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DT campaigns at JET

W EVE RV

per pulse

C36a (DD) 04/01/2016 27/06/2016 7.6E+18 5.0E+16
C36b (DD) 10/10/2016 15/11/2016 1.1E+19 1.3E+17
C38a (DD) 03/06/2019 20/12/2020 3. 7E+19 1.5E+17
C38b (DD) 17/02/2020 23/03/2020 1.5E+19 2.1E+17
C38c (DD) 06/07/2020 26/09/2020 1.7E+19 1.9E+17
C39T (TT) 07/12/2020 18/12/2020 6. 1E+15 1.6E+15
C40 (TT) 04/01/2021 31/07/ 2021 8.5E+18 1.5E+17
DTE2 08/08/2021 21/12/ 2021 8.5E+20 2.1E+19
DTE3 30/08/2023 ongoing 9.7E19 8.4E18

Successful JET DT campaign in 2021 (DTE2)

* Record sustained fusion power of 10.3 MW averaged over 5 seconds

* 8.5x10%° DT neutrons

* Max daily yield rate 1.04 10%° DT on 21 December
Several activities under WP PrlO SP5 (Neutronics, Nuclear waste and Safety)
DTE3 ongoing, ~ 9.7E19 DT neutrons up to now (08/09/2023)

— R. Villari

PL1
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TBM mock-up (@)

e Tritium breeding blanket is a key component in a fusion reactor (DEMO);

* Test Blanket Modules (TBMs) in ITER will provide the first experimental data to
validate the predictions on tritium production and recovery;

 Mock-up of HCPB TBM (Helium Cooled Pebble
Bed) featuring all the relevant nuclear details to
reproduce as close as possible the neutron energy
spectra occurring in the TBM in ITER.

A e ) Detector (online measurement

of T production rate)

_ Filled with Be Same mock-up used at FNG
/ Li,CO, powder simulating for HCPB TBM experiment

— i the Li,SiO, breeder
ceramics of the TBM

3 Beryllium Blocks

B 7 300Dx290Lx310 Hmm3
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TBM mock-up @)

e Tritium breeding blanket is a key component in a fusion reactor (DEMO);

* Test Blanket Modules (TBMs) in ITER will provide the first experimental data to
validate the predictions on tritium production and recovery;

 Mock-up of HCPB TBM (Helium Cooled Pebble
Bed) featuring all the relevant nuclear details to
reproduce as close as possible the neutron energy
spectra occurring in the TBM in ITER.

A 7 -\ Detector (online measurement

of T production rate)
— = I /Filled with Be
Li,CO5; powder simulating . T .7
— — 4 — the Li,SiO, breeder TBM mock-up installed at JET to
| aaerymuma.ockls | ceramics of the TBM take advantage of the high
o) . 300D x290Lx310 Hmm3 neutron emission during DTE2

campaign.
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TBM mock-up at JET O

(b) TBM mock-u
- '

p box

-, "

e

(c) The cable which connects the detector (d) The preamplifier and the junction box
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TBM Mock-up Diamond Detector (TBMD) @)

Connector
{Brass, 0.5 mm =
thick, filled by £
Teflon)- extr=3 w0
Fast neutrons Thermal neutrons
n o
"\ \ 'ﬁ 7 7
GLIF 6L1F / Diamond film
50 um
9
Intrinsic CVD o g2 \B¢€ Intrinsic CVD T I
(Li enriched
in 95.5% Li°)- E|E
effective © é
mass of Li° SCD
3.989 g
. .
e Single Crystal Diamond (SCD)

e 50 um thick, surface of 4.3x4.3 mm?

e 3 um LiF converting layer (95 % enriched °Li) on top of the upper electrode
* 14-MeV neutrons detected through 12C(n,a)°Be, E. > 6.1 MeV

* Thermal neutrons detected through éLi(n,a)T (T@2.73 MeV, a@2.07MeV)
e Calibrated to assess TBM performance (T production inside TBM mock-up)
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TBMD Calibration at ENEA-INMRI

ENEA-INMRI

flux
standard: picture (a), horizontal (b) and vertical (c)
cross sections.

