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\v @ Polarization advantages j{ﬁo“ﬁmon

PNPI - NRC KI

1. Cross sections increasement
2. Focussing of the neutrons
3. Suppresion of the neutron channel Total cross section
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Relative changes of the diff. cross section
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?’He(d, p)a Exp.: Ch. Leemann et al., Helv. Phys. Acta 44, 141 (1971)

t(d,n) Theor.: G. Hupin et al., Nature Com. 10, 321(2019)
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PNPI-NRC KI Review of experiments

SEOI;Fusion
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N @

PNPI NRC KI
4m-detector
atomic beam
D, 0.01 eV

with PIN diodes
4-10'® atoms/s

""" university of
groningen
POLIS, ion beam

d, 10-75 keV

1.2-10'° atoms/s
>15 A

IJ JULICH

Forschungszentrum

Nuclear reaction polarimeter
and
Lamb shift polarimeter
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PNPI - NRC KI
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¢ @ 4m-detector @Sion

PNPI - NRC KI
[P0 0 |
wey 51% effective coverage
PNPI - NRC KI
576 PIN diodes

Hamamatsu S3508-09
can detect 0.2 - 4 MeV
charged particles

with energy resolution
<50 keV

10 ns accuracy of recording
the time of signal

typical signal:

30
Number of ADC samples
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@ Lamb Shift Polarimeter

(LSP)
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PNPI - NRC KI

uclear Reaction Polarimeter (NRP)

SEOI;Fusion
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w @ Test run 2020 Q’mm

PNPI - NRC KI

. T . D.S. Leonard et al.,, Phys. Rev. C 73, 045801 (2006).
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U@ >He polarizer (MEOP type) ,&EFUS”“

PNPI - NRC KI
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¥ @ ionizing 3He @Sm

PNPI - NRCKI

% university of
%é groningen

polarization ~20%
ionization efficiency ~107

05m _)ion beam
>/\ SHe**, 10-75 keV
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U @ 3He polarizer Q{Fusion

PNPI - NRCKI
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w @ Applied physics

PNPI - NRC KI

I st generation:

d+t — 4He + n (17.6 MeV /107 keV)

2nd generation:

e <:Q>+p (4 MeV)

(3.3 MeV)

/ ’ .

n + Lj- . — “He +@(4.8 MeV)
Sy

f,,’
-

Y-, "
d+t — “%He + n (17.6 MeV /107 keV)

4

d + 3He —> “He + p (18.3 MeV /430 keV)

3rd generation:

d + 3He —> “He + p (18.3 MeV /430 keV)

SEOI;Fusion

Cross section, b
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PNPI - NRC KI

@ Test runs

2015

SEOI;Fusion

nE Taroet: deuterated
o0l H' Bet: polymethyl methacrylate
502_ Density: ~10'7" atom/cm?
8 ol
g E B f &) :
3 o eam: 15 keV ~5pA )
20;_ Period: ~3h
10—
05 o B ine Foas ol Purpose: evaluating the signal quality
0 1500 2000 2500 3000 3500 4000
Channel number ADC calibration
2019
180— Target: heavy water vapor
160—:-— ) 12 )
Taof Density: ~10" atom/cm
120:—
2O Beam: 10 keV ~10pA
= 100/—
=2
Q 80—
=3 Period: ~200 h
“E Purpose:  simulation of the ABS
20— . .
- evaluation of cosmic background, form
’ " channel number 2500 3000 and sources of electronic background
ABS beam density: 2.7-10' atom/cm? at 4-10'° atom/s
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PNPI - NRC KI

L 3’
\Y @ Asymmetries oDFusion

Y (0, ) =L-0(0, ¢)
9 9 9 9
o (0, @) = 70(0) (1 +2.PLAY(0) +3 PLAL(0) +3°5 PIPLCin(9))
Gerald G. Ohlsen, Rep. Prog. Phys. 35, 717 (1972)

polarization sign as subscript: (Lporrs, ABS)

Lyy=L_y=L,_ =L__

b0, ¢) = Yo 4+Y, )—(Y_4+Y__)
’ Yo Y, _FY_ Y __

. _ (Vg 4+Y ) - (Y +Y )
A (97 Qb) — Y, 4 4+Y, _+Y_ L +Y _

bt (0, p) = (Vi +Y_ _)—(Y_4+Y, )
’ Y +Y, _+Y_ Y __
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@ Cz zand sz ZZ

SEOI;Fusion
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C
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Ey @ Plans @sion

PNPI - NRC KI

2022

Commissioning LSP
« Tuning POLIS RF units

- Test run with a polarized ion beam from POLIS and the vapor
target

« Run with a polarized ion beam from POLIS and unpolarized
atomic beam from the ABS

2023."

