E=1809.09 (+0.08)
FWHM: 3 (+0.34)
1=3.20 (+0.18)

Dense Molecular

~Clo Hds o

c°°6
o A9

Intensity [10*ph cm?s'rad 'keV']

stellar
evolution 1805 1810
Energy [keV]

infall
(e.g. HVC's, streams

Compact
1S Remnants (WD,BH,NS)
(in binary / single

pulsar
' 'o

SNIa
(other galaxies nearbysIi nova Blnary X-ray Binary ~ .,‘.'
02 Interactions
. -
S e -

Roland Diehl



Astronomical Observations
throughout the electromagnetic spectrum

)
(=
>
-l
©
(%)
=
Q.
o

Absorption Bands due to O3, N, O s

Reflection

4 Iog1ov
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Interaction of HE photons with matter

-
co

\‘ Iyl | e | A | B L L | I (R
ol \ "\ Photfon interactipn with mdtter (Ab) |
‘ \
‘ -
- i \ |
2 14 )
~ 4 \ | =
£ \ LK Seconday photons / electrans
5 \ == : :
S \ L \—> multi-element|& tracking| -
811 X detector assemblies
s . Compton \ 3
§ = N Total “/ i
& 18 L\\=\
E' - .’P Pair e
2 4 \ ‘\”\. "
\
= m Photoelectric\\ ., o~ B
2 ‘;t;:
- \\\ "’,"‘ ) Eloy - -
0 (e O R e | 'At"'gb-_LU.L B Bl o= ST
0.1 0.2 0.5 1 2 5 10 20 50 100

Photon energy, hw/MeV

-> Secondary Particles
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Gamma-Rav Astronomy Instruments
Photon Counters and Telescopes

O Simple Detector (& Collimator)

(e.g. HEAO-C, SMM, CGRO-OSSE)
Spatial Resolution (=Aperture) Defined Through Shield

Q Coded Mask Telescopes
(Shadowing Mask & Detector Array)

(e.g. SIGMA, INTEGRAL)
Spatial Resolution Defined by Mask & Detector Elements Sizes

Q Focussing Telescopes
(Laue Lens & Detector Array)

(CLAIRE, MAX)
Spatial Resolution Defined by Lens Diffraction & Distance

Q Compton Telescopes
(Coincidence-Setup of

Position-Sensitive Detectors)
(e.g. CGRO-COMPTEL, LXeGRIT, MEGA, ACS)
Spatial Resolution Defined by Detectors’ Spatial Resolution

Achieved Sensitivity: ~10-> ph cm2 s1, Angular Resolution = deg

Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013 Roland Diehl



lhe INTEGRAL Spectrometer (SPI)

* Coded-Mask Telescope

* 19 Ge Detectors (5.5x5.5x7cm)

* BGO Anticoincidence Detector & Shield

e Stirling Cryocooler

* Energy Range 15-8000 keV

* Energy Resolution ~2.2 keV @ 662 keV

* Angular Resolution ~2 arcmin

* Field-of-View 16x16°
Timing Resolution 52 us

'
-

L
.
ury;

ol

9,070, 8,600

1
-

e 3 81

b

p

”~ A
08-12 Apr 2013
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i g
; uied <
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SPI Detectors
v« n-type

— (holes travel to outer electrode, ie fast)
v« Hexagonal, co-axial

“°69.42mm high, 32 mm sides (diameter 55 mm)
- 178 cm?, 951¢g

““Central bore 6mm diameter, 55mm length
“"Backside passivated (low leakage currents)
7 High-purity: Impurity Levels 0.5...1.5 1010
A ¢

7« Encapsulated in Al housing
“"Open housing (vacuum)
“"Quter diameter 60.65 mm; 1134g

¥

Y« Operational Conditions
" HV 3500...4500 V
=T 80...90K

Photographed by CESR
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The SPI Detector Set

e “Camera’” =19 Detectors
7 Total area 508 cm?
7c Total weight of Ge: 18kg

7« Mounted on Be plate
“"PA1 on Cold Plate
““"PA 2 on 210K plate
“"Signal: 50 mV /1 MeV

4 Photographed by CESR
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SPI Detector Electronics

Analogue Electronics:

7« Cold-Plate Pre-Amplifier 1 (80K)
210K Plate Pre-Amplifier-2 with FET; AFEE at ambient ~300K

