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Abstract.

Underlying event was originally defined by the CDF collaltimadecades ago. Here we improve
the original definition to extend our analysis for eventdwmitultiple-jets. We introduce a definition
for surrounding rings/belts and based on this definitiorjgheand surrounding-belt-excluded areas
will provide a good underlying event definition. We invegstie our definition via the multiplicity
in the defined geometry. In parallel, mean transverse mar#rhese areas also studied in proton-
proton collisions at/s= 7 TeV LHC energy.
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INTRODUCTION

Underlying event (UE) was originally defined by the CDF Cbtaation [1] and used
to investigate properties of the remaining of the eventeraéts were identified and
removed from there. The CDF definition of the underlying évera simple tool in
order to work, however detailed structure or informationofirjet particles cannot be
obtained. On the other hand the definition is not capable &yae more than 2-jet
structures. This motivate us to develop a new definitionHerunderlying event.

To enhance the information content to be extracted from nyidg events, we mod-
ified the above CDF’s definition introducing multiple surnaling belts (SB) around the
identified jets [2, 3]. This new definition is immediately ¢saa more detailed analysis
of the underlying event, even in case of multiple jets. Ondtieer hand, as a specific
case of our new method, one can get the originally extradgdipal observables cor-
responding to the analysis based on the CDF-definition.

In this short contribution we present the basic propertidb®two ways of defining
underlying event. We recall the original CDF-based and cew mlefinition of the
underlying events, which will be compared. We used two plalsjuantities for our
comparison: (i) the average hadron multiplicity within ttefined areas and (ii) the
mean transverse moment@rsusmultiplicity in the given regions. Quantities were
investigated for both definition in parallel.

Our analysis is based on jet production and identificatigoraton-proton collisions
at 7 TeV. We used the LHC10e14 jet-jet sample generated by-PA@.2 [4] framework
with cone-based UAL [5] jet finder.



GENERALIZED DEFINITION OF THE UNDERLYING EVENT

Any definition of underlying event should strongly dependget-identification method
applied in the analysis. There are various state-of-th@e@relopment on this direc-
tion [7, 8], which are very promising. On the other hand theme still a problematics
of these definitions — the strong process dependence. Eaggiciyg from proton-proton
to nucleus-nucleus collisions need to re-tune the pragsedti the algorithms in order to
find and separate jets and the baseline/background of eaoh [&Y.

The CDF-based underlying event definition corresponds ¢ogjeéhidentification in
case of a one- (or two-) jet events. Near side jets easilyel#igtowardand the opposite
awayregions of the event geometry. Our original concept was fwave the CDF-based
definition on a two-folded way:

« to develope an underlying event definition which is capabléandle multijet
events.

« to investigate the surrounding areas around identified g@ten without major
changes of the jet-findig parameters in a case of nucleugumicollision.

These requirements are led us to the definition of surrogriuktts on the basis of the
event-background such as 'underlying event’, which comepfesatisfy our requirements
above.

In our method, we are using jet-finding algorithms also. Winégets, than based on
the physical properties of the concentrical surroundinitsl@d the remaining particle
multiplicities, a better background or baseline can be ige. On the other hand the
analysis of the surrounding area around the identifiedgatseven give feedback on the
goodness of the jet finding parameters.

On Fig. 1 the visual comparison of the two definitions can bensekeft side of
the figure is for the CDF-based definition, thight sidedisplays the SB-based one.
The two definitions can be summarized in a following waysngshe azimuthg and
(pseudo)rapidity,rf or)y plane:

CDF-based definition of the underlying event is based on the subtraction of twasare
of the whole measured acceptance: one around the identiéad jat foward
regior) and another to the oppositaway) direction. Both regions arA® x An-
slices of the measured acceptance around the near jet dmel epposite, with the
full An range and\® = +60° in azimuth.

SB-based definitionuses all identified jets of the event to subtract them fronbek-
ground. Each jet can have an approximate dial-like areanak@vhich concentric
bands (or rings) can be defined. If a jet cone angle; \/A®2 4 An? is given, a
first’SB;” and a secondSB,’ surrounding belt can be defined for any jet with the
thicknesses 0dRsg anddRsp, respectively. GenerallyRsgj = 0.1 with respect
to theR~ 0.5— 1 values. It is easy to see our underlying event definitionois n
longer jet-number dependent.

Furthermore, increasingRsg; values, similar (but not the same) area can be cov-
ered as in the original CDF-based definition. In this way the model can be
comparable too.
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FIGURE 1. The schematic view of the underlying event (UE) defined byGBé- (left pane) and the
surrounding belts (SBjght pane). Details are in the text. (Color online.)

Now we investigate the basic properties of the areas andlglaree physical quanti-
ties for the selected regions.

COMPARISON OF UE DEFINITIONS

Here we compare the details of the CDF- and surrounding B8} based underlying
event definitions. For our test we used PYTHIAG-simulatdgpféton-proton collisions
(Perugia-0 tune [6]), namely LHC10e14 jet-jet at 7 TeV cewnfemass energy with
150 000 events. This sample contains jets identified by UA1 ntefbp We restricted
our analysis to the settings ptHargmin = 10 GeV/c andot Hardmax= 20 GeV/c.
Primarily we investigated the multiplicities of variousageetrical regions of the
generated events based on the full sample. After applyingy j@Afinding algorithm to
identify jets, we compared the selected areas using both @bdFSB-based definitions
of the underlying events. On left panel of Fig. 2 we plotted thultiplicities,N; of the
CDF-selected areas versus the total event multiplicityelerefers for followings: the
multiplicities of the identified 'leading/near jetb(ue squargsthe jet-excluded 'toward’
area @reen dotg the 'away’ side area to the opposite directiguiple dot¥, and the
CDF-defined underlying is event, 'transverspirnk dotg. The right sideof the Fig. 2
stands for the SB-based underlying event definition withexaseas: the multiplicities of
the identified leading jeblue squar@sthe away side jettflue dot$, multiplicity for the
surrounding beltsSBeaq 1, SBead 2, SBuway1, andSBaway2 are open red squares, open
purple triangles, open red circles, open purple diamaedpectively. Finallyorange
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FIGURE 2. The multiplicity, N; for the selected areas as the multiplicity of the total evéky:.
Underlying event regions are defined on tle& panelfor the CDF-based and on théght panelfor
the surrounding belt based definitions. More details arbartext. (Color online.)

crosseslenote multiplicity for the newly defined underlying evéhE, outside all jets.
(Note, all color in accordance with the areas of Fig 1 above.)

