= [ 75]
+ L) ®
|_J Lehrstuhl E12 Technische Universitat Miinchen

Doppler Shift Attenuation Method:
The experimental setup at the MLL and

the lifetime measurement of the 1st excited
state in 31S

Clemens Herlitzius
TU Munchen (E12)
Prof. Shawn Bishop

Russbach, 13/03/13 Clemens Herlitzius, TU Minchen



e ]7?
+ L) ®
|_J Lehrstuhl E12 Technische Universitat Miinchen
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The experimental setup at the MLL and

the lifetime measurement of the 1st excited
state in 31S

1. Motivation
2. Method, setup and experiment
3. Analysis: simulation and line shape calculation

4. Results and conclusion
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1. Motivation

-~

(Credit: NASA/CXC/M.Weiss)

classical nova illustration

\_

* H-rich material accumulates
on surface of white dwarf
(C/O or O/Ne core)

* energy production via pp-chain (€~T4)

« CNO sets in (€~T"") pressure
overcomes degeneracy
— ejection of the envelope

* proton capture up to A=40

» competition: p-capture / b decay

~

Russbach, 13/03/13 Clemens Herlitzius, TU Minchen
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1. Motivation
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LLLLLL

(p,9) vs. b decay
reaction rates

"\

/

Russbach, 13/03/13
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1. Thermonuclear Resonant Reaction Rate

1/2

(ov) = (—) (kT)_3/ZZE0(E) exp(%) dE

resonance strength‘

a,l._, 2J; +1 Iply
", iy AT, +T,
h
=g(l_Bp)BpT_i

/

M - reduced mass

~

Spins of: resonance state/
projectile/ target

Ji’Jp’JX -

T — temperature
E, — relative energy of state (to Q)
I'p, FV — partial width of p-/ y- decay

B, =T,/ ' — branching ratio

h . i
= o(l - = life time_

o
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2. Lifetime measurements

2:/\}%/ 10fs<z<lps Ips <7 <100ps 100ps <7

~

|
o time
S\
f_g,ﬁ Recoil-Distance
8"4% Doppler Shift
Qlus Method
:O Doppler Shift
I Attenuation Fast electronic timing:
' 0 Method Start-stop measurements
\t =Us Counting measurements /
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2. Doppler Shift Attenuation Method

thick \

/target

Setup:

HPGe
at0°

ion beam —p

o /

obs ll_ﬁz v<<c
E" =E) E)(l+ Bcosa)

"1-Bcosa




.y

= |
I_J Lehrstuhl E12

Technische Universitat Munchen m

2. Doppler Shift Attenuation Method

thick \

Setup: target
ion beam —p HPCie
at0
Bll)= Vin (1)
c

/

obs
EV

l_ﬁz y<<c
Y ~ Ef(1+/3’cosa)

"1- Bcosa

counts

1=1.000 ps

~

i1 1 ] | L
1000

L | 1 Il | J 1
1020 1040

E, in [keV]

L |X\|\\l\| L
1060 1080 /
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2. DSAM setup at the MLL

92;?% thick \ / \

Setup: > Reaction: 32S(3He,*He)31S*

o / target
Beam: 32S at 85 MeV

. HPG
ion beam —» at Ooe Target: 3He implanted Au
(stops 31S)
™[] detector Recoils:  3'S with E,, = 1.25 MeV

\ / k 4He for PID & coinc. /

Russbach, 13/03/13
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2. Commissioning experiment:32S(3He,*He)31S*

-~

3rd

2nd

1st

\_

3/2+ —ee———3437
5/2+,(3/24) =34 5-+—3285.5

19.8

| o
1/2+ —2036.5—3079
8434 |

5/2+
J 986.

