Measurement of the Underlying Event using the Drell-Yan process at the
LHC with Vs =7 TeV
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Introduction

* Multiple Parton Interaction (MPIl) and Beam-Beam Remnants (BBR) are collectively known as Underlying
events. It also includes ISR and FSR which are not possible to separate experimentally. In other words
excluding the final state particles of collision, everything else contributes as Underlying events
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* Hard interaction can be identified by the presence of particles with large mass or large transverse
momentum i.e. Dijet or Drell-Yan. With reference to this leading object, regions can be defined
which are sensitive for the UE measurement.
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 Drell-Yan (muonic final state) is experimentally clean and theoretically well understood process. It is easy -
to separate the final state in Drell-Yan by identifying two muons with large transverse momentum. S

* No QCD final state radiation and low probability of muons to radiate. p. resolution:
Muon chambers: 8%-15% at 10GeV/c &
20%-40% at 1 TeV/c

Tracker:
1%-1.5% at 10 GeV/c and 6-17% at 1 TeV/c
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e Transverse and fowards regions are sensitive for UE measurement.
 UE dynamics can be studied both as function invariant mass and transverse momentum of di-muon
system.

Analysis Strategy

Average Nchg density as function of p_**

— Increase in average NChg density with p_** is mainly due to increase in contribution from

" -
e s ISR as energy scale of event is high enough to lie in MPI saturation region (M _ > 60 GeV/c?).

— Event with two leading, well identified,

muons having invariant mass: = . . L . !
Y 2 D > — Pythia6 DW and Z1 describe measurement within ~10% whereas Pythia8 4C give
60 <M <120 GeVic Three topological regions: agreement ~10-15%
_ ngh qua“ty tracks Towaras; |A®] < 60° W W S 24F + Data CMS Prelimi g % + Data CMS Preliminary g 19 + Data CMS Prelimi
. . 0 C 4 2.4 a reliminary < - relimina 4 - a reliminary
with P > (0.5 GeV/C, |r]| <2 Transverse’ 60° < |ACD| <120 o > - Pythia-6 DW Ns=7 TeV 1 2:_ Pythia-6 DW \s=7 TeV I 12F Pythia-6 DW Ns=7 TeV
T Away; |AD| > 120° g 22F _pythia6 21 S 1.8 — Pythia-6 21 S [ —Pythia621
5 2 - Pythia-8 4C 5 [ —Pymia8ac 5 1.15 _..pythia8 4C
Observables: b v S g 16 g
] : : 2 181 2 1.4F 2 1 i ‘
— Average scalar sum of transverse momenta of charged particles per unit Z 160 € b € b _ —j?L
pseudo-rapidity per unit azimuth. 1.4F JE U'Bi .
— Average number of charged particles per unit pseudo-rapidity per unit 1.2F 0.af T
: - _ e T
azimuth. 1 4 06k 075"
D m ~/F charged particles -~ charged particles 0 6 charged particles
— Dependence of these observables on resultant transverse momentum (p_*") 0.8 ol >120° p_> 0.5 GeVic, fnf <2.0 045 6o < ot < 120° p. > 0.5 GeVic, f <20 PF ol <60° p. > 0.5 Gevic, n] < 2.0
) i ] ) ] ] R R RN R SR iR R TR NI SRS NS R B SRS BRI BRI
and invariant mass (M ) has been studied. While performing study as function % 20 40 e 8 100 °% 20 40 6o 80 100 °% 20 40 60 80 100
1y _ _ _ _ p!* [GeVic] P [GeVic] P [GeVic]
of M , transverse momentum of di-muon pair p_** is required to be less than 14 14 14
MM o . . T £ Pythia-6 DW CMS Preliminary g 7 Pythia-6 DW CMS Preliminary w  F Eyt:ia-g 2:!\! 3_@§ _I:_’rf:iminary
10 GeV/c to reduce the radiation contributions. § 18 e e Ns=7 Tev § 135 o ac NSTT TV § 135 s ac rTe
— Measurements in data are corrected for detector effects. = 125 Mmooy S 125 mSmtesys = 12 @S+
Observable Trigger | Isolation | Track Sel. Fake Pile-up | QCD Model | Bkg. Process SyStematIC :: 1 15\/\/——’—\/—\ :: 1 1; :: 1-1;
1/Ng AZnpr /Ay A(Ag) | 04(0.4) | LO(L1) | 07(0.8) | 07(0.7) | 1.0(L2) 0.7 (1.5) 1.9 (0.2) uncertainties > 1 o ~— > 1 > 1
owards N et § e T e N . <~ R X
itmﬂ; &E]EW&?; A(Ag) | 0.4(0.4) | 0.8(13) | 06(L1) | 07(0.7) | 0.9(12) | 0.4(L7) 2.0 (0.2) } 09[ N } 0.9F e e ) } 0.9 e
(transverse) o - e nne . -
1/New A2Zpr /Ay A(Ap) | 0.4(0.4) | 0.6(0.8) | 0.8(0.8) | 0.7(0.6) | 0.6 (L.1) 1.0 (1.4) 0.2 (0.2) ~ 08F ~ 08F ~ 0.8F
(away) - _ - _ : -
lfN.i ijrhg /Ay A(A¢) | 0.4(0.4) | 0.8(0.9) | 0.8(0.8) | 0.9(0.8) | 1.2(L5) 0.7 (1.0) 0.7 (0.2) T E";rge_l"zgff’gc':sn_ﬁ Gevie. < 2.0 0.7F :E.;oar-g:q)r:r?g:::p s 0.5 Gevie, In| < 2.0 0.7F E‘q:’g%%fp”";‘?s Gevic. il < 2.0
(towards) = N N R S A SR S R S
1/New A2Nge /Ay A(A¢) | 0.4(0.4) | 0.7(L1) | 09(L0) | 0.9(0.8) | 1.1(1.4) 0.7 (1.1) 0.7 (0.2) : 50 40 60 so 100 92%o 20 40 60 80 100 9% 20 40 60 80 100
(transverse) p'* [GeV/c] ptt [GeV/c] ptt [GeV/c]
1/New A2Ngyo /Ay A(A¢) | 0.4(0.4) | 0.5(0.7) | 0.8(0.8) | 0.9(0.6) | 0.7 (13) 0.7 (1.1) 0.2 (0.2) T T T
(away)
: : Average N and density as function of M
Average } p_Density as function of p_* 9€ Neng 2P, y s
— Increase in average yp._ density with p_* is mainly due to increase in contribution — Contribution of radiation is minimized by requiring p_** < 10 GeV/c
from ISR as energy scale of event is high enough to lie in MPI saturation region (M_ > — Average N _and ) p_densities are flat as function of M _: confirm the hypothesis that
60 GeV/c?). MPI| gets saturated at high energy scale.
= 8 = 2.2 = 22 average NChg density is well described by Pythia-8 4C and Pythia-6 DW predictions.
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