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The Big Picture Motivation

DM that interacts with the one part of SM interacts with all of the SM through
loops

e Constraints from DM interactions with one particle can produce effective
constraints on DM interactions with other particles

 Expand parameter space accessible to DM detectors
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More
specific
motivation

Nuclear recoil detectors
have weaker sensitivity
to DM lighter than a
GeV due to high target
mass and low
momentum exchange

Electron recoll detectors
can preform better in
this part of parameter

space

Difficult to
reach with
nhuclear recoll
detectors
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Specific to this work

* Relating DM-proton cross section to DM-electron cross section through
hadronic loops

e Fermionic DM with a vector mediator

e 1-100 MeV

o 0,x = 107% = 107*%cm?

- Use Electron recoll direct detectors to derive new constraints on 6,y


mailto:m.diamond@queensu.ca



mailto:m.diamond@queensu.ca

Loops produce effective interactions

X X

Z!
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Loops produce effective interactions

Lepton loops used to look for
leptophillic DM at LHC
[Bell, Cai, Leane, Medina (2014)]
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Loops produce effective interactions

Lepton loops used to look for
leptophillic DM at LHC
[Bell, Cai, Leane, Medina (2014)]

Lepton loops used to rule out
parts of leptophillic DM
parameter space through
Nucleon recoll direct detection

experiments
[Kopp, Michaels, Smirnov (2014)]
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Introducing QCD to DM Loops

proton neutron
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Introducing QCD to DM Loops

DM scattering off nucleons => DM scattering off of quarks

proton neutron
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Introducing QCD to DM Loops

DM scattering off nucleons => DM scattering off of quarks
DM scattering with quarks => QCD

* Low energy scattering => low energy QCD (aka Chiral effective field theory)

Low Energy

/
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Introducing QCD to DM Loops

DM scattering off nucleons => DM scattering off of quarks
DM scattering with quarks => QCD

* Low energy scattering => low energy QCD (aka Chiral effective field theory)

Light Mesons (pions)

G

V

Low Energy

/
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Chiral Effective Interaction

Sum over all quarks Vector coupling

1.Start with DM interaction with quarks l /

Z DX, a,2,qr"q

T

Coupling to each quark
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Chiral Effective Interaction

Quark interaction

Z D2, a,2,qr"q

Start with DM interaction with quarks Proton Interaction

/ _
2. FInd effective interaction with nuclel g 3 (Zau + ad) Z/,tp yﬂp

/]

Effective coupling from quark

Composition of proton vector coupling
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Chiral Effective Interaction

Quark interaction

Z DX, a,2,qr"q

Start with DM interaction with quarks Proton Interaction

/ _
2. FInd effective interaction with nuclel g :) (Zau + ad) Zﬂp]/ﬂp

3. Find effective coupling with light mesons

LD, ~ay)Z, (dnn” —dnx")

T

Effective coupling from quark T .
" . Scalar coupling
Composition of pion

10
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Calculating the Cross Sections

Z DX, a,2,qr"q
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Calculating the Cross Sections

X X

P P

Proton scattering

Z DX, a,2,qr"q
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Calculating the Cross Sections

X X

Z!
—(2a,+ a,)
P P

Proton scattering

Z DX, a,2,qr"q
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Calculating the Cross Sections

X X L »
Z!

7 7T+A.‘ ".v][_

—(2a,+ ay) | -'7/
PP e e

Proton scattering
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Calculating the Cross Sections

X X X X
(a, — ay) 7’

7’ A Ygo
) -
—2a,+ ay,) e /
PP e e

Electron scattering
Proton scattering Through pion loops

Z DX, a,2,qr"q
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Calculating the Cross Sections

X X
X X
] A?
(a, — ay) 7’ In| — 7’
/48%2 m2 .
/[ 7t +‘~'\ ,:'ﬂ‘
e
—(2a,+ ay) € /

PP e e

Electron scattering
Proton scattering Through pion loops

Z DX, a,2,qr"q
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Calculating the Cross Sections

X X
X X
Za
—(2a,+ ay) y
PP
e e
Proton scattering Electron scattering through
Proton loop

Z DX, a,2,qr"q
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Calculating the Cross Sections

X X

Z!
—(2a,+ a,)

e 2
Proton scattering Electron scattering through
Proton loop

Z DX, a,2,qr"q
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Calculating the Cross Sections

X X

Z!
—(2a,+ a,)

e 2
Proton scattering Electron scattering through
Proton loop

Z DX, a,2,qr"q
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Effective Electron Cross Section

O . 62 ( )l ,\ 2 ( )l

/

Proton tree
level Interaction
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Effective Electron Cross Section

(40 (2 A
5304 7 La, + ay)ln m—g + (a, —ay)ln | —

Proton tree
level Interaction

Loop
Contribution
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Effective Electron Cross Section

O . 62 ( )l ,\ 2 ( )l

p
Proton tree
level interaction Proton Loop
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GXp 62 A2
Oy, = 42a, + ay)in| — | +
Qa, + a,)? 2304 74 m?2

Effective Electron Cross Section

A2
(a, — ayln m_,%
Proton tree

level interaction Proton Loop Pion Loop
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Effective Electron Cross Section

2
Vol 2 A2 A2
Oy, = 2P - 42a, + apln| — |+ (o, —ayin| — e’ FeX
Qa, + ay)? 2304 =+ mg m2 Hyx

Proton tree Electron
level interaction Proton Loop Pion Loop Coupling and
reduced mass
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Effective Electron Cross Section

Oy 62 A2 A2 . U .
Oy, = z 42a, +ayin| — |+ (a, — ayin| — e | ==
Qa, + a,)? 2304 74 mg m2 Hyx
, O\ 2 2
14 Ox) A A My + m,
oy, ~ 10 42a, +ayin| — |+ (a,— ay)in| —
Ra, + a,)? mg m2 m, + my
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Probe Hadrophilic DM with a Heavy Mediator using Electron

Recoll Detectors
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Probe Hadrophillic DM with a Light Mediator using Electron
Recoll Detectors
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Conclusions

* | oop interactions cause dark matter that interacts with one part of the
Standard model to interact with many other parts of it

* \We can use existing constraints and detectors to probe multiple
different DM interactions

* | ow energy hadronic loops mean
* New constraints on DM-nucleon couplings from SENSEI

 Damic-M will be sensitive to DM-nucleon couplings that other direct
detectors cannot probe
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