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INTRO

We compute initial conditions for hydrodynamics in A+A J

@ Rigorous NLO pQCD calculation for Ep production from minijets
(gluons)

@ Saturation for Ep production (analogy to old EKRT model)

Apply viscous hydrodynamics J
= dév—nd‘, Cf;];fiﬂ% and va(pr) simultaneously at LHC and RHIC
— Constrain the n/s(T) J
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Initial Conditions: Minijet Ep production

Minijet Ep production in A+A and Ay

Er(po, Vs, Ay,s,b) = /dQS Ta(s +b/2)Ta(s = b/2)a (Er)p,,ay

S = transverse position, b = impact parameter
Ingredients:

@ T'4T4 accounts for the nuclear collision geometry

@ Collinear factorization, pQCD e.g. at LO

o(Er) 0</p

ijkt

. dptpr /A dyrdys Y w1fija @ w2fjja ®
Yy Py S
? R B pS09s+CTEQS. 1M QCD
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Rigorous NLO pQCD computation of o (Er)

1 d0.2—>2
o(ET) = 2,/[DPS] DPS, ————52(p1,p2)
1 do.2—>3

+ 57 | [DPSls P,

5'3(2?1,1727 p3)

@ Partonic 2 — 2 and 2 — 3 processes for LO & NLO corrections

o UV renormalized |M|? in 4 — 2¢ dimensions
(R.K Ellis & Sexton; My PhD thesis)

o IR/CL divergencies handled with NLO def. of PDFs &
Ellis-Kunszt-Soper subtraction method

@ The measurement functions S, and 5‘3 fulfil the IR/CL criteria =
o(E7) is a well defined IR/CL safe quantity
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So = {e(y1) + e(y2) }pr2 O(pr2 > P0)
Sz = {e(y1)pr1 + €(y2)pr2 + €(y3)prs}
O©(pr1 + pr2 + pr3 > 2po) O(ET > B X po)

where €(y;) = 1 if y; € Ay otherwise €(y;) = 0
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So = {e(y1) + e(y2) }pr2 O(pr2 > P0)
Sz = {e(y1)pr1 + €(y2)pr2 + €(y3)prs}
O©(pr1 + pr2 + pr3 > 2po) O(ET > B X po)

where €(y;) = 1 if y; € Ay otherwise €(y;) = 0

o S3 — Sy at IR/CL limits
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Sy = {e(y1) + e(y2)}pr2 O(pr2 > P0)
Sz = {e(y1)pr1 + €(y2)pr2 + €(y3)prs}
O©(pr1 + pr2 + pr3 > 2po) O(ET > B X po)

where €(y;) = 1 if y; € Ay otherwise €(y;) = 0

o S3 — Sy at IR/CL limits

@ Def. Ep in Ay and O(...) hard scattering of partons
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Sy = {e(y1) + e(y2)}pr2 O(pr2 > P0)

S5 = {e(y1)pr1 + €(y2)pr2 + €(y3)prs}
O©(pr1 + pr2 + pr3 > 2po) O(ET > B X po)

where €(y;) = 1 if y; € Ay otherwise €(y;) = 0

o S3 — Sy at IR/CL limits
@ Def. Ep in Ay and O(...) hard scattering of partons

@ 0 < 5 <1 defines the minimum amount of 7 in Ay carried by the
partons

@ Any B € [0,1] is IR/CL safe, thus equally good — leave 3 free
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Saturation criterion for Ep

Determine po(s) = psat(s) from local saturation criterion of Ep:

dEr dEr
—2—=2)~ — 2
d2sdy (2-2) d2sdy (3-2) J

(TAQA)QoéN(TAQA)3 2s 3 = TAgANPE’” o dBr s
Po Po Qs d2sdy

dFE K
de(p(]a \/ga Aya b,S,B) = Ay (Tt) pg

= Po — Psat(\/E, b, S; ﬁa Ksat)

Psat for A ~ 200 at LHC ~ 2 GeV and for RHIC ~ 1.3 GeV
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HYDRODYNAMICS: 3 STEPS to initialize Hydro

STEP 1: Calculate initial energy density profile e at Tgat = 1/psat(S)

dFE 1 Ko
e(s, Tsat) = < d2§> I tpsat(s>4 J

Tsat Ay B

STEP 2: Hydrodynamics needs e(7) at fixed proper time 7p. Prethermal
evolution T4t — Tp:

Free streaming (FS): or Bjorken scaling (BJ):
conserves Ep conserves entropy

STEP 3: Continuation of e(7y) below epin(psat = 1 GeV)

Smoothly connect the computed e-profile to e o< ppin J
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HYDRODYNAMICS: Hydro Evolution

2+1D viscous hydro (H. Niemi et al. & Denicol et al, PRD85 114047)

@ EoS: Lattice parametrization by Petreczky & Huovinen
(s95p-PCE175-v1)
@ Hadron Resonance Gas (HRG) up to m ~ 2GeV

@ Temperature dependent 7/s
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motivation from [H. Niemi et al Phys Rev C 86 014909 (2012)]
@ Decoupling temperature Ty = 100MeV
@ Initial 7 =0 and v = 0 (flow velocity)
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RESULTS [arXiv:1310.3105 ]

Centrality dependence of multiplicity at the LHC /s = 2.76 TeV and
RHIC /s = 200 GeV

@ Choose parameters (Ksat, 5, FS/BJ,n/s) such that the most central
LHC multiplicity is reproduced

LHC RHIC
T T T T T = 10°F T T T T T .
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Charged particle pr spectra VS Data at the LHC and RHIC
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Elliptic flow va(p7) VS Data at the LHC and RHIC J

@ Good low-pp agreement with the data at both LHC and RHIC
@ Note: n/s(T) same at RHIC and LHC
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Summary and outlook

@ NLO pQCD computation for Ep production from minijets in A+A

@ Computation of the initial e-profiles at LHC and RHIC

= initial conditions for hydro

@ Viscous hydro evolution

Good simultaneous agreement with low-pp observables at LHC and RHIC
< constraints for n/s(T") J

@ Further studies: EbyE fluctuations = study v,'s
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