7« Signal 50 mV / 1 MeV energy deposit
“¢ Signal time resolution (processing time) 26 us
7« Saturation clipping at 14 MeV

v« Saturated-event electronics dead time 100 us
v« PSD circuitry

8 Hz Conf
‘ Time | Time Frame Mark G)KL—EWH Mi e
H H H . Base '—’ éarrsm';'in Statistics & Statu: Stat Tst el kg HK
Digital Electronics: = Cemco x (Control
025 _y! Synchro >  Dead s
i Ar
“ DFEE el : Al W G
T o 18 .| Synchro i 7

““”Radiation-hardened AFeET| Adiust [ES T

CMOS ASIC PSD, : ; SE >—

| Synchro Primary inal
lgelay | Objects>_ (singles)
Synch
¥"8 Hz clock 25> Doy |
. - | Window G PSD
%50 ns event timing it _JGaere ; ME >
i multiples

& H + p  Serial e

FIFO event buffering AFEE| o nomo ety
“"725 ns ACS veto pulse {75, e ASIC E“
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SPI Detector Cooling Svstem

Ammonia Heat
Pipes

* Electro-Mechanical Cooling System

7« 4 mechanical (Stirling) coolers
“"Provided by MMS Astrium/ESA
“"Cooling to 80K, ~few W power

7« Detectors enclosed in
Be housing (cold box) il
&~ Stabilization, passive cooling
‘¢~ Careful thermal insulation
““"Total weight of cryostat ~100 kg Sapphire + Be cold

finger

- 4 Displacers

4 Compressors

Pumping

“ Ammonia heat pipe system T

“"Operated near freezing
(196K)

7« Electronics Control
¢~ Antifreeze of Ammonia Heatpipes _
%" Annealing

' SPICO Structure

\ Titanum Supports (210-300°K)

Fiber-glass supports (85-210°K) GeD’s Detection Plane
Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013 Roland Diehl



SPI Prelaunch Calibration

° Bruyeres Le Chatel
v« April 2001

“~108 h accelerator time

“"Also using
strong radioactive sources

Y¢ Results
&
Ov.el.'all 4 L SV » Average defectors 11018 i
efficiency: ‘ M ~ Defector 0 |
to g X Simulafion
t **
e ty—F ,
.|.
&
A
= Attie et al 2003 1 ’f*gk
-+
-
by D. Attié, P. Paul & S. Sturner >1<
0 : ——— : ;
10 100 EFIEHE]! , (IeV) 1000 10000
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SPI Ground Calibration Data. Bruveres Le Chatel

Y« Different Photon Sources from Nuclear Resonances
&"13C(p,y)1*N with narrow resonance at E, 1742 keV, broad resonance at 550 keV

fullenergy peak

|ooco

1000 1stescape peak

k unexpected line
St from 7028 keV level

100 Jwﬁmltip\e events

10

Pe(p, )N at 1742 kev

single events
+

100

10

h 4

t

2nd escape peak

c(p, x)"'N at 550 kev

PSD
. ACS off
s Ey=9198 keV Ey=8062 keV
8200 8400 8600 8300 1
6300 7000 7200 7400 7500 7E0D s0c0 8200 ke

=~ SPI Detector Electronics 10-8000 keV
“"Single- and Multiple-Detector Events
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J SPI Prelaunch Calibration Results

3 : ? 1

erall
efﬁCiency: 4 , SV + Average detectors 11018 |
' — Detector 0 i
+ %) x Simulation
t 4
L
T 1
A - .
+ b3
+
e,
. h
by D. Attié, P. Paul & S. Sturner >*+<
0 T T — T T T
10 100 Energy (keV) 1000 10000
0,1
00 - Ili!iiiijiigl.!;1,_ 59,54 keV
¢ Detector | FLL R et CEN T | ey
B 356,02 keV
Homogeneity: j o O 401 vev
K, @900@ g
‘?g 9 o 898,04 keV
& 02 gogog 117594 KoV
1274.,5 keV
Il @Q@ 1996.06 KV
0.3 ’ ' X Crystal weight
detector illumination
at 0=0° without mask
-0.4 t t t t t t t t t t t t t t t

&~ Attie et al 2003
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SPI Sensitivity for Gamma-Rav Lines

