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SHE synthesis : the DGFRS results
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Hl experiments data processing (off-line) & Appl. Math.&Software basic

PHD (Pulse Height Defect calculations)

1) EVR registered spectra (normal direction of implantation geometry)

Tﬂ Celyac He yaaetcsi 0To6pasuTb PUCYHOK.
(0]

- Wilkins formula for stopping component of PHD (within LSS);

- Haines&Whitehead approach for fluctuations of those component (within LSS theory);

- Kushniruk, Kharitonov, Tsyganov “Surface recombination” concept for recombination component and its

fluctuation (with ~0.5 form-factor for EVR tracks)

- Seibt, Sundsrém and Tove SCLC model for track destruction and for plasma time calculation.

A= kF-s-TR/ R, where: k- form factor, T,- plasma time, R-range, s-surface recombination velocity, A-

relative recombination loss.
Tp =1.32-1019-(E2/R)V/3-1/F

F[V/cm]-electric field, E- particle energy [eV].

A 4

5. On line, or even real-time prog or data acquisition, searching for any correlation sequences , radical
background suppression methods, etc::
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Surface recombination concept (in brief, for FF simulation PHD)

dN e n(t) = A(t)dt n- Concentration, A(t) is an effective recombination area
GOLD WINDl(})W (negative)
S ]E 3 7777 /7/)’7//////7 T
ey o e .\ n t { i
L n.— e-h plasma linear densit
Cos(®) T S 5
8
s i b
A(TP ) '[(1 ﬂ“(t))dt It is assumed T,(0) — very slow dependence . S
R-Cos(©) 1 5
<
3
Yu.S.Tsyganov and A.N.Polyakov NIM A363(1995) 611-613
With upper limit: (Yu.Tsyganov, Appl. Radiat. & Isotopes, Vol.48, No.9 (1997)1211-1213)
i Al it e
Annx zZSRJ‘dtJ‘n(r,t)dr,and, after integration: ~"MAX ~ 74’ /
0 0 Re V7
Where R, =,/DT; , D- ambipolar diffusion coefficient fo e-h plasma | N TYPE SILICON

|

Parameter A, corresponds to normal direction with respect to detector surface

* In fairness : angular dependence is actual for p(n-Si) < 1 kOhm - cm, if ~ 10 then mean value



New FPD:

48 by 128 strips (48*128
mm?2) DSSSD,

6*(48*128 mm?2)side
detectors+ 1 “veto”
Andtwoindependent
registering
systems
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FWHM 25 KeV
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What is correlation? 0 — Alpha-like

background T

. ! R (space) @ergy-time—pos@TOF-AESTART’STOP
. ' '
| . l EVR - LIKE
. .. F(TOF,JE) = 1:TOF € {TUFMIN'TGFII!a.r)&ﬂE = {‘JEJ”,'L"A'EJHX:]'
= {t(i)
t rn;e compression, simplification..etc
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General philosophy of “active correlations” method

N(N-1)/2 graph edges

Z If N- number of nodes
t1 » Q EVR T
beam On
time
= =

beam OFF

Z-2
t2

In PC memoryto transform to:
7’ Correlation graph (Def)

tn Where an is an appropriate o3 |
Z-2n [t 1-T matrix € d, / O sr "

with.tn kmelementasan elapsefj time. Beam stop 2EVR *(a+a,+...)
k,m indexes are correspond horizontal
and vertical strip numbers, respectively
Correlation: 3D+1 (inour case) = energy-position(x,y)- time. If to “kill” (=localize) e-(x,y) = it will be very simple structure (~one
dimensional)
+1 means that whetherTOF || AE 1,2 > 0 or both parameters =0 (EVR like or alpha-like signals)

_ : . At . = &, . i I

ﬁrl}f = I,'r- — i, Ifj-  [; t< elapsedtimefrom electronics Lj i.j —>correlation YES! 'ﬂm it is not ww [

Required but not sufficient condition

/ J(cyclotron) =1 ppA, if no pointer

= 0, if pointer to correlation YES

detection sys data store
——] ——] =
= accelerator, target detection system data store

pointer to result
excep... srop

[ IRRADIATION

data processing e
data processing

for ashorttime

accelerator, target

STANDART METHOD

i
o
| —

Resulis 2 ) Integrated system should be> 6 .
E At << T o
e 1 experiment

DAQ, control system —the same standard ——
Results in == // not necessary, but preferable!
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History in brief

on the Information Superhighway

Dubna,

H'C ASIA '97 TS 25
Conference and Exhibition ek

Seoul Hilton Hotel, Mav-02 11:00

XVII INTERNATIONAL

Ef#"tgﬁ'ﬂﬁ .

