Recommendation. The PAC supports the group's plan to pursue this experiment and recognizes that it will secure JINR’s leadership in polarimetry
equipment and study. The PAC notes the possible difficulties in allocating the requested 336h of polarized deuteron beam in 2022-2023, due to the strong
competition for, and the limited availability of, beam time in this period. The PAC recommends continuation of the ALPOM-2 experiment till the end of

2023 with ranking A.
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Spin Transfer Reaction 'H(€, €’ p)

Transferred polarization is: (Akhiezer & Rekalo)
P,=0

£hP = Fh 2/ F GG tan () /o

+hP, = +h(E. + E)(G%,)?*/7(1 + 7) tan? (9—2*’) /M /Iy

Where, h = |h| is the beam helicity

i) ) T > F
I, = (GL(Q%)* + ;(G{M(Q')]}z
_ & _PEB.+Be (0
G?, P, oM M\ 2

No error contributions from analyzing power and beam polarization

measuremenis
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Neutron polarimetry Phys. Rev. Lett 30 (1973) 1183

PP -> PP o
pd -> pn + (p) e e - 1, eV

Phys. Rev. Lett 35 (1975) 632 > > C } L
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The dependence of the maximum of Ay on 1/p,,.

0.5 — oo ___________________________ pp npﬂ _______
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(T T T[T T T T[T T T[T T T [TTTT]
=\
()

sesanguasann

0 0.2 0.4 0.6 0.8 1

1p,,, (GeV/c)™

Black circles: ANL d(p,p)n data [29, 30]: black line: linear fit. Red squares: ANL d(p,n)p data [29, 30]; red line:
linear fit. Blue triangles [25]: p+ CH2—charged+X; blue line: linear fit [25]. Green squares [31] and circles [32]:
p+ C—charged+X; green line: linear fit [25].
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Deuteron fragmentation
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Scheme of transportation polarized beams from Nuclotron to the ALPOM2 setup and the
location of F3 polarimeter and production target for proton and neutron beams
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Beam polarization measurements

beam line

About 5 hours

each point corresponds to one spill.
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The polarization in one mode
is two times lower than
the other one

P(+) - P(-) = 0,96 % 0,05
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Layout of

Drift chambers
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107

Fig. 14. pt2 -distribution for p + CHZ scattering at 3.75 GeV/c.  Fig. 15. pt2 -distribution for n + C scattering at 3.75 GeV/c.
The black curve is the sum of exponential functions with slope  The black curve is the sum of exponential functions with slope
parameters b'l (blue) and b'2 {red). parameters bl (blue) and b2 (red).



Hadron calorimeter 1

Energy deposit measurements in the hadron calorimeter,
3.75 GeV/c
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A very good agreement between
tracking and energy deposit data
allow us in future experiments
used one of these methods

Hadron calorimeter 2

Azimuthal segmentation available
from the hadron calorimeter

for asymmetry measurements O
0.104 BT ]
A, oW
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45 135 - r
\ / / 0,00
26.57 o 153,43 3 B L O .. .S
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/ Fig. 17. Azimuthal dependence &y for p + CHZ scattering at a
315 f 225 momentum of 3.0 GeV/c, obtained from the triggered
modules of the hadron calorimeter (blue sguares) and from
296,57 270 243,43 .
the tracks (red circles)

The asymmetry as a function of the azimuthal angle
from the calorimeter (blue squares) and from the drift
chambers (red circles)
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The experimental data obtained in 2016 and 2017 were analyzed and the article Measurement of neutron and proton
analyzing powers on C, CH, CH2 and Cu targets in the momentum region 3-4.2 GeV/c was published as a Special

Article - New Tools and Techniques in Eur.Phys.J.A 56 (2020) 26

Three new approaches to the development of polarimetry,
namely:

a) turning on the calorimeter to select high-energy nucleons
in the final state,

b) using the charge exchange reaction, and

c) replacing the hydrogen-rich light target with heavier
nuclei, open the way to simpler and more efficient
measurements of nucleon polarization in the region of GeV
energies.

Future experiments at Jefferson Lab, requiring recoil
polarimetry, have already integrated these concepts in
approved experiment E12-17-004, see Appendix 1 and
Figure. , which presents the current state and planned
measurements of neutron electromagnetic form factors.
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The measurements of analyzing powers in nucleon-nucleus scattering at higher energies
available only in Dubna now are very important for future experiments in Jlab and JINR
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Upgrading the ALPOM2 setup

Hadcal (hadron calorimeter)

Instead of the ALPOM?2 hadron calorimeter (Fig.12), it is planned to use the ZDC of the BM@N setup

(Fig. 13) 1n order to increase acceptance of detecting scattering particles and improve angle resolution at
small angles.
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Fig. 12. ALPOM? calorimeter layout: central Fig. 13. ZDC layout: central part consist of 36
part consist of 4 modules with sizes 7575 modules with sizes 7.5x7.5 cm?® peripheral part

cm®, peripheral part contains 24 modules of contains 68 modules of 15%15 em®
15x15 cm?