L b I ) ) R T | T T L i L L | T Vj.rTT,-
< \ HEAO3 | SER2 IS —— SE+PE+ME2 |
5 . 1 e === SE+PE
v—io B \ /_
2 | OSSE - P
5107 ST 1 104
9 - i
=
\er
>

[
<
tn
™

107}

Estimation (march 2002}

30 narrow line sensitivity (photons s ¢cm™)

30 narrow line sensitivit

T =10°s

obs

[—
=
N

10-6 . ......|1 L ......|0 L 1 i T P T y g ey
- 2 3 4

* The early estimate had ignored the instrumental line contributions
* Pulse Shape Rejection of background is less effective than estimated

Roland Diehl AGaDe Workshop, Garching (D),

o 2-5 Jun 2008 .
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IBIS coded mask

e

coded masks

“8PIl: Coded-Mask Telescope 15-8000 keV
Energy Resolution ~2.2 keV @ 662 keV
Spatial Precision 2.6° / ~2 arcmin
Service module Field-of-View 16x16°

Roland Diehl



* Coded-Mask Telescope
* 19-element camera

16° field of view, 2.7°
20-8000 keV

Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013

INTEGRAL: Ge Y-Spectrometry of Cosmic Source

Coded Mask Telescope:
Castingra Shadow

7

¥ - : x\i
v AN
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Single events specfro for good deTec’rors (Rev D02

INTEGRAL/SPI
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3
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—~ 5
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— e
c o
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I pcglﬁs/ keV

counts/keV

¢ Before &kAfter 10th Anneal

Spectra (3 days)

Rev D563
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The INTEGRAL 26Al Skv Surveyv

Pointings for days 1067 — 1690

90:\mmwulﬂ“\;m\:griu‘m:ﬂu#ﬂw\l’#miwwiélw‘uw‘:;\m:ﬂgxmm\#‘mmmmw’&umw\uwmmumr\wmwmwmu‘uuugum\:w
C R o i ,
E v e i Il sk .
70— -+ H +¢++ u S y ]
r TEpiy i n
C i £ - i
50 — —]
o L 4 + -
¥ so0- & -
= : ]
L +# + % ]
% 10F- . ’
£ o 4T ittty T et
b B e
= BT+ F R IR T
-10F a
@] L -
e = * *
5 - +
g 30 * + o+ # -
L S il
L + + + _
_50j¥+ ]
L FFEF her -
- HE ﬁfﬁ‘}ﬁf ]
-70[- ]
_90THH\HHHH‘\HHHHH\H‘H\HH\HHH‘H\HH\HHH‘HHHHHHH‘HH\H\HHH‘HH\H\HHH‘HHHHHHH‘HH\H\HHH‘HHHHI\HH‘\H\HHHHH‘HHHHHHT
180 150 120 90 60 30 0 -30 —-60 -90 —120 -150 -180

Galactic longitude (deg)

Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013

Galactic latitude (deg)

40.0
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-20.0
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Pointing on Sky Varies in ~30 min Steps

typically by ~2.1°
(PSF width ~3°)
5x5 pattern = target obs

7

Pointings for days 1067
‘ ‘ : ‘
.
inher
+7

+ T

1690

Galaxy |

t e

+ 4 L O A
+ ot R F F et
i

| +
pal ok
GG
5 ! F ,

IR S

e

g
E
I wi
e
]
LE

o
<
=
]
i L
F Hellf

F

i

e e
gSissa vl

o
+
+
+
+
-

g
+= i’;

++ 4
+++
+ 4+
¥
i
+
4+
+
i
+
pp ke

20.0 0.0

Galactic longitude (deg)

Roland Diehl



Enerav Spectra: Characteristic Examples

'1 0 / T T T T T T T T T T T T
I det=0,18 |
pnt=(280.1,-30.0)

1.5410°

' [ 15269 * 19 spectra det=0,18
1 9'1105_ | orbits 28-358, ~1000d nt=(184.6,-5.6)

2]
> /
2 i
)

