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� Tuning of Minbias models

� Event and Track selection

� Comparison of data and MC

{ 7 TeV data

{ 900 GeV data

� Summary
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Large Hadron Collider
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Compact Muon Solenoid

3



LHC operation since March 2010

� To avoid multiple interaction, Considered data collected before 6th June 2010,
where peak luminosity were� 1029cm� 2s� 1

� 900 GeV : 240�b � 1, 380K selected events

� 7 TeV : 13nb� 1, 660K selected events

Prescale factor for this trigger has gone upto 1500 for data collection on 6th June
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Event Shape Variables
Can be used to distinguish di�erent models of QCD multijet production. QCD
calculations are available for hard partons (but not for observed track).
But these can be use for a comparison of data and MC.
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But these variables
are not independent
with each other
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MinBias Models
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Earlier tunings
� FSR and haronisation frome+ e� data

� Strange/heavy quark production rates also frome+ e�

� Energy Scaling :Nch in min-bias events at 200, 540 and 900 GeV (UA5) and
630 and 1800 GeV at CDF

� ISR and KT : Drell-YanPT spectrum at Tevatron (
p

S=1800 + 1960 GeV)

� Underlying events(UE) and Beam Remnants(BR) from Charge multiplicity
(Nch), dNch=dPT , Average AveragePT=Nch in minbias events at CDF
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Evolution of Charged Jets, Underlying events
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MC sample, models
� PT order parton shower

{ Pythia8

{ TuneP0

{ ProPT0

{ TuneZ1

{ TuneZ2

� Q2 order parton shower

{ TuneD6T

{ TuneCW

{ TuneDW

{ ProQ20

Old UE model (no shower from MPI partons)
New UE model ( MPI + ISR shower)
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Event and track selection
� Vertex position,j� r j < 0.2 andj� Z j < 15cm wrt nominal interaction vertex

� BSC trigger, coincidence with Beam Position Monitor and beamhalo veto

� Atleast 3 GeV energy in both HF, to avoid Single/Double di�ractive events

Track selection

� Tracks only from �rst primary vertex

� Good quality track

� � PT=PT < 0:1

� �z and� r � � with respect to primary vertex is less than 0.1cm

� Weight of track in vertex �t greater than 0.2

� prob(� 2; ndf ) > 10� 6

� ndf > 10 and number of pixel hit� 1

� Pt > 500 MeV andj� j < 1.8

Atleast three selected tracks in the event.
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PT (j� j < 1.8) and� (PT > 500 MeV) at 7 TeV
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MC samples are nor-
malised with the en-
tries in Data

� Statistics is low
for ProPT0 and
ProQ20

� Z1, Z2 and
Pythia8 have
better matching
in PT distribu-
tion

� Not much di�er-
ence in� distri-
bution
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# of selected tracks andPT > 500 MeV and 1 GeV
PT > 500 MeV PT > 1 GeV
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� Z2 tunehas bet-
ter matching

� Does not im-
prove with
tighter PT

criteria
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�� of two leading and all tracks withPT > 1GeV
Two leading tracks All combinations
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� +ve values for same
sign tracks and� ve
for opposite sign
tracks

� Larger entry in op-
posite sign combina-
tion, which is ex-
pected

� Z1,Z2 and Pythia8
have much better
matching withPT >
500 MeV.

� Mismatch in same
sign and opposite
sign are also di�er-
ent for others
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Central thrust and Minor at 7 TeV (PT > 500 MeV)
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Z1 has good matching,Z2, Pythia8follow, but others are far apart.
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S? ;C and C-parameter at 7 TeV (PT > 500 MeV)
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Same as Thrust and minor.
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S? ;C and C-parameter at 7 TeV (PT > 1 GeV)
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Not much e�ect on the criterion onPT of track.
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S? ;C and C-para at 7 TeV (PT > 500 MeV and 3 tracks)
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ExceptPerugia, Proq20 and PrpT0, other looks �ne.
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S? ;C and C-para at 7 TeV (PT > 500 MeV and 6-7 tracks)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

