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Cosmic Ray Abundance Measurements
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COUNTS

limited resolution (Fowler et al. 1987)
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e Left Figure is the chare histogram from HEAO-HNE (Sep. 1979 — Jan. 1981), which
resolved only even-odd pairs for Z < 60 (Binns et al. 1983)

e Right Figure is the charge histogram from Ariel 6 (June 1979 - Feb. 1982), which also had
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New Measurements Needed
Instrument Development with Balloons

e Stratospheric balloons provide relatively
economical access to near space for
large payloads up to ~6,000 Ibs.

National Aeronautics
and Space Administration

* Balloon payloads can be recovered and
flown again, which is advantageous for
instrument development and
demonstration.

e Balloon projects allow for student
involvement that can span the entire
project life and include many project =T

roles. Balloon Science

A Special Edition Featuring Selected Balloon SCience Payluads G




Trans-lron Galactic Element Recorder
(TIGER) Balloon Flights

e The first TIGER payload
(1995/1996) flew from Lynn
Lake, MB, Canada, not
currently in use, indicated | . - Sy
by red arrow. R\ A e

e TIGER 1997 flew from Ft. ] o
Sumner, NM.

* TIGER-LDB and SuperTIGER S IR b |
flew from McMurdo Station, BT R R e |
Antarctica S hog Dbeatioh salagn P

McMurdo Station, Antarctica Wanaka, NZ —A—
¥

Map Credit: Wikipedia

Launch Locations Worldwide
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p Trans-lron Galactic Element Recorder Collaboration
=7
1995/1996

Washington University in St. Louis: J.J. Beatty, W.R. Binns, D.J. Crary, D.J. Ficnec, P.L. Hink, J. Klarmann,
D.J. Lawrence, B.F. Rauch

Goddard Space Flight Center: L.M. Barbier, E.R. Christian, K.E. Krombel, J.W. Mitchell, R.E. Streitmatter
University of Minnesota: C.J. Waddington

1997

Washington University in St. Louis: W.R. Binns, J.R. Cummings, P.L. Hink, M.H. Israel, S.H. Sposato

California Institute of Technology: G.A. de Nolfo, R.A. Mewaldt, S.M Schindler

Goddard Space Flight Center: L.M. Barbier, E.R. Christian, J.W. Mitchell, R.E. Streitmatter
University of Minnesota: C.J. Waddington

This work was supported by NASA grants and the McDonnell
Center for the Space Sciences at Washington University



The Trans-lron Galactic Element Recorder Payloads
1995/1996 1997
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115 cm Ww Scinlillaling Fiber ‘ . I e THTT T U 'c‘::':c.”
TOF/hodoscope bottom  pMT €2 (ackylic) Scineitamr (2) Fise Hoduscope
TIGER 1995: 45 minutes at float from Lynn Lake, MB, Canada oF
* Demonstrated compact scintillator readout worked
TIGER 1996 attempted flight 0 minutes aloft due to a short in the Electroxics Bay

termination package before launch

TIGER 1997: 23.25 hours at float from Fort Sumner, NM

* Demonstrated compact Cherenkov readout did not work

» Demonstrated utility of using 2 types of Cherenkov light
collection boxes: acrylic n = 1.5 and silica aerogel n = 1.04



Fiber tab=6
fibers
0.9 cm wide

PMT PMT
Fiber segment=16 Left | Right |
14.4 cm wide
PMT PMT
Left 2 Right 2
PMT PMT
Left 3 Right 3
PMT PMT
Left 4 Right 4

Position determination using scintillating optical fibers with a coded readout.

Fine side photomultiplier tubes (PMTSs) take every 4 tab (groups of 6 1 mm fibers)

Coarse side PMTs take groups of 4 adjacent tabs
Each segment is coded to the fine and coarse fibers in the same format




Compact and Light Collection Box Radiator Readouts

l.1m >
Tt Waveshifter Bar Mounting Holes
Aem Q Q O Phillips XP2971 Scintillator Radiatar
PMTs . e Aluminum Clamps
RCA S83006E Radiator e 456" ] Lucite couplers
PMTs White Reflective Paint (116 cm)

TIGER used two radiator detector readout methods:

« Light collection box (left) with radiators in large white boxes that reflect light generated to be read by
large PMTs mounted on all four walls.

