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  Lines      Pmax      Imax

                     ( GeV/c )    ( ppc )

• VP-1      15          1012

• 1v            9          10 8

• 3v            9          10 9

• 4v            9          10 7

• 5v          12          10 7
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Secondary relativistic fragment beams:   relations

Fragment angular and relative momentum spread in the laboratory frame 

Fragment momentum spread in the projectile rest frame 

σ0 ≅ 90 MeV/c
A – projectile mass number
B – fragment mass number

A.S. Goldhaber, Phys. Lett. 53B, p.306

p0 – projectile momentum per nucl.

β0 – projectile velocity
m – nucleon mass

A numerical illustration 

10B →  8B ( A=10,  B=8 )  at  p0 = 2 GeV/c/nucl.  (t0 ≅ 1.3 GeV/nucl.) :

σθ ≅ 7.5 mr,      σδ ≅ 1.8 %
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Secondary relativistic fragment beams:  rigidity scale neighborhood
10B     8B fragmentation: momentum distribution width comparing
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Beam by reactions  6Li + A  Nucleus  + …  

Primary beam:

•  6Li,  t = 1.9 GeV/amu, (p = 2.67 GeV/c/amu )
• Intensity  ≅ 5·107 nuclei/cycle (Synchr.)
• Beam sizes on a target: σx < 4 mm, σy < 8 mm

• Target:    organic glass,  4.7 g/cm2 , at F5
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Secondary beam (4v line):
• p/Z = 8.0  GeV/c (Z/A=1/3),  5.35 GeV/c (Z/A=1/2);
• ∆Ω ≅ 60 µsr;
• ∆p  ≅ 2%; 
• Intensity  ≅ 104 nuclei/cycle (Z/A=1/3);
 



  

Energy deposition spectra fit  

m – number of peaks

vi = v((x-xi )/wi , ki , β2) – Vavilov functions

p = (S1, x1, w1, …, Sm, xm, wm, σ, y0) – 4m + 2 fit parameters 
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Beam by reactions  6Li + A  Nucleus  + …  

Yields ratios, %:

d  :  α  =  51 ± 3;       6He  :   t   =  0.85 ± 0.05
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Secondary nuclei beam:   7Li + A     7Be + …

Beam rejection variant 1
Y4 : Y1+2+3 ≅ 1 : 3.3
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Beam rejection variant 2
Y4 : Y1+2+… ≅ 1.9 : 1

7Be
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7Be atom – T1/2  ≅  53.4 d (e-cap.)
7Be nucleus  –  stable
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Secondary nuclei beam:   7Li + A     7Be + …
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N.G. Peresadko et al., Physics of Atomic Nuclei, 2007, Vol. 70, No. 7, pp. 1226–1229.
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Fragment separation scheme:  detector layout
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• Multiwire ionization profilemeters  
    (P13a, P14, P16 )

• Scintillation counter (Si)

P14, σx= 6 mm

S2

S1

S3

S4

AP

P.Rukoyatkin,  “Secondary fragment beams…”                                                           XIX Baldin’s ISHEPP, Dubna 2008

T2



  

Fragment separation:   an optics scheme and realized resolution

Distance along beam line, m

   R=r16/Ex, 
   r16 – linear dispersion, Ex = 2σx– envelope size
   Bars – normalized strengths of magnetic elements

FWMHp/p 
≅ 2.7%

AP

R
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Fragment separation:   an experimental estimation of  resolution

Primary beam profiles at the analyzer plane,  12C,  p= 2A Gev/c

σX = 6.7 mm

(horiz.)
σY = 5.7 mm

(vert.)

dX

Rexp = dX/(2σX dPdeg)  ≅  80,

(dPdeg ≅ 1.3% itrodused by a degrader)
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Secondary fragments beams:    12C + A      9C  +  …,       10B + A      8B  +  …

  Primary beam momentum:
  p0 =  2.0 GeV/c/nucl.

  Target:
• Polyethylene, 8 g/cm2

• Placing – F3 focus

  Separation scheme:
• VP-1,  f3 – f5 + 2SP-40, 
•  ϕ 2SP-40 = 0.22 r

  Analyzer:
• Plastic scintillator, d=5 mm

Z5  ≅  62% 

 Z6   ≅  51% 
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Secondary beams of the beryllium isotopes - comarission



  

Correlation plots

Secondary beam:     12C + A      12N  +  …     ( p0 =  2.0 GeV/c/nucl ) 

Q3 – Q2 TOF – Q2

12N:  T1/2 = 11 ms 
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Secondary beam:     12C + A      12N  +  …     ( p0 =  2.0 GeV/c/nucl ) 
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       Energy losses spectrum in the S2 analyzer (5 mm)

                                                                 on the cut sample



  

Secondary nuclear beams for emulsion experiments

Summary
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