__
trk

6
   

,C 
dN

/d
S

500

1000

1500

2000

2500

3000

3500

4000

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

__trk6S0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Py
th

ia
8

Da
ta

1

1.5 >=0.024D<

__trk6S0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

D6
T

Da
ta

1

1.5 >=0.103D<

__trk6S0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

P0Da
ta

1

1.5 >=0.174D<

__trk6S0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Z1Da
ta

1

1.5 >=0.05D<

__trk6S0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

CWDa
ta

1

1.5 >=0.092D<

__trk6S0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

DWDa
ta

1

1.5 >=0.1D<

__trk6S0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Pr
oq

20
Da

ta

1

1.5 >=0.19D<

__trk6S0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Pr
op

T0
Da

ta

1

1.5 >=0.155D<

__trk6   ,C S
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Z2Da
ta

1

1.5
>=0.059D<

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

__
trk

6
C

dN
/d

C-
pa

ra
m

et
er

10

210

310
Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

Data
Pythia8
D6T
P0
Z1
CW
DW
Proq20
PropT0
Z2

__trk6C-parameter0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Py
th

ia
8

Da
ta

1

1.5 >=0.039D<

__trk6C-parameter0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

D6
T

Da
ta

1

1.5 >=0.119D<

__trk6C-parameter0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

P0Da
ta

1

1.5 >=0.143D<

__trk6C-parameter0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Z1Da
ta

1

1.5 >=0.05D<

__trk6C-parameter0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

CWDa
ta

1

1.5 >=0.106D<

__trk6C-parameter0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

DWDa
ta

1

1.5 >=0.117D<

__trk6C-parameter0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Pr
oq

20
Da

ta

1

1.5 >=0.183D<

__trk6C-parameter0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Pr
op

T0
Da

ta

1

1.5 >=0.12D<

__trk6
C

C-parameter
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Z2Da
ta

1

1.5
>=0.057D<

With multiplicities 6 or 7Pythia8looks better thenZ1/Z2
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Comparison of variables for di�erent track multiplicities
� Binning in tracksf 3,4,6,8,10,13,16,20,24,29,34,40,47,55,200g

3, 4-5, 6-7, 8-9, .......

� Use only the mean value of variables. This does not re
ect shape

� In plot, �rst point represents combined data

� Each MC points (number of tracks in X-axis) has small shift toavoid complete
overlap with data and each other
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j� j < 1.8 andPT > 500 MeV at 7 TeV
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First point represents combined data. P0 and PropT0 are in betweenZ1/Z2,
Pythia8andD6T, CW, DW, Proq20
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Central thrust and Minor at 900 GeV
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Transverse sphericity and C-paramter at 900 GeV
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j� j < 1.8 andPT > 500 MeV at 900 GeV
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Almost same as 7TeV data,D6T, DW, Proq20have poorer matching than 7 TeV!
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Summary
� MinBias events in data are compared with di�erent Models of Pythia6 and

Pythia8 MC samples

� Only tracks are used to calculate event shape variables

� Old Pythia6 modelsdoes not match with Data

� Z1 tuning of Pythia6 is the best among all MC, next isPythia8

� Z2 tuning improves distribution of charge particle multiplicity, PT with respect
to Z1, but not event shape variables
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Back Up
Para Description Default P0 D6T ProQ20 ProPT0 CW DW AMBT1 Z1 Z2 XX2

MSTJ(11) HAD Choice of the fragmentation function 4 5 3 5 5 3 3 3

MSTJ(22) Decay those unstable particles 1 2 2 2 2 2 2 2 2 2 2

MSTJ(41) FSR 2 12

PARJ(1) FLAV (Tuned by Professor on LEP data) 0.01 0.073 0.073 0.073

PARJ(2) FLAV (Tuned by Professor on LEP data) 0.3 0.2 0.02 0.2

PARJ(3) FLAV (Tuned by Professor on LEP data) 0.4 0.94 0.094 0.94

PARJ(4) FLAV (Tuned by Professor on LEP data) 0.5 0.032 0.032 0.032

PARJ(11) FLAV (Tuned by Professor on LEP data) 0.50 0.31 0.031 0.31

PARJ(12) FLAV (Tuned by Professor on LEP data) 0.60 0.4 0.04 0.4

PARJ(13) FLAV (Tuned by Professor on LEP data) 0.75 0.54 0.54 0.54

PARJ(25) FLAV (Tuned by Professor on LEP data) 1.00 0.63 0.63 0.63

PARJ(26) FLAV (Tuned by Professor on LEP data) 0.40 0.12 0.12 0.12

PARJ(21) HAD 0.36 0.313 0.313 0.313

PARJ(41) HAD 0.30 0.49 0.49 0.49

PARJ(42) HAD 0.58 1.2 1.2 1.2

PARJ(46) HAD 1.0 1.0 1.0 1.0

PARJ(47) HAD 1.0 1.0 1.0 1.0

PARJ(71) for which ctau 10 mm 10. 10. 10. 10. 10. 10. 10. 10. 10. 10. 10.

