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DARK MATTER IN THE UNIVERSE
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DIRECT DARK MATTER SEARCHES

—> Upper limit on the dark matter-

/’/ nucleon scattering rate R

2
R, X C

A

% —> Upper limit on coupling strength c
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decays of annihilation
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DARK MATTER IN THE SUN
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DARK MATTER IN THE SUN

—> Upper limit on neutrino flux / annihilation rate
L'y

—> Upper limit on the dark matter capture
rate C

C x c*

—> Upper limit on the coupling strength
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DIRECT AND INDIRECT DARK MATTER SEARCHES - SUMMARY
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—> Upper limit on the interaction rate

—> Upper limit on the coupling strength
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DARK MATTER INTERACTION RATE

: : : : : _ Ny .9
Consider the interaction Hamiltonian H = c?(py)(yp)
Interaction rate (R) « | < final | H | 1nitial > \2
—> R = (Cp)Z R —> constrain coupling strength c” for given upper limit on R

T

detector material
dark matter velocity distribution

local dark matter density

dark matter mass
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LIMITS ON DARK MATTER-NUCLEON SCATTERING CROSS-SECTION

Assuming that H = c?(py)(ip)

BUT: What if other interactions are possible, too?
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INTERACTION INTERFERENCE

In general, dark matter interacts with protons AND neutrons

_ B Remember:
— H = "(pp)(ip) + c"(ny)(in)
R, R\ /. | H = c"(py)(xp)
—> R = (cpc”) ( n) = c'Rc¢
IRnp IRnn ¢ R = (Cp)le

Dark matter may interact also through other interactions (Fitzpatrick et. al. 2012)

—— T — Z cPOP + cl.”@? 4 independent operators for spin-0 dark matter
: C! 14 for spin-1/2 dark matter

R = 8x38-matrix (spin-0)

_ T
—> R = ¢c'Rc R =28x28-matrix (spin-1/2)
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== T=p,c{only

Assuming that ¢ = ¢"

BUT: What happens if ¢ # ¢"?



MOCA 2022

13

EFFECT OF INTERACTION INTERFERENCE

Example: interference between ¢ and ¢”

Brenner et al. (arXiv:2011.02929)

Ruled out by ,plot”, but not by data!

Rpp an c? ]
—> R = (cp C”) < R*% —S 2D eIIipse X Ruled out in model independent way

IRnp Rnn

n
¢;

Cl’l

10—36

— max{cP} = \/(R‘l) R#t

PP

X
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== = c]and c}only . T w= = ] and c¥only . T = ] andc?only

Relaxation by up to two
orders of magnitude
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OPERATORS OF THE EFT

Most general Hamiltonian

Q Energy and momentum conservation

Q Galilean invariance

Q Hermiticity







XENONIT PICO-60 [ceCube

, ” ,
= 3|l Operators mEm = c7 = 9]l Operators ses O =cf = 9]l Operators
1 OO w= = C} and c} only w= = C} and c only

Relaxation by up to two
orders of magnitude

Relaxation by up to an
additional factor of ~ 2
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COMBINING EXPERIMENTS

Combine experiments

Experiment B

max{cP} = \/(R‘l)ppR“°l°

Experiment A

max {c?}(R, N9, N



—== XENONIT (iso-interference) lceCube (iso-interference) Combined (isoscalar)
- == PICO-60 (iso-interference) —-== Combined (iso-interference)
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SUMMARY

» common assumption for limits on the dark matter-nucleon coupling strength: dark
matter couples equally to protons and neutrons

> new method to get most conservative limits on the coupling strength

— taking interaction interference into account can relax the coupling
strength limits by up to two orders of magnitude

> apply method to get combined limits

— stronger limits for the cross-section
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BUT: What if the velocity distribution is different to MB?
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lceCube

— -~ cfandd] only, MB
— .- cjand ¢ only, HI