Manufacturing and assembling the cosmic ray detection system
« Commissioning Glavish ionizer
 Tuning ABS RF units
«  Commissioning NRP

« Run with a polarized ion beam from POLIS and polarized atomic
beam from the ABS

12.09.2022 Ilvan Solovyev 21



PNPI - NRCKI

N . . |
U @ Cosmic ray detection system EO”‘JSIOH

MPPC S13360/S13362 series
(Hamamatsu)

waveshifter
/

¥

" SiPM

scintillator
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https://www.hamamatsu.com/eu/en/product/optical-sensors/mppc/mppc_mppc-array/index.html

b |
\J @ KoopaAnHaATHbIE CUCTEMBI @‘”mn

PNPI - NRC KI

Basel convention (196 1 ): Huber, P., Meyer, K.P. (eds.): Proceedings of the International Omnucanue HOJIApU3aLH
Symposium on Polarization Phenomena of Nucleons. Helv. Phys. Acta Suppl. VI. Birkhéduser (Q)HKCI’IpOBaHHaH B ITIPOCTPAHCTBC
Madison convention (1971): Barschall, H.H.,

Haeberli, W. (eds.): Proceedings of the 3rd International
Symposium on Polarization Phenomena in Nuclear Reactions.
University of Wisconsin Press

KOOpJIMHATHAs CUCTEMA)

AY

X
E - MOMEHT MMITYJIbCa
1TV HaneTaromien YacTHUIIbI
—
k - MOMEHT UMITYJIbCa
out

BbLIETAIOIIEH YacT HIIbI

w

b Srt
. - OCH KBAHTOBaAHUA
nyqKa U MUILICHH

Koo JHHATHAA CUCTEMA - —
p y(kin X kout)
pEaKIuu A

—

kout

0
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o @ OnddpepeHumnanbHoe cevyeHune @omum

PNPI - NRC KI

o (0, @) = 70(0) (1 + S5y BLALO) + Xg_, BLAL(0) + X5y Yy PIBLCI(0) )
pra(8, ) = oo(0) (Pu(0) + X5_, iKY (0))

pP1 = %pm

~ 3 Pe = %p'yz
P2 = 5Py ~ )

~ 3 P7 = 3Pz«
P3 = 5Pz

) s = %pyy

P4 = 3P=xy y

P9 = 3Pz=z
§pwz -

S
o
|
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\Y @ Glavish ionizer (o) Fusion

PNPI - NRC KI

Magnets
(1000G)

Extractor and
focusing

Ionizer cell

Cathode

r’F ilament lonization column
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‘ ! | A
P L1 ,=] i ] ~ E i~~~ =~ ST =t |‘==| ‘lm:‘ H =+ ‘r_‘ ‘ =B
. I = L - s -— |
ﬁﬁ-. |  —— j.
I
3Ry t i | i i
.......................... ()V“ ' ;' g u ; | ‘I i
| A I . |
550V (TEV) 7,89 10 1 /12
S t o va2kv)
. 300 - 500 V i, -
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Qy @ Dete_ctor system. PIN diodes &%sion
PNPI-NRCKI \/er<inn
- /\ e 4-1 detector with 51% filling

.‘ e 576 Hamamatsu PIN-diodes (53590-09)

V e PIN-diode active area: 1 cm?

e depleted layer: 300 um
e energy resolution: <50keV
e low reverse voltage (<=50V)

.7

Square detector elements (4x4 diodes)
Standard PCB assembly with
spring through-hole mounting (no solder!)

\/
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i @ j’

V7 I ol)Fusion
N o Readout electronics @
Readout requirements: CSP from ATLAS CSC [BNL]
d 600 channels Junnarkar et al. IEEE Nuclear

 Total count rate < 1kHz
 Standard interface (Ethernet?)
 Event synchronization for coincidence trigger

Science Symposium Conference

Record (2005)
“. \

ASF-48 count rate up to 50 kHz

48 channel Waveform digitizer (WFD) Concentrator
Detector I/ < ADC FPGA K=Y EPcA

2x24-channel CSP 6 x 8-channel |
Charge pipeline ADC Field-
Sensitive 12 bit, 66MHz programmable

ifi ate arra
Ereampllfler _(wav%form dig)gtizer)

Self-triggered WFD

Shaper 12 bit resolution

12.09.2022 lvan Solovyev
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!l} @ Magnet system @sion

PNPI - NRCKI

B =300G = 2.5 B,
Magnet field is
generated by 24 permanent
magnets with dimensions
80x40x10 mm3 with pole tip
field of 1.25 T at the surface
(NdFeB N40)

!

