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Outline

Study of EM properties for light & medium mass nuclei:
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Oxygen-21
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Oxygen-21: Motivation
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Oxygen-21: Experimental Setup
DARMSTADT
Measure Lifetime of 1/2*in 20 at MSU:
| g
®Ca + °Be - *F {
24E  + 9Be - 210
por K - S800 Spectrograph
o GRETINA
1 A19200 Fragment
50" Separator
P poad ~ Detector  °*
Doppler Shift Jﬁﬂﬂf
Reco“ MethOd: high energy low energy >
Toroet  Dearader Uncorrected Energy

4. 0ct. 2017 | TU Darmstadt | Institut far Kernphysik | AG Petri/Aumann | Michael Mathy | 5



. TECHNISCHE
Oxygen-21: First Results for 1/2+ UNIVERSITAT
DARMSTADT
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Carbon-16
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Carbon-16: Motivation & Recap

EM observables in C-16 are strongly sensitive to the details of the nuclear
Hamiltonian:

. 4123 keV
+ 4061 keV 4 *
" 3973 keV 3 = <4ps
2 <4ps
2 o <4ps
R | theo.: ~100 fs
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o+ 1758kev Yy _ Yy
1 11.5ps
> . .
2 Only known lifetime.
B (M. Wiedeking et al., PRL 100 152501 (2008))
- (M. Petri et al., Phys. Rev. C 86 044329 (2012))
ot _Y OkeV

16C

Used GAMMASPHERE and p-Ball at Argonne National Lab to measure:

- The lifetimes of the 2,*, 3" and 4" states.
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Carbon-16: Motivation & Recap

» Use fusion-evaporation to produced '*C: °Be(°Be,2p)'®C*

« Gate on 2p with particle detector y-Ball and detect the emitted y-rays in
coincidence with GAMMASPHERE.

« Expected lifetimes with 7__ < 4 ps are rather short.

Be-Target
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Carbon-16: Motivation & Recap

» Use fusion-evaporation to produced '*C: °Be(°Be,2p)'°C*

« Gate on 2p with particle detector y-Ball and detect the emitted y-rays in
coincidence with GAMMASPHERE.

« Expected lifetimes with 7__ < 4 ps are rather short.

* Measure 7 in-fight with the Doppler-shift-attenuation method:

V=P

1 — Bcos(0)

; B=wv/c

Etab = Ecm

Be-Target Degrader

Shorter T — Larger mean decay 8 — Stronger energy shift due to Doppler effect.

Energy shift for different radiation angle — ©
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Carbon-16: Latest Progress UNIVERSITAT
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Detector Angle 0 vs. Uncorrected Energy W|th 2p Cut:
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(*M.S. Basunia, Nucl. Data
Sheets 27, 69 (2015))

(**M. Wiedeking et al., PRL
100152501 (2008))

» Origin of 2Ne: Target was oxidized: °Be + '®*O — %2Ne + 2pn
« The 2,"state can not be seen for this low intensities (~50% of the 4" or 3" state™).

« Slope is sensitive to lifetime — Compare with Geant4 simulations.
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Carbon-16: Latest Progress

Test Realistic Geant4 Simulation with *Ne - 4, *:

In the Geant4 Simulation:
* Generate excited %?Ne isotopes in a thin oxidation layer.
* Do this for many lifetimes and compare the slopes with experiment.

* Latest Result:

ss0l NNDC = 325(6) fs —@— |
Present Work = 345(22) fs —@—

370 | ]
& 360+
= 350
2 O Preliminary
= 340}
2
= 330 +

320 |

310 F + (M.S. Basunia, Nucl. Data

*Ne - 4, Sheets 27, 69 (2015))
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Carbon-12
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Carbon-12: Motivation

« Carbon-12 is a prime nucleus for many ab initio calculations.
« Exp. Q(2*) uncertainties are larger than theory’s.

m@* IE2]27)
2" —m 2"

A

>
Q
=
o (0| E2[27) 2T || E2[[0%) § B(E2)
™
<
0t 0F
Coulomb Excitation @ JYFL Photon Scattering @ SDALINAC

 Uniquely combine two experiments to reduce the experimental
uncertainty. -» High precision experiment for Q(2+).
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Carbon-12: Latest Q(2*) Measurement

arXiv:1709.07501v1 [nucl-ex] 21 Sep 2017
Reorientation-effect measurement of the first 2% state in 12C:

confirmation of oblate deformation

Result: Q,(2") = (+0.053 4 0.044) eb — 83% uncertainty

Our result:
« Without new NRF measurement: <29% uncertainty in the Q(2+)

 With new NRF measurement:  ~2% uncertainty for B(E2)

<18% uncertainty in the Q(2+)
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Carbon-12: The Experiment at JYFL

e Using Coulomb excitation to
measure the transition
strength in C-12 @ 4338 keV.

