PNPI In R3B
NUSTAR — Nuclear Structure, Astrophysics, and Reactions :

HISPEC-DESPEC — High-Resolution In-Flight and Decay Spectroscopy

ILIMA - Schottky and Isochronos mass spectroscopy

MATS - Mass measurements with Penning Traps

LASPEC — Laser Spectroscopy investigations

ELISE — Electron scattering in a storage ring

AlIC — Antiproton lon Collider

EXL — Exotic Light-ions (exotic nuclei studied in light-ion induced reactions at the
NESR ring)

R3B — Reactions with Relativistic Radioactive Beams
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FAIR: Beam intensities x 104, clean beams, more sophisticated detectors



R3B

R3B — studies at external beams of nuclei

PA and AA scattering experiments

Physics goals:

Nuclear density distributions, single-particle structure, shell-occupation probabilities,
unbound states, nuclear resonances, transition strengths, astrophysical S factor,
giant dipole and quadrupole strength, B(E2), deformations, Gamov-Teller strength,
yn reaction rates (for r-process nuclei), reaction mechanism,

nuclear waste transmutation, ...

Reaction type:

Elastic and inelastic pA scattering, total reaction and interaction cross sections,
knockout and quasifree scattering, electromagnetic

excitation and dissociation, charge-exchange reactions, fission, spallation,
fragmentation



Theory of nuclear structure,
mechanism of nuclear reactions,
astrophysics

“Nuclear astrophysics with radioactive ions at FAIR”
arXiv:1310.1632 [astro-ph.IM]
R. Reifarth,... G. Alkhazov, V. Andreev, A. Fetisov, A. Khanzadeey,
E. Maev, L. Uvarov, V. Vikhrov, A. Zhdanov, et al.,
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Figure 1: Schematic drawing of the experimental setup comprising y-rav and tavget recoil detection, a

large-acceprance dipole magnet, a high-resolution magnetic spectrometer, neutron and light-charged
particle detectors, and a variety of haavy-ion detectors.

PNPI participation:

Neutron detector (HV system, construction of scintillator walls),
tracking detectors, active target(s).



Ne | Experiment, kto moman OGopynoBanwe Ilena B Costbook- [TpumMeuanus
3asBKy? 2005, M
eBpo
22 | NuSTAR, DKCIIEPUMEHT 1.250 000 TDR noka ne ymeepowcoen
A.T. Kpusny, R3B, HeWTpOHHBI (2011).
B. JI. BPEMSIIPOJIETHBIN
fogenmomn CTICKTPOMETP YTBepiaen, 2013
(MAsiP, NeuLAND
I'atunna)
23 | NuSTAR, DKCIIEPUMEHT 1.105 000 TDR noxa ne ymeaepaicoen.
I'.JI. Anxa3oB R3B
(MUsid, AxtuBHas munienb ACTAR
I'atunna) Ha BOJIOPOJE
24 | NuSTAR, DKCIIEPUMEHT 0.160 000 TDR noxa ne ymesepaicoen.
A.T". Kpusrimng R3B
(MUslP, TpekoBbIe TETEKTOPHI
I'aTunHa) (43% Bceii cuctembr) PSP
code 1.2.5.1.2.1
(straw tubes)
[Tonnas 3asBka oT Poccun Ha 3KCIEpUMEHTHI Ha 50.141.000

anpens 2011

Nudonsuma — 3% B rog

1.250 — 0.600
— 1.250

t)



TpekoBble geTeKkTopbl Ana R3B

BHauane obcyxxganucb apendoBble KaMepbl C rekcaroHanbHOW CTPYKTYPOM.

NMUAD nsrotosmn ase apendoBble KaMepbl rekcaroHanbHOM CTPYKTYPbl OS5
permcTpaummn nNpoToHoB, pa3mepoM 1.2x0.8 M2, co cunTbiBaloLLEen INEeKTPOHUKOM.
Kaxxgas kamepa nmeet 2 crnoqa syeek X, 1 asa cros Y. 3T Kamepbl UCMOoSb3YHTCA B
akcnepumeHTax LAND.

¥ PEH-1 ALADIN
— magnet

.
I

Kamepbl MUAD — DCH1 n DCH2

Teneps — OETEKTOP Ha OCHOBE Straw-Tpyook.
2 ctaHumn S = 100 x 200 cm, X n'Y, Tpu cnost Tpybok @ =10 mm, kanToH 50 um

nnun anomuHuim 200 um. Beero 2000 kaHanos.
+ CROS3 readouit.



