Future Sensitivity to Dark Matter
from the Z Width

Anthony DiFranzo
UC Irvine

In collaboration with:
Prateek Agrawal

[arxiv:1605:xxxxXx]

Pheno 2016




Context

* An obvious place to study DM is to look where it is
Known to exist: astrophysical/cosmological probes

e However...

- Indirect detection: halo uncertainties and astrophysical
packgrounds

- Direct detection: local DM density

- Relic abundance: sensitive to unknown physics of the
early universe
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Motivation

Collider observables are not sensitive to
astrophysics or cosmology

No one probe can discover DM
Width measurements are simple to match onto

If DM is a WIMP, some interaction with weak-
scale bosons Is expected

Con: only relevant for relatively light DM and
highly constrained by LEP
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Z Invisible
 LEP:
['(Z — invisible) = 499.0 -

width

- 1.5 MeV

* Fcc-ee: expected sensitivity

['(Z — invisible) ~ 100 keV

Loop level contribution

1
['(loop) ~ Z&%VmZ =
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LEP experiments
[arxiv:hep-ex/0509008]

TLEP working group

500 keV

[arxiv:1308.6176]
Tenchini [arxiv: 1412.2928]



Strategy

» Start with set of EFT's to develop model building
Intuition

* See what “works™. Compare Z width to DD
bounds

 Promote effective operators to Simplified Models

- Show plausiblility of effective operator
- Ensure validity of the width calculation
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Z width Operators

I _ _
Oq — E XFxX C_[qu
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Direct Detection Operators

Oy = % XU'xx qlqq
I'y ® I X
7@ Y Sl
YM’Y5 XV Sl, vA2
My @ SD 1
Yoy SD, vA2 N

Freytsis, Ligeti [arxiv:1012.5317]



EFT Ve

Lf= % XI'xx frff

v/Z

f = charged lepton (with Majorana DM) g
X (V)X " = xv.(7°)x @v"'q  Mediated by photon (v/A2)

f = heavy quark (with Majorana DM)
X (V)X "t —= x7.(v°)x @"'q¢  Mediated by photon (v/2)

f = neutrino

XVuX VY PLv — XvuXx @7"q Mediated by Z vA4 | mZ/M4
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Solid line = FCC Z width sensitivity
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Dashed line = LUX constraints
LUX Collaboration [arXiv:1310.8214]



Simplified Models

. Scalar mediator: ¢fX

- f=1t/b, Colored: “squark- Z
like”

- f = charged lepton, Weak
charge: “slepton-like”

- f = neutrino, SM singlet

Bertoni, Ipek, McKeen, Nelson [arxiv:
1412.3113]

e \Vector mediator:

_B_L WON<
L, L, -
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Conclusion/Summary

» Z width has been a powerful tool for new
physics, and will continue to be In the future

 FCC will be sensitive to loop level Z decay

* Models which are top/lepto/neutrino-philic tend
to have the best prospects here

* More complete results including simplified
models coming soon!

Thanks!
Questions?

- UCI
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