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Motivation

> In the analysis of D mesons production vs charged particle multiplicity, D-meson yield
increases with multiplicity-> faster than the linear at higher multiplicities.

> Comaprison with models gives a hint of the contribution of MultiPartonic Interactions
(MPIs). (JHEP 1509 (2015) 148)

A. Ortiz et al. / Nuclear Physics A 941 (2015) 78-86

.

We will be interested in finding,

Where does this increase in D meson as functon of
10 multiplicity come from?

High Q? processes (jetty-like events) or lower Q2

processes (large number of MPI = ISOTROPIC events).

N (nl<1)

>Event shape analysis 1solates hard and soft

Pythia 8,180 tune 4C %
pp 15 =7 TeV (inelastic) event[ ]

> Study of heavy flavor meson as a function of
event shape variables and multiplicity
simultaneously will be interesting.

Width of distribution of MPI prevents
use of multiplicity alone to study the
effect of MPI on the D meson yield.

* Nuclear Physics A 941 (2015) 78—-86 3



Event Shape Variables

Spherocity(S,):
Transverse Spherocity is an event shape variable defined as

, (Z-pv}; X 13)2
“S() — ' :
4\ Xipri

The above ratio is minimized using the transverse unit vector 72

> The limit of this variable is between 0 and 1.
v S, =0 corresponds to pencil like events

v S, =1 corresponds to isotropic events.

Andrea Ban et al., "Phenomenology of the event shapes at hadron colliders", arXiv:
1001.4082




Event Shape Variables

Sphericity(S,) :
Transverse Sphericity variable 1s defined by :

. 2/\2
ST = —
/\2 -1- /\1

where A, and A, are the eigen values of the transverse momentum matrix.

(A, <\y)
g ; Z | l’x? I’Xil_')ﬁ'i
Y pTy S pri \ PyiPxi Py;

> The restriction along the transverse direction is to avoid the boost along
the beam direction.

> The limit of this variable 1s between 0 and 1.
v S; =0 corresponds to pencil like events

v S, =1 corresponds to isotropic events.

* http://arxiv.org/abs/1404.2372



Why Event Shape Variables

A. Ortiz et al. / Nuckear Physics A N1 (2015) 78-86
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v A depletion of the low S part

in the high multiplicity events
compared with the low
multiplicities observed.
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“ v For isotropic events a greater
average number of MPIs
obtained than for jetty-like
events.
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v Dividing a given multiplicity

bin mto S, bins, the width of
™ correlation distribution can be
reduced.
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Figure shows the S| and N, . distributions for Vs =17

TeV pp collisions producing low (upper ) and high
(bottom) mid-rapidity charged hadron multiplicity.




D" reconstruction through invariant mass calculation

" x
Mass (D*) = 1.869 + 0.20 (GeV/c?) }
Branching Ratio = 9.22 £ 0.21% /
SEC. e
D" "ETTZ.{_/
PRIMARY VERTEX & _ —~ 7 7 ™
III'I:::::ctg ] - K- -
o T

\D* mesons signal extraction is based on the Invariant mass analysis of fully reconstructed
decay topologies displaced from primary vertex

M= (B -




Data Sample

Spherocity dist. of D+ candidate

Data: 2010 (7 TeV pp collisions) 2400
Reconstruction Pass: Pass4 (AOD) “”%

2000
1800
1600
1400
1200}

No. of Events: 349 M 1000

800 |-

A
H

600 F

II T IITT] IIITI TT11]TTT[ YIII1Y L] ] T

400
-
200

- 171]
»
'
-
S
-
T\\E\
. .
-
-
o
b
-
b~
—
—

No. of events in So bins: P P

0.0-0.2: 34.95M Cuts Used:

0.2-0.4: 62.26 M v Hybrid track cuts for S calculation.

0.4-0.6: 71.56 M

0.6-0.8: 49.6 M v Only events which have no. of tracks passing these
0.8-1.0 7.35 M cuts >2 are selected.

v pr<10 GeV, |n|<0.8

v For D* meson reconstruction, standard pp
cuts(2010) are used.