/5.0010% |

1760 1780 ___ 1800777 1820 TTve-l Etmer oo TTTTTe-lR 1

__________ -~~~ Enerav (keV) 1795 1800 1805 1810 1815

103 L / ol . Energy (keV)

Counts

'102 P N 1de;[ecto‘1rf‘;°’°:
! 1 pointing |
| (to be fitted!) -

v« Analysis: Fit d=a*RS+bB

1
1760 1780 1800 1820

1 0 0 Energy (keV)

4000 6000 8000
Energy (keV)
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SPI Count Rate Historv 2002 - 2013
revolution number
0 200 400 600 800 1000 1200

° 50

SgleEvtsTotRate

1000 2000 3000 4000 5000
IJD
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SPI Count Rate History 2002 - 2013

revolution number
200 400 | 60.0, 800 _ 1000 1200

0
° S50

H
o

30

SgleEvtsTotRate
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Solar Activity and SPI Backaround

ISES Sclar Cycle Sunspot Number Progression
Data Threugh 30 Sep 06
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7« Prompt Background Follows
Solar Activity

7« Decrease Expected >2009

““"Unclear:
How Much of SPI's Background
is 'Prompt’
(versus 'activation’)?
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Enerav Spectra: Characteristic Examples

'1 0 / T T T T T T T T T T T T
I det=0,18 |
pnt=(280.1,-30.0)

1.5410°

[ 15269 * 19 spectra det=0,18
| orbits 28-358, ~1000d ni={1E4658] -

2 1.0410%}
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D 1
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/5.0010% |
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Contaminations from Underlving or Nearbv Instrumental Lines?

30410

25410

Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013

3o SPI Instrumental Bgd Paper: 1808557 9916 ¢ o
(Weidenspointner et al. 2003) '8%12 008747 wp
, : , L [T17789618) 0365(3)  PAIF)®Si  1778.969(12) Dblend
o] hni-(184.6.56) | 1808.7(1) 0.0202)  *Na(8~)**Mg 1808.66(3)  blend
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_ ] 1810.9(2) 0017(2)  Mn(g)®Fe  1810.772(17) blend
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B . 181064 i3 0.024 4 =pt
1798.5 keV 1.1 keV wide 37829 cnts 18107 5 0.149 14 a;
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Results: Simple/Straiaghtforward ON/OFF

7« Separate Database:
" ON= pointing latitudes <30° (11.08 Ms)
““"OFF= pointing latitudes >30° (2.1 Ms)

7« Subtract & Inspect
“"130 Residual Signal

F"Width ~ “instrumental”
Width < background feature at 1810 keV

“"Intensity ~as Expected

— 21000 counts; expect 25000
from 1~3 104 ph cm2 s*! rad"!
for this exposure (at GC 3.31 Ms)
and A_;~25 cm?

- A useful first-order check

Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013
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»

Peak Energy Shift

E/E (ref)

Cosmic-Ray Damage of Charge Collection
v¢ Degradation with time
¢ Annealings

High-Resolution

Spectroscopyv with SPI

Time-Variable Spectral Response

Corre\at\on for energy Revolution 42

Corre\at\on for energy Revo\ut\on 56

“¢ Line Shape = Convolution [Gaussian * Exponential]
7« Degradation Model (piece-wise linear)
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26Al Line Analvsis with SPI

3.0410°F T ]
det=0,18 ]

2501081 GP30 vs. hilat>30 ] [ De-'-ec.ror. spec.‘.ra ]
2.0:10°F ~1% of this
2 26 ]
5 15-10°F may be 2°Al| E
o 1
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Analysis Method:
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7« Comparison to “predicted” Features
Shapes

£

0
>
(o]
| 3
Q
<
Q
<
Q
[« N

- position & shape of 3
021 f iinstrumental bgd feature

o + . Aﬂn "off" data) _

f 0.0 L N Jr H%
I 11 S TW |

-> Detection of Celestial 26Al | fitted per bin
1800 1805 1810 1815 1820

Energy (keV)

Intensity (rel. units)
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Nuclear Gamma-Rav Line Telescopes / Missions

“¢« Compton Gamma-Ray Observatory
1991-2000
NASA

“« INTEGRAL Observatory
2002-(2014+)
ESA

Y¢ Earlier
Balloone-Borne
Experiments

» HEAO-C
1978
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Nuclear Gamma-Ra\

