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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

(Can’t 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.Abe et al., PDR 56 3811 (1997)

Pocket formula

m=1,2



DPS importance

• Can easily mimic crucial signals 

• DPS importance  grows with energy/gluon density (smaller x) 

• Interparton correlations 

• First observed long time ago:   

• 4-jets AFS@ISR

• 3-jets+g CDF, D0, …  

• @ LHC

• ATLAS, CMS:  4-jets,  W+jets, 2×J/y, W+J/y, Z+J/y, … 

• LHCb:  2×J/y,  Z+D, double charm, ….
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M.Krasny
WINHAC generator + cuts

seff is important QCD parameter:

Energy  independent (?)

Process independent (?)
TEST IT!



Energy/process independent?
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LHCb: J/y+D



How to access DPS: 3 approaches

• ATLAS & CMS: separation via correlations

• DPS: no correlations vs  SPS: strong correlations

•Study correlations, e.g. fit Df
• Separate small (DPS) component

•Tune DPS fraction in corresponding generator 
• Model dependence of SPS shapes 

• E.g. initial gluon pT
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CMS: 4-jets
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CMS, PRD 89 (2014) 092010

http://arxiv.org/ct?url=http://dx.doi.org/10%2E1103/PhysRevD%2E89%2E092010&v=82cdf0bd


CMS:  seff from 4-jets

• Extracted seff is tune-dependent: 19-30mb 

•Depends on interplay between soft and hard MPI

• DPS contribution is rather small  O(%)
• DPS  templates from data

Other processes?
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CDPSTP8S1 21.3−1.6
+1.2

CDPSTP8S1 19.0−3.0
+4.7

CUETP8S1-CTEQ6L1 27.8−1.3
+1.2

CUETP8S1-HERAPDF 29.1−2.0
+2.3

Pythia-8 tunes

Choice of PDF



W+2jets 

• 3 selections:   W+0j, W+2j – selected in similar way
• anti-kT, pT(j)>20 GeV

• pT(l)>20 GeV – trigger 

• ETmiss>25 GeV

• MT>40 GeV

• dijets- use minimum bias trigger (fully efficient)
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ATLAS, NJP 15(2013) 033038

http://arxiv.org/ct?url=http://dx.doi.org/10%2E1088/1367-2630/15/3/033038&v=2a455b86


Fraction of DPS
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2j template-B from data!2j template-B from data!

back-to-back collinear

ATLAS, NJP 15(2013) 033038

http://arxiv.org/ct?url=http://dx.doi.org/10%2E1088/1367-2630/15/3/033038&v=2a455b86


seff from W+2j

fDP = 0.08 ±0.01(stat) ±0.02(syst)

seff = 15 ±3(stat)+5/-3(syst) mb

DPS purity is still small..  
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fDP seff

ATLAS, NJP 15(2013) 033038

seff = 20.7±0.8(stat)± 6.6(syst) mb

CMS, JHEP03(2014) 032

http://arxiv.org/ct?url=http://dx.doi.org/10%2E1088/1367-2630/15/3/033038&v=2a455b86
http://arxiv.org/ct?url=http://dx.doi.org/10%2E1007/JHEP03%282014%29032&v=446c9d4d


Other processes? 2×J/y
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SPS CS  4nb (~30%)

DPS       2.3nb

Not too conclusive (116 events)

CMS:    446±32  events

Study differential distributions

Positive signal in region where SPS

is suppressed: 

very strong argument for DPS

LHCb, PLB707(2012)52

CMS, JHEP1409(2014)094

http://dx.doi.org/10.1016/j.physletb.2011.12.015
http://dx.doi.org/10.1007/JHEP09(2014)094


Other processes?  J/y+c  𝐜

•Something + c  𝐜 at LHCb

s(X+c  𝐜)DPS = s(X)×s(c  𝐜)/seff ≈ 10% s(X)

• 10% of “hard” events has additional charm! 
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J/yD0 J/yD+

J/yDs
J/yLc

uncorrelated

LHCb,  JHEP1206(2012)141, JHEP 1403(2014)108

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


Other processes? 2×(c  𝐜)
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D0D0 D0D+

D0Ds
D0Lc

D+D+
D+Ds

D+Lc

SPS fraction 1-5%
Extremely clean DPS!

Berezhnoy et al, 

Baranov 

Lansberg, 

Macula and Szczurek

LHCb,  JHEP1206(2012)141, JHEP 1403(2014)108

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


seff from J/y+c  𝐜 and 2×(c  𝐜)
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seff

seff

• DPS with charm is not rare

• DPS dominates over SPS

• Extra clean environment and large signals

• “DPS factory” 

•e.g. look for factorisation violation 

seff

seff

LHCb,  JHEP1206(2012)141, JHEP 1403(2014)108

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


DPS: is everything fine? 

Compare pT-spectra and fit with exp
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?

LHCb,  JHEP1206(2012)141, JHEP 1403(2014)108

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


Try harder scale: Z+c  𝐜
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7+4 background free  ZD0 and ZD+ events  

More data is needed.

Very interesting region: 30-90% violation of factorization formula is expected

LHCb,  JHEP 1404(2014) 091

http://dx.doi.org/10.1007/JHEP04(2014)091


One more process: W+J/y
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Small statistics ~30 events 

Very interesting region for DPS. DPS is large but not dominant

JHEP04(2014)172 

http://link.springer.com/article/10.1007/JHEP04(2014)172
http://link.springer.com/article/10.1007/JHEP04(2014)172
http://link.springer.com/article/10.1007/JHEP04(2014)172
http://link.springer.com/article/10.1007/JHEP04(2014)172
http://link.springer.com/article/10.1007/JHEP04(2014)172


Summary

• DPS is actively explored at LHC by ATLAS, CMS and LHCb

• Great degree of complementarity: 
• large variety of processes

• different kinematics range

• different DPS purity  

• Qualitative and quantative testing the basic principles of DPS 

paradigm

• … and search for factorization violation

• DPS processes have different energy dependence from SPS

• data at √s=13TeV will be very useful for better DPS understanding 

• for √s=13TeV for some processes, e.g. c c, one probably can 
speculate also about Triple Parton Scattering 
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Energy/process independent?
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LHCb: J/y+D


