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Abstract. A hidden sector beyond the Standard Model can show up in pauticle pro-
duction altering inclusive correlations and factorial alamts of multiplicity distribu-
tions. In this report such a study is advocated with a specmdhasis on the searches at
LHC.

1 Introduction

Most signatures of New Physics in colliders are expecte@timbnd in hard events, on the transverse
plane with respect to the beams’ directid®e.(emitting particles with high transverse momentpp),
where background is much reduced. In this report, howeverfogus on rather @fuse soft signals
in pp inelastic interactions, though expectedly tagged by hawdy products and appropriate cuts on
events. For example, a non-standard state of matter frord@ediSector (HS) [1] might alter particle
correlations [2—4] which can be measured to a large accuartaitye LHC.

Hadron interactions at high energy are usually considesecksulting from collisions of their
constituent partons, likely dominated by pairwise partoteractions. In this work we study the
effects of a new physics contribution on the conventional pecttiscade. To this end, we extend the
phenonemological approach of the Independent Pair Pamteraktion (IPPI) model [5, 6] including
an extra step of a hypothetical new stage of matter assdaidth HS.

1.1 Factorial moments of multiplicity correlations

The study of inclusive particle correlations in multipeli production can be performed by analyzing
n-particle correlation functions afat normalised factorial moments of multiplicity distrifboris [7—
9]. Here we focus on the latter.

The normalized factorial moments of ragks 2,3, ..., are defined as
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Table 1. Probability distribution of the number of active pairs ifam-proton collisions for dierent TeV
energies according to the IPPI model.

Vs w1 w2 w3 W4 Ws We wy
18Tev 0519 Q0269 Q140 Q072 Qo 0.0 0.0
70TeV 0504 (0254 Q128 Q065 Q033 Q016 Qo
13Tev 05020 02520 01265 00635 00319 00160 00080

whereP(n) denotes the probability for final-state particles (charged hadrons).

The factorial moments represent any correlation betweeaittitted particles in events. To extract
the genuineg-particle correlations, not reducible to the product of lilnger-order correlations, one
uses the normalised cumulant functions, or cumulants, e fis
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Factorial moments and cumulants have been extensivelyeapial the analysis of multihadron dy-
namics in dfferent types of collisions, frora e to nucleus-nucleus interactions, in a broad range of
energies [7-9]. In particular, normalizét} moments are extremely sensitive to the details of mul-
tiplicity distributions [10] and can be used to distingutsttween dierent multiparticle production
models and eventually the contribution of a HS as advocatdus paper.

2 Multiparticle production as a multi-step cascade

The IPPI model [5, 6] was proposed in order reproduce the mésyad multiplicity distributions in
pp collisions at high energy with minimum adjustable paramset&he IPPI picture corresponds to
a simplified 2-step scenario: parton binary collisions eeseeds of independent cascades which
hadronize €.9. via string fragmentation) to the final-state multipartistate.

Moreover, it is assumed that each pair parton interactivesgiise to a hegative binomial distri-
bution (NBD), while the total distribution is ultimately deribed by means of the weighted sum:

jmex
PAM) = w; ) ]_[ Preo(ni, MY, kD) = Z wj Peo(n; jm®, jkY) (4)

j=1 n =1

wherew; denotes the probability for gpair interactionm® andk® correspond to the mean multi-
plicity and dispersion for a single pair interaction, respely. Note that no new adjustable parame-
ters appear in Eq.(4) besides the distribution jfsinary parton interactions which can be evaluated
if some model is adopted [11, 12].

In the IPPI, the probability fof binary parton interactions per event is simply estimated;as
wl, wherew, refers to a single pair, with the normalization condn)@ﬁ‘m wj = 1. In Table 1 we

show the values ab; up towmax = 7, corresponding tpp collisions at the c.m. energy/sof 13 TeV
taken from [6].
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Figure 1. Héz) moments up ta = 16 in pp collisions at 1.8 TeV obtained in this work using expressitor
a 2-step cascade and the same parameters as in [5, 6]. Vedyagoeement is found with their results and
experimental data [17], shown by circles with error bars.

2.1 Two-step cascade

Let us rewrite Eq.(4) for arbitrary particle productiontdisutions and sources:

P (n) = Z P(Ny) Z ﬁ PO(ny). ()
n i=1

Ns

Heren and Ns denote the number of (charged) particles and sources, atdsgg. Note that the
number of sourcells in Eq.(5) corresponds to the number of parton pair collisipim Eqg.(4). In the
notation used herd}(Ns) stands now for the distribution of (fragmenting stringuszes, equivalent
to the parton pair interaction distributian. Correspondingly, the average multiplicity can be written
as(ny = (Nsy mY according to a 2-step description of multiparticle proéarct

On the other hand, the authors of [5, 6] benefit from a dramatiaction of free parameters when
assuming a weighted superposition of NBDs with shifted petars, as can be seen in Eg.(4). In
addition, sincem® should be the same for any value of the ranknly k¥ remains a free parameter
(wmax Was determined using a particular model).

In order to make a comparison of the results of the currentystnd those from [5, 6], below we
assume that aP®(n;) are NBDs. MoreoveR(Ns) andw; distributions can be formally identified.

The computation of high ranESf) moments becomes extremely involved at laggelherefore,
we have written a Prolog code [13] which provides the exp’mesdzép) for any value of the rank
and any number of stegsin the cascadéé”), depending on the computer capacity available.

As shown below, we are able to reproduce (up to the perceel) lthe Hff) moments' using the
same values and assumptions as in Refs. [5, 6]. This acamrdauggests to proceed further in the
approach given here by incorporating a new step in the padscade following the mIPPI scheme.