Eta and Phi distributions of tracklets
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D* Yield in p; bins (0.0<S0<0.2)

2<p <5 GeV/c, Solims [0.0,0.2]

ol Significance (30) 6.4 0.8 Mean =1.869 £ 0.002
S (3a) 109 = 17
190 B(30)176 + 6
S/B (30) 0.6159

Sigma = 0.010 + 0.001

rétrwes

17 .08 18 185 19 195 : 208
Mans (GeVie")

8<p <12 GeVi/c, Solims [0.0,0.2]

Significance (30) 6.7 = 0.8
S(3)97 1 14
B(3c)111:§

S/B (3c) 0.8778

Mean = 1.870 £ 0.002
Sigma = 0.010 < 0.002

rtrves
&

5<p <8 GeV/c, Solims [0.0,0.2]

Significance (30) 8.0 £ 0.7
S(30)131+16
B(3c)135:+5
SIB (3c) 09749

+4

Mean = 1.869 + 0.001
Sigma = 0.010 + 0.001

F rénes

1.7 1.4 18 183 19 195 : 208
hass (GaV")

Fit Functions:
Exponential for Backgroung
Gaussian for Signal+Background
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D™ Yield in p;

2<p <5 GeVi/c, Solims [0.2,0.4]

Mean = 1.868 + 0.001
Sigma = 0,010 = 0.001

Significance (30) 10.0 £ 0.8
S$(30)313 + N
B (30) 658 = 11
SIB (30) 0.4759

1) .78 18 185 19 195
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8<p_<12 GeV/c, Solims [0.2,0.4]

120
] 3"“‘;“3’;"1;3‘,""71': £0. Mean = 1.868 + 0,002
100f= (30) 120 * Sigma = 0.011 + 0,002
- B(30) 144 + 5
wb S/B (30) 0.8381
b=

15
Mass (Go'vic*

Emtrs

bins (0.2<S0<0.4)

5<pr< 8 GeV/c, Solims [0.2,0.4]
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Significance (30) 11.7 = 0.7
S(30)275 + 23
B(30)275 +7

S/B (3c) 1.0009

Mean = 1.869 = 0.001
Sigma =0.012 = 0,001
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D* Yield in p, bins (0.4<S0<0.6)

2<p_< 5 GeV/c, Solims [0.4,0.6] S<p <8 GeVic, Solims [0.4,0.6]
- Mean = 1.868 + 0.001 TE Mean = 1,870 + 0001
. - N ) Significance (3c) 119 : 0.8 : . i
Sigma = 0.009 = 0.001 5 $ (3) 290 25 Sigma =0.013 £ 0.001
&0 w0 B(3s)309 = 8
- S48 (30) 0.93%4
e 0 e 0
5 + |
200 ®
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8<pT<12 GeVic, Solims [0.4,0.6)

Mean = 1,370 + 0,002

ignificance (30) 8.1 £ 0.7
Sign (30} Sigma = 0.013 = 0,002
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D" Yield in p; bins

2<pT< 5 GeV/c, Solims [0.6,0.8)

Mean = 1,870 + 0.002
Sigma = 0.009 + 0.001

&0
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§ 4oof-
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3
- Significance (30) 8.0 + 1.0
200p~ S (30) 340 + 45
3 B (30) 1457 + 1§
100 S/B (30) 0.2330
0 1 1 18 18 19 ! P pd
Mass (GeVie)
8<p <12 GeV/c, Solims [0.6,0.8)
Significance (30) 6.3 + 0.7 Mean = 1.867 + 0.002
% $(30)73 + 1 Sigma = 0.012 + 0.002
B(30)60 + 4

S/B (30) 1.1996

Mass (GeVie™)

(0.6<S0<0.8)

5<p,< 8 GeV/c, Solims [0.6,0.8]

Significance (30) 11.6 = 0.
S (30) 240 = 21
B(30)190 =+ 6
S/B (30) 1.2623

Mean = 1,868 = 0.001
Sigma =0.011 £ 0.001
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D* yield in p bins (0.8<S0<1.0)

2<pT< 5 GeVic, Solims [0.8,1.0)

Mean = 1.872 + 0.003
Sigma = 0.010 + 0.002

S (30) 99 + 22
B (30) 425 + 9
S/B (30) 0.2336

5<pT< 8 GeVic, Solims [0.8,1.0]

wp= Significance (30) 4.6 = 0, Mean = 1.869 + 0.003
S(30)40 =9 Sigma = 0,013 + 0.004

2 B(30)35+3
S/B (30) 1.1212

17 175 18 185 19 195 2 205
Nats (GaVic?)
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Signal/Event vs S
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v In left plot, for a given multiplicity bin, yield in each S bin is self normalized
(divided by first bin content) .

v Most contribution to D™ comes from low py isotropic events.
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D™ mass peak width vs S_
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Width of the Invariant Mass Distribution vs. S 1s fluctuating




D™ yield in multiplicity bins (0.0<S0<0.2)

nTracklets [ 1, 8], Solims [0.0,0.2] nTracklets [ 9, 13), Solims [0.0,0.2]

