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{ Direct construction of a correlation function.
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{ Discrete Wavelet Transform
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2 Auto correlation

3 ’ 3 p ’
X1 Xg X1+ X2

X2 X¢ X1 X2

always a lossless transfo rmation of data.
Auto correlation A Is a projection of a
two-p oint distribution onto di®erence
variable(s) x¢, lossless for xg-inva riant
(homogenous, stationa ry) problems.

4X1; X2)

i 1
Yaet (X1; X2)

¢ R(X1;X2) =
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X
P-(m)=2°"  hAaF.., i° (1)
I}k
\dynamic texture":
Piyn (M) Py (M) i Pryi (M) (2)
Normalized:
Péyn (M)=Pg, (M)=n(p) (3)
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Elliptic °o w-inspired example:
x axis { an angle in \natural
units" (2%= 1), y axis {
multiplicit y. The
multiresolution  theo rem: a4
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6 Example of a DWT power spectrum

(o]
o
o
o

P(m), arb. units

N
o
o
o

Power spectrum of that °ow event as a function of \neness" m. The
dominant contrubution is m = 1 (the \v," harmonic, bl). Statistical
°uctuations  also contribute.

P

Computational complexit y O(N)!
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8 \Dynamic texture" p: dep endence: peripheral events,
Psun = 200 Gev

- hf mode {+ f mode _
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- hf mode {+ f mode i
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< df= : :
£0.01- P 7| normalized dynamic texture
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Qualitative trends in peripheral data are as expected. What signal to

expect in the central data, if correlation does not change ?

! T, - ! -
Ptrue 1 i_ — Ptrue i1 - 1 (4)

Pmix N centr PI’T]IX penph N centr
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Dynamic texture response in
various idealized situations
(showing only one scale):

(a) events of random

(unco rrelated) particles

(b) p:-indep endent elliptic °ow
(c) Correlations at low Qi
(Bose-Einstein  correlations
and Coulomb e®ect)

(d) HIJING jets



11 Longitudinal minijet broadening: correlation data

13



11 Longitudinal

3:\ T T T T ‘ T T T | T \:
250 =
2F ( =
1.5 -
10 -
o.5§ 2 —
oF 3 -
AAAMKX&MAM
05 & I
C . o«
_17\ | | | | | ‘ | | | | | |
2 0 2
(d) Xp

minijet

broadening:

13

co rrelation

data



11 Longitudinal minijet broadening: correlation data

3:\ T T T T ‘ T T T | T \:
250 =
2 ( -
1.5- =
10 -
o.5§ 2 —
oF 3 -
AAAMKXWAM
05 - =
C . o«
17\ | | | | | ‘ | | | | | |
2 0 2
(d) Xp

Projections of N[% ¢ ;Ac)=% ¢ ;A¢ et i 1lici on x¢ which is A¢ (¢) or "¢
(©). vi and v, are subtracted.

13



11 Longitudinal minijet broadening:
3 T T LR A
2.5 4 b E
2F 4 E . ( E
: - £a -
15; *: - /’ \\\ _
1 1 F b .
0.5- 2 4 F N =
oo N 2 B E
0.5 - A E ;‘&AA’Q—AAﬂ/ al A!\AAN:
P T A R M A R BT
2 0 2 2 0 2
(d) XD (©) %o
Projections

(O). vi and v, are subtracted.

of |\1][1/£,¢ ;Aq; ):1/é,¢ ;Aq: )ref i 1]jc| on Xg which is Aq; (¢) or ,q:

13

co rrelation



11 Longitudinal minijet broadening: correlation data

37\ T T T T ‘ T T T | T ]

- . ‘ T T T | T \: :\\ ‘ | E
2.5 4 £ 14 b A =
«  «C C

- . £ a . P ;
B ERS o 1 F - E
1F 4 E Aooa 4 E I =

= 2 1 b N 1 s b E
05E ) E E /A 4 E E Il ° \\ E

- A A ] - s \ — - —
0.5 C . o - FroARab ne A!\AANE ;&&AAﬂAA A\A\AAA-AA ;
10 T R TR SR B T [ ol I R TR N B R R BT

2 0 2 2 0 2 2 0 2
(d) *p (c) *p (b) *p

Projections of N[% ¢ ;Ac)=% ¢ ;A¢ et i 1lici on x¢ which is A¢ (¢) or "¢
(©). vi and v, are subtracted.

