Notes on Inverse Primakoff
Scattering of Axions
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Based on T. Abe, K. Hamaguchi, and N. Nagata, [arXiv:2008.03924].
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Axion interactions
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KSVZ model: E/N = ()  J.E Kim (1979); M. A. Shifman, A. I. Vainshtein, V. |. Zakharov (1980).

O DFSZ model: E/N = 8/3 A. R. Zhitnitsky (1980); M. Dine, W. Fischler, M. Srednicki (1981).
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Inverse Primakoff scattering
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J. B. Dent, et al., Phys. Rev. Lett. 125, 131805 (2020).
C. Gao, et al., Phys. Rev. Lett. 125, 131806 (2020).
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Inverse Primakoff vs XENONA1T
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Look at their calculation
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For an axion of momentum k,, the inverse Primakoff
cross section is given by [14,15,17]

o(k,) = ZzaggW (2”(2)]‘3 + 1

o (e 1n(1+4r5k3)_1) )

where r is the screening length for which we take as the
Wigner-Seitz radius in LXe, 2.45 A.

J. B. Dent, et al., Phys. Rev. Lett. 125, 131805 (2020).
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where Xe represents the xenon nucleus. The differential
cross section is given by [44,46,53]
daianll;rim B a 5 q2
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where « is the fine structure constant, k is the momentum of
the incoming axion and ¢ is the momentum transfer. In the
limit of small axion mass, m, < |k|, the energy of the
outgoing photon is also approximately |k|. F, is the form
factor characterizing the screening effect of the electric
charge of the nucleus, given by F,(¢*) = Zk*/(ry* + ¢°),
where Z = 54 is the atomic number of xenon and r is
the screening length [44], that can be determined

(4-¢*/k*)Fa(q*).,  (2)

numerically. We take the expression above and fit the form
factor by the relation F, = k*/q*(Z — F,) [44], and the
atomic form factor F, is reported in Ref. [54]. The fit gives
rol = 4.04 keV = (49 pm)~!, which is close to the recip-
rocal of the xenon atomic radii 108 pm [55]. This screening
length corresponds to a screened charge of Z,. = 5.3 for
xenon at |gq| = 3 keV.

C. Gao, et al., Phys. Rev. Lett. 125, 131806 (2020).

KTEDHERROBITHE NI &S 1

W. Buchmuller and F. Hoogeveen, Phys. Lett. B 237, 278 (1990).



Look at the original calculation

Volume 237, number 2 PHYSICS LETTERS B 15 March 1990

COHERENT PRODUCTION OF LIGHT SCALAR OR PSEUDOSCALAR PARTICLES
IN BRAGG SCATTERING

W. BUCHMULLER *? and F. HOOGEVEEN 2

® [Institut fiir Theoretische Physik, Universitdt Hannover, D-3000 Hannover, FRG
b Deutsches Elektronen-Synchrotron DESY, D-2000 Hamburg, FRG
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In the electrostatic field of a screened Coulomb
potential,

W. Buchmuller and F. Hoogeveen, Phys. Lett. B 237, 278 (1990).

Ze
E=—-Vo, ¢=4—7:rexp(—r/ro), (3)

where Z is the nuclear charge and r, the screening
length, an incoming plane electromagnetic wave,
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Reevaluation
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Form factors
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Cross sections
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T. Abe, K. Hamaguchi, and N. Nagata, [arXiv:2008.03924].



Reason for the large deviation
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Inelastic scattering
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Inelastic scattering
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Elastic vs Inelastic
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T. Abe, K. Hamaguchi, and N. Nagata, [arXiv:2008.03924].



Remarks: further detail
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Remarks: XENONA1T
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Conclusion
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Strong CP problem
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High-energy scattering
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High-energy scattering
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Supernova axion
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Axion spectrum
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(w) ~2.3T T ~ 30 MeV



