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1. Abstract

The recent measurement of the muon’s anomalous magnetic moment by the Fermilab

experiment “Muon g-2” shows a 4.2σ discrepancy with the theoretical prediction based

on the Standard Model, serving as huge motivation for the study of new physics. An

example of the later consists in using ATLAS to perform the measurement of the anomalous

magnetic moment of the tau lepton (aτ ), using tau lepton pairs produced in photon-photon

collisions generated from lead ions interactions (PbPb→ PbPbγγ → τ+τ−). In this work

we analyze the distributions of different observables from simulated tau leptons produced

via this process and their most frequent charged decay products. This is done using

MadGraph and Pythia8 generators, while the detector effects are introduced with Delphes.

We compare the results obtained for a sample including only Standard Model (SM) physics

and another one with additional Beyond the Standard Model (BSM) effects due to a non-

zero aτ . Finally, the most abundant leptonic backgrounds processes γγ → e+e−/µ+µ− are

also generated and compared to the signal-only samples with the aim of shedding some

light toward possible cuts for the reconstruction of tau decays.

2. Introduction

Until now, the Standard Model (SM) has been incredibly successful in predicting physical

quantities that agree extremely well with experiments. However, as satisfying as that has

been, it is of common knowledge among the scientific community that the SM is not the

final answer to the quest of the underlying framework of nature.

As a consequence of the above, lots of efforts have been invested in looking for quantities

for which SM predictions and experimental measurements disagree enough as to indicate

the existence of physics beyond the standard model (BSM). A promising example of this

is the anomalous magnetic dipole moment of the muon (aµ), which is already known to

disagree with measurement in 4.2σ (Ref. [9]).

Along the same lines is the study of aτ , with the difference that the τ is about 17 times

heavier and its lifetime is about 107 times shorter, making it impossible to detect by means

of the spin precession method used in the “Muon g-2” experiment for muons. However,

its bigger mass makes it much more sensitive to BSM physics than the µ, giving enough

motivation to indirect studies of its anomalous magnetic dipole moment: aτ = 1
2
(gτ − 2).

The major aim of this work is to contribute to the indirect study of aτ by looking into

the effects that it has on distributions for different observables obtained from simulated

γγ → τ+τ− events. The samples we study are based on MadGraph for the event generation

and Pythia8 for tau decay, particle shower and hadronisation (Ref. [5] and [10]).

A second aim of this work is to quantify how efficient we are in reconstructing tracks of

final state particles (f.s.p) coming from tau decays, by simulating the detector effects with

Delphes (Ref. [3]). We also simulate background events γγ → e+e−/µ+µ− to compare

with the signal-only sample, so that when we encounter real data we can have informed

kinematical constraints that can help subtracting those background processes.
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3. Previous remarks

In this section we give brief descriptions of the most important physical concepts and

software tools that are fundamental for this analysis.

3.1. Magnetic dipole moment

Elementary particles carry an intrinsic angular momentum called “spin” (~S) and it is

related to the magnetic dipole moment (~µ) of that particle according to:

~µ = g
e

2me

~S

where g is the Landé factor, which takes the value of 2 in Dirac theory and describes the

lowest order interaction of the particle’s magnetic moment with the photon.

The anomalous magnetic dipole moment (al) quantifies the deviation from g = 2 according

to

al =
gl − 2

2

where l stands for lepton (e, µ or τ). These deviations are due to diagrams of orders

higher than α2 (Dirac theory), where virtual electromagnetic, weak and hadronic processes

contribute with corrections calculable within the Standard Model (SM) with very high

precision. However, when these calculations deviate enough from measurement (e.g. aµ)

they motivate the study of BSM models including, for example, the existence of new

particles that would explain such discrepancy (see Figure 1).

Figure 1: Example of SUSY particles contributing to correction of muon-photon interac-

tion.

