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Projectile fragmentation reaction

Discovery
at Bevalac @ LBL (Lawrence Berkeley Laboratory)
D.E. Greiner et al., Phys.Rev. Lett. 35 (1975) 152

12C, 160 (2.1 AGeV) + Target (Be, C, Al, Cu, Ag, Pb)

- Several fragments are produced in reactions
- Velocity of fragments is almost the same as that of the beam

- Momentum distribution is narrow, and has no significant correlation
with target mass and beam energies
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Projectile fragmentation reaction

Momentum distribution of fragments (example 34S fragments from 4°Ar + C @ 213 AMeV )

50 I T T I
a)

3S fragments: 400 MeV/c narrow

40 o.=B8715 MeV/ 1
o= BrE NEV/S 40Ar beam: 26600 MeV/c

30+ = . . .
- Momentum distribution of fragments
& are represented by a simple formula
201 - based on the Goldhaber model
=4 ] F-(A-F)
O = 0 . -~ 7
(A-1)
6300~ 6500 BI00 6960 760 7300
Laboratory energy (MeV) A: beam mass number
T T S S S F:. fragment mass number
i iz} 3
g ':2-}' 'Lr&;‘é’ﬁ%‘iﬁ&iﬂ“i—_
._g, 80— oi & &
3 3:% 3i§ wp=sarsMewec | | 6o=90 MeV/c
e {} ¢ 16 ;
o2
co v g b g v Lrrga Las e by g
15 20 F=3 30 35 40

Fragment mass number

Hans-Jurgen Wollersheim - 2022 I N



Spallation & projectile fragmentation reactions

Spallation

Fragmentation
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High-energy proton-induced nuclear reactions

Some early high-energy proton accelerators:

Facility Energy from year
Bevatron (Berkeley) 6 GeV 1954.....
AGS (Brookhaven) 11 GeV  1960.....

Fermilab (Chicago) >300 GeV  1967.....

They were also used to bombard various stable target materials.

These targets were analyzed with radiochemical methods,
i.e. y-spectroscopy with or without chemical separators

mmm) Production cross sections and (some) kinematics for suitable radioactive isotopes
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High-energy proton-induced nuclear reactions

Important findings:
+» Energy-independence of cross sections
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Proton- versus heavy-ion induced reactions

Proton- and heavy-ion
induced reactions give very
similar isotope distribution:

Target fragmentation: GeV p + Aprget — A

Projectile fragmentation: GeV/uA,.,+tp—A
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Projectile fragmentation reactions

projectile ‘-> *» ‘-» projectile fragment

target nucleus

abrasion ablatlon

At GeV energies nucleons can be regarded as a classical particles

= Nucleon-nucleon collisions can be treated classically using measured free nucleon-nucleon cross sections
(intra-nuclear cascade).

= Inthese collisions very little transfer momentum is exchanged.

= After the cascade the residual nucleus is highly excited.

= Heavy-ion projectiles can be treated as a bag of individual nucleons.

Physical models: Two-step approach

Step 1: Abrasion models or Intranuclear-cascade models (1023 s)
Step 2: Ablation: nucleons evaporated (final fragment 10-1° s)
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Projectile fragmentation reactions

projectile '_,

target nucleus

*» ‘-» projectile fragment

abrasion ablation

Empirical parameterization of fragmentation cross section:

EPAX v.3 k. simmerer, Phys. Rev. C86 (2012) 014601
http://web-docs.gsi.de/~weick/epax/

e@|@ hitp://web-docs.gsi.de/ ~weick/epax/ p-c || @ EPAX V3, WWW interface » | Q@‘ @ http://web-docs.gsi.de/~weick/epax/epax_script.cgilap=5 O ~ & || @ EPAX V3, Empirical parame... *

Datei  Bearbeiten Ansicht Favoriten  Extras 7 Datei  Bearbeiten Ansicht Favoriten Extras 7

EPAX V3, Empirical parametrization of fragmentation cross sections

EPAX V3, Empirical parametrization of fragmentation cross sections
by Klaus Siimmerer, March 2012

projectile: target: fragment: EPAX Version 3.1
/ Er51011 5.
Ap Zp At Zt Af A by Klaus Summerer, 15 03 2012
58 |[28 |-=>on[9 |4 | =to |48 |[28 |

Fragmentation cross section !
projectile Ap=38.000000 Zp=28.000000
on target At=9.000000 Zt=4.000000

t 0000 Z£=28 000000
sigma = 1.407530e-14 b
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The accelerator facility at GSI

