle which emits photons. For protons the Dirac form
factor is a very good approximation [18] while for ions there are experimentally measured
form factors [19].

For the total chargino production cross section in EPA we get:
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where N is the colliding particle, ny(w) is its equivalent photon spectrum?, and production of
charginos in photon fusion is described by the Breit-Wheeler cross section [20],
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where m,, is the chargino mass, /s = V4w, w; is the invariant mass of the pair of charginos,
w; and w, are photons energies.

Fiducial cross section takes into account kinematic cuts. For chargino production in UPC
the main cuts are:

e on relative momentum loss of the colliding particles, &nin < & < Emax (i.€. on the energy of
the colliding photons, w = ¢ - E, where E is the energy of the colliding particle, proton or
heavy ion);

e on chargino transverse momentum, py > pr;

e on chargino pseudorapidity, || < 7.

2To get n (w) one has to integrate (1) over transverse momentum ¢, .
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For the fiducial cross section we get:
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where x = w;/w,, and
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The differential with respect to pr cross section is
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Let us calculate corresponding cross sections for the LHC parameters. For m, = 100 GeV,
pp collision energy 13 TeV, PbPb collision energy 5.02 TeV/(nucleon pair), we get
e o(pp — pp)}ff(;) = 2.84 fb,

e o(Pb Pb — Pb Pb ¥ ¥;) = 21.2 pb. Therefore, for 2.4 nb~! of integrated luminosity there
are only 0.053 events.

For the fiducial cross section with parameters

m, = 100 GeV, E=65TeV,

Emin = 0.015, Emax = 0.15, (7
pr =20 GeV, =225,
we get
osa(pp = ppYiX7) = 0.72 fb. (8)

For a heavy ion to hit the forward detector, its energy loss has to be at least 7.8 TeV.
Therefore, fiducial cross section is suppressed by both the Breit—-Wheeler cross section and
nucleus form factor. But it is still possible to look for chargino in UPC with the help of Eloss
and TOF methods if there will be enough statistics.

In what follows we consider only pp events since at the present moment the expected
number of events in heavy ions is to small.

3 Mass reconstruction

In case of UPC the event kinematics can be fully reconstructed by measuring the proton
energies in forward detectors. In what follows we will study the advantages provided by this
feature of UPC. The method proposed can be complemented by the conventional dE/dx and
TOF measurements.

Momenta of all particles in the final state can be measured:
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e momenta of chargino candidates 7, p> can be reconstructed from the tracks in the detector;

e final state protons can be detected by the forward detectors measuring &, &;.

These four values are sufficient to reconstruct the chargino candidates mass>:

QEEE? + P Pr)? - PPy
- \/ 172 9

46 6HE + (P + Po)?

Calculating this value for the events with two charged tracks and two protons in forward
detectors one should obtain the delta-function at the chargino mass smeared with the detector
resolution.

4 Background

Since we suggest to detect both protons and charginos, and require that the latter hit the muon
system, there are two possible kinds of background sources:

e Production of u* ™ pairs. The main sources of muons in UPC are the following reactions:

L.pp = ppu'p.
2.pp = ppWW™ = pputv, uv,.
3.pp = ppTITT > pp VIV VYL

The result of Monte Carlo simulation of the signal and background processes for param-
eters (7) is shown in Fig. la. In the simulation the finite detector resolution is taken into
account in accordance with [21, Section 4.5], see [16] for details. It is worth noting that
WW and 71 backgrounds can be further suppressed by imposing the cut on the transverse
momentum conservation, however there is no need in that since these backgrounds are
small.

o Pile-up events producing protons in the forward detectors. The main process here is proton
diffractive dissociation. These protons in combination with large background from soft pu
production in UPC (since muons are soft, protons from UPC are not detected) significantly
increase the background. The spectrum of protons from proton diffractive dissociation
is well known [22-24]. The result of Monte Carlo simulation with the account of this
background (see [16] for details) is shown in Fig. 1b.

This large background can be suppressed by imposing an additional cut on longitudinal
momenta:

P11+ pr2 = (61 = E£)E| < py. 10)
The effect of this cut with p; = 20 GeV is shown in Fig. 1c.

The results for m,, = 150 GeV with the account of all background sources and the cut (10)
are shown in Fig. 2. This is a good example, since it gives the idea of what masses are
accessible with the method described: the significance of this peak* is just a little less than 5
and the significance will be 3 if the trigger and reconstruction efficiency will be at the level
of 0.4 as it was estimated in [25].

31t is worth noting that different formulas can be derived for this value, see [16]. They are equivalent up to the
momentum conservation law. However, since all parameters are measured with finite accuracy, these formulas can
perform differently for the same experimental data. Here we have chosen one that performs better.

4See how it was estimated in [16].
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(a) Signal and background events with the account of finite detector resolution.
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(b) The proton diftractive dissociation is taken into account.
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(c) The effect of additional cut on parallel momenta (10).

Figure 1: Results of Monte Carlo simulation for parameters (7). The integrated luminosity is
assumed to be 150 fb~!. The bin width is 1 GeV.
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Figure 2: The same as Fig. 1c but for m, = 150 GeV.

5 Conclusions

Ultraperipheral collisions provide us with a model-independent method for New Physics
searches in photon-photon fusion. Detection of both protons in forward detectors allows
for full kinematics reconstruction providing a way to greatly suppress the background.

The case of quasistable chargino was considered and it was shown that charginos with the
mass up to 150 GeV can be found in pp collisions with already available LHC data.

To find charginos in heavy ion collisions radical increase of luminosity is required.
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