Electromagnetic effects on charged pion
spectra at SPS energies

Mirostaw Kietbowicz
for the NA61/SHINE collaboration

H. Niewodniczanski Institute of Nuclear Physics

” Polish Academy of Sciences
sﬁ"NE kielbowicz.miroslaw@gmail.com

22 - 26 May X1l Workshop on Particle Correlations and Femtoscopy — IFJ PAN, Krakéw 1/14



Outline

e Introduction to EM effects.

* NA61/SHINE experiment.

» Data sets, centrality.

e Data analysis and results

” on Ar+Sc collisions.
SITINE  Pb+Pb collisions.

e Conclusions.

22 - 26 May X1l Workshop on Particle Correlations and Femtoscopy — IFJ PAN, Krakéw 2/14



Introduction

Heavy ion collisions at SPS energies
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« Charged spectators generate electromagnetic fields.
 These modify charged pion spectra in the final state.

* We use this effect as a new source of information on the
space-time evolution of the system.
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NAG61/SHINE experiment

Eight (1) TPCs - particle tracks in 3D

B ~13m .
e Curvature —charge and momentum. ~
MTPC-L
* Energy loss (dE/dx) — mass. | B .
Vertex magnets ‘
TOFs - precise identification in -
restricted phase space. FPC2
- .| ....... e - I{.S.S... PSD
FTRC-3

PSD - centrality of the collision.

Many different projectile-target
configurations.

I
> VEy ToF-R
X /CEDAR 5|1] THC |5|1| I N\
-/ | = [ i ) MTPC-R
\‘\ —
—___ BPD1 BPD-2 BPD-3_—
, s -

Performance
« Total acceptance ~ 80%.
« Momentum resolution
o(p)/p? ~ 10* GeV
« Track reconstruction efficiency > 95%.

3D Visualization Ar+Sc collision NA61/SHINE
http://shine3d.web.cern.ch/shine3d/
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NAG61/SHINE experiment
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3D Visualization Ar+Sc collision NA61/SHINE
http://shine3d.web.cern.ch/shine3d/
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Data sets, centrality

 NAG61/SHINE experiment, “°Ar + ©Sc @ 150A GeV/c.
Pb + Pb @ 30A GeV/c.

A. Rybicki, Acta. Phys. Polon.

* Reference: NA49 experiment, Pb + Pb @ 158A GeV/c. B42 (2011) 867.

NAG61/SHINE performance
Bl Ar+Sc @ 150A GeV/c
2 T4 trigger

PSD calorimeter & - : -
in NA61/SHINE 050670001500 2060 2500 3000 3a00 4o 500000
E_[GeV] (selected modules)

e Centrality selection is defined by the Projectile Spectator Detector (PSD):
— Forward rapidity calorimeter.
e Dedicated Glauber simulations.
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Data analysis: Ar+Sc @ 150A GeV/c

« Simple PID, done with cuts on dE/dx of 5% from pion Bethe-Bloch.

NAG61/SHINE performance
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Data analysis: Ar+Sc @ 150A GeV/c

NA61/SHINE preliminary
Ar+Sc @ 150A GeV/c

nermediatel o Stability of Tt/ ratios has been

A investigated in detail.

- TU*/TU ratios appear far more robust
than 11" or 1 spectra taken separately.

1.2
- stat. errors only

T/ T

0.8~

e Systematic biases estimated on the

0.6

i t o level of £0.06.

l Y = Yoeam = -
ol 0 » This includes:

- <N,>=47.2%23 178 ~ kaon contamination,
T <N > = 16.840.7 - - pion Bethe-Bloch precision,

i 25 MeV/ie
N T B B B B B - feed-down from weak decays.
0.1 0 0.1 0.2 0.3 0.4 0.5

Xk

*Note: centrality is estimated by the
total number of wounded nucleons Xp = eam
and the Ar spectator mass.
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Data analysis: Ar+Sc @ 150A GeV/c

Plot by I. Sputowska

NA61/SHINE preliminary

IR1'2- stat. errors only Ar+Sc @ 150A Ge_V/C Charged
+\ : Intermediate Spectators
BT 7 as~—~——r—+1 (EM fields) -
0.8- :
- Repulsion (for 1t*)
Attraction (for 1)
0.6
: yly p_= * NOTE: the strongest EM effects for
o4 - 0 the beam rapidity and at low p..
—_ 225
- <N >=47.2+2.3 172
T <N A>=16.8£0.7 75
I | -~ | | 2|5 Meviel o« New data on spectator-induced EM
0 L1 1 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1 L1 11

% 0 o1 o2 o3 oa _os effects on charged pion spectra in
X¢ Ar+Sc collisions at 150A GeV/c.

— First observation of such an effect in Ar+Sc collisions.
- First observation of spectator-induced EM effects in small systems at SPS.
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Ar+Sc compared to Pb+Pb

A. Rybicki, Acta. Phys.

Polon. B42 (2011) 867.

NA49 preliminary

Pb+Pb @ 158A GeV/c |

NA61/SHINE preliminary
Ar+Sc @ 150A GeV/c

NA61/SHINE preliminary
Ar+Sc @ 150A GeV/c
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e The following picture emerges:

— Peripheral Pb+Pb collisions (spectator charge = 70 e.u.) - large effect, t*/mt = 0.

— Intermediate Ar+Sc collisions (spectator charge = 8 e.u) — visible effect, breaks
ISospin symmetry.

