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Signatures of New Physics @ the LHC 

     Mainly on the transverse plane: 

             >   Lower background 

           >  Expected signatures such as 

                 - high-pt jets leptons or photons    

                    - missing transverse energy/momentum 

                    - displaced vertices … 
 

On the other hand, longitudinal variables (along the beam 

axis) can still contain useful information about NP!  
 
                                                                   
                                 Why overlooking it? 

LHC potential 
must be fully used 
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Some well-known features of hadronic pp collisions 

Central region 

Mean multiplicity of (charged) particles 

(Pseudo)rapidity 

Maximum rapidity: 

            Ym 

    One-particle (rapidity) spectrum (charged particles) 

integration over p understood 
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Multiparticle production in e+e- interactions might look very different from h-h interactions 

Highly virtual timelike partons Low space-like virtualities 

Unified picture via color strings yielding clusters of partons leading to final-state particles 

2(3)-step process: string formation + parton cascade & hadronization 

Soft physics 

Idealized picture 
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Such a new stage of matter could become activated above an energy threshold  

and  

become more  and more relevant in multiparticle production  

if its production cross section increases with energy 

Examples: Hidden sectors (e.g. hidden valley models), 
 
Unparticles, 
 
Black holes, … 

SM matter: u, d, s, c , b, t, gluons, … 

What if there were a new stage of unknown matter 

on top of the parton cascade? 

HS matter: v-quarks, v-gluons, … 



Hidden Valley Models 

E.g. Non-Abelian SU(N) gauge group 

M : scale of the  

mediator mass of TeV order 

Effective coupling  
of the two sectors 

  1 TeV  Z’ boson 

States not too heavy and hidden like neutrinos were somewhat  

hidden by only interacting with massive W and Z bosons 

v-hadrons: smaller mass than M 

but larger than SM hadrons 

 
Lightest mesons: v

0 v 
 

Mass of 10 GeV order 
   

mainly decaying into b-quarks 
SM HV 

k

gg

M

vSM

New gauge group beyond the SM 

Could resemble QCD 

v-gluons : gv self-interacting as gluons v-quarks : with different flavors 

SIMPLE HV MODEL 

SU(N) x U(1)’ 

2 light flavors    

M.J. Strassler & K.M. Zurek, hep-ph/0604261 

possible gluonia-like states 



Hidden Valley + SM Cascade 

One more step than in a conventional QCD-parton cascade 

Picture inspired in 

Strassler 0806.2385 

QCD parton cascade  

Final non-perturbative 
hadronization 

Final state SM particles 

Unseen v-particles 

Some v-particles can be stable, 
 decay outside the detectors  

or promptly decay back 
to SM quarks and gluons 

Multiplicity distributions  
of final state particles 

and 
 rapidity correlations 
can be affected by  

the extra step  
in the cascade 
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one- and two-particle densities 

   Two-particle rapidity correlations 
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Normalized factorial moments: 
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2-particle rapidity 
correlation function 
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Higher-order 

Normalized factorial cumulants: ,31,1 32322 KKFKF 

Cumulant ratios: 

q

q

q
F

K
H  genuine q-order correlations 

q = 2, 3, 4, … 
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M.A.S.-L. & E. Sarkisyan-Grinbaum 

Paper in preparation 

Several examples 
3-step scenario  

4-step scenario  

Hard 
interaction 

Hard 
interaction 



M.A.S.-L. & E. Sarkisyan-Grinbaum 

Paper in preparation 

< Nc >  denotes the average number  

of clusters  per collision   

< Ns >  denotes the average number  

of strings  per collision   

Fq
(s,c,1)  : Normalized factorial 

              moments at each step 

All these formulae  represent a  
parameterization of the huge complexity  

of hadronic dynamics 
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M.A.S.-L. & E. Sarkisyan-Grinbaum 

Paper in preparation 



M.A.S.-L. & E. Sarkisyan-Grinbaum 

Paper in preparation 

Fq
(h)  : Normalized factorial 

          moment HS 



M.A.S.-L. & E. Sarkisyan-Grinbaum 

Paper in preparation 



Normalized moments, cumulants and ratios 

Log[Fq ] as a function of the rank q 

Log[| Hq |] as a function of the rank q  
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All MD  Poisson 

All MD Poisson 

fluctuates as a function of the rank q 

over a large range of c.m.s. energy 

 and nature of the colliding bodies 

Well known fact : 

q

q

q
F

K
H 

2-step 

3-step 

4-step 

Dremin & Gary, Phys. Rep. 349 (2001) 301  

2-step 

3-step 

4-step 

For a NBD with k parameter 

Log(|Hq|) 

Log( Fq ) 



The amplitude of the oscillations increases with the complexity of the interacting bodies 

Hq Oscillations 

Dremin and Gary Phys. Rept. 349 (2001) 301-393  

Oscillations are predicted by (NNL) QCD, but the true origin is still unclear! 



