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“Flow” = measured anisotropy - non-flow

But hydrodynamic flow is not the only

Interpretation
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Observables — flow magnitude

Flow magnitude quantifies Fourier coefficient vn

of azimuthal (@) anisotropy

Non-flow sources in
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Applications

Central/mid-central
A+A, rare process

Small to large with
meaningful results

Extreme events
( low multiplicity and or high pt)
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Intra-jet fragmentation
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necessarily a high multiplicity phenomenon
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e Peripheral subtraction: v, (N, = 0) ~ 0

e Template fit subtraction: v, (N, = 0) is allowed to be non-zero

Both methods use low multiplicity event to model non-flow at high multiplicity

Non-flow contribution becomes significant at low multiplicity and high pr

* Template fit with ZYAM vyields identical results as peripheral subtraction


http://10.1103/PhysRevC.96.024908
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Longitudinal flow decorrelation i, Pang at . Phys, v, C 57 0181064918
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Test the limit of model

B. Schenke et al., Phys. Rev. C 102 (2020) 044905

ALICE, Phys. Rev. Lett. 123, 142301 (2019)
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e | HC (ALICE) and RHIC vz results vs. hybrid framework [P-Glasma+MUSIC+UrQMD

® Model cannot describe low multiplicity data results where non-flow subtraction is sensitive to its assumption


https://doi.org/10.1103/PhysRevC.102.044905
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.142301

Mixed harmonic correlation

ATLAS Phys. Lett. B. 789 (2019) 444

ALICE Phys. Rev. Lett. 123, 142301 (2019)

Hybrid model, H. Mantysaari et al., Phys. Lett. B772 (2017) 681
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e SC(4,2) stays positive, due to nonlinear effect, sensitive to initial condition and evolution

e SC(3,2) negative at high multiplicity, anti-correlation between g2 and &3

e SC(3,2) positive at low multiplicity pp (ALICE)
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Mixed harmonic correlation

ATLAS Phys. Lett. B. 789 (2019) 444
ALICE Phys. Rev. Lett. 123, 142301 (2019)
Hybrid model, H. Mantysaari et al., Phys. Lett. B772 (2017) 681
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e SC(4,2) stays positive, due to nonlinear effect, sensitive to initial condition and evolution

e SC(3,2) negative at high multiplicity, anti-correlation between g2 and &3

e SC(3,2) positive at low multiplicity pp (ALICE), ATLAS-ALICE difference: different event selection and non-flow 14
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Vn-pT correlation in large system

Piotr Bozek, Phys. Rev. C 93 (2016) 044908

ATALS: ATLAS-CONF-2021-001

<V3<PT>> - <Vr%> P1))
c(v2)o({pr))

P(Vr%a (P1)) =

Smaller hotter fireball:
® | arger {pm
® Smaller e

Smaller hotter fireball:
® | arger {pm
® | arger hydro response

Z“ 0.4~ Combined-subevent method |
a_™ | ATLAS Preliminary |
Q | 05<p <2.0GeV M B
| ml<25 | | ® |
0.2 o® o000
O @
@
o ,°°
® [ o ®
® o
Of—------ @ g —
- @ e
_ ®
/_"p‘ -@- Pb+Pb
@ Xe+Xe
02 ++ _
- ®
| | | | | | | | | | |
80 60 40 20 0

Centrality [%]

® Central: positive correlation driven by hydro response, sensitive to nuclear deformation

® Peripheral: negative correlation driven by initial geometry eccentricity
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® [rento Iinitial-state predictor give right ordering and centrality dependence, not the magnitude

® [rento+v-USPhydro
® |P-Glasma+MUSIC+

nas the right ordering but underestimates the magnitude

JrQMD overestimates magnitude in peripheral, no clearing ordering
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G. Giacalone et al. Phys. Rev. Lett. 125 (2020) 192301