Fig. 2 shows multiplicity in almost all regionsl; increases almost linearly with the
total multiplicity, in theNot < 120 region of the event for both cases. In case of the CDF-
based definition, the away region gives the biggest cortabuand the jet belongs to
the smallest one. The transverse (underlying event) aesdbtween the two extremal
contribution. Moreover, it is interesting to see, afterleging the jet from the toward
region, the remaining area has almost the same multiplastghe underlying event.
This shows the goodness of the jet finding algorithms and slaéety” of the CDF-
based underlying event definition (e.g. 1/3 of the whole ptaoece far from any jet-
contaminated areas).

The multiplicity relations of the SB-based definition disdrom the CDF-based. The
near jet has the same contribution, away side jet an&&e have small fraction from
theNiot — due to the small areas. On the other hand, the newly defiraetlymg event,

U E,> dominates the event multiplicity since it has almost the Mla@ceptance.

In general the multiplicity fraction of the defined areas @raost proportional to the
geometrical surface, only the jet-content part violatesdbependence, as Fig. 2 displays.
Thus, the SB-basddE; has larger multiplicity comparing to the CDF-based one civhi
might gives better statistics for an underlying event asialy

Secondly, the mean transverse momentyn) of the selected areas is investigated
including especially the underlying event. We plotted ¢pe) vs. the multiplicity of the
total eventNio: and the(pr) vs. multiplicity of the CDF-based and SB-based underlying
events.

On Fig. 3 we display thépr) vs. the multiplicity of the total eventyo: for both
CDF-basedleft pane) and SB-basedright pane) underlying event. We use the same
color and mark encoding for the selected regions of the e&oh Fig. 2 above.

We found the meamr distributions of the regions are similar in proton-prota-c
lisions. The identified leading jet has the highest val(&9eading jet~ 8 —9 GeV/c,
which are decreasing T )ieading jet~ 5 — 6 GeV/c as going to large¥t, for both
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FIGURE 3. The average transverse momenta versus the total multyptitthe eventsN,:. Regions
defined on thdeft panelare for the CDF-based and on thght panelare for the SB-based definitions.
More details are in the text. (Color online.)

definition’s cases. The megn- for both underlying event cases are the same with the
constant valugpr)ug; ~ 0.5 GeV/c. For the CDF-based definition this is similar to the
jet-excluded toward area also, and for the SB-based defingurrounding beltsSB
have also similar, but a slightly highépr)sgj~ 1.0 GeV/c. Differences between the
left and the right panels are originating from the handliighe near and away side
jet. CDF-based definition contains the jet to the near (legiddirection, and fully or
partially to the opposite away regio(pr )towards~ 2 — 3 GeV/c and pr)away~ 1.5—2
GeV/c. SB-based case since away side jets were also iddntifi¢)away jet~ 2 — 3
GeV/c. We can state generally, both underlying-event defimgive the same result and
they are differ only in the separation (or inclusion) of leador away side jet to the
given areas.
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FIGURE 4. The average transverse momenta versus the multiplicitheotihderlying evens. Regions
are defined on théeft panelfor the CDF UE and on theight paneffor the surrounding belt based UE
definitions. More details are in the text. (Color online.)

Finally on Fig. 4 we compared mean-values vs. to the self-definition-given under-
lying events: CDF-based UB,g cpr on left paneland SB-basedliyg on right panel



(Colors and marks are the same as above figures.) Here, theacson shows slight
difference between the panels. A stronger decrease in ¢fiesii pt)-content regions
present compared to Fig. 3. Furthermore, changing fnto Nyg ,cpr andNug2 the
separation of the curves are more clear in both cases, efipetithe largestpr) val-

ues. In parallel the meapr values for the underlying event are almost the same for the
average multiplicity events and slightly higher for theeranes.

CONCLUSIONS

We studied our new underlying event definitionifs = 7 TeV proton-proton collisions
with 150,000 events. We investigated and compared the phigities and the meampy
vs. multiplicities for the CDF-based and our SB-based dafimi

We found the multiplicity fraction of the defined regions ahaost proportional to the
geometrical surface, only the jet-content part differg thuthe separation (or inclusion)
of the leading or away side jets. The SB-based underlyingteidsE=, found to have
larger multiplicity comparing to the CDF-baséd;e cpr 0ne, which might gives better
statistics for the underlying event analysis.

The meanpt Vvs. Nyt analysis led us to compare both definition on the same level.
We got the same dependence of the underlying event for bddf- @nd SB-based
cases. On the other hand, the above mentioned jet and naegréaea handling leads to
differences.

Finally, we compared our definitions by the meanvs. the self-defined underlying
event multiplicities, namely g ,cpr andNyg2. Our results have shown both definition
is reliable, and — due to the generalized definition of thecgunding belt based underly-
ing event — multiple jets and detailed analysis of the surding areas can be performed
in the future.
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