« Compact readout (right) that uses wavelength shifter bars along the edges to absorb and reemit light
to be piped to the end of the bars and readout by smaller PMTs.



TIGER 1997 Results (Sposato et al. 1999)
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* Left Figure is the TIGER-1997 charge histogram of ,.Fe-region data for 0.8 — 2.5 GeV/nucleon.

e Charges determined using scintillator and acrylic Cherenkov signals.

e Right Figure is the TIGER-1997 charge histogram of ,.Fe-region data for 2.5 — 7.5 GeV/nucleon.

* Charges determined using scintillator and silica aerogel and acrylic Cherenkov signals.

e Dr. Sposato’s PhD dissertation results demonstrated the effectiveness of the TIGER design,
paving the way for TIGER-LDB.
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TIGER-LDB Collaboration

Washington University in St. Louis
B.F. Rauch, W.R. Binns, J.R. Cummings, M.H. Israel, K. Lodders, L.M. Scott

California Institute of Technology
S. Geier, R.A. Mewaldt, S.M Schindler, E.C. Stone

Goddard Space Flight Center

L.M. Barbier, E.R. Christian, J.W. Mitchell, J.T. Link, G.A. de Nolfo, R.E.
Streitmatter

Jet Propulsion Laboratory
M.E. Wiedenbeck

University of Minnesota
C.J. Waddington

This work was supported by NASA under grant NNGO5WCO04G,
and by the Graduate School of Arts and Sciences at Washington
University in St. Louis with a Dean’s Dissertation Fellowship.
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TIGER-LDB Instruments

2003-2004

s1 TIGER INSTRUMENT CROSS-SECTION

52\
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> Hodo

55 cm

S4 - 117 cm

 TIGER-LDB used a suite of detectors demonstrated in the TIGER flights.
» Payload was designed to operate in near vacuum after the Kevlar gondola design they wanted to used
failed during another payload’s flight.
» Potted high-voltage and all custom-made electronics.
 TIGER-LDB 2003 had the ANITA-L.ite piggyback experiment.
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TIGER-LDB Antarctic Flights

Dec 17, 2003 — Jan 4, 2004

F R /
\ f
i ™

ot 13 -
/ - SANAE e /
Scotia Sea f-/( A(]:{TGCSS%[SH A \ o (Ef@é{;r:g) T~ N I
3= . Novolazarevskaya 5 an
/" " SOUTH ORKNEY _ % — g i
7 ISLANDS _~ \ S®USSIA) /T \\‘
: - e 5
F1 Syowa (JAPAN) 2
N .’J/"

Molodezhnaya

~_soutH/ ¢
TRNSSIA) i e

SHEFLAND
mmbs\g , S il
f S N, End \
Drake ; Jf[n{:iw
Jassage
Mawson
USTRALIA)

A,'né{y Ice Shelf

X Second 18-day flight was cut
T short owing to concern that the

™ (RUSSIA)

ne payload might go off the
Antarctic continent.

Bellingshausen
| Sea

Amundsen-Scott ""; |
(U.5.) di

South Pole
2800 m.

Peter [ Island "

mnu.rtdsen ' el Yy 2 st ~ /% /| Casey
_Sea 3 28 / > AAUSTRALIA) /
N s / ol /
- \\‘ !
5l \ (ALY P&
O\R@veqhnaﬂm Victoria Lm?'s{ S
TIGER peilh B1/02 \ P A : [
S s AT e = Dumont d'Urville
TIGER path N/ == ER \, - (FRANCE)
16

2023 ASAP - SuperTIGER/TIGERISS -June 20, 2023



TIGER-LDB Antarctic Flights

Dec 17, 2003 — Jan 4, 2004
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TIGER-LDB Antarctic Flights

Dec 21,2001~ Jan 21,2002 Dec 17, 2003 — Jan 4, 2004 f{eﬁge: 127,800 ft,
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Low-E measurement
below CO threshold
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Counts
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* The shorter 2003 flight
contributed ~2/3 as much
ultra-heavy Galactic cosmic ray
(UHGCR Z > 30) data as 2001
because it flew higher.

