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simplest WIMP DM is running out of room
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[Liu, Chen, Ji '17]

(not shown: latest Xe100 (1609.06154) and XENONA1T (1705.06655) results)
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Inelastic DM

_ N\N

Ee recoll

[L. J. Hall, T. Moroi and H. Murayama '97, Tucker-Smith, Weiner '01]



Inelastic DM

_ \N )

(target-dependent) minimum velocity required to scatter

recotl

KEXZ(S(l | mx)

my

20
Oinelastic — 1 Oelastic

oy N V?

[L. J. Hall, T. Moroi and H. Murayama '97, Tucker-Smith, Weiner '01]



Inelastic DM
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popularized to reconcile DAMA with CDMS (2001-)
required 6 ~ 100 keV for my ~ 100 GeV

recotl

forgetting DAMA, range of o is wide open

for canonical DM velocity distribution, available KE = 650 keV



Inelastic DM: inelastic DM poster child

(nearly) pure Higgsinos: u << My, Ms
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Inelastic DM: inelastic DM poster child
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(see 1405.3692)

achieve right relic abundance for mg ~1.1 TeV

direct detection:
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Inelastic DM: inelastic DM poster child

elastic scattering at loop level: suppressed by mn or Er

Hy Hy HY 0 HY H H H H
210 s U T

[Hisano et al '11, Hill+Solon ’13]

further suppressed by accidental cancellations

Hill, Solon 1309.4092

Higgsinog /
110115 120 125
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Direct Detection at High Recoil : Inelastic Kinematics

iInelasticity changes nuclear recoil energy spectrum
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iInelasticity changes nuclear recoil energy spectrum
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Direct Detection at High Recoil: Inelastic Kinematics

Experimental signal windows focused on low Er

A

rate

ER,expt ER

as a result, blind to sufficiently inelastic DM,
even if oy is large
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Experimental signal windows focused on low Er
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BUT: experiments are sensitive to high recolil events
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BUT: experiments are sensitive to high recolil events
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BUT: experiments are sensitive to high recolil events
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present: inelastic DM could be lurking in high nuclear recoill
data of existing experiments: go and look!
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Direct Detection at High Recoil: Inelastic Kinematics
mx = TeV, 6 = 100 keV
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Direct Detection at High Recoil: Inelastic Kinematics
mx = TeV, 6 = 100 keV
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Direct Detection at High Recoil: Inelastic Kinematics
mx = TeV, 6 = 100 keV
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Direct Detection at High Recoil: Inelastic Kinematics
mx = TeV, 6 = 100 keV
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Direct Detection at High Recoil: Inelastic Kinematics
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Direct Detection at High Recoil: Inelastic Kinematics
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Direct Detection at High Recoil: Inelastic Kinematics
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Direct Detection at High Recoil: Inelastic Kinematics
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bounds with current data, mx =1 TeV
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PICO?
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projected bounds including high recoil, current exposure:
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projected bounds including high recoil, current exposure:
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dR/dER (keV-1)
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What other models could lie in high recoil data?

Dark photon + dark charged DM: [Batell, Pospelov, Ritz '09]
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L = Lsv +|D,®|° — V() 7 Vi

U(1)p breaking splits Dirac DM () -> 2 Majorana (x1, X2)
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What other models could lie in high recoil data?

Dark photon + dark charged DM: [Batell, Pospelov, Ritz '09]
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L = Lsv +|D,®|° — V() 7 Vi

U(1)p breaking splits Dirac DM () -> 2 Majorana (x1, X2)
annihilation x1x1 — ypyp Vyields correct relic abundance for

m
~ 0.04 ( X1 )
@D TeV

X1 X2 inelastic scattering via kinetic mixing
-+
%(Wdark Oy inelastic — 107°% em? x €2 x ( i ) (GeV>
Y TeV my/

x (velocity factor) x A?




Dark photon + dark charged DM:
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high recoll studies probe parameter space other methods can't
(though more model dependent)
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What other models could lie in high recoil data?

composite inelastic, I.e. magnetic inelastic:

gnm €
8 1My

£D( )XZO-;U/XlF'LW

[Chang, Weiner, Yavin '10]

interaction with nucleil through photon exchange

X2

X1
?V momentum dependent

X, lifetime: 1(;%448 X (1005kev)3 . (%)2

Relic abundance, UV completions explored in Weiner & Yavin 1209.1093
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What other models could lie in high recoil data?

as interaction is energy dependent, no analog of on

. bound gwm directly using nuclear response formalism of
Fitzpatrick et al 1203.3542
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strong bound from PICO due to large 27| spin



Recent progress at high recoil! : XE100 1705.02614
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Projections for future experiments
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Perhaps the first signs of iDM?

from XENON1T 1705.06655

100 (c) Dark matter search  _
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Conclusions
Explore the inelastic direction! Motivated models with sizable
Oy-N Within easy reach
e current technigues work, just enlarge Er signal regions;
Xe100, LUX already looking into it

* most sensitive to heavy DM using heavy targets;

e sensitive to tails of DM velocity distribution, large
modulation effects

what about 6 = MeV?
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Inelastic Kinematics
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Inelastic Kinematics

shifts in kinematically allowed region as we change mpwm
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Inelastic Kinematics

shifts in kinematically allowed region as we change mpwm
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current XENON 1T comparison
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Corrected S2 bottom |PE]

Corrected S1 |PE]

the lowest ER background ever achieved in a dark matter
experiment. A single event far from the bulk distribution
was observed at ¢S1 = 68.0 PE in the initial 4-day un-
blinding stage. This appears to be a bona fide event,
though its location in (¢S1,¢S2p) (see Fig. 2¢) is extreme
for all our physical background models and WIMP signal
models. One event at ¢cS1 = 26.7 PE is at the —2.40 ER
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