


L ifetime measurements with SHOGUN

Pieter Doornenbal
E—5Y— R AR\




Outline

Lifetime
Measurements and
Effects

RISING

Lifetime
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Summary

e Lifetime measurements and effects for
In-beam ~-ray spectroscopy

e Lifetime caused lineshapes for Ge-based
RISING spectrometer

[0 Simulations
[0 Experimental Results

e Simulated lineshapes for SHOGUN
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L ifetime M easurements and
Effects for
In-Beam ~-Ray Spectroscopy
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M easuring Techniques to Deduce

L ifetimes of Excited States
Lifetime e Direct methods:
Measurements and
Effects .
[1 Tagged spectroscopy — isomers (= is)
Techniques _ _ _ _
0 Doppler Broadening [] Y=Y coincidence — centroid shift
Summary _
0 Doppler Broadening = With Ge: ns to several hundred ns
RISING =« With LaBrs: below 100 ps to several hundred ns
Lifetime .
Measurements with e |ndirect methods:
SHOGUN
Summary [] Coulomb excitation, up to several ns

[] Recoil distance with plunger device
= LOw energies: ps to ns
= High energies: ps to ~ 100 ps
[1 Doppler shift attenuation

=« Low energies: fs to several ps
= High energies: ~ 100 fsto =~ 100 ps
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Doppler Broadening Summary

Lifetime
Measurements and
Effects

[0 Measuring
Techniques

[1 Doppler Broadening
Summary

00 Doppler Broadening

RISING

Lifetime
Measurements with
SHOGUN

Summary

e There is a sizable Doppler broadening even with a perfect
detector, due to

[0 Uncertainty in beam velocity
(energy loss in the target)

[0 Uncertainty in the emission point of the ~-ray (target
thickness, lifetime of excited state)
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Doppler Broadening

Lifetime
Measurements and
Effects

[0 Measuring
Techniques

00 Doppler Broadening
Summary

[1 Doppler Broadening

RISING

Lifetime
Measurements with
SHOGUN

Summary
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L ifetime Effects of Ge-based
RISING Spectrometer
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RISING Setup

----

e Located at GSI, Germany

e Gamma-ray spectrometer coupled to
the fragment separator FRS
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RISING Fast-Beam Spectrometer

e 15 Euroball Ge Cluster detec-
tors with 7 crystals each, in three
rings at ¥ = 16, 33,36°, 700 mm
to target

e 8 six-fold segmented Ge MINI-
BALL triple detectors, Iin two
rings at ¥ = 45,85°, 200 mm to
target

e 8 BaF; HECTOR detectors, In
two rings at v = 85, 145°, 350 mm
to target

At 100 MeV/u, 1 MeV ~-ray energy.
e Euroball: AE/E =1.9%, ey = 2.8%
e MINIBALL: AE/E = 3.4%, e, = 3.0%
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L ifetime Effects: AV
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L ifetime Effects: AjS

125 @ 150 MeV/w on 500 mg/cm2 Au target
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Experimental Results

Counts / 4 keV
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® Secondary beam: 37Cca @ 200 MeV/u
® 700 mg/cm2 Be secondary target

® EQ1] —0f, =461keV, Ty 5 =5.2(3)ps

500
Energy [keV]

® Exp: Ty o =4 0+0. 9(stat)+1 3(sys) ps
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L ifetime Effects Summary

Lifetime
Measurements and
Effects

RISING

] Setup

U Fast-Beam
Spectrometer

[0 Angular Uncertainty
[0 Velocity Uncertainty

(1 Experimental
Results

[0 Summary

Lifetime
Measurements with
SHOGUN

Summary

e The unavoidable Doppler broadening in A% and AS can be
exploited to deduce excited states’ lifetimes

e Characteristics for Ag lifetime measurements:

[]
[]
[]

Lifetime Measurements with SHOGUN

Level has short halflife up to several tens ps.
Simplified if decay energy is accurately known.

Depends on target thickness, energy loss in target.
The shorter the lifetime, the higher density, higher z
material has to be chosen.

Depends on reaction cross-section as function of
beam energy. Knockout cross-sections are thought to
be nearly constant at 200 MeV/u.

Beam energy before and after the target must be ac-
curately known.

Requires very stable gain of detectors.
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L ifetime Effects Summary

Lifetime e Characteristics for Ad lifetime measurements:

Measurements and
Effects

RISING [] Level has halflife longer than several tens of ps.

0 Setup [1 Simplified if decay energy is accurately known.

U Fast-Beam i . .
Spectrometer [1 Nearly independent of reaction mechanism.

[0 Angular Uncertainty
0 Velocity Uncertainty [1 Can/have to put detectors close to target.

(1 Experimental

Results [I The larger the lifetime, the less stable gain required.