High Performance

SYMPOSIUM
ON NUCLEAR
ELECTRONICS

T =H.360 n=
E = 9.863 Hel

Chairmen: Prof. .Vankov,
Dr. I.N. Churin
1997, Varna

AN »

NEC'97, VARNA + HPC ASIA"97 SEQUL, KOREA
IDEA OF METHOD

First in-beam test
1995-1997
“soft real-time mode”

Computing

tine = 0O.00160 =
position = 1.0 nn
E nmin = 0.8 Hel
E max = ¥.0 HMel

Mli=ny chanoes 2 u/n B

Test reaction Au+Ne=>Ac +xn

216
Ac

8 \ o9 10 11 12 [HeUl



N Yb+Ca
correlation START. ; . "
the same strip / position ters + input 352 calibration parameters
«“, ” L parame 9" K
METHOD OF “ACTIVE CORRELATION. SRS &
4
//New —17 mcS ( fifo internal memory 8 X2.5 uS) < AN F8 (st. reg)
Orbit life-time
Detection ——
System Separator A,?:: l:te C_!';:':"::;
~40 mcS 9 READ (F2) “status* REGISTER
readout
- N (events)=512=true
10 meS t >t (max)
0/500 V Beam TRUE Read modules from CAMAC crate FWR
Chopper _
True ER-alpha ON/OFF N \|/ 1 ovant=256 b
. FILTER #1, channels > Min1
'_ECR ion START pause timer...
Data Store source (CHOPPER "ON" ) \,/
Calibration and FILTER #2,
filter |Efront -Eback| < epsilen
Synology DS1511+ Injection line
Time-energy-position correlation ER-alpha detected in areal-time mode S / aipha=true T or aipha? none N\
Provides beam stop for a short time. In the case of detecting next alpha decay signal in the CALSE N /
same position “beam-off” interval is prolonged for a few times. Beam interrupting is A
performed at the position of injection line (~ 18kV )

Yu.S.Tsyganov // J. Phys. G: Nucl. Part. Phys. 25(1999) 937-940
Yu.Tsyganov & A.Polyakov// Appl. Rad. &lsotopes v.47 No.4(1996)451-454

Moreover modern versions are: Yu.Tsyganov et al. NIM A525(2004)213; A513(2003)413; A558(2006)329

twin_signal test, Writting elaped time to "ER"
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Example #1
2016-2017
240p,+%8¢a reaction

Synthesis of neutron-deficient isotopes

Target 0.49 mg/cm?
Energyof®Ca 245 MeV
Excitationenergy 36.5-41.1 MeV
Beamdose 4.0%10%8
10.45750 MeV | F| 285 12.56 MeV
240py +48Ca  0.3998's
24 /72 24172
10.29250 MeV (Cn 281 10.39162 MeV | F| 285 10.20 MeV
0.0889 s 0.2525 s
24172 19/37 | 19737
10.461156 MeV
(0.975+9.486) |Ds 277 1.73MeV  |Cn 281 10.35967 MeV | F| 285 9.98 MeV
0.003852 s 0.3684 s 0.0432 s
24172 191737 2131 2/31
)
10.536167 MeV 10.179220 MeV
?-gfgg’ MeV |Hs 273 (0.410+10.126) |Ds 277 (2.316+7.863) |Cn281
- s 0.008282 s 0.1433's
24172 ) 137 2131
8.448263 MeV 10.237 220 MeV
(0.816+7.632) |Sg 269 9.46262MeV |Hg 273 (1.162+9.075) |Ds 277
521.84 s 1.9517's 0.003223 s
2472 19737 2131
218 MeV
212.3+5.5) 8.48262 MeV |Sg 269 9.47561MeV |Hs 273
1087 s 95.42 s 0.9013's
04 172 19137 2131 2.9
220 MeV O3n=2.5 ,pb
(208.1+11.7) L Sg 269
g99.95%s missing o
19/37
166 MeV
491.06 s

