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The n_TOF facility at CERN
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CERN accelerator Complex

Linac(s): up to 50 MeV PSB: upto 1 GeV PS: up to 24 GeV

The n_TOF Collaboration




The n_TOF facility at CERN
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The real world
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n_TOF bearn characteristics

2"d collimator $=1.8 cm

= the neutron flux
(capture mode)
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— Monte Carlo Simulation
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The neutron fluence in EAR-1
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Note: 1 pulse is 7TE+12 protons. Collimated fluence (fission and
capture modes) is integrated over the beam surface. En [EV]



n_TOF basic parameters

proton beam momentum 20 GeV/c

intensity (dedicated mode) 7 x 1012 protons/pulse
repetition frequency 1 pulse/2.4s

pulse width 6 ns (rms)

n/p 300

lead target dimensions 80x80x60 cm?

cooling & moderation material H,O

moderator thickness in the exit face 5cm

neutron beam dimension in EAR-1 2 cm (FWHM)
(capture mode)

CAARI 2002
www.cern.ch/n_TOF The n_TOF Collaboration



n_TOF bearn characteristics

s Beam profile @ 187.5 m

FWHM=2cm

MicroMegas detector

J Pancin, et al. (The n_TOF Collaboration) @ ° e e e =
N I MA 524 (2004) 1 02 iz 9. Horizontal {a), vertical (b), 307 () experimental and simulated projected profiles between 10 and 100 eV oat 186 m.




n_TOF beam [

= energy resolution

Performance Report
CERN-INTC-2002-037, January 2003
CERN-SL-2002-053 ECT

Energy resolution @ 187.5 m

(collimator for capture mode)
p-beam .
pulse width moderation
FWHM FWHM
[cm] [em]

1eV 0.0 3.0
oo - > 1  11.05 11.1 1115 11.2 11.2
100 eV 0.2 3.3 . ) ) ) )

T keV 0.6 51 E, (keV)
10 keV 2.0 7.9 5 [ Monte Carlo RF: E =8-12keY

30 keV/ 3.4 10.2
100 keV 6.2 18.0
1T MeV 19.5 34, 1
10 MeV 61.7 16.0
100 MeV 195.0

Neutron Energy

Chi2 / ndf =
5000 : 1t = .0.013
: A oo

hbhdbhiscapws

(for example: 6x10“4 @ 1 keV)

www.cern.ch/n_TOF




n_TOF TAC for (n,y) measurements

* 40 BaF, crystals

12 pentagons & 28 hexagons
15 cm crystal thickness
Carbon-fiber °B-enriched capsules

 High detection efficiency: =100%

(to be compared with 5% of C,D, or 0.1% of Moxon-Rae)

» Good energy resolution

(direct background suppression mechanisms
based on combined multiplicity and energy
deposition analysis)

* Full Monte Carlo simulations

all EM cascades
capture events for BG determination

The n_TOF Collaboration



TAC efficiency & MC simulations

The 4.9 eV resonances of '°Au has been used as a reference sample and as a validation of the
MC method for the estimation of the &4, under different conditions on E;,, and m,.

TAC Deposited Energy
0.009

0.008
0.007
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0.005
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0.003

Mutiplicity

1000 2000 3000 4000 5000 6000 7000  B00OO
Ecum (keV)

C Guerero, D Cano-Ott et al. (CIEMAT, Madrid)

The n_TOF Collaboration



TAC efficiency & MC simulations

The MC is capable of reproducing the E_ ., spectrum for different multiplicities allowing to
calculate very accurately the detection efficiency for the chosen analysis conditions

[ TAC energy multiplicity=1 | [ TAC enargy multiplicity=2 [ TAC enargy multiplicity=3

wpozsf

o.002[--
Lo01s[ -

a.001f

10005 - 3

TAC enargy multiplicity=5

C Guerero, D Cano-Ott et al. (CIEMAT, Madrid)

The n_TOF Collaboration



n_TOF TAC for (n,y) measurements

» Structure mounted in April-04
« 41 geometry: end of May-04

* 1.5 month commissioning
* Au(n,y) &Jother standards

First measurement with a radioactive
sample started in August 2004

www.cern.ch/n_TOF The n_TOF Collaboration



n_ TOF fission detectors

«20x20 cm?

