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3)
Space-time evolution of
forward pion production
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Bricks collide ...
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NA49, TU, Pb+Pb, Vs = 17.3 GeV
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NA49, TU, Pb+Pb, Vs = 17.3 GeV
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e The pion rapidity distribution from NA49, TU, Pb+Pb, Vs = 17.3 GeV
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e The pion rapidity distribution from NA49, TU, Pb+Pb, vs = 17.3 GeV

one fire streak in Pb+Pb . e o o PN s o T
collisions is similar to the pion ER: N EN:
rapidity distribution in p+p = aof
reactions ; = -
: : “t / 8.41fm 6.64 fm
® The difference in absolute e a waae e S i

normalization (0.748) can be directly y - y
obtained from the different energy . i L ]
repartition in p+p and Pb+Pb -5 o7 | Pion production ]
reactions (see PRC 99 (2019) 024908). = __| fromone A 0. 748 -f(y)

© fire streak  / N\ /p +p—T X

Each fire streak fragments independently
fire streak rapidity

available energy L n e
2
f _ A % |:(y ] ys) —|_ € ] LR '.'
(y) = A-(Es — ms)-exp| — o "%
N oo
total fire streak sum of : —
i Courtesy by Harsch Shah, +-% \/ N .
energy brick masses S Hoche. arXiv: 1411.4085 o N7 = 7. * 13/18



NA49, TU, Pb+Pb, Vs = 17.3 GeV
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NA49, TU, Pb+Pb, Vs = 17.3 GeV
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NA49, TU, Pb+Pb, Vs = 17.3 GeV
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 [Initial longitudinal evolution of
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EM field) rapidity distribution of
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* The pion creation time 1 (taken in the fire streak c.m.s.) — taken as free parameter ;

* Isospin effects between 11 and 1T — included — PRC 99 (2019) 024908 ;

* Fragmentation (expansion) of the spectator charge — included optionally;

* Azimuthal anisotropies (“flow”) — included optionally.

data points from: NA49, PRC 86 (2012) 054903 16/18
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= Short pion creation times ( 0.5 < 1 < 2 fm/c, to be compared with ~ 5.5 fm/c at y=0).



Charged

“spectators”

4) Summary SUL-S - Ea
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Repulsion ( for 11')
Attraction ( for 1)

Spectator-induced electromagnetic (EM) effects can be
used to study the space-time evolution of particle productlon

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

On that basis, we built a simple phenomenological model with realistic initial
conditions (incidentally we found that it works for all the three reaction types). This
we used to study the space-time evolution of the system w.r.t. forward production of
fast (x->0.1) pions.

This study gives an indication that relatively short pion production time scales
(proper pion creation times 1) are needed to describe the experimental data.

—
—_—
= Thank you !
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Implementation of our model
for studies of EM effects,
first results:

Vs, = 17.3 GeV
® Fixed pion creation time T [ PbPb@158GeVie,b=10.61 fm [
(in fire streak rest frame) ; [

0<p, <0.05GeV/c I

® No spectator fragmentation. @ NA4

e F'S, 7= 0.5 fm
=== FS, t=1fm

, emo.m FS,7=1.5fm
. eesess FS, t=2 fm

” .
7
_—_ 0.5 L "
o
0.0 P | 1
01 00 01 02 03 04 05

= Relatively short pion creation times are suggested by the exp. data
(t ~ 0.5- 1.5 fm/c, to be compared with ~ 5.5 fm/c at y=0) ;

2 Impossible to fit the data with one single value of T ;

> Evident problem at x = 0.2 - 0.25.
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Inclusion of asimuthal anisotropies (flow) in the model

06
o5
004 f

= 0a L
ooz f

(RN g

[R11]

[k}

[ 3

[ S

[ @ wNaA®m, WA % ]
—Fit ) 1

T [PbPb@ 158G Vic. peripheral

Fit \\
-4 i -1 -1 0 1 12 3 4 5
¥

” %%' PbPb(@ 158 GeV/c, peripheral

'-.{

R R L T |

A

LRI

LR

.4 F

0.z

1111

L3

Lz

L

ALK

=iLin

={LiIZ

={Li3

| PhPhi 158 GeVie, peripheral

1 1 1 1 1
Lz A L& LF] L 1.2

Andrzej Rybicki, XXVI Cracow Epiphany Conference,
LHC physics: Standard Model and Beyond, 7-10.1.2020

T



More on asimuthal anisotropies (flow)
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NA61/SHINE preliminary
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EM effects from NA61/SHINE
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dn/dy

* Pb+Pb collision: 40% protons, 60% neutrons ;

* p+p— T X is not directly comparable to Pb+Pb - 17X !

