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PlCOIQ“Slng Signal: differential observed brightness of a

single source that is
observed simultaneously by
spatially separated detectors

_____________ Nemiroff and Gould [astro-ph/9505019
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Prior state of the literature (PBH)
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4 more conservative detector assumptions
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| | ROBUSTNESS TO SOURCE SIZE UNCERTAINTIES?

Prior state of the literature (PBH)
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Prlor state of the literature (PBH)

We follow the methodology of this paper
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Typical angular scale associated
with strong lensing: Einstein angle
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Gravitational Lensing 101

Typical angular scale associated
with strong lensing: Einstein angle

4GNM(1 + ZL))(LS
ASAL

Op

Image is magnified: u ~ 8_E (8,0, K< OF)
L

BUT: Finite sources (0 2 0) have suppressed

source-averaged magnification: 1 — 1 ~ @(6’1%/ 6’3%)
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Gravitational Lensing 101

Typical angular scale associated
with strong lensing: Einstein angle
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Gravitational Lensing 101

Typical angular scale associated
with strong lensing: Einstein angle
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Picolensing signal

Two detectors each measure photons: N =8 + B.

Signal: (S) =i - f¢-Ag- T

Background: (B) = fp - Ap- T

Uncertainty: 1/ ()
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Two detectors each measure photons: N =8 + B.

Signal: (S) =i - f¢ - Ag- T

Background: (B) = fp - Ap- T

Uncertainty: 1/ ()

Picolensing signal: AN = N, — N, . (AN) = (S;) — (S,)
Uncertainty: u[ AN] = /2B + S, + S, X Hy ~

SNR: ) = | (AN) | / u[AN]



Picolensing signal

Two detectors each measure photons: N =8 + B.

Signal: (S) =i - f¢-Ag- T

Background: (B) = fz - Ag - T

Uncertainty: 1/ ()

Picolensing signal: AN = N, — N, . (AN) = (§,) — (S,)

Uncertainty: u[ AN] = /2B + S, + S, X Hy ~

L This is SNR for ONE lens and ONE
SNR: p = [(AN)| / ul AN source. Want a statement about number

of expected events for populations...

6
aaaaa . Gawade, More, Bhalerao [2308.01775] Michael A. Fedderke [Perimeter]



Picolensing Cross-section ¢
Region in lens plane where p > p,, a threshold SNR.

Compute with Monte Carlo techniques.

Michael A. Fedderke [Perimeter]

after: Gawade, More, Bhalerao [2308.01775]
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*Jung and Kim [1908.00078] looked at clustering;
impact not significant for T << 1. Poissonian stats OK. 8
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Optical depth (= expected number of lenses) to source J is T = n()%j (need (N 1 for validity)

*Jung and Kim [1908.00078] looked at clustering;

impact not significant for T << 1. Poissonian stats OK. 8

after: Gawade, More, Bhalerao [2308.01775] Michael A. Fedderke [Perimeter]



RY™ sin /R, = 4.64 x 10~
| |

| | |

< | T )
1037 - (T,//”’”"’ ﬁ:::Q\m i

—-35
1035 —

Picolensing volume & optical depth

o 0()(L, ...) is a function of the distance to the lens plane X1 §

10—43 -

SERARRER
g A
)
R oo

—45 |
10 0.0 0.2

0.6 0.8 1.0
XL/Xs

PBHs: can treat as uniform™ co-moving lens number density 7,

Optical depth (= expected number of lenses) to source J is T = no%j (need (N 1 for validity)
. = _ 1 . = .
N sources. Average lensing volume: 7" = ~ 2 7 . = T = ny7 average optical depth
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*Jung and Kim [1908.00078] looked at clustering;

impact not significant for T << 1. Poissonian stats OK. 8
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Sources: Gamma-Ray Bursts (GRBs)

Transient. Two classes: long ( > 2 s) and short ( < 2 S)

Long: cosmologically distant (Zg ~ 2) and very bright in x/y-rays.~

nghly beamed emission: I ~ 107 E.. ~3x10!erg ~

LENSING:
GEOMETRICAL
,  OPTICS!

(2 — 3) ' ESNIa

 Fermi/GBM -~




Sources: Gamma-Ray Bursts (GRBs) LENSING:

GEOMETRICAL

Transient. Two classes: long ( > 2 s) and short ( < 2 s) OPTICS!
Long: cosmologically distant (Z¢ ~ 2) and very bright in )dg/—rays.
nghly beamed emission: I ~ 107 E.. ~3x10'erg ~(2—=3) Eqy,

 Fermi/GBM -~

Gawade et al [2308.01775] looked at a possible future ISRO project Daksha
(2 X ~ Swift/BAT-class detectors in space, but each with Fermi/GBM sky coverage)

For results today: assume similar parameters to 2 X Swift/BAT (~ Daksha)

9
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Source characteristics: Swift/BAT catalogue

Use real GRBs to make population-informed projections.

For each GRB, need:

Duration: /¢, — time for 90% of measured intensity after trigger

Distance: z; — known for ~ 409 GRBs in the catalogue

Brightness: power law (PL) or cut-off power law (CPL) fit to energy spectrum

10



Source characteristics: Swift/BAT catalogue

Use real GRBs to make population-informed projections.

