AHEAD-2020 WP14
Tasks 14.6 & 14.8

e Blind-Line-Search and ID (14.6)

* Time-Evolving Photoionization (14.8)

F. Nicastro, A. Luminari, E. Piconcelli, L. Zppacosta



Blind Line Search Routine

* Fortran-90 Routine working in either HEASOFT or CIAO environments
* Extremely fast on 30,000 channel spectra (e.g. Athena-XIFU)

* Readsin:
*  RMF/RSP (FITS format)
* Continuum-Normalized data in sigma (QDP | ASCII: e.g. from XSPEC or Sherpa)
* Output Filenames prefix
* (line statistical significance threshold in sigma + verbosity: default 0=4, v=0)

* Extracts LSF, computes LSF FWHM (i.e. spectral resolution)

e Scans the data searchindg for positive/negative unresolved, quasi-symmetric, line-like features, with integrated significance
exceeding the threshol

* Reads in atomic-database (currently Verner et al., 2006) and looks for possible line-IDs (WiP)

*  Writes out:
* File containing list of ‘detected’ lines’ energy, peak-significance, integrated-significance
* File containing possible redshift IDs (WiP)

nicastroBFalcaon.local¥ bls_w?2 athena_x1ifu_1469_onaxls_pltchZ49um_v20160401 .rsp LSF-convolwved_Delchi_Z8_1.5e7.dat 4 0O

Resgsponse Filename: athena_x1ftu_1469_onaxls_pltchZ4%um_vZ20160401.rsp
Continuum—-Mormalized Filename: LSF-convolwed_Delchil_Z8_1.5e7.dat
Output Filename: 4

Line Threshold Significance: 0

Using default Yerbosity: 0O

Mumber of Absorption Lines: 18
Mumber of Emission Liﬂes: 2




BLS Example: “Observation”

Line of Sight Extracted from Cen & Ostriker (2006) Hydro-Dynamical Simulations
Column Density Redshift Metallicity

roBFalcao.locals more L
nal File; No of rows in Group; T(in KJ}; NH(in cm-2}; Turbolence

430823016418 | 154 aozd,i : 54454646
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BLS Example: output

Detected Line-list

Tentative Redshift IDs

Possible Redshift: z= 0.611312509

2 :Eobs = 0.413399994 ;EO0= 0.666116595
3 :Eobs = 0.573800027 ;EO0 = 0.924571157

4 :Eobs = 0.623799980 ;EO0= 1.00513673

1: Eobs = 0.356200010 ;EO0 = 0.573949516 ;lon: 07

; lon: 07
; lon: Ne9
; lon: Fe21

Il# Number of Absorption Lines:

# Number of Emission Lines:
# E (keV), Sigma-Peak, Sigma, Sigma-Threshold

# Negative Lines:

0.267800003
0.356200010
0.413399994
0.454200000
0.503000021
0.564999998
0.573800027
0.606999993
0.623799980
0.640600026
0.641399980
0.710600019
0.711399972
0.783399999
0.940599978
1.29740000
1.71099997
# Positive Lines:
0.470999986
0.685000002

1.59371269
7.09524679
1.77576268
10.0198488
8.24497032
2.81150985
15.4453526
3.29755354
1.95347917
5.42002916
5.75636578
7.27873373
6.76571894
1.63223302
6.63401318
5.49634790
1.81207728

1.57258713
1.54889691

L7
2

4.03757238
17.2754307
4.03026819
24.6709194
20.4788818
7.20422220
39.6384010
8.53451443
4.41314697
7.90693521
14.7684107
18.1650715
9.38497066
4.25715160
17.7794666
15.2450886
4.86538553

4.53434849
4.23500299

4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000
4.00000000

4.00000000
4.00000000

Possible Redshift: z= 0.388363600

1: Eobs = 0.413399994 ;EO0 = 0.573949516 ;lon: 07

2 :Eobs = 0.503000021 ;EO= 0.698346913
3 :Eobs = 0.623799980 ;EO0 = 0.866061211
5:Eobs = 0.640600026 ;EO0 = 0.889385760
6:Eobs = 0.641399980 ;EO = 0.890496373

; lon: 07

; lon: Fel8
; lon: Fel8
; lon: Fel8

Possible Redshift: z= 0.263649344

1: Eobs = 0.454200000 ;EO = 0.573949516 ;lon: O7

2 :Eobs = 0.564999998 ;E0 = 0.713961899
3 :Eobs = 0.710600019 ;EO0 = 0.897949219
4 :Eobs = 0.711399972 ;EO= 0.898960114