Experimental Areas % . lon Sources

all elements: p...U

Linear-Accelerator

20% speed of light
(20 AMeV)

Fragment
Separator

Synchrotron SIS-18

90% speed of light
(2 AGeV)
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|

§ R
e —F 5 |
=

|

X

Hans-Jurgen Wollersheim - 2022



The accelerator facility at GSI

Experimental Areas % . lon Sources

all elements: p...U

Linear-Accelerator

20% speed of light
(20 AMeV)

Fragment
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90% speed of light
(2 AGeV)

Hans-Jirgen Wollersheim - 2022 ([ Ef= |






Where do we do the experiments?
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Projectile fragmentation reactions

Projectile Fragmentation
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Secondary beam intensities at S4

238 projectile fission
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Nuclear reaction rate

> nuclear reaction rate [s*] = luminosity [atoms cm™ s] * 6 [cm?]

abrasion ablation

A Cad
O ? :‘-> > ©; [cm?] for projectile fragmentation + fission
® P

TDII—P > luminosity [atoms cm s1] = projectiles [s*1] * target nuclei [cm2]
0

X
lon SIS-18 (2008) | SIS-100 (expected)

ZONe10+ 2,1011 ZONe7+ 161012

40Ar18+ 1,1011 40Ar10+ 141012

58Ni26+ 9,1010 58Ni14+ 131012

84Kr34+ 8_1010 84Kr17+ 121012

132Xe48+ 7,1010 132Xe22+ 131012

197Au65+ 5_1010 197Au25+ 121012

ex;r;l(c)g/ioon 23873+ 1.6-1010 23892+ 1.4-1010
experiment 238U28+ 141010 238U28+ 501011
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Nuclear reaction rate

Primary reaction rate:
Il 1

X

lg/cm?| 6.02-107

A [g ] e [sz ] (thin target)

0[5z ,57] =

density p Example: 28U (10%1) on 2%8Pb (x=1g/cm?) —> 132Sn (c;=15.4mb) reaction rate: 44571 [s]
Example: 124Xe (10%?) on °Be (x=1g/cm?) —> 104Sn (6=5.6ub)  reaction rate: 375 [s]

The optimum thickness of the production target is limited by the loss of fragments due to secondary reactions

Primary + secondary reaction rate:

1 ) (e,up-x[g/cmzl e »x[g/cmz])
/uf - :up

6.02:10% o om?| 1 .(e_#p.x[g,cmz]_e_,,f.x[g/cmz])

e

2
’ O-reaction [Cm ]

Example:  "*Xe on *Be —'Sn, o (*Xe+°Be)=3.65[b] - 1, = 0.244]cm? / g
o(™sn+°Be) =3.44[b] — s, =0.230[cm?/ g]

Brls™1] = pls ™1 — pls™] = gyls 1] - {1 — e~MelemForlem*]} (thick target)
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In-flight separation of adioactive on eams

Primary (production) target Secondary
- (reaction) target

Experimental
area

..-#--. ...3..EE|eCTr‘omagnet|c .--» ..........

separator

Stable HI projectile source Selected radioactive beam
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Fragmentation at relativistic energies

- X
t I - -
projectile ‘_,. *. _ @~ projectile fragment

target nucleus

abrasion ablation

FRagment Separator
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adioactive on eams at GSI

1GeV/uU + H
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agment eparator at GSI

in-flight A and Z selection

energy resolution: ~ 1 GeV
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Rare isotope selection at FRS: selection
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Rare isotope selection at FRS:

primary beam
86Kr ~700 AMeV

production target
°Be
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Production, separation, identification

XAy
*» p ‘-> fragment
2R

abrasion ablation

FRagment
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Production, separation, identification

multiwire chamber or TPC;
beam position

Beam current Target
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Production, separation, identification

XAy
%» p ‘-> fragment
2R

abrasion ablation

FRagment
Separator
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Comparison of FRS with Super-FRS
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agment eparator
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Fragment separation
40Ar 50MeV/u + Ta (100um), wedge shaped Al (200um) degrader
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Optics: chromatic aberration

When different colors of light propagate at different speeds in a medium, the refractive index
Is wavelength dependent. This phenomenon is known as dispersion.

Longitudinal (axial) chromatic aberration: Transverse (lateral) chromatic aberration:
The focal planes of the various colors do The size of the image varies from one
not coincide. color to the next.
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