*Isobutane gas 7 mbar

*HV 500-600 V

*3 mm between electrodes

*1 anode (a few ns signal width)
Electrode thickness: 1.5 um (Mylar+Al)
*Deposit thickness : 100-300 pg/cm?
*Backing thickness : 0.1 um (Al)

. : 1.5 um (Mylar

FAST INDUCTION COUNTER

_~Argon vessel (0.8 bar)

_-Feedthought
Eleciromics

front-end

T Valve

“Vacuum chamber

)
S, Targets

 Window

-Gas: Ar (90%) CF, (10%)

*Gas pressure : 720 mbar
Electric field : 600 V/cm
*Gap pitch ;5 mm

Electrode diameter : 12 cm
Electrode thickness: 15 um (Al)
Deposit thickness : 125 um/cm?
*Backing thickness : 100 um (Al)

www.cern.ch/n_TOF

*Window thickness : 125 um
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Nucleosynthesis: the s-process

2 of the elements above Fe are produced by the s-pi

The astrophysical sites of the s-process are:
= He burning in intermediate/massive stars
= Low-mass AGB's

There exists a direct correlation
between the neutron capture cross section
and the abundance (o(n,7) - N = const.)

The neutron capture cross sections
are key ingredients for s-process nucleosynthesis

The canonical s-process ‘

v,
Cu 62Cu
9.74 m
Ni 60Nj | 61N
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Neutron-Capture Abundances in CS 22892-052

Nucleosynthesis:
the s-process &
the r-process residual




apture

1515m
204,206,207,208ph  209B;

232Th

24,25,26]|q
90,91,92,94,967r 937y

139La
186,187,18805

233,234

237N p,240Py 243Am

ISSIoN

233,234,235,236,238 J

232Th
209Bj

Z7Np

241,243Am 245Cm

n_TOF experiments 2002-4

easurements of neutron cross sections
relevant for Nuclear Waste Transmutation and
related Nuclear Technologies

s Th/U fuel cycle (capture & fission)
s Transmutation of MA (capture & fission)
s Transmutation of FP (capture)

ross sections relevant for Nuclear
Astrophysics

m S-process: branchings
m S-process: presolar grains

eutrons as probes for fundamental Nuclear
Physics
= Nuclear level density & n-nucleus
Interaction

The n_TOF Collaboration



Capture

151Sm

204,206,207,208Pb| 209B;]

232Th
24,25,26Mg

[90,91,92,94,96 7y

139] g
| 186,187,1880 |

[237Np,240py| 243Am

Fission
233,234,235,236,238U
232Th

209B;j

237Np

241,243Am. 245Cm

n_TOF experiments 2002-4

data analysis completed, results published

[ ] data analysis completed, paper in preparation
data analysis in progress

The n_TOF Collaboration



The n TOF-Ph2 experiments

Cagilre rrieasirermernts

Mo, Ru, Pd stable isotopes r-process residuals calculation

isotopic patterns in SiC grains

Fe, Ni, Zn, and Se (stable isotopes) s-process nucleosynthesis in massive stars
9Se accurate nuclear data needs for structural materials

A~150 (isotopes varii) s-process branching points
long-lived fission products

234,236 J 231,233pg Th/U nuclear fuel cycle
235,238 standards, conventional U/Pu fuel cycle
239,240,242py; 241.243Am, 245Cm incineration of minor actinides

(*) approved by CERN Scientific Committee (planned for execution in 2007)

_TOF-Ph



The n_TOF-th experiments

Flsslorn meas

MA ADS, high-burnup, GEN-IV reactors
235(n,f) with p(n,p’) new 235U(n,f) cross section standard
234U(n,f) study of vibrational resonances at the fission barrier

