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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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Neutron spectra—-E,t .o —nc
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Y, Tion, DSR measurement: definitions
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NTOF map @ NIF
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Detectors and DAQ system

Liquid
xylene+PPO+
MSB, 02 BC422Q
quenched
HV
——

CVD diamonds:
-24x1mm

3.0 2 -2 10x1mm
w - -5x0.25mm

% - i Coming up next:

MCP-PMT, 1
and 2-stage,
and PD040
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nToF20 “Spec”

« Scintillator:
— Xylene, PPO, MSB
— Chosen for low tail >40ns
after peak
« Light readout
— 1,2-stage MCP-based PMT
— Photodiode (Y>10"%)
« Data Acquisition
— Tektronix DPO7104(1GHz)
— FTD10000 (7GHz)
+Calibrated- @ LLE/U.Rochester
againstothernToF detectors
Series tied bac)
63Cu(n,2n)%?Cu activation
measurement
* Now calibrating in situ at NIF
against

— D. Bleuel’s et al Cu, Zr, In
NADs
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Off the Shelf Metal Bellows
Fused silica windows.

Design can accommodate

an expansion chamber """--._“_

Mounting holes on back
of PMT mount similar to
nTOF20-IgnLo

Filter glass

Aluminum
6"/4" diameter x 211"
Two nTOF20-Spec for NIF thick staimes=stes]
One nTOF20-Spec for OMEGA. cavity filled with Xylene
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“Typical” data — Exploding Pusher, Sep. 23, 2010

Composite scope trace

(Alcove spec 240)
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DT data

Raw scope traces
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DSR measurements

Normalized amplitude [a.u.]
Ml i i

THD:

—— N110201
Expl. Push.:
— N100917
—— N1009823
—— N101030
— N101212
—— N110217

Relative to:
N100917: 3.10
N100923: 2.45
N101030: 2.58
N101212:2.84
N110217:3.29
o =0.35
P-P=0.84
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DT neutron spectra derived from fitting data
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What'’s missing: still no attempt at fitting t-t neutron spectrum
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blue: SpecA-det2
black: SpecE-det2

dashed shows fits
with envelope of
IRFs from all
exploding pushers

Speck data
normalized to same
number of
unscattered
neutrons as SpecA
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DD “symcap” nToF spectra
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Summary -

« Can measure neutron spectra down to about 1 MeV

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

Example: IgnHi 2 (10x1mm CVD diamond)

2304

200

-l
b

Fil Type: reduced chi-squared i
Function: nc
Coefficient values £ one standard deviation
=0.6533e+11 £ 1.06e+12
—E.3A38e+15 £ 3./ 3014

4/26/2011

(x/dof)=0.36

Jac Caggiano - Preliminary Analysis

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

Mational ignition Campalgn .

Neutrons/MeV
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Spectrum near peak

fit to typical THD spectrum
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T3H(n,n): fuel single scatter
natC(n,n)ablator single
fuel double
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What is measured — voltage trace on scope

dN, dN n, i " linear
dte = dtn ’ ggeom ’ Pint ’ nV (E) : g;all ’ quc(/l) ! gPM “ ||
dN. I
V(ty=IR=k,,, - 7; -50Q2 § _
V ous(D) =V () ® IRF (1)
IRF(t) includes:
* detector
* particle transit times —[1.7g/cm?
* cable =
* scope 117mg/cm?
* PMT
* scattering backgrounds
© 1mV o ;o éo 20 . 2
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_NIC
Spectrum modified by energy-dependent neutron

sensitivit
» C.Hagmann calculations, | supplied input geometry
— Spec and ignlo detectors
— Relative light output vs energy of incident neutron
* 86mm diameter beam (in reality, ~83mm)
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Verification with data:
timing shot data overlaid on response

10 E scint. photon transit time
] ; 14 MeV neutron transit time
o ] —— scope: Tek DPO7104
10" 3 —— PMT: PMT240 (alcove)
I N cable: Imr6Q0
a1 B’ Xylene reponse to gammas
10 3 —— xylene response to shielded ambe
] NEW bibenzyl scintillator
z b —— Total response (xylene ambe)
107 3 —— n101029speceln
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Other ways of getting at <pR>

 Tertiary measurement:

— Scattered d, t make reactions in flight, boosting neutron energy up to

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

Y=1E14
Nominal gain

Very measurable signal

—_ PMT240
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*tube saturation not considered
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IRF from timing shot + neutron shapes
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How NIF/ICF works
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Target capsule

Mar. 14, 2011 Caggiano - London Matkonal ignition Campaign £33

Future work

» Improve detector systems

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

Mar. 14, 2011 Caggiano - London MNational ignition Campaign a
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New system would improve background by 1200%

0x

Cable+scint 0.03 0.002 1

Neutron scattering: TOTAL 0.03 0.003 10x
Neutron scattering: Local detectors 0.01 0.0001 100x
Neutron scattering: Housing/local mass ~0.02 0.002 10x

Total 0.06 0.005 12x

PMT @20cm,120°
—>

0 PMT now

- I -
Angle w.r.t. beam [deg]

Mar. 14, 2011 Caggiano - London Matkonal ignition Campaign 24

Flux per incident neutéLon [n cmA-2 sA-1]
s
< -] # % %
L L L 1 1
) |

_NIC
Backup slides
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Issues with detecting low energy neutrons

« Light output of scintillator decreases dramatically with decreasing
neutron energy (of course)

Mar. 14, 2011 Caggiano - London atkanal Ignition Campalgn n

So: what “should” neutron spectrum look like?

Reaction rate:

] 1/2 1 3/2J_ >
(ov) = T (%?j o(E)Ee " dE

_ lezez
hov

This is for a FIXED mean temperature, not necessarily a temperature distribution.
For a distribution in temperature, f(T):

1/2 3/2
(ov) = ”—i [ar. f(T)(%j [o(E)Ee D1 dE

1
E)=S(E)—e™,
o(E)=S(E)e™m

What does this look like? Don’t know...
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“Brysk”* analysis

Compute cross section weighted kinetic energy for a single temperature:
1/2 3/2 -
<O'U> = 8 (Lj J.O'(E)Ee %TdE
mu) \kT
(") [E-SE) e!NEe i g
- J S(E)- e!VE e ENT g

Compute moments of the distribution <(E —<E>)2i> and with Q >>T, dist. is
ghussian:

~(E-(E)’
4m, kT(E)

m, +m

n a

f(E)=ex

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)

e S s e ey
HD/EP |7 3 (0] 2 7 average |stddev
N10092
9 -- 3.62 3.10 3.23 3.81 3.44 0.33
SpecEq PMT140: N11012
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

2.61 2.30 2.42 2.96 2.57 0.29

N10 91 [N10092 [N10103 [N10121 [N11021 _-
HD/EP |7 3 0 2 7 average [stddev

0
3.36 2.71 2.84 3.10 3.55 3.11 0.35

N10092
9
SpecAI PMT140: N11012
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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