Sensitivity analysis of the chiral
‘magnetic effect observables using the AMPT

Ling Huang'¢, Maowu Nie3, Guoliang Ma?’

'Shanghar Institute of Applied Physics, Chinese Academy of Science, Shanghai 201800, China
°Key Laboratory of Nuclear Physics and lon-beam Application(MOE),
Institute of Modern Physics, Fudan University, Shanghai 200433, China

3Institute of Frontier and Interdisciplinary Science, Shandong University, Qingdao, 266237, China

Motivation Results
Piotr Bozek. PRC 97, 034907 (2018).
- : 0.35GeV <pr <2.0GeV, -1 <n<1 method I: mixing particles method
Results of Ry from different sources: j Qv——— Mg
m 3F —— hydrosLCGuesonance @D Method comparison method I1: shuffling particles method
[0 e mzz B Los| 200Gev mos o I | 2 “E‘E:: - L1 I L S B B I B Sl R oyt o B HL 1 L B B BN B A
] Am?{t:f{?{i{}ev —— W/O CME method I 7 * > RLpZ of mixing partiCIeS method is
»i T A 1 14 'H 7 consistent with the result of shuffling
= ] L ' J + : particles method.
3% .ﬁ E : o EW ﬁ% + + l

SH +i9=“5 Ne ; S ' . 12 11—T | %T ] » Ry, from original AMPT is flat, while
s 4 I 3 el T concave from the AMPT with CME. I
© 'Au—'fgf{égGelvm;z T 'Au—'.?(;f{;nge'\fm:'zg‘_ T § Al £ 15[ 091l g . 1 09 l§= o, i o § !Egaai;2*$ ] can distinguish the CME and its

i L“;I,)o i 30-50% 73 o1 T - | . : .:- [ o L E —:v:rmtz?resonance i o ] rI}LIJ iT}N Jﬁ + "oy E,L.l ] baCkground.

B a;=0.85% 1 | | * B o1 b ,‘. R - +Epr:)e+50|m'i+(:ﬁ50nance 0 B- 1 ||£|E:]‘ | | | I‘IE:JI L o | 0 B_ 1 |L||[:I|= | I N R NI IE::II [ 0.9 NN T T T O T YT A O Y A A
- | AT : hydrostesonance . ~ 04 02 0 02 04 ~ 04 02 0 02 04 T 04 02 0 02 04
+EP resolution I-——] L] AS AS AS
2 Stage evolution from AMPT (w/o CME)
: T 11— » Cy. and Cg. of mixing particles
Maadv et. al. | 03 "0z 0 0z LT T T T T 1T T : (N ST = ] ¥y ¥, A
N. Magdy et. al. PRC 97.061901 (2018) | Aurfu 200 Gev 3 : : 1 || 25 st oo coscae : method are flat at the initial stage, and
_ o _ _ 1,05, R +_ 1 1og® o, 1 1.05]| & e aor nactomc rescarings| b | then convex at the stage of after parton
» Comparing to the y, R correlator was proposed to distinguish the CME and its background. | ‘ ] : + ofoae b 48 - # ;I; cascade. After the coalescence, they
SHl . ; ¢$*ﬁiﬁﬁfi5$$+ i 1%,: 0 ﬂiﬁﬁﬁ.ﬁﬁim * 1 5 1% ﬂﬁ.!ﬁ%ﬁ T are both trend to be flat, but they
» Some results show that R correlator is convex if only with background but concave with the 0 qﬁ ¢f ¢ o G do 1T : ¢/ become more convex after hadronic
: iy i I ’ - | ? g rescatterings.

CME. On the other hand, some results show that R correlator can be also concave only with o it . aL Tt + s % o + ; °

\ 1 : 1 _ 1 » Ry, Is always flat from initial stage to
P .+I I BRI I+. PRI 1 I R RIS BT L M IR T S T N T T II TR B LPZ
background. G‘QT—ﬂj 0.2 fs 02 04 0907 02 ﬁDS o.% 0.4 D‘Q_I—.JDA -0.2 ﬁDS 0.2 04 after hadronic rescatterings.