In the particular case of the τ , adding higher order corrections within the SM gives:

aSMτ = aQEDτ + aEWτ + aHADτ = 117721(5)× 10−8

While the experimental limits from DELPHI at the Large Electron Positron Collider based

on the process e−e+ → e−e+τ−τ+ are (Ref. [8]):
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−0.052 < aexpτ < 0.013 (95%CL)

which clearly shows the poor level of constraint we currently have on aτ compared to the

SM predicted value. More detailed information on aτ limits can be found in Ref. [1] and

are summarized in Figure 2.

Figure 2: Summary on atau ranges from previous work (Ref. [1]).

3.2. SM+BSM Lagrangian

In the SM the interaction of the tau’s spin angular momentum with the photon field

strength (Fµν) involves a lagrangian L including the spinor tensor structure σµν = i[γµ, γν ]/2,

the tau spinors τL,R and the tau anomalous magnetic (aτ ) and electric (dτ ) dipole moments:

L =
1

2
τ̄Lσ

µν(aτ
e

2mτ

− idτγ5)τRFµν

BSM modifications affecting aτ and dτ are introduced using SM effective field theory (see

Ref. [8]). The corrections to aτ and dτ are parametrized as function of two real parameters

|CτB| and ϕ according to:

δaτ =
2mτ

e

|CτB|
M

cosϕ, δdτ =
|CτB|
M

sinϕ

3.3. Photon flux

A very important step of the process under analysis is the emission of photons from the

lead ions which then fuse to produce the tau pairs. The cross section for the consecutive

processes of photon emission from lead (PbPb→ PbPbγγ) followed by photon fusion into
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products (γγ → XX) is modeled in a way that is analogous to the description of partons

in terms of the PDFs. In short, the cross section σPbPbγγ→XX is obtained as the convolution of

the cross section for the single γγ → XX process (σγγ→XX) with the photon flux (n(x))

generated from the lead ions:

σPbPbγγ→XX =

∫
dx1dx2n(x1)n(x2)σγγ→XX

where xi = Ei/Ebeam and Ei is the energy of the photon emitted from ion i.

In this work the photon fluxes are implemented through MadGraph, and more specific

information on n(x) can be found in Ref. [1].

3.4. τ branching ratios

The process of interest in this study is well exemplified by the Feynman diagram shown in

Figure 3.

Figure 3: Diagram of tau lepton pair production in ultraperipheral lead ion collsions. Lead

ions emit photons which fuse to produce a tau pair. Each tau can then decay hadronically

or leptonically.

The most important τ branching fractions according to the PDG (Ref. [7]) are summarized

in Table 1.

Process Branching fraction

τ− → e−ν̄eντ 17.85%

τ− → µ−ν̄µντ 17.36%

τ− → π−ντnπ
0 (n=0,1,2,3) 46.75%

τ− → 2π−π+ντnπ
0 (n=0,1) 13.91%

τ− → K−ντnπ
0 (n=0,1,2,3) 1.24%

Table 1: Most probable tau decays.

These processes account for 97% of the decay probabilities for τ .
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3.5. Simulation steps and software tools

In order to study the characteristics of the PbPb→ PbPbγγ → τ+τ− → f.s.p events

different simulation softwares are used. A brief description of each of them is given below:

• MadGraph: performs simulation of high-energy particle collisions up to next-to-

next to leading order. It receives as an input a set of parameters that allow the user

to define the initial particles and the type of elementary process to simulate. Most

of the parameters of the underlying theory (e.g. masses and couplings) may also be

adjusted from the user. This flexibility enables a vast number of phenomenological

studies and serves as a guide for analysis of real data. The program outputs the data

(e.g. energy, position, momentum and particle type) of all products of the collision,

and is formatted (LHE file) in such a way that further processes like particle decays,

parton showering and hadronisation can be performed using another software such

as Pythia8.

• Pythia8: is a general purpose Monte-Carlo generator that can be used to simulate

collision events and related processes such as parton showering, hadronisation, mul-

tiparton interactions, initial and final state radiation and decays, among others. It

uses pQCD and models to transform quarks and gluons to the mesons and baryons

that we detect in experiments.