; lon: 07
; lon: Fel7
; lon: Fel7

Possible Redshift: z = 0.141052723

1: Eobs = 0.503000021 ;EO0 = 0.573949516 ;lon: 07

2 :Eobs = 0.573800027 ;EO0= 0.654736102
4 :Eobs = 0.623799980 ;EO0= 0.711788654
5:Eobs = 0.783399999 ;EO0 = 0.893900692
6:Eobs = 0.940599978 ;E0= 1.07327414

; lon: 08

; lon: 07

; lon: Fel7
; lon: Ne9

| Possible Redshift: z= 1.58398151E-02

1: Eobs = 0.564999998 ;EO0 = 0.573949516 ;lon: 07

2 :Eobs = 0.640600026 ;E0 = 0.650747001
4 :Eobs = 0.641399980 ;EO0= 0.651559651
6 : Eobs = 0.710600019 ;EO = 0.721855819
7 :Eobs = 0.711399972 ;E0 = 0.722668409

; lon: 08
; lon: 08
; lon: 07
; lon: 07

Possible Redshift: z= 2.60472298E-04

1: Eobs = 0.573800027 ;E0 = 0.573949516 ;lon: 07

2 :Eobs = 0.710600019 ;EO= 0.710785091
3:Eobs = 0.711399972 ;EO0O= 0.711585283

; lon: 07
; lon: O7

Possible Redshift: z= -5.44489026E-02

1: Eobs = 0.606999993 ;E0 = 0.573949516 ;lon: O7

2 :Eobs = 0.940599978 ;EO = 0.889385343

; lon: Fel8

Possible Redshift: z= -7.99141526E-02

1: Eobs = 0.623799980 ;EO0 = 0.573949516 ;lon: O7

2 :Eobs = 0.710600019 ;EO= 0.653813004
4 :Eobs = 0.711399972 ;EO = 0.654549062
6:Eobs = 0.783399999 ;E0 = 0.720795274
7 :Eobs = 0.940599978 ;EO0 = 0.865432739

; lon: 08
; lon: 08
; lon: 07
; lon: Fel8




Residuals (in o)

BLS Example: Line and Redshit IDs

Missed ID: OVIII Lya z=0.437
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Possible Redshift: = 0.611312509

1:Eobs = 0.356200010 :E0= 0.573949516 : lom:; 07
2 Eobs = 0413399994 :E0= 0.666116595 : lon: 07
3:Eobs = 0.573800027 :E0= 0.924571157 :lon: Ne9
4 Eobs = 0.623799980 E0= 1.00513673 :lon: Fe2l

Possible Redshift: z= 0.141052723

1: Eobs = 0.503000021 ;E0= 0.573949516 ;lon: 07
2 :Eobs = 0.573800027 ;E0= 0.654736102 ;lon: 08
4 :Eobs = 0.623799980 ;E0= 0.711788654 :lon: 07
5:Eobs = 0.783399999 ;E0= 0.893900692 ;lon: Fel7
6: Eobs = 0.940599978 ;E0= 1.07327414 ;lon: Ne9




BLS: To do (depending on funding, personnel, etc.)

* Update/Integrate (forbidden/intercombination, innershell resonant
ground-state and metastable transitions) Atomic Database

* Improve Line/Redshift ID routine: needs to be smarter (Al training
might help): e.g. starting from strongest and looking for right strength
ratios (including saturation)

* Python interface to directly call BLS from within Sherpa|XSPEC
* GUI interface to locally iterate the procedure and plot results



14.8: Time-Evolving Photo-lonization Device
(“EP|DI Luminari+22)

Solves the system of 1st-order differential dn., -
e0|uat|ons of time-evolving ionization balances == —[Fxi + %X, Tnlnx
following ionizing intensity variations with time

Uses adaptive time-resolution algorithm to
speed-up calculation

Cudrrently considbers only phoo’lco-ionization and
radiative recombinations and approximates on ,. @ (X1, Te)  giny-l
heating-cooling balance tog % {(@n (X', Tone) - (S22 o=+ S =)

Includes radiative-transfer

Applies to all variable ionizing sources: e.g.
transients (GRBs) and AGNs

Interfaces with Phase (Krongold+03), in
?j(SPEClSherpa to produce mock spectra and fit
ata

4+ Fyicingio1 + 0o X TN nyivr . (4)

Ryi
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TEPID: Adaptive-Resolution Algorithm

GRB case
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TEPID: GRB-case: Stratified-lonization
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TEPID: GRB-case: Spectra vs Local Density
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TEPID: AGN-case: lonization Balance vs Time

C ionic abundances as a function of time
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TEPID: AGN-case: Time-Resolved Spectra
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TEPID: To do

* Include time-evolving population-level calculation and metastable
transitions (to further constrain density)

* Include proper heating/cooling calculation

* Include additional ionization/recombination mechanisms (i.e.
transition rates)

* Improve atomic-database

* Include proper pre-burst star-forming region ionization conditions
based on simulations (Luminari, Graziani, in prep.)



