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@ Llenn n 3agaym aKcnepmnMeHTa

NccnegoBaHne OCHOBHOW 4-HYK/IOHHOW peaKkuuu C nonspusaumnen
06eunx UCXoaHbIX YacTul Npu HU3KUX aHepruax (4o 100k3B).

— — t+p
d + d <
SHe + n

o CucTeMaTm4yeckme UamMepeHuns CnnH-KopennaumoHHbIX KO3pOULMEHTOB
e I3MepeHne ceyeHmns peakumm Noasspn3oBaHHOro CMHTE3a
[R.M. Kulsrud et al., Phys. Rev. Lett. 49, 1248 (1982)]
3He+d — 4He+p : Factor ~1.5 at 430 keV
[Ch. Leemann et al., Annals of Phys. 66, 810 (1971)]
e I3MepeHne noaaBneHnUss HEMTPOHHOIO KaHana peakuuu
Quintet suppression factor
[H. Paetz gen. Schieck, Eur. Phys. J. A 44, 321-354 (2010)]
[Deltuva and Fonseca, Phys. Rev. C 81 (2010)]
e I3MepeHne yrnoBoro pacnpeaeneHns npoayKroB peakumm
e AlccnegoBaHmne BO3MOXHOCTU NPaKTUYECKOro UCrosib30BaHuUs
NoAsipU30BaHHOIo TOMIMBA
Persistence of the Polarization in a Fusion Process
[J.-P. Didelez and C. Deutsch. Few-Body Conference, Bonn (2009)]
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@ The Quintet suppression factor
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@ CxeMa aKcnepuMeHTa

"He™ (0.8 MeV),
*H' (1.0 MeV)

dd-polarimeter
or LSP

Luminosity: 3.3*10” 1/cm® s
count rate: ~ 120/h (30keV)
3 week beam time

(60000 events)

ABS

d°(0.1eV)

d°(0.1eV)

LSP

Ferrara (IUCF) ABS

| ~ 4+10° at/s

Target density ~ 2.7 » 10" at/cm’
Vector polarization: £ 0.7

d " (1-32 keV) -

source

Polarized lon Source

lon beam: | = 20 pA

(1.3 <10 d/s)

E.... =32 keV

Vector polarization: = 0.7

N (24 Mevy,
p (3.0 MeV)

Lamb-Shift Polarimeter
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@ NcTouHUK nonsspu3oBaHHbiXx atoMoB (ABS)

Ferrara ABS
QeBpanb 2014.
UBakyyMHasa cuctema
v' BoasgHoe oxniaxaeHue
v MarHuTHas cucrtema
V' Aunccouymnatop .
o Cucrtema ynpaBneHus
o BY 6nokn nepexonos
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@ POLIS

v BakyyMHasa cuctema [2:10°7 mbar] &5

v BoasHoe oxnaxgeHue POLIS ™ &8

v Cnctema ynpasneHus
[BakyyM+oxnaxaeHune]

v' MarHmTtHasa cmucrtema

v AnccoumnaTop

dUNoHmn3aTop

o BY 6n0kn nepexonos

ok
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Konbua
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[MTOCTOAHHDbIE
NdFeB
MarHuTbl

[eTekTopHad
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eTeKkTopHas
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@ MarHuTHasa cucrteMa AeTeKTopa
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@ [leTeKkTopHaa cuctema

4-1 neTeKTop C 3anosiHeHneM 51%

576 Hamamatsu PIN ¢otoanonos (S3590-09)

e aKTMBHada obnactb gnoaa: 1 cm?

e To/WKMHaA obeaHeHHoro cnos: 300 um

e Xopoulee paspeuweHue (17keV ona 1MeV noHoB yrnepoga: RHIC)
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@ JnekTpoHuka ans cbopa gaHHbix (OP2D)

TpeboBaHuUS: CSP from ATLAS CSC [BNL]
J 600 kaHanos. Junnarkar et al. IEEE Nuclear

Science Symposium Conference
J TMonHaga ckopocTb cyeTa < 1kHz Record (2005)

d CtaHpapTtHbin nHtepdeunc c MK (Ethernet?) i \
d Self-trigger e TN
D E 2 A 4

CMHXpOHM3aLI,MFI ANga aHanu3a coBnaaeHun

48 channel Waveform digitizer (WFD) Concentrator

ASF-48 ——
Detector ||> < ADC FPGA S FPGA

2x24-channel CSP 6 x ADC

Charge 12 bit, 65MHz

Sensitive

Preamplifier

N :
Self-triggered WFD

Shaper 12 bit resolution

count rate up to 50 kHz
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@ Moaynb AL ASF-48