13



11 Longitudinal minijet broadening: correlation data

37\ T T T T ‘ T T T | T _
- . T ‘ T T T | T \: :\ T ‘ | \: T ‘ T T T | \:
«. o 0 C
E E 4< A . II E é E
15; E C l/’ ] C ,AI i i C f'\/ a 7
1 - - A a = - | \ = - 5y =
i R j ; Il 2 \‘ E ; A‘ :ﬁ —E — -]
05E ) E E ;A 4 E E I’ ° \\ E PN o A
O . — C \ . - = = ° ® o ° =
Fas 2 Aaa] F ettt Qeety b M 1 Lot/ SRS IVIE
0.5t A. .A o [oreatd s I e Brapn B Y AEEE ]
1:\ | | | | | | | | | | = | | | | ‘ | | | | a :\ | | | | | ‘ | | | | | \: C | | | | ‘ | | | |
2 0 2 2 0 2 2 0 2 2 0 2
(d) *p () *p (b) *p (a) *p

Projections of N[% ¢ ;Ac)=% ¢ ;A¢ et i 1lici on x¢ which is A¢ (¢) or "¢
(©). vi and v, are subtracted.

13



12 Longitudinal minijet broadening: centralit y dep endence

14



12 Longitudinal

nucl-ex/0211015.

minijet

STAR DWT

analysis of charge-indep endent

correlations, AUAuU,

P s = 130 Gev

broadening:  centralit

| AuAu \s=130 GeV charged |

y dep endence

* fineness=1.0 STAR
[ ] fineness=1.0 HIJING
flnenesszl.o no_jets

O

0.25:— I T .[_[
= i T, 1 ‘.I 2
cBbrb UL | bt ] |
o iR SR 6 S
.- ;t HL["L I I Iﬁ é
9\_-2 0.1‘51_ [ l s j I Y l‘"" T 2
PPt e |
= - =] =% T i 1 2‘
OF | | 7 I £
= b | T i
0.05;— l l 1 L l ?
01 STAR preliminary :
0_ — 0!2 — 0!4 — 0!6 — OI8 j:_ 1|2 3

14

multiplicity/n



Y

n

<
%]

12 Longitudinal minijet broadening: centralit y dep endence
| AUAUNS=130 GeV charged | . fnenese=10 HUNG
025 , *neness:1.0 no_jets
; 11 Pl
ALt 1T dodddsl ¢ 0 1
St
R 't
of Tl 4t
E005 g LTS b Progrtd
Ll Jf}m h%lﬂl L3
: | 17
nucl-ex/0211015. STAR DWT 005E” o ! l
analysis of charge-indep endent oaf STAR BTy
) P 0 0.2 0.4 0.6 0.8 1 12 ¢
correlations, AuUAu, SN = 130 GeV multiplicity/n
B e S B B s s s
1.4j : ] 1.4; ! ! ! i
- 1 »n [ STAR preliminary
1.2~ 1 12
i i - v < nucl-ex/0411003. STAR
1| - - . .
i | 1 o s; two-particle correlation
0.8 1 o8- analysis. The step-lik e
O6'&4////////////////////////////// ”ff¥¢llfjj////// G Character Of the
O e e ] 0.6 hy 28 — _ _
T T T, ] centralit 'y dep endence s
°0 02 04 06 08 1 04521 elucidated using

N/N,

14

N ° = (Npar :2)%




13 Charge-dep endent correlations = Lik e sign - Unlik e sign

15



13 Charge-dep endent correlations = Lik e sign - Unlik e sign

d

ﬁididiﬁﬁﬁﬁdiﬁﬁd
+
b p° p p® p pt p

15



13 Charge-dep endent correlations = Lik e sign - Unlik e sign
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AR RN ERN s fa0 ey
prd
+
p 2 p p% p Pt op

The driving physics: charge conservation in hadronization. Suppress short range
correlations { BEC and conversion e*e { by a kinematic pair cut. The N£ is
good when numb er of correlation sources / N.
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Var[p:] = Var| pti | = Var| (P + ui)] = pi*Var[n]+ Var[u]+ 2p Cov[n; u] (6)

Cov[n: p:] = Npri hp: = prVar[n] (7)
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Problsm: need to tell apart p;; and numb er contributions to the
Pt 2 Apin Pui ) can extract the p; correlation alone.

Solution: use p; | np
Q: When is the n-contribution into Var[p; i np] canceled ?