Btotal
~— | T~ Btransverse

Magnetic field, G

—
—

0 \\ - s mm— E—ASN - j

-150 -100 -50 0 50 100 150
Axis coordinate, mm
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Y@ LSP principle

ol)Fusion
PNPI - NRC KI
g
g 1x10°" 3
] 2
ed 2000 10x10°+ 1x107° 3
@ ]
5 5%10° 13107 2
4 L
= 1500 1x106 1107 3
: ]
o -7 -5 4
@ t[s] 3107 [s] 110
28 13107 3
1277 J000 | ?
1x107 1x107 3
Lamb shift 5x107 ; 110" 3
500 o ]
1058 MHz 5 ] 1x107 2
110 , : : , o
0 20 40 60 80 100 1x10°
2P 0 0102 061 2 46102040 100
12 B [mTa] Hanpsxénnocthb
O, O, O3 Bas Bs, Po aeKTprUdeckoro nons [B/em]
20 40 60 80
Magnetic field (mT)
200
L osf @'AW, State Brit(mT) AW (MHz)
5 160 Q = Lo L 1512 11.7 327
=0 Afo | “.\ 2P 0.5 14
g 120 = 1600 | | 2812 1.5 41
E 100 Lot
o] .“I
e Ml [
E eof /
E / \
2 53.5m / N 60.5MT
20 > fo w\\
?.605 1.6067_;;(;7 1.608 1.6‘[)9 ‘ 1.6‘10 l.fljll 1.6‘1;7_:6213 1.614
Yacrora, I'T'u
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w @ Polarization determination by NRP QiolSFusion

PNPI - NRC KI
o(f,0) = 00<1 - gPZAy(G)COSC)SiIl B — PzzA;.(0)sin 3 cos 3sin ¢
- EPZZ(A”(O) — Ayy(8)) sin® B cos 2¢ + %PZZA::(Q)(B cos? B — 1)).
G.G Ohlsen, P.W. Keaton, Jr., Nucl. Instr. and Meth. 109, 41 (1973).
o = oo(l+ 5Pz A (0)sinf+ %Pzz{ﬂyy(g} sin? B 4+ A.. cos? 8)),
or = oo(l— ngAy(ﬁ) sin 3 + %PZZ{AW(Q} sin? 8+ A.. cos? ),
L x< of oy = o0o(l4 PyzzA,,(0)sinBcos B + éPZ 7(A,.(0) sin? f+ A,, cos? 3)),
R aR . 1 . 9 2
op = oo(l+ Pzz A (0)sinf + sPzz(Ayy(0) sin” fcos 3 + A, cos” 3)).
U— o> Opr 2
D o~ op. (= L—R: 1 EP.Zsm,dAy
L+ R 1+ 5Pzy[sin? BAy, + cos? BA,.]
n U—-D Pyrsinf cos A,
. € = = 7
R — polarized + 2 U+D 1+ %PZZ [Sillz BAr +cos? BA..]
Ru-npalﬂ,rized 2(L — R) %PZ sin 3 A,
y £ = =
) ’ L+R+U+D 1+ 1Psz[3(cos? B —1)A..]
P e, = 2(U — D) _ Pyzzsin 3 cos B A,
~7 OCB KBAHTOBAHHS L+R+U+D 1+ 3Pzz[3(cos? B —1)A,.]
1 o = LR -(U+D) _ —1Pszsi0’f (Aus = Ayy)

" HampapJeHHe My4YKa

L+R+U+D 1+ 1Pzz[3(cos?f —1)A,.]

12.09.2022
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w @ Different signals @m“

PNPI - NRC KI

22005 2250;
2150 2200
2100 2150F
2050E F
2000E 2100k
1950E 2050F
1900 3
1850E 2000E
2300F 2250F
2250F 2200E
2200F 2150F
2150F 2100
21008 2050
2050F E
2000F 2000E
1950 1950F
1900 1900
1850 . . + + + + 1 1850E
2220

2210 2200

2200

2190 1 290 2150

2180

2170 2100

2150 2050

2140} " " 4 " 4 1 2000}
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I\'ﬂ' @ Heavy water vapor target Bolmion

PNPI - NRCKI

12.09.2022 lvan Solovyev 32



I @ >+eprus npoaykToB peakunn oT yrna ﬂjﬁmon
PNPL-NRCKI_PACCESHNSA

3:_".” . . -
: e, )
25— :
/M - e
@ T
S o
<
~ -
S 1) ‘
i 311+
Q ,
I H ;
m 1= . p— i —
32t .
Ii\\lll\\\iI\\‘II\I.-I-II.I.\

| 0.5 1 ‘1.5I 2 2.5 3
6, pax

Ha ocHoe ¢popmya u3 [[LA.bopucos, P./I.Bacunbes, BD.llleBueHKO

KunemaTuyeckue TabJIMIbl SAePHbIX peakMK d,n ¥ p,n

M3paTesbCcTBO CTaHAApPTOB, MoCKBa 1974

12.09.2022 lvan Solovyev 33



