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 after cooling down below
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During & After BBN
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Cosmological Lithium Problem
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,Stellar Li/H measurements are
inconsistent with the CMB (and D/H), § 026
given the error budgets we have £ 025
quoted. Recent updates in nuclear 50.24
cross sections and stellar abundance <
= 0.23

systematics increase the discrepancy
to over 50, depending on the stellar 10-3
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Cosmological Lithium Problem

baryon density parameter Qph?
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Li et al. In Stars
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Lietal. in Stars
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_Lietal. in Stars
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CLiP — nuclear PoV
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CLiP — nuclear PoV

baryon density parameter Q2ph?
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CLiP — nuclear PoV

baryon density parameter Q2ph?
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CLiP — nuclear PoV

baryon density parameter Q2ph?
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Cosmologlcal Lithium Problem

baryon denS|ty parameter Qph?
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Nuclear solution to CLi1P?

* Other path during BBN?

»A cross section for the (n,a) Bi
reaction 2 orders of magnitude
higher than currently used in BBN
calculations, in the pertinent
neutron energy region, could solve

the cosmological lithium problem.*
[n_TOF Coll. PRL 117, 152701 (2016)]

. ‘He|—3 He(d, p}JHE—"‘
* Different xs than used? NN
,The "Be(n,p)’Li reaction is d(p.yYHe sy tdun’
responsible for a dominant 75 d(d,n)’ He X |
fraction of the destruction of | — p(ny)d—| 1 d(d, p)t——
‘Be. ... Despite its importance, AN -

very few direct measurements

exist for this reaction.”
[n_TOF Coll. PRL 121, 042701 (2018)]

 neutron-induced reactions,
yay, let’s go to n TOF!
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n TOF

n_TOF = neutron time of flight facility at CERN




n TOF

n_TOF = neutron time of flight facility at CERN
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n TOF — Target & EAR-2
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Google + Wikipedia

* google ,neutron time of flight*

GO gle neutron time of flight X = (5 Q e i
O Vietko [0 Obrazky () Videa ¢? Nakupy (& Spravy : Viac Nastroje

Priblizne 6 720 000 vysledkov (0,46 sekundy)

The Neutron Time Of Flight (n-TOF) facility is a neutron R e v G O
spectrometer at CERN. It consists of a pulsed source, a Lo s s

flight path of 200 m length, and a detector systems. o [ = - i@‘l'%
Neutron energies are deduced from the time of flight s T =" E’ e E
between source and detector; hence the name of the e e ey tor 'w et 2
facility.

W wikipedia.org

https:/fen.wikipedia.org » wiki » Neutron_Time_Of Flight 3
Neutron Time Of Flight - Wikipedia

© \ybrané uryvky - M Spatna vazba

Podobné dopyty Neutron Time Of Flight ot

How fast is a neutron? v
PreloZené z angli¢tiny - Zariadenie Neutron Time Of

What is the relation between the neutron wavelength and the time of flight over a o Flight je neutronovy spektrometer v CERN-e.

particular distance? Pozostdva z impulzného zdroja, drahy letu s dizkou
. 200 m a systému detektorov. Energie neutrénov su

What is the temperature of thermal neutron? o odvodené z £asu letu medzi zdrojom a detektorom;

Spétna vézba odtial nazov zariadenia. Wikipédia (anglictina)



Google + Wikipedia

* google ,neutron time of flight* & switch to images
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ChatGPT

? Imagine you are writing a wikipedia page about neutron time of flight, what would you write?

Neutron time of flight is a method used to measure the time taken by a neutron to travel from a source to a
detector. This method is widely used in the field of nuclear physics, where it provides valuable information
about the energy and properties of neutrons.

The neutron time of flight technigue involves measuring the time taken by a neutron to travel from a
source to a detector. This time is then used to determine the energy of the neutron, based on the
relationship between energy and velocity.

The basic principle behind neutron time of flight is that neutrons of different energies travel at different
velocities. By measuring the time taken by a neutron to travel a known distance, it is possible to determine
the velocity and hence the energy of the neutron.

