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topic
Last November, Neutron irradiation on micro coaxial
cables.

purpose

Investigating radiation damage on cable




process

(D Neutron irradiation on micro coaxial cables NOW

@take out

¥

B)check performance of m-coax

(Example: sPara,TDR,eye Diagram)






What is RANS?

RANS is Neutron irradiation system in Riken.
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Process

(@ Prepare three types of micro coaxial cables

For 1-hour, 2-hour, and 3-hour

@put in the box
®install box

@) start Neutron irradiation i . e
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Estimate the number of neutron To use
indium




how it works
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The amount of y rays produced by the indium foil is known according to the number of neutrons
irradiated to the foil.
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The number of neutrons irradiated to the indium foil is known by measuring the y rays.
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The number of neutrons irradiated to the target is known.
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Number of |Number ofy number of

protons neutrons

INTT know goal
Hatuta know  'atio)  know Know ratio
5.4E+11

Number of protons = time X (average |) /e
e =1.62E-19

Number of y rays that measured by Ge detector




The number of protons in m-coax

Hatuta 3.59E+17 5.47E+11
M-Coax 8.39E+17 12.4E+11
1hour

2hours 17.2E+17 26.3E+11
3hours 26.1E+17 39.9E+11



Luminosity of SPHENIX

Table 1.1: Summary of the sSPHENIX Beam Use Proposal for years 2023-2025, as requested in the
charge. The values correspond to 24 cryo-week scenarios, while those in parentheses correspond to
28 cryo-week scenarios. The 10%-str values correspond to the modest streaming readout upgrade of
the tracking detectors. Full details are provided in Chapter 4.
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| Luminosity D z® &3 F H
Year | Species Crvo Physics Rec. Lum. Samp. Lum. ~ < Yezan
pecies | VAW Coye | Py i 2<10cm’ED T, £FHE
[GeV] | Weeks | Weeks |z| <10 em |z| <10 cm . . — _
LuminosityZx#& 2 512
2023 | AutAu | 200 |24(28) | 9(13) 3.7(57)nb ! 45 (6.9) nb !

3VAE N E

2024 | p'p’t | 200 |24(28) | 12(16) | 0.3(0.4)pb ! [5kHzMM 45 (62) pb !

4.5 (6.2) pb ! [10%-sf

2024 | p'+Au | 200 - 5 0.003 pb~! [5 kHz 0.11 pb~!

0.01 pb~! [10%-st

2025 | Au+Au | 200 | 24(28) | 20.5(24.5) 13 (15)nb ! 21 (25)nb !




Investigate Neutron in SPHENIX from
Luminosity

Integrated
Luminosity

There were two kinds of test diodes with different volumes which were 0.01 cm® and
0.004 cm?®. The increase of the leakage current of the diodes and the relevant fluences are
summarized in Table 5. Only fifteen diodes are listed since the other diode was found to
be defective during the leakage current measurement. The average fluence of the diodes
was 1.0x10'° N,,/cm?. The estimated z dependence of the diode fluence is shown in
Fig. 17 which is in agreement with the TLDs.

The sensor was irradiated at Z=25.2 cm for about 50 days and the integrated luminosity
during this time was 12 pb~!. The current related damage rate a was estimated to
be 3.2x10717 A/cm using the temperature history of the temperature loggers in the

P H E N I X 1 2 1 T X 1 O 10 1 0 11 PHENIX IR. The increase of leakage current of a single strip was 2.2x107% A /strip as
L seen in Table 5. Figure 18 shows the IV and CV measurements, where the leakage current
and capacitance were measured before and after irradiation. The fluence of irradiated
stripixel sensor was estimated to be 9.4x10° Neg/ cm? which is consistent with the average
| fluence of the reference diodes.
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Fig. 17. Fluence of irradiated stripixel sensor and diodes at R=10 ¢m in PHENIX IR.




Conclusion

irradiated the number of neutrons
SPHENIXs the number of neutrons

Therefore, if no anomalies are found in the performance evaluation,
the radiation resistance of the micro coaxial cable is sufficient.

Next step is Take out
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The Cu foil which was irradiated behind the test stripixel sensor was taken out from
the chamber and the v ray intensity was measured with a germanium (Ge) detector. The
~ ray spectrum of activated foil had three main energy peaks at 669 keV, 962 keV and
1412 keV. The fluence was calculated by the following equation.

N T,
®= BoNc.d0A (9)
A= (1 —exp(=AT;))(exp(—At1) — exp(—A(t1 + £2))) (10)

where IV, is the number of « rays at one of the energy peaks, A is the decay constant, 7'
is irradiation time, € is the detection efficiency, B is the branching ratio of the 7 ray, o is
the activation cross-section, N¢, is the number of ®3Cu atoms, dQ is the solid angle of a
gamma ray detector, ¢, is start time of measurement of v rays and t» is the measurement
time. The Ge energy calibration and the detection efficiency determination were done
using standard checking sources. The solid angle was calculated from the source distance
and the size of the detector sensitive area. The fluence determined at each energy peak
is shown in Fig. 11. The values are all consistent with the fluence determined by the
reference diode when both statistical and systematic errors are considered.
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