PARJ(81) FSR 0.29 0.257 0.257

PARJ(82) FSR 1.0 0.8 0.8
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Back Up
Para Description Default P0 D6T ProQ20 ProPT0 CW DW AMBT1 Z1 Z2 XX2

MSTP(2) which order running alphaS 1 1 1 1 1 1 1 1 1 1 1

MSTP(33) no K factors in hard cross sections 0 0 0 0 0 0 0 0 0 0 0

MSTP(51) structure function chosen (PDF) 7 7 10042 7 7 7 7 LO* 7 10042 7

MSTP(52) work with internal PDF 1 1 2 1 1 1 1 1 1 2 1

MSTP(64) ISR 2 3

MSTP(67) ISR 2 2

MSTP(70) ISR 1 2 2

MSTP(72) ISR 1 1 0

MSTP(81) MPI models 1 21 1 1 21 1 1 21 21 21 1

MSTP(82) MPI model 4 5 4 4 5 4 4 4 4 4 4

MSTP(88) BR 1 0 0

MSTP(91) BR 1 1 1 1 1 1 1 1 1 1 1

MSTP(95) CR (color reconnection parameters) 1 6 6 6 6 6
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Back Up
Para Description Default P0 D6T ProQ20 ProPT0 CW DW AMBT1 Z1 Z2 XX2

PARP(62) ISR 1.0 1.25 2.9 1.25 1.25 1.025 1.025 1.025 1.25

PARP(64) ISR 1.0 1.0 0.2 0.14 1.3 0.2 0.2 0.2

PARP(67) ISR 4.0 1.0 2.5 2.9 2.5 2.5 2.5

PARP(71) FSR 4.0 2.0 2.0

PARP(78) CR 0.025 0.33 0.17 0.538 0.538 0.538

PARP(77) CR 0.9 1.016 1.016 1.016

PARP(79) BR 2.0 2.0 1.18

PARP(80) BR 0.1 0.05 0.01 0.1 0.1 0.1

PARP(82) MPI pt cuto� for multiparton int 2.0 2.0 1.8387 1.9 1.85 1.8 1.9 2.292 1.932 1.832 1.8

PARP(83) MPI matter distrbn parameter 0.5 1.7 0.5 0.83 1.8 0.5 0.5 0.356 0.356 0.356 0.5

PARP(84) MPI matter distrbn parameter 0.4 0.4 0.6 0.4 0.4 0.651 0.651 0.651 0.4

PARP(85) gluon prod. mechanism in MI 0.9 1.0 0.86 0.9 1.0 0.4

PARP(86) gluon prod. mechanism in MI 0.95 1.0 0.93 0.95 1.0 1.0

PARP(89) MPI sqrts for which PARP82 is set 1800 1800 1960 1800 1800 1800 1800 1800 1800 1800 1800

PARP(90) MPI rescaling power 0.16 0.26 0.16 0.22 0.22 0.30 0.25 0.25 0.275 0.275 0.25

PARP(91) Gaussian primordial kT 2.0 2.0 2.1 2.0 2.0 2.1 2.1 2.1

PARP(93) primordial kT-max 5.0 10.0 15.0 5.0 7.0 15.0 15.0 10.0 10.0 10.0 15.0

� AMBT1 : ATLAS Tuning

� Underlines shows the di�erence in parameter set in AMBT1, Z1and Z2 models.
All other parameters are same.

� All other parameters are taken as default value in Pythia
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Event Shape variables using Jets

But Pythia8
jet distributions
does not match
with data
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JetJPT
PT1 > 90 GeV
PT > 30 GeV
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PT (j� j < 1.8) and� (PT > 500 MeV) at 900 GeV
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# of selected tracks andPT > 500 MeV and 1 GeV
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S? ;C and C-parameter at 7 TeV (PT > 500 MeV &j� j < 2.4)
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S? ;C and C-parameter at 7 TeV (PT > 500 MeV &j� j < 2.0)
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S? ;C and C-parameter at 7 TeV (PT > 500 MeV &j� j < 1.6)
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S? ;C and C-parameter at 7 TeV (PT > 500 MeV &j� j < 1.2)
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j� j < 1.8 andPT > 1 GeV at 7 TeV
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j� j < 1.8 andPT > 1 GeV at 900 GeV
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