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OverviewOverview

• Motivation

• Drell-Yan process
 

and background
A. Bianconi Drell-Yan generator
Cut studies

• Investigation
 

of Drell-Yan asymmetries

• Summary



DrellDrell--Yan Process and BackgroundYan Process and Background

• Background studies: needed rejection factor of 107

• Drell-Yan: pp -> μ+μ-X

cross section  σ
 

∼
 

1 nb  @ s = 30 GeV2

• Background: pp -> π+π-X, 2π+2π-X,……

cross section  σ
 

∼
 

20-30 μb

mμ

 

= 105 MeV/c2;  mπ

 

145 MeV/c2

average primary pion pairs: ∼
 

1.5
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DrellDrell--Yan AsymmetriesYan Asymmetries

UNPOLARISED

SINGLE-POLARISED
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TMD: KTMD: KTT
 

--dependent Parton Distributionsdependent Parton Distributions
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CERN NA51 
450 GeV/c

Fermilab
 

E866 
800 GeV/c

DiDi--Lepton ProductionLepton Production
pppp

 
--> > ll++ll--XX
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 Tra 1.5 e 2.5 x avere cross section + alta, non ci sono risonanze
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Phase space for DrellPhase space for Drell--Yan processesYan processes

15 GeV/c

40÷100 GeV/c

x1,2
 

= mom
 

fraction
of parton1,2

τ
 

= x1
 

• x2
xF

 

= x1 - x2

τ
 

= const: hyperbolae
xF

 

= const: diagonal

PANDA/PAXfix

PAX @
 

HESR

symmetric
 

HESR collider

1

1.5 GeV/c2

 

≤
 

Mμμ

 

≤
 

2.5 GeV/c2
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A. Bianconi DrellA. Bianconi Drell--Yan Yan GeneratorGenerator
 

forfor
 

pppp
• Antiproton

 
beam

• Polarized/Unpolarized
 

beam
 

and target

• Drell-Yan  cross section
 

from
 

experimental
 

data

• Selects
 

event depending on the variables:
x1

 

, x2
 

, PT
 

, ϑ, ϕ, ϕS

from
 

a flat
 

distribution

• Cross section: ( ) ( ) ( )ST
T

,,AP'Sx,xS
S
K

ddPdxdx
d

ϕϕϑ⋅⋅⋅=
Ω

σ
21

21

A. Bianconi, Monte Carlo Event Generator DY_AB4 for Drell-Yan Events with Dimuon
Production in Antiproton and Negative Pion Collisions with Molecular Targets, 

internal note (PANDA collaboration)
A. Bianconi, M. Radici, Phys. Rev. D71, 074014 (2005) & D72, 074013 (2005)
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DY @ 15 GeV/c DY @ 15 GeV/c ——
 

pppp-->>μμ++μμ--XX

• layout studies
 

for
 

muon id
with

 
ABDYG (1.5 MEv)

A. Bianconi Drell-Yan Generator

[1]A. Bianconi and M. Radici, Phys. Rev. D71 (2005) 074014

[1]

5.5s = GeVDilepton
 

Mass Distribution

Mdilepton [GeV/c2]

Focus on one single Mμμ

 

range

1.5 MEv
 

in 1.5 <
 

Mμμ

 

< 2.5 (GeV/c2)

σ0
4≤M≤9

 

~ 0.4 pb

σ0
1.5≤M≤2.5

 

~ 0.8 nb

xP

xPx2

x1
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PANDA Detector Setup DesignPANDA Detector Setup Design



PANDA Detector Setup DesignPANDA Detector Setup Design

Signal:
 

A. Bianconi Drell-Yan generator
Background:

 
PYTHIA8 generator

Framework:
 

Muon Independent
 

Simulation
 

Software (MISS)
Next

 
step:

 
complete the work in PANDAROOT



ABDYG Signal DistributionABDYG Signal Distribution

Most
 

of the signal
 

composed
 

of
two

 
muons

 
in the ENDCAP

Smaller
 

contribution
from

 
B+E

 
couples

Contributions
 

from
 

the FS 
region

 
are not

 
negligible
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Background and CutsBackground and Cuts
Sources of background
• Primary background:

 
Primary π

 
& Secondary μ

 
from Primary π

• Secondary background:      Secondary π
 

& Secondary μ
 

from Secondary π

Cuts and their effect on signal

Iron At least 1 hit in
the first 2 

layers

qT

 

> 0.75 GeV/c

Signal
Linear rejection 
depending on Fe

thickness

Reject 30% of
the signal

~ 35% of the 
signal is 

reconstructed

Primary
Background

Linear rejection 
depending on Fe

thickness
Rejection ≈

 
103 Rejection ≈

 
104

Secondary
Background

Almost no effect Rejection ≈
 

104 Rejection >5•106

Next Step:
Kinematic refit

Rejection factor of 107



DY Asymmetries @ VertexDY Asymmetries @ Vertex
UNPOLARISED SINGLE-POLARISED

500KEv included
 

in 
asymmetries

Acceptance
 

corrections
crucial!

