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Introduction

Fission tracks are regularly observed to
date minerals (e.g. obsidians from
volcanic eruptions).

On the right there is an image of tracks
found after etching in a sample of
obsidian coming from Lipari, in Italy. The
image has been taken with an optic
microscope (20x).

The sample has been studied in the
University of Milan.
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Introduction

Tracks are formed after the spontaneous fission of heavy nuclei:

e almost all from ?°%U — 3 =45x10yr BRE =54x10""
e small amount from 22Th — 775 =14x10°yr BRI =11x10""

The fission of heavy nuclei can be also induced by muons stopped inside the
mineral.

Since muons are part of EAS induced by primary cosmic rays, we can exploit this
information to obtain useful information on the past flux of cosmic rays.

Goal of the analysis: use ancient mineral to observe the tracks induced by
muons and obtain information on the past flux of cosmic rays (e.g. transient
events inside of our galaxy, see Lorenzo Caccianiga’s talk).
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Starting point for a first calculation

Finding a mineral rich in Uranium
and Thorium.

Zircons (ZrSiO,) are rich in both
elements (typical concentration of
0.001-0.005 g/g [1]) and can reach a
concentration in Thorium of O(0.01)
g/g, as in [2]. We take these zircons,
formed around 5 kyr ago, as case of
study for the analysis. 2 mm

[1] Van Schmus, W.R. (1995). Natural Radioactivity of the Crust and Mantle. In Global Earth Physics, T.].

Ahrens (Ed.). https://doi.org/10.1029/RF001p0283
[2] Sun, Y., Schmitt, A.K., Hager, T. et al. Natural blue zircon from Vesuvius. Miner Petrol 115, 21-36 (2021).

https://doi.org/10.1007/s00710-020-00727-7
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Spontaneous Fission (SF)

Define rate of spontaneous fission

of Th and U per mass and time.

RZ.(Z1.Z2) =B Na I~
SF( 1y 2)— RSF Apdf(Z1,Z2)

BRSF = branching ratio for SF
BRY: =5.4x 1077 BRIE=1.1x10""
N, = Avogadro number

A = mass number

Z,, Z, = atomic numbers
pdf(Z,,Z,) = probability density
function of decaying in Z, and Z,

f* = concentration of X nucleus
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Spontaneous Fission (SF)

2I32
Define rate of spontaneous fission 7000y Doy ]
of Th and U per mass and time. so00l
X Na ~
RSr(Z1,22) = BRSF A Pdf(Zl, Zz) 5000
Computing x(E) with SRIM and %4000_
evaluating the fission fragments ~ 30l
energy, we can find the rate as a
function of the track length x 20001
(R(X). w000
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Muon-Induced Fission (MIF)

From [3] we find the muon induced
fission in 23*Th and **®U per number

of muon stopped (n).

N, (T, m)
X ’
Ry (Z1,2Z2) = nﬁ"}t‘x—m

ny =0.14 n}"=0.02

pdf (Z1,Z2) f*

N is the number of muons hitting
the sample in time period T
considering a sample of mass m.
Using SRIM we find R, ().

—
5
—_

—_
3
N

E3 x g—g [em2sr1s™1 GeV?]

. — —,

500

~o

Tz 10 10f
E [GeV]

[3] D.F. Measday, The nuclear physics of muon capture, Physics Reports, Volume 354, Issues 4-5, 2001,
Pages 243-409, ISSN 0370-1573, https://doi.org/10.1016/S0370-1573(01)00012-6
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Muon-Induced Fission (MIF)

102 || H range in zircon
F|—-Linear size form = 10g
Linear size for m =100 g

To find Nu’ we integrated the
muon flux at the surface.

= 101 r

N is related to the time period 5}
oo . . o
considered and the dimension 2
3

of the sample selected.
In this case of study we I ]
consider cubic sample. : :
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Differential track rate
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Analysis

Now we can evaluate the number of tracks formed after a time period t.

= (fURy +f Ry + TRy, + /™Ry ) xtxm = Zf% ) xtxm
. By i = {U, Th)}
RX:—X

/ j = {SF, MIF}

PROBLEM: the number of tracks depends on the time period t, which is difficult to
measure precisely.
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Analysis

To avoid the time dependency we can consider two samples, produced in the same

event (i.e. having the same age), but having two different concentrations in U and
Th.

- SF - MIF ~ SF .
N = (fi'Ry +fi Ry +fiFhRTh+f£thTh XtXm = Zﬁ ) xtxm

MIF

:(foR foR szhRTh fthTh )XtXm = Zf2 ><t><m

And now we take the ratio between these two values

~ SF ~ MIF ~ SF MIF 22

p_Nl _ ffRy + ffRy  + fi"Rpy, + Ry, Zz’,jffRz
o o ~ SF ~ MIF ~ SF MIF — ey
No YRy + YRy + f7PRoy, + f3"Ryy, >i; oR
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Uncertainties

This technique could be useful to unveil transient events happened in the past.
However, we need to consider the uncertainties involved to understand its discovery
potential.

N; ++/N; fitoy
U pU ,£Th p,Th
p(NlaNQ;flaf27 1 242 ) - 1

Nzi\/N72 féiicf;
} 50 2 8p ON, 2-1/2
i [zk:(a—M“N> +;<8Nk off Gf"i) ] ot
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Results
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Since the MIF tracks have never = ogs | fage = 5KyT 1 = (7.000 £ 0.001) x 10_3 g/g
been observed, first, we consider ' texp = 5 kyr fr = (3.000£0.001) x 10~ g/g
the chance to distinguish the 14} _
case in which the MIF tracks are -
formed with respect to the case =10031 T 1

. ‘/‘
which they are not formed. L0z | //_/_/ |
Coge = sample age 1.001 | L _
t = exposure time to muons —— i
exp 1000 R .. .—.—. _
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Results

1.004 . . . ]
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We consider a case in which the =F Y
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Results
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Results

-Induced m=10g L
1.003 10xinduced f1 — (3.000 + 0.001) x107°¢g/g -
t o Th = (7.000 £0.001) x 103 g/g
= r
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optimal to distinguish a
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Results
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Conclusion

We propose a new technique which considers the Muon-Induced Fission (MIF)
tracks to evaluate the presence of past transient events in cosmic rays, using
minerals rich in Th and U.

e This technique exploits the fission tracks, which are seen on daily basis to date
ancient minerals.

e Defining the quantity p we can get rid of the uncertainties linked to the sample
age, leaving just the uncertainties of the concentration.

e To obtain relevant results we need to find minerals with high concentration of
Th (O(1073-107?) g/g) measured with a precision of O(107°) g/s.
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