* TIGER science paved the way
for SuperTIGER
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SuerTIGER

Wolfgang Zober
Super Trans-Iron Galactic Element Recorder (SuperTIGER)
Washington University in Saint Louis, Goddard Space Flight Center and California Institute of Technology

- " +Following on its record setting 55-day flight in 2012-2013, SuperTIGER flew again for 32 days from McMurdo Station,
.-~ Antarctica on December 15, 2019 to January 17, 2020. It determines cosmic-ray charges and energies using a combination: - - :
- of plastic scintillator dE/dx detectors, acrylic and silica-aerogel Cherenkov counters, and trajectory corrections using a
: “scintillating fiber hodoscope. The 6 m x 4.7 m x 3.7 m tall payload carries two adjacent 1.8 m x 3 m x 1.2 m high detector
- .modules. SuperTIGER probes the origins of galactic cosmic rays and heavy r-process elements by measuring the abun- - °
0 dances of nuclei heavier than iron. '
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?‘ SuperTIGER-2 Collaboration

"':IJI l'[

Q. ABARRY, Y. AKAIKE?®, W.R. BINNS?, R.G. BOSE?, T.J. BRANDT?, D.L. BRAUN!, N.
CANNADY?%, R.M. CRABILL3, P.F. DOWKONTT?!, S.P. FITZSIMMONS?, T. HAMS?, M.H. ISRAEL!,
J.F. KRIZMANIC%®, AW. LABRADORS3, J.T. LINK?>®", L. LISALDAL, R.A. MEWALDTS, J.W.
MITCHELL?, G.A. DE NOLFO?, M.O. OLEVITCH!, B.F. RAUCH!, K. SAKAI*®, F. SAN SEBASTIAN?,
M. SASAKI*®, G.E. SIMBURGER?, E.C. STONE3, T. TATOLI?, C.J. WADDINGTON?>, N.E. WALSH?,

A.T. WEST!, M.E. WIEDENBECK#*, W.V. ZOBER*

Washington University in St. Louis, St. Louis, MO 63130 USA

NASA/Goddard Space Flight Center, Greenbelt, MD 2077 USA

California Institute of Technology, Pasadena, CA 91125 USA

Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109 USA
University of Minnesota, Minneapolis, MN 55455 USA

Center for Research and Exploration in Space Science and Technology (CRESST)

As of May 21, 2021 this person is no longer assomated with NASA or CRESST

PO O R WN R

Washmgton
University
N St.Louis
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SuperTIGER Module Configuration (1 of 2)
A Supersized (~4x) TIGER

S1 scintillator

H1 hodoscope

CO aerogel Ck

C1 acrylic Ck

Stack of 7 detectors S2 scintillator

e 3 Scintillation counters
e 2 Scintillating Fiber Hodoscopes
e 2 Cherenkov Detectors
Aerogel, n =1.043 or 1.025 (2.5 or 3.3 GeV/nucleon)
Acrylic, n =1.49 (0.3 GeV/nucleon)
Effective area 2.9 m2sr, 7.2 times that of TIGER.
See instrument paper: Binns et al. ApJ (2014) 788:18

H?2 hodoscope

S3 scintillator

2023 ASAP - SuperTIGER/TIGERISS -June 20, 2023 23



10°

10° ¢

10*

10°

10°

10

‘H”‘ |I|I||||‘ |||||I||‘ ||||||||| [ T

1‘!‘“[‘1

e Record 55-day flight

e ~8times the UHGCR data
collected with the two

TIGER flights

e Best measurement of

30<Z<56

- Nathan Elliot Walsh, SuperTIGER
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Elemental Abundances for the Charge
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Unlver5|ty in St. Louis, 2020.
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OB Association Source Model Good Z<40

Current OB association Galactic cosmic ray source (GCRS) model predictions:

« GCRS =-~80% ISM + ~20% MSM

» interstellar medium (ISM) is similar in composition to Solar System (SS) material

* massive star material (MSM) includes stellar wind outflow and supernova (SN) ejecta
Refractory elements more likely in dust grains than volatiles preferentially injected into the accelerator

