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Motivation

* Measure the probability for the interaction of more than one
pair of incident partons in the same proton-proton collision

 Study correlations in parton distributions

* Can be done in a variety of final states: 4 jets, 4 leptons

(double Drell-Yan), 3 jets + vy, leptonically decaying gauge boson +
2 Jets
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Motivation

* Measure the probability for the interaction of more than one
pair of incident partons in the same proton-proton collision

 Study correlations in parton distributions

* Can be done in a variety of final states: 4 jets, 4 leptons
(double Drell-Yan), 3 jets + vy, leptonically decaying gauge boson +
2 Jets

* As the CM energy increases, the average x of the partons
involved in the collision decreases. Their density therefore
increases, which makes it more probable that there will be more
than one hard scattering. DPS more important @ the LHC

* A good description of the QCD contribution to multi-jet events
IS needed for searches for new physics at the LHC.
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ATLAS 4-jet Event Display |

SWATLAS

-
3 EXPERIMENT =
uuuuuuuuu 1 152441, Event Number:

Nice, clean event because of low pileup

TRIUMF
swos rwsen vy ML Vetterli — DIS2018 — April 2018 - #4

1A S -
ne»r-=p»



Event Types ' Single Parton Scattering (SPS)
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Single Parton Scattering (SPS)
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Extra
Jets from
radiation

A jet 1
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jet 3
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Complete Double Parton |- semi Double Parton
~/ Scattering (cDPS) V Scattering (sDPS)

Jets are ordered in p, Radiated jet with large p,
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D F) S FO rma | iS m ' Factorised cross-section for
simultaneous processes A & B

~DPS , \ _ S s  aA B
do iy g)(8) = Z frfj(-\]e«’tz,’bQAe Op)do (_M,Al)d(Tﬂ (X2, X5)

7
X Tgr (x7, \!L Qa, Op) dxjdxodx dx5dr, .

0,45 IS a Symmetry term to avoid double-counting (=1 if A=B)
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DP S Formalism ' Factorised cross-section for
simultaneous processes A & B

|
dcr}?f}i (s) = [+ om5 Z fF;j(«\‘l,«’fz,f‘l:QAQQB)dtT (X1, x )d(T (x2, x5)

7
X Tr (x], X5, r1; Qa, Op) dxjdxodxidxsdory.

0,45 IS a Symmetry term to avoid double-counting (=1 if A=B)

Factor out the longitudinal and transverse parton distributions:

Lij(x1, X0, 7150, 0B) = F(rp)D;ij(xg, x2: 0, OB)-

Integrate over the transverse distribution:

S ] -1 Measure of the
Oeff(§5) = [ f dor, (F(r l))"] transverse parton

correlations
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DPS Formalism

- Further factor out x,, x,, x'; and x’, and integrate

A B
1 | 05,0

- Write: opps = fpps - 04 to get o.g = -
1 +0AB fDPS 04

- And also use: fpps = fepps + fsDPs.

Determine o,.- by measuring the 2-jet and 4-jet cross-section,
and extracting fpps

.
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Analysis Strategy

o Ni;
nJ -
CnjiLon;
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G, detector effects, L' luminosity

=0.93+£0.01

Systematics cancel

Oeff

4] A gB
1 Qoj 559,

1+ 0aB feDPs + fsDPs Sy

M. Vetterli — DIS2018 — April 2018 - #11

ner-=»



Event Selection

- Dataset: full ATLAS 2010 data sample: /s =7 TeV; lumi = 37.3 pb™; <u> = 0.4
- Npy = 1 (5 tracks with p, > 150 MeV); no pileup
- R = 0.6 anti-kt jets reconstructed

- p; thresholds chosen so triggers are fully efficient
Two classes of dijet events are used (A & B)

(dijetA) Npy =1, N =2, py’ =20 GeV 12l < 4.4,
(dijetB) Npy =1, Ne=2, pl>425GeV, p2>20GeV, |nal <4.4.

(fourjet)y Npy =1, Ni=4, p;.>425GeV, p7*>20GeV, |4l < 4.4
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Kinematic Distributionsﬂ
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Event-type Discrimination l
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Discrimination Varlables‘ B = g Auslemals B =l il
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gﬁWS

Neural Net Output

chPS £SPS

1 2
ﬁ ‘SsDPS + % chPS

Use an Artificial Neural Network:
21 inputs; 2 hidden layers; 3 outputs:|Ceps, Cppss Gapps

Plotted as perpendicular distance from an edge of the triangle

N
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SSDPS

Neural Net Output ‘ Monte Carlo
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Neural Net Output
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E gsDPS + ﬁ chPS

- All 3 contributions are
visible, with a clear cDPS

component
- Do a multi-dimensional fit
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NN Fits in Various Projections |
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Systematic Uncertainties

Source of systematic uncertainty A fpps /_\agi AN

Luminosity +3.5%
Model dependence for detector corrections +2 % +2 %
Reweighting of AHJ +6 % +6 %
Jet reconstruction efficiency +0.1%
Single-vertex events selection +0.1%
Jet energy and angular resolution +15% £3% 15 %
JES uncertainty J_rgg % +12% i’% %
Total systematic uncertainty +36 0 /0 £13% +35 = 70

Dominated by the Jet-Energy scale and resolution
Uncertainties on the acceptances and x-sections largely cancel in ratios
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Results

0009 +0.005 (o L\ +0.033 (o ~ 40%
fops = 0.092 Zgo1y (stat.) Toigzr (syst.)| | .~ ooe

oot = 14.9 1175 (stat.) F33

(syst.) mb

O,¢f IS 21%/% of the inelastic cross-section measured
by ATLAS at 7 TeV
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Comparison to Other Experiments
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Conclusions

4-jet production has been used at ATLAS to study Double
Parton Interactions in 7 TeV pp collisions

An artificial neural network was used to extract the fraction
of the 4-jet cross-section due to DPS, which was found to be
about 97

The effective cross-section o,:., which is a measure of the
transverse correlations of partons in the proton, was found to
be consistent with previous measurements at other CM
energies and using various final states.

Work is continuing on the 13 TeV dataset
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ATLAS Spectrometer in a Nutshell

a4m Inner Tracker:
— — Pixels, SCT, TRT

Calorimeters:
EM, Hadronic,
FCAL

Muon
Spectrometer

25m

Hermetic (almost):
Tile calorimeters Good MET
: \ LAr hadronic end-cap and measur'emenf

forward calorimeters .
ro\ => crucial for
searches for new
physics

Pixel detecto

Toroid magnets LAr eleciromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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Monte Carlo Generators

- Main: Alpgen (2.14) + Herwig (6.520) + Jimmy =» AHJ
CTEQG6L1 PDFs and the AUET?2 tune

(MLM matching scale set to 15 GeV — partons of interest come from the ME)
5 Alpgen samples: 2—>n (n = 2,3,...,6); combined using ME x-sections

- Geometrical Acceptance: Pythia 6.425
with MRST LO* PDFs and the AMBT1 tune

- Alternative: Sherpa 1.4.2 with CT10 PDFs

CKKW matching scale set to 15 GeV
Compared to AHJ for the SPS sample

- ATLAS detector: GEANT4
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Validity of Dijet Overlay
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