1 < qT

 

< 2 GeV/c
2 < qT

 

< 3 GeV/c

xP xP

xP
xP

xPxP
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Simmetria di quadrupolo 0-180 90-270 enhancement
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Asimm    3%    > con > pT

Studio dip pT:

	scan -> se trovo inversione -> lim approcio perturbativo

Pol: se prev gen corretta, non si fa nulla; se no correggo



DY Asymmetries @ B(20cm)DY Asymmetries @ B(20cm)--E(34cm)E(34cm)

R = L ·σ·ɛ
= 2·1032cm-2s-1 ×

x 0.8·10-33cm2× 0.33

= 0.05 s-1
 

~ 130 Kev/month

Statistical
 

errors
 

for
 

500KEv 
generated

xP

)

)
xP

xP
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500 KEv

Dx: globale

Buoni errori -> studio dip E
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SummarySummary

• Interest on Drell-Yan studies
• 1.5 < Mμμ

 

< 2.5 GeV/c2

• Cuts
 

for
 

background rejection
Rejection

 
factor

 
achieved

 
for

 
secondary

 
background: > 5 106

Kinematically
 

constrained
 

refit
 

still
 

to
 

be
 

investigated

• Few months
 

of data taking
 

are enough
 

to:
evaluate unpolarised and single-spin asymmetries with
good accuracy ⇒ investigate their dependence on qT,μμ

• Extensive
 

simulations
 

needed
 

on the GRID (~108 Ev) 
with

 
PANDAROOT in order

 
to:

• check
 

rejection
 

factor
• set kinematic

 
cuts



SummarySummary

• B20cm Fe
 

x E34cm Fe
 

rejection
 

factors
 

with
• qT,μμ

 

> 0.75 GeV/c
• reaction

 
vertex

 
in the target region

• 1.5 < Mμμ
 

< 2.5 GeV/c2

• kinematically
 

constrained
 

refit
 

still
 

to
 

be
 

investigated
Rejection

 
factor

 
achieved

 
for

 
secondary

 
background: > 5 106

• Few months
 

of data taking
 

are enough
 

to:
evaluate unpolarised and single-spin asymmetries with
good accuracy ⇒ investigate their dependence on qT,μμ

• Extensive
 

simulations
 

needed
 

on the GRID (~108 Ev) 
with

 
PANDAROOT in order

 
to:

• check
 

rejection
 

factor
• set kinematic

 
cuts



MISSMISS
Muon Independent Simulation SoftwareMuon Independent Simulation Software

• Pure GEANT4 simulation

ROOT used for storage and plots

• Geometry:
magnet design: nov-dec

 
2007 release

magnetic field: Genova
 

design

• Muon Detector: 1 layer each 2cm of iron

Sensible volumes filled with Ar+CO2

• Results presented in the Physics Book

(credits G.C. Serbanut)



HadronicHadronic
 

Background DistributionBackground Distribution

Regular rejection 
as expected

Rejection 
not sufficient

Primary Background
Counts (log)

Counts (log)
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HadronicHadronic
 

Background DistributionBackground Distribution

Secondary Background

Almost no effect

Almost no rejection 

Counts (log)

Counts (log)
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Poco effetto Fe

1/10 reject



ABDYG Signal DistributionABDYG Signal Distribution

1.5 < Mμμ
 

< 2.5 GeV/c2

Very
 

tough
 requirements

on track lenght

Kinematic cut:
At least 1 hit in the first 2 layers

Cut of signal

Presenter
Presentation Notes
At least 1 hit

Taglia sig (30%) ma anche mu che non passano il Fe



HadronicHadronic
 

Background DistributionBackground Distribution

1.5 < Mμμ
 

< 2.5 GeV/c2

Very
 

tough
 requirements

on track lenght

1.5 < Mμμ
 

< 2.5 GeV/c2

Very
 

tough
 requirements

on track lenght

Counts (log)

Counts (log)
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ABDYG Signal DistributionABDYG Signal Distribution

