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We demonstrate that the trigger-ridge azimuthal corm@faith data can be understood based on
a phenomenological model, called the Correlated EmissiodeV¥l In this model successive soft
emissions due to jet-medium interaction lead to the enlraaneof thermal partons which follow
the local flow directions. The enhanced thermal partonsheesdurce of the ridge particles. The
correlation between the flow direction and the trigger dioecplays a central role in understand-
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of the relative azimuthal angle between the ridge and tiggéri and as a function of the impact
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1. Introduction

This talk is on the azimuthal correlation between jets adges based on our published work in
ref.[1]. A typical ridge phenomenon we are interested itlusirated in the 3d plot of Fig.1, where
the number of dihadron correlation events is plotted as etiimm of the azimuthal angular differ-
enceA® = @assoc — @rigger @nd the longitudinal pseudorapidity differen®8 = Nassoc — Ntrigger -[2]-

There the ridge is closely associated to a jet. It has avelgtiong stretch in the longitudinal
direction. There is a widening of the azimuthal distribatiap to aboufA@ ~ 1 rad in the azimuthal
direction. For the case illustrated the transverse momemn&nge is semi-hard. More specifically
the trigger range is, & pririgger < 4 GeV, and the associated particlps,> 2 GeV. There are also
other examples of jet triggered ridges with semihard assediparticle momenta. See refs.[3, 4, 5].

Ridges also appear in the auto correlation data such as ffisesteown in Fig.2. Here no
distinction between the triggers and associated partisls® made. The data illustrated have
the transverse momentum rang&®< py < 2 GeV. Notice that heré\n| extends to about 1.3.
The data are for Au+Au collisions at 130 GeV, from ref.[6].d@rtly the trigger-ridge azimuthal
correlation data became available. This is shown in Figd@nfref.[7]. As indicated by the title
of this talk, the azimuthal correlation is the main focus addy’s presentation. The data shown
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#enftries

Figure 1: A typical Ridge structure plotted as a function of the londihal and the transverse two particle
correlation variablesAn andAg.Central region: 3< pririgger < 4 GeV, Passoc > 2 GeV. From [2].

Figure 2: Ridge structure given in auto-correlation data. No digiircis made between triggers and

associated particles. From [6].
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here plays an important role in our investigation. The lgftife is for the central region, with the

centrality 0-5%. For brevity, hereon this region will beawtd to as the C-region and the right
figure is for centrality 20-60%, which hereon will be refefr® as the noncentral region, or the
NC-region. Notice the differences between the two. Congpéwethe NC case, the C case has
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Figure 3: Ridge structure given in auto-correlation data. No digioncis made between triggers and
associated particles. From [6].

a milder drop as the trigger anglg increases. They both level off at near’d@gion. We will
proceed now to our model.

2. Our model

Let me begin with a qualitative picture, to see how the azirautiependence of interest is to
be described within our approach.

2.1 A scenario of ridge formation

The processes of interest are from nearside correlatiorsumements, where the trigger is at

mid-rapidity with 3< ptTrig

< 4GeV/c and the associated particles with & p°° < 2 GeV/c. A
typical dihadron correlation process begins with a lapgget from a high energy parton-parton
collision where the collision takes place near the surfaag,at point Rx,Yo). Here the hard (or
semihard) parton in the jet exits to form the trigger and #woiled hard parton moves in opposite
direction and is absorbed by the medium.

There are successive soft emissions due to jet-mediumagtien. It is the absorption of
radiative energy by the medium which leads to energizingldbal medium-partons, in turn the
generation of the enhanced thermal partons. We identifgrthanced thermal partons as the source

for the ridge particles. They are carried by the local trense flow of the medium. The transverse
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flow direction defines the average direction of the eventdaglerparticles. A word of caution is in
order here. we do not require thermal equilibrium at earheti The usage of the terms thermal and
the enhanced thermal refers to the exponential behavigh&edfansverse momentum distributions
of the partons at late time just before hadronization.

2.2 The correlated emission ansatz

We assume the strength in the emission of ridge particlesriglated to the relative angle
between the flow direction and the trigger direction. Let mgib with the geometry of triggers
and flows. Fig. 4 illustrates the situation. The trigger dii@ns are indicated by the thin arrows.
a) is for the trigger angle af, = 0°. 3 different starting points are indicated. Each has a Ifhoal
direction (indicated by the thick green arrow associatetth vtj along the directionys). Only the
middle one corresponds to the matched case, where the fleatidin is aligned with the trigger
direction, i.e.yy = @. b) is for @, = 70°. Here the matched case occurs at the upper one.

