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Outline

• NTOF intro
— What, why, how

• First results
— DD
— DT

• Conclude
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Fusion Reactions
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W.Stoeffl
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Neutron spectra – E, t T � (� �1)m0c
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dN
/

Neutron�Energy�[MeV] nToF @�20m�[ns]

dNTion =�4keV
Y�=�2x1014

<�R>~1.7�g/cm2

dN
dt

�
dN
dT

�
dT
dt

Y, Tion, DSR measurement: definitions
dsr � N(10 �12)N(13�15)

20�m

DSR_ floor � dsr _ signal(10 �12MeV )
dsr_ signal(13�15MeV )

(Expl.Push.)

dN
/d
t

23ns

Y,�Tion from�
fit�to�peak

TOF�[ns]

14 MeV 13�15�MeV 10�12�MeV

20�m 390ns 377�404ns 420�460ns

22.2�m 430 419�449ns 467�511ns
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NTOF map @ NIF
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NTOF 20 locations

“Equator”quator
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“Alcove”
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Detectors and DAQ system

HV

Liquid�
xylene+PPO+
MSB,�O2�
quenched

BC422Q

CVD�diamonds:
�24x1mm
�2�10x1mm
�5x0.25mm
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MCP�PMT,�1�
and�2�stage,�
and�PD040

Coming�up�next:

nToF20 “Spec”

• Scintillator:
— Xylene, PPO, MSB
— Chosen for low tail >40ns 

after peak
• Light readout

— 1,2-stage MCP-based PMT
— Photodiode (Y>1015)

• Data Acquisition
— Tektronix DPO7104(1GHz)
— FTD10000 (7GHz)

• Calibrated @ LLE/U.Rochester
against other nToF detectors

S i i d b k e�
[a
.u
.]

Doped�

Aluminum

— Series tied back to 
63Cu(n,2n)62Cu activation 
measurement

• Now calibrating in situ at NIF 
against
— D. Bleuel’s et al Cu, Zr, In 

NADs
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“Typical” data – Exploding Pusher, Sep. 23, 2010

Composite�scope�trace
(Alcove�spec�240)

Red�� ExpPush

Blue��THDlayer

V

“fidu”
�

14MeV�n
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Time�[ns]
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DT data
Raw�scope�traces

Inverted,�stitched�and�fit

Y,�Tion from�fit�to�peak
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DSR�by�
subtracting�
exp�push
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DSR measurements

u.
]

Relative�to:
N100917:�3.10
N100923:�2.45
N101030:�2.58
N101212:�2.84
N110217:�3.29
� =�0.35
P�P=0.84
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Time�[ns]
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DT neutron spectra derived from fitting data

100 100

blue: SpecA�det2
black:�SpecE�det2

d h d h fdE
(a
rb
)

N100929 N110121

x100 x100 dashed�shows�fits�
with�envelope�of�
IRFs from�all�
exploding�pushers

SpecE data�
normalized�to�same�
number�of�
unscattered

energy�(MeV)

dN
/d

N110201 N110212

x100 x100

unscattered
neutrons�as�SpecA
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What’s�missing:�still�no�attempt�at�fitting�t�t neutron�spectrumWhat’s�missing:�still�no�attempt�at�fitting�t�t neutron�spectrum



4/26/2011

8

DD “symcap” nToF spectra
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Time�[ns]�(arbitrary)

N

Blue is�N101102�symcap
Red is�N101215�DD�exp�pusher
Green is�N110131�DD�exp�pusher

15Caggiano - London

Summary

• Can measure neutron spectra down to about 1 MeV

• Future work: 
— Fitting tt neutron spectra
— Fitting low energy spectra
— Improving measurement system

Mar. 14, 2011 Caggiano - London 16
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Calibrations

Example: IgnHi 2 (10x1mm CVD diamond)

TionYield

N110217 – 10 keV Exp Push

(�2/dof)=0.36

Example:�IgnHi 2�(10x1mm�CVD�diamond)

el
l�N

A
D
�Y
ie
ld

N101030
dd

gate

N110217� 10�keV Exp.�Push.

fid
u

�+
x�
ra
ys

dt

4/26/2011 Jac Caggiano - Preliminary Analysis

W
e

Charge�[nC]

N100917

N100923

Great�temperature�“calibration”
Virtually�IRF�independent�
(width�=�55ns,�irf width�=�2ns)

Spectral Components near peak

fit�to�typical�THD�spectrum

Spectrum�near�peak�

N
eu

tr
on

s/
M
eV TT

T3H(n,n):�fuel�single�scatter�
natC(n,n)ablator�single�
fuel�double�
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N

energy�(MeV)
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What is measured – voltage trace on scope

dN dN n i lineardNe
dt

� dNn
dt

� �geom � Pint �
nh�
n
(E ) � �coll

scin � q�pc (�) � gPM

V (t) � IR � kcoul �
dNe
dt

� 50�

Vmeas(t) �V (t)� IRF(t)