Z?13 injection dependence from grain sputtering cross sections seen for both refractories and volatiles

10° = ST Waish Refractory T F— R F— : ' . —]
= T Wadsh ckcaila N S S S S R RN e,

o ST Murphy Refractory

o ST Murphy Volatile

o HEAQ3/TIGER Refractory : i
a HEAOITIGER Volatile ; g i =~

N44 Superbubble in LMC
Credit: Gemini Observatory, AURA, NSF

- Nathan Elliot Walsh, SuperTIGER
Elemental Abundances for the Charge
Range 41<7<56, PhD thesis, Washington . | .
University in St. Louis, 2020. 20 30 40 50 60

Atomic Number 2
- Rauch et al. 2009
- Murphy et al. 2016 2023 ASAP - SuperTIGER/TIGERISS -June 20, 2023 25

GCRS/[80% SS(L2003) + 20% MSM(WH2007)]




Apparent Model Breakdown for Z>40

SuperTIGER Z>40 abundances elevated over refractory line: Model is missing something
e Change in acceleration mechanism?
 New source component, e.g., neutron star mergers? (worldwide interest coupled with GW
detections). These results paved the way for TIGERISS.

10° = ST Walsh Refractory ; ] "Tsp —
ST Walsh Volatile ; | ! T —

o ST Murphy Refractory

ST Murphy Volatile

o  HEAO3/TIGER Refractory 1 Nb ' 4Cs
L+ { i Iy
Rh l

HEAOS/TIGER Volatile

Artist Concept of a BNS such as
GW170817
- Nathan Elliot Walsh, SuperTIGER
Elemental Abundances for the Charge
Range 41<7<56, PhD thesis, Washington

University in St. Louis, 2020. 20 30 40 50 60
Atomic Number Z

GCRS/[80% SS(L2003) + 20% MSM(WH2007)]
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'12-15-2019 -01-17-2020: 32 days
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SuperTIGER-2.3 02-04-2023
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CALET Collaboration as of April 2020

O. Adriani?®, Y. Akaike?, K. Asano’, Y. Asaoka®3!, M.G. Bagliesi?®, E. Berti?®, G. Bigongiari?®, W.R. Binns32, S. Bonechi??, M. Bongi?®, P. Brogi?°, A. Bruno®®, J.H.
Buckley?2, N. Cannady!® G. Castellini2>, C. Checchia?6,M.L. Cherry3, G. Collazuol?%, V. Di Felice?8, K. Ebisawa?8, H. Fuke8, T.G. Guzik!3, T. Hams3, N. Hasebe?1,
K. Hibino1°, M. Ichimura?, K. loka34, W. Ishizaki’, M.H. Israel®?, K. Kasahara3l, J. Kataoka®!, R. Kataokal’, Y. Katayose®3, C. Kato?3, Y.Kawakubo?!, N.
Kawanaka3°, K. Kohri12, H.S. Krawczynski®?, J.F. Krizmanic?, T. Lomtadze?’, P. Maestro??, P.S. Marrocchesi??, A.M. Messineo?’, J.W. Mitchell®®, S. Miyake®, A.A.
Moiseev3, K. Mori®31, M. Mori2, N. Mori2®, H.M. Motz3!, K. Munakata2?, H. Murakami*!, S. Nakahira??, J. Nishimura8, G.A De Nolfo1%, S. Okuno®?, J.F. Ormes?3,
S. Ozawa3l, L. Pacini?®, F. Palma?2s, V. Pal'shin!, P. Papini¢®, A.V. Penacchioni?®, B.F. Rauch?®?, S.B. Ricciarini?®®, K. Sakai®, T. Sakamoto!, M. Sasaki3, Y.
Shimizu®, A. Shiomi!8, R. Sparvoli?8, P. Spillantini?®, F. Stolzi?°;'S. Sugital, J.E. Suh??, A. Sulaj??, |.- Takahashi', M. Takayanagi®, M. Takita’, T. Tamural®, N.
Tateyamal®, T. Terasawa’, H. Tomida?8, S. Torii®3!, Y. Tunesadal®, Y. Uchihori'é, S. Uencg, E. Vannuccini<>, J.P. Wefell3, K. Yamaokal4, S. Yanagita®, A. Yoshida?l, K.
Yoshida?2, W.V. Zober32

1) Aoyama Gakuin University, Japan 18) Nihon University, Japan TIG E RISS team
2) CRESST/NASA/GSFC and Universities Space Research Association, USA 19) Osaka City University, Japan .