• Delphes: takes as input the output files (e.g. HepMC and LHEF) from an event

generator and simulates the effect and response of a general purpose collider detector,

including a tracking system with a magnetic field, electromagnetic and hadronic

calorimeters and a muon identification system. The simulation accounts for the fact

that the detector’s resolution is subjected to particles interacting with the matter

from which the detector is made of, which results in a smearing of the energy and

momentum of the particle. The output allows access to reconstructed objects such

as tracks, jets, missing energy, reconstructed muons, photons and isolated electrons.

• Root: object-oriented program mostly written in C++ and developed by CERN

as a tool for particle physics data analysis. It contains several libraries for data

visualization and data formatting.

3.6. Simulated data samples

For the present study, MadGraph and DelphesPythia8 were used to simulate 3 samples

with 200k γγ → τ+τ− → f.s.p events each. The first two samples are both based on SM

physics while the third includes SM, BSM (aτ = 0.2) and their interference. One of the SM

samples has initial state radiation (ISR) and multiparton interactions (MPI) turned on,

while the other one has these processes turned off. ISR is the process by which pre-colliding

particles emit radiation in the form of gluons or photons. These gluons then shower, acting

as an independent source of f.s.p. On the other hand, MPI accounts for the fact that the

colliding protons in LHC contain several partons, and more than one pair can be brought

into collision in the same p-p collision. If we want to analyze γγ → τ+τ− → f.s.p as

cleanly as possible we may turn ISR and MPI off. In order to investigate the properties of
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the leptonic background processes, a sample with 200k γγ → e+e−/µ+µ− events was also

simulated.

3.7. Detector setup

Table 2 lists lifetimes and decay lengths for the most abundant particles generated in the

process under study. The last column in Table 2 indicates which particles have a long

enough lifetime to reach the detector before decaying. For example, the tau leptons decay

before reaching the detector and therefore can only be observed by detecting its decay

products.

Particle ∼ Lifetime (τ [s]) ∼ Decay length (Ldecay [m]) Status = 1

µ 10−6 103 yes

π± 10−8 10 yes

K± 5× 10−9 5 yes

K0
L 10−8 15 yes

π0 10−16 10−4 no

τ± 10−13 10−6 no

Table 2: Final state partciles’ lifetimes and decay lengths and whether they make it to the

detector (Status==1) or not.

DelphesPythia8 will assign “Status=1” to final state particles, i.e. to those particles that

are stable enough to get to the detector. We have omitted stable particles that don’t decay,

such as e and γ and unstable particles that we don’t analyze below.

The detector effects on what is measured is frequently characterized by its acceptance and

its efficiency. The acceptance considers, the fact that detectors can’t cover all accessible

space, and therefore some f.s.p can’t be measured by it. This highly depends on the

geometry of the detector. On the other hand, the efficiency quantifies the probability that a

particle that arrives at the detector gets reconstructed correctly. In short, both measurables

are calculated by taking the ratio between reconstructed and generated particles, but the

efficiency applies the required cuts to the number of generated particles, so it includes only

those within the geometrical acceptance of the detector.

Since DELPHES is a fast detector simulation the reconstruction efficiency is simulated

through a table that considers the detector geometry and particle type. Table 3 lists the

ATLAS tracking efficiencies for the particles we are interested in as described in DELPHES.
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Cuts/Particle Charged hadron Electron Muon

pT <= 0.1 0.00 0.00 0.00

|η| <= 1.5 ∧ 0.1 < pT <= 1.0 0.70 0.73 0.75

|η| <= 1.5 ∧ 1.0 < pT <= 100.0 0.95 0.95 0.99

|η| <= 1.5 ∧ 100.0 < pT 0.95 0.99 0.99

|η| > 1.5 ∧ |η| <= 2.5 ∧ 0.1 < pT <= 1.0 0.60 0.50 0.70

|η| > 1.5 ∧ |η| <= 2.5 ∧ 1.0 < pT <= 100.0 0.85 0.83 0.98

|η| > 1.5 ∧ |η| <= 2.5 ∧ 100.0 < pT 0.85 0.90 0.98

|η| > 2.5 0.00 0.00 0.00

Table 3: Tracking detector efficiencies defined in the Delphes run card used to simulate the

ATLAS detector.

