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Plenary talk by H. Song

Uncertainties from

(/s )QGP"(ViSC. hydro) initial quantum
5/(4m) | M .
4/(dm) | (VISHNU) ?
3/ (4” ) i v (visc. hydro) °
2/(4m) | V2,V
1/(4m) |
>
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1x(1/47) < (171 5) pp < 2.5% (1/477)

Main uncertainties come from initial conditions

MC-KLN, larger £, —> HIGHER value of QGP viscosity
MC-Glauber, smaller ¢, =—>» LOWER value of QGP viscosity
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Plenary talk by Dusling
The proton pre-collision

Our field has a good understanding of the proton wave-function:
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15 years of HERA data support this picture:
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Albacete, Milhano, Quiroga-Arias ,Rojo,
arXiv:1203.1043 (2012).

Quiroga-Arias, Albacete, Armesto, Milhano, Salgado,
J.Phys.G G38 (2011) 124124.

Albacete, Armesto, Milhano, Salgado,

PRD80 (2009) 034031.

NLO DGLAP fits:
http://mstwpdf.hepforge.org/

NLO-BK:

Balitsky, Chirilli PRD 77 014019
Kovchegov, Weigert NPA 784 188
Albacete, Kovchegov PRD 75 125021

Gluon
Density
Grows

Low Energy

High Energy



Plenary talk by Dusling

Power counting in QCD: multiparticle production

Low color charge density (min bias):

Jet graph: Glasma graph:

High color charge density (central):
Jet graph: g — 1/g Glasma graph:

Expect Ozs enhancement of “Glasma” graph! Is this seen in the data?



p+p

In p+p we are seeing the intrinsic
collimation from a single flux tube
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Increasing transverse flow in p+p
creates a discrepancy with data.

Plenary talk by Dusling
A+A

In A+A there are many such tubes
each with an intrinsic correlation
enhanced by flow

Assoc. Yield
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0.15+ Pb+Pb Vs =2.76 TeV
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V,=0.65 ‘&,i _____ .
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Yet, transverse flow is needed to
explain identical measurements
in Pb+Pb

Are we sure the A+A ridge is probing the nuclear wavefunction?

Dusling, Venugopalan, PRL 108, 262001 (2012).
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Plenary talk by Dusling
5L\ = Tree levelhiLeading order

HHYang-MillsD>=alb -3y

T = O . 0.00l——F—— T 1T 1 T T .
1e-051 — ¢ +c, Exp(0.427 Sqrt(g” 1 7))
- 1e-06H— ¢ +c, Exp(0.00544 g” 1 1)
A I
mi 16-07 — ]
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= le-10f ]
£
le-11— Romatschke, Venugopalan,—
PRL96:062302 (2006), i
le-12 PRD74:045011 (2006).
te-13f—— L1 1. | | BT
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Perturbative expansion breaks down at

Tmax — Qs_l 1I12 (g_l)

T2 Q; " In® (97") : requiring a resummation of all terms like
n
[9 exp (\/ QST)}

See also:

Berges, Scheffler, Sexty, PRD77:034504 (2008),

PLB677 210-213 (2009), PLB681 362-366 (2009).

Berges, Scheffler, Schlichting, Sexty, PRD85:034507 (2012).
Kunihiro, Muller, Ohnishi, Schafer, Takahashi, Yamamoto,
PRD82:114015 (2010). Fukushima, Gelis, NPA874:108 (2012)




Plenary talk by Dusling

Weak coupling: amplification of quantum fluctuations

Background Fiela
Consider a homogeneous scalar field: 2 T NN A VTV
070 + V' () = 0
_ 1q 115 2 DS T|me
Adding fluctuations to the background field oo
8(t:%) = do(t) +ax(®)cose-x) L LLTTTTTTTTTHT

results in the linearized EoM for small fluctuations: G+k + [k2 + V" ((,bo(t))] a+x =0

Amplitude
1.5E
1.0F

U'Si,,n.nnﬂﬂﬂ.ﬂﬂﬂmﬂMHN[

Certain amplitudes grow with time:

I

~10f
~1.5F

W

“ v

When gt ~ 1 these terms need to be resummed.
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Plenary talk by Dusling

]l

kR, AHhZ-7—18

Longitudinally expanding non-linear scalar field

eoxx 7! e oc 7 4/3
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Dusling, Epelbaum, Gelis, Venugopalan, P
arXiv:1206.3336 (2012). : :

EoS has dev

T """"""""""""""" """""""""""""""" ---------------------------------- ........................ / llllllllllllllllllllllllllllllll |
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| . .
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Have a proof of principle for scalar fields: what about QCD?



Plenary talk by Dusling

Master formula: The first Fermi

Any inclusive observable: From solutions of B-JIMWLK

e PN

<TMV( )>LLX+LInst — [DpleZ] W, [/01] W, [:02]

X /[Doz} Fola| THY[Alpe, p2] + o(x,t)

_—

Gauge invariant spectrum of fluctuations: From solution of 3+1D
| ] classical Yang-Mills Egs.

1 _
Fyla| xexp | — 5 Pud?v alu) T3 (u,v) alv)
by
|| hf |A8¥2 e F])_9|5 (2011). Talk by Raju Venugopalan, Wed. 12pm

Bergess Schlichting, 1209.0817
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T =T + AT + 8, J" =nu" + AJ" + 1"
Stochastic sources §* =S“ and I'“
(S (x)S% () = 2T R“n + W20 )+ (& =2 " b 6 (x - )
(5™ ()17 (y)) =0
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Talk by Stephanov
Correlations

The equal-(proper)time correlation function at freeze-out time x:

(pl6r,m) pléasm)) = 5 |

7O

ar VP /OO d§ Gy — &1, 7)Gp(&2 — &8, 7).