3) CRESST/NASA/GSFC and University of Maryland, USA 20) RIKEN, Japan mem be rs Wlth
4) Hirosaki University, Japan 21) Ritsumeikan University, Japan

5) Ibaraki National College of Technology, Japan 22) Shibaura Institute of Technology, Japan CALET

6) Ibaraki University, Japan 23) Shinshu University, Japan .

7) ICRR, University of Tokyo, Japan 24) University of Denver, USA expe rience.

8) ISAS/JAXA Japan 25) University of Florence, IFAC (CNR) and INFN, Italy

9) JAXA, Japan 26) University of Padova and INFN, Italy

10) Kanagawa University, Japan 27) University of Pisa and INFN, Italy

11) Kavli IPMU, University of Tokyo, Japan 28) University of Rome Tor Vergata and INFN, Italy

12) KEK, Japan 29) University of Siena and INFN, Italy

13) Louisiana State University, USA 30) University of Tokyo, Japan

14) Nagoya University, Japan 31) Waseda University, Japan

15) NASA/GSFC, USA 32) Washington University-St. Louis, USA

.. 16) National Inst. of Radiological Sciences, Japan 33) Yokohama National University, Japan
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CALET Ultra-Heavy Galactic Cosmic Rays

Relative Abundances for 13 = Z = 44
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The Trans-lron Galactic Element Recorder

for the International Space Station
(TIGERISS)

Selected in Second NASA Astrophysics Pioneers Solicitation

Brian Rauch WUSTL- PI
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TIGERISS Instrument .. s
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Beam Tests Comparing SuperTIGER
Scintillators with Silicon Strip Detectors

2023 ASAP - SuperTIGER/TIGERISS -June 20, 2023

TIGERISS will use Silicon Strip
Detectors (SSDs) that have far
better signal saturation properties
than the scintillators previously
used, as demonstrated at CERN
beam tests.

SSDs will provide both position
and charge information, replacing
scintillating fiber hodoscope and
scintillator detectors.

TIGERISS will use silicon
photomultipliers (SiPMs) that
operate at ~50 V also tested at
CERN beam runs.




Mandated to Consider All ISS Attachment Points

TABLE 4.0-1 ISS EXTERNAL CAPABILITIES COMPARISON, pg. 4-2, SSP 51071

Service/Location

ELC/EXPRESS Payload Adapter (ExPA)

JEM-EF

Columbus-EPF

Payload Mass Ibs [kg]

500 [226.8]

1100 [500] @ standard payload
locations

5500 [2500] @ heavy payload
locations

500 [230]

Payload Volume

34x46x49 (H, in.) or 1 m°

72.83%31.5x39.37 (H,in.)or 1.5 m*

34x46x49 (H, in.)or 1 m°

Thermal Passive cooling, active heating (using PD- |Active Cooling Passive cooling, active heating (using
provided heating elements) 3 kW @ standard-power locations, |PD-provided heating elements)
6 kW @ high-power locations
Power

Operational Power (W)

750 @ 113-126 Vdc
500 @ 28 Vdc per ExPA (adapter)

3-6 kW, 113-126 Vdc*

2.5 kW total (shared) 113-126V
between 2 feeds?*

Survival Power watts

Primary/Secondary of
300 @ 106.5 to 126.5 Vdc each

120W @ 110.5 to 126 Vdc
Heater Power

1.2 kW @ 120+7 Vdc shared between
the payload compliment

Command & Data Hand

ling

Ethernet

One-way Ethernet (10 BASE T) link for
downlinking ELC cargo science data.