4. Results and discussion

In subsection 4.1. we evaluate the consistency of our simulation and analysis. Then,

in 4.2. we make a comparison between the different simulated data sets based on their

distributions for different observables such as transverse momentum, rapidity and di-tau

system properties. Finally, in 4.2. we study the tau decays subject to fiducial constraints

of the ATLAS detector.

4.1. Simulation and analysis consistency validation

4.1.1. Branching fractions (SM vs SM+BSM)

The branching fractions obtained from the simulated samples are shown in Table 6 and

are in good agreement to what was expected from the PDG values (Table 1).

Process SM (%) SM+BSM (%)

τ− → e−ν̄eντ 17.78 17.73

τ− → µ−ν̄µντ 17.33 17.35

τ− → π−ντnπ
0 (n=0,1,2,3) 46.47 46.30

τ− → 2π−π+ντnπ
0 (n=0,1) 14.30 14.44

τ− → K−ντnπ
0 (n=0,1,2,3) 1.20 1.24

Table 4: Branching fractions calculated from SM and SM+BSM samples.

4.1.2. Detector tracking efficiency

As a first step to quantify how efficient we are in reconstructing the f.s.p of our inter-

est (electrons, muons and charged pions) we calculate the ratios between the number of

generated particles (Gen) and reconstructed tracks (Rec). Now, before taking the ratio

we select only those generated particles that make it to the detector, i.e. we get rid of

the geometrical limitations of our detector and focus only on how likely our detector is
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in reconstructing correctly a certain track given that the generated particle producing the

track actually made it to the detector. To be specific, the efficiency ε is given by the ra-

tio between the number of reconstructed tracks Nrec to the number of generated particles

satisfying the condition |η| < 2.5 (N
|η|<2.5
gen ): ε = Nrec

N
|η|<2.5
gen

.

The calculated efficiency values as function of the transverse momentum together with the

histograms involved in the calculation can be visualized in the plots shown in Figure 4.

Figure 4: Tracking efficiencies for e−, µ− and π+ (scatter plot and left vertical axis) and the pT
distributions used to get those efficiencies (histograms and right axis).

Having efficiencies greater than one would mean that we have more observed tracks than

generated charged particles. One possibility could be that the simulation includes track

fragmentation, and in order to investigate whether this is the case we count the number

generated charged particles satisfying |η| < 2.5 and the number of reconstructed tracks

among the SM sample and summarize the results in Table 7 for e−, µ− and π+.

Particle ntrk < ngen ntrk = ngen ntrk > ngen
e− 10,003 189,997 0

µ− 6,672 193,328 0

π+ 50,191 149,808 1

Table 5: Number of events among the SM sample for which there was a lower, equal or greater

number of generated particles with |η| < 2.5 than reconstructed tracks.

Table 7 is clear proof that we can rule out the possibility of attributing the fact of having
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efficiencies greater than one due to a higher number of reconstructed tracks than generated

particles. Another possibility is that these nonphysical values of efficiencies are product of

low statistics and bin migration due to pT smearing from the track measurements. Purity

tests could be performed to check this hypothesis. For those regions where the statistics are

high enough, i.e. for pT lower than 3-4 GeV, no efficiencies greater than one are obtained.

Among these pT regions the efficiencies start at approximately 0.5 GeV and approach unity

monotonically as pT increases.

Finally, Table 8 shows the calculated tracking efficiencies among the SM sample for different

η and pT bins and their relative deviation to the Delphes run card values (Table 3).