KoHueHTpaTop bnok
CROS3 NMUTAHUS
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@ Readout electronics: test signal (1MeV)

wrAmpDif i Channels 0-7

— C0 1214 2+4.6 [13362]

v ObpaboTka curHanos

v' Bbl6bOp CUTHANIbHOIO
Kabend

v [lpon3BoACTBO
20 moaynen

— C1 1137.4+4.7 [13362]
C2 1183.2+4.9 [13362]
— C3 1204 2+5.0 [13362]
C4 1224 7+4 8 [13362]
—— C5 1193.1+4.8 [13362]
C6 1162.6+4.6 [13362]

C7 1214 .9+4.6 [13362]

15

— C16 1193.4+4 5 [13362]

—— C17 1221.4+4.7 [13362]
C18 1211.7+4.8 [13362]
— C19 1206.2+4.8 [13362]
C20 1185.2+5.0 [13362]
— C21 1197.8+5.0 [13362]
C22 1125 4+4 6 [13362]
C23 1170.6+4.7 [13362]

— (€32 1204.0+4 7 [13362]
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— C331241.7+4.8 [13362]

C34 1197.0+4.8 [13362]
: | —— C35 11687.0+4.9 [13362]
C36 1167 6+4.8 [13362]

‘. —— C37 1262.8+5.0 [13362]

C38 1193.6+4.6 [13362]

(C39 1239.5+4.8 [13362]

Channels 8 - 15

—— CB 1187.0+4.5 [13362]

— —— C9 1185.8+4.6 [13362]

C101211.0+4.8 [13362]

:- — C111290.1+5.1 [13362]

C121226.0+4.9 [13362]

il — c131193.004.8 (13362)

C14 1126.3+4.5 [13362]

C15 1137 .2+4.7 [13362]
T

5

—— C24 1195.6+4 6 [13362]

= —— C25 1207 1+4.8 [13362]

C26 1227 2+4.8 [13362]

--4—— C271201.7+5.1 [13362]

C28 1205.2+4.7 [13362]

" —— C2912457+5.0 [13362]

C30 1190.8+4 7 [13362]
C31 1185.8+4.7 [13362]

—— C40 1218 4+4 8 [13362]

~ — C411251.0+4.8 [13362]

C42 1213 4+4 .9 [13362]

- ' — C431213.8+5.0 [13362]

C44 1277 9+5.2 [13362]

1 —— C451190.1+5.0 [13362]

C46 1212.0+4.7 [13362]
C47 1206.5+5.0 [13363]
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@ [loknaabl Ha KOHdEepeHUNaxX

K. Grigoryev et al., Double polarized dd-fusion experiment.
SPIN-2010. Journal of Physics: Conference Series 295 (2011)
012168

d P. Kravtsov et al., Double polarized dd-fusion.
PSTP-2011, St.-Petersburg, Russia.

d R. Engels et al., Polarized Fusion.
SPIN-2012. Physics of Particles and Nuclei, Vol. 45, No. 1, pp.
341-343 (2014).

 P. Kravchenko, Current status of physics analysis and data
analysis software for PolFusion experiment in PNPI, Gatchina.
Nuclear fusion with polarized nucleons. International meeting,
Trento (2013).

d P. Kravtsov, Status of the double-polarized DD-Fusion
Experiment.
Nuclear fusion with polarized nucleons. International meeting,
Trento (2013).

- R. Engels et al., Polarized Fusion: Can Polarization Help to
Increase the Energy Output of Fusion Reactors? SPIN-2014.

23.12.2014 M. KpaBuos 14




@ MonsapusoBaHHblie Moniekybl (CELGAS experiment)

Review of Scientific Instruments: Editor's Picks ..

Wiew Online Or Forward to a friend.

AI P | gg\gﬁ:?;r‘i?:flnstruments

Submit Your Manusoript | Author Guidelines | Cument |ssue | Most Read

Editor’s Picks from Review Of  upcoming Events
Scientific Instruments s ol eene
20

BD;:DHJ Massachusetts
Booth #117

The articles listed below are editor's picks from Review of
Scientific Instruments. These articles have been made free
to download for a limited time.

