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 DM: dark matter

« vDM: virialized DM, 1iKiE

« CDRM: cosmic ray accelerated vDM
 DD: direct detection
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Inelastic dark matter (hep-ph/0101138) was originally proposed to explain
DAMA not through a change in couplings, but rather through a change in
kinematics



cosmic ray accelerated vDM (CRDM)
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Cosmic ray accelerated inelastic DM detection scenario: p + y; - p’ +
x2» = p' + x1 +V.By this mechanism, the final y; is accelerated

— p denotes the CR proton or helium
the prime is used to distinguish the same particles in the initial and final states
the inelastic DM y; and y, are the ground state and excited state, respectively
V is the mediator between SM and DM

— N is the target nucleus inside the underground detector
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The common nucleon-V interactions are
‘{:VN = F“’}“‘u (Ct{, + Gﬂr’*fﬁ) N Vp.

The completed Lagrangian to describe p + y; = p' + x>
processis Lyy + Lyp



We consider both fermionic DM interaction and scalar dark
maitter interaction for Ly

L] = [ (Cy + C°) xa + he] VP,

= —
“ Agon

Y20 e X1 IV,

L] = gy(x10"x2 — x20"X1)Vj,

1 s
L5 = E(‘?#X?avxl)f?bﬁf .
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Incoming proton energy E,
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Traditional detection of the virialized DM

For a mass splitting § between y; and y,, a minimum velocity
1 m
nin(Q) = ( % 5) ,
2m7Q \ HxN

with Q energy recoil, ms target mass, u reduced mass

:
R :Zﬁ_’fr/ d“?&'x NT o7,
dQ T mT Tx[umin(Q} dQ }DM f|UX
The total event rate R — —dQ .
__1d@ efficiency

Spin independent part

d_ETSI d E.-I n 2
dér _ dQ « HA % [ ; (A - z)] x F*(Q,A,2) Helm type
1y P form factor
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do. £o do; do v
X1 D. 1B, 2 px1—p'xa
dr,, m Bt Z /r F( M) dT,

i=p,He

The G?(Q?) here is simply taken in its dipole form:
. 021" A,=T770 MeV

G = |1+ %5 _
A? Ayge = 410 MeV.

Considering that the form factor relates o, to o, , the inelastic cross
section of DM-target scattering is:

Mip(ﬂlX1 ? 51 my, Q)

2
EFT Mxp.EFT

de'T

d@

de'xT

@

where the effective operator cross section & d(g " | gpr is obtained with the publicly available nu-

(My,, 0, my, Q) = (22)

merical code LikeDM-DD [33]. M3 (m,,,d, my) are calculated in Appendix B, but M2 ppy

is used with 6 = 0 and the limit my > Q).

dR / do, 7 AP
dQ mT Lo dQ dT,, ’

DRU or keV~" kg~'day~?
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FI1G. 6. (a) Comparison of vIDM and CRDM fluxes. Both vDM and CRDM fluxes are obtained
by using x27*x1V,, interaction with m,, = 10MeV, my = 100keV, and C}, = 10~3. The value of
D.g for CRDM is fixed to 1 kpc as a default value. (b) Spectra of CRDM with the VV interaction.
Three benchmarks of DM mass 1 MeV (red lines), 100 MeV (green lines), and 1GeV (red lines)

are presented. We also plot three different mass splittings, 4 = 0 (solid lines), 6 = 1 MeV (daﬁlied
lines), and 0 = 10 MeV (dash-dotted lines).



K7 10: (1) those non-degenerated curves show
sharp peaks at T,

« the CRDM energy spectrum is the product of the
distribution day,,. /dT, and CR energy spectrum.

« the cross section is flat at high energy, but the §
contribution dominates day,, /dT,. In the lower energy

region.
* Thus in the small energy region T, < T
spectrum is strongly affected by daoy,,. /dT,,

b s the

(2) 6 can cause a sharp peak T, In the spectrum

toward higher energy but with a decline of total

flux.
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FIG. 8. Detection rate dR/dQ (DRU or keV~'kg~'day ') of fermionic CRDM y—xenon scatter-

ing for ﬁ{ (left) and ﬁé (right). The mass degenerated cases § = 0 are represented as solid lines,

while the dashed lines are for § = 20 MeV.
14



we use R ~ 4/0.63/tonne/year projected onto the (§,Cy ) and
(m,, 8) planes to show the detection capability of PandaX-4T.

1. AA interaction can give the most stringent limit on Cy, while the higher
dimensional operators, especially MD, have weaker limit

2. A turning point then appears in all the interactions, and the limits
behave differently at the smaller and larger m,,, regions.

3. PandaX-4T provides the most stringent 21 limit for AA in the large
m,,, region but for VV in the lower m,, region.

4. With the help of the CRDM scenario, the PandaX-4T exclusion of §
can be extended to 0.1 GeV, even 1 GeV in some cases
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16



Because of the higher kinetic energy of CRDM, the PandaX-4T
data
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FIG. 10. 95% upper limits projected in the (m,, Cy) plane. (a) the limits with fixed values
d = 100MeV and my = 1MeV for VV, AA, ED, and MD. (b) Comparison between XENONIT
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18



2. several different interactions, including both

fermionic and scalar DM are considered. Constraints
are provided.

3. Another interesting follow-up study would describe the
form factor more precisely
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