L Ineé l1elescobpes
7« Compton Gamma-Ray Observatory
1991-2000 e
NASA
IR opt VY
QQd\O F\
11
1)
1}
11
L=
ons
e(:ii;ﬁe\d)

i non—*vhermo\ einl'\sls:'\ér\
':Xperi ments
1978

Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013
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Radioisotope Gamma-Rayv Lines and their Messages

Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013

Isotope Mean Decay Chain v -Ray Energy (keV)
Lifetime
Be 77 d 'Be — 'Li* 478 A
SONj 111 d *Ni — *°Co* —*°Fe*+e" 158, 812; 847, 1238
'Ni 390 d *"Co— °"Fe* 122 >
’Na 3.8y *’Na — *Ne* + ' 1275 individual
" object/event
44T 89y “Ti—»*sc*—*Ca*+e 78, 68; 1157 ) J
2 1.04 10°y BAl - 2Mg* + e* 1809 A ,
cumulative
*Fe 3.8 10°% %Fe — ®°Co* — “Ni* 59, 1173, 1332 > from many
e’ .10% e'+e" — Ps — yy.. 511, <511 ) events
Roland Diehl



Massive-Star Interiors

-

7« Massive Stars are:
“"Key Producers of Cosmic 'Metals'
“"Key Agents for Cosmic Evolution in Galaxies

.

‘““/1» K
y ) O
Cl J + )
* Dust J 1 g 1%
‘ g Winds
S

Compact

i ‘ Ejecta AE{PI%SRemnants
5 W (in binary /
¢‘> M (in binary / sin

)

“« How does the Interior Structure Evolve
in Late Stages?
““"Which "Shells" are Active?
““"Which Nuclei are Produced? (ejected?)
‘“"What are the Time Scales?
““"How does all this Depend on Rotation?
“"How does all this Depend on Metallicity?

\V/z (% \ﬁ

conveetive envelope (red supergiont)

26 A| Production &

.mass coprdinate;:>

Main Sources of 44Ti, 26Al, ¢OFe
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20Al in our Galaxy: y-ray Image and Spectrum

L E=1809.09 (+0.08)
- FWHM=0.53 (+0.34)
T 1=3.20 (+0.18)

T
|

2.0

Intensity [10**ph cm™s'rad'keV"]

L 1 L L L L L L L L
1810 1815 1820
Energy [keV]

v/ Mas,swevS’rarVNucl eosynTheS|s

f\\ /.~~~ “inthe Current Galaxy:
Explou’rmg the Message from 2°Al y-rays
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CGRO (<2000 / INTEGRAL (>2002) S Ppectroscopyv

»
=)
T

T T T
L E=1809.09 (:0.08) + hﬁ
b FWHM=0.53 (0.34) |
[ 1=3.20 (:0.18) 10 keV ]

-
o
T

200

(bgd subtracted)

ounts

1805 1810

Energy [keV]

1815

~ INTEGRAL's 6E~3 keV

— = (=> Vpoppler100km/s needed © )
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Ge Spectroscopyv of 2Al Line with SPI/INTEGRAL

7 26Al Glow of Inner Galaxy Confirmed, at ~Known Flux Level

7« Line is Resolved, and not as broad as suggested (y cris)
%" Diehl et al., Astron. & Astroph. (2006)

Intensity [10*ph cm?s”rad'keV™"]

1805

1810
Energy [keV]

1815

7 SPI Opened the "2¢Al Line Spectroscopy' Science
" COMPTEL was superior wrt. Large-Scale Imaging
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Measuring the Al Gamma-Rayv Line from the Galaxy

* Increasing Exposure
- Improved Statistical & Systematic Precision

intensity (10 ph em? s ke™")

05 L 1 P L

i L N N n 1 n I n L 1 N N n n I I " L 1
1800 1805 1810 1815 1820
——————————————————— g Energy [keV]

L E=1800.03 (:0.08)

— ogl FWHMsc<1.3 (95%) a
s U8 1=2.03 (10.15)

g [

> 56l ]

1 1 1
1800 1805 1810 1815
Energy [keV]
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High-Resolution Gamma-Ray Spectroscopy
Maintained in Space: SPl on INTEGRAL

* Cosmic-Ray Irradiation
-> Degradation of Charge Collection
% ~2% per Orbit, ~20% in 6 Months (@1 meV)

* Annealing
&~ ~100-200 hrs at 105°C, few hrs at 90K

3,56 l( : .