3078.8

2235.6 220 FS

2235.5

~

@B/2,7/ 9+ —v—T—21[21 33511

3350.9

3/2+ — D

1248,

1248.9500FS- - - -

1/2+

315

Y¥Y (25725 €:100%- -~ --------

(Nudat, Dec. 201&

~

Reaction: 32S(3He,*He)31S*
Beam: 325 at 85 MeV

Low trans. strength:
ond _, 1st’ 3rd _, st

High trans. strength:
4th _, 1st’ 5th —» st

levels nicely separated

Detector response function known
known lifetime

no feeding

. /

Russbach, 13/03/13
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t the MLL

Condensation

Cooled target
ladder rotated
by 6=54°

S | 1993 - Si detectors
b Yoy sin R (G E—e—=/d B/ at 6=39°
@2 1/ 458 A i

Russbach, 13/03/13
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2. DSAM setup at the MLL

~

target
ladder

Silicon
telescopes

@

o=
target chamber
(bbttorh flange”

Russbach, 13/03/13
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-

Features: beam diagnostic

* mini cup with suppressing
voltage

* Csl crystal for visual
diagnostic

o

~

« optional collimator in Cu tube

/

Russbach, 13/03/13
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4 N N

Sl o Features: target ladder

ladder

» 5+2 positions
* linear translator

* rotation angle 54°

e coolableto T =-100 °C

o AN Y

Russbach, 13/03/13
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« 20

Features: Silicon telescopes

~

E/E (50 ¢ m/1mm) for PID

W

e distance: 32 mm

20 mm?

* position sensitive

* polar angles: 25°< [¥] <60°

/

Russbach, 13/03/13



R .2}

+ @) /
LMU I_J Lehrstuhl E12

Technische Universitat Munchen m

2. DSAM setup at the MLL

copper tube ‘ |

i/ WP <t -
O QR4
/' telesc(:g;z)es
target 77, 9
O ladder £/ o

0 O O O

O o O

O o O

. \\ v :
B ORENZ . o
N 4 U(g 4 o
O & 00977 Silicon
N

-

Russbach, 13/03/13
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3. Analysis: Simulation and lineshape calculation

" qw’

30 ‘ g g1

q j‘w,
00

Three major analysis steps:

3.1 Proceeding the acquired data of the experiment
— calibration
— background reduction in the E, spectra

3.2 Simulation of the Stopping process: Geant4

3.3 Line shape analysis: Fitting with APCAD

o /

Russbach, 13/03/13
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3.1 Proceeding the experimental data

" qw’
i otons -
00

3.1 Proceeding the acquired data of the experiment
— calibration
— background reduction in the E, spectra

o /

Russbach, 13/03/13
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3.1 Proceeding the experimental data

4 N _ N

Raw data: oo HPGe @907
- ~90 hours (with 2.3 pnA) 10°F 102}

325 — “SHe + Au” target o | (i !

?:; : 1200 1300

« ~30 hours (with 6.3 pnA) 31031AL

325 — “Au-only” target ;

10

« global trigger on charged 103_

particles in the Si telescopes : L |

'Illlllllllllll Illllllll
0 500 1000 1500 2000 2500

o AN R

Russbach, 13/03/13
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3.1 Proceeding the experimental data

-~

Proceeding:

Particle identification in the
dE/E Si telescopes

-Background subtraction

\_

~

" HPGe @ 90° |

~

1025‘

| ll[l

|

1200 1300

llllllll
500 10

PP ) A | | 5 A
00 1500 2000 25
E, in [keV]

00

/

Russbach, 13/03/13
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3.1 E, background subtraction

-~

2000
1800
1600
1400
1200
1000
800
600
400

counts

TTTET T TIT I ITI T TIT T I T ITT T TT
Bt | T EITTET]

L

TRk

Il L

scaling

AL
|

|

¥
A
e
B

_ Integral’™[1350.0,1700.0]

*He data
Au only data

L

:

T 5. . '1' - ;;- 75_ »

Integral™'[1350.0,1700.0]

o

el
1200

s
1400
E, in [keV]

1500

16

00

&
1700

~

Russbach, 13/03/13
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3.1 E, spectra for lineshape analysis

-~

t HPGe
2500/ 110°
2000—
t
1500~
E
g
1000 +
+
500— ++
Ao
OI—' H'IL +.%H+ # J|'+r +'r'r 4 H’l-+|u f
i o
= | | | | | | [ | | | | ‘
1200 1250 130
E, in [keV]

3000
t HPGe
2500 90°
2000
+
21500
=
g
1000}
: i
500
by
H
PSSR T F bt t g b
Jr+++f+ O B
| | | | | | | | | | | |
1200 1250 130
E, in [keV]

counts

2500

2000

1500

1000

500

- i HPGe
i 0°
E |
- |
- +
: +

Mt ##—Jﬂw%mwﬂwﬂ¥ﬁimﬁﬂw
| | | | | | | | | | | | | | | | | | |
1200 1250 1300 1350

E, in [keV]

