Constraining energy loss with
higlvl:}r azimuthal

asgmmetries

Carlota Andrés

Jetferson Lab
Hard Probes 2018

Aix—-les—-lf)ains) France
October1-5, 2018

In collaboration with:

N. Armesto, H. Niemi, R.Paatelainen, Carlos Salgaclo, Pia Zurita

g.ﬁe;:on a0
"TORING = INA RE BF WA oo



Constraining energy loss with
higlvl:}r azimuthal

asgmmetries 7

Carlota Andrés

Jetferson Lab
Hard Probes 2018

Aix—-les—-lf)ains) France
October1-5, 2018

In collaboration with:

N. Armesto, H. Niemi, R.Paatelainen, Carlos Salgaclo, Pia Zurita

g.ﬁe;:on a0
"TORING = INA RE BF WA oo



Nuclear modification factor
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. C. Andrés et al.
FO rma l ls m Eur. P]ﬂgs. J.C 76,475 (2016)

L Single~inc|usive cross section:

doAA—=h+X dr, dzs dz , L. d6ii—k
p— . . _ D 2
dprdy / Ty Ty % %xlf@/A(xl’Q )22 fj/a(22, Q) ph k—n (2 HF)
CTEQ®6.6 + EPS09

° Fragmentation functions:
1

med 1 vac Z
Dl(c%h)(zv/i%’) — /dePE(E)l Dl(c—>h) (1 —6’”37)

S s

ENERGY LOSS: ASW Quenching Weights (QWs)

Probabilit9 distribution of a fractional energy loss,e = AE /E, of the hard

Parton in the medium
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Quenching Weights

L Computecl in the Multip!e Soft Scattering aPProximation

o(r)n(§) ~ %cj(f) 2 Perturbative tails neglected

e Relation between q and the hgclrodgnamic Properties of the medium

4 = K-2e7%()

/

Fitting Parameter EKRT hgclro




EKRT hydrodgnamics

e [KRT event bg event hgc‘roclgnamics

Initial conditions: mingets + saturation model

nls = 0.2
T, =175MeV Phys. Rev. C 93, 024907 (2016)

T,.= 100MeV

o Before thermalization:

4 =q(ry) for ¢& <1

& =0 for &< a-...-.a} NO energy loss before thermalization!




The K-factor Puzzle

Casalclerreg et al. 1808.07386
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High—-PT harmonics




High-«PT V2

Central

Semiperiplﬁeral

J. Xuetal.

JHEP 1408 (2014) 063
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The scalar Procluct

, , R , ®
Fourier expansion aa(Pr> $) — 142 Z yhard(p.y cos [n b — nyhard (PT)]

Raa(pr) o
Whéf’é:
. ziﬂjoz” d¢ cos [nd) — nyr (PT)] Rys (Pr @) o] IOZE d¢ sin (ng) Ry, (pr- @)
v (PT) = Yy, = —arctan o
Ry4 (PT) n Io d¢ cos (”¢) Ryq (PT,¢)

A clescril:)tion of high~PT anisotropic flow needs both hard and soft sectors

<v;1voft vrflzard (pT) COS ln ( W;;Oﬁ i w’izard(pT))] > \ AVCrage

Scalar product: Ve (py) = over all
' /
\/< (V,ioft) > /the events

Matthew Luzum and Jean-Yves O”itrault, Phgs. Rev. C87 (2013) 044907

J. Noronha-Hostler et al., Phgs. Rev. Lett. 116, 252301 (2016)




- | gh - PT VZ PbPb 2.76 Tev

T T T U.Z T v v v
a) de/dL(0,1,3,0) + v-USPhydro | (b)
Hgdro: v—-USPhgclro i e B
MCKLN
== MCGlauber
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J. Noronha-Hostler et al. Phgs. Rev. Lett. 116, 252301 (2016)

* /s very different from that of EKRT.
APParentlg results are quite dependent

Energg |oss aE ~ L

on the entropg. dL

See: arXiv: 1609.05171 [nucl-th]

NO energy loss before thermalization
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Hy gh"'PT VZ n/s =0.2 EKRT + QWs
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When to stoP the energy

l0ss7




High~P-,— V,
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Depenclence on s
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Dependence on 7,
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nls =0.2

» lgh - PT VZ T,.=175MeV
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High—p-r harmonics are sensitive to initial stages