1The superindey in Hép) indicates the number of steps in the cascade: a two-stegotomal cacade witlp = 2, and the
three-step cascade wifh= 3 once a HS is included.
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Figure 2. Predictions fongp) moments as a function of the ragKor pp collisions at+/s = 13 TeV. The circles
correspond to a conventional 2-step cascamle @) from extrapolation at lower energies using the IPPI model
The triangles and the squares correspond to a 3-step cagead8) using the mIPPI model (this work) with
(Npy = 2 and({Ny) = 10, respectively. A dferent pattern in the amplitude of the oscillations at lgglalues can
be clearly observed.

2.2 Three-step cascade

Let us now include an extra step in the cascade to simulatpathgtical new stage of matter associ-
ated to a HS. The resulting multiplicity in a 3-step procdsssd obey the following distribution:

POM) = > PN ) ﬁ PAM) © PO = 37 P(NN) ]N_[ POM).  (6)
n j=1 n =1

Ns i Nh

with N, denoting the number of active hidden sources in a collisionvhat follows, for the sake of
simplicity we assume th&(N) follows a Poisson distributiom.e. independent production of hidden
sources resulting from binary parton interactions.

In other words, the probability distribution of parton irdetions remains the same as in the con-
ventional cascade (being already adjusted to reproduciexental data irpp collisions) while one
adds another step subsequent to the initial binary partereiction.

3 Hg-moment oscillations as a function of the rank q

QCD next-to-leading order calculations [14, 15] predicttithe ratiodHy defined in Eq.(3) oscillate

as a function of the rand, crossing the-axis and becoming negative within ~ 5 at LHC energies,
shifting to larger values at higher energies. This predittias been tested against experimental data
and found to be observed not onlyénhe™ collisions but also in a variety of colliding particles and
energies, includingp, pA andAA collisions [16].

In Fig. 1 we plot the values of the?) moments ¢ = 2 to 16) for /s = 1.8 TeV multiplicity
data, obtained through Egs.(2) and (3) from the expressjbﬁéz) (a 2-step cascade). We fix the
parameters for the plot alike it is done in Ref. [B§, assuming NBDs for all binary parton collisions
with k® = 4.4, andP(Ns) (equivalent to thev distribution) from Table 1.
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Figure 3. Values of In Hép)l at 4/s = 13 TeV versug for a 2-step scenariq(= 2, circles) and a 3-step scenario
(p = 3) with (Np) = 2 (triangles) andNy) = 10 (squares). Solid, dashed and dot-dashed lines cormspon
to parabolic fits, respectively. Left panel: superpositadniNBDs with different reference values for théir
parameter (see [4]). Right pané}(Ns) incorporates the values of Table 1 (not the NBD case). Mdtiat there
are no oscillations wheall the distributions of the convolution are of the NBD type.

One can see the two minima in the Fig. 1. This oscillatorygatis due to the fact that the
probability distribution for the number of sourcBéNs) (equivalently, the distribution for the number
of parton pair collisions) doasot follow a NBD. In case all the distributions are NBD, the resig
distribution turns out to be of the NBD type too and no ostitla pattern forHéz) shows up.

The overall good agreement with the results of Refs. [5, @] experimental data [17] suggests
the further introduction of a new step in the cascade to pn¢ted as a HS, thereby studying the
eventual variation of the crossing poifmténima and the amplitude of the, oscillations.

4 HS-cascade versus a conventional cascade

In Fig. 2 three sets of points corresponding tfiatient scenarios atp collisions at+y/s = 13 TeV are
shown. The circles correspond to a conventional cascadis thie triangles and squares correspond
to an extra step in the mIPPI model settifg) = 2 and{N,) = 10, respectively. One can see that the
crossing point (and minimum) moves by about one unit to tfidde the (N,,) = 10, and by the same
amount to the right fokN,) = 2 compared to the case of a conventional cascade. Such asdalte
behaviour could become a hint of a H8ezting the parton evolution in multiparticle production,
deserving a more detailed study.

Next we examine the amplitude of ti oscillations as a function of the ramk and its depen-
dence on the parameters used in the mIPPI model as can beseein fig. 2.

Depending on the number of hidden sources twtedint behaviours of the oscillation pattern of
H® moments can be distinguished:

e For a small number of hidden sources, the oscillation aogiditoecomes appreciably dumped for
high q values as compared to a conventional (2-step) cascade.

e For a large number of hidden sources, the oscillation ang#itis considerably larger for high
values as compared to a conventional (2-step) cascade.

These conclusions are indeed confirmed in Fig. 3 where theesaif INH,| are plotted against
g for different scenarios depending on the type of the distributieesl.uThe calculated points are
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shown together with the parabolic fits to them. One can sddtibdehaviour of the fitted curves is
very different for diferent scenarios especially at layealues.

The fitted curves pass through the points in the left panetreds the points scatter around the
curves in the right panel. Hence no oscillations appear ebemall distributions in the superposition
of Egs.(6), includingP(Ns), are of the NBD type. This behaviour can be easily undedsindhe
mIPPI model inasmuch the convolution of NBDs in Eq.(6) leadain to a NBD. Conversely, the
oscillation pattern in the right panel emerges as a conseguafP(Ns) not being a NBD.

5 Summary

Using the modified Independent Parton Pair Interaction we lséudied the fect of a HS on the
cumulant-to-factorial moment ratid, of the multiplicity distributions of final-state particlés pp
collisions at the LHC. We conclude that a large (small) nurmddehidden sources would lead to an
enhancement (softening) of the oscillation amplitude ghljivalues. Moreover, the crossing of the
g-axis and the minimum of thEl;-moments interpolating curve shifts to smaller (largevilues for

a large (few) number of hidden sources.
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