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2 Auto co rrelation

³ x1

x2

´
!

³ x§ ´ x1 + x2

x¢ ´ x1 ¡ x2

´
;

alw ays a lossless transfo rmation of data.

Auto co rrelation A is a projection of a

two-p oint distribution onto di®erence

variable(s) x¢ , lossless fo r x§ -inva riant

(homogenous, stationa ry) problems.

¢ R(x1; x2) =
½(x1; x2)

½ref (x1; x2)
¡ 1

4



3 Unco rrelated event reference fo r D WT

5



3 Unco rrelated event reference fo r D WT

mixed events: no pixel used

twice; · 1 pixel from any

event in the same mixed

event; no mixing of events

with largely di®erent

multiplicit y and vertex.
5



3 Unco rrelated event reference fo r D WT

mixed events: no pixel used

twice; · 1 pixel from any

event in the same mixed

event; no mixing of events

with largely di®erent

multiplicit y and vertex.
5



4 Lo cal hadron densit y °uctuations and Discrete W avelet

T ransfo rm (D WT)

6



4 Lo cal hadron densit y °uctuations and Discrete W avelet

T ransfo rm (D WT)

6



4 Lo cal hadron densit y °uctuations and Discrete W avelet

T ransfo rm (D WT)

6



4 Lo cal hadron densit y °uctuations and Discrete W avelet

T ransfo rm (D WT)

6



4 Lo cal hadron densit y °uctuations and Discrete W avelet

T ransfo rm (D WT)

F ¸
m;l;k (Á; ´ ){Haa r wavelet orthono rmal basis in (Á; ´ ). scale ¯neness ( m),

directional mo des of sensitivit y ( ¸ ), track densit y ½(´ ; Á; pt ), lo cations in
2D ( l ; k). D WT is an expansion in this basis.

6



4 Lo cal hadron densit y °uctuations and Discrete W avelet

T ransfo rm (D WT)

F ¸
m;l;k (Á; ´ ){Haa r wavelet orthono rmal basis in (Á; ´ ). scale ¯neness ( m),

directional mo des of sensitivit y ( ¸ ), track densit y ½(´ ; Á; pt ), lo cations in
2D ( l ; k). D WT is an expansion in this basis.
Power of lo cal °uctuations, mo de ¸ :

P ¸ (m) = 2¡ 2m
X

l;k

h½;F ¸
m;l;k i 2 (1)

6



4 Lo cal hadron densit y °uctuations and Discrete W avelet

T ransfo rm (D WT)

F ¸
m;l;k (Á; ´ ){Haa r wavelet orthono rmal basis in (Á; ´ ). scale ¯neness ( m),

directional mo des of sensitivit y ( ¸ ), track densit y ½(´ ; Á; pt ), lo cations in
2D ( l ; k). D WT is an expansion in this basis.
Power of lo cal °uctuations, mo de ¸ :

P ¸ (m) = 2¡ 2m
X

l;k

h½;F ¸
m;l;k i 2 (1)

\dynamic texture":

P ¸
dyn (m) ´ P ¸

true (m) ¡ P ¸
mix (m) (2)

6



4 Lo cal hadron densit y °uctuations and Discrete W avelet

T ransfo rm (D WT)

F ¸
m;l;k (Á; ´ ){Haa r wavelet orthono rmal basis in (Á; ´ ). scale ¯neness ( m),

directional mo des of sensitivit y ( ¸ ), track densit y ½(´ ; Á; pt ), lo cations in
2D ( l ; k). D WT is an expansion in this basis.
Power of lo cal °uctuations, mo de ¸ :

P ¸ (m) = 2¡ 2m
X

l;k

h½;F ¸
m;l;k i 2 (1)

\dynamic texture":

P ¸
dyn (m) ´ P ¸

true (m) ¡ P ¸
mix (m) (2)

Normalized:

P ¸
dyn (m)=P¸

mix (m)=n(pt ) (3)

6



5 A °o w-lik e example

7



5 A °o w-lik e example

0

200

400 a4

0

200

400 a3

-60

-40

-20

0

20

40

60

b3

0

100

200

300

400

500

a3

0

200

400 a2

-40

-20

0

20

40

b2

0

200

400 a2

0

200

400

a1

= +

+=

= +

= +

0 1 0 1 0 1

Haar

0

200

400

0

200

400

600

800

-6
-4
-2
0
2
4
6

-100

-50

0

50

100

b0a0a1

b1

7



5 A °o w-lik e example

0

200

400 a4

0

200

400 a3

�60

�40

�20

0

20

40

60

b3

0

100

200

300

400

500

a3

0

200

400 a2

�40

�20

0

20

40

b2

0

200

400 a2

0

200

400

a1

= +

+=

= +

= +

0 1 0 1 0 1

Haar

0

200

400

0

200

400

600

800

�6
�4
�2
0
2
4
6

�100

�50

0

50

100

b0a0a1

b1 Elliptic °o w-inspired example:
x axis { an angle in \natural
units" ( 2¼= 1), y axis {
multiplicit y. The
multiresolution theo rem: a4
= a0+b0+b1+b2+b3 , can
have better ¯neness.

7



6 Example of a D WT p ow er sp ectrum
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8 \Dynamic texture" pt dep endence: p eripheral events,
p

sN N = 200 GeV
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10 \Dynamic texture" resp onse
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m ± ;n ±X

k ;l =1

" ´ " ÁK m ± n ± :k l
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(14)
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½ref ) save O(N ) in CPU time !
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AuAu 200 GeV. In ´ , correlation broadens with centralit y; in Á the
trend is opp osite. The surrounding background seems to recoil.
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² Semi-ha rd scattering leaves a trace in the soft pt domain { new at RHIC !

² First direct measurements of pt correlation structure reveal azimuthal
anisotrop y of pt ¯eld ) elliptic °o w is a velo cit y phenomenon

² The minijet correlation structure is mo di¯ed with centralit y; the e®ect
app ears to \turn on" around º = (N part =2)1=3 ¼ 3. Broadening of the
correlation in ´ and weakening of P ´

dyn on the coarse scale are consistent
descriptions of the e®ect. How exactly do es the coupling between
longitudinal °o w and mini-jets work ? What do we learn about the
expanding °uid ?

23



21 Conclusions

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

² First direct measurements of pt correlation structure reveal azimuthal
anisotrop y of pt ¯eld ) elliptic °o w is a velo cit y phenomenon

² The minijet correlation structure is mo di¯ed with centralit y; the e®ect
app ears to \turn on" around º = (N part =2)1=3 ¼ 3. Broadening of the
correlation in ´ and weakening of P ´

dyn on the coarse scale are consistent
descriptions of the e®ect. How exactly do es the coupling between
longitudinal °o w and mini-jets work ? What do we learn about the
expanding °uid ?

² Increased symmetry of the charge-dep endent correlation on ( ´ ,Á) in the
central collisions may point to a change in the hadronization geometry in
the medium
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23 D WT of a photographic image

Repro duced from textb ook:
I.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 dj ;v ,dj ;h ,dj ;d emphasize,
resp ectively , vertical, horizontal, and
diagonal edges. In this ¯gure, the
bottom picture has been
overexp osed to mak e details in the
dj ;¸ mo re appa rent. I would lik e to
thank M.Ba rlaud fo r providing this
¯gure." The colo red marks are mine.
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