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Summary l

few words and a short movie about n_TOF
semiconductor detectors for neutrons (SiLiF)

the challenging ’Be(n,a)o reaction: preparation and experiment
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\ n_TOF main features J
EAR-1 EAR-2
Wide energy spectrum 25 meV<E <1 GeV 25 meV<E_ <300 MeV
High instant flux 105 n/cm?/pulse 106 n/cm?/pulse
Low repetition rate <0.8 Hz (1 pulse/2.4 s maximum)
High energy resolution AE/E=10* (E,, < 10 keV) [ AE/E=10-3(E, < 10 keV)
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semiconductor detectors for neutrons: SiLiF J

materials for thermal neutron conversion

3He J

5(0.025)
~5330 b

available energy
0.76 MeV

no gamma rays oL J
i

perfect gas detector but... I | : 0(0.025)
worldwide lack of He PPt i @k ~940 b

available E
4.78 MeV
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Lot SiLiF: how? |

SLiF
converter
3H
Triton detected
double-side
Silicon detector Pl e e

4He

. “Li
SLiF e
converter <:a6L'
i
\ 3H
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- SiLiF detectors J

low cost, technology cheaper than 3He

low voltage (20-30 V)

flat detectors, compact, robust, simple to use, easily handled
efficiency evaluated analytically

fine position sensitivity (mm) easily achieved

coarse position sensitivity (cm) with pads

this sample 3cm x 3cm active area

10-¢ neutron/gamma discrimination
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| SILiF detectors | NTOF
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neutron beam monitor for flux normalization

2 J\
INFN
C ths l SiMon2 @ n_TOF nTOF

‘ Si detectors + °LiF ]

SLiF
n
detector
“He
20 ¢
18 | ] 5 min run I
16 F | triton ‘
14 M alpha
at2 | B gamma
o
S8f
o f
of
2 |
0 -----
0 05 1 1.5 2 3
l N F N "E Energy [MeV]

H Recent results at n_TOF: "Be(n,a)  Neutron Detectors and Related Applications Riva del Garda 1-Jul-2016 P.Finocchiaro

12




- _
&f N | BeaMon @ n_TOF: neutron beam characterization I ‘/nTO\F

. siLiF |

ol

SLiF foil 25425 strip Si

] the idea ] the test ]
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5cm x 5¢cm strip SiLiF detector
25 strips, 2mm x 5cm

10 15 20 25 30 35 40 45
X position [mm]
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real beam profiles as
. a function of energy
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the challenging ’Be(n,a)a reaction:
preparation and experiment
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Big Bang Nucleosynthesis (BBN) J —/NTOF

Nucleosynthesis — 3 minutes — theory without free parameters
Light elements created - D, He, Li 9 ¢ : . .
only depends on cross sections

Nuclear fusion begins - 0.01 seconds

Quark-hadron transition
Protons and neutrons formed

Electroweak transition — : « )
forces et derontate | [N sequence of nuclear reactions

Supersymmetry breaking SN Ieading to the SyntheSiS of the
Axions etc.? i 119 el light elements (0.01 + 1000 s)

Grand unification transition F==={
Electroweak and strong nuclear
forces differentiate

Inflation

Quantum gravity wall

Spacetime description breaks down 1 S
i1 h— ‘H+e +V¥

Hen 2 H+y
H+ Y —> He+y
H+2H —>3He +n
2H+2H — 3H+H
2H+3H — He+n
3+ e — Tl +y
*He+n — H+ Y
9 “He+2H — He+ H
10 3He + "He — TBe +y
11 Tli+ 'H — “He + 'He
12 'Be+n — Tli+H

log(mass fraction)

Recent results at n_TOF: 'Be(n,a)  Neutron Detectors and Related Applications Riva del Garda 1-Jul-2016 P.Finocchiaro 17



-
INFN

(_ NS the Cosmological Lithium Problem (CLIP) ]

BBN successfully predicts the

(“He, D, 3He)

abundance of primordial elements

J

serious discrepancy for “Li
theory/observation= 2 + 4
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INF/J %
i TOF

