Studies of double parton scattering in ATLAS

Ewelina M. kobodzinska
DESY
for the ATLAS Collaboration

Chiapas, MPIQLHC 2016




ATLAS measurements

* Measurement of hard double-parton interactions in W->lv+ 2 jet events at sqrt(s)=7 TeV with the ATLAS detector
(New J. Phys. 15 (2013) 033038) arXiv:1301.6872

* Measurement of the production cross section of prompt J/psi mesons in association with a W boson in pp collisions at
sqrt{s}=7 TeV with the ATLAS detector (J. High Energy Phys. 04 (2014) 172) arXiv:1401.2831

* Observation and measurements of the production of prompt and non-prompt J/1p mesons in association with a Z
boson in pp collisions at vs=8 TeV with the ATLAS detector (Eur. Phys. J. C75 (2015) 229) arXiv:1412.6428

« Measurement of the prompt J/ pair production cross-section in pp collisions at vs = 8 TeV with the ATLAS detector
(ATLAS-CONF-2016-047)

e Study of hard double-parton scattering in four-jet events in pp collisions at Vs=7 TeV with the ATLAS experiment
(submitted to JHEP) arXiv:1608.01857




Theoretical introduction

Ignoring the possible correlations between process A and B (model assumption):
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Kroneker ® =1, if A and B the same fraction of DPS events

g.ft - effective cross section :
4 phenomenological parameter related to the degree of
overlap between the interacting hadrons,
4 determines the overall size of DPS cross section,

4 assumed to be process and cut independent
4 measured to be 20-30% of Ginel




DPS in W(—>1v) + 2 jets

SPI DPI
/=36 pb!, year 2010 q y ; v
Vs =7TeV W v
\W/VV\/\< q ;
Event selection: | / ®

for W:

pT1 > 20 GeV g
|T]| <24 Wq

Ermiss > 25 GeV

Dijets back-to-back in the

mr > 4.0 GeV azimuthal space
for jets:
anti-kt algorithm with R=0.4 Observables used in the analysis:
pr > 20 GeV Y Ay Pt + pr

> > J
Py |+ |PT2|

fops extracted from fit to A" using (1-fpps) - A + fpps - B
Template A: SPS MC sample Alpgen+Herwig+Jimmy (A+H+J)
Template B: Dijet samples exteracted from data




DPS in W(—>1v) + 2 jets

n IpT +pT|

: Ji . 2
jets = 157 Aiets = +
B2+ 2 jets = |py' + PT’|
012 BRI L I O e e N L L L
- ATLAS . le data physws BG \F =7 TeV - ATLAS e Wl data - physics BG,\s=7 TeV-
S ok 3 Fit distribution ! = 0.6/ [ Fit distribution -
S TR e A+H+J template A 8 e A+H+J template A .
g - — template B o 0.05F 4 —— template B .
o 008 ® s ]
S - 0 0.04F -
> 0.06 f Ldt=36 pb" c - .
i - 2 o.03f =
0.04{— = : f La=36 pt” e
. 0.02F =
0.02- 0.01 =
0O 01 02 03 04 05 06 07 08 09 1 00 20 40 60 80 100 120 140
Aicys Ajers [GEV]
Systematic source fpps Uncertainty (%)
Theory 10
Pile-up 13
Jet energy scale 12
Jet energy resolution 8 Results:
Background modelling and lepton response 11 fors = 0.08 £ 0.01 (stat) £ 0.02 (syst.)
Total systematic 24

Oeff = 15 =+ (stat.) +? (syst.) mb
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DPS in prompt J/p(—pp) + W(—=uv)

/=45 1b!, year 2011
Vs =7 TeV

Event selection:
for W (single muon trigger):
1 w (matching trigger W),
ptt > 20 GeV
nl <24
Ermiss > 20 GeV
mt > 40 GeV
for J/:
2 oppositely charged p
Inl <2.5
pr (L)>4 GeV
pr(u2) > 3.5 GeV for Im(uw)l < 1.3
pr(ue) > 2.5 GeV for Im(u)l > 1.3
2.5 <mp+p- < 3.5 GeV
8.5 < pr’V <30 GeV
lyl/vl < 2.1
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Number of W + prompt J/1p events = 29.2fg:§




DPS in prompt J/p(—pp) + W(—=uv)