Cirlar rreasrarrarnis

147Sm(n,a), ’Zn(n,a), 2°Ru(n,a) p-process studies
%8Ni(n,p), other (n,lcp) gas production in structural materials
Al, V, Cr, Zr, Th, 238U(n,Icp) structural and fuel material for ADS

and other advanced nuclear reactors

He, Ne, Ar, Xe low-energy nuclear recoils
(development of gas detectors)

n+D, neutron-neutron scattering length

_TOF-Ph



NEW target design

xz-squared target (40x40x55) with
5cm-thick cylinder moderator
containers

D,O cooling

‘1cme+1cmHO

P Cennini, V Vlachoudis. K Tsoulou, et al. (CERN/AB/ATB), October 2006



NEW: target design proposal




The second n_ TOF beam line & EAR-2

New
Experimental
Area (EAR-2)

o
|:!n-,!,:,‘_-,!||i!| HENE — #

':-||-:H.|r|-__1 III"-,I ' — - - \
EAR l II"-.II LB Lower Lovel \ {Lmad ) Conkiner n_TOF target
- Coanl ol Slalisn
(at 185 m) "

Flight-path length : ~20 m

at 90° respect to p-beam direction
expected neutron flux enhancement: ~ 100
drastic reduction of the t, flash

_TOF-Ph



EAR-2: Optimized sensitivity

Improvements (ex: 131Sm case) consequences for
sample mass
= sample mass / 3 v 50 mg
s/bkgd=1
= use BaF, TAC e x 10 v 5mg
= use D,0 D5, X 5 = 1mg

= use 20 m flight path ®,, x 100 = 10 pg

boosts sensitivity by a factor of 5000 ! iijf

problems of sample production and safety issues relaxed



The n TOF Collaboration

U.Abbondanno', G.Aerts’, H.Alvarez**, F.Alvarez-Velarde®, S.Andriamonje’, J.Andrzej ewski>’,
P.Assimakopoulos9, L.Audouin’, G.Badurek', P.Baumann®, F. Be¢vai>', J.Benlliure**, E.Berthoumieux’,
F.Calviﬁozs,D.Cano-OttZO,R.Capote23 _A.Carrillo de Albornoz’*,P.Cennini, V.Chepell7, E.Chiaveri”,
N.Colonnal?, G.Cortes®’, D.Cortina**, A.Couture®’, J.Cox*, S.David’, R.Dolfini'"’, C.Domingo—Pardozl,
W.Dridi’, I.Duran®, M.Embid-Segurazo, L.Ferrant’, A.Ferrari’, R.Ferreira-Marques”, L.Fitzpatrick4,
H.Frais-Koelbl3, K.Fuyj ii13, W.Furmanlg, C.Guerrerozo, I.Goncalves”, R.Gallino36, E.Gonzalez-Romeron,
A.Goverdovski', F.Gramegnalz, E.Griesmayer3 , F.Gunsing7, B.Haas>?, R.Haight27, M.Heil®, A.Herrera-
Martinez”, M.Igashira3 7 S.Isaev’, E.Jericha', Y.Kadi®, F.Kéippelerg, D.Karamanis’, D.Karadimos’,
M.Kerveno®, V. Ketlerov'?, P.Koehler™, V.Konovalov'®, E.Kossionides™, M.Krti¢ka®', C.Lamboudis'®,
H.Leeb', A.Lindote'”, I.Lopes”, M.Lozano”>, S.Lukic®, J .Marganiec3 3 L.Marques3 0 S.Marrone®,
P.Mastinu'?, A.Mengoni4, P.M.Milazzo'*, C.Moreau'*, M.Mosconi®, F.Neves'’, H.Oberhummer,
S.0'Brien”, M.Oshima®®, J.Pancin’, C.Papachristodoulou9, C.Papadopoulos40, C.Paradela®, N.Patronis’,
A.Pavlik?, P.Pavlopoulos3 * L.Perrot’, R.Plagg, A.Plompenw, A.Plukis’, A.Poch®, C.Pretel”, J.Quesada®,
T.Rauscher26, R.Reifarth27, M.Rosettil 1, C.Rubbia’, G.Rudolf° , P.Rullhusen16, J .Salgado”, L.Sarchiapone4,
C.Stephans, G.Tagliente13 ,J.L.Tain?', L.Tassan-Got>, L.Tavora®, R.Terlizzi"’, G.Vannini>’, P.Vaz’,
A.Ventura'', D.Villamarin®’, M.C.Vincente®, V.Vlachoudis®, R.Vlastou®, F.Voss®, H.-Wendler”,
M.Wiescher”’, K. Wisshak®

