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Approaches to different mass - coupling domains
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Pseudo Nambu-Goldstone bosons are light !

mass m/ g TH DAY 220 DARK WATTER

\ 3,6% INTERGALACTIC GAS
0.4% STARS, ETC.

If M~M,;,..ck, dilaton (Dark Energy) If M~Mgyr axion (Cold Dark Matter)

mass 1.5-5.9 107 eV mass 104-10-6 eV

Two-loop self-energy correction
arXiv:1512.01360 [gr-qc]
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Target mass-coupling domains

gﬂ-"y" [Gev—l]

10" 10" 10" 10" 10" 10" 10" 10" 10" 10" 10° 10° 10’

107"
10—11

-12
1 0 Fermi-LAT

(galactic SN)

107"
107"
107"
107°
107"
107"
10—19 —

1010107 10° 10°° 107 10

« N\
1

Mg |eV]

eV Laser

'd ™
Astrophysical constraints:

N§C 1275 (Chandra)

: mi)
@ PKS 2155-304 (HESS)

Horizontal branch

JalGeV]
CAST
WYL LVALPS 11 /BabylAKO _f;xéﬁ
1, o o
/IAXOJ"
I -
e ® B2
I SR 2 Ao
" ! E (TR < <
8k T =
’ T N
<2 /
ABRACADABRA | | 7
broad (ph.1) | /
-‘-_i_/ ® SN
————————————— / ® NGC 12
CAD BRA .
A leg; (bh Axion models:
> -~~-;:’_)__ == This work Astrophysical hints:
= KSVZ
= DFSZ

| T TeV transparency

©10° 10" 10° 102 107" 1

Sokolov and Ringwald, JHEP06(2021)123

2021/10/27

K. Homma@IITBWorkshop




Electronic recoil indicates 0.1-100 eV solar axions?
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Observation of Excess Electronic Recoil Events in XENON1T
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\ | / In gas, these excite more xenon
to make another light flash (S2)

This also frees electrons, which
- ) travel up an applied electric field

Dark matter hits
a xenon atom

The atom recoils and excites
\ others, causing a light flash (S1)
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+ Example signal

(Dated: July 1, 2020)
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FIG. 7. Fits to the data under various hypotheses. The null and alternative hypotheses in each scenario are denoted by gray
(solid) and red (solid) lines, respectively. For the tritium (a), solar axion (b), and neutrino magnetic moment (c) searches,
the null hypothesis is the background model By and the alternative hypothesis is Bo plus the respective signal. Contributions
from selected components in each alternative hypothesis are illustrated by dashed lines. Panel (d) shows the best fits for an
HTBWsEsHeped tritium component is included in botg null
and alternative hypotheses. This tritium component contributes significantly to the null hypothesis, but its best-fit rate is

addipigR4l/$gy@gtical test on the solar axion hykotHesia
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(b) Solar axion
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negligible in the alternative hypothesis, which is illustrated by the orange dashed line in the same panel.
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XENON1T’s claim

For the DFSZ model, we find m, ~0.1-4.1 eV /c? and
cos’fprsz ~ 0.01-1 would be consistent with this work.

Alternatively, under the KSVZ model, m, ~ 46-56 eV /c?
and £ =6 would be similarly consistent. These model-

Me
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Photon-photon collision systems

Quasi-Parallel Center of Mass System Asymmetric Head-on
collision System collision System
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Scattering amplitude for two-body interactions
in stimulated resonant scattering
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Enhanced rate by inducing laser field
- stimulated scattering in bkg laser field-
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Short pulse duration = Broad-band in energy

Figure quoted from https://www.newport.com/n/pulsed-laser-methods
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s-channel scattering contains resonance

2 2

a W= om 2
IMP? ~ (4)° | a= =" (=)
X% +a? 167 \ M
2/2
X:wz_w’% w}%: m=/
a 1 — cos2v
¢ ¥y>»a-|M|?xa?c M4
E... W = wy = |M|? « (4m)?

e.g. y—y Higgs factory
X+ = E£na withn > 1
1 X+ N
ME = |7 MRy
X+ — X= Jyx-

4 2
= (27;; 2atan™"'(n) = (4m)*n~" tan™" (n)
E E T a
~ (4 2 _—17" — 8 3 .n M2
Collision in QPS within (47)™n 2 T x| Gai by

momentum-energy uncertainty

2021/10/27 K. Homma@IITBWorkshop 12



»”\ 7

~ta“ T g, T W
a,.. .

» ([

i




Searches at Ins. Chem. Res. in Kyoto Univ.
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JE'W laser system
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The air causes the stimulate scattering
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