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The n_TOF facility at CERN
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@ERNJL/MF Neutron time-of-flight
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@mjv/rﬂ} Neutron time-of-flight
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(\jz g The n_TOF facility at CERN

Pulsed white neutron source:

» 20 GeV/c protons

* neutrons from spallation
* 6 ns rms pulse width =
« frequency 1 pulse/2.4 seconds —

* separate cooling and moderation
« flight path length EAR1: 185 m, since 2000

* flight path length EAR2: 20 m, since 2014

« @source: 7x10'2 protons/pulse
« @source: 2x10"° neutrons/pulse. | phase | target
* @EAR1: 510%(capture) — 5-107(fission) neutrons/pulse 2001-2004

protons

neutrons

Main features:
 Large energy range in one experiment (0.1 eV - 250 MeV)
» Favorable signal to noise ratio for capture
on radioactive isotopes (actinides, fission products)
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(\jz g The n_TOF facility at CERN

Pulsed white neutron source:

» 20 GeV/c protons rotons
* neutrons from spgllatlon P —
* 6 ns rms pulse width

« frequency 1 pulse/2.4 seconds

* separate cooling and moderation

« flight path length EAR1: 185 m, since 2000

* flight path length EAR2: 20 m, since 2014

« @source: 7x10'2 protons/pulse
« @source: 2x10"° neutrons/pulse phase II-lll target
* @EAR1: 510%(capture) — 5-107(fission) neutrons/pulse 2009-present

neutrons

Main features:
 Large energy range in one experiment (0.1 eV - 250 MeV)
» Favorable signal to noise ratio for capture
on radioactive isotopes (actinides, fission products)
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V/n_T} The n_TOF neutron spectrum EAR1
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(C\ERNE% V/n_T} The n_TOF neutron spectrum EAR1
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@ER_N/?V/MF TOF-energy relation at n_TOF
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@ERNJ?V/n_T} TOF-energy relation at n_TOF
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@ERNJ?V/n_T} TOF-energy relation at n_TOF
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@ERNJ?V/n_T} TOF-energy relation at n_TOF
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Vrﬂ% The n_TOF facility
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V/n_T} The n_TOF facility
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V/n_T% The n_TOF facility

beam dump

I experimental
T area 2 (EAR2)

ground level

S
o
(Q\
p"“_ filter first  magnet second b e
T station collimator collimator T eam aump
area
Pb spallation experimental
target area 1 (EAR1)

- —
flight path length 185 m

Frank Gunsing, CEA Saclay, Irfu 6th Workshop on Nuclear Level Density and Gamma Strength,, Oslo, May 11, 2017 17



MTOF n_TOF EAR2
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EAR1 - EAR2

EAR2
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Detectors EAR1
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Detectors EAR2
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Detectors EAR2
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h Measurements performed at n_TOF
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CERN J\
/X _nTOF

Measurements performed at n_TOF
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% Measurements performed at n_TOF

M fission
M capture
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% Measurements performed at n_TOF

M fission
M capture
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% Measurements performed at n_TOF

M fission
M capture
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h Measurements performed at n_TOF

M fission
M capture
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+ class A lab
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% Measurements performed at n_TOF

M fission
M capture
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% Measurements performed at n_TOF
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% Measurements performed at n_TOF
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Preliminary spectra °'Gd
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V/n_T% Preliminary spectra, 23°U(n,f) vs °Li(n,a) and 1°B(n,a) =2z
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STEFF in EAR2
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2334 (n, fly)

Collaboration: CEA-Saclay, JRC-Geel, CEA-DIF, CEN-Bordeaux, TU-Wien
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% Preliminary spectra 233U
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CERN J\
/X _nTOF

EAR1

° 69’71Ga(n,y)

° 888r(n,Y)

° 89Y(n,y)

° 154,natGd(n’Y)
» 12C(n,p)

° 45SC(n,p)

. 160(n,0c)

» 2U(n,f)/(n,p)
« 231Pa(n,f)

° 77’788e(n,y)

* °Zn(n,y)

° evenGd(n,Y)
 detector tests

Preliminary Plan of Measurements 2017-2018

EAR2

° 244,246Cm(n,y)
° 14N(n,p)

° 350|(n’p)

° 241Am(n,Y)

. 163H0(n,y)

° 241Am(n’f)

° 230Th(n,f)

° 239Pu(n,f)

° 228’239’241Pu(n,f)
° 53Mn(n,y)
 detector tests
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No beam at CERN in 2019 and 2020
Long Shutdown 2 (LS2)
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Vrﬂ% n_TOF data dissemination

m Status as of April 2017

n TOF Data Status = Final EXFOR Status = Not OK EXFOR Status = ongoing | EXFOR Status = OK Data Dissemination
Phase Reaction (datasets with a final (digitized or incomplete (compilation work in (mandatory data Status
publication) datasets) progress) available) (OK + ongoing)

11

(n,y) 26
1(2001- 100%

2004)
“-_-_ “

(ny) 3 71%
2012
) (n,cp) 2 100%
“-_——
(n,cp) 100%

== (N,Yy): 6 datasets under compilation

Phase-l: Zr-90,94,96, Bi-209, and Phase-Il: Mg-25
+ U-235 TAC-FT test experiment (on hold, pending green light)

More information: https://twiki.cern.ch/NTOFPublic
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Vrﬂ% n_TOF data dissemination

m Status as of April 2017

n TOF Data Status = Final EXFOR Status = Not OK EXFOR Status = ongoing | EXFOR Status = OK Data Dissemination
Phase Reaction (datasets with a final (digitized or incomplete (compilation work in (mandatory data Status
publication) datasets) progress) available) (OK + ongoing)
(ny) 26 11 4 11 58%
2001-
éogg) Lt
“-_-_-_“ 73%

(ny)

Il (2009- 2 0 0 2

2 0 0 2
A2 2 | 1 |

1 0 0 1

== (N,f) and (n,cp)
All final/published data are publicly available in EXFOR

More information: https://twiki.cern.ch/NTOFPublic
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Q/QV/nTO\F What about LD and PSF?
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CERN .. )
@ Jév/n_T} Use level positions to estimate D,
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jﬂ% Use level positions to estimate D,

positions of levels
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jﬂ% Use level positions to estimate D,
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CERN .. )
@ Jév/n_T} Use level positions to estimate D,
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V/n_T} Use level positions and widths to estimate D,
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V/n_T} Use widths to improve D, (missing level estimation)

N(z:) = No /OC Ppr(z)dz = No(1 — erfy/z:/2)
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@ERN&V/QT} (n,y) spectra for different angular momenta

fit: S_, D, <Iy>,

this work, data points and fit -
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m (n,y) spectra for different multiplicities
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CERN .
@Jév/rﬂ} Concluding remarks

« Many neutron-induced reaction datasets taken,
submission to EXFOR for dissemination.

* Level densities
- improved estimates for D, = 1/p,

* Photon strength functions
- <I'y>/D and <TI',>/D from resonance-averaged data

- shapes of multistep cascades to be used
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https://www.youtube.com/watch?v=atJNBaDUmIU

Frank Gunsing, CEA Saclay, Irfu 6th Workshop on Nuclear Level Density and Gamma Strength,, Oslo, May 11, 2017 54



