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Do charm and bottom quarks flow with
the quark-gluon fluid?




Do charm and bottom quarks flow with
the quark-gluon fluid?

Temperature
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? Langevin (drag & diffusion)
g type calculations indicate
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ATLAS Heavy-Flavor Muons in Pb+Pb

Significant modification of HF muon py distribution (R Suppression)
Significant non-zero elliptic flow (v,) event at high o
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Heavy quark transport calculations have a tension to simultaneously
describe both Rys & Vs

Many measurements in Pb+Pb — see recent review (https://arxiv.org/abs/1903.07709)
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ATLAS Heavy-Flavor Muons in p+Pb

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-006/
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Non-zero heavy-flavor muon v,

Not so ditferent magnitude from Pb+Pb v, at py ~ 4
GeV, though maybe dropping more quickly


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-006/

D mesons in p+Pb
CMS p+Pb D mesons show significant v,, but the ALICE Rpy,

IS consistent with one — tension!
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D mesons in p+Pb
CMS p+Pb D mesons show significant v,, but the ALICE Rpy,
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Analysis Detalls

« Use single muons from heavy-flavor decays and measure
elliptic flow

1. ppcollisions at sgrt(s) = 13 TeV from 2017
* |ow luminosity u ~ 2 sample
* integrated luminosity of 150 pb-!
« muon triggers (pr > 4 GeV) + high multiplicity triggers

2. First separate heavy-flavor muons (signal) decays, etc.
(background).

3. Then separate charm and bottom within signal.

« ATLAS-CONF-2019-023



Muon Signal and Background Separation

AP = Pp - Pruon Phys. Rev. C 98, 044905
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* Note that in pp 13 TeV, the non-background contains ~ 2.5% from quarkonia,
low mass resonances, and tau leptons (based on PYTHIA8 simulation)
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Muon-Hadron Correlation Functions

Two-particle correlations and standard ATLAS template non-flow subtraction
[Phys. Rev. Lett. 116, 172301]
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eavy-flavor Muon Elliptic Flow in pp 13 TeV
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« First observation of heavy-flavor elliptic flow in pp collisions

« Non-zero v, independent of multiplicity for N, > 60 (corresponding
to ~ 1% highest pp)

« Decreasing v, as a function of pr
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Charm and Bottom Separation
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d, = impact parameter of muon relative to the associated vertex
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e Data
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FONLL

Redo correlation analysis selecting regions in dy and momentum
mismatch.

Extracted bottom fraction consistent with FONLL/PYTHIAS,

which are used for additional systematic uncertainties.
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Charm and Bottom Separation
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Charm and Bottom Separatlon
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Charm and Bottom Separatlon
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Charm and Bottom Separatlon
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Extrapolate low d, region to 819 = 1

Uy = fglgvSlg N (1 fSlg) bkg High dq region v, , determined directly

Two measurements of vS‘g with two different b fractions
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Charm and Bottom Separation
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Now can solve for v, charm and v, bottom
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Charm and Bottom Elliptic Flow in pp 13 TeV
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Charm decay muons show significant non-zero v,
Consistent with independent of N,*¢ and decreasing with o

Bottom decay muons have v, consistent with zero within uncertainties

No theory calculations available yet. Excited to see possible physics
explanations. 13



Comparison with Charged Hadrons
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Muons from charm have v, similar to charged hadrons.
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Comparison with Charged Hadrons
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Muons from charm have v, similar to charged hadrons.
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Thank you!
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0.3
0.25
0.2
0.15
0.1
0.05

—0.05¢

—-0.1
-0.15

Charm and Bottom Separation

1.1 T T T T T ] = 11 T T T T T ]
 ATLAS Preliminary b 2  ATLAS Preliminary b
1.08~ pp Vs=13 TeV, 150 pb™ - © 1.08 pp (s=13TeV, 150 pb"’ —
F 110sN2<120 . E 110sN2°<120 E
1.06/— 0.5<p<5 GeV — 1.06— 0.5<p<5 GeV -
I 4<p'<6 GeV ] [ 4<pi<6 GeV ]
1.04- 15dan<5 - 1.04F 15dani<5 -
F 9=0.18,™=0.38,v,,=0.0033 ] [ £9=0.67,1=0.38, v,,=0.0021 ]
1.02 — ) -] 1.02 - ) -
r e Data 1 C e Data |
1~ o FCMagyG 3 1 o FCMagprG -
= templ — = templ, -
0.985 - C™%(Ag)+FCM(0) . 098/ - C ag+FCMO)