Drift chambers (plane configuration)

Now  2X+2X+2Y+2Y E— Future 3X+3Y+3X+3Y



New drift chambers
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Schedule of the experiment:

Installation of the ZDC at the neutron beam line
2024-2025 years Data taking during 336 hours at the deuteron intensity about 5*10**9 per spill.

2023 year

It includes: for proton beam 168 hours

a)measurement A, at proton momentum of 5.3 GeV/c (control point)

b)two measurements of transfer polarization, check conservation polarization at k=0.15
GeV/c at deuteron momentum of 11.2 GeV/c (proton momentum 6.5 GeV/c) and deuteron
momentum of 13.0 GeV/c (proton momentum 6.5 GeV/c)

c)measurement at deuteron momentum of 13.0 GeV/c (proton momentum 7.5 GeV/c)

for neutron beam 168 hours

measurement A, at neutron momenta of 5.0 and 6.0 GeV/c .

2025-2026 year Data analyzes and publication of the results.

Contributions in previous years from collaborators

USA side - crate VME - 8.5 k$: HV supply - 2 k$, .2 TQDC - 8
k$., hadcal modules - 10 k$, HV system SY5527 (Caen) - 14.6 k$

French side - PM XP2020 - 2 items and several electronic modules -
5 k$

Slovak Republic grants - 45 k$, HV supply, computers, electronic

modules, drift chambers
alpom2_2021 lab_pac_physics 14



Proposed schedule and resource request for the Project

gﬁztlsands Cost/Resources,
Expenditures, resources, of US distribution by years
funding sources dollars)/ st | 2nd | 3d | g |5
Resource year | year | year | year | year
requirements
International cooperation 60 20 20 20
Materials 30 10 10 10
Equipment, Third-party 270 90 90 90
company services
Commissioning
R&D contracts Wlth other 30 10 10 10
research organizations
Software purchasing
Design/construction
Service costs (planned in case
of direct project affiliation)
Resources
S T
PO | s — the amount of FTE,
23 E3
@ g &= — accelerator/installation, 336 168 | 168
x=-| @
— reactor,. ..
°
B
E’ a JINR budget (budget items) 390 130 | 130 | 130
o 14
5 z
s 5
o
- = Contributions by
°© | 28% | Dpartners
S E5¢8
UO) © = © .
2ok Funds under contracts with
w2y | customers
%59
w® > | Other sources of funding
Project Leader / /
Laboratory Economist / /)




3.-Manpowerq

3.1.-Manpower-needs-in-the-first-year-of-implementationy
3.2.-Available-manpowerq
3.2.1.-JINR-staffq

1

The-following-Table-lists-ALPOM2-JINR-group-members-with-their-roles-and-participation.§

Nox Namex Responsibilities= FTEx
1= Piskunov-N.M.x= Project-leader,-analysis, -data-takinges @ 0.8=
20 Kirillov-D.A.x Analysis,-data-takingx 0.9
3u Sitnik-1.M.= Analysis,-data-taking= 1.0
4un Gavrishchuk-O.P.= ZDC,-data-takinga 0.2u
S5un Shindin'R.A.x ZDC,-polarimeter,-data-taking= 0.9n
6x Livanov-A.N.= ZDC,-polarimeter,-data-taking= 0.1=
7a Druzhinin-A.A.-(25-years)a ZDC,-polarimeter,-data-takinga 0.9
8n Kiryushin-Yu.T = Drift-chambers,-data-taking= 0.2=
9 Kostayeva-N.V.» Drift-chambers,-data-taking= 1.0n
10= Legostaeva-K.S.-(27-years)s Data-taking= 0.5=
1M1= Lyubimtsey-D. = a 1.0n
o o o o
o] o] 1 1
............................. TOTAL-FTEx 7.5a
1
1

Other-authors-take-part-in-the-implementation-of-the-project-as-needed.q
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Hay4HbIA ONBIT ABTOPOB

ABTOpr NpOEKTa HMEKT BonblUOK ONbIT B nposeaeHWK HSMEDEHHﬁ Ha NONAPH3I0OBaHHbIX My4Kax:

- Muckyros H.M., Cuthuk U.M. yyacTBOBaAKW B 3KCNepumeHTax Ha yckopurenax OWAW, Catyph (Carne,
®paHumMa), NMabopatopuu um Dmeddepcona (Hetonopt-Hetos, CLUA) u KO3W (HOnux, lepmanua);

- Kupunnoe [1.A. y4acTBOBaN B M3MEPEHHAX Ha yckopuTenax OWAK, Nabopatopuu um MxeddepcoHa
(HetonopT-Hetos, CLLUA) u KO3M (KOnux, lepmanua).

laspuutyk O.I. ABNAETCA BbICOKOKIACCHBIM CNELMancTos B 061acTv co31aHMA aapoHHbIX
KanoOpUMETPOB M UX MCNOMb30BaAHWA B IKCMEPUMEHTAX.