AGU Fall Meeting
December 15 - 19, 2014

, . San Francisco, California
A. Chaudhary, Friso H. W. van Amerom, R. T. Shaort Booth #2608

Rev. Sci. Instrum. 85, 105101 (2014)

A novel planar ion funnel design for miniature ion optics

f Measurement of the nuclear polarization of hydrogen and \
deuterium molecules using a Lamb-shift polarimeter
Ralf Engels, Robert Gorski, Kirl Grigoryev, Maxim Mikirtychyants,

Frank Rathmann, Hellmut Seyfarth, Hans Striher, Philipp Weiss, Review of

Leonid Kochenda, Peter Kravisov, Viktor Trofimov, Mikolay AIP ﬁggﬂmigm

Tzchernov, Alexander Vasilyev, Marat Vznuzdaev, Hans Paetz gen.

Schieck

Rev. Sci. Instrum. 85, 103505 (2014] CALL FOR
\_ ) APPLICANTS

Adaptive AFM scan speed control for high aspect ratio fast k

struiture tracking o e SEEkII“Ig I'"lE‘}H

Editor-in-Chief

Ahmad Ahmad, Andreas Schuh, lvo W. Rangelow
Rev. Sci. Instrum. 85, 103706 (2014)

TSNP I [P S SR SN . NP [} P | [P S U ——
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@ [Tonapu3oBaHHbIe MoneKynbl. MoTuBaumA

QO Bpems KU3HM MONeKyn Ha NOBEPXHOCTU CYLLLEeCTBEHHO
MeHbLLe BpeMEHU XU3HU aTOMOB

— HaKOMMTEJIbHYIO FIHGVIKy MO>XXHO OXINaXaTb OO0 HU3KUX

Temneparyp
— Bonbluasi NIOTHOCTb MuweHu (d, ~ T-1/2)

O MNonsapu3oBaHHble MOMEKYMbl NPeaCcTaBNAT MHTEpeC ANns
aToMHOM (hU3MKKU, NOCKOSbKY HMUKOrAA rnyoboKo He
n3yyanucb (B 4aCTHOCTU, Aenonapusauunst Ha NOBEPXHOCTH)

O PekoMOUHaLns nonspmM30oBaHHbIX aTOMOB B Pa3fnyHbIX
CBEPXTOHKMX COCTOSIHUAX MHTEepecHa Ans acTpodUu3nku
(Hanpumep, Npu onucaHn bopMnUpPoOBaHNA MONEKYNAPHOIO

BOJOpOaa)




@ CELGAS. Cxema aKkcnepmmMmeHTa

QO PekombuHaUMa NOAAPU30BaAHHbIX
aTOMOB B MOJIEKY/1bl B HAKONUTENbHOW
ayenke

Q MoHM3aLua nonapmn3oBaHHbIX aTOMOB U
MOIEKY/1 B MarHUTHOM roJie

Q MonyyeHne NPoOTOHOB Pa3HbIX SIHEPTUM
n3 noHos H,* n H* (W. Haeberli)

Q PasgeneHue NpoOTOHOB MO 3HEPrum

Q U3mepeHne nonapumsaumm NPpoOTOHOB C
nomotulbto LSP

cell I i L
W o | M ~0.04 ym
E~ fo-o eV Zﬂm ’ =20 KeV--

TR
i
 hodgt
o O
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@ YctaHoBKa CELGAS

O MaruuTHoe none <=2T ABS beam |51 project # 1861 PNPI, FZJ, Uni. Cologne
Q Temneparypa 40K — 120K l DFG Project: 436 RUS 113/977/0-1

O Bakyym 1E-8 mbap
1 SHeprua noHos oo 5kaB H E

L PasnunyHble maTepuansl

SC Solenoid

------------------------------

LHe tank

Cathode. 1T ) — m T T )
\T T —— to LSP
W | e 4
. Exractiongrid] | /ﬂ N ‘\;I Cryo
\/ \ / / . panels
Correction Cell C-film  Ionoptics
coils
' 25 |
[ 1 J
0 500 mm
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@ YctaHoBka CELGAS

) A { =N Wi 5

— l _F2J - 2007 ';:\,Q

Paboumne ceaHcbl B Forschungszentrum Juelich:
2005-2007: otnaaka U HACTPOMKA YCTAaHOBKM o,
2008-2012: usmepeHuna
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@ CELGAS. 3aBucuMOCTb nongapusaumm oT MarHUTHOro nong
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ImMR=0.5
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Nuclear Polarization of Hydrogen Molecules from
Recombination of Polarized Atoms
T.Wise et al., Phys. Rev. Lett. 87, 042701 (2001).