Refer to MRDL

Refer to MRDL

Low-Rate Data Link
(LRDL)

20 kbps (typical) telemetry downlink using
MIL-STD-1553B"

20-kbps (typical) telemetry downlink
using MIL-STD-1553B'4

20-kbps (typical) telemetry downlink
using MIL-STD-1553B™"

High-Rate Data Link  |N/A User data rate determined by 32 Mbps maximum shared data rate in
(HRDL) parsing the 100-Mbps encoded 32-kbps increments. Data rate
signaling rate with Sync symbols. |determined by parsing the 100-Mbps
One-way downlink only via optical |encoded signaling rate with Sync
interface. symbols. One-way downlink only via
optical interface.
Medium-Rate Data N/A Wired Ethernet (10/100 BASE T) for|Wired Ethernet (10/100 BASE T) for

Link (Wired)

downlink and two-way Ku-band
communication

downlink and two-way Ku-band
communication

Wireless Data

10-50 Mbps per External Wireless
Communication (EWC) Access Point (AP)

10-50 Mbps per EWC Access Point

10-50 Mbps per EWC AP

Sites for External

Payloads

Four ELC providing eight sites for
payloads (2 sites per ELC)

Five available to NASA

Two available to NASA

* Note: Denotes resources are shared among payloads at that site (JEM-EF, Columbus)
2023 ASAP - SuperTIGER/TIGERISS -June 20, 2023




ISS External Attachment Options

FIGURE 3.2.8-1 PAYLOAD MAPPING SITES (ELCS 1-4), pg. 3-32, SSP 51071
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TIGERISS Instrument Configurations
Columbus-SOX

- CEPA
BT w . Camera 800 ¢ 184.9 ¢
el FRGF
Columbus SOX TIGERISS -
Enclosure — Instrument e o
-

TIGERISS

Instrument Side T
H-Fixture

DAQ’ ThermEL and__[-r" T iy fj_-._ - "-.: o .:l - - DAQ
Power Systems '~ e

Thermal

Power PIU
System System

System

ELC expected to be occupied at TIGERISS planned launch in 2026.
e Standard JEM-EF payload width 0.8 m.

 Considering a 1.0 m wide JEM-EF version subject to JAXA waiver.
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TIGERISS Columbus SOX Instrument

=7 —  X-View S5D Box

—  Y-View 55D Box

+—  Y-View SS5D Box
— X-View SSD Box

Ir £

“— SSD Ladder Foam
Panels

™~

SSD Enclosure Frame

SSD Enclosure Foam Panel
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Cherenkov Box Foam Panel

Aerogel Ladder Foam Panels

«—— Aerogel

+~——  Cherenkov Enclosure

«~—— Framed Kapton Cover

- Cherenkov Box Foam Panel

—— Acrylic
+«—— Cherenkov Enclosure

«——— Framed Kapton Cover




TIGERISS Instrument Block Diagram

TIGERISS INSTRUMENT s the camera part

of the instrument?
Electronics Trigger Module Monitor
Probably no. &
Support Structure FPGA Commad
How many I/F
on DAQ
Detectors Si-Ohmic FEEs x 38 (TBD) BEEs x n1
| Analog Digital [* 5 ISS
|1 uF I/F FPG?‘
J DAQ —
Si-Strip FEEs x 38 (TBD) BEEs x n2
.| Analog || Digital |3 s FPGA |l—
I/F I/F
Cherenkov FEEs x 100 (TBD) BEEs x n3 J
Analog Digital |*
‘ = FPGA |
I/F I/F " PDU —
Thermal System
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TIGERISS Silicon Strip Detectors (SSDs)

893.09 [35.161 in] 1763.04 [69.411 in]

1A i
1m0 o

-390.35 [15.368 in]- W

N
o]

"“|i\||li||Ilillllillllﬂllillllillllillllilllliﬂ |
| i

Aerogel and Acrylic Cherenkov Box
(radiators not shown)

X-axis
Aligned Aligned

* Micron Silicon Strip Detector (SSD) in ladders

e SiPMs Hamamatsu S13360-6025 — provide high performance compact readout of light box
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TIGERISS Columbus SOX Thermal System
s o

S0X

FRAM  °
Tigerlss ;

+/-X Radiators

ISS Coordinate System
- Cold plates just below this instrument surface

with Graphite sheets/heat pipes to radiators
- Heaters attached to the instrument faces

+X/-X radiator panel areas
(all other exposed surfaces covered with MLI - Cold plates (with power-dissipating components mounted) parallel to and
with some supplied with heater power) just above this earth-facing surface (thermally isolated)

- Graphite sheets convey heat to the radiator panels

- Some components may be mounted directly onto the radiators
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Predicted TIGERISS Measurements
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Mass fraction

Heavy Element Production Models

How and where are the heaviest elements 15 -
created?