~ the Cosmological Lithium Problem (CLIP) ]

n— H+e +¥
Hen = H+y
44l — He+y
2H+24 —>3He+n

a few minutes after the Big Bang :
2
3
4
5 2H+2H —3H+ ™
8
7
8
9

this cycle stops

= 95% of primordial "Li e
produced by EC of 'Be “He —> He

t,, = 53.2d X e

2H+3H — %He+n
M+ e — Tli+y

SHe+n — FH+ 1Y
3He + 2H —> THe + 'H

\ 10 °He + "He — "Be +y
! 11 7L + 1H — He + *He
12 Be+n — i+

Be "Li

l if ’'Be has been somehow destroyed -’ solution to CLIP?

less ’Li would be produced

remaining nuclear processes to be investigated:
Be(n,a)o.  "Be(n,p)’Li
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: why impossible?

huge background
(n and gamma)

'Be production << 1 ug

’Be target highly radioactive (13 GBq/ug),
478 keV gamma rays, T,, = 53d

— intensity of available n-beams not enough
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-
aHLVNS Be(n,a)a the only existing data is at 25 meV nTOF

(Bassi et al., 1963)
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L e ‘Be(n,a)o: how?

[’ beam intensity not enough ] - | n_TOF beam @ EAR2 ] !

PSI Zurich: extraction and
Be production << 1 ug mmmmmm) | purification of cooling water

from SINQ

highly radioactive target

huge background
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L’ﬁf ',_VNS ‘ 2 targets producedJ nTOF
PARL SUHERSER TNSTITRT | in a hot cell
o= Deposition techniques
Molecular plating Vaporization of droplets

molecular plating
18 GBq

17 GBq

vaporization J

PS123-25.11.2015 CHANDA - workshop on target preparation - the needs and the possibilities

} previously tested and checked with (°Be + trace quantity of "Be) ]
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' (°Be + trace quantity of 7Be): check 7Be presence ]
1E+2 ¢ ‘ _
i M | 478 keV: 'Be is there I
TE+1 « PIPS_300
: - PIPS_450
) I
(2]
T 1E+0 | !
8 C
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F | t
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1E_2 - L L L ol TR L L L L L el 1 L L L L M” |lh[||“:|| L
0.6

0.7 0.8

0.2 0.3 0.4 0.5
/ . Energy ')
. detector ]

produced a test target
%Be + trace quantity of 'Be

check the transferred Be: > 99.5%
(activity measurement)
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L e | "Be(n,a)a: detection technique l

. silicon detector 1 . )

a-o coincidence for 8Be
background suppression
(n and gamma)

| Eoax8MeV |

‘ silicon detector 2 |

systematic errors and

redundancy (to evaluate
spurious counts)
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large solid angle
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REVIEW

| Recent results at n_TOF: "Be(n,a)  Neutron Detectors and Related Applications

Riva del Garda 1-Jul-2016

P.Finocchiaro

26




-
INFN

L/ LNS

| detector installation J

| ‘Be(n,a)a: shielding and mechanics

target insertion ]

B
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J

pneumatic closure ]

NTOF

dose rate

.

7 [em

Dose Rate [;xSv!h 1 i
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| Be(n,a)a: the measurement? ]

1 “burst” of neutrons per second, duration = 10ms ]

incident neutron energy for each a—a coincidence ]

from the number of coincidence events one can

deduce o(E)...

7
10 n. TOF Neutron Flux
EAR-1 Normal Water .
~—— EAR-1 Borated Water J‘M )
EAR-2 i '\‘ |
106 3 ~ q‘\;", ) 1\
L n—r, ,~«;~.J.,'s".‘,f’w ¢y w‘
{ i
= 10° j=
Z

Neutrons/In(E_)/7e12 protons

...the spatial distribution

of the beam...

