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Why study event shapes

e People use to look for  * However, high

kind of collectivity in multiplicity events may
high multiplicity pp have different event
events (argument: structures associated
multiplicity measured with the hardness of

in pp at 7 TeV is the event.

ALICE Collaboration, Eur. Phys. J. C (2012) 72:2124.
How to isolate high multiplicity events,

comparable to Cu-Cu

COHiSiOHS at RHIC) with isotropic distribution of transverse
momentum and with a small
K. Werner at al. Phys.Rev.C83:044915,2011 contribution from multi-jet topologies?
kK. Werner at al. J.Phys.Conf.Ser.316:012012,2011 . Goal: Understand effects which

~ are observed in Pb-Pb collisions
and may be present in pp
collisions.
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What are the event shapes?
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What are the event shapes?

Event Shapes in MB:
Sensitive to UE event
(MC tune)

Nice observable to
characteriza HM events

Beam axis

Event Shapes characterize the distribution of the outgoing particle energy
from a high energy collision. In hadron-hadron collisions they are restricted
to the transverse component w.r.t. beam axis (avoid the bias from the boost).
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Examples
 Sphericity. * Spherocity

The following matrix is diagonalized: Transverse spherocity is defined as
follows:

)
gL _ | 3 ! ( Pxi  Pxi .-’f;}'g)
WX pri & pri \Py; Pxi Pyi

Spherocity

|l
4; |?1N

Transverse sphericity is defined as
follows:

G = 2A2
AT = Az + ;J\_I .
Where A >=A..
y y
Case A =A . Case A >A
< < Andrea Banfi et al., “Phenomenology of the event

shapes at hadron colliders”, arXiv:1001.4082
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Event Structure

Spherocity=0.09 Spherocity=0.96
Sphericity=0.14 o Sphericity=0.99 o
Multiplicit Multiplicity

Entries 42 :3. Ry Entries 44

Pythia6, tune Perugia 2011 Andrea Banfi et al., “Phenomenology of the event
shapes at hadron colliders”, arXiv:1001.4082
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soft, p;”a“ <2 GeV/c

ool PP, Vs=7TeV

Results for transverse s

hard, pra" >2 GeV/c

PHOJET

ATLAS-CSC
PERUGIA-O
PERUGIA-2011

R>0O0

phericity

all —_

MC produéestss
“soft” events.>
More active MPI

— -

W o
& LABAY LARAY LA T 1 1

Data / MC

N, {pT = 0.5 GeV/c)

ALICE Collaboration, Eur. Phys. J. C (2012) 72:2124.

High multiplicity events seems more isotropic than MC.
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Decembe

Results for transverse spherici
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What else can we learn from event shapes?

Simulations:
Pythia6, tune Perugia 2011.
Pythia8, v 8.17, Tune 4 C.
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What is the “best” observable that can distinguishing truly spherical
events from simpler multi-jet topologies, (like symmetric
transverse-planar events)?

Exercise: generate symmetrical configurations with N “particles” (same p_).

A

Vspherical: limit value of

ES

L : f -2 I B B L B B L
®

the observable. 0.9 .

V(N): value of the 0.8 *
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What is the “best” observable that can distinguishing truly spherical
events from simpler multi-jet topologies, (like symmetric
transverse-planar events)?

Exercise: generate symmetrical configurations with N “particles” (same p_).

A

. . e w 1.1 . . Pa— .
~ With sphericity we can not distinguish multi-jet topologles.
Vspherical: limit value of Iti t nice if oné Wwants B AR AR
the observable. 1S NOt Nnice 11 oNe wants

V(N): value of theto isolate “soft” events
observable for N particles.
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Distribution of the event shapes

»Event Shapes (ES) are
defined using primary

charged particles at
n|<0.8

»Experimentally, the
resolution of the
observables is better for
events with more than 3

particles (p >0.5 GeV/c).

December 1st, 2012

Entries

10°

10*

__ Pythia6, Tune Pe2011
= (~40% of the events

- satisfy the selection cuts) \
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Amount of high sphericity events is of the
same order than low sphericity events.
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Distribution of the event shapes

»Event Shapes (ES) are
defined using primary

charged particles at
n|<0.8

»Experimentally, the
resolution of the
observables is better for
events with more than 3

particles (p >0.5 GeV/c).

