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Minimal WIMP Model

Gauge Portal dark matter

DM charged weak interaction.

Annihilation via electroweak interaction.

Wino or Higgsino in SUSY model with R-parity.

5plet fermion.



Example: WIno
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* Majorana fermion W
* Hypercharge Y=0

* SU(2). triplet Wo
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Charged Wino Decay
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Charged Wino Decay
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Direct LHC Signals

P Jet + Missing energy
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LHC Search
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Decay Rate and Signals

Survival Probability

ATLAS detector 10° 4 :
.lRun 2 -
- Detector
56 cm
[ 151 cm
i —1 | _
| > 44 em 1075 cT = 7 ci
SCT ' C ]
0 -“ 137 cm. i CT = 5 Cm :
| : e I \
I ‘I 112 cm i 7
Pixe1<l 19 cm 10-2 ‘ ! v !
' 15 cm 0 5 10 15 20
IBL 3em Distance from Beam [cm]

N\

Primary vertex

10% error of lifetime - 50% error of signal.



N

Tree-level Wino Decay
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Tree-level Wino Decay
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Which gauge coupling should be used?
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Tree-level Wino Decay

1 TeV Wino, Am = 164.11 MeV
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Tree-level Wino Decay
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Tree-level Wino Decay

1 TeV Wino, Am = 164.11 MeV
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Tree-level Wino Decay

1 TeV Wino, Am = 164.11 MeV
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Tree-level Wino Decay

1 TeV Wino, Am = 164.11 MeV
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Tree-level Wino Decay

cT[cm]

Tree-level prediction

All the values are correct as far as we consider tree level.

Need of next-to-leading order calculation!
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Charged Wino Decay at NLO
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Charged Wino Decay
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EW correction includes multi-scale physics.
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Charged Wino Decay
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Charged Wino Decay
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Charged Wino Decay

W+
My > my > AQCD ~ Am

EW correction includes multi-scale physics.

. 8% mw
Large logarithm? e.g., pp log A ?
QCD

Which energy scale parameter? o(mg7)? a(mw)? a(Aqep)?

EW next-to-leading order calculation.
14



N

Inclusion of QED In Pion

Coupling Wino and pion covariant derivative
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Photon Loop Example
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Photon Loop Example
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Photon Loop Example

Loop is much larger than tree?

Mloop = F?TGFm
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To get observable effect
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UV divergent

We need specify counter-terms relevant for Wino decay.

Matching with electroweak theory and chiral perturbation (ChPT)
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Matching procedure

Strategy is similar to precision of pion decay calculation in SM.

[Descotes-Genon & Moussallam 2005]

Electroweak LEW = LRV o+ Loy + LB

Matching of decay into free quarks

CFowFermi D £ = Ll + L + £

Matching of current correlators

Ch __ »QED Ch ChPT+QED

Compute both Wino decay and pion decay with EW/QCD corrections.

Relating
Tloop (77 = (7)) Tloop (W = WO (7))
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Final Result

20



N/

Final Result
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No Wino mass enhancement effect is found!
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Final Result
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Impact on LHC Search
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General Mass Difference

Am
Pure Wino DM ~160 MeV
Higgsino-like DM ~300 MeV — 2 GeV from gaugino mixing
5-plet DM ~160 MeV and ~500 MeV

For larger mass difference, lepton and multi-meson decay modes are dominant.
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Tau Decay
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Tau decay has similar structure.
Hadron data for tau decay is available for BSM particle decay.

_ _ [Chen, Drees & Gunion, 96]
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Higgsino Decay

Single meson: EW corrections.
Lepton: EW corrections.
Multi-meson: EW + leading QED+ Latest hadron data

(Belle and Aleph)
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Charged Higgsino Decay

Decay Rate Branching Fraction
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Dashed line: previous work

5-10% change from work by Chen, Drees & Gunion.
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Summary

* Precise estimation of EW charged fermion is crucial for LHC search.

* All the large enhancements from heavy DM are completely canceled.
* Non-relativistic version of Appelquist-Carazzone’s decoupling
theorem.

* EW correction to lepton and pion mode, achieving O(0.1)% precision.

* Leading EW correction + latest hadron rate for multi-meson mode.

* Data is available: https://member.ipmu.jp/satoshi.shirai/Chargino _Decay/
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