» It Is Interesting to study whether R correlator could distinguish the CME and its background

: . Stage evolution from AMPT (with CME
with a transport model with both the CME and background. ® & ( )

g N 7 » Cy, and Cy, of mixing particles
14 To AusAU20GEY ¢ T 14r _ . 1 l4f T %Lﬁ 4}% & method are concave at the initial stage,
o O ] 1$ . "¢  and then still concave at the stage of
T ° ° ; i 5 " " %) ';m$++ ¢ @_EH; after parton cascade. After the
O [ 5 . i e 00 Q |
5 7200w ageseenen;t, U 1_gmagamamngggu¢q S ECL LIPS L ad coalescence, they are both trend to be
The AM PT MOdEI - ;h“' 905° e ++;5 ; _-' =" e, ;:‘ ; oress ; flat, but they become convex after
0.8 ; DE;#\* _m il stage teg off . ; hadronic rescatterings.
[ [ ] | T [ —&— after parton cascade ] [ ] > ] f o I
: : : _ 0.6F 4 06}  —B-after coalescence 1 osf "n . Ry is concave from initial stage to
> ;I’;ihnaenvivsr\éeirsslcohnaro-fe 'g\ol\gse-lljvg(;th Strlng metlng : [ R B |.|.| [ R ] : 1 _|-|_|ﬂﬁler|ha|drl|:lni;: rlEIE}l:a:m:in:;El [ 1 ] : (I AN T N T T T TN T A T B A A ] afte? parton Casca.de, bUt trend tO flat
— ‘ l g ' 0.4 -02 5_05 0.2 0.4 0.4 -02 5_05 0.2 0.4 04 -02 5_05 0.2 0.4 after Coqlescence, then after hadronic
energy in nucieon 1 1 1 1 42
it A s LA . > The string melting version consists of four @ With respect to W, rescatterings, it’s concave.
main components:
. . . L L L B IR BN B N P L B L L B B I - L
The initial condition mainly simulates the Au+Au 200 GeV _ [ - wio CME
spatial and momentum distributions of minijet ) 30-50% ] ) e :
ZPC (Zhang's Parton Cascade) partons by using HIJING model ! ] R 1 [ > R, are both flat no matter whether
till parton freezeout _ : 5B - - u®8n ] there is the CME or not.
The parton cascade describes  strong T 280 op 1= 1T 8° %s, 1 +!1’¢ﬁaﬁ.i"y$+ i‘ _ N
interactions among partons through elastic ' ¢.l o ! l:) . gﬁ -[;,1(:1 % ] » Ry, Is not a sensitive observable to
partonic collisions D‘gﬂ T o 1 oof  da s 1 oo % {_— detect CME.
e L [ ti ' : : [ :
A quark coalescence model for hadronization ! i H‘ i* L *hi : :
0.8 I T T T N TN N M N B AL 0.8 I T T T N T A N B 0.8 Loy o by by v v by o 1y
The ART model is used to simulate baryon- 04 -02 5_05 0.2 0.4 04 -02 5_05 0.2 0.4 04 02 5_05 0.2 0.4
baryqn, _baryon-rr_leson anq meson-meson ® CME strength dependence
reactions in hadronic rescatterings _ o
+ + percentage  of initial The CME signal was been introduced into the 1‘25' " AmAn200Gev 1'25' AR 1'3:' 'f > Ry, Wlth 25 _|n|_t|a_ll ch;rge
Nupwal'd B NdOWHW&l‘d charge separation Is Used AMPT model by exchanging the p,, values of a ' o 10 i (RE! i se.paratlon p_arameter plly ar_to b
f% = n n to adjust strength of the f yh ) ging | Py Values - I + QE%SE 1 f é;lhi ; 1] with the original AMPT within error
Nupward + N4ywnward CME percentage of the downward moving l_l( ) | $¢ : Rt 4 : 4 ) 11 fol | T bars, they are both flat.
quarks with those of the upward moving u(d) ool ?i# Heook ii | 4 P f+ 1Tt4s
G. L. Ma, B. Zhang, PLB 700 (2011) 39 quarks. :““éz* ‘i‘i* g l&_ Sy TUS I OE § ﬂﬂgﬁiﬂf 21| » With the initial charge separation
G‘B?E } sl D'Bfi - omeeo * £ : R ] percentage increase, Cy, become
0.7f 1 07} A CME10.0% 1 09 7 wider and wider, Ry become
0 i 2
DE.E | I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 E DE.- 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I I'\IJ-‘: D 8: 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | | : narrower and narrower.
04 -02 0 0.2 0.4 04 -02 0 0.2 0.4 04 -0.2 0 0.2 0.4
AS AS AS
Methods ® Sensitivity comparison
Method-Mix Method-Shuffle ZI PSSR 4:\
N. N. Ajitanand. et. al, PRC 83, 011901 (2011) Only flow Flow on, resonance decay on, al=0 N. Magdy, et. al. PRC 97, 061901 (2018) @ C 30-50% . 3.5 | AusAU 200 GeV ;47
1.01 1.01 ] B LETEAY ] - | df
<Sh+> _ > 1sin (Apy) : i N <Sh+> _ Y Vsin (Apy) 1.5: o Ch : 35_ HIII 050% 4 disy)
P p 7 N nost : : P p 7 E - —a— R, - >250 | Ay df
n o cias) [ . . e | caas) [ n — i | 2k
Sh=Y = 21 S (Ap-) T " e . ' Ggh—\ 1 sin (Ap_) < Ir + i - = f
< n >_ n : - i . . < n >_ n ' > i T A _ 5
0.998T 0.995 - - . i 0 q5C
h h— 3 D . — ‘ ] u
ASuwe = (ST) = (S07) it ot DSue = () = (817 osf W e e £
. Flowon, Jeton, decay, al=0 " : : A 05F _—
CC (AS) Correla’tor' OV\‘/I((])‘In ©L O, 1D TESORAnE ecay ¢ 1.02 BaCkground and al CC (AS) Correlator. 0_| AR R S N S T N N YT O N T NN N R ] UE e T l.-----._l ..... _ .F::T.l._:-._I.T._.l-.T:
: - . 212003 0 2 4 6 8 10
Lo ol 0 1 2 3 4 5 6 7 8 9 10
CL(AS) = N (AScsep) 1,005 1.01- o at=0.06 O (AS Nieal(AS) CME percentage f (%) CME percentage f (%)
C - B - o o — . . . . . .
(AScsmix S CL| oS e W (AS5) Nehuffiea (AS » Ry, from 2.5% Initial charge separation » Comparing the sensitivity to the CME between y and Ry, Ry, IS
] I St percentage and original AMPT are both flat more sensitive to the CME than y when the initial charge
0.995- 0.99— o @ within our current statistics, its width is infinity. separation parameter is very small.
randomly chosen hadrons : ; ° o ° .
ool ) | Onlythe charge of the positive

