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What’s Happening?

 The UrQMD program is capable of simulating collisions
between atomic nuclei. F13 output files provide data
pertaining to the collision event and the particles
emerging from the region in which the nuclei have
collided. Figure 1 shows a stylized representation of this
process in which nucleons are colored grey and particles
are colored red, green, and blue.

* In this scenario, two output files were provided, each
containing data for 250 collision events. Figures 2 and 3
show the first event headers of the first and second
output files, respectively. The header of each event in
the output file specifies the mass number and electric
charge of the projectile and target nuclei along with
other parameters.

* Inall the events, the projectile and target nuclei had an
equal mass number of 197 and electric charge of +79.
Given these parameters, one can conclude that the
nuclei simulated were that of gold atoms.

Figure 1

uQMD
projectile:
transformation hetas (NN, Tab,pro)
impact_parameter_real ’mn/max(fm) 2.83 0.00 3.40 total_cross_section{mbarn): 363.17

equation_of _state: 0 E_Tab(Gev/u): 0.2029E403 sqrt(s)(Gev): 0.1960E+02 p_lab(GeV/u): 0.2038E+03

version: 30400 1000 30400 output_file 13
(mass, char) 197 79 target: (mass, char) 197 79
0.0000000 0.9954088 -0.9954088

event# 1 random seed: 10972519 (ﬁxed) total twme(fm/c) 200 Delta(t)_o(fm/c): 200.000

op 0 0 0 0 1 0 0 0 0 0 0 0

op 0 0 0 0 0 0 1 0 1 0 0 0 g U 2 1

op 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0

op 0 ] 0 0 0 0 0 0 0 0 0 1 0 1 0

pa 0.1000E+01  0.5200E+00  0.2000E+01  0.3000E+00  0.0000E+00  0.3700E+00  0.0000E+00  0.9300E-01  0.3500E+00  0.2500E400  0.0000E+00  0.5000E+00

pa 0.2700e+00  0.4900e+00  0.2700E+00  0.1000e+01  0.1600e+01  0.8500e+00  0.1550E+01  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00

pa 0.9000E+00  0.5000E+02  0.1000E+01  0.1000E+01  0.1000E+01  0.1500E401  0.1600E+01  0.0000E+00  0.2500E+01  0.1000E+00  0.3000E+01  0.2750E+00

pa 0.4200e+00  0.1080e+01  0.8000E+00  0.5000E+00  0.0000E+00  0.5500e+00  0.5000e+01  0.8000E+00  0.5000E+00  0.8000e+06  0.1000E+01  0.2000E+01

pa 0.5000E+00  0.1000E+01  0.1000E+01  0.1000E+01  0.1000E+01  0.1000E+01  0.1000E+01  0.1000E+01  0.1000E+01  0.1000E+01  0.7000E+00  0.3000E+01

pa 0.2000e+00  0.2000e+03  0.1000e+01  0.5000E+01  0.1000E+01  0.1000E+11  0.1000e+01  0.1000E+01  0.0000E+00  0.1000E+11  0.2000E+01  0.5500E+00

pvec: r rx ry rz p0 px py pz m ityp 213 chg 1c1# ncl or
Figure 2

ugMD  version: 30400 1000 30400 output_file 13

projectile: (mass, char) 197 79 target: (mass, char) 197 79

transformation betas (NN, Tab,pro) 0.0000000 0. 9954!]88 -0.9954088

wmpa(t parameter_rea /mmfmax(fm) 2.64 0.00 3.40 total_cross_section(mbarn): 363.17

equation_of_state: 0 E_lab(GeV/u): 0.2029E+03 sqrt(s)(GeV): 0.1960E+02 p_ 1ab(Ge\f‘u) 0.2038E403

event# 1 random seed: 113528 (fixed) total_time(fm/c): 200 Delta(t)_o(fm/c): 200.000

op 0 0 0 0 1 0 0 0 0 0 0 0 ] 0 0

op 0 0 0 0 0 0 1 0 1 0 0 0* 0 2 1

op 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0

op 0 5 0 0 0 0 0 0 0 1 0 1 0

pa 0.1000E+01  0.5200E+00  0.2000e401  0.3000E+00  0.0000E+00  0.3700e+00  0.0000E+00  0.9300E-01  0.3500E+00  0.2500E+00 0.0000E+00  0.5000E+00

