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Why Event Shapes?

R/
000

The collective flow-like behaviour in hadron collisions

= multi-parton interaction (MPI) and color reconnection

Figure shows correlation between multiplicity and number of multi-parton
interaction (Nmpi)

= width of distribution of MPI - prevents use
of multiplicity alone
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= saturation at high multiplicity

The use of event shape allows to isolate jetty-like

10°

(high pr jets) and isotropic events

Pythia 8.180 tune 4C
pp Vs = 7 TeV (inelastic)

Average Nmpi is higher in isotropic events than that |/~ :
of jetty-like events 5 10 15 20 25 30 35 40

With events shapes, selectivity of events with certain number of MPI can be
improved

(arXiv:1503.03129v2)



Event Shapes

X/
X4

Jets
= Hard Scattered partons

Multiple Parton Interactions /outgoing Parton

PT(hard)

= Final state radiations

- —p
Proton IV AntiProton
o . ‘\,’JAQ‘ V =
Underlylng events Underlying Eveat ‘;@ﬁ%( Upderlying Event
= Initial state radiations <
= Beam-beam remnants
= Multiple parton interaction Outgoing Parton

Event shapes in Minimum Bias sensitive to underlying events (arXiv:1205.3963v1)

Event Shapes characterise the distribution of the outgoing particle energy from a
high energy collision.

In hadron-hadron collisions, event shape analyses are restricted to the transverse
component w.r.t. beam axis to avoid the bias from the boost along beam.



Event Shapes

Sphericity

In terms of the eigenvalues, A1 and A; of
transverse momentum matrix,
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Transverse Sphericity,
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(arXiv:1205.3963v1)
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0 pencil—like” limit (hard events)

Spherocity

Mid rapidity charged hadron transverse
spherocity,
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Where, 71 is unit transverse vector which
minimises the ratio. (arXiv:1503.03129v2)

(arXiv:1001.4082)

Inl <0.8;

Transverse momentum, 0.15<p71<10 GeV/c
events with two particles, NTracklets > 3
Hybrid track cuts - filter bits 256, 512
(Antonio Ortiz)

1 “isotropic” limit (soft events) 5



Event Shapes

For isotropic events (So > 0.8), the average no. of jets is below 1 and jet production is
largest for jetty-like events (So < 0.2) (left figure)

Small fraction of jet shows flat trend close to 10 GeV for isotropic events (minimum jet
pr was set to 10 GeV /c). For jetty-like events, the average pr is above 30 GeV /¢ (right
figure)

< Expect to observe the same trend for inclusive charged hadrons instead of jets.
(arXiv:1503.03129v2)

50

A I Ll Al L] l L) Ll Al l L Ll Ll I Al Ll L)

st L'{ o P et e S o O SIS R [ R Sy R e B e T b
Q : : - S 3
% o PP Vs= 7 TeV, Pythia 8.180 = 2 45F- PP Vs= 7 TeV, Pythia 8.180 =
S [ smm00<S, <02 : 3 0.0 < S, <0.2 EE E
e L ERIEH ; o of EuzZBtus 3
% - [ 0.4 < S,<0. 3 R <Qo<W. .
A 7E mmm06<S<08 3 A a5 —oe<sg<o.8 _— 3
N - : v 30 -
Y b = e :
= F - = 25 =
i | = = — =
I —- S 20 m—
~ E s ) — 3
2:— —_— T e S 15 e e
1;. ———g o 10 E
: l 1 l l l —l_”l M N = i 1 l 1 1 L l 1 L 1 l 1 1 'l l 1 L 1 B
0 2 4 6 10 o 2 4 . /8 e
ch/dn/(dN /dn ) fdn/ (dN_/dn )

Average no. of jets vs. Event Multiplicity = Average no. of jet pr vs. Event Multiplicity
6



Data Set and Invariant Mass: D' — Kt*

D0 — K7nt* (3.9%) Checks with Pass 4 data to assure it’s use
System Run/Pass NEvents Period % Inner Tracking System (ITS)
pp (data) 2010/ pass2 ~316M LHC10b,c,d,e
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The sigma is narrower in pass 4 = improved calibration and alignment of the detectors
Pass 2 and 4 data, MC are within expected uncertainties
Significance is higher for pass 4 data than pass 2



Ntra(}k]ets VS. Z -VGI‘tGX (Pass 4 data)

Ntracklets vs VixZ

Ntracklets vs VixZ

Ntracklets vs VixZ

Ntracklets vs VixZ

The SPD acceptance drops off with time as well
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as with the position of the vertex

The number of tracklets N.,., is corrected event-

by-event to equalise the average number of
tracklets among four periods and to correct

for the dependence on Z,,,
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Efﬁciency < Acceptance s

Efficiency Results: Pass 2, Pass 4 and Original

Acc X Eff

1072

0 2 4 6 8 10 12 14 16 18 20 22 24
p. (GeV/c)

The efficiency of pass 2, pass 4 and published are comparable and they are within 5%



(Cross Section

R/

“ Raw yield is calculated from invariant mass fitting

* Cross section for pass 2 data and pass 4 data is computed from efficiencies.