56 { rdLotutifin inlkev : ||[1764.3 keV tine] %
I o < 10 10| 0| ¥ o oy o b~ i
a4 g g gl 8 g 2 8 s I8 (I8 [IE HE (=
~ I | | « 1 8 I < i ] < NL I <

N I3 a > > - > P
Jodl 85| 3 5 gl s § § | K 5 3 s 3
5 19¢ 2 = S = S 80 g S fhl = z o : Z =
O < 10
o 3 2 qf = S < 8 e JdB (1B /I s

o

w
I
a

W
L

w
n

w
n

Energy Resolution (FWHM)[keV]

f

A NEAL. 2 FWHM ~ 2.801 + 0069 rev ANNT\LJG A""g 18 |

3“.. ANNEAL. 4 ANNBEAL.12 ANNEAL.14 2ddH ANNEAL. 17 2
2P H
volutig

276 _iﬁ L i A":'le‘: ;ﬁ: # 7’Tr Aﬂ'ﬁm.s ﬁZHANN{{Lﬁ ZFFH AN‘ AL.1 H m] :;}L‘_ﬁ

10 6C 110 160 210 260 310 360 410 460 510 560 610 660 710 76c INTEGRAL Orbit No. (3days/orbit)
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How Wide is the Celestial 2°Al Line?

Y SPI Response * Celestial Line -> Actually-Observed Line Feature
®

S
2.0 | .
- E=1809.09 (+0.08) -
T | FWHNM=0.53 (2034 '|' i
© [ 8200019 | Celestial Line Width Constraint
5 1.5_— .
g L 1 seeseesm,
:cn - 1 '.',"‘1-00 150 Kmisec] %
£ 10/ | T T T
S 1.0 = . 168.3% 1954 199.7 % ]
pe - 1 1.0F 1 B 1.3 keV1 1.7 keV ]
2 1 i | | ]
© | 1 o8l : u
= 0.5 B I |
= i |1 0.6 | 7]
(7] i "
g | o4 !
L - . . ™ | —
= 00+ -!_'H_- + + ——————————— =|' '_*I; I | GR_IS,_
P POPTTT o i
| I | | | | | | | | | | I | | I I I I = | |
1800 1805 1810 1815 182000 L S e
Energy [keV] 0.0 0.5 1.0 15 2.0 2.5

FWHM of Gaussian [keV]
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26Al as a Tool to Studv ISM Dvhamics

°* The ISM is a non-Equilibrium and Highly-Dynamic Medium

7« No ‘Pressure equilibrium’ (‘phases’)
“"Numerical Simulations of ISM (MHD 3D)
300.00 Myr

— Large-Scale Dynamics and Evolutionrun ax = 6.5 pc; o/0, = 1
— MC Outflows, Destructior® | : ST &
— Energy Feedback into ISM

=161

B00

Y {pc}

200

Roland Diehl
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Measuring the 2°Al Gamma-Rayv Line in Detail

* Line Width: (from 10 years of data, up to rev 1240)
7« Account for Instrumental Line Width (~3 keV)
7« Extract Additional (astrophysical) Broadening = Doppler velocity

1.2T T
2 Epawass 000 Lo o 95.4% 683 3% |
Tl 3 1.0F | 1. eV
£ X - | | 254.4k%
o f A i ’ e
8o - > 08¢ | i
L oak @ i | e
2 04 C | ~
8 0er | 2
e g -+ "? : | l
18;)0‘ H ‘18‘05‘ o ‘18‘10‘ H ‘18‘15‘ o ‘15;2 Q 04-_ | l _
Energy [keV] 8 : | !
S 0.2f | ]
& ~1.4 +0.35 +0.3 keV 0.0 . L
Consistent with 0.0 0.5 1.0 15 2.0 25
Expectation FWHM of Gaussian [keV]
from Galactic
Rotation (~1.35 keV) 175 s Km S'1
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Spatiallv-Resolved Spectroscopv

° Analyze Line Shape and Position for Different Directions

v (kpc)

Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013
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-10

¢ Galactic Rotation
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Al in the Inner Galaxv: Spectral Response in Rol’s
““"Are there systematlc response varlatlons whlch could mimic a longitude-velocity
trends? |