Conclusions

e The hig]%—l},— Vs Puzz!e is not as siml:)le as one could think

e The high~PT v, shows sensitivity to the FFs emplogecl

e The higl%PT azimuthal asymmetries are very sensitive to the earlg

times

e The high~|:>T v, data show the need of swi’cching off
the energy loss for the first ~0.6 fm
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° Quenching Weights

© 1 n d I(med)( a)i) n < d I(med)
P(AE) = Z; [Hdei T o| AE — 1 w; |exp | — [dw o
: 0

n=0 =1

o0 ') Xw

dImed) o Op T g g
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Quencning Weignts

o Basecl on two assuml:)tions:

o Fragmentation functions are NOT medium-modified

<M\
l h [
Total coherence case: number of medium- B
resolved substructures
e Jets Iose energy as a smgle Parton v s ] S |
e [Fs Vacuum..li‘(e energy loss  radiation as total charge radiationcizirggjpendem :

/ , KT, HP 2016
Casalcﬂerreg«%olana, Mehtarﬂ'anl) Salgaclo) Tgwonluk, PLB 725357 (2013)

e Gluon emissions are independent
}

Good aPProximation for soft radiation
J. P. Blaizot, F Dominguez, E. lancu and Y. Mehtar-Tani, JHEP 1301 143 (2013)
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E KRT H g d ro Phgs. Rev. C 95{ 024907 (2016)
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arXiv:heP~Plﬂ/ 0209038, R. Baler.
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Figure 3. Transport coefficient as a function of energy density for different media: cold,
massless hot pion gas (dotted) and (ideal) QGP (solid curve)
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K-factor

O
nls =0.2 ZO"?O 5
7o = 0.197 fm
T4em 100 MeV | Ty =125 MeV | T4 =150 MeV | Tgo= 175 MeV
Q0 = 0.7 < 7, 1.84 2.15 2 51 2.90
i@0= @ r<n | 0 1.64 1.87 2.12

N

N

~ what we were cloing before (result of page %)

*Onlg central values quotecl
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K-factor

PbPb v syny = 2.76 TeV 0-5%
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Dependence on s



K~factor: clependence onlTs

dir)= 0,7< 1, 75=0.197fm

O-5%

T dec= 100 MeV| T 4= 175 MeV

KDSS 14 > KDSSO7

20-50%

Tdec: 100 MeV Tclec: ]75 MeV

DSSO7 | 1.76 2.72

DSSO7 | 1.84 2.90

DSSI4 | 2.09 %22

*Onlg central values quotecl 29

DSSI4 | 216 % 39
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K~factor: clependence onlTs

q(7) = q(rp), 7 <15 79 =0.197fm

KDSS 14 > KDSSO7

O-5% 20-50%
T 1..= 100 MeV| T 4= 175 MeV T 1..= 100 MeV| Tdec= 175 MeV
D550/ .45 2.09 DSS0/ 1.46 2.12
DSSi4 1.70 2.48 DSS14 1.69 2.47
*Only central values quotecl 20 nls =0.2



7, = 0.197 fm

H’gh~PT VZ 1 =02
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Dependence on 7,



RAA

nls =0.2

q(t) =0, T<Tg

1.0 Tdec= 170 MeV
DSSO7

<
<
a'd

.............. TO —_ 0197 fm

101 — T = 0.572 fm

= T = 2.072 fm

¢t  PbPb 2.76 TeV 20-30% ALICE
o 10 20 30 40 50
pT (GeV)

*Onlg central values Plotted
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RAA

N

q(t) = q(Ty), T< To

nls =0.2

1.0 T 4ec= 175 MeV *
<
<
(a'd
.............. Tg = 0.197 fm
101, —— T9=0.572 fm
——m To = 2.072 fm
}  PbPb 2.76 TeV 20-30% ALICE
0 10 20 30 40 50
pr (GeV)

*Onlg central values Plottecl
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K~factor: dependence on 7,

= Tdec= 175 MeV
FFs: DSSO7 ZO~§ O%
75 = 0.197 fm 75 = 0.572 fm 75 = 2.072 fm
q(z) = 0,7 < 7, 2.90 4"56 564’ +3.3
§() = G(rp), 7 < 7, 2.12 2.19 2.6%

*Onlg central values quotecl
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K-tactor: dependence on T

nls = 0.2
7, = 2.072 fm
FFs: D5507
20-50%
TdCC: 100 MeV TCICC: ]75 MeV
q(z) = 0,7 < 1y 8.41 36.4+33
4(7) = §(zp), 7 < 7 1.97% 2.64

*Onlg central values quotecl
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** Estimated
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