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PP PHYSICS AT LHC 
Do  pp collisions look similar to AA ?

In high multiplicity events spectra show 

significant radial flow already at Tevatron

energies. – Similar to AA.



COMPARISON TO RHIC (0-5% 

CENTRAL)

At LHC: ALICE spectra are feed-down corrected

• Harder spectra, flatter p at low pt

• Strong push on the p due to radial flow? 

STAR, PRC 79 , 034909 (2009)

PHENIX, PRC69, 03409 (2004)

positive negative

At RHIC: STAR proton data generally not feed-down 

corrected. 

Large feed down correction 

 Consistent picture with feed-down corrected spectraSTAR, PRL97, 152301 (2006)







OSLO HEAVY-ION
THEORY GROUP

1. Gluon shadowing

2. Elliptic flow

3. HYDJET++

4. Freeze-out

5. HBT correlations

6. Equation of State

7. Predictions for pp

8. Flow in pp 9. Regge field theory and stochastic model

10. Di-hadron azimuthal correl. …



LHC results:

23.11.2009 – pp 900 GeV, first ALICE paper

First proton–proton collisions at the LHC as observed with the ALICE detector: 

measurement of the charged-particle pseudorapidity density at √s=900 GeV

Citation: Eur. Phys. J. C (2010) 65: 111-125 

2010 - pp 2.36 TeV and pp 7 TeV
 Charged-particle multiplicity measurement in proton proton collisions at √s=7 TeV

with ALICE at LHC Eur. Phys. J. C (2010) 68: 345–354 

 Charged-particle multiplicity measurement in proton–proton collisions at √s=0.9 and 

2.36 TeV with ALICE at LHC Eur. Phys. J. C (2010) 68: 89–108 

 Charged-particle multiplicity measurement in proton–proton collisions at √s=7 TeV

with ALICE at LHC Eur. Phys. J. C (2010) 68: 345–354 

 Midrapidity Antiproton-to-Proton Ratio in pp Collisons at √s=0.9 and 7 TeV

Measured by the ALICE Experiment Phys Rev Lett Vol.105, No.7, (2010) 

 Two-pion Bose-Einstein correlations in pp collisions at √s=900  GeV

Phys. Rev. D 82, 052001 (2010) 

 Transverse momentum spectra of charged particles in proton–proton collisions at 

√s=900  GeV with ALICE at the LHC Physics Letters B 693 (2010) 53–68 
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8.11.2010 - Pb-Pb collisions at 2.76 ATeV

 Charged-particle multiplicity density at mid-rapidity in central Pb-Pb collisions at 

sqrt(sNN) = 2.76 TeV arXiv:1011.3916v2   ALICE experiment
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8.11.2010 - Pb-Pb collisions at 2.76 ATeV
Elliptic flow of charged particles in Pb-Pb collisions at 2.76 TeV arXiv:1011.3914v1 
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PP@LHC



PP AT LHC





FLOW & 2 PARTICLE CORRELATIONS
QM2011 J. Schukraft14

Clean double Hump (aka 'Mach Cone') appears for ultra-central

(without any flow subtraction !)

Full correlation structure described by Fourier Coefficients v1,v2, v3, v4,v5 (for |h|>0.8)

v3 very visible, indeed, v3 ≈ v2 for very central

'Mach Cone' & 'Near Side Ridge' shapes evolve smooth with magnitude of v2 and v3

2 Particle correlation C(DhDf)

Projection on Df for Dh > 0.8

'Near Side Ridge'

broad away side structure

1 )

v2v3

v1+v2+v3+v4+v5







RIDGE IN HI AT RHIC



HI AT RHIC



INTERPRETATION OF RIDGE IN PP



JET QUENCHING AT LHC?