pa 0.2700E+00  0.4900E+00  0.2700e400 0.1000E+01  0.1600E+01  0.8500E4+00  0.1550E+01  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00

pa 0.9000E+00  0.5000E+02  0.1000e401  0.1000E+01  0.1000E+01  0.1500e4+01 0.1600E+01  0.0000E+00  0.2500E+01  0.1000E+00 0.3000E+01  0.2750E400

pa 0.4200E+00 0.1080E+01  0.8000E4+00  0.5000E+00  0.0000E+00  0.5500E4+00  0.5000E+01  0.8000E+00  0.5000E+00 0.8000E+06 0.1000E+01  0.2000E+01

pa 0.5000e+00 0.1000e+01  0.1000e+01  0.1000E+01  0.1000E+01  0.1000e+01  0.1000e+01  0.1000E+01  0.1000E+01  0.1000E+01  0.7000£+00  0.3000E+01

pa 0.2000e+00 0.2000e+03  0.1000e+01  0.5000E+01  0.1000E+01  0.1000E+11  0.1000e+01  0.1000E+01  0.0000E+00  0.1000E+11  0.2000E+01  0.5500E+00

pvec: ri rx ry rz p0 px py pz m ityp 2i3 chg 1c1# ncl or

Figure 3




Momentum Conservation

* The last line of the event header names the measured quantities of each of the particles
involved in the interaction. The problem to be solved was determining whether momentum
was conserved during these collisions. Each particle has an initial momentum and a freeze-out

momentum; the freeze-out momentum being the momentum the particle has when it exits
the collision region.

If momentum is conserved, then one would expect the sum of all initial momentum XYZ-
components to be equal to that of the freeze-out momentum components for the entire event
in order to satisfy conservation of linear momentum. This is expressed in equation 1.

N N
zﬁxik + ﬁyik +ﬁZik — zﬁxfk + ﬁyfk +ﬁsz 1)
k=1 k=1



Momentum Distributions

e Figures 4 — 9 show histograms of momentum distributions for initial and freeze-out components of all events for the first output file. Histograms
with red borders correspond to initial momentum and blue to freeze-out momentum.

Initial X-Direction Momentum Distribution (first file, all events)

Initial Y-Direction Momentum Distribution (first file, all events)

Initial Z-Direction Momentum Distribution (first file, all events)

h h2 h3
2 C Entries 695789 H - Entries 699789 8 30000 — Entries 699789
2 o000 Pal Mean -1.727e-05 g = r("k Mean 9.007e-06 £ - Mean -0.0001373
= N /Y Std Dev 0.3811 & 10000 — | Std Dev 0.3777 s = Std Dev 2.167
iy [ } 11 s = T 5000
2 C IO ] r 2 C
E 8000 — E 8000 — £ C
S |- 2 L 4 [
z - / \ z B [ \ “ 20000 —
6000 — f 1\ 6000 |— C
r { C i 1\ 15000 —
B / l - f -
4000 — 4000 |— —
: /. - /o ol
|- — 1 [
L / \ - / 'Ll —
2000 — 2000 — Y, iy r ;oo
L !,,a’l ‘\ B P / \\ 5000 / \\
C y - r y
07”.\..M’j‘{‘l‘..”.\..”‘T%mJ L N P T o RS R I o S IR B oC L L i 1
=25 ) BT K -05 0 05 1 15 25 25 -2 515 -1 05 0 05 1 15 2 2. 215 -10 5 0 5 0 15
Momentum [GeV/c] Momentum [GeV/c] Momentum [GeV/c]
Figure 4 Figure 5 Figure 6
Freeze-Out X-Direction Mementum Distribution (first file, all events) Freeze-Out Y-Direction Momentum Distribution (first file, all events) Freeze-Out Z-Direction Momentum Distribution (first file, all events)
ha h5 h6
8 C Entries 699789 8 F Enlries 699789 8 30000 — Entries 699789
£ o0 — I‘" ‘1l Mean -1.727e-05 g = iy Mean .007¢-06 g E Mean -0.0001373
I L Std Dev 0.3811 & 10000 — x Std Dev 0.3777 & C Std Dev 2.167
s r J s - S 5000
8 C 2 B 2 C
£ 80— f £ 8000 — E C
=3 — 3 [ =} -
z - f \ z L Z  20000—
6000 — / | 6000 f ] =
B r 15000 —
- { \ B X \ m
4000 — / 4000 — C
- !! \\ = / L& 10000 —
n ; \i C 7 \1\ E / \
2000 — b 2000 — / C
C / AN N # < 5000 — / by
; - : ™ : SN
Y I A ot B U I B O T ol Lo L T L L L T I ol R T o S T S .
- - 5 E] 05 0 05 1 15 2 25 25 -2 BT E 05 0 05 1 15 2 25 15 10 5 0 5 10 15
Momentum [GeV/c] Momentum [GeVic] Momentum [GeV/c]
Figure 7 Figure 8 Figure 9




