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, , : Ep = 248 *+ 23 (stat) £ 23 (sys) keV
One event in the signal region ,

LZ = 7 tons LXe

~lyr data taking
2.84 ton.yr fiducial expo

Extended Er window:
from 55 to 270 keV,,

2.6 O significance
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Why inelastic!?
mass splittingo =M. — M, < M,
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Why higgsinos!? ‘
Higgsinos are neutralinos B — W° — HY — H?{

x u
X \/ X Neutralino mass matrix in MSSM

( M, 0 —MzC3Sw  MzS3Sw \
e 0 M5 mzcgCy  —MzSaCy
X | —mgegsw  mzcegew 0 — U
/\ \ MmzSsgSw —MmMzspCw — 0 )
N N M, bino mass, M, wino mass, i higgsino Dirac mass term (ﬂﬁgﬁg)

Upon diagonalization

M -~
Mpggie s -
M, ~pu+0
) 35)
sin- @ sin“ @
5=m§ e e it

M, M,

‘Best fit’ of the LZ event: u ~ 1.1 TeV, 6 ~350keV (M, » M, = 10’ GeV)



Why higgsinos!? o ; :
Higgsinos are neutralinos B — W° — HY — Hg

* u
X \/ X Neutralino mass matrix in MSSM

( Ml 0 —MmzCgsSw MmzSpgsSw \
e 0 Mo mzcgCyw  —MzS3Cw
o —MzCgSw  MzCaCw 0 e
/\ \ L A A s P )
N N M, bino mass, M, wino mass, u higgsino Dirac mass term (,uI:ISFI?Z)

Upon diagonalization

0 M, ~ u
Mgogg=p =+ 5 2
M, ~pu+0
: : D) 0 222 0
with a lot of uncertainty, actually s;n”~ Oy,  SIn” Oy,
~ 500 GeV - ~ 100 TeV ther tishtly fit 5 T m% 22
(because DD is sensitive to the reduced mass) ratnertgnty o M 1 M 2

~ 310 — 375 keV

‘Best fit’ of the LZ event: m eV, 350 keV (M, ~ M, ~ 10’ GeV)

Fan Reece 2609.01504



Why higgsinos!?
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‘Best fit’ of the LZ event: u ~ 1.1TeV
0 ~ 350keV

Once bought that, we have a fully predictive model

Higgsino thermal mass? m, = 1.08 + 0.10 TeV

Higgsino scattering cross-section?

B (8a~ 1 10 cm’

Higgsino indirect detection!?

Thanks to halo/core uncertainties

...as good as it can get!



Unalo =~ 270 km /s
Vesc,0 = 620 km/s
Vesc. = 12 km/s



[ceCube v, [2025]

(Pospelov, Ramani)

IceCube v, [2016]

)()((*) - WW~,ZZ ~ v fcCube v 2014)

Super-K v, [2015]

lcecube, SK imply 6 > 557 keV

Details:

Large acquired speed easily provides o:
infalling DM is efficiently captured.
Slowed down, inelastic scattering stops.
But |-loop elastic takes over and

leads to accumulation, then annihilation

m, = 1.08 TeV

10—53 10—52 10—51 10—5() 10—49 10—48

o5 e’




'Icetube,« SK

[ceCube v, [2025]

IceCube v, [2016]

(Pospelov, Ramani)

IceCube v, [2014] = @ == ———

%%(*) —_ W+ W_’ ZZ ~ U Super-K v, [2015]

Super-K v, [2015]

—— —— ———

Reducing the flux of the tail relative to simulation
results improves the Higgsino fit; extending the tail to

Ways-out: W 4| higher velocities evades the solar neutrino bound 7
Assume exotic f(v), e.g. due to LMC : BT
: » €& : Graham+ 2610.21041 my = 1.08TeV
assume exotic form faCtorS, 10-54  10-% 1052 10-%' 10-%0 10-4° 10-48
. . l

relax m,, (higher, non-thermal production), og’’ [cm?]

80 beyond hlgg5|nos- J7 Pospelov Ramani 2609.02775
Bose ... Laha 2609.07807



LZ should have seen 3-10 more events in the high-energy band
where instead none are reported

' LZ sample outside the ROI (Fig. S4)
® in-ROIl events (Fig. 4)
predicted higgsino signal (SHM)

predicted higgsino signal (SHM) at 6 =377 keV:
11% in the ROI, 36% in the gap, 53% in the sideband
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the 248 keV event

signal ROI LZ high-energy sideband: 0 science events observed

800 1000 1200 1400
S1c [phd] roughly 350 - 590 keVnr

Caveats: i) assuming acceptance = | in HE band
ii) uncertainties due to tail of the speed distribution



Exothermic

mass splittingo =M. — M, < M,
%*\/)(

(Some) DM in the halo is

in the heavier y™ state,
/ \ (meta-)stable if 6 < 2m,
\Y \Y

‘Best fit’ of the LZ event: m, ~ 30 — 200 GeV
0~0.5—-1MeV
Much less dependent on f(v)

NB: Ar experiments can discriminate: no events for endothermic (too large E}),
sharp recoil lines for exothermic



Basic idea

By, < DM @
AQ * —> ng\
DM

(Light) DM particles are accelerated by hits from CR.
The same interaction produces a high-energy recoil in DD.

Application to the LZ event!
Doesn’t work, predicts many events at lower recoil energy
or in neutrino experiments

Needs ad-hoc speed distributions
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Gran Sasso underground laboratories
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recoil energy spectrum
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strong A dependence
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Recoil spectra

fixed Mpum
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