2131



249 48 * 1233 MeV 12.36 MeV 12.46 MeV 11.45 MoV
Example #2 Bl+*Ca>Ts : :

str 1 358mm  str2 235imm  sir15 S2.7tmm  str 12 247t mm
. 23.9p mm - 35.8p mm - 6.56 mm : 35.1p mm
Isotopes 2%°Bk and *°Cf were produced in ORNL (USA) 12:32 Aug 08 b 19:11 Aug 21 b 12:04 Aug 23 b 17:29 Sep 01 b
By 250 days irradiation of targets Cm and Am ot . I 10.96958 Mel PUSSMl) 1118348 MV RS 11-20370 e
. 15 117 | missing . 117 0.043 ms 117 2553 ms. 117 8173 ms
With thermal neutrons flow 2.5 x 10 n/cm?-c of HAR reactor o o« 23.2tmm o 51.0¢mm o 25.1¢mm
'z ' 33 mm ' 8.26mm ' — 3420 mm
o 10.2315) MeV o 106933 MeV 10.912+10 24) = 10.36445 MeV o 10,2797 MeV
: ; 115| 0.3887s 115(0.0136 115|09572 s 1150 0.0565 s
Rotating target : - 36.11mm s . 525¢mm s 25.3tmm
d v 23.9p mm d I 6.76 mm - 35,56 mm
e 96515 MV 990255 MaV/ 9.84545 MeV 9.867 7 MeV
»W‘d | v 266 113§ 36.4506 s 265413(0.4281s 285413 137125 285 113 421305
e ¢ \ a3 35.6/mm o3 23.8tmm o3 52.6tmm o3 25.2tmm
| = 24 4p mm 35.86 mm 6.4p mm 34.9p mm
9.00150 MeV 201.0 MeV 238.0 MeV 9.3639 MeV (0 8212+8.%5)
282Rqg | 166.8553 s 15.0851s 475218 3.4542 s
oy 3B.Atmm 23.6tmm 49.9t mm
s 23.7pmm 36.26 mm 9.46 mm
182.0 MeV
278pt W missing o 13572 ms
24.7tmm
o3 v a} b) 34.86 mm
8.7325) MeV
274pn W 29.14545 13.88 MeV 1716 MeV 11,70 MaV
36.3tmm C) i 43mm 14 24mm st 16 51.0tmm
24.0p mm 13:26 Oct 05 157pmm  09:29 Oct 22 3BIpmm  15:23 Oct 22 8.76 mm
221.7 MeV
11564 h 11.0595) MeV ;
3 6t mm 293417| 45.762 ms 293417 missing ot 2147| 33 we
24,05 mm oy 43 8tmm o oy 51.0t mm
¥ 16.1b mm I 826 mm
1036250 MeV 10.145¢5 MeV
2894150 001615 289 415| 0.0852 ¢ 289445l missing o
oy 44.0tmm o 23.1tmm oz
= 15.8p mm I 36.26 mm g
9759155 MV (1 110+8649) 947165 MeV
28511308 0.2589 5 2851130 02456 5 285 143l missing o
3 38.2t mm o3 22.7tmm o3
2116 mm 36.8b mm
9.28050 MeV 192.0 MeV 219.7 MeV
292495 2183728 4.4880s
44 1tmm 22 8fmm 47 .5¢ mm
| 15.95 mm 36.56 mm 11.9b mm

229.7 MeV {133 -008)

0.443ms
443t mm 4 . 10_17
15.7b mm

Target wheel..

Yu.Oganessian et al.
PRC 87, 054621(2013)



Malin setups:
DGFRS (synthesg@ G\ Chemistry), SHELS

Main taskg \
 Synthesi%

SHE.

* Propertiesand Spectroscopy of SHE;

e Chemistryof SHE;

» Searchingfor new reactionsleadingto SHE

SHE- factory ngh -current cyclotron DC280

High voltage injection system
(2 platforms)

© Output

intensity
Li 4 1x10%4
180 8 1x10%
“0Ar 5 6x1013

“8Ca 5 0,6-1,2x10%

S4Cr 5 2x1013
8Fe 5 1x10%3
1245n 5 2x101?
136Xe 5 1x10%
238U 7 5)(1010

- 12
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The hall of DC-280 of the SHE-Factory

2017/05/22 Mon 13:54:47
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IQDIF’EELE :ILM uﬁt (“Tekhinvest”, free economy zone “Dubna”)
Basic improvements in a nearest future
1) “Tekhlnvest” ADP-16 1M CAMAC+ high integration unit al

-16in from 16 out preamp 16 in
- two scales (alpha + FF)

code ADP-16

.