NeuLAND — geTteKkTop ObICTPbIX HEUTPOHOB
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LAND — Large Area Neutron Detector



Existing LAND detector:
¢ 0,<250ps e
a0 =50

® Size:2x2x1md

» Plastic sclntlllator/ Fe

_converter sandwich structure

Th. Blaich et al,, NIM A 314 (1992), 136




NeuLAND design goals:

® 0,<100 ps
¢ 0. lal
® Size:approx.2x2x0.8m3
e Efficiency > 90% for 1-n hits

Improvement of multi-n recognition

v

Timing RPC concept:

e Total of 140 m2 RPC

e Approx. 10'000 channels

e Converter material: integrated in
RPC structure

v

Compared tb ex:stmg FlPC types
L@w count rates (< 1 H{f-’icmz)
- Massive detector for h:gher eff;mency ~ 15t
- Protons at various energies (non MIPs)



HoBbin BapunaHT getektopa NeuLAND:
C ncnoJjib3oBaHneM CUNHTUITINALUNOHHbLIX AETEKTOPOB,
HO Mpu 3ToM Ge3 ene3Horo KoHBepTopa

[leTekTop COCTOUT U3 NNACTUH CUMHTUNNSALUMOHHOIO NnacTuka
C nonepeyHbiMK pasmepamm — 5x5x250 cm3, Bcero 3000 6pyckoB 1 6000 PIY .
[etekTop umeet pasmep 250x250x300 cms.

IOPPEKTUBHOCTL perncTpauum HeUTpPoHOB ~ 95%, Oxyz < 1.5 cm, Oxy,z < 150 ps.

L=15-35m, AE, =100 keV

PNPI Gatchina: Georgy Alkhazov, Viadimir
Andreev, Andrey Fetisov, Victor Golovtsov,
Anatolii Krivshich, Lev Uvarov, Vladimir
Vikhrov, Sergey Volkov, Andrey Zhdanov



B anpene 2013 npuHATO pewleHne o 3aknodeHun gorosopos FAIR-PNPI no
CcOo3daHuNI CUCTEMbI BLICOKOBOSLTHOIO NutaHns ®3Y 1 00 yyactum B co3gaHnn
CUCTEMbI CUMHTUIIIAAUMOHHBIX OETEKTOPOB.

Hemubl — perynupyemble UCTOYHMKM HU3KOrO HanpsihXeHus 1 npeobpasoBartenm
HU3KOE HanpsikeHne — BbICOKOEe HanpshkeHne Ha kaxxaom PJY.

PNPI| — HV system: LleHa 3a kaHan — 88 EBpo
2 MowHbIX HV nctodyHuka — 2 kV, 1 A,

+ aCTMBHbIE perynupyemMble enuTtenu Ha
6000 kaHanoB 0.3 mA (< 0.5 mA)

Primary HV
. Power Supply

PerynupoBka HanpskeHus: 0 — 1.5 kV \

0 1 v
YcTaHoBKa HanpskeHns ¢ TodHocTbio 0.1% \ s Dt
CrabunbHocTb ny4ie 0.1% — =L~ Com System
®dnykryaumn < 0.02% Monitoring
Tok namepsietcs ¢ TodHocTbio 0.1% PMTs




Yyactue NMUAD B cozgaHnm cuCTteMbl CUMHTUINALUOHHDbIX OETEeKTOPOB

Bcero — 30 ABOWHbLIX CMIOEB CUMHTUNNALMOHHBIX AETEKTOPOB, No 50
CUMHTUNNAUMOHHBIX BpyckoB (5¢m X 5¢m x 250 cm) B kaxkaom crnoe (X n'Y)

[NMpepnaraembin Bknag NAA® - 7 ABonHbIX CNOEB
OpraHunyecknu cumHTUnNnatTop RP408 n3 nonuemHUTonyona,

dmpma REXON B wtarte Orano, CLLUA
Bpems BbicBeunBaHua — 0.9 Hc, AnuHa 3atyxaHuda — 4 m.



ACTAR

Gas — target and working gas of the detector.

Low momentum transfers,
Short-lived isotopes.

e Elastic (p,p') scattering in inverse kinematics (for nuclei with Ty, <1s) —

ground-state matter distributions
e (3He,t) charge exchange reactions —

Gamow-Teller resonances
e (a,a') inelastic scattering —

ISGM resonances, nuclear matter compressibility

PNPI participants: G.Alkhazov, D.Balin, A.Dobrovolsky, A.Inglessi, A.Khanzadeev,
G.Koroley, O.Kisilev, G.Petrov, L.Sergeev, V.Sarantsev,
V.Yatsoura, E.Maey, Yu.Zalite.
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NccneposaHbl aapa nsotonos He, Li, Be, B, C:

4,6,8He’ 6,8,9,11Li’ 12,14Be’ SB’ 14,15,16,17C.



First step: IKAR chamber

It is necessary to

Grid . :
| exclude a contribution
! recoiled from ionization
{ proton by the projectile
C
B
oS
% | — ' 132Sn beam
Anode Cathode

A correction on the energy lost in the central dead region,
00 =5 mrad, AE =2 MeV, 5°Ni, 1325n



| Protons, 1 MeV | Hist.02
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[laBneHune: 1 — 20 bar E

p(max)

=11 MeV

ACTAR1



Heynpyroe paccesiHue Ha sapax a-4acTul, B UHBEPCHOW KMHEMaTUKe

-

MpoTtoTnn kamepbl ACTAR?2 E, =1- 10 MaB
The length - 60cm, the inner diameter - 28 cm,
working pressure - 10 bar.

O6wunn BuA KanopumeTpa-cnekTpomeTpa
CALIFA (Bua no nyuky) (AyoHa).

Segmented anode
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