Measured Polariztion

| I I I
Expected max. molecular polarizaton: P,= - 0.87

H

Protons:
P,=-0.81+0.02
-/ n=174+19

/ c=0.993 £ 0.005

i P =-0.84+0.02 ]
n =277 + 31
0 0|.2 OI.4 Ol.ﬁ 0I.8 I1

Magnetic Field in the Storage Cell [T]
lim R =0.93
B—

CELGAS measurements
Surface: Fomblin oil, HFS 3, T = 100K
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@ CELGAS. 3aBucuMOCTb nonapusaumm ot TeMnepaTypsl

0.5

04}

HeA

e-
ol

03}
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01} B = 0.44 T
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T(K)
Nuclear Polarization of Hydrogen Molecules from

Recombination of Polarized Atoms
T.Wise et al., Phys. Rev. Lett. 87, 042701 (2001).

J. S. Price and W. Haeberli,
Nucl. Instrum. and Methods in Physics Research
A 349 (1994) 321-333.

Polarization
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Temperature of the gold surface [K]

CELGAS measurements
Surface: Gold, HFS 1, B = 0.28T, Q = 4keV

120
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@ CELGAS. lNMnaHbl

[TnaHbl U3MEpPEHUN:

1 PekombuHauus Bogopoaa/aentepums Ha pasHbix
MOBEPXHOCTAX B Pa3HbIX CBEPXTOHKUX COCTOAHMUAX.

1 JononHuTenbHble nccnegoBaHua BOASHOIO CA0S B
HaKonNuUTenbHOWU A4eunkKe.

J Monapusauma aTomoB U MONEKY/1 B HaKONUTENbHOM
A4YenKe B 3aBUCMMOCTU OT

] matepuana noBepxHOCTU
1 Temnepatypbi (40 — 120K)
! marHuTHOro nonsa (0 — 2T)




Cnacunbo 3a BHMMaHue!
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BACKUP
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@ [TOCTOAHHbIE MHOTOMNOJIKOCHbIE MAarHUTHI

(10)—. —(10)

e brogxeTHble NdFeB
MarHuTbl

MarHuTbl N9 UCTOYHMKA
NONSApU30BaHHbLIX aTOMOB
K. UBWwWKWH n ap.,

MpenpuHT PNPI-2925 (2013)
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@ Experimental hall. Equipment layout
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@ Electronics platform
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@ CunctemMa BOAAHOro oxaaXxaeHus

= ' [lapaMeTpbl CUCTEMbI:
> \ e Bo3AyLWHbIA TENTOOOMEHHUK
=Y e XonoannbHasa MolHocTb: 100kW
e XXnakoctb: Boga + 10% sTaHoOnN
e Pa6ouwnii notok: 1.4 I/s
=‘ 3

e [lepenag Temnepatypbl: 30-50°C
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@ NccnepoBaHus PIN-agnonos

v N3mepeHune TonuwmHbl MepTteoro cniod (D<1um)
[M1.MoHun4. bakanaspckasa aucceptaumusa (2011). YHusepcutetr UTMO,

v OAHOPOAHOCTb YYBCTBUTENNbHOCTU aKTUBHOW 061acTu
Nyduwie 0.5% no Bcen akTMBHOW 06/1aCTU AeTeKTopa

v’ CTabunbHOCTb AeTeKTopa B aTMocdepe Boaopoaa/aentepud
Nyuuwe 0.16% npu gasneHun sogopoaa 104 mbap.
B skcnepumeHTe oxugaerca 102510 mbap.

PIN-gnoabl Hamamatsu S3590-09 nonHOCTbIO
yOOBIE€TBOPAIOT YC/I0OBUAM IKCNEpPUMEHTaA.
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@ BiusHMe ceueHus Ha napaMeTpbl peakTopa

NMAynbCHbIN peakTop C MHEPUMOHHbLIM yaepXaHueM rsiasmbl (D+T)

100 5 70 = 300
1 o :G‘ Ealn*a8 N
G be3 onTMMusaunm i g
R il SV O
MOLLIHOCTW na3epa . . o= it
197 (Eabs* = 185 kJ) [ a7 |
60 ,,‘ ~~~~~~~ of250
) Gmnab I
1 . Gmn\" 71.’
E L :0\,\ ’,."/ !
. 50- [- S - 200
n I »° W A PMEE
0.14 - | ] ’/' S~ 0 =—p
{m ™ ! ,,—" -
{® “~~<no}
o+ 404 T T T T r- 150
1011 12 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 1.0 1.1 1.2 1.3 1.4 1.5

)

)

P* [TW[; E,.* [kJ]

M. Temporal et al. Nucl. Fusion 52 (2012)
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