Jet quenching observed by CMS in heavy-ion collisions – 271110 
http://press.web.cern.ch/press/pressreleases/releases2010/pr23.10e.html

Figure 1 LHC lead-lead collision in the CMS detector showing particles 

(yellow and red tracks) radiating from the collision point. The particles 

deposit their energy in the calorimeters (salmon, mauve, red and blue towers, 

with a height proportional to energy). Two back-to-back jets are seen

with a large energy asymmetry, as expected from the jet-quenching mechanism.

Pt=70 GeV

Pt=205 GeV
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23

HI COLLISION - NUCLEAR MODIFICATION FACTOR RAA

RAA(pT ) 
d2N AA / dpTdh

Nbinary d
2N pp / dpTdh

A+A

n

x

m    

varies with 
impact 
parameter b

p+p



OSLO HEAVY-ION
THEORY GROUP

1. Gluon shadowing

2. Elliptic flow

3. HYDJET++

4. Freeze-out

5. HBT correlations

6. Equation of State

7. Predictions for pp

8. Flow in pp   9. Di-hadron azimuthal correl. …



QUARK GLUON STRING MODEL
A.B. KAIDALOV, K.A. TER-MARTIROSYAN,
A. CAPELLA, TRAN THAN VAN …























QGSM  PREDICTIONS  FOR  PP  AT  LHC

Gribov’s Reggeon Calculus + string phenomenology

A.B. Kaidalov, K.A.Ter-Martirosyan, PLB 117 (1982) 

N.S.Amelin, L.B., Sov.J.Nucl.Phys. 51 (1990) 133

N.S.Amelin, E.F.Staubo, L.P.Csernai, PRD 46 (1992) 4873  

At ultra-relativistic energies: multi-Pomeron scattering, single and double 

diffraction, and jets (hard Pomeron exchange) 



QGSM PREDICTIONS and RESULTS FOR LHC 

Inelastic collisions NSD collisions
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QGSM PREDICTIONS and RESULTS FOR LHC 

Transverse momentum distributions
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QGSM PREDICTIONS and RESULTS FOR LHC 

Transverse momentum distributions
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VIOLATION OF Extended Longitudinal Scaling

IN HEAVY-ION COLLISIONS AT LHC? 

Statistical thermal model: ELS will be violated in A+A @ LHC.  What about p+p ?

J. Cleymans, J.Struempfer, L.Turko, PRC 78 (2008) 017901 

s



MOTIVATION: EXPERIMENTAL RESULTS

W. Busza, JPG 35 (2008) 044040                                                       

Example of extended longitudinal scaling in different reactions

e+e－



PREDICTIONS FOR  PP @ LHC

QGSM: extended longitudinal scaling in p+p collisions holds



QGSM PREDICTIONS and RESULTS FOR LHC 

Multiplicity distributions
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High-multiplicity tail 

is pushed up, whereas 

maximum of the 

distribution is shifted 

towards small values 

of z

At energies below 100 

GeV different 

contributions overlap 

strongly, whereas at 

higher energies –

more multi-string 

processes

2
4

6

8

=> Enhancement of high multiplicities

VIOLATION OF KNO SCALING AT LHC



QGSM PREDICTIONS and RESULTS FOR LHC 

Violation of KNO scaling at LHC
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QGSM: (14 TeV)



QGSM:





Important feature for 

(h)A+A collisions at

ultrarelativistic energies

- shadowing



THE GLAUBER MODEL

 heavy-ion collisions

 in each rescattering there is a 
certain probability for particle 
production



COHERENT INTERACTION

 the projectile becomes large compared to the 

target

 interacts simultaneously with the whole system

 effectively less interaction - shadowing

 dramatic change of space-time picture



FREEZE-OUT AT RHIC: QGSM 
M.S. Nilsson  (to be submitted)



FREEZE-OUT AT RHIC: QGSM



HANBURY-BROWN—TWISS CORRELATIONS
M.S. Nilsson , L. Malinina, L.B. et al. (to be submitted)

Detector



NON-IDENTICAL HBT CORRELATIONS
M.S. Nilsson , L. Malinina, L.B. et al. (to be submitted)



IDENTICAL HBT CORRELATIONS
M.S. Nilsson , L. Malinina, L.B. et al. (to be submitted)



Femtoscopy in pp at 200 GeV (STAR data)

Mt dependence (“x-p” correlations) in 
very small systems (pp, e+e-) is
usually attributed to:

-string fragmentation
-resonance contribution
-Heisenberg uncertainty
-jets

All Kt(mt) dependences of correlation 
radii observed by STAR scale with pp (!?) 
alghoght the expected origins
driving these dependences are different.

