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X-ray cameras on inertial confinement fusion facilities can determine the velocity and symmetry of target
implosions by recording the x-ray emission of a back-lighter or the target itself gated as a function of time. To Presented by J arom Nel son

capture targets that undergo ignition and thermonuclear burn, however, cameras with less than 10

picosecond shutter times are needed. Collaboration between LLNL, General Atomics and Kentech - - - - - -

Instruments has resulted in the design and construction of an X-ray camera which converts an X-ray image to DIXI InStrument and Worklng prlnClpIe DIXI ShOt CO nflgurathn Analyze the ShOt Da‘ta
an electron image, which is stretched, and then coupled to a conventional shuttered electron camera to meet

this criteria. This paper discusses diagnostic instrumentation and software used to control the DIXI diagnostic

Instrument cross section DIXI : I Hi T . o . L . .
and seamlessly integrate it into the NIF Integrated Computer Control System (ICCS). et coils Pico seconds matter! High speed makes timing a challenge NIF Shot Analysis and Visualization lllustration of modeled cylindrically symmetric magnetic
" \ (SAVI) tools automatically generates field 5:9000-001 : >6.2115-001
_ Sl / N\ [ = W'sing  time delay for x-ray signal corrected images from shot data, flat- - J3nem St
Co-Authors: act1n2/ecamrea / t,(x)="—"— sl p%otocathzl)deg field, background subtraction, and il e 4 4.6550-001 40690 001
. . o ' o 1 4.348e-001 : 4.658e-001
J. Nelson?, S. R. Nagel?!, T. J. Hilsabeck?, J. D. Hares3, S. Heerey?, L. Lagin?, P. M. Bell?, : . i ¢ L (x)=2 time delay for gate pulse warp correction B e et
- - . S/ A - i [ | 3.416e- : 3.727e-
M. J. Ayers?, D. K. Bradley?!, M. A. Barrios?, B. Felker!, R. F. Smith!, G. W. Collins?, t 2|2 0o ¥ T v ACross|image plane e — Siseean |3
O. S. Jones?, J. D. Kilkenny?, T. Chung?, K. Piston?, K. S. Raman?, B. Sammuli?, and L drift lengt T X = X'COS 0 v L (x)=x 1 sing effective gate time exposure is 12 aeoo1 - 5 o0 o0n
A.K.L. Dymoke-Bradshaw?3 5 Joom window _x v e across image plane taken with B
: ,‘y h l phOtOCﬂthOde = ggzge;ggg : ;:ggi-gg;
_ _ _ ° ' - i i X PC coil il MCP coil | Ermaidosel
ILawrence Livermore National Laboratory, 7000 East Avenue, Livermore, 94550, CA, USA vi® : | %o topy (X)= x( ! _ tan@] effective gate time grid mask to y A SRREReES D | o iieoc2oziee
2General Atomics, P.O. Box 85608, San Diego, California 92186-5608, USA o i | c;‘% v vcosd ¢ across object determine S L
3Kentech Instruments Ltd., Wallingford, Oxfordshire OX10, United Kingdom | " %%‘ > plane ;nn?jg\r/]vlgrcpagf?‘gct Magnetic field lines are indicated in black. The magnetic
nna— - gate pulse of field in drift field de-magnifies the photocathode image onto MCP by
detect < . . .
photo cathode mcp detector With 20° angled DIXI L om =24 ps space [5] 2.5%, but causes warping in the image
' Tor 2.4ps/mm B
Working principle o : with v=0.93 c and g = 20° H | | -
-« DIXI uses pulse-dilation imaging [1] *. . ™ — 0 —
Modeling shows the need for faster imagers photo , HVPUISE L e Gagiice 0 Provide xray imaging 5 - 10 ps This gives a time delay of Principleof 2 | & e sos o Lttt omrnoe
cathode ¥ mesh 200ps IBMIZOIED FESCIUUER : 2.4ps/mm along the strip. [4] SRDERICEL 1] - - SEE “EK The 1N 5 1000 YV rre e e
\ « The photocathode comprised of 4 strips interleaved |11 W - Seo oo seo oooao VAN v e eee e
~ 50% pulse dilation i i - i — oo o808 ooao oaoa | 1500f & & & & = s = = e w ok 9.
 Performance of ICF targets relies on the symmetric implosion of highly compressed fuel to form a P = .St['ps tW'th ?}[d{[l.JStablﬁ Yy e _U_> "R SHE SwS wan i om0l o . LT T
uniform central hot spot with high enough density and temperature to achieve ignition. [6] - . | . . —E 'nter-strip excitation voitage : ti “hN . A B 3 2 Cee e e v
