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Exploring the phase diagram
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By changing the energy available in the collision and To transparency:

the projectile-target combinations, one can obtain
systems characterized by various T, pg - different
regions on the phase diagram can be investigated




Coulomb effects on charged pions

SPS previous results (NA44, Phys. Lett. B 372 (1996)339): VSyy = 4.7 17.3 200 GeV
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At midrapidity, evolution from baryon (AGS) to
meson (RHIC) dominated medium




Data and theoretical model used

Data:
STAR-BES Au-Au data at Vs, = 7.7, 11.5, 19.6, 27 and 39 GeV

(STAR coll., Phys. Rev. C 96 (2017) 44904)

Model*:
- considers the longitudinal Bjorken expansion of the fireball and assumes that on average, a charged pion

Wi iv u u ick”,
Il receive a momentum change = “Coulomb kick”, p,
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The Coulomb effect can be derived from the p; spectra, assuming an exponential shape:

dN dNo Po.L  with dN/d2p, o exp(—m /T)
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The charged pion ratio is:
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where T thermal freeze-out temperature, <M°/N™> initial pion ratioand m = \/mz + (pr p.)?

*H. W. Barz, J. P. Bondorf, J. J. Gaardhgje, and H. Heiselberg, Phys. Rev. C 57 (1998)2536-2546; H. Heiselberg, Nuclear
Physics A 638 (1998) 479C 5



Energy dependence of Coulomb interaction

12F 7.7GeV [ 11GeV | 19.6 GeV [ 27GeV & 39 GeV
115 E E E E
11 2 g 3 2
B 105 E 5 E\%%% 3 D%%ﬁ%%-n—n 3 ng@umﬁ's‘ﬂ‘ﬁ‘
‘ E E ui] E
0-9;5: : UC‘@@[}[} [}, : DDDGQQ@[}. : DDDDDDD s} : DDDDDD o : DDDDDDDD
09F [} E [JT? E E E
0.85F E} E E E E
0 0z 04 06 08 T 12 14 16 18 02 04 06 08 1 12 14 16 18 02 04 06 08 1 12 T4 716 18 02 04 06 08 1 12 T4 T8 18  0Z 04 06 08 1 12 14 16 18 2
P [GeVic P [GeVic] P, [GeV/ic] P, [GeV/ic] P, [GeV/e]
- + ~—m
_ T Pr+ P My T
L 25C —+ AuAu BES — = exp —
O - AuAu AGS n Pr = Pc
op0l  m\# —— PbPb SPS

b
fi=a+bln sy f2=a(ysw) f3=a+b\[sn

—
[$3)
T

____
N 32.98+1.08 61.66+5.01 19.62+0.41
S S RN N % [ ég/] b -7.04£0.38  -0.56+0.03  0.341+0.02

AGS ans SPS results, H. W. Barz, J. P. x2/ndf 10.11 4.25 28.23

Bondorf, J. J. Gaardhgje, and H.
Heiselberg, Phys. Rev. C 57 (1998)2536—
2546



Centrality dependence
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p. decreases from central to peripheral
collisions for all energies - the overlap
volume is smaller = less positive charge
generates a smaller Coulomb field.
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Initial pion ratio
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At lower beam energies the ratios are larger than unity = due to isospin conservation and significant
contributions from A resonance decays.

As the energy is increasing = a change in pion production mechanisms and direct pion pair
production dominates



p. — R, correlation
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- the two parameters are positively correlated
- the 1-0 contour lines do not overlap for the studied energies
- in peripheral collisions there is a wider range of possible values compared to more

central collisions.



Freeze-out radii
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the open symbols & the chemical freeze-out radius based on
a thermal model analysis (STAR coll., Phys. Rev. C 96 (2017)
44904)

solid symbols = kinetic freeze-out radius based on Coulomb
interaction model

dy Ry

Pe = |pr— Pro| = 2e

- The kinetic freeze-out radius
decreases from central to peripheral
collisions = in a central collision a
larger system is formed.
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Conclusions

%= The Coulomb kick decreases with the increase of beam energy, showing that
the Coulomb interaction is stronger at lower energies

%= For the same energy, the Coulomb interaction is larger in central collisions
because there is strong stopping and an important positive net-charge in the
central rapidity region.

%= The Coulomb interaction decreases in peripheral collisions.

% The kinetic FO radius is not changing with energy for the energy interval
considered and shows an increase from peripheral to central collisions - a
larger system in more central collisions.




Backup

The time component of the electromagnetic potential from a moving charge, Q with a velocity, v:

Q
ri 1) =AY = i
Hrist) \/1;2‘:52 + (1 — ?;2)1'3'

The electric field is:

"dN<h r | dv
dy (r3 +v2(t2 —r3))3/2

E(ri,t) = —Vo(ry,t) = f‘:/

A charged pion receives a momentum change:

23 dN(rh 1
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The Coulomb effect can be derived from the transverse particle distributions, assuming an exponential

shape:
dN o dNU pU,J_

d?p,  d%po. p1
The pion ratio is:
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H. W. Barz, J. P. Bondorf, J. J. Gaardhgje, and H. Heiselberg, Phys. Rev. C 57 (1998)2536—-2546; H. Heiselberg, Nuclear
Physics A 638 (1998) 479C

with dN/d?p, o exp(—m /T)