...and the target
features

8 g 8 =2
Buasts ety [ )
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...known the flux... j,

— s

1 10 10° 10° 10*
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10°  10° 107

B mierasty i
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L’ﬁFfNS incident neutron energy: NTOF

the Time-Of-Flight technique

(invented long time ago: Orazi and Curiazi legend)

| finish ]

run time (flight)
proportional to 1/v

v =slt E =2 mv?
l measured t (TOF) J II-\‘ | compute v J Ilq l compute E ]
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INFN e
(_ Lns \ "Be(n,a)a: 4 crucial questions J

spallation
target
o— K
P gamma
Q1: damage from neutrons l - will the detectors survive?

Q2: energy resolution ' ‘ worsens, is it enough to select a’s?

Q3: gamma flash l ‘ fast electronics to recover after blinding? ]

Q4: gammas from "Be l ‘ will the system work under 1GHz gammas?

INFN-E
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NN
P ATOF

[ Q1: damage from neutrons l ‘ l will the detectors survive? l

produced a sandwich Si-SLiF-Si
- installed in EAR2 near the beam dump
45 days irradiation, = 1012 neutrons

1000 r

< o

£

= ° total P

§ ¢ front detector dg""‘f‘ 5 :

@ O back detector o&o°° i B

2 NN+

14 ggoo"

100 | °

reverse current < 1pA J

~high but still tolerable
Qt:0k |
10 : : . g =t ‘

1E+10 1E+11 1E+12
# neutrons
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Ml NTOF

\ Q2: energy resolution

worsens, is it enough to select a’s? l

120

~—front detector

100 | ~~~back detector /

=]
(=}

counts [a.u.]
o
o

4
o

20

120

back detector
before and after -f,%
=102 neutrons I

Front

Front

80 r

SLiF
converter

counts [a.u.]
@
o

TLi on
S8 =&

‘He

40

Mylar
substrate

Back Back

%
|
1
/AN

2
Energy in Silicon [MeV]
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[ Q3: gamma flash

| mmp |

traditional preamp l -

fast electronics to recover after blinding?

gamma flash 3 ms

et

Mesytec MPR-16
lin-log preamp

A Py

Wamp‘

|

limit0.1+1eV

ampl

sigma SLi(n,o)t

reconstructed up to 1 + 10 keV

5 250(— -
@ = *, .
G 10¢ - SLi(n, ot ~ ENDF_7.1
% i: o test@EARZ
5 [ . 1E+2 Ry
s B “g N
150_—' 45 %‘Q
- E o
& 107 w1E+1 ey,
100 £ 8 Py
B 5 \
: XN
50 0 4ew RN _/!'
0|> 1 IIHIlIl 1 llllllll 1 llllllll L llllllll 1 IHHHI 1 llllllll 1 llllHII Lol 1
102 107 1 10 10? 10° 10* 10° 10° 1E1 - - e
Neutron Energy [eV] 1E-2 1E-1 1E+G 1E+1 1E+2  1E+3 1E+4  1E+5  1E+6
l N F N E neutron energy [eV]
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L/ LNS

will the system work under 1GHz gammas?

! Q4: gammas from "Be l - ’

Mesytec MPR-16
lin-log preamp

Hy 16
<400V . 3

wm

INFN-E

137Cs gamma source at LNS (39 GBq)
reference Geiger: 10° y/s on the detector
= 106 + 107 signals/s from the detector

traditional
preamp

3

saturation:
no signal!

10000

Energy [MeV]
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L,ﬁ F ILVNS ] NTOF

Conclusion 1

— ! | EAR2n_TOF @ CERN j

_—

\ neutron beam intensity

—_—

\ production of "Be targets

—_— ! | PSI @ Zurich ]

Q1: damage from neutrons

Q2: energy resolution

! | LNS @ Catania ]

Q3: gamma flash

— S e e

Q4: gammas from "Be

— ! . possible measurement 11! | |
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measurement results

Amplitude of coincidence events 1-2 Amplitude of coincidence events 1-3 Amplitude of coincidence events 1-4

hamps_1-2 hamps_1-3 hamps_1-4
Entries 23980 Eniries 20665 Entries 65289
Mean x 437.7 Meanx 409.7 Meanx 409.5
Meany 3662 h¢ Meany 228.7 Meany 254.5
RMSx 2107 RMSx 59.92 b RMSx 626
RMSy 138.8 RMSy 29.26 RMSy 39.04 J’