+ Currently Gated broadband x-ray images (hv > 8 keV) provide temporal (At = 40 to 100 ps) and spatial X-rays|Electrons) Pulse-dilated = MCP is a single 40 mm wide strip PR e S Nt B R e IR NN
histories of the implosion symmetry and hot spot non-uniformities. Incoming electron signal with 200 ps gate width _ Proposed timing setups for the NIF SR B St s 2 e
photon signal ———— drift space >  Pulsed solenoid magnets provide Co-timed c ivelv-timed | | d sh | | dL S, . e o et e o vva s
. . . - p magnetIC fleld tO gL”de and de_ Strl 1| O'tlme | | OlnSGCUtIVG y't|me | nter eave | Ort | nter eavel Ong R - S g e 1 35001 “ e e s ‘: '-: \
Simulations of an igniting ICF capsule: Photoelectrons — accelerated by a time varying electric field — magnify the electron pulse [2,3] Strig | | . — | | | | s Bas Hen 5 _ 4000l - e v
*  Spatial blurring of 10 um. 0 energy dispersion — signal stretches as it traverses the drift Strip 3! | T — | | | | 1000 oy 000 4000 1000 2000, 3000 4000 R
. me Whlte, red Iand bluzeogontz%lars are the 17% level. region — sampled by gated mcp. [4] Strip 4/ | LT ] | ! | | | | Position of x-ray image grid Position of expected, linear position  Differences (arrows) between x-ray
. MeZ;T?egaif;gi?fzgr?ce inxstrucﬁjr?é T e S R 0ps Ops 240ps 480ps 720ps 0,10,20,30ps 0,10ps 240,250ps centers (blue) of grid (dots) vs. x-ray image (red) positions (squares) vs. expected (dots)
« Thelargeincrease in emission at 0 ps distorts the images at between £20 ps for the 40 ps gate. Pro p 0S ed Setu p on N | F C I S f ” | ;;10
Ideal case (0 ps integration time) . _ NIF Control Software
_60ps 4005 92005 42005 Top view of the NIF chamber — Outside the target chamber 20 L is
1K equaorlal plene P o000 Layered architecture of software CMT - Campaign Management Tool N L L4
- - A - environment combines many 'LC%S;'“tLegrit_ed %OmpUtef Ciontéoétsifswm - . .
: - - 0CoS - Location Component and State -
: ' tools to configure, setup, TDS — Target Diagnostic Systems 2
control, and analyze the DIXI savi-shotAnalysis and Visualization |
; N * 2o, I - NN 5 | | diagnostic data. :
-0.010 -0.005 0.000 YI.. ‘0.010 . - B - . E- ‘ =0. S 10010 =0. = 000 " EMO !."‘ : ”v—ﬂ y . _60 0
0.01 0.06 0.11 0.16 . 0.35 0.5 0.1 05 0.9 1.3 5 20 35 50 e - 1 OOO 2000 3000 4000 1 000 2000 3000 4000 1 mo 2000 3000 40m
. . . ( il x (pix) x (pix) x (pix)
DIXI (10 ps integration time) . - : o .
60ps 40ps 20ps +20ps ~ — Data made available " emporaldivestion norizontal direction o matohing reeed contors cao
R | B S e —— - e | s D'Mpi(r'jﬁc'j'jsg"x' B /4 Scientist determines goals of the NIF to the Shot Scientist P (red) matching expected centers (dots)
ous . ' . - shot, and enters the laser parameters,
Al target selection, and diagnostic librati Su m m ary
e " : configuration into CMT Sl eI
-qua or [ . . .
0005 ocos o : « DIXI can achieve a gate time <6ps, allowing
Shielding enclosure surrounding detector and v nstall observation of features that cannot be observed
T 0010 -0005 0000 0005 0.010 20010 -0005 0000 000 0.010 '0-0“_’0'010 ] e 3 AL oS A 8 _ : 7001?0010 e U LI Y 5 . ] ° . . 0 . nsta i
e —— - ——— m— , 'i e— Pinhole design allows for large number of AV Bl provielss [Mpreved [peisclon 1ol > | Order > m — > with current detectors. _
_ I ) high neutron fields on ignition shots CMT generates . . « DIXI will operate at neutron yields up to 10'".
Best currently achievable (40 ps integration time) iImages ol ord nstallati SAVI pulls installation OPE _ )
6005 40Ds 50 +20058 Install orders to | IS EIEUOIE ~rdl esllaraion ke A + Installation in NIF will be completed this year.
PS RS o s e IPS UPS ; EE—— 2mm Polycarbonate E?Igf:cgufl? thg ?n“i rgc%rded from LoCoS and « The software environment in NIF is prepared to
- 2 . 125um SST Spacer dia nicsft'& af%r n=o%o analyzes the data in automate configuration and operation of DIXI
: | 125um Ta PH o 4strip lines, h g h the shot archive
0000 0000 0000 0000 E . g ~240p3 per Strip the shot ACkn OWIedgementS
: Wave Spring

