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Introduction

» At RHIC and LHC, jet production is considered to be an
efficient probe for the formation of QGP

» The STAR experiment has published the results on vy as a
function of p;, at large p;, vo stops growing and shows a
saturation

» That indicates jet fragmentation, jet quenching and strong
parton energy loss in QGP

» Energy loss of fast partons in a QGP # jet quenching
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10PB Jets in heavy ion collisions

Jets in HIC

Fate of Hard Scattered PH ENIX
Partons

Hard scatterings in

nucleon collisions sdEmauEden o kLo tion

produce jets of particles. bt f/f loading
oY

particle

In the presence of a

color-deconfined : "a
medium, the partons «(‘7\
strongly interact hadrons l
(~GeV/im) lesing much leading particle
of their energy.

> “Jet Quenching”

QM2008, Jaipur, 5th February 2008
P.K. Sahu



Outline
Method One jet

Calculations and Results Two jets
Summary and Conclusion

From Flow coefficients

» The flow coefficients are nothing but the Fourier coefficients
of the azimuthal distribution of particles produced in heavy
ion collisions. These determined by doing Fourier analysis of
the collisions data. Thus, given a normalized distribution of
particles, P(¢) in azimuthal angle, we can expand in Fourier
series | o

P(¢) = % Um Cosm(¢ - (z)m) (1)
m=0

» The flow coefficients v,,, are then

2
U = /0 doP(¢p) cosm(¢ — dpm), (2)

with vg = 1 because P(¢) is normalized. ey ——.
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» In the experiments, ¢,, is not known and inaccuracies
determination of ¢,, from the data. Therefore convenient to
eliminate ¢,, and determine the flow coefficients by using
two-particle correlation method

V2 = /d¢1d¢2P(¢1)P(¢2) cosm(¢p1 — ¢2). (3)

» The definition of the flow in eq(2) is not weighted by any
physical quantity. One can define flow of a physical quantity
by weighting the averages by the corresponding physical
quantity. Thus, the transverse momentum flow vy, 5. is

27 ()
T = /0 /0 ddprprP(6, pr) cosm(é — dm),  (4)

QM2008, Jaipur, 5th February 2008
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» Eliminate ¢,, and determine the transverse momentum flow as

Ve = /d¢1d¢2dPT1dPT2PT1PT2P(¢1)P(¢2) (5)
x cosm(¢pr — P2).

» For a given particle distribution in an experiment, the flow
coefficients are determined by

1
va, = Nz > cos(¢i — ¢)) (6)
4,J
and
1
Vnpr = N2 ZPT,iPT,j cos(p; — @), (7)
4,J

where NN is the number of particles in the event and pr; is
the transverse momentum of it particle.
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One jet

» Assume that the background particles Ny and a jet N;
number of particles are distributed uniformly.

» Thus, the probability distribution of N = IV}, + N; particles

N N
P(¢7PT) - Fbpb(qupT) + FJPJ(¢7PT)7 (8)
where
Py(p,pr) = %fB(pT) for 0 < ¢ <27
and
1

P;(¢,pr) = Ao (pr), for ¢o— Ad/2 < ¢ < ¢+ Ag/2.

QM2008, Jaipur, 5th February 2008

P.K. Sahu



Outline
Method One jet

Calculations and Results Two jets
Summary and Conclusion

» The transverse momentum distributions of background and jet
particles have been normalized to unity. Thus

[ f(pr)dpr = [ fe(pr)dpr = 1. For this distribution, the
expression for flow coefficients v, is

v, = /d¢1d¢2dPT1dPT2P(¢17PTl)P(¢2,pT2)Cosm(¢1—¢2)

= /d¢1d¢2delde2P(¢lapTl)P(¢27PT2)

X (cos(meq) cos(mepa) + sin(mepi ) sin(mez))
2

N,
= ]VJ2[/d¢1de1Pj(¢laPT1)COSm(¢1 _%)]2

2

2
5 [otmag/2)] " (9)

QM2008, Jaipur, 5th February 2008
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[0 If the jet angle A¢ is small, then expand the cosine function in
powers of ¢1 — ¢,

N2 m2A¢2
vt = =5 1= T+ o(m)| (10)
C e . . A
[0 For this distribution, the variance o = \/(¢2,) — (¢av)? = \/—1%
In fact, for general azimuthal distribution function, we can show
that
2
V2 = Nij? 1 —m?e? + O(m4)}, (11)

[1 Assume that the jet particles are distributed according to a

probability distribution function which is symmetrg%%pgpﬂﬁ)ugégth ebraary 2008
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[0 Following the same methodology, the expression for
pr-weighted flow coefficients can be determined. One can write

NZ <pp>?;. 2
e =~ |jo(mAg/2)]
N2 <pr>ir  m2A¢?
_ J 4
— e _1 -— + O(m )}
N2 <pp>2;
- 4 [i-m+ O(m‘*)}, (12)

where < pp >= [dprprf(pr) is the average transverse
momentum carried by a particle in the jet. Thus V; < pr > gives
the total transverse momentum of the jet.