- 8x 2.5 pS hash internal memory (with time stamps), - 4 | | = s
i.e. sequencelike 2.5-2.5-2.5-2.5-2.5-2.5-2.5-2.5 uS is detectable
. strip preamp sh. analog ADC
(~15-17 uS regular dead time) amp.  multiplexer

2) More extended RT algorithms

3) First test at alpha particle sourcein 2017 April—June...

© threshold of ADP's : W= 122 ch

Spectra File  Timer
w1 Uhe I ccqubon tds

Tests  Threshold ADP-16

alpha's (simulated)

[TOF (simulated)
[EVR's (simulated)

‘L L

-

4000

‘I IYCK i YTsygano...

[PROTOCOL OF BEAM-STOP:s

45 47 14964 10676 49823
1 9712732 10176 49861
7 5512912 9460 50361

47 14964 10676 50599
9712732 10176 50637
7 5512912 9460 51131
S 8714000 9428 51357
310324 10168 51392

39 3512868 9996 51431
33 2112624 10516 51523
3 6710560 9404 51757

8913176 10088 51867
'3 1311184 10225 51946

5000

77.524 1281 0.8313 555
115.718 828 0.6251 555
616.098 1804 0.2999 555
70.898 1281 0.7482 555
108.797 828 0.6271 555
602.754 1804 0.3135 555
£29.206 1039 1.1838 555
%63.885 769 0.2999 555
903.114 65518 1.1282 555
994.399 731 0.3770 555
1229.305 1648 09397 555
1338.572 1314 1.1965 555
1417.515 569 0.9591 555

48(fr) +128(bc)+48(s)

—
| R

=224 div 16= 14 units

°

-all
'0! |
|

o b

ST




DSSSD Micron Semiconductors (UK) —ORNL (USA, TN) application

% A-3945  View

PCB Dimensions = 150.45 x 76.68 mm
Chip Dimensions = 132.00 x 52.00 mm
Aclive Area = 128.00 x 48.00 mm

§ Connector 1 Outputs
H

Main advantage — lover area of “elementary” cell (~1/10 83%
cases!) and

(significantly for the method of “ AC”) — practically ready ER matrix
for use.

Front View

But... from p-n junction side (back) = edge effects between the
neighborstrips
~10% (a 5.5 MeV, close to 2 geometry) 128 strips.

(as to ohmiccontactside) edge effectis suppressed dueto > P+

separation guard layer
( Dr. Susanne Welsh, Micron Scd’s, UK//2014. privatecomm. [/~

0.1% ORNL

Cannector 2

Dwiector OD £ 200 m St

& Cybernetics and Physics 2014. No.3. Pp.85-90 L] Sy

Frontside. Connector 2 Outputs
Yu.Tsyganov Lett. to ECHAYA2015. v.12, n0.1(192) 128-135, V.12 scesiss v S
no.4(195), pp.885-894 | B .

Ohmic front contacts back side contacts
(el. Field) F,<F,

B IEL o e—— i e—
n+ p+ % n+ p+ & p+
=Si
e n-Si
i i —

~0.1% sharing &Asaresult >  ~10% a-source 5.5 MeV ; close to 2t geometry



Nelghbor strips edge efffect ( from p-n side)

