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w Run Il Integrated Luminosity 39 herll 20012 230 September A1

12.0

11.0

==Delivered 1129

ep—
100 —Recorded

Efficiency of data taking > 90%

N
(=)

oy
o

Luminosity (/fb)
(=]
o

4 a [t) [4) [7) 0, 4 a 4 [7) LY Ay, 4,
4%*“8 “a, e"‘%%"ﬂ.?‘q%m o“‘aa%"ﬂw%g Oy ec‘%%"‘{s%*'os %vsﬁq""a%gw B"-oe‘%r‘”? T €~"‘o)-‘%"""'& b”ﬂaou"‘oo%"ﬂp‘%‘%g e”‘dy.qp"fod% 2 g TEp @y

Verkheev Alex, 2015 m




MOTIVATION

« Main purpose of the study is providing more information on properties of hard
events with double parton interactions.

« The rate of multiparton interactions in pp~ collisions is directly related to the
transverse spatial distribution of the partons within proton.

« Being phenomenological, hadron structure and parton -> hadron
fragmentation models need experimental input, especially at high-pT regime.

» Info about DP events is needed for an understanding of nature of signal
events and correct estimation of background to many rare processes.
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EFFECTIVE CROSS SECTION

O,0
- AV B
GDP -
P Oeﬁ‘
O-DP - double parton cross section for

processes A and B

O eff -factor characterizing size of effective
interaction region

o off contains information about the parton spatial density distribution:

Uniform parton distribution: O'eﬁf s large and O, is small;

Clumpy parton distribution: 0. is smalland O pp is large.
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HISTORY OF MEASUREMENTS

_ pjet2 \
Experiment /s (GeV) Final state pJ'™™ (GeV) 7 range Oeff T 1
AFS 63 4 jets jet >4 || <1 ~5
UA2 630 4 jets > 15 Ipet| < 2 > 8.3 (95% C.L.) jet3
CDF 1800 4 jets > 25 7’| < 3.5 12.1+297
CDF 1800 ~ + 3 jets > 6 || < 3.5 14.5 £ 1.7 (stat) 27 (syst)
py > 16 |n7| < 0.9 I ¥
D@ 1960 ~y+3jets 60 <p) <80 In"] < 1.0 16.4 £ 0.3 (stat) = 2.3 (syst) p':' i
T
>15 15< || <25
ATLAS 7000 W + 2 jets ;3‘ > 20 |7t < 2.8 15 + 3 (stat) T3 (syst)
CMS 7000 W +2 jets > 20 |pef| < 2.0  20.7+0.8 (stat) & 6.6 (syst)

jet3

pjet1 ﬂT
AFS'86, UA2'91 and CDF'93 T
choose 4-jets sample motivated by a large dijet cross section (but low DP
fractions). Use theory predictions for the dijet cross sections.
CDF’'97, DO’'10
y+3jets events, data-driven method: use rates of Double Interaction (two
separate pp~ collisions) and Double Parton (single pp~ collision) to extract O-eﬁ‘
from their ratio. Reduce dependence on MC and NLO QCD theory predictions.
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A GOAL
Is there a dependence on initial
parton flavor?

For the first time mmmp Phys. Rev. D 89, 072006 (2014)

Case 1: No leading jet Case 2: Leading jet Heavy

flavor requirement flavor requirement
(Inclusive sampe) (HF sample)
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1/N dN/dAS

DISCRIMINATING VARIABLE
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AS = A (P}, P})

an azimuthal angle between two
imbalance vectors.
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In Single Parton (SP) events AS is
expected to peak at T due to the momenta
conservation in an event,
while in Double Parton events it should be
flat due to the independence of two parton
interactions.




FRACTION OF DOUBLE PARTON
EVENTS

10°

DT po L=87!
S L . .
DP event fraction is found % - Data, inclusive e
by fitting Single Parton event | = DP model .
model and Double Parton signal * SP model :
9 1057 0 Total 4
event model to data. - A
~
° 4 . " . "
~ A [ |
4| A u
10 0 (@)
y+3jets  y+HF+2jets sl -
0.202 £ 0.007 0.171 £ 0.020 DC:D - L + ;
% 1 + i + + I +
Q +
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EFFECTIVE CROSS SECTION

Oz Measurements

Having measured number of DP :‘.“g AFS, 4j (1986) o
and DI events and corresponding o |UA2,4j(1991) ¥
. . ©  |CDF, 4 (1993) N
acceptances and efficiencies one can « _
_ =  |CDF,y3j(1997) v
calculate O off for both final states. £ |pg .3 (2009) .
Measured O off is in agreement *qg) ATLAS, W2j (2013) .
with all Tevatron and LHC £ |CMS, W2j(2013) TR T
S |DO@,y3j(2013) O
measurement. 5 |po.yb(e)2i (2013)
TETTOTTTE 0 15 20 25 30
o [mb]
y + 3 jets Yy + HF + 2 jets
O ., = 12.7+ 1.32 14.6 + 3.26
eff
For the first time There is NO dependence of
it is shown that O on the initial parton flavor.

F
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SUMMARY

« Effective cross section (defines rate of Double Parton events) O
has been measured using y+3 jets final state and found to be
12.7 £ 0.2 (stat) £ 1.3 (syst) mb.

« Effective cross section has also been measured using y+b/c+2jets
final state and found to be 14.6 £ 0.6 (stat) = 3.2 (syst) mb.

* No dependence of G4 on initial parton flavor has been found.

 The obtained O o values are in agreement with those measured by
CDF, DY, ATLAS and CMS collaborations.

* More detailsin Phys. Rev. D 89, 072006 (2014)
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CALCULATION OF 0

Two hard scattering events P =2 a” o’
at two separate pp~ collisions bi O o
. hard hard
(Double Interaction) . y
o’ o’
The number of DI events: Np =2 N (2)Api€piEsi

Ghard Ghard

Two hard interactions P = o e
at on pp~ collision bp
. Ohard Oeﬁ

(Double parton scattering) , )

o’ ol
The number of DP events: NDP = Nc (I)ADPgDPglvtx

Ghard Geﬁ
Data-driven method:

_ NDI Nc (1) ADP EDP glvtx

eff — hard
NDP NC (2) ADI gDI €2vtx
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