— Central Ar+Sc collisions (spectator charge = 3 e.u.) - still visible shadow of

effect.
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Ar+Sc @ 150A GeV/c: MC simulation

Ar :;:_;
---sc 2
[ 1<
0.15 -g
'?g . 12 wounded.
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B -
EN :
0.05 g
%% 4 6 P 10
r [fm]
« “OAr: parametrization of experimental Includes radial expansion of the spectator
data (Fourier-Bessel). system with given surface velocity
L see lwona Sputowska talk
e ©Sc: Saxon-Woods. projectile ( P )
SpeCtatOF Plot by |. Sputowska
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Ar+Sc data compared to MC simulation

1.4 NAG61/SHINE preliminary
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« MC simulation done by
Vitalii Ozvenchuk (IFJ PAN).

e Our data bring new information on the
space-time evolution of Tt production in
Ar+Sc collisions - d_.

e Stable spectator cannot describe data:
significant expansion velocity - fB.

Plot by I. Sputowska

space-time
evolution

of particle production
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Ar+Sc data compared to MC simulation

1.4 NAG61/SHINE preliminary
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« MC simulation done by
Vitalii Ozvenchuk (IFJ PAN).

e Our data bring new information on the
space-time evolution of Tt production in
Ar+Sc collisions - d_.

e Stable spectator cannot describe data:
significant expansion velocity - fB.

Plot by I. Sputowska
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Space-time evolution of the system...

Original information: A. Rybicki, X WPCF, 2015
Slide from: I. Sputowska, XIlIl WPCF, 2018

Original plot from:

Resonances produced instantly at the Resonances produced from K. Aamodit et al. (ALICE Collab.) Phys. Lett. B 696(2011) 328
moment of the collision (t=0 fm/c) an intermediate system (t >0 fm/c)
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Space-time evolution of the system...

Original information: A. Rybicki, X WPCF, 2015
Slide from: I. Sputowska, XIIl WPCF, 2018

Original plot from:

Resonances produced instantly at the Resonances produced from K. Aamodit et al. (ALICE Collab.) Phys. Lett. B 696(2011) 328
moment of the collision (t=0 fm/c) an intermediate system (t >0 fm/c)
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First insight into EM effects in Pb+Pb
collisions from NA61/SHINE (?)

L. Adamczyk et al. STAR, Phys. Rev. Lett. 112, (2014) 162301.
A. Rybicki, A. Szczurek, Phys. Rev. C87 (2013) 054909.

- Difference between 1" and 1 in v, 0.0 A Rybicki, APPB 46 (2015) 3, 737.
IS sensitive to the EM effects. i - STAR
— Charge splitting of directed flow. 0.02 | Au+Au
A. Rybicki, A. Szczurek, Phys. Rev. C87 (2013) no.5, 054909. oo1 E \fﬁﬂm = 1.7 GeV
V. Klochkoy, I. Selyuzhenkov for NA61/SHINE collaboration 0 ; ;
M:é” . NAG61/SHINE preliminary O<y<1.2 u .
5> | Pb+Pb @304 GeVic PSD centrality 15-35% | 00 o jfl' e
=~0.04— | n — ]
= L v {¥,.SP}, PSD * -0.02 F A TC =
R + + : '} (Tt*){v'(n') ]
{}-02_ . r[+ * _0*03 _I 1 L 1 I [ I1I L I1I L [ 1 i L 1
- A prﬂton . \ i -1 _0.5 0 0-5 I 1
B , 4
- N y ybeam
o I S S i """"""""""""""""" '
- . * - Presented last week at Quark Matter 2018
L .
.02 L a (V. Klochkov and I. Selyuzhenkov
i \ stat. errors only for NA61/SHINE collaboration).
B v (') < v (TU ..
-0.04—————L— (=M L — See also talk by Evgeny Kashirin.
0 0.5 1 1.5 \ﬁ
P, (GeVic)
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Conclusions

* New data on spectator-induced EM effects in Ar+Sc collisions from
NAG61/SHINE were presented.

* First observation of these effects in small systems at SPS energies.

» Electromagnetic effects brings us new information on space-time evolution
of the Ar+Sc system, especially on that of charged 1t meson production.

A first comparison of pion emission distances from the spectator
system has been made between Ar+Sc and the Pb+Pb collisions.

 Significant expansion velocity of the Ar spectator system is needed to
explain the data.

« EM effects in Ar+Sc can improve our knowledge on the pion emission
source, complementary to the presently restarted HBT analysis In

NAG61/SHINE (see Barnabas Porfy talk).
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Electromagnetic effects on charged pion
spectra at SPS energies

fI

Thanks for your attention! S--INE

i
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Ar+Sc data compared to MC simulation

NAG61/SHINE preliminary

1.4 NAG1/SHINE preliminary
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Plot by I. Sputowska
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1.2 e
JE‘-: : NA49 preliminary Pb+Pb ] .
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Centrality based on PSD energy

NA61/SHINE performance NAG61/SHINE performance
x10° Ar+Sc @ 150A GeV/c Ar+Sc @ 150A GeV/c
g [ T2 tn er = H T4 trl er
S = 20800}~ 99
1460 B
B 18000
1200F-146K events 138k events |  1e000[- 22k events
R 140001
1000 B m
i 12000
800 b
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4001 it
- 4000
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E. —» sum of PSD energies for modules 1-16, 21, 22, 27, 28.

» ,Central” from T2 trigger — 146k events, 1000 < E_ < 1800 [GeV/c].
» ,Intermediate” from T2 trigger — 138k events, 2800 < E_ < 3100 [GeV/c].
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e T2 trigger eliminates many events in this region,
— shifts a bit mean centrality but does not change t*/1t ratio.
— small shift of mean centrality has weak effect on EM. (A. Rybicki, A. Szczurek)

NAG61/SHINE performance
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