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High energy hadron gluon collision

ÅHeavy flavour production at LHC is dominated by gg-fusion process

ÅQuarkonia : reasonably (rapidly improving) agreement with NR QCD

ÅJ/y, yô, hc , cc1,2 , cb1,2(nP), é.

ÅOpen flavour: FONLL does good job 

ÅHeavy flavour production cross -section in forward region is large                                                               

Å vs 
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DPS: simple paradigm

scatters
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Two independent hard scattering processes

Relations through (unknown)  double PDF

Assume factorization  of double PDFs

(Canõt be true for all x,Q2)

Easy to make predictions!

And the predictions are easy to test

Universal (energy and process independent) factor)

CDF, F.Abeet al., PDR 56 3811 (1997)

Pocket formula

m=1,2



DPS

ÅSimple pattern, a lot of powerful consequences and interesting predictions

ÅPocket formula is also valid for differential cross - sections

ÅThe effective cross -section is a property of proton  (integral over 
transverse degrees of freedom) 
ÅSmaller than òproton size ó:      pR2 å 50mb

ÅIt is universal: energy and process independent
Åeasy to  compare Tevatron, GPDand LHCb

seff~ ı sin production of cross -section for A+B is enhanced with factor of 
four with respect to naµve model

ÅLHCb:  10% of  all òhardó events  (irrespectively from the process) 
have additional charm pair
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~40% of heavy quarks in  <4% of 4p
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pp-interaction point

RICH Detectors:

95% e(KÑ) @5% pŸKmisID

Tracking:

Dp/p =0.5-0.6% for 5<p<100 GeV/c

The most precise B-masses

ECAL: sm(p0)=7MeV/c2

Muon: 

e(mÑ)=97%@1-3% pŸmmisID

Vertex Locator

O(50fs)  resolution for B

The most precise t(B)



Run I

1fb-1@7TeV

2fb-1@8TeV

3.3pb-1 @2.76TeV

1.6 nb-1 pA & Ap

Thanks to LHC accelerator team for the excellent performance of machine  
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Run-II:  >300pb-1@  ãs=13TeV



J/y+cἫand 2ĬcἫ
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JHEP 1206(2012) 141, 1403(2014) 108

Berezhnoy et al, 

Baranov 

Lansberg, 

Macula and Szczurek

ãs=7TeV, 355pb-1

D0D0 1087Ñ37
D0D+ 1177Ñ39

D0Ds 111Ñ12 D0Lc 41Ñ8

J/yD0   4875Ñ86 J/yD+  3323Ñ71

J/yDs 328Ñ22 J/yLc 116Ñ14

seff

http://dx.doi.org/10.1007/JHEP06(2012)141
http://dx.doi.org/10.1007/JHEP03(2014)108


◓ + cἫ ? 

ÅNRQCD SPS (Berezhnoy, Likhoded)

ÅGluon splitting:                        (0.4-2.0)%

ÅDPS: O(10%)

ÅPredictions are very different

ÅExpected to be dominated by DPS

ÅDifferent kinematic range from J/y+cÃ
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◓ + cἫ

ÅWhole Run-I dataset: 1+2fb-1

D0 O(200M/fb-1)

D+ O(100M/fb-1)

Ds O(10M/fb-1)

Lc O(20M/fb-1)

◓(1,2,3S):  O(3,0.7,0.3M/fb-1)
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◓ + cἫ
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Five modes with >5s!

arXiv:1509.05949



Pileup?

ÅDiscriminating variable:
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signal pileup
arXiv:1509.05949



Cross- sections

ÅPer-event efficiencies 
Åmainly using data -driven techniques

ÅMajor systematic contributions: 
Åhadron interactions in the detector (3 -4%) and trigger (2%)

ÅAgrees with DPSusing seff(CDF)

ÅSignificantly exceeds SPS
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Model-independent

arXiv:1509.05949



Cross- section ratios ðI 
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Reduced uncertainties

DPS

DPS

SPS

arXiv:1510.05949

arXiv:1509.05949



Cross- section ratios ðII
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Reduced uncertainties

DPS

arXiv:1510.05949



pT spectra
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ǒ◓+cÃ(data)

ǏDPS

arXiv:1510.05949

DPS:  LHCb data for open charm ( Nucl.Phys. B871 (2013) 1 ) and ◓-production arXiv:1509.02372

http://dx.doi.org/10.1016/j.nuclphysb.2013.02.010


Rapidity
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ǒ◓+cÃ(data)

ǏDPS

DPS:  LHCb data for open charm ( Nucl.Phys. B871 (2013) 1 ) and ◓-production arXiv:1509.02372

arXiv:1510.05949

http://dx.doi.org/10.1016/j.nuclphysb.2013.02.010


Dfand Dy
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ǒ◓+cÃ(data)

ǏDPS

arXiv:1510.05949

DPS:  LHCb data for open charm ( Nucl.Phys. B871 (2013) 1 ) and ◓-production arXiv:1509.02372

http://dx.doi.org/10.1016/j.nuclphysb.2013.02.010


pT and rapidity
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ǒ◓+cÃ(data)

ǏDPS

arXiv:1510.05949

DPS:  LHCb data for open charm ( Nucl.Phys. B871 (2013) 1 ) and ◓-production arXiv:1509.02372

http://dx.doi.org/10.1016/j.nuclphysb.2013.02.010


pT asymmetry and mass
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ǒ◓+cÃ(data)

ǏDPS

arXiv:1510.05949



DPS?  DPS! 

ÅMeasured cross -section significantly exceeds SPSexpectations, agrees with 
DPS with seff(CDF)

ÅAll cross -section ratios agree with DPS

ÅDifferential distributions agree with DPS

ÅMeasure seff
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arXiv:1510.05949

7TeV 8TeV



seff

ÅExcellent agreement with 
J/y+cÃ

ÅAgrees well with g+3jets

ÅAgrees well with W+2jets

A kind of tension with  

2ĬJ/y 8.2Ñ2.0Ñ2.9mb

(CMS+Lansberg,Shao)

2ĬJ/y 4.8Ñ0.5Ñ2.5mb       D0 

J/y+◓ 2.2Ñ0.7Ñ0.9mb       D0
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