Limiting Fragmentation
at
RHIC and LHC Energies

Multiparticle Dynamics Group Semimar

Summer Semester 2019



Outline

1 Nature of limiting fragmentation

2 Phenomenological three-source model

3 Fragmentation sources in stopping

4 Particle production & limiting fragmentation

5 Conclusion

2019-07-03 Benjamin Kellers



Important variables in heavy-ion coll.
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From y- to eta-space
dN dydN ( m) dN
=J

T, —

dp  dn dy pL) dy
AT
Pl
\/1 | (ﬁ) + sinh?(n)
eff\ <m>‘]0
cosh
3 (0, Jo) = )

2019-07-03 Benjamin Kellers



Main focus: the fragmentation region
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Limiting fragmentation at RHIC
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Limiting fragmentation at RHIC
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Three sources of particle production
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Resulting rapidity distributions
Lorentz-invariant cross-section (exp. observable):
d° N B d*N d*N

E — —
dp3 2rp  dp, dy  27m dm | dy

Rapidity distributions for each source:

AN, d° Ny,
d—y(y,t):(ﬁk/ m b 1’ dm

Total rapidity distribution:
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Underlying PDE

Boltzmann-Gibbs statistics:

= Maxwell-Juttner for t — o0
d° N
dp3

E

. x Eexp (—E/T)= m, cosh (y) exp (—m cosh(y)/T)

Time evolution via Fokker-Planck equation:

9 Ri(yt) = — 2 [Ji(y, ) Bi(y,)] + 2 [Da(y, ) Re(y,1)]

const. diffusion + drift linear in y = Uhlenbeck-Ornstein process
(equilibrium distr. are Gaussians at midrapidity)
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Need for sinh-drift

Problem:
Linear drift does not reproduce Maxwell-Juttner

Solution: Ji(y,t) = — Ay sinh(y)
From FDT: A =my Dy /T

Drift force of the fragmentation sources
depends on position in y-space (initial conditions).
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Need for sinh-drift

Testing:
Determine A, from peak positions
and compute Dy .

Result:

The value will be too small for actual data.

The formula for A; only accounts for

the diffusive processes and takes not into
account the collective expansion of the sources.
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Equilibrium
Equilibrium distribution:

AN

2m | T2 2T h
=C (miT—l— = + ) exp <—mL ;?S /

dy cosh y cosh? y

with C « N®*%!  (net baryons for stopping).
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Stopping
* Net-proton distributions are
measured

* No midrapidity source In stopping,
since protons and antiprotons are
produced Iin equal amounts there

e We use dimensionless FPE:

%(y,fr) — % [sinh(y) f(y,'r)] + 7y 53—;2 (Y, T)
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How well do the different models work?
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How well do the different models work?

30— ! ' il
sl i1y =0.139 Sl
sl | |7 =008 o
%1:“ X XL H
oAy
¥

Theoretical value for drift parameter, time like fit
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How well do the different models work?
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How well do the different models work?
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How well do the different models work?
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How well do the different models work?
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Analytical model, linear drift-term
PbPb collisions at /sy = 2.76 TeV

____________

ALICE data: E. Abbas et al., Phys. Lett. B, 726, 610 (2013)
RHIC data: B. Alver et al., Phys. Rev. C, 83, 024913 (2011)
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Analytical model, linear drift-term
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vV SNN (TeV) Ybeam N1,2 Ngg <y1,2> P1,2 ng X2 X2/1’1df
2.76 +7.987 3505 10681 +3.64 498 6.38 2.44 0.07
5.02 +8.586 4113 14326 +4.67 4.99 6.38 1.17 0.04
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Can the sinh-model reproduce data?

— ALICE data:
i E. Abbas et al., Phys. Lett. B, 726, 610 (2013)
[ 2.76TeV PbPb
< 1% RHIC data:
= i B. Alver et al., Phys. Rev. C, 83, 024913 (2011)
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 1500F
3 ; RHIC data:
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I Same data on the next slide.
L S0 £ T
N — Ybeam
v/ SNN (T@V) Ybeam Nl 2 Ngg Ypeak <y1,2> 1.2 Veg X2 Xz/ndf
2.76 +7.987 2700 12000 +£3.88 +£0.56 1000 115 5.89 0.16
5.02 +8.586 2800 15800 +£4.43 +£0.61 2000 205 T7.50 0.26
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Comparison to linear model
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Sinh-model with RHIC-data
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Sinh-model with RHIC-data
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Conclusion

* The RDM is compatible with LF from RHIC- to LHC-
energies (spanning a factor of ~260 Iin energy)

* Linear-drift model works well up until 2.76 TeV, after that
the modification to sinh-drift becomes necessary to arrive
at suitable fits

* The fragmentation sources play an essential role in
heavy-ion collisions, especially for LF

e Thermal model is not suitable to describe LF

* Question is probably only solvable through experiment, but
that would require a detector upgrade

2019-07-03 Benjamin Kellers 31



References of the presented paper

This presentation is based on: B. Kellers and G. Wolschin, Limiting Fragmentation at LHC
energies, PTEP, 5 (2019), 053D03, https://doi.org/10.1093/ptep/ptz044

[1] I. G. Bearden et al., Phys. Rev. Lett., 88, 202301 (2002).
[2] B. B. Back et al., Phys. Rev. Lett., 91, 052303 (2003).
[3] J. Adams et al., Phys. Rev. C, 73, 034906 (2006).
[4] J. Benecke, T. T. Chou, C. N. Yang, and E. Yen, Phys. Rev., 188, 2159 (1969).
[5] G. J. Alner et al., Z. Physik C, 33, 1 (1986).
[6] E. Abbas et al., Phys. Lett. B, 726, 610 (2013).
[7] J. Adam et al., Phys. Lett. B, 772, 567 (2017).
[8] Z. W. Lin, C. M. Ko, B. A. Li, B. Zhang, and S. Pal, Phys. Rev. C, 72, 064901 (2005).
[9] X. N. Wang and M. Gyulassy, Phys. Rev. D, 44, 3501 (1991).
[10] G. Papp et al., PoS (High-pT2017), page 015 (2019).
[11] R. Hagedorn, Nuovo Cim. Suppl., 3, 147 (1965).
[12] P. Braun-Munzinger, J. Stachel, J. Wessels, and N. Xu, Phys. Lett. B, 344, 43 (1995).
[13] J. Manninen and F. Becattini, Phys. Rev. C, 78, 054901 (2008).
[14] P. Braun-Munzinger, V. Koch, T. Schaefer, and J. Stachel, Phys. Rep., 621, 76 (2016).
[15] U. Heinz and R. Snellings, Annu. Rev. Nucl. Part. Sci., 63, 123 (2013).
[16] G. Wolschin, Eur. Phys. J. A, 5, 85 (1999).
[17] M. Biyajima, M. Ide, T. Mizoguchi, and N. Suzuki, Prog. Theor. Phys., 108, 559 (2002).
[18] G. Wolschin, M. Biyajima, T. Mizoguchi, and N. Suzuki, Phys. Lett. B, 633, 38 (2006).
[19] G. Wolschin, M. Biyajima, T. Mizoguchi, and N. Suzuki,
Annalen Phys. (Leipzig), 15, 369 (2006).
[20] G. Wolschin, J. Phys. G, 40, 045104 (2013).

2019-07-03 Benjamin Kellers 32


https://doi.org/10.1093/ptep/ptz044

References of the presented paper

[21] G. Wolschin, Phys. Rev. C, 94, 024911 (2016).
[22] S. Basu, T. K. Nayak, and K. Datta, Phys. Rev. C, 93, 064902 (2016).
[23] M. Nasim, C. Jena, L. Kumar, P. K. Netrakanti, and B. Mohanty,
Phys. Rev. C, 83, 054902 (2011).
[24] F. Gelis, A. M. Sta” sto, and R. Venugopalan, Eur. Phys. J. C, 48, 489 (2006).
[25] E. Abbas et al., Phys. Lett. B, 726, 610 (2013).
[26] D. M. Rohrscheid and G. Wolschin, Phys. Rev. C, 86, 024902 (2012).

[27] P. Sahoo, P. Pareek, S. K. Tiwari, and R. Sahoo, Phys. Rev. C, 99, 044906 (2019).

[28] J. Cleymans, J. Strimpfer, and L. Turko, Phys. Rev. C, 78, 017901 (2008).
[29] F. Forndran and G. Wolschin, Eur. Phys. J. A, 53, 37 (2017).

[30] Y. Mehtar-Tani and G. Wolschin, Phys. Rev. Lett., 102, 182301 (2009).
[31] G. E. Uhlenbeck and L. S. Ornstein, Phys. Rev., 36, 823 (1930).

[32] S. I. Denisov, W. Horsthemke, and P. H" anggi, Eur. Phys. J. B, 68, 567 (2009).
[33] J. Dunkel, P. Hanggi, and S. Weber, Phys. Rev. E, 79, 010101(R) (2009).
[34] A. Lavagno, Physica A, 305, 238 (2002).

[35] A. Simon and G. Wolschin, Phys. Rev. C, 97, 044913 (2018).

[36] P. Bastian, F. Heimann, and S. Marnach, Kybernetika, 46, 294 (2010).

[37] M. S. Alnaes et al., Archive Num. Software, 3, 9 (2015).

[38] I. G. Bearden et al., Phys. Rev. Lett., 93, 102301 (2004).

[39] H. Appelshauser et al., Phys. Rev. Lett., 82, 2471 (1999).

[40] G. Wolschin, Phys. Rev. C, 69, 024906 (2004).

[41] B. Alver et al., Phys. Rev. C, 83, 024913 (2011).

[42] R. Debbe et al., J. Phys. G, 35, 104004 (2008).

[43] G. Wolschin, EPL, 74, 29 (2006).

2019-07-03 Benjamin Kellers

33



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