% The computed cross section for pass 2 and pass 4 are compared with originally
published results

Cross Section

Pass 2

Cross Section

t lyl<0.5
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With this we positively concluded our checks for pass 4 data.
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Projection: p, Mass,
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one Mult Bin: Ntrk|[1,81}; Sphero|0.0, 0.5

1<pr<2GeV/c 2<pr<4GeV/c
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one Mult Bin: Ntrk|[1,81}; Sphero|0.3, 0.5
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one Mult Bin: Ntrk|[1,81}; Sphero|0.5, 0.7
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one Mult Bin: Ntrk|[1,81}; Sphero|0.7, 1.0
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one Mult Bins: Ntrk|1,31}; SignalNorm

Normalised in each Multiplicity and Spherocity bins

NormSignal SO bins vs P,
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two Mult Bins: SignalNorm vs. pT
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two Mult Bins: SignalNorm vs. 5S¢

Normalised in each Multiplicity and Spherocity bins
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Summary and Plans

M Invariant mass fitting
M Multiplicity study
M Efficiency X Acceptance
M Cross section calculation
[] Study of Spherocity for event shape analysis
[F Code for Event Shape is working
[ Started with spherocity dependence in one and two multiplicity bins

] Next is efficiency correction with the spherocity ...

Thank You...
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BACK-UP SLIDES



FKvent shapes: Hybrid track cuts

Tested three different sets of cuts.
TPC-only: flat eta and phi distributions, but large contamination from secondaries.

Golden: non uniform phi distribution (this is not optimal for the S, calculation).

Hybrid track cuts: developed by Marta Verweij: uniform phi and eta distributions, larger tracking
efficiency than for golden track cuts, smaller contribution from secondaries than for TPC-only track
cuts. More details can be found here:

https://twiki.cern.ch/twiki/bin/viewauth/ALICE/HybridTracks

Zlo 600

oo, - Hybrid tracks
| 3 0 w/ SPD & ITSrefit
z

—— wlo SPD & w/ ITSrefit
: - no SPD req. & w/o ITSrefit

400 sum

-
—
-
—
—
L
—
—

—

3oomm u 1 e~

2001

A. Ortiz

100

AAAAAAAAA

(=]

Good track pT resolution, uniform phi distribution, but track quality is mixed. "



FKvent shapes: Hybrid track cuts

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 1st it. tracks shown above except no ITS
x?p/ TPC cluster in 1stit. < 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

DCAxy <2.4cm

DCA, < 3.2cm

At list one hit on SPD

x? between TPC constrained and global
<36

$§ ¥ 8 3 3 0 1 3 B

Good track pT resolution, uniform phi distribution, but track quality is mixed.
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InvMass Fitting: Pass 2

D° Invariant Mass: 1 < P, < 2 GeVic D Invariant Mass: 2 < P, < 3 GeVic D Invariant Mass: 3 < P, < 4 GeV/c D Invariant Mass: 4 < P, < 5 GeVic
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InvMass Fitting: MC Pass

D’ Invariant Mass: 1 < p, < 2 GeV/c D’ Invariant Mass: 2 < p, < 3 GeV/c D’ Invariant Mass: 3 < p, < 4 GeV/c D’ Invariant Mass: 4 < p, < 5 GeV/c
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InvMass Fitting: Pass 4

D° Invariant Mass: 1 < p, < 2 GeV/c D Invariant Mass: 2 < p. < 3 GeV/c D° Invariant Mass: 3 < P, < 4 GeV/c D Invariant Mass: 4 < p, < 5 GeV/c

14000

Mean = 1.865 = (.002 Mean = 1.865 = (.001 Mean = 1.864 + P.001 700

Mean = 1.866 = (.001
12000

Sigma = 0.010 = §.002 3500 Sigma = 0.010 = ].001 Sigma = 0.011 =|0.001 Sigma = 0.013 = ].001

10000 3000

500
2500

400
2000

300

ignificance (30) 7.8 + 1.2 150

S (30) 1765 = 274

gnificance (30) 14.8 = 1.0
S (30) 2094 = 145
B (30) 49393 = 70 B (30) 18050 = 45 B (30) 9072 =33 100 B (30) 2619 =19