Cuts/Particle ε(π+) ε(e−) ε(µ−)

pT <= 0.1 0.00 0.00 0.00

|η| <= 1.5 ∧ 0.1 < pT <= 1.0 0.59 0.67 0.73

|η| <= 1.5 ∧ 1.0 < pT <= 100.0 0.95 0.96 0.99

|η| <= 1.5 ∧ 100.0 < pT 0.95 - 0.99

|η| > 1.5 ∧ |η| <= 2.5 ∧ 0.1 < pT <= 1.0 0.60 0.61 0.75

|η| > 1.5 ∧ |η| <= 2.5 ∧ 1.0 < pT <= 100.0 0.84 0.84 0.99

|η| > 1.5 ∧ |η| <= 2.5 ∧ 100.0 < pT 0.84 - 0.99

|η| > 2.5 0.00 0.00 0.00

Avg. rel. deviation 2.3% 5.4% 1.5%

Table 6: Tracking efficiencies calculated using the SM sample for different η × pT bins and their

average relative deviation with respect to the Delphes run card values.

4.2. Kinematical comparison of SM, SM+BSM and Bkg

4.2.1. SM vs. SM+BSM vs. Bkg (f.s.p)

As discussed in the section A.1. of the appendix, MPI and ISR effects are not appropriate

in the case of ultraperipheral Pb-Pb collisions, and therefore we base our analysis on

samples with these processes turned off. In this case all the f.s.p are generated from tau

decays either directly or through intermediate decays. The Pythia8 run card specifying

the configuration used to simulate the decays, radiation and showering processes (among

other things) for all these samples is included in the section A.2. of the appendix. Also,

the total cross sections obtained for each sample is specified in Table 5.

Sample Cross Section (pb)

SM (aτ = 0) 6.4836× 108 ± 5.0× 105

SM+BSM (aτ = 0.2) 1.2617× 109 ± 9.6× 106

Bkg 8.5161× 109 ± 5.3× 106

Table 7: Total cross sections for the different simulated samples.

For simplicity we call the Standard Model sample MPI=ISR=off “SM”, the sample includ-

ing BSM effects with aτ = 0.2 “SM+BSM” and the background-only sample “Bkg”. Figure
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5 shows plots of pT for e−, µ− and π+ among these three samples. The y distirbution is

only shown for e− due to its similarity to the same distribution for the other particles. In

all plots the bottom panels show the ratio between the SM+BSM and SM distributions.

Figure 5: e−, µ− and π+ transverse momentum and rapidity for the SM, SM+BSM and Bkg

samples (top pad). Ratio between SM+BSM over SM distributions (bottom pad)

The bottom panels in the pT plots show that the SM+BSM sample has systematically more

f.s.p at high transverse momenta than the SM sample, while the ratio in rapidity remains

flat along the high-statistics (|y| < 2.5) region. Also, for the pT distributions, there is a

clear difference in the shape and peak location between the signal (SM and SM+BSM) and

background (Bkg) samples. The background distribution peaks close to 1.1 GeV and has

a mean of 1.45 GeV while the signal distributions peak around 0.3 GeV and have a mean

of 0.93 GeV. Therefore, the signal f.s.p are expected to be predominantly softer in pT that

the f.s.p coming from the background processes γγ → e+e−/µ+µ−.

4.2.2. SM vs. SM+BSM (τ)

We now focus on the observable distributions of the tau leptons instead of the f.s.p they

produce. Even-though we measure the tau products instead of the taus themselves, looking

at these distributions can still give us some insights regarding the effects of aτ 6= 0.

In Figure 6 we show different distributions for the two-tau system and the taus themselves

together with the ratios between the SM+BSM and SM samples. The SM+BSM sample

has substantially more tau pairs at higher masses and at higher transverse momenta. For

example, in the range of the Higgs mass between 120-130 Gev we have one entry for the

11



CERN Summer School 2021

SM sample and 5 for the SM+BSM sample. Also, while the tau leptons in the SM sample

have a cut-off in pT a little before 30 GeV, the SM+BSM sample has taus with pT higher

than 50 GeV and it already has four times the differential cross section of SM at 10 GeV

from where the ratio keeps increasing for higher pT . On the other hand, the pT and y

distributions of the tau pairs are fairly similar in shape for both samples, and so are the

single-tau y and φ distributions.