IRF(t)�includes:
d

linear

log
10V

Caggiano - London

• detector
• particle�transit�times
• cable
• scope
• PMT
• scattering�backgrounds
• …

17mg/cm2

1.7g/cm2

1mV
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Spectrum modified by energy-dependent neutron 
sensitivity

• C.Hagmann calculations, I supplied input geometry
— Spec and ignlo detectors
— Relative light output vs energy of incident neutron

• 86mm diameter beam (in reality, ~83mm)

E�[MeV] Sensitivity
[rel.�to�14]

2 0.042

4 0.145

6 0.341

er
gy
�d
ep

os
iti
on

�[M
eV

/i
nc
.�n
]

Caggiano - London

8 0.490

10 0.724

12 0.824

14 1.000
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Verification with data:
timing shot data overlaid on response

Mar. 14, 2011 Caggiano - London 21

This�model�then�represents�true�to�life�conditions
=>�Cable�dominates�tail

Time�[ns]

Other ways of getting at <�R>

• Tertiary measurement:
— Scattered d, t make reactions in flight, boosting neutron energy up to 

~ 30 MeV max
— Appears as leading edge on NTOF signal

PMT140

PMT240

�o
ut
�o
f�t
ub

e*
�[V

] Nominal�gain
Y=1E14Very�measurable�signal
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Can�apply�3ns�gate�
here�to�protect�tube

Vo
lta

ge

*tube�saturation�not�considered�
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IRF from timing shot + neutron shapes

Neutron�time�
profiles�from�
MCNP

Red�=�timing
Green�=�dt
Blue�=�dd

A
m
pl
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�[a
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.]
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SpecEquator PMT240

Time�[ns]

Procedure:
1. Start�with�timing�shot�data
2. Generate�neutron�shape�from�

mcnp
3. Convolve��>�IRF
4. Fit�spectrum�of�G(E)�

23

How NIF/ICF works

n
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“Hahn”�pulse
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Target capsule

Caggiano - LondonMar. 14, 2011 25

Future work

• Improve detector systems

• Now that rush for scalar values of crap is over, better fits to data

Mar. 14, 2011 Caggiano - London 26



4/26/2011

14

New system would improve background by 1200%

Contribution to�dsr bkgd Old New Improvement�

Cable+scint 0.03 0.002 10x

Neutron�scattering:�TOTAL 0.03 0.003 10x

Neutron scattering: Local detectors 0.01 0.0001 100xNeutron�scattering:�Local detectors 0.01 0.0001 100x

Neutron�scattering:�Housing/local mass ~0.02 0.002 10x

Total 0.06 0.005 12x

~3
0°

n
cm

^�
2�
s^
�1
]
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PMT�now

PMT�@20cm,120°
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Backup slides
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Issues with detecting low energy neutrons

• Light output of scintillator decreases dramatically with decreasing 
neutron energy (of course)
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So: what “should” neutron spectrum look like?
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What�does�this�look�like?�Don’t�know…
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“Brysk”* analysis
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Compute�cross�section�weighted�kinetic�energy�for�a�single�temperature:
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and�with�Q�>>T,�dist.�is�
gaussian:

f (E) � exp
�(E � E )
4mnkT E
mn � m!"�
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Caveats:
• Done�non�relativistically
• Dave�Munro�has�refreshed�this�analysis�relativistically,�but�outcome�is�generally�
the�same� *H.Brysk,�J.�Plas.�Phys.�15,�p611�617(1973)
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All dsr results expressed as a percentage
(neutron sensitivity correction(+25%) applied)

THD/EP
N10091
7

N10092
3

N10103
0

N10121
2

N10121
7 average stddev

N10092
9 -- 3.62 3.10 3.23 3.81 3.44 0.33
N11012SpecEq PMT140:
1 -- 2.97 2.45 2.58 3.18 2.80 0.34
N11020
1 -- 3.36 2.84 2.97 3.51 3.17 0.32
N11021
2 -- 2.61 2.30 2.42 2.96 2.57 0.29

SpecEq PMT140:

THD/EP
N10091
7

N10092
3

N10103
0

N10121
2

N11021
7 average stddev

N10092
9 3.36 2.71 2.84 3.10 3.55 3.11 0.35
N11012SpecAl PMT140:
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1 2.84 2.20 2.33 2.58 3.07 2.60 0.36
N11020
1 3.10 2.45 2.58 2.84 3.29 2.86 0.35
N11021
2 3.09 2.40 2.58 2.88 3.33 2.86 0.37
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