Isospin effects

* isospin symmetry: %(H =) = Gi(p = )
* iIsospin-averaged 1t distribution:
dn Z dn Z dn
X - X)+([(1-= — X
dU(NJrNﬁ?T ) = (A) dv(erp%;’T )+ ( A) ﬂfV(P+p " X)
data points from: NA49, EPJC 45 (2006) 343
e L R LI I L IR UL U'B_'"_'I'"'I""I""_I""I""I"""'I' T ]
E p+p _,.;n; )( ; %-, . §_]E)I0n production ;
' < " [ from one N ]
06 [ N+N-7 z< 1 £ osffire streak Nal\é1§ ]Z(( )'
0.6 : \ p+p gl X : © 0.5 _ -y
: - z - Et=Vs,, ¢ | ;
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Once isospin is taken into account, the difference in absolute scaling between
p+p and Pb+Pb collisions changes from 0.748 to 0.812 .



Includes:

- characteristics of “fire streaks”
- computation of energy balance
- energy dependence

- auxiliary information on proton-nucleus

More on our simple model

For a more extended
description including
formulae, numerical
values, tables and plots,
please see

PRC 99 (2019) 024908
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A.S., A R, M. K, Phys. Rev. C 95, 024908 (2017) ‘\/g =17.3 GeV
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Characteristics of “fire streaks”
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In p+p collisions, the average energies of pions, kaons ]
s

and protons can be computed directly from their spectra :

pr( ax - . d’a -
fU Ei(xr, pr) (‘h‘Fffﬁ’T)j dpr dxy i — proton, 17, T, K", K, ...
<EI> PT max d2¢ ) .
f 0 axXpdpr ) ; d PT axr NA49, EPJC 65 (2010) 9, EPJC 68 (2010) 1, EPJC 45 (2006) 343

arXiv:hep-ex/0510009, 0904.2708 [hep-ex], 1004.1889 [hep-eX]



Calculation of energy balance

(simplified):

(pion energy)
(kaon energy)

p+p:

Jo I8

pr(max)

do
1F’ IUT) (ch‘pn‘pT

) ‘ dp]" Lfl’g
!

(Ei) =

6862 MeV ;
918 MeV ;

d?

pr(max) a , .
fO (Efﬂ‘pcf;'}f{)i dPT dll‘_

(baryon energy) — baryon inelasticity K = 0.547.

The relation between (baryon energy), (pion energy) and (kaon energy)
in Pb+Pb collisions is calculated on the basis of:

- paryon inelasticity in Pb+Pb, K= 0.78 ;

- the change in <K>/<1t> ratios between
p+p and Pb+Pb (~2).

From:

NA49, EPJC 65 (2010) 9, EPJC 68 (2010) 1, EPJC 45 (2006) 343,
PRC 86 (2012) 054903, and references therein.
NA49, compilation of numerical results, http://na49info.web.cern.ch/na49info/na49.

In this way we get (per unit of total collision energy):

Energy spent on pions in p+p

Energy spent on pions in Pb+Pb

=0.761

— C.Blume, NA49, J.Phys. G34 (2007) 951, and refs therein.
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http://na49info.web.cern.ch/na49info/na49

TU, Pb+Pb, Vs = 8.8 GeV

TU, Pb+Pb, \/_ =17.3 GeV

(or better)
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Experimental data: NA61/SHINE, EPJC 74 (2014) 2794, EPJC 77 (2017) 671
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The energy dependence of the fire streak fragmentation function
(PRC 99 (2019) 024908, Appendix B)

> [ T T T T T T T T T T RERES
D o1}
C \/_NN_ 8.8 GeV
5
0.08 | .
0.06 | }
0.04 | .
0.02 |- V= -
i ~17.3 GeV ]
0 ] o]

FIG. 7:

Comparison of single fire-streak fragmentation functions used for the description of 77~ rapidity
distributions in Pb+Pb collisions at \/syn = 8.8 GeV (solid) and at \/syy = 17.3 GeV (dotted).
The two presented functions are given by Eq. (2.1) with (E; —mg) = 1 GeV. The numerical
values of the function parameters are given in the text.

Andrzej Rybicki, XXVI Cracow Epiphany Conference,
LHC physics: Standard Model and Beyond, 7-10.1.2020 36/18



NA49, TU, Pb+Pb, Vs = 17.3 GeV

W >’605 In:d;l;a 1 m >>80:_ I:ﬂm;l;sm
S (b) = (©)
-540;— 'ﬁeo;-
® Link between p+p, _ _
p+A, and A+A 1°§' 8.41 fm 6.64 fm
collisions. y y
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e Calibration of the model o Lo

with p+p/p+A/A+A
rapidity spectra...
done!

data points from: NA49, PRC 86 (2012) 054903, EPJC 45 (2006) 343 |37/18



Experimental data points from: NA49, EPJC 45 (2006) 343, EPJC 49 (2007) 919

TU+TC, V5, = 17.3 GeV
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Energy balance:
——— p+C (model) —® change in energy spent on pions by +13 % w.r.t. p+p, can be
explained by baryon stopping.
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