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Electroweakino Review

I Supersymmetry predicts fermionic partners for the W , B, and Higgses.

I W̃ (triplet), H̃ (doublet), B̃ (singlet).

I Mix into neutralinos χ0
1,2,3,4 and charginos χ±

1,2.

I Mass matrix given by
M1 0 −mZswcβ mZswsβ
0 M2 mZcwcβ −mZcwsβ

−mZswcβ mzcwcβ 0 −µ
mZswsβ −mzcwsβ −µ 0


I (M1, M2, µ, tanβ) characterize the electroweakino sector.

I (M1, M2, µ) control the degree of mixing between states.

I Most promising collider channel depends on this mixing.
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Electroweakino Review

I Mixed case:

I Achieve thermal relic density by well-tempering.
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I e.g. B̃/H̃ has masses mχ̃0 ∼ µ±O(mZ).

I Sizable splittings in spectrum yield hard leptons.

I Multilepton searches set limits & 500 GeV (away from compressed region).

(Arkani-Hamed, Delgado, Giudice, hep-ph/0601041)

Left figure from (Cheung, Hall, Pinner, Ruderman, 1211.4873)
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Electroweakino Review

I Pure case:

I Thermal wino mχ̃ ∼ 3 TeV, higgsino mχ̃ ∼ 1 TeV.

I Compressed by default:

∆m|H̃UV ∼
m2
Z

Λ
∆m|W̃UV ∼

m4
Z

Λ3

I Infrared splitting:

∆m|H̃IR ≈ 355 MeV ∆m|W̃IR ≈ 166 MeV

I Chargino lifetime ∝ (∆m)−3.

I Soft lepton seaches down to ∆m = 2− 3 GeV.

I Disappearing track up to mW̃ > 460 GeV.

(ATLAS, 1712.08119)

(ATLAS, 1712.02118)
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Electroweakino Review

I Pure case is just an example of “minimal dark matter.”

I Electroweak multiplet with ≥ 1 neutral state.

I Splittings are ∆m = O(100 MeV).

∆m ≈ Q

(
Q+

2Y

cw

)(
sin2 θw

2

)
α2mW

I Masses for thermal relics are mχ̃ ≈ O(TeV).

I Direct detection: σSI . O(10−45 cm2), LHC: σ . O(fb).
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(Cirelli, Fornengo, Strumia, hep-ph/0512090)
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Searches

I Many possible channels for (nearly) pure states

I Monojet
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An incomplete list of studies that compare channels:

(Schwaller, Zurita, 1312.7350)

(ML, Wang, 1404.0682)

(Cirelli, Sala, Taoso, 1407.7058)

(Berlin, Lin, ML, Wang, 1502.05044)

(Ismail, Izaguirre, Shuve, 1605.00658)

Matthew Low (IAS) Electroweakino Searches April 6, 2018 5

http://arxiv.org/abs/1312.7350
http://arxiv.org/abs/1404.0682
http://arxiv.org/abs/1407.7058
http://arxiv.org/abs/1502.05044
http://arxiv.org/abs/1605.00658


Electroweakino Searches

I Monojet and disappearing tracks drive sensitivity.
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I Disappearing tracks at 8 TeV: mW̃ > 270 GeV, d ≥ 30 cm.

I Disappearing tracks at 13 TeV: mW̃ > 460 GeV, d ≥ 12 cm.

I Already surpassing early guesstimates.

Matthew Low (IAS) Electroweakino Searches April 6, 2018 6

http://arxiv.org/abs/1407.7058
http://arxiv.org/abs/1404.0682
http://arxiv.org/abs/1712.02118


Electroweakino Searches

I Study made projections assuming disappearing tracks down to 10 cm
with 100% efficiency.
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I Currently 12 cm with ∼ 60% efficiency.

I If possible: mH̃ & 300 GeV at 14 TeV.

