


Diverse Phenomena — Secret Analogie

Mathematics compares the most diverse phenomena
and
discovers the secret analogies that unite them

Joseph Fourier, 1768-1830
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Fourier Transforms and Series
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“Higher Harmonic Flows”

project :._;'?55 :,,;: :::____.SS 2D peak Alver/Roland | PRC 81, 054905 (2010)
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sextupole- “triangular flow” (né Mach Cones)
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“Higher Harmonics” in 0-5% Au-Au?
data — AS dipole = SS 2D peak
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Fourier coefficients: 1D Gaussian

SS 1D peak multipolesp,
A {SS}=F xA,/2

only source of “higher harmonics” is the SS 2D peak
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What is the Same-side 2D Peak?
200 GeV p-p p-integral 200 GeV central Au-Au

elongation onn

elongation ongp
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QCD '’ QCD”
(mini) jets! P « SRR ; o
the “Soft Ridge” jets, flows”

persistence of jets is inconvenient for “perfeafliid”

iImperative: reinterpret SS 2D peak as flows
glasma flux tubes, Fourier series. “higher harmonics”

but detailed study confirms a jet mechanism
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200 GeV p-p Two-component Model
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PRD 74, 032006
(2006)
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ZOQ" GeV Au-Au 2D Angular Structure

data arXiv:1109.4380
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Minimume-bias Jet (minijet) Properties
same- S|de (SS) 2D and away-side (AS) 1D peaks
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Nonjet A2|muth QuadrupoIvQ{ZD}
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Ao{2D} from 2D model fits

arxiv:0907.2686
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nonjetquadrupole distinct from SS, AS jet structure
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“Higher Harmonic Flows” at the LHC?

v, predictions based on SS 2D peakd nonjet (NJ) quadrupole
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Converting Jets to Flows

1. fit 1D projections ongawith a Fourier series
2. interpret each series term as a “harmonic flow”
3. attribute flows to conjectured-A initial-state geometry

SS multipoles: A,{SS}=p,(b)vZ{SS}=F xA /2

“global momentum conservation”
m=1 AD{SS}GAD{AS} _dlfference betwgen two large numl_aers
jet structure attributed to bulk medium

“elliptic flow” nonjet

“triangular flow” m=3| A{SS}
residuals m=4 \A,{SS

jet-related SS 2D peak

- used to be Mach cones
- predicted by SS 2D peak

SS 2D jet peak is “fragmented” to become “flowls

1
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SS 2D Peak and Jets

Applying pQCD to spectra and correlations

confirms a jet interpretation for the SS 2D peak
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2 dn,/dy

Fragmentation Functlons Jets

o L GeV/c o
7t - y = In{(E+p)/m_} s 2 A %, B(U; D, q)
61 y . =In(Q/m,)) gl_lz'z .
SF 5 il 7
: DXX (y ymax) < Dxx (X QZ) 067_: e'-e jets
2_ A 2nCh (ymaX)B(u p q) 025; | ‘14‘ 44‘1 91 ‘GeV‘ ‘ E
' U= Y = Yin M Vimax = Yo )\/beta dIStrIbutlori‘

PRD 74, 034012 (2006)] | model parameters p, |q

8

: FF data described to statistical limits

; for any jets relevant to RHIC:

3 P ; more than halfof all jet fragments

S fall below 1 GeV/c!

S TENETLE all fragmentation [gluon — hadron] is
Q =Vs (GeV)

parametrized accurately




1ly dn, /dydn
= }5 =

o

o

PQCD Folding Integral- FDs
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* spectrum hard componentsd 5
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Parton “Energy Loss” N A A

16 = 16 —
- TASSO 14 GeV o e Aq l 154 14i TASSO 14 GeV -
- OPAL 200 Ge.\/ L B(u:p,q) - % 12; . OPAL 200 GeV

¢ 1 N - Aq 1. 15 N
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tho"f234s§6 8
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8

» OPAL, V5=192-209 GeV
14r i vacuum, Ej, =100 GeV ,
12 | ---- in medium, Ej, =100 GeV

ol * TASO Vel Gey B\W energy conserved by construction

--- in vacuum, Ej =7 GeV  /

i e | modeled inB(u;p,q) by changing q
Y S, N " Aq is single“energy-loss” parameter
N. Borlghinizand Lj A. {4/Viedéman6n, o PRC 80, 044901 (2009:

hep-ph/0506218
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Hard-component Evolutlon
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PQCD: describes A-A spectrum hard- component evcojntl
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Jet Correlatlons and Hadron Productio

E 05 Loy anny PRC 83, 034903 (2011
S o4 ——1 SS 2D peak (jets) —
< || fragment pairs| Y 200 GeV Au-Au b
0-37 - 033 pyau
SS 2D peak 03~ 200Gev |
0.2 25-0pp
E 3 ! 7] 2:0AuAu
0.1} f
i - Uy (An=2,2rm) = ,/_
oL % /6/6&/5%/625%6%/?566%3” o oy |
Centrallty v 2 4 S 1.75% --- Glasmafluxtubes B
. L] L] l::\ L ‘ L L L ‘ L L L ‘:
g 0¥ T a1/ jetfragmentyield T2 1 6
= -3

total hadron yield"

solid curve: jet correlations
points: spectrum integrals

soft component

from spectra

quantitative relation:
{ * SS 2D peak volume
1 * pQCD jet cross section

0QCD dijets e spectrum hard-component yields

ot —————% 1/3 of final state is jet fragmlgents
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Summary

D correlations include a monolithic SS 2D peak
ne SS peak biases all {2,EP} data — “nonflow”

| “higher harmonics” are part of the SS peak

ne SS peak is quantitatively linked to pQCD (jets)

4 > o4 N

Fourier was correct:

A “secret analogy” between
“diverse phenomena” is revealed

*higher harmonic flows” - minimume-bias jets
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