Figure 6: Two-tau system and single-tau distributions.
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From the plots shown in Figure 7 it can be seen that the strong effects of aτ = 0.2 become

less noticeable as we decrease, in magnitude, the value of aτ . We plot the pT and y

distributions for aτ = ±0.02 and aτ = ±0.05. A negative value of aτ produces a ratio of

SM+BSM over SM lower than one which decreases as pT increases. This means that if

aτ < 0 we become less sensitive to higher pT tau leptons than we are within the SM case

(aτ = 0). On the other hand, even for 0 < aτ < 0.2, we become more sensitive to higher

pT tau leptons when BSM physics is present.

Figure 7: Transverse momentum and rapidity distributions for SM and SM+BSM samples with

aτ = ±0.02 (left) and aτ = ±0.05 (right).

Finally, Figure 8 shows a significant correlation between the rapidities of the taus from the

simulated tau pairs, which tend to be similar, i.e. they define a collimated beam.
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Figure 8: Correlation between the rapidities of the taus from the simulated tau pairs for the SM

sample (left) and the SM+BSM sample (right).

4.3. Evaluation of τ decays in the fiducial volume

In the following section we look at some distributions for the generated f.s.p subject to

fiducial constraints of the ATLAS detector (see Ref. [2]). We first require that at least one

of the taus in γγ → τ+τ− decay leptonically and then that the leading electron or muon

satisfies the conditions pT > 4 GeV and |η| < 2.5. Figure 9 shows correlations between

properties of the taus and some of their decay products for the SM and SM+BSM samples.

Figure 9: (Top row) Correlation between the pT of the τ that decays leptonically and the pT of

the lepton it decays into. (Bottom row) Correlation between the rapidities of the tau system and

the final-state charged particle system. The left column plots are obtained from the SM sample

and the right ones from SM+BSM, and for all of them the fiducial cuts were applied.
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The number of events that satisfy the fiducial constraints among the SM+BSM sample is

more than two times the number for the SM sample, meaning that aτ = 0.2 (compared

to aτ = 0 for SM) increases considerably the sensitivity we have to final state charged

particles. This is mostly because the SM+BSM sample has much more taus and f.s.p at

high pT , as can be seen from the distributions shown in the top row of Figure 9. For

both samples, there is a strong correlation between the rapidity of the tau system and the

rapidity of the final state charged particle system. This could be used as a test to verify

how likely it is for our reconstruction of the charged particles and the corresponding parent

taus to have been carried out correctly.

The two main processes allowed considering the fiducial constraints specified above consists

on one tau decaying leptonically and the other into a single charged particle (τlτ1ch) or into

three charged particles (τlτ3ch). The first category is the one that can actually be confused

with the γγ → e+e−/µ+µ− background processes because of the signature they leave on the

tracking system. In order to reject the background e−/µ− we keep only decays for which

the vectorial sum of the transverse momenta of the decay products of the two tau leptons

(lepton and either a second lepton or a pion) is greater than 1 GeV (pl+1ch
T > 1 GeV ). In

Figure 10 we show the distributions for electron and muons of the computed pl+1ch
T upon

which the background subtraction condition is based. There is a clear separation between

signal and background distributions, explaining the good performance achieved by this

filtering constraint.

Figure 10: pl+1ch
T distribution for electrons and muons.

The plots in Figure 11 compares the pT distributions for final state electrons and muons

among the SM, SM+BSM and Bkg samples when no cuts are applied, when fiducial cuts

are applied and when fiducial cuts and the extra requirement pl+1ch
T > 1 GeV are applied.
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Figure 11: pT distributions for electrons and muons among the SM, SM+BSM and Bkg samples

with no constraints (top row), with fiducial cuts (middle row) and with further pl+1ch
T > 1 GeV

requirement (bottom row).

