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Physics:

1. Direct photon production and QCD problems,

2. Multiple parton interactions in p-pbar (and other) collisions. 

3.   Multiple parton interactions & background.  

N.B. Skachkov (JINR, Dubna,  on  behalf  of  the  D0 Collaboration) 











• B spectroscopy measurements provide sensitive tests of 
potential models, heavy quark effective theory (HQET), 
and lattice gauge theory

W. Taylor, APS/AAPT 2010 6
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• Use J/µ+µ- sample

• Need to reconstruct three 
decay vertices

• DØ uses BDT selection, 
unbinned likelihood mass fit 
and b

-J/ - decays for 
many cross-checks

• CDF uses a cut-based 
selection with B0J/K*0 and 
B0J/Ks

0 decays for cross-
checks

b
- (ssb) Baryon Observation
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Основные результаты группы ОИЯИ по 

b-физике: обнаружение Ξb и Ωb  барионов

Г.Алексеев, Л.Вертоградов, Ю.Вертоградова,  Ю.Мереков, 

Г.Панов, А.Рождественский

V.M.Abazov et al., Direct Observation of 
the Strange b Baryon Ξb

–

Phys. Rev. Lett. 99 (2007); citation: 132

V.M.Abazov et al., Observation of 
the Doubly Strange b Baryon Ωb

–

Phys. Rev. Lett. 101 (2008); citation: 90

p+



b
- (ssb) Baryon Observation

M(b
-)=6054.46.8(stat)0.9(syst) MeV/c2

PRD 80, 072003 (2009)

M(b
-)=616510(stat)13(syst) MeV/c2

PRL 101, 232002 (2008)

M=|MD0-MCDF|~6



b
- (ssb) Baryon Observation

• CDF and DØ measurements of the b
- mass agree

– DØ: M(b
- )=577411(stat)15(syst) MeV/c2 (PRL 99, 052001 

(2007))

– CDF: M(b
- )=5790.92.6(stat)0.9(syst) MeV/c2

• DØ is performing new analysis with 5 x data

– Half the new sample includes the new Layer 0 silicon detector 

• CDF could at best double its dataset, but could also include 
additional channels



Kinematical regions in    x - Q**2 plane

CTEQ6.1 gluon uncertainty

Kinematical regions in
x - Q**2 plane

high pT 

hard

partonic scattering 



Direct Photon Production

direct photons emerge unaltered from the hard subprocess

 direct probe of the hard scattering dynamics

 sensitivity to PDFs  (gluon!)  …but only if theory works 

(all quark/anti-quark
subprocesses)
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Phys. Lett. B,  639, 151 (2006), D0 

Inclusive Isolated Photons 



In D0 2006 publication on the  prompt photons production the deviations from  the 
corresponding pQCD  predictions, previously founded  in  RunI  data,  are observed in a more  
wide  kinematical  region and  with higher statistics. This result was confirmed by CDF
measurement in 2009 (DIS09, Madrid).

D0 (2006) ratio:   data/QCD_NLO CDF (2009) ratio :   data/QCD_NLO

Phys. Lett. B,  639, 151 (2006), D0 Phys. Rev. D 80, 11106 (2009), CDF  



Measurement of the differential cross section for

the production of isolated photon with associated

jet in p-pbar collisions at sqrt(s) = 1.96 TeV

Phys. Lett. B 666,  435  (2008)

Luminosity: 1 fb-1 



pT
g (GeV)
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Isolated Photon + Jet and       
Tripple cross section

L = 1 fb-1

Provides new kinematical variables:

y_jet, y_gamma,  P_T-jet, ets….  У=η

Measure more differential:

• tag photon and jet 
 reconstruct full event kinematics

• Measure in 4 regions of yg / yjet

- photon: central
- jet: central / forward
- same side / opposite side

• different PDF sensitivity in different
yg / yjet regions

Shows  a disagreement  in  data/theory 
DØ,   arXiv: 0804.1107  [hep-ex]

pseudorapidity η = Y rapidity; 

pT
g (GeV)

Phys. Lett. B666 (2008) 435--445  The FIRST measurement 



Difference between data and QCD predictions for cross sections (left) 
and their ratios (right)  in 4 different rapidity (y) regions 

We found the sizeable  deviations 

from theory predictions
Phys. Lett. B666 (2008) 435--445  



Measurement of the differential cross section of photon

plus jet production in pp collisions at √s = 1.96 TeV

Phys. Rev. D 88,  435  (2013)

Luminosity: 8.7 fb-1 

The FIRST measurement 









Double parton interactions in photon+3 jet

events in p-pbar collisions s√=1.96 TeV

Phys.Rev. D81 (2010) 052012

FERMILAB-PUB-09-644-E 

Luminosity: 1 fb-1 

http://inspirehep.net/record/841289
http://inspirehep.net/record/841289
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.Double Parton Scattering



In the first 3 experiments [AFS, UA2, CDF(1993)]  the events with

4 jets in the final state were considered.  In the  CDF(1997)  “γ” = γ/π⁰ ,

and  5 ≤ pT^jet ≤ 7 GeV (misprint  in the Table) DP-Fraction= 51%







Luminosity: 1 fb-1 

Three bins in Pt of the second jet



Double parton cross sections, D0

Phys. Rev. D 81, 052012 (2010)



Differential Cross sections of photon+2(3) jets 
events

Phys.Rev. D, 83  052008 (2011);

Azimuthal decorrelations and multiple parton interactions

in photon+2 jet and photon+3 jet events in

p-pbar collisions at S=sqrt (1.96) TeV

Luminosity: 8.7 fb-1 















Double parton interactions as a  background to 

associated HW production at the Tevatron

JHEP 1104 (2011) 054

FERMILAB-PUB-10-428-E 

http://inspirehep.net/record/876511
http://inspirehep.net/record/876511


Double Parton Scattering

Signal DP 
background



Ratio of the  HW event yields to the DP ones with  account of the ANN 

selection efficiencies taken for the  HW events to

be 90% on the left and 80% on the right plot.





PHYSICS of: 

1. Direct photon production and QCD problems,

2. Multiple parton interactions in p-pbar (and other) collisions. 

3.   Multiple parton interactions & backgrounds.  

direct photons emerge unaltered from the hard subprocess

 direct probe of the hard scattering dynamics

 sensitivity to PDFs  (gluon!)  …but only if theory works 