Pympiw = O3/ Ot

/ from W+2jets measurement

Probability of J/

(DPS) PrOduf:tiOH’ from ATLAS measurement,
when W is and adopted to the fiducial region
produced in hard
scatter

DPS contribution = 38+22%

NDPPS (J/1pIW) = 10.8 + 4.2 events
uniform distribution in azimuthal angle
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ATLASNs=7TeV, f [ dt =4.5fb"

-o- W + prompt JAp data

Estimated DPS contribution
DPS uncertainty
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DPS in prompt J/p(—pp) + W(—uv)

Ratio of prompt J/( + W to inclusive W

> | pp— prompt JAy + W : pp— W |
Q 6 ATLAS, s =7 TeV, f Ldt=4.5fb"
— 10°F

— s —4— Data

Spin-alignment uncertainty
Estimated DPS contribution

DPS uncertainty SPS contribution dominant at low J/1
fransverse momentum
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DPS in prompt and non-prompt J/Ap(—=pup) + Z(—=11)

f= 203 fb_l, year2()12 RERRNRRLAN RN LD LAY AR RERRN RRLLN RN D"
Vs =8 TeV 5 110F s Zow o
o Z—ee
Event selection: oo 2 i .O_o_
single lepton trigger with pr > 4 TeV : . .

for Z :
2 oppositely charged leptons ' = g LT T
(one matching trigger lepton), _ ]
pr(*l) > 15 GeV

Inl < 2.5
81 >my > 101 GeV : e
for J/: 26 2.8 3 32 34 36
2 oppositely charged p J/p invariant mass [GeV]

Il <2.5
pr (L)> 4 GeV

pr(pe) > 3.5 GeV for In(w)l < 1.3
pr(ue) > 2.5 GeV for Im(u)l > 1.3

o)
L

16.15 million Z boson candidates

5610 Z + prompt J/
2.5 < My < 3.5 GeV 95+12 Z+ non-prompt J/1

8.5 < pr'¥ <30 GeV
Iyl < 2.1




DPS in prompt and non-prompt J/Ap(—=pup) + Z(—=11)

Pyniz = Oyl Ot

Probability of J/1p
production, when

Z. 1s produced in
hard scatter

from W+2jets measurement

o«

from ATLAS measurement,
and adopted to the fiducial region

Ratio of prompt J/1p + Z to inclusive Z
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DPS in prompt and non-prompt J/p(—=pup) + Z(—11)
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DPS uniform distribution ~ SPS peaked at 7t

Small A¢ region - sensitive to DPS, so used to calculate max. allowed DPS contribution

Oetf > 5.3 mb (3.7 mb) at 68% (95%) confidence level




DPS in prompt J/\(—up) pair

SPS LO
=114 1b!
year 2012
Vs =8 TeV

Event selection:
di-muon trigger (2 u with pr> 4 GeV
and 2.5 < M(up) < 4.3 GeV)

pr> 2.5 GeV

Ml < 2.3
2.8 <M(pp) < 3.4 GeV

lylvl < 2.1

pTJ/w > 8.5 GeV

distance between J/\ decay vtx. Id,l < 1.2 mm

1210 events found
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DPS in prompt J/\(—up) pair

2
Teoff = l i l TINTIN
eff = 5 o_l.g{)dé,.l/lﬂ 2 fops X O gy ajy

DPS - data driven template - combined J/
candidates from two different events,
normalised to data for Ay > 1.8 and A} < 7/2

ATLAS Preliminary Vs=8TeV, 11.4 b

WDPS (A¢’ A}’) =

wsps(Ag, Ay) =

SPS - data template - DPS contribution
subtracted from data

ATLAS Preliminary Vs=8TeV,11.4fb"

Npps(A¢, Ay)

NData (A¢s Ay )

Nsps(Ag, Ay) weights for SPS- and DPS-weighted
Npaa (Ag, Ay) distributions
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DPS in prompt J/\(—up) pair

DPS prediction
based on Kom,

do/dAy [pb/0.3]

DPS and total differential cross section
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T T ATLAS Preliminary
{(s=8TeV, 11.4 o™

|
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10

Stirling arXiv:
1105.4186

NLO SPS
prediction
based on

Lansberg,
Shao arXiv:

1410.8822
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Shape of DPS data
driven estimate and
DPS theory
prediction agree well.

SPS prediction has
problems at large Ay,
large inv. mass and
low pr.