ALICE didn't observed strong Kt
dependence (!?)



Kt-dependence of correlation radii

pp at 200 GeV with QGSM

There is strong Kt dependence in QGSM.

What is it's origin ?  Resonances ? String fragmentation ?



Source functions of  ALL pions  in different kT regions
in QGSM pp 200 GeV



Source functions of direct pions and pions from different 
resonances in QGSM pp 200 GeV

Kt ~(0.15-0.25) GeV/c

Direct pions  source size  < 0.5 fm

ρ0 →π-π+ ,  ρ+ →π0π+

K*+→Kπ+

ω→π-π+π0   maximal source 

size

Interplay between contributions of  

different resonances and direct 

pions determine source size.



Kt (GeV/c)  (0.15-0.25)    (0.25-0.35)   (0.35-0.45)  (0.45-0.6)

direct pion                                        26.0 %          26    %           26 %           28    %

ρ0 →π-π+ ,  ρ+ →π0π+ 41.3 %          45.5 %           48.7 %        50.6 %

K*+→Kπ+ 12.8 %          12,0  %          10.9 %           9.6 %

ω→π-π+π0                                                           12.3 %          10.5  %           8.9 %           7.5 %         

η→π-π+π0   , η'→ηπ-π+ ,  Δ++ →pπ+ 7.6  % 6.0  %            5.5 %           4.3 %

Relative contribution of pions from ρ increases with kt, when the relative 

contribution of   ω, K* falls. It leads to decrease of correlation radii with kt. 

But  the source size is too large (blue squares on slide 2) !

Relative contributions of direct pions and pions from 

different resonances QGSM (1:3)



Kt (GeV/c)  (0.15-0.25)    (0.25-0.35)   (0.35-0.45)  (0.45-0.6)

direct pion                                          39 .2 %         40.7 %          43.1 %          46.7 %

ρ0 →π-π+ ,  ρ+ →π0π+ 33.7 %          36.0  %         37.3 %          37.1 %

K*+→Kπ+ 9.7%            8,9 %             7.9 %            6.8 %

ω→π-π+π0                                                              10.3  %          8.7%              7.2 %             5.9 %         

η→π-π+π0   , η'→ηπ-π+ ,  Δ++ →pπ+ 7.1  % 5.7%             5.5 %            3.5 %

Relative contribution of direct and pions from ρ increases with kt, when the 

relative contribution of   ω, K* falls. It leads to decrease of correlation radii 

with kt. Decrease of ratio “pions from ρ to direct pions” leads to requested 

decrease of the correlation radii (green circles on slide 2).

Relative contributions of direct pions and pions from 

different resonances QGSM (1:1)



Kt-dependence of correlation radii

pp at 200 GeV/c with QGSM

There is strong Kt dependence in QGSM.

One of it's origins  are the  resonances. String fragmenation ?



Example of source function of  pions from  
different processes QGSM pp 200 GeV

Relative contribution of pions from different processes determines the 

source size through the number of produced resonances.  In one-pomeron 

exchange-process more resonances are produced, then  in many-pomeron 

exchanges.



Correlation radii pp at 900 GeV/c with QGSM



Kt-dependence of correlation radii

pp at 900 GeV/c with QGSM

Radii are almost the same as at 200 GeV/c



QGSM shows smaller correlation radii then in experiment (red squares).

What if we play with number of direct/rho here ?