40 Research Institutions
120 researchers o et TOF




The End




Capture n_TOF experiments
| U Abbondanno et al. (The n_TOF Collaboration)

204,206,207,208P}) 209Bj Phys. Rev. Lett. 93 (2004), 161103
232Th

24,25,26Mg

90,91,92,94,967r 937y

139La
186,187,18805

500 520
233,234

237Np,240Pu, 243Am

CAPTURE YIELD

Fission
233,234,235,236,238U

232Th
209Bj

27D MACS-30 = 3100 + 160 mb

241,243Am, 245Cm

10° 10° 10”

NEUTRON ENERGY (eV)




Capture n_TOF experiments
| U Abbondanno et al. (The n_TOF Collaboration)

204,206,207,208Ph  209B; Phys. Rev. Lett. 93 (2004), 161103

' &
232Th S Marrone et al. (The n_TOF Collaboration)
2425 26Mg Phys. Rev. C 73 03604 (2006)

90,91,92,94,967 937y

139La » n_TOF data
1 : & . — SAMMY fi

186,187,188()s -

233,234(J

237Np,240Pu, 243Am

Fission
233,234,235,236,238U

232Th
209B;j

CAPTURE YIELD

O 8 10 12 14

2’Np NEUTRON ENERGY (eV)

241,243Am, 245Cm



Capture n_TOF experiments
U Abbondanno et al. (The n_TOF Collaboration)
204,206,207,208P}) 209Bj Phys. Rev. Lett. 93 (2004), 161 102
232Th S Marrone et al. (The n_TOF Collaboration)
2425 26Mg Phys. Rev. C 73 03604 (2006)

90,91,92,94,967r 937y

4000
139 La

RSEALT A 0)5 E 3000

233,234(J f

237 4 2000
Np,240Pu,243Am O

Fission 1000 o

233,234,235,236,238

232Th

209Bi <D,> = 1.49 £ 0.07 eV

237 S, =(3.87 £0.33)x104
p R =3575210 b

241,243Am. 245Cm
’ C The n_TOF Collaboration



Capture

204,206,207,208Ppy 209

232Th
24,25,26Mg

90,91,92,94,96Zr, 937r
139La
186,187,18805

233,234(J

237Np,240Pu, 243Am

Fission
233,234,235,236,238U
232Th

209B;j

237Np

241,243Am, 245Cm

n_TOF experiments

U Abbondanno et al. (The n_TOF Collaboration)
Phys. Rev. Lett. 93 (2004), 161103

&

S Marrone et al. (The n_TOF Collaboration)
Phys. Rev. C 73 03604 (2006)

TABLE IX. The '3!'Sm(n,y) cross section in the unresolved
resonance region from 1 keV to 1 MeV.

Energy bin Fimy) Uncertainty (%)

for nuclear data ke V)

evaluators: o
all infos available in 5175 2194
refereed journal e
publications 25-3 1536
& s 1004
on the n_TOF website 5-75 891
www.cern.ch/ntof o125 e

12.5-15 426
15-20 3.82
20-25 3.52
25-30 3.13
3040 2.69
40-50 2.17
50—60 1.90
60-80 1.66
S0—100 1.30

2

2
5
.1
)
4
3.3




Capture n_TOF experiments

151Sm C Domingo-Pardo, et al. - The n_TOF Collaboration
207P(n,y) ND2004 Conference, Santa Fe, NM — Sept. 2004
14 ) &

232Th accepted for publication in PRC (in press)

24,25,26Mg
90,91,92,94,967 937y
139] 5

186,187,1880)g

233,234

237Np,240Pu, 243Am

Fission
233,234,235,236,238U
232Th

209B;j

237Np

241,243Am, 245Cm

The n_TOF Collaboration



Capture n_TOF experiments

151Sm C Domingo-Pardo, et al. - The n_TOF Collaboration
207P(n,y) ND2004 Conference, Santa Fe, NM — Sept. 2004
/ ) &

232Th accepted for publication in PRC (in press)

24,25,26Mg

90,91,92,94,967r 937  This work

139La
186,187,18805

o Raman et al.