Momentum Distributions (continued

* Figures 10 — 15 show histograms of momentum distributions for initial and freeze-out components of all events for the second output file.
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Was Momentum

Conserved?

* Asshown in figures 4-15, in both files, each
direction has equal initial and freeze-out averages.
For example, the first output file has an initial X-
direction momentum average of -1.727e-05 GeV/c
and a freeze-out X-direction average of -1.727e-05
GeV/c. The second output file has an initial X-
direction momentum average of -1.808e-05 GeV/c
and a freeze-out X-direction average of -1.808e-05 |
GeV/c. s s component it

Iz the kength of the line
reater than all of the haader line
(= 172)7

* In order to determine whether momentum was
conserved, two programs (one for each output file)

Prograr s sarms of Program »
initial and freeze-ouwt prints number .‘—‘E"'{Hh
KYZE-COMPOnens al evenis —

written in C++ following the algorithm represented
in Figure 16 were executed.

* Under the assumption that the program results are
correct, momentum was in fact conserved. Figures

17 and 18 show screenshots of the program results.

Figure 16: Program Algorithm Flowchart



Program Results

PS C:\Users\Ryan Mendoza\Desktop\research> root Conservation2.cpp

PS C:\Users\Ryan Mendoza\Desktop\research> root Conservation.cpp

Welcome to ROOT 6.: https://root.cern
(c) 1995-2021, The ROOT Team; conception: R. Brun, F. Rademakers
Built for win6d on Nov 16 2822, 18:42:54

From tags/vb-26-1@gvb-26-10

With MSVC 19.32.31332.0

Try '".help’, '.demo’, '.license’, '.credits®', '.quit'/'.q

https://root.cern
) 1995-2021, The ROOT Team; conception: R. Brun, F. Rademakers
Built for winbd on Nov 16 2822, 18:42:54
From tags/vb-26-18@v6-26-10
With MSVC 19.32.31332.0
Try ".help', ".demo’, '.license’, ".credits’', ".quit'/'.q

root [9]
Processing Conservation2.cpp...
Number of events: 258

root [@]
Processing Conservation.cpp...
Number of events: 250

Sum of Initial X-components: 2.92659e-006
Sum of Initial Y-components: 2.88095e-006
Sum of Initial Z-components: 171.938

Sum of Freeze-out X-components: 2.92659e-0086
Sum of Freeze-out Y-components: 2.880895e-806
Sum of Freeze-out Z-components: 171.938
Momentum is conserved in the X-direction
Momentum is conserved in the Y-direction
Momentum is conserved in the Z-direction
Momentum of all events is conserved

(int) @

root [1] D

Sum of Initial X-components: 6.18064e-806
Sum of Initial Y-components: 3.18451e-806
Sum of Initial Z-components: -136.176

Sum of Freeze-out components: 6.18064e-806
Sum of Freeze-out Y-components: 3.18451e-806
Sum of Freeze-out Z-components: -136.176
Momentum is nserved in the X-direction
Momentum is nserved in the Y-direction
Momentum is conserved in the Z-direction
Momentum of all events is conserved

(int) @
root [1] D

Figure 17 Figure 18
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