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The goal of this talk:
1) to show the present status of the MAVR

2) describe the first experiments with gas-detector systems 
(target and detectors) 



Collaboration:
FLNR -JINR (Dubna, RF)
INRNE, BRV, BAS (Sofia, Bulgaria)
NPI, AS, CR (Rez, Czech Republic)
INP, PAS (Krakov, Poland)
GANIL (Caen, France)
IPN (Orsay, France)
IP VAST (Hanoi, Viet-Nam)
CI TAMU (Texas, USA)
HHNIPNE (Bucharest, Romania)
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MSP144

QQ-duplet beam

MARGETIC ANALASER HIGH RESOLUTION
MAVR

Configuration QQDD
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Q
Q

D (H-type)

Coupled two dipoles system with not-separated 
yokes and same current circuit.
It allows to diverge products at the back-away (100°) direction and 
suppress background
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Target chamber

2 Q-poles

MSP144

Focal plane
Beam diagmostics



 magnetic optical system is based 
on dipole magnet MSP-144 and two quadrupoles. 

value of the solid angle of the spectrometer 30 msr 
 
Focal plane length 2 m.
The large acceptance dp/p=10% at values of the momentum 
resolution and dispersion the value 10-4  and 1.9 cm/% 
The detector system
aimed to measure Q, Z and A of  products with absolute accuracy 
by:
Trajectory reconstruction of the detected products will be reproduced by a 
drift-chamber
time of flight (TOF), 
energies losses (E) and total kinetic energies (TKE). 

Main parameters:



VAMOS



MAVR http://multi.jinr.ru/MSP.htm

The MAVR spectrometer will be used both for primary and secondary beams for 
the accelerator facility U400 and U400R. It will be used for the secondary beam production 
as well as an energy beam monochromator.

ground floor

second floor



3He gas cell  

6Li+3He8B (2p  transfer)                           Q= -1.97 MeV

10B+3He12N (2p  transfer)                          Q= +1.57 MeV

10B+3He10C (p n exchange)                        Q= -3.67MeV

Our energy domain is E<15 MeV/A and transfer reaction for 
secondary beam production  Niche strategy of MARV

is not Fragmentation!

9C

8B

7Be

2.5e20



Front-end electronics 
(Gasiplex standard) 

Primary beam profiler

New targets (solid and gas)  
Primary beam diagnostic system
New detector system 

(front-end electronics)

MAVR DETECTOR SYSTEM



EMS beam profiler (GANIL-PANTECHIK)

Tested by beam of 132Xe (1 MeV/A) at IC-100 (IN2P3-Dubna agreement pos. 09-84)
Contract (JINR-Pantechik 500-2911)

Sensitive from 107 pps
Upto 100um (1013pps)

Measured, Preprint JINR, Р7-2017-58



Nuclear reaction products will be identified by A, Z, and Q through measurement of the energy 
loss (E), time of flight (Т), and total energy (E) of particles, i.e., the dependence E-E and E-
Т (or Е-Т), which requires reproduction of the particle motion trajectory in the analyzer. 

X, Y, dE
i

Position, dE, E
r 

Special thanks to VAMOS people (Mayricy Reimond and Goupil Johan) 
for kindly delivering





Thanks to Frédéric SAILLANT
Luc LEGEARD, Bruno RAINE
Luigi MARTINA

DUBNA



About Physics by means of the MAVR

Stable beams
Multi-Nucleon Transfer Reactions as a TOOL to study n-rich nuclei

PLANNED EXPERIMENTS

”Search for cluster states in light nuclei (8B, 10C)”
”Total reaction cross section”

Secondary Beams

”Study of multinucleon transfer reactions  by 18O and 
22Ne projectiles on Ta target” is planned December 
2018



Pure neutron pick-up OR proton-stripping ?

18O

22Ne



Study of multinucleon transfer reactions 
by 18O and 22Ne projectiles on Ta target

Multinucleon transfer reactions may offer a competitive tool for the

 production of neutron-rich nuclei, at least for certain mass regions; 

they are a valuable alternative mechanism to spallation.

K. Mendibyaev et  al. EXON 2016



”Search for cluster structure in light nuclei (8B, 10C)”



Break-up of 10Be



Production Reaction:  3He(6Li,8B)
Energy: 75 MeV 
Estimated 8B intensity at the target:  20~30 kp/s

Purity: 70%  (6Li, 4He and some 7Be contaminants)

3He gas cell  

6Li

8B

7Be



Elastic and Inelastic Scattering of  6Li and 6He using magnetic analyzer 

 l a b ,  d e g
0 1 0 4 0 7 02 0 5 0 8 03 0 6 0 9 0

1 0 0

1 0 - 2

1 0 2

1 0 4

d
/d

, 
m

b
/s

r




1 2 6 1 2C L i ) C( L i ,6

1 2 6 1 2C H e ) C( H e ,6

The differential cross sections of the elastic scattering  
6Li+12C and 6He+12C  at 63MeV. 
Solid and long-dashed lines –calculations by the optical 
model, using the same set of parameters, for 6Li and 6He, 
respectively. 
Short-dashed line – cross section of the elastically 
scattered 6He calculated with the parameter 
RI(He)=1.2RI(Li). 

The energy of the beam - 12 MeV/A. 
The thickness of the target - 100 µg/cm2. 
The angular aperture of MSP - =0.60 .
The total energy resolution - E=400 keV. 
The position resolution in the focal plane 
detector - 1 mm. 
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Niche strategy of MARV



THANK YOU





Why we need MAVR?
1) MAVR is an universal device study at energy 
domain near B

c

Expected larger value of cross section both for 
production and reaction with exotic nuclei at E~10-
15 MeV/A 

2) Comparative to TISOL method but cheaper and 
in-flight method

3) Universal device to mass missing method 
for spectroscopy  and other experiments due to 
dispersion etc.

4) something else?
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