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Laboratory goals & tasks

Learn how to calibrate a beam intensity monitor (Secondary Emission Chamber)
of the IRRAD proton irradiation facility on the T8 beamline.

Work Plan

e Activation: Aluminum (Al foils are irradiated with the 24 GeV/c proton beam
at IRRAD;

e Post-irradiation analysis: The activated foils are measured to determine the
induced activity -> number of protons that traversed the foils is calculated.

The proton count is used to calibrate a beam intensity monitor (Secondary
Emission Chamber, XSEC).



Theoretical background: Activation

When a target material is exposed to a flux of particles, (such as p*), a nuclear
reaction followed by the product decay occurs:

particle (p) B,decay (A)

The rate of formation of isotopes B produced per unit of time depends on:

e particle flux density [cm™s™] dN;
e number N, of atoms A present in the target material dr ¢Nyoy — ANg
e cross section (A) of the specific nuclear reaction [cm?]

For the irradiated Al the isotope under study is *Na



Sample preparation

Two identical samples were prepared:

e Stacks of 4 thin (typically
100um-thick) hyper-pure aluminium
foils of ~1cm?;

e Foils were placed in a cardboard
frame, covered on both sides with
dosimetric film and secured using
Kapton tape.




Experimental setup @ T8

A shuttle system allows to load the samples to the IRRAD Tables where the
irradiation take place.

SHUTTLE IRR/

- EAST_T8
- PS_DUMP




Experimental setup for y-spectroscopy

The laboratory for y-spectroscopy is equipped with a Nal scintillator crystal
detector and High Purity Germanium (HPGe) detector, a precision scale for weight
the samples, and a PC for DAQ (see next shde)
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e After a proper cool down, the i
aluminium foils were removed L e
from the slides; i o

e They were then analysed with a
gamma spectrometer to
determine their *Na activity. =
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Measurement details

Sample A Sample B

Al sample DOS-005190 DOS-005200

Weight (g) 01108 0.1106
Irradiation day 03/03/2026

Irradiation start 18:44:35 18:44:35
Irradiation stop t 18:59:52 19:32:32
Irradiation time (s) 917 2877
Counting start 04/03/2026 15:52:36 04/03/2026 16:05:08
Decay time t,/t _(s) 75164 73956
Couting time (s) 4824 379.2
Dead time 047% 1.00%
A_t, 752E+03 154E+04
A_t, 2.75E+03 5.95E+03
XSEC counts 3322870 6750138




Activity decay

Activity

Knowing that: Ay

= —At
Ay = A e

one can extrapolate the activity A

at end of irradiation A A,

A=In(2)/ T,,,»where T s the S

half-life of the radionuclide. \

For Na** = T, ,=14.96 hours. ity — -
_—_):_tl (fa)—> te S

ty



Activity decay

A, = activity at the end of irrad

Activity /
Knowing that: A, / N o
. A, = activity at the beginning
_ _/‘[tl of counting time
Ay = Ag e
one can extrapolate the activity A
at end of irradiation A A, activity
measurement

A= In§2) / T1/2 ,wh.ere T1./2 is the T |
half-life of the radionuclide. |

24 — |
For Na T,/,=14.96 hours R AN —

) t; A, = activity at the end

t = irradiation time of counting time




Protons fluence calculation

From A, is possible to calculate the particle flux density ¢ and the fluence ¢:

= At b=@xt
P NOO-A[1 — e_)‘ti] (p L
N, = number of Al atoms
0, = p-Al cross-section = 8.6 mb
t. = Exposure time in beam

A = ?Na decay constant = 1.287E-5 s



Results

0]

Sample A Sample B
Irradiation time t(s) 917 2877
At 7.52E+03 1.54E+04

@ [10" p+/cm?]

2.76 £ 4.27%

5.75 £ 4.22%

XSEC counts

3322870

6750138

l:XSEC70

8.32x10° £ 4.27%

8.51x10° £ 4.22%

Self-Shielding (Imm Al = 1.41%




Conclusion

Secondary Emission Chamber (XSEC) are used to monitor the total proton
intensity per spill during facility operation.

We reproduced the procedure employed for the calibration of beam monitor
based on the activation of pure aluminium foils.

e The two calibration factor F, .., measured are compatible each other;

e The self-shield factor is determined to be negligible (0.57%40%m 40 inthe
case of the four 100um Al samples foil used.




THANKS!!!




