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Scattering response functions
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General framework that works for any target and material

[Trickle, Zhang, Zurek, Inzani, Griffin, JHEP 2020; YK and Lin, Rep. Prog. Phys. 2022]



Sub-GeV DM kinematics
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Dally modulation
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Smoking gun for DM signal!

[Spergel, PRD 1988; Coskuner, Mitridate, Olivares, Zurek, PRD 2021]



Carbon—bgsed detectors

graphene benzene (bonded with H)
(1 atom thick of C)
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Scattered electron direction correlated Scintillates, and commercially
with incoming DM. But 1 kg is hard available! But molecules are
(though, neat ideas at LNGS with nanotubes) randomly oriented in liquid

Yoni Kahn [Hochberg, YK, Lisanti, Tully, Zurek, PLB 2017; Blanco, Collar, YK, Lillard, PRD 2020]



rganic scintillator crystals
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Abstract: (arXiv)

. The quenching factor of the proton recoil in the stilbene scintillator was measured with a 252Cf neutron source and was found to be 0.1 - 0.17 in the recoil energy range
u n | C e y Ve ry We a between 300 keV and 3 MeV. It was found to depend on the direction of the recoil proton. The directional anisotropy of the quenching factor could be used to detect the wind

lntermOleCU |ar fOrCeS OftheV.VIMPsCaused by the motion of the earth around the galactic center. |
anisotropy already used for WIMP experiment!
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Daily modulation for DM-e
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The power of daily modulation
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[Blanco, YK, Lillard, McDermott, PRD 2021]



Why can’t we do better?
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Why can’'t we do better?
méximizé total Irate: I’U* < Uy I \/
wv b maximize modulation: v < Vg + Vese x
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v* controls both total rate and modulation!

Looking at "designer molecules”™ to optimize

[Blanco, YK, Lillard, McDermott, PRD 2021]



Designing an experiment

1. Measure response
functions of several organic
scintillators with X-ray
scattering

2. Demonstrate
anisotropic light yield w/ ¢
iIncident ~100 eV

electrons (approved for
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first measurement at & o &
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3. Couple a suite of
crystal samples to a
back-thinned CCD and
make a prototype

Yoni Kahn
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[YK + Abbamonte, Baxter, Blanco, Freedman, Liang, Lillard, Rondinelli, Von Kugelgen]
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DM-N via Migdal eftect

Electrons and nuclei are always coupled!
Whack a nucleus, QM says that electrons can transition

semiconductor
(phonon-mediated)

atom molecule

Charge signal from nuclear scattering — avoid threshold!
Fascinating new area of research: effects usually ignored in CM

[Dolan, Kahlhoefer, McCabe, PRL 2018; Liang et al, arXiv:2205.03395;
Blanco, Harris, YK, Lillard, Perez Rios, arXiv:2208.09002]



TWO Migdal effects in molecules!
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Parametrically identical but orthogonal selection rules!

[Lovesey, Bowman, Johnson, Z. Phys. B Cond. Mat. 1982; Colognesi, Physica B 2004;
Blanco, Harris, YK, Lillard, Perez Rios, arXiv:2208.09002]



Migdal effect in diatomic
molecules (toy example)

For fixed orientation, nuclear matrix elements are also directional:

2
q A A\2
— p>)

OC1(@- ) sin(@- B)lxo)l? ~ (4 - p)? exp (

O(1) for 100 MeV DM
CO NAC Daily Modulation
....................... 10-32, S —
: — 0
25 MeV — 300 MeV 10-33L ,
— 50 MeV — 1000 MeV i '
10734
— 100 MeV : ‘
— 200 MeV — 107N
5 10—36%_

5 10 15 20

Time of Day [hour]

At least 15% dally modulation
over entire MeV-GeV range

[Blanco, Harris, YK, Lillard, Perez Rios, arXiv:2208.09002]
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NAC beats CMR by orders of
magnitude! Kg for kg, comparable to Si




Generalizing to organic crystals

ag v, 1633 ag vy 1561 ag vy 1237
ag vy 1155 by ve; 952

More normal modes:

NAC should dominate Aromatic bonds are not structural:
more over CMR, excited electron states have similar
more intricate daily nuclear separations, thus large
modulation pattern nuclear matrix elements

Expect large Migdal rate and large daily modulation in organic
scintillators: stay tuned!

[Blanco, Harris, YK, Lillard, Perez Rios, arXiv:2208.09002;
Watanabe et al., J. Phys. Chem. A 2002]
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Organic scintillators are the ideal follow-up experiment to Si and Ge.
Nearly identical DM-e and Migdal sensitivity, plus 20% daily modulation.
Only way to confirm a DM signal