0.0025

O;+6efmgr
c Q = -6 efm
.g 0.002 }
(&)
» Measure scattered C-12 at @
. U) 0.0015 |
backward angles with 7
position sensitive silicon © oot
detectors. ©
':'DE 0.0005 |
3 I . I
/-“' Si Det.
020 ~ 40 60 80 100 120 140 160

* Measure relative to Pb-208  aboraton Soattering Angle
- I
3, state @ 2614 keV! y g Ang

Precision of B(E3) ~1.5%!

180
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Incoming beam:
° 12c4+

e« E=47.5MeV

e Target:
* 300 pm/cm? 208py,

Pb-Target / » Si CD: measure backscattered 12(

shielding

« HPGe array Jurogamll to measure
gamma rays.
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Carbon-12: The Experiment at JYFL

Important: Efficiency Calibration of Jurogamli

* Low energy range (E<2 MeV) with “standard” sources:

Co-60, Eu-152, Ba-133

* Special: High energy range (E=0.8 to 5 MeV) using ”“th(p,xn)%Ga
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Carbon-12: The Experiment at JYFL

« Statistic for Pb-208 is ~66 times larger than for C-12.

* Doppler corrected gamma spectrum for Pb-208 with C-12 in Si detector
In coincidence:

€ P a v & q
a8

~6h beam time

3 @ 2614 keV

The statistics we aimed
for was reached!
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Carbon-14
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Carbon-14: Motivation & Recap

Perform (e,e’) on C to extract form factors and transition strengths to
low-lying excited states at the S-DALINAC:

« Also many excited states are not described well by theory.

Challenging to theory due to cluster states.

~77mg/cm?radioactive '*C target
enabling (e,e’) for the first time in 4
decades.

Measure the strengths for many states
with improved precision or for the first
time.
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Carbon-14: Motivation & Recap

* Need a fast valve system for e e
sudden vacuum failure. Yy - ——
) e o
| fomertons__ Tite QLAM =
» Fast piezo pressure sensors at : N o
top of the QCLAM. " ==y g
» Designed a new Target chamber ] o | ) i
for QCLAM, which allows to place | e ey
additional fast valves. e T
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Carbon-14: Latest Progress

* Ordered and received most of the needed materials/parts: steel
parts, vacuum parts, pressure sensors, fast closing valves.

* Pressure sensors and special vacuum flange designed and
tested successfully.

 In cooperation with G. Steinhilber & M. Hilcker-

Worked on the vacuum system of QCLAM in general:
Installed Zeoltih-filter system, tested (Turbo-)pumps, pressure
sensors, connections...
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Thank you for your attention!

Also special thanks to the
Spektrometer-Gruppe
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» Re-calibrated all GS detectors using 15 different energies from 245 keV to 6129
keV Sources: Y-88 / O-16 / Eu152 / Co56

> Result: > 23 detectors were not active during the experiment.
~ 3 detectors have a strange response.

~ 84 detectors can be used — Access to 16 rings.

* For the first analysis (shown last year) the reached statistics were not satisfying:
> Redone u-Ball 2D proton cuts (for every run file!) and coincidence window.

> Result: 30% more counts in C-16 2 * state than before!

« Unfortunately the statistics is much lower than we aimed for! Reasons:
> Reached beam intensity is 28% of aim intensity.
> 2p efficiency of y-Ball 36% of supposed efficiency

> Only ~10% of the statistic we aimed for!
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Total Uncorrected y - Spectrum with 2p Cuts:
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Appendix: Carbon-16

Beta Scan for Target+Degrader Run:

DC GS Energy: beta scan from -0.10561 to 0./1943

s 0.1
@
0
0.08
0.06
0.04
0.02
-0.02
1800 1900 2000 2100 220 23po 2400
Correrted Engrgy in keV
+ + + +
2. 2 3 4
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Appendix: Carbon-16

Create a realistic Geant4 Simulation:

* Problem: Initial beta distribution of C-16 is important but difficult to implement.
(Unknown evap. distribution, stuck protons, efficiencies...)

« Solution: Use experimental data as input beta distribution!

