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+ Inflation with enhanced curvature perturbation
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* Few thousands of GRBs have been observed, ~500 have
redshift information and ~2000 have 19y information
which is the time interval of GRB emission from 5% to

95%.
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Burst Alert Telescope (BAT): trigger and
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* We consider the PBH lensing on the GRB photon spectra.

* Geometry of gravitational lensing:
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* We consider the PBH lensing on the GRB photon spectra.

* They will be a time delay, which causes a phase shift
A¢p = wAt , where W is the angular frequency of the
photon.

Cc DLS 2
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+ If the arrival times of the split rays cannot be distinguished
by the detector, the detector will get an interference pattern.

* The intensity of the signal will be magnified and manifested

: A.Gould et.al: Astrophys.J.Lett. 452, L111 (1995)
11 the SPECtrum' S.Jung, T.H Kim: Phys.Rev.Res. 2 (2020)1, 013113
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* For a point-like lens, lensing equation becomes » —y =1/x
normalizing # = /0 and § = 5/6; by Einstein angle

OE = \/4GM . DLS/DLDS o

+ This equation has two image solutions. If they produce the
interference pattern, the total magnification leads to
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+ Energy of GRB from Swift XRT is 1-10 keV, and the mass
range of PBH is 1E-15~1E-12 solar mass, so the wavelength
of GRB is comparable with Schwarzschild radius of PBH.

* We need to consider wave optics.

» The magnification can be generalized by p = |F|?

519074
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+ Energy of GRB from Swift XRT is 1-10 keV, and the mass
range of PBH is 1E-15~1E-12 solar mass, so the wavelength
of GRB is comparable with Schwarzschild radius of PBH.

* We need to consider wave optics.

» The magnification can be generalized by u = |F|*. In the
point-like lens, the magnification can be expressed by
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+ Compare the geometric and wave optics for the

magnification:
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* We integrate over the source area maZ to obtain the

magnification

[ dy* W (g, 09) (¥, )
| dy>W(y,oy)
—|7—ypl?

modeling the source with Gaussian function w(y,s,) =e >

l]:

as=10°m

Normalized | = _9 as=10°m
ormalized source size: Ty =

Y7 DJOg as=10"m

) a-=5x%x10"m
Source location: Yo ’

as=10%m

as=Tgg XC
* We require o, < 1; otherwise, the interference fringes will
disappear.

S12075 (. Tseny




* We adopt the BAND model to parameterize the original

GRB energy spectrum:
ALY B B < (a1 — a9)E
faann(E) = (g5)%e %o, E<(an—as)ky |
A(ay — ag)al“‘?(%)a?e‘“‘“l, otherwise

D.BAND et.al : Astrophys. J. 413, 281-292 (1993)

» Therefore, the PBH modified intensity is given by & x fganp
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+* We adopt 106 GRB spectra data from Swift XRT, in which
they provide the additional duration 79y and redshift Zs.

+ For fitting, we have seven parameters: three relate to PBH
and four relate to the BAND model:

0.1 < A/AXPC < 10, 0.1keV < Ey < 2E5°
o1, 2 < 05
107" < 2p < zg, 1077 < Mppu/Me <107, 0.1 <yo <5

a

* Additional conditions: * e=5;<«!
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* Once we find the best fit, the first local minimum of & is
used to determine the oscillation property:
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+* Among 106 GRBs, we performed two fitting scenarios:

I) BAND model only, II) BAND+PBH.

* GRBs are classified into six groups:

PBH improve the fitting PBH does not improve
Goodness of fit decrease Goodness of fit decrease | Goodness of fit increase
by over 0.05__ by less than 0.05

Oscillation {21 11 14

No oscillation 42 13 5

Goodness of fit = 2. /d.o.f
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Two examples of GRBs show oscillation pattern:
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+ We selected 85 GRBs and derive the upper limit for PBH
fractional abundance fesu = preH/PDM -

* Computing the optical depth 7, then the no-lensing
probability for single GRB is given by P, = 7.

* For N GRBs, it becomes Puun(feer) = ILL, Pi; = ILY e " and
we set P, = 0.05 to find the upper limits of /pu .
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+ We selected 85 GRBs and derive the upper limit for PBH
fractional abundance fesu = preH/PDM -

+ Computing the optical depth 7T,

-_—
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ppag = { CTrIH/r)2 yovay
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+ We selected 85 GRBs and derive the upper limit for PBH
fractional abundance fesu = preH/PDM -

+ Computing the optical depth 7,

Zs

dzp 735 PPBH
o H(zp)---~ Mppu

(1+ 21)?

aJ =

* The lensing cross section is given by o(D;) = m(ymax0rDr1)?,
where ymax Obtained by solving

L I — Ymax
_mn(oU@y ya)):a
LO(ﬂsly — OO)

Ymax :maximal distance at which the PBH produces
a distinguishable lensing effect



+ We selected 85 GRBs and derive the upper limit for PBH
fractional abundance fesu = preH/PDM -

+ Computing the optical depth 7T,
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+ We selected 85 GRBs and derive the upper limit for PBH
fractional abundance fesu = preH/PDM -

AS source size decreases,
optical depth saturate

+ Computing the optical depth 7T, to an upper limit
102 { = o — 10 s o
101 { — p— 109 1 - as;ig”m /
100 /_,_———-_.\ 108 — az=5x107m
10-1 | / \ \ 107 1 — a,=10%m /
1072 {—=— —N 10° — .= Twxc / /
103 — \\ \\ ] 10° - \\ / //
-5 s 10° -
ig_e : :5:(;5: \ \ 182 \\‘\\ A
107 J— a:=107m 10! - \\‘——.__—-/
10°8 — a;=5x10"m 10° Sy —
-9 — a.=108m 1 -1
1]6q10 —_— as=1lrgoxc \ 18—2 — \—=-£'/

Mpgn/Mo

C.Y.Dai, PYT: JHEAp 53 (2026) 100635

S1 2075

10—15.5 10—15 10:14.5 10—14 10—13.5

EACNISEND)

10—15.5 10—15 10—14.5 10—14 10—13.5

Mpgn/Mo




+ We selected 85 GRBs and derive the upper limit for PBH
fractional abundance fesu = preH/PDM -

Optical depth is inversely

* : ° L] -
Computing the optical depth 7T, sroportional to M_PBH,
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We imposed the condition: oy < 1

+ We selected 85 GRBs and derive the upper limit for PBH
fractional abundance fesu = preH/PDM -
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+ We selected 85 GRBs and derive the upper limit for PBH
fractional abundance fesu = preH/PDM -

Wave optic effect:

Q

4GMPBH(1 + ZL)W
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* We analyzed 106 GRBs from Swift XRT spectrum data,
fitting with BAND model + PBH femtolensing.

* 21 GRBs show feature of lensing oscillation and their
goodness of fit are improved including PBH femtolensing.
This result is too optimistic.

* The other 85 GRBs, we used to derive the constraints on the
PBH abundance. It is unable to exclude PBH dark matter
with [1E-15~1E-10] solar mass with conservative GRB
sizes.
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Thank you for your attention!
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+* Two examples of GRBs show oscillation pattern:
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+* Range of DM mass:

Dark Sector Candidates, Anomalies, and Search Techniques
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* The mass window for PBH DM candidate with various k:

V.Thoss, A.Burkert, K.Kohri: 2402.17823
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