Entries

10*

10°F

-

Spherocity

. . /7

; Pythia6, Tune Pe2011 |
= (~40% of the events E
- satisfy the selection cuts) \ ® -

||||||||||||||||||||||||||||||||||||||||||||||\||
0 01 02 03 04 05 06 07 08 09 A1

Spherocity

December 1st, 2012 A. Ortiz, (Symposium in honor of Guy Paic)

: 0.04% of
1 the full
| sampl¢

I

/
/

15



Sphericity and Centrality
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f(x,,b)=ed)f(x )=(<n(b)>/<kO(b)>) f(x ).
For a impact parameter b, f (x ) is the probability to have a parton—parton interaction at x | (2pT/\/ s), given

that the two hadrons undergo a non-diffractive, inelastic collision. O(b): time-integrated overlap between
the matter distribution of the colliding hadrons, fi: counts the number of interactions when two hadrons

pass each other. . o .
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Spherocity and Centrality
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Spherocity and Centrality
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Multiplicity distribution
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Transverse momentum spectrum
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Decomposition of the MB sample
as a function of sphericity
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» Quark jets contribution & E.TLTS LTS
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. . . Q o'k D8 o o o ol
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Decomposition of the MB sample
as a function of spherocity
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Selection on sphericity
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Same exercise with Pythia8 (HardQCD

replaced by SoftQCD)
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The effect is considerably increased, why? We only increased the jet
energy by turning on HardQCD.
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Hardness vs Event Shape

» Pythia generates high
spherocity events through
violent parton-parton
scatterings. : .

Pytha8, Tune 4C
+ Sphericity
+ Spherocity

(B_) (GeV)

» The majority are gg — gg T :
(~70%), which produces high : SRR
multiplicity events. .8 " ‘

» Particles are mostly _
produced at low p_. bl st L Lo Lot Lol

0 01 02 03 04 05 06 07 08 09 1
Event Shape

High Spherocity (Sphericity) represents 0.006% (0.5%) of the

full statistics.
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Hardness vs Event Shape
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Hardness vs Event Shape
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Conclusions

» Sphericity and spherocity ¢"
exhibit different kind of
sensitivities.
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Conclusions

» Sphericity and spherocity ¢"Z !
exhibit different kind of oot 2= Po -
e 0sf- 10 F Oooo Pythia6, tune PeZU‘H‘g
sensitivities. N o e -
o.sé— 10 ?'.. OOO ¢ Spherocity<0.1 _§
» In Pythia, high spherocity =t wp ™ o ¢ Sonerciros
events have a very active =«
MPI (central and high o wf o

multiplicity events). R R
1D-B:IIlllllTllTllTllllllll:
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Number of MPI (N MPI)
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Conclusions

» Sphericity and spherocity ¢"Z !
exhibit different kind of 0= 2 E g
e e e 0sf- 210 %0, Pythia6, tune Pe2011
sensitivities. oE o e
NG 1 Pythia6, tune Pe2011
» In Pythia, high spherocity .« >_ o v
. 04~ © ¢ Spherocity<0.1
events have a very active = o %o Sphorociy-0.9
MPI (central and high E 8 X
multiplicity events). C L
» Spherocity seems to be an %
excellent tool to split the Q‘%
sample in “soft” and “hard”
o« o 10" Ll L1l L
(w/o an explicit cut on p ). 0 S Govie
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Interesting studies which can be
done in pp data

» RARRN RRAR LALRN RN RARRN AR AN
»What is the amount of events with high £

spherocity (MB ~0.04%, HardQCD gl i
~0.006%). LI B .
10°F .

A3 / —\_5\
- Pythia: Most violent 2->2‘ .

- collisions. 1/
- \
o e e e
Spherocity
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Interesting studies which can be
done in pp data

»What is the amount of events with high % f o |||||| l i
spherocity (MB ~0.04%, HardQCD R
~0.006%). * 107 Pythia, tune Pe2011 3

o MB

» Characterization of high spherocity : e Spherocity<0.1
events: transverse momentum 10°k
distribution, multiplicity distribution, .

dependence with multiplicity.

¢« Spherocity>0.9 _f

107

107 g
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Interesting studies which can be
done in pp data

»What is the amount of events with high g f ]
spherocity (MB ~0.04%, HardQCD 2§
NO.OOG%). “ 0 Pythia6, tune Pe2011
Presentg ALICE Coltabwmation at QM12
» Characterization of high spherocity ~ Fe e soherocive01 3
events: transverse momentum =L /N PoPb s 276TeV -
distribution, multiplicity distribution, T Lo -
dependence with multiplicity. S oal- ALICE .« 60-80% ]
» Transverse momentum spectra for osF- i > S -
identified hadrons, particle ratios. From i . _
Pythia we know that high spherocity n B
events contanin more pions than MB or . e -
jetty like. What do we expect in LHC ! S gy
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