1) Degrader run for energy gates: 2) Thin target run for beta distribution:
Doppler correct for several betas & check energy

£ - C 16 2 + x5 4500 Total
c O - O vy —
§5000 C 1 & 4000 ; A *ﬂ+++ — Mean BG
- ] # + —
C & 3500 o t 3y, Total WO BG
5000 — = LTI,
- g oo I
I =
4000~ 8 2500 L
L 2000 ;
3000 ™
- _ +++* *ﬂ+
2000 1000 - #}* *+++
u = ¥ 1
- 500 +++“+ ,
1000@"""‘“’_; -L‘-‘-"‘——|.._,.I'|_,—l-'—'-|--|_‘_._|-"‘-|.|__,.._,_._ OW----H:* --------------------- EWMW
T SR TR SO ! NI N (| SRR N A I AT R _500 E| | 1 1 1 | 1 1 1 | 1 1 1 | I 1 I | I 1 1 |
1%00 1220 1240 1260 1280 1300 1320 1340 0 0.02 0.04 0.06 0.08 0.1

Uncorected Energy in keV

4. 0ct. 2017 | TU Darmstadt | Institut far Kernphysik | AG Petri/Aumann | Michael Mathy | 28



Appendix: Carbon-16

) TECHNISCHE
UNIVERSITAT
DARMSTADT

Test realistic Geant4 Simulation with Ne-22 41":

1) Extract initial beta distribution of Ne-22 mentioned

before.

2) In Geant4: Generate excited Ne-22 isotope in a
thin oxidation layer using the beta distribution from 1).

> Do this for several lifetimes & extract mean decay

beta.
20| NNDC = 325(06) fs —@— |
Present Work = 345(22) fs —@—

370+ .
@ 3601
£ 350
()

®

é 340
2
1 330+ +

320+

310 F . ]

*Ne 4.* Preliminary

Mean Decay 3

200 250 300 350 400
Simulated Lifetime in fs

3) Extract experimental mean decay beta:
Bxp = 0.0234(3)

4) Calculate the lifetime for *?Ne 4 * using the
results from 3) and 2).
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o Uncorrected y - Spectrum with 2p Cuts
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Movement of E _ for the experimental data for Ne-22 4+:

Enengy Whed for 17.27000 Deg Energy Wied

0=70

Tor 6862000 Deg

Energy wm#ru 100.51000 Deg _
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.
'
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e
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- 23
“ = W
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: (=905
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4 -
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- Fl - - el
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e ik i i el — e 1" h
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s ]
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wf ‘
:

Energy Wris:

for 12953000 Dep -

"
o tebr——ibr =iy
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o 142 52000 Deg
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2100
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E, 4 VS €OS(8)

Fit Results for E,=2082.7 keV:
| $=0.02344-0.0003
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Appendix: Carbon-16

Movement of ELab for the simulation for Ne-22 4*:

Emergy Wimler 17748 Dag l—.-un-r--—luq l—.-un-r-nu-n- Ervergy Wiaafs- @010 Dag

Fo=1 =7 Fo=7off =7 I =3 i

| 3 | T N[p=148

-k . ' i . 5
E P e il b i e Er., = E V

gy Whmear 407088 g o ‘WRarger BT Deg - ELab VS COS(B)

G 1 S
X ] '%140
i i =
:E ‘0 - Fit Results for E, =2082.7 keV:
_______ e i 2120

p=0.02497+-0.00005

2100
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P
"
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=

2080

';:G:SSA A | @ -

Preliminary T TRs T e e

COS
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Appendix: Carbon-12

I T

<

arXiv:1709.07501v1 [nucl-ex] 21 Sep 2017
Reorientation-effect measurement of the first 2% state in 12C:

confirmation of oblate deformation

Downsides of this Latest Q(2+) Measurement:

1) Measured C.S. relative to °*Pt - Gamma-ray energy a few keV!
- Large influence by changes in beam energy.

2) No sufficient gamma-ray efficiency calibration at 4 MeV.
3) Measured only under forward angles = No sensitivity for Q(2+).

Result: Q,(2") = (+0.053 +0.044) eb 83% uncertainty
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Appendix: Carbon-12

On-Line:
} Jurogaml|
\ T

How to check that we really measure
what we want to measure?

Problem: Expect ~1600 gammas
in 7 days for 2* state from C-12.

/  Better: Look at the 3- state from
Ptﬁg Pb-Target / Pb-208. There we expect ~60
times more counts.

shielding

* Use information from
backscattered C-12 to Doppler
\ correct the Pb-208 gamma rays.
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E, (keV) I, (rel.)
Helmer [16] Recommended
833.5324 (21) 15.93 (5)
1039.220 (3) 100.0 (3)
nat 1333.112 (5) 3.175 (12)
Zn, 0.25 mm 1418.754 (5) 1.657 (8)
1508.158 (7) 1.497 (7)
p @ 11 MeV, 1 enA 1898.823 (8) 1.051 (8)
- 1918.329 (5) 5.368 (21)
2h beam on target 2189.616 (6) 14.42 (5)
2422525 (7) 5.085 (22)
2751 835 (5) 61.35 (23)
3228 800 (6) 4.082 (19)
3380.850 (6) 3.960 (19)
3422.040 (8) 2.314 (14)
3791.036 (8)° 2.941 (19)
4085.853 (9) 3.445 (18)
4295.224 (10)° 10.30 (8)¢
— B 4461.202 (9) 2.26 (3)
4806.007 (9) 5.03 (3)
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