Sensitivity cf Dark Matter-Nucleus

Interactions To Nuclear Structure
2022 CDM Annual Workshop — ECR Talk

Rag/z&/a Abdel /(ﬁez/eq

o
Dark
Matter




S earcﬁing for Dark Matter

Weakly Interacting Massive Particles (WIMPs)

/~ Dark Matter-Nucleus scattering

Direct detection

Direct detection

Production Indirect My research applies here

at colliders detection



S earcﬁing for Dark Matter

Dark Matter-Nucleus scattering

Dark
Matter

Nuclear recoil or movement — signall



Theoretical Model
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Theoretical Model
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Nuclear Structure- Standard Characterisation

Early models use a simple picture

Spin-independent (SI) & Spin-dependent (SD)
Takes into account Sensitive to
all nucleons nucleon spin
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Nuclear Structure- Standard Characterisation

Early models use a simple picture

Spin-independent (SI) & Spin-dependent (SD)
Takes into account Sensitive to
all nucleons nucleon spin
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| > Need to consider motions of nucleons in nucleus!



New Interactions From Nucleon Motion

F(q)g.V’N ) decomposed into

Standard Additional channels
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New Interactions From Nucleon Motion

Standard

Spin- Spin-orbit Tensor term

independen structure
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Effect of nuclear structure: a neglected aspect

Investigate the sensitivity of Dark Matter-
Nucleus scattering to nuclear structure
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Effect of nuclear structure: a neglected aspect

Investigate the sensitivity of Dark Matter-
Nucleus scattering to nuclear structure

dR * Different nuclei (N,N")
3 )
dE. OCde 4 z z * Fit to different F(Q)ij
K ij N,N'=pn data sets
Differential
scattering Form Factor -

(interaction) rate Nuclear Structure



Nuclear Input in Form Factors

F  Form Factor

 Hold nuclear structure information
* Indicate scattering probability as
function of momentum transfer g




Nuclear Input in Form Factors

Hold nuclear structure information
Indicate scattering probability as
function of momentum transfer g

in units of
(MeV)?

where N=N'=p,n

F  Form Factor




The Setup - Nuclear Shell Model

Nucleons in orbits & shells within nucleus, move in effective potential.

Radial distance

Nuclear binding potential well



The Setup - Nuclear Shell Model

Nucleons in orbits & shells within nucleus, move in effective potential.

Further splitting Multiplicity
Quantum energy from spin-orbit of states

states of potential effect \ l
well including 1
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effects. \

1g———

/

Closed shells
indicated by
"magic numbers"

of nucleons.

(50)




The Setup - Nuclear Shell Model

Further splitting Multiplicity
Quantum energy from spin-orbit of states
states of potential effect \ l
well including .
angular momentum ’ 9;, 8
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Nuclear core — includes all
filled levels & shells.
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Nuclear core wave function iy o, 4 -,
) of nucleons.

has spin-parity J© = 07.




The Setup - Nuclear Shell Model

Further splitting Multiplicity
Quantum energy from spin-orbit of states

states of potential effect \ l
well including

angular momentum 19 L2 8

effects. \
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Nuclear core —includes all
filled levels & shells.
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The Setup - Nuclear Shell Model

Further splitting Multiplicity
Quantum energy from spin-orbit of states
stateg of potential effect \ l
well inclucing R :
angular momentum 97, | 8
effecls

Angular momentum,

parity and overall nuclear
wave function dictated by
the valence nucleons — 11—
those outside the core. <\{

Closed shells
2p 4 indicated by
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of nucleons.
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Research Com}aﬂetec{

Used NuShellX (nuclear shell model For the nuclei/isotopes

program) to calculate IFF values
19F, 23NCl,
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! (CW) CHUNG-WILDENTHAL A=17-28 INTERACTION

! (CW) CHUNG-WILDENTHAL A=28-39 INTERACTION

! K12.5P from Chung's thesis

! WILDENTHAL-MCGRORY MSDI (PRC4, 1708 (1971))
! (W) WILDENTHAL'S A=17-39 "USD" INT (JULY 1982)
! Phys. Rev. C74, 034315 (2006)

! Phys. Rev. C74, 034315 (2006)

! SDPOTA int from Ann. Phys. 182, 191 (1988)
! SDPOTB int from Ann. Phys. 182, 191 (1988)
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ﬂntegmtec{ Form Factor Results
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‘lntegmtec{ Form Factor Results
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‘lntegmtec{ Form Factor Results
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‘lntegmtec{ Form Factor Results
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20% is a significant difference!




‘lntegmtecf Form Factor Results
Xe Weighted - Neutrons
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Weighted by isotopic abundance




‘lntegmtec{ Form Factor Results
Xe Weighted - Neutrons

5.93 x 108
: 3 = B&D

378.x 10°

128,129,130,131,132,134,136Xe

Weighted by isotopic abundance




‘lntegmtec{ Form Factor Results
Xe Weighted - Neutrons

5.93 x 108
: 3 = B&D

378.x 10°

Dark Matter
formalism sensitive

to aspects of nuclear
structure




Tmportant T aﬁeaway

To constrain Dark Matter
Candidates via Direct Detection

> Must account for nuclear
structure modelling &

uncertainties!



Tmportant T aﬁeaway

Nuclear Structure
is Important!

.... Hire the nuclear physicists



Thank you for listening!