>
L)
E
—
s
-
o

233,234

237Np,240Pu, 243Am

Fission
233,234,235,236,238U
232Th

209B;j

237Np

241,243Am, 245Cm

Ratio

Resonance Energy (eV)

substantial disagreement for E, > 45 keV

The n_TOF Collaboration




Capture n_TOF experiments

151Sm C Domingo-Pardo, et al. - The n_TOF Collaboration
- 207P(n,y) ND2004 Conference, Santa Fe, NM — Sept. 2004
/ ) &

232Th accepted for publication in PRC (|n press)

TABLE II: Resonanc

the analysi

24,25,26Mg
90,91,92,94,967r 937y
139] 3

186,187,188()g

233,234

237Np,240Pu, 243Am

o= BB B B

Fission
233,234,235,236,238U
232Th

209B;j

237Np

241,243Am, 245Cm

2
2
1
1
1
1

e from

3% accuracy
of the capture kernel

The n_TOF Collaboration



Capture n_TOF experiments

151Sm C Domingo-Pardo, et al. - The n_TOF Collaboration
204P(n,y) ND2004 Conference, Santa Fe, NM — Sept. 2004
14 ) &

232Th submitted for publication to PRC, October 2006

24,25,26Mg

2pPp(ny) Yield

90,91,92,94,967r 937y

139La
186,187,18805

Sammy R-Matrix Fit

0 Pointwise Bkg.

233,234

237Np,240Pu, 243Am

Fission
233,234,235,236,238U

232Th
209Bj

56 58 60 62 64 66 68 70 72 T4
E, (keV)

237Np Very low neutron sensitivity of capture y-ray
241,243Am), 245Cm detection systems & high resolution _

e n_TOF Collaboration



Capture n_TOF experiments

151Sm C Domingo-Pardo, et al. - The n_TOF Collaboration
204P(n,y) ND2004 Conference, Santa Fe, NM — Sept. 2004
14 ) &

232Th submitted for publication to PRC, October 2006

24,25,26Mg
90,91,92,94,962r, 937r

139La
186,187,18805

Tn K-
2 (meV) (meV) |

233,234

237Np,240Pu, 243Am
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6.4
24.0

:

L

t

G

i

i
i

5.0

-1

Fission
233,234,235,236,238U
232Th

209B;j

237Np

241,243Am, 245Cm

1.9
4540

45000

0.046
0.046
0.045
0.044
0.043

L Y N A A S I I )




Capture n_TOF experiments

=iSm C Domingo-Pardo, et al. (The n_TOF Collaboration)
204,206,207,208p 209Bi(n,y) Phys. Rev. C 74, 025807 (2006)

232Th
24,25,26Mg

o This work
O GELINA

90,91,92,94,967r 937y 4 ORNL

139La
186,187,18805

<
g
=

iy
g
o

233,234

237 240 243
Np,2*Pu,?¥Am 5000 10000 15000

Resonance Energy (eV)

Fission
233,234,235,236,238U

232Th
209Bj

237Np Very low neutron sensitivity of capture y-ray
241,243Am), 245Cm detection systems & high resolution _

e n_TOF Collaboration



Capture n_TOF experiments

=iSm C Domingo-Pardo, et al. (The n_TOF Collaboration)
204,206,207,208p 209Bi(n,y) Phys. Rev. C 74, 025807 (2006)

232Th
24,25,26Mg

90,91,92,94,96Zr, 937r
139La
186,187,18805

233,234

237Np,240Pu, 243Am

Fission
233,234,235,236,238U

232Th
209Bj

237Np Very low neutron sensitivity of capture y-ray
241,243Am), 245Cm detection systems & high resolution _

e n_TOF Collaboration



Capture n_TOF experiments

=iSm C Domingo-Pardo, et al. (The n_TOF Collaboration)
204,206,207,208Ph Phys. Rev. C 74, 025807 (2006)

232Th
24,25,26Mg

NEW MEASUREMENT OF NEUTRON CAPTURE. .. PHYSICAL REVIEW C 74, 02

TABLE II. Resonance parameters® and radiative kernels® for Z?Bi.

