THE NANOSECOND TIME RESOLVED
X-RAY DIFFRACTOMETRY WIT
SYNCHROTRON RADIATION

FOR EXPLORATION OF FAST
PROCESSES IN SOLIDS
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Carbon phase diagram and load-reload model. . Diamond monolith 1000 nm
Dream: diamond 1 mm
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Shock wave adiabatic heating: 1- flat wave generator, 2-

gun tube, 3-plunger, 4-detonator, 5-detector, 6- explosive, 7-
sample.




New wigglers — new spectrum range, high
intensity

High energy at VEPP-4 (4,7 GeV) — new spectrum
range



Storage ring VEPP-4:

Period — 1200 ns
interval =5 ns
Interval — 10 ns
interval — 15 ns
interval — 20 ns
exposure 73 ps

STORAGE RING VEPP-3:

Period - 250 ns
Interval — 250 ns
Interval* — 125 ns
Exposure - 1000 ps
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New detectors — picosecond time resolution
(exposure time), interval 100 ns
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Explosion chamber for 200 g of TNT
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DIMEX

SAXS with

Explosive diameter 40 mm exposure 73 ps
Weight 200 g
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EXPERIMENTAL CONDITIONS

* New wigglers — new spectrum range, high
intensity

e High energy at VEPP-4 (4,7 GeV) — new spectrum
range . \

 New detectors — picosecond time resolution
e LASER 100 J, 100 ps e~ 1’
* Explosion chamber for 200 g of TNT

e X-ray focusing optics . - | ‘

.
.

- .“

-----------

14



X_ RAY O PTl C 150000 ELEMENTS

MATERIALS: PMMA, SU-8, NI
V.NAZMOV REPORT

W
i il 5[

U
A \ !l
L



N/

EXPERIMENTAL CONDITIONS

* New wigglers — new spectrum range, high
intensity

e High energy at VEPP-4 (4,7 GeV) — new spectrum
range . \

* New detectors — picosecond time fesolution

« LASER 100 J, 100 ps

* Explosion chamber for 200 g of TNT

e X-ray focusing optics g 8 | San
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TER: PLASMA DISCHARGE ON THE DIVERTER.
MATERIAL BEHAVIOR. MODEL EXPERIMENT WITH
LASER PULSE HEATING. NEED NEW MATERIALS

LASER pulse

'

®  Stress relaxation

“77500 1000 1500 2000 2500 3000
Time, microsecond

X-ray diffraction pattern shift, degree

The scheme of model experiment with LASER

pulse heating during 100 microseconds. The experimental data of model experiment

with LASER pulse heating .

* Now we are preparing an experiment to study the behavior of
the crystal lattice of the material of the fusion reactor first
wall in a plasma discharge on the diverter
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SCIENTIFIC RESULTS



Experimental setup on SR beam. Beam
width H=18 mm, thickness 0,4 mm.
Exposure time 1 ns. DIMEX detector strip

width h=0,1 mm.

—a—Bd=7mm
—e- C d=10mm
D d=125mm

Relatively density at detonation front
of explosives TNT/RDX 50/50,
diameter 7 mm, 10 mm and 12,5
mm, 13 ns time resolution
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Comparison of the density on axis from the MESA
calculation density (red line) estimated from a
single frame in green points for PBX9502.

Experimental date received in explosion
experiment of TNT.



Experiment setup. Density distribution.



Density reconstruction of explosion product of TNT.



The experiment setup for changing of
dispersion condition of detonation
products. Detonator — (2), Explosive — (2),

PMMA muff — (3), SR beam — (4), SAXS — (5).

The SAXS signal time dependence

from RDX-TNT (50/50) with using

PMMA tube with thickness: no tube - >
(1), L5mm - (2), 3mm - (3), 6 mm - (4).



DETONATION DIAMOND NUCLEATION : SCALE EFFECT

Proportional behavior /
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Explosives diameter, mm

e The scheme of SAXS experiment during

detonation of explosive trotyl/hexogen. O hemciof e CperimE bl

detonation of explosive trotyl/hexogen.

It was found that an increase the mass of explosives leads to increases of produced diamonds mass. Accordingly,
increases the rate of formation of diamonds. However, the dependence of the diamonds mass versus the mass of
explosive is nonlinear. Also there is non-linear dependence of the formation rate of diamonds versus the weight of the

explosives. Thus we observe a scale effect.
24

Interpretation: the dependence of chemical reactions from the detonation conditions (diameter), the formation of
larger diamonds in the detonation of explosives with large diameters.



CONTROL OF THE DIAMOND NUCLEATION PROCESS

Correction of
Zeldovich theory
and textbooks
for university

Control the area

in PD and
velocity of Kuakuii
nucleation | ikt

Anmas \
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e
Carbon phase diagram and load-reload model.




DIAMOND SIZE GROUSE DURING TNT DETONATION
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HOBbIE BOSMOARHOCTW AJ13 MYPP

 BaMN-3:

KoanyectBo HaHO4YaCTULL

Pasmep HaHo4yacTuy B AnanasoHe 1-100 Hm
 BaMnN-4

dopmpoKTOp HaHOYACTUL, (KpUCTanaNYeCcKas
CTPYKTYpa, pacnpegesieHmne NnAOTHOCTUN BHYTPU
4yacTuLbl)

Pasmep HaHo4acTuy B AnanasoHe 1-1000 Hm
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BO3IMOMHASA CTPYKTYPA PACMOJ/IONKEHWUA
EAHYEN HA OPBWTE B3MM-3 1 B3MMN-4

PacnonioxkeHue Ccryctka »SJIEKTPOHOB Ha
opoure BIIIII-3 B oqHOOaHUEBOM pEXUME.
[Tepumerp opouthl 74.39 M, 1JMHA CTYCTKa
nopsiaka 30 cwM.