S/B (30) 0.0357 S/B (30) 0,1160 S/B (35) 0.2107 S/B (30) 0,4621
1.75 1.8 1.85 1.9 1.95 2 205 2. 1.75 1.8 1.85 1.9 1.95 2 205 2. 1.75 1.8 1.85 1.9 1.95 2 205 2. 0 1.75 1.8 1.85 1.9 1.95 2 205 2.

gnificance (30) 18.2 + 1.0

S (30) 1912 = 110 200

1000 S (30) 1210 = 66

500

D° Invariant Mass: 5 < P, < 6 GeV/c D Invariant Mass: 6 < P, < 8 GeV/c D Invariant Mass: 8 < P, < 12 GeV/c D° Invariant Mass: 12 < p, < 16 GeV/c

350

Mean = 1.865 = (.001 250 Mean = 1.865 = (.001 160 Mean = 1.864 = (.001 Mean = 1.870 = (.003

60

300

Sigma = 0.014 = p.001 Sigma = 0.014 = P.001 140 Sigma = 0.016 = P.001 Sigma = 0.021 = §.003

50
250 200 120
100 40§
200 150
150, 30
1004 ..
S0 *ance( 0% = 0.7
100 = 20
50 ' oo o
50 B (30) 837 =+ 10 B (30) 472 =8 10
S/B (30) 0.8697 S/B (30) 1.4851
75 18 185 19 19 2 205 2d 175 1.8 18 19 195 2 205 2.1 175 18 185 19 195 2 205 21 s 18 185 19 1% 2 205 2d

D0 Invariant Mass: 16 < P, < 24 GeVl/c

Mean = 1.873 = (.006

Sigma = 0.029 = §.005




InvMass Fitting: MC Pass 4
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Signal and Significance
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Signal/NEvents in Multipheity Bins
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Efficiency kSteps Pass 4, from feeddown
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Efficiency vs. Variables:
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Eff

Efficiency vs. Variables: Pass 4
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Efficiency x Acceptance

Acc X Eff: P2/P4

Comparison of Pass2 and Pass4 =~ Comparison with original results
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The ratio of efficiency X Acceptance for pass 4 to pass 2 is slightly above 1 for RecoPID

Also, ratio of efficiency of pass 4 to published are comparable and they are within 5%
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Signal Pass 2, Pass 4, Original Results
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Cross Section Comparison

CrossSection Comparision
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Cross section results for pass 4 and original are matches within some uncertainty which
can be explained by differences in pass 2 and pass 4 data

With this we positively concluded our checks for pass 4 data.



Prompt Fraction
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two Mult Bins: Ntrk[1,20[; Sphero 0.0, 0.3

1000

800

600

400

200

500

400

300

200

100

1<pT< 2 GeV/c, Spherocity [0.00,0.30], Ntracklets [ 1, 20]

Mean = 1.865 = (L.OOO
Sigma = 0.009 =+ D.000

N
Significance (30) 2.7 + D.
[ S(30)108 = 31

B (30) 1538 = 11

1.75 1.8 1.85 1.9

4<pT< 8 GeV/c, Spherocity [0.00,0.30], Ntracklets [ 1, 20]

Mean = 1.865 + J).OOO
Sigma = 0.015 + p0.000

T

S (30) 484 = 29
B (30) 530 + 8

:Illllllwlllll

600

500

400

300

200

100

120

100

80

60

40

20

2<pT< 4 GeV/c, Spherocity [0.00,0.30], Ntracklets [ 1, 20]

IllllllllmIII|IIII|IIII|I

Mean = 1.865 =+ (L.OOO
Sigma = 0.012 + D.000

ignificance (30) 8.8 = 0.8
S (30) 361 = 36
B (30) 1338 + 13

1.7 1.9

8<pT<16 GeV/c, Spherocity [0.00,0.30], Ntracklets [ 1, 20]

Mean = 1.865 + J).OOO
Sigma =0.017 + p0.000

39



two Mult Bins: Ntrk[1,20[; Sphero|0.3, 0.5]
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two Mult Bins: Ntrk[1,20[; Sphero|0.5, 0.7
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two Mult Bins: Ntrk[1,20[; Sphero|0.7, 1.0
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two Mult Bins: Ntrk|21,81]; Sphero|0.0, 0.5
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two Mult Bins: Ntrk|21,81]; Sphero 0.3, 0.5
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two Mult Bins: Ntrk[21,81]; Sphero[0.5, 0.7
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two Mult Bins: Ntrk|21,381]; Sphero|0.7, 1.0
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