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[Detection developments at n_ TOF

The reaction channels

The challenges

EAais)

The n_TOF solutions!

Disclaimer:
*No time to include every single detector system
*No space to include the corresponding references
\ - Limited to detection systems. Analysis methods and techniques not covered /
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/Every detector is connected to the n_TOF DA@

n_TOF Phase 1: one of the firsts of its kind
~54 flash-ADC (FADC) channels with 8-bit and 1 GS/s with 8 MB memory
Digitized movies stored permanently (CASTOR) for offline Pulse Shape Analysis (PSA)
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" Current day-to-day fission cross sections

R

Need of a stable, robust, easy to

[for o(n,f) and beam monitoring]

use/analyze fission detector Drift volume

(~1 kV/cm)

N\

50 pm ||I|IIIIIII|IIIIIII|
LAnode

Amplification region

Kapton (50 chm)

=+ imjportant/for highly radioactiv

;‘icj:ency (1007]¢&n fission studles)
hse & fima resblutio
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MGAS@n_TOF ===> Beam monitoring with 235U(n f) + ofn,f) of 23°Th, 220 ,242py +

The challenge The n_TOF solution

~10 cm

24— Cathode

Micromesh

(5um copper)
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[Pushing the high E_ limit A

The challenge The n_TOF solution
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/Seeing all fission observables simultaneosuly A

The challenge The n_TOF solution

lonization lonization
Fission is very rich in observables! crameer S i
* Fission fragments: lonization
. Chamber
.A and Z yIE|dS lonization

Chamber

* Prompt emission of:
e gammas: energy and multiplicity
* neutrons: multiplicity (Nubar)
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\_ STEFF@n_TOF ===> 235( and ?3%Pu experiments )
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[I\/Ieasuring relative to *H(n,p) at high E_ A

The challenge The n_TOF solution (Il)

235U(n,f) standard only up to 200 R SRR RPT.INFN
MeV,
* how can it be extended above 20 neutrons 1.5 | [ CH,
MeV? masure abve 200 MevV | = .
eV? masure abve 200 MeV i IIIIIIH[ “I"Il iy
I ‘‘‘‘‘
RPT-PTB :

Pyramidal
shape

Radiator -C H

\ PRT@n_TOF: 23>U(n,f) combined with PPAC j
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[Neutron sensitivity

R
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1 Total Energy Detectors (TED):

Condition I: Low efficiency detectors ¢,<<1
Condition II: The efficiency is proportional to E,
(by means of the ¢accurate? PWHT)

£, = kz E, = kE,
i=1

140Ce 147pm 171Tm 203,204Tl 204,206,207Pb 209BI' 236,238U 242Pu 244,246Cm
2 2 2 2 2 Z Z 2

The challenge The n_TOF solution

0.0 L ' '
1 10 100 1000
NEUTRON ENERGY (keV)
C6D6@ n_ TOF: 35C/, 53Mn, 54'57F€, 582n, 62'63NI, 90,91,92,93,94,962,; 69'71Ga, 72'74'76Ge, 8056, 89)4 885,;
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" Pushing the high E_ limit (@EAR2?)

R

The upper E, limit for (n,y) at EAR2 is
due to:

* High counting rate

* Huge g-flash

» 250 = -
£7°F 7 Pp)
£ 200 o
S 150 nergy deposition due to the flash
T E > ptector, white keeping tHE/6V6rs
E100F ¢ 3 Lot a7 o
- 3 ~
50 ~ - = = x9=
- | i s) tigating th
C. P PRI F I . S (TS S N T T T NS SR N TS AN R T T R
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Time-of-Flight (us)
\ STED@n_TOF ===> beam tests ongoing

The challenge The n_TOF solution
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[ Low signal to background cases

R

GAMMA IMAGING
A

The challenge The n_TOF solution

" True Capture Event

Backgound event

Everything but y-rays from the
sample is background!
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" Unstable isotopes: low-mass & high-activity A

The challenge The n_TOF solutlon

Activity and limited mass of the ﬂL‘ ‘V/’
radioactive isotopes of interest in W T
nuclear technology (actinides) and
astrophysics (branching points).

=> Require high efficiency

=> Require background reduction
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\ TAC@I’) TOF: 233, 234, 238U, 237Np, 240PU, 241,243Am /
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/Fission background A

The challenge The n TOF solutlon

Fission competes with capture, with
more and more energetic y-rays
emitted in fission than in capture.

=> y-ray background from fission
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\ TAC@n_TOF: %33, 23°U and, soon, 3°Pu j
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[Day—to-day (n,chp) cross sections A

The challenge The n_TOF solution

Need of a stable, robust, easy to ; ~10cm ,
<— Cathode

use/analyze detector
for o(n,p/a/t) and beam monitoring]

Drift volume

(~1 kV/cm) Micromesh

(5um copper)

L Anode

Amplification region
(~50 kViem)

\ MGAS@n_TOF ===> Beam monitoring with 1°B(n,c) + o of 1*N(n,p), 335(n, ), 3>Cl(n,p)
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[Pushing the high E_ limit

R

Gated DFGIC@n_TOF: tests ongoing for 1°0O(n, )

| few MeV | | gater »
0+ ';gm delay 0.8Hz

o 20 |”“"ﬁ ¢

g ] Switch
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The challenge The n_TOF solution
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[Dealing with high radioactivity in (n,o/p) A

The challenge The n_TOF solution

Dealing with the activity from GBq
targets.

=> Unambiguous identification of the
reaction products.

Discriminate background "Be Y and "Be(n,p)

sample 2

dets [
det2 [
Sample .. 7
Silicon detectors in the neutron beam Silicon detectors OFF the neutron beam
3x3 cm? active area, 140 pm thickness 3x3 cm? active area, 20 and 140 pm thickness

\2 ’Be targets with ~18 GBq each (~1.4 pg) "Be target with ~1 GBq each (~0.1 pg) J
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