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WIMP Detection

WIMP annihilation; Cosmic ray, CMB, BBN
> Fermi-LAT, HESS, CTA

DM SM

WIMP scattering
LZ, XENONNT, Darwin

v
DM SM
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WIMP Production:; Collider
LHC, ILC, Belle



Minimal WIMP Model

Add one particle and parameter. UV-complete (renormalizable theory).

Gauge Portal dark matter

* DM charged weak interaction.
* Minimal choice of electroweak charge is triplet.
* \Wino dark matter in SUSY model.
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WIino

S~

* Majorana fermion W
* Hypercharge Y=0

* SU(2)L triplet AL
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Wino Spectrum -«
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Direct LHC Signals

Jet + Missing energy
+

Charged track
+

(Displaced )Soft pion

O(1-10)cm



LHC Search
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Direct LHC Signals

ATLAS detector

«Run 2
1

Survival Probability
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Primary vertex

10% error of lifetime - 50% error of signal.
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Charged Wino Decay
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Charged Wino Decay

Wino and SM fermion effective interaction
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Charged Wino Decay

Wino and SM fermion effective interaction

o WP Gr(fiv" fr)(Wevutbo)
f’
W+
2(Gp)2Am5
. I'=
f 1573
| Am =5
= T =M 160 MeV
”W—‘u
W+ . ,
f Due to small mass difference,
W= . QCD effect is strong.
/
—
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Decay Into pion

Quark current to pion

i+ W Ay u — Frph
f.'
w+ . Coupling Wino and pion
/ 2V2F,Gp(9,77) x (YbLy" o)
T iMiree = 2V2F,GrAm s (q)uo(p)
4 m2 \ /2
F _ 2 2A 3 . U
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Charged Wino Decay

Wwo I — Z(GF)2Am5
wH+ . B 1573
W+ X Am -5
—- CT =~ m\| ———
f 160 MeV
Without QCD
Wlth QCD 1170 2 1/2
5] Wi 4 2 2 3 me
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QCD correction is very strong. Electroweak correction?



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.
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Inclusion of QED

Coupling Wino and pion covariant derivative
2V2F,Gp(0,m7) x (Yay o) 2V2F,Gr (D7) x (xy"1bo)
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Photon Loop Example
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Photon Loop Example

2V2F,Gr(0,m7) x (YLy o)

o /
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Photon Loop Example

W / Miree = FWGFmﬁ?Am

«
rt+ cf., Am~ —my
47

;
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Loop is much larger than tree?
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Break of shift-symmetry

Coupling Wino and pion

2\/§F7TGF(0M7T_> X (&ify’u?ﬂo) 2\/§F7TGF<DILL7T_> X (@Z:I:fyuqvb())
D, =0,+1ieA,

With QED included, pion shift symmetry is completely broken.

Suppression of Wino decay is no longer guaranteed.
mwFﬂ-GF(ﬂ'_) X (@Z:HDO)
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To get observable effect
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at

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
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Final Result

loop  1tree ﬁ -
Ploop — piree {1+ |

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

10!

100

Ty [ns|

10~1

102

. | ] | =
F Observed limit (+1 atheoryS —— .
- Tree-level decay ----- ]
[ One-loop decay (This work) —— i
_ 0.24F -
- 0.22 - 2 B
i (|9 S ————— __gipm— = ]
L 0.18 — -1 A
- 0- 16 = I I | | ] -
600 620 640 660 680 700
| | | | | | | | |
100 200 300 400 500 600 700 800 900

My

[GeV]

10 GeV shift

1000

28



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.

ﬁj—'(}
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Tau Decay

Ur
Samess T+
W+ i
+
W g
f
Tau decay has similar structure.
Hadron data for tau decay is available for BSM particle decay.
2 — % [Chen, Drees & Gunion, 96]
— Perturbative QCD (massless)
25 - Parton model prediction
3
2 - n3n°,3nn’,6m(MC)
1:5
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Charged Higgsino Decay

With EW correction and latest tau decay data

Decay length Branching fraction

Am[GeV]
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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.

* Minor effect on the LHC searches.

* Application for more generic case, charge and mass difference.
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