1.5 < Mμμ
 

< 2.5 GeV/c2

Very
 

tough
 requirements

on track lenght

1.5 < Mμμ
 

< 2.5 GeV/c2

Very
 

tough
 

requirements
on track lenght

qT,μμ

 

> 0.75 GeV/c
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HadronicHadronic
 

Background DistributionBackground Distribution

1.5 < Mμμ
 

< 2.5 GeV/c2

Very
 

crude 
requirements

on track lenght

pT,μμ
 

> 0.75 GeV/c

1.5 < Mμμ
 

< 2.5 GeV/c2

Very
 

crude 
requirements

on track lenght

pT,μμ
 

> 0.75 GeV/c

Counts (log)

Counts (log)
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Computing Environments Computing Environments ––
 

INFN GridINFN Grid
• Motivation

CPU time consumption
collect statistics

Operational
• Nutshell with precompiled FairSoft, PandaRoot, gcc

and  system libraries
• Jobs: 

Jobs are started with scripts (BASH+AWK)
Nutshell is moved to the local machine (∼40s)
Environment variables set
Run process (40 min)
Output send to the database and saved (2min, 910MB)
Nutshell and output removed from the local machine

• Full automatization

(credits G.C. Serbanut)

(few s)

10000
signal events
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T di trasferimento t running, retrieving, totale



Computing Environments Computing Environments ––
 

INFN GridINFN Grid



PandaRoot on GRID

Event 
generator:

•Pythia

•Pluto

•Venus

•DPM

•Dedicated 
generators

Detector simulator

ROOT

VMC

VGM

G
E

A
N

T3

G
E

A
N

T4

FLU
K

A

R
econstruction &

 A
nalysis

•ROOT file(s)

•Tar ball 
(~300MB)

•BASH/TCSH 
script

InputSandbox:

Executable:

•BASH/TCSH 
script

JDL INPUT

•ROOT file(s)

OutputSandbox:

StdOutput:

JDL OUTPUT

•Messages.txt

StdError:

•Error.log

Computing Environments Computing Environments ––
 

INFN GridINFN Grid
Schema of PandaRoot simulations on the INFN Grid

(credits G.C. Serbanut)
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Computing Environments Computing Environments ––
 

FarmFarm

Operational
• Nutshell with precompiled FairSoft, PandaRoot, gcc

and  system libraries

• Jobs:
Jobs are started with scripts (BASH+AWK)
Nutshell is created and then moved to 

the local machine (few s)
Jobs are running locally (40 min)
Output moved to storage elements (2min, 910MB)
Clean the computing element (few s)

Check free space on disks

Balance of the amount of data on storage elements

(credits G.C. Serbanut)

10000
signal events
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Presentation Notes
Tempi di tutto, spazio disco



Computing Environments Computing Environments ––
 

FarmFarm



PandaRoot on Farm

Computing Environments Computing Environments ––
 

FarmFarm
Schema of PandaRoot simulations on the Torino Farm

Data balancing on 
storage elements

Co
m

pu
ti

ng
 E

le
m

en
t Farm

Interface

NFS

SE 1

SE 2

SE N

.

.

.

•Disk free

•Balancing

•Prepare
Nutshell

•Run Jobs

•Moves Data

•Clean CE

(credits G.C. Serbanut)



Computing Environments Computing Environments ––
 

ClusterCluster
• 4 clients with 2 CPUs dual core  ->  16 threads at once
• Jobs are started with scripts (BASH+AWK)

Passwordless ssh connection among all the machines
Clean input/output (few s)
Copy locally input data (few s)
Start and monitor the simulations (35 min)
Retrieving the data (2min, 910MB)

PC ClientsServer

(SSH v.2)

(credits G.C. Serbanut)

10000
signal events



Computing Environments Computing Environments ––
 

ClusterCluster



DY @ 15 GeV/c DY @ 15 GeV/c ——
 

pppp-->>μμ++μμ--XX

• layout studies
 

for
 

muon id
with

 
ABDYG (1.5 MEv)

A. Bianconi Drell-Yan Generator

Mdilepton [GeV/c2]

Eμ

 

[GeV]

Focus on one single Mμμ

 

range

1.5 MEv
 

in 1.5 <
 

Mμμ

 

< 2.5 (GeV/c2)

[1]A. Bianconi and M. Radici, Phys. Rev. D71 (2005) 074014

[1]

5.5s = GeV

σ0
4≤M≤9

 

~ 0.4 pb

σ0
1.5≤M≤2.5

 

~ 0.8 nb

Dilepton
 

Mass Distribution

Mdilepton [GeV/c2]
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