If we take only pions from  the inelastic secondary interations and resonance 

decays (black points) the correlation radii  drastically increase and become 

close to STAR experimental data

Kt-dependence of correlation radii

AuAu at 200 GeV/c with QGSM





Summary and outlook

• LHC is a discovery machine for both hard and soft 

physics in HI collisions

• Event generators are an indispensable tool for planing 

the experiments and analysis of data

• => Further development of existing MC generators

• HI theory groups in Oslo utilizes it to study :                                                                    

EOS, elliptic flow, particle freeze-out, HBT 

correlations of unlike particles, particle-jet 

correlations, heavy quark production in a large pT 

range, scaling properties …



Back-up Slides



W. Scheid, H. Muller, and W. Greiner,

PRL 32, 741 (1974)

M.I. Sobel, P.J. Siemens, J.P. Bondorf, an H.A. Bethe, Nucl. Phys. A251, 502 (1975)

G.F. Chapline, M.H. Johnson, E. Teller, and M.S. Weiss, PRD 8, 4302 (1973)

E. Glass Gold et al. Annals of Physics 6, 1 (1959)

H. Stöcker, J.A. Maruhn, and W. Greiner, 

PRL 44, 725 (1980)

Ne

The idea to use collective flow to Probe the properties of 

nuclear  matter is long-standing

They are predicted to provide unprecedented access 

to the properties of Nuclear matter

R. Lacey, QM’05 talk



8. Anisotropic flow in pp



8. Anisotropic flow in AA (and in pp)

Fourie expansion of invariant cross section: 



it depends on – energy, centrality,rapidity, pt, particle id:

8. Anisotropic flow in AA



8. ANISOTROPIC FLOW IN PP

And connected with EOS and final 

state interactions.



8. ANISOTROPIC FLOW IN PP

In Regge theory it appears as initial state effect  and inversely proportional to 

the radius of the object: for pp it could be larger then for AA :

Anisotropic flows from initial state of a fast nucleus.

K.G. Boreskov, A.B. Kaidalov, O.V. Kancheli, Eur.Phys.J.C58:445-453,2008. 

In Gauss approximation

http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Boreskov, K.G."
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Kaidalov, A.B."
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Kancheli, O.V."


8. Anisotropic flow in pp



8. Anisotropic flow in pp
Estimates of hadron azimuthal anisotropy from  multiparton interactions in proton-

proton collisions at sqrt(s) = 14 TeV. D. d'Enterria , G.Kh. Eyyubova, et al  Eur.Ph

ys.J.C66:173,2010. 

http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"d'Enterria, D."
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"d'Enterria, D."
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Eyyubova, G.Kh."
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Eyyubova, G.Kh."
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Eyyubova, G.Kh."


8. Anisotropic flow in pp



R. KOLEVATOV:









MC realization:Correlations in double parton distributions at 

small x. Ch. Flensburg, G. Gustafson, L. Lonnblad, A. Ster JHEP 1106 (2011) 066 .1103.4320 [hep-ph] 



VIOLATION OF FEYNMAN SCALING

W. Busza, JPG 35 (2008) 044040 UA5 Collab., Phys. Rep. 154 (1987) 247

Charged particle pseudorapidity 
density at h = 0 as a function of √s 

Violation of Feynman scaling,

but ext. long. scaling holds?!



WHY SCALING HOLDS IN THE MODEL? 

In string models both FS and ELS holds in the fragmentation regions

2 2

1 2

2

Correlation function

Particles are uncorrelated if

Particle inclusive cross section

In the fragmentation region of
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VIOLATION OF KNO SCALING

A.B.Kaidalov, K.A.Ter-Martirosyan, PLB 117 (1982) 247

UA5 Collaboration, Phys. Rep. 154 (1987) 247

N.S.Amelin, L.V.Bravina, Sov.J.Nucl.Phys. 51 (1990) 133 

√s

Charged-particle 

multiplicity distributions 

in the KNO variables in 

nondiffractive 

antiproton-proton 

collisions at                            

√s = 546 GeV  and

53 GeV                  