90,91,92,94,967r 937y

139La
186,187,18805

J I, (meV) I, (meV) gl I/ T (meV)

th Lh 4= th

[= QIR TN

233,234

237Np,240Pu,243Am

5
4
3

o th

Fission

h

FE

233,234,235,236,238 J

232Th
209Bj

/Np 16% higher MACS for kT = 5-8 keV
241,243Am, 245Cm 81% r-process abundance for 2%°Bi

o Lh

The n_TOF Collaboration



n_TOF experiments
1Sm — F Gunsing, et al. - The n TOF Collaborati
204,206,207,208Ppy 209 ND2004 gr(])ﬂpegreﬁcg, Santg rI;E, NM —OSZpErSOIgz

24,25,26Mg

Capture

232y e
— " Thin,y) with background
90,91,92,94,967y 937y T BRERATOET

139La
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Background 2.5
Flux shape 2.0
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Figure 3: Neutron capture on “U yield in the thermal region and for the first resonance
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Capture n_TOF experiments
1516m FIC-1 (2003)

204,206,207,208Ppy 209

232Th
24,25,26Mg

POMMARD

90,91,92,94,962r, 937r
139La
186,187,18805

233,234

237Np,240Pu,243Am

CERN 2003

FISSION CROSS-SECTION, mb

Fission
233,234,235,236,238U
232Th

209B;j

237Np

241,243Am, 245Cm

1250 1300
NEUTRON ENERGY, eV

An unprecedent wide energy range can be
explored at n_TOF in a single experiment

The n_TOF Collaboration



n_TOF experiments

PPAC detectors

Capture
151Sm

204,206,207,208Ppy 209

232Th
24,25,26Mg

— data (a.u.) (flux from zﬁU)
—— evaluation

90,91,92,94,962r, 937r
139La
186,187,18805

233,234

237Np,240Pu, 243Am

Fission

233,234,235,236,238 J

209Bj

237Np

241,243Am, 245Cm

An unprecedent wide energy range can be
explored at n_TOF in a single experiment

The n_TOF Collaboration




n_TOF experiments

FIC-0 (2003)

Capture
151Sm

204,206,207,208Ppy 209

232Th
24,25,26Mg

20

~nTOF
— ENDF-B6

90,91,92,94,962r, 937r
139La
186,187,18805

233,234

237Np,240Pu, 243Am

Fission

233,234,235,236,238 J

232Th
209Bj

241,243Am, 245Cm

1.50 133

log( E eV)

Higher fission x-section in the sub-threshold region

The n_TOF Collaboration




Capture 4 n_TOF experiments

1515m : PPACs (2003)

204,206,207,208Ppy 209

232Th
24,25,26Mg

90,91,92,94,962r, 937r
139La
186,187,18805

233,234

237Np,240Pu, 243Am

Fission

9
8
7
f
5
4
3
2

233,234,235,236,238 J

232Th
209Bj

241,243Am, 245Cm

(] =
31

Higher fission x-section in the sub-threshold region

The n_TOF Collaboration




Capture

1515m
204,206,207,208Ppy 209

232Th
24,25,26Mg
90,91,92,94,967r 937y
139] 3

186,187,188()g

233,234

237Np,240Pu,243Am

Fission
233,234,235,236,238U

232Th
209Bj

237Np
241,243Am

n_TOF experiments

FIC-1 (2003)

—— ENDF pointwise
present

High-resolution data up to high(er) energies

The n_TOF Collaboration



n_TOF experiments

Capture

1516 — FIC-0 (2003)

204,206,207,208Ppy 209

232Th
24,25,26Mg

238 (n,)/238U(n, f)

90,91,92,94,962r, 937r
139La
186,187,18805

233,234

237Np,240Pu,243Am

Fission

233,234,235,236,238 J

232Th
209B;
237N p

241,243Am, 245Cm

U8/U5 Csross-section Ratio

60 80 100 120 140
Neutron Energy, MeV

15% lower U8/US ratio at high energies

The n_TOF Collaboration
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Capture studies: Mo, Ru and Pd

Neutron-Capture Abundances in CS 22892-052

Motivations:

» Accurate determination of the r-process
abundances (r-process residuals) from
observations

 SiC grains carry direct information on s-process
efficiencies in individual AGB stars. Abundance
ratios in SiC grains strongly depend on available
capture cross sections data.