-1 0 1 -1 0 1 4
Ad Ad
11 T T T T T 7 = 11T T T T - T -
r ATLAS Preliminary b 2 r  ATLAS Preliminary b
1.08— pp Vs=13 TeV, 150 pb™' - © 1.08 pp (s=13 TeV, 150 pb™' =
F o 110sNE<120 1 F 110sNg<120 1
1.06|— 0.5<p<5 GeV — 1.06]— 0.5<p<5 GeV -
I 4<p'<6 GeV ] [ 4<p'<6 GeV ]
1.04F 1.5dpn/<5 4 104 1.5dan/<5 3
E °=0.81,f=0.38, v,,=0.0020 ] £ °=097,™=064, v,,=0.0009 ]
1.02 i — 1.02- i —
r e Data b r e Data b
1 o FC™MaAo+G — 1 o FCMao+G —

0.98

0.96}-..

templ

....... C"%°(A¢)+FCM(0)

templ

....... C™*(A¢)+FCM(0)

0.98

0.96

>
E=d

24



~ 00—
= - ATLAS Preliminary , 60N, <70 ]
= Fpp Vs=13TeV, 150 pb™ § s nnics 1
> 0.0051 4<p’<6GeV
- 0.5<p:<5 GeV 1
ol J
~0.005 =
[ 1c C.I. ]
- 26 C.l. :
_ MR BRI B B
0-8%605 0 0.005 0.01 0.015
Vg,Z(“’1h)
E 0-01 r r r r 1 r r r r 1 r r r r 1 r r r r
= [ ATLAS Preliminary 90<N,,,<100 ]
= -1
o - pp Vs=13TeV, 150 pb™ 1 5cani<s )
~ 0.005[- 4<p'<6 GeV ]
i 0.5<p:<5 GeV 1
O - -
~0.005 =
"1 C.l. ]
- 20 C.l. :
PR S S S S T R A N ST ST ST S N S T T
~0-8'o05 0 0005 001 0015
V;,Z(u’h)

V, , Correlations

0.01

52(1h)

= 0.005

—-0.005

-0glo0E

0.01

2(h)

ao
= 0.005

—-0.005

R T T
-0-8%605 0

———
[ ATLAS Preliminary
L pp Vs=13 TeV, 150 pb™'

+

1 C.I.
2c C.I.

70<N,, <80
1.5<IAn|<5
4<p:<6 GeV
0.5<p:<5 GeV

PR N T T
0.005

001 0015
VS,Z(”'!h)

————
[ ATLAS Preliminary
L pp ¥s=13 TeV, 150 pb™

——

1c C.1.
2c C.I.

1 OOSN,Irk<1 10
1.5<lAnl<5
4<p:<6 GeV
O.5<p:<5 GeV

NP TP
0.005

PR T S ST T
0.01 0.015
Vg,Z(u’h)

0.01

————r
[ ATLAS Preliminary
L pp Ys=13 TeV, 150 pb™'

»(1,h)

oo
= 0.005

-0.005
1c C.I.

26 C.1.

_¢_

80<N,, <9
1.5<lAnI<5
4<p:<6 GeV
O.5<p$<5 GeV

0o

PR S N ST T
0.005

001 0015
VZ,Z(Hah)

001 L L L A L AL R L B
[ ATLAS Preliminary
L pp Ys=13 TeV, 150 pb

»(1,h)

aaol
= 0.005

.¢.

—-0.005
1c C.L

26 C.I.

11 OSNtIrk<1 20
1.5<IAniI<5
4<p:<6 GeV
0.5<p:<5 GeV

PR T T
~0-8%605 0

NP TP
0.005

PR IS S T
0.01 0.015
V(Z:,Z(Mih)

25