T T T T T

2 4o T T T T
= - 75 keV — 460 ker 1
350 b
S 1 40 keV 18 k
< 3.4F 3.5
Q c
=, E
2 930 : /" //
2_ §_ 3 s 3.0
g 3-25 ] %
T 31: :
: : 2.5
3.0F E W////Mﬂ//ﬂ//////’/ﬂ_
c R B P BT B PR RS B . E 207/ "Nﬁ/ b
60 40 20 0 -20 -40 -60 ' 200 400 600 800 1000 1200
Galactic longitude [deg] time frev]
20 E 1 L L T ] :
E ] Modelling SPI’s response
= 10 :—— - . @ Radiation damage ‘
'n C —_— ] causes asymmetric
= E _— line with low-energy ¢
~ = — T - tail 8
- - —_ _ @ Good fit results fooor 1
= 0 C —_— [ obtained with a /\‘W*
ﬁ - —_— convolution of L 100F | l | 3
» - ——— ] Gaussian and g ol l‘ il b i
c n ] truncated & 3 I | ] ' |
= 10} T exponential e %0 1780 o0
[ Energy [keV]
E *® , (E+E' -Eo)?\
- I(E)zJ exp(—E’/T)- exp (T) dE
u 0
_20 C L 1 L L | | | | | L L L 1 L L L 1 L L
60 40 20 0 =20 -40 -60
Galactic longitude [deq]
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Motion of Hot Gas in the Inner Galaxy —= 26A]|

°* Hot gas streamlng away from star-forming clouds

300 T | | T enhanced star formation in
— 200" % : -
T ?h . spiral arms; gas/parental-cloud
£ | E . .
= 100¢ . _momenta incur one-sided
g ° i outflow (forward, i.e. following &
Z -100; . .
S M! enhancing bulk velocity)
€ 200+ ’l‘ %
300" WalN £

40 20 0 —20 -40
Galactic longitude [deg]
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0Fe Emission is Seen from the Galaxv

INTEGRAL/ SPT

et al., 2007)

B I
- E=0.07 (+0.30)
0.20 FWHM=2.76 (+0.00) (Wang
- 1=0.44 (£0.09)
@ 015
2 :
: —
g 010"
z |
@ 005
m | —_—
e
000 N ‘ ____ ——————————————
-0.05 - 4
[ | |

III‘IIII‘\III\‘III\‘III\'II\\'II\\

Energy (keV)

“¢« Gamma-ray Signal Now Beyond 'Hints'/'Limits’ (50)
7c 60Fe/26Al Emission Ratio ~15%

Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013
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Science Result: ®Fe

1.10-10°} det=0,18
pnt=(70.8,0.8)

E=1173.56 (+0.57)
FWHM=2.76 (+0.00)
1=0.42 (+0.16)

E=1333.09 (+0.65)
FWHM=2.76 (+0.00)
1=0.35 (+0.15)

P

1.05+10°|

I N

1.00+10°}

9.50+10°}

Intensity [10* ph cm?s'rad 'keV™']
Intensity [10* ph cm™s'rad 'keV™']

PRI I I P

o

1165 1170 1175 1180
Energy (keV)

R N n R R SRR R R R

1170 1175 1325 1330 1335 1340
Energy [keV] Energy [keV]

E=1173.30 (+0.47)
FWHM=2.76 (+0.00)
1=0.58 (+0.19)

E=1332.38 (+0.59)
FWHM=2.76 (+0.00) ME
1=0.52 (+0.21)

T

JARBARRRRERRERRR

Intensity [10* ph cm?s'rad 'keV"']
Intensity [10* ph cm?s'rad 'keV"']

v e b b v b

1330 1340

Energy (keV) 1170 1175 1330 1335
Energy [keV] Energy [keV]

v« Marginal Result

%" Problematic Instrumental Lines

— 60Co Buildup, 1337 keV Ge Line
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“lmaaina” Bad: Interior, or from Qutside

* SPI 19-Ge Detector Arrangement within BGO Shield

7« Use Relative Contributions to Signal per Detector

““”"Homogeneous Irradiation & Performance <-> Equal Shares

0.10 AdotoNintegrahgedengede2\26ANrev27— 1395\
» Hints for o
Location of e
0.08
Bgd Source 2 ‘o
“" Discriminate E oy
among Candidates e y Y
g 0.061 % *’
o *
@ X
0.04r %
g
.
1764 keV
%21 Bi Line
|\\\I‘\\\I‘\I\\‘I\\