~

Russbach, 13/03/13
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3.2 Simulation of the Stopping process: Geant4

o /

Russbach, 13/03/13
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3.2 Simulation of the stopping process: Geant4

-~

\_

—

Y/l

\

/

* beam:
- energy
- elliptical spot

* target:
- 1stlayer: 3He in gold
- 2"d [ayer: Au only
- rotation

k - transfer reaction

Monte Carlo simulation:

~

Russbach, 13/03/13
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3.2 Simulation of the stopping process: Geant4

/ Output file: \

« if transfer reaction occurs:
- save 31S vector
- save “He vector
for each time step

time after excitation in [ps]

o

Russbach, 13/03/13
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3.3 Line shape analysis: Fitting with APCAD

Russbach, 13/03/13
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3.3 Line shape analysis: APCAD
4 )

Analysis Program for Continuous Angle DSAM

 Christian Stahl, TU Darmstadt, AG Pietralla

Idea:
1. Simulate stopping process v,,,(t)
2. Determine observed Doppler Shift distribution m(t)

W

Assume lifetime and covolve it with mg(t)

4. Fit experimental line shape by varying assumed lifetime
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3.3 Fitting the experimental data

3000

-~

2500 at

2000

1500

Events

1000

500

IIII|IIII|IIII|IIII|IIII|IIII|

| | |

| |

| | ! |

W

t HPGe detector

=110°

1280

1260
Gamma Energy [keV]

1240

1180 1200 1220

~

1300 1320 1340 1360 /
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3.3 Fitting the experimental data

-~

Events

3000

2500

2000

1500

1000

500

at

| ! |

|

- | |

W

i HPGe detector

=90°

|

Gamma Energy [keV]

1180 1200 1220 1240 1260 1280 1300 1320 1340 1360 /

~
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3.3 Fitting the experimental data

-~

Events

o

4000

3500

3000

2500

2000

1500

1000

500

-500

[Tl
-+
-+
+
++
T+
- -+
-+

|

|

| |

HPGe detector

at

| ! |

W

=0°

|

1180

1200

1220

1240

1260 1280

Gamma Energy [keV]

~

1300 1320 1340 1360 44///

Russbach, 13/03/13
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3.3 Fitting the experimental data
/ =10 = 0\

 simultaneous fit of all angles

T = (964 =19, = Error )fs

Russbach, 13/03/13
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Z+ (041 = ) 9DdH
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.Wi N Z + (.06 = ) 90dH

_.1 N Z- {0 = 0) 90dH

TI N Z + (.0 = 0} 90dH

_M:. wwz - (.01} = h) 90dH

rl. wwz + (041 = 0} 99dH
] § N

wwz - (06 = h) 90dH
.Hx N wwz + (.06 = h) 8OdH
_T WWZ - (.0 = B) 90dH
..1 wwz + (.0 = p) 99dH

ww} + £ sodweaq

ISCUSSION

8] ww} - £ sodweaq

.w,l ww} + x sodweaq

geometry of the setup

_,I wwi - X sodweaq
_. H .2 - 9|6ue g
m.. .z + 9Bug |5
_w,l wwz - aauesip IS
_.1 Wz + 20UEIsip IS

+ %0Z + }omod Buyddoig

power

+ %01} + Jomogd Buyddoig

stopping

+ %G + Jamod Buiddorg

+ 5,6 - Jamod Buyddoig

+ : %01} - Jamod Bujddoig

%02 - }amod Bujddmig

/2.4%

e 16%

%0Z + 19he| oH_

[s3] u1 swgayy \

I_J Lehrstuhl E12

-
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4. Results and error d

-~
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4. Conclusion and outlook

» Successful commissioning
of the new DSAM setup at
the MLL

« 1st excited state in 3'S:

311
fs
89 Syst]

* The error is dominated by
systematic uncertainties of

\ the stopping power

stat —

7:=(964¢19 +

/

/Outlook: \

* Neutron detector for access to
additional reaction channels

* DAQ: digitizer
* |Ice target (hydrogen target)

* Miniball @ MLL

\; CRYRING @ GS

/
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5. Additional slides

Russbach, 13/03/13
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5.1 previous measurements:

