Scaling of v, at low and high py

FIAS Frankfurt Institute
for Advanced Studies &%

Giorgio Torrieri ¢, Barbara Betz’,Miklos Gyulassy

EMMI

“FIAS and °ITP, J.W. Goethe—Universitat, D-60438 Frankfurt am Main, Germany “Pupin
Physics Laboratory, Columbia University, New York

Introduction: Experimental scaling of v

It Is an experimental statement, putting together all available centrgli
ties, system sizes, rapidities and energies, that ellijflmv v, scale ag
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b= (b, A)F(pr) . (v2) = (b, A) / dprF(pr)g (pr. (1), 1105)
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F(pr) universalfor all energiesy only characterized by “mean momentuipy) ~ Sy

This Is an experimental parametrization, “as good as the ears”. It might break dow

as more precise scans in energy, rapidity etc become aMalildut while it stands, |
makes sense to investigate to what extent do models rematuéuch separabland
universalis a very strongonstraint, genericallycomplicated dynamics are non-separaple
(vg ~ vy (b, A, pr, (Tinitiat) ,y)) - DOEs separability hold in hydro+tomography [1, 2]?

How vy scales In hydrodynamic limit

e Approximatelycx e sincewv,(e = 0) = 0 ande small+dimensionless
e Approximatelyoc c4(7") sincewvy(cs = 0) = 0, ¢ sSmall+dimensionless+ EoS

e It IS maximum for ideal hydro. Since Knudsen nkn small and dimensionlesp,
vy ~ (1 — Kn) . Inturn Kn ~ n/(sTR)

e vifel ~ yo(r — o0) X f(r¢/7) . f(...) @ monotonically increasing saturating
f((pr)) tanh(...) in Cooper-Frye 7, is the freezeout time.

o Tf/TO ~ (60/€f)404 ~ (TO/Tf>04 y Wlth %|bj07“ken < o< %|hu[)bl€ .
1 dN [ | \
~tanh(...) no scaling

terms in redmix A, /s in contrast to experimental dat&ound for K'n ? What abou
cs(T),n/s(T), 79(+/s)? Also in Cooper-Frye formulaF’(pr) should notbe universal.

_(E-prur) dit Ou
vo(pr) =2 /dgb cos’(2¢) |e T '_pTAdr - TT(QS)pT O (¢°) + O (Kn)
=0 —_—— N —
_ ~epr N(SUTTPTNEPT/T _

As long ass* ~ es’ (close to saturation af, ), v.2(pr) independent of/s .
In ideal and long-lived limitl: < R in vy(pr) ~ ¢ tanh (e%f) b

pr>T
(But (pr) ~ (1/S)(dN/dy) ~ NpartIn+/s)
Bottom line: hydrouw,(pr) andv’"“"*** scale differently because in hydr&ourier com
ponentf vy(r, ) depend orifetime differently

pr binned v, depends only on the 2nd Fourier componentgf-, ¢) ~ tanh(li fetime)
Integrated v, depends on botthe Oth (p;) ~ lifetime ) and 2nd component.
So if one scales, the other should net.p;)/ (vo) ~ F(pr) tests this experimentally.

Low p7 vs High pp: Tomography vs hydro

Take, as an Initial condition, an elliptical distributio imatter at a givery,, , run jets
through it and calculate, . Now Increasesize R with constang,, .

Un, Sur face U,
— > >0 — — constant

/4
Volume €n | hydro

€n tomo

Role of “size” (R) ~ A'/3 different in tomo regimg v, ~ f({R)) in tomag, notin hydro.

Probe by comparing,, in Cu-Cu vs Au-Au collisions oSame%%!

NB: “high p;” can be defined vig@ (Kn) : independently of energy’s
assuming cross sectien~ 1/Q* and(Q) ~ (P — T) — ps.7 P since momentun® ~ pr

by ~ ﬁ hence for s~ N Pr"(V/51) ~ AN\ /dy .
R sR wRdy PR/ 52 dN>/dy

As pr > pleme we entertomographic regimeg NB p/2™° should go down for lowe

VS, Npart, A ). Here hydro should naipply But v, still good observable!
Issues like Cronin effect and fragmentation, plaguihg, at low /s don’t apply tov,

An Investigation using the ABC Model [3, 4]

dE T 1
—— = (T ~ kp"T'7¢ + O
AT f( y PTs T) Rp T + (pT) TT)
A phenomenological way of keeping track of evggtyenergy loss model in certain limits.
a = 1,c¢ = 0 parton cascade, = 1/3, ¢ = 0 Bethe Heitlerc = 1 LPM, ¢ > 2 AAS/CFT

“falling string”... Can expand in “empirical” paramete(r%g)il €,

aTpB . arp i /dy
v (phz'gh) N (<T L >z‘n—plane <T L >out—0f—plane> - eozeRozR(a,b,c)p%T(a»baC) (d_N> :

! (<TaLﬁ>in—plane T <TaLﬁ>out—0f—plcme) ! dy
Background given by a longitudinally expanding ellipsditted to produce global mult
plicity and system size

T0

1/3
T(rp, ¢, 7,1) =T (?) O(r— R(1+ecos(20)))
R, e scanned across radii &u,Au,Pb, 7y = 1fm, \/5_1,T0_1 , I, adjusted to reprodude
multiplicity. The objective is to investigate scaling®@fp,)/ (v,) , the latter given by the
experimental parametrizatigm,) /e = 0.004(1/S)(dN/dy)
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Scaling faills for all models! What does experiment shy?
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Error bars too big, but only violation seen at intermedratgon!

Conclusions, discussion and outlook

The “standard model” of uRICs generically predicts breakingf scaling ofus In py
Scaling of higho» v» an as yet unexploited tool, capable of detecting changepanity,

energy loss mechanism and initial state

A useful tool to do low and highenergy comparisonssince Cronin effect at lower engdr-
giesdiminishes usefulness dt,4 but notv, . How low In energy andow high inpy
doesusy(pr) overlap? Jump might signal changs jet-medium coupling mechanism
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