Vn_pT COrrelathn |n Sma” SyStem ATLAS Eur. Phys. |. C 79 (2019) 985

= - B L R B L B i
0.3 . . . . . Q. ATLAS
=@= IP-Glasma-+MUSIC+UrQMD o i p+Pb, 5.02 TeV, 28 nb" |
0.27 = post (€3, [s]): IP-Glasma only 7] ’&T O—--------mmrr —
0.1t Pest (€2, [s]): IP-Glasma only | :C(l - [:] [:] [:] -
PP e WS, o S T SO v ]
T 00 B : |-
0.1} 04 S A O
‘*—0.21 Geometry ol % | ]
~0.3} p+Pb 5020 GeV 1 anisotropy - IR :
_0.4k 02 <pr <2 GeV . i L |
' . , , . , , . , i OO.3<pT<2GeV i
0 5] 10 15 20 25 30 35 40 45 _0.2- 703<p_<5 GeV |
f dN.p,/dn T %05<p <2GeV
| | | | | | | | | | | | | | | | | | | | | | | |
50 100 150 200 250
dNern/dn ~ 10 f N,
0.2 <pr< 2 Ge
( pT V) dNen/dy ~ 10

(0.4 < p1 < 4 GeV)
Vn-pT1 correlation in p+A with different origins:

® |S geometry anisotropy: negative as in peripheral Pb+Pb

® |S momentum anisotropy: positive, smaller size — larger {p1) — less color domain

Sign change due to initial momentum anisotropies is predicted for p+A at low multiplicity

Challenge in measurements: statistics for subevent cumulants, non-flow
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G. Giacalone et al. Phys. Rev. Lett. 125 (2020) 192301

Vn-pT correlation in small system
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Vn-pT1 correlation in p+A with different origins:
® |S geometry anisotropy: negative as in peripheral Pb+Pb

® |S momentum anisotropy: positive, smaller size — larger {p1) — less color domain

Sign change due to initial momentum anisotropies is predicted for p+A at low multiplicity

Challenge in measurements: statistics for subevent cumulants, non-flow
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ATLAS: Phys. Rev. Lett. 111 (2013) 152301, ATLAS-CONF-2020-019

. CMS: Phys. Lett. B 776 (2017) 195
Hard-soft correlation
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® |ntra hard process is considered as non-flow, but differential hard-QGP(soft) interaction results in anisotropy correlated
with event orientation

® Anisotropy extracted from hard-soft correlation is referred as “flow” of the hard process. Different from the narrowly
nydrodynamic flow for soft sector

® High pt v2 measured using jet or charged hadron up to 200 GeV in mid-central Pb+Pb collisions, pr independent v2 ~ 0.03
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High pT V2 in p+Pb ATLAS, Eur. Phys. ]. C 80 (2020) 73
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® [wo particle correlation using template fit non-flow subtraction

® Default subtraction does not work at high pr. Additional suppression of jet-jet correlation by
eliminating particle pairs both from identified jets

® [actorization breaking at high pt 10~20%
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“Hard” part|C|e p_l_ V2 In p‘l‘Pb ATLAS, Eur. Phys. |. C 80 (2020) 73
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o ALICE measurement of statistically extract jet particle vo down to low pr

® Significant non-zero vz in a wide pt1 range, while no strong modification of prt spectra
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Open heavy flavor flow

ATLAS Phys. Lett. B 807 (2020) 135595
DREENA-B, D. Zigic et al., Phys. Lett. B 791 (2019) 236
CMS prompt D, Phys. Rev. Lett. 121 (2018) 082301

CMS non-prompt D, arXiv:2009.07065
CGCJ/psi, C. Zhang et al., Phys. Rev. Lett. 122 (2019) 172302
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® v> (Light) ~ v2 (D) > v2(B) for all systems at intermediate pt (4~10 GeV)

e No strong modification to pt spectra in p+Pb (Rero ~ 1) and pp (~ pQCD)

e Pb+Pb ~differential energy loss in QGP, while p+Pb ~ CGC color domain

CGC D, C. Zhang et al., Phys. Rev. D 102 (2020) 034010
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=015 |7 -
- ATLAS i

01__ N::T1C26O TELALE N _—

B o[ | ’ —
e ! -
0.05 ." ! k =
: L hy
O=aCHaFged Hadron | | __

e C—u T Jr ¢ |

- o b—u -
-0.05~ , L L
0) 1 2 3 5 7 8

p_ [GeV]

pp

Same hydro not directly applicable for small system, need consistent picture for soft & hard as this is hard-soft correlation
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Summary

Sorry if | was not able to cover your results here

® Non-flow and decorrelation could bias flow interpretation, should be evaluated In

measurements (non-flow) and included in model (decorrelation). Non-flow subtraction could
be biased by its assumptions

® Observables sensitive to initial state effects, flow in small system, SC(2,3), vn-pT1 correlation
ect., are also sensitive to non-flow effects

® Hard-soft correlation: need systematic description of light and hard “flow” in small system
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