-~

r AT ATstal‘[ ATSVst
Engmann et
al. 1970 720fs | 180fs 20%
Doornenbal +1.3 ps
etal. 2012A | 1.2ps 0.7ps 0.9 ps
Doornenbal
etal.2012B | °2PS 4.8ps 5.2ps
Tonev et al.
2011 624fs 24fs 10%

325(3He,*He)31S,
7MeV, direct kinematic

2-step fragmentation,
40Ca+9Be->3"Ca
Miniball,

Fusion evaporation,
20Ne+12C_>31 S+n

~
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5.2 feeding

/ High trans strength: \

3/24+ —ee—3437

2188.1 2,7 33511
5/2+,3/24) =3 5e—3285.5 GI27/9+ 21021 th t th t
1o 19.8 3350.9 4 —> 1 S 5 1 S
1/2+ —2036.5—3079 - y —
843.4
3078.8
8¢ 8
E 3 E 3
7t — "He data 7E — "He data
sf- 6E
5/2+ 2235.6 220 FS 5:_ —— Au only data 55_ —— Au only data
986.6 2 £ 7k
22355 5 4 5 af
8 8 i
3 3t
2 2t
‘ A
ad v i , i
32 — oagg LZABOSOOFS- e 0920 940 960 980 1000 1020  ° 2050 2100 2150 2200
E, in [keV] E, in [keV]
10* . d
44
k4]
5 102
172+ — YW 025725 €:100% - oo ¥ 3 l lll
31 10
16515
1

0 500 1000 1500 2000 2500 3000
E, in [keV]

Russbach, 13/03/13
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5.2 Energy of 4He particles

~

i —— “He (*'s — ground state)
10 —— “He (*'s — 1** state)
- ——— “He (*'s — 2™ state)
i g —— “He (*'s - 3" state)
] —_ w NA i s (ground state)
=l N LG /A4 /e s (1 state)
~ % % 31 nd
% i %Z% .......... 31S (Zrd -
N2, %2 2 i e state
E o % %% S(3 )
.E [ % /
2. S
@ 4 D
c | @g'
G 2
_%'"’f;,,' .\
2 H{,ﬁﬁ":’: / \
L \\\
0_ g ] /)/A/A [ \\' ——

-

8.4

8.2

angle spread A 6 in degree

IIIIII]IIIlIIIIIIIIIII|||||Il|||||

llllIIlllllllllllllllllllll

~

distance target detector: 34.65

target rotation: 54.00

beam diameter: 3.00

N
o

30 40 50 60 70

detection angle 6 in degree

/

Russbach, 13/03/13
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o N (.

40

328 +12C —» X + He 10\

x10°

\IJ}IIIIlIIIIl

20
35 39K 36Ar [,
B 30 —16
E 25 14
:_ :2'20 "
N £ 10
- 3
w
- 15

b b by b s by g by by g Iy 1 20 40 60 80 100120140160180

25 30 35 40 45 50 55 60 s ro
\ polar anale 8 in [°1 / \ polar angle 6, in [°]

Russbach, 13/03/13
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5.3 Fusion evaporation

10°

10°

I|l|l|||| I TTT cIIIIIIH’ [ TTTII

1200 1400 1600 1800 2000

-
(=]
(=
o

10°

10?

2000 220 2400 2600 2800 3000

Russbach, 13/03/13




.y

= |
I_J Lehrstuhl E12

Technische Universitat Munchen m

2. Recoil-Distance Doppler Shift Method

-

Setup:

thin target stgpper \
\
\

ion beam

A
i “""wa HPGe
’ IT ....... t OO
\I\a

i

Je,t<ty ] ! !
= Vfight! €5 T < Lgignt P d S bt = d
\0 o b > i /))ﬂighy
obs 0 1_/32 ¢ 0
E™ =E, ~ E, (1+/3’cosa)
1-fcosa

L flight
N gifed = f N exp(— _)
=0
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B=0.10 \

1 =100.00 ps
d =0.50 mm

i N
thin target stopper
\ /
\

Setup:

— HPGe S
,\at 0

ion beam —p

- | =
L]
(]
i‘:
[
[]
[]
i J

activity

time

~
~
~
~N]
nts
— -—
oSN
o O
[II IIIIIIHlIIIlII |IH|III|III|

d 20-

T

t i = LR O N T N N N N (O T (] S |
T B € 9 102 1.04 106 1.08 1.1
observed E, in [E‘Y’]