The neutron time of flight technique is typically used in conjunction with a neutron source and a detector.
The neutron source is usually a target that is bombarded with high-energy particles, such as protons or
alpha particles, to produce neutrons. The neutrons are then directed towards the detector, which is
typically a scintillator or a neutron-sensitive film.

To measure the time taken by the neutron to travel from the source to the detector, a timing system is
used. This typically consists of two or more neutron detectors placed at known distances from the
neutron source. The detectors are designed to detect the arrival of the neutron and to record the time at
which it arrives.

By comparing the time taken by the neutron to travel between the different detectors, it is possible to
determine the velocity of the neutron and hence its energy. This information can be used to study a wide
range of phenomena in nuclear physics, such as neutron scattering, nuclear reactions, and fission.

In conclusion, neutron time of flight is a valuable technique used in nuclear physics to measure the energy
and properties of neutrons. It involves measuring the time taken by a neutron to travel from a source to a
detector and can provide important information about a wide range of phenomena in the field of nuclear
physics.



n TOF — 'Be measurements

* (n,a) possible for the first time thanks to the flux at EAR-2
* huge effort to make the samples — PSI+ISOLDE

* very high activity of ‘Be material ~13 GBg/ug

* (n,a) sample = 1.4 ug with ~18 GBq

* (n,p) sample = 80 ng with ~1 GBqQ

e each target measured for a period of ~45 days
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n TOF — 'Be measurements

* (n,a) possible for the first time thanks to the flux at EAR-2
* huge effort to make the samples — PSI+ISOLDE

* very high activity of ‘Be material ~13 GBqg/ug

* (n,a) sample = 1.4 yg with ~18 GBq

* (n,p) sample = 80 ng with ~1 GBqg

e each target measured for a period of ~45 days




n TOF - 'Be(n,o) results
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n TOF - 7Be(n a) conclusions

Bassi et al. (1963) @

1 Wagoner (1967) =—
10 L Hou et al. (2015)

n_TOF data —=—
partial DRC calc
total DRC calc ===~--~-

ENDF/B-VII.1 =
total cross section 7

2| S~ <
1073} |'I

P TT ]
Considering that, as mentioned in the introduction, afactor of 100
or more enhancement in the ‘Be(n, a) rate would be necessary to
reconcile the standard BBN lithium yield with astrophysical
observations, the presently established rate 10 times lower than
used so far in BBN calculations, leads to a minor change of the
lithium yield, thus leaving the solution of the cosmological lithium
problem to other alternative physical scenarios.
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n TOF — 7Be(n,p) conclusions
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The new estimate of the Be destruction rate based on the new
results yields a decrease of the predicted cosmological lithium
abundance of ~10%, insufficient to provide a viable solution

to the cosmological lithium problem. The two n_ TOF measurements
of ’‘Be(n,a) and 'Be(n,p) cross sections can finally rule out neutron-
Induced reactions, and possibly nuclear physics, as a potential
explanation of the CLIP, leaving all alternative physics and
astronomical scenarios still open.
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NTOF

1CA NUCL

ISTITUTO NAZIONALE DI FiS) EAR

2 different samples:  Molecular plating
(3.5 ug total mass) Vaporization of droplets

Backing Stretched PE (0.6 um) Aluminum (5 wm)
Activity 20 GBq 19 GBq
Diameter 30 mm 31.6 mm

Prepared in hot-cell at PSI

M. Barbagallo, n_TOF Collaboration Meeting & Collaboration Board, CERN, 1-3 December 2015



4) shielded chamber

M. Barbagallo, n_TOF Collaboration Meeting & Collaboration Board, CERN, 1-3 December 2015



) )
INFN Mechanic and Procedure

C NTOF

ISTITUTO NAZIONALE DI FISICA NUCLEAR

i

Insertion of the samples and shipment

— 1 cm lead box 10 x 10 x 10 cm3
C— lead b 3

10x 10x 10

Dose Rate [uSv

-120 -100 -80 -60 -40  -20 0 20 40 60 80 100 120
Distance [cm]

M. Barbagallo, n_TOF Collaboration Meeting & Collaboration Board, CERN, 1-3 December 2015
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