(@) (b)

Figure 4: (Color online) lllustrations of the relationship betwede trigger directiongs in (red) arrows
and the flow directiongy in thick (green) arrows for noncentral collision. (a) Searih partons agg = 0
originated from 3 different pointB where only the middle one has matchiggand y that lead to strong
ridge, while in (b) forgs ~ 70° only the upper one has matching angles, leading to stroige than in the
two lower non-matching cases, but it is weaker than the reiddk in (a) because of lower local density at
the tip of the ellipse.

For the matched case, here enhanced thermal partons wiitheapotential ridge particles
are aligned in the same direction. We assume the reinfonzeaf¢he flow enhances the emission
of ridge particles. The totally mismatched situation wil the case where the flow direction is
perpendicular to the trigger direction. Here potentiajjeigharticles formed at different hard-parton-
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mediun interaction points are emitted along differentatio;s. Due to the lack of coherence, the
ridge yield is expected to be suppressed.

The correlated emission ansatz states that the ridge yaetutd the matched case and sup-
presses the mismatched case. Quantitatively this effeepresented by a gaussian function in the
angular difference variable, i.e.

_ 2
C(x,y, @) =exp [—W} , (2.1)

where A is a parameter to be determined. This is a phenomenologicaiula that cannot be
derived from first principles, but has a sound physical basi$ will play a central role in our
model. For every poinx,y) on the trajectory, the flow directior(x,y) specifies only the average
direction of the ridge hadrons. Since there are statisficatuations, the magnitude of which
depends on how faix,y) is away from the surface along the directignix,y). That distance if'.
We introduce another Gaussian form to describe the mentifinetuation of the azimuthal angle
@ of a ridge particle from the average flow direction

- 2
(¢ zw;tf,y)) ] | 2.2

where the degree of fluctuation is specified y{; which is the square of the gaussian width.

r(x,y, ) =exp [—

Clearly, the farther the emission point from the surface wider @ fluctuates fromy(x,y).

2.3 Ridge yield per trigger

The probability of ridge yield ap initiated from a trigger starting from the interaction poin
(X0,Yo0) and emerging at angig, is given by

1
R((pa %’XanO) = NP(XanO’t)t X /0 dED(XfayE )C(XE ’yf ) %)F(XE ayf ; (p) ’ (23)

whereN is an overall normalization constant which will be canceldten we compute the yield
per trigger. The variablesx; andy; all depend implicitly on the initial coordinatéso, yo).
HereP(xo, Yo,t) is the probability of detecting a parton emerging from thedimm. It is the
product of the probability of producing a semihard partofxatyo), which is proportional to the
product of the longitudinal lengths at that poibj(Xo, Yo)Ls(X0,Yo), and the survival probability

Sit), i.e.,
P(0,Yo,t) O La(X0,Yo)Ls(X0,Yo)S(t) - (2.4)

The former depends on the nuclear matter density assumech wie will not detail here. Due
to the opaqueness of the dense medium, a sharp suppressionagt increases is expected. We
represent the survival probability as

S(t) = exp(—t/to) (2.5)
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The final expression of ridge yield per trigger after intégugrover all interaction points in the
overlap almond is given by

[ dxodyoR(@, @, %0, Yo)

RO ®) = aodyoP (0. y0.0) (2.6)

3. Comparison with the data

3.1 Modelfit to the ¢ data.

The expressions given in subsections 2.2 and 2.3 define adglmbhe main parameter of the
model istg which characterizes the thickness of the interaction laypekA the square of the gaus-
sian width which characterizes the correlation betweenrthger direction and the flow direction.

Fig.5 shows our fit to the data, whetg= 0.2 or the interaction layer is aboiRa/5 and
A = 0.11 or the correlation angle about 20 deg. Notice that for tlease, the model reproduces
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Figure 5: (Color online) Dependence of ridge yield gu for (a) top 5% and (b) 20-60%. Data are from
Ref. [7]. The solid lines are the results of calculation inNCE

the mild azimuthal dependence. It fits to the azimuthal ithstion well including the flattening
feature near 90 deg. For the NC-region, the predicted cuageahsteeper slope and a flattening
feature near 90 deg, qualitatively describes the featutieeoflata.