73 € + e

\ _J/
N

Gpp(A§§7'f>7')

. . . . 4
Convenient variable p = §s/s. Convenient notation: v = n/3+ C.
S
Every point &, 7 Is a source of noise, p = G, o f: [SHY = AHY (e + P)f]
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® Disentangling correlation
sources:

Fluctuations of initial conditions
produce An-independent corre-

lation.

Hydrodynamic noise has local
origin and produces characteris-
tic An dependence:

with magnitude proportional to
Viscosity.

® More can be learned from
2D A¢, An correlations.

Analytical work is in progress
(Todd Springer, Saturday).

Talk by Stephanov

A C(An)
initial
geometry '
fluctuation >
An
A C(An)
L late times
earlier times
viscosity 1
<€ > )
2vg In ¢ /10 An

Two Point Correlator Cys(Ad,AE)




Talk by R. Romatschke
mEETE—ROBCEHAERICKD
INAEDED S5 Z ML

A viscosity bound from fluid dynamics
For QCD one finds for /s in units of h = kg = 1

Viscosity Bound

fluid dynamics bound using WB data
m— m= == == fluid dynamics bound using hQCD data
= KSS conjectured bound i

'_"-..._-
_‘_____‘____________-

{’} I I 1 I 1 I 1 I [ ]
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TGVl Kovtun, Moore, Romatschke, 1104.1586

cf. for Fermi gas, Chafin, Schafer, 1209.1006



Talk by Kapusta
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[ Trajectory | | 1]
quarks & gluons

2501
200

e L/ critical point
150

L baryons & mesons

T BT —
i (MeV)
Magnitude of proton correlation

function depends strongly on

how closely the trajectory
passes by the critical point

dN(y,) dN(y) _[aN\"\[an\"
dy, dy, dy dy

Talk by Kapusta




Poster by Murase

1 RDAED D 5 Z:White noise
ERDAEDD 5 =: Colored noise

m Fluctuation Dissipation Relation

(6T (2)0m (') = TGr(z — ') - g% 100" 3.
. — . , G(x): Extended for x°<0 as
(0Il(x)oIl(2")) = TGn(x — a'), even functions
(v (x)ovs(a')) = TGij(x —a') - (=Ar”).

Non-zero correlation in different time = Colored Noise



AR E OB EERTEA



Thermal Photon Production at NLO
Talk by Derek Teaney
W, s W

HOt QGP 2k(2w)3% — Photon emission rate per phase-space
Y2 My

The photon emission rate at weak coupling:

e The rate is function of the coupling coupling constant and k/T:

dI'
2]-6(27‘(‘)3@ x e*T" LO(g2 log) + 0(922%-
LO AMY
O(g°log) + O(g°) +...
From soft g7 gluons, np ~ < ~ é

O(g?) is closely related to open issues in energy loss:

e At NLO must include drag, collisions, bremsstrhalung, and kinematic limits



Talk by Derek Teaney

Three rates for photon production at Leading Order Baier,Kapusta, AMY

1. Hard Collisions —a 2 <> 2 processes

2. Collinear Bremmstrahlung —a 1 <+ 2 processes

N— ——
LPM + AMY and all that stuff!

K
P+K N DDQI:"_’
L iz ~ 62 mgonp [ Cbremm(k) ]



Talk by Derek Teaney

3. Quark Conversions — 1 <+ 1 processes (analogous to drag)

K K

= ~ 62777/20”17 [log(,uL/moo) + Ccnvrt]

Full LO Rate is independent of scale (| :

dI’
Qk@ X €2mc2>onF {lOg (T/moo) + Cenvrt + Cbremm(k) + Cenvrt
W

— CLo(/C)



Talk by Derek Teaney

O(g) Corrections to Hard Collisions, Bremm, Conversions:
1. No corrections to Hard Collisions:

2. Corrections to Bremm:

(a) Small angle bremm. Corrections to AMY coll. kernel. (Caron-Huot)

M)ng

% %Q =(¢", ¢ .q1) = (¢T, g°T, ¢T)

Tng%
¢ (g3 +mp)

(b) Larger angle bremm. Include collisions with energy exchange, ¢— ~ g1'.

Crolg.l] = > A complicated but analytic formula




Talk by Derek Teaney

3. Corrections to Conversions:

K K

or

X o

e Doable because of HTL sum rules (light cone causality) Simon Caron-Huot

e (Gives a numerically small and momentum indep. contribution to the NLO rate

Full results depend on all these corrections.

These rates smoothly match onto each other as the kinematics change.



Talk by Derek Teaney

NLO Results: ~ ¢3log(1/g) + ¢

conversions large-0-bremm small-6-bremm
4T Sm?2 SITmo\  om2 C Q20T X
2k dSI];O X €2mgonF(k) [ mQOO log ( mD) + %Clarge—e(k) T g—ACsmall—H(k)}
mz, Moo mz, mp
2.5 - NFB -
, | ¢=0-30 —— NLO/LO
uncert. est.
Q15
O
-
05 ¢
O | | | | | |

2 4 6 8 10 12 14 16 18 20
K/T

Many things can be computed next (e.g. shear viscosity and e-loss)
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