thermal neutron

Table 4.2 Characteristic limits of the measurement

density

Quantity Symbol Value
Primary measurement result (i.e., ROl net counts) % 17670
Standard Uncertainty associated with y uly) 188
Decision threshold y* 219
Detection limit y¥* 440
Lower limit of the confidence level (95%) y* 17302
Upper limit of the confidence level (95%) Y 18038
Best estimate of the measurand Y 17670
Standard uncertainty associated with y u(y) 188
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Kcal=(2.504+0.039)x1018, i.e., 1 count per second
(cps) corresponds to Kcal reactions 6Li(n,T)a per
atom of Li° in the converting layer
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Experimental Setup (@)

TBM mock-up

Detector in the middle
of the HCPB block

LiF
Diamond crystal

RG214 cable,
100 m long

J1T (Torus Hall)

J1D (Cubicle Hall)
—— CODAS

— Office PC
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Measurements at JET during DTE2 @)
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MCNP model (@)

Diamond
crystal

LiF
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nfcm2/nsource/MeV

MCNP Calculation of TBMD response
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te (n/s)

Calculation/Measurement (C/E) (@)
K )
=/

JET Pulse #99447 1015 JET Pulse #39451 s JET Pulse #99453
10
#A% inh i 1014 | 10"
I == ——
Py - / i - ” b
' \ V V gmw "WM %.z}w13 \
i £ % B 3
Fi 1 g f L 8 |
{ 1 2 / 4 8
X : ‘ :
.l l.__ § 10" ,"‘I ; 5 10°
| \ 2 . i E
]
‘ 1" "
10 10
I i
. .
10" 0"
35 40 45 50 Tin‘?es(sj 60 65 70 43 44 Tirr‘::(s)

Pulse
number

99447

7.23E+14

5.03E+14

2.31E+14

Neutron yield

T/neutron source
in Li6

1.08E-12

1.08E-12

1.08E-12

n Li7

4.81E-17

4.81E-17

4.81E-17

40 42 44 46 48 Tin512(s) 52 54 56 58 60 40 41 42
MCNP TBMD
calculation measurements

T/neutron source C/E for

in Li6

1.40E-12

1.40E-12

1.36E-12

Li6
0.77
(£0.03)
0.77
(£0.03)

0.79
(+0.05)

46 47 48 49 50

Note

below
detection
limit

N. Fonnesu et al. | ISFNT15, 10-15 September 2023, Las Palmas de Gran Canaria, Spain | Page 13



v

<fe Woe

PreAmp Type

‘% ’

=7
220 - —— 5751, charge preamp, pulse integ.
. 200 ] ——— 5751, current preamp, pulse integ. s Fast, poor resolution
b CO m m e rCIa I 1 5724, charge preamp, PHA long trapezoid ==} Best compromise
- 180 + 5724, charge preamp, PHA short trapezoid

CVD in

vacuum

chamber;
* Alpha

2
source(23°Pu-

201\ m-244Cm).
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Cividec Current
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Digitizer Type Pulse Analysis Type l:::: ((;(oltz)g)t
DT5751 Pulse integration 500 400
DT5751 Pulse integration 30 6500
DT5724 Pulse height (long trapezoid) 800 250
DT5724 Pulse height (short trapezoid) 500 400
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Measurements during DTE3
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Measurements during DTE3
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Measurements during DTE3

1017 Pulse 104204 neutron yield=1.2e+18 10°
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n flux ~3x101° n/cm?3s
Dead time < 20%
T production measured up to 3x10'” n/s (so far)

Max data transfer rate reached?

C/E to be assessed
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Extrapolation to ITER TBM ®)

In ITER TBM neutron flux ~ 500-1000 times higher

» Reduction of detection efficiency to work at higher n flux
* thickness of LiF layer
* isotopic abundance of °Li

» Improve data transfer rate of measuring chain (optical link)

High temperature environment
» More robust configuration
» Mineral-insulated cable
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Concluding remarks (@®)

=
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Diamond detector installed at JET inside TBM mock-up for online
measurement of tritium production

Aim is testing detector for ITER TBMs under fusion relevant
operating conditions

C/E=0.77 determined during DTE2 campaign at JET

Max neutron emission rate of TBMD operation during DTE2
~1x10%° n/s

System upgraded, during DTE3 (up to now) ~3x10Y n/s JET
pulses are properly measured

C/E during DTE3 to be assessed
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