QM2008, Jaipur, 5th February 2008
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Two jets

[0 Consider two jets emitted at azimuthal angles ¢ and ¢ + w. We
expect that a hard parton scattering would produce such jets
having equal and opposite jet momenta.

[0 To consider such a situation, following particle distribution
function P(¢, pr) is chosen.

N, N N
P(¢,pr) = ﬁbe(fbapT) + Wﬂpﬂ(@pﬂ + WJQPjQ((lSva)a (13)

QM2008, Jaipur, 5th February 2008
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where

Py(p,pr) = %fB(pT) for 0 < ¢ <27

Pa(6.p) = 35hiler) for do—Adi/2 <6< b+ A2
Pa(.p1) = 35fa(pr) for o= Ade/2 < 6-+7 < du -+ Ada/2.

(14)
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[0 Note the number of jet particles, their opening angles and
momentum distributions assumed to be different for the two jets.
The computation of the flow coefficients carried out in the same

fashion as
1 . mAQ;
v2, = N2 le]O(TJl) (15)
m . MA@ 72
+ (-1) jzjo(Tﬂ)
and
O
1 . MA;
Uzn,pT = m[<pT,1 >]0(Tj1)
- mAdio 12
HED™ <pra > (SR (ae)

QM2008, Jaipur, 5th February 2008
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[0 First, for two jet case, the flow coefficients for even m are
significantly larger than those for odd m. Particularly, if the two
jets have similar opening angles and numbers of jet particles, the
odd flow coefficients (close to zero) and much smaller than the
even coefficients.

[0 On the other hand, if the opening angle of one of the jets is
broadened significantly, the corresponding Bessel function would
decrease rapidly with m and the pattern would look more like a
single jet case.
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Calculations and Results

» The analysis is done for the number of jet particles varying
from 10 to 20, the opening angle between /6 and 7 /4
radians. The analyzes are done by using a pr cut of 0.5, 0.75
and 1 GeV for background particles.

» The dynamical elliptical flow is observed to be of the order of
10 — 15%. Since we are determining v2,, the contribution of
dynamical elliptic flow to v3 is ~ 0.01 — 0.02.

» For an event with N particles, we compute the flow

coefficients v2, = i COS(NQ(@ d)J)). Fitting a curve b — cm

to these values by minimizing x?, we obtain the number of jet
particles ( Nj2 = bN? ) and the jet opening angle (
A¢? = 12¢N? /N7 = 12¢/b ).

2
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Case of no jet
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O The closed (open) symbols are for with (without) pr weight,
the value of pp cut used is 0.75 GeV.
[ The flow coefficients are generally smaller than 0.005 and 0.015

for constant weight and pr weighted coefficients respectively.
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Case of only jet

5_ T T T

at .
nE 3; ]
> r ]

2r 7

% 5 10 15 20 25 a0
m?

O opening angle is /6 and number of jet particles is 10

[0 The values of flow coefficients are large in comparison with the

events having only background particles.
QM2008, Jaipur, 5th February 2008
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O For pr cut of 0.75 GeV for background particles and 10 jet
particles

O In the 'wagon-wheel’ plot, each line represents a particle in the
event and the direction (A¢) and the length (pr) of the particle,

respectively.
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Two jets plus background

Extracted values

Input # of particles, jet pr, extracted # of particles, jet pr,
pr cut and A¢ A¢ (pr weight), A¢ (w/o pr weight)
10, 18.26, 1.00, 7/6 10.52, 18.17, 0.43, 0.46

10, 18.26, 0.75, 7/6 11.60, 18.17, 0.46, 0.57

10, 18.26, 0.50, 7/6 14.11, 18.14, 0.56, 0.70

10, 18.26, 1.00, w/4 10.31, 18.17, 0.54, 0.53

10, 18.26, 0.75, w/4 11.44, 18.17, 0.53, 0.57

10, 18.26, 0.50, 7/4 14.05, 18.18, 0.54, 0.77

10, 18.26, 1.00, 7/8 10.56, 18.17, 0.39, 0.44

10, 18.26, 0.75, 7/8 11.63, 18.17, 0.45, 0.59
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Correlation between input and extracted jet pr
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Two jets case
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O The closed (open) symbols are for different (same) jet angle of
both the jets using pr cut. In the transverse momenta of the
particles in a 'wagon-wheel’ plot, two back-to-back jets can be
Identlfled n the flgu re. QM2008, Jaipur, 5th February 2008
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Summary and Conclusion

» We have explored the possibility of identifying and
characterizing the jet structure in a relativistic heavy ion
collisions.

» We have shown that, there is a linear relation between
the square of the flow coefficients v,, with m? and using
this relation it is possible to estimate the number of jet
particles, the jet opening angle and the jet transverse
momentum.
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» We have applied the method to simulated data having
zero, one and two jets. We find that these three cases
can be distinguished from the pattern of the flow
coefficients. For the events with no jet, the flow
coefficients are small. For one jet events, the flow
coefficients are large and show the linear behavior
discussed above. For the two jet case, the odd and even
flow coefficients fluctuate with the odd coefficients
being small.

» We feel that this method can be used in LHC
experiments to isolate collision events having one and
two jets and possibly extract the properties of jets.
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