One can qualitatively understand the contrast in the slbpegeen the C-case and the NC case
from the geometry shown in Fig.6. The left column is for thee@ion and the right column for the
NC-region. Consider the situation of the top row. Hgge- 0°. For both C and NC cases, the flow
direction is more or less aligned with the trigger directigBomparable yields for C and for NC
are expected. The bottom row is at a larger trigger angleirsthe neighborhood ofy, = 70deg.
Due to elliptic geometry for the NC-case, the NC case has @& manounced mismatch compared
to the C-case. Also in this region the NC case has a less nma#tgdium compared to the C case.
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Central Noncentral

Figure 6: A comparison of the misalignment situation between the @ eal the NC case. Negk ~ 0
region, both dominated by the alignment configuration. Awad @ ~ 70°, for the NC case, the elliptic
geometry makes the misalignment effect more noticealdapises a stronger suppression in the ridge yield.

Thus the NC case leads a larger drop in the azimuthal depeedblotice that at the trigger angle
@ = 90, it is the matched case, where the flow aligns with the triggére @, dependence is
symmetric about 90 deg, which is responsible for the flatoé#ise azimuthal dependence near 90
deg.

3.2 Comparison withAg data at various trigger angles

Fig.7b shows the ridge yield as a function of differeAge= @iqge — @rigger at the trigger angle
@ = |22°|. The predicted curve agrees with the data. Instead of cantbthe ridge contribution
for the absolute value of the trigger angleé22 deg, Fig.7a shows the predicted curvegipe 22°
case and a separate curve fge= —22°. Notice that there is noticeable shift in the peak positions
between the two cases. There is a geometric reason for ifftisvehich will be discussed in the
following section.
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Figure 7: (Color online) The data ar¢ distributions from [7] for 15< @ < 30° at 20-60% centrality for
(a) the sum of jet and ridge and (b) ridge alone. The curveskealculated in the CEM for the ridge
distributions only withy = 1. The dashed and dashed-dotted lines are left- and rigftedfor @ = +22°,
respectively. The solid lines are the average over the tgmssof .

4. Model predictions

4.1 TheAg curves

The Ag curves of ridge yield at various trigger angles= 7, 22, 37, 52, 67 and 82 deg are
shown in Fig.8. Notice how the height and the peak positiay @ the trigger angle increases.

(L 111 ¢S: 7
— 22
37
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Figure 8: (Color online) The ridge distributions for various posttivalues ofy.

More specifically, there is a systematic shift to the lefthe peak position as the trigger angle
increases, with the maximum shift occurring at aroyne- 37 deg, where the magnitude of the
shift is approximatelylAg| = 10 deg. As the trigger angle further increases, there is dugia
shifted to the right. The shift of the peak decreases to Oaethe trigger angle approaches 90 deg.
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4.2 The asymmetry parameter
To characterize the variation in the skewness of the cummeswork with the asymmetry

parameter defined by

A@) = B (4.)

For the trigger angle in the range 0732,
08
Y@= [ doR0.@) (4.2)

@+1
Y (@) = /% doR(o, @) . (4.3)

Notice thatY, represents the ridge vyield fdkp < 0. Inspection of the curves shown in Fig.8
indicates that at within the trigger angle range shoin; 0. When the trigger angle is 0, there
is the symmetnAgp = —Ag, which implies thaty, =Y_, or A=0. By the same token, g = 90
deg there is again the symmetkp = —A@ which again leads to A=0. Fig.9 shows the predicted
curves of A versugs, where the dashed curve is for the C-region case and theaolie for the
NC-region case. Our work led to the subsequent analysied@ AR data, the result of which was

0.8} ===CEM: 0-5%H
— 20-60%
s 2
<
0.4 -

b, (deg)

Figure 9: (Color online) The asymmetry functio ) for 0-5% (dashed) and 20-60% (solid).

reported at QMO09[8]. Fig.10 shows a comparison between ta¢a and the CEM predicted curve
for the NC-case. One sees that the data confirms the quadifatiture predicted by our model.