(Mahbubani, Schwaller, Zurita, 1703.05327)
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Electroweakino Bounds

I Note: many LHC searches do not show results below ≈ 100 GeV.

http://pdg.lbl.gov/2017/tables/rpp2017-sum-searches.pdf

http://lepsusy.web.cern.ch/lepsusy/www/inos moriond01/charginos pub.html

I Commonly extended as a bound on all charged particles.
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Electroweakino Archeology

I Asymptotic limit at lepton colliders: mχ̃ ≥ ECM/2.

I Chargino production at LEP:

γ, Ze+

e−

χ̃+

χ̃−

I Production rates:

σγ =
4πα2

3s
= 2.3 pb σZ =

4πα2

3s
(0.34)(v2χ + a2χ)

vχ =
I3 − 2Qs2w

2swcw

aχ =
I3

2swcw

I Total cross sections: σ(h̃) ≈ 2.8 pb and σ(w̃) ≈ 6.5 pb.

I Compile searches as a function of mχ̃0 .

I LEP combinations broadly divided into:

(1) Bulk, ∆m > 3 GeV (2) Compressed, ∆m < 3 GeV
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Electroweakino Searches at LEP

I In bulk region (∆m > 3 GeV)
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I Limit on σ < O(pb) for large regions.

�� �� �� �� �� ���
�

��

��

��

��

���

�χ
~± (���)

�
χ~
�
(�
��

)

����

����

(for doublet)

I Include additional OPAL multilepton search
(hep-ex/0309014)

I Gap in lower right from mass threshold:

σγ(mχ̃) = σγ(0)

√
1−

4m2
χ̃

s

(
1 +

2m2
χ̃

s

)
�� �� �� ��� ���

��-�

�

���� (���)

σ
/
σ
�
=
�

Matthew Low (IAS) Electroweakino Searches April 6, 2018 10



Electroweakino Searches at LEP

I In bulk region (∆m > 3 GeV)
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Electroweakino Searches at LEP

I In bulk region (∆m > 3 GeV)
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Electroweakino Searches at LEP

I In compressed region (∆m < 3 GeV)
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I Uses full LEP dataset.

I Leads to mχ̃± > 92.4 GeV limit.

I Combines HSCP, ISR-assisted,
and prompt searches.
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Electroweakino Searches at LEP

I In compressed region (∆m < 3 GeV)
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I Uses full LEP dataset.

I Leads to mχ̃± > 92.4 GeV limit.
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Model Building

I Parts of parameter space are O(1) excluded.
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I Varying electroweak charges increases cross section.

I Interference can decrease cross section.
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Model Building
(Egana-Ugrinovic, ML, Ruderman, 1801.05432)

I We consider a simplified model.

I Fermion doublet F (hypercharge Y = ±1/2), scalar singlet S(
F+

F 0

)
, S

I With interactions:

L ⊃ Lkin −
m2
S

2
S2 −mF F̄F + κLEF̄S + h.c.

I F has electron number (different than chargino case)

I Fermion splitting from 1-loop IR effect

∆m =
α2

2
((Q2s2w −Q2 + 2Y Q)mZ + (Q2 − 2Y Q)mW )

I Additional splitting from Weinberg operator

L ⊃ c5
Λ

(FH)(F̄Hc)
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Model Building

I Negative contribution to LEP cross section.

γ, Ze+

e−

F+

F−

e+ F+

e− F−

S

I Variation with respect to coupling (κ) and scalar mass (mS).
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I Reduction in cross section opens up down 92 GeV → 74 GeV.
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Model Building

I Note: additional decay channel available

(new decay)

W−∗
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I Branching ratio to electrons enhanced.

I Width increased ↔ lifetime decreased.
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Electroweakino Status
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I LHC searches exclude this region via
h→ inv searches.

�� �� �� �� �� ���

��-�

���

���

I Masses down to 74 GeV allowed by LEP.

I Non-universal BR alter efficiencies.

I 0.3 GeV . ∆m . 4 GeV survive after LHC.
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Conclusions

I Pure electroweakinos are still viable.

I Charginos as light at 74 GeV are allowed.

I Monojet and disappearing track searches are crucial for small ∆m.

I HE/HL LHC and future colliders will be necessary.
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