p/n: number of “+/-" & T &% " ' Inegative charged particles

D Summary

hadrons
Q > Ry, (AS) correlator: ¢

> In Au+Au 200 GeV collisions, Ry Is flat if only with background, but concave with the CME from the

Background-driven charge separation C\D (AS) AMPT model
@ A%f(?gelm Fe* Ry, (AS) = C f‘( AS) m=2, 3 T RS St _ - more details see: arXiv:1906.11631
i 5‘“‘@ AVED v | Ym U 3050%  a'-10% v ] » Ry, Is not a sensitive observable to the CME.
s @&/ @40 O T——) L ch i
| : ) | [ ' ‘_ ' T =2 _ a; =1.5% ve _ o ] ] ] ] ]
¥p S-00% g | N 30-50% =3 e | _ ; | > The initial CME signal will be weaken by strong final state interactions.
~ / ) : | o © B EE S @ 1.04 ¢ N & 1 _ o o _
4 ool é i _ P " % ‘:} % £ » R correlator is more sensitive to the CME than y correlator when the initial charge percentage is very small.
0. / = &= N P \ .
Qﬁ} |§@|||@q’l 2 0 \;-\m m\\ d - @ﬁ\\, QQJFJII
1.08 J_(lb)l I —E 0.9 \‘;m mlt ] fmememmmmmemmenn e mé.\.m\,\} ...................... |];|..:Er
ot aj'= 1.0% j ~ om o : Boaa B j
Background & CME-driven charge separation . qi q] ! : - : Re fe rences
! @ ] 0.8 1 - 02 o o0z
_ @f : '0'4- T T T -0'4 AS [1] N. N. Ajitanand, R. A. Lacey, A. Taranenko and J. M. Alexander, Phys. Rev. C 83, 011901 (2011) [arXiv:1009.5624[nucl-ex]].
1f = \ ) _ h o AS ' ' [2] N. Magdy, S. Shi, J. Liao, N. Ajitanand and R. A. Lacey, Phys. Rev. C 97, no. 6, 061901 (2018) [arXiv:1710.01717[physics.data-an]].
_ : [3] Y. Feng, J. Zhao and F. Wang, Phys. Rev. C 98, no. 3, 034904 (2018) [arXiv:1803.02860 [nucl-th]].
Y A Y N. Magdy, S. Shi, J. Liao, N. Ajitanand and R. A. Lacey, Phys. Rev. C 97, 6, 061901 (2018) [4] G. L. Ma, B. Zhang, Phys. Lett. B 700 39 (2011), [arXiv:1101.1701 [nucl-th]].
AS [5] Z. W. Lin, Acta Phys. Polon. Supp. 7, no. 1, 191 (2014) [arXiv:1403.1854 [nucl-th]].

AP AOBEULE DR BB

SINAP