BpemeHnHasi CTpykTypa CHUHXPOTPOHHOTO
m3nydyenuss u3 BOIIII-3 B omHoOaHYeBOM
pexume. llepuon Mexay UMIyJIbCaMU
PEHTTEHOBCKOTO u3ydeHus paBeH 250 Hc.
JlnurenbHOCTh UMITYAbCa paBeH 1 He.
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BO3MOMHASA CTPYKTYPA PACMO/IOMNKEHWUA
EAHYEN HA OPBUTE B3aMM-4

5-T GaHUEBBII PEXUM - OANH U3 TEOPETUIECKH BO3MOXKHBIX
BapHAHTOB PACIIOJIOKEHHS CTYCTKOB 3JIEKTPOHOB Ha opoure BOIIII-4
IIPY HENPEPHIBHOM 3aIIOJIHEHUH cenapaTpuc. Ilepumerp opOuThI
366.075 , paccrostHre MeXIy CryCTKaMu 165 cM, ImHa crycTKa
nopsigka 3 cM. OHAKO MPAaKTHYECKN yAAaeTCs PacloI0KUTh OaHIM Ha
paccrostHuE He MeHee 1650 cM, 9To ompenensercs mapaMeTpaMu
CHCTEMBI HH)KEKIIUH.

demo demo demo demo demo
demo demo demo demo demo
demo demo demo demo demo
demo demo demo demo demo
demo demo demo demo demo

demo demo demo demo demo

TeopeTndeckn BO3MOXKHAsi BpEMEHHas CTPYKTypa PEHTIEHOBCKHX
nmnyinbcoB CU nipu 5-ti 6ardeBom pesxknme BOIIII-4. Paccrosiare Mexmy
uMIyinbcaMu 5,5 He, mmuTtensHocTh wumMmmynbca 0,1 He. OpnHako
MPAKTHYECKH YIACTCs OIy4aTh MUHUMAIILHOE BPEMsI MEXLy UMITYJIbCAMU
55 He..
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BpemeHHas Auarpamma OAHOKPATHOro CTPOHOCKOMMYECKOro AUGPaKUMOHHOIO 3KCnepumeHTa Ha BIMM-3 B
oAHobaHYeBOM pexkmme. OCHOBHas MHPOPMALLMA O BO3OYKAEHHOM CTPYKTYpe obpasua Yepes 10 He nocae 0b6ayyeHus
JIa3epPOM COLEPKUTCA B ANPPArMpoBaHHOM M3ay4YeHUn oT umnysabca Ne 2. OcTanbHble MMMY/bCbl CO34a0T GOHOBYIO
3acBeTKy. YTobbl ybpaTbh GOHOBYIO 3aCBETKY, HEOBXOAMMO NEepPeKpbITb PEHTreHoBCKMe umnynbcbl Ne 1, 3,4 n 5. Jinbo
BK/IIOYUTb AETEKTOP TONbKO ANA PErucTpaLmMmn AndpaKkLmm oT peHTreHOBCKOro mnysibca Ne 2.
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BinsHMe 60bLIOr0 BpeMeHW 3aTyxaHuaA JIOMUHUCLLEHLMM TIOMUHOPOPA OT PEHTFEHOBCKOro nmnyabca Ne 1, 8
KOHBEPTOPE PEHTreH — CBET Ha GOHOBbIE YCI0BUA PErUCTPALLMM AUPPAKLMM PEHTIEHOBCKOrO MMMy ibca No 2.
MmeHHO andpakuma nanydeHmsa umnynbca N 2 coaep>KutT MHGOPMaLMIO O CTPYKTYpe BellecTsa Yepes 10 He mocne
BO36YXAEHMA ee Na3epHbIM U3yYEeHUEM.
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BpemeHHaa guarpamma OAHOKPATHOro AMPPaAKLUMOHHOFO SKCMEPUMEHTA B pexunume «aMPpPakLMOHHOTO KUHOY.
Lenb akcnepumeHTa — 3adpuKcupoBaTtb AudparmpoBaHHoe M3nyyeHune b6aHuen Ne 2, 3, 4, 5.
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N3meHeHne pyHAaMEHTANbHbIX MApaMeTPOB CUHXPOTPOHHOTO
N31y4eHnA NPU yBeANYEHNN SHEPTUN

KpuTtuueckana sHeprus
E B[T])

1/ m ¢ =velocity of
light)
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Flux through mm’ ( phot/bunch/0.1% bw)

(1) source
(2) Smm Be
(3) +15mm HE
/A (9 1.3T 5-poles wig.
fVEPP-4, the same bunch)

(b)) 4Gev, 1T bm
( VEPP-4; L=30m)

10 20 30
(a) 2Gev, 2T wiggler ( VEPP-3, 100mA, 4MHz; L=22m)

* CnekTtpbl nanyyeHuna Ha B3MNM-3 n B3AIM-4 3a 1 HC
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DIMEX is the Detector
for IMaging of EXplosions

Goal: perform dynamic imaging
synchronously with SR flashes
from individual bunches

Design:

- GEM with drift gap and microstrip
signal PCB

- gas mixture: Xe/20%CO2 at 7 bar

- readout and DAQ: based on PSI’s
IC APC128 provided 32 x 100 ns
frame-by-frame measurements
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Shock-wave experiments at synchrotron radiation beam line

Experiment set up: 1- flat wave generator, 2- gun tube, 3-plunger,
4-detonator, 5-detector, 6- explosive, 7- sample.
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