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Outline

% Azimuthal anisotropy and motivation for a deeper insight
< Correlations between the higher order v, measured with respect to their
own plane with the mixed harmonics
< Linear and non-linear contribution to higher order v, harmonics
<~ Comparison with hydrodynamic predictions with different n/s and initial
conditions
“* v, and v; harmonics of prompt D® meson
< Does ¢ quarks show collectivity as u and d quarks?
<> Such measurements can complements the measurements of the nuclear
modification factor Ry,

+» Conclusions



Mixed harmonics - motivation

% linear response (v, =k, &,) only forn= 2 and 3

% higher harmonics (n > 3) have a non-linear part
Va=Var + x4 (V2)" where V,=v, M

Vs =Vs + X523V2 V3

Vo =Ver + a2 (Va) + X633 (V3)”

Vo = Vo + 27003 (Va)* Vs

A

linear non-linear: v, ~f( €, €3)
“ Mixed harmonics can separate linear and non-linear part.
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Mixed higher order harmonics
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Mixed harmonics and
non-linear contributions in PbPb
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Pb — ' N =0
—> I - 1 ™~n/s=0.08
X7223 % _
“Glb
1 (h) o € n/s=0.2

< weak dependence on shear viscosity to
entropy density ratio (n/s) during hydro evolution |

Non-linear part has ::A\_\ :
< strong sensitivity to initial-state conditions || e |

< strong sensitivity to n/s at freeze-out [ X723 %, _
| “KLN.
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Mixed harmonics vs p;

CMS Preliminary nl<2.4
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“ higher order (n>3) mixed harmonics measured wrt lower order harmonics vs p
% first time are measured v4(W¥,;), vg(¥35) and v,(V¥,,3)

/

% a weak energy dependence

07.07.2017 EPS 2017, Venice, Italy 6

CMS PAS HIN-16-018



0.1

0.08

-0.06}

0.02f

0.1

0.08}
0.06}
0.04f

0.02

V4(2, |An|>2)

Linear vs non-linear part
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% Larger contribution of non-linear part for odd v and v, in 20-60% centrality bin
% For all v, the difference is stronger for central (0-20%) wrt semi-central (20-60%)
% Smaller statistical uncertainties from mixed harmonics
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Non-linear response vs p;

X422 X523 X6222 X633 X7223
CMS Preliminary |n|<24
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* First time are measured X5, X523 Xo222, X633 8N X7223 |
% 0dd x5,3 and x-,,; have a stronger non-linear response wrt the other harmonics
** nearly no energy dependence
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Mixed harmonics vs centrality
and hydro predictions
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0 hydro: PLB 744 (2015) 82
Strong centrality dependence for v,(¥,,), v5(W¥,3), vg(W,,,) and v,(W¥,,3)
Weaker centrality dependence for vg(W¥;5)
Again, a weak energy dependence is seen

Hydrodynamics predictions with /s = 0.08 at 2.76 TeV describe v;(¥,;) data rather
well, but not v,(¥,,,)
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000 000 000 000
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Non-linear response vs centrality
and comparison with theory predictions

X422 X523 X6222 X633 X7223

CMS Preliminary 0.3<p,<3.0 GeV/c Inl<2.4
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“* No strong centrality and energy dependence

*» Data for all harmonics are described well with AMPT predictions
% Strong sensitivity to the initial-state conditions

% Sensitivity increases with an increase of the harmonic order n
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Non-linear response vs centrality
and comparison with theory predictions
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“* No strong centrality and energy dependence

*» Data for all harmonics are described well with AMPT predictions
% Strong sensitivity to the initial-state conditions

% Sensitivity to /s

07.07.2017 EPS 2017, Venice, Italy 11



Prompt D° v, and v, flow

< Does ¢ quarks flowasu F°
and d?
< D%v_ A complements R, ,

measurements &
low-p; — thermalization
Scalar-product method high-p; — path length dep. R,
_ . ingy
Qn - kE—1 Wye Tracker
L e e
v {SP}= <Qn,D°QnA> -5<n<-3 3<n<5
n - s ¢ | J IAI‘]l >3\ J
<QnAQnB ><QnAQnC >
% Q A Q B
<QnBQnC > " an Qn DO "

v (m) = a(m)@ [1-a(m)]y, (m) alm) = s(n;&’?v;f:f)&ng(m)
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Entries / (5 MeV/c?)

Simultaneous fit on invariant mass and v,
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v, of

0-10%

CMS Preliminary PbPb \/ =5.02 TeV

prompt D° meson
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30-50%

:l LI I LB I LI} I LI} I |||||||| I LB I LB I: LI I LI | LI | LI | LI LI LI LI II::I LI I LI | LI | LU | IIIIIIIIIIIIIIII I:
025k Cent. 0-10% o p° + Cent. 10-30% + Cent. 30-50% 3
0o2f <10 + Charged particle __ __: ® _
: CMS-PAS-HIN-15014  F 4%, Tl o ]
oo Tt i y
4 f i Eﬂ.‘@ s
0.1 E: E;EE_* E: Jﬂi ﬁE_ ;
0.05F . 4$— $ + _g_ ® ® & —_" —& ﬂ R
- ++ ®WL ® T T 3
s = . SO — - :
-0.05F + _;;_ _;
_0'1;_ Filled box: syst. from non-prompt D° 3 __ _
_0.15F Open box: other syst. E CMS PAS HIN-16-007 E
I T P T P P Y PRI L SR PN TS TR RN ATR N PR R AUTNl FRETi L JUT N FET T AN TNl PR AN TN fNE T FNATa NN b
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40

P, (GeV/c) P, (GeV/c) P, (GeV/c)

% Typical p; dependence: a fast increase at low-p;; maximum = 3 GeV/c and then

decrease. Positive up to 40 GeV/c
< low p;: c quark collective motion
< high-p;: path length dependence of collective motion
< shape similar to the one seen for charged particles

% Typical centrality dependence: increases going from central to peripheral
collisions
low-p+: v, (prompt D°) < v,(charged) while at high-p; v,(prompt D°) = v,(charged)
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Shape similar to the one seen for charged particles
Centrality dependence much weaker than in the v, case
low-p+: v5(prompt D%) < v,(charged); high-p;: vs(prompt D) =

V;(charged)
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“* The mixed higher-order flow harmonics
Va(W22), Vs(W23), Ve(W220), Ve(W33) and v,(¥,5)

Conclusions

and non-linear response coefficients

X122 X523 Xe2o2 Xesz @nd Y7003 are measured

in 5.02 TeV PbPb collisions

*» These results are sensitive to initial conditions
and n/s at freeze-out, providing constraints on

the theoretical description of heavy ion

collisions

< First measurement of D° v,

% V, positive up to 40 GeV/c

< low-p+: v (prompt D°) < v _(charged)
<> high-p;: v,(prompt D) = v_(charged)
“* important input for theoretical

predictions
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