Mean = 1.871 + 0.002 %
Sigma = 0.010 + 0.001 80
N

Mean = 1.869 + 0.002

igma = 0.011 £ 0.002
ignificance (30) 6.6

N S(30)73 + 10 )

; ® B(30)49 +3 .
£ S/B (30) 1.4726 £ =
3 &0
2 i
¢ "

7 175 3 185 1'9 195 < 208 7 175 \F 185 ?9 195 < 208
Mass (GeVic®) Mass (GeVic®)
nTracklets [ 14, 19], Solims [0.0,0.2] nTracklets [ 20, 50], Solims [0.0,0.2]

8 0
Mean = 1.867 + 0.002 0
Sigma = 0.009 + 0.003 0

ignificance (30) 5.4 +
S(3c)72 +13
B (30)103 + 4

+Sli(‘.'io) 0.6983

Mean = 1.870 £ 0.003
Sigma = 0.011 + 0.003

S (30) 65 = 17
B(30)196 + 6
S/B (30) 0.3302

1.7 1.75 18 185 19 195 2 205 1.7 175 18 185 19 195 2 205
Mass (GeVic®) Mass (GeVie®)
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Ermres

Ertres

D* yield in multiplicity bins (0.2<S0<0.4)

nTracklets [ 1, 8], Solims [0.2,0.4) nTracklets [ 9, 13), Solims [0.2,0.4)

ignificance (30) 7.9 +
S(30)115 £+ 14
B(30)96 = 4

S/B (30) 1.1945

ean = 1.868 + 0.002
igma =0.011 + 0.001

Mean = 1.873 + 0.003 70
Sigma = 0.011 + 0.002

S (30) 46 + 9
B (30)29 +2
S/B (30) 1.5689

a
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nTracklets [ 14, 19], Solims [0.2,0.4) nTracklets [ 20, 50), Solims [0.2,0.4)
ignificance (3¢) 9.1+ 0.8 - Mean = 1.868 + 0.001
S(3c)171 £ 19 Mean = 1.867 + 0.001 Sigma = 0.012 + 0.001
B (30)182 + 6 Sigma = 0.009 + 0.00 %00
S/B (30) 0.9436 280
g’.‘bj
150
Significance (3c) 10.6 = 0.9
o S (30) 354 + 34 *
) B(30)771 £13
(30) 0.4595
1.7 175 18 185 19 195 < 205 ¢ 7 175 18 185 19 19 2 205
Mass (GeVic”) Mass (GeVic©)
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Emrus

D™ yield in multiplicity bins (0.4<S0<0.6)

nTracklets [ 1, 8], Solims [0.4,0.6]

Mean = 1.871 + 0.002
Sigma = 0.008 + 0.003

S (36)21+6
B (30) 11 +1
S/B (30) 1.9388

17 175 18 185 19 195 2 205
Mass (GeVic®)

nTracklets [ 14, 19], Solims [0.4,0.6]

o FSignificance (30) 7.2 +,0.8
S (30) 147 + 20 Mean = 1.869 + 0.002

- B (30) 266 + 8 [ \Sigma = 0.013 + 0.002]
S/B (3¢) 0.5535

»
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nTracklets [ 9, 13], Solims [0.4,0.6)

Significance (30) 6.1 + 0.7
S(30)73 £12 Mean = 1.868 + 0.002
50 B(36)72 +3 Sigma = 0.009 + 0.002
S/B (30) 1.0202

Enres

1.7 175 18 185 19 195 2 205
Mass (GeVic)

nTracklets [ 20, 50], Solims [0.4,0.6)

Mean = 1.868 + 0.001
Sigma =0.012 + 0.001

ignificance (30) 11.0 + 0.9
S (30) 467 + 43

B (30) 1347 + 17
S/B (30) 0.3468

1.7 178 18 1.85 19 185
Mass (GeVic®)
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205
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Ertros

Entnes
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D7 yield in multiplicity bins (0.6<5S0<0.8)

nTracklets [ 1, 8], Solims [0.6,0.8)

nTracklets [ 14, 19), Solims [0.6,0.8]

185 19
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Entnes

D7 yield in multiplicity bins (0.8<S0<1.0)

nTracklets [ 14, 19], Solims [0.8,1.0]
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Signal/Event vs S_

Signal per event

Signal per event
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v In left plot, for a given multiplicity bin, yield in each S bin 1s self normalized
(divided by first bin content) .

v Most contribution to D™ comes from high multiplicity 1sotropic events.
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Summary & OutLook

v Analysed the pass4 (2010) pp data for D™ meson reconstruction.

v Good Signal/Background and Significance of the Invariant mass plots.

v D* meson yield calculated as a function p; and multiplicity in various S bins.
Next to do:

v Check the D" yield in S_(S;), pr and the multiplicity bins simultaneously.

v Optimize the bins for further analysis.

v To do the corrections to D* yield.