T

o
S
o
S

Q
=]
=]
S

Dégector B)
Dégector B)

w
1=}
o
S

N
o
Q
S

Ny w
1=
1=}
S

1

o2

500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000 1 500 1000 1500 2000 2500 3000 3500 4000
Detector (1) Detector (1) Detector (1)

o2

Amplitude of coincidence events 2-3 litude of coincidence events 2-4 Amplitude of coincidence events 3-4

hamps_2-3 _ hamps_2-4 hamps_3-4
Entries 15990 Entries 31987 Entries 31923
Meanx 349 Meanx 349.5 Meanx 2355
Mean y 231p° Meany 2564 Meany 267.3
RMS x  50.07 RMS x 5147 b RMSx 7573
RMSy 3268 RMSy 39.11 RMSy 11550

500

0
0 500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000 1
Detector (2) Detector (2) Detector (3)

~ a-o coincidence ~ lower energy threshold at 2 MeV ]
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INFN . 8Be level scheme and decay channels

L/ LNS

by A. Mengoni

|

20{E, [MeV] —
18.899 —_3+3+—i:— Possible 2a channels

18 7Be + n 18.15 L1+ ' not observed due to

17.64 - l—==t ‘ experimental n-energy cutoff
entry energy  16.92 L2+ ,_ '
6l 16.63 T =

Forbidden (selection rules)

14

12 i Observed y-2a channels

Suppressed y-2a channel
(negligible, not observed)

Predicted relevant y-2a channels
not observed due to experimental
apparatus energy threshold
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JHF

Impact on Cosmological Lithium Problem

Total Direct I}’adiative Capture

Droplet target ' i i ' Bassi et al. (1963§ °
: >0 Wagoner (1967

Electrodeposited target g | bresont . TOF datg .

Random - partial DRC calc

total DRC calc ----

q

[T TTT

-
Q
w

| HHHI‘

r Sy *w
L T ] "

—_
i

T I\HH‘

N
Q
[&)]

Coincidences/bunch/GB

1717 HH‘
cross section [b]

—_—
Q
2]

No p-wave evidencg l

® I ||III|\|

36 40 44 48 2 410" 10° 10" 102 10°

Days (after separation) Aedtioh enerdy [6V]

| Article submitted to PRL |

the n TOF results hint to a minor role of this reaction

in BBN, leaving the long-standing Cosmological
Lithium problem unsolved

the reaction rate currently used in BBN
calculations requires substantial revision
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e "Be(n,p)’Li

experiment just completed ]

"Li

hamps

5 | Entries 20393 |
w ' Mean x 3934
1400 Mean y 1347
[ RAMS x 379.4
N 1200/ RMSy 8503
~ silicon strip | B
| telescope | |
500/ |
400 ; 4
g TS )
UOI 500 1600 1500 2500 3000 3500 AE‘[%?\? 0
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(P o

Conclusion 2 l

[ the past "Be(n,a)o. only e?(isting data at 25 meV

L (Bassi et al., 1963)
I the present August-October 2015: just measured "Be(n,a)a l
I article submitted to Physical Review Letters ]

. the future? ]
- 4 .64 v
Bassi et al. sirato; a0l 5 :
0,1 E ad ": g,! n ‘t ‘1
et e

0,01 ® H | ‘u ‘ !
= 661 |
% 0.001 50 ns ‘(/?/
S )
g 1E.4 TRIF "o
g ' 11 XO'
e ‘ E
O i A

.07 0 0%
N
! T .
Yy I B8 = ik
= Ll ) 200 P wn oot 10 1240
> ' | | ) [ new preamp @ LNS ?
~ P - - 1E-4 0.001 X ¥ 1 10
Incident energy (MeV)
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main characters ]

A.Pappalardo ] N.Colonna M.Barbagallo ]

without them the experiment would not have been possible ]

other characters ]

M.Piscopo, S.Russo, Lab. Bersagli LNS, Officina LNS, Elettronica LNS,
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and the whole n_TOF collaboration

...and | apologize if | forgot somebody !!!
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THE END

thank you !!!
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