< Nh >   =   1 

< Ns
h >  =   8 

< Nc
s >  =   4 

< Nh >   =   8 

< Ns
h >  =   4 

< Nc
s >  =   4 

Normalized moments, cumulants and ratios 

Larger oscillations 

Smaller oscillations 

Under reasonable assumptions  

for the moments: Poisson-like MD 

Blue line: expectation at LHC for 14 TeV 

Dremin and Nechitailo, hep-ph/0402286 

Predictions for 14 TeV pp collisions  

Red line: our predictions 
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Normalized moments, cumulants and ratios (II) 

< Nh >  =   2 

< Ns
h > =   8 

< Nc
s >  =  4 

< Nh > =   4 

< Ns
h  =   2 

< Nc
s > =  4 



Basic idea for experimental searches 

Study of particle correlations using two different samples:  
 
• A control sample of events (lower energy?) with the  
    same topological cuts (i.e. same multiplicity). 
 

• An event sample enriched using tagging criteria such as: 

                 a) high-multiplicity 

                    b) missing energy 

                    c) high-p(equal sign?) leptons 

                    d) high-p photons 

                    e) event-shape variables, … 

 

•  Complementary study using Monte Carlo generation 

To be motivated by 

HS models 



Conclusions 

We propose to search for new physics/phenomena (Hidden Sectors) 

  in pp inelastic collisions by analysing soft multiparticle production 

  tagged by hard signals  (like high-p leptons, photons…) by means of:  

  -  Two  and three (or more) rapidity particle correlation functions  

 

  -   Scaled moments/cumulants  of the multiplicity distributions 

                        in particular Hq oscillations 

A more realistic simulation of the influence of a HS on the parton cascade  

is definitely needed and azimuthal correlations should also be considered 

together with (pseudo) rapidity correlations 



Back up 



Analogy: resolving the branch/leaves structure (hence the tree species)  

by looking at the branch/leaves pattern 

Compare the rather continous two-dimensional shadow of a tree and 
the self-similar branching ratio of this tree in three-dimensional space 

Correlations should be stronger in multi-dimensional phase-space  
than in a lower dimensional projection like rapidity space 



2-step cascade (III) 
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mainly due to fluctuations  

(different topologies)  in the 

number/size of particle sources 
The larger the “cluster mass” 

the larger the correlation length 
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Cluster invariant mass2 

s0 ~  1 GeV2 

Sensitive to the co-existence 
of different production 
mechanisms in the same  

sample of events ! 
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(Semi)-Inclusive analysis 

correlation length 

Fixed multiplicity 
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Intermediate sources are not  

allowed to fluctuate freely  

“Dynamical” 

Correlations 

“Idealized”  figures 
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 Three-particle rapidity correlations 
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For a Poisson distribution (particle independent emission) 
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Factorial moments 

are related among themselves 

Standard definition 



pT 

 
p p 

Hard signature 

tagging the event Underlying event 
(soft+semihard) physics) 

Sources from a HS 

produced at the onset 

of the parton avalanche 
Another hard signature 

tagging the event 

10 GeV 

100 GeV 

Illustrative picture of a pp collision with a HS “showing up” 
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2-step scenario (single string)  

3-step scenario (multi-strings)  

4-step scenario (hidden sources)  

Dremin and Nechitailo, hep-ph/0402286 



The study of inclusive correlations among final-state particles 

provides essential information on the dynamics of strong  

interactions in high-energy processes through: 

 -  (Differential) 2-, 3- or many-body correlation functions 
 
              -  The distribution of particle multiplicity (e.g. moments) as it  
                    contains all correlation information  in an integrated form 
 

It has been extremely useful for decades in cosmic rays, fixed target  

and collider experiments for pp and AA collisions   

Known Facts 

New Perspectives at the LHC - 2015 (14 Tev) 

Maybe helpful for discovery of a new stage of matter (Hidden Sector) 
manifesting in the parton cascade of high-energy pp collisions. 

Not an easy task!  

Techniques related to the quest for QGP in heavy-ion collisions 