*TIGERISS’s absolute and relative abundances of r-
& s-process elements will probe NSM physics and
contributions to GCRs

*TIGERISS will observe transition region between SN
and NSM production at Z~40 (A~90)

In an extended mission (5yr), TIGERISS will reach
Pt-Pb region and constrain NSM production models

05

log (production factor relative to solar)

10°
S "‘2lolll4lo||'6‘olllslo
-1 > torus (0]
1 ﬁ, L-! y Mt) ] =0.1M element charge number
% OI‘LIS_ 0
102 | P Mmm_() '3M(, Supernova (SN) production relative to solar composition
,&. : (Woosley & Heger, 2007, PhysRev 442, 269-283)
10” ‘;g\ b
*“ ;
104
Neutron star merger (NSM) production model
10.5 ' compared to solar composition (open circles)

(Just et al., 2015, MNRAS 448, 541-567)

80 100 120 140 160 180 200 220 240
A
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TIGERISS Term Schedule

Activity
NASA PHASES | Phase 4 ! | Fhizn B I Phiea C Pz 0 Phase £
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Mission Milestones S N # o 4o =4t 4
10 Proje ct Manageme nt [= — — — 57
0 Sy« m Enginesring [ ; A
10 |Saft &Mission Assurance [ s 7]
40 |Science I E v
a2 Ins trume nt !
51 Instrumsnt Project Mgmt & Sys&mEngr. I L 5T
52 CK Detector Ry Dy Prefim. D=g. Dl Dy Fab & Test
531 CK 3/PM Modules (@ P5L) . re— s i vj
522 CK FEE (@ WUSTL) . — . <7 z'lr
551 PDU & FEE 18T (@ F3L) o O K s o
523 CH Box & Rad [CO/C1 ) (@ UMBC) [ I Y Vi L F iy
532 CK Detector IBT (@ UMBC) ! [
a3 Silicon Detec tor g Do Proim. Doy _ Dol Doy Fab & Test
531 550 Ladder Assembly |3 G5FC) [ T LE ¥ ¥ \
512 Stnp FEE §@ G5FC) [ . Y Y A F 5
533 Ohmic FEE (@ WUSTL) [ ¥ ¥ 2 F 5,
534 5i Box & 5i Detector (@ GSFC) [ : ¥ ¥ s )
533 5 Detector BT (@ GSFC) : [ —
55 Electronics Subsystam Ry Dev P, Dsg. el Dy Cd ATt
851 DAGIMER (@ LMBC) [ - ¥ ¥ 3 F ¥
552 Firmuw are @ UMEC) . ¥ o L7 47
554 Camera @ UMBC) . — : X W
555 GSEAS § Simulator @ UMEC) . —7 y; <Y flr
254 DAQ IET (@ UMEC) g D Prfim. g, _ Desail ey Fab & Test
553 BEE {3 HU} [ 0 Y ¥ L7 L
54 Power Subsystem j@ HU) ' — ¥ ¥ by
585 MEB Powe'BEE I&T §3 G SFCIUMBC) ! —/
L] instrume ntlE&T g, Dy Prefim. [ Dokl Doy Fab & Tesst
554 Flight Harnes s (@ WU STL) [ ; Y ¥ ¥ L
58 Me chanical Subsystem (@ GSFC) L : 5L ¥ ¥ A F
57 Thermal Subsystem @ HUJ I hE ¥ s iy
104 Sysms Inkegration & Test : aid
Funded Schedule Margin , —
THZER 55 Instrument |ET & F5M i@ WU STL) . Ii i5
Envircnmental Tests & Beam Test & FEM , :q
Launch Site Dperafions : i
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Launc h : g 28
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