_TOF-Ph



Capture studies: Mo, Ru and Pd

» Setup: The n_TOF TAC in EAR-1

(a few cases with C,D; if larger neutron scattering)
 All samples are stable and non-hazardous
» Metal samples preferable (oxides acceptable)

Cd112 | cdiia
24.13

Estimated # of protons iy sl il | I § :
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LEm | e
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Capture studies: Fe, Ni, Zn, and Se

Motivations:

» Study of the weak s-process component
(nucleosynthesis up to A ~ 90)

 Contribution of massive stars (core He-burning
phase) to the s-process nucleosynthesis.

» s-process efficiency due to bottleneck cross
sections (Example: 2Ni)

In addition:

Fe and Ni are the most important structural materials for nuclear technologies.
Results of previous measurements at n_ TOF show that capture rates for light
and intermediate-mass isotopes need to be revised.

_TOF-Ph



Capture studies: Fe, Ni, Zn, and Se

Kr 82
11,8

The °Se case

* s-process branching: neutron density & temperature
conditions for the weak component.
*t,, <6.5x10%yr

_TOF-Ph



Capture studies: Fe, Ni, Zn, and Se

* Setup: C;Dg in EAR-1

* All samples are stable(*) and non-hazardous
» Metal samples preferable (oxides acceptable)

(*) except °Se

N

B A 11 N
III| n'lIIIIIIIIIh'lII!!I
2 0 A

il LRI, LaT B
it e it THIT

10 10° 10°

NEUTROMN ENERGY (keV)

C6Dé6 Detector Sample

Sample Changer

_TOF-Ph



Capture studies: A = 150

 EAR-2 required
« Sample from ISOLDE?

5- |_:-r ncess path

- [ -E- -
- BE

[~ m

5-pro cc':': path
»

C-process

* branching isotope in the Sm-Eu-Gd region:
test for low-mass TP-AGB

 branching ratio (capture/p-decay) provides infos on
the thermodynamical conditions of the s-processing
(if accurate capture rates are known!)

_TOF-Ph



Capture studies: actinides

Neutron cross section measurements for nuclear waste transmutation
and advanced nuclear technologies

241,243 Am The most important neutron poison in the fuels proposed for
transmutation scenarios. Build up of Cm isotopes.

239’240’242PU (n,y) and (n,f) with active canning. Build up of Am and Cm

isotopes.
245Cm No data available.
235’238U Improvement of standard cross sections.

232Th 233’234U Th/U advanced nuclear fuels. 233U fission with active
) canning.
231 ,233Pa

All measurements can be done in EAR-1 (except 2Am and 233Pa)



Capture studies: actual TAC setup

Actual setup with thick
sample cannings

ctinidge samp
f air

] vacuum

\/

_TOF-Ph
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Capture studies: actual TAC setup

[
o
]
o
s
O
=
.
Lo
5
[
By
it
=
—
o
L

B 1 - EffectOfthETicanning
-----(neu-t-r-or?--sen-s-it-i-v-it-y)---

|1|r|||‘| |r|||||| 1 IIIIII| IIII1II| LTI TT

10 10° 10° 10* 10°
E, (eV)



Capture studies: Low neutron sensitivity

setup

tinidr sam

[ vacuum

Window surrounded
by neutron absorber
(1°B or SLi doped
polyethylene)

_TOF-Ph



Capture studies: active canning for
simultaneous (n,y) & (n,f) measurements

<< back

Measurement of capture cross sections of fissile materials (veto) and measurement of
the (n,y)/(n,f) ratio.
_TOF-Ph



Fission studies

n_TOF-Ph2



Fission studies
absolute 23°U(n,f) cross section from (n,p) scattering

fission fragments
detector

A 0
/ m / "Thin" AE detector
I/ "Thick" AE/Low E detector

E detector

235 ! H N

capture mode (2 mm @) (n,p) larger or comparable up to 100 MeV

Target-to-detector distance 250 mm

Neutron energy [MeV]