B = Vﬂight/09 [ <lyigy
\ 0 o8> Loy

7 1= Beosa

- ! flight
Eobs — E° ﬁ ~ Ef(1+/3’cosa) N (_5)

shifted — f N, exp
=0
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3.1 TDC gate

4 N . N

TDC data e HPGe @907
5:_ 10%¢
« common start: 107 E
trigger Si telescopes g [
?::;10 1200 1300
« individual stop: S 1oL
- delayed Si telescopes ;
- HPGe @ 0° 10°2
- HPGe @ 90° o a
-HPGe@110° E.,,.1111.|....1|[|.|..,.|1 ..]..h
0 500 1000 1500 2000 2500

o AN R

Russbach, 13/03/13
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3.1 charged particle identification

4 N ([

PID gate

with {¥]E/E Si telescopes
3000
two groups: 5
* protons = 200
* 3He, *He m?:::
— 3He and “He can 1000

not be separated

b 2000 3000

\ / K AEin[a.u] /

Russbach, 13/03/13
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3.1 charged particle identification

-~

PID gate
with {¥]E/E Si telescopes

effective thickness d of
¥]E depends on (8,¢)

\ d

A

o

~

2000

E.. in[a.u.]

/4000 —

3000— -

1000—

\ l : . _ -:..I I
2000 3000 4000

AEin[a.u.] /

Russbach, 13/03/13
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3.1 charged particle identification

-~

~

\ distance to fit in [a.u.]

600—
L2400
=
3 -
(@)
(3]
200—
|~ \
0 M‘-’H"‘w | I | | g ORI | 1
-1000 -500 0 500

/4000

3000

2000

E,.. in[a.u.]

1000

/

:\i ..I 1 [

600—

200—

W

2000
AEin [a.u.]

| ! L
" -1000 -500 0 500
distance to fit in [a.u.]
3
He
..l. 1 ,I, y )5 ] 1
3000 4000

Russbach, 13/03/13
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3.1 PID a gate on E, spectra

~

\ E, in [keV]

- TDC gated
1065— I
- 10%
010° B Ww
 F 1200 1300
a L
o |
10*=
10° mﬂ
_lllllllllllllllllllllllllllll
0 500 1000 1500 2000 2500

-

~

/

o

[ TDC&
— 3|
T o-PID
. gated
10°
W T . |
T L 1200 1300
3104
0105
10°c
1023—IIIIIIIIIIIIIIIIIIIIIIIIII*M
0 500 1000 1500 2000 2500

E, in [keV]

/

Russbach, 13/03/13
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Observed Doppler shift is
determined by the ion’s
velocity component in the
direction of observation

N _\

Eobs Eo 1 - /))2

ro 1-fcosa '
~E'(1+ Beosa) - - i
0.12—
EObS ] EO(I + m) ‘%gggg NH NNNNH’INN
7/ }/ ;0.04;—
0.02
_E -8 I | |

\ m E;bs = m / K normalized Qoppler Shift factor '_"B'_" /
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~

- vlon(t,) = -a'k

HPGe @ 0° t= 2.90ps

1_
. L
=
o) L
(3] )
o % : ,- c
S 0.5~ - e e -
= —c., | o

o
T T
o
weigh
o oo
oS ool
SN E OO
| LA LA LRI AL LAY |
S —
]|
= =
S ————— T
TN PN
ey
—_———
3
e r— |
era st —

: i ; == ) 0.5 i
\ Myime / K normalized Doppler Shift factor %-“ /
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3.3 Doppler Shift distribution: projection

/* HPGe @ 0° t=2.90ps\ / \

0.08— !
L |
0.06§"
Ik —10"
£ | = 5
3 0.04— =
Q E“ L W=
g_ 0.5— i-
- 'g
- 0.02— i3 .
L [l —10
T ."F‘“:f-- - I
| I | | | | | | | | | | | | | | ‘ | ~
o 0 002 0_04 006 0_08 '0.0%' 1| |0|5| L |%\ (| |1]5\ [ lél [ \2|5| 14 3 103

\ Miime / \ "time after excitation in [ps] /
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3.3 Line shape modeling
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3.3 Physical energy in the HPGe
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3.3 HPGe detector response
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Optimize [¥)?

free parameters:
o lifetime [
- transition energy E;)
* number of events
» background offset

Fixed parameters:
* HPGe detector response
* background slope
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