L.« Circles represent
o] - image projection

of field of view

The Authors would like to thank the staff at the JLF laser
facility for their support. Thank you also to Kumar Raman
and the shape group for providing the modeling results.

-0.010 ' ' - ; ' - -0.010- — - '
I ! '
-0010  -0005  0.000 0.005 0010 -0010  -0005  0.000 0.005 0.010 20010 -0005  0.000 0.005 0.010

] | SEEEEEEE. T [
0.05 03 055 08 0.05 03 055 0.8 0.05

-0.010 ! T t
-0.010 -0.005 0.000 0.005 0.010

I [ [T

m— — oo S ARIO( b i (FoV) _ ICCS loads the CMT setup data for TDS reads the data Spe_cial tha_nks to S_abrina ngel and Jay Ayers for odl il el cover remeved slhems
0 20 _ 150 pm FoV LA« 150 um image the shot and prepares the laser, from the diagnostic assistance in preparing graphics and content for the magnet coils.
Fast gate matches the true s o 1 +¢ B AR - (Magnified 64x as alignment, timing system, and and writes to the presentation
contour better : m% Sﬁel’: on ttrr]]ed J configures diagnostics for the shot shot archive References:
* T,q (Ieft) and T, (right) contours ' ] photo cathode) [1] T.J. Hilsabeck et al., Rev. of Sci. Instrum., 81, 10E317 (2010)
« Color bars are descriptive of the oo0- oo E > E [2] J. Ayers et al., SPIE2012, 85050J (2012)
T, contours (keV). 7

 17% contours for zero gate time

[3] J. Ayers et al., SPIE2013, Target Diagnostic Phys. and Eng. For ICF Il, (2013)

: [4] S.R. Nagel et al., SPIE2012, 85050H (2012)
(blue), a 10 ps gate (white) and a ,,,, IE——— S E oo TN : [5] S.R. Nagel et al., SPIE2013, Target Diagnostic Phys. and Eng. For ICF Il (2013)
40 pS gate (red)_ -0.010 -0.005 0.000 ?.010 -0.010 -0.005 0.000 0.010 —0.01: -0.005 0.000 0.005 : (:(310

[6] S.R. Nagel et. al., Rev. of Sci. Inst., 83, 10E116 (2012) LLNL-POST-644305

B Lawrence Livermore
National Laboratory

National Ignition Facility ®* Lawrence Livermore National Laboratory ¢ Operated by the US Department of Energy
This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344.

LLNL-POST-554411



rhodes22
Typewritten Text
LLNL-POST-644305

rhodes22
Typewritten Text

rhodes22
Typewritten Text