Relative Signal Intensity

0 5 10 15
Detector ID

Top PA 1 array view
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Massive-Star Structure Diagnostics: “Fe/?Al Ratio

220W
‘\_\L-\' I T T I T T T ] T T T l T (i) T I T T T I T T I T T T
A fet tclear erergy generatlon (burning plus neutring luses) ineg g 5™
o #1070 0t p0l >102 r0d
20 %

3T | DEt QUCIE & ENErEY 1SS (OUrRIng HIVE NEUTnG Losses) erg g &
Im ) RS <0 <10 <10 <167
£ \ i
i 26Al Production

“convection

IcOgi: time=4000 8 V,sma=14.4 km/s

.
___' 4by mase loss

log (time before SN) [y]
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%Fe in the Current ISM

e Gamma-Ray Observations: RHESSI, INTEGRAL

(&= 60F o /26 ~159 ° S T
Fe/?°Al Intensity Ratio ~15% (£4%) T [ ecooruos +
T 0.20 FWHM=2.76 (:0.00) -
o [ 1=0.44 (:0.00)
*S 0.15F
100 [ ' F- I
E\? R f‘ 0.101
~ L 2 0.05]
o %00 Prantzos 2004 : |
..é - rantzos é 0.00F ] |‘i:‘:“|
_>3< 60 = é -0.05;—
b < " 5 0
8 SN N ESR ey Energy offset from *°Fe line [keV]
= 40 —
< - . . e
& _ Limonai & Chieffi |
E s
3 2006 7
0 | .

RHESSI SPI

5~ 60F g/56F e ijsotope ratio in current ISM = 1.5 107

— using Mg,=4.95 10° Mg, and SAD 7.5 and M,g,=2.25 Mo> Mgoe.~1.2 Mg

Ge Detector Workshop, Tubingen (D), 08-12 Apr 2013 Roland Diehl



e* Annihilation Conditions and the Line Width

e* annihilation - 511 keV photons (+continuum)

Annihilation Environments:
& In-Flight
“"Hot ISM
“"Warmé&Cold ISM . :
% On Dust Grains B I —
0.40

P|03

WJom

0.35

0.30

0.25

0.20

0.15

NST oy

107 photons/s/cm?/keV

0.10

0.05

0.00F . .
480 490 500
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Galactic Positron Annithilation: Summarv

¢ SPI 2004 public data
- Warm neutral

v« Annihilation y-Rays are a New
Astronomical Domain / Window

0.15

10 photons/s/cm */keV

7« Galactic-Disk Emission:
More-than-enough Sources, T
probably Nucleosynthesis; "
Bulge Emission: a Puzzie

7« Positron Transport and Annihilation
Environment Diagnostics 2>
Cosmic-Ray and ISM Astrophysics

Irregular

v« Spatial Profile of Annihilation Emission
= Discriminate Candidate Sources

““"Disk versus Bulge Sources O ©T e

¢~ Galaxy Survey

““"Deep Exposures are Needed to Constrain

Contributions of Specific Source Types
(Individual, Groups)

¢~ SPI++, and Next-Generation Instruments

R R

o
/.ffreFf

|

3

Levo el
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flux in 847 keV line [ph cm™s']
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LECTURE NOTES IN PHYSICS 812

@ Astronomy with
Radioactivities

Summary
7« Radioactivity provides a unique / different astronomical tool

“"Intensity change only due to radioactive decay

“"Thermodynamic gas state unimportant

7« Ge provides Spectroscopy (line shapes)

Y¢ Supernova interiors:

““"SNIla brightness evolution and ¢Ni yield calibration

““"Core collapse evolution into an explosion with %6Ni and 44Ti production

Y« Massive-star shell structure and evolution:

HD Run &x = 0.5 pe; 0/0gy = 1 300.00 Myr

L »
R
-
5 K4
».
.
P L §-
p 1
4 o
& ) i
v 1
¥
]

“"26 Al production in core H burning and late shell burning,
60Fe production in C and He shells

¢ Chemical evolution uncertainties:

“"ISM state and dynamics around positron sources,

and around massive-star regions
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