Y£(pe :n) " Var[pi i np] = Var[p] + pi°Var[n]i 2pCov[n; pi] (5)

Xn Xn
Var[p:] = Var| pti | = Var| (P + ui)] = pi*Var[n]+ Var[u]+ 2p Cov[n; u] (6)

Cov[n; pt] = Npri hpe = prVar[n] (7)

A: F?Dr mdep endent p; and n production, when Cov[n;u]” nu = 0, where
u DU, U= opoo i B

1, ignored in this study
. \ \ x{{
c \y\ W)(\Xﬂ \ /\ \\V Y&(*\X\\Xi\/ XA\ ///
° o Al \ V V \(\ WY NWAA D ey
°® ° * TP \VAravaY \ y\ A A A LAy 7/ h
' %‘\X\\M\ \‘/ K‘ % X Qé\y\ V A / JAmaNIiY AR A
\V\\A\NV\\\X\\\V\ X\\/ AT RA VARVVAANGY /
u u VR YIA NN Jimm av.yy A /
f f
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X(h.f)

Extract correlation structure of random eld X
from the scale dependence of variance (van \\\\\\\\\\\\ \q\\\\\\
Marck e \Random Fields" MIT 1983: %\\ IA_@W AR
\\\\ %\\

\
T raino r,P orter,Prindle  hep-ph/0410180) T\as \ s\\
f
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17 Get correlations from ‘°uctuations

X(.f)
Extract correlation structure of random eld X
from the scale dependence of variance (van \\\\\ \\ ” \q\\\\\
Marcke \Random Fields” MIT 1983; \\\\\\\ '\p\\\ n
Traino r,P orter,Prindle  hep-ph/0410180) \\\\\\v\(ﬁ \\\\
f

Var[X = iA] - d; dAl d o dAz (8)

i £ =2 i +A=2 i £ =2 i *A=2

£[X ('1;A1)X ('z;Az) [ X(,l;Al) £ X('z;Az)]
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17 Get correlations from ‘°uctuations

X(,f)
Extract correlation structure of random eld X
from the scale dependence of variance (van \\\\\ \\ _‘ \q\\\\\
Marck e \Random Fields" MIT 1983; \\k\\\\\\ ' \Q\\\ h
Traino r,P orter,Prindle  hep-ph/0410180) \\\ \\T\(ﬁ \ \\\
f
) Z o= AN ) Z o= Z ih=2 )
Var[X = iA] - d; dA; d o dA, (8)
i + =2 i *A=2 i + =2 i *A=2
EIX (1 A)X(2;A2) 0 X (1A £ X (725 A2)]
Compa re with unco rrelated reference; recognize auto correlation
X te) X (D)X (t+ te) (t-average).
¢ ¥E(X;+ +A) = (9)
VA + =2 VA +A=2 ) Z + =2 VA +A=2 ) ) )
d’ 1 dA1 d’ 2 dA2¢ 1/()( ; ’ 1 ! 2, Al i Az) (10)
i+ =2 i +A=2 i+ =2 i +A=2
VA + yA +A
= 2 d¢2 dAs (£ | "¢ )(FA| Ac )¢ %X, ¢ As) (11)
0 0
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‘ “h" f
| -y

| | 7 —
/6/: = i
//II S/ ///

kernel K

7 7 A A noon 4 noon 1 1
(£ i "¢)FA] Ac)'! AK mLnL ki MA(me i k+ E)(ni i |+ 5) (12)
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‘ “h" f
| 4

| | Y —
/4: = i
- //

kernel K :

4 7 A A noon 4 nmnoon 1 1
(£ i "¢)FA] Ac)'! AK mLnL ki MA(me i k+ E)(ni i |+ E) (12)

reference density % makes a per-particle measure:

1 1
Vet | B?) ﬁ?ge_/ Py (13)
f
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18 The actual analysis Is discrete: !

‘ “h" f
| r 4
I ‘ P 7
/ - ey //
//Ileé /’I ///
Z /
kernel K
4 7 A A noon 4 noon 1 1
(£ i "¢)FA] Ac)! " "AKm 0L ki A(Me i k4 E)(ni i |+ 5) (12)
reference density % makes a per-particle measure:
1 1
Vot | ° | = 13
et ) Po—"' & (13)
R ¢ Ype Nk 1"
¢ ?//gt:n(mi"’ ;ni"A) = 4 " "AKmini:kI P £pt - - A) (14)
k:l=1 Yoer (N, K" 5 1"4)
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18 The actual analysis Is discrete: !