[0 Summary

Lifetime
Measurements with
SHOGUN

Summary
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L ifetime M easurements with
SHOGUN
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SHOGUN Simulations

‘ \ \ I \ 1
® 52cr @ 200 MeV/w on 1.5 glcm? Be target :11":!' ‘W‘ Ma‘m

Hie m it [&'“"“ I'il'

® 52cr2f at446keV, Ty /5 = 66, 132, 198 ps ‘ e

| II| | ‘ ‘HIH bk ‘ III‘ H‘Il | HH\ H‘h "H \H’H‘

il 1110 I ‘I /! At Ih” | IH\”HI”‘ W \IH| \\\IH"IIFI‘I‘i‘I“I\“‘I“ HI‘I\ |

| \‘ | |H \‘: \‘\IHI\H\ e |||I|‘m“”u‘ il 'H:H’H”\

i 1L \\\' L
o 62CI’ 4;!_ at 1178 keV, T1/2 =77 ps \ \H\ ! ‘\“ | In i IH”\”\ I T I |

I‘\I I ‘HHH” | ll \‘II“ ‘: "‘ \‘ I|I‘::\”\ IIHIHII‘\‘: ’IH‘\I\ | I\‘\ :I‘ I\H}I I \I
E“I:‘ “II“ ‘II\‘ I‘\II‘\‘H\”IHIII HHIHIEIHH‘\I :II\I ‘I‘IIH “ l‘l ‘II;H"I‘I“ | ll“

100 200 300 400 500 600 700
Crystal Number
40 ‘ \‘ | (W i IHHH\ ‘ IH ‘ ‘HH ‘\ | IHHH I\\m\lll\lH

H\ ’\ | ‘I LHmAL - f ””\” IIIllJ T [ﬂllul{l
.”‘n"l‘ml ‘\ |“ i ' it ?”M“ !
m \IJII\I\ it |f|\|‘ il
|v o
i G HI\HHLII\ it e !

38 | \HI\ ‘\‘II I‘ Il ‘IIH \I\ w I I‘\‘HH \‘II \H‘H il I\HI“\ “‘III\ III‘HI\ HI‘HIUHH \I\WH L ‘ :

| [l H‘ ‘I | H\ IIM‘ ‘II\H\ ‘HIHI 'n‘”\ﬂum IH ‘II‘ il II” I‘ i \l‘I‘I\H Il H\"HI‘ ‘\ ‘ H\ H‘ 1)

36 | | I‘\‘ \M\m ‘“hl \‘:H‘I\“\‘\‘H[l IHH:\I\I I“l ‘I\‘\‘\“\‘I i I‘ I‘ :I‘\I If ‘”w H‘I \II‘\I‘HIM *‘ H'II ‘\ I\HHF‘L\H‘”‘H“II‘H‘I‘I ‘ I 1 H | | I\j ‘H\I‘II‘IH‘I Ir |il‘\“::”m ‘\“I‘HI‘ I‘I‘H
34 | ! H‘\ ‘I IHIEII‘\I‘ ‘HM‘ '1"‘““ “\I\ Il th \‘“ ‘ I IJ \II ‘”ll‘"‘l"uulH"‘I“'l ‘\I\IHHI“ “I\ ‘I‘III‘ H‘H I‘ ‘Ill ‘I‘ | ‘ ‘ 111 | | Il ! IIJ\ \ll‘l I” \‘\ H\MIJIIH H\ Hl\

‘ Tt Ll H i HHI‘\I HM LA ‘M"II Il | l | HIIHI“H‘ I‘\“\‘\HHW\H'IIIIH“I Il \I\ I\‘ | I

32 ‘ ‘I \‘ ‘\ \‘I \I\lu Il :‘ JI \I\ I‘“ “%‘\\H““““‘HI‘HI‘I ‘””‘lmll WH \IH“" HH‘\‘“ I :“‘ | [ | “ : ‘\ I“IH “h\i\ | I‘ H‘: ‘IH\H H‘I I\H | H‘MI”\I\‘”IIH‘I“I"‘\ ‘\:I‘H’ ’I il

\ LRI | |H I I‘ I
! ‘I\\‘ I\H HI\‘II T | HHH HII I‘HJ : | . \\I ‘H \ M \I, \l\\ l }w III I\I H
30 .0 100 200 300 400 500 600 700 100 200 300 400 500 600 700

Crystal Number Crystal Number

® Time of flight through target =~ 55 ps

T1/2 =66 ps

III I I‘I \‘ Hl\ I |IHI\IHI\HIFW“H Il HH \‘ I HHI\HI’ I \ i

44 m il \ mmu‘\ e i I ‘ H}“ iEH’M
4208
i

Energy [keV]
Energy [keV]

Lifetime Measurements with SHOGUN SHOGUN Workshop, February 4"-5" 2010 — 17



SHOGUN Simulations

Doppler correction with average ~-ray emission j3
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Summary
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Summary and Outlook

e ang e Lineshapes and peak position shifts can be utilized to
Sl determine lifetimes at high energies.

RISING

Lifetime e Can be measured for free in many experiments.
Measurements with

SHOGUN .

Summary o Need very stable gain.
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THE END
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Lifetime

Backup slides from now

RISING

Lifetime
Measurements with
SHOGUN

Summary
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