Estimating elliptic flow coefficient in heavy ion collisions

using deep learning
N. Mallick?, S. Prasad?!, A. N. Mishra?, R. Sahoo?, and G. G. Barnafoldi3

IDepartment of Physics, Indian Institute of Technology Indore, Simrol, Indore 453552, India
’Department of Physics, University Centre For Research & Development (UCRD),
Chandigarh University, Mohali, Punjab 140413, India
3Wigner Research Center for Physics, 29-33 Konkoly-Thege Miklés Str., H-1121 Budapest, Hungary

g 1. Introduction oy o T
* Transverse collective flow is a crucial observable in studying ;"._.-:: : I ":.' 4% ;. =. jé
the properties of quark-gluon plasma (QGP) 2q_'_':. ok T ZE : il lfg
* Collective flow is anisotropic and depends on the equation et 1 T i > o
of state and transport coefficients of the system %5 oi v 08 % s o4 Oﬁol b4t es 0w s Or'f; 04 0n !

» Anisotropic flow appears to be developed in the early ° Firstdeep learning-based estimator for elliptic flow (v;)
partonic phase, evolves through relativistic hydrodynamics, ° Machine learning model to learn from multiparticle production

and later gets influenced by hadronic rescatterings dynamics and its correlation to estimate any physical
K observable of interest Y,
/ ~ 0.2 ——————— s \
° ° > N -
% oosf- 33 2. Deep Iearnlng estimator - Pb-Pb, sy = 5.02 TeV -
(30721 NO“E) E g g . . i 8- ALICE, IAn>1.0 0.2<p._<5.0[GeV/c]
\ 0025 - EIE I — @) as primary input space 0.15 |- | CSPr=
. A— : - (n=¢)asp y Input sp - = AMPT i <0.8
| Hidden Layer (1) b0 { ¢ pr, mass, and energy as the -+ DNN
i (128, ReLU) | oot EX ,
: * i - 3 secondary input
: ) - : 0015 3 .
i HiddenLayeri(il) i : ' e 32 X 32 pixels, three such layers
: (256’ Rel.U) : 0005 X X X X « e . o . .
‘—v-— ; T melsee ¢ Training with minimum bias Pb-Pb
| bidden Layeriii) 3 e s o~ 1022 collisions at v/Syy = 5.02 TeV from
| (256, ReLU) R R - g
: - : 0.3} Mmi<o08 . . - .#_ A AM PT E
| : / | SR R B PP =
: Hidden Layer (IV) | - _;‘%" R * Optimizer: adam, Loss: mse <
:‘ (256, RelLU) ] " - b ; 1
———— T 4 ; * Network consists of four hiddens |
0] \Y/ Z :
ki) layers (128-256-256-256 nodes) Z sl _
L (linean N , B T T
_ * RelU activation for hidden layers Centrality("y
0-15 _ """""""""" __' L L L __' T L L L \
/ 3. RESUItS [ Au-Au, {5, = 0.2 TeV, (0-10)% 1 Au-Au, Y5 = 0.2 TeV, (40-50)% | Au-Au, {5y = 0.2 TeV, (60-70)% |
i DNN AMPT <08 T 1 ]
* Predictions are obtained for the collision centrality, energy, system "' _ .= 1 1 ]
! ! S S I %%y I .
. . . . = - p+P 1 & | I ]
size, particle mass, particle species, and transverse momentum °%f e 4 T eeeee ]
. - sanaSg s £ s 5
dependence Of e”lptlc fIOW 0§: — :__: ———t—————— :__: ——t— :—
0.15 |- —+ + a
* The number-of-constituent-quark scaling behavior across different PP BRI 010y ::“‘“ f o PP RwmeTeTe 0%
o . . . . . 0.1 —+ HE o 4+ _
collision systems at different energies is also predicted by the DNN Ea! T 3 T ] . ;
. " oos b 17 1 g% e :
 AMPT explains the data to a reasonable extent from low-p; to °%} | L iy % 9 =
[ S ¥ L ]
: : : : g% = | |
IntermEdlate-pT bUt dEVlateS for hlgh-pT 0122 —— :: —_— :: — ::
' [ Pb-Pb, {5,y = 5.02 TeV, (0-10)% 1 Pb-Pb, fS = 5.02 TeV, (40-50)% | Pb-Pb, yS = 5.02 TeV, (60-70)% |
N S 3 I aRed I -
> 0'4_ Pb-Pb, {5, = 5.02 TeV (40-50)% | LK _ _oir T ii _°=Ti;e= T ]
_ r+r @ ALICE | Unbiased o> 0.15 GeVlc > | I & I g
ly| <0.5 m AMPT ! 0.05 - 15 NI :ﬁi _
' 4 DNN | : . _ rs
0.2} o. . [ AT
' i “ T""'l | of . . A N AR
i ﬂ -:*:- 1 015- —————+—+—+—t—+—+—+—+—1 :_:. Tttt .-“. Tttt .__
- # 1T 1 [ Xe-Xe, {Syy=544TeV, (0-10)% |  Xe-Xe, (S =5.44 TeV, (40-50)%]  Xe-Xe, {S = 5.44 TeV, (60-70)%]
O ------====="-"======--------- 01l 1 1 ]
[ T 1 { &£ [ 1 . = I ;
........ - R 1 tﬁ#i’x b E:@: i :
E1_5:._.:::::::::::::::::::::::::::::::::::::_::_;.I::::I::::I::::I::::I::::I::::I::::I:i:_;.:::::::::::::::::::::::::::::::;:::::: 005-_ _-_in‘ T iﬂiﬁ -
% 1§—--Mxmﬂk*+-+-_ - ;"ii‘""““‘tﬂdﬁ"‘*‘ﬁ#‘_*_ - - Mkcaaa sk sk ko= 1- - : #ﬁs&:@;ﬂbi E :Ei -
% 0-5;_ __ __ _ 0 ;i~ N N B T P BT BT ST I B T B
A 0:..|....|....|....|....|....|....|....|..--|. ...................................... F: P PP TPEPEPINE TPEFIINE EPEMEPEPE TPEPEPINE TP SRR N T 0.5 1 15 05 1 15 05 1 15
\ N < I X (< I X < KEt/ng [GeV] KEt/ng [GeV] KEt/ng [GeV] /
4. Summary Based on:
° Flnal State partICIe klnematlcs |nf0rmat|0n are used ds InpUt 1. N. Mallick, S. Prasad, A. N. Mishra, R. Sahoo, and G. G. Barnaféldi, Phys.Rev.D 105, 114022 (2022).
° Event_by_event predictions for elllptlc ﬂOW are Obtained 2. N. Mallick, S. Prasad, A. N. Mishra, R. Sahoo, and G. G. Barnaféldi, Phys.Rev.D 107, 094001 (2023).

* DNN preserves the centrality, pr, energy, and meson-baryon 52 International Symposium on Multiparticle

dependent behavior of elliptic flow Dynamics

21-26 Aug, 2023
Karoly Robert Campus of MATE in Gyongyos, Hungary

 Applicable to RHIC and LHC energies

* Faster and more efficient prediction as compared to the conventional
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