PykoatkuH MN.A. nepeoknaccHeli cneunanuct B obnacti cosgaHua nydkos Ha HyknoTpone.
lLuHaWH P.A. u NIuBaHoB A.H. yie obnagatoT BoAbLWKM ONLITOM B NPOBEAEHUMA M3MEDPEHMIA.

HL‘IDIOLIJHH HO.T. umeet rpoma,thlﬁ ONbIT B CO30aHWKA TPEKOBLIX NETEKTOPOE K UX MCNOMbBL30BAHWA B
HIMEDPEHMAX Ha NMyYHaX.

basbines C.H. v ero KomMaHaa Ha CaMOM BLICOKOM ypoBHe obecnedYneatoT paboTy cMCTEM KOHTpOAA
bYHKUMOHMPOBaHWA AeTekTopos M cBopa AaHHbIX.

YUacTByOLWME B IKCMepUMEHTe ydyeHble: NMepapucat Y., Mynaxabu B (CLUA); Tomasu-TycradccoH 3.
(PpaHLmMa) — obnananT OrpoOMHBIM ONBITOM B NPOBEAEHWM 3KCTIEPUMMEHTA/bHBIX MCCe40BaHUA Ha
PasMYHBIX YCKOPMTENAX B MMPe M B TOM YMCAe Ha yckopuTtenax OMAK.

MywmHcku A. (CnoBakMa) — NpeKkpacHblid cieuManuct B 0bnacT aHanusa AaHHbIX, NOAYYEHHBIX B
OMbITax Ha YCTaHOBKaxX C TDEKOBbIMMW [ETEKTOPaMM.

OueHKa KagpOBLIX pecypcoB

B tabnuue 1 npeacTasneHel y4acTHUKKM 3kcnepumenTa ANMMNOM2 ¢ ykazaHWem HanpasneHWi
HUCCAenoBaHui M gonei nx yuactua. B tabamnue 2 yKkazaH BO3PacT MONOObIX COTPYOHMKOE.

Tabnuua 1. YyacTHukK npoekTa ua NPEB3:

Ne Pamunna ObaszaHHoOCTM FTE
MuckyHoe H.M. AHanws, Habop JaHHbIX 0.8
2 Kupunnoe [.A. AHanwz, Habop AaHHBIX 0.8
3 CutHmk W.M. AHanws, Habop JaHHbIX 1.0
4 Maspuwwyx O.11. ZDC, Habop AaHHbIX 0.2
5 Wungmn P.A ZDC, nonapumeTtp, Habop AaHHbIX 0.8
6 NweaHos A.H. ZDC, nonapumeTtp, Habop JaHHbIX 0.5
7 PyroatiumnH LA, [My4YKWU HYKNOHOB 0.2
8 KuprowmH H.T. NpelidoBblie kamepsl, Habop AaHHBIX 0.2
9 Koctaesa H.B. Npeidobble Kamepsl, Habop AaHHbIX 1.0
10 Neroctaesa K.C. Habop AaHHBIX 1.0
11 bywyes HO.I1. ZDC, Habop AaHHbIX 0.5
12 MosTOpeiko AA. Habop AaHHbIX 0.5
13 [narones B.B. Habop AaHHbIX 0.5
14 baswlnes C.H. DAQ, Habop AaHHbIX 0.1
15 CnenHes B.M. DAQ, Habiop AaHHbIX 0.1
16 CnenHes KU.B. DAQ, Habop AaHHbIX 0.1
17 lHunyHos A.B. DAQ, Habop AaHHbIX 0.1
18 Lytos A.B. DAQ, Habop AaHHbIX 0.1
19 Tepneuxuid A.B. DAQ, Habop AaHHbIX 0.1
20 Puaunnos U.A. DAQ, Habop AaHHbIX 0.1
3.4
Tabnuua 2. BospacT MonodblX Y4acTHUKOB MPOeKTa.
No Pamunma Bospacr (neT)
1 Nerocraesa K.C. 27
2 WunyHos A.B. 34
3 Puaunnos M.A. 36
4 Tepneuxuia A.B. 35
17
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We are planning to continue the measurements at higher proton and neutron energies

Thank you

alpom2_2021 lab_pac_physics
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