May be related to
missing feed down
from higher mass in

the NLO SPS
prediction.
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DPS in prompt J/\(—up) pair

Distributions in the large Ay region
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fops = 20% , but it does not dominate as predicted by the theory  A¢ < /2 DPS very significant

SPS peak from away topology
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DPS in prompt J/\(—up) pair

8 ||||||||||||||||| |AI1I-LIIAb| I_l);ellllrrl]ilrlla.;’yl T 1T E
2 i (s=8TeV, 11.4 b 1
2 o fops = 6.6% = 0.8% i
z’ = L] Data =
e m— o Data-driven DPS Est. 7
_8 - —+ T DPS Pred. ]
I - 77 NLO SPS+DPS Pred. fors = 6.6 £ 0.8 (stat) £ 0.2 (syst) %
e E in W fiducial phase space
107"k | E
10°°

0 05 1 15 2 25 3 35 4
Ay(Jp,Jp)

Octt = 8.7 £ 1.1 (stat.) £ 1.4 (syst.) £ 0.1 (BF) £ 0.3 (lum1) mb

Oetf lower than for other measurements. Di-J/1 production is gluon dominated.
Indication of smaller average transverse distances between gluons than
between quarks in the proton - as suggested by pion cloud model.
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DPS 1n 4 jets events

=373 pbl, year 2010
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Events selection:

one reconstructed primary vtx.
jets with anti-kt algorithm R=0.6
pr(leading jet) > 42.5 GeV (required by the trigger )
pr(2,3.4 jet) > 20 GeV
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DPS 1n 4 jets events

g —
p ] sps cbps sDPS
\ /""-- ',/ N - \.---"
- p \ | p |- -
, A et Ny o LT e
I r T jet2 Sk h “k 1 /y T jet2
. / T - jet3 \ ) /T jetZ N § Ve e & J'e-t3
J o . VN . AN |
o - Jet4 " S 4 l' Jet3 / 4 | Jet4
| - s -
> \,_‘l_ P p Je't4 - Je't5
. ’L'---_ p ' p :" '.l---"’
a / . /

Alpgen+Herwig+Jimmi (AHJ) MC used to assign jets to primary (Alpgen) or secondary (Jimmy) partons
pr(parton) > 15 GeV and AR(parton-jet) < 1 in y-¢ plane,
jets first matched to primary scatter partons

Templates :
SPS - all 4 jets from the hardest scatter, template based on AHJ MC
complete DPS (cDPS) - 2 jets from secondary scatter, template by overlying two dijet data events,
require non-overlapping jets
semi DPS (sDPS) - 1 jet from the secondary scatter, template by overlying two data events (one event
contribution 3 and the other 1 jet), no overlapping jets
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DPS 1n 4 jets events

Differentiating variables:

rad
——

_ Y AN SRS SPS (AHJ) -
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DPS 1n 4 jets events

Output of NN: 3 probabilities
Esps + Ecpps + Espps =1

gsDPS
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NN distribution for data
visually consistent with

superposition of three components

2D Dalitz plots - NN output for test samples
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DPS 1n 4 jets events

ternary distribution in the data

2 = (1-fepps - fspps) «Hsps + fcpps Mcpps + fspps Aspps

ternary distributions in test samples normlised to measured 4-jet cross section

x> minimisation with Minuit to find fcpps and fspps

visualisation of the fit results by dividing tenary plot into 5 slices in Espps
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DPS 1n 4 jets events

Test whether sum of all contributions () describes the data
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Good agreement between data and X achieved

Using dijet and 4-jet cross-sections, taking into account overlap in the cross-sections for dijet events:

Ot = 14.9 712 (stat.) 725 (syst.) mb




DPS results overview
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DPS results overview

Effective cross-section of DPS as a function of centre-of-mass energy
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Defining Oecfr assumptions are made which lead to process and energy independence.
No theoretical need for this.
More measurements at different energies would be helpful to test this assumption.




DPS summary

Presented five measurements related to DPS done by ATLAS .
Three provide measurement of Oetr (W+2jets, prompt J/4p pair, 4-jets)
Z+J/ measurement provides lower limit estimate of Oett
W+I/1p shows sensitivity to DPS

Estimated fractions of DPS events in different final states:

final state fDPs
W+2jets 8%
4 jets 8%
J/p pair 6.6%
W1/ 38%
Z+] 29%
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