p-n junction side
Extracted viaER-alpha

interstrip gap ol bwvos Pepsghiscas sirips opaated
10000 - R AT bl {p=n juncion side of the DSS50)
CEE T —— Qi(t) I'1 r2 Q2(t) 408
&ooe) Eor  Sope. 0@ 73410964 C . —V++—1 1 c - :,'r_:
i(t <~ —
Ballistic dfc~29 KeV=0.3% () i2(t) ' Mav
= 6000 - In t:lverage!T il . A - trio i+1 =
ota iD i Srip 1 ]
= Dbl alpha 3545 strip i P - 5
E 4000 4 i
i(t)
2000 -] TFTITIT T B
- i)
K o
0 T T 1 & 8 7 s 1 & G
0 2000 4000 6000 10000 R B R Bl B
Energy (sinp®] from twa), el
0704,
0.(t) 0.(1) , 1 Of course: r;, =f (V)
74
XI1\"/ 2
c +i,(t)-r, = c +1,(t) -, .
Tp t
% of double signals i (t) . Q. (t) State register (positional code, test)powers of 2 —single signal . + o
. -_ = Ex G
From p-nside 1 1 A | | s :
- - - - - 1.6 Torr
16 4 s, R if (strip>=0 &&strip<48) energy = (aa[strip] *float(wa)) +bb[strip];
B A: SI‘ a3 f) Q (t) if (strip_1 >=0 && strip_1 <128) enb1=EAB1[strip_1] *float(wab) +EABO[strip_1 ER
4 1 078012 e - ..
12 2 yD ;Egig % if (strip_2 >=0 && strip_2 <128) enb2=EAB1[strip_2]*float(wab b
£ 10 enb = enbl+enb2+ballistic_dfc;
S sl AT {———Wlth the conditions: e - R
§ | R, i,j-1)m! =10t {alapiad| i : .-;
= Test Juﬁel\%{* H‘I—i—{ /[ - -- HaunHaem ¢unbrpoBsartb begin filtering B R e :E s
4 Q (-I- ) + Q (T ) R-false, ALFA=false; = g2
2 2017 1 2
of>TOF " MIN && tof <TOF_MAX && energy >ER_MIN && energy <=ER_MAX ) EVR
0 . : -
0 20 30 40 50 60 70 80 90 100 true,

ade |(t) _ F(t) 0<t <-rf(tof—-o && energy > MINALFA && energy < EA_MAX) ALFA=true;
Fo - 1] P.

. if (fabs(energy-enb) >D_ENERGY) ALFA=false;
Test for distance alpha source

C++ program fragment



t=0

to switch On | threshold ADP-16

t (alpha1)
t(flash)

<1 mS

if (yes corr) => prolongation




Example : a, and a, both shot time (calculation/prediction)

Estimated by

/

11.5 MeV 4 293 1.4 MeV 4 293

243 50— . e
Am + Tl 0.5 ms o 117 117 1 ms N 117 117
r's r's
10.9 MeV 285 15 10.7 MeV 286 |15
5 ms @ 10 ms -
'y »
j08 MeV 281 1063 MeV 282
3 ms . 113 73 ms 113 <« 237Np+48Ca
3 (%]
's ¥
11.0 MeV 277R 1069 MeV 273R
0.2ms & 4ms .
¥ ¥
10.5 MeV 273 Mt 10.0,9.76 MeV 274 M
0.7 0.4
e 0TS o s s B 3,
8.8 Mel” 9 o 8.93 MeV ZTOBh + + E’C.m. (MGV)
15 s o I min o 220 230 240
& §/ IE-I_'_I-r"""""""""'l"'E
8.2 MeV s . 266 ~ . 3
. Db 20 min SF Db C . -
4 min g, -& i SOT] +243Am LN 293“7 ]
- 29Re 24 s 235 sF *®Rrg : - -
@)
39 min "3 0 IE
Q b
m =
3 C
75) =
8 o
Q
0.01F-
30

Calc. by prof. V.l.Zagrebaev



apply flexible

So, if we haveany correlation sequence: it should be p,rp ( this sequence)< e, 1/s

Eg.: EVR — a,- a, as a triggering sequence to switch a beam off.
Forinstance: K-H. Schmidt LDSC simplified formula (n=3) ref. Z. Phys. A316(1984) 25. // formula (21)




Magnetic
dipole 89

Quadrupole
lenses I, 1l

Quadrupole
lens |

Magnetic
dipole 23°

SUMMARY:

MMCP'2017, LIT, Dubna

1) Since beginning of the millennium six new superheavy
elements and more than 50 new isotopes of the heaviest
elements were synthesized for the first time at our
Laboratory employing one and only experimental setup -- the
Dubna Gas-filled Recoil Separator.

2) It was namely method of active correlations which allowed to
detect decays of superheavy nuclei in factin background free
mode

3) “AC” method is extended for DSSSD. First experiment
240py+%8Ca = *Fl is successfully finished.

4) Prototype of new GFS (DC-280 project) smart detection
system (incl. software) is designed and successfully tested
at U-400 main FLNR cyclotron Hl beam and alpha particle
source

5) New FLNR DC-280 ultra intense cyclotron will put into
operation in 2018 and requirement fora new RT algorithm
for backgrounds suppression development will be very
actual
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