Fission studies

FF distributions in vibrational resonances

Vacuum chamber Po sition-sensitive

——~detector

0o >

Neutron beam

Tim e;{ég
detector

Principles:

» Time-tag detector for the “start” signal
* Masses (kinetic energies) of FF from position-sensitive detectors
(MICROMEGAS or semiconductors)

<< back

_TOF-Ph



Fission studies
cross sections with PPAC detectors: present setup

Measurements:

« 231Pa(n,f)
* Fission fragments angular distributions (45° tilted targets)
for 232Th, 238U and other low-activity actinides

EAR-2 boost:
* measurements of 241.243Am (in class-A lab) << back
» measurements of 24'Pu and 244Cm (in class-A lab) TOF-Ph




Fission studies
with twin ionization chamber

120 160
Mass (amu)

120 140
Fragment energy (MeV)

Twin ionization detector with measurement of
both FF (PPAC principle)

Measurements:

* FF yields: mass & charge

* Test measurement with U then measurements of other MA =< back

_TOF-Ph



(n,p), (n,a) & (n,lcp) measurements

1. CIC: compensated ion chamber
already tested at n_ TOF

Manometer i
— |

For n_TOF-Ph2:

» four chambers in the same volume for
multi-sample measurements

Measurements:

« 147Sm(n,a) (tune up experiment)
« SLiF target for calibration

EAR-2 boost:

« approx 100 times the ORELA count rate
expected

* 67Zn and %*Ru (n,a) measurements

_TOF-Ph



(n,p), (n,a) & (n,lcp) measurements

2. MICROMEGAS
already used for measurements of nuclear recoils at n_TOF

MICROMEGAS

Neutron detection
F

For n_TOF-Ph2:

Particle
Product

neutran

» converter replaced by sample
CHEI"QE{! nautron converar

Particle
Product

= 2-3 mm

» expected count rate: 1 reaction/pulse
(6=200 mb, @=5cm, 1um thick)

Micromesh

=30 k¥fem -1 KVicm

=
2
i
@
=
=
o
Ly
=
m
%)
=
a
E
&l

<< back

_TOF-Ph



(n,p), (n,a) & (n,lcp) measurements

3. Scattering chambers with AE-E or AE-AE-E telescopes

Setup: in parallel with fission detectors

v production cross sections o(E,) for (n,xc)
vec=p,a,d

v’ differential cross sections do/dQQ, do/dE

Measurements:

* %6Fe and 208Pb (tune up experiment)
« Al, V, Cr, Zr, Th, and 238U

 a few x 1018 protons/sample in fission mode

<< back

_TOF-Ph



Neutron scattering reactions

. : : : Proton detector
Direct n + n scattering experiment not feasible!

Alternatively, interaction of two neutrons in the final
state of a nuclear reaction. Examples of such
reactions are:

st +2Ho>n+n+y

sn+?H->n+n+p

<> D3

Neutron detector

Neutron incident energy 30 — 75 MeV
in 2.5 MeV bins

Kiematic locus of the n+2H —- n+p +n reaction for:
E. =50 MeV << back
O, = 20°, ®. = 0°

O, = 50°, &, = 180°

Tin) (MeV})

_TOF-Ph
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232Th(n, ) n TOF & GELINA
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23’Np(n,y) at LANSCE

Legend:
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23’Np(n,y) at LANSCE
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23’Np(n,y) at n_TOF

counts/7-10"? protons

ll W lrh ﬁ i|

< back

www.cern.ch/n_TOF The n_TOF Collaboration



Parallel Plate Avalache Counters
(PPACs)

«20x20 cm?

*Isobutane gas 7 mbar

*HV 500-600 V

3 mm between electrodes

*1 anode (a few ns signal width)
*Electrode thickness: 1.5 um (Mylar+Al) :::i:".}.:w
Deposit thickness : 100-300 ug/cm? o
*Backing thickness : 0.1 um (Al)

. - 1.5 um (Mylar)
*Fission event identification: T2 in

product 1

coincidence with T1

IN2P3 (IPN Orsay)

1+ position-sensitive!

alberto.mengoni@cern.ch