For each GRB, need:

Duration: /¢, — time for 90% of measured intensity after trigger

Distance: z; — known for ~ 409 GRBs in the catalogue

Brightness: power law (PL) or cut-off power law (CPL) fit to energy spectrum

... AND: SIZE 6
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GRB size data are very uncertain
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This can be important!

Source sizes can be large vs the Einstein radius in the source plane!
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This can be important!

30

D obs , [RQ]

DO

e = kSDﬁd

obs

D obs [Cm]

Source sizes can be large vs the Einstein radius in the source plane!

Magnifications are sensitive to source size uncertainties!

Enormous uncertainties, so we just bracket: k¢ = 0.1, 1, 10, 10%1=1.1D

12

10 107 107t 10°f 100 102 10
AL BN LLLL B L L DR S IR E L I T T
— Standard, kg = 1 i
e Big, kg = 10 -
-=- Small, kg = 107! :
Swift/BAT S =
catalogue 1
T
10° 10> 10" 10%  10*  10% 10

Michael A. Fedderke [Perimeter]



13

Michael A. Fedderke [Perimeter]



Different baselines, different source profiles
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Different baselines, different source profiles
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markers are computed; lines are log-log cubic spline interpolants Michael A. Fedderke [Perimeter]




Different baselines, different source profiles
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Different baselines, different source profiles
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Vary the source sizes
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Vary the source sizes Negg = 3 X 103
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*markers are computed; lines are log-log cubic spline interpolants Michael A . Fedderke [Perimeter]



Vary the source sizes
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Vary source sizes for each baseline N
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Vary source sizes for each baseline
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Vary source sizes for each baseline
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Conclusions

Confirm that picolensing can probe asteroid mass window for PBH DM
GRB source size uncertainties are significant: mostly the offset

Previous studies slightly too optimistic with shorter baselines (e.g., EM)
Larger baselines (L2, AU) overcome systematics issues with source sizes

AU baselines would probe sub-component DM PBHs even above the window
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axions formed from large
Isocurvature fluctuations +
self-interactions

26XX.YYYYY w/ Sergey Sibiryakov and Eleni Anna Kolonia

18

WORK NEARING COMPLETION



Axion miniclusters

Dense clusters of QCD DM
axions formed from large
Isocurvature fluctuations +
self-interactions

Motivated by recent high-
resolution QCD axion
minicluster simulations

P
(r/r)*(1 + r/r,)

Pronew(1) =

26XX.YYYYY w/ Sergey Sibiryakov and Eleni Anna Kolonia

10° F— 1 1 1T 1T 1T T T 3
[ Scatter points from Eggemeier et al. [2402.18221] 1
105 - TV B —
- ',;.";"3' o &
S I .,°
:‘lk:“*‘ : &{?. t;' LT
IR Y, L
O SR S ¢ Iy T
- SOt ‘:"re“i"’ﬁ‘f,'é‘ B
4 CRARIE R RN
S 10 3 X ".?,o';f v 1 ":"{.-3 " "f":’.,-.,: -
fje:,! '. ' .k,. "t ‘o.' o°
\::.. o e "
H
103 3 _
1 2 | I I I I I I I
Yo7 10719 10~ 1079 1077
Myr(z = 99) [ M)
M 4 A o erI’
vir = VII‘IOC Vir 0 =
3 Vs

18

WORK NEARING COMPLETION

I 102

2 10°

1101

|
—_
-)
o

fou

X (1 + ZVlr)

Michael A. Fedderke [Perimeter]



Axion miniclusters

Dense clusters of QCD DM
axions formed from large
Isocurvature fluctuations +
self-interactions

Motivated by recent high-
resolution QCD axion
minicluster simulations

P
(r/r)*(1 + r/r,)

Pronew(1) =

Relax point-lens assumption

26XX.YYYYY w/ Sergey Sibiryakov and Eleni Anna Kolonia

WORK NEARING COMPLETION

0T T T T T 10°
[ Scatter points from Eggemeier et al. [2402.18221] 1 I
2 107
10° R _
: YIRS B A .
':'3 Y f ..° = 1
:’lk:“*‘ : §“\‘?. t;' boo - 10
st 3 TR, :
. ki 1 ERACy L,
104 P‘:f‘, ; ‘?& :g;;g" ‘;-:.:\» — 100 =
© : t‘:': 4' » 4L ~;3 LA "f,;-’ : S
s:;-. U K °".
LM - 10—1
103 3 _
1072
1 21 | | | | I | I 10—3
Yo-T5 10713 10~ 1079 1077
Myir(z = 99) [Mog)
4 r..:
__vrr
M — _A p C() X (1 + ZVII')
Vir — virt’ ¢’ vir s
3 5

18

Michael A. Fedderke [Perimeter]



WORK NEARING COMPLETION
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Extended Lenses
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Conclusions

Confirm that picolensing can probe asteroid mass window for PBH DM
GRB source size uncertainties are significant: most the offset

Previous studies slightly too optimistic with shorter baselines (e.g., EM)
Larger baselines (L2, AU) overcome systematics issues with source sizes

AU baselines would probe sub-component DM PBHs even above the window

Constraints on diffuse lenses look interesting (axion miniclusters, etc.)
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