‘ “h" f
| / ml 7/
| % 1 /
A i
//I?L III ///
Z 7/
kernel K
7 7 A A n 1" s 1] 1n 1 1
(£ 0 "e)FAT Ac) ! " "AKmLn, kI "A(me i k4 5)(nii | + 5) (12)
reference density % makes a per-particle measure:
1 1
Vot | B° [ 13
et ) Po—"' & (13)
nx;ni ¢1/ :n.kn,.ln,
¢ ?/‘gt:n(mi"' N:"a) = 4 U AK MLkl P P — A) (14)
k:l=1 Yoot (N; K" 51" 4)

Inverse problem: knowing ¢ 34, solve for ¢ 1/2'—91725) save O(N) in CPU time !
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T op:

scale dependence of
the \pure" p; variance.
Bottom:

corresp onding

auto correlation

o
o
S
$

0.004%

0.003% N

0.002 / JE
% 0.001% £

Dr /l/r . (GeVic)
o
\l

21



19 p: correlations

© o
o o
SHS
\\w

o
ulu

STAR preliminasy

A n'DA /™

from the Inversion

N
SN0
100000

21

T op:

scale dependence of
the \pure" p; variance.
Bottom:

corresp onding

auto correlation



19 p: correlations

STAR prelimipaty

Dr ///r . (GeV/c)

T op:

scale dependence of
p; variance.

the \pure"
Bottom:

corresp onding
auto correlation

from the

"AA /™

N

Dr /I ¢ (GeVic)

First direct evidence of elliptic

Next, subtract
minijets.

Inversion

STAR prelimingpy-

[]

0%

S~ 0.014%
L 0,012%
S 0054y
© 0.008%
¢ 0.006%
< 0.004%
w5 0.002%
ook
~ 0.0023
>~ B
~~
@]

KA

99,

3 AR v
TR

I\

[

A
A\

look at

A

\‘\
t‘\\\\\

X \ ~~ \\ w,\ \

°ow as a p; blast.
the °o w contribution to




20 Lo calized p:; correlations: minijets

29



20 Lo calized p:; correlations: minijets

STAR preliminary—
[ --80.90% -/

STAR prelipinary ——
/- 4555%

29



20 Lo calized p: correlations:

T B (i

0.0045 7 7 7 g
0.003% /v

\mﬂ\m

Dr /Vr o (GeV/c)
o O
o O
Cl) o O

tnary.
(. 4555% -/

minijets

1

[ Y | ml
S

Y |

LA A B S

29



20 Lo calized p: correlations:

/- snson

inary.. =
(. 45556% -/

AuAu 200 GeV.

In
IS opp osite. The surrounding background seems to recoil.

trend

2

Dr 1/ o (GeVic)

O 0000000

o

(olo]eolo]elele]

", correlation broadens with centralit y; in A the

minijets




21 Conclusions

23



21 Conclusions

2 Semi-ha rd scattering leaves a trace in the soft p; domain { new at RHIC !

23



21 Conclusions
2 Semi-ha rd scattering leaves a trace in the soft p; domain { new at RHIC !

2 First direct measurements of p; correlation structure reveal azimuthal
anisotrop y of p; eld ) elliptic °ow is a velocity phenomenon

23



21 Conclusions
2 Semi-ha rd scattering leaves a trace in the soft p; domain { new at RHIC !

2 First direct measurements of p; correlation structure reveal azimuthal
anisotrop y of p; eld ) elliptic °ow is a velocity phenomenon

2 The minijet correlation structure is modi ed with centralit y; the e®ect
appears to \turn on" around °© = (Npat =2)'7° %2 3. Broadening of the
correlation in °~ and weakening of P(;yn on the coarse scale are consistent
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expanding ‘°uid ?
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21 Conclusions
2 Semi-ha rd scattering leaves a trace in the soft p; domain { new at RHIC !

2 First direct measurements of p; correlation structure reveal azimuthal
anisotrop y of p; eld ) elliptic °ow is a velocity phenomenon

2 The minijet correlation structure is modi ed with centralit y; the e®ect
appears to \turn on" around °© = (Npat =2)'7° %2 3. Broadening of the
correlation in °~ and weakening of P(;yn on the coarse scale are consistent
descriptions of the e®ect. How exactly does the coupling between
longitudinal °ow and mini-jets work ? What do we learn about the
expanding ‘°uid ?

2 Increased symmetry of the charge-dep endent correlation on (" ,A) in the
central collisions may point to a change in the hadronization geometry in
the medium
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23 DWT of a photographic

Image

Reproduced from textb ook:

|.Daub echies, \T en lectures on
wavelets". The original caption: \A
real image, and its wavelet

decomp osition into three
multiresolution  layers. On the
wavelet comp onents one clearly sees
that the d'v,d",d4 emphasize,

resp ectively , vertical, horizontal, and
diagonal edges. In this gure, the
bottom picture has been

overexp osed to mak e details in the
d* more apparent. | would like to
thank M.Ba rlaud for providing this
‘gure." The colored marks are mine.
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