Thank You




Back Up




Why event shapes?

v For isotropic events (SO > 0.8), the average no. of jets is below 1 and jet production is
largest for jettylike events (S, < 0.2) (left figure)

v Small fraction of jet shows flat trend close to 10 GeV for isotropic events (minimum
jet prwas set to 10 GeV/c). For jetty-like events, the average p; is above 30 GeV/c

(right figure)

v Expect to observe the same trend for charged hadrons instead of jets.
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Measurement of D mesons as a function of charged particle multiplicity
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Cuts filter bits

$

Bit Methods
Bit 0 (001) [tandard cuts on primary tracks [GetStandard TPCONlyTrackCuts() (*)
Bit 1 (002) |JTS stand-alone tracks( ESD Track Cuts) BetRequirelTSStandAlone(kTRUE)
Bit 2 (004) pPixel OR (necessary for the electrons) AND Standard track cuts BetClusterRequirementITS(ALESDtrackCuts::kSPD, AlIESDtrackCuts::kAny)
[SetFilterMask(1) of AESDtrackCuts)
Bit 3 (008) pID for the electrons AND Pixel Cuts (SetFilterMask(4) of SetTPCnSigmaCut(AliPID::kElectron, 3.5)
Bit 4 (016) Ptandard Cuts with very loose DCA GetStandardITSTPCTrackCuts2011(kFALSE)
BetMaxDCAToVertexxY(2.4)
betMaxDCAToVertexZ(3.2)
tDCaToVertex2D(KTRUE)
Bit 5 (032) ptandard Cuts with tight DCA cut ndardITSTPCTrack ()
Bit 6 (064) [Standard Cuts with tight DCA but with requiring the first SDD ndardITSTPCTrackCuts2011()
cluster instead of an SPD cluster lusterRequirementITS(AIIESDtrackCuts::kSPD,AlIESDtrackCuts::kNone)
tracks selected by this cut are exclusive to those selected by  BetClusterRequirementITS(AlIESDtrackCuts::kSDD,AlIESDtrackCuts::kFirst)
the previous cut
p_ﬂ'l (128) [TPC only tracks,constrained to SPD vertex in the filter ndardTPCONIyTr. "o‘
=2
Bit 8 (256) [Extra cuts for Hybrids: JliESDtrackCuts::GetStandardITSTPCTrackCuts2011(kFALSE)
- first the global tracks we want to take BetMaxDCAToVertexXY(2.4)
betMaxDCAToVertexZ(3.2)
tDCAToVertex2D(KTRUE)
BetMaxChi2TPCConstrainedGlobal(36)
BetMaxFractionSharedTPCClusters(0.4)
r->SetHybridFilter lobalConstrai | <<8)); // these
normal global tracks will be marked as hybrid
Bit 9 (512) [Than the complementary tracks which will be stored as global BetClusterRequirementITS(AESDtrackCuts::kSPD,ANESDtrackCuts::kOff)
constraint, complement is done in the ESDFilter task RequirelTSRefit(kTRUE)
-> <<9); // these tracks are written
put as global constrained tracks
sdfilter->SetWriteHybridGlobalConstrainedOnly(kTRUE); // write only the
’._.. Eomglement a0®
Bit 10(1024)5tandard Cuts with tight DCA cut, using cluster cut instead of FgmgnggrgI§Tpgr§gkggggzgl 1(kTRUE,D) (**) 28
crossed rows

*

-



Hybrid: Good global tracks if available, otherwise global constrained tracks.

Cuts for good global tracks: # Cuts for global constrained tracks:

= pT dependent cut on # of TPC clusters = Same cuts as for the good global
in Tt it. tracks shown above except no ITS

= x?p/ TPC cluster in 15tit. < 4 refit or SPD hits requirement

= No kink daughters = Constrained to primary vertex to

= Require TPC refit improve pT resolution

= Frac. of shared TPC clusters < 0.4
= Require ITS refit

= Chi2 per ITS cluster < 36

= DCAyy < 2.4cm

= DCA.<3.2cm

= At list one hit on SPD

= x? between TPC constrained and global
< 36

Good track pT resolution, uniform phi distribution, but track quality is mixed.
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Pass2-Pass4 comparison
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