4.3 R-yield vs b (or Npart) at various trigger angles

Fig.11 shows the ridge yield as a function of the normalizaegact parameter b/R, where R
is the effective radius of the colliding nucleus (Au). R=7inused. Fig.1la gives an overview

10
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Figure 10: A vs @ The recent STAR data, the triangular and inverted triasgpoints, [8] compared to
CEM-prediction (solid curve).

of the b-dependence of the ridge yield curves at triggereandb, 20, 40, 60 and 80. Fig.11b is
the averaged ridge yield vs b, where the average is overiggetrangles. Fig.11c is the averaged
ridge yield vsNpat. Two averaged ridge yield points taken from the STAR datarasieided for
comparison.

Notice as shown in Fig.11b,c, after averaging over the ¢nigggles, the yield decreases mono-
tonically with b (or it increases monotonically witl,a¢). We stress that the smooth monotonic
variation in b orNpat 0ccurs only after averaging over the trigger angles is madehe small
trigger angle region, for the b-curves the variation in bas monotonic. There is a bump in the
intermediate b region.

The bump here has a geometric origin. Fig.12 illustratesitii@tion for trigger anglegy = 0
deg. First consider the b=0 case. Here the right-half of tleglap of the almond in the initial state
is represented by a semicircle. The interaction regionasvehas the thick band of a semicircular
arc. The interaction domain may schematically be dividad two regions |, and Il. Region |
represents the bulk region of interaction. In this regidw, flow directions are to mostly aligned
with the trigger direction. There is a large ridge yield. Regll is the polar cap region. Here the
flow direction is predominantly misaligned with respecthe trigger direction. The ridge yield
is highly suppressed. So for the present b=0 case, the y@ltrigger is schematically given by:
Ridge-yield(b=0)-I/(1+11). We now turn to the intermediate b region case (az targer b case as
indicated in the figure). The situation for this case is alkstrated in Fig.12. Here the initial
overlap region is represented by the right half of a narrawomld. Here the vertical chord, which
defines the left border of the narrow almond has been movetketaght by a significant amount
compared to the b=0 case. Here much of the polar cap regiobdeaseliminated. The yield per

11
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Figure 11: (Color online) (a) Ridge yield per trigger vs impact paraendor 5 values ofgs, (b) Y(b),

averaged over affs, vs impact parameter, and (c) average yiel#llys: The two points in (c) are determined
from the data in Fig. 2(a) and (b).

b=0 Ia:rger b

Figure 12: The geometry illustrating the origin for the increase of tidgje yield from b=0 to intermediate
b value, when the trigger angle is 0.
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trigger may be schematically represented by: ridge-yikldyér b case)= (1 + €ll) wheree is a
small number compared to unity. Thus the yield per triggethilarger b region is greater than
that at b=0, which causes a hump in this b region. This is tlk@tson for O deg trigger angle. As
the trigger angle increases, the bump becomes less andréessupced. At aroungy = 30° the
hump structure disappears completely, this marks the @fisesmooth monotonic decrease of the
yield-curve. It is interesting to see whether future dattheainfirm the prediction here.

5. Summary

We see the ridge data have provided strong evidence thatetieim response in jet-medium
interactions depends on the direction of the transverse dfothe medium. The flow influences
the direction in which the loss of energy should go and whieeeridge should be formed. CEM
uses the presence of the ridge as a means to keep track ofdtgy doss of the jets going into
the medium. We have found that the ridge formation can bagtamly within 20 deg around the
trigger direction. When the flow is perpendicular to the jegction, the ridge yield is completely
suppressed.

We have shown that the CEM reproduces {edependence of the ridge yield data. Our
study allows us to predict the trigger angle dependence efalymmetry parameter which has
subsequently been confirmed by the data. Our study alsccpsele impact parameter dependence
(or b-dependence) of the ridge yield. Our b-curve averagirgg the trigger angles agrees with the
data. We have also presented b-curves at various triggéesafog verification in the future.

In this talk our focus has been on the ridge-trigger cori@hatin the transverse direction. Our
investigation on the longitudinal correlation is in pragge After my presentation, there were sev-
eral followup questions and comments related to the lodgial correlation. | refer the reader to
my contribution of [Note added] to the Saturday QA sessionylich the longitudinal correlation
problem related to our CEM model is briefly discussed.
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