We don’t have background processes for positive pions, but Figure 12 shows what happens

to their pT distribution when we apply the fiducial constraints and then add the condition

pl+1ch
T > 1 GeV .
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Figure 12: pT distributions for pions among the SM, SM+BSM and Bkg samples with no con-

straints (top row), with fiducial cuts (middle row) and with further pl+1ch
T > 1 GeV requirement

(bottom row).

By applying the fiducial cuts on the unconstrained pT distributions there is a huge reduction

in the number of f.s.p mainly at pT < 4.0 GeV affecting all samples similarly. However,

by applying the extra requirement pl+1ch
T > 1 GeV there is an almost absolute reduction

in the background final state particles while the signal distributions are almost untouched.

The specific fractions of f.s.p excluded by each constraint and each f.s.p type are specified

in Table 9, and happen to be very similar for all studied particle types (e−, µ− and π±).

Particle e− µ− π±

Sample SM +BSM Bkg SM +BSM Bkg SM +BSM

(1) No cuts 29,664 29,521 99,945 29,015 29,097 100,006 68,300 68,023

(2) Fid. cuts 306 687 1,444 315 691 1,443 490 1,241

(3) Fid. cuts +
278 627 131 284 637 48 454 1,152

pl+1ch
T > 1 GeV

(1) → (2) (%) -99 -98 -99 -99 -98 -99 -99 -98

(2) → (3) (%) -9 -9 -91 -10 -8 -97 -7 -7

Table 8: Number of f.s.p and their fractional reduction due to fiducial cuts applied to

unconstrained distributions ((1)→(2)) and due to the further requirement pl+1ch
T > 1 GeV

((2)→(3)). Here “+BSM” abbreviates “SM+BSM”.
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Figure 13 shows the fiducial cross sections as function of the leading lepton pT for the SM

and SM+BSM samples and for three different categories. All of them involve one of the two

taus decaying leptonically (τl) but the other can decay into another lepton (τlτ1ch=lepton),

a charged pion (τlτ1ch=π) or three charged pions (τlτ3ch).

Figure 13: Fiducial cross section as a function of the pT of the leading lepton for the SM (left)

and SM+BSM (right) samples.

The most common process satisfying the fiducial constraints corresponds to one tau decay-

ing leptonically and the other into a single charged pion. The second most common one

is both tau leptons decaying leptonically. This is quantified in Table 10, which shows the

integrated fiducial cross sections for each of these three categories.

Category σSM (nb) σSM+BSM (nb)

τlτ1ch=l 1,141 4,681

τlτ1ch=π 1,588 7,829

τlτ3ch 577 2,347

Table 9: Integrated fiducial cross sections for the three most common decays of the tau lepton

pair.

5. Summary and conclusion

We present a study of the kinematic characteriastics of the γγ− > τ+τ− process produced

in the ultraperipheral collisions of the ion-leads produced in the LHC collider. These events

can be used to obtain an indirect measurement of the tau anomalous magnetic moment

or to improve the present limit of the aτ parameter. We produced events generated with

a combination of MadGrapH, Pythia8 and DELPHES for SM and SM+BSM processes as

well as for the most abundant leptonic background.

Few validation checks have been carried out to verify that the simulated data-set and

the analysis code were consistent. We measured the tau leptons branching fractions and
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the tracking efficiency for some f.s.p to verify consistency with the expected values from

the PDG for the branching fractions and from the DELPHES data-card for the tracking

efficiencies.

We have then started a comparison between the kinematic distributions for the SM,

SM+BSM and bkg data-sets. Regarding the final state electrons and muons from the

signal (γγ → τ+τ− → e+e−/µ+µ−) and background (γγ → e+e−/µ+µ−) processes, we

have found a clear difference in the shape of their pT distributions. The electrons and

muons coming from tau decays are predominantly softer than the ones produced in the

back-to-back background process. Also, for all the f.s.p analyzed, the pT distribution of

the SM+BSM sample has systematically more particles at higher pT than the SM sample,

i.e. the ratio between SM+BSM over SM is increasingly greater than one for higher pT .

The kinematics of tau leptons involved in the signal process has also been analyzed. It has

been found that the ratio of the differential cross sections for the SM+BSM sample over

the SM sample is mostly flat and centered at two for the di-tau pT and y and the single-tau

φ and y. On the hand, for the di-tau M and the single-tau pT this ratio starts at two and

increases for higher pT . This means that we are at least two times more sensitive to tau

decays when the BSM effects due to aτ = 0.2 are included. However, as the value of aτ
becomes smaller (e.g. aτ = 0.02 and aτ = 0.05) so does the differential cross section, and if

aτ becomes negative we get less sensitive to taus subject to BSM effects than we are when

aτ = 0.

When imposing the fiducial constraints of the ATLAS detector we lose between 98-99%

of the generated f.s.p in both signal and background samples. However, by requiring that

these f.s.p satisfy the constraint pl+1ch
T > 1 GeV we have been able to exclude 91-97% of

the background, while reducing the signal in only 7-9%. A more complete study of how

well we can separate our signal from background could be achieved by introducing other

background processes such as γγ → qq̄ → f.s.p.

To sum up, the distributions of the different observables studied here are clearly sensitive to

the BSM physics introduced by the anomalous magnetic dipole moment of the tau lepton,

and serve as promising mechanisms that can contribute to the indirect studies of aτ .
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Appendix

A.1. MPI=ISR=on vs. MPI=ISR=off

Two important ingredients of the Pythia event generator are the Initial State Radiation and

Multiparton Interaction. In this section we compare two SM samples, one with MPI and

ISR turned “on” (MPI=ISR=on), and the other with both turned “off” (MPI=ISR=off).

The plots contained in Figure 14 show th distributions of pT and y distributions for gener-

ated final state e−, µ−, π+. For the pT plots we separate the f.s.p MPI=ISR=on according

to whether they come or not from tau decays.

Figure 14: Electron, muon and positive pion transverse momentum and rapidity for the SM

samples with MPI=ISR=on/off at generator level.
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Figure 14 shows that final state electrons and muons not coming from tau decays are softer

in pT . For both samples the f.s.p are predominantly below the PT = 20 GeV threshold.

The rapidity distribution is wider for the MPI=ISR=on sample, while the MPI=ISR=off

sample is practically constrained to |y| < 5.0.

In order to understand the effects that MPI+ISR=on has on the simulated sample we can

start by comparing the type of processes that are included on each of the two samples.

To do this we print the PID numbers (see Ref [7]) of the particles involved in the decay

chain of the simulated events. Table 4 shows representative examples obtained from the

MPI=ISR=on sample.

Particle PID

e− 11

µ− 13

τ− 15

π+ 211

γ 22

g 21

d 1

u 2

p 2212

f.s.p e− µ− π+

2212 2212 2212 2212 2212 2212 2212 2212

2 1 21 21 1 2 22 2

22 22 3 -1 -413 22 22 223

PID 15 22 111 22 -411 22 15 211

11 -15 11 22 13 -15 -311

311 15 211 310

310 13 211

111

11

Table 10: PDG numbers for some particles (left) and some example decay chains (time

going down the rows) for different final state particles as simulated by Pythia8 for

MPI=ISR=on (right).

As it can be seen from Table 4, in the MPI=ISR=on sample we can have f.s.p coming from

tau decays directly or indirectly (first and second subcolumns for each f.s.p) or from a chain

of decays that don’t involve any tau or photon. For the MPI=ISR=off we have processes of

the first and second type, but no chain of decays that don’t start with tau production from

photon fusion followed by decays into f.s.p. This means that the MPI=ISR=on sample

includes an independent source of f.s.p due to MPI and ISR (not involving the simulated

process of gamma fusion into a pair of taus). Therefore, in order to have a clean signal-only

sample to study the γγ → τ+τ− → f.s.p we choose MPI=ISR=off.
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A.2. Pythia8 run card

Figure 15: Pythia8 run card used to simulate decays, radiation and showering (among

other things).
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