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Abstract

Heavy ion collision cross sections totaling several hun-
dred barns have been calculated previously for the Rela-
tivistic Heavy Ion Collider (RHIC) and the Large Hadron
Collider (LHC). These total cross sections are more than
one order of magnitude larger than the geometric ion-ion
cross sections, primarily due to Bound-Free Pair Produc-
tion (BFPP) and Electro-Magnetic Dissociation (EMD).
Apart from a general interest in verifying the calculations
experimentally, an accurate prediction of the losses created
in the heavy ion collisions is of practical interest for RHIC
and the LHC, where some collision products are lost in
cryogenically cooled magnets. These losses have the po-
tential to affect power and signal electronic devices and
quench superconducing magnets. We have previously re-
ported the total cross section measurement of U+U colli-
sions at a center-of-mass energy of 192.8 GeV per nucleon-
pair. Here we present the equivalent analysis for Au+Au
collisions with the data available from a low-intensity store
of RHIC Run in 2014.

INTRODUCTION

In a previous paper [1] we reported on the measurement
of the total U+U cross section in RHIC collider operation
when nearly all ions are lost due to burn-off. In this article
we perform the same analysis for the total Au+Au cross
section with a much smaller data set.

The large total cross sections of colliding heavy ion
beams are primarily due to Bound-Free Pair Production
(BFPP) and Electro-Magnetic Dissociation (EMD). We re-
produce the summary of the calculated cross sections for
the Relativistic Heavy Ion Collider (RHIC) [2, 3] and the
Large Hadron Collider (LHC) [4, 5] in Table 1 [1].

Secondary beams from BFPP and EMD can limit the
LHC heavy ion luminosity since they have a different
charge-to-mass ratio than the primary beam and may be lost
in cold magnets. Secondary beams generated in Au+Au
collisions in RHIC are presently lost in the arcs, where the
lattice function ratio D,/ /B reaches a maximum. When
large orbit bumps are installed in the arcs to protect the ex-
periments from an abort kicker pre-fire, as was the case in
2016, the losses of the secondary beams are localized and
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Table 1: Calculated total cross sections for Au+Au and
U+U collisions in RHIC, and Pb+Pb collisions in the
LHC [1]. The total cross section is given by the sum of
BFPP, single EMD, and nuclear cross sections. The mutual
EMD cross section is given for reference only.

collider RHIC RHIC LHC
species Au+Au  U+U Pb+Pb
V/SNN GeV 200 192.8 5520
BFPP b 117 329 272
single EMD b 94.15  150.1 215
mutual EMD b 3.79 7.59 6.2
nuclear b 7.31 8.2 7.9
total b 218.46 4873 4949

have likely contributed to the shorting a quench protection
diode.

The measurement of the total cross section oy, is based
on the observed beam loss rates and luminosities with the
two RHIC experiments (STAR and PHENIX) when nearly
all of the ions are lost through burn-off. With complete
burn-off the beam loss rate is given by

dNp(t)  dNy(t)
. dt

where Np and Ny are the Blue and Yellow beam total in-
tensities, and Lg(t) and Lg(¢) the instantaneous luminosi-
ties at interaction points IP6 (STAR) and IP8 (PHENIX)
respectively.

The principal limitation of the measurement are non-
Iuminous losses that are unaccounted for. In their presence
the measurement only gives an upper bound for the total
cross section o,;. We therefore limit the analysis of the
total Au+Au cross section to a single low-intensity store.

In Ref. [1] we reported a measured total U+U cross
section of om¢es = (515 £ 13%%* + 225¥%) barn at
Vsnn = 192.8 GeV, with a combined statistical and sys-
tematic error of 26 barn or 5.0%. The calculated value is
o¢ele = 487.3 barn (Table 1), smaller than the measured
value by 28 barn or 5.4%.

= —[Lo(t) + Ls(t)] otor (1)

CROSS SECTION MEASUREMENT

In Au+Au operation in 2014 (Table 2) the initial bunch
intensity (N = 1.60 x 10%) was more than 5 times larger
than the initial bunch intensity with U+U in 2012 (N, =
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0.30 x 107, [1]). While this leads to an order of magni-
tude increase in the average luminosity it also substantially
increases the non-luminous losses. This is due to the re-
duced cooling speed and the greater sensitivity to intensity
dependent effects, among them the beam-beam interaction.

A clear sign of non-luminous losses are beam loss rates
N B,y that are visibly different in the two RHIC beams, and
loss rates that are not proportional to the total luminosity
L¢ + Lg. Both of these features can be routinely observed
in physics stores with full intensity. We therefore limit the
determination of the total Au+Au cross section to a single
low-intensity store that had been requested by the STAR
experiment (fill 18196, Fig. 1). The initial bunch intensity
for this fill (N, = 0.20 x 10°, Table 2) is even smaller than
the initial bunch intensity of the U+U stores in 2012.

Table 2: Main beam parameters typical during Au+Au op-
eration, and for the selected store used in total cross section
measurement. Values are given for the beginning of store
(L) and the time of maximum luminosity (L,,qz-)

parameter unit operations at fill 18196 at
»CO ﬁmaw »CO [rmaac
beam energy E/ GeV/nucleon 96.4 100.0
number of bunches n 111 111
bunches colliding at IP6 e ... 102 102
bunches colliding at IP8 n.g ... 111 111
bunch intensity Ny, 109 1.6 135 | 020 0.18
beam current [, mA 176 148 28 25
rms emittance €y wm 2.5 1.35 | 1.94  0.60
luminosity £/IP 10%6 cm~2s=1 80 84 1.9 5.4
abs. beam loss rate N 1000/s 4000 4000 93 233
rel. beam loss rate N/N  %/h 8 10 15 42

Figure 2 shows the beam loss rates for the Blue and Yel-
low beams respectively as a function of the total luminosity
Le + Lg for fill 18196, and the result of the fitted oy, for
both beams according to Eq. (1). The average of the 2 fit
values is o{,f*® = 215 barn.

EXPERIMENTAL ERROR

Given the close beam parameters of the Au+Au fill
18196 to the beam parameters of U+U stores in 2012 we
use the error analysis of the U+U collisions [1] with an up-
date of the systematic luminosity error AL*Y® /L.

Statistical error. In the U+U analysis the variation of
the o4,¢ fit values was much larger than the statistical stan-
dard fit error of each individual fit. The statistical error was
therefore determined as the standard deviation of the 28 fit-
ted o, values and stated at the 5o confidence level [1].

With only 2 fit values for 0., in Au+Au we cannot
determine a statistical standard deviation from the fit val-
ues. We will use the relative experimental standard de-
vision determined in U+U collisions, 2.5%, and calculate
the Au+Au statistical standard error (also at the So confi-
dence level) as Ac*'* /g,y = (5/v/2) % 2.5% = 8.8%, or
Aot = 19 barn.
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Figure 1: Au+Au store (fill 18196) with relative beam loss
rates (a), normalized rms emittances calculated from lumi-
nosity and intensity (b), and luminosities at the STAR and
PHENIX experiments (c). The reduction in the emittances
and the corresponding increase in the luminosity are due to
stochastic cooling during store.

Systematic error. From Eq. (1) the systematic error can
be derived as
Agvs  ANRS ALY 4+ ALY

= — + . 2
NB,Y L6+£8 ()

Otot

The analysis of the relative error in the beam loss rate yields
is the same result as for U+U, AN}S;{;/NRY = 0.4%. An
analysis of the relative luminosity error yields AL%Y® /L =
5.2%, and the total systematic error is Ac*¥* /g1, = 5.6%.

SUMMARY

In a low-intensity Au+Au store at \/syy = 200 GeV
with 3D stochastic cooling nearly all beam losses are from
burn-off and the total interaction cross section can be ob-
tained from the observed beam loss rates as

omeas = (215 4 559 4 125%%) barn 3)

with a combined statistical and systematic measurement er-
ror of 13 barn or 6.0%. The principal limitation of the mea-
surement method are non-luminous beam losses that are
not accounted for. If these exist the measurement only de-
livers an upper limit for o72¢*°. The calculated total cross
section of o{%/¢ = 218.5 barn is larger than the measured
one by 3.5 barn or 1.6%, a deviation within the combined
experimental error.
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Figure 2: Blue and Yellow beam loss rates as a function of
the total luminosity L¢ + Lg for fill number 18196. The
units for the luminosity and beam loss rates are chosen so
that the linear fit coefficient is returned in units of barn.
Fitted values case are o4, = (216.02+0.31) barn for Blue,
and o, = (213.25 £ 0.21) barn for Yellow. The error is
the statistical standard error.
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