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by I. Sputowska

® 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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-~ Please note:
advantages of fixed-target NA49 @

w.r.t. collider experiments: CERN SPS
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ratio

n*/7 ratios in Pb+Pb @ Vs = 17.3 GeV
- simple superposition of proton and neutron collisions?

p+p, n+p collisions predictions for nucleus-nucleus reactions
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(p/n content) of the nucleus... Xp = pean

L
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n*/rc ratios in Pb+Pb @ Vs = 17.3 GeV
- simple superposition of proton and neutron collisions?

p+p, n+p collisions predictions for nucleus-nucleus reactions
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] 0.L5 Pb+Pb peripheral
15%n, 25%p

\ JT,'+/JT;- I’atiOS remember the structure , ......... .
(p/n content) of the nucleus... | . ... but what is happening
5 in the peripheral

Pb+Pb collision ?
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Hypothesis no. 1:
the “neutron halo” ?

A.Trzcinska et al., PRL87, 2001
R.Schmidt et al., PRC67, 2003

S Mizutori et al.. PROGL. 2000 P.Pawtowski, A.Szczurek, PRC70, 2004
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* Analysis of collision
geometry:
b=10.9+£0.5fm

* Not possible to obtain
75% n, 25 % p
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4)

Space-time evolution of
forward pion production

Plan:

* Formulation of a
simple model ;

d. [fm]

* Validation with exp.
data on rapidity
distributions ;

PRC 95 (2017) 024908
PRC 99 (2019) 024908 (*)

(*) Yes, both papers have
page no. 024908

* Application to EM

effects. PRC102 (2020) 014901
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Bricks collide ...

1x 1 fm?

PRC 95 (2017) 024908

Idea by A. Szczurek,

See also:

R. Hagedorn, CERN-71-12

W.D. Myers, NPA 296, 1978, 177

... and form “ fire streaks ” %
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Each fire streak fragments independently into pions -

fire streak rapidity
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available energy

*

E ( s_ms)'exp —
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’ 4
total fire streak sum of
energy brick masses
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NA49, 7T, Pb+Pb, Vs, = 17.3 GeV

Bricks collide ... > P TR e
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Each fire streak fragments independently into pions
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Each fire streak fragments independently
fire streak rapidity

available energy
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e The pion rapidity distribution from NA49, T, Pb+Pb, Vs = 17.3 GeV

— Model, b =972 fm| — Modsl, b= 8.41 im — Modal, b= 6.64 im

one fire streak in Pb+Pb 2 st cwne |20 F o +mec | 2o E e
collisions is similar to the pion : N (b) Ef (©)
rapidity distribution in p+p aof
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e The difference in absolute S ) = _;8_14% fm ) _;6_"16? fm s
normalization (0.748) can be directly
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repartition in p+p and Pb+Pb 5 os | PloON production :
reactions (see PRC 99 (2019) 024908). = e | f_rom one 0 748 f(y)
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Each fire streak fragments independently y
fire streak rapidity p + p

[ qye)f +€42 —_— 7
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y — —
>,
total fire streak sum of

energy brick masses data points from: NA49, PRC 86 (2012) 054903, EPJC 45 (2006) 343 | 24

available energy

f(y) = A-(EL — md)-exp -




e The pion rapidity distribution from __NA49, T, Fib+Pb Vs, = 17.3 GeV
one fire streak in Pb+Pb B o 2 0) SR - W: © e
collisions is similar to the pion =R N Ef
rapidity distribution in p+p aof
reactions ; =

: : 1oF 8.41 fm 6.64 fm

® The difference in absolute e w o S T AT e W
normalization (0.748) can be directly y y
obtained from the different energy — A i
repartition in p+p and Pb+Pb 5 o7 [ PlON production -
reactions (see PRC 99 (2019) 024908). = e | f_rom one — 0. 748 - f(y)

O fire streak . /p+p =T X ]
| | v, ekl D
Each fire streak fragments independently watted = FLTE S NA e y
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available energy n e | A -
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NA49, T, Pb+Pb, Vs, = 17.3 GeV

Appllcatlon tO EM > W , SOF T PN e
5 Taot (b) T (o) |
effects E. N
30;_ 40%—
- : = b=
* Longitudinal evolution of the ot/ 841 fm 6.64 fm
system - from our model ; e e w e a w w w

* [Initial (before the action of the EM
field) rapidity distribution of pions
from our model ;

L3| PbPb@158GeV/c, b = 10.61 fm r ]

e NA49
— FS,0.5<t< 2 fm, BR =0
-- - FS, 0.5 <T<2fnl, BR=0_2

radial 0.5

% expansion

» Initial py_distribution of pions - | o /[ 0<p <005Cev |
from UrQMD v3.4 ; 1 00 oL 0z o3 04 05

* Fragmentation (expansion) of the spectator charge - included ;
* Isospin (p/n) effects between «* and & - included - PRC 99 (2019) 024908 ;

* Azimuthal anisotropies (flow), vorticity, transverse expansion - included optionally ;

* The pion creation time t (taken in the fire streak c.m.s.) - taken as free parameter .
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1.5

ot/

0.0
—0.1

1.0

0.5

PbPb@158GeV/c, b =10.61 fm I L

® NA49
=== FS, 0.5 <t <2 fm, BR = 0.2, w/out Vi
—— FS,05<t<2fm, B =02, withv
== FS, 0.5 <t <2fm, BR = 0.2, with rotation',-

0<p, <0.05GeV

A A L 1 ' L A ] L

0.0 0.3 0.4

0.5

1.5

/T

1.0

PbPb@158GeV/c, b =10.61 fm I o

® NA49
=== FS, 0.5<1t<2fm, BR = 0.2, w/out Vio ]
= FS§, 0.5 <1 <2 fm, BR = 0.2, with Via
.' =-:=: FS§, 0.5 <1 <2 fm, BR=0.2, '
with rotation, o =1.75 deg +

"
-y = ]
#,

05F -
L 0.05 <p_<0.1 GeV
0.0 e a1 e o 1 . 2 2 1 4 4 3 —— ——
-0.1 0.0 0.1 0.2 0.3 0.4 0.5
Xp

First quantitative description of the electromagnetic distortion of w+/m- ratios in Pb+Pb

collisions at 158 GeV/nucleon beam energy (Vsyv=17.3 GeV)

[PRC102 (2020) 014901].

> Reasonable agreement with experimental data for x_2 0.1 ;

= Inclusion of spectator expansion improves the description of exp. data ;

= Short pion creation times ( 0.5 <t < 2 fmlc, to be compared with ~ 5.5 fm/c at y=0).

A. Rybicki, EM effects on charged particles,
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NA49 preliminary i
s Pb+Pb |
0-8 ; |
0.6 —
i pT—
0.4 | 500 .
| 225
- 175
0.2 | 125 d_=0.75fm
L 75 E
| 25 MeV/c #
L1 | ‘ I -] J | | L1 1 | ) H |

0 - -
-01 0 01 02 03 04 05

Summary (1) T

® EM effects induced by spectators bring
new information on the space-time evolution

Of the prOCeSS Of (fast) plon productlon ’ 2 :_ ..........................................................................
° \We Obtained thIS information and Used It ’ 1 :_ ................................. R T
i =
- : Y :
° I R R R R
Results look reasonable. 0 5 G 1 —= / >
2 Small systems ; y ybeam

> -
U PC (gam ma gam ma) ) A. Rybicki, EM effects on charged particles, 28
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NAG61/SHINE experiment

SHINE = SPS Heavy lon and Neutrino Experiment

A
o hea A 30-120 Gevic
Pb+Pb W 068 E:-'Eg A - 2015/116/17
5 Be,
S Xetla| M M B o § cecich |l 2018
- ®
PA:SciH B N N NN » K+C [ 2012
= o
= [ “+C 2009/12
S Be+Be | B 01213 o . . .
o =p+C(NOVA) B 2018
2012/14/16/17 (4]
p+Pb i 2012/14/16/1 p+C(T2K) . 2007-10
p+p u . 200011011 p+C B B 2007/09/12
13 20 30 40 75 150 134 31 120 158 350
beam momentum (A GeV/c) ) beam momentum (GeV/c)
VSNN =5.1-17.3(27.4) GeV
Strong interactions Cosmic rays and neutrinos

@ study the onset of deconfinement

~13m

NAG61/SHINE T

Vertex magnets

@ search for the critical point

Adapted from Antoni Marcinek, QM22

|~

Target

Small systems




NAG61/SHINE preliminary NAG61/SHINE preliminary

LT Ar+Sc@I1504 GeV/e| | °f Ar+Sc@15M GeV/c
= [ central B intermediate
“_i‘_"--.. 1 T R ; T :"l'_“'-- 1
0.6]- Y n.a:— nz
B oy]
Vs, = 16.8 GeV y=y P, = : T P, = 25
_ beam 500 0.4~ y=y 500 o 3
- 225 - beam 225 °E
0.2 .2 Z 0
First ever i = i e S
measurement i 25 MeVic i 25 MeV/c 5 Z
L1 1 1 | | ] | | I I | L1 11 | | | 1 101 | | | L1 | 1111 | | I | | | L1 11 =
of these effects in %0 0 0.1 0.2 0.3 0.4 XFD.S % 0 0.1 0.2 0.3 0.4 XFD.S %?
m =
-z
smz;]lll systems | NASTISHINE prefminary g A9 preliminary gg
at t e | . [ A | L | T T 1T | L | L | LI | L ] _U
r+Sc@40A GeV/c I i i m3
CERN SPS £ [ peripheral B [ Pb+Pb@1584 GeV | ¢ 0
+ 1F + 1 F peripheral - Is
B 2 - _ mo
I i ] SR
0.8 08 |- . =B
i L ] §§
L - ] N W
0.6 0.6 - ~ ?éj &
i P, = - Pr= ] ©
0.4 500 0.4 ~ 500 ]
i 225 [ 225 1
= 0.2 — 125 -
Vs, = 8.8 GeV yiy 12 125 Vs, = 17.3 GeV
i beam 25 MeV/c [ 25 MeVic 1
coaa b Lo v b b baa i I REREE B NI R B
%71 0 01 02 03 04 05 0of 0 01,02 03 04 05
X
. T :
A. Rybicki, EM effects on charged particles, y = y @
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Vs~ 8.8 GeV
1.2 Ar+Sc@40 A GeV/ 12 - Ar+Sc@40 A GeV/ 1'2A Sc@40 A GeV/
. [ Ar+5c eV/c o " Ar+Sc eV/c o : r+Sc eV/c
E 1-_NA61/SHINEreIiminary 0 - 10A’ - NA61/SHINE prellmlnary , 10 - 194 L NA61/SHINE preliminary 19 = 28%
~ F s s L
oI o - ;
Ro.8[- o 0.8 0.8
: P, = : P, = [ P, =
0.6 N I T25 0.6 - T25 0.6 - T25
[ 75 [ 75 [ 75
04r = 125 0.4~ ‘l‘ 125 0.4F 125
- Y = Ybeam 175 : 175 : I 175
0.2 225 0.2 Y = Yheam 225 0.2 225
i . | . | 500 MeVc i | | | | 500 MeV/c i V ybeam 500 MeVic
M PRI I PRI PR i P " L M " i M i s 2 2 | s P el o g
L Y R - R ¥ R VY xo.s S0 02 08 04 x 05 9700302 o3 o4x 0.5
From central... F F F
2 @ / 1o sc@a0A GeV/c 1.2p L Ar+Sc@40 A GeV/c
[ Ar+Sc(@40 A GeV/c i 0,
i 1-NA61/SHINE prellmlnary 28 = 39% B NA61/SHINE preliminary 39 - 67% NAGl/SHINE prellmlnry 67 - 93A’
+ Ny : N [ '
R I - [
0.8 0.8 0.8
[ P .= X p. = [ P .=
0.6f 5 0.6F 55 0.6F 25
- 75 - 75 i 75
04r 125 0.4 125 0.4 125
N 175 - 175 - 175
0.2 = 225 0.2 225 0.2 225
X | | ' ' 500 MeVlc X | | : | 500 MeVIc [ | \I Vbeqm 500I MeV/c
—%1 0 0.1 0.2 0.3 04 05 Q) 1 0 0.1 0.2 0.3 04 0.5 —001 0 01 0.2 03 0.4 0.5
X X Xg

From: Sneha Bhosale for the
NA61/SHINE collaboration,
MESON2021, 18 May 2021

See also e.g.: A. Marcinek for NA61/SHINE, QM22

A. Rybicki, EM effects on charged particles,
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Modelling EM effects in new Ar+Sc data

A. Rybicki, A. Szczurek, Phys. Rev. C 75, 054903 (2007)

NA61/SHINE preliminary
Yspect. = Ybeam T+ Ay

1.4, Ar+Sc @ 1.5913\ GeV/cl _Intermediate B
1.2} Py =0025GeV/e Ay=0F //M\,ﬁ T
i T B
= d
| @ Non-expanding spectator system
;-E cannot describe data
(contrary to Pb+Pb, see A. Rybicki et
al., APPB 46,737 (2015))
)
"o need significant expansion velocity /3
& of the charge cloud
@ Optimal description: charge cloud
moves slower than spectator system
— presence of participant charge?

APPB 50 (2019), 1127
(2019) 3

Antoni Marcinek (IFJ PAN) Collective effects from NAG61/SHINE EPIPHANY 2019, January 8



Modelling EM effects in new Ar+Sc data

NA61/SHINE preliminary

Intermediate
o Ay=10 3

Ar+Sc @ 150A GeV/c
=0.025GeV/el T

/T

/T

APPB 50 (2019), 1127

A. Rybicki, A. Szczurek, Phys. Rev. C 75, 054903 (2007)

B

Entangled interplay of severg|
phenomena: EM effects induced by
the (small) SPectator charge, these

.induc.ed by the participant charge,
ISOSpIn effects, spectator

frao mentation, and others.

BTATAYA BN e w- - ——

Further experimental guidance Is
needed.

S —— L L T A s PR

Antoni Marcinek (IFJ PAN)

Collective effects from NAG1/SHINE



Modelling EM effects in new Ar+Sc data

A. Rybicki, A. Szczurek, Phys. Rev. C 75, 054903 (2007)
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p+ H H N izmzmmem framentation, and others
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Further experimental guidance Is
needed.
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6) Comment: how about
gamma-gamma processes

In ultra-peripheral collisions ?

* Think about Pb+Pb (y y) - ete" ; H{Zﬁ

* What happens to leptons once created ?
* Subject of long discussions (here in Krakow) ;

* Never measured.

18
16

b=50 fm, 17 Ge\/ —
b=14fm, 17 GeV = = : 7]
50 GeV = sm

200 GeV srrrrr i

* Conceptual difficulties ; ’ l l:«w\m W
| _2 I
See talk by m’
Kasia Mazurek
(Tuesday).
2107.13239

4 3 -2 -1 0 1 2 3 4
Rapidity

A. Rybicki, EM effects on charged particles,
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Charged

6) N Ooe pi Iog ue ; ! A spectators

(EM field)

Repulsion ( for t*)
Attraction ( for v )

The electromagnetic (EM) fields resulting from the
presence of charged spectators induce distortions in
spectra of charged particles, and result in charge splitting of directed flow.

These spectator-induced EM effects can be used to study the space-time
evolution of particle production.

Such studies have shown that in high energy heavy-ion collisions, faster pions
are produced closer to the spectator system. They also provided an independent
estimate for the time of pion creation, at y=0.

A first quantitative description of the EM distortion of charge ratios (rt+/-) of fast
pions produced in Pb+Pb collisions at Vs,,=17.3 GeV has been obtained. This

gives an indication of significantly shorter pion production time scales (shorter
proper times t) w.r.t. what was obtained at central rapidity.

First ever measurements of these effects in small systems at the CERN SPS are
now available from NA61/SHINE.

Thank you !

A. Rybicki, EM effects on charged particles, 36
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Extra slides
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Vs,,= 17.3 GeV

® p+A collisions with our
model from Sec. 4.

Pb+Pb :
-é: w
i@- 0.5

A. Rybicki, EM effects on charged patrticles, . )
New Vistas in Photon Physics in Heavy-lon Collisions, IFJ PAN & AGH, Krakéw, 19-22.09.2022 data points from: NA49, EPJC 45 (2006) 343, EPJC 49 (2007) 919 38



Vs, =17.3 GeV

NINI

® p+A collisions with our
model from Sec. 4.

Pb+Pb :
-é: ﬂ
:@‘— 0.5

A. Rybicki, EM effects on charged patrticles, . .
New Vistas in Photon Physics in Heavy-lon Collisions, IFJ PAN & AGH, Krakéw, 19-22.09.2022 data points from: NA49, EPJC 45 (2006) 343, EPJC 49 (2007) 919 39



® More on directed flow.

L. Adamczyk et al., PRL 112 (2014) 162301

S. Acharya et al., PRL 125 (2020) 2, 022301,
arXiv:1910.14406 [nucl-ex]

directed flow

- v_(“directed flow”) is the sidewards

deflection of pions in the reaction plane :
V1 = < COS((p W.r.t. reaction plane) >

- the spectator charge induces charge splitting of v_.

F 0‘03 -_ I I T I T T T |__
= = STAR 31 STAR:
0.02 | Au+Au
o.01 [ Vs =7.7 GeV (edrawn)
- NN 1" ALCE:
o F .
—o. = -5 3
c.01 £ —+ 7T ]
—-0.02 -A TJC =
—0.03 | 1 1 1 L
-1 —0.5 (o} 0.5 1
— 274" -
05— E ALICE o _
i e 10°x v (h) i
. B ]
I Boooemeene -
| 5-40% E B i
L P> 0.2 GeV/e ]
—0.5[—bars: stat. uncert. E —
| boxes (filled/